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Abstract: Congenital hypothyroidism is uncommon in cats. This case report describes weight
gain, clinicopathological and radiographic changes after early diagnosis and treatment of congen-
ital hypothyroidism in three British shorthair cats’ siblings. Data were assessed at 53 (diagnosis),
83, 185 and 365 days of age. Correlations between serum insulin-like growth factor-1 (IGF-1) and
body weight, levothyroxine dose, total thyroxine, and thyroid-stimulating hormone concentrations
were evaluated. The body weights of the congenital hypothyroid kittens were compared with those
of their two healthy siblings and British shorthair kittens of the same age. At diagnosis, the congenital
hypothyroid kittens showed a significantly lower body weight compared to the healthy siblings
(p = 0.03). After diagnosis, oral levothyroxine supplementation was started. The difference in body
weight was no longer observed after one month of treatment. The clinical signs, clinicopathological
and radiographic abnormalities ameliorated after one month of treatment. IGF-1 concentration was
significantly positively correlated with body weight (rs = 0.80, p < 0.002). In conclusion, resolution
of the clinical signs, achieving a consistent within-breed weight, and improvement of the clinico-
pathological and radiographic parameters demonstrated the importance of the early diagnosis and
treatment of feline congenital hypothyroidism.

Keywords: feline congenital hypothyroidism; dwarfism; levothyroxine treatment; IGF-1

1. Introduction

Congenital hypothyroidism (CH) is a relatively uncommon disease in cats, with
about 70 cases reported in the literature [1–3]. It has been suggested that CH is an under-
recognized disorder as a significative proportion of cases are not diagnosed or die at birth
or when juvenile, without the cause of death being established [1,4–6]. All cases of CH in
cats described so far have been diagnosed as primary hypothyroidism [1]. The latter can
result from thyroid dysgenesis or, more commonly, from thyroid dyshormonogenesis [1].
Congenital central (pituitary or hypothalamic) hypothyroidism has not been well docu-
mented in cats [7,8]. Diagnosis of congenital hypothyroidism is based on clinical signs,
supporting clinicopathology, radiographs, and thyroid function testing. The most reported
clinical signs of CH are those exhibited as disproportionate dwarfism or cretinism. These
signs include an enlarged broad head, a short neck and short limbs [1]. Additional findings
are lethargy, mental dullness, constipation, hypothermia, bradycardia, prolonged retention
of deciduous teeth, cold intolerance and retention of kitten hair, with the result that the
coat remains soft and fluffy [1,3–7]. Clinicopathological abnormalities are non-specific and
can include mild anemia, hypercholesterolemia, and azotemia [1]. The delayed appearance
and closure of the ossification centers of the axial and appendicular skeleton are evident
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radiographically [1]. Other radiographic findings can include epiphyseal dysgenesis, re-
duced long bone length, shortened vertebral bodies, and scalloping of the ventral borders
of the vertebral bodies, suggesting a lack of normal longitudinal growth [1]. These find-
ings, associated with low-to-low normal total thyroxine (tT4) concentrations, together with
high concentrations of endogenous thyroid-stimulating hormone (TSH), confirm primary
hypothyroidism [9]. As hypothyroidism may be associated with abnormal liver function
tests and low serum insulin-like growth factor 1 (IGF-1) concentrations, test results should
be interpreted carefully when hepatic disorders or congenital hyposomatotropism are
suspected [10]. Cats suffering from CH usually appear normal at birth; however, within
the first 1–2 months of age, retarded growth becomes evident. CH should be considered as
a differential diagnosis in kittens with failure to grow and/or clinical features of dispro-
portionate dwarfism. A decrease in growth rate compared to littermates usually becomes
evident by 6 to 8 weeks of age [1]. Since early diagnosis might bring a better prognosis,
CH diagnosis should be confirmed by evaluating a complete serum thyroid profile which
includes measurements of serum tT4 (+/− free T4 by dialysis) and TSH concentrations
in all kittens with retarted growth [1]. The finding of low-to-low normal tT4 (with or
without low free T4 by dialysis) concentrations together with a high concentration of TSH
confirms primary hypothyroidism. It has been previously suggested that finding a high
concentration of TSH is, probably, the single most important endocrine test for diagnosis of
feline hypothyroidism. The main reasons for this postulate are two: (1) high concentrations
have been reported in all of the congenitally hypothyroid cats previously described, and
(2) falsely high values for TSH are not generally seen in cats with non-thyroidal illness [1].
Although the pathophysiological mechanisms, clinical aspects, diagnostic methods, and
initial treatment for CH cats have been investigated in several reports [3,4,6,10–25], a com-
plete long-term follow-up has rarely been described [3,6,10,16,25].This case series describes
the body weight, clinicopathological and radiographic changes after early diagnosis, and
the one-year treatment follow-up of three kittens with CH.

