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Abstract

Background: Hyperthyroidism is the most common endocrinopathy in elderly cats and its prevalence varies greatly geographically. Since it
was first described in 1979, it has shown a continuously increasing incidence. This fact has given rise to several hypothesis, and studies about the
effects of endocrine disruptors on human and animal health are in full development. Aging, bisphenol-A and other endocrine disruptors present
in the dust, were already documented as risk factors for feline hyperthyroidism. The aim of this study was to perform a risk analysis on the habits
and lifestyle variables of domestic cats and their owners, and its possible relationship with feline hyperthyroidism.

Materials, Methods and Results: Retrospective case-control epidemiological study. A 30-questions questionnaire was applied to owners
of 28 hyperthyroid cats as well as to owners of 55 euthyroid cats aging more than eight-years (n:m) and living in the metropolitan area of Porto
Alegre - RS. Criteria for hyperthyroidism diagnosis was assumed as compatible clinical presentation confirmed by elevated serum thyroxine
concentration. Euthyroid control cats were selected by convenience from hospital medical records based on the absence of hyperthyroidism
diagnosis and age. Univariate odds ratio (OR) and respective 95% confidence interval (95%CI) analysis was performed for each of the 22 variables
surveyed. Exact Fischer’s test was performed to determine P-value, which was considered significant if P < 0.05. Student’s unpaired t-test was
applied for age comparison between groups. Mean age of hyperthyroid cats was 13.2 + 2.7 years (range: 7-18), while euthyroid cats mean age was
11.6 + 2.4 years (range: 8-16) (P < 0.01). Higher exposure to canned foods was considered as a risk factor for hyperthyroidism in this population
(OR=2.87;95% CI = 1.1 - 7.5; P = 0.032) as well as aging more than 12-years-old (OR = 3.14; 95% CI = 1.10 - 8.97; P = 0.048). Likewise, weekly
or monthly bathing frequency represented a strong risk factor in those hyperthyroid cats studied (OR = 7.57; 95% CI = 1.41 - 40.55; P = 0.013).
Regarding other items surveyed, such as the use of plastic accessories, contact with domestic dust, use of endoparasiticides, ectoparasiticides and
vaccines, it was not possible to identify any association of these variables as risk or protective factors.

Discussion: Even with a modest sample size, these results were in accordance with previous studies that analyzed hundreds of cats showing
that advanced age, as well as the consumption of canned foods, are risk factors for the development of the disease. This study also raised the
possibility of a risk factor related to frequent bathing. The explanation would be due to the possible presence of endocrine disruptors in cosmetic
products used for bathing. This hypothesis needs further studies, since previous recommendations on hyperthyroidism preventive management
suggests that bathing could have a protective effect since it cleans off the dust particles present in the fur. However, evidences that triclosan and
parabens present in cosmetic products may act as thyroid endocrine disruptors have been recently raised. Further studies would be required to
determine the effects of such inputs in felines’ health, since the etiopathogenesis of hyperthyroidism is uncertain and surely multifactorial. These
genetic, environmental, and nutritional factors; should be analyzed together, as far as possible. Moreover, these findings are helpful to create
preventive strategies against feline hyperthyroidism and corroborate with data previous published in epidemiological studies in other countries.
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Introduction

hyperactivity, vomiting, diarrhea and an unkempt hair coat
among other manifestations. The FH is considered a worthy
cause of comorbidities and eventual death due to the deleterious

Feline Hyperthyroidism (FH) is a multisystemic disorder
resultingfromexcesscirculatingconcentrationoftriiodothyronine
(T3) and thyroxine (T4) produced by an abnormally functioning
thyroid gland which affect mainly elderly cats [1]. The most
frequent signs are polyphagia, polyuria, polydipsia, weight loss,

effects of secondary chronic hypermetabolism [2]. Since it was
first described in 1979, its incidence is continuously increasing.
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The higher risk of developing the disease is being related to
indoor life and consumption of canned food, due to the exposure
to agents acting as endocrine disruptors (ED).

