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Congenital hypothyroidism and concurrent renal 
insufficiency in a kitten
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A 3-month-old male domestic short-hair kitten was presented with chronic constipation 
and disproportionate dwarfism. Radiographs of the long bones and spine revealed delayed 
epiphyseal ossification and epiphyseal dysgenesis. Diagnosis of congenital primary 
hypothyroidism was confirmed by low serum total thyroxine and high thyroid stimulating 
hormone concentrations. Appropriate supplementation of levothyroxine was instituted. The 
kitten subsequently developed mild renal azotaemia and renal proteinuria, possibly as a 
consequence of treatment or an unmasked congenital renal developmental abnormality. Early 
recognition, diagnosis and treatment are vital as alleviation of clinical signs may depend on 
the cat’s age at the time of diagnosis.

Introduction
Feline congenital hypothyroidism is a rare disease causing disproportionate dwarfism (Johnson 
& Watson 2010; Scott-Moncrieff 2007). Affected kittens have short limbs and spine, block-like 
trunks and broad, short skulls (Arnold et al. 1984; Crowe 2004; Scott-Moncrieff 2007; Szabo & 
Wells 2007). Besides the hallmark sign of failure to thrive, other clinical signs such as lethargy, 
impaired mental status, neuromuscular deficits, retention of juvenile hair coat, delayed dental 
eruption, constipation, bradycardia, hypothermia, sealed eyelids and stenotic ear canals, 
macroglossia, abdominal distension secondary to accumulation of myxoedematous fluid and 
bilateral cryptorchidism have also been observed in hypothyroid kittens (Bojanic, Acke & Jones 
2011; Feldman & Nelson 2004; Johnson & Watson 2010; Mooney & Anderson 1993; Pettigrew et al. 
2007; Quante et al. 2010, Scott-Moncrieff 2007; Szabo & Wells 2007). Causes of primary congenital 
hypothyroidism include thyroid dysgenesis (developmental defects of the thyroid gland and 
thyroid aplasia as a result of thyroid stimulating hormone [TSH] receptor abnormalities – non-
goitrous) and thyroid dyshormonogenesis (defects in iodine uptake and thyroid hormone 
synthesis – goitrous) (Greco 2006). Familial dyshormogenesis has been described in a family 
of Abyssinian cats (Jones et al. 1992). Secondary hypothyroidism can occur as a result of TSH 
resistance (TSH receptor or gene mutation causing ineffective signal transduction or an abnormal 
TSH molecule) or TSH deficiency (Bojanic et al. 2011). Only cases of TSH resistance associated 
with defective TSH or its receptor have been reported in cats (Tanase, Kudo & Horikoshi 1991; 
Traas et al. 2008). Tertiary hypothyroidism associated with a lack of thyroid-releasing hormone 
(TRH) has not been reported in cats.

The purpose of this study case report was to describe the diagnosis, treatment and outcome 
of a dwarf kitten diagnosed with primary congenital hypothyroidism that subsequently 
developed renal azotaemia during treatment. Possible pathomechanisms for the renal 
insufficiency are discussed.

Ethical consideration
This is a case report describing a clinical case of a client-owned pet presenting to the Onderstepoort 
Veterinary Academic Hospital (OVAH). The animal reported was treated and housed according 
to the standard OVAH protocols for the management of client-owned pets. All diagnostic tests 
were performed as part of the work-up. No diagnostic tests or treatments were conducted for 
research purposes.

Informed consent
The owner of the cat reported here has given written consent for publishing purposes.

Case presentation
A 3-month-old male domestic short-hair kitten weighing 1.2 kg was presented with chronic 
constipation of 6 weeks’ duration. An obviously small for age and disproportionate stature was 
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noted. All four limbs and tail were short and stubby, whilst 
the head was broad with flattened facial features (Figure 1a). 
The coat was dry and oral examination revealed only a few 
semi-erupted incisor teeth and marked macroglossia. The 
abdomen was moderately distended with palpable firm 
faecal balls in the colon. Thoracic auscultation was within 
normal limits. Rectal temperature was mildly subnormal 
(37.3 °C). On neurologic examination, mental dullness and 
proprioceptive ataxia manifesting as a ‘bunny-hopping’ 
gait were detected.

