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Abstract 

A q uest ionnai re-based case-contro l  study of 375 cats was conducted i n  

N e w  Zeal and over a 1 4-month period from 1 996 t o  1 998 a n d  t h e n  used to 

iden t i fy possi b le  ri sk factors for fel ine hyperthyroidi sm. 

The owners of 125 hyperthyroid cats. 1 25 age- and sex-matched and 125 

random contro l  cats were asked 64 quest ions.  about the ir  cats' exposu re to 

poten t ial r isk factors i nc l udi ng :  cat and owner demograph ics ,  each cat " s 

med i ca l  h i s tory . t he indoor and ou tdoor env i ronment ,  the eat ' s  d iet  and 

feedi ng practices .  

For the  c l i n ical cases a quest i onnai re of I 0 quest ions compl eted by the 

attend i ng veterinarian prov ided the de mograph ic  data .  the eat ' s  med ical 

h i story and c l i n i cal signs before .  and at the t i me of di agnos i s  of 

hypert hyro i di sm.  

A ran ge of stat i s t ical techn iques was employed to an al yse the  data . 

i nc lud ing  un i variate odds rat io  and ch i-squared calcu lat ions ,  stepwi se 

forward u ncond i t ional ( case-random contro ls ) and condi t ional  ( case­

matched  contro l s )  log ist ic regress ion . frequency ana lyses  and Cox 

regress ion ( proport ional hazards mode l )  for case-random status .  Kaplan­
M e ier survi val anal ys i s  was used for hyperthyroid cats to eval uate the 

effects of a number of different  treatments .  i nc lud ing  medi cal , surg ical and ..... ..... 
radi oact i ve iodine treatment ,  on surv i val  t ime ( month s )  of the cats after the 

d i agnos i s  and up to the fi nal  date of the study.  

Vari ab les  that were posi t ive ly assoc iated with fel ine  h ype11hyroid ism from 

the case-random contro l  compar ison i nc luded age, breed,  sex,  age at 

desexi ng ,  h i story of any oral cav i ty d i seases. s leep ing  p redominant ly  on the 

fl oor, reg u l ar u se of ant i -fl ea products ( i n  part icul ar app l i ed to the cats ' 



3 

bed/bedding) and eating more than Y2 of the dai l y  diet as a commercial 

canned food. 

Older cats were more l i kely to develop hyperthyroidi sm. S iamese cats 

were found to have a lower risk for developing hyperthyroidi sm. Females 

were three times as l ikely to develop the condition as males .  With cat '  s age 

at desexing, the category ·'don't know", which indicated either that the cat 

had had a previous owner or was of unknown orig in, was assoc iated wi th 

increased risk for develop ing hyperthyroid ism.  A lthough oral cav ity 

diseases were control led for age .  the occurrence of dental d isorders was 

associated with a five-and- a-half-fold higher ri sk of developing 

hyperthyroidism. A 6.6-fold mcrease m ri sk  of deve loping 

hyperthyroidism was calcu lated for cats s leeping predominantly on the 

floor. Cats eating half or more of thei r daily food as a canned commerc ial 

cat food were shown to have twice the risk of developing hyperthyroidism 

as those cats whose diets excluded canned food. 

In  order to focus on factors which might influence occurrence of the 

disease in cats at similar constitutional ri sk  of fel ine hyperthyroidism a 

second investigation was conducted in which each case was compared with a 

control animal matched on sex and age ( ±  1 .5 years ) for the case . 

I n  th is  compari son, cats with epi sodes of diarrhoea were seven times more 

l i ke ly  to have hype11hyroidism. The use of fly sprays in the eat' s indoor 

territory was al so associated with an increased r isk of developing th is  

di sorder. Cats eating a variety of flavours of com mercial canned cat food 

had 3 . 8-fold increased ri sk of developing hyperthyroidi sm compared with 

cats whose diets consi sted of a s ingle flavour of canned food. The 

interaction between drinking water from puddles and the regular use of 

ani mal/p lant origin ferti l i sers ( sheep manure,  compost, corrunercial blood 



and bone ferti l i ser )  in the cat' s outdoor territory was associated with a 5 . 3 -

folcl h igher risk of deve loping disease. 

Other variables that appeared to have some protecti ve effects incl uded 

.. more than one cat in the household'. (from the case-matched model) anJ 

the previously mentioned protective effect of breed. for S i amese cats only. 

from the case-random control comparison. 

The questionnaire completed by veterinarians provided information on 

hi s tory and cl inical findings in affected cats . The frequenc ies for the 

c l inical signs weight loss, polyphagia. hyperacti v ity, tachycardia and 

palpable thyroid gland(s ) were 92%, 68%,  34%, 62% and 560( 

respecti vely. Skin changes, episodes of vomiting and decreased acti v ity 

had the following frequencies :  49%. 26st and 1 1 % respectively .  

The increased nu mber of fel ine hyperthyroidism diagnoses in the warmer 

six months of the year. from October unti l  March, indicates seasonal ity of 

recognit ion of disease.  but may not represent true date of onset. 

The relevance of the identified ri sk factors to the aetiology of fel ine 

hyperthyroidism is  d i scussed. bearing in mind that some of the potential 

ri sk variables mentioned earl ier cou ld be the resu l t  of the disease itself. 

The analysis of thi s  study suggested that further investigations should be 

undertaken into the molecular bas i s  of the disease,  into dietary factors and 

other potential ly i mportant ri sk factors such as insecticides, breed and sex 

susceptib ility. 



5 

Acknowledgements 

I thank Professors B oyd Jones and Roger MorTi s for their leadership ,  

encouragement and enthus iasm despite the i r  heavy work conm'litments . 

There was always ti me for discuss ion and correcting my Eng l i sh . 

I espec ia l ly thank Doctor Dirk Pfeiffer who provided the epidemiological 

and statistical assi stance that I required to complete the study. I hope that 

the many hours of di scussion and questioning have provided some 

rec iprocal benefits . 

I extend my thanks to Doctor Richard Squ ires for h is  help as I adjusted to 

the changes after Professor Boyd Jones left New Zealand to take a 

chal lenging position in I re land . 

l thank al l veterinarians 1 11 New Zealand who participated in this feline 

hyperthyroidism study. Th is  study wou ld not have been possible without 

the co-operation of veterinarians whose efforts I greatly appreciate . 

The only financial support for the study was from the Wal tham Centre for 

Pet Nutrition. Waltham-on-the-Wolds. United Kin2:dom which was '-
essential for the completion of the project . The financial assi stance of the 

Waltham Centre for Pet Nutrition, and the support of Peter Markwell  1 11 
parti cu lar i s  gratefu l ly acknowledged. 

The donation of smal l cat food parcels,  by Effem Foods New Zealand 

Li mited, to the owners of the cats participating in the survey was warmly 

welcome and appreciated by the cats' owners. 



6 

The sup port of my co l leagues i n  the I n st i tu te of Veterin ary . An i mal  and 

B io medical Sciences and from other departments w i th in  M assey U n i versi ty 

was great ly  appreci ated especial ly  at the stage of the desi gn of the 

quest i onnai re ,  i n  parti cu l ar Tony C harleston .  Frazer Al lan ,  Jeff Wichtel . 

V i ck i  Dougl as ,  S i va Ganesh . Arnold Chamo ve.  Don Esslemont.  G lenn i s  

\Va l l b u tton , M ary-Helen Ward and Andrew C hambers. S pecial thanks to 

Doctor Charles Randriamasi manana from L ingu i st ics for prov id ing  

e xcel l en t  Eng l i sh grammar support .  

I a lso would l i ke to thank al l cats '  owners part i c ipat i ng in  the survey. for 

the ir  good response rate .  i nterest i n  the study and for the ir  t i me and effort i n  

fi l l i n g  i n  the long quest ionnaire forms . 

F ina l l y .  very speci al thanks  are due to M ari usz S korupski for h is  support 

and for prov idi ng access to a computer. 

I agai n acknowledge Professors Boyd J ones and Roger Morri s and Doctors 

D i rk Pfei ffer and R ichard Squ i res for being my s upervi sors . I thank them 

for enduring the task of rev i ewing i n i t ial drafts  and publ icat ions in  deta i l  

and offeri n 2:  construct ive sugQ:est ions and com ments .  '-' <...-<..-



7 

Dedication 

Thi s  thes is  i s  dedicated to al l the cats of the  world,  s mal l and b i g ,  domesti c  '-
and wi l d ,  i n  part icu l ar to the l ate M i mus ia ,  Spust and S i mon 



8 

Contents 

ABSTRACT ................................................................................................................................................ 2 

ACKNO\VLEDGEMENTS ....................................................................................................................... 5 

DEDICATION ............................................................................................................................................ 7 

CONTENTS ................................................................................................................................................ S 

LIST OF FIGURES .................................................................................................................................. ll 

LIST OF TABLES .................................................................................................................................... 12 

CHAPTER 1. INTRODUCTION ......................................................................................................... I4 

G ENERAL INTRODUCTION ..... ....................................................................................... 15 

lNTRODliCTlON TO EPIDEMIOLOGI< 'AL STl!DIES . ...... . ........ . .... ..... . ... ..... ... . ......................... ....... .. .......... . .. 20 

CHAPTER 2. LITERATURE REVIEW ....................................................................... ................ ...... 23 

11\'TROilLICTION ..... """'"''''"" ................................................. ............................ 2� 

AETIOLO<iY. PATHOLt)(iY AI\: I) .VIOLEClJLAR .-\SPEl'TS .. .......................................... .................. .. 
.,­.. .. _) 

HISTORY A:"D CLINICAL FINDINGS ........... .................................................. .. 

EPIDE\IIOLOCiY OF THYROTOX IC'OSIS I) liE TO :"ODL ILAR CiOITRE IN i\IE:-1 AND CATS ................................ ]4 

CI-IAPTER 3. MATERIALS AND I\1ETHODS ................................................................................. A7 

STLIDY DESIGN ........... .. . ' ' .  · • . ' . '  ' .. '.' '.' ..... ''.'.'''' ' .. '' ' .. '.' ...... '.' ''' '.' ' ..... ' ..... ' .. ' ..... '' .-+8 

PRACTICES ........... .. . . . . . . . . . . . . . .  , , , ,  · · · · · · · ·  · · · · · · · ·  · · · · · ·  ................ . ... .. ' ',, .-+8 

C.<\SES ............... .. . . . , .. ", .................... ...... • .. .......... . .. ...... ... . . .... 4L) 
CONTROLS .... ' .. 49 

DATA COLLECTION ..................................... ............... .............................. ....................... . . ........... 50 

Q UESTIONNAIRE ..... ............................................................................... , ........................................... 50 

DATA STORAGE .................................................................... .............. , ................................................... 52 

DATA AN.<\LYSIS .............................................. . ................... . . .. . . .. . . . ,,,,,.,,,.,,.,, ........................................ 52 

CHAPTER 4. STATISTICAL ANALYSES ........................................................ ................................ SS 

GE ERAL OUTLINE OF APPROACH TO DATA ANALYSIS . ....... . ...... . ......... ....... .. . ...................... ... . .... ...... ... . 56 

METHODS SED IN THE MlJLTIVARIABLE ANAL YSIS ... . . . .. . ... .. . ..... . . ..... .... .... ....... .... . ..................... ......... . . .  58 
Fonmrd s1ep11·ise 111u l!iple uncondilional/ogiSiic regression ..... .. .... ... .. ... .... . . .... . ..... . ....................... 59 
Fonvard stepl·l'ise lllu ltiple condilionallogistic regression ................................... .......... . .. . .. . . .. . . ..... 59 
Cox regress ion .. . . . . . . .. . . ..... . ..... . .. .. . . . . . . .... ......... .. . .... .... ............ . . . . .... ............................ .. .. . ........... . . . . . . . . 6 I 
Kap/an-Meier Sllrvival analysis .......... . . ............ ................ . ........................... ........ .. . . ... . . ... . . .... . . . ... ... ()I 



9 

CHAPTER 5. RESUL TS ....................................................................................................................... 63 

DESCRIPTIVE ANALYSES . . . . . .. . . . . . . .. . .. . . ... . . . . ... . . . ..... .. . . .. .. .. . . . . .. .. . .. .... . . . . .. . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-t 

Cms' age disrriburion at rime of'hvp errln'l'oidism diagnosis . .. . .. . .. . . .. . . . . . . ... . . . .. . . . . .... . . . . . . . ... . .. . . . . . . . . .. .  65 
Molllhlr diagnosis of' all cases tluDughout The .1!11dr .. . . .. ... .. . .. . . . . . ............... .. .. .J)(J 
Clinical signs . fi'equ ency in hvperrhymid cats.................................... ................... . .. 66 

UNIVARIATE LOGISTIC REGRESSION ANALYSES OF THE CASE-RANDOM CONTROL COMPARISON ............. 67 

Cm Oll'/1er facton . . . .. . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . .... . . . . .. . . . . . . . ... . . . . . .. .. .. . . .. . . .. .. . 67 
Culfaoors including 111edicct! hisfOJT .. . . ......................................... .. ................................. rl7 
Cat·.\ indoor anJ owdoor eln ·iro ll!nent .. .... .. . .. .. .. .... .. .. . .. . .. . .. . .... .. ... 68 

Cui ·.1 dieT undfeedinJ.i praCTices.................. .. . . . ... ....... . .. . . ... . . .. ... ............. .. ... 6() 
FOR W . .\IW STEPWISE MilL TII'LE l i NCONDITIONA L LO(iiSTIC RE(iR ESS ION -\ '\ 1\ U1SE.'> OF THE('-'\ <;F-
RANDOM CO 1TROLCOJ'vii' . .\RISON . .................................................... ............... ....................... ....... 70 

Fil!al 111odel for case-mndo111 conTrol co111parison............................ . . ................................... 71 
FORWARD STEPWISE Ml!LTIPLE CONDITIONAL LOGISTIC REGRESSI0:-1 A!\ALYSES OF THE CASE-r'vlATCHED 

COi\ITROL COMPARISON . . .. . . . . . . .. ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · · · · · ·  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7-+ 
Fillalnwdel for case-!llmchcd conrrol comp ariwn................................ . . . .. .. .. .. .. . . .............. 75 

COX REGI�ESSION (PROPORTIONAL HAZARDS MODEL) FOR CASE-RANDOM STATl'S . . .. . .. ................ 78 

KAPLAN-M EIER Sl iRVIV AL ANALYSIS OF HYPERTHYROID Cr\ TS SliH.JECTED TO DIFFEREI'\T 1\1 ETHODS OF 

TR Ei1 T:Vl E.\IT . . .  · · · · · · · · · .  · · · · · · · · · ·  · · · · · ·  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . ... .. . . . ... . · · · · · · ·  · · · · · · · ·  . .. . .. . ... . . . . . . . .. . .. . . . .  o-+ 

CHAPTER 6. GENERAL DISCUSSION ............................................................................................ 88 

I NTRODLICTION TO GENERAL DISCliSSION ........................... ........................ . .  ............................ 89 

C.\T Ai\D OWNER FACTORS . . .. . .. . .. . . .. . . . . . ... .. . . . .. . . .. . . .. . . . ... .. .. . . . . . . . .. . .. . . . .  . .. .............. 91 

Cu1 age ..................................... . .  . .... CJ/ 

Cm breed ..................................... ....................................................... . . . <J2 
Cm se.r ....... .............. . . <J.i 

CaT age aT desexing .................. ........ ......... ......... ............ .. .................................................. .... <J.f. 
CAT MEDICAL HISTORY . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . .. .. . . .. ... . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . .  95 

Diseases . . .. . . . . ..... . .... ... . . . . . . . . .. . .. . . . . . . . . . . . . .. . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . .. . . .... .. . . . .. . .. . .. . . . . . . . . .. . . . .. . .. . . . . .  \J5 
Pre,·enru1i1·e 111edicine . . . . .. . . .. . . ... . . . .. . . .. . .. . . . . .. . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . .. .. . . .. .. . . . . . . . . .. . . .  98 

INDOOR AND Ol!TDOOR ENVIRONMENT . . .................. . .... . . ...... ......... ...... . . . . .. . . ...... . . . ....................... . . . .. ... ..  99 

Mulricar houselwlds .. . .. . . ... ... . .. . .. . . .. .. . .. . . ... .. . . . .. . . .. . .. .. . . . . . .. . . . . . . . . . . . .. . . .. . . . . . . . ............................ \)<) 
Floor a.\ caT bedding.............. ...... .......... .. .... .. .. .. .. ......... /r C 

Regular use oj'w11i�jlea p roducts on car's bed/bedding and regular use ojJI.I' sprays ar hollle . . . . .  104 

Regula r use of'aninral and pla n/ origin ferrilisers ( nral!ure/organicferrilisers) on ea/ 's outdoor 

rerriror\' und drinking 1\'aler{roll! puddles .. .. . . . . . . . . . . . . . . . . .. . . . .. . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . .. .... .. .. .  /05 

DI ET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I07 

DailY canned food p rop orrion and feeding a l'aricn· of' cannedfood flamurs . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  / 07 
HISTORY AND CLINICAL FINDINGS IN NEW ZEALAND HYPERTHYROID CATS . . . ... . . . .. . . ... . . . . . . . . . . .. . . . . . . . . . . .. .  IIS 
SEASONALITY OF FELINE HYPERTHYROIDISJ'vl DIAGNOSIS . ............................................ . .  .. ......... 117 



1 0  

CONC'LUS IONS ...................................................................................................................... 0 • •  0 • • • • • • • • • • • • •  121 
FLIRTHER THOUGHTS ON THE AETIOLOGY OF FELINE HYPERTHYROIDISM ............................................. 122 

BfBLIOGRAPHY ........................................................................... ........................................................ 1 25 

r\ PPENDIX .............................................................................................................................................. lJ8 

API'ENDIX I .................................................... ........................................................ . 

Tables Ya to 9) .......................................................................................................... ............ . 

.. I :I 

138 

APPENDIX 2 ..................................................................... ............................. ...................................... J.f9 

Table.\ I Ou ro I Oh .. .................................................................................. ...................................... 1-19 

AI'I'Ef\I)IX 3 ............. ................................................................................................................. . 152 

Tu hies I I a 10 I I b. . ...... 15� 
APPEf\DIX .f .. 155 

Table 12 .............. ....................................... . ......................... 155 

AI'I'ENDIX 5 · · · · · · · · · · · · · · · ·  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Tah/es 13a /U I Jg 

......... 157 
... 157 

APPENDIX 6 ............. . .............................................................. ... 165 

Ne11· Zealand cat studr- hr1Jerthrroidis111- eat mmer quesrionnaire ............................................ l65 

AI'I'ENDIX 7 .. ....... ... ............. .............................. ............... . I RO 
Ne11· Zealand cat sntdr- hype nhymidis111 - ems' Feterinarian questionnaire ......... ....... . .. ISO 

AI'I'ENDIX 8 ............... .......... ....................................... ............... . ............. . 187 

SPSS codes (two e.ra111ples on/\")for de.\ cripti t ·e 111erhods (crosstalm/urion and ji"equencies) ........ 187 

SPSS codes (one exu111ple onll"}jr1r unimriate analysis, user/for screening cme and rondo111 

contmls dma sets for potential riskfnuors.......... .. ...................................... .................... 187 
SPSS code.frH.font·ard steptt·ise nwltiple unconditional logistic regression analt·si:,j(n· all 

significant t·aria!J!es .. ,, .. (/imn unimriatc analnis. see Tables 9a to 9i!for case (I)- mndo111 

cOilli"O/ (0) SlillltS.. .................... . ................. ..................................... . . .............. 188 

SPSS codeforfrntt"(/rd sreptrise multiple conditional logistic regression ana/vsisfor case (I)-
1/W/c/ied CUII/I"(}/ {2) .1"/lllli.\....... ............... .. ........................ .................................... .. ...... 19 1  
Co.r regression (proportional 1/(/:::_ards //lOde/) for case-random srants for COIII[Wring the su!"l"iml 

and hrc::.ard cun•esfor the risk factors present in thefinal case-random 111odel ................. ........... I CJ7 

Kaplan-Meia sun·ival analysis for cmes used /or co111paring the difj"erent trearments on sun·il'(t! 

time (nwnths) of lnp errhyroid cats since the diagnosis up to tl1e/inal dare of" the snrdy ................ I YS 



1 l 

List of Figures 

Figure I. Age distribution at time uf hyperthyroidism diagnosi� (months) (12:'i ca�e� :  mean= 157 

months: median = 155 months; �tandard deviatinn = 27.81) .................................... . .. ..... 66 
Figure '2. Cumulative survival functions for four breeds uf cats from case-random comparison (Other PB 

=other pure breeds: DLH =domestic long hair: DSH =domestic >hort hair) .......... 79 
Figure 3. Cumulative hazard functions for four breeds of cats from case-random comparison (Other PB = 

other pure breeds: DLH =domestic long hair; DSH =domestic short hair) ................... .......... 79 

Figure-+. Cumulative su1·vival functions t()r three categories of cat age at desexing for cats from case-

random compari�on . . . . . . . .. .... . . . . . .  . ............................ .................. ....... . SO 
Figure 5. Cumulative hazard functions for three categories of cat age at desex ing for cats from case-

random comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . ... . .. . . .. . . . . . .. . 80 

Figure 6. Cumulative survival function� for two categories of cats bedding fm cats from case-random 

compari son . . .. . . .. . . . .. . . .. . . .. .. . . .. . . . . . .  . ................................... ......... 81 

Figure 7. Cumulative hazard functions for two categories uf cats bedding for cats from case-randtlm 

comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 

Figure 8. Cumulative survival functions fur two places where anti-flea treatment i� applied for cats from 

ca�e-random comparison ........................................................................................................... 8'2 

Figure 9. Cumulative hazard function� for two place� where anti-flea treatment is applied fur cat� from 

ca�e-random comparison . . . . . . . . . . . . .. . . . . ... . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . .. .. . . .. . . . . . . . . . . . . . . . . . . . . .. .. . . .  8:2 

Figure 10. Cumulative survival function� for daily proportions of commercial cat canned fond fnr cats 

from case-random comparison (prtn = prnpnrtion) ..................... . .. .. 83 

Figure 11. Cumulative hazard functions for daily proportions of commercial cat canned food for cab from 

case-random comparison ( prt n = proportion) . ...................... . . ......... R� 
Figure 1'2. Kaplan-Meier survival curve for hyperthyroid cats treated with any method (trtd) and not 

treated at all ( ntrtd) ( 1 '25 case�) . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . .. . . .. .. . . . ......... 86 
Figure 13. Kaplan-Meier survival curve for hyperthyroid cats treated (trtd med) and not treated (ntrtd 

med) medically ( 12:'i cases) .. .. . . . . . . .. . . .. . . . . . . . . . . . ... . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . .. . . . . .. . . . . . . . . . . .. . 86 

Figure 14. Kaplan-Meier survival curve for hyperthyroid cats treated (trtd sur) and not treated (ntrtd sur) 

�urg.ically ( 1:25 cases) .... ............. . . ..... 87 

Figure 15. Kap lan-Meier 'urviva\ curve for hyperthyroid cats treated (trtd 1 13 I) and not treated (ntrtd 

1131) with radioactive iodine (11'1) ( 125 ca�es) . . . . . . ... . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . ..... .. . . . . . . . . ... .... .. . . . .  87 

Figure 16. Pooled frequency of diagnosing hyperthyroid cats in New Zealand by month (125 cases) ..... 117 



1 2  

List of Tables 

Table l .  Sex profi l es o f  c::�ses. matched a nd random control groups . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.. . . . . . . . . .  6-+ 

Table  2. Age profi l es of cases, matched a nd random control groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-+ 

Table 3.  B reed profi les of cases, matc hed and random control groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
Table -+ .  Fi n a l  m u l t i  vari ab l e  forward stepwise u ncond i t iona l  l o g i s t i c  regression model based o n  a l l  c ase 

and random control data,  showi n g  l e v e l  of s i gn i ficance ( p )  for t he var iables  a nd the i r  

categnrie�.  odds rJtios ( O R )  a n d  95'ii confidence i n terva l s  arou nd t h e  O R  . . . . .. . . . . . . . .. . . . . . . . . . . . . . .  n 
T a b l e  5 .  F i n a l  m u l t i v a r i b l e  forward stepwise cond i t io n a l  logis t i c  regression mod e l  based o n  a l l  case and 

matched control data . showi ng leve l  of· s i g n i ficance ( p )  for the var iab l es.  the ir  categor i e s  and 

i nteract ion.  odds rat ios ( O R )  and 95'fr co n fidence i n terval s  around t h e  OR . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 
Table  6. Other hyperth y roid cats profi l e s  a l l ocated to househt1 lds o f  cases. matched and random contro l  

g roups:  t he i r  b l ood re l at ionsh i p  tu h y pert h yroid c a t  u nder sur\'ey a n d  n u m ber o f  cats i n  t hat 

hou�e h o l d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . . . . . . . . .  t OO 
Table  7.  H u ma n  t hyroid d i sorders profi les  a l l ocated to households o f  cases.  matched and random 

contro l  cat groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 00 
Table 8 . H i story and c l i n i c a l  fi ndi ngs i n  s i x  i ndependent o.er ies of case� of fe l i ne h yperth yroi d i ;,m 

( NS=nut spec i fied: '' i nc l udes powerfu l  apex bea t ,  ga l lop rhythm and arrh y t h m i a s :  b i nc l udes 

tachyp noea .  dyspnoea. coug h i n g  a nd s neez i n g )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  J 1 6  
Table 9. U n i variate a n a l ys is  re!> u l h  sho w i n g  ;, i g n i ficant vari a b l es ( p<O . l )  and t h e i r  categories for ca�e 

a nd random control a n i m a l � . d i s p l ay i n g  l evel o f  s i g n i ficance ( p l fnr t h e  vari a b l e .  ndcb r:ll ios 

( O R ) . 90rii con fidence i nterva l s  around t h e  OR . a nd level  o f  s i g n i ficance ( p l  fur c h i -�q uared 

te>.t . Variables .. ,;, 
. .  

were s u b m i tted to m u l t i  variable l o g i s t i c  regre�si o n  a n a l ys is  . . . . . . . . . . . . . . . . . . . . .  ! :19 

Table  I 0. Resu l t �  of pre-fi n a l  f or ward stepw i se m u l t ip l e  unco n d i t i o n a l  logist ic  regression a n a l ys is  nf a l l  

s i g n i ficant  v ar i ables ( . . * 
. . fro m  u n i variate ana l y s i s )  for case and random cont ro l  a n i m a l s .  

showi n g  l e v e l  o f  s i gn i ficance ( p )  for t h e  variab le .  o d d s  rat ios ( OR )  and 95lf'c confidence 

i nterva l s around the OR. V ariable . . # . .  was e x c l uded from the fi na l  m u l t i  v a r i a b l e  forward 

stepll' i se  unco n d i t io n a l  logist ic  regress ion ana lys is . . . .  . . . . . . . . . . ... ............... . . .  1 50 
Table l l . Pre-fi n a l  forward ste p w i se m u l t i p l e  condi t ional  logi s t i c  regression mod e l  for case a nd matched 

contro l  a n i mals .  showi ng l e v e l  of s i g n i fica nce ( p )  for t h e  vari a b l e. odds rat ios ( OR )  a nd 95 ';( 

con fide nce i nter v a l s  around the O R .  Variable . .  # . . was exc l uded fro m t h e  fi n a l  m u l t i  vari ab le  

forward step w i se cond i t i o n a l  log is t i c regress ion an a l y sis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5 ]  
Table I� - List  u f  the rest o f  t h e  variab l es and t he i r  categories w h ic h  were found s i g n i ficant  ( p  < 0 . 1 ) 

w h e n  subj ected to u n i variate a n a l y s i s  for case-random control a n i m a l s .  T hese varia b les were 

not i nc l uded i n  t h e  m u l t i variable forward tepw i se logis t ic  regression a n a l y s i s  bec a use of a 

very h i g h  n u m ber of m i s s i n g  data points or a very l o w  n u m be r  of observat ions .  First category 

of a l l  variables was used as a reference category. ( G l T  = gastrnintes t i n a l  trac t ) . . . . . . . . . . . . . . . . . . . . 1. 5 6 
Table I J .  Li · t  of a l l  vari a b l e� w h i c h  were fou nd not to be � ig n i ficant when � ubjected to uni variate 

a n a l yses from cases. random and matc hed control s  cats .  A l l  other vari a b l e s  are show n  i n  



1 3  

Tables 9a to 9j and Table l :2. First category of a l l  variables was used as a reference c ategory. 

( G IT = gastroi ntest i nal tract) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l 5 8  



Chapter 1 

Introduction 



1 5  

General introduction 

Fel ine  h yperthyro id i sm ( thyrotox icos i s )  i s  a mul t i systemic d i sease resu l t i ng 

from excessi ve secret ion of thyro id  hormones,  L-thyrox ine ( T.:( )  and/or L­

tri i odothyronine  ( T3 ) .  Th i s  d isorder is now the most common endocrine 

d i sease of middle-aged to older domest ic cats ( average age at d iagnosi s of 

1 2  to 1 4  years ) d iagnosed at veterinary c l i n i cs in New Zeal and and many 

other countries (Labuc and J ones, 1 988 ;  Peterson . 1 984 ) .  The most 

common c l i n ical s igns  are weight  loss, polyphag i a  and hyperexc i tab i l i ty .  

A nu mber o f  su spected cases were reported in  the ve teri nary l i terature from 

1 955 on wards but the fi rst confi rmed cases were t hose of Ho lzworth  er aL. 

( 1 980) .  of Cotter. and of Peterson et al. in 1 979 .  Despite progress in  

i mprov i ng the  d iagnosis  and treatment of  fel ine hyperthyro id i sm.  i t  has  

been observed that over t i me there has been an  i ncrease i n  the  inc idence of 

th i s  d i sease ( Scar le tt er al. , 1 988 ;  Taylor et al . ,  1 989) .  The disease 

frequency suggested by Peterson ( 1 984) is one in 300 cats exami ned at the 

Ani mal Medical Centre ( A M C ) ,  New York ( U . S . A . ) .  AMC used to d iagnose 

3 cases per month ( 1 978- 1 983 ) ; l ater 22 cases per month were di agnosed 

( 1 983- 1 993 ) without a concomi tant i ncrease in total case load or mean age of 

cats seen in consu l tations ( Peterson , 1 998 ; Peterson et al. . 1 994 ) . The 

frequency of occurrence of fel ine  hype11hyro id ism m New Zealand is not 

known . 

The factor( s )  i n i t i at ing  and susta in ing the tran sformation of a normal fe l i ne 

thyro id  into a nodu lar hyperfunct ion ing goi tre re n1ain unknow n .  Genet ic 

predi sposi t ion,  env i ronmental exposure to some chemical ( . ) .  

i mmunolog ical factors, n utri t ional  const i tuents and perhaps i nfect ious 

agent( s )  may al l  i n fluence the  development of the  di sease ( Gerber, 1 993 ;  
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Gerber et al. , 1 994; J ones et al . ,  1 995 ;  Lutt i khu i s ,  1 989;  Scarlett ,  1 994; 

Scarlett et al. , 1 988 ;  Tayl or et al. , 1 989 ;  Thoday and M ooney, 1 992 ) .  

Scarl ett and eo-workers ( 1 988 ) ident i fi ed an i ncreased ri sk  for 

hyperthyro id i sm associ ated wi th  regu lar treatment  wi th  flea sprays or 

powders ; l iv ing  stri ct l y  i n doors : and hav ing reported exposure to l awn 

herb ic ides ,  ferti l i sers or pest ic ides . Cats whose d iets  were I /2 or more 

canned food had 3 .4 t i mes as h igh a ri s k  of deve lop ing th i s  d i sorder 

compared w i th those fed no canned food : but cats fed less than Y2 canned 

food had 1 .6 t i mes the r i sk  of t hose fed no canned food at al l .  

There is n o  reported sex or breed pred i spos i tion , but  a l ower prevalence in  

purebred cats has been not iced i n  the U . S . A .  ( Scarlett  et al. , 1 988 ) and U K  

( B i ax ter and Gruffycld-J ones.  1 994 ) . The h igh  percentage of castrated and 

ovariohysterectomi sed an i mals  i n  the samples  so far exami ned makes 

conc l us ion s about sex d ifferences weak in  inferen t ial  val ue .  

The reported age range has wi dened si nce the  fi rst reports of the d i sease . I t  

now spans from 4 to 22 years ( Peterson et  al. , 1 994 ) ,  wi th  an average age 

of 1 2  to 1 4  years . 

There are some data to suggest that com merc ial d iets  may p l ay a role .  

There i s  abun dant ev idence in vivo and i n  vitro for a rol e  of  iod ine  as  a 

regu l ator of thyro id  growth and funct ion ( S tu de r  and Gerber, 1 99 1 ) . 

The concentrat ion of iod i ne v aries w ide ly  i n  commerc i al cat food i n  the 

U . S . A .  ( M u rmna et al. , 1 986)  and in New Zeal and ( Johnson et aL. , 1 992 ) ,  

w i th some foods conta in ing  very s mal l amounts and others far above 

curren t  recommendat ions for cats ( up to 1 0  t i me s )  (AAFCO, 1 993 ;  John son 
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et al. , 1 992 ) .  Joh nson and eo-workers ' ( 1 992 ) study of corm11erc ia l  cat 

food preparations  showed that the i odine concentrat ion can vary more than 

I 00-fo ld .  

I n  canned pet foods, there has been  a trend towards a l ower ash  content 

( mai n l y  magnes ium)  and towards gourmet products contai n i n g  more 

ani mal t i ssue .  I od ine concentrat ions may be h ig her i n  gourmet foods 

contai n i n g  mar ine fi sh  or pou l try products w i th  remai n s  of thyro id  t i ssue 

( Scarlett et al. , 1 98 8 ) .  

A s  wel l  as iod ine ,  a xanthene dye . F D  & C Reel No .  3 ( common name 

erythros ine  ), i s  added frequent l y to pet food . Th i s  art i fi c i al dye contain s  

i od i nated compounds,  w h i c h  re lease free iodine dur ing process ing ,  

resu l t i n g  in  a h i gher concen trat ion of th i s  e l ement in  the food ( Barbano and '- '-
Del l ava l l e ,  1 984 ) .  

There i s  e v idence that selen i u m  p lays  an i mportant role i n  thyroi d  hormone 

metabol i s m  as an essent ial component of the three de i od inases ( Arth ur et 

al. , 1 996 ) .  N e w  Zealand ' s  volcanic soi l s  are . i n  general , defi cient  i n  '-
se len i u m .  The rol e  o f  se len i u m  i s  further comp l icated because of the 

widespread pract ice of adding  synthetic ant ioxidants to pet food ( Dodds .  

1 995 ) .  Synthet ic ant iox idants  have t h e  potent ia l  t o  c hange the 

b ioavai l ab i l i ty of v i tami n A (essent ial for many b ioche mica l  path ways 

i nc lud ing  t hyro id  metabol i sm) ,  v i tamjn E and se len i um. 

Apart from iod ine ,  most cat foods contai n rel at i ve l y  high concentrat ions of 

goi t rogen i c  compounds such as phthalates , wh ich  can be found in fi sh 

products ,  mi l k  and bovine t issue ( M ay er et al. , 1 972 ) .  There are many 

other goi trogen ic  substances ( Ga i tan,  1 98 8 ;  Roudebush ,  1 99 3 ) ,  wh ich  cats 
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may be e xposed to, e i ther through the i r  diets (part icu larly fi sh-based mea l s )  

or  in the env i ronment,  that coul d  contrib u te to  the  deve lopment of  the 

thyro id  adenomatous lesions found in  most  hyperthyro i d  cat s .  M ost of 

these go itrogenic hydrocarbons are metabol i sed by g l ucuron idati on ,  a 

process which i s  e xceptional l y  s low i n  cats. 

I n  addi t ion ,  natural ly occur n n g  goi trogen s such as soy and some other 

beans .  on ion and garl lc ,  seaweed (e .g .  ke l p ) ,  gums made from seaweed 

( carrageenan , a lg inates ) ,  and l i n seed are ex ten si ve l y  used as ingredients i n  

pet foods .  

Some other d ietary i ngredients are goi trogen ic  too . e .g .  calc i u m  ( at least in  

rats on a l ow- iod ine di et ) ,  su lph ur -conta in ing  compounds and n i trate found 

in  dri n k ing  water ( Mc Laren and A lexander, 1 979) .  

A l though i t  seems un l i kely that d ietary goi trogens act i ng alone can cause 

goi tre , i t  i s  qu i te poss ib le  that the i r  effects may be addi t i ve when 

in teract ing w i th  other factors . such as iodine defic iency or excess.  i nc l uding 

day-to-day wide swings of iod i ne content i n  the diets .  Other types of 

goi trogen from the env iron ment ( from water, a ir  and food ) may contribute 

to the overa l l  i ncreasi ng i nc idence of hu man goi tre i n  endemic areas 

(Gaitan,  1 98 8 :  McLaren and A l e xander, 1 97 9 ) .  

There i s  ep idemi olog ical and experi mental ev idence that env i ronmental 

pol l utants  and certain medicat ions may cause goitre by act i n g  di rect l y  on 

the thyro id  g land or by ind irect ly  a l teri ng  i t s  regu latory mechan i s m  and/or 

the perip heral metabol i sm and excret ion of thyroi d  hormones . These 

pol lutan ts operating  i n  genetical l y  pred isposed i nd iv idua l s  may al so trigger 
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pathogenet ic  mechani sms i n  the thyroid g l and much more easi l y  than i n  

l e s s  genetical l y  susceptib le ones ( Gai tan , 1 9 8 8 ) .  

A l l  o f  the above hypotheses need to be c lar ifi ed as t o  t h e i r  potent i al 

associ at ion wi th  hyperthyro id i sm i n  cats .  

There are st i l l  many unanswered quest ions  relat i ng  to the pathogenes i s  and 

ep idemiology of fe l i ne hyperthyro id i sm. The l i festyl e  and feeding 

practices of cats  i n  New Zealand have s i mi l ar i t ies  to cats in  other coun tries.  

but al so di ffer in many i mportant respects especia l ly  the case of access to 

outdoor acti v i ty .  New Zealand has a h igh proport ion of cat-own i ng 

households and the movement  of cats i n to and ou t of country i s  not 

s ign i fi cant .  S i nce l ate 1 990/ear ly 1 99 1  the cat popu lat ion i n  New Zea land  

has  remai ned flat a t  around 0 .9  mi l l ion cats ( EFS . 1 99 7 ) .  The  average 

n u mber of cats per cat own ing household h as also stayed tl at at around 1 . 55  

cats per  cat owning househol d .  Though the nu mber of households in  New 

Zeal and has been gradual ly increas ing  si nce 1 990 at  the rate of 1 . 3 0C , the 

n u mber of households own i ng a cat remained the same ( EFS , 1 99 7 ) .  As a 
resu l t  the percentage of households own i ng a cat h as dropped from 50<7c· to 

4 7 % .  However,  the l ast figure i s  a lot h igher than the percentage of cat 

ownersh i p  in Austral ia ,  wh ich i s  abou t  30%.  M ost cats are i ndoor/outdoor 

cats and prior to 1 990 commerc ia l  foods d i d  not const i tu te a h igh 

proport ion of any cat ' s d iet .  Cats i n  New Zeal and prov ide a u n ique 

popu l at ion to i nvest igate the ep idemiology of hyperthyro id i sm .  

Th i s  study was  des igned to  i nvest igate and defi ne  some of the  r i sk  factors 

for fel ine  hyperthyro id i sm i n  New Zealand . 
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I n troduction to epidemiological studies 

Epidemiological stud ies may not onl y reveal the frequency of a d i sease , bu t  

al so g i ve c lues to  poss ib le  associ at ions  w i th factors i mportant for i ts 

occurrence .  Ep idemiolog ical data cou l d  provide i ndicat ions of what factors 

are associ ated wi th ,  or predi spose to , the deve lopment of a part i cu lar 

di sease . A l so ,  epidemiologi cal studies may answer i mportant quest ions 

such as :  

I s  the occunence of the d i sease i n  the popu l at ion  associ ated wi th  the factors 

be i n g  i dent ified? '-

Are certain combinat ions of factors espec ia l l y  s ign ifi cant ,  and how 

pre valent  are they in the popu l at ion? 

Do the detected assoc iat ions suggest a pathogenes is  for the di sease which . 

i n  tu  m ,  may lead to prevent i ve measure? 

In mu l t i factori al d i seases such as fe l ine hyperthyro id ism ( Gerber et al . . 

1 994 : Scarlett et al. , 1 98 8 ;  Taylor et al. , 1 98 9 ) .  epidemio logi cal s tudies 

become essent i al for i n vesti gations of the d i se ase . Th i s  approach may 

prov ide a bal anced v iew and analys i s  of the natural l y  occu rri ng d i sease and 

i ts determinants may be ident i fied .  H usbandry and ecolog ical factors ,  as 

wel l  as the interacti ons between them are recogn i sed and the i r  i mportance 

i den t i fied .  

Epidemi ology is  concerned wi th  di sease as i t  occurs i n  popu l at ions rather 

than in i nd ividual an i mals .  However, the concept of pop u l at ion anal ys i s  

has been rare ly  appl ied i n  s mal l  an imal  pract ice .  Nevertheless ,  i t  i s  

essent ial when  veter inarians becomes act i ve i n  prevent ive medic ine .  i . e .  i n  
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promoti ng general heal th and welfare m a spec i fi c  area of an i mal 

popu lat ion .  

The two mam object i ves of epidemiological  studies .  n amel y ,  to descri be 

the  occurren ce of d isease i n  the populat ion and to i dent i fy poss ib le  causal 

factors, may be reached by various des igns ,  w hich  can accomp l i sh one or 

more object ives .  

Cohort ( i nc idence)  studi es are concerned w i th mon i toring a defi ned 

popu lat ion sample  ( two or more cohorts  whi ch d iffer m one or more 

putat i ve ri sk factors ) and compar ing the i n c idence of d i sease between 

cohort s .  After a period of observat ion , i nc ide nce rates are calcu l ated and 

attr ibuted to the presence or absence of the putat i ve factors . 

Cross sect ional  ( prevalence ) studies are concerned wi th  exmni n at ion of the 

re l at ion sh ip  between the d isease and the various  potent ia l  ri sk factors as 

they ex i st in  a defi ned popu lat ion at one part icu lar t i me .  Thi s i s  clone by 
exami n i n g  a sample of the popu lat ion for the presence or  absence of the 

d i sease and of suspected determi nants .  

Case control ( case h i story ) s tudies are concerned wi th  compo.nng the 
d is tr ibut ion of i nd i v i duals  amon g  factor categories in a d iseased group ( the 

case group)  w i th the corresponding d i stribution i n  a group of non-di sea eel 

i nd i v idual s ( the control group or  reference popu l at ion ) .  