These compounds are exogenous agents that interferes with
the synthesis, secretion, transport, metabolism, binding action
or elimination of natural-borne hormones through various
mechanisms [3]. By those ways, ED might block or mimic
hormone action causing various effects [4]. These substances
are present in plastics, metal food cans, flame retardants, food
additives, cosmetics, and pesticides. The ED are represented most
frequently by the polychlorinated biphenyls (PCBs), bisphenol-A
(BPA), phthalates [4] and the polybrominated diphenyl ethers
(PBDEs) present in the house dust and considered global
contaminants [5,6]. The objective of this study was to analyze
how habits and lifestyle of domestic felines and their owners
might represent risk or protection factor for the FH development
in a population of cats in the metropolitan area of Porto Alegre,
Rio Grande do Sul, Brazil.

Materials and Methods
Study Design
Epidemiological retrospective case-control study to

analyze the risk of exposure to diverse factors related do feline
hyperthyroidism.

Animals

A convenience sampling of feline patients diagnosed with
hyperthyroidism was performed. The patients’ data were
obtained from the medical records of a veterinary teaching
hospital and two private clinics, one of which exclusively
dedicated to feline care and treatment, all located in the city
of Porto Alegre, Rio Grande do Sul, Brazil. As criteria for the
diagnosis of hyperthyroidism, the presence of clinical signs and
compatible laboratory abnormalities, palpable thyroid and/
or serum total T4 concentration were determined. The control
group were selected from the same establishments than cases,
since there was no history of hyperthyroidism, were above 8
years of age, and living in the metropolitan region of Porto Alegre.

Questionnaire

A thirty objective multiple-choice questions questionnaire
about risk factors for feline hyperthyroidism development
previously studied in other world regions, including several
possible endocrine disruptors was elaborated. Most questions
were adapted from questionnaires previously used in
epidemiological studies that evaluated risk factors for the
disease [1,5-8] and included a total of 22 variables under study.
Hyperthyroid cats’ owners answered four more questions at
the end of the questionnaire, regarding the therapeutic options
employed and case outcome. Hyperthyroid cats’ owners were
asked to answer the questions based on the patient’s lifestyle
prior to the diagnosis of hyperthyroidism. The control patients
group owners were asked to answer questions based on the
current lifestyle of patients to avoid recall bias. The time interval

for completing the questionnaire ranged from five to 15 minutes
accordingly to owner’s eloquence.

The sameinterviewer applied all questionnaires after training
techniques for epidemiological questionnaires appliance. Prior
to its application, a telephone contact was made to present the
research to the owner and obtain consent to participate. During
the telephone call, the owners were asked about the best time
to take part in the survey. If they want, they could answer the
questionnaire at the same time or schedule a proper time to
answer the questionnaire. Some owners requested to send the
questionnaire electronically so that they could answer it at a
more appropriate time. This request was accepted to avoid any
information bias. Also, some questionnaires answered were
obtained in person from owners by the time they brought their
cats to the veterinary establishments. Despite the multiple-
choice design of the questionnaire, all answers were converted
to dummy (dichotomous) variables showing exposure or non-
exposure to the analyzed factor [9].

Variables under study

The “Sex” variable was classified as male or female,
considering being female as a risk factor. “Age” variable was
classified into two categories (seven to 12 years of age or above
12 years of age). Ages equal or over 12 years were considered a
risk factor. The “Pouch cat food” and “Canned cat food” variables
were classified as a risk factor if the frequency of feeding was
daily, weekly or monthly. “Food bowls” and “Water bowls”
variables were considered a risk factor if made of plastic in
contrast with porcelain, glass, aluminum, or stainless-steel
bowls. The “Use of plastic bowls for both water and food” was
classified as a risk factor when compared to the sole use of the
other listed materials. The “Use of cat litter box” variable was
classified as a risk factor when compared to cats that did not use
it.