In this case, disproportionate dwarfism was the most striking 
feature. Causes of congenital feline dwarfism include 
endocrinopathies such as hypothyroidism, hypopituitarism, 
juvenile diabetes mellitus and hypoadrenocorticism. 
Non-endocrine causes included portosystemic vascular 
anomalies, renal disease, osteochondrodysplasia, cardiac 
defects and lysosomal storage diseases (Johnson & Watson 
2010). Malnutrition and gastrointestinal diseases were less 
likely causes of dwarfism based on the history and absence 
of vomiting and/or diarrhoea. Pituitary dwarfism was 
also considered unlikely as affected animals demonstrate 
proportionate dwarfism (Johnson & Watson 2010).

Peripheral blood smear, haematology, limited serum 
biochemistry profile, feline immunodeficiency virus (FIV) 
and feline leukaemia virus (FeLV) serological testing 
(Anigen Rapid FIV Ab/FeLV Ag Test Kit, Bionote Inc., 
Gyeonggi-do, Korea) and radiographs of the long bones and 
spine were performed. Haematology and peripheral blood 
smear evaluation were normal, but the haematocrit (0.25/L, 
reference interval [RI] 0.24–0.45), total red cell count (5.34 x 
1012/L, RI 5.5–10.0) and haemoglobin (83 g/L, RI 80–140) were 
at the lower limit of the reference range. Serum biochemistry 
revealed severe hypercholesterolaemia (8.28 mmol/L, RI 
1.8–3.8); FIV and FeLV testing were negative. Radiography 
revealed generalised delayed epiphyseal ossification and 
dysgenesis of the long bones and vertebrae (Figures 2a and 
2b), delayed ossification of the carpal bones (Figure 3a) and 
spina bifida occulta (Figure 2b). Abdominal radiographs 
revealed megacolon with constipation (Figures 2a and 2b).

Serum total thyroxine (TT4) and TSH were subsequently 
performed. TT4 concentrations were measured (Immulite® 
1000 Canine Total T4 analyser, Siemens Healthcare Diagnostic 
Products Ltd, United Kingdom) and TSH concentrations were 
measured (Immulite® 1000 canine TSH analyzer, Siemens 
Healthcare Diagnostic Products Ltd, United Kingdom) as 
previously validated for cats (Williams, Elliott & Syme 2010). 
This revealed severely decreased TT4 (1.62 nmol/L, RI 14–50) 
and markedly elevated TSH (7.9 ng/mL, RI 0–0.15) (Table 
1 and Figure 4). Ultrasonography of the thyroid glands was 
within normal limits. The overall clinical signs, laboratory 
results and radiological findings were compatible with a 
diagnosis of primary congenital hypothyroidism.

Management and outcome
Treatment was initiated with levothyroxine 50 µg PO q 24h 
(Eltroxin®, Aspen Pharmacare) administered with food and 
lactulose 1 mL PO q 12h (Laxette®, Cipla Medpro) for 6 weeks. 
Marked improvement of the kitten’s facial conformation 
from the originally broad head and flattened facial features 
to a more ‘pointy’ muzzle and lower jaw was noted on 
follow-up. The kitten was also more active. As expected, TT4 
increased and TSH reduced over the months of follow-up 
(Table 1). The levothyroxine dose was adjusted accordingly. 
Up to 8 months of age, TT4 remained subnormal and TSH 
markedly elevated, likely as a result of the ‘overdrive’ effect 
of prolonged decreased TT4 on the pituitary. By 11 months 
of age, the kitten became polyuric and polydipsic with 
mild renal azotaemia and hyperphosphataemia, borderline 
proteinuria (urine protein to creatinine [UPC] ratio 0.32, RI 
0.2–0.4) and inadequately concentrated urine (urine specific 
gravity [USG] 1.024). Abdominal ultrasound revealed 
hyperechoic renal cortices with poor corticomedullary 
definition. Systolic/diastolic blood pressure measurements 
were within normal limits at 125/89 mmHg. These findings 
were suggestive of non-hypertensive, borderline proteinuric, 
International Renal Interest Society stage 2 chronic renal 
insufficiency. The levothyroxine dose was further increased 
and thyroid and renal values monitored. Serial serum TT4, 
TSH, urea, creatinine, UPC and USG showed progressive 
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FIGURE 1: (a) A 3-month-old kitten with disproportionate dwarfism (note the short and stubby limbs and the broad head and flattened facial features) and (b) same cat 
at the age of 41 months.
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improvement, with normalisation of all parameters over 
time, except for mild renal azotaemia, which persisted. 
Follow-up radiographs at 26 months of age (Figures 2c and 
3b) revealed complete closure of the physes of the vertebrae 
and long bones, ossification of the carpal and tarsal bones 
and resolution of the spina bifida occulta. At the time of 
submission of the last draft of the manuscript the patient was 