W i th  cohort studies resu l ts  are g 1 ven as  i nc idence rates ,  wh i l e  i n  cross '-
sect ional  studies the resu l t s  are g iven as pre valences .  Th i s  approach does 

not  app ly  to a case control stu dy,  as ne i ther  the c ase group  nor the control 

g roup can be  quanti tat i ve l y  related to t he popul at ion at r i sk .  
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As meani ngful d i sease rates cannot normal l y  be es t i mated from case 

contro l  studies ,  assoc i at ions must be shown by means other than 

comparison of factor-spec ifi c  rates,  e .g .  by re l at i ve r isk est imations .  

Re lat i ve ri sk i s  a measure of d isease assoc i at ion defi ned as  the  rat io  of  the  

d isease rates for two categories of  a factor. and i t  thus measures  the d i sease <.... 
assoc i at ion i n  one category us ing  that of another category as a reference 

u n i t .  Re lat ive  ri sk can be used to express factor assoc i at ions i n  a l l  three 

types of studi es ment ioned above,  s i nce it can be approx imated from case 

contro l  studies by the rat io of odds of the d i sease for the two categories ,  

prov ided that the  di  ease i s  u ncommon in  the  popul at ion . 
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I ntroduction 

Fe l ine  hyperthyro id i sm ( thyrotox i cosi s )  is  a mu l t i systemic  d i sease resul t ing 

from excess ive  secret ion of thyroi d  hormones ,  L-thyrox ine ( T4 )  and/or L­

tr i iodothyron ine  ( T3 ) .  Thi s  d isorder appears to be the s ing le  most common 

endocrine  d isease of middle-aged to o lder domest ic  cats ( average age of 1 2  

to 1 4  years ) d iagnosed at the M assey U n i vers i ty S mal l A n i mal C l i n ic as 

we l l  as at a n u mber veterinary c l i n ics in several other countri e s .  

A number of su spected cases were reported i n  t he  veterin ary l i teratu re from 

1 95 5 .  Clark and Meier ( 1 958 ) showed thyro id  adenomas in 1 4 .7% of fel ine  

post-mortem exami nat ions.  wh i le  Lucke ( 1 964 ) i n  30.60( of cat necropsies.  

The authors of these studies mentioned that the majori ty of cats with 

adenomas had no recogn i sed c l in ical s igns before death and that most of the 

thyroids were not g ross ly enlarged. Howeve r. some misdiagnoses of fel ine  

hypenhyroid ism occu 1Ted, as  carefu l  review of the early patholog ical 

e xami nations reveal s that some of the cats had c l i n ical signs compat ib le  \�' i th 

hyperthyroidism ( Lucke, 1 964) .  The fi rst confi nned cases were those of 

Cotter ( 1 979 ) .  Holzworth ( 1 98 0 ) ,  Jones and J ohnstone ( 1 98 1 ) and Peterson 

et aL. ( 1 979 ) .  Even consi dering progress  i n  i mproving the d iagnos i s  and 

treat men t  of fe l i n e  hyperthyro id ism.  it has been observed t hat o ver  t i me 

there has been a marked increase in  the i nc idence of thi s di sease ( S carl ett f:' f 

al . , 1 98 8 ;  Tayl or et al. , 1 989) .  The d isease frequency suggested by Peterson 

( 1 984 ) is one in 300 cats exami ned at the An imal M edical Centre ( A M C )  i n  

N e w  York ( U  . S . A . ) .  AMC used to d iagnose 3 cases per month ( 1 978- 1 983 ) ;  

l ater 22 cases per month were d iagnosed ( 1 983- 1 993 ) ( Peterson et al . , 1 994) .  

Peterson .( 1 99 8 )  poi nted out that the increased number of  hyperthyroid cats 

occurred without an accompanying i ncrease in total case l oad or mean age of 
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cats seen i n  consu l tations at A M C .  The frequency of occu1Tence of fel i ne  

hyperthyroidi sm in  New Zealand i s  no t  known.  

The purpose of  th i s  c hapter i s  to  rev iew the l i terature avai l ab le  on  th i s  

top ic ,  e mphasi s ing the aet iopathol og ical and the ep idemio log ical aspects of 

fe l ine  hyperthyro id i sm .  There are very comprehen s i ve and thorough 
I i terature rev iews on fe l i ne hyperthyro id i sm wri tten by Labuc and J ones  

( 1 986 and 1 9 8 8 ) ,  Peterson et al. ( 1 994 ) and Thoday ( 1 98 8 ) . 

Aetiology, pathology and molecular aspects 

Hypert hyro id  cats. 1 11 addi t ion to the i r  c l i n i cal re levance for veteri nary 

med ic i ne,  prov ide a umque experi mental model to i n vest igate the  

mechan i sms underly ing  thyroid hyperplas ia  and hyperfu nct ion becau se of 

the c lose resembl ance to human tox i c  nodu l ar goi tre .  

The factor( s )  i n i t i at i ng and sustai n i ng t h e  transformat ion of  a normal fe l ine  

thyro id  in to a nodu J ar hyperfunct ion ing  goi tre remai n unknown.  Genet ic  

pred i sposi t ion ,  env i ronmental exposure to some chemical ( s ) , 

i mmunological  factors, nutri t ional const i tue nts and perhaps infect ious  

agent ( s )  may al l i n fl uence the  deve lop ment  of  the  d isease ( Gerber. 1 993 : 

Gerber et al . .  1 994; Scarlett et al . . 1 9 8 8 :  Taylor  et al . . 1 9 89 ) .  

Fu nct ional thyro id  adenoma ( mu l t i nodu lar adenomatous hyperp l as i a )  

i n vol v i ng one (2 1 %  to 2 9 % )  or both thyro i d  lobes ( 7 1 %  t o  79%)  i s  the 

most  common cause of fel in e  hyperthyro id i sm (97% to 99% )  ( Hoen i g  et 
al . . 1 98 2 :  Hol zworth  et al. , 1 980; Peterson et al. , 1 9 83 ) .  f n  u n i l ateral 

mu l t in odu lar adeno matou s goi tre left lobe is i n vo l ved in 5 8 % .  wh i l e  r ight  

l obe in  42%.  Thyroid adenocarc inoma, the  pri mary cau se of  
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hyperthyro id i sm m the do a e ( very rare m fac t ) ,  rarel y  causes 

hyperthyro id i sm in cats ( 1 % to 3 % )  and when present se ldom metastas i ses 

( H oen ig  et al. , 1 982 ) .  

Thyro id  1nicrosomal ( an 6 -thyro id  perox idase , ant i-TPO ) and ant i -nuclear 

( t i ssue-nonspecifi c ,  A N A ,  rare in heal thy cat s )  ant ibodies h ave been 

de mon strated in sera from 29 hyperthyro id  cats .  i n  34% and 1 4% 

respecti ve ly  ( Kennedy and Thoday . 1 98 8 ) .  The corre l at ion between 

l y mphocytic i n fi l trati on ( i .e .  autoi mmune thyro i d i t i s )  of the g land. in most 

cases w i th  b i l ateral i n vo l vement ,  and c i rcu l at i ng thyro id  autoant i bodi es i s  

s ign i fican t  ( p  < 0.05 , Kennedy and Thoday ,  1 98 8 ) .  Th i s  phenomenon i s  

wel l recogn ised i n  human Graves '  hyperthyro id i sm and t he presence of 

ant ibod ies  i s  used as a prognost ic  tool ( M c Kenzie  and Zakarija,  1 99 1  ) . I n  

add i t ion , Kenn edy and Thoday ( 1 984 ) showed that 48% o f  29 studied cats 

had c i rcu l at ing  ant i -thyroglobu l i n  ant ibod ies .  

S tud ies  by  Luo e t  o l .  (1 993 and 1 994) showed that i mmun i sat ion of mice 

w i th  the enterobacteri u m  Yersinia enterocolitica l eads to the product ion of 

ant ibod ies  again st the h u man TS H receptor (TS H R ) .  The resul ts  suggested 

t hat molecu lar mimi cry. between Y. enterocolitica enve lope prote ins  and 

t he TS H R ,  might  p lay a rol e  in the i nduct i on of autoant ibodies to TS H R  as 

occurs in Graves'  d i sease . There has not been any research on 
i mmunolog ical cross-react ions between any i n fect ious  agent ( s )  and fe l i ne 

hyperthyro i d i sm.  

An t i -TS H ( thyrotropi n  - t hyro id  st i mul at i ng hormone )  receptor ant ibodies 

or TS A b  ( thyroid st i mu lat i ng  ant ibodies ) or TS T s  (thyro id  st i mu l at i ng 

i mmunog l obu l i n s ) ,  as found i n  human pat ients w i th Graves '  d i sease, were 

n ot found i n  sera from affected cats ( Peterson et al. , 1 98 7 ;  Thoday, 1 9 88)  
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b u t  thyro id growth st i mu lat ing  i mmunoglobu l i n s  (TG l s )  were ident ifi ed 

( B rown et al. , 1 992 ) .  These IgG i mmunog l obu l ins ,  presumably work i ng 

through the TS H receptor, act to promote thyroid g rowth but  do not 

st i mu l ate thyroid hormone secret ion .  The pathogen ic  rel evance, if any, of 

t hyro id  autoan t ibodies has not  been estab l ished i n  fel ine h yperthyro id ism.  

Addi t i onal l y .  the  resu l ts of  a recent in vesti gat ion conducted in  the  U n i ted 

S tates suggest that the hyperthyroid  cats did not develop st i mu l atory 

au toant ibodies against  the thyroid sti mu l at i  ng hormone ( TS H )  receptor 

( Ng uyen et aL. , 1 998 ) .  I n  th i s  study Nguyen d i d  mol ecu lar c lon ing of a 

fu l l - length cONA of the fe l i ne TS H receptor ( TS H R )  by reverse 

t ranscri ptase - polymerase chain reaction ( RT- PC R ) . Th i s  cON A sequence 

contai n ed an open reading frame of 2292 n u cl eot ides and encodes a 763 

amino acid prote i n .  one amino ac id less than the human TS H receptor. I n  

compari son to the human TS H receptor, the mnin o  ac i d  equence was of 

90Ck i dent i ty and 92% s i m i l ar i ty .  When the  spec ies  compan on was 

performed. i t  revealed that the cat TS H receptor was most c lose ly  re lated to 

the can ine  TS H receptor sequence (96% i dent i ty .  97% s i mi l ari ty ) .  The 

fu nct ional express ion of the cat TS H receptor by t ransfect ion m a 

hetero logous system us ing a c A M P-dependent l uc iferase reporter assay 

revealed si mi l ar respon i veness to exogenous ly  admin i stered bovine TS H 

i n  compari son to the human TS H receptor. Serum col lected from s i x  

hyperthyroid cats d i d  not resu l t  i n  i ncreased c A M P  accumu l at ion in  ce l l s  

transfected wi th  the fel i ne TS H receptor and consequent ly i t  can be 

deducted that these hypert hyro id  cats d i d  not develop st i mu l atory 

autoant ibodies agai nst the TS H receptor (TS H R ) . B ind ing  of I 1 25- labeled 

bov ine  TS H was s i mi l ar for the fel ine and the h u n1an receptor. Thi s  

observ ation prov ided further ev idence aga inst c i rc u l at i ng thyro id  
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st i mu l at i ng factors as a mechan i s m  u nderly ing  fe l i ne h yperthyroid i sm and 

agains t  an autoi mmune aet io l ogy of t hat condi t ion . 

When Peter et al. ( 1 986)  transp lanted thyro id  t i ssue from h yperthyroid cats 

i n to athymic  n ude mice,  the t ransp lan ts grew and con t i nued to overproduce 

thyro id  hormone in exact ly  t he same way as in the donor t i ssue,  and as in a 

s i mi l ar study on human pat ients  w i th  tox ic  nodu l ar goi tre .  Fel ine toxic 

nodu lar goi t re t i ssue xenotransp lan ted i nto thyrox ine-treated n ude mice 

retained i ts ori g i nal h i stolog ica l  pattem and con t inued to accumulate I 
1 2 5 

i nten sel y  and autonomously ,  i .e .  i n  the  absence of TS H ( Faber and Rub in ,  

1 99 1  ) . Furthermore . admi n i strat ion of sera from hyperthyro id  cats i nto 

host mice  fai led to s t imulate the xenografts .  

Those fi nd ings i ndi cate that both growth and hyperfu nct ion of cat  goitres 

are i n tri ns ic  propert ies of the thyroi d  t i ssue and are not  the  resu lt of an 

extemal i mmunoglobu l i n  st i mu lator - a c ircu lat i ng extrathyro idal 

st i mu l ator ( Faber  and Rubi n .  1 99 1 ;  Nguyen et al. , 1 99 8 ;  Peterson et al . .  
1 9 83) .  H u moral factors may be i nvo lved i n  the i ni t i at ion but  not i n  the 

mai ntenance of the condit ion ( Peter et al. , 1 98 6 ) .  A very weak thyro id  

growth s t imul ator ( e .g .  thyro i d  growth st i mu l at ing  i mmunog lobu l ins 

[TG l s ]) en hanci ng the transformation of the normal g l and  i nto a nodular 

goi tre over many years cou l d  p lay an i n i ti at ing  rol e .  Another poss i b i l i ty  i s  

that thyro id  cel l s  might  produce growth factors resu l t i ng i n  cont i nued 

pro l i ferati ve responses in  v i tro ( Gerber et al. , 1 994) .  The bas i c  les ion 

appears to be an excessi ve i ntri n s i c  growth capac i ty of some t hyro id  cel l s .  

Fel ine  hyperthyro id i sm resemb les  h u man toxic n odu lar go it re ( Plmn mer' s 

d isease ),  i n  wh ich  hormone hypersecret ion i s  caused b y  the  TS H ­

independent overact i v ity o f  a great number o f  so-cal led  autonomous 

fol l ic les  ( S tuder et al. , 1 989) .  
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Tox ic  n odu lar go i tre i s  characteri sed by two types of "thyro id  autonomi es" .  

"Thyroi d  autonomy of growth" (i . e .  TS H - inclependent ;  "autonomy from 

TS H " )  i s  represented by subpopu lat i ons  of fol l i cu l ar cel l s  w i th a massi ve 

growth potent i a l . Second, "autonomy of funct ion" is rep resented by h igher 

number of autonomous ly  functi on ing  folbc les  w i th a much h igher  degree of 

autonomous i od ine  turnover, i . e .  w i t h i n  the "hot" 2:0i tre area ( Studer an cl '-' 
Gerber. l 99 1 ) . 

These i n tri ns ic  propert ies of i ncl i v idual thyro i d  cel l s  are exp l a ined by 

geneti cal ly  determi ned cel l u l ar heterogene i ty .  Heterogenei ty app l ies to  the 

thyrocytes '  growth potent ial and the ir  funct ions such as iod inat ion . 

perox idase content .  thyroglobu l i n  ( Tgb ) synthes i s and endocytosi s ( St ucler 

and Gerber, 1 99 1  ) .  

The nodu lar growth pattern o f  t h e  thyro id g land in  h u mans can be 

i l l ustrated by three mechan i sms expla ined below (Stu der and Gerber, 

1 99 1  ). Th is  model is typi cal for l ong- stand ing goi tres and for normal 

thyroids i n  o ld ,  heal thy  people .  

Fi rstl y .  some thyrocyte subpopu l at ions  are characteri sed by growth 

advantage and they have a tendency to remai n c l ustered caus i ng focal 

hyperplas ia .  and fina l ly  appear ing as nodu les .  I n  human goit res  th i s  focal 

hyperpl as i a has been l i n ked to the express i on of the ras protooncogene 

product p2 1 ( H uber et al. , 1 990 ) .  

Secondly ,  t h e  nodule formation could b e  t h e  resu l t  o f  a somati c  mutation 

present ing a heritab le  growth advantage to a s ing le  cel l .  The two 

mechani s ms cou ld  be l i nked somet i mes.  Knowing the i ncreased 

predi spos i t ion of fast-growing cel l s  to obta in  any k i n d  of genet ic  defect . for 

exampl e  of growth regu l at ion,  S tuder  and Gerber ( 1 99 1 )  suggested that 

adenomas and even mal ignan t  thyroid tumours may be clu e  to presence of 
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ce l l  subpopu lat ions w i th  a h igh in tr ins ic  p ro l i feration rate . Thi s  concept 

was supported by the research of Faber and Rubin ( 1 99 1 )  and of Groch and 

C l i fton ( 1 992 ) .  

Th i rd ly ,  the mechan i sm of nodu l ar growth i s  cau sed b y  the network of 

fibrous s trands wh ich  resu l t  from scarr ing,  necrosi s  and haemonhages 

wh ich occur in most growi n g  goi tres .  '- '- '-
The above described observations support a model  of i ntr ins ic  autonomy of 

thyroid fol l i c u l ar cel l  funct ion as a mechan i sm underly ing  fel ine 

hyperthyro id i sm.  Th i s  model  sti l l  remains  to be defined at the molecu lar 

l e ve l . 

The fi rst in s ights  i nto thyrotropin st i mu l at ing  receptor ( TS H R )  molecu lar 

structure have been carried out al ready. For in stance.  i n  h u mans act i vat ing 

TS H receptor germl ine  mutat ions account  for the majori ty of autonomous 

adenomas. and John Morris at M ayo ( G rebe .  1 998 ) has fou nd a h i gh 

frequency of a certa in  germl ine pol ymorphi sm i n  h u man mu l t inodu lar 

goi tres .  H owever, the functional s ign ificance of the germ l ine  

poly morp h i s m  i n  hu mans i s  not  known yet . Assuming that cats might  be  

s i m i l ar. the next  step wou ld  be to sequence the  fe l ine TS H receptor and 

screen for mutat ions .  

Pearce et al .  ( 1 997) already used pol y merase chai n reaction ( PC R )  to  amp l i fy 

codons 480-640 of the fel ine thyrotropin  receptor ( TS H R )  gene and have 

determined the sequence in the transme mbrane domain region.  The normal 

fel i ne TS H R  sequence between codons 480-640 is h ighly homologous to t hat 

of other mammal ian TS H Rs.  w i th 95%,  92% and 90% amino acids i dentity 

between the fel ine receptor and the can ine ,  hmnan and bovine TS H Rs 

respect ive ly .  P lease note that the figures j ust mentioned are very close to 

figures of Nguyen et al. ( 1 998) .  Thyroid g land DNA from 1 1  cats wi th  

sporadic hyperthyroidism did not  have mutat ions m th is  regwn 
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( trans membrane domai n )  of the TS H R  gene. Addit ional l y ,  l eukocyte DNA 

from two cases of  fami l ia l  fel ine  thyrotoxicos is  d id not harbour mutat ions of  

th is  region of  the  TS H R  gene .  Therefore, Pearce et  al. , ( 1 997 ) study 

suggested that TS H R  gene mutations are not a common cause of fe l ine v �  � 
hyperthyroid ism and as mentioned earl ier the funct iona l  s ign i fi cance of the 

germl i n e  pol ymorp h i s m  in humans is not known,  e i ther .  Therefore fu rther  

i nvest igat ions are wananted. 

There has not  been any work done to eval u ate thyro id  h i stology and 

funct ion in o lder cats w i thout c l i n i cal s igns ,  except for one study by Lucke 

( 1 964 ) .  

A l l  of the changes ment ioned earl i er w i th in  m u l ti nodu lar adenomatous 

goi tre w i l l  l ead in the end to excess i ve hormone product ion by autono mou s 

fol l i c les  and hence a s i mple  goi tre becomes tox i c  nodu lar goit re .  At th i s  

po in t .  endogenous TS H secret ion is  shut off and  hormone product ion i n  

normal fol l ic les i s  reduced to  i t s  lowest poss ib le  l eve l  ( al ways someth ing  

above zero) ( S tuder et al. , 1 985 ) .  Th i s  process can  take many months or  

years before be ing  expressed as  di sease .  

I n  addi t ion ,  Lutt i kh u i s  ( 1 98 9 )  and Thoday (1 992 )  reported hyperthyro id i sm 

i n  a q ueen and her  two male offspring ,  and  in  two female s i b l i ngs .  Th i s  

fami l i a l prevalence cou l d  i nd icate the ex i stence of an i nheri ted 

predi spos i t ion to th i s  d isorder. S i nce these cats were rai sed i n  the same 

households ,  they had com1non exposure to env i ronmental factor( s )/toxi n ( s ) .  

Th us t h e  possib i l i ty o f  the hori zontal t ran s mi ss ion of some u n ident ifi ed 

i nfect ious  agent( s )  or other env i ronmental  factors could n ot be exc l uded . 
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Fi n al l y ,  J ones and coll eagues ' ( 1 995 ) study on prevalence of fel i ne 

i mmunodefic iency v irus i nfecti on i n  hyperthyro id  cats d id not support 

i nvo lve ment  of that v i ru s  i n  the pathogenes i s  of fe l i n e  hyperthyro id i sm.  

History and clinical findings 

Two outstanding characteri st ics of thyrotox icosi s i n  nodu lar goi tre are the 

i n s i d ious c l i n i cal onset. probab l y  spann ing many months .  years or ( i n  man ) 

e ven decades :  and i ts progress i ve  course .  C l i n i cal s igns  vary from m i l d  to 

severe ,  depending on the durat ion of the condi t ion , the abi l i ty  of the eat ' s  

body to cope w ith the demands i mposed by thyro i d  hormone oversecret ion , 

and the presence of a variety of other d iseases,  w h i ch are common i n  o lder 

cats ( Peterson er al. ,  1 983 ) .  

The c l i n ical presentation I S  u sual l y  mu l t i systemic  and the d ifferent ial 

d iagnoses for hyperthyro id i sm are qu ite extens i ve ( Labuc and J ones. 1 9 86 

and 1 98 8 ) .  

A hyperthyroid cat w i th  a typical  hi story and phys i cal exami nat ion fi nd ings  

( i nc l ud ing a pal pable  thyro id  g land,  rapid hemt rate ( >  200 beats per 

mi n ute ) ,  e mac i at ion and a h i g h  seru m thyro id  hormone concentrat ion ) 

represents a h i gh ly  recogn i sable ,  fami l i ar syndro me ( B ro ussard and 

Peterson ,  1 99 3 ;  B roussard er al. , 1 995 ; Hoen ig  et al. , 1 982 ;  Holzworth et 
al . . 1 980;  Labuc and Jones,  1 986  and 1 98 8 :  Peterson er al. , 1 983 and 1 994; 

Thoday, 1 9 8 8 ;  Thoday and M ooney, 1 992 ) .  Tab le  8 ,  presented i n  the 

d i scuss ion , shows that the frequency of many h i storical and c l i n ical s igns 

i n  the 1 993 report was considerab ly  decreased compared wi th  the earl y 

1 980s .  The typical hyperthyro id  cat of today tends to show less severe 

c l i n i ca l  s igns than one di agnosed a few years ago . The severity of fe l ine  
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hyperthyro id ism is  thought to have redu ced over  the l as t  1 2  to 1 8  years 

s ince the first cases were reported, but  c l i n i cal  s igns  and physi cal 

exami nat ion fin d ings st i l l  remain  u sefu l  indicators of t h i s d i sorder. The 

most l ike ly exp l anat ion for the reduc6on in severity of c l i n i cal s igns  i s  

h igher awareness among veterin arians o f  that d i sease and in  general better 

diagnos is  sk i l l s .  

The d i agnos is  can b e  more d i ffi cu l t  when a cat i s  presented i n  the early 

stages of the d i sease (Tu rre l ,  1 99 2 )  or when the apathet i c  ( masked ) form. 

which occurs i n  I 0% of affected an i mal s ,  is seen ( Peterson er al . ,  1 983  ) . or 

when severe concurrent nonthyro idal i l l ness is present ( Ferguson . 1 996:  

Peterson and G amble .  1 990; Tu n·e l ,  1 992 ) .  Peterson and G amble  ( 1 990) .  

and M ooney et al.  ( 1 996)  found that non thyro idal  d iseases can serious ly 

decrease c i rcu lat i ng  thyro id  hormone concentrat ions but  certa in a i l ments 

are more cons i stent ly  assoc iated w i th th i s  find ing ,  for e xample  di abetes 

mel l i t us .  renal fai l ure . l i ver d isease and syste mic neoplas ia .  The sever i ty of 

non t hyro idal  d i sorders has a more s ign i fi cant (p < 0.00 1 ) effect in loweri ng 

seru m total T-+ concentrat ions than does the d i sease category. A l so ,  a low 

tota l  T-+ concentration i n  severe medical  i l l ness in  cat and man predi cts  

h igher  morta l i ty rates .  Despi te low seru m  total T-+ concen tr;1t ions .  

euthyro i d i s m  i s  mai ntained m s ick  cats because serum free T4 

concentrations tend to remain w i th in  t he reference range ( Mooney et al . .  
1 996) . 

Add i t ional ly ,  i n  some cats w i th early or m i l d  hyperthyroid ism,  concomitan t  

nonthyro idal d i sease may su ppress serum T4 concen trations in to the 

reference range.  These fal se negat ive resu l ts may be i nfl uenced b y  thyroid 

hormone fl uctuations or  previous drug therapy as wel l .  The day-to-day 

fluctuat ions  were found to be greater than w i th i n -day variat ions ( Peterson 

et al . ,  1 987) .  The fol lowing drugs  have the potent ia l  to depress thyroid 
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hormone concentrat ions :  g lucocort ico ids ,  su lphon amides, iod ine-contain ing  

agents ,  rad iocontrast agents ,  dopamine ,  beta b lockers (main l y  propan ol ol ) . 

General anaesthes ia .  mai n ly when anaesthet ic agents  containing a 

th iocarbamate s tructure ( e .g .  th iopental ) are used, can lower seru m T4 and 

T:; for as l ong as a week (Wase and Foster. 1 956 ) .  On the other h and.  some 

drugs are ab l e  to i ncrease thyro id  hormone concentrat i ons .  such as 

phenobarbi tal . r i fampi n ,  oestrogens and hepari n ( Ferg uson . 1 996) .  

M oreover. fal se posi t i ve resu l ts  may be due to presence of T4 

autoant ibod ies .  

A l arge nu mber of  d i agnost ic  tests have been appl ied to  the i n vest igation of 

fe l i ne hyperthyro id i sm ( Eckersal l et al . ,  1 99 1 ;  Labuc and Jones ,  1 986 and 

1 98 8 :  Mooney et al . . 1 996a: N ichols ,  1 996; Sparkes et al . ,  1 99 1 :  Tayl or et 
al . .  1 989 :  Thoday. 1 98 8 :  Turre l ,  1 99 2 ) .  The l aboratory data support ing  a 

d iagnos i s  based on h i story and c l i n i ca l  s igns  shou ld a l low treatment  of on l y  

con·ect ly  i dent i fi ed hyperthyro i d  cats .  Three opt ions are ava i l ab le  for 

treatment  of th i s  d i sorder: radioact i ve  iod ine ( I  u 1 ) , surg i ca l  t hyro idectomy 

or adm i n i strat ion of anti thyro id  drugs .  The treatmen t  and factors 

i nfl uenci ng the select ion of appropri ate method for each case . si de effects 

and comp l i cat ions are wel l presented in papers written by B l axter and 

Gruffydd-Jones ( 1 994 ) , Ferguson ( 1 986 ) ,  Jones et al. ( 1 99 1  ) , Labuc and 

] ones ( 1 986  and 1 98 8 ) .  Peterson et al .  ( 1 994) , Thoday ( 1 9 8 8 )  and Tune! et 
al. ( 1 984 ) .  

Epide1niology of thyrotoxicosis due to nodular goitre in  men 

and cats 

The i n ci dence of thyrotox icos i s  caused by nodul ar goi tre i n  h u man adu l ts 

varies h igh ly  from one country to another, e .g .  i n  U.K .  the  pre valence i s  
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est imated fro m  5 %  t o  8 % ;  i n  ZUrich and H ambu rg from 3 0  t o  40% ( Studer 

et al. , 1 985 ) .  Whi le  i odine defi ciency 1nay have favoured the i n c i dence of 

nodul ar goi tres in ZUrich, H ambu rg h as never been con sidered as an 

endemic goi tre area .  A l though . i t  was thought t hat tox ic  nodu l ar goi tre did 

not  occur in  young adu l ts .  in fact i t  does and has been d i agnosed in h u mans 

aged I 0 to 1 5  years ( Studer et al. , 1 98 5 ) .  As with most other thyroid  

d i seases in  peop le ,  the  incidence of toxic nodu lar goi tre is  three to fi ve 

t i mes h i gher i n  females than in  males  . ..__ 

There have been three recent  i nvest igat ions of potent ial ri sk factors 

associated wi th fel i ne  hyperthyroidism.  B oth descriptive and analyt ic studies 

have provided ins ight  i nto the epidemiology of the disease .  The age range 

became wider s i nce the fi rst reports of the d i sease for affected cats and i t  

now spans from 4 to 22 years .  w i th  an average age of 1 2  to  1 4  years .  

In  a study of 56 c ats w ith hyperthyro id i sm and 1 J 7 matched contro ls .  

Scarl ett and eo-workers ( 1 98 8 )  identified an increased r isk  for 

hyperthyroid i sm associated w ith  regu lar treatment wi th  flea sprays or 

powders; l i vi ng  strict l y  indoors; hav ing  reported exposure to lawn 

herb icides.  fert i l i sers or pestic ides .  Cats feel a majority of canned food in 

the ir  d iet  had a 3 .4 t i mes greater ri sk  of de veloping t h i s  di sorder. The 

aet i ological s ign i ficance , if any,  of these associ at ions was not determi ned.  

There i s  no sex or breed pred isposi t ion but  a lower prevalence i n  pure 

b reed cats has been not iced in the U . S . A .  ( Scar let t  et al. , 1 98 8 )  and U . K .  
( B laxter and G ruffydcl -Jones ,  1 994 ) .  For example ,  S carlett and eo-workers 

( 1 9 8 8 )  fou nd that S iamese cats have a 1 0-fold lower l ik e l ihood of 

developing the d isease . I t  may prov ide ev idence for genetic factor( s )  

associated w i th t h i s  condit ion , or  ind icate t he l ack  o f  exposure t o  the 
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aet io logic agen t ( s ) ,  or just reflect d i fferences m the  l ife e xpectancy of 

ped igree compared w i th m ixed breed cats . The h igh  percentage of 

castrated or ovar iohysterectomised an i mal s  taking part i n  a l l  so far 

completed studies,  may show observat ion s o n  the sex rati o  to be i n val i d .  

That lower prevalence i n  pure-breed cats has been noticed al so i n  a second 

epidemiological study completed by Kass and eo-workers in 1 998 .  I n  a 

study of 3 79 cats w i th  hyperthyro id i sm and 35 1 random contro ls  Kass er al.  

( 1 99 8 )  noticed that two genetical ly  rel ated cat breeds .  i .e .  S iamese and 

H i malayan , had a d imin ished ri sk of deve loping hype11hyro id ism. Cats 

which used l i tter had a 3-fold i ncreased ri sk of developing hype11hyroid ism 

compared with those which did not. L ike Scarlett , Kass e t  al.  ( 1 998 )  found 

that cats which ate commerc ia l ly  prepared can ned food had an approx imate ly  

2- to  3-fold i ncrease i n  ri sk of  di sease compared w i th  cats whose diets 

excluded canned food. In contrast to Scarlett ,  the use of commerc ial flea 

products was not s ign ifi cant. 

The th i rd epidemio log ical s tudy was the one reported here . conducted in  

New Zeal and i n  1 99 7 .  B y  and  large .  the  find ings  confi rmed some of  the  

prev ious  studies and suggested new avenues for further research .  

The pub l i shed i n ci de nce of fel i ne hyperthyro i di sm from U . S . A .  was h igh ly  

variab le  around 1 979 ( Hoen ig  e t  al. , 1 9 82 ;  H o l zworth et al. , 1 9 80 :  Peterson 

et al. , 1 983 ;  Scarlett  et al. , 1 98 8 ) .  M ost U n i ted S tates veteri n ary schoo l s  

were report i ng  th i s  condi t ion by  1 980.  The  n u mber of  cats over 7 years of  

age presented for v eterinary care i ncreased s lowly  s ince 1 97 8  ( Scarlett  e t  

al. . 1 9 8 8 ) .  Later, reports of th i s  d i sorder came from Europe ( Thoday, 

1 992 ) and Austral as ia  (John son et al . .  1 992 ; Jones and Johnston e .  1 98 1 :  

Jones e t  al. , 1 995 ;  Tarttel i n  et al. , 1 992) .  If some env i ronmental  e xposure 
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or chan ge i n  d ie t  prec ip i tated the onset  of t h i s  d i sease, i t  i s  l i ke l y  that those 

two facts occurred in a rel at i vel y s hort t i me and spread world-wide .  

Another poss i b i li ty i s  t hat cats are l iv i ng  longer and owners are presen t i ng 

them more freq uent ly to veterinary c l i n ics .  

There are some data to suggest that commerc i al d ie t  may p l ay a rol e .  There 

i s  abundant evi dence in vivo and in vitro for a ro le  of iod ine  as a reg u l ator 

of thyroid growth and funct ion ( Studer and Gerber. 1 99 1  ) .  

I od ine i tse lf  i s  abl e  to modify the effects of growth factors on the thyroid 

g l and ( S tuder and Gerber, 1 99 1  ) .  The presence of i od ine can decrease the 

n u mber of thyro i da l  receptors for ep i the l ia l  growth factor ( EG F )  

( M i yamoto et aL. , 1 9 8 8 )  o r  even i n h i b i t  the growth of fe l i ne  thyroid cel l s  

l i nes ( Gerber e t  a l  . .  1 99 1  ) .  Transformi ng growth factor-� . a we l l - known 

i n h i bi tor of cel l  pro l i ferat ion ,  is  decreased in mu l ti nodu l ar goi t res because 

iod ine i nduces i t s  production ( B idey. 1 990 ) .  

The concentrat ion o f  i od ine  varies w ide ly  i n  commercia l  cat food i n  U . S . A .  

( M u mma et aL. , 1 9 86)  and New Zeal and ( Johnson e t  al. , 1 992 ) ,  w i th some 

foods conta in i ng very smal l amounts and others far above cunent 

recommendations for cats ( u p  to I 0 t i me s )  ( A A FCO, 1 99 3 ;  Johnson et al . . 
1 99 2 ) .  Johnson and eo-workers ' ( 1 992 ) study of commerc ia l  cat food 

preparat ions showed t hat iod i ne concentrat ion can vary more than 1 00-fo ld .  

Excess i ve i od ine i ngest ion can have a variety of phys io log ical effects .  The 

outcome depends on the functional state of the thyroi d  at the t i me of 

i ngesti on .  Admi n i strati on of iod ine can i nduce hyperthyro id i sm i n  human 

pat ients  w i th  non-toxic n odu l ar goi tre l i v i ng  i n  areas wi th  suffic ient  dietary 

i od ine  ( Rot i  and Vagenaki s ,  1 99 1 ) , i n  hea l thy people l i v i ng i n  ende mi c 
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i od i ne-defic ien t  areas ( Roti and Vagenak i s ,  1 99 1 )  and i n  euthyroid pat ients  

w i th autonomously fu nct ioni n g  thyroid fol l i c l es ( B l u m  et al . . 1 976 ) .  

Lower fract ional rates of  iodide loss occur i n  dogs and presumab l y  i n  cats 

than in h u mans .  Such l osses are reflected by l ower can i ne and fel ine  

c learance rates and l onger total mean residence t imes ,  and thus the h igh 

seru m iod ide level s and i od ine  i ntake in  cats may con tribute to fe l i n e  

h yperthyroi d i sm ( Kapte i n  e t  al. , 1 994 ) .  Tartte l i n  e t  al. ( 1 992 ) revealed that 

the cat'  s thyroid hormone homeostasi s  is very sensi t i ve to i odine i n take.  

most l i ke ly exp lai ned by "Wolff-C haikoff effect".  a mec han i sm by which  

i norgan i c  iod i de uptake resu l ts  i n  transient i nh ib i t ion of  organ i c  iod ide and 

redu ced hormone synthes i s .  The short-term ( 2  weeks ) feed i ng of canned 

cat food of w idely d iffering iod ine  content resu l ted in  a dramati c  thyro id  

response as  measured by  seru m free T.� ( i .e .  the  h igher i od ine i n take . the 

h i gher the uri nary i odine excret ion , the l ower the T.� concentration ) .  That 

t hyro i d  response ( decreased T.� concentrat ion ) may res u l t  in pennanent 

thyroid di sease. such as n odu lar goi tre with or w i thout hyperthyro id i sm.  

Another s tudy ( Ky le  e t  al. , 1 994) showed that long-term ( 5  month s )  

feed ing o f  canned cat food vary i ng i n  iodine content supported the concept 

that adapt i ve mechan i sms tend to maintain the b lood concentrat ions  of 

t hyro id  hormone wi th in  the reference range i n  chron i c  states of h igh or l ow 

d ie tary iod i ne i n take. H owever, her data were i n su ffic ient to draw 

con c l us ions about what spec ifi c  concentrat ions  of in take are healthy or 

detri mental . 

Desp i te normal t hyro id  hormone homeostas i s ,  i t  i s  we l l  documen ted that i n  

chron ic  states o f  iodine excess o r  defic i ency, e i ther state may fina l ly  lead to 

the development of goitre i n  h u mans and an i ma l s  ( De l an ge and Ermans.  
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1 99 1 ;  Mar ine ,  1 92 8 ;  Nagataki ,  1 99 1 ; Rot i  and Vagenaki s ,  1 99 1 ; Woll man 

and B re i tman, 1 970) .  

Dogs and cats have a much greater dai l y  fluctuat ion o f  serum T4 values 

than h u man s due to l ower hormone b ind ing i n  seru m and shorter seru m 

half- l i ves  ( Kapte i n  et al. , 1 994) .  I n  addi t ion ,  thyroid h ormones may be 

d i sp laced from seru m-b ind ing prote ins  by endogenous or exogenous 

i n h i b i tors, e .g .  oleic acid .  There is some ev ide nce that the i ntest ine  may 

prov ide a storage function for thyroid hormones .  part i cu l arly T3 . I t  was 

found that L-thyrox ine (T4 or levothyro x i ne ) absorpt ion is decreased wi th  

smal l bowel  di seases ( Kaptei n  et al. , 1 994) .  A l so ,  a n u mber of ag:ent� '-
i n terfere w i th T4 absorption after oral admjn istrat ion ( probabl y  the same 

app l i es to endogenous T4) ,  i n c l ud ing sucra lfate, ferrous su l phate,  

chol estyramine .  colest ipo l ,  act i vated charcoaL a lumi n i um hydrox ide and 

soy bean tlour  ( Kapte i n  et al. , 1 994 ) .  

I n  canned pet foods. there has been a trend towards l ower ash con tent 

( mai n l y  magnes ium)  and towards gourmet products contai n i n g  more 

an i mal t i ssue .  I od ine concentrat ions may be h igher i n  gourmet can s 

conta i n i n g  marine  fi sh or pou l t ry products wi th  remai n s  of thyro i d  t i ssue 

( Scarle tt et al . .  1 988 ) .  

The assoc i at ion between the  above factors and fel i ne hyperthyro id i sm has 

not been e l u cidated. 

As we l l  as iod ine ,  a xanthene dye , FD & C Red No. 3 ( e rythros ine ) ,  i s  

added frequent ly  t o  pet food . Th i s  art i fi c i al dye contain s i od inated 

compounds,  wh ich  re leases free iodine during can thermal process ing 

resul t i ng  i n  h i g her concentrati on of th i s  e lement  ( B arbano and Del l ava l le ,  
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1 984) .  Under  cond i t ions u sed i n  B arbano and Del l avall e ' s s tudy ( 1 984) ,  i t  

was found  that F D  & C Red N o .  3 beg i n s  t o  re lease s ign i ficant amounts of 

i od ide at temperatu res between 200 and 2 1  0°C and for example ,  when 

heated at 250°C for S m in the leve l  of free i od ide was i ncreased by more 

than 1 0-fo ld .  

Addi t i onal l y ,  th i s  xan thene dye can upset t hyroid hormone equ i l i br ium by 

i nh i b i tion  of the  5 '  -monodeiodi n ase .  Thi s  l atter enzyme con verts T4 i n  

periphera l  s i tes  ( e .g .  l i ver and k idney ) to b io logica l l y  act i ve T 3 .  I n h i b i ti on 

of th i s  enzyme by FD & C Red No .  3 l owers c i rcu lati n g  T3 leve ls ,  which 

resu l t s  in  a compensatory i ncreased secretion of thyro id s t i mu l at i ng 

hormone (TS H ) ,  fol l i cu lar cel l  hypertrophy and hyperp l as i a, and an 

i ncreased i n c idence of fol l i cu lar cel l  tumours i n  2-year or l i fet i me studies 

in rats ( C apen,  1 994 and 1 99 7 ) .  

There i s  ev idence t hat se len i u m  p l ays a n  i mportan t  ro le i n  thyro id  hormone 

metabo l i sm as an essen t ial component of the  three de iod inases ( A rthur et 

al. . 1 99 6 ) .  D ie tary selen ium concentrat i on and the effects of its i ngest ion . 

the express ion of certain enzy mes connected wi th  t hyro id  hormone 

synthes i s and the i r  rel at i onsh i p  w i th fel in e  hyperthyro id i sm should be 

i n vest igated further. 

The rol e  of se len i u m  can become compl icated becau se of the  w i despread 

practice of us ing  synthet ic ant iox idants i n  pet food man ufact u re ( Dodds .  

1 995 ) .  A potent chemical ant iox idant,  ethoxyqu i n .  has become recent ly 

( l ate 1 980s ) the prefe rred anti ox idant for preservi n g  pre mi u m  commerc ial 

pet foods.  Ethoxyq u i n ' s  ani tox idant effect , when added to the fi n i shed 

product ,  is addi t i ve to the effects of the other two synthetic ant iox idants,  

u sed for preserv ing an imal fat sources as buty lhydroxyani so le  ( B HA )  and 

butyl hydroxytol uene ( B HT) .  The synthet i c  ant iox idants have the potent ial 

to change the b i oavai l ab i l i ty of v i tamin A ( essent i al for many b iochemical 
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path ways i nc l ud ing  thyroid metabo l i sm) ,  v itamin E and se len i u m  and may 

a l ter cel l u l ar metabol i sm by i nduc ing or l owerin g  l eve l s  of cytochrome 

P450, g lu tath ion e  peroxidase ( a  selen i u m-dependent enzyme ) .  and 

prostag l and ins .  By i nducing cytochro me P450 and gl utat hione peroxi d ase, 

the l eve l s  of the react i ve hydrogen peroxi des  and oxygen free radica l s are 

i ncreased and that affects the ce l l u l ar metabo l i sm .  Ox idati ve stress can 

occur in the body when the balance between free radical fl uxes and the 

an t ioxidant defence system is i mpai red.  Ox idati ve stress p l ays  an 

i mportant rol e  in the i n i t i at ion and pro mot ion of oncogenes i s  and may 

contribute to genet ic i nstab i l i ty and an i ncrease in mutat ions  i n  genet ica l ly  

predisposed i n d i v i dual s .  The l ong term effects o f  the synthet ic 

preservat i ves and their ind i rect i n fl uence on metabol i sm of thyro id  

hormones should be studied fur ther .  

