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includes iodine deficiency15–17 and consump-
tion of or exposure to goitrogens in food,
water and the environment.18

Four US and three additional case-control
studies have identified host, dietary and
environmental risk factors for FH (Table
1).8,9,19–25 Iodine content of the diet has been
suggested as a likely etiologic factor in FH.26

In a recent case-control study, cats consum-
ing commercial foods without iodine sup-
plementation, according to listed ingredi-
ents, were more than four times as likely to
develop hyperthyroidism compared with
cats that ate iodine-supplemented foods.23

To date, however, the presence of iodine
deficiency or excess in the diet of hyperthy-
roid cats has not been documented.

In humans, thyrotoxicosis has been linked
to excess iodine consumption through food,
water or milk following periods of iodine 
deficiency, especially in people with thyroid
disease such as TNG.15,17,27 Iodine-induced
thyrotoxicosis has been described as an
iodine-deficiency disorder.27 Feline hyperthy-
roidism resembles iodine-induced thyrotoxi-
cosis in humans and rabbits: those with no
underlying thyroid disease have tolerated a
large quantity of iodine added to their diets,
while those similarly fed but with underlying
thyroid disease and/or iodine deficiency have
demonstrated clinical signs of hyperthy-
roidism.17,28–30 Overt hypothyroidism has been
reported in cats, including lions and domestic
cats fed laboratory diets comprised of all meat
and low iodine.31–33 Healthy cats tolerated
5000 μg iodine/day in laboratory diets, while

hypothyroid cats supplemented at this level
showed clinical signs of hyper thyroidism
including weight loss, fever and tachycardia.34

Iodine supplements

Nearly all commercial cat foods today are
supplemented with some form of iodine (see
box below).35 In a feeding study of cats, renal
excretion of iodine was approximately 100%.36

However, the bioavailability of individual
supplements has not been determined for
cats. In cattle feed, the bioavailability of calci-
um iodate was reported to be 88–95% that of
potassium iodide for supplementation, while
the bioavailability of EDDI was 105% that of
potassium iodide.37
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Study location Numbers of 
cases (controls)

Study 
dates

Diet studied Reported risk factors

New York State College of
Veterinary Medicine, USA19 

56 (117) 1982–85 Diet for past
5 years

Non-Siamese breed. >50% canned food. Partial or complete indoor
housing. Exposure to lawn or flea control products

University of California,
Davis and Animal Medical
Center, New York, USA20

379 (351) 1986 Current and
one previous
diet

Non-Siamese or Himalayan breeds. >50% canned food.
Exposure to cat litter

Seattle, WA, USA21 100 (163) 1996–97 Diet for past
5 years

Increasing age. Preference for certain canned food flavors

New Zealand22 125 (250) 1996–98 Current diet* Increasing age. Female sex. Domestic shorthair. Canned food of multiple
flavors. Sleeping on the floor. Contact with flea and fly control products.
Drinking puddle water and exposure to organic fertilizers

Purdue University, IN,
USA9,23,24

109 (173) 1998–2000 Lifetime diet
until 1 year
before
presentation

Increasing age. Female sex. >50% canned food. Food from pop-top cans.
Baby food in regular kitten diet or as a treat. 
Lack of iodine supplement in label ingredients. Increasing frequency of
carpet cleaning. Increasing years of exposure to well water. Increasing
years of exposure to gas fireplaces

Hong Kong8 12 (293) 2006–07 Not stated Increasing age. Non-domestic shorthair breed

United Kingdom25 109 (196) 2006–07 Diet for past
5 years

Increasing age. Non-purebred. Litter box use. >50% wet (canned/
pouched) food. Canned foods. Fish in diet. Lack of deworming medication

*This was not explicitly reported but apparent from the context

TABLE 3Risk factors for feline hyperthyroidism identified in case-control studiesTABLE 1

The most common iodine supplements are potassium iodide, calcium iodate and, to a
lesser extent, ethylenediamine dihydriodide (EDDI). Iodine supplements may also include
dry kelp, iodized salt or sea salt. One molecule of potassium iodide with a molecular
weight of 166 contains 76.5% iodine, while one molecule of calcium iodate with a molec-
ular weight of 390 contains 65% iodine. Thus, on a per gram basis, calcium iodate 
contains 85% of the iodine of an equivalent weight of potassium iodide, and 15% more
calcium iodate would be required in the diet to achieve the same iodine intake.