41 months old, led a normal life and was on a levothyroxine 
dose of 150 µg in the morning and 100 µg at night (Figure 1b).

Discussion
Even though congenital hypothyroidism is a very rare 
condition in cats, with few published reports (Arnold et 
al. 1984; Crowe 2004; Jones et al. 1992; Quante et al. 2010; 

(a) and (b) Generalised delayed epiphyseal ossification and epiphyseal dysgenesis of the long bones and vertebrae, and megacolon with constipation were noted. Overall bone opacity and cortical 
thickness were within normal limit (Settings: 48 kV, 8 mAs; no grid). The skull, cervical vertebrae and cranial thoracic vertebrae were moderately rotated. The vertebral bodies were short and 
cuboidal in shape with poorly defined cranial and caudal epiphyses, and open physes. Except for the third to fifth lumbar vertebrae, the neural arch of the rest of the other thoracic and lumbar 
vertebrae were not fused, compatible with spina bifida occulta. Incidental mineralised debris was seen within the fundus (Settings: 50 kV, 8 mAs; no grid). (c) All physes of the vertebrae and long 
bones were closed. No constipation was noted (Settings: 48 kV, 8 mAs; no grid).

FIGURE 2: (a) Right lateral view and (b) dorsoventral view of the whole body of a 3-month-old kitten with primary congenital hypothyroidism, and (c) right lateral view 
of the whole body of the same cat at 26 months. 

b

c
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Sjollema et al. 1991; Stephan & Schutt-Mast 1995; Szabo 
& Wells 2007; Tanase et al. 1991; Tobias & Labato 2001), 
the actual prevalence of feline congenital hypothyroidism 
may be higher than reported, as many kittens may have 
died undiagnosed or mistakenly been managed for chronic 
constipation (Bojanic et al. 2011).

Thyroid hormones are essential for normal postnatal 
development of the skeletal and nervous systems (Greco 
2006; Scott-Moncrieff 2007). Bone growth is influenced by 
thyroid hormone via two mechanisms, (1) stimulation of 
growth hormone production by the pituitary gland and (2) 
interaction with growth hormone to balance the sequence of 
growth cartilage production–degeneration and regulation of 
endochondral ossification until physeal closure (Saunders & 
Jezyk 1991). Therefore, delayed epiphyseal ossification and 
epiphyseal dysgenesis with disproportionate dwarfism are 
the hallmarks of congenital hypothyroidism (Greco 2006). 
An absolute definitive diagnosis of hypothyroidism requires 
a TSH or TRH stimulation test (Gunn-Moore 2005).

Thyroid hormones influence renal tubular function and 
electrolyte absorption or secretion, mitochondrial enzymes 
and neural renal functions (Braunlich 1984; Mariani & Berns 
2012) and therefore hypothyroidism can have a negative 