The use of “Cat litter” variable was classified as sand, silica,
newspaper or wood pellets, where silica and sand (mineral
basis) were considered risk factors. The “Kind of Home”
variable was considered a risk factor if the cat lived in an urban
apartment when compared to urban, beach or farmhouses.
The “Environment” variable was classified as risk factor when
the cats were exclusively indoor. The “Amount of time spent
outdoor” variable was classified as a risk factor when the cat
was exclusively indoor or indoor cats who spent up to one hour
a day outside. The “Use of carpets” variable was classified as a
risk factor if there was presence of carpets in the house. The
“Frequency of home cleansing” was classified as a risk factor if
it was done monthly or less frequent. The “bathing frequency”
variable was classified as a risk factor when bathing daily, weekly
or monthly.

The “Vaccine” variable was classified as a risk factor
when done on an annual basis or every 2 to 3 years when
compared to vaccination done only when Kkitten or eventually.

The “Deworming” variable was classified as risk factor if done
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monthly basis or according to manufacturer’s instructions when
compared to eventual deworming. The “Use of ectoparasiticides”
variable was classified as a risk factor when used in a monthly
basis or according to manufacturer’s instructions when
compared to eventual use. The “Contact with plastic toys”
variable was classified as risk factor when the cat played with

plastic toys.

Statistical Analysis

Univariate odds ratio (OR) and respective 95% confidence
interval (95%CI) analysis was performed for each of the 22
variables surveyed. Exact Fischer’s test was performed to
determine P-value, which was considered significative if P <
0.05. Student’s unpaired t-test was applied for age comparison
between groups. To perform statistical analysis the package
Prism GraphPad version 6.0 was used.

Results

From a total of 94 questionnaires applied, 83 were eligible to
beincluded in the study, of which 28 referred to hyperthyroid cats

(cases) and 55 referred to euthyroid cats (controls) over 8 years
of age (n:m). Among the cases, one questionnaire was excluded
since the diagnosis of hyperthyroidism had not been confirmed
by total T4 result. Two owners preferred not to answer the
questionnaire due to the animals’ death. In eight other contacts,
it was not possible to identify the motivation for not answering
the questionnaire. Concerning cases demographic distribution,
there were 48% male patients and 52% female patients, a
distribution like that observed among controls (47% males and
53% females) and there was no evidence of gender being a risk
factor in this population. The mean age of the animals by the time
of FH diagnosis was 13.2 + 2.7 years, ranging from seven to 18
years of age, whereas in the control group (euthyroid), the mean
age at the time of application of the questionnaire was 11.6 + 2.4
years, ranging from eight to 16 years of age (Figure 1). Despite
the careful selection of controls with more than eight years of
age for the study and the unusual occurrence of a seven-year-old
case, the control group was statistically younger than the case
group in the comparison done by the non-parametric t-Student
test (P < 0.01).
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Figure 1: Mean age and respective interquartile range comparison between cats in the hyperthyroidism group and cats in the control group.
There was a statistically significant difference (P < 0.01) between groups detected by Student’s non-paired t-test.
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To evaluate the age as a risk factor, cases were categorized
into two subgroups for comparison purposes: “geriatric”
subgroup (age seven to 11 years, 11 months and 30 days), and
“senile” subgroup > 12 years). The senile category represented
a significant risk factor (OR = 3.14; 95% CI 1.10 to 8.97; P =
0.032). The exposure to canned food consumption (commercial
moist food, tuna or sardines) represented a significant risk factor
(OR = 2.87; 95% CI 1.1 to 7.5; P = 0.048) when comparing to
rare or non-consumption of these kind of food. Likewise, the

exposure to bathing also represented a risk factor associated
with hyperthyroidism in the studied population (OR = 7.57; 95%
CI 1.41 to 40.55; P = 0.013). The complete data from statistically
significant data are presented in Table 1. Concerning the other
analyzed variables (plastic bowls, plastic toys, cat litter boxes and
catlitter, environmental characteristics, use of endoparasiticides,
ectoparasiticides and vaccines), no statistically significant
differences in exposure between cases and controls were found,
as shown in Table 2.

Table 1: Odds ratio and 95% confidence intervals of the statistically significant analyzed variables.