In a recent study, cats consuming commercial foods

without iodine supplementation were more than 

four times as likely to develop hyperthyroidism 

compared with cats that ate iodine-supplemented foods.

C o m m o n  s u p p l e m e n t s
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History of iodine supplementation
recommendations

1960s
The National Research Council (NRC) pub-
lished dietary iodine requirements for cats 
in 1962.38 These guidelines – Nutrient
Requirements of Laboratory Animals – con-
tained recommendations for cats based on
studies of kittens fed all-heart (low iodine)
diets and control diets (iodine content 200–300
μg/day) that contained primarily potatoes,
cereals and fish.38–42 These studies were
designed to determine calcium requirements
in growing kittens. It was reported that kittens
fed a heart-only diet with a low calcium: 
phosphorus ratio and no iodine supplementa-
tion developed thyroid hyperplasia followed
by atrophy, compared with kittens on long-
term heart-only diets supplemented with 100
μg iodine/day, for a total iodine concentration
of between 105 and 140 μg/day. Some thyroid
hyperplasia occurred in kittens on the heart-
only diet supplemented with calcium carbon-
ate and 50 μg iodine daily, for a total iodine
concentration of between 55 and 90 μg/
day. Kittens on the control diet did not 
develop thyroid hyperplasia. The authors
concluded that iodine supplementation of a
heart-only diet, at 100 μg iodine daily, pre-
vented thyroid hyperplasia. One of the
authors later concluded that supplementation
of cat foods with 150–400 μg iodine/day was
satisfactory.34 

1970s and 1980s
In the next two NRC editions of Nutrient
Requirements of Cats,43,44 the iodine require-
ment was stated as 1400–4000 μg/kg dry diet,
and a minimum iodine level of 350 μg/kg dry
diet for growing kittens was recommended.
An adjustment factor of 1.3 times was advised
for minimum values of iodine and certain
other minerals to account for varying levels of
bioavailability in formulated diets.44

1990s
In 1991, the Feline Nutrition Expert
Subcommittee of the Association of American
Feed Control Officials (AAFCO) set the iodine
minimum for cat foods for all life stages
(growing, reproduction, adult maintenance)
at 350 μg/kg dry weight for a diet with 
4 kcal/g metabolizable energy (ME).45,46 This

minimum value was part of the cat food nutri-
ent profile meant to replace the NRC recom-
mendations for formulated diets.46 In contrast,
the AAFCO standard for iodine for dogs was
1500 μg/kg dry diet minimum and 5000
μg/kg dry diet maximum for a diet with 3.5
kcal/g ME.45 This minimum value for dogs
was nearly four times as great as for cats at 
an equivalent ME level. In comparison, the
human adolescent and adult recommended
daily allowance of iodine is 150–200 μg/day.47

2000 and beyond
In 2006, the NRC published updated recom-
mendations for cat and dog nutrient 
concentrations.48 Iodine supplementation rec-
ommendations cited feeding trials conducted
in the mid-1990s and early 2000s,36,49 and are
now stated in units of μg/1000 kcal ME.48 The
recommendations increased the daily iodine
concentration for kittens and adult cats, but
the concentration may remain insufficient
compared with early feline and current
human recommendations. 

The published daily iodine recommenda-
tions for cats are summarized in Table 2.