influence on renal function (Van Hoek & Daminet 2009). 
Hypothyroidism may lead to decreased protein synthesis 
and cellular development decreasing functional renal mass, 
density and size (Canavan et al. 1994; Slotkin et al. 1992). 
Alteration of renal function in humans (Den Hollander et al. 
2005) and dogs (Gommeren et al. 2009) via direct and indirect 
effects has been well documented. The direct effects include 
intrarenal and peripheral vascular vasoconstriction (Singer 
2001), decreased response to vasodilators in the kidney (Den 
Hollander et al. 2005) and decreased activity of the renin-
angiotensin-aldosterone system (Asmah et al. 1997), all of 
which result in decreased renal blood flow. The indirect 
effects on renal function relate to decreased cardiac output 
(Katz, Emmanouel & Lindheimer 1975), leading to further 
decreased glomerular filtration rate (GFR) and increased 
serum creatinine (Capasso et al. 1999; Den Hollander et al. 
2005). Hypothyroidism in dogs that have been shown to have 
reduced GFR is at least partially reversible by re-establishing 
euthyroidism (Gommeren et al. 2009). In hypothyroid dogs, 
improvement of renal function is observed with thyroxine 
supplementation, and a strong correlation between changes 
in thyroid status, serum creatinine concentration and GFR 
have been reported (Den Hollander et al. 2005; Gommeren 
et al. 2009). A recent study in cats demonstrated that 
hypothyroid cats had significantly higher plasma creatinine 
concentrations than euthyroid cats (Williams et al. 2010). To 
the best of the authors’ knowledge, renal insufficiency in 
feline congenital hypothyroidism has never been reported. 
It is believed that in this case the low thyroid concentration 
could have affected kidney development and function 

Note that the reference ranges for total thyroxine and thyroid stimulating hormone are 
for adult cats and that kittens less than 3 months of age may have higher total thyroxine 
concentrations. The thyroid stimulating hormone assay is a canine thyroid stimulating 
hormone assay validated for use in cats. urine specific gravity for the age of 4 months was 
not available.
TSH, thyroid stimulating hormone; TT4, total thyroxine; USG, urine specific gravity.

FIGURE 4: Graphic representation of the serum thyroid stimulating hormone, 
total thyroxine, urea and creatinine concentrations, and urine specific gravity in 
a cat diagnosed with primary congenital hypothyroidism and renal insufficiency.
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(a) The proximal epiphysis of the radius was poorly ossified whilst the distal epiphysis of 
the metacarpi and proximal epiphyses of the first phalanges were poorly developed. The 
distal radial and ulnar epiphyses were not visible. The carpal bones were poorly ossified 
(Settings: 44 kV, 5 mAs; no grid). (b) All physes of the radius and ulna were closed and all 
carpal bones were fully ossified (Settings: 44 kV, 5 mAs; no grid).

FIGURE 3: (a) Craniocaudal view of the right antebrachium and manus at 3 months 
and (b) craniocaudal view of the right antebrachium and manus at 26 months.
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as a result of reduced GFR, with reduced metabolism 
and excretion of creatinine (Van Hoek & Daminet 2009). 
Interestingly, children with congenital hypothyroidism 
have reduced renal mass and a higher prevalence of renal 
and urologic abnormalities such as dysplastic kidneys 
(Kumar et al. 2009). Moreover, it is believed that the growth 
and a concomitant increase in muscle mass in the kitten led 
to an increase in creatinine production. This, together with 
inadequate restoration of euthyroidism by an inadequate 
dose of levothyroxine, caused mild renal azotaemia to 
persist until approximately 12 months of age. Subsequent 
increases in the doses of levothyroxine were accompanied 
by a steady rise in TT4 concentrations with resultant 
reductions in the concentrations of TSH and the consequent 
establishment of euthyroidism. It is further postulated that 
the concomitant increment in USG, the reduction of serum 
creatinine and the normalisation of the UPC ratio from 
the time when euthyroidism was established support the 
assertion that inadequate establishment of euthyroidism 
played a role in the renal azotaemia in the patient. 
Although this could not be proven as no GFR evaluation 
was performed, it has been shown to occur in dogs and 
humans. In fact, a recent human study lends credence to 
the above argument as it demonstrated that children with 
acquired hypothyroidism had significantly lower GFR than 
normal children for up to 5 years after the start of thyroxine 
treatment and the restoration of euthyroidism (Elgadi et al. 
2008). Further renal histopathology and GFR evaluation 
would have been indicated, but was unfