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Abstract. Thyroid diseases, and in particular hyperthyroidism, have frequently been diagnosed in cats by
both pathologists and clinicians over the last 20-30 years. Hyperthyroidism and hypothyroidism are common
endocrine disorders in elderly pets. Although the causes are not yet fully understood, it appears that a proper

intake of iodine in the diet can reduce the incidence of these diseases. In Italy, moist canned foods are cur-
rently used extensively for both dogs and cats. Although moist foods are used to cover just a small portion of

the energy requirements of dogs, they cover a much larger portion of these requirements in cats. The aim of

the present study has been to verify the iodine levels in different types of complete, moist cat and dog food
sold in different distribution channels. The results have shown that 25% of the analyzed food did not respect
the recommended range and that nutritional adequacy was not influenced by the distribution channel.
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Highlights

*  Jodine content in pet food for dogs and cats
frequently did not satisfy official nutritional
recommendations.

*  Fluctuating intake of dietary iodine levels
could be possibly linked to the high incidence
of feline hyperthyroidism in Italy.

Introduction

Iodine (I) is a major component of the thyroid
hormones thyroxine (T4) and triiodothyronine (T3),
and it represents 65% and 59% of their weights, respec-
tively (1). Thyroid hormones (THs) are involved in
metabolic processes that are essential for normal growth
and development; moreover, they also regulate the
metabolism of adult cats and dogs (2). It is well known
that their levels may interfere with energy consump-
tion and with the lean and fat body mass percentages;
an imbalance in their synthesis, related to a hyper- or

hypo-functioning of the thyroid gland, could be a con-
sequence of an altered I intake (2). Hyperthyroidism
represents the most common endocrinopathy of older
cats, and it resembles the toxic nodular goiter observed
in older humans (3). Interestingly, prevalence rates
appear to vary substantially according to the geographic
region. The prevalence of hyperthyroidism in cats in the
Union Kingdom is 20.1%, while it is 16.4 % in Spain,
11.4% in Germany and 3.9% in Hong Kong (4). Pure
breed cats, and Siamese and Himalayan cats, have a
decreased risk of developing hyperthyroidism (4), unlike
cats, suffer from hypothyroidism and not hyperthyroid-
ism. The prevalence of hypothyroidism in dogs varies
from 0.2 to 0.9% in different breeds. However, consid-
erably higher prevalence has been reported for some
breeds, e.g., 2.7% for a cohort of 8 years old Gordon
setters, 13 % for Swedish Hovawarts, and as high as
16% for Giant Schnauzers and Beagles (5). The disease
has rarely been diagnosed in dogs under the age of 2—4
years (5). Hyperthyroidism is characterized by an over-
production of THs from hyperfunctioning hyperplastic
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or adenomatous thyroid tissue, which leads to a hyper-
metabolic state that in turn is responsible for increased
resting energy expenditure, weight loss, increased
lipolysis, and gluconeogenesis. The I concentrations of
commercial cat foods can vary extensively. A review of
historical I recommendations made by Edimboro et al
(6) has revealed that the units of I supplementation were
changed in the 1970s; unsurprisingly, the first case-series
of cats diagnosed with feline hyperthyroidism was pub-
lished in the USA in 1979 (7), and it became a water-
shed for worldwide epidemics of the disease. Given the
above, the commercial foods that have been minimally
supplemented from the late 70’s onwards may have been
I deficient for most cats, and likely represented a risk
factor for the development of thyroid dysfunctions in
such a population. Furthermore, cats fed canned food
seem to be more prone to developing hyperthyroidism
than felines fed dry commercial food products (8, 19)
A prolonged I deficiency in dogs (8-12 months) was
found to result in variable thyroid patterns but did not
have a significant effect on the serum T, and T, levels (9)
demonstrated that commercial diets with a high iodine
content could cause hypothyroidism and changes in
the bone metabolism of young dogs. However, in the
aforementioned studies, the studied puppies were sig-
nificantly overfed (approx. 75% more than the energy
requirement), which resulted in a substantially increased
intake of I. Furthermore, the food was deficient in a
number of key nutrients, e.g., Calcium, Phosphorus
and Potassium, and therefore inappropriate for puppies.
Consequently, these results may be considered irrelevant
for normal commercial nutritionally balanced pet food
products, and the current legal maximum is safe for all
types of dogs. Hhypothyroidism is in fact mainly caused
by lymphocytic thyroiditis or idiopathic thyroid atrophy.
Lymphocytic thyroiditis is considered an autoimmune
disorder and there is a hereditary predisposition. It has
also been suggested that the disease may be influenced
by a major gene (5). The studies that have investigated
the occurrence of hypothyroidism in I deficiency areas
in humans are countless (10), but limited information
is available for cats and dogs. Minimum recommended
level of I for adult cats of 0.13 mg/100g dry matter
basic (DMB), for adult dogs of 0.11 g/100g DMB with
a maximum legal limit for both of 1.10 mg/ 100g (11)
In view of this and given the pivotal role of the I
content in the development of thyroid disease in pets,