Year and
published
source

Recommended iodine concentration

196141

196142

100 μg/day kitten
100 μg/day kitten

196238

196263

100 μg/day kitten
100 μg/day kitten; 30,000 µg/kg diet too high

196434 150–400 μg/day kitten; 5000 µg/day too high

196864 200–400 μg/kg dry diet

197240 100 μg/day kitten

197565 100–400 μg/day cat

197843 1400–4000 μg/kg dry diet

198644 1400–4000 μg/kg dry diet; 350 μg/kg dry diet kitten

199446 350 μg/kg dry diet minimum, all life stages

199649 710 μg/kg food

199945 350 μg/kg dry diet minimum, all life stages

200648 81 μg/day for 0.8 kg kitten (based on 450 μg iodine/1000 kcal ME) 
87.5 μg/day for 4 kg adult (based on 350 μg iodine/1000 kcal ME)

201061 460 μg/kg dry diet for adult cats

ME = metabolizable energy

Summary of recommended daily iodine requirements 
for cat foods

TABLE 2

The 2006 NRC recommendations increased the daily iodine concentration 

for kittens and adult cats, but the concentration may remain insufficient 

compared with early feline and current human recommendations.
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Equivalent iodine concentration
in cat foods

The iodine recommendations on a per cat
basis are not convertible to a per weight of 
dry food basis. However, the amount of
iodine consumed by a cat on a daily basis can
be estimated from its daily energy require-
ments (DER) and manufacturers’ label feed-
ing instructions. The DER is defined as the
activity constant k multiplied by the resting
energy requirement (RER). RER is 70(BW)3/4,
where BW is a cat’s body weight in kg, and the
activity constant for an adult cat is 1.3 for
maintenance.50 Therefore, for a 4 kg (8.8 lb)
cat, RER is 198.0 kcal/day and DER is 257.4
kcal/day. The amount of canned or dry food a
4 kg (8.8 lb) cat must eat daily to meet its DER,
illustrated using canned and dry foods pro-
duced by two major pet food manufacturers,
is shown in Table 3. The difference in volume
fed reflects the difference between dry and
canned foods in terms of caloric density.

The daily amount of iodine provided to a 
4 kg (8.8 lb) cat fed at its DER or according 
to these manufacturers’ labels has been cal -
culated using the iodine supplementation 
recommendations of the most recent NRC 

editions43,44 and the superseding AAFCO 
publication45 (Table 4). Compared with the
early NRC iodine recommendations of 100 μg/
day,38,40 the diet of a 4 kg (8.8 lb) cat is likely to
be deficient in iodine if its food is supplement-
ed according to the minimum iodine supple-
mentation recommendations of the later NRC
or AAFCO publications. The most recent NRC
recommendations suggest that a 4 kg (8.8 lb)
cat would have an iodine intake of 87.5 μg/
day if it consumed 250 kcal ME/day of food
containing 350 μg iodine/1000 kcal ME.48

This corresponds to 21.9 μg iodine/kg BW 
per day. 

The iodine concentration recommended by
the NRC for kittens may also be deficient. 
A kitten weighing 0.8 kg and consuming 
180 kcal ME/day of food containing 450 μg
iodine/1000 kcal ME would have an iodine
intake of 81 μg/day.48

Iodine in commercial diets

In one study, performed in the mid-1980s, the
iodine content of seven of 13 commercial cat
foods exceeded the maximum iodine recom-
mendations (range 1000–36,800 μg iodine/kg
dry diet).26 Most of the sampled cat foods 
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Food type Volume Weight (g) Energyc per volume
(kcal/v)

Energy/weight
(kcal/g)

Weight of food 
to meet DERd,e 

(g/day)

Label feeding
instructionsd

(day)

Label feeding
instructions 
(g dry food/day)

Canneda 5.5 oz 155.9 188/5.5 oz can 1.2 214.5f

47.2g

7.3 ozi 45.5g

Dryb 1 cup 100 536/cup 5.4 47.7h

42.9g

0.4 cup 39.6g

aFriskies Mixed Grill; bEukanuba Chicken and Rice Formula Cat Food; cCoffman (1997)35; dDaily energy requirement; eFor a 4 kg (8.8 lb) cat; 
fBased on 78% moisture; gOn a dry matter basis; hBased on 10% moisture; i5.5 oz/3 kg (6.5 lb) BW