Apart from i od ine ,  most cat foods contai n  re lat i ve ly  h igh  concentrat ions  of 

goi trogen ic  compou nds such as phthalates.  wh ich  can be found i n  fi sh 

products .  mi l k  and bov i ne t i ssue ( M ayer et al. , 1 972 ) .  There are many 

other goit rogen ic  substances, e .g .  polyhydroxyphenols  and phenol 

deri vat i ves i nc lud ing resorc ino l , c igarette smoke, halogenated organ1c 

compounds,  deri vat i ves of 2 ,4-d i n i trophenol ( D N P ) ;  polyphenol s ;  

pol ycyc l i c  aromati c  hydrocarbons ( PA H ) ; azo dyes; ch l ori n ated organic 

compounds ( ch lorinated hydrocarbon s ,  organoch l ori nes ) wi th  one of the ir  

subgroups po lych lori nated b ipheny l s  ( PC B s ) ;  etc . ( Gai tan ,  1 98 8 ;  

Roudebush ,  1 99 3 ) ,  w h i c h  cats may b e  exposed to, e i ther t hroug h  t h e i r  d iets 

( pa11 icu l ar ly  fi s h-based mea l s )  or i n  the env i ronment ,  that cou ld  contribute 

to the development of thyro id  adenomatous  l es ions  i n  hyperthyro id  cats. 

For example ,  ch lor inated hydrocarbons tend to be chemical l y  stab le  

resu l t ing in  the i r  pers i stence in  the  env i ronment .  and have solub i l i ty 

propert ies  that resu l t  i n  the i r  accumulat ion i n  fatty t i ssues .  M ost of t hese 
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hydrocarbons are metabol i sed by g l ucuron idat ion ,  a process whi ch i s  

except ional l y  s l o w  i n  cats .  Cats ,  a s  compared to  other domest ic  an i ma l s .  

are rel at i ve ly  defic ien t  i n  the i r  abi l i ty  to conjugate xenobiot ics  ( chemical 

compounds that are not produced by the ani ma l ) w i th g l ucuron ic  ac id .  

Earl y i n vest igations  of g lucuron ide fonnat ion revealed a s ingu l ar lack of 

g lucuron ide synthesi s  for phenol ic su bstances i n  several organs of the cat 

( Dutton,  1 966 ) .  and the g lyc ine  pathway i s  the on ly  one operat i ve .  Cats 

e xcrete traces of g l ucuron i de in u rine  but l arger amounts in b i l e .  M ost of '-' '--
the conjugates formed by cats, b i l i ary or u ri nary , a re su l phates .  

G lucuron idat ion i s  an i mportant react ion for the  metabo l i c  c learance of a 

vari ety of endogenous and exogenous substances .  l t  i ncreases the water 

sol ub i l i ty of these compounds and thus  fac i l i tates the i r  b i l i ary and uri nary 

excret ion and fina l l y  the ir  e l i m i nat i on from the  body. The defect 1 11 
g l ucuron ide synthesi s  in  cats has been attr ibu ted to a v i rtual  absence of 

U DP ( u r id ine diphosphate ) -g l ucuronyl transferase acti v i ty toward certa in  

substrates .  U D P-g lucurony l transferase catal yses the actual conjunct ion of 

the endogenous or exogenous substance and g l ucuron ic aci d  ( Wi l cke .  

1 984 ) .  

Funct ional  groups that are subject to g l ucuron idat ion wi th in  the vanous 

substrates comprise aromat ic  as wel l as a l i phat i c  hydroxy l .  su lphhydry l .  

carboxy l  and ami n o  groups .  The U GTs ( U D P [ ur id ine d iphosphate ] ­

g l ucuronyl transferase s )  represent a fami l y  of homologous enzymes wi th  

b road and overl app ing substrate speci fic i ty .  They are l oc ated 

predominant ly  i n  the endopl asmic ret icu l u m  of the l i ver, bu t  s ign ifi cant 

l e ve l s  of specific i soenzymes may be present  in i ntest ine ,  k idneys as we l l  

as other t i ssues ( V i sser, 1 994 ) .  A l l  these enzymes ut i l i se U D P-g l ucuron ic  

ac id ( U D PG A )  as  the  cofactor. 

I f  g lucuronide synthes is i s  the major method of a p art icu lar endogenous or 

e xogenous substance i nact i vation and a l ternate pathways are l ess effic ient 
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t h i s  substance w ill  accumu l ate in the body.  G lucuron ida6on has been 

recogn i sed as a major metabol i c  pathway for t hyro id  hormone in rats ,  bu t  

much  l ess i s  known about  the  i mportance of  thyroi d  hormone 

g lucuron idat ion in humans and noth ing on th i s  topic was avai l ab le  from the 

cat perspect i ve .  V i sser et al .  ( 1 993 ) concl u ded that on the bas is  of thei r  

fi nd ings  there are at l east three U GT 1 soenzymes i n vo lved i n  the 

g lucuron i dat ion  of thyro id  hormones i n  rats .  

M c Lai n '  s ( 1 9 89 ) study renewed i nterest i n  the g l ucuron idat ion of thyro id 

hormone.  as an increas ing  n umber of drugs  and xenobi ot ics have been 

found to profoundly acce l erate peri phera l  thyro id  hormone metabol i sm due 

to the  induct ion of iodothyro n ine U GTs (U DP-g l ucuronyl transferases ) 

act i v i t ies .  UGTs i nducers have been shown to lower p l asma leve l s  of 

thyrox ine  by increas ing i ts g lucuron idation and e l i minat ion by the l i ver .  

The resu l tant compensatory i ncrease i n  thyro i d  funct ion may l ead to 
thyroid hyperp las i a and after chron i c  treatment  in rats even to thyroid 

neop las ia  ( McLain ,  1 989 ) .  Compounds ( some of these were ment i oned 

earl i e r  in d i fferent  parts of th i s  l i terature rev iew ) ident ified w i th such act ion 

i n c lude :  

a )  3 - methylcholanthrene ( M C ) -type inducers. i . e .  MC i tse lf. benzpyrene .  

po l  ych lorobi phenyl s ( PC B s ) ,  2 , 3 .  7 ,8 -tetrach lorod i benzo-p-diox in  

( d i oxi n ) . fi-naphtofl avone and  hexachl orobenzene ( H C B ) ; 

b )  the ant icon vu l sant drugs phenobarb i tal and phenytoin :  

c )  the fol l owing hypol i p idemi c phenoxyi sobutyrate ( fi brate ) deri vat ives :  

c lofibrate , c iprofibrate and nafen opine .  A s i mi l ar mechan i sm of acti on 

has a l so been reported for other peroxisome pro l i ferators such as 

dehydroepi androsterone,  polych lorinated p araffins ,  perfl uorodecanoic 

ac i d  and p htalates .  as we l l  as  a n u mber of other substances i nc l ud ing 

sp i ronolactone, the  leukotriene antagoni st L-649,923  and the  card i ac 

i notropic drug OPC 8 2 1 2 ; 
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d )  p regnenolone- 1 6a-carboni tr i l e  ( PC N ) .  

B arter and Klaassen ( 1 992 ) study on micro so mal  enzyme i nducers h as 

shown that they reduce thyro id  hormone levels  i n  rats .  The abo ve 

ment ioned researchers were in teres ted i n  the mechan i s m  of t h i s  thyro id  

hormone reduct ion .  They were cons ideri ng the  fo l lowing poss ib le  

mechan i sms : 

• d i rect ly by b locking the synthes i s  of thyroid hormones or 

• i nd i rect ly by i ncreasi ng the b iotransformat ion and deact i vat ion of 

thyrox ine  ( Td by microsomal enzymes.  

Resu l ts of the i r  study demonstrated that reduct ion of thyro i d  h ormone 

l eve l s  by microsomal en zyme i nducers was produced in part by an 

extrathyroidal mechan i sm, q u i te poss ib ly  by an m crease m T� 

g l ucuron idat ion . I n  l ater researc h B arter and K l aassen ( 1 994 ) demon strated 

that the mi crosomal enzyme inducers ( phenobarb i ta l , M C ,  PC B and PCN 

were u sed ) i ncrease UGTs act i v i ty toward T4 and decrease T4 level s .  I t  

appears that i nduct ion of U GTs p l ays a role  i n  the effect of t hese chemicals  

on the thyro id  g l and .  

Unfortu nate ly ,  an extens i ve i nvest igat ion of  the t hyro id  h ormone 

g lucuron idation pathway and its response to m icrosomal enzy mes i nducers 

and a detai l ed mechani sm of act i on of U DP-gl ucuronotran sferases enzymes 

fami l y  ( UGTs) were not a subject of th i s  rev iew and the reader is referred 

to V i sser ' s publ i cat ion ( 1 994 ) . 

However, the d ifferences i n  g l ucuronide synthes is  from the cat perspecti ve 

i n  consi derat ion of thyroid hormone metabo l i sm are not known , therefore 

fu rther studies are warranted as to the ir  poten t ial assoc i at ion w i th  fel ine  

hyperthyro id i sm. 
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Some d ie tary ingredients are goitrogen i c  too, e .g .  calc ium in  rats on a low­

i od i ne d iet ;  contamin ated drink ing water; fluor ide,  rubi d i u m, n itrate ,  and 

su lphur-contain i ng compounds found i n  the d ri nk ing water ( McLaren and 

A lexander, 1 979) .  S i m i l arly some factors can affect the natura l  avai l abi l i ty 

of iod i ne in  farm an i mals .  The addi t ion of l i me to pasture l an d  reduces 

iodi ne uptake . w h i le farmyard manure can reduce the i od ine  content of 

pasture by as much as 90%. A l so ,  some natura l l y  occurri ng goi trogens 

such as soy bean, some other beans .  on ion and garl ic powder or o i l .  

seaweed inc lud i ng kel p ,  gums fro m  seaweed (carrageen an ,  a lg inates ) .  and 

l i n seed are exten s i ve ly  used as i ngredients  in pet foods. 

Soybean products have been ut i l i sed very wide ly  as an an i mal  prote i n  

subst i tute i n  commerc ia l  pet food s i nce 1 93 3 .  These products are obtai ned 

by subject ing soybean to variety of technol og ical processes.  On l y  three of 

twenty soybean products are produced by heat ing process .  They were 

adopted i n  1 964 wi th  amendment and second acceptance i n  1 97 1 ,  in  1 975 

and i n  1 992 ( A A FCO, 1 993 ) .  

M i dd lesworth '  s ( 1 95 7 )  study showed t hat faecal l oss o f  t hyrox ine in 

soybean flour fed rats was a lmost tw ice that of control ani mals .  He 

suggested that the goi t re cou l d  resu l t  from a d i mi n i shed entero hepat ic 

rec i rcu lat ion and an increased faecal l oss of endogenous thyro i d  h ormone.  

On the other hand, Kon ijn  e t  al.  ( 1 973 ) research on goi t rogen ic substance 

from soybean fl our poin ted to an i n h ib i t i on of i od ine  u ptake and a decrease 

of i t s  organi fi cat ion i n  the g land.  It appears t hat the goitrogen ic  agent h as 

h igher effect  on the formation of mono-iodotyros ine  ( M IT )  and d i ­

i odotyrosine ( DI T) than on  the  production of  T3  and  T4. 

A l though i t  seems u n l ike ly  that d ie tary goi trogens acti ng alone c an cau se 

goi tre , i t  i s  qu i te poss ib le  that the i r  effects may be addi t i ve  when 
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i n teract ing w i th  other factors . such as i od i ne defic i en cy or excess,  i nc lud ing 

the day-to-day w i de swi ngs of i od ine content i n  the d ie ts ,  or  other  types of 

goi trogen from the en v i ronment ( from water, a i r  and food ) and may 

con tri bute to the o veral l i ncreasing  i n cidence of human go it re i n  endemic 

areas ( Gaitan, 1 98 8 ;  McLaren and A lexander, 1 979 ) .  

There i s  ep ide mio logical  and experi mental ev idence that env i ron mental 

pol l utants and certain medicat ion s  may cause goitre by act i ng d i rect ly on 

the thyro id  g l and  or ind irectly by al te 1i n g  i ts regu l atory mechan i s m  and/or 

the peripheral metabo l i sm and excret ion of thyro id  hormones . These 

po l l u tants operati ng in genetical l y  predisposed ind i v idua l s  may a l so t rigger 

pathogenic mechani sms in the thyro id  g land much more eas i l y  than in non­

genetical l y  prone ones ( Gaitan . 1 98 8 ) .  

A l l  of the above hypotheses need to b e  c l ari fied as t o  the i r  potent ia l  

association wi th  hyperthyroidi sm in  cat s .  



Chapter 3 

Materials and methods 
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S tudy design 

The case control study defi n i ti on by B res low and D ay ( 1 9 80)  i s  as fol l ows:  

"an i n vest igation in to the e xtent of subj ects affected by a speci fi c  d i sease 

( the case s )  and comparabl e  subjects who do not have the d i sease ( the  

con trol s )  have been exposed to  the  d i sease ' s  poss ib le  ri sk  factors in  order 

to eval uate the hypothes is  that one or more of these is a cause of the 

di sease" .  The cases and controls  do not need to be representat i ve of any 

popu lat ion .  Usual l y  one case group and one control group i s  i nc l uded but a 

second group of contro l  an ima l s  may be added where one acceptab l e  

con trol group h a s  a speci fi c  defic iency wh ich can b e  overcome by the 

second control grou p .  

I n  th i s  study for each case a random and a matched contro l  were selected . 

The use of a matched contro l  was considered necessary . as i t  was rel at i ve ly  

easy and  rel iab l e  to  contro l  for cat sex  and age dur ing the analysi s .  A case 

control study based on a quest ionnaire was conducted over a 1 4- month 

period from 1 5 1 11 December 1 996 to 1 5 111 February 1 998 .  

The survey requ i red the  quest ionnai re to  be  compl e ted by  the  pri mary care 

veterinari an and the owner of the cat for which  a d iagnosi s of 

hyperthyroid ism had been made (based on h istory, c l in ical s igns and 

e levated concentrat ion of thyroid hormones ) .  For each case. the owners of 

two cats were recru i ted from cl i ent  records of the part ic ipat i ng c l i n i c  as 

contro l s  and asked to fi l l  in the quest ionnaire forms. Retrospect ive and 

recent cases, examin ed at each pract ice ,  were i nc l u ded i n  the survey .  

Practices 

Veteri n arians from 25 veterinary pract ices t hroughout New Zealand 

part i c ipated in t he study. The practi ces  were l ocated i n  Keri keri ( l ) , 
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Auck l and (3 ) ,  Hmni l ton ( 1 ) . Taupo ( l ) , G isborne ( l ) , New P lymouth ( 1 ) , 

Wanganui  ( 1 ) , M arton ( 1 ) , Palmerston Nmth ( 3 ) ,  Tarada le  ( 1 ) , Otaki ( 1 ) , 

Paraparaumu ( I ) , Wel l ington ( 3  ) ,  R ichmond - Ne l son ( 1  ) ,  Greymouth ( 1 ) .  

C hri stchurch ( 1  ) , Du nedi n  ( l ) , Gore (I )  and lnvercm·g i ll ( 1  ) .  Pract i ces 

were i nc l uded in the study when the veterin arians fro m  that pract i ce 

responded that they were wi  ! l ing to part i cipate .  after the project was 

ad verti sed to the profess ion .  

Cases 

The case defi n i t ion of hyperthyro id i sm for the study was based on <1 

combi nat ion of typical h i story ( weight  l oss ,  po lyphag i a. hyperact i vi ty .  

pol ydi psi a ) ,  and phys ical exami nat ion findings inc lud ing a combi nation of 

the fo l lowing s igns :  a palpable thyro id  g l and ,  rapid heart rate (> 200 

beats/mjn ) .  and weight loss .  A bnormal l y  h igh ( above 
'
the  reference range 

for the  test performed at a laboratory ) serum thyro id  hormone 

concentrat ions were a lso requ i red for inc lus ion .  A n i ma l s  i nc l uded cases 

e xam_ined at the pmt ic ipat ing  veterinary pract ices duri ng the l ast seven 

years, up to the fin al date of the st udy . One h undred and th i 1ty cases ( C )  

were in vestigated. 1 25 cases were inc l uded i n  the study. The fi ve de leted 

cases did not meet the requ i re ments  of the case defi n i t ion a s  the seru m 

t hyro id  hormone analysi s had not been performed . 

Controls 

For each case entering the study two control cats were sel ected from the 

pract ice c l ient  records. One of the control cats ( "matched contro l" .  M C )  

was matched on sex and age ( ±  1 . 5 years) for the case and the other cat 

("random control" ,  RC)  was se lected from practice c l i en t  records us ing a 

prov ided  select ion tab le  of random n u mb ers . The random numbers 
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cons isted of an  i n i ti al l etter wh ich  i ndicated the  alphabetica l  fi l e  reference 

and the n u mber of the cl ient  fi l e  w i th in  that a lphabetic al category. For 

example ,  random n u mber 'J 44 1 2' refers to fi l e  ' J '  ( for, e . g .  Jones ) and 

c l ient  number '44' ( or '44 1 '  if the records h ave over 440 J c l ients .  or '4' i f  

the records did no t  have 44 ) . The  2 suffi x refers to  the  c l ien t  who had more 

than one cat .  I n  th i s  c ircu mstance the second cat was surveyed. I f  c l i en t  'J 

44 · was not a cat. then the next random n u mber was selected unt i l  a cat was 

iden t i fied .  

The owner of each of the control cats  was telephoned and, if  they agreed to 

part ic ipate, the quest ionnaire was posted to them.  Stamped unaddressed 

enve lopes were provided for the postage.  If  an owner refused to 

part i c i pate. another random n u mber was selected . Freepost addressed 

enve lopes were prov ided for retum of the completed q uest i on nai res to 

M assey U n i vers i ty .  One hundred and twenty fi ve matched control s and 

1 25 random contro l s  were i n vo l ved i n  the study. 

Data collection 

Each household wi th  cat( s )  represented a specifi c  ecological  n i che 

i n fluen ced by a complex of various socio log ical . b io logical and economic 

factors . The object i ve of the data col l ect ion was to define  t h i s  system i n  u s  

much detai l as poss ib le  to permi t a quan t itat i ve analys i s .  

Questionnaire 

A h i story for the 3 -year period preceding the d iagnosis  of h yperthyro id ism 

for the cases and the  h i story for the  l as t  3 -year period for contro ls  was 

asked .  



5 1  

The quest i onn aire for the owners of cats w i th hyperthyro id i sm and contro l  

cats was tested wi th  20 cat owners to i dent ify potent ia l  sources of 

mis i nterp retation of t he questions .  The quest ionnai re for veter inarians.  for 

cases on ly .  was also p i lot tested wi th  1 0  veteri narians and veter inary nur ses 

comple t ing  the quest ionnaire .  The resu l ts of these pre l i mi nary survey� 

were analysed and the quest ionna ires  were revi sed for the mai n study. 

Owners of the c l i n ical  case and contro l  cats were req u i red to complete a 

fourteen -page quest ionnaire ( see Append i x  6 )  wh ich  asked a range of 

demograph ic .  med ica l ,  behavioura l .  l i festy le  and feeding-re l ated quest ions 

on the i r  cats.  A l so .  demograph ic  data on cats owners was asked i nc l udi ng 

the i r  address ( urban versus rural areas ) ,  mov ing the house.  t i me spent at 

present address.  type of farm if appl icab le .  nu mber of people  in  the 

household .  people sex and age group (adu l t  or ch i l d ren ) and h u man h i story 

of thyro i d  d i seases .  

The fo l lowing informat ion on each cat  was requested : breed . sex .  age . ha ir  

colour and type.  age at  de-sexi ng ,  age at  hyperthyro id i sm diagnosi s .  

genera l  med i ca l  h i story. c l i n i cal s igns  a t  the  t i me of d iagnos i s .  nu mber of 

cats in the household ,  h i story of other cats wi th  hyperthyro id i sm. cat ' s 

every day behaviour i nc lud ing fight ing ,  potent ial exposures to di fferent  

chemical  substance used wi th in  eat ' s  i ndoor and outdoor terri tory ( l i ke 

fert i l i sers of an imal/p l ant orig i n .  art i fic ia l  fert i l i sers, herb ic ides ,  pest ic ides .  

insecti c i des ,  fu ngic ides ,  pest contro l  products and other poss ib le  chemi ca l  

substances u sed,  i nc l uding t h e  act i ve i ngredient( s ) .  The fami ly  me mber 

who feeds the cat. frequency of feeding,  feed categories and pract ices .  other 

sources of food ( prey ,  rubb ish  b ins ,  ne ighbours) ,  food supplements  fed .  

observat ion on water i n take, type of dri n k ing  water and/or mi l k .  type of 
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serv ing dish .  l ength of t i me and p lace of commerc ial food storage before 

and after open ing  the contai ners/package.  

f n addi t ion ,  a 6-page questi onnaire ( see A ppend i x  7 ) , wh ich requested the 

demograph ic  data, general medi cal h i story for the 3 -year period precedi ng 

the d iagnosi s of hyperthyro id ism.  c l i n ical s igns  before and at the t i me of 

the diagnos is  of hyperthyroid i sm, was completed by the pri mary case 

veteri nari an . A s tamped addressed enve lope was provided for return of the 

i nc luded q uest ionnaires by the veteri narians  and a l i st of names and 

addresses of the cases and their  contro l s  as a "check l i st"  of part ic ipat ing 

cat  owners .  

Data storage 

A l l  the completed q uest ionnaires were tored in  wri tten form and the data 

were entered i n to a computer database management system M i crosoft® 

Access vers ion 97 ( 1 998 ) .  The data ed i t i n Q  checks were conducted to  '--
screen out errors from data entry ,  as suggested by Roth man ( 1 9 86 ) .  

Data analysis 

The objecti ve  of t h i s  study was to describe potent ial assoc iat ions  between 

poss ib le  r isk factors and occurrence of fe l ine hyperthyro id i sm i n  New 

Zeal and .  The causal re l at ionsh i p  may be subject i ve and w i th observational 

epidemiolog ical s tud ies ,  in genera l ,  i t  is i mposs ib le  to prove the cau sal 

n ature of an associ at ion ( Rothman . 1 986 ) .  

B res low and Day ( 1 9 80)  stated that t he  "the bas ic  quest ions  to be asked i n  

a case contro l  study are the degree o f  assoc i at ion between r isk o f  d isease 

and the factors u nder study, the extent to w h ich the observed assoc i at ions 
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may resu l t  from b ias ,  confounding and/or c hance,  and the  extent to wh ich  

they may be  described as  causal" .  

Tavri s (1 997)  said :  " I t  i s  much easier to p rove that two th ings are 

associ ated than to show that one causes the other. S howing an assoc i at ion 

i s  s i mply a matter of conduct ing the proper stat i st ical tests .  but  cause can 

never be shown by stat ist ical  tests a lone.  I f  an associ ation w i th a d i sease i s  

di scovered which  i s  not a cause. then gett i ng  r i d  o f  the associ ated factor 

wi l l  have no i mpact on prevent ing the di sease . Whereas if that associ ated 

factor i s  a cause , then gett i ng  rid of it w i l l  probabl y  be of he lp  in prevent ing 

the  d i sease". 

The outcome vari able in th i s  fe l i ne hyperthyro id ism study was the case 

contro l  status of a cat . I ndependent ( pred ictor)  variables covered a w i de 

range of factors of poss ib le  i mportance i nc l ud ing the eat ' s  d iet and 

env i ronment .  Separate anal yses were conducted for the compari son of 

cases with matched and random contro ls .  

M atched data shou ld  be anal ysed usmg spec i fic  methods for matched 

analys i s .  Where cases and contro l s  have been matched on a variable 

associ ated with the exposure .  an an alys i s  n ot tak ing account of matc h i ng 

wou l d  resu l t  i n  odds rat io  esti mates b iased towards un i ty .  On the other 

hand. i f  match ing was done based on variab les  not associ ated w i th  the 

exposure. a rnu l t i vari ab le  analys is  accoun t i ng  for match ing wou l d  i ncrease 

vari ance of the est i mated parameters and consequent ly  wou l d  be 

unnecessary ( Sch le  sel man , 1 982 ) .  

B res low and Day ( 1 9 80) recommend that match ing  shou l d  b e  accoun ted 

for i n  the analys i s  whenever it has been i n corporated in the des ign . 
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I f  the  match ing factor i s  not  rel ated to d i sease statu s ( i t  i s  not  a confounder)  

match i ng represents overmatch ing ,  si nce the  match ing and the loss of 

effic i ency in the requ i red matched analys i s  do not i ncrease the va l id i ty of 

the study ( Wacholder. 1 992) .  

M atch i ng w i l l  i mpro ve effic iency rel at i ve to  random sampl ing .  i f  the: 

matc h i n g  factor i s  a strong r isk  factor. as a funct ion of the extent to wh ich  <- � 

the match ing factors are d i fferent ia l ly  d i st ri buted between exposed and 

une xposed subjects .  

For the present study standard methods of u n i vari ate anal ys i s  were u sed . 
w h i l e  standard and matched methods were app l ied i n  the mu l t i variab le  

analys i s  of  cases and contro l s .  



Chapter 4 

Statistical analyses 
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General outline of approach to data analysis 

The present  study of hyperthyro id i sm in cats i n  New Zealand  was desi gned 

as a case contro l  study comparing affected an i mal s ( cases )  and two 

d i fferent control groups ( matched and random ) .  The general approach to 

data analys is  was adapted from H osmer and Lemeshow ( 1 98 9 ) .  

I n  a fi rst step .  the data under study was briefly  described t o  prov ide an 

overv iew of the study popu lat ion . I n  the second stage of the 

ep idemiolog ical i n vest igat ion ,  a un ivariate analys is  was conducted 

assess i ng the associat ion between case and contro l  status  and each of the 

putat i ve ri sk  factors separatel y .  The res u l ts of th i s  analys i s  were used as a 

basis for se lect ion of a subset of s ign ifi cant vari ables  to be i nc lu ded i n  the 

th i rd step, the mu l ti variab le  analys i s .  The fi rst part of the mu l t i vari ab le  

l og i st i c  regression analys is  was performed after separati n g  the  variables  

i n to the fol lowing groupings :  

• cat and owner factors 

• cat med ical h i story 

• cat i ndoor and outdoor env i ron ment  factors 

• cat d iet factors and feedi ng practices .  

The fi rst part of the mul t i vmi ab le  logist ic regresston anal ys i s was done 

separate l y  for each of the potent ia l  r isk factor groupings ment ioned above . 

The v ar iab les that remained s ign i fi cant ( p  < 0.05 ) after these anal yses. on 

the fou r  component mode l s ,  were subj ected to the second part of the 

mu l t i variab le  log i s t ic  regress ion analys i s .  Some of the  variables  were 

exc luded from t h i s  analys is  ei ther because of very low n u mbers wi th in  the 

ind iv idual categories or high n u mbers of mi ss ing values .  Fin al ly ,  the 

v ariab l es that remained s ign i fi cant at  p < 0.05 ,  after the second part of 

mul t i variable logi stic regressiOn analys i s ,  toget her  with the fi rst order 
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i nterac t ion terms were subjected to  the  th i rd and fi n al part of mu l t ivariable 

log i st i c  regress ion analysi s .  Stepwi se uncond i tional l og i st i c  regress ion for 

the case-random control group and s tepwise cond i t ional log is t ic  regression 

for the case-matched contro ls ,  were app l ied to i dent ify the most i mportant 

factors w i th in  t he r i sk  factor groupings .  

The fo l lowing stat i st i cal methods were used i n  each of  t he  three analyt i cal 

steps in th i s  data anal ys i s .  

Analys i s  of  the i n i t i a l step cons i sted of a descriptive analysis of the  data, 

inc lud i n g  the u se of graph ical methods.  I n  step number two,  a univariate 

analysis of eac h  v ariable us ing a u n i variate log i st ic  regress ion model was 

performed to screen the main dataset stat i st ical l y  for variables which were 

s ign ifi cant ly assoc iated wi th  eat ' s  case-random contro l status .  based on the 

score test stati s t ic  at a s ign ificance leve l  p < 0 . 1 ( Hosmer and Lemeshow. 

1 989 ) .  In l og i st ic  regress ion the parameters of the  model  are est i mated 

us ing the max i mu m- l i ke l i hood method, i . e .  the coefficients  t hat make the 

observed resu l ts most "l i kely " '  are se lected . A screen ing criterion of 0. 1 for 

case-random contro l s  status was chosen to ensu re that a l l  potent ia l l y  

i mportant  vari ab les  were inc luded i n  the  n ext anal yt i cal  step, the 

mult ivariable analysis.  A few vari ables which were s ign i fi c ant in the 

un i var iate analys i s ,  but  had quest ionabl e  b iological i n terpretab i l i ty or were 

strongly col l in ear wi th  other vari ables  al ready i nc luded, or cou l d  not 

c lear ly  be cons idered as potent ial causal  r isk factors rather than outcomes.  

were exc luded from the mu l t i variab l e  anal ys i s .  Factors w h i ch remained 

stat i s t ica l l y  s ign ificant at p < 0 .05 after the fi rst phase of  mu l t i var iable 

analys i s  performed on four component  model s . were subj ected to the 

second part  of mu l 6 variab le  ana lys i s .  F ina l ly ,  the rema in ing  s ign i fi cant 

variables .  together w i th  any s ign i ficant  fi rst order i n teracti on terms, were 
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i ncl uded i n  the fi nal mu l t iv ari ab le  anal ys i s .  Variables  w h i c h  were 

stat i st ical l y  s ign ifi cant at a p va lue l ess than 0.05 , but  were not i nc l uded i n  

the fi nal  mu l t i  variable analys i s .  are descri bed i n  more deta i l  u s i ng  tables .  

Step number three cons i sted of two anal yt ical approaches wh ich were used 

to develop mu l t i variable models  for the two separate compari sons in  the 

study. Method one u sed a forward stepwise uncondit ional logistic 

regression ( Noru s is .  1 994)  approach to fit a mu l t i v ari abl e  model 

compari ng cases wi th  random contro l s  and method two u sed a forward 

stepwise condi tional logistic regression ( Noru s i s .  1 994b ) approach to fi t a 

mul t i  vari abl e  mode l  for the cases and matched controls .  

Conti nuous variab les  i nc luded in  the un i variate and mu l t i vari ab le mode l s  

were transformed i nto categorical vari ab les .  '-' 

Methods used i n  the multivariable analysis 

A stepwise select ion procedure uses a stat i s t ical  a lgorithm to dec ide on the 

i nc lu sion of variab les i nto a model .  Dur ing each s tep the var iab le which  

produces the  greatest change i n  the  log- l i ke l i hood re lat i ve to  the prev ious  

model i s  sequent ia l ly  i nc l uded in  the mode l unt i l  the p va lue of the 

l i kel ihood rat io  ch i -square test exceeds a predetermined val ue .  At  every 

step a check for e l i mi n at ion of variab les  al ready inc l uded i n  the model i s  

a l so performed,  the i r  conti nued i mportance be ing determi ned by u s i ng the 

l i ke l i hood rat io  test at a g i ven s ign ificance va lue ( Hosmer and Lemeshow, 

1 989 ) .  The first order i n teraction terms were e ntered i nto the mode l us ing  

a stepwise approach after a mai n effect mode l  h ad been obtai ned . 
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Forward stepwise multiple unconditional logistic regression 

Forward stepwi se uncondi t ional l og i st ic  regress ion was used for the cases 

and random contro l s .  A l l  the i ndependent vari ab les  which h ad a 

probab i l i ty p < 0 . 1 i n  the u n ivari ate anal ys i s  or were cons idered potent i al ly 

b io log ical ly  i mportant  were inc l uded . 95% confi dence i n terval s (Cl ) for al l 

vari ables in  th i s  mu lt i variable anal ysi s were u sed and the fi rst category of 

each variab le  was the reference category . A l l  two-category variables were 

coded as "0" and " I "  to i nd icate "absence" and "presence" of someth ing .  

Th i s  i s  cal led du mmy- variab le  or  i nd icator-v ar iab le  cod ing .  For the 

cont inuous variables or  variab les w i th  more than two categories the new 

i nd icator vari ab l es were created to represent the categories .  In  th is  case the 

coeffi c ients for the new v ariab les  represent the effect of each category 

compared to a reference category . The coeffi c i en t  for the fi rst category i s  

"0" and i t  i s  treated i n  th i s  study as the reference category . The " 1 ndicator'· 

type of contrast was chosen as t h i s  contrast ind icates the absence or 

presence of category membersh ip .  The reference category w as represented 

in t he contrast matri x as a row of zeros.  

Forward stepwise mult iple conditional  logist ic  regression 

Condi t ional l og i st ic  regression model s are des igned for s i tuat ion in w h i ch 

one or more cases. which show the response of i n terest,  are matched w i th 

one or more con trol . wh ich  do not show the response. The most  common 

s i tuat ion i n vol ves l - 1  match ing ,  t hough 1 -N and M-N match ing  is a l so 

seen . 

Forward stepw i se condi tional logis t ic  regress ion was used to i n vest igate the 

re l at ionshi p  between case-control status and a set  of putat i ve factors for 

matched data. As i n  the previ ous  analys i s ,  95% confidence i nterva ls  (Cl )  
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were est i mated for the effects of all variab les ,  and the fi rst category of each 

variab le  ( "0")  was u sed as the reference category .  

There i s  on ly a l i mi ted nu mber of  stat i s t ical packages which  have spec ifi c  

procedu res  for conduct ing condi t ional log i st ic  regress ion . I f  such a 

procedure i s  not avai l ab le .  condi t ional l og i st i c  regression can be performed 

us ing the  di screte logi st ic model  by formi ng a s tratu m  for each matched set 

and then ru nn ing the Cox regression mode l .  I n  t h i s  study each case h ad 

on ly one matched contro l ,  so that the l ike l i hood funct ion for the condi tional  

logis t ic  regression reduces to that of the Cox model for a con t in uous scale 

( A non . SAS/STAT' Software ; Stokes et a l . ,  1 995 ) .  

The procedu re descri bed by i chols ( 1 99 8 ) was used to  i mp lement  

condi t ion al l og ist i c  reg ression model in  S PS S T1-- t vers ion 8 ( S PSS I nc  . .  

Ch icago. U . S . A . )  us ing  the COX R EG procedure .  The dependent variab l e  

was coded 1 for the cases and 2 for t h e  matched contro l s .  The techn ical 

requ i re ment is that the  case in  each set has a pos i t i ve value that i s  smal l e r  

than that for i ts  contro l .  Th i s  i s  requ i red so  that the  probabi l i ty of be ing  a 

case i s  mode l led.  

Odds rat ios .  p-values and 95 Cff confidence i nterval s around the O R  were 

presented.  for a l l  mai n  effects i f  they were s ign i fi cant ( p  < 0.05 ) and the ir  

i nteract ions ,  i n  the fi nal model .  

A l l  un ivariate and mu l t i vari abl e  regress ion anal yses were carried out us ing 

the log is t ic  and Cox regress ion procedures  i n  S Pssnt ( S PSS I n c . ,  Ch icago, 

U . S . A . ) .  

I n  add i t ion  to the above analyses,  the fol lowi n g  analyses were performed. 
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Cox regression 

Cox regress ion models  (p roportional hazards model s )  are s im i lar to 

standard regression models  where a predict ion of a dependent variab le 

( l en gth  of t i me unt i l  occunence of an even t )  is  presented as a function of a 

set of i n dependent vari ables .  H oweve r. un l i ke ord i nary regress ion model s .  

Cox  reQ: ress ion models  can be used when there are censored observations .  '-

Cox reg ression (COX REG ) was used to anal yse the effect of various ri sk 

factors on aQ:e of d iaQ:nos i s  based on data from cases and random contro l s .  '-- '-' 

The latter were treated as cen sored observat ions  ( those for which  the e vent .  

' ·hyperthyro id ism". has  not yet  occurred ) .  The surv i val and hazard curves 

for the r isk factors inc l uded in the final modeL are presented . 

Kaplan- Meier survival analysis 

S peci al techn iques are needed for analys i s  of data that contai n censored 

observat ion s .  S ince these techn ique are often u sed to analyse data 1 11 
which the event of in terest i s  death , they are known as surv i val t i me or 

fa i l u re t i me techn i ques .  

Kaplan-Me ier surv i val analys i s  ( Kle inbau m.  1 99 6 )  i s  very c losely re lated 

to the actuari al esti mates method , where the period of t i me u nder the study 

is subd i v i ded in to i nterva ls  for wh ich the variou s probab i l i t i es are 

es t i mated.  However, to compute Kaplan-Me ier est i mates of the probab i l i ty  

of be i n g  event-free at  various  t i me poi nts ,  there i s  no need to estab l i sh  

i n terval s a t  wh ich  the  var ious probabi l i t ies  are evaluated . I n stead . the 

est i mation of the probab i l i ty of an event i s  calculated each t i me an e vent  is 

be i n g  observed . To determ i ne K aplan- Meier  est imates of the surv i v al 

curve ,  the eval uat ion of the surv i val curve at eac h  of the  t i me points  at 
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which an e vent occurs. 1 .e .  at each of the uncensored t i me points .  is 

performed .  

Th is  surv iva l  anal ys is  tech n ique pro v ides the  mean surv i val t ime .  That 

t ime i s  not t he average of the observed survival  t imes .  s i n ce it does not '-' 
make sen se to compute the usual ari t hmet ic  average i f  not a l l  observat ions 

experi ence the outcome such as death or onset  of di sease. Special  

techn iques  are used to esti mate mean survi val t ime when there are cen sored 

observat ions .  

Kaplan- Meier  surv ival analys i s  ( K M ) was used to compare the  d ifferent 

opt ions  of treatment .  inc lud ing medica l .  surg ical . radioacti ve iodi ne 
( ! 1 3 1 ) 

treatment and no treatment at al l .  on survi val t i me ( mon ths ) of hyperthyroid 

cats fro m  d iagnos is  unti l the end of the study.  I n  t h i s  anal ys i s .  the censored 

cases are those for which the e vent .  "death" .  did not occur  duri n g  the study 

period .  The presented surv i val funct ion plots  a l low a g raph i cal 

in terpretat ion of the data for d i fferent types of treat ment .  

Al l  of the stat i st i cal anal yses and the est i mates of a l l  the survi val and 

hazard cu rves ment ioned above were calcu lated and presented graphically 

us ing the S PS S  stat i s t ical software . 

A l l  S PS S  codes ( syntax ) used for d ifferent an a ly  es are presented m 

Appendi x  8 .  



Chapter 5 

Results 
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Descriptive analyses 

One h undred and twenty fi ve cases .  1 25 case-matched con trol s and 1 25 

random contro l s  were i n vo l ved i n  the study between December 1 996 and 

Feb ruary 1 99 8 .  Tables 1 ,  2 and 3 show the sex .  age and breed profi l es 

respect i ve ly  of the cases and control cats . There were d i fferences i n  the 

age , sex and breed d i stri but ions  of cases compared w i t h  the random 

contro l s .  The proport ion of speyed female s  was h igher  than that of 

castrated males .  Cats o lder than 1 2  years of age were predomi nant ly  

affected . The proport ion of purebred cats  was lower than domest ic  short 

and long hai red cats . 

Tab le  1 .  Sex profi l es of cases .  matched and random contro l  groups 

Quest ionna i re type 

Cases M atched Random Tota l  
contro l s  con tro l s  

M al e  castrated 49 49 6 8  
Female speyed 76  73  52  
M al e  ent i re 3 
Fe male ent i re 3 2 
Total  1 25 1 25 1 25 

Tabl e  2 .  Age profi les o f  cases, matched and random control groups  

Quest ionna i re type 

Cases M atched Random 
contro l s  contro l s  

5 months to 9 years 4 ,.., 80 _) 

9 to 1 2  years 20 30 30 
1 2  to 1 9 .5  years 1 0 1  92 1 5  
Total  1 25 1 25 1 25 

1 66 
20 1 

3 
5 

3 75 

Total 

87 
80 

208 
3 75 



Tab le  3 .  Breed profi les  o f  cases. matched and random control groups 

Quest i onna i re type 
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C ases M atched Random Total 
contro l s  contro ls  --

Domest ic  short hair  93  80  87  260 
Domest ic long hai r 26 2 1  20 67 
S i amese 5 I 1 2 1 8  
Pers i an 4 5 9 
B u rmese 6 2 8 
Other pure breeds 1 3 9 1 3  

Total 1 25 1 25 1 25 3 75 

Cats'  age distribution at  t ime of hyperthy roidism diagnosis 

Figure 1 shows the age d i s tr ibut ion of cats at the t ime of hyperthyro id i sm 

d iagnos i s  for 1 25 cats .  The youn gest cat was d i agnosed at 7 years 1 month 

of age ( 85 month s ) ,  the o ldest at 1 8  years 1 0  months of age ( 226 mon ths ) .  

The mean of cats' age d i  trib ut ion at  the  t ime of h yperthyro id i sm d i agnosis  

i s  1 3  years 1 month ( 1 57 month s ) . I t  i i n  agreemen t  w i th  the average age 

at t he t i me of hyperthyro id i sm di agnos i s  for cats from a l l  stud ies conducted 

so far ( B roussarcl et a l . ,  1 99 5 :  Hol zwo11h  er al . .  1 980 :  ]ones and Johnstone. 

1 98 1 :  Labuc and ] ones .  1 986 and 1 9 8 8 :  Scarlett ,  1 994: Scarl ett er al  . . 1 98 8 :  

Peterson .  1 984 and 1 99 8 :  Peterson et al . ,  1 979 .  1 98 3  and 1 994: Thoday. 

I 9 8 8 ;  Thoday and Mooney,  1 992 ) .  