Hyperthroid (n = 27) Control (n = 55)
Analyzed Variables OR (CI 95%) P-value
n (%) n (%)
Age
> 12 years 21(78) 29 (53) 3.14 (1.10-8.97) 0.032
7-12 years 6(22) 26 (47)
Canned Cat Food
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Daily/Weekly/Monthly 14 (52) 15 (27) 2.87 (1.10-7.50) 0.048
Rarely/Never 13 (48) 40 (73)
Bathing Frequency
Daily/Weekly/Monthly 6 (22) 24 7.57 (1.41-40.55) 0.013
Rarely/Never 21(78) 53 (96)

OR: Odds-Ratio; *: Cl 95% significant (P < 0,05)

Table 2: Odds ratio and 95% confidence intervals of the statistically significant analyzed variables.

Analyzed Variables Syperthvoldi(n=27) Control{n = 35) OR (CI 95%) P-value
n (%) n (%)
Sex
Male 13 (48) 26 (47) 0.97 (0.38-2.43) 1
Female 14 (52) 29 (53)
Pouch Cat Food
Rarely/Never 7 (26) 22 (40) 1.90 (0.69-5.26) 0.231
Daily/Weekly/Monthly 20 (74) 33 (60)
Water Bowls
Plastic 19 (70) 30 (55) 1.98 (0.74-5.28) 0.232
Porcelain, stainless-steel, glass 8 (30) 25 (45)
Food Bowls
Plastic 18 (67) 32 (58) 1.44 (0.55-3.77) 0.483
Porcelain, stainless-steel, glass 9(33) 23 (42)
Both Bowls material
Plastic 15 (56) 22 (40) 1.88 (0.74-4.76) 0.239
Porcelain, stainless-steel, glass 12 (44) 33 (60)
Use of Cat litter box
Yes 26 (96) 46 (84) 5.09 (0.61-42.43) 0.154
No 1(4) 9 (16)
Kind of Cat litter
Sand/Silica 22 (81) 38 (69) 1.16 (0.31-4.29) 1
Wooden pellets/newspaper 4(15) 8 (15)
Kind of home
Apartament (urban) 19 (70) 36 (65) 1.25 (0.46-3.39) 0.803
House (urban, farm, beach) 8 (30) 19 (35)
Environment
Always indoor 21(78) 40 (73) 1.31 (0.44-3.88) 0.789
Part-time indoor/part-time outdoor 6(22) 15 (27)
Amount of time spent outdoor
More than up to one hour 1(4) 10 (18) 0.17 (0.02-1.43) 0.091
Up to one hour 26 (96) 45 (82)
Use of carpets
Yes 13 (48) 23 (42) 1.29 (0.51-3.26) 0.641
No 14 (52) 32 (58)
Frequency of home cleansing
Daily/Weekly 22 (81) 40 (73) 1.65 (0.52-5.15) 0.428
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Monthly/Rarely 5(19) 15 (27)
Vaccination **
Yes 22 (81) 46 (84) 0.77 (0.22-2.61) 0.751
No 5(19) 8 (15)
Frequency of vaccination
Annually/each 2 or 3 years 18 (82) 32 (70) 1.97 (0.56-6.88) 0.383
Eventually/only when kitten 4(18) 14 (30)
Deworming **
Yes 26 (96) 52 (96) 1.00 (0.09-11.55) 1
No 1(4) 24)
Frequency of deworming
Each 3-4 meses/semiannually 15 (58) 27 (52) 1.26 (0.49-3.26) 0.809
Annually/eventually 11 (42) 25 (48)
Ectoparasiticides
Yes 18 (67) 42 (76) 0,62 (0,23-1,71) 0.429
No 9 (33) 13 (24)
Frequency of ectoparasiticides
Monthly/as manufacturer’s 6 (25) 14 (33) 1,00 (0,31-3,23) 0.583
Eventually 18 (75) 28 (67)
Plastic Toys **
Yes 8(33) 22 (40) 0,75 (0,27-2,05) 0.623
No 16 (67) 33 (60)