2. Material and Methods
2.1. Sample Collection and Endocrine Tests

Blood specimens were collected by standard venipuncture using a blood vacuum
collection system from three 53-day-old British shorthair (BS) kitten siblings, 2 entire
females and 1 intact male presented to the Veterinary Teaching Hospital of the University of
Bologna. Coagulated blood samples were centrifuged for 10 min at 3000× g; the serum was
immediately transferred to plastic tubes, stored at 4 ◦C and analyzed the same day, or stored
at −20 ◦C and thawed immediately before analysis. The blood samples for determining
the complete blood count (CBC) were analyzed the same day as the sampling. The CBC
was performed with an automated hematology analyzer (ADVIA 2120, Siemens Healthcare
Diagnostics, Tarrytown NY, USA) while the chemistry parameters were measured using an
automated chemistry analyzer (AU480, Beckman Coulter/Olympus, Brea, CA, USA).

Serum tT4, TSH, and IGF-1 were measured using a chemiluminescent enzyme im-
munoassay validated for use in cats [13,26]. The TSH stimulation test was carried out in
one kitten by administering IV 75 µg of recombinant human TSH (rhTSH) and measuring
the serum concentration of tT4 immediately before and 6 h after rhTSH administration [27].

2.2. Statistical Analysis

The body weights (BWs) of the congenital hypothyroid kittens (CHk) were compared
with those of the 2 healthy siblings (HS) and with the data recorded from 0, 53, 83, 185,
and 365 day-old BS cats belonging to different BS breeders and private owners. Data from
0, 53, and 83 days of age were collected from 178, 95, and 42 kittens, respectively, these
data coming from an Italian BS Breeder Association dataset. In addition, the BW values
recorded at 185 and 365 days of age were collected from 28 and 26 BS cats, respectively,
belonging to BS breeders as well as to private BS owners who answered a questionnaire.
The Kruskal–Wallis test with the Dunn’s post-test was used for comparing BW among
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the 3 groups (CHk, HS, and BS kittens). Correlations between serum IGF-1 and BW, and
tT4 and TSH concentrations, and levothyroxine dosage were evaluated, considering the
data obtained at diagnosis and various follow-up examinations (83, 185, 365 days of age).
In addition, the differences between serum IGF-1 concentrations at different time points
(53, 83, 185, and 361 days of age) were compared using the Friedman test with Dunn’s post-
test. The statistical analyses were carried out using GraphPad Prism version 9.2 (GraphPad
Software, San Diego, CA, USA), with the significance level set at p < 0.05.

3. Ethical Consideration

This case report describes three client-owned cats admitted to the Veterinary Teaching
Hospital of the University of Bologna for diagnosis and routine monitoring of CH. All di-
agnostic tests were performed as part of the work-up. No diagnostic tests or treatments
were conducted for research purposes. The owners of each cat enrolled in the study signed
an informed consent form.

4. Clinical Cases
4.1. Case Description

Three 53-day-old BS kitten siblings, 2 entire females (F1 = 0.62 kg BW; F2 = 0.50 kg BW)
and 1 intact male (M1 = 0.60 kg BW), were presented to the Veterinary Teaching Hospital of
the University of Bologna due to 2-week history of slower growth rate as compared to their
normal littermates (1 intact male [0.86 kg BW] and 1 entire female [0.75 kg BW]). The owner
also noted delayed tooth eruption and a decreased frequency of defecation. Moreover, the
3 kittens seemed to be both less active and playful than their littermates, and they were
unable to learn new behavior (i.e. urinating in the litter box). The owner did not report
previous medical problems. All the kittens lived with the mother cat and were nursed for
the first 4 weeks of age. Starting from 4 weeks of age, the kittens had free access to a kitten
wet food (Mother & Babycat, Royal Canin; Table S1) to be gradually consumed in larger
amounts, with concomitant reduced consumption of the mother’s milk, and then, from
6 weeks of age, they were fed a kitten dry diet (Kitten, Royal Canin; Table S1.).

Compared to their littermates, at physical examination, the 3 kittens were lethargic,
dull, and smaller having a disproportionate appearance; the body condition score was
5/9 (according to Laflamme 9-point scale modified by Ghielmetti et al. 2017) [28,29].
In particular, a broad head, short neck and limbs, and a short block-like body were evident
in the 3 kittens (Figure 1). Moreover, they showed a soft and fluffy hair coat, ventral
curling of the pinnae and delayed tooth eruption (Figure 2). Additional findings were mild
hypothermia (37.7–37.8 ◦C) and, in 1 of the kittens, slight distension of the colon with the
presence of firm stools on abdominal palpation. The remainder of the physical examination
was unremarkable. Palpation of the thyroid gland did not reveal any abnormalities.
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Figure 1. Congenital hypothyroid kittens and healthy siblings (a) The 3 kittens with growth failure
(in the middle) together with their healthy littermates (left and right) at the time of presentation
(b) One of the 3 kittens (kitten F1) with a short block-like body and a fluffy hair coat (c) One of the
3 kittens (kitten M1) with a short neck, blue eyes, and ventral curling of the pinnae.
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Figure 2. Comparison of tooth eruption between two siblings (a) Delayed tooth eruption in one of
the 3 kittens with growth failure (b) Normal tooth eruption in one of the healthy littermates.