As  t he standard dev i at ion i s  27 . 8 1 ,  i t  g i ves a n  age range for two- th i rds of 

observat ions from 1 2 8 month s ( LO years 8 months ) to 1 85 months ( 1 5  years 

5 months ) .  W h i l e  95% of hyperthyro id  cats w i l l  be i ncl uded between I 0 1  

months  ( 8  years 5 months )  and 2 1 2  months  ( 1 7  years 8 months ) of age. 
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Cats age at the t ime of hyp erthyroid ism diagnosis (months) 

Figure 1 .  Age distribution at time of hyperthyroidism diagnosis (months) 
( 1 25 cases; mean = 1 57 months; median = 1 55 months; 

standard deviation = 27 . 8 1 )  

Monthly diagnosis of all cases throughout the study 

Figure 2 (shown in discussion part) presents a histogram of the monthly 

pattern of diagnosis of all cases throughout the study. It is obvious that the 

diagnosis of hyperthyroidism is more common during the six warmer 

months in New Zealand, from October until March, with the exception of 

January. 

Clinical signs frequency in hyperthyroid cats 

The percentage of historical and clinical findings in affected cases was 

analysed. The figures are presented in Table 8 (shown in discussion part). 

Most of them are in agreement with five previously published summaries 

(Broussard and Peterson, 1 993 ;  Broussard et al, 1 995 ;  Hoenig et al., 1 982; 

Holzworth et al. , 1 980; Peterson et al. , 1 983;  Thoday and Mooney, 1 992). 



U nivariate logistic regression a nalyses of the case-random 

control comparison 

Cat owner factors 
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The resu l ts of the u n i vari ate analyses of the mam data set are l i sted in 

Tab les 9a to 9j ( Append ix  1 ) . The s ign i ficant expl anatory v ar iab les (p < 

0. 1 )  from the random control compari son i nc l uded : 

• mov i n g  house ( together wi th  the cat)  w i th i n  the last 5 -year period 

• I i v i ng  longer than 3 years at the  present address 

• hav ing  a hu man ( most affected peop l e  were femal e s )  i n  the  household 

wi th  a h i story of any thyroid  g l an d  di seases 

• l ength of ownersh ip  of the affected cat of more than 3 years 

• cat hav ing  more than one owner ( the d ifference of s i x  or more months 

between eat ' s  age and length of eat ' s  ownersh ip  was assu med to s ign ify 

that the cat had had more than one owner) 

• "unknown" or "stressfu l"  ori g i n  ( w i l d .  stray , found abandoned. g i ven 

for adopt ion ,  from S . P.C .A .  [ S oc iety for the Prevent ion of Cruel ty t o  

A n i ma l s ] ,  etc . )  

• hav i ng two or more ch i ldren i n  the household ( t h i s  was protect i ve ) .  

Cat factors i ncluding medical h istory 

The s ign i fi cant explanatory variabl es  ( p  < 0 . 1 )  from the random control 

test i n g  inc l uded : '-' 

• age 

• breed ( t h i s  was protecti ve for S i amese ) 
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• b reeding h is tory for pure breeds ( th i s  was protecti ve for cats bred 

overseas ) 

• sex ( t h i s  was pro tect i ve for male cats ) 

• age at desex ing 

• regu lar vacci nation agai nst cal i c i v i rus ,  h erpesv i rus and pan l eukopen ia 

( t h i s  was protec t ive )  

• h i story of  vacc i n at ion aga inst fe l i ne l eukaemia V I ru s  ( th i s  was 

protect i ve ) 

• any dental . respi ratory , uri nary and gastro in test i nal tract d i seases 

• ep isodes of d iarrhoea and starvation i n  eat ' s  medi cal h i story . 

Cat's i ndoor and outdoor environment 

The s ign ifi cant exp lanatory variab les  ( p  < 0. 1 )  from the random con trol 

compari son inc l uded : 

• presence of pasture and i ndustr i al area i n  cat ' s terri tory ( both protect i ve 

factors ) 

• more than 3 hour per clay spent outs ide (th i s  was protect i ve )  

• s leep ing predomi n ant ly on  the  floor. wool carpets and  wool len 

c lothes/fabrics or sheepsk i n  

• us ing was h i ng as a p referred method for c lean i ng eat ' s  bedding 

• us ing sawdust for bedding or l i tter trays 

• hav i n g  other hyperthyro id  cat( s )  i n  the household ( espec ia l l y  if these 

cats were rel ated to the hyperthyro id  cat)  

• hav ing a pet rabb i t  i n  the household ( t h i s  was protect i v e )  

• l i ghter than normal weight  

• l azy or  very l azy behaviour 

• occas i on al to frequent fights ( th i s  was protect i v e )  



• regu l ar exposure to pest ic ides/fung ic ides u sed on pot p l ants at h o me 
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• add i t ion of chemicals to vases wi th  cut flowers in order to prolong 

flower l i fe ( th i s  was protect i ve )  

• ant i - tlea products (particu lar ly l ong act i ng  ones)  used regu lar ly on cat ' s 

bed/beddi ng 

• regu l ar tlea  control at home us ing mai n l y long act ing ant i -flea products 

• i n  the case of owners hav ing  a farm or l i vestock .  usi n g  mineral l icks  for � � 
farm an i ma l s  ( t h i s  was protec t ive ) .  

eat's diet a nd feeding practices 

The s ign ifi cant explanatory variables ( p  < 0 . 1 )  from the case-random 

control status i nc luded : 

• food al ternation on weekly basis  

• eat ing commerc ial canned food ( i f  ha lf  to al l of eat ' s  dai ly  food 

requ i re ment  was  from th i s  sou rce i t  was associated w i th i ncreased ri sk 

for develop ing  hyperthyroid i sm)  

• eat ing raw meat ( i n part icu lar bee f meat . mince .  fat ,  offal and fi sh ) 

• eat ing dai ry products such as cream, ice cream and cheese 

• eat i ng cooked beef, l amb, mutton ,  pork. c h icken and fi h ( as h u man 

leftovers ) 

• eati n o- e o- o-s 0 V C  

• adding med ic i nes,  yeast ,  v i tami ns  and m i neral s inc lud ing ke l p  to cat 

food 

• excess ive i ntake of dai l y  flu ids 

• c lean ing  the  cat' s servi ng d i sh  more than once a day 

• us ing a microwave oven to warm or defrost  eat ' s  mea l s .  
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Al l  of the earl ier  ment ioned vari ables were connected with h igher ri sk for 

deve lop ing hyperthyro id ism.  

On the other hand.  the fol lowi ng factors from the eat ' s  d iet were protect i ve 

ones :  

• eati ng commerc ia l  cat dry food. The protect ion effect increases as the 

amount  of dry food dai ly  i n take i ncreases .  

• other sources of food such as s mal l roden ts and b i rds 

• drink ino  rai n water ;::: 

• dri nk ing  water from a bath .  '-' 

Forward stepw ise multiple unconditional logistic regression 

analyses of the case-random control comparison 

The fi rst part of the mu l t ivariab le  log is t ic  regress ion ana lys is  was 

performed separate ly  for each of the fou r  poten t ial ri sk  factor gro u pi ngs 

menti oned earl i e r. repre sent ing owner and cat factors. cat medical  h i story. 

cat env i ronment factors and cat d iet factors . The v ari ables that remai ned 

s ign ifi cant (p < 0 .05 ) after these analyses were subjected to the second part 

of the mul t i variable l og i st ic  regress ion analys i s .  F inal l y .  the vari ab les that 

remai n ed s ign ifi cant at p < 0.05 , after the second part of mu l t i variable 

log i st i c  regress ion anal ys is ,  together wi th  the fi rst order i n teract ion terms 

were subjected to the th i rd - fi nal part of mu l t i variable log i st i c  regress ion 

analysi s . 

Tables  I Oa and 1 Ob ( Appendix 2 )  l i s t  the s tati st i cs for the s ign ifi cant 

vari ab les  found by forward stepwi se mu l t ip le  uncondi t ional  logi st ic 

regress ion analys i s of the case-random contro l compari son after the second 

part of th i s anal ys i s  ( Noru s i s , 1 994 ) .  On ly  the variab les marked "*" i n  

Tables  9a t o  9j ( A ppendix 1 )  were subjected to mul t ivariab le  log i st ic 
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regress 1on anal ys i s .  The rest of the s ign i fi cant  vari ab les ( from the 

u n i variate analys i s )  were exc luded from that anal ys i s  ei ther becau se of very 

low numbers w i th in  the categories or a h i g h  n u mber of m i ss ing values .  h ad 

quest ionab le  val id i ty or were strongly col l i near w i th other  variab les  al ready 

i nc l uded. or cou ld  not c learly be considered as potent ial causal r i sk  factors 

rather than outcomes .  I t  was found that the proportions of  d ifferent  types 

of food.  the brand n ames and the fl avours of commerc ia l  food .  and the 

types of raw or cooked meat were subject to b i g  en·or (human memory ) and 

i t  was very d ifficu l t  to assess how genu ine  the data was.  

The vari able  "cat we ight" ( marked "#" in Tables  1 Ob and 1 1  a. A ppendices 

2 and 3 )  was s ign i fi cant for both comparisons (case-random and case­

matched ) but was exc l uded from both fi nal  model s  becau se it cou ld  not 

c l earl y be considered a r isk factor as opposed to an outcome vari able .  

Fi nal model for case-random control compa rison 

The fi na l  model for case-random con trol compari son ( Table  4 )  i nc l udes 

mai n effects terms for the :  

• age (o lder cats are more l i ke ly  to deve l op hyperthyroid i sm)  

• breed ( th i s was protect i ve for S iamese ) 

• sex ( fe males are three t i mes as l i ke ly  to have the  condi t ion as males )  

• eat ' s  age at desex ing  ( the category "don ' t  know",  wh ich ind icates e i ther 

that the cat had another owner or unknown cat '  s ori g i n ,  was assoc iated 

w i th i ncreased ri sk  for deve lop ing  hype1thyro id i s m )  

• h i story of any dental d i  eases/infect ions  i nc lud ing  oral cav i ty  d i seases 

( al though th i s  effect was contro l l ed for cat age ,  occurrence of the dental 
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disorders was assoc iated wi th  a fi ve and h al f  - fold  h igher ri sk  of 

develop ing  hyperthyro i d i s m )  

• s leep ing predomi nant ly  on the floor, wh ich may be a carpeted su rface 

( 99 .20C of New Zeal and houses are l i ned wi th  carpet ;  th i s  s tudy data )  

• ant i - tlea products used regu l ar ly  on eat ' s  bed/beddi ng 

• eat i ng ha lf  or more of dai l y  food requ i re ment  as canned commerc ia l  cat 

food was associ ated wi th  tw ice the risk of develop ing hyperthyro id ism.  

No i nteract ion terms were s ign i ficant  in  th i s  model .  
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Table  4 .  Final  mu l t i  variabl e  forward stepw i se uncondi t ion al logi st ic 
regress ion model based on al l case and random control  data, 
showing level  of s ign i fi cance ( p )  for the v ar iab l es and thei r 
categories,  odds rat ios ( O R )  and 9 5 %  confi dence i nterval s 
around the OR.  

OR 9 5 %  C l  for 
V ari ab les  p ( Exp( B ) )  

Lower 

Cat age 0.0000 
5 mths to 9 years 1 .0 
9 to 1 2  years 0 .0009 1 3 . 8 1 20 2 .9305 
> 1 2  years 0 .0000 5 20.4563 83 .0956 

Cat b1·eed 0.0 1 93 
DS H l .O 
DLH 0 .770 1 1 . 1 930 0 . 3655 
S i amese 0.00 1 9  0 .0 1 24 0 .0008 
Other pu re breeds 0.9474 1 . 1 1 64 0 .0423 

Cat sex 
Male  l .O 
Femal e 0 .0222 3 . 2700 l . l 848 
Cat age at desexi ng 0.0092 
U p  6 or at 6 months  1 .0 
> 6 months  0 . 1 220 0.4055 0. 1 292 
Don ' t  know 0.05 7 3  4 . 1 3 8 1  0 .9569 
Dental diseases 
No 1 .0 
Yes 0 .0039 5 . 5000 I .  7295 
Beddi ng - floor 

0 1 .0 
Yes 0.003 8 6 .6386 1 . 8444 

A nti-flea products used 
regularly on eat 's  
bed/bedding 
No 1 .0 
Yes 0 .0035 5 7 .5677 3 . 7926 

Dai ly can food proportion 0.0369 
None 1 .0 
U p  to 1 12 0 .4649 0.5093 0.0834 
> l /2 to a l l 0 .4445 2 .05 1 0  0 . 3254 

Res i dua l  Chi Squared = 7 .294 w i th 8 df S i g  = 0 .505 2  

Exp( B )  
U pper 

65 .098 1 
3 259 .7973 

3 . 894 1 
0 . 1 990 

29 .4948 

9 .0245 

1 .27'28 
1 7 . 8948 

1 7 .4903 

2 3 . 8946 

8 7 3 . 8087 

3 . 1 1 1 6 
1 2 .928 1 



Forward stepwise multiple conditional logistic regression 

analyses of the case-1natched control con1pa rison 

74 

Forward stepw i se condi t ion al log is t i c regression was used to i n vest igate the 

re lat ion s h i p  between case-contro l  status  and a set of putat i ve factors for 

matched data . As i n  the previous analys is ,  95% confi dence i n terval s ( C l ) 

were est i mated for the effects of a l l  vari ables ,  and the  fi rst category of each 

vari abl e  ( ' "0" )  was used as the refere nce category .  

I n  t h i s  study each case had on l y  one matched contro l . so  that the l i kel i hood 

fu nct ion for the condi t ional log i st i c  re gress ion reduces to that of the Cox '-' '-' 
model for a cont i nuous scale ( Anon , SAS/ST AT' Software ;  S tokes et al . .  
1 995 ) .  

The p rocedure described b y  N i chols  ( 1 99 8 )  was used to imp lement 

cond i t ional logist ic regress ion mode l  in  S PS STi·vt vers ton 8 ( S PS S  I nc . .  

Ch icago. U . S . A . )  u s ing the COX REG procedu re .  

Odds rat ios .  p-val ue  and 95% confidence i n tervals around t h e  OR were 

presented, for a l l  mai n  effects i f  they were s ign i ficant ( p  < 0 .05 ) and the i r 

i nteract ions .  i n  the final  model . 

The s i g n i ficant variab les i dent i fied from the case-matched contro l  

compari son ( Table 1 1 a and 1 1  b i n  Appendix  3 ) ,  by way of forward 

stepwise mu l t ip le  condit ional  log i s t ic  regress ion after the fi rst part of thi s  

analys i s  ( Norus is ,  1 994b ) ,  were : 

• age at desex ing 

• epi sodes of  cat fight/b i te absce ses and di arrhoea m eat ' s  medical 

h i story 

• n umber of  other cats i n  the household ( th i s  was protecti ve  i f  more than 

one cat was present i n  the household)  
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• eat ' s  body weight 

• regu lar u sage of manure (ani mal/p lan t  ongm fert i l i sers, orgamc 

fert i l i sers ) on cat '  s outdoor territory 

• regu lar usage of tly sprays on cat' s indoor terri tory 

• eating commercial cat canned food (act ing as the protecti ve factor if  fed 

up to a half of eat ' s  dai ly  food requ irement )  

• eating a variety of flavours of commercial can ned cat food 

• eati ng dairy products such as cheese, ice cream. cream, yoghurt and 

butter 

• eat ing vegetables .  rice and fru its (d inner l eftovers ) ( th i s  was a protective 

factor ) 

• dri nking an excessive quantity of fl u ids 

• drinking water from puddles 

• reau lar mi lk  dri nk in a . ::: - - b 

Final model for case-matched control comparison 

Table 5 shows the fi nal model computed by stepwise forward cond i ti onal 

logist ic regression of the case-matched control data set .  The fi nal model 

i nc l uded main effects terms for: 

• hi story of diarrhoea ( the cats with epi sodes of d iarrhoea were seven 

t imes as l i ke ly to deve lop hyperthyroidi sm)  

• number of other cats in  the household (th i s  was protect i ve if more than 

one cat was present in the household ) 

• regu lar usage of fly sprays on eat ' s  indoor terri tory 

• eating a variety of flavours of conunerc ial  canned cat food 

• interaction between drink ing water from puddles and the regu lar u se of 

manure (ani mal/plant ongm ferti l i sers ) on eat ' s  outdoor terri tory . 
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Drinking water from puddles was not  of much importance per se  
( 0R= l .5744. 95% C l=0.6779-3 .6562 ) ,  but dri nk ing water from puddles 

if regular use of man ure on eat ' s  outdoor territory was reported became 

i mportant (0R=5 .2572 ,  95 % Cf= 1 .0794-25 .6052 ) .  

Tab l e  1 2  ( Appendix 4 )  l i sts a l l  the var iab les  which vvere found s ign i fi can t 

(p < 0 . 1 )  when subjected to the uni vari ate analyses for case ( l )  versus .  

ran dom control (0 ) .  These variables were not i nc l uded i n  the  mu l t i var iab le  

logi stic regression analyses because of a very h igh nu mber of mi ssi ng  

observations or  very low number of  observat ions,  or  in case of  · 'death
.
, to 

avoid eau e-resu l t  effect. 

Tables l 3a to 1 3g (Appendix 5 )  record all the variables which were found 

not s ign ificant when subjected to the un i  variate analyses from cases .  

random and matched control cats .  
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Table  5. Final mu lt ivarib le forward stepwi se conditi onal logist ic 
regression model based on al l case and matched control data, 
showing level of s ignificance (p )  for the variab les .  their 
categories and interaction . odds ratios (OR)  and 95% 
confidence intervals around the  OR.  

OR 9 5 7r  Cl  for 
Variables p ( Exp(B ) )  Exp( B )  

Lower Upper 

Main effects te rms 

Diarrhoea 
No 1 .0 
Yes 0.0005 7 . 3547 2 .4045 22 .4953 

No. of other cats in  house 0.00 1 5  
0 1 .0 
One 0 .0 1 28 0 .3757 0. 1 738  0 .8 1 20 
Two or more 0 .0005 0 . 1 5 1 6  0.0525 0.43 8 1 

Regular use of fly spt·ays 
on eat 's  i ndoor territory 
No 1 .0 
Yes 0 .02 1 9  3 . 3246 1 . 1 900 9 .2877 

Feedi ng a variety of can 
food flavours 
No 1 .0 
Yes 0 .0048 3 . 8004 1 . 5026 9 .6 1 2 1  

Regular use of manure on 
eat's territory 
No l .O 
Yes 0 . 1 1 79 2 .077 1 0 . 8309 5 . 1 924 

Drinks water from puddles 
No l .O 
Yes 0 .29 1 1 1 .5744 0 .6779 3 .6562 

I nteraction terms 

D ri nks water from puddles 
x regular use of manure on 
eat's outdoor territory 0.0399 5 .2572 1 .0794 25 .6052 

Residual  Ch i  Squared = 5 . 83  with 9 elf S ig = 0 .7568 

I 
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C o x  regression (proportional hazards model) for case-random 

status 

Further to the above analyses,  Cox regression - proport ional hazards model 

( N orus i s , 1 994b ) was used to analyse the effect of var ious  ri sk factors on 

age of d iagnos is  ( cat surv i val t i me expressed in month s )  based on data from 

cases and random contro l s .  Some of the requested surv i val and h azard 

curves for the risk factors present i n  the fi nal case-random model are shown 

be low ( Fi g u re 2 to Figure 1 1  ) .  The most pronou nced h az ard effects were 

for cat breed ( protect i ve fol' S i amese ) ,  desex ing at "don ' t  know" cat age ,  

s leepin g  predominant ly on the  floor. use of ant i -flea treatment  on cat ' s 

bed/bedding and feed ing the cat w ith more than a ha lf  of dai ly food 

proport ion as commerc ial canned food.  
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Figure 2. Cumulative survival functions for four breeds of cats from 
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Kaplan- Meier survival analysis of hyperthyroid cats 

subjected to different methods of treatment 
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Addi t ion al l y .  Kap lan- Meier  ( Kl e i nbaum, 1 996) surv iva l  anal ys i s  for cases 

statu s was performed to compare the d ifferent  methods of t reatment on 

u rv i  val  t i me ( months ) of hyperthyro id  cats from i n i ti al d i agnos i s  up to the 

fi na l  elate of the study . There were 1 9  deat h s  a mong h y perthyro i d  cab.  

fou r  in matched controls ,  but  on ly  one i n  the random contro l  group .  

Four surv i val curve were compared :  

• S u rv i v al of hyperthyro i d  cats from the elate of d iagnos i s  i n  cases where 

the cats did not rece i ve any t reatme n t  at a l l ( 5 .6\k [7 case � .  3 deat h � ] .  

Figure 1 2 ) .  

• S u rv i val of hyperthyro id  cats from i n i t ial d i agnosis  when the cats were 

subjected to med ical treatment  ( Figure  1 3 ) . I n  total . medical  treatment 

accounted for 58 .4\k- of hyperthyroid treat ment (73 cases .  1 0  deaths ) . 

Carb i mazole ( 5  mg tab l e t s :  Neo-me rcazo l e .  i c hol as/Roche ) '' as u�ed 

in 94.5% (69 cases ) ,  saturated potass ium i od ide solut ion in 4. 1 o/c ( 3  

cases ) ,  whi l e  PTU ( 5 0  m g  propyl th i ourac i l ;  A b  bott) i n  1 .4o/c ( 1 case ) of 

medi cal l y  t reated cases .  In  34.2% of medical ly  t reated cases .  t h i s  

t reatment was also used to  stab i l i se the  pat ient  before thyro idectomy 

( 1 2 . 3\Jc . 9 cases ) or rad ioact i ve i od i n e  t reat ment  ( 2 1 .97c . 1 6  cases ) .  

• S u rv i val of hyperthyro id  cats s ince the elate of d iagnos i s  i n  cases where 

thyroidectomy ( u n i l ateral or b i l ateral ) was performed ( 9 .6% [ 1 2 cases, 1 

death ] ,  F igure 1 4 ) .  

• S u rv i v al of hyperthyro id  cats s ince the date of d i agnos i s  when the cats 

were treated wi th  radioact ive i odine I I :I I (45 .6\lc [5 7 cases. 5 death � ] .  

Figure 1 5 ) .  
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A l l  curves are step- l i ke because the proport ion of the cats surv1 vmg 
changes prec i se ly  at the poin t  when a subject d ies .  I t  is noti ceable that cats 

subjected to any k ind  of t reatment  survi ved longer in contrast to cats not 

treated at al l .  The d ifferences between the types of treatment  on surv i val 

cou ld be expla i ned by the numbers of cats e xposed to d i fferen t  treatments 

and the d i fferent approaches to hyperthyroid cat treatment .  and presence or 

absence of any concur rent non thyroidal  d i seases at the t i me of d iagnos i s  of 

hyperthyro id i sm.  For example .  o lder  cats wi th sy mptoms of renal fai l ure 

are more l i ke l y  to be treated with med ical treatment  than rad i oact i ve iod ine 

or surgery,  and automat ical ly they face a shorter su rvi val t i me .  
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Figure 1 2. Kaplan-Meier survival curve for hyperthyroid cats treated with 
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I ntroduction to general d iscussion 

Th i s  thesi s reports on an observat ional epidemio logical study i nto the ri sk  

factors for fe l i ne h yperthyro id i sm i n  New Zealand .  

The resu l ts have confi rmed some of the fi nd i ngs of prev ious ly pu b l i shed 

work ( Kass et al . .  1 998 ;  Scarl et t ,  1 994; Scarlett et a l . ,  1 988 )  and �uggested 

new avenues for fu rther research .  However, l i ke pre v i ous reports .  th i s  

study was unsuccessfu l  i n  i solat ing one s ing le  domi nant factor which cou ld  

be i ncri minated i n  the development of the  d i sease. and adds weight to the  

v iew that th i s  i s  a mu l t i factorial d i sease. 

In contrast to two prev ious studi es conducted in the U n i ted States, in wh ich 

on ly  case-matched contro ls  were researched ( matc hed by sex and age I ±  I 

year i n  the study of Scarlet t  et al .  ( 1 988 ) and ± 3 years i n  that of Kass et al .  
( 1 99 8 ) ] ) , i n  the New Zealand study two contro l  popu lat ions  were used.  

One of the control cats ( "matched contro l " )  was matched on sex and age ( ± 

1 . 5 years ) for the case and the other cat ("random contro l " )  was se lected 

from pract ice records us ing a select ion tab l e  of random n u mbers. 

These two d ifferen t  control groups were inc l uded for compari son wi th  

hypert hyro id  cat i n  order to l i mit  potent ia l  b i as .  The use of the two 

compari son groups made it poss ib le  to d ifferent iate ri sk factors for fel i ne 

hype rthyro id i sm spec i fi cal ly .  as opposed to r i sk  factors for aged cats i n  

general . Variables t hat were s ign ificant ly assoc iated wi th  hyperthyro id ism 

i n  both compari sons w i thout any confound ing effect were cons idered 

part i cu larly good candidates to be true ri sk  factors for developing the 

d i sease . 
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The fi na l  mode l s  for both data sets ( Tables 4 and 5,  s hown in the Resul t s )  

were d ifferent ,  h av ing  i n  con1 111on o n l y  two variab les .  The fi rst variabl e  

was l i nked by two k i nds o f  env i ronmental exposures h av i n g  in  common the 

use of i nsect ic ides :  "anti -flea products used regu lar ly on eat ' s  bed/beddi ng" 

and "regu l ar use of fly sprays on eat ' s  i ndoor terri tory" .  The second 

v ari ab le  was combined from two close ly re l ated d ietary factors: ' 'dai l y  

proport ion o f  commercia l  canned food" and "feed ing the cat wi th  a variety 

of fl avours of commercia l  can ned food" . 

The l ack of common var i ab les between the two analyt ical  approaches cou ld 

have resu l ted from at  l ast three causes. Fi rs t ly ,  the matched analys i s 

focu ses on external i nfl uences, w h i l e  the random anal y s i s  focuses more on 

in temal i n fl uences ( age , breed, sex ,  etc . ) .  Secondly ,  the n u mber of an i ma l s  

i n  the study d id  n ot provide suffic ient stat i st ical  power to  ensure that a l l  

re levant vari ables were i n  the fi n al mode l ,  a l thou2:h these were more 1 n  '--
common at the i mmediate ly  precedi ng stage of the anal y s i s .  Th i rd ly .  some 

vari ab les cou ld  be measured on ly  crude l y  further reduci n g  power. 

H owever, before the fi nal model s were produced. mu l t i v ari able analyses 

were performed for both compari sons on four separate g roups of vari ab les ,  

i . e .  cat  and owner  factors , the eat ' s  medical h i story . i ndoor and outdoor 

env i ronment ,  and diet .  The outcomes of those pre fi na l  analyses are 

presented i n  Tables 1 Oa and 1 Ob ( Append ix  2 )  for case random contro l  

an i ma l s  and in  Tables 1 1  a and 1 1  b ( Appendi x 3 )  for cases versus matched 

contro l s .  It is not iceab le  that another fi ve potent ial r i sk  factors were 

common for both comparisons and t hey were characterised by very s im i l ar 

odds rat ios .  They were as fol lows:  age at desex ing,  cat body weight .  the 

proport ion of commercia l  canned food fed dai l y  (w i t h  d i fferent odds 

rat ios ) .  the dai l y  quant i ty of fl u id  drunk  and two variables having i n  
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cmrunon i nsectic ides ( ant i -flea products used regu lar ly on eat ' s  bed and 

regu l ar u se of fly sprays on cat ' s i ndoor tetTi tory) .  

To avoid confus ion , the explanation of the potent ia l  r isk factors for 

deve loping fe l i ne hyperthyro id i sm w i l l  be d iscussed, w ith the two fi nal 

model s  together, and w i l l  be d i v ided in to four main  groups representi ng cat 

and owner factors ,  the medical h i story, env i ronmental factors and d ietary 

factors . 

Cat and owner factors 

Cat age 

The model s  s uggested that fel i n e  hyperthyro id ism affects o lder cats .  

Fi gure 1 ( shown in the Resul ts ) shows the mean of cats '  age d i stribut ion at 

the t i me of hyperthyro id i sm d iagnosi s i s  1 3  years 1 month ( 1 57 months ) .  

which i s  i n  a�neement wi th the average age at the ti me of the d i a�nos i s  of � � � � 
hyperthyro i d i sm for cats from al l stud ies  conducted so far ( B roussard et al . . 
1 995 ; Hol zworth et a l . ,  1 980: J ones and Johnstone ,  1 98 1 ;  Labuc and J ones.  

1 986 and 1 988 ;  Scarlett, 1 994 : Scarlett et al . ,  1 988 :  Peterson 1 984 and 

1 998 :  Peterson et al . . 1 979, 1 983 and 1 994; Thoday. 1 988 :  Thoday and 

M ooney. 1 992) .  

Fel ine hyperthyroidi sm resembles  one form of  human thyrotox icos i s  -

Pl u mmer' s di sease which  predonunant ly  affects o lder people  wi th  l ong­

standing goi tres ( B rownl ie  and Wel l s ,  1 990; Croxson . 1 997 ;  Studer and 

Gerber. 1 99 1  ) . H u man toxic  nodular goi tre is a s low, ins idious ly  de\'elop ing 

process in  which iodine exposure may precipitate thyrotoxicos is .  A COllli110n 

finding i n  human mul t inodular goitre i subcl i nical hyperthyroid ism, i .e .  

suppressed TS H secretion unresponsive to  thyrotropin-re leasing  hormone 

(TR H ), i n  the presence of normal seru m thyroxine and tri iodothyronine 
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levels ,  which often precedes the appearance of overt hyperthyroid ism ( Studer 

and Gerber. 1 99 1  a ) .  It can be assu med that s im i lar processes are occuning i n  

pre-hyperthyroid cats '  thyroid g lands but there has not been any research on 

pre-c l i n ical eval uat i on of fe l i ne hyperthyro id i sm from the seru m thyro id  

hormones val u es or  thyro id  g land  h i stology.  

Al though i t  was thought that toxic nodu l ar goi tre d id  not occur i n  ch i ldren :  in � u � 
fact it does and has been d iagnosed in  young human adu l ts aged 1 0  to 1 5  
years ( Studer er al. , 1 985 ) .  Th is  i s  again in  agreement wi th  the fel i ne 

condit ion.  where sporadic cases are reported as early as 4 year of age . 

Cat breed 

The pers i stent protect i ve effect of breed for S i amese cats was found in a l l  

three studies conducted so  far. I n  addi t i on , Kass et al. ( 1 998 ) found that 

H i mal ayan cat , wh ich  are genet ical l y  rel ated to S i amese,  have a 

d i min i shed r isk for developing hyperthyro id i sm.  The H i malayan breed i s  

n o t  a common breed in  N e w  Zeal and and these cats were u nder-represented 

in th i s  study.  Both Scarlett et al. ( 1 98 8 )  and the resu l t s  of  th i s  study,  

confi rmed that S i amese cats have a 1 0-fold lower l i ke l i hood for devel op ing 

the di sease. A l so ,  a lower prevalence i n  pure breed cats ha been noti ced in  

the Un i ted States ( Kass e t  al. ,  1 99 8 ;  Scarlett et  al. , I 9 8 8 ) and U n i ted 

K i ngdom ( B i axter and Gru ffydd-Jones .  1 994 ) .  This study may provide 

ev idence for genet ic factor( s) assoc i ated w i th th i s  cond i t ion or ind i cate a 

l ack  of exposure to the aetiologic agent( s ) ,  or j u st ret1ect d i fferences i n  the 

l i fe expectancy of pedigree cats compared to mixed breed cats .  However, 

from personal observat ions ,  it wou ld  seem that old S i amese cats are 

presented to veter inarian s much more frequent ly  than other purebred cats .  

Th i s  observation was al so confi rmed by personal  commu n ication w i th a 

n u mber of veteri nary pract i t ioners i n  New Zealand and overseas . 
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Cat sex 

Th i s  New Zea land study. in contrast to pre v ious reports ( Kass et aL . .  1 99 8 :  
Scarlett ,  1 994 and Scarlett et al . ,  1 988 ) ,  found t hat female  cats had 3 . 3  

t imes the ri sk o f  hyperthyroid ism compared t o  male  cats .  A l l  o f  the 

hyperthyro id  cats in  th is  s tudy were o variohysterectomi sed or castrated.  

Th i s  new fi nd i ng i s  in agreement wi th  the hu man inc idence of thyroid 

di sorders ( S tuder et al. ,  1 9 85 ) .  As  with most other thyroid di seases in 
people. the incidence of tox ic nodu lar goitre i s  three to fi ve ti mes h igher in 

females than in  males ( Studer et al. , 1 985 ) .  Th i s  human rat io i s  a lso wel l 

dupl icated in  th is  study ( Table 7 )  and i n  B rown l i e  and Wel l s '  ( 1 990 ) repmt 

about thyrotox icos i s  i n  No11h Canterbury, New Zealand. 

There are at least two possi ble explanations for the observation that hu man 

females ( and maybe female cats ) are more l i ke ly to be affected by thyroid 

disorders than males .  The first explanat ion of th i s  phenomenon is that it 

could be due to in heri tance . Whether the i nheritance is domi nant, or 

recessi ve ( as in  hu mans) ,  has not been determined . The reason for the h u man 

female predominance in autoi mmune thyroid di sease and other organ-speci fi c  

autoi mmune di seases i s  not known.  Evidence shows that genes on  the X or 

Y chromosome may i n tluence responses to i mmunoregul atory genes. with 

one gene mod ify ing another ( Volpe, 1 99 1  ) .  

Secondly,  t h e  underl y i ng assumption for the  fact s tated above seems to  be 

that sex hormones can affect i mmunoreg u latory mechan i sms ( Volpe.  1 99 1  ) . 
Th i s  addi t ional factor ( cat sex )  could be considered i n  further i nvest igat ions 

of the aet io logy of fel i ne hyperthyroidism.  
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Cat age at desexing 

Another variab le  was "cat age at desex i ng" w here category "don ' t  k now" 

e l evated hyperthyro id  ri sk  fou r  t i mes compared to categori es "6 months  of 

age or l ess" and "more than 6 mon ths of age".  

There i s  not a c lear exp lanation for the re lat ionsh ip  between "u nknown 

age" at dese x i ng and hyperthyro id ism.  The unk now n  age of the cat when i t  

was neutered,  on the other hand. may s i mp l y  b e  a n  ind icator that cats have 

had more than one owner and are more I i ke ly to orig inate from u nknown 

sou rces ; and because of  that t hese cats might have been exposed to constant 

or i n tenni ttent stress leve ls  ( i ncl ud ing starvat ion ) at some stage of the i r  

l i ves or  may be  they are just o lder than thought .  The fol l ow ing  two 

vari ables ,  "n umber of cat owners" and ' 'orig in  of  the cat" .  were s ign i fi cant 

in u n i vari ate case-random control analys is  (Tabl e  9a.  Appendi x  l )  but they 

di sappeared in the mu l t i variable case-random contro l  mode l .  As  ev i dence 

of a cat having had more than one owner, a d ifference of s ix  or more 

months  between cat ' s age and length of cat ' s ownersh i p  was assu med to 

s ign i fy that the cat had had more than one owner. 

Addi t ion al l y ,  d ifferences between sexes i n  t he effect of starvation on 

thyro id  hormones were shown in  the work of V i sser et al. ( 1 996 ) .  It i s  

known that gl ucuron i dat i on i s  a major pathway o f  thyroid hormon e 

metabol i sm i n  rats .  i n vol v ing at least three d ifferent hepat ic  U GTs ( U DP 

[ u rid i ne d iphosphate] -g lucuronylt ran sferases) :  b i l i ru b i n  U GT, phenol U GT 

and androsterone U GT.  V i sser et al.  ( 1 996 ) s tudied the effects of s hort­

term (3  days ) fast ing and long-term (3 week s )  food restric t ion to one-th i rd 

of normal i ntake on hepatic UGT act i v i t ies  for thyrox ine  (T..� ) .  

tr i iodothyronine ( T3 ) ,  b i l i rub i n  and androsterone i n  1nale a n d  female W i star 

rats w i th  e i ther a funct ional ( h igh  acti v i t y )  or a defect i ve ( low act i v i ty )  
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androsterone U GT gene . I t  is  known t hat food depri v at ion can i nduce 

central ly med iated hypothyro id i sm in rats and because of it, the resu l t s  of 

V i sser et al .  ( 1 996)  study were compared with the res u l ts obtai ned i n  

meth i mazole ( M M I  - anti -thyro id  agen t ) - induced hypothyro id  rats .  Both,  

shor1-term and l ong-term fast i ng .  produced l arge l y  para l l e l  i ncreases i n  T4 

and b i l i rub in  UGT act i v i t i es .  These effects were g reater i n  males than in  '-' 
fe males ,  and were reproduced in  M M f -treated rats .  V i sser er al .  ( 1 006 ) 

resu l ts demonstrated d ifferent  sex-dependent effects of food depri vat ion on 

hepatic T4 and T3 g l ucuron idat ion that are assoc i ated w i th c hanges in  the 

express ion of b i l i ru b i n  U GT and androsterone U GT, respect i ve ly .  For the 

increased T4 and b i l i rub in  UGT acti v i t ies  at  l east .  these effects appear to be 

mai nta ined by the hypothyroid state of the ( semi )starved an i ma l s .  Th is  

fi nd ing can exp lai n  part ia l l y, not  on ly the  d i fferences between sexes but 

a l so the above find ing where cats wi th  "u n known" or  "stressfu l "  orig i n  

( w i ld .  stray . found abandoned.  g i ven for adoption ,  from S . P.C . A  . .  etc . )  

were fou nd to b e  more at r i sk  o f  developing hyperthyro id i sm than cats from 

''known" or "not stressfu l"  orig in  ( bred in  pri vate homes or  by breeders ) .  

Cat n1edical history 

Diseases 

In sp i te of  the suggest ion that there may ex i st an i n fect ious  agent ( Scarl ett 

et al . ,  1 9 8 8 ;  Tayl or et al . , 1 989 ) which could serve as a potent ial 1i sk  factor 

for the deve lopment  of fe l i n e  hypetthyroidism, none of the prev ious stud ies 

conducted ident ify any spec ifi c  r i sk  associated wi th  part i cu lar i n fect ious or 

other di seases.  

From t h i s  study performed i n  New Zealand , the poss ib le  r isk factors that 

remai ned stat i st ica l l y  s ign ificant in  mu l ti vari able  model s  after  contro l l ing 

for age and sex were "hi story of any dental/oral cav i ty  d iseases" ( case-
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random contro ls  model ) and "ep i sodes of d iarrhoea" (case-matched control 

compar ison ) m the l ast 3-year period preced ing d iagnosi s of 

hyperthyroid i sm. 

Dental and oral cavity diseases 

Al though the "dental di seases' '  variab le was control l ed for cat age ,  the 

occurrence of dental d i sorders was associ ated wi th  a fi ve-and-hal f-fold 

h i gher r i sk  of developing hype11hyroid ism.  The pre l i mi n ary fi nd i ngs of a 

survey on a l l  d i seases of cats which was conducted i n  the  U n i ted States 

( A non . 1 996 )  suggest that ,  in younger cats ( 0  to 7 years . n = 9 1 48 ,  where n 

= number of observat ion s ) .  oral d i seases as a who le  were the most common 

abnormal i ty (9 .9% ) but less common than a d iagnos i s  of ' hea l thy '  ( 34 .21Jc ) .  

H owever, b y  seven t o  I 0 years of age ( n =  1 795 ) ,  oral cav i ty di seases ,  at 

20 . 1 o/c . d i splace heal thy ( 1 8 .9% ) as the most common d i sease category , 

wh i l e  i n  age group from I 0 to 25 years ( n=298 1 )  oral di seases are at 1 9 .5St 

in  compari son to  1 1 .9% regarded a heal thy .  Dental d i seases are we l l  

known t o  b e  a problem i n  the cat and they may or  may not i n vo l ve other 

body syste ms, and cou ld  be associated w i th  d i sturbances of the i mmune 

syste m.  

Diarrhoea 

I nc idents of di anhoea were associ ated w i th  a 7 .4-fo ld  h igher  r isk of 

deve loping hyperthyro id ism.  Th i s  assoc iat ion could be d i sputed tak ing 

i nto account  that d iarrhoea i s  a comn1on s ign (20% reported by cat owners 

versus 6% reported by veteri n ar ians ,  Tabl e  8 )  at the t i me of d iagnosis  of 

fe l i ne hyperthyroid ism.  I t  was very d i ffi cu l t  to estab l i sh  how cat owners 

were abl e  to di s t ingu i sh the occunence of d iarrhoea i n  the fol lowing t ime 

frame : ( i )  a t lu·ee year period precedi ng the d iagnosis  of h yperthyro id ism, 
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( i i ) the  i mmedi ate period preceding the d iagnosis ,  and ( i i i )  the period 

during  which  d i agnosis  was made . A thorough analysi s of d iarrhoea as a 

ri sk factor for fe l ine  hyperthyroidism requ i res a d ifferent  methodology such 

as a coh011 study and/or attempts to i so late potent i al i nfect ious  agent(s )  or 

d i etary factors .  Unfortu nately th i s  was not poss ib le  to do w i th the present 

data, and was beyond the scope of th i s  project .  

The poss ib i l i ty  of i mmunolog ical cross-reactions between infect ious 

agent ( s )  and thyro id  ant igens should be taken i nto account also.  Studies by 

Luo et ol.  ( 1 993 and 1 994 ) showed that i mmuni sation of mjce w i th  the 

en terobacteri u m  Yersinia enrerocofitica l eads to the  product ion of 

ant ibodies  against  the human TS H receptor ( TS H R ) .  These resu l ts 

. uggested that molecu lar mi micry ,  between Y. en terocolitica envelope 

prote ins and the TS H R .  might  p lay a role  i n  the i nduct ion of autoan ti bod ies 

to TS H R  as develops i n  humans Graves '  d i sease .  

However. d i arrhoea does not appear to be part of the · top I 0 fel i ne 

d iagnoses '  by age category i n  any age group  ( Anon . 1 99 6 )  and therefore 

th i s  may j ust turn out  to be one of a n u mber of ' s ide effects '  of 

hyperthyro id i sm. D i anhoea a lso was a s ign ificant vari ab l e  i n  u n i vari ate 

anal ys i s  of case-random an i mals  (Tab le  9c. A ppendix l ) . 

On top of those d i seases ment ioned above, several other ones were 

ident ifi ed i n  earl ier  anal yses . For example .  Scarlett et al .  ( 1 98 8 )  showed 

there was one pos ib l e  health  r i sk  factor, from the u n i variate screen ing ,  

' pre v ious uri n ary i nfect ions ' .  Th i s  ri sk factor was al so s igni fi cant i n  the 

un ivari ate case-random con tro l s  analys i s  in this New Zealand study 

together w i th  respi ratory and gastro in test i n al t ract d i seases . and i nc idents of 

d i arrhoea and starvation ( Tables  9b and 9c.  A ppendix 1 ) . I n  case-random 

pre-fina l  mu l t i var iab le  compari son th i s  New Zealand study confi rmed 

again associ at ions  between fel i ne hyperthyroid ism and resp i ratory and 
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ur inary tract d i seases and ep isodes of starvat i on ( Table l Oa ,  Append i x  2 ) . 
w h i l e  in  case-matched comparison - "cat b ite/fight abscesses" w as a 

s ign i fi cant factor ( Table  1 1  a, Append ix  3 ) .  