Volume and weight of representative canned and dry foods to meet daily energy requirement 
of a 4 kg (8.8 lb) cat based on label feeding recommendations

TABLE 3

Iodine (μg/day) [DER] Iodine (μg/day) [label]

Year and 
published source

Recommendation
(μg/kg dry diet)

Canned Dry Canned Dry

197843 1400–4000 66.1–188.8 60.1–171.6 63.7–182.0 55.4–158.4

198644 1400–4000 adult 
350 kitten

66.1–188.8
16.5

60.1–171.6
15.0

63.7–182.0
15.9

55.4–158.4
13.9

199146 350 minimum, 
all stages

16.5 15.0 15.9 13.9

NB These values should be compared with recommendations of 100 μg/day from earlier NRC editions.38,40

Using the 2006 recommendations,48 a 4 kg cat consuming 350 μg iodine/1000 kcal ME would consume 87.5 μg
iodine/day. Thus, as of 1978, cats consuming foods supplemented with iodine at the minimum recommended 
concentration would be iodine deficient

Estimated iodine consumed, on a dry matter basis, by a 4 kg (8.8 lb) cat 
based on daily iodine recommendations, daily energy requirements and 
representative dry and canned food label feeding recommendations

TABLE 4
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contained added iodine in synthetic form. In
another study of 28 varieties of commercial
canned and dry cat food, reported in the early
1990s,51 two canned food varieties had iodine
concentrations that greatly exceeded the
upper limit of recommended iodine concen-
trations for adult cats at that time,44 while the
iodine concentration in six others was below
the limit of detection (range non-detectable to
21,200 μg iodine/kg dry diet).51 The widest
variation in iodine content was in canned
food. In a study of 92 commercial canned and
dry foods in Germany, the iodine concentra-
tions varied by a factor of 30 (canned food
range 220–6400 μg iodine/kg dry diet; dry
food range 470–3200 μg iodine/kg dry diet).36

Thus, between the 1980s and early 2000s,
iodine concentrations appeared to range
between non-detectable levels and excessive
levels in a variety of tested commercial cat
foods.

Assessing the impact of
changing iodine concentrations

A number of feeding trials have been per-
formed in cats specifically to assess the impact
of changing iodine concentrations.
✜ Dietary trials were conducted with canned
and dry foods of ‘low’, ‘medium’ and ‘high’
iodine content (101.5, 2220.7 and 13,768.7
μg/kg dry matter, respectively),52,53 and ‘low’
and ‘high’ iodine content (111.7 and 21,141
μg/kg dry matter, respectively).53,54 When the
diets were changed every 2 weeks, the serum
free T4 concentrations responded inversely 
to the dietary iodine concentration,52 but
when low and high iodine diets were fed 
for 5 months, there were no significant
differences in free T4 levels between the
diet groups.54

Conclusion: It was hypothesized that
the cat’s ability to respond or adapt
to long-term changing levels of
dietary iodine (see right) may
contribute to the development of
hyperthyroidism.52–54

✜ In a 9-month feeding trial,49 a
dietary iodine concentration below
0.52 ppm (or 520 μg iodine/kg food)
was found to be deficient, a diet
containing a concentration of 1570 μg
iodine/kg food was marginally sufficient,
and a diet with at least 2440 μg iodine/kg

food was sufficient, based on thyroid
radioiodine uptake. The T4 concentrations
remained within the reference range 
for all cats throughout the trial.49

Conclusion: A minimum dietary
concentration of iodine of at least 710 μg
iodine/kg of food was recommended.49

✜ A 54-day feeding trial was conducted 
in Germany during which iodine
supplementation increased every 7 days.36