Regarding the four final questions of the questionnaire,
which were applied only to the owners of hyperthyroid patients,
it was documented that most of the patients (74.1%) started
treatment immediately after the diagnosis. From these patients,
37% of the cats were being treated between one and 12 months,
14.8% between 13 and 24 months and 22.2% of the cats were
being treated for more than 24 months. Four patients (14.8%)
were not treated for hyperthyroidism despite the diagnosis, and

other three patients (11.1%) died soon after diagnosis or within
one month of starting treatment. The oral methimazole therapy
was the main choice of clinicians responsible for the cases in the
study population, followed by transdermic topical methimazole,
radioiodine therapy and low iodine diet. The frequency of
distribution for each hyperthyroidism treatment modality in this
case series is shown in Figure 2.
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Figure 2: Frequency distribution of the different hyperthyroidism treatment modalities applied in the patients who received treatment after FH
diagnosis.
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Discussion

The participation percentage of the owners in this research
was considered high, since 88.3% of those who were contact-
ed accepted to answer the questionnaire. However, a greater
frequency of answers was observed in the hyperthyroid cat
owners’ group, which may be related to their greater knowledge
about the disease, as well as their greater interest in helping to
prevent future cases, and better understanding the problem. In
contrast, the lowest percentage of answers from the euthyroid
cat owners’ group may have been motivated by the fact that
they had not a closer relationship with this specific disease.
Through the results achieved in the present study, it is possible
to infer that advanced age can be considered an important risk
factor for the development of FH, which agrees with previous
studies [1,10,11]. However, as the selection for control group
considered patients over eight years of age, the evaluation of
this variable depended on the establishment of a cutoff point
for advanced age.

The relationship between advanced age and the development
of hyperthyroidism might be explained, among other things, by
the longer exposure to the substances that potentially act as
endocrine disruptors, or by the simple fact that pathological
thyroid changes related to hyperthyroidism are consequences
of the aging process. As for the sex distribution, in contrast to
the researches from New Zealand [4] and a London [12] which
identified a higher predisposition for hyperthyroidism in
females, the present study showed no significant difference in
gender exposure in the studied population, in agreement with
previous studies performed in the Ireland, the United Kingdom
and Hong Kong [1,10,13]. However, the greater percentage of
females in certain studies may represent a bias since eventually
the females are more likely to reach an advanced age in relation
to males due to the habits of the latter. In Brazil, there is a
shortage of publications on feline hyperthyroidism, but the first
FH cases series published in the late 2000s indicated a higher
frequency in females [14,15].

Until the present time, studies evaluating risk factors for
feline hyperthyroidism development in Brazil were not found
in the consulted database. Regarding the consumption of
canned foods, the result obtained in this research agrees with
previous studies [16,17]. This is an admittedly key factor, since
the present study, even with a relatively small sample due to the
low frequency of diagnosis of the disease in the region, obtained
an OR like that described by an American study evaluating
hundreds of patients [16]. Canned foods may have BPA in their
inner lining, which migrates into the food during storage, or by
contaminated components, and may constitute a risk factor for
the development of endocrinopathies [13,18]. In addition, other
studies have found evidence that this contamination is greater
in pop-top cans [7,18,19]. It is worth mentioning that studies
in rats have demonstrated that the main route of elimination of
ingested BPA is through hepatic glucuronidation [20], which is
greatly reduced in cats making this animal extremely sensitive

to the adverse effects of many drugs and toxins that require
glucuronidation before elimination [3]. Thus, slower clearance
may lead to higher-than-expected BPA blood and tissue levels in
cats [7].

Studies concerning the exposure of cats to PBDEs through
canned foods and household dust suggest that the latter is the
major source of exposure to this compound because of the
hygienic habits of cats, as dust adheres to the fur when lying on
the floor and ends being ingested by licking [9,16]. In this sense,
one author suggests that cleaning the cats with a dry flannel
and monthly bathing could provide an associated protective
effect, since it removes the dust and consequently, the possible
chemical agents present in the fur, leading to a reduction on
the load of ED in the animal [18]. Despite this possibility, in the
last decade there has been an increasing interest in finding out
more information about the effects of some chemical substances
of cosmetics, such as triclosan and parabens, on thyroid health.
These two compounds are widely used in the cosmetics industry,
but there is little research about their impact on endocrine
health.