The increased r i s k  of developing hyperthyro id i sm m t h e  presence o f  cat 

figh t/bi te abscesses cou ld be l i nked to changes of hyperthyro i d  cats ·  

be  ha v i  our. Hyperact i v i ty and aggress i  veness/ i  rri tab i l  i ty are encoun tered in  

3 1  o/c and 33 Cff respect i ve ly  of hyperthyro i d  cats ,  as reported by New 

Zealand cat owners ( Table  8 ) . Th i s  cou l d  lead to more frequent  fight ing 

w i th other cats i n  the house or neig hbourhood . Fight i ng cats presumably 

spend t ime outside and they are obviously more l i ke ly to meet other cats \-v' i th 

i nfectious d iseases .  This latter fi nd ing w i l l  be  d i scussed in more deta i l  in the 

cat indoor and outdoor environmental section of the d i scussion . 

The study of J ones  et al. ( 1 995 ) on pre valence of fe l ine i mm u nodefic i ency 

v i rus i nfect ion i n  hypet1hyro id  cats d id  not su pport the i n vo l vement of that 

v i rus i n  the pathogenesi s of fe l ine hyperthyro id i s m. 

Preventati ve medicine 

Another i n terest i n g  fi nding coupled w i th the cats ' heal th  s tatus  was from 

the  un i variate case-random compari son .  I t  i nd icated the protect i ve effect of 

cal i c i vi rus .  herpesv i rus and pan leukopen ia  reg u lar vacci nat ion ( annual l y  i n  

N e w  Zea land ) a n d  al so fe l i ne leukaemia  v i ru s  vacc i nat ion ( FeLV ) ( Table 

9b, Append i x  1 ) . Th i s  is refl ected in protec t ive s ign i ficance for various 

answers to the fol lowing quest ion s :  ( i )  "How many t imes h as t he cat been 

to the vet over the l ast 3 years and on how many occasions  was th i s  for 

vacc inat ion?" : ( i i )  · 'Do you vacc i nate your cat agai nst  ca l i c i v i rus .  

herpesv i rus  and pan leukopen ia .  aga ins t  c h l amydia, and agains t  fe l i ne 

l e u kaem_i a  v i rus  ( Fe L  V )?" ;  ( i i i ) ' 'The recent  resu l ts of fel i ne l euk ae mi a  

v i ru s  ( FeLV ) and fel i ne i mmunodefi ciency v i rus  ( FI V )  tests ' ·  ( Table 1 2 , 

A ppendix  4 ) . H o wever a l l  t hose vari ables,  except the  cal ic i v i rus ,  
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herpesv iru s  and pan leukopen ia  vaccinat ion ( wi th "No" and "Yes" 

categori es ) ,  were n ot submi tted to mu l t i vari ab l e  analys is  because of h i gh 

number of mi s ing  observat ions .  The random control an i mals  were more 

l i kel y to be subjected to non rout ine vacc i n at ions  (chl amydia and Fe L V )  

and screen ing tests agai nst  re lat i ve ly recen t ly  descri bed d i seases such as 

Fe LV and F l Y than the cats from matched contro l s ,  so these facts cou ld  

i ncrease the  potent ial b ias .  On the  other  hand.  the  v acc i nat i on s i mply  could 

be a marker for cats which v is i t  the veteri narian at  least once a year and in  

general these cats rece i ve better care but  are a l so  t herefore more I i ke ly  to 

be found to have en larged thyroid g l and( ), so the protect i ve effect i s  

i n terest i n g .  '-

I ndoor and outdoor environ1nent 

Mul ticat households 

The resu l ts  from u n i v ari ate case-rando m contro l s  analys i s  w i l l  be di scussed 

fi rst .  

The hyperthyroid cats i n  th i s  N e w  Zeal and study  were more l i ke ly  t o  have 

another hyperthyroid cat in the household than random or matched contro l  

cats ( Table  6:  Tables  9d and 9e. Appendi x 1 ) . Often the  other hyperthyro i d  

cat w a s  re lated t o  t h e  cat under the survey suggest ing a poss ib le  genet ic  

pred i spos i t ion . From Table 6 we see that the other hyperthyro id  cat 

nu mbers were low,  as wel l  as the heal th i nformat ion on the eat ' s  re l at i ves 

was unavai lab le  in  most cases ,  so th is  fi nd ing shou ld be t reated wi th  

caut ion .  None of t hese mul t icat h yperthyro i d  households had a h u man 

member w i th a thyro id  g land d i sorder. 
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Tab le  6.  Other hyperthyro id  cats profi les  a l located to households of 
cases, matched and random contro l  group ; the i r  b lood 
re l at ionsh ip  to hyperthyroid  cat u nder survey and number of 
cats i n  t hat household 

No.  of Quest i onna ire type 
cats i n  B l ood rel at ionsh i p  o f  other cat ( s )  to Total 
house cat under survey C ases M atched Random 

contro l s  contro l s  

rrwo N ot rel ated Other hype rthyroi d  cat 2 I 
Total 2 1 

R e l ated Other hyperthyroi d  cat 1 

Total 1 

Th ree Not re l ated Other hyperthyroi d  cat 2 2 I 
or more Total 2 2 1 

R e l ated Other hyperthyroi d  cat 2 
Total 2 

Another very in teresti ng fi nding was that the households w i th hyperthyro id 

cat  were more l i ke ly to have a h u man ( most affected people  were females )  

w i th a h i story of  a t hyro id  g land d i sorder, see Tab le  7 .  

3 
3 
I 

1 

5 

5 

2 
2 

Table 7 .  H u man thyro id  d isorders profi les al located to households of 
cases, matched and random control cat g roups 

Quest ionna i re type 
Gender Thyro id  condi t ion  Cases M atched Random Total 

contro l s  contro l s 

Female Hyperthyroid i sm 4 2 6 
Hypothyroid i sm 1 1 1 3 
Total 5 3 1 9 

Male  H y perthyro id i sm 1 1 

Hypothyroid i s m  l 1 
Total 1 1 2 

Thi s  study revealed 1 1  persons report ing  malfu nct ion i ng thyroid g lands.  

n ine  of them were females ,  two males .  F ive of those females  and one male 

were from households with a hyperthyro id  cat ,  three females  from matched 
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con tro l s  and one of each. female and male ,  from random control s  type 

household . The total fig ure  of I I from the sample of 349 households 

taki n g  part i n  the study is h igher than the n at ional average . In New 

Zea land.  for example in North Canterbury. the ann ual i nc idence of 

thyrotoxicosi s was 25.8 per I 00 000 ( female 40.7 . mal e 1 0 .5 ) i n  a 3 -year 

( 1 983- 1 985 ) epidemiological study ( B rown l ie and Wel l s .  1 990 ) .  

T h e  h igher n u mber o f  people report ing  thyro i d  d i sorders from the 

hyperthyro id  cats households cou ld i ndicate e n v i ron mental  factor( s )  or 

even i nfect ious agent ( s ) .  The potent ia l  i n fect ious agent  could be 

tran s mi ss ib le  fro m  cats to people or v ice ver a. I n  B ro w n l i e  and Wel l s '  

report ( 1 990) the proport ion of pat ients  ( 7o/c ) with  a h i  tory o f  any acute 

i nfect ion ( tl u - l i ke .  acute bronch i t i s ,  gastro-enteri t i s . uri nary tract i nfect ion ) 

pr ior to d i agnos i s  d id not seem to be more than one wou ld  e xpect i n  the 

commu n i ty . The vari able ' i nfect i ve agent( s ) " and often long duration of 

symptoms before d ia anos i s  e makes the ident ificat ion of possib le  

env i ronmental  factors very d i ffi cu l t .  

Return ing to  cats. i n  fi nal mu l t i vari ab le  case-matched compan �on,  the 

den s i ty  of cats in a household was act ing  as a protect i ve factor if more than 

one cat was present in the household ( Table 5 ) . The fi nd i ngs i n  th i s  study 

are not compat i b le w i th the hypothes i s of an infect ious  agent as a r i sk 

factor. 

Lutt i k h u i s  ( 1 989 )  and Thoday ( 1 98 8 )  reported hyperthyro i d i s m  i n  a q ueen 
and her two mal e  offspring .  and in  two female  s i b l i ngs . Thi s  fam i l i al 

pre va lence cou l d  ind icate the ex istence of an i nher i ted pred isposi t ion to th i s  

d i sorder. S ince these cats were raised in  the same households ,  and h ad 

comJnon exposure to ri sk factor( s ) ,  thus the poss ib i l i ty of horizontal 



1 02 

transmiss ion of some un ident ified i n fect ious agen t ( s )  coul d  not be 

exc l uded.  

94.4% of hyperthyroid cats in  th i s  New Zealand study l i ved i n  homes in 

which there were no other hyperthyroid cats. 46.4% of hyperthyroid cats 

were from one cat hou seholds. 72 . 8% of hyperthyroid cats spent more than 3 

hours outside ( those more l ikel y  to meet other cats wi th  any infectious 

di seases ) .  The last find ing was assoc iated w ith decreased ri sk of developing 

hyperthyro id i sm in  un i vari ate case-random analy.  i s  (Tabl e  9d.  Appendi x  I )  

and i t  i s  i n  agreement  with Scarlett  et al. ( 1 9 8 8 )  who found an 1 1 -fo ld  

i ncrease i n  r i sk  i n  predomi nant ly  i ndoor cats compared w i th predomi nantly 

outdoor cats .  The above men t i oned "t i me spe n t  outs ide· ·  figure (> 3 hours 

per day outs ide ) for hyperthyro i d  cats i s  between the figures for cats from 

matched ( 6 1 .6c;( ) and random (82 .4c;( ) contro l s .  The "one cat households " "  

were less  common among the contro l s  (30 .4% in  matched and 40.09'c in  

random contro l s )  than in  cases and "other hyperthyroid cat ( s )  in  household" 

was more I i ke l y  to be true i n  the case group than in  the contro l s  ( Tab le 6 ) .  

Floor a s  cat beddi ng 

One of the potent ia l  r isk factors from the cat i ndoor env i ronment was the 

fl oor be ing  the cat ' s bed ( fi nal case-random mode l ,  Tabl e  4 ) .  

First ly ,  i t  shou ld be said that some of the c l i n ical s igns of  hyperthyro id i sm. 

l ike heat i nto lerance,  i n termi ttent increase of the body te mperature or 

i nabi l i ty to control the body temperature may force a cat to seek the cool est 

p l ace in the house, wh ich  may be t he floor. 

Secondl y ,  from th i s  study i t  appears that 99.2% of New Zealand houses are 

carpeted mai n l y  w i th 1 00% sheep wool carpets .  The woo l  wh ich i s  used 

for mak i ng those carpets is from New Zealand sheep fleece. B ecause of the 
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nature of the New Zeal and c l i mate , i nten s i ve an i mal  product ion ,  and 

genet ic make up  of the an i ma ls ,  sheep are prone to tly stri ke ,  l ice 

i n festat ions and gastroi ntest inal  parasi t i sm .  The fi rst two condi t ions  are 

treated w i th  organophosphates .  synthet ic pyrethro ids or  i nsect grovvth 

regu l ators on a regu lar basis a l l year around .  U nfortunate l y, al l of those 

chemical substances can leave res idues i n  the tleece. The cl i p  res idue va lue 

in  New Zea l and fi n e  wools  i s  on average 3 0-35 ppm ( parts per mi l l ion ) .  

I n ternational standards permi t on ly  up  to 5 ppm ( A non . 1 998 ) .  H o wever 

much of th i s  shou l d  be removed in process i ng .  Apart from the chemical 

res iclues,  the dyes u sed for wool dy ing ,  ant i -s tat ic  and ant i -microbi al carpet 

t reatments .  protect ion against soi l .  o i l -based and water-based sta ins  ( e .g .  
T\1 

Scotchgard , E-Garcl, I bergard ) and deodori s i ng,  shou ld  be consi dered 

a l so.  

The tloor, as a main type of eat ' s  bedd ing .  was associ ated w i th 6. 6-fold 

h igher risk of developi ng hypert hyro i d i s m  and i t  was supported by fi nd ing�  

from un i  vari ate analys i s  (Tab l e  9d,  Append i x  1 ) .  where other wool 

products were ind i cated as a potent ial r i sk  factors for hyperthyro id i sm.  

They were sheepsk i n  and wool len  art ic les  (o ld b lan kets ,  p i eces of o ld wool 

carpets. old wool garments )  used for a cat bed or beddi ng .  

A nother potent ia l  r isk factor from the un i  vari ate case-random anal ys i s  was 

sawdust wh ich  was used for bedd ing or l i tter  trays ( Tabl e  9d, A ppend i x  1 ) .  

H owever, t h e  u s e  of cat l itter per s e  was n o t  a r i s k  factor. i n  contrast t o  the 

fi ndi ngs of K ass et al. ( 1 99 8 ) .  The use of l i tter could be jus t  an i ndi cat ion 

of the d ifferent  l i festy le  of cats in  New Zealand which are predomi nant ly 

outdoor as opposed to cats in U . S . A  . .  w h i c h  have a predom_i n an t ly  i n door 

env i ronment .  
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Regular  use of anti-flea products on eat 's  bed/bedding and regular use 

of fly sprays at h ome 

The regular  u se of ant i -flea products on the eat ' s  bedding and regul ar use of 
fly sprays at home were ident ified as potent ia l  ri sk factors for develop ing  

hyperthyroid ism from the mult i variab le  fi na l  case-random and case­

matched compari sons,  respect ive ly .  

Natural  pyrethri n s ,  syn thet i c  pyrethroids and i n sect growth regu l ators are 

the mai n  act i ve i n gredients of ant i - fl ea products and a l so fl y sprays .  These 

fi rst two act i ve i ngredients  are postu l ated to be rel at ive ly  non tox ic .  

Pyret hr ins  have low mammal ian tox ici ty and  no  toxic effects have been 

observed in cats and dogs t reated vv i th pyrethri n s  or pyrethri n-contai n i ng 

products at recommended dose rates .  I n sect ic ides wi th  natural pyrethrins  

and yn thet ic pyrethroicls  l i sted as  the  mai n  components wou l d  be  more 

freq uent ly used than the others .  The reg u l ar use of ant i -tlea products at 

home and on the cat were s ign ifi cant on ly  i n  un ivari ate case-random 

analy s i s  (Tab les 9e and 9f. A ppendi x 1 ) .  Together, the cat ' s exposure to 

tly sprays. flea contro l  products u sed regu l arl y at home and ant i - tlea  

products .  u sed on cats or  eat ' s  bed/beddi ng .  cou ld  have an  addi t i ve and 

augmented t hyrotox ic  effects on the an i mal ' s  t hyroid funct ion , and th i s  

cou ld be  increased addi t ional l y  by  the  eat ' s  l ick i ng habi t s .  Th i s  study 

( u n i variate ana lys i s )  i ndicated that l ong act i ng (effecti ve for more then 

seven clay to up  to ten mont h s )  ant i - flea products used both at home and 

on the cat and/or cat '  s bed/beddi ng were assoc i ated wi th  a much h igher ri sk 

of developing hyperthyro id ism than the u se of  shorter act i ng products 

(effect i ve for up to 7 days ) .  

The regu l ar exposure of  cats to  commerc ia l  topical ectoparas i t i des  was 

associated w i th i ncreased r isk of develop i n g  hyperthyro idi s m  in the study 

of Scarlett et al.  ( 1 98 8 )  ( mu l t i vmi able  anal ys i s )  and in  the i n vest i gations  of 

Kass et al. ( 1 99 8 )  ( u n i variate analys i s ) .  B ot h  stud ies were not able to 
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ident i fy a speci fic conunerc ial  ant i - flea product or an i ngredient  con nected 

wi th the r isk . 

The formu lat ion of these ectoparas i t ic ide preparat ions s hou l d  be taken i n to 

account  not on ly from the poin t  of v iew of the ir  act i ve i ngredients but a lso 

from the other chemical s added to the formu l at ions ,  e .g .  flowi ng. b ind ing 

or prope l l ant  agents .  

Keeping in  mind that i t  i s  extre mely  d ifficu l t  to obtai n an accurate and 

deta i l ed h i story of flea control over a eat ' s  l i feti me.  any weight ing the rol e  

p layed b y  flea and tly control products,  and the res idues i n  New Zea land 

wool  carpets on the development  of hyperthyro id i sm mu st be quest ioned. 

Regular use of animal a nd plant origin fertilisers ( manure/organic 

fertil isers) on eat 's outdoor territory and drinking w ater from puddles 

Exposure to some env i ronmental chemica l s  ( e .g .  pest ic ides ,  herb ic ides ) i s  

known t o  induce thyroid abnormal i ties  i n  other spec ies  ( Fl orshe i m  et a l  . . 
1 963 ; Porter et al. , 1 99 3 ;  S ingh  H .  and S ingh T .P . ,  1 980 )  and cou ld p l ay a 

role i n  the pathogenesis of fel i ne hyperthyroidism. 

Art i fic ia l  fert i l i sers, pest ic ides ,  and herb ic ides app l i ed regu l arly to the eat ' s  

env i ronment have prev ious ly  been associated wi th  a n  i ncreased r isk of 

deve l op ing  hyperthyroidi s m  ( Scarlett et al. , 1 9 8 8 ) .  From th i s  study i t  

appeared that the regu lar u s e  of an imal  and p lant  orig in  fert i l i sers ( manure)  

on a eat ' s  outdoor terri tory and the eat ' s  hab i t  of d rink ing  water from 

pudd les per se were weak r isk factors i n  the fina l  mul t ivariable  case­

matched analys is ,  bu t  when these two variables were subjected to the 

i n teract ion , the odds ratio (OR) increased to 5 . 3  i nd icat i ng  the potent ia l  ri sk 

factor for hyperthyro id i sm ( Table  5 ) .  The fol lowing types of garden 

fert i l i sers were used i n  cat outdoor terri tory : b lood and bone (2 1 .9% ), sheep 

pel l et s  ( 1 8 . 5 %  ) ,  compost ( 1 7 .8% ) , and a v ariety inc lud ing comb i n at ions of 
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a l l  of the ment ioned above p lus  p ig/ch icken/cow/horse/l l amas/fi sh/seaweed 

man u re ( 4 1 . 8% ). New Zealand wi th  i ts wel l  developed agr icu l tural sector 

is a cou ntry where owners of pri vate sect ions may u se more n atural 

fert i l i sers t han art i fic ial ones. H o wever. the app l i cat ion of an i mal  orig in  

fert i l i ser cou ld  mi rror the  use of art i fic ia l  fert i l i sers, pest i c ides , herb ic ides 

and i n sect ic ides on farms and/or could contai n a factor wh ich can tr igger 

the c hanges wi th i n  the thyro id  g land i tse lf. 

Fi na l ly ,  the observation on dri n k i ng water from puddles  cou ld  be expla ined 

i n  two ways .  Accord ing to cat owners, 55% of the hyperthyro id cats show 

strong th i rst ( Table 8 ) .  therefore w here there is  a l ack of avai labi l i ty of 

other sources of water, they are forced to dri nk e . g .  from puddles .  baths  or 

con tai ners with col l ected rai n  water. The last two vari ab les ,  "water from 

bath ' '  and "ra in  water" . seem to be protect i ve factors i n  u n i  vari ate case­

random analys i s  and in pre-fi nal  mu l t i vari ab le case-random anal ys i s 

(Tables  9j and I Ob i n  Appendices I and 2 ) . I ncreased th i rst .  defi ned as the 

excess i ve dai ly i n take of fl u id  reported by cat owners.  was a potent ia l  ri sk 

factor for developi ng the hyperthyroid i sm in both pre-fi nal mul t i vari ab le  

analyses ( Tables 1 Ob  and 1 1 b ,  Appendices 2 and  3 ) .  Th i s  re l at ionsh ip  

cou ld  be false tak i ng in to account  that pol ydi ps ia  i s  a common s ign ( 55 o/c .  
Tabl e  8 )  at the ti me of d iagnosi s of fel i ne  hyperthyroidism and here i t  i s  

more an outcome of the d isease than ri sk i t  e l f. However, the habit of 

dri n k i ng from puddles cou ld point to an underl y i n g  prob lem wi th  a eat ' s  

heal t h ,  e . g .  a mi neral defic iency and i t  may be that the water from puddles 

pro v i des  t hat l ack ing nli neral . On the other hand, the  accuracy of  

observat ion on the cat dri n k ing habits cou l d  poin t  towards a more 

concerned, worried type of cat owner. 
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that 

environmental pol lutants and certain medications may cause goi tre by act ing 

directly on the thyroid g land or ind i rectly by altering i t s  regu latory 

mechan i sm and/or the peripheral metabol i sm and excret ion of thyroid 

hormones . The e pol lutants operat ing in  genetical ly predi sposed ind iv iduals 

may a lso t rigger pathogen ic mechani sms in the thyroid g land much more 

eas i ly  than in  non-genetical ly prone ones (Gaitan , 1 98 8 ) .  Further research i s  

needed to  c l ari fy t hese outdoor assoc i at ions .  

Diet 

Da i ly  canned food proportion a nd feeding a variety of canned food 

flavours 

The present tudy, as was the case w i th two pre vious reports ( Kass et al . .  
1 99 8 :  Scarlett e t  a l  . . 1 98 8 ) ident ifi ed i ncreased odds rat ios associ ated with 

an i ncreasi n g  proport ion of canned food in the diet .  Cats whose di ets were 

less than Y2 can ned food had 1 .6 t i mes the  r isk of those fed no can ned food 

at al l .  w h i l e  cats feel a l arger amou n t  ( �  Y2 ) of canned food i n  the ir  d ie t  had 

a 3 .4 t i mes greater r isk of deve lop ing hyperthyroid i sm ( Scarlett et al . .  
1 98 8 ) . S tudy resul ts  of Kass et al .  ( 1 99 8 )  suggested a two- to three-fo ld  

increase i n  r i sk  of  deve loping hyperthyroicl i  m among cats eat ing  a diet 

composed most ly  of commerc ial can ned cat food . 

Th i s  study demonstrated that eat ing ha lf  or more of dai ly  food requ i rement 

as canned commerc ial cat  food was associated with twi ce the r i sk of 

developing h yperthyroid ism ( fi na l  mu l ti variable case-random modeL see 

Tab le 4,  page 7 3 ;  Tab les 9g and 1 Ob,  A ppend ices 1 and 2 ) .  As shown in  

Tab le 4,  i t  was not iceab le  that .  in  sp i te of  the fact that the p-values for both 

categories of canned food were not s ign i fi cant ,  the v ari abl e  remai ned 

s ign ifi cant  in the final  model .  A l so ,  another i n terest ing factor appeared i n  
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Tabl e  l l a ( Appendix  3 )  (pre-final mu l t i vari ab l e  case-matched anal ys i s )  in  

w h i ch up to  Y2 dai l y  proport ion of d iet as a canned food acted as a 

protect i ve factor. Addi t ional ly .  the final  case-matched model ( Table S )  
suggested that feeding a variety of canned food fl avours cou l d  b e  a 

potential  ri sk  (0R=3 . 8 )  and th is  was complementary to the fi ndi ng from 

case-random compari sons .  

Fu rthermore , a d i mi n i shed ri sk was  found for cats wh ich  ate dry d ie t s  and 

w i th  the increas ing proport ion of dai ly  i n take of it the protect i ve val ue was 

i ncreas ing .  Tab le 9g in A ppendi x I .  I t  i s  very d ifficul t  to i n terpret  these 

fi ndi ngs. wh ich  are compat ible wi th  a h annfu l effect of commerc ia l  canned 

food but a l so w i th the protect i ve effect of dry food . The re l at i ve 

proport ions of canned and dry food were correlated . Not man y cats 

consu med pet ro l l  and/or pott l e  ( p l ast ic  tub  contai ner)  type of food . 

therefore no other substant i al exp lanat ion was avai l able .  

M any cats ate other type of food such as fresh raw meat,  cooked meat 

( d i nner leftovers ) .  dairy products and mi l k ,  cat treats or supp lement s .  After 

a u n i variate case-random anal ys i s  on the above ment ioned categorie s  of 

foods .  it was shown that :  

( i )  some of these d iet ingredients were associ ated wi th  h i gher ri sk  for 

deve lop i ng hyperthyroid ism,  e .g .  eat i ng  raw meat ; dairy products 

such as cheese, i ce cream. cream, yoghurt .  butter and mi l k  ( the  l ast 

three da i ry product are from mul t i variab l e  case-matched analys i s ) ; 

cooked meat and eggs;  add ing medic ines .  v i tami n s  and mineral s '-' '- '-' 

i nc lud ing kelp and yeast to cat food (Tables 9g to 9 i ,  Append i x  1 ;  
Tabl e  I Ob,  A ppend ix  2 ;  Tabl es I l a  and 1 1  b ,  Append ix  3 )  

( i i )  wh i l e  other types of food were of protective nature ,  e .g .  other 

sources of food such as sma l l  roden ts and b irds ;  feedi n g  the cat 

vegetables/rice/fru i ts ( the l ast one from pre-final mu l t i vari ab le  case-
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matched analys i s ;  see Tables  9 i ,  1 Ob and 1 1  b i n  A ppendices 1 ,  2 and 

3 respect i ve l y ) .  

I n  addi t ion .  i n  un ivariate case-random analys i s  i t  was found that c lean i ng 

the cat '  s food d i sh  more than once a clay and u s i ng a microwave oven to 

warm or defrost the cat '  s meal s was associ ated w i th increased r i sk  of 

deve lopi ng hyperthyro id i sm ( Tab le  9j A ppend ix  1 ) .  

A d ietary factor has al ways been offered a s  a preferred hypothes i s  for the 

cause of hyperthyro id i sm in cats , mai n ly  on account  of the fact that there 

ex i st s  an anay of thyro id  d i sorders fou nd i n  h u mans .  wh ich are caused by 

inadequate or excess i ve iod ine i nges t ion ,  inc lud ing goi tre and 

hyperthyro id i sm. 

There are some data i n  the cat canned food wh ich su ggest that commerc ia l  '-- '-
d iets may p lay a ro le  i n  deve loping hyperthyro id i sm. Canned foods may 

conta in  some ingredient (s ) which.  w i th  prolonged exposure. e i ther i nduce 

adenomatous hyperp las ia or trigger c l i n ical d i sease i n  a specie that 

i nherent ly  has a h igh prevalence of th is  les ion . There i s  abundant ev idence in 
l 'ivo and in l 'itro for a role  for iod ine as a regu lator of thyroid  growth and 

funct ion (Stucler and Gerber, 1 99 1  ) . 

The concentrat ion of iod ine  varies w i de ly  i n  commerc ia l  cat food i n  the 

Un i ted States ( Mu mma et al. , 1 986 ) and in New Zeal and ( Johnson et al . .  

1 992 ;  Tarttel i n  and Ford . 1 994) .  wi th  some foods contai n i ng very s ma l l  

amounts  and others , far above cur rent  recommendat ions for cats ( u p  to  1 0  

t i me s )  ( A A FCO, 1 99 3 :  J ohnson et al. , 1 992 ) .  Johnson et al .  ( 1 992 ) study 

of coiru11erc ia l  cat food preparat ions showed that iodi n e  concentrat ion can 

vary more than 1 00-fo ld .  
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Excess i ve i od i ne ingest ion can have a variety of phys io log ical  effects. The 

outcome depends on the fu nct ional state of the thyroid at the t i me of i od ine 

i ngest ion .  I n  genera l . a characteri s t i c  feature of i od ine- induced 

hyperthyroi d i sm 1 11 people is i ts t rans ient  course ( Rot i  and Vagenak i s .  

1 99 1  ) . but  once a hot nodule ( toxic nodu lar goitre )  i s  present.  iodine 

supp lements may cause permanent and progressi ve thyrotox icos i s .  

Admin i strat ion of  i od ine  can i nduce hyperthyro id i sm in  h u man pat ien ts 

wi th  non-tox i c  nodul ar 2:oi t re l i v i n 2:  i n  areas w i th  suffic ient  d ie tary iod ine :  '- .__ 
i n  heal thy people l i v i ng i n  endemic  i odi ne-defi cient  areas ( Rot i and 

Vagenak i s .  1 99 1  ) : and in euthyroid pat ients w i th autonomous ly  funct ion ing 

thyroid fo l l i c l es ( B i u m  et  al. , 1 976 ) .  

H owe ver. i f  excess 1 ve iodi ne i ngest ion was the  so l e  cau se of 

hyperthyro id i  m. it wou ld not accou nt for the cont i n uous .  auton omous and 

progress ive nature of the d i sease in cats. Tartte l i n  et al. ( 1 992 ) re vealed 

that cats '  thyroid hormone status i s  very sens i t i ve to i od i ne i n take. most 

l i ke ly exp la in ed by "Wo lff-Chai koff effect" ( 1 94 8 ) ,  a mechan i sm by which  

i norgan ic  iod ide uptake resu l ts  i n  transient  i n h ib i t i on of organ i ficat ion of 

thyro id  hormone and the reduced secret ion of the formed hormone .  The 

short- term ( 2  week s )  feed i ng of can ned cat food of wide l y  d i ffer ing i od ine  

content resu l ted i n  a dramati c  thyro id  response as measured by seru m free 

T4 ( i . e .  the h igher iodide i n take , the h igher the u rinary iod ine  excret ion ,  the 

lower the T4 concentrat ion ) .  That thyro id  respon e ( decreased T4 

concentrat ion ) may resu l t  i n  permanent thyro id  d i sease , such a nodu lar 

goi tre w i th or w i thout hyperthyro id ism.  

A nother study ( Ky le  e t  al. , 1 994 ) showed t hat long-term ( 5  months )  

feed i ng of  can ned cat food vary ing i n  iodin e  content supported the  concept 

that adapt i ve  mechani sms tend to mai nta in the b lood concentrations  of 

thyro id horn1one wi th in  the reference range in chron ic  states of h igh or low 
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d ietary iod ine  i ntake . H owever, the ir  data were insuffic ient  to draw 

conclus ions  about what spec i fi c  concentrat ions of i ntake are heal t hy or 

detri mental . Despi te normal thyro id  hormone homeostas i s .  it i s  we l l  

documen ted that in  chron ic states o f  iod ine  excess o r  de fic i ency .  e i ther  

state may fi na l ly  lead to  the  development of  goi tre i n  humans and ani mal s 

( Oe l ange and Erman s, 1 99 1 ;  M ar ine ,  1 928 ;  N agatak i ,  1 99 1 ;  Roti  and 

Vagenak i s .  1 99 1 :  Wol l man and B re i tman, 1 970 ) .  

The un i vari ate case-random analys is  reported in th i s  paper i ndicated a n  

i ncreased ri sk of  deve loping hypet1hyroid ism when  cats were regu larly fed 

supplements such as v i tamins  and mi neral tablets inc lud ing kelp ( h igh 

concentrat ion of iod ine ) .  brewer' s yeast along with Vege rnite and M armi te. 

and v::tr ious medic ines (Table 9 i .  A ppend ix  I ) . Because these vari ab les were 

characteri sed by a high number of tm ss 1 11g observat ions .  they were not 

subjected to mu l t i variable analysi  . Vegemite ( Austra l ian trademark ) i s  a 

yeast extract ,  whi l e  Marmi te ( B ri t i sh  trademark) i s  a yeast and vegetab le  

deri vative .  Both are used as a spread or  tlavouri ng for stews .  

Dogs and cats have a much greater dai ly  fl uctuation of serum T.�- val ues 

than h u mans due to lower hormone b ind in2:  in seru m and s horter seru m '--
half- l i ves ( Kapte i n  et al. , 1 994 ) .  I n  add i t ion ,  thyro id  hormones may be 

d i sp laced from serum-bi nd i ng prote ins  by endogenous or exogenous 

i n h i bi tors, e .g .  ole ic ac id ,  wh i ch is  frequent ly  added to commerc ial pet 

food.  

In canned pet foods, there has been a trend towards l ower ash content 

( ma i n l y  magnes i u m )  and towards gourmet products contain i n g  more 

an i mal t i ssue .  Iodine  concentrat ion s  may be h igher i n  gourmet cans 

contai n ing  marin e  fi sh  or pou l t ry products with rema ins  of thyro id  t i ssue 
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( Scarlett et al. , 1 98 8 ) . I n  the  present study, there was no assoc iat ion 

between eat i ng gourmet types of cann ed cat food and developing 

hyperthyro id i sm .  

A l so a xanthene dye, F D  & C Red No .  3 .  i s  added freq uent ly to pet food . 

Th i s  art i fi c i al dye contains  iod inated compounds, wh ich re lease free iodine 

during can t hermal processi ng resu l t i ng  in  h igher concentrat ion of th i s  

e lement i n  the fi nal product ( B arbano and De l l aval l e .  1 984 ) .  

Another trace e lement .  sele n i u m, p lays  an i mportant ro l e  i n  thyro id  

hormone metabo l i sm as an essent ia l  component of the  three deiodi nases 

( Arthur et al . .  1 996 ) .  D ietary selen i u m  concentrat ions and t h e  effects o f  i ts 

i ngest ion .  and the i r  relat ionsh i p  w i th fe l i ne hyperthyro id i sm have not been 

stud ied fu rther.  The selen ium topic  can become obscured by the widespread 

appl ication of synthetic ant ioxidant s  use i n  commerc ial pet food manufacture 

( Dodds. 1 995 ) .  The synthetic ant iox idants have the potent ial , for example .  to 

change the b ioavai l ab i l ity of v i tamin A (essential for many b iochemical 

pathways i nc luding thyroid metabo l i sm) .  v i tamin E and selen i um and may 

also alter ce l l u lar metabo l i sm by i nducing or lowering cytochrome P450. 
glutath ione peroxidase (a  selen iu m-dependent  enzyme ) .  and prostag landin 

leve ls .  The long term effects of synthetic preservat i ves and their  potent ial 

i nd irect i ntl uence ( s )  on thyroid hormone metabo l i sm shou ld be i n vest igated 

further. 

Apat1 from iodine,  most cat foods contain relat i ve ly  h igh concentrations of 

goi trogen i c  compounds l i ke phthal ates ,  which can be found i n  fi sh products, 

mi l k  and bov ine  t i ssue ( Mayer et al. , 1 972) .  There are many other 

goitrogeni c  substances (e .g .  phenol deri vat ives .  organochlori nes with 

pol ych lori nated b iphenyls [ PCBs] .  polycyc l ic aromat ic hydrocarbons [ PA H ] .  



l ]  3 

azo dyes) ,  wh ich cats may be e xposed to, e i ther through their  diets 

( part icu larly fi sh-based meal s )  or i n  the envi ron ment .  Some of these could 

contribute to the development of thyroid adenomatous lesions found in 

hyperthyroid cats .  Most of these substances are metabol i sed by 

glucuron idation . a process that i s  except ional l y  s low in cats .  The un i vari ate 

case-random analysi s in th i s  study indicated i ncreased 1i sk of deve loping 

hyperthyroidism when cats ate fresh raw meat , cooked meat , eggs.  dairy 

products and mi lk .  

Some other dietary ingredients are goitrogenic too , e .g .  calc ium in  rats on  a 

low-iodine diet ;  contaminated drink ing water; t1 uoride, rubid i um. n i t rate, and 

s u l phur-contain i ng compounds found i n  dri nk ing water ( Mc Laren and 

Alexander. 1 979) .  

A l so. some natural l y  occurnng goitrogens s uch as soybean.  some other 

beans .  on ion and garl ic powder or o i l .  seaweed i nc luding ke lp .  gums from 

seaweed ( carrageenan,  a lg inates ) ,  and l i n seed are extens i ve ly  u sed  as 

i ngred ients in  pet and h u man foods ( e .g .  pet rol l s ,  ice cream. sweets ) .  

Soybean products have been ut i l i sed very wide ly  a s  an ani mal protei n  

subst i tute i n  commercia l  pet food s i nce 1 93 3 .  These products are obtai ned 

by subject ing soybean to variety of technolog ical processes .  Onl y  three of 

twenty soybean products are produced by a heati ng process . They were 

adopted i n  1 964 w i th amendment and second acceptance i n  1 97 1 ,  i n  1 975 

and in 1 992 ( AA FCO, 1 993 ) .  

A lthough i t  eems unl ikely that dietary goitrogens acti ng alone can cause 

goi tre , it i s  qu i te poss ib le  that the ir  effects may be addit ive when i nteracting 

wi th other factors, such as iodi ne deficiency or excess,  i nc lud ing the day-to-
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day w ide swi ngs of i od ine content i n  the d iets ,  or other types of goitrogen 

from the env ironment ( from water, ai r and food )  and may contri bute to the 

overal l  i ncreasing inc idence of hu man and ani mal ' s  goi tre in endemjc areas 

( Gai tan . 1 988 :  McLaren and Alexander. 1 979) .  

A con s istent fi nding w i th a l l  of these goitrogens ment ioned earl i er, by  e i ther 

physio logic  perturbat ions or xenobiot ic  chemicals ,  i s  the hypersecret ion of 

TS H .  which by receptor-medi ated events places the rodent thyroid g land at 

greater risk of deve lopi ng ben ign or mal ignant tu mours through a secondary 

mechan i sm of thyroid oncogenes is .  

G l ucuronidat ion s hou ld  be ment ioned here a lso .  I t  i s  an i mportant react ion 

for the metabol i c  cl earance of a variety of endogenous and exogenou s 

substances. The cats defic i ency in g l ucuron i de syn thes i s  and the ev idence 

of  i n vol vement of at least three U GT i soenzymes ( U DP [ u rid ine  

di phosphate 1 -gl  ucur onyl transferases )  i n  the  g l  ucuron idat ion  of  thyro i d  

hormones i n  rats ( V i sser et a l  . .  1 993 ) req u i re a fm1her i n vest igat ion from 

the cats poi n t  of v iew .  I t  i s  very l i ke ly  that the con stant exposure of cats to 

modern art i fic ia l  goods/chemical s toget her  w i t h  the cats s l igh t ly  d i fferent 

genet ic con st i tu t ion for detox ificat ion processes can act as a synerg 1 st 1c  

factor and as a resu l t  predi spose cats to hypert hyro id ism.  

The combi ned effects of al l of the above hypotheses n eed to be c lari fied i n  

terms of the i n te rre lat ionsh i p  between the d i fferent factor i nvol ved and 

the i r  potent ial associ at ion wi th  hyperthyro i d i s m  in cats .  
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History and clinical findings in New Zealand hyperthyroid 

cats 

The c l i n ica l  express ion of the di sease was not the pri mary i n terest  of th is  

study.  However some data was obtained and i t  w as compared w i th other 

stud ies for in terest .  The percentage of h i storical and c l i n i cal fi nd ings in 

affected cats was anal ysed and presented in Tab le  8 .  Th i s  study inc ludes 

the percentage of affected cases reported separate ly  by cat owners and b y  

veteri nari ans .  I t  i s  noticeable  that t h e  frequency o f  many h i story and 

c l i n i cal s igns  in  the 1 993 report ( B roussard and Peterson . 1 99 3 :  B roussard 

et al. 1 995 ) was considerably decreased compared wi th  the early 1 980 

studies ( Hoen i g  et al . ,  1 98 2 :  Hol zworth et al . ,  1 980;  Peterson et al . ,  1 983 ) .  

Data fro m  th is  present study fo l low the same trend with a few except ions .  

Pol yphag i a, pol ypnoea and  sk i n  changes such  as  poor unkempt hai r coat 

and a lopecia  had s i m i l ar frequencies to those ones reported in earl y 1 9 80 

stud ies .  Wh i l e  vo1ce changes, decreased act i v ity and 

aggress i veness/irri tab i l i ty were much more frequent ly  found in e \v 

Zealand investigat ions .  mai n l y  when they were observed by cat owners.  

than in  the fi ve pre v ious reports .  

The severi ty o f  fe l i ne  hyperthyroid ism i s  thought to have reduced over the 

l ast 1 2  to 1 8  years i nce the fi rst cases were reported.  but  c l i n ical  s igns and 

physical  examjnat ion find ings  st i l l  rema in  u sefu l  i nd icators of t h i s  d i sorder.  

The reduct ion of the c l i n ical  s igns of hyperthyroid cats at the t i me of 

presentat ion to a veteri nar ian cou l d  reflect a h igher awareness among 

veteri n arian s of that condi t ion so that the cases do not have t i me to deve lop 

the fu l l  c lass i cal c l i n ical p icture.  
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Tab le 8 .  H i story and c l i n ica l  find ings  i n  s 1 x  i ndependent series of cases 
of fel i ne hyperthyro id ism ( NS=not spec ified; a i nc ludes 
powerfu l apex beat , gal l op rhythm and arrhythmias : h i nc ludes 
tachypnoea, dyspn oea, cough ing and sneezi ng ) 

Percentag:e of cases affected '-' 

B rou��ard 
This study and Peterson T hoday anJ Peter�on eT 1-loe n i g  eT 1-! o i Z \\ ort h  

Fi nu i ng "  ( 1 999) ( 1 993 ) M ouney al. ( 1 983 ) ol .  ( 1 98 2 ) eT (/ /. 
B roussarcl eT ( 1 992 ) ( 1 9 80) 

ct/ . ( 1 995 ) 

( 1 25 ca�e�) ( 202 ca�es ) ( 1 26 ca�es ) ( 1 3 1  C< ISe� ) ( 2-t cases ) ( I Q Che\ 1 
owner vet 

W e i g h t  lo" �  89 92 88 9-+ 9 R  8 3  1 00 
Pu l ;  p h a g 1 a  7-+ 68 -+9 7 8  8 1  79 7( ) 
1 1 ) peract i \ i t)  3 1  3-t 3 1 5 6  7 6  .., 70 .1 
Tachycarcl i � t  62 -+2 62 66 79 70 
Pt l l )  u r i a/pt > l ) d i p:-- ia 1 3/55 I 7/33 36 7 1 60 7 1  -10- .'i n  
Vo m i t i ng 30 2 6  -+-+ 30 5 5  3 3  -+0 
Heart m u r m u r  2 7 '' 

5-+ 3·-+'' 5 3  s 50 
D iarrhoea 20 6 1 5  }5 1 3 3  5 -1  50 
l ncrea\ed faeca l v u l u m e  8 2 8 3 1  N S 50 
A nnre x i a  NS NS 7 NS 2 6  N S  c;; 
Po l y pnoea ( pa n t i ng ) /'"1 9 25 , ,  N �  _..,_) 
I leal i n t n lerance 1 -t " N S  N S  2 5  s :'\ \  .1 
I nter m i t tent  fe ver 2 N S  1 9  25 8 70 
M u�c l e  '' eak ness 1 5  1 0  1 2  N S  2 5  s N S  
Mu,.c l e  t re mor 8 I 1 5  N S  s N S  
Cnnge>-r i ,·e heart fa i l u re 2 3 1 2  N S  :\ S  
l ncrea,.ecl na i l  gnl\\·th 1 2  1 2  6 s 1 2  s N S  
Dysp noea 1 3 1> 1 0 3 8h 1 1  N S  N S  
S k i n  c h a nge�:  } 3 2  7 5 8  3 0  

u n kempt ha i r  coat 48 -+5 9 
a lopec i a  6 -+ 3 

Vemra l  neck ri e x i o n  2 :1 NS N S  
H yperae mia o f  lll U C O U �  
m e m bra nes a nd " k i n  2 N S  N S  N S  N S :10 
Voice change 36 6 N S  N S  N S  N S  
Palpable  thyro i d  g l a nd 5 6  8 3  98 90 8 8  1 00 
l ll lermi t lent  decreased 
appe t i t e  N S  N S  N S  2 N S  N S TS 
Decreased appe t i te 1 1  8 1 6  1 0  N S  N S  N S  
Decreased act i v i t y  30 1 1  1 2  1 0  s N S  s 
Gal lop rhy t h m  1 5  s s s 
Aggressi vene�s/i rri tabi  I i t y  , .., 2-+ 1 0  N S  I s N S  'S _) _) 
T h i n  N S  N S  65 N S  s N S  N S  
H a e m a t u r i a  N S  N S  N S  3 N S  N S  N S  
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Seasonality of feline hyperthyroidism diagnosis 

The increased number of feline hyperthyroidism diagnoses in the warmer 

six months of the year, from October until March, could be accounted for 

in four different ways (Figure 1 8). 

(/) 
"(ii 0 c:: Cl 
-� 
"0 
..... 0 1 0  
>. 
(..) c:: Q) :::::J o-
� 

LL. 

0 

Jan Feb Mar A pr May Jun Jul Aug Sep Oct I\Ov Dec 

Month 

Figure 1 6. Pooled frequency of diagnosing hyperthyroid cats m New 
Zealand by month ( 1 25 cases) 

Firstly, some of the clinical signs of hyperthyroidism, like hyperactivity, 

heat intolerance, intermittent increase of the body temperature or inability 

to control the body temperature, are augmented when the ambient 

temperature is higher. The seasonality of diagnosis of feline 

hyperthyroidism in New Zealand is exactly in agreement with the same 

periodicity of human thyrotoxicosis; as studied in Wellington, New 

Zealand by Ford in 1 988. Ford suggested that patients were more l ikely to be 

diagnosed in the warmer weather as symptoms were less tolerable. 
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Secondly, those warmer months are connected with hol iday t ime i n  New 

Zealand.  The cats are often l eft at the catteries ,  where confirmation of 

vaccination for cal ic iv irus ,  herpesviru s  and panleukopenia is requ ired. The 

cats are more l i kely to be presented to a veterinarian ( and therefore more 

l ikely to be diagnosed with hyperthyroidism) for routine cal iciv iru s .  

herpesvirus and pan leukopenia vaccinat ion and deworming at that t ime of 

the year. The drop in number of hyperthyroid diagnoses in January could 

be associated w i th the traditional hol iday period in New Zealand and 

stricter financial budgeting after the high expenditure for Christmas in 

December. The h igh peak in February may to be associated with the 

coincidence of noticing c l in ical signs by cat owners after the an imal s are 

col lected from the catteries .  

The third explanation, cou ld be l inked to more t ime spent outdoors by cats 

during wanner months .  Higher temperatures encourage cats to go outside. 

Th is fact increases the possibi l i ty of contacts with other cats (potential for 

developing cat fight/bi te abscesses) and the probabi l ity for obtain ing prey 

food . Most New Zealand domestic cats have a d ifferent l i festyle from US 

cats .  Thi s  study revealed that New Zealand cats are predominantly outdoor 

cats .  72 .3% of all cats participating in this study spent more than 3 hours a 

day outside; 7 1 .5% of al l  cats slept predominantly inside the house at night 

and 94. 1 %  of all cats had unrestricted access during 24 hours from the 

house to a rel at ive ly big outside area. From the univariate case-random 

comparison more than 3 hours per day spent outside was a protective factor 

( 0R=0.57 1 7) as wel l  as occasional to frequent cat fights (0R=0.4856), in 

contrast to cat behav iour reported as l azy or very l azy which was associated 

with i ncreased r isk of developing  hyperthyroidism (OR=2.7767) (Tables 9d 

and 9e, Appendix 1 ) . These findings are i n  agreement with Scarlett et al. 
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( 1 988 )  ' cats l i v ing strict ly indoors ' identified as at increased ri sk for 

developing the hype11hyroidism.  

From un ivariate case-random analys is ,  other sources of food, in  particu lar 

prey food such as smal l rodents (mice) and birds and hunt ing behaviour 

were acting as protective factors with OR = 0 .3432, OR = 0.457 1 ,  OR = 

0.4809 and OR = 0 .464 1 respectively (Table 9 i ,  Appendix 1 ) . I f  an 

infectious agent i s  responsible for development of hyperthyroidi sm,  i t  

seems that i t  i s  not readi ly transmi ss ible between cats and i t  i s  very un l i kely 

that the rodents or birds are the potential natural reservoir of thi s  agent .  As 

mentioned earl ier, prey food was acting as a protective factor wi th OR = 

0 .5  (Table 9 i ,  Appendix 1 ) .  

The last potential explanation for the seasonal i ty of fel ine hype11hyroidi sm 

in  New Zealand cou ld  be l inked to dietary i odine in take . From h uman 

studies, it is apparent that iodine intake has increased in Britain ( Hal l  and 

Lazarus,  1 987 ) ,  Denmark ( Haas et al . ,  1 98 8 )  and in New Zealand (Cooper 

et a l . ,  1 984 ) and it has been suggested that dairy products contrib ute to 

dietary iodine intake. I n  this study it was found that eating dairy products 

and drinking mi lk  were associated with an i ncreased risk of fel ine 

hypet1hyroidism. In  New Zealand, probably ,  there i s  no seasonal variation 

in iodine content of mi l k  because cows are pastured al l year round,  but 

iodophors are u sed as ant iseptics in the dairy i ndustry so that can influence 

the iodine content of mi lk .  M i l k  iodine levels  in  New Zealand, in the 

period 1 97 8 - 1 979, when iodophor dis infectants were widely u sed in  the 

dairy indu stry were from 0. 1 to over 0.5 mg of iodine/kg of non - fat milk ,  

whi le  in the period 1 987 - 1 988 ,  when other dairy dis infectants were 

prefened, they were l ess than 0 .25 mg/kg (Sutcl i ffe , 1 990) .  I n  general , 

concentrations of i odine in  mi lks  vary widely according to geographical 

region and in takes from the diet, dietary supplements, and iodine 
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contain ing pharmaceutical s (Casey et al . ,  1 995) .  Concentrat ions have been 

reported to be h igh  in colostrum and decl ine  wi th  duration of l actat ion in 

cows and h u mans .  New Zealand surveys found that iodine concentration in 

mature h u man mi l k  is around 49 ng/ml (Johnson et al. ,  1 990), whi l e  for 

cow ' s  mi l k  70 ng/ml (Sutcl iffe, 1 990) and 2 1 9  ng/ml (Johnson et al. ,  
1 990) .  These figures are i n  agreement with the resu l ts reported from other 

countries ,  wi th  the exception of a much h igher figure reported by Johnson 

in 1 990 (2 1 9  ng/ml ) .  Thi s  h igh  iodine concentration was observed for 

cow' s  mi l k  in  the Wel l i ngton area.  M i l k  wi th that h igh iodine content 

wou ld  provide supraphysiolog ical quanti t ies of iodine when ingested. 

Addit ional ly .  i odine concentrat ions are low in l ush ,  fast growing pasture i n  
areas of h igh rainfalL which means that intake from pasture i s  l i ke ly  to be 

the lowest in autumn and in late winter/early spring . Unfortunate ly .  the 

present researcher was not abl e  to find any more detai led data rel ated to the 

above i ssues from a New Zealand perspect ive .  



1 2 1  

Concl usions 

The present study has identified a number of risk factors that are 

stati stically assoc iated with the presence of fel ine hyperthyroidism. By the 

nature of the study, being an owner-directed, questionnai re -based. case­

control study, it has been restricted to exploring some of the host and 

environmental epidemiological  factors , and we can on ly propose biological 

explanations .  Nevertheless, there are a number of themes that run through 

the study and supp011 other publ i shed findings .  These poin ts are rel ated to : 

( i ) age of the cat, 

( i i )  cat breed, 

( i i i )  type o f  diet and feeding practices ,  

( iv )  the pattern of use of  insecticides (anti-flea treatment of  eat ' s  

bed/bedding and frequent u se of  anti-fl y  sprays a t  home ) ,  

( v )  regu lar app l ication of fert i l i sers o n  eat ' s  outdoor tenitory . 

There was some evidence suggesti ng that alternat ive food sources such as 

catch ing and eating rodents and b irds were protect ive ,  as were the 

cal ic iv irus ,  herpesvirus and pan leukopenia, and FeLV vacc inat ions .  The 

vaccinations were directly connected wi th a routine veterinary check during 

the previous year. Some of those findings could be s imply  a marker for 

cats that receive 'better' ( i n  human context)  than average care, 'enjoy'  

longer l ives ,  are very c lose to thei r  owners (from the emotional perspective 

these owners are dependant on them), and are more l ikely to reach an age at 

which cats deve lop hyperthyroidism. 

On the other hand, a strong support for breed predi lection and a new 

finding of a gender predi lection for the disease, suggest a s trong genetic 

predisposi t ion,  but no work in thi s  area h as been carded out to-date. 
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Further thoughts on the aetiology of feline hyperthyroidism 

The resu l ts of this observational study onl y  provide usefu l  l eads to the 

aetiology of fe l ine hyperthyroidi sm. However a case-control study aims to 

generate hypotheses - they then have to be tested by other research 

methods. More research is now necessary to : 

• evaluate the role of cat breed on risk  

• evaluate the  role of  cat sex and cat' s age a t  desexing on chance of 

developing hyperthyroidism 

• analyse the occunence of "c l usters" of hyperthyroid households 

i ncluding cats and humans 

• characterise exposure of cats and humans to i nsectic ides .  along with 

anti -flea sh011 and long acting formu lat ions ,  insectic ide and dye res idues 

i n  wool u sed for carpet production , anti -tly  preparations .  anthe lminthic 

residues and manure (an imal and p lan t  orig in  ferti l i sers ) ,  and explore 

the thyrotox ic potential of such exposures 

• examine fm1her the possible ri sk factors m i ndoor environments .  e .g .  

di fferent types of l i tter and bedding including sawdust, wood shavings 

and wool types 

• research the owner - pet rel at ionship to detennine how i t  affects the 

environment from the hol i stic point of view 

• evaluate the relat i ve composit ions and changes over t ime of canned 

versus dry commercial  cat foods 

• explore the frequency of mult inodul ar adenomatous hyperplas ia i n  cats 

in other countries tak ing in to account feeding practices before and after 

the i ntroduction of corrunercia l  canned and dry cat food 

• i nvestigate the cunent frequency of mult inodul ar adenomatous  goitre i n  

cats wi thout c l in ical s igns during rout ine post mortem exarninations 
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• explore thyroid t issue behaviour over the cats ' l i fe span together wi th 

the thyroid function i n  o lder, non hype11hyroid ani ma ls  

• study the frequency of fel ine hyperthyroid ism in  other fel id species kept 

in zoos ,  semi -captiv i ty and i n  the w i ld  

• explore the b iochemical and molecu lar aspects of the g l ucuronide 

synthesis in hea1 thy humans and humans diagnosed wi th toxic nodular 

goi tre and compare these resu l ts w i th g lucuronidation findings from 

healthy and hyperthyroid cats 

As mentioned earl ier, other studies have found s imilar associations belween 
age,  breed, diet ,  insectic ide and fert i l i ser u sage ,  and th i s  study reinforces 

those findings .  The possib le effects of sex and, in part icu l ar, animal/plant  

origi n (organi c )  fert i l i sers usage have not been reported before and warrant 

further investigations .  In order to i nvest igate these rel ationships further. 

one would need to resort to other epidemiological techni4ues .  such a:::. paLi l 
analysi s (Martin and Meek, 1 986) .  

On the basi s of the epidemiological findings made in  thi s  study, i t  i s  l ike ly 

that fel ine hyperthyroidism may have a mul t ifactorial aetiology .  Genetic 

predi sposit ion,  environmental exposure to some factor( s )  (e .g .  cat l i l lcJ . 
chemical sprays and ferti l isers appl ied in  cats territory), nu tritional 

const i tuents (can ned food),  immunological factors, and even possib ly 

infectious agent(s )  may a l l  i nfluence the devel opment of the disease . 

Further invest igations may uncover the cause of th is  disease and may help 

in the development of adequate preventive measures, and e ventual l y  ma) 

l ead to a lower percentage of affected cats. This  would enab le us to reduce 

the i nconvenience of treating a hyperthyroid  cat and reduce associated 

expenditure .  The last two features would be warmly welcomed by cat 

owners. 
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When studying  the epidemiological characteristics of a d isease, i t  i s  

important to conduct multiple studies ,  preferably in different populations and 

using different investigational strategies. A l so, it is becoming i ncreasingly 

c l ear t hat app lications of concepts from c l in ical b iochemistry and 

molecu lar genetics (e .g .  representational difference analys is [RDA] ,  

Lis i tsyn , 1 995)  can fac i l i tate the  identifi cation of  both risk factors for the 

individual cat and populations at ri sk for a number of d iseases ,  including 

the ones with unknown aetiology. lt i s  i mperati ve now to start considering 

and appl ying molecu lar genetics and b iochemical methods to support 

epidemiolog ical studies of fel ine hyperthyroidism. 
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Table  9a. U n i vari ate anal ysi s resu l ts showing signifi cant vmiables  (p < 0. 1 )  and thei r 
categories for case and random control  an i ma ls ,  displaying  leve l  of 
s ign i ficance (p) for the variable,  odds rat ios (OR), 90% confi dence i n terval s 
around the OR, and leve l  of s ign i fi cance (p ) for ch i -squared test . Vari ab les "*" 
were submi tted to m u l ti vaJiab le  logi stic regression ana l ys i s .  

C a t  and owner factors 

OR 90% er for Chi -
Variables p (Exp(B))  Exp( B )  Squared df p 

Lower Upper (mode l )  
Moving house* 0.0057 1 1 . 208 2 0.0037 
No 1 .0 
Once 0.0050 2 .7675 1 . 5233 5 .0278 
Twice or more 0.2853 0.6648 0.3546 1 . 2463 
Length of l iv ing* 7 .372 J 0.025 l 
a t  p resent add ress 0.0290 
Up to 3 years 1 .0 
3 to 6 years 0.0330 2 . 2652 1 .2056 4 .2563 
> 6 years 0.0 1 04 2 . 3048  1 .3484 3 .9395 
No. of chi ld ren* 0.0446 8 .722 3 0.0332 
None l .O 
One 0 .7456 0 .8777 0.4530 1 . 7006 
Two 0.0228 0.4260 0 .2299 0.7892 
Three or more 0.058 1 0 .2737 0.0889 0.8427 
Females with 
thyroid d iseases* 2 .977 l 0.0845 
No l .O 
Yes 0. 1 365 5 . 1 65 8  0. 8420 3 1 .6927 
Cat age* 1 57 .773 2 0.0000 
5 mths to 9 years 0.0000 1 .0 
9 to 1 2  years 0.0000 1 3 .3066 5 .06 1 3  34.984 1 
> 1 2  years 0.0000 1 34.3967 5 1 .608 1 349 .9932  
Length o f  cat 
ownership* 0.0000 1 04.5 1 6  4 0.0000 
Up to 3 years 1 .0 
3 to 6 years 0 .0807 4 .2550 1 .0882 1 6 .6375 
6 to 9 years 0.0247 6 .5952 1 .6575 26.243 1 
9 to 1 2  years 0.0002 1 7 .077 4.7753 6 1 .0687 
> 1 2  years 0.0000 98.929 27. 1 00 36 1 . 1 35 
N u mber of cat 
owners* 3 .969 1 0 .0463 
One 
More than one (>6 1 .0 
months di fference) 0.0489 1 . 8503 1 . 1 067 3 .0936 
Cat origin* 4.228 1 0.0398 
"Unknown" 1 .0 
"Known" 0.0407 0 .5885 0 .3843 0.90 1 2  
Cat breed * 0.0287 1 8 .274 3 0.0004 
D S H  1 .0 
D LH 0.5565 1 . 2 1 6 1  0.7035 2 . 1 022 
S iamese 0.0064 0.0585 0.0 106 0 .3243 
Other pure breeds 0.3 175 2 .3387  0.5779 9.4639 

J 
I 

I 

I 
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Table  9b. U n i v ariate ana lys is  resul ts showing s ign ificant variables (p  < 0. 1 )  and thei r 
categories  for case and random control anima ls, d i sp l ay ing  leve l  of 
s ign i fi cance (p) for the vari able,  odds rat ios (OR), 90% confidence in terval s 
around the OR, and leve l  of s ign i fi cance (p)  for chi -squared test. Vari ables "*" 
were submi tted to mult i va1i ab le  l og isti c regression anal ysi s .  

Cat factors i nc l udin g  medical h istory 

OR 90% CI for Ch i -
Vari ables p (Exp(B ))  Exp( B )  Squared df p 

Lower Upper (mode l )  

Pu re breeds 0. 1 032  7 .732  2 0. 0209 
No (DSH/DLH) l .O 
Bred in  NZ 0.0362 0.3244 0. 1 340 0 .7854 
Bred overseas 0.6889 0.00 1 8  0 .0000 3 1 6 1 06394 
Cat sex* 7 .797 1 0.0052 
Male  l .O 
Female 0 .0056 2 .0393 1 .3358  3 . 1 1 34 
Cat age at 
desexing* 0 .0047 1 1 .374 2 0.0034 
Up 6 or at 6 mths  1 .0 
> 6 mths 0 .08 1 0  0.6 1 23 0 .3856 0.9723 
Don ' t  know 0 .049 1 2 . 1 359 1 . 1 326 4.02 8 1 
Calicivirus, 
h erpesvirus & 
pan leukopenia 
vaccine* 1 9 .978 l 0.0000 
No l .O 
Yes 0 .0000 0.2492 0. 1 454 0.4273 
Caliciv i rus, 
h erpesvirus & 
panleukopenia 
vaccine 
frequency 0.0002 1 8 . 5 1 4  2 0.000 1 
Never gi ven 1 .0 
G i ven annual l y  0 .0483 0.3887 0. 1 769 0 .854 1 
G i ven i rregul arly 0.4886 1 .4480 0.60 1 0  3 .4883 
Fel i ne leukaemia 
v i rus vacci ne* 1 5 .537  l 0.000 1 
No 1 .0 
Yes 0 .0066 0.0592 0.0 1 07 0 .3278 
Dental diseases* 20.242 1 0.0000 
No 1 .0 
Yes 0 .0000 3 .3629 2 . 1 3 1 2  5 .3065 
Respiratory tract 
d iseases* 4.0 1 4  1 0.045 1 
No 1 .0 
Yes 0 .0487 1 .9664 1 . 1 1 84 3 .4574 
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Tabl e  9c. Un i vari ate ana lysi s resu l ts showing si gni ficant  vari ab les  (p < 0. 1 )  and the i r  
categories for case and random control ani mals ,  d i sp lay ing leve l  of 
s ign i ficance (p) for the vari able, odds rat ios (OR),  90% confidence in terva l s  
around the OR, and level  o f  s ign i fi cance (p )  for ch i -squared test. Variables "*" 
were submi tted to mul t i vatiable logi sti c regression anal ysi s .  

Cat medical h istory - cont in ued 

OR 90% C l  for Ch i -
V ari ables p (Exp(B ) ) Exp( B )  Squared df p 

Lower Upper (mode l )  

U ri nary tract 
d iseases* L 3 .870 L 0 .0002 
No L .O 
Yes 0.0004 3 .4849 L .9488 6 .23 1 8  
Gastroi ntestinal 
tract d iseases'� 3 .002 L 0.0832 
No L .O 
Yes 0.09 1 8  2 . 1 465 L .O L 89 4 .5222 
Diarrhoea * 5 .29 1 1 0.02 L 4  

0 1 .0 
Yes 0.0242 2 . 1 5 1 2  1 . 2299 3 .7626 
Starvation* 9 . 1 59 I 0.0025 
No L .O 
Yes 0.0036 2 . 8398 L . 5740 5. L 237 
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Table 9d. U n i vari ate anal ysi s resu l ts showing s ign i fi cant  vari ables (p  < 0. 1 )  and their 
categories for case and ran dom control animals, di sp l ay ing leve l  of 
s ign ifi cance (p) for the variable ,  odds ratios (OR),  90% confi dence in terva ls  
around the OR, and level  of s ign i fi cance (p)  for ch i -squared test. Variables "*" 
were submi tted to mul ti vari able l ogist ic regression anal ysi s .  

Cat i ndoor and outdoor envi ronment 

OR 90% Cl for C h i -
Vari ables p (Exp(B ) )  Exp( B )  Square df p 

Lower Upper ( mode l ) 

Pasture* 2 . 8 8 5  l 0.089-t 
No 1 .0 
Yes 0.0934 0.5589 0 . 3 1 60 0.9887 
I nd ustrial area''' 4.065 1 0.0438 
No 1 .0 
Yes 0.0920 0. 1 600 0 .0268 0.9574 
Time outside* 3 . 3 34 I 0.0679 
0 to 3 h/day 1 .0 
3 to 24 h/day 0.0705 0 .57 1 7  0 .3438 0 .9506 
Bedding-floor* 1 5 .930 1 0.000 1 
No 1 .0 
Yes 0.000 1 3 .4937 2 .0355 5 .9967 
Bedding-
sheepskin* 2 .865 I 0.0905 
No 1 .0 
Yes 0.0954 1 . 8355 1 .0083 3 .34 1 2  
Bedding-wool*  L 1 .632 1 0.0006 
No L .O 
Yes 0.0008 2 .4255 1 . 5738  3 .7382 
Cleaning method 
of bedding-wash* 2 .829  l 0.0926 
No 1 .0 
Yes 0.0936 1 .5468 1 .0083 2 .3730 
Sawdust used for 
bedding/l i tter 
t rays''' 3 .29 L 1 0.0697 
No l .O 
Yes 0.09 1 1 3 . 1 480 1 .0307 9 .6 1 46 
Other 
h yperthyroid cats 
in the household * 5 .2 1 1 1 0 .0224 
No 1 .0 
Yes 0.0639 7 .3460 1 .25 1 0  43 . 1 365 
No. of other 
hyperthyroid cats 
i n  the household 0.2983 5 . 824 2 0.0544 
0 1 .0 
One 0. 1 325 5 .2542 0 .8563 32 .24 1 6  
Two or more 0.69 1 1 5 1 7 .64 1 5  0.0000 8 . 873E+ l 3  
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Table  9e . Un ivari ate analysi s resu l ts showing s ign ificant vari ables (p < 0. 1 )  and the ir  
categories for case and random control ani mal s ,  d isp layin g  level of 
s ign i ficance (p) for the variab le ,  odds ratios (OR),  90% confidence i n terval s 
around the OR, and level of s ign i ficance (p )  for ch i -squared test. Vari ables "*" 
were submi tted to mul t i vmiable  logist ic regression anal ysi s .  

Cat environ ment - con t inued 

OR 90% Cl  for Ch i -
Vari ables p (Exp( B ) )  Exp( B )  Square df p 

Lower Upper ( mode l )  

Hyperthyroid cat 
relation to cat 
u nder the survey 4 . 1 83 1 0.0408 
No 1 .0 
Yes 0.6279 504.7073 0.0000 7 .5 1 2E+ 1 1 
Other pets i n  the 
household -rab bits 5 .594 1 0.0 1 80 
No l .O 
Yes 0 .5752 0.0020 0.0000 1 727 1 0 .8 1 
Cat weight* 0.0000 64. 8 29 2 0.0000 
Normal 0 . 1 204 1 .0 
Heavier 0.0000 0.4879 0 . 228 1 1 .0434 
Lighter 0.0025 1 1 .709 1 6 . 1 1 43 22.4234 
Cat behaviou r* 0.0024 1 2 .767 2 0.00 1 7  
Normal  l .O 
Acti ve/energer ic 0 .85 1 6  0.9360 0 .5232 1 .6745 
Lazy/very l azy 0.00 1 0  2 . 7767 1 .667 1 4 .6250 
Cat fighting 
behaviour* 7 . 90 1 1 0 .0049 
Never/seldom l .O 
Occasi onal ! y/freq-
uently 0 .0053 0.4856 0.3 1 7 1  0 .7437 
Flea control at 
hon1e* 7 .767 1 0 .0053 
No l .O 
Yes 0.0059 2 . 1 627 1 . 3636 3 .4302 
Flea control at 
home - p roducts 0.0037 1 1 .99 1 2 0 .0025 
None 1 .0 
Short actin g  0.3064 0.4276 0. 1 09 1  1 .6762 
Long act ing 0.002 1 2 .6236 1 .5672 4 .3922 
Flea control at 
home-frequency 0.0392 6.674 2 0.0355 
0 1 .0 
1 to 2 per year 0.0 1 35 2 . 1 527 1 .2924 3 .5858  
> 2 per year 0.4464 2 .5597 0 .336 1 1 9 .497 1 
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Table  9f. Un i vari ate anal ysi s results showing s ign i ficant vmiables (p < 0. 1 )  and their 
categ01ies for case and random control ani mals ,  d isp laying level  of 
s ign i ficance (p) for the variab le ,  odds rat ios (OR), 90% confi dence in terval s 
around the OR, and level  of s ign i ficance (p)  for chi -squared test. Variables "*" 
were submi tted to mu l ti vatiable l ogist ic regression anal ys i s .  

Cat environ ment - continued 

OR 90% Cl  for Ch i -
Vari ables p (Exp(B) )  Exp( B )  Square df p 

Lower Upper ( mode l )  
Chemical sprays 
on indoor plants* 0 . 1 793 5 . 2 1 5  2 0.0737 
None 1 .0 
Pest icide/fungic ide 0 .0638 7 .3553 1 . 2522 43 .2048 
Pesti c ide 0 .9598 1 .0522 0.2003 5 . 5268 
Chemical sprays 
on indoor plants-
frequency 3 .292 1 0.0696 
None l .O 
1 to 1 5  x per year 0.09 1 1 3 . 1 494 1 .03 1 0  9 .6204 
Chemicals added 
to flower vases 3 .003 1 0.083 1 
No 1 .0 
Yes 0.0874 0 .5455 0.3044 0.9774 
A nti-flea p roducts 
used regularly on 
eat's  bed * 6 .09 1 1 0.0 1 36 
No 1 .0 
Yes 0.0328 5 .3470 1 .4693 1 9 .4589 
Type of anti-flea 
products used 
regularly on cat* 0.0592 6 .3 1 8  2 0.0425 
None 1 .0 
Short acti ng 0 .9444 1 .0 1 96 0 .6457 1 .6 1 00 
Long act ing 0.020 1 3 .0272 1 . 3 827 6 .6277 
Use of mineral 
l icks for farm 
animals* 3 .29 1 1 0.0697 

0 1 .0 
Yes 0.09 1 1 0 .3 1 77 0 . 1 040 0.9702 

I 
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Tabl e  9g. Un ivariate ana l ys i s  resul ts showing s ign ificant  variables (p < 0. 1 ) and their  
categories for case and random control ani mals ,  di splayin g  l evel of 
s ignificance (p)  for the variable, odds rat ios (OR) ,  90% confi dence i ntervals 
around the OR, and leve l  of s ignifi cance (p)  for c h i-squared test. Vari ables "*" 
were submi tted to mu l ti vari able  logist ic regression anal ysi s .  

Cat diet and feeding p ractices 

OR 90% Cl for Chi -
Vari ab l es p ( Exp(B) )  Exp( B ) Square df p 

Lower Upper (mode l ) 
Food alternation* 3 .282 1 0.0700 
No 1 .0 
Yes 0.0750 1 .9426 1 .05 1 8  3 .5879 
Eating d ry food 7.285 1 0 .0070 
No 1 .0 
Yes 0.0 1 1 1  0. 3 1 1 4 0. 1 463 0.6628 
Daily d ry food 
p roportion 0.0028 20.565 4 0 .0004 
None 1 .0 
Up to 1 /4 0.0624 0.4 1 25 0. 1 888  0.90 1 4  
> 1 /4 to 1 12 0.0 1 48 0.2988 0. 1 32 2  0 .6753 
> 1 12 to 3/4 0.0044 0.0778 0.0 1 78 0 .3399 
> 3/4 to a l l  0.00 1 3  0.0584 0.0 1 37 0 .2486 
Daily dry food 
p roportion* 0.0006 1 9 .28 1 ') 0.000 1 
None 1 .0 
Up to 1 /2 0 .0288 0.3644 0. 1 706 0 .7787 
> J /2 to al l 0.000 1 0.0667 0.02 1 1 0.2 1 1 0 
Daily can food 
p roportion * 0.00 1 8  1 3 . 1 69 2 0.00 1 4  
None 1 .0 
Up to 1 /2 0.8635 1 .0875 0.4874 2 .4265 
> 1 12 to al l 0 .0387 2 . 8546 1 . 2389 6 .5777  
Eating raw meat* 8.356 I 0.0038 
No 1 .0 
Yes 0.0044 2 .2335 1 .4043 3 .5523 
Frequency of raw 
meat feedi n g  0.0 1 79 8 .282 2 0 .0 1 59 
None 1 .0 
1 x 2 weeks or less 0.04 1 2  2 .5454 1 . 1 988  5 .4044 
dai ly to lx week 0.008 1 2 . 1 538  1 . 337 1 3 .4694 
Beef meat/mince/ 
fat-raw 4.357 I 0.0369 
No 1 .0 
Yes 0.0378  1 .7 1 74 1 . 1 1 90 2 .6356 
Beef offal-raw 7 .600 1 0.0058 
N o  1 .0 
Yes 0.0068 2 .2992 1 .3857 3 . 8 1 50 
Fish meat-raw 6.739 1 0.0094 
N o  1 .0 
Yes 0.0 1 1 6  2 .4457 1 .3655 4 .3804 

I 
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Table  9h .  Un ivari ate anal ysi s results showing s ign i fi c ant variab les (p < 0. 1 )  and their 
categories for case and random control ani mals, di splaying level of 
signi fi cance (p)  for the variable ,  odds rat ios (OR),  90% confi dence i n tervals  
around the OR, and level of s ign ifi cance (p)  for ch i -squared test. Variables "*" 
were submi tted to mul ti vari abl e  logi sti c regression anal ysi s .  

Cat diet - conti n ued 

OR 90% Cl  for Chi -
Variables p (Exp(B) )  Exp( B )  Square df p 

Lower Upper (mode l )  
Dairy products* 8 . 848 1 0.0029 
No 1 .0 
Yes 0.0032 2 . 1 70 1  1 .4076 3 . 3458 
Frequency of 
dairy products 
feed ing 0.0038 1 2 . 1 33 ,.., o.oo:n 
None 1 .0 
1 x 2 weeks or less 0 .00 1 6  3 .79 1 1 1 . 892 1 7 . 5990 
dai ly to I x week 0.0788  1 .6836 1 .0339 2 . 74 1 5  
Eating cheese 9.9 1 3  1 0.00 1 6  
No 1 .0 
Yes 0.002 1 2.4943 1 .53 1 2  4 .0632 
Eating ice cream 4.739 1 0.0295 
No 1 .0 
Yes 0.0373 2 .65 1 9  1 .2274 5 . 7297 
Eating cream 1 2 .799 1 0.0003 
No 1 .0 
Yes 0.55 1 5  1 445.83 1 0 .0000 7 .749E+ 1 1  
Eating cooked 
meat"' 7 .097 1 0.0077 
No 1 .0 
Yes 0.0082 1 .9722 1 .2928 3 .0088 
Frequency of 
cooked meat 
feeding 0.0293 7 . 1 70 ') 0.0277 
None 1 .0 
I x 2 weeks or less 0.0253 2 .0833 1 .2 1 46 3 . 5735 
dai ly to 1x  week 0.0386 1 . 8849 1 . 1 387 3 . 1 20 1  
Cooked beef, 
sheep, pork meat 1 1 .696 1 0.0006 
No 1 .0 
Yes 0.0009 2 . 8223 1 .6868 4 .722 1 
Cooked chicken 
meat 2 .778  1 0.0955 

0 1 .0 
Yes 0.0993 1 .7503 1 .00 1 2  3 .0598 
Cooked fish meat 4.6 1 8  1 0.03 1 6  
No 1 .0 
Yes 0.0334 1 . 8585 1 . 1 5 1 0  3 .0009 
Eating eggs 5 .548 1 0.0 1 85 
No 1 .0 
Yes 0.025 1 2 . 8333 1 .3 1 88 6.0872 
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Table  9i . Uni va1i ate anal ys is  results showing s ign i ficant  variables (p < 0. 1 )  and their 
categories  for case and random control ani mal s ,  d isp layin g  l eve l  of 
sign i fi cance (p )  for the variable,  odds rat ios (OR),  90% confidence i nterval s 
around the OR, and leve l  of s ign i fi cance (p )  for ch i -squared test. V ariables "*" 
were submi tted to mu l t ivari abl e  logi st ic regress ion anal ysi s .  

Cat diet - contin ued 

OR 90% Cl for Ch i -
Variables p (Exp( B ) )  Exp( B )  Square elf p 

Lower Upper (mode l )  

Adding 
supplements 
/medici nes to cat 
food '" 1 0 .408 1 0 .00 1 3  
No l .O 
Yes 0 .0023 3 .3 1 96 1 . 7382 6 .3397 
Frequency of 
adding 
supplements 
/medici nes 0.0059 1 1 . 826 2 0.0027 
None l .O 
1 x 2 weeks or less 0. 1 67 1  4.742 1 0.7435 30.2472 
dai ly to 1 x week 0.0032 3 .5567 1 .7508 7 . 2253 
Adding 
v itamins/minerals 4.394 1 0 .036 1  
No 1 .0 
Yes 0 .0434 2.4595 1 . 1 82 1  5 . 1 1 74 
Adding yeast 3 .29 1 1 0 .0697 
No 1 .0 
Yes 0 .09 1 1 3 . 1 480 1 .0307 9 .6 1 46 
Adding med icines 9 . 895 1 0 .00 1 7  
No 1 .0 
Yes 0 .6003 1 42 1 .326 0.0000 1 . 1 23E+ l 3  
Other sou rce(s) of 
food * 1 6 . 899 I 0.0000 
No 1 .0 
Yes 0 .000 1 0.3432 0.22 1 9  0 .5308 
P rey-mice 8 .690 1 0 .0032 
No 1 .0 
Yes 0.0036 0.457 1 0 .2939 0.7 1 1 1  
Prey-bi rds 8 . 1 8 1  I 0.0042 
No 1 .0 
Yes 0 .0046 0.4809 0.3 1 45 0 .7352 
Hunting 5 .499 1 0 .0 1 90 
No 1 .0 
Yes 0 .0 1 98 0.464 1 0.2699 0.7979 
Daily quantity of 27 .502 2 0 .0000 
fluid drunk* 0.0005 
Minimal  1 .0 
N ormal 0 . 1 64 1  0.585 1 0 .3 1 05 1 . 1 025 
Excessi ve 0 .0054 9.72 1 0  2 .537 1 37 .2470 

I 
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Table  9j . Un ivari ate anal ysi s resu l ts showing  s ign ifi cant vmiab les (p  < 0. 1 )  and their 
categories for case and random control animals ,  di sp layin g  level of 
signi ficance ( p )  for the variable, odds rat ios (OR),  90% confi dence i n tervals 
around the OR, and level of s ign ifi cance ( p )  for ch i-squared test. Vari ables "*" 
were submi tted to mul t i vari abl e  l ogist ic regress ion anal ysi s .  

Cat diet - cont inued 

OR 90% Cl  for Ch i -
Variables p (Exp (B ) )  Exp(B )  Square df p 

Lower Upper ( mode l )  

Dri n ks rai n  
water* 3 .433 I 0.0639 

0 1 .0 
Yes 0 .065 1 0.6 1 6 1  0.4000 0.9488 
Drinks water 
from the bath * 4.980 I 0.0256 

0 1 .0 
Yes 0.0295 0.450 1 0.2462 0 .8228 
Time d ry food 
stay in the d ish 0.0065 1 1 .00 1 2 0.004 1 
Not app l i cable 1 .0 
Up 1 5  m in  0 .002 1 0 .2 1 60 0.095 1 0.4904 
> 1 5  min 0 .0364 0.3746 0 . 1 732 0 .8 1 05 
Time moist food 
stay in the d ish 0.7553 6 . 726 2 0.0346 
Not app l icable 1 .0 
Up ! S min  0 .5789 479.4585 0 .0000 4 .2 1 7E+ l 0  
> 1 5  min  0 .5709 546 . 1 372 0.0000 4 .809E+ 1 0  
Dish cleaning 
frequency* 5 .686 1 0 .0 1 7 1  
Once a day or l ess 1 .0 
2 to 5 x a day 0.0 1 87 2.0289 1 . 2367 3 .3287 
Use of microwave 
oven * 5 .298 1 0.02 1 3  
No 1 .0 
Yes 0.0234 2 .04 1 6  1 .2 1 6 1  3 .4275 
Frequency of 
microwave use 0.0596 5 .968 2 0 .0506 
None 1 .0 
Occasional l y  0 .2 1 30 1 .6528 0 .85 1 1  3 .2095 
1 to 2 x a day to 1 
x a week 0 .03 1 5  2 .6242 1 .2548 5 .4877 
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A ppendix 2 

Tables lOa to lOb 
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Table l Oa. Resu l ts of pre-fi nal forward stepwi se mu l ti p le  uncondi t ional  l ogi st ic regression 
analys is  of a l l s ign i fican t  variab l es ("*" from uni va�iate ana lys i s )  for case and 
random control an i ma ls ,  showi ng l evel of sign i ficance (p )  for the variab le ,  
odds rati os (OR) and 95% confi dence i nterval s around the OR.  Variable  "#" 
was excl uded from the fi nal mu l ti variable forward stepwise uncondi t ional 
logist ic regression anal ysis .  

OR 95% Cl  for 
Vari ables p (Exp(B ) )  Exp(B )  

Lower Upper 
Cat age 0.0000 
5 mths to 9 years 1 .0 
9 to 1 2  years 0.0000 1 4 .5502 4 .2027 50.3 7-+2 
> 1 2  years 0 .0000 229.2636 6 1 .4969 854.7068 
Cat b reed 0.0449 
D S H  1 .0 
DLH 0 .5726 1 . 3383 0.4864 3 .68 1 9  
Si amese 0.0080 0 .0392 0 .0036 0.4299 
Other pure breeds 0.4520 3 .7803 0. 1 1 8 2  1 20.9375 
Cat sex 
Male 
Female 0.0034 3 .79 1 0  1 . 5546 9 .2450 
Cat age at desexi ng 0.0083 
Up 6 or at 6 months 1 .0 
> 6 months 0 . 1 287 0.4842 0. 1 900 1 .2342 
Don ' t  know 0.06 1 5  3 . 2680 0.9445 1 1 .3070 
Calici,  herpesvirus & panleukopenia 
vaccine 
No 1 .0 
Yes 0.027 1 0. 3977 0 . 1 756 0 .9008 
Fel i ne leukaemia virus ( FeL V) vaccine 
No 1 .0 
Yes 0.002 1 0.0332 0.003 8 0.29 1 8  
Dental d iseases 

0 1 .0 
Yes O .OO l O  2 . 786 1 1 . 5 1 39 5 . 1 273 
Respiratory tract d iseases 
No 1 .0 
Yes 0.0474 2 . 1 707 1 .009 1 4.669-+ 
Urinary tract d iseases 
No 1 .0 
Yes 0.0006 4 .2996 1 . 8698 9 .887 1 
Sta rvation (abstinence from food) 
N o  1 .0 
Yes 0.0362 2 .4708 1 .060 1 5 .7586 
Pasture 
No 1 .0 
Yes 0.0 1 83 0.324 1 0. 1 27 1  0.826 1 
Bedd ing-floor 
No 1 .0 
Yes 0.000 1 5 .6589 2 .3498 1 3 .6280 

I 

I 

I 
I 

I 
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Table l Ob. Resul ts of pre-fi nal forward stepwi se mu l t i p l e  uncondi t ional logi st ic regression 
analysi s of al l s ign i fi cant vari ables ("*" from un i variate analysi s )  for case and 
random control ani mals ,  showing level  of s i gni fi cance (p) for the vmiable ,  
odds rati os (OR) and 95% confi dence i nterva ls  around the OR. Vari able · '#" 
was excl uded from the fi nal  mult i vmiable  forward stepwise u ncondi t ion al 
logi sti c regress ion anal ysi s .  

OR 95% Cl  for 
Variables p (Exp(B) )  Exp( B )  

Lower Upper 

Cat weight # 0.0000 
Normal 1 .0 
Heav ier 0.0000 0. 1 972 0.062 1 0.6257 
Lighter 0.0000 1 2 .7345 5 .0465 32 . 1 344 
Cat behaviour 0.0355 
Normal 1 .0 
Acti  vel energeti c 0.5 1 79 0 .7286 0.279 1 1 .9023 
Lazy/very l azy 0.02 1 1 2 .6449 1 . 1 569 6.047 1 
Cat fighting behaviou r 
Never/se ldom 1 .0 
Occas ional ! y/frequent l y 0.00 1 1 0 .3007 0. 1 464 0.6 1 77 
A nti-flea products used regularly on 
eat 's  bed 
No 1 .0 
Yes 0.0 1 02 32 .5026 2 . 2865 462 .0260 
Dai ly can food p roportion 0.00 1 6  
None 1 .0 
Up  to l /2 0. 8608 1 . 1 082  0.35 1 5  3 .4938 
> 1 /2 to a l l 0.0379 3 . 5602 1 .0737 1 1 . 8048 
Eating raw meat 

0 1 .0 
Yes 0.0003 3 .6456 1 . 8080 7 .35 1 1  
Other source( s )  of food-prey ( mice, b i rds) 
No 
Yes 
Dail y  q ua ntity of fluid d runk 
M i n i mal  
Normal 
Excessi ve 
Drin k i ng rain water 
No 
Yes 

Cat and owner factors: 
Cat medical factors : 
C at env i ronment factors : 
Cat diet factors: 

1 .0 
0.000 1 0 .2937 0 . 1 587 0 .5434 
0.0004 

1 .0 
0.4044 0.68 1 5  0 .2767 1 .6786 
0.002 1 1 5 . 3524 2 .6952 87 .4493 

1 .0 
0 .0435  0.5 269 0 .2829 0.98 1 6  

Residual Chi Squared = 6.984 w i th 1 0  df S i g  = 0.7270 
Residual Chi Squared = 3 .357  wi th  6 df  S i g  = 0.7628 
Residual Chi  Squared = 1 5 .742 with 1 2  df Sig = 0 .2033 
Residual Chi  Squared = 1 3 .572 w i th 9 df S ig  = 0. 1 3 84 

' 

I 

I 
' 
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Appendix 3 

Tables l la to llb  
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Table  1 1 a. Pre-fi nal  forward stepwi se mu l tip le  condi t ional l ogist ic regression model for 
case and matched control ani mals. showing level  of s ign i fi cance (p) for the 
variable, odds rat ios ( OR) and 95% confi dence i n terva ls  around the OR. 
Variable "#" was excluded from the fina l  m u l ti vatiable forward stepwise 
condi t ional logist ic regression analysi s .  