Hematology and serum biochemistry, evaluated just in 1 kitten (F1), due to an in-
sufficient blood sample, revealed some non-specific age-related findings, such as low
hematocrit (26.9%; reference range [RR] 32–48%) and erythrocyte count (6.01 × 106/µL;
RR 7–11 × 106/µL), and decreased total protein concentration (5.35 g/dL; RR 6.5–8.8 g/dL).
In addition, increased cholesterol was detected (307 mg/dL; RR 59–230 mg/dL).

Radiographic examination revealed shortened vertebral bodies, no evidence of growth
plate, and epiphyseal dysgenesis of the long bones in all three kittens (Figure 3). Moderate
distension of the colon was observed in one of the kittens (F2).
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Figure 3. Lateral and ventrodorsal projections of thorax and abdomen of 1 hypothyroid kitten (F2) at
the time of diagnosis. Delayed appearance of ossification centers with reduced long bone length and
shortened vertebral bodies with scalloped ventral borders were observed. Right-sided displacement
of the cardiac apex likely compatible with sternal malformation was also noted. Moderate distension
of the gastrointestinal tract was also present. DX, right side.

At this stage, CH, congenital hyposomatotropism and mucopolysaccharidosis were
considered to be the most likely differential diagnoses.

To evaluate the possible presence of hypothyroidism, serum tT4 and TSH were mea-
sured. In addition, a TSH stimulation test was carried out in 1 kitten. The thyroid hormones
of the 3 kittens are reported in Table 1. In 1 cat, there was not enough serum to measure
the tT4.

Table 1. Serum tT4 and TSH concentrations, and TSH stimulation test results (0 h and 6 h) at diagnosis.

Parameter Kitten F1 Kitten F2 Kitten M1 Reference Range

Baseline tT4 (nmol/L) – 12.9 6.44 15–42
tT4 after rhTSH (nmol/L) – 12.9 – 15–42

TSH (ng/mL) 5.44 6.20 12.00 0.03–0.30

tT4, total thyroxine; rhTSH, recombinant human thyroid-stimulating hormone TSH; TSH, thyroid-stimulating
hormone; F1, female 1; F2, female 2; M1, male 1.
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The IGF-1 concentration was measured in all 3 kittens in order to investigate hypo-
somatotropism and was found to be decreased in all 3 kittens (Table 2). The results of the
serum tT4/TSH concentrations, the TSH stimulation test and the radiographic findings
were indicative of hypothyroidism and treatment with oral solution levothyroxine supple-
mentation (Leventa, MSD, Boxmeer, The Netherlands); 20 mcg/kg q24h was initiated [1].
The overall behavior of the kittens and the frequency of defecation ameliorated within a
few days after starting therapy. After one month, the kittens were found to be more alert,
active, and playful. In addition, tooth eruption markedly improved. Serum tT4 and TSH
concentrations were measured 12 h after the evening levothyroxine dose [1]. Serum tT4
values were within normal limits; however, increased TSH concentrations persisted in two
kittens (Table 3).

Table 2. The IGF-1 concentrations at diagnosis (53 days) and during the follow-up examinations.

IGF-1 (ng/mL) 53 Days 83 Days 185 Days 365 Days Reference Range

Kitten F1 100.60 311.50 623.40 387.30 200–400
Kitten F2 27.51 195.50 483.70 313.80 200–400
Kitten M1 117.50 227 798.50 467.10 200–400

IGF-1, insulin-like growth factor 1; F1, female 1; F2, female 2; M1, male 1.

Table 3. Serum tT4 and TSH concentrations during the follow-up examinations.

Kittens Parameter 83 Days 185 Days 365 Days Reference Range

Kitten F1
tT4 (nmol/L) 63.40 45.40 31.8 15–42
TSH (ng/mL) 0.26 0.05 0.03 0.03–0.30

Kitten F2
tT4 (nmol/L) 34.40 15.20 21.6 15–42
TSH (ng/mL) 1.00 7.57 0.15 0.03–0.30

Kitten M1
tT4 (nmol/L) 45 28.20 46.2 15–42
TSH (ng/mL) 0.77 2.81 0.07 0.03–0.30

tT4, total thyroxine; TSH, endogenous thyroid-stimulating hormone; F1, female 1; F2, female 2; M1, male 1.