the aim of the present work has been to measure I con-
centrations in commercial, complete, canned, pet food
products sold through different distribution channels
in Italy.

Materials and Methods

The I content was analyzed in 12 wet food prod-
ucts (6 for dogs and 6 for cats) produced by 9 different
manufacturers, both Italian and foreign, which are dis-
tributed in different channels and belong to different
commercial brands. Tins were collected in one day and
they were stored closed until processing in a cool and
dry place. All tins were on sale and the expiry were
around 2 years. The considered sample was composed
of 12 units divided as follows:

4 “1* price” types of pet food sold at Grocery

Pet Food (GPF) 2 for dos and 2 for

— 4 types of pet food sold in Specialized Pet
Food (SPF) 2 for dogs and 2 for cats

— 4 food Veterinary formula (VF) 2 for dogs and

2 for cats (on sale in Italy in pet shops and at

Veterinary surgeries);

The samples were analyzed to establish the I levels
through the determination of the absorbable and total
I by means of ICP/MS (Inductively Coupled Plasma
Mass Spectrometry). This method makes it possible to
determine the level of water-soluble I and the total 1.

To analyze soluble I, a sample was extracted with
water, whereas the sample used for the analysis of the
total I was subjected to mineralization. In both cases,
the resulting solutions were appropriately diluted and
analyzed by means of ICP-MS.

The limit of detection (LoD) was 0.01 mg/kg for
the soluble I and total 1.

The following performances of the methods were
considered:

—  the selectivity and the confirmation of identity
of the method are guaranteed by the analytical
system (ICP-MS);

— 'The Linearity and Analytical Measurement
Range goes up to 4000 mg/kg for soluble I
and up to 50 mg/kg for total I;
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Statistical analysis

The accuracy was evaluated by means of duplicate
analysis of the representative test samples normalized
by the mean. The statistical analysis (Bartlett’s test) on
the normalized data did not show any differences for
the total or soluble I. Furthermore, the analysis of the
data showed that the Dynamic Range of the method
extended over several orders of magnitude and the
scatter plots of the grouped normalized data showed
a random variability over the measurement range; a
greater variability was observed for low concentra-
tion values. The accuracy of soluble and total I was up
to 0.1 mg/kg (Coeflicient of Variation = 11.4%) for
higher values (CV = 4.0%). In order to estimate the
measurement uncertainty, as well as the precision of
the method, the components of uncertainty, linked to
systematic effects of the mass and volume measure-
ments and of the calibration curve, were assessed. This
resulted in a combined relative uncertainty of 11.7%
for the soluble and total iodine for up to 0.1 mg/kg,
and 4.6% for higher values. As a result, we obtained an
expanded relative uncertainty of 23.3% for the soluble
and total I up to 0.1 mg/kg, and 9.3% for higher values.

The resulting I values were then compared with
the parameters established by FEDIAF (13), which
has established a minimum recommended level of I for
adult cats of 0.13 mg/ 100g DMB, a maximum legal
limit of 1.10 mg/ 100g for adult dogs and a minimum
of 0.11 g /100g DMB, while the maximum legal limit
is the same as that of cats.