OR 95% CI  for 
Variables p (Exp(B)) Exp( B )  

Lower Upper 
Cat b reed 0.4558 
DS H 1 .0 
DLH 0.69 1 0  0 .8604 0.4099 1 . 8059 
S i amese 0.9496 1 .953£-06 2 .004- 1 83 1 .904+ 1 7 1  
Other pure breeds 0. 1 083 0.3655 0. 1 070 1 .2485 
Cat age at desexing 0.0 1 66 
Up 6 or at 6 months 1 .0 
> 6 months 0.5364 1 .23 1 5  0 .6365 2 .3827 
Don ' t  know 0.0044 3 .4535 1 .47 1 2  8 . 1 064 
Cat fight/bite abscesses 
No 1 .0 
Yes 0.0460 1 .7757 1 .0 1 03 3 . 1 2 1 0 
Diarrhoea 
No L .O 
Yes 0.0 1 78 2 .7079 1 . 1 876 6 . 1 74 1  
No. of other cats i n  house 0.0 1 42 
0 1 .0 
One 0.008 1 0 .2898 0. 1 1  58 0 .7249 
Two or more 0 .0 1 80 0 .2205 0.0630 0.77 1 8  
Cat weight # 0.0000 
Normal 1 .0 
Heavier 0.0693 0.3033 0.0837 1 .0990 
Lighter 0.0000 1 3 . 752 1 4 .2278 44.7329 
Regular use of manu re on eat's 
outdoor territory 
No 1 .0 
Yes 0.00 1 6  5 . 1 036 1 . 8529 1 4 .057 1 
Regular use of fly sprays on eat's  
i ndoor territory 
No 1 .0 
Yes 0.0038 7 .3458 1 .9069 28 .2986 
Dai l y  canned food proportion 0.0 1 66 
None 1 .0 
Up to 1 12 0.0324 0 .0960 0.0 1 1 2  0 .82 1 7  
> 1 /2 to al l 0. 2760 0.340 1 0 .0489 2.3674 
Feedi n g  a variety of can food flavours ' 

No 1 .0 
Yes 0.00 1 1 2 1 .62 1 8  3 . 3905 1 37 . 8856 
Feedi ng cat dairy p roducts 
No 1 .0 
Yes 0.0082 2 .6945 1 .2922 5 .6 1 85 

I 

I 



1 54 

Table 1 1  b. Pre-fi na l  forward stepwise m u l ti p l e  condi t ional l og ist ic  regressi on model for 
case and m atched control an i mals ,  show i ng level of s ign i ficance (p) for the 
vari abl e, odds ratios (OR) and 95% confi dence in terval s  around the OR . 
Vari able "#" was exc luded from the fina l  mu l ti vmiabl e  forward stepwi se 
condi t ional l og i st ic  regressi on analys is .  

OR 95% Cl  for 
Vatiables p (Exp(B ) )  Exp( B )  

Lower Upper 
Feeding cat vegetables/rice/fruits 
No 
Yes 
Daily quantity of fluid d ru n k  
M i n i mal 
Normal 
Excessi ve 
D ri n ks water from pudd les 
No 
Yes 
Drinks mi l k  
No 
Yes 

Cat and owner factors: 
Cat medical  factors : 
Cat env ironment factors : 
Cat diet factors : 

1 .0 
0.0060 0. 1 908 0.0585 
0.0032 

1 .0 
0. 1 1 1 2 2 .395 1 0 .8 1 76 
0.0009 1 4 .34 1 0  2 .9728 

1 .0 
0.0352 2 . 1 076 1 .0530 

1 .0 
0.00 1 1 3 .990 1 1 .734 1 

Residual Chi  Squared = 26.75 w i th 23 df S i g  = 0.2668 
Res idual Chi Squared = 1 2 .49 with 22 df S ig  = 0.9464 
Res idual Ch i  Squared = 83 .  I 9 with 76 df S ig  = 0 .2678 
Residual Chi Squared = 3 7 . 2 5  with 42 df Sig = 0 .6794 

0.62 1 6  

7 .0 1 66 
69. 1 824 

4.2 1 82 

9. I 8 I 1 

I I 
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Appendix 4 

Table 12  
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Table 1 2 . Li st of the rest of the vatiables and thei r categories wh ich  were found 
s ign i ficant (p < O. l )  when subjected to un ivariate anal ysi s for case-random 
contro l  anima ls .  These variab les were not i n c l uded i n  the mu l ti vari ate forward 
stepwise logi sti c regression analysi s because of a very h igh number of mi ss ing 
data poin ts or a very low number of observat ions .  Fi rst category of a l l 
variab les was used as a reference category. (GIT = gastrointest ina l  tract ) .  

Vari able Vari able p-va lue 
categories 

Cat and owner factors 
Death of surveyed cat No;  Yes 0.0027 

Cat medical h istory 
Chlamydia  vaccine No;  Yes 0.07 1 7  
Number of v i s i ts to the vetetinarian over the l ast 3 years - how None; Twice; 0.0008 
many ti mes i t  was for vacc inat ion Three t i mes 0.0000 
Other medical  condi t ions - type None; G IT;  0.0937 

S ki n ;  0. 5246 
Other 0 .2862 

Fe l i ne leukaemia v irus (FeLV) test resu l t s  ot tested ; 
Pos i t i ve ;  0 .7037 
Negati ve 0.06 1 0  

Fe l i ne i mmunodefic iency v i rus (FIV) test resul ts Not tested; 
Pos i t i ve ;  0 .7032 
Negat i ve 0.0757 

Cat indoor and outdoor env i ron ment 
I ndoor toi l et - l i tter type - sawdust No; Yes 0.0905 

Cat d iet and feed ing practices 
Any ex tra food eaten whi l e  on medical diet No; Yes 0.0-+86 
Brand of dry food - Hi l l ' s  Sc ience d iets No; Yes 0.07 1 3  
Flavours of dry food - ch icken No; Yes 0.0 1 93 
Flavours of dry food - calci um/bone No; Yes 0.0707 
Brands of canned food - canned fi sh  for cats No; Yes 0.0725 
Brands of  canned food - K i te Kat No; Yes 0.09 1 0  
Flavour of canned food - beef offal - l i ver, k idney, heart No; Yes 0.0563 
F lavour of canned food - sheep meat - lamb/mutton No;  Yes 0.0065 
Fl avour of canned food - fi sh (ocean [tuna. p i l chards, No; 
mackere l ]  & ocean/freshwater [sa lmon ] ,  and seafood [prawn] )  Yes 0.0987 
F lavour of canned food - game - veni son No ;  Yes 0.0929 
Raw fresh meat storage before open ing  - how long (days) 0-3 days; 
( fti dge/freezer) 4- 1 80 days 0.0 1 22 
Type of serv ing  di sh None; 

G lass ;  0.0799 
Other 0. 1 9 1 0  

C leani ng of  serv ing dish - brand name of di shwashi ng l i q u i d  No; 
Any;  0.3 1 1 3  
S un l ight 0.0672 

I 
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A ppendix 5 

Tables 13a to 13g 
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Table  1 3a. L ist of al l variables  wh ich were found not to be s ign i fi can t  when subjected to 
uni variate analyses from cases, random and matched contro l s  cats. A l l  other 
variables are shown in Tables 9a to 9j and Table 1 2 . Fi rst category of al l 
variables was used as a reference category. (GIT = gastrointesti nal tract) .  

Vari abl e  Vari ab le  categories 
Cat and owner factors 

Resi dence type C i ty; Town ;  Rural 
N umber of humans-females i n  the household None; One ; Two; Three or more 
Number of humans-males i n  the household None; One : Two: Three or more 
H umans w i th any thyroid di sorders No; Yes 

- . 
H umans wi th any thyroid di sorders Hyperthyroidi sm: Hypothyroidi sm 
Ma les  w i th thyroid di sorders No;  Yes 
Length of eat ' s  ha ir  Short : Long 

Cat medical h istory 
No of v i si ts to veterinarian over the l ast 3 years 0; 1 -2 ;  3-8 ;  >8 
Frequency of worming Never; Annual ly: Irregu larly 
Origi n  o f  ant i-worm preparati ons Supermarket ;  Veterinary c l i n i c  
A l lergy - sk in  No;  Yes 
A l lergy - food No;  Yes 
Poi son i ng ( tox ic i ty) No;  Yes 
Cancer No;  Yes 
Other medical condit ions No;  Yes 
Other medical condi tions - type No:  GIT; S k i n :  Other 
Comments on cat health/behaviour No:  G IT ; Behaviour;Other;Health v 
Tested for FeLV No;  Yes 
Tested for F IV No: Yes 

Cat i ndoor and outdoor environment 
S ize of eat's terri tory 400- l SOOm- ; 90-200m- : > l 50om-
Lawn in cat terri tory No;  Yes 
Garden in cat teiTi tory No;  Yes 
Orchard in cat terri tory No; Yes 
Crop fie lds in  cat ten·i tory No;  Yes 
Park in  cat terri tory No: Yes 
P l ay ground fi e lds in cat ten·i tory No;  Yes 
Other areas in  cat terri tory No; Indoor type ; Outdoor type 
Any t ime easy access to outside No; Yes 
S leepi ng place at n ight I n s ide ;  Outsi de; Other; Ins ide & 

outside 
Type of bedding - human bed No;  Yes 
Type of beddi ng - sofa/couch No; Yes 
Type of bedding - armchair/chair  No;  Yes 
Type of bedding - bean bag No; Yes 
Type of bedd ing - cane or plast ic basket/dry bed No:  Yes 
Type of bedding - cardboard box No;  Yes 
Type of bedding- cotton and cotton/polyester mix  No;  Yes 
Type of bedding - acryl i c  & v inyl (furniture/t i l e) No;  Yes 
Type of beddin g  - wood - furni ture/floor/box/ kennel/  
w indow si l l  No;  Yes 
Type of bedding - newspapers/paper No;  Yes 
Type of beddi ng - leaves/di rt/soi l No;  Yes 
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Table l 3b .  Li st of al l vari ables which were found not to be s ign i fi cant when subjected to 
uni variate analyses from cases,  random and matched contro l s  cats. A l l  other 
variables are shown in Tables 9a to 9j and Table 1 2 . Fi rst category of al l 
variables was used as a reference category. (GIT = gastrointest i na l  tract) .  

Variable Vmiable  categ01ies 
Cat enviro nment - conti n ued 

Type of bedding - feather duvet/cushi on 
Type of beddi ng - saw dust/wood shavi ngs 
Beddi ng c l ean ing 
Bedding c lean ing method - other than wash i ng 
Beddi ng c lean i ng frequency/year 
Indoor toi let - l i tter tray 
Indoor toi let - l i t ter type - dirt/soi l/sand/potting mix  
Indoor toi let  - I i t ter type - saw dust 
Indoor toi let - l i tter type - com mercia l  l i tter 
Origi n of sawdust/wood shavi ngs used for bedding/ l i tter 
Type of sawdust/wood shavings used for beddi ng/ l i tter 
Other pets at home - dog 
Other pets at home - aviary bi rds 
Other _gets at  home - B antam hens/pigeons/ostriches 
Other pets at home - fi sh/turt le/tortoi se 
Other pets at home - guinea pigs/rats/mice 
Other pets at  home - horse/don key/pony 
Cat ever left in a boarding cattery 
Boardi n g  cattery - how many t imes per year 
Boarding cattery - length of stay 
Cat show 
Cat shows - how many t i mes a year 
Name/type of manure (ani mal/p lant  otigin [organic ]  
ferti I i sers) 
Frequency of man ure appl ication/year 
Appl icat ion of art i fic ia l  fert i l i sers on cat tetTi tory 
Name of art i fi c ial fert i l i ser product(s)  
Frequency of art i fic ia l  fert i l i sers applicat ion/year 
Appl icat ion of herbic i des on cat tetTitory 
Name of herbic ide product(s)  
Frequency of herbic ides appl icat ion/year 
Appl i cati on of pest ic ides on cat tenitory 
Name of pest ic ide product(s) 

Frequency of pesti c ides appl ication/year 
Appl i cation of fungic ides on cat terri tory 
Name of fungic ide product(s) 

Frequency of fungic ides appl ication/year 
Appl i cation of snai l & s l ug bai ts on cat ten·i tory 
Name of snai l & s l ug bait product(s) 
Frequency of snai l & s l ug bai ts appl ication/year 
Appl icat ion of pest control poi sons on cat teni tory 
Name of pest control poi son product(s) 

No; Yes 
No; Yes 
No; Yes 
No; Yes 
1 -36 t imes;  >52 t i mes 
No; Yes 
No; Yes 
No: Yes 
No; Yes 
None: Mi l l ;  Shop 
None: Un treated ; Treated 
No: Yes 
No:  Yes 
No; Yes 
No; Yes 
No: Yes 
No: Yes 
No; Yes 
0: 1 -2 x i n  l i fe :  l lyear: > 1 /year 
0; up 7 days ; 8 - 1 4  days ; > I -+  days 
No; Yes 
l :  up 3/year: 4-5/year 
None; Variety ;  Compost :  Sheep 
pe l l ets; B l ood & bone 
0; 1 -2/year; >2/year 
No; Yes 
None; Variety; N PK based 
0: 1 -2/year: >2/year 
No; Yes 
None; Vatiety; Roundup 
0; 1 -2/year; >2/year 
No; Yes 
None; Pest ic ides  - vatiety ; 
Pest ic ide & fungic ide 
0; 1 -2/year; >2/year 
No; Yes 
None; Fung ic ide - vari ety; 
Fungic ide & pest ic ide 
0; 1 -2/year;  >2/year 
No: Yes 
None ;  Vatiety; B l i tzem 
0; 1 -2/year; >2/year 
No; Yes 
None ·  Varie ty; ' ' 

I 

-
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Tabl e  1 3c .  List  of a l l variables which were found not to be signi fi cant when subjected to 
uni vatiate analyses from cases ,  random and matched contro ls  cats. A l l  other 
vari abl es are shown in Tables 9a to 9j and Table  1 2 . Fi rst category of al l 
variables was used as a reference category. (GIT = gastrointesti na l  tract) .  

Variable Vari able  categories 
Cat environment - cont inued 

Frequency of pest control poi sons appl ication/year 0;  1 -2/year; >2/year 
App l i cation of other chemical substance(s) on cat 
terri tory No;  Yes 
Name of pest control poisons product(s) None ; Rat/mice/ant ki l lers 
Frequency of pest control poi sons appl ication/year 0;  l -2/year; >2/year 
Appl i cat i on of other chemical substance(s) on cat 
terri tory No;  Yes 
Name of other chemical substance( s) None;Fru i t/veges/tree sprays ;Other 
Frequency of other chemical substance appl ication/year 0; 1 -2/year: >2/year 
N ame of fly spray product(s )  None: Raid ;  B l ack Flag;Other 
Frequency of fly spray appl i cat i on/year 0;  l - 1 2/year: > 1 2/year 
Appl i cati on of ant k i l l ers i ndoors No; Yes 
Name of ant k i l l ers product(s )  None; Boric  acid/borax:  Pyrethrins  
Frequency of ant k i l lers aQpl ication/year 0; 1 - 1 2/year; > 1 2/year 
Usi ng indoor plant fert i l i ser( s )  No ;  Yes 
Name of i ndoor plant ferti l i ser( s )  None; Vmiety; NPK based 
Frequency of usi ng i ndoor plant fet1 i l i sers/year 0; 1 -6/year; >6/year 
Appl icat ion of any chemical sprays on i ndoor plants No; Yes 
Appl i cat i on of bai ts for pests indoors No;  Yes 
Name of  bai t ( s )  for pests used indoors None: Rat/mice/ant ki l lers 
Frequency of usi ng i ndoor bai ts  for pests/year 0; 1 -6/year; >6/y_ear 
Appl ication of other chemical substance(s) i n doors No; Yes 
Name of other chemical  substance(s)  used i ndoors None; Household;  Commerc i al 
Frequency of other chemical substance(s)  i n door 
appl i cation/year 0; 1 /year; > 1 /year 
Cat n i bb l i ng at any house and/or garden plants No; Yes 
Cat n i bb l i ng at any house and/or garden plants - wh ich None; Grass; Other 
Any substances added to the water in a vase with cut None; Natural ( sugar/sa l t ) : 
flowers - what Chemica l s 
Any smokers i n  household No; Yes 
Carpet c leaned i n  the last 5 -year _IJ_eriod No; Yes 
Carpet c lean ing - method None; Home c l ean ing; Commerci a l  
Carpet c lean ing - frequency of c leaning/5 years 0; 1 -2/5 years; >2/5 years 
Any poi sonous substances acc idental ly eaten by cat No;  Yes 
Any h uman medic ines accidental ly  eaten by cat No; Yes 
Ant i -flea col l ars used regu larly No; Yes 
Ant i -flea co l l ars - source of purchase Veterinary C l i n i c ;  Shop 
Ant i -flea co l l ars - frequency of usage/year 0 ;  1 -2/year; >2/year 
Ant i -flea sprays/spot-on/powders for cats & dogs used 
regu larly No; Yes 
Ant i -flea sprays/spot-on/powders for cats & dogs - type 
of preparations None;  Long acti ng; S hort act ing 
Ant i -flea sprays/spot-on/powders for cats & dogs -
frequency of usage/year 0; 1 - 1 2/year; > 1 2/year 

-
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Table  ! 3d. List of a l l variables which were found not to be s ign i fi cant when subjected to 
un ivari ate analyses from cases, random and matched contro ls  cats. A l l  other 
variables  are shown in Tables 9a to 9j and Table 1 2 . F irst category of al l 
vari ables was used as a reference category. (GIT = gastro in test ina l  tract) .  

Vari able Variable categories 
Cat environment - cont inued 

Anti -flea sprays/spot-on/powders for dogs on l y  used 
regu l arly No; Yes 
Ant i - flea sprays/spot-on/powders for dogs on l y -
product/brand name None; V i ta Pet spray 
Anti -fl ea sprays/spot-on/powders for dogs on l y -
frequency of usage/year 0; 2/year 
Insect growth regu lators used regu larly No; Yes 
IGR - product/brand name None ; Program ;  Vet Kern Ov i trol 
IGR - frequency of use per year 0; 1 - 1 2/year; 24-52/year 
Access to any art ifi c i a l ferti l i sers stored on property No; Yes 
Own i ng a hobby/commerc i al farm and/or l i vestock No; Yes 
Appl ication of art i fic ia l  fert i l i sers No; Yes 
Iodine sol utions for farm an i mals  No; Yes 
Access to minera l  sal t  l i cks/water supplemented wi th 
iodi ne c lean ing/di s i n fect ing solutions/oin tments/ 
washes/other medic ines wi th  iodine No; Yes 
Cat ever seen l i cki ng the salt l i cks or d1i nk ing water 
wi th iodine No; Yes 
Ever used any iodi ne  contai n i ng agents for treatment of 
pets i nc l uding the survey cat No; Yes 
Ever used any iodine contain ing agents for treatment of 
pets i n c l udi n g  the survey cat -_product/brand name None;  Iod ine t i ncture 

Cat d iet 
Person feeding the cat most of the t ime Se lf; Other; B oth/everyone 
Frequency of feedi ng each day l -5/day; Food avai l able 24 hours 
Specia l  d iet  for medical reasons No; Yes 
Brand/name of medica l  diet Prescript ion ;  Non prescript ion diet 
Length of bei ng on special  d iet fu l l  t ime (0-36 months) Up 1 2  months ; > 1 2  months 
Length of being  on specia l  diet fu l l  t ime before 
hyperthyroid i sm di agnosi s (0-27 months )  Up 1 2  months ; > 1 2  months 
Brand of dry food - W h i skas No; Yes 
Brand of dry food - Fri skies Go Cat No; Yes 
Brand of dry food - Whi skettes No; Yes 
Brand of dry food - H i l l 's Prescript ion Diets No; Yes 
Brand of dry food - lams Eukanuba No; Yes 
Brand of dry food - Pro Vi sions Pro Plan No;  Yes 
Brand of dry food - K i teKat No; Yes 
Brand of dry food - Puri na No; Yes 
Other dry food brands No; Yes 
F lavour of dry food - variety No; Yes 
F lavour of dry food - fi sh (ocean [tuna, sardines, 
p i lchards,  mackere l ]  & ocean/freshwater [salmon ] ,  and 
seafood [prawn ] )  No;  Yes 
F lavour of dry food - turkey/duck No; Yes 
F lavour of dry food - beef/veal No; Yes 
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Table 1 3e .  Li st of a l l vari ables which were found not to be sign i fi cant when subjected to 
uni vatiate anal yses from cases, random and matched control s cats. A l l  other 
vari ables are shown in Tables 9a to 9j and Table 1 2 . First category of al l 
variables was used as a reference category. (GIT = gastro in test inal tract) . 

Vari able 
Cat d iet - conti nued 

Fl avour of dry food - lamb/mutton 
Flavour of dry food - game - ven i son 
Fl avour of dry food - cheese 
Flavour of dry food - vegetables 
Fl avour of dry food - mi l k  
Other fl avours o f  dry food 
Canned cat food 
Brand of canned food - Chef 
Brand of canned food - Whiskas 
Brand of canned food - canned fi sh for human 
consumption 
Brand of canned food - Fri skies Fancy Fiest/Buffet 
Brand of canned food - Gourmet 
Brand of canned food - Dine 
Brand of canned food - lams 
Brand of canned food - Ri val 
Brand of canned food - Garfie ld 
Brand of canned food - Hi l l 's PrescriQ_t ion Diets 
Other brands of canned cat food 
Goutmet canned food (Fri skies Fancy 
Fiest/B uffet/Gourmet/Di ne/Jams 
Flavour of canned food - j e l ly  meat 
Flavour of canned food - cassero le  
Flavour of canned food - ch icken 
Flavour of canned food - turkey/duck 
Flavour of canned food - beef/vea l  meat 
Flavour of canned food - rabbi t 
Flavour of canned food - egg 
Pet ro l l  for cats or for dogs & cats 
Dai I y proport ion of pet ro l l  
Pott le ( cat food i n  plast ic  tub container) 
Dai ly proportion of pott le 
Dog food 
Dai ly  proport ion of dog food 
Dai ly  proportion of fresh raw meat, offa l ,  fi sh 
Type of fresh raw meat - sheep meat ( l amb, mutton , 
sheep sk itt i ng, mince, sheep fat tti mmi ngs) 
Type of fresh  raw meat - sheep offal ( l i ver, kidney, 
heart , l ungs) 
Type of fresh raw meat - ch icken meat 
Type of fresh raw meat - ch icken bones 
Dai ly proportion of dai ry products 
Dai ly proportion of cooked meat - din ner leftovers 
Grease/gravy from pan (dinner l eftovers) 

Variab le  categories 

No; Yes 
N o ;  Yes 
No;  Yes 
No;  Yes 
No; Yes 
No; Yes 
No;  Yes 
No; Yes 
No;  Yes 

No;  Yes 
No;  Yes 
No;  Yes 
No;  Yes 
No; Yes 
No;  Yes 
No; Yes 
No; Yes 
No; Yes 

No;  Yes 
No; Yes 
No; Yes 
No; Yes 
No;  Yes 
No; Yes 
No; Yes 
No;  Yes 
No; Yes 
0; Up 1/.i: > 1h 
No;  Yes 
0; Up 1i<l; > 1i<l 
No;  Yes 
0; Up 1i<l ; > 1i<l 
0 ;  Up 1/.i: > 1;4 

No;  Yes 

No;  Yes 
No; Yes 
No; Yes 
0; Up 1h; 
0 ;  Up 1h; > 1h 
No;  Yes 
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Tab le  l 3f. List  of a l l variables wh ich  were found not to be s ign i fi cant when subjected to 
uni vatiate anal yses from cases, random and matched contro l s  cats. A l l  other 
vari ables are shown in  Tables 9a to 9j and Table  1 2 . F i rst category of al l 
vari ables was used as a reference category . (GIT = gastroi ntest i nal tract) .  

Variab le  Variabl e  categories 
Cat diet - cont inued 

Del icatessen products (smal l  goods for h uman 
consumpt i on) No;  Yes 
French fri es (ch ips ) , savoury ch ips (ch i ppies) ,  cereals, 
sweets (bi scui ts ) ,  sweet pastry, bread (cat "junk" food) No; Yes 
Week ly/month ly  proportion of cat "junk" food 0; Once every 2 weeks or less;  

Dai I y to once/week 
Cat treats No; Yes 
Week ly/month l y  proport ion of cat treats 0; Once every 2 weeks or less;  

Dai ly to once/week 
Name/type of cat treats None: Love hearts ;  Other 
Extra th ings added to cat food - laxat i ves No; Yes 
Other source( s )  of food - from neighbours No;  Yes 
Other source(s )  of food - from rubbi sh b ins  No;  Yes 
Type of prey - rat s No; Yes 
Type ofprey - rabbi ts  No;  Yes 
Type of prey - birds No;  Yes 
Type of prey - insects - moths,  c icadas, crickets, 
cockroaches,  fl ies ,  pryi ng mant is  No:  Yes 
Type of prey - frogs/l i zards No; Yes 
Seen frequency of l iquid drink ing Never; Occasional ly: Frequen t ly 
Tap water - artes ian bore ( i n  cat di sh) No; Yes 
Tap water - ci ty supply ( in cat di sh ) No; Yes 
Tap - fi l tered water ( i n  cat d ish)  No;  Yes 
Tap - pwi fied water ( i n  cat di sh ) No;  Yes 
Tap - other water ( i n  cat dish ) No ;  Yes 
Other water sources - si nk  No; Yes 
Other water sources - shower No;  Yes 
Other water sources - toi let No; Yes 
Other water sources - flower vase No; Yes 
Other water sources - flower pot saucers No; Yes 
Other water sources - garden pond No; Yes 
Other water sources - swimmi ng/spa pool s  N o ;  Yes 
Other water sources - ani mals troughs No; Yes 
Other sources of water No; Yes 
Type of m i l k  Fu l l cream; H omogeni sed; Other 

( inc ludin g  soy mi l k  and ani mal 
mi l k  replacements ) 

Type of cat food serv ing di sh - plast ic  No;  Yes  
T_ype of cat food serv ing di sh - enamel No;  Yes 
Type of cat food serving dish - a luminum No;  Yes 
Type of cat food serving di sh - stai n l ess stee l No;  Yes 
Type of cat food serv ing dish - crockery No; Yes 
Exposure of food to direct sun l igh t  ( > 2  h )  No;  Yes 
C lean i ng of cat serv ing di sh No; Yes 
Method/sol ut ion used for dish c leani ng - brush/scraper No;  Yes 
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Table  L 3g .  List of al l vari ables which were found not to be s ign i fi cant when subjected to 
uni variate analyses from cases, random and matched contro ls  cats. A l l  other 
variables  are shown in Tables 9a to 9j and Table 1 2 . Fi rst category of al l 
vari ables was used as a reference category. (GIT = gastrointesti nal  tract) .  

Variab le Variab le  categories 
Cat diet - conti nued 

Method/so l ut ion used for dish c lean ing - di shwasher No; Yes 
Dry food package s ize (grams)  Up 1 000g; 1 00 1 - 1 5000g 
Dry food storage before opening - where Not stored; Pantry/cupboard; 

Laundry/garage/shed/cattery; 
Bench 

Dry food before opening - how long (days ) 0-7 days : 8 -90 days 
Dry food after open ing - where Not stored: Pantry/cupboard/ 

I aundry/ garage/shed/cattery/f1i dge 
not in the ori gi nal contai ner/box/ 
bag; Pan try/cupboard: Laundry/ 
garage/shed/cattery/fridge ; Bench 

Dry food storage after openi ng - how l ong ( days ) 1 -2 1  days: 22- 1 20 days 
Canned food package size (grams )  85-4 1 0g; 4 1 1 -800g 
Canned food storage before openi ng - where Not stored: Pantry/cupboard : 

Laundry/ garage/shed/cattery; Benc h 
Canned food storage before open ing - how long (days ) 0-7 days; 8 -90 days 
Canned food storage after open ing - where Not stored:F1idge : Pan try/cupboard 
Can ned food storage after open ing - how lon2  (days ) 0-3 days; 4-7 days 
Pet ro l l  for dogs and cats or dogs package s ize (grams )  200-750g; 75 1 -3000g 
Pet ro l l  storage before opening - where Not stored; Pantry/cupboard; 

Fri dge/freezer 
Pet ro l l  storage before opening - how long (days ) 0-7 days ; 8 -90 days 
Pet ro l l  storage after openi n g - where Not stored:Pantry/cupboard: Fridge 
Pet rol l storage after opening - how l ong (days ) 1 -3 days : 4- 1 4  days 
Pot t l e  size (grams)  300-500g; 50 1 - 1 000g 
Pott le  storage before opening - where Not stored; Fridge/freezer 
Pott l e  storage before open ing - how long (days ) 0-3 days : 4-7 days 
Pot t le  storage after openi ng - where Not stored; Fridge 
Pot t le  storage after opening - how long (days ) 0-3 days ; 4- 1 4  days 
Raw fresh  meat - port ion/package s ize (grams) 20-500g; 50 1 -5000g 
Raw fresh meat storage before openi ng - where Not stored; F1idge; Freezer 
Raw fresh meat storage before open ing - how long 
(days ) 0-3 days : 4- 1 80 days 
Raw fresh meat storage after open ing - where Not stored; Fridge 
Raw fresh  meat storage after open ing - how long_ (days) 0-3 days ; 4-8 days 
Cat treats - size (grams)  1 00g; 250g 
Cat treats storage before openi ng - where Not stored; Pantry/cupboard;Bench 
Cat treats storage before open i ng - how l ong (days) 0-7 days: 8 -60 days 
Cat treats storage after openi ng - where Not stored; Pantry/cupboard; Bench 
Cat treats storage after opening - how l ong (days) 5- 1 4  days; 1 5- 1 20 days 
Comments about feeding_- food which cat l i kes No; Yes 
Comments about feeding - food wh ich cat dis l i kes No; Yes 
Comments about feeding - food which upsets cat GIT 
after eati ng i t - l oose feaces/vomit i ng/flatu lence No; Yes 
Comments on cat eat ing habits No;  Yes 
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Appendix 6 

New Zealand cat study - hyperthyroidism - cat owner questionnaire 



Veterinary practice's address: C (clinical case) 
MC (match control) 
RC (random control) 

NEW ZEALAND CAT STUDY - HYPERTHYROIDISM 

For CONTROL CAT (non hyperthyroid) history for the last 3years 

For HYPERTHYROID CAT history for the 3-year period preceding the diagnosis of 

hyperthyroidism 

OWNER'S NAME: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
ADDRESS (include residential address also): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 

TELEPHONE NO: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .  . 
CAT'S NAME: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · · · · · · · · · ·  · ·  · · ·  · · · ·  ·· · · · ·  · · ·  ·· · · ·  · ·· · · ·  · · ·  · · ·  · · · · · ·  
CURRENT DATE: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Please answer each question by putting a tick in the appropriate box(es), or by writing in 
your answer in the space provided. When you are asked to write a number, please write 

the number, even if it is ''0''. You are welcome to contact your eat's veterinary clinic to ask 
some details. 

1. Your residence type: 

0 city 0 town 0 country non-farm 

0 commercial fam0 hobby farm (lifestyle block) 

�te type (e.g. :  dairy, sheep and beef, crops) : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2. How many times have you moved house, together with your cat, within the last 

For office 
use only 

rn 
I I I I 

I I I I 
I I I I I I I I I 

EEEB 

D 
D 

I I I 

ITJ 5-year period: [ . . . . . . . . . .  ] .  
How long have you lived at the present address: [ . . . . . . . .  ] years [ . . . . . . . .  ] months I I I 

3. In your household, how many people, including yourself, are: 

0 adult females 0 adult males 0 children under 18  

4. Are there any human members of the household who suffer from 
hyperthyroidism: 

O yes O no 
........_ specify how many are: 

0 adult females 0 adult males 

1 

0 don't know 

B children females under 1 8  
children males under 18  



5. How old is your cat: [ . . . . . . . ] years [ . . . . . . . ] months [ . . . . . . .  ] don't know 
Write the approximate birth date of your cat, if known: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

6. How long have you owned your cat: [ . . . . . . .  ] years [ . . . . . . .  ] months 
What was the source of your cat (e.g.: from breeder, RSPCA, pet shop, etc.): . . . . . . 

7. What breed is your cat: pure breed [ ] mixed breed [ 
If Pure-bred, state breed and short breeding history: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

8. Does your cat have long (e.g.: Persian) hair: yes [ ] 

9. What sex is your cat: 

0 castrated male 0 spayed female 

no [ ] 

� t:;J e�tire female __D don't know 

go to questwn 1 � 
10. How old was your cat when it was desexed : 

[ . . . . . . . ] years [ . . . . . . . ] months [ . . . . . . .  ] don't know 

11. How many times has the cat been to the vet over the last 3 years: . . . . . . . . . . . . . .  . 
On how many occasions was this for vaccination: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

12. Has your cat been vaccinated against the following viral diseases: 
Yes No Don't know 

I I 
0 

I I 

0 

0 
0 

0 

0 

I I 
0 

ITJ 
0 

Snuffles/feline enteritis (routine) [ 1 [ 1 [ 1 § Chlamydia (additional) [ 1 [ ] [ ] 
Leukaemia (additional) [ ] [ ] [ ] 

How often do you vaccinate your cat (write the vaccine name - symbol - if yo O know): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

13. How often do you worm your cat: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
What worming preparations do you use for your cat: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  
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0 
0 
0 



14. During the last 3 years, has your cat suffered from any of the following 
medical conditions: 

Yes No Don't know 
Cat fight wound [ ] [ ] [ ] B Dental/gum disease [ ] [ ] [ ] 
Respiratory tract disease: snuffles (discharge 

from nose and/or runny eyes) [ ] [ ] [ ] 
Urinary tract problems("bladder" problems) [ ] [ ] [ ] 
Thyroid gland problems [ ] [ ] [ ] 
Allergy: skin [ ] [ ] [ ] 

food [ ] [ ] [ ] 
Bowel (gut) problems [ ] [ ] [ ] 
Diarrhoea [ ] [ ] [ ] 
Periods of self-starvation (not eating at all) [ ] [ ] [ ] 
Poisoning (toxicity) [ ] [ ] [ ] 
Cancer (tumour) [ ] [ ] [ ] 
Other illnesses now and in the past - specify: [ ] [ ] [ ] 

. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
Any special comments on your cat' s health or behaviour now and in the past: 

15. Has your cat been tested for: Yes No Don't Recent test result 
know positive negative 

Feline leukaemia virus [ ] [ ] [ ] [ ] [ ] [I] Feline immunodeficiency virus 
(cat "AIDS") [ ] [ ] [ ] [ ] [ ] [I] 

16.When was the diagnosis of hyperthyroidism made (write the date or cat' s age a 
diagnosis): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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17. Which of the following clinical signs did you notice your cat exhibiting before 
and/or at the time of hyperthyroidism diagnosis: 

YES NO DON'T KNOW 
Weight loss [ ] [ ] [ ] 
Increased appetite [ ] [ ] [ ] 
Increased activity [ ] [ ] [ ] 
Increased restlessness [ ] [ ] [ ] 
Increased irritability [ ] [ ] [ ] 
Resenting handling [ ] [ ] [ ] 
Increased thirst [ ] [ ] [ ] 
Increased urination [ ] [ ] [ ] 
Diarrhoea [ ] [ ] [ ] 
Greasy, pale stools [ ] [ ] [ ] 

Increased stools [ ] [ ] [ ] 
Vomiting [ ] [ ] [ ] 
A void warm places [ ] [ ] [ ] 
Panting [ ] [ ] [ ] 
Muscle weakness [ ] [ ] [ ] 
Muscle shaking [ ] [ ] [ ] 
Rapid growth of nails [ ] [ ] [ ] 
Poor/unkempt hair coat [ ] [ ] [ ] 
Excessive hair shedding [ ] [ ] [ ] 
Excessive grooming [ ] [ ] [ ] 

Localised loss of hair [ ] [ ] [ ] 
Reduced activity [ ] [ ] [ ] 
Reduced appetite [ ] [ ] [ ] 
Very lazy and sleepy [ ] [ ] [ ] 
Increased meowing [ ] [ ] [ ] 
Other signs - specify [ ] [ ] [ ] 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  
At the time of diagnosis did you notice anything else unusual in your eat's health, I I 
behaviour, appearance: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

18. What kind of treatment has your cat received for hyperthyroidism: 

Drug (pill) 
Surgical (operation) 
Radioactive Iodine 
None 

Yes No Don't know 
[ ] [ ] [ ] 
[ ] [ ] [ ] 
[ ] [ ] [ ] 
[ ] [ ] [ ] 

What was the fmal outcome of the treatment: 
Alive and well [ ] Alive and unwell [ ] 
Euthanasia [ ] Died [ ] 

Why did you choose that particular treatment option: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

4 

[0 
[0 
0 

I I 



While answering the following questions (19 - 48), please think about your cat' s 
territory (the areas it normally uses) inside your home and outside. How big is the r--r--,--.-, 

territory (including your property and the neighbourhood)? . . . . . . . . . . . . . .  . . . .  . . . . . . . .  . .  L--1 ...J__J__J_J 

19. What is in your cat' s territory (you can tick more than 1 box): § lawn § garden § orchard 
pasture crop field park 
playground industrial area other: . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

20. How much time does your cat usually spend outside (in the open air) every 2 

I I I 

I I I I 
I I I I 

hours: None [ ] 0 
Less than 1 hour a day [ ] 
1-3 hours in a day [ ] 
3-12  hours in a day [ ] 
12-24 hours in a day [ ] 

21. Do you let your cat out whenever it wants to go: Yes [ 
No [ 

] 
] 

D 

22. Where does your cat sleep at night: Inside your house [ ] 0 
Outside your house [ ] 
Other - specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

23. Please describe the type of bedding on which your cat spends most of its time; D if it is commercial bedding write brand and manufacturer of it: . . . . . . . . . . . . . . . . . . . . . .  . 
D 

24. Do you clean your cat' s bedding: 0 
0 yes 0 no 0 not applicable 0 
-....... how often and what do you use for cleaning/washing: . . . . . . . . . . . . . .  . . . . . . . 0 
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25. Do you provide indoor (inside your house, garage) toilet facilities, e.g. litte 
tray, for your cat: 

0 yes O no 

""""' specify the type and if it is commercial l itter write brand and 
manufacturer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

26. Do you use sawdust and/or wood shavings for bedding and/or for litter trays: 

D 
D 
D 

0 yes 0 no 0 not applicable D �
.
i�� . 

�o

.

urc� 
.

of
.
sh�vin

.
g?s�������

.

sti�� .. ��.·.·.·. ·.?.·. �0: to: :.�':s'.'·��· �·7: .· . 
B 

is the wood treated with preservatives: 

0 yes 0 no 0 don't know 

27. How many cats are/were in your household for the last 5-year period: 

0 1 0 more than 1 
""""' go to question 29 """"' write the number and give details whethe 

related or not: . .  � . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

28. Are you aware of any of these other cats in your household suffering fro 
hyperthyroidism now or in the past: 

rn 
D 
D 

0 yes 0 no 0 don't know D 
......__. go to question 29 .........,.. go to question 29 [[] 

the number of the hyperthyroid cat(s) not including the survey cat : [  . . . . . ] 

h'?W old were these other cats at the time of their hyperthyroidism [JJ 
diagnosis: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

are these other hyperthyroid cat(s) related to the cat under survey: 

0 yes 0 no 0 don't know 
............ ify h 1 . 

h" "f 
. . 

"bl specz t e re atwns 1p, 1 It IS poss1 e: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

(.: ·--. 

9: . 6 

, .. .... 
, ... ... 