Moreover, at the first re-evaluation at 83 days of age, the IGF-1 concentration (Table 2)
increased to a normal value in 2 of 3 kittens in correspondence with an improvement in
radiographic abnormalities (Figure 4).

The levothyroxine dose (20 µg/kg q24h) was maintained unchanged at the first re-
evaluation in all 3 kittens while the amount of levothyroxine supplementation was adapted
to the increasing body weight. The kittens were re-evaluated several times during the
following months, and the levothyroxine dosage was adjusted according to tT4/TSH con-
centrations (Table 2) and increasing BW. At the time of writing (365 days of age, 10 months
after initiating therapy), the kittens are doing well (Figure 5), and the serum concentrations
of tT4 and TSH had normalized (last levothyroxine dose: 10 µg/kg [F1], 18 µg/kg [F2],
20 µg/kg [M1]).
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Figure 4. Lateral projection of thorax and abdomen and ventro-dorsal projection of the abdomen the
same hypothyroid kitten (F2) of Figure 3 at 83 days of age (after 1 month of levothyroxine treatment).
Normal appearance of growth centers of long bones and vertebral bodies are visible. Moderate
distension of the gastrointestinal tract was also present. DX, right side.
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4.2. Body Weight Changes and IGF-1 Concentrations

At birth, no differences in BW (median [g] and range) were observed among the
CHk (87, 82–92), HS (67, 61–91), and BS (90, 52–137) kittens (p = 0.11; Figure 6). At di-
agnosis (53 days of age), the CHk had a significantly lower BW as compared to their
HS (600 [500–600] vs. 805 [750–860], p = 0.03). Moreover, at 53 days of age, the BW of
the CHk tended to be lower, although not significantly lower than that of the BS kittens
(600 [500–600] vs. 710 [426–1020]; p = 0.06). The difference in BW between the CHk (1200,
1040–1300) and the HS (1500, 1400–1600) was no longer observed at 83 days of age after
1 month of levothyroxine treatment (p = 0.26).
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The * indicates a significant difference in the multiple comparisons Dunn’s test, p < 0.05.

A significant positive correlation was detected only between IGF-1 concentration and
BW (rs = 0.80, p < 0.002) while no correlation was observed between IGF-1 and tT4, TSH
and levothyroxine dosage. The IGF-1 concentration was significantly higher at day 185
when compared to day 53 (p = 0.002; Figure 7).
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5. Discussion

The present study describes a one-year follow-up of three kittens with an early diag-
nosis of CH. The clinical signs of the kittens were highly suggestive of hypothyroidism and
consistent with those observed in previous reports of feline CH, even if a palpable goiter was
not present. A goiter is expected in congenital hypothyroidism due to dyshormonogenesis;
however, it may not be apparent until 6 months of age (the time needed for high-circulating
TSH to stimulate gross thyroid hyperplasia) [1]. The diagnosis of hypothyroidism was
supported by the radiographic and clinicopathological changes and was confirmed by the
results of basal thyroid hormone analyses (i.e. serum tT4 and/or TSH concentrations).
In the present report, the owner was very observant in identifying the early clinical signs;
this allowed an earlier diagnosis of the disease in comparison with that reported in the
literature (53 days vs. 98, 84, and 196 days) [4,6,10]. The serum IGF-1 concentrations
were measured to investigate hyposomatotropism and low results were found in all three
kittens. Low IGF-1 concentration has already been described in a cat with CH [10]. Several
explanations for the low IGF-1 result were postulated by the authors: (1) presence of
concurrent hyposomatotropism and hypothyroidism, (2) it could be influenced by the
young age of the kitten, (3) it could be a consequence of reduced liver function, and (4) it
could be a result of hypothyroidism. Taking into account the clinical signs, in addition to
the clinicopathological and radiographic changes of the three kittens, the latter explanation
was considered the most likely. As a matter of fact, it has been previously described in
humans, dogs, and rats how the thyroid status can influence the growth hormone axis and
IGF-1 concentration has been shown to increase in hypothyroid humans after thyroxine
replacement therapy [30,31]. One month after initiating levothyroxine therapy, indeed,
the IGF-1 concentration normalized in two of the three kittens; therefore, it was unlikely
that concurrent hyposomatotropism could have been a reason for the initial IGF-1 low
concentration. For this reason, the result of low IGF-1 concentrations in cats with CH
should be interpreted carefully.

All the kittens had a good response to therapy with oral levothyroxine, and the
clinical signs ameliorated within one month of therapy, as previously reported in the
literature [3,10,24]. The kittens were re-evaluated several times during the following
months, and the levothyroxine dosage was adjusted according to their tT4 concentrations
and body weight changes. Even though it was possible to improve the clinical signs and
maintain near-normal concentrations of tT4 after the initiation of therapy, normalization of
the TSH concentrations was challenging. It was assumed this indicated a partial deficiency
of thyroid hormones (i.e. subclinical hypothyroidism) and the need, especially in the early
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stages of the condition, to adjust the levothyroxine dose more frequently in relation to the
body weight [32]. In the present study, a normal TSH concentration was obtained in all
the cats after 10 months of therapy. This was in contrast with a previous study in which
the TSH normalized after 8–10 weeks of levothyroxine treatment [3]. The discrepancy
between studies may be due to the fact that, in the study of Iturriaga et al. [3], cats of
different ages (range 4–19 months) were included. These cats were older than the ones
reported herein; therefore, the effect of growth could reasonably have a lower impact
on levothyroxine dosage adjustments. Radiographic features were strongly suggestive
of hypothyroidism and similar to those reported in the literature [24,29,32]. The main
radiographic findings observed in the present study were delayed epiphyseal ossification
with no evidence of growth plates in the appendicular and axial skeleton. As a consequence,
reduced long bone length and a shortened vertebral body were noted. Those signs are not
pathognomonic for CH because they have been described in cats affected by epiphyseal
dysplasia or panhypopituitarism [24,33,34]. Therefore, a clinicopathological diagnosis
was needed. Other radiographic changes reported in cats affected by hypothyroidism are
valgus deformities of the appendicular skeleton due to retarded ossification and secondary
osteoarthrosis [24,33,34]. Those signs were not observed in our kitten, probably due to
the early diagnosis and treatment of hypothyroidism. In all the patients, the radiographic
examination performed after one month of therapy showed the appearance of growth
plates in the axial and appendicular skeleton and no other abnormalities were detected.
Little information regarding radiographic follow-up in hypothyroid cats is present in the
literature [24,33,34].

The importance of an early diagnosis and consequent better prognosis highlighted as
CH should be considered a possible differential diagnosis in kittens with retarded growth
and/or clinical features of disproportionate dwarfism. The finding of low-to-low normal
tT4 concentrations together with a high concentration of TSH confirms the diagnosis of
primary hypothyroidism and leads to the start of the levothyroxine treatment.

In order to assess the relationship between the IGF-1 concentration and the weight
gain during the growing phase of the kittens, leftover samples were used to measure the
IGF-1 at each follow-up examination. The plasma concentration of IGF-1 is regulated by
the growth hormone (GH) which stimulates IGF-1 synthesis in the liver and other tissues;
IGF-1 is involved in the growth and function of almost every organ in the body [35,36].
Thyroid status influences the growth hormone axis in humans, dogs, cats, and rats, and
IGF-1 concentration has been shown to increase in hypothyroid humans after levothyroxine
therapy [10,30,31].

A clear correlation between body weight and IGF-1 concentration in growing cats has
never been described. In the present study, a strong positive correlation was found between
IGF-1 concentration and BW. It has been previously reported that IGF-1 concentrations
are higher during the growing phase in comparison with the adult phase in both humans
and cats [37–39]. The present results agreed with a previous study in which the IGF-1
concentration in growing cats, followed until 21 months of age, reached its highest value
at 5 months [37]. In this study, the highest concentration of IGF-1 was detected in the
kittens at 185 days of age; in addition, a significant difference was found between the IGF-1
concentration measured at 53 and 185 days. Moreover, the IGF-1 concentration decreased
at the last follow-up (365 days), although the difference was not significant.

The IGF-1 trend pointed out in this case report is similar to that described in children.
It has been reported that the serum IGF-1 levels tend to increase slowly with age in

childhood, reaching a peak level at puberty, and decreasing with age thereafter [40,41].
The same developmental pattern of serum IGF-1 was present in all three kittens with
CH. As in humans, the kittens of this study also showed the IGF-1 peak level at the age
of sexual maturation (185 days) followed by a decreased concentration at 1 year of age.
These high IGF-I concentrations in humans are likely explained as the result of the sex
hormone-induced increasing GH secretion in the pubertal years [42]. However, a direct
action of sex steroids on IGF-I levels cannot be excluded [43]. The same mechanism could
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explain the IGF-1 pattern in our kittens and it has already been previously described in a
previous study [39].

In the present study, no correlation between IGF-1 concentration and levothyroxine
dosage or thyroid hormones (tT4 and TSH) was observed. The discrepancy between the
present findings and those reported in human medicine [30,31] may be due to the small
sample size and differences between species.

To the authors’ knowledge, the BW gain and the comparison of BW data with those
from healthy kittens have never previously been described in CHk. The CHk in the present
study showed a significant BW difference at diagnosis (53 days) in comparison with the
HS. As previously reported, affected kittens typically appear normal at birth; however,
noticeable changes become evident by 6 to 8 weeks of age, as described in the CHk in this
study [1].

This report warrants to highlight how the differences in BW of the CHk, and the HS
and BS kittens were no longer identified after a month of treatment. The time required for
the BW to improve is therefore similar to that needed by clinical, clinicopathological, and
radiographic abnormalities to improve after the beginning of CH treatment [3,10,24].

The first limitation of this study is the low number of patients included. Secondly,
due to the small size of the kittens and the need for a large sample of blood, T4 was not
measured in one of the kittens at the time of diagnosis. This may have partially influenced
our results.

In summary, findings in these cases indicate the importance of the early diagnosis and
treatment of feline CH in order to obtain a complete resolution of the clinical signs, together
with reaching a consistent within-breed BW, and improvement of the clinicopathological
and radiographic parameters. Overall, in this report, the authors speculated that, in addi-
tion to thyroid status, IGF-1 concentrations and their trend in CHk should be interpreted
carefully owing to the influence of the growth phase.
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.3390/vetsci9030140/s1. Table S1: Average composition of the diets fed to kittens.

Author Contributions: Conceptualization, A.M.T., and S.G.; methodology., A.M.T., C.G.V. and S.G.;
investigation, A.M.T., E.A.G. and S.G.; resources, F.F.; data curation, A.M.T., C.G.V., S.G. and S.P.;
writing—original draft preparation, A.M.T., C.G.V., S.G. and S.P.; writing—review and editing, A.M.T.,
C.G.V., E.A.G., S.G. and S.P.; supervision, A.D., F.F. All authors have read and agreed to the published
version of the manuscript.

Funding: This study received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study, due
to the fact that all the diagnostic tests were performed as part of the work-up. No diagnostic tests or
treatments were conducted for research purposes.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available in the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Peterson, M.E. Hypothyroidism. In Feline Endocrinology; Feldman, E.C., Fracassi, F., Peterson, M.E., Eds.; EDRA: Milano, Italy,

2019; pp. 281–316.
2. Reusch, C.E. Disorders of Growth Hormone. In Canine and Feline Endocrinology, 4th ed.; Feldman, E.C., Nelson, R.W., Reusch,

C.E., Scott-Moncrieff, J.C.R., Eds.; Elsevier: St. Louis, MO, USA, 2015; pp. 37–76.
3. Iturriaga, M.P.; Cocio, J.A.; Barrs, V.R. Cluster of cases of congenital feline goitrous hypothyroidism in a single hospital. J. Small

Anim. Pract. 2020, 61, 696–703. [CrossRef] [PubMed]
4. Traas, A.M.; Abbott, B.L.; French, A.; Giger, U. Congenital thyroid hypoplasia and seizures in 2 littermate kittens. J. Vet. Intern.

Med. 2008, 22, 1427–1431. [CrossRef] [PubMed]
5. Bojanic, K.; Acke, E.; Jones, B.R. Congenital hypothyroidism of dogs and cats: A review. N. Z. Vet. J. 2011, 59, 115–122. [CrossRef]

[PubMed]

https://www.mdpi.com/article/10.3390/vetsci9030140/s1
https://www.mdpi.com/article/10.3390/vetsci9030140/s1
http://doi.org/10.1111/jsap.13231
http://www.ncbi.nlm.nih.gov/pubmed/32974927
http://doi.org/10.1111/j.1939-1676.2008.0203.x
http://www.ncbi.nlm.nih.gov/pubmed/19000252
http://doi.org/10.1080/00480169.2011.567964
http://www.ncbi.nlm.nih.gov/pubmed/21541884


Vet. Sci. 2022, 9, 140 10 of 11

6. Lim, C.K.; Rosa, C.T.; De Witt, Y.; Schoeman, J.P. Congenital hypothyroidism and concurrent renal insufficiency in a kitten. J. S.
Afr. Vet. Assoc. 2014, 85, 1–6. [CrossRef] [PubMed]

7. Donaldson, D.; Billson, F.M.; Scase, T.J.; Sparkes, A.H.; McConnel, F.; Mould, J.R.B.; Adams, V. Congenital hyposomatotropism in
a domestic shorthair cat presenting with congenital corneal oedema. J. Small Anim. Pract. 2008, 49, 306–309. [CrossRef]

8. Greco, D.S. Pituitary deficiencies. Top. Companion Anim. Med. 2012, 27, 2–7. [CrossRef]
9. Peterson, M.E. Feline focus: Diagnostic testing for feline thyroid disease: Hypothyroidism. Compendium 2013, 35, E4.
10. Quante, S.; Fracassi, F.; Gorgas, D.; Kircher, P.R.; Boretti, F.S.; Ohlerth, S.; Reusch, C.E. Congenital hypothyroidism in a kitten

resulting in decreased IGF-I concentration and abnormal liver function tests. J. Feline Med. Surg. 2010, 12, 487–490. [CrossRef]
11. Arnold, U.; Opitz, M.; Grosser, I.; Bader, R.; Eigenmann, J.E. Goitrous hypothyroidism and dwarfism in a kitten. J. Am. Anim.