Results and Discussion

As shown in Tables 1 and 2, two of the six dog
products (= 33%) had unsuitable levels of I, compared
to the levels recommended by FEDIAF (13), one of
them had a lower level of I (0,07 mg/100g DMB) and
one had a higher level (5,04 mg/100 ¢ DMB) than
the reference values. Among the analyzed cat food
products, one (=17%) did not respect the parameters
(Tab.2) and presented extremely low levels of I (0,038
mg/100 g DMB), compared to the ones recommended
by both FEDIAF (11) and Wedekind (1) (0.046
mg/100g DMB). All tints were completely, percent-
age of water were 79 to 81 %, protein percentage

were 8,5 to 11 %, other parameters was very similar.
They used “closed formula” (Meat and derivatives,
vegetables, cereals, mineral and vitamins) so we can
know only the meet prevalent (beef, lamb, chicken,
pork minimum 4%) Two of tins who were with beef
are I lower one of cat and one of dog (in total tins
with beef were for), these tins were produced by the
same manufactures and came from SPF. I content of
red meat is variable 0,007-0,555 mg/kg, like poultry
meat (0,010-0,627 mg/kg), also to Saltwater fish but
higher than the others (0,300-6,926 mg/kg) (21). So,
we can speculate that I is not integrated in both by
the manufacture, and meat used were low I content.
One tin was high I level, content lamb meet and came
from GPF. We don’t have another simple with the
same manufacture, but we have another sample with
the same meet with normal I level and came from also
GPF. So, we can speculate that the problem was not
dependent to the type of meet or the distribution line.
According to our results, most of the assessed pet food
products fell within the I parameters set by FEDIAF
(11), 17% of the samples were in fact found to have
low levels and only one was found to have an excess
amount. A suitable diet is fundamental for the thyroid
function and for the metabolism of its hormones, and
the role of I is crucial for their synthesis. Moreover, it
has also been demonstrated that an excess of I in the
diets of dogs can cause alterations of the thyroid and
its functions, with clear effects on the metabolic activ-
ity and its hormones 9). In recent years, an increase
in diseases related to the thyroid has been observed
in cats, and hyperthyroidism. The causes have not yet
been fully elucidated, although inadequate levels of I
seem to represent a risk factor (6, 19) Several studies
have brought to the light the fact that cats fed with a
high level of I have a fourfold risk of hyperthyroid-
ism, compared to groups fed low levels (10). Other
studies have shown that the concentration of iodine
in pet food products was very variable: it ranged from
high to low levels and showed amounts that on occa-
sion were not even quantitatively determinable (6,21,
22). Moreover, a recent study conducted in Munich
has shown that, among 180 assessed completely dry
and wet foods for dogs and cats, the wet foods pre-
sented a higher variability of iodine content (13). The
percentage of non-compliant products was similar to
the our percentage that is, about 17-20 %. The aim
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of the present study has been to verify the level of I
in commercial products on sale in Italy. Our choice
was to carry out the study on wet products, accord-
ing to the ASSALCO - ZOOMARK (23) report on
the feeding and care of pets as there is the tendency
to consume more wet products in Italy than dry ones
(48.1% wet vs. 43.2% dry), especially for cats (32.4%
wet vs. 18.0% dry), and wet products have proved to
have a much higher variability of the iodine content.
The variation among the canned foods in fact resulted
in the ingestion of a range of 49 to 9639 ug I/day (24)
Furthermore, it has emerged in several works that
hyperthyroidism seems to target cats fed with canned
food more frequently than those fed with dry or mixed
food products (8,16,17, 20,21) It is possible that dra-
matic fluctuations in the iodine in take may contribute
to the current increase in feline thyrotoxicosis and may
be It is possible to understand why it is more common
in those cats that eat wet food products as the vari-
ability is higher. although there are conflicting reports
in literature. In fact, another study showed that 25%
of the assessed cats affected by hyperthyroidism had
never been fed canned food (16). Our study has shown
I levels that, in most cases, fall within the range of
referral as well as unsuitable levels in both cats and
dogs, as had already emerged in previous studies. With
the data available to us so far, it is possible to consider
I as a risk factor of hyperthyroidism in cats in Italy,
and this data alone cannot justify this high incidence,
in view of the fact that this pathology is not so com-
mon in dogs. It would probably be correct to consider
it as a multi-factorial disease: genetic predisposition,
pollution (goitrogenic substances, toxins) (18, 20, 21)
nutritional factors (I and the variability of I, Selenium
level) (6,10) and the packaging materials, for example
Bisphenol A (8, 20) Further studies are necessary and
desirable to clarify these aspects.
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