Triclosan is usually incorporated into several products,
including soaps and shampoos, due to its antimicrobial effect.
Parabens, in their turn, are used as preservatives for various
products, including cosmetics. Just over a decade ago, the
effects of these products on the thyroid were not investigated,
but the interest in this subject is increasing and researchers are
beginning to develop studies in this direction [12,19]. Recently,
a study analyzed 60 urine samples from dogs and cats and
demonstrated that parabens metabolites, notably benzoic acid
and 4-hydroxybenzoic acid, were the most abundantly detected
chemicals. Although the main purpose of this study was to identify
the number of parabens originating from animal foods, it should
be noted that these compounds are often used in cosmetics,
which may also be a source of contamination. However, until the
present moment, there is no available research about the effects
specifically related to the development of feline hyperthyroidism.

Considering this trend, the purpose of the present study
when analyzing the frequency of baths was to relate the use
of shampoos and cosmetics in cats to the development of FH.
From the results obtained, it was observed that hyperthyroid
cats were 7.5 times more prone to have undergone frequent
baths compared to the control group. However, a more detailed
analysis is important to confirm this relationship, as the present
study did not analyze the kinds of cosmetics nor the composition
of the shampoos used to bathe the animals. One can speculate
that hyperthyroid cats have been more exposed to bathing due to
a greater care of their owners, once they are worried owners that
went ahead investing in a FH diagnosis in the past. However, the
use of hospital controls may have mitigated this probability once
those owners were also looking for preventive or health care to
their cats.

It should be considered that the present study had some
limitations, such as the reduced number of animals in the
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sample, increasing the risk of type 2 statistical error. The fact
that the several variables surveyed had 95% confidence intervals
extremely wide, even though not significant, emphasizes the
potential importance of these factors, so that the enlargement
of the sample size could help to clarify this bias. The lower
mean age of the control group, as well as the higher percentage
of euthyroid cats between 8 and 12 years of age, may also have
been a limiting factor, since most studies point to a mean age
of diagnosis of feline hyperthyroidism among 12 and 13 years
[1,3,20-22].

Recall and confounding biases were also possible limitation
of this study; however, this are recognized limitations of this
kind of questionnaire-based research. General owner’s inability
to give accurate information about health status of their cats
may have affected our results; however, we assume that this
ability is similar for both case and control owners. Moreover,
the use of hospital patients as controls, even though they were
not hyperthyroid, may also work as a bias source. However, this
approach helps us to select patients from the same population,
a crucial case-control studies rule [23]. Misclassification bias is
less likely in our study, even though controls were not diagnosed
as hyperthyroidism at the time of the questionnaire, it is possible
that some cats can be diagnosed with the disease and then being
reclassified as cases in later years [24]. In addition, in the control
group, cats with diseases other than feline hyperthyroidism
were included, which may contribute to mask a possible
hyperthyroidism due to T4 suppression and, consequently,
associated clinical signs [25-27].

Conclusion

The results obtained in this research support previous studies
conducted in other world regions that pointed to advanced age
and consumption of canned foods as the main risk factors for
FH. The positive relationship between bathing frequency and
FH may be consistent due to exposure to compounds such as
parabens, although there is a need for more comprehensive
studies regarding the products used as well as their composition.
The fact that the other variables analyzed did not represent a
risk or protection factor in this population suggests that larger
studies are necessary including other regions of the national
territory, since the etiopathogenesis of feline hyperthyroidism
is multifactorial and covers a series of genetic, nutritional and
environmental factors, which should be analyzed together as far
as possible. Nevertheless, the results achieved here opens the
perspective of designing preventive strategies, such as avoiding
the use of canned foods and reducing bathing frequency.
However, to consider the reduction of exposure to these factors as
a protective measure depends on the performance of prospective
studies.
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