Hosp. Assoc. 1984, 20, 753–758.
12. Peterson, M.E. Feline hypothyroidism. In Current Veterinary Therapy X; Kirk, R.W., Bonagura, J.D., Eds.; WB Saunders Co.:

Philadelphia, PA, USA, 1989; pp. 1000–1001.
13. Sjollema, B.E.; Den Hartog, M.T.; De Vijlder, J.J.M.; Van Dijk, J.E.; Rijnberk, A. Congenital hypothyroidism in two cats due to

defective organification: Data suggesting loosely anchored thyroperoxidase. Eur. J. Endocrinol. 1991, 125, 435–440. [CrossRef]
14. Tanase, H.; Kudo, K.; Horikoshi, H.; Mizushima, H.; Okazaki, T.; Ogata, E. Inherited primary hypothyroidism with thyrotrophin

resistance in Japanese cats. J. Endocrinol. 1991, 129, 245-NP. [CrossRef] [PubMed]
15. Jones, B.R.; Gruffydd-Jones, T.J.; Sparkes, A.H.; Lucke, V.M. Preliminary studies on congenital hypothyroidism in a family of

Abyssinian cats. Vet. Rec. 1992, 131, 145–148. [CrossRef] [PubMed]
16. Peterson, M.E.; Randolph, J.F.; Mooney, C.T. Endocrine diseases. In The Cat: Diagnosis and Clinical Management; Shereding, R.G.,

Ed.; Churchill Livingstone: New York, NY, USA, 1994; pp. 1404–1506.
17. Firth, M.; Fodacaro, J.V.; Greco, D.S. Challenging cases in internal medicine: What’s your diagnosis? Vet. Med. 2000, 95, 606–614.
18. Tobias, S.; Labato, M.A. Identifying and managing feline congenital hypothyroidism. Vet. Med. 2001, 96, 719–726.
19. Mazrier, H.; French, A.; Ellinwood, N.M.; van Hoeven, M.; Zwiegle, J.; O’Donnell, P.; Jezyk, P.F.; Haskins, M.E.; Giger, U. Goitrous

congenital hypothyroidism caused by thyroid peroxidase deficiency in a family of domestic shorthair cats. J. Vet. Intern. Med.
2003, 17, 395–396.

20. Crowe, A. Congenital hypothyroidism in a cat. Can. Vet. J. 2004, 45, 168.
21. Szabo, S.D.; Wells, K.L. What is your diagnosis? Congenital hypothyroidism. J. Am. Vet. Assoc. 2007, 230, 29–30. [CrossRef]
22. McGhie, J.A.; Thompson, M.F. Intestinal intussusception in a 10-week-old kitten with congenital hypothyroidism. Aust. Vet Pract.

2011, 41, 122–125.
23. Peterson, M.E. Primary goitrous hypothyroidism in a young adult domestic longhair cat: Diagnosis and treatment monitoring. J.

Feline Med. Surg. Open Rep. 2015, 1, 1. [CrossRef]
24. Van Bergen, L.; Bassez, I.; Junius, G.; Vandermeulen, E. Congenital primary hypothyroidism in a cat. Vlaams Diergeneeskundig

Tijdschrift. 2016, 85, 349–354. [CrossRef]
25. Jacobson, T.; Rochette, J. Congenital feline hypothyroidism with partially erupted adult dentition in a 10-month-old male neutered

domestic shorthair cat: A case report. J. Vet. Dent. 2018, 35, 178–186. [CrossRef] [PubMed]
26. Tvarijonaviciute, A.; German, A.J.; Martínez-Subiela, S.; Tecles, F.; Ceron, J.J. Analytical performance of commercially-available

assays for feline insulin-like growth factor 1 (IGF-1), adiponectin and ghrelin measurements. J. Feline Med. Surg. 2012, 14, 138–146.
[CrossRef] [PubMed]

27. Stegeman, J.R.; Graham, P.A.; Hauptman, J.G. Use of recombinant human thyroid-stimulating hormone for thyrotropin-
stimulation testing of euthyroid cats. Am. J. Vet. Res. 2003, 64, 149–152. [CrossRef] [PubMed]

28. Ghielmetti, V.; Wichert, B.; Rüegg, S.; Frey, D.; Liesegang, A. Food intake and energy expenditure in growing cats with and
without a predisposition to overweight. J. Anim. Physiol. Anim. Nutr. 2018, 102, 1401–1410. [CrossRef]

29. Laflamme, D. Development and validation of a body condition score system for cats: A clinical tool. Feline Pract. 1997, 25, 13–18.
30. Valcavi, R.; Dieguez, C.; Preece, M.; Taylor, A.; Portioli, I.; Scanlon, M.F. Effect of thyroxine replacement therapy on plasma

insulin-like growth factor 1 levels and growth hormone responses to growth hormone releasing factor in hypothyroid patients.
Clin. Endocrinol. 1987, 27, 85–90. [CrossRef]