Daily iodine concentrations in food ranged
from 40.8–190.8 μg iodine/kg BW.36 Fecal 
and urinary iodine excretion concentrations 
were determined, and the authors suggested
that daily iodine supplementation at 20 μg
iodine/kg BW would maintain cats in zero
iodine balance and that iodine in food was
approximately 100% bioavailable.36 In this
trial, urinary iodine concentration correlated
well with dietary intake.36 As iodine
concentration increased every 7 days,
concentrations of T4, free T4, T3 and free T3
decreased.7 This decrease was significant 
for the highest concentration of 190.8 μg
iodine/kg BW per day.7
Conclusion: The authors concluded the
decrease in thyroid hormone concentrations
reflected autoregulation in the face of rising
iodine concentration.7  This is similar to the
internal regulation of thyroid function
described for rats.55,56

✜ In a 1-year feeding study, diets based 
on corn gluten meal and corn were
supplemented at seven concentrations of
potassium iodide, ranging from 17–880
μg/kg dry matter, to determine the
appropriate dietary iodine concentration for
cats.61 The concentration was determined
using the plotted regression of the ratio of
technetium pertechnetate in the thyroid to the
salivary glands with respect to iodine intake
at 1 year and iodine balance at 9 months.61

Other biomarkers, including serum, fecal 
and urinary iodine concentrations, were
measured at specified intervals.61 Further, 
the authors discussed the methodology of

feeding studies, suggesting that earlier
study diets were not appropriately

balanced to specifically discern the
impact of varying dietary iodine
concentrations in study cats, were
not fed over a sufficient time
period, did not contain sufficiently
different iodine concentrations, did
not account for other nutritionally
important elements, and did not
assess relevant biomarkers of

nutritional status.61

Conclusion: The authors estimated the
minimum dietary iodine concentration

for cat food should be 460 μg/kg dry
matter.61

Between the 1980s and early 2000s,

iodine concentrations appeared to range between 

non-detectable levels and excessive levels in a

variety of tested commercial cat foods.

The thyroid’s response to
iodine deficiency or excess

The response of the feline thyroid to
iodine deficiency or excess has been extrap-

olated from other species. In iodine deficiency,
chronic stimulation of the thyroid to produce suffi-

cient thyroid hormones leads to hypertrophy and
eventual nodular hyperplasia.47  During periods of
iodine excess, iodine transport into the thyroid is
temporarily inhibited, and stimulation of the thyroid
to release thyroid hormones is decreased through
negative feedback to the anterior pituitary.55–60
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✜ In a study of cats with urinary iodine
concentrations sampled between 1994 and
2007, untreated hyperthyroid cats excreted
decreased concentrations of iodine in 
urine compared with euthyroid cats, after
controlling for renal disease, though
considerable intra-cat variation in urinary
iodine concentration was observed.62

In the 2–6 weeks following treatment 
for hyperthyroidism, urinary iodine
concentration increased significantly.62 Iodine
concentration in food was not measured 
but the median iodine intake per day was
estimated to be 41 μg/kg BW for euthyroid
cats without azotemia.62

Conclusion: The authors suggested that
hyperthyroid cats had a pool of stored 
iodine that was excreted in the weeks
following treatment.62 They suggested 
that if the urinary iodine concentrations 
of the hyperthyroid cats in their study
reflected iodine intake while the disease 
was developing, inadequate iodine intake
may be a risk factor for hyperthyroidism.62

Food labels and feeding choices

Explicit labeling of iodine supplements may
not guarantee that a given food contains suffi-
cient iodine to meet a cat’s requirements;
equally, the lack of such labeling does not
imply that iodine content is deficient in pack-
aged food. Flavor names may also not corre-
late with labeled ingredients and so may not 
provide sufficient information for consumers
about the iodine concentration of commercial
foods. Thus, veterinarians and owners may 
not be able to determine from commercial cat
food labels whether foods contain adequate 
concentrations of iodine. 

However, as more commercial cat foods are
adequately supplemented with iodine, and
providing iodine content is clearly indicated
on the label, owners and veterinarians can
reduce the risk of cats developing FH by refer-
ring to these labels when selecting foods for
cats. 
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