, .. •• 

D 
D 



29. Do you own any other pets: 

O yes O no D 
-.....,. specify: . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  ... . . .  . . . . .  . . .  . . . . . . . . . . . . . . .  . . . . . .  .. 1,--,--1 ---.1-..---1 -,-1--,1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

30. Have you ever left your cat in a boarding cattery: 

0 yes 0 no 0don't know 
......... h 

. 
ow many times a year: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

for how long: . . . . . . . . . . . . . . . . .  days . . . . . . . . . . . . . . . weeks . . . . . . . . . . . . . .  months 

31. Do you take your cat to cat shows: 

0 yes O no 
-.....,. how many times a year do you show your cat: . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

32. How would you describe your cat' s weight at present: 
Normal weight for age [ ] 
Heavier than normal [ ] 
Lighter than normal [ ] 

Current weight: . . . . . . . . . . . . . . . . . . (kg) 

D 
[IJ 
I I I I 

D 

[IJ 

D 

I I 

33. How would you describe your eat's everv day behaviour (currently) 0-
remembering that certain breeds show different patterns of behaviour: 

Normal [ ] 
Active/energetic [ ] 
Hyperactive [ ] 
�y [ ] 
Very lazy [ ] 
Don't know [ ] 

34. Does your cat fight with other cats (as far as you know): 

l 
7 

Constantly 
Frequently 
Occasionally 
Seldom 
Never 
Don't know 

[ 
[ 
[ 
[ 
[ 
[ 

] 
] 
] 
] 
] 
] 

D 



35. Do you use and/or are you aware of any chemical substances used within yom 
eat's territory, on lawn, garden, orchard, paddock, crop field, park, street, etc . :  

Yes No Don't know 
Manure [ ] [ ] [ ] 

~ Artificial fertilisers (used to make plants grow) [ ] [ ] [ ] 
Herbicides (used to kill weeds) [ ] [ ] [ ] 
Pesticides (used for killing pests, especially insects) [ ] [ ] [ ] 
Fungicides (used to kill moulds on trees and plants) [ ] [ ] [ ] 
Snail and slug baits [ ] [ ] [ ] 
Pest control poisons (for rats, mice, possums, rabbits)[ ] [ ] [ ] 
Other - specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

If you answer Yes to any substances listed above, please provide (if possible) the 
following details: 
Name of product(s): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · · · · · · ·  
Active ingredient(s): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Manufacture of the product(s): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
How many times per year the product(s) are used: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

36. Do you use, the following chemicals, indoors: Yes No How many times 
per year 

Fly spray [ ] [ ] . . . . . . . . . . . . . . . . . . . .  . 
Ant killers [ ] [ ] . . . . . . . . . . . . . . . . . . . . 
Flea control in house [ ] [ ] . . . . . . . . . . . . . . . . . . .  . 
Indoor plants fertilisers [ ] [ ] . . . . . . . . . . . . . . . . . . . . 
Chemical sprays on your indoor plants [ ] [ ] . . . . . . . . . . . . . . . . . . . . 
Baits for pests [ ] [ ] . . . . . . . . . . . . . . . . . . .  . 
Other - specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

If you answerYes to any substances listed above, please provide (if possible) the 
following details :  
Name of product(s): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
Active ingredient(s): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Manufacture of the product(s): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

37. Does your cat nibble at any house and/or garden plants: 

0 yes 0 no 0 don't know 
.......,. specify . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

38. Do you add anything to the water in a vase with cut flowers: 

0 yes 0 no 0 don't know 
.......,. specify . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

8 
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39. In your home, how many people, including yourself, are smokers: [ . . . . . . . . . . ] [I] 

40. Have you had your carpet cleaned in the last 5-year period: D 

0 yes 0 no 0don't know D 
� how many times, what chemical preparations were used, what method D ' 

e.g.: wet, dry, steam extraction, commercial, home cleaning: . .  . . . . . . . .  . . .  . . . . . . . . . . .  . .  D 
. 

41. Are you aware of accidental eating by your cat (direct and indirect - b 
grooming, e.g. :  licking paint, tar off its coat) any possibly poisonous substances: 

y 

0 yes 0 no 0don't know 
� specify . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

42. Are human medicines, such as pain killers, disinfectants (e.g.: aspirin ' 

D 
D 
D 

paracetamol, iodine solutions) or other used to treat your cat, if it is sick: 0 
0 yes 0 no 0don't know D 
� specify . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D 

43. Do you regularly use, either: 

0 on.your cat 0 on eat's bedding D on both 0 
the following anti-flea products: Yes No Don't know 

I Collars: [ ] [ ] [ ] I I 
Brand(s): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
How many times per year: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Sprays, spot-on or powders, which are 
designed for cats or cats and dogs: [ ] [ ] [ ] 

Brand(s) :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
How many times per year: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Sprays, spot-on or powders, which are 
designed for dogs only: [ ] [ ] [ ] 

Brand(s): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
How many times per year: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

IGR (insect growth regulators) e.g.: Program [ ] [ ] [ ] 

9 
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44. Has your cat got access to any artificial fertilisers stored on your property: 

D 0 yes .,....,0 no .,....,O don't know 
......._ write the names of the fertilisers stored on your property: . . . . . . . . . . . . . . .  I I I I I 

:e5' �Ifyh�<do;notliit\t�; � . f�; �r �Y. ur.es�c� ;g� �tq: f¥u���n '4�;% -... -� . · ··:. • .•·-. -· ·" ··, .·._ • . · · ·, · : . ,_-�- - �: -. .� --- » -;., • ...,.,:(;,._,�- --· ,_ ·; • .•  ,;.•..,·'r� ., ... _--· .-x::--"·'·� -; - � ¥: �(·-·�-�-

45. What method of artificial fertiliser application do you use: 

0 tractor/spreader 0 truck O aerial D 

46. Do you provide mineral salt licks to your farm animals: 

0 yes 0 no 0 don't know D 
......._ specify ingredients/brand(s): . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . D 

47. Do you use any iodine solutions to supplement iodine levels in your t 
animals: 

0 yes 0 no 0 don't know D 
......._ specify . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D 

48. Has your cat got access to mineral salt licks and/or to water supplemented wi 
iodine and/or to cleaning/disinfecting solutions/ointments/washes or othe 
medicines containing iodine: 

0 yes 0 no 0 not applicable D 
......_. do you ever see your cat licking the salt lick or drinking that water: O yes O no D 

Have you ever used any iodine containing agents for treatment of your pet(s), 
including the survey cat: 

o �  O oo D 
......_. specify . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D 

49. Who feeds your cat most of the time: 

10 

Self [ 
Other person [ 

] 
] 

D 



SO. How often is your cat fed each day: Once [ ] 
Twice [ ] 
Three or more [ ] 

Food available all the time [ ] 

51. Is your cat on a special diet for medical reasons: 

D 

0 yes 0 no 0 don't know D 
-......,. specify . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

52. Estimate the daily proportion (circle or tick anywhere on the line) of th 
following food in your eat's diet. Write the brand in the left column (e.g.: Chef, 
KiteKat, Iams-Eukanuba, etc.). Write the flavour in the right column (e.g.: fish, 
chicken, liver, etc.). 
Example: You give your cat 1/3 of its daily food intake as dry cat food, 1 /3 
canned cat food and 1/3 fresh raw meat (gravy beet). You circle or tick on th 
scale ' 113' for each type of food. 
Brand Flavour 

. . . . . . . . . . . . . . . . . . .  · . . . 

Dry cat food (biscuits) 

none 1;4 Y2 % all 

I I I I I 

Canned cat food 

none Y2 % all 

I I I I 

Pet roll for cats or for dogs and cats 

none lA 
I I 

Y2 
I 

% all 
I I 

Cat food in plastic tub (pottle) container 

none lA 
I I 

Y2 
I 

1 1  

% all 
I I 

I I 
I I 
I I 
I I 



Specify type/brand 

none lA 
I I 

Dog food 

Y2 * 
I I 

Specify type/brand 

all 

I 

Fresh raw meat (e.g.: gravy beef, pure beef), offal (kidney, liver, heart, lung) 
Specify type Specify type 

none lA Y2 * all 

I I I I I 

How often and how much do you give to your cat other food types (e.g.: dairy 

I I 
I I 

I I 
I I 

products (cheese, butter, ice cream), eggs, cooked meat, fat trimmings, raw/cooked ...--r--"T"""--r-...---, 
fish, grease/gravy from pan, delicatessen products (small goods), vegetables, 

fruits, cereal, sweets, nuts, chips, savoury chippies, cat treats (flshys, love hearts, 
milk drops, kluckers), other) . 

Specify type Times fed per week How much (cupfuls) 

53. Do you add anything to your cat' s food, e.g.: vitamins, minerals, salt, kelp: 

0 yes . O no D 
'--. specify including name, brand, how often; if it is salt, indicate if it is CD 

iodised: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ITJ 

54. Does your cat obtain food other than what you feed it, e.g.: prey (mice, birds 
moths, cicadas other small animals), material from rubbish bins: 

• a-: . 

0 yes 0 no 0don't know D 
.....,_ specify . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D 

••• • .. ·= 
i:. • 

ii . 
.. : 

··� -
i: . (: 

1 2  
� ·  ... 

• •  . .. 



55. Do you see your cat drinking any liquids: Frequently [ 
Occasionally [ 
Never [ 

] 
] 
] 

D 

56. How would you describe the quantities of liquid (milk and/or water) your ea 
drinks each day: Excessive [ ] D 

Normal [ ] 
Minimal [ ] 
Don't know [ ] 

57. What type of water does your cat drink (you can tick more than 1 box): 
Tap water (in eat' s dish) : [ ] 

B rain water B artesian bore B city supply 
filtered purified other: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Oth�er: 
sink 

� 
bath J=1 shower 

[ ] 

toilet flower vases O flower pot saucers 

:��:. troughs ��=;n
. ���� . . . . . . . .  ������� .����� . . . . . . . . . . . . 

58. If your cat drinks milk, specify type: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

59. What type of dish, if any, do you use to serve your eat's food: 

B plastic B enamel B aluminium 
stainless steel crockery other: . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

60. How long, on average, does the food stay in the dish : 
Dry food (biscuits): . . . . . . . . . . . . . . . . . . . . . .  min . . . . . . . . . . . . hours . . . . . . . . . .  days 
Other than dry: . . . . . . . . . . . . . . . . . . . . . . . . . . .  min . . . . . . . . . . . .  hours . . . . . . . . . .  days . 

ITJ 

ITJ 

61. If the food stays in the dish more than 2 hours, is the dish with food left i 
direct sunlight: Yes [ ] 0 

62. Do you clean your eat's serving dish: 

No [ ] 
Not applicable [ ] 

0 yes 0 no 0 don't  know B ......... how often and what do you use for cleaning: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
D 

13  
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63. Do you use the microwave to warm your cat' s meals: 

0 yes 0 no 0 don't know 
-........ how often do you do that: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

64. 1f you feed commercial pet food describe briefly, where and how long do you 
store it before and after opening: 

Pack 
-age 
size 

Before opening Mter opening 

Where ! How long 
! (da s) 

Where 

Dry i : 
i 1 

How long 
(da s) 

I i 

O-oooooo_, __ o_o_oo 0000--0-- 000000-0000000--000 000000 ___ ,_�0--00-----· -�---·····--------_j __ 
Canned I l 

! ! . ! ; 
1,,0 � f l 

D 
D 

··--�-------·--·-··-···- ··----------··· ·--··-··-·-------····-�---···----·-· ·---------··---···-----·····--

�
.:-·-··---·--···-···--···· 

Pet roll i , ....---,r--T--r---r-. 

I , I I I I I 1 1 -p;;tt)�-- -- ------ --- - --------�- ----- --- -------+------

I I I I I I i 1 00°Fre
-;hooo-oooooooooo _, __ 00000000 ooooo-oooooo ____ oooo-oooooooo-�oooooo-oo-ooo--o 0---oooooooooooooooooooooooooooooooooooOOoooooootooooooooooOOooooooooo-ooooooooooo-OOOO 

! ! I I I I I I ' j i 
... ....... ___________ ...... -·-····-····-····· ·-·-·······-----.. ·····-··-·-·····r-····-·--·----·--·-·-·· ··- ·····--··--·-· .. -···-····-··--····r-------------·-····-····-··-

cat treats l I I I I I I 1 1 ! i 
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Appendix 7 

New Zealand cat study - hyperthyroidism - cat veterinarian 

questionnaire 



Veterinary practice's address: C (clinical case) 

NEW ZEALAND CAT STUDY - HYPERTHYROIDISM 

MEDICAL IDSTORY FOR THE 3-YEAR PERIOD PRECEDING THE DIAGNOSIS OF 
HYPERTHYROIDISM 

OWNER'S NAME: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
ADDRESS (include residential address also): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

PHONE NO: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
CURRENT DATE: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
CAT'S: NAME Current AGE or DOB BREED COLOUR SEX 

DATE OF DIAGNOSIS (eat's age at diagnosis): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1. How many times has the cat been to the vet over the last 3 years : . . . . . . . . . . . . . . . .  . 
On how many occasions was this for vaccination: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2. Vaccination: 
Panleukopenia 
Herpesvirus 
Calicivirus 
Chlamydia 
Leukaemia 

3. Anti-worm treatment: 
Preparation 

Yes 

[ ] 
[ ] 
[ ] 
[ ] 
[ ] 

Dose 

1 

No 

[ ] 
[ ] 
[ ] 
[ ] 
[ ] 

Don' t  know 

[ ] 
[ ] 
[ ] 
[ ] 
[ ] 

Date 

For office 
use only 

[I] 
I I I 

I I I 

I I I 
D 
D 
D 
I I I 
[]] 
D 

D 
D 

§ 
D 
D 
D 



4. Tests and results: Yes No Result (+ve or -ve) rn FeLV [ ] [ ] . . . . . . . . . . . . . . . . . . . . . . . . DJ FIV [ ] [ ] . . . . . . . . . . . . . . . . . . . . . . . .  
Other - specify [ ] [ ] . . . . . . . . . . . . . . . . . . . . . . . .  DJ 

5. Clinical signs at the time of presentation: 
Yes No 

Weight loss [ ] [ ] 
Polyphagia [ ] [ ] 
Hyperactivity [ ] [ ] 
Restlessness [ ] [ ] 
Irritability [ ] [ ] 
Resenting clinical examination [ ] [ ] 
Polydipsia [ ] [ ] 
Polyuria [ ] [ ] 
Diarrhoea [ ] [ ] 
Steatorrhoea [ ] [ ] 

Increased faecal volume [ ] [ ] 
Increased incidence of vomiting [ ] [ ] 
Heat intolerance [ ] [ ] 
Polypnoea (panting) [ ] [ ] 
Muscle weakness [ ] [ ] 
Muscle tremor [ ] [ ] 
Rapid growth of nails [ ] [ ] 
Poor/unkempt hair coat [ ] [ ] 
Excessive hair shedding [ ] [ ] 
Excessive grooming [ ] [ ] 

Alopecia [ ] [ ] 
Reduced activity [ ] [ ] 
Reduced appetite [ ] [ ] 
Depression [ ] [ ] 
Tachycardia [ ] [ ] 
Heart murmur [ ] [ ] 
Arrhythmias [ ] [ ] 
Abnormally strong femoral pulse [ ] [ ] 
Mild pyrexia!intermittent fever [ ] [ ] 
Hyperaemia of MM & skin [ ] [ ] 

ECG changes [ ] [ ] 
Congestive heart failure (CHF) [ ] [ ] 
Palpable thyroid gland [ ] [ ] 
Other - specify [ ] [ ] 

2 



Comments: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Result Date 
Thyroid function tests: 

Total T4 • • • • • • • • • . • • • • • • • • • • . • • • • . • . . . . . • • . . • . . • . . . . • • . • • . . • . • • . • . . • • • • • • • •  [0 
Total T3 • • • . • • . • • . • • . • • • • • . . . • . • • . • • • • • . • • • • • • • • . • • • • • • • • • • • • • • • . • • • • • • . • • •  CD 

Other - specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . [0 

6. Treatment: 
Medical 
Surgical 
Radioactive Iodine 113 1 

None 

7. Outcome: 

Yes No 

[ ] [ ] 
[ ] [ ] 
[ ] [ ] 
[ ] [ ] 

Alive and well [ ] Alive and unwell 
Euthanasia [ ] Died 

8. Histopathology of thyroid gland: Yes 

[ ] 
No 

[ ] 
Result 

] 
] 

9. Have you ever used or prescribed any of the following iodine containing agents 

for treatment of this cat: Yes No 

Surgical scrub [ ] 
Antiseptic solution (before and after surgery) [ ] 
Disinfectant [ ] 
Tincture spray [ ] 
Cream/ointment [ ] 
Wash/shampoo [ ] 
Radiocontrast media [ ] 
Other - specify [ ] 

3 

[ ] 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 

rn 
CD 

CD 

CD 

I I 



10. Have you ever used any of the following drugs for treatment of this cat? 
Yes No 

Corticosteroids: short acting [ ] [ ] [[] 
long acting [ ] [ ] CIJ 

Antibiotics including sulfonamides - specify [ ] [ ] l I I 
Anaesthetic agents - specify [ ] [ ] 
Anticonvulsants - specify [ ] [ ] 
Diuretics - specify [ ] [ ] 
Hormones - specify [ ] [ ] 
Aspirin [ ] [ ] 
Other - specify [ ] [ ] 

If you answer Yes to any remedies listed above, please provide the relevant details 

in the appendix. 

/ 

( r 

/ 
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APPENDIX 

10. Cat's visits at the veterinary clinic: 

Reason for visit: . . . . . . . . . . .  . 
Date of visit: . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
· 
. .  

·
. 
· · · · · ·

. 
· · · · · ·  

Diagnosis (if made): . . . . . . .  : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
Drug(s) administered: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

s�����;: ��rt-�-��d=· ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. � : .· : � ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·.·.·. ·. ·. ·. ·. ·. ·. � :.-. 
Preparation of the surgery field: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

����-ili�ti��- ���d:. ·. ·. ·. ·. ·. ·. ·. � � ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. � ·. ·. ·. ·. ·. ·.-.· .· : : : .. .. .. .. .. .. .. .. ........ ...... .. .. .. .. .. .. .. .. ..  .- : � ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·.� . 

Reason for visit: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Date of visit: . . . . . . . .  . 
Diagnosis (if made): : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
Drug(s) administered: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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Appendix 8 

SPSS codes (two examples only) for descriptive methods 

(crosstabulation and frequencies) 

Cat and owner factors 

CROSSTABS 

IT AB LES=rsdctrc moveO 1 2c nowcatc f3 m3c ch3c thh4c thf4 thm4 

ownl l 2  own l6  owns brdsls io hair8 dsexya B Y  srvtype 

/FORMAT= A VALUE TABLES 

/CELLS= COUNT COLU MN . 

Cat age distribution at the time of hyperthyroidism diagnosis 

FREQUENCI ES 

VARIAB LES=dgage l 6  

/STATISTICS=STDDEV RANGE M I N I M U M  M AX I M U M  SEMEAN 

M EAN MEDIAN 

/HISTOGRAM NORMAL 

/ORDER ANALYSIS . 

SPSS codes (one example only) for univariate analysis, used for 

screening case and random controls data sets for potential risk factors 

LOGISTIC REGRESSION V A R=srvtyper 

IS ELECT srvtypec NE 2 

/M ETHOD=ENTER thc4 

/CONTRAST (thc4)=Indicator( l )  

/PRI NT=CI (90) 

/CRITERIA P IN( .05)  POUT( . I Q) ITERATE(20) CUT( . S ) . 
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SPSS code for forward stepwise multiple unconditional logistic 

regression analysis for all significant variables " * "  (from univariate 

analysis, see Tables 9a to 9j) for case ( 1 )  - random control (0) status 

Cat and o wner factors 

LOGISTIC REGRESS ION VAR=srvtyper 

/SELECT srvtypec N E  2 

/M ETHOD=FSTEP( LR) move0 1 2c nowcatc ch3c thf4 age3y3c2 ownl 1 2  

ownoth6 owns brdsl s io  sex dsexya 

/CONTRAST (move0 1 2c )=Indicator( l )  /CONTRAST 

(nowcatc )=Indicator( 1 )  /CONTRAST ( ch3c )=Indicator( 1 )  /CONTRAST 

( thf4 )= Indicator(  1 )  /CONTRAST ( age3 y3c2 )=Indicator( 1 )  /CONTRAST 

(own 1 1 2 )=Indicator( l )  /CONTRAST (ownoth6)=l ndicator( 1 )  

/CONTRAST (owns)=lndicator( l )  /CONTRAST (brdsl sio)=lndicator (1 )  
/CONTRAST ( sex)=Indicator( 1 )  /CONTRAST (dsexya)= Ind icator( l )  

/PR INT=CI (95 ) 

/CR ITERIA PIN ( .05 ) POUT( . l 0) ITERATE(20) CUT( .5 )  . 

Cat medical history 

LOGISTIC REGRESS ION V AR=srvtyper 

/SELECT srvtypec N E  2 

/METHOD=FSTEP(LR) fcvrpc 1 2  fel vc 1 2  denc 1 4  rtc 1 4  utbc 1 4  g i tc 1 4  

drhc 1 4  starve 1 4  

/CONTRAST (fcvrpc l 2)=Indicator( l )  /CONTRAST 

(fel vc l 2 )= Indicator( l )  /CONTRAST (denc 1 4)= lndicator(1 ) /CONTRAST 

(rtc l 4)=Ind icator( l )  /CONTRAST ( utbc 1 4  )=Indicator( ! )  /CONTRAST 

(g i tc 1 4  )=I nd icator( ! ) /CONTRAST ( drhc 1 4  )=Indicator ( 1 )  /CONTRAST 

( starve 1 4  )=Indicator( 1 )  

/PRI NT=C I (95) 



/CRITE R I A  P IN( .05 ) POUT( . l O) I TERATE( 20)  CUT( . 5 ) . 

Cat indoor and outdoor en vironment 

LOGISTIC R EGRESSION V A R=srvtyper 

/S ELECT srvtypec NE 2 
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/METHOD=FSTEP(LR)  past l 9  indar l 9  toutc 1 2  bedfc23 bedovc23 

bedwlc23 bcl m24w sdutc26 htctc28 wgtc32 bhv33c fgtc34c t1ec36 

pchpc36 flebed flescpc mrlkc46 

/CONTRAST (past 1 9)=Indicator( 1 )  /CONTRAST ( indar1 9 )= lndicator( 1 )  

/CONTRAST ( toutc 1 2 )= lndicator( 1 ) /CONTRAST (bedfc23 )= lndicator( l )  

/CONTRAST (bedovc23 )=Indicator( ! ) /CONTRAST 

(bedwlc23 )=Indicator( 1 )  /CONTRAST (bclm24w)=I ndicator( 1 )  

/CONTRAST ( sdutc26)=1ndicator( l )  /CONTRAST (htctc28 

)=Indicator( 1 )  /CONTRAST ( wgtc32)=1ndicator( 1 )  /CONTRAST 

(bhv33c )= lndicator ( 1 )  /CONTRAST (fgtc34c)= lndicator( I )  

/CONTRAST (flec36)=Indicator( 1 )  /CONTRAST (pchpc36)=Indicator( 1 )  

/CONTRAST (flebed)=Indicator( l )  /CONTRAST (flescpc )=lndicator( I )  
/CONTRAST (mrlkc46)=lndicator( I )  

/PRI NT=CI (95 )  

/CR ITERIA PIN( .05 )  POUT( . l  0 )  ITERATE(20) CUT( . 5 ) . 

Cat diet and feeding practices 

LOGISTIC REGRESSION V AR=srvtyper 

/SELECT srvtypec NE  2 

/METHOD=FSTEP(LR)  alt52 drp52c2 cnp52c2 rm52 dp52 crn52 ad53 

fot54c l iqq56c trw57 bh57 dclf62r mic63 

/CONTR AST (al t52)= 1ndicator( l )  /CONTRAST (drp52c2)= lndicator( l )  

/CONTRAST (cnp52c2)=lndicator ( l )  /CONTRAST (rm52)= l ndicator( l )  
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/CONTRAST (dp52)=lndicator( l )  /CONTRAST (cm52)=lndicator( l )  

/CONTRAST (ad53 )= 1ndicator ( 1 )  /CONTRAST ( fot54c)=lndicator( l )  

/CONTRAST ( 1 iqq56c )=lndicator( l )  /CONTRAST ( trw57 )= Indicator( 1 )  

/CONTRAST (bh57 )=lndicator( l )  /CONTRAST (dclf62r)=lndicator( l )  

/CONTRAST (mic63 )=Indicator( 1 )  

/PR INT=CI (95 )  

/CRITERIA PIN( .05) POUT( . l O) ITERATE(20) CUT( . 5 ) . 

Second part of this analysis - pre-final model for the four risk factor 

groupings (mentioned above) 

LOGISTIC REGRESSION V A R=srvtyper 

/S ELECT srvtypec NE 2 

/METHOD=FSTEP(L R )  age3y3c2 brdslsio sex dsexya fcvrpc 1 2  fel vc 1 2  

denc 1 4  

rtc l 4  starvc l 4  utbc l 4  past l 9  bedfc23 bhv33c fgtc34c flebed cnp52c2 

fot54c l iqq56c rm52 trw57 

/CONTRAST (age3y3c2)=1ndicator ( l )  

(brdsls io )=Indicator( 1 )  

/CONTRAST 

/CONTRAST (sex)=lndicator( l )  /CONTRAST ( dsexya)=l ndicator( l ) 

/CONTRAST 

(fcvrpc 1 2 )= Indicator( l )  /CONTRAST (fel  vc 1 2 )=lndicator( l )  

/CONTRAST ( denc l 4)=1ndicator( l )  /CONTRAST (rtc l 4)=1ndicator(l )  

/CONTRAST (s tarvc l 4)=1ndicator( l )  /CONTRAST ( utbc l 4)=1ndicator( l ) 

/CONTRAST (past 1 9)=Indicator( 1 )  /CONTRAST (bedfc23 )=Indicator( 1 )  

/CONTRAST (bhv33c )=I ndicator( ! )  /CONTRAST ( fg tc34c )=Indicator( 1 )  

/CONTRAST (flebed)=l ndicator( l )  /CONTRAST ( cnp52c2)=l ndicator( 1 )  
/CONTRAST (fot54c)=Indicator( l )  /CONTRAST ( l iqq56c)=Indicator( l )  

/CONTRAST (rm52)=lndicator( l )  /CONTRAST (trw57)= lndicator ( l )  
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/PRINT=CI (95 ) 

/CR ITERIA PIN( .OS )  POUT( . l O) ITERATE(20)  CUT( . S ) . 

Third part of this analysis - final model for the four risk factor 

groupings with i nteractions 

LOGISTIC R EGRESSION V AR=srvtyper 

/SELECT srvtypec NE 2 

/METHOD=ENTER age3y3c2 brdsl sio sex dsexya denc 1 4  bedfc23 flebed 

cnp52c2 

/METH OD=FSTEP(LR ) age3y3c2 *denc 1 4  age3y3c2*cnp52c2 

cnp52c2*denc l 4  

/CONTRAST (age3y3c2)=I ndicator( l )  /CONTRAST 

(brdslsio )=Indicator( l )  /CONTRAST ( sex)=Indicator( l )  /CONTRAST 

(dsexya)=l ndicator( 1 )  /CONTRAST (denc 1 4  )=Indicator( l )  /CONTRAST 

(bedfc23 )= 1ndicator( 1 )  /CONTRAST ( tl ebed)=lnd icator( 1 )  /CONTRAST 

( cnp52c2 )=Indicator( 1 )  

/PR INT=CI (95 ) 

/CRITERIA  PIN( .OS) POUT( . l O) ITERATE(20) CUT( . S )  . 

SPSS code for forward stepwise multiple conditional logistic regression 

analysis for case ( 1 )  - matched control (2) status 

Cat and owner factors 

COXREG 

srvtypec /STATUS=srvtyper( l )  /STRATA=triadid 

/CONTRAST (rsdctrc )=Indicator( 1 )  /CONTRAST 

(moveO 1 2c )=Indicator( l ) /CONTRAST ( nowcatc )= Indicator( l )  

/CONTRAST (f3 )=Indicator( l )  /CONTRAST ( m3c)=Indicator( l )  
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/CONTRAST ( ch3c )=Indicator( 1 )  /CONTRAST ( thh4c )=Indicator( 1 )  

/CONTRAST ( thf4 )=Indicator ( l )  /CONTRAST (thm4 )=Indicator( l )  

/CONTRAST ( ownl 1 2)=Indicator( 1 )  /CONTRAST 

(ownoth6)=Indicator( 1 )  /CONTRAST (owns)=Indicator( l )  /CONTRAST 

(brdslsio)=Indicator( l )  /CONTRAST ( hair8 )=Indicator( 1 )  /CONTRAST 

( dsexya)= Indicator( 1 )  

/M ET HOD=FSTEP(COND) rsdctrc moveO l 2c nowcatc f3 m3c ch3c 

thh4c thf4 thm4 ownl 1 2  ownoth6 owns brdslsio hairS dsexya 

/PR INT=CI (95)  

/CRITERIA=PI N ( .05) POUT( . 1  0)  ITERATE(20) . 

Cat medical history 

COXREG 

srvtypec /ST A TUS=srvtyper( 1 )  /STRA T A=triadid 

/CONTRAST (fcvrpc 1 2 )= l nd icator( l )  /CONTRAST 

(chlamc 1 2)=lndicator( l )  /CONTRAST (fe lvc 1 2)=Indicator( 1 )  

/CONTRAST ( worf)=lndicator( 1 )  /CONTRAST ( cfbac 1 4  )=Indicator( 1 )  

/CONTRAST (denc 1 4)= lndicator( l )  /CONTRAST ( rtc 1 4)=Indicator( l )  

/CONTRAST (u tbc 1 4)=Indicator( l )  /CONTRAST (algsc 1 4)=Indicator( l )  

/CONTRAST (algfc 1 4)=Indicator ( l )  /CONTRAST (g i tc 1 4 )= l nd icator( l )  

/CONTRAST ( drhc 1 4  )=lndicator( l )  /CONTRAST ( starve 1 4  )=Indicator( 1 )  

/CONTRAST (toxc )=Indicator( ! ) /CONTRAST ( cac 1 4c )=Indicator( l )  

/CONTRAST ( othc 1 4c )=Indicator( 1 )  /CONTRAST 

( com1 4c )=Indicator( ! )  /CONTRAST (felvyno )=Indicator( ! )  

/CONTRAST (fi vyno )=Indicator( 1 )  

/METHOD=FSTEP(COND) fcvrpc 1 2  chlamc 1 2  fel vc l 2  worf cfbac l 4  

denc 1 4  rtc 1 4  u tbc l 4  algsc 1 4  algfc 1 4  gitc 1 4  drhc 1 4  starvc 1 4  toxc cac 1 4c 

othc 1 4c com 1 4c felvyno fivyno 

/PRINT=CI (95 ) 
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/CRITERIA=P IN (.OS) POUT( . 1 0) ITERATE(20) . 

Cat indoor and outdoor environment 

COXREG 

srvtypec /ST A TUS=srvtyper( 1 )  /STRA T A=tri adid 

/CONTRAST ( l awn 1 9)=Indicator( 1 )  /CONTRAST (gard 1 9)=Indicator( 1 )  
/CONTRAST (orch 1 9)=Indicator( l )  /CONTRAST (past 1 9 )=Indicator( l )  

/CONTRAST (crfld 1 9)=Indicator ( l )  /CONTRAST (park l 9 )=Indicator( I )  

/CONTRAST (plygr l 9)=lndicator( l )  /CONTRAST ( othoi )=Indicator( I )  

/CONTRAST ( toutc l 2)=Indicator( l )  /CONTRAST ( loutc2 l )= lndicator( I )  

/CONTRAST ( slep )=Indicator(! )  /CONTRAST (bedbc23 )= lndicator(I )  

/CONTRAST (bedsc23 )=Indicator( l )  /CONTRAST 

(bedcc23 )=1ndicator( I )  /CONTRAST (bedbbc23 )= 1ndicator( 1 )  

/CONTRAST (bedfc23 )=Indicator( 1 )  /CONTRAST 

(bedbkc23 )= Indicator( 1 )  /CONTRAST (bedbxc23 )= Indicator( 1 )  

/CONTRAST (bedctc23 )=Indicator( l )  /CONTRAST 

(bed vc23 )=Indicator( ! ) /CONTRAST (bedovc23 )=Indicator(} ) 

/CONTRAST (bedwlc23 )= Indicator( l )  /CONTRAST 

(bedwc23 )=l ndicator( l )  /CONTRAST (bedlc23 )=1ndicator( I )  

/CONTRAST (beddc23 )=Indicator( 1 )  /CONTRAST (bc lc24 )=Indicator( 1 )  

/CONTRAST (bclm24w )= Indicator ( ! )  /CONTRAST 

(bcl m24o )=Indicator( 1 )  /CONTRAST ( it l tc25 )= Indicator( 1 )  

/CONTRAST ( i tl wdirt)=Indicator( 1 )  /CONTRAST ( i t l twsdt)=Indicator( 1 )  

/CONTRAST ( i t l twcom) = Indicator( l )  /CONTRAST 

(sdutc26)=Indicator( 1 )  /CONTRAST ( noctc )= Indicator( ! )  /CONTRAST 

(htctc28 )= Indicator( l )  /CONTRAST ( opet29)=I ndicator( l )  /CONTRAST 

( opetd29c )=Indicator( 1 )  /CONTRAST ( opetabc )= Indicator( 1 )  
/CONTRAST ( opetb29c )=Indicator( ! )  /CONTRAST 
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( opetf29c )=Indicator( 1 )  /CONTRAST ( opetgpc )=Indicator( 1 )  

/CONTRAST ( opeteqc )=Indicator( ! )  /CONTRAST (boct30)=Indicator( l )  

/CONTRAST (wgtc32)=lndicator( l )  /CONTRAST (bhv33c)=Indicator( l )  

/CONTRAST (fgtc34c)=lndicator(l ) /CONTRAST ( muec35 )=lndicator( I )  

/CONTRAST ( afrc35  )=Indicator( ! )  /CONTRAST (herc35 )= Indicator( 1 )  

/CONTRAST (pesc35 )=1ndicator( l )  /CONTRAST (fugc35 )=Indicator( l )  

/CONTRAST (sni lc35 )=1ndicator( 1 )  /CONTRAST ( pstc35 )= Ind icator( 1 )  

/CONTRAST (othc35 )=1ndicator( l )  /CONTRAST (flyc36)=1ndicator( l )  

/CONTRAST ( ant36)=Indicator( 1 )  /CONTRAST ( flec36)=lndicator( I )  

/CONTRAST ( pfr36 )=1ndicator( 1 )  /CONTRAST (pch36)=Indicator( l )  

/CONTRAST (pst36)=1ndicator( 1 )  /CONTRAST ( oth36)=1ndicator( 1 )  

/CONTRAST (n ibpc37)=1ndicator( l )  /CONTRAST ( hovc38 )= 1ndicator( l )  

/CONTRAST (smkc39)=lndicator( l )  /CONTRAST ( crtc40)=lndicator( 1 )  

/CONTRAST (poisc4 1 )=lndicator(l ) /CONTRAST 

( medc4 2 )=Indicator( 1 )  /CONTRAST ( flecat )= Indicator (  1 )  /CONTRAST 

( flebed )=lndicator( l )  /CONTRAST (flec43c)=Indicator( l )  /CONTRAST 

( tlesc43 )= lndicator( l )  /CONTRAST ( igrc43)=lndicator( l )  /CONTRAST 

(afrc44 )=Indicator( ! )  /CONTRAST (farm45)=1ndicator( l )  /CONTRAST 

(afrc45 )= 1ndicator( I )  /CONTRAST (mrlkc46)=Indicator( l )  

/M ETHOD=FSTEP(COND )  lawn 1 9  gard l 9  orch l 9  past l 9  crfld l 9  park l 9  

plygr 1 9  othoi toutc 1 2  loutc2 1 slep bedbc23 bedsc23 bedcc23 bedbbc23 

bedfc23 bedbkc23 bedbxc23 bedctc23 bedvc23 bedovc23 bedwlc23 

bedwc23 bedlc23 beddc23 bclc24 bclm24w bcln124o it ltc25 i t lwdirt 

i t l twsdt i t ltwcom sdutc26 noctc htctc28 opet29 opetd29c opetabc opetb29c 

opetf29c opetgpc opeteqc boct30 wgtc32 bhv33c fgtc34c muec35 afrc35 

herc35 pesc35 fugc35 sni lc35 pstc35 othc35 flyc36 ant36 flec36 pfr36 

pch36 pst36 oth36 nibpc37 hovc38 s mkc39 crtc40 poisc4 1 medc42 flecat 

flebed flec43c  flesc43 igrc43 afrc44 fann45 afrc45 Imlkc46 

/PR INT=C I(95) 
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/CRITERIA=PIN( .05 )  POUT( . l 0 )  ITERATE(20) . 

Cat diet and feeding practices 

COXREG 

srvtypec /STATUS=srvtyper( l )  /STRATA=t1iadid 

/CONTRAST (fho49)=Indicator( l )  /CONTRAST (fdf50c)=Indicator(l )  

/CONTRAST (m5 1 )=Indicator( 1 )  /CONTRAST (alt52)= Indi cator( 1 )  

/CONTRAST (dr52 )=Indicator( l )  /CONTRAST (drp52c2)=I ndicator ( l ) 

/CONTRAST (drfv52c )= lndicator( l )  /CONTRAST (cn52)=lndicator( l )  

/CONTRAST ( cnp52c2)=Indicator ( l ) /CONTRAST 

(cnfv52c)=lndicator( l )  /CONTRAST (pr52 )=Indicator( l )  /CONTRAST 

(pt52 )=1ndicator(l ) /CONTRAST (rm52)=1ndicator( l )  /CONTRAST 

(dp52)=1ndicator( l )  /CONTRAST (cm52 )=Indicator( 1 )  /CONTRAST 

( vftveg)= Indicator( I )  /CONTRAST (vftjunk )=Indicator( I )  /CONTRAST 

(ct52 )= lndicator( l )  /CONTRAST (ad53 )= lndicator( l )  /CONTRAST 

( fot54c )=I ndicator( l )  /CONTRAST (l iq55 )= Indicator( l )  /CONTRAST 

( l iqq56c )=Indicator( 1 )  /CONTRAST (trw57)=Indicator(l )  /CONTRAST 

( tab57 )=1ndicator( l )  /CONTRAST (tcs57 )= lndicator( 1 )  /CONTRAST 

(tfl57 )=1ndicator( 1 )  /CONTRAST ( sk57 )= 1ndicator( I )  /CONTRAST 

(bh57 )= 1ndicator( l )  /CONTRAST (sh57 )=Indicator( 1 )  /CONTRAST 

(tt57)=1ndicator( l )  /CONTRAST (fps57 )= 1ndicator( l )  /CONTRAST 

(pd157c )= Indicator( l )  /CONTRAST (gp5 7 )=1ndicator( l )  /CONTRAST 

( ssp57c)=Indicator( l )  /CONTRAST (at5 7 )= 1ndicator( l )  /CONTRAST 

(oth57c)=lndicator( 1 )  /CONTRAST ( mk5 8c)=lndicator( l )  /CONTRAST 

( dp59)=1ndicator( l )  /CONTRAST ( de59)=Indicator( 1 )  /CONTRAST 

(ds59)=lndicator( l )  /CONTRAST (dc59 )= 1ndicator( l ) /CONTRAST 

( doth59c )=Indicator( 1 )  /CONTRAST ( tdr60c 1 5)=1ndicator( 1 )  

/CONTRAST ( tndrc 1 5 )=I ndicator( l )  /CONTRAST (dclf62r)=lndicator( l )  

/CONTRAST (mic63)=Indicator( l )  /CONTRAST ( micf63c)=Indicator( l )  



1 96 

/METHOD=FSTEP(COND )  fho49 fdf50c m5 1 alt52 dr52 drp52c2 

drfv52c cn52 cnp52c2 cnfv52c pr52 pt52 rm52 dp52 cm5 2  vftveg vftjunk 

ct52 ad53 fot54c l iq55  l iqq56c trw57 tab57 tcs57 tfl57 sk57 bh57 sh57 tt57 

fps57 pdl57c gp57 ssp57c at57 oth57c mk5 8c dp59 de59 ds59 dc59 

doth59c tdr60c 1 5  tndrc 1 5  dclf62r mic63 micf63c 

/PRINT=CI(95)  

/CRITERI A= PI N( .05 )  POUT( . 1 0) ITERATE(20) . 

Second part of this analysis - pre-fi nal model for the four risk factor 

groupings ( mentioned above) 

COXREG 

srvtypec /STATUS=srvtyper( l )  /STRATA=ttiadid 

/CONTRAST (brds ls io)=Indicator( l )  /CONTRAST 

( dsexya)=Indicator( I )  /CONTRAST ( ctbac 1 4  )=I ndicator( I )  /CONTRAST 

(drhc 1 4)=Indicator( l )  /CONTRAST ( noctc)=Indicator( l )  /CONTRAST 

( muec35 )=lndicator( 1 )  /CONTRAST (flyc36)=Indicator( 1 )  /CONTRAST 

( cnp52c2)=Indicator( 1 )  /CONTRAST ( cnfv52c )=Indicator( 1 )  

/CONTRAST (dp52)=lndicator( l )  /CONTRAST (vftveg)=Indicator( I )  

/CONTRAST ( 1 iqq56c)=Indicator( l )  /CONTRAST (pd l57c )= lndi cator( 1 )  
/CONTRAST (mk58c)=l ndicator( l )  

/METHOD=FSTEP(COND) brdsls io dsexya cfbac l 4  drhc l 4  noctc 

muec35 flyc36 cnp52c2 cnfv52c dp52 vftveg l iqq56c pdl57c rnk5 8c 

/PRI NT=CI (95) 

/CRITERIA=PIN ( .05) POUT( . l 0) ITERATE(20) . 

Third part of this analysis - final model for the four risk factor 

groupings with interactions 
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COXREG 

srvtypec /ST A TUS=srvtyper( 1 )  /STRAT A=triadid 

/CONTRAST (drhc l 4)=lndicator( l )  /CONTRAST (noctc)=Indicator( l )  

/CONTRAST (muec35)=Indicator( l ) /CONTRAST (flyc36)=lndicator( l )  

/CONTRAST ( cnfv52c )=Indicator( 1 )  /CONTRAST (pd157 c )=Indicator( 1 )  

/M ETHOD=ENTER drhc l 4  noctc muec35 flyc36 cnfv52c pdl57c 

/M ETHOD=FSTEP(COND) drhc l 4* noctc drhc 1 4*muec35 

drhc 1 4*flyc36 cnfv52c*drhc 1 4  

cnfv52c*noctc muec35 *pdl57c 

/PR INT=C I (95 ) 

drhc 1 4* pdl57c 

/CRITERI A=PIN( .OS ) POUT( . 1 0) ITERATE(20) . 

muec35 *flyc36 

Cox regression (proportional hazards model) for case-random status 

for comparing the survival and hazard curves for the risk factors 

present in the final case-random model 

COXREG 

ageS /STATUS=srvtype ( l )  

/PATTERN B Y  dsexya 

/CONTRAST (sex)=Indicator( l )  /CONTRAST (brdslsio )=Indicator( 1 )  

/CONTRAST ( dsexya)=Indicator( 1 )  /CONTRAST ( denc 1 4  )=Indicator( 1 )  

/CONTRAST (bedfc23 )=Indicator( 1 )  /CONTRAST ( flebed )=Indicator( 1 )  

/CONTRAST (cnp52c2)=1ndicator( l )  

/METHOD=FSTEP(LR) sex brdsls io dsexya denc 1 4  bedfc23 flebed 

cnp52c2 

/PLOT SURVIVAL HAZARD 

/PRINT=Cl(95 ) BASELINE 

/CRITERIA=PIN( .OS ) POUT( . l O) ITERATE(20) . 



1 98 

Kaplan-Meier survival analysis for cases used for comparing the 

different treatments on survival time (months) of hyperthyroid cats 

since the diagnosis up to the final date of the study 

KM 

dgage 1 6  BY tnon 1 8  /ST A TUS=dead5 ( 1 )  

/PRI NT TAB LE M EAN 

/PLOT S U R VIVAL HAZARD 

/TEST LOGRANK 

�OM PARE OVERALL POOLED . 