31. Schmid, C.; Zwimpfer, C.; Brändle, M.; Krayenbühl, P.A.; Zapf, J.; Wiesli, P. Effect of thyroxine replacement on serum IGF-I,
IGFBP-3 and the acid-labile subunit in patients with hypothyroidism and hypopituitarism. Clin. Endocrinol. 2006, 65, 706–711.
[CrossRef]

32. Peterson, M.E.; Guterl, J.N.; Nichols, R.; Rishniw, M. Evaluation of serum thyroid-stimulating hormone concentration as a
diagnostic test for hyperthyroidism in cats. J. Vet. Intern. Med. 2015, 29, 1327–1334. [CrossRef]

33. Stander, N.; Cassel, N. “Long bones-juvenile”. In BSAVA Manual of Canine and Feline Muscoloskeletal Imaging, 2nd ed.; Kirberger,
M., McEvoy, F.J., Eds.; British Small Animal Veterinary Association: Gloucester, UK, 2016; pp. 87–107.

34. Dennis, R. “Skull-general”. In BSAVA Manual of Canine and Feline Muscoloskeletal Imaging, 2nd ed.; Kirberger, M., McEvoy, F.J.,
Eds.; British Small Animal Veterinary Association: Gloucester, UK, 2016; pp. 275–300.

35. Müller, E.E.; Locatelli, V.; Cocchi, D. Neuroendocrine control of growth hormone secretion. Physiol. Rev. 1999, 79, 511–607.
[CrossRef]

36. Kitiyanant, Y.; Saikhun, J.; Pavasuthipaisit, K. Somatic cell nuclear transfer in domestic cat oocytes treated with IGF-1 for in vitro
maturation. Theriogenology 2003, 59, 1775–1786. [CrossRef]

http://doi.org/10.4102/jsava.v85i1.1144
http://www.ncbi.nlm.nih.gov/pubmed/25685940
http://doi.org/10.1111/j.1748-5827.2007.00517.x
http://doi.org/10.1053/j.tcam.2012.04.002
http://doi.org/10.1016/j.jfms.2010.01.013
http://doi.org/10.1530/acta.0.1250435
http://doi.org/10.1677/joe.0.1290245
http://www.ncbi.nlm.nih.gov/pubmed/1904088
http://doi.org/10.1136/vr.131.7.145
http://www.ncbi.nlm.nih.gov/pubmed/1329305
http://doi.org/10.2460/javma.230.1.29
http://doi.org/10.1177/2055116915615153
http://doi.org/10.21825/vdt.v85i6.16309
http://doi.org/10.1177/0898756418785946
http://www.ncbi.nlm.nih.gov/pubmed/30168381
http://doi.org/10.1177/1098612X11432236
http://www.ncbi.nlm.nih.gov/pubmed/22314090
http://doi.org/10.2460/ajvr.2003.64.149
http://www.ncbi.nlm.nih.gov/pubmed/12602582
http://doi.org/10.1111/jpn.12928
http://doi.org/10.1111/j.1365-2265.1987.tb00842.x
http://doi.org/10.1111/j.1365-2265.2006.02652.x
http://doi.org/10.1111/jvim.13585
http://doi.org/10.1152/physrev.1999.79.2.511
http://doi.org/10.1016/S0093-691X(02)01235-9


Vet. Sci. 2022, 9, 140 11 of 11

37. Guercio, G.; Rivarola, M.A.; Chaler, E.; Maceiras, M.; Belgorosky, A. Relationship between the GH/IGF-1 axis, insulin sensitivity,
and adrenal androgens in normal prepubertal and pubertal boys. J. Clin. Endocrinol. Metab. 2002, 87, 1162–1169. [CrossRef]
[PubMed]

38. Guercio, G.; Rivarola, M.A.; Chaler, E.; Maceiras, M.; Belgorosky, A. Relationship between the growth hormone/insulin-like
growth factor-I axis, insulin sensitivity, and adrenal androgens in normal prepubertal and pubertal girls. J. Clin. Endocrinol. Metab.
2003, 88, 1389–1393. [CrossRef]

39. Shia, W.Y.; Songkaew, A.; Singhanetr, S.; Chou, C.C.; Lee, W.M. The Investigation of the Relations between Insulin-liked Growth
Factor-I and Body Weight and between Insulin-liked Growth Factor-I and Sex in Young Cats. Thai J. Vet. Med. 2011, 41, 105.

40. Yüksel, B.; Özbek, M.N.; Mungan, N.Ö.; Darendeliler, F.; Budan, B.; Bideci, A.; Çetinkaya, E.; Berberoğlu, M.; Evliyaoğlu, O.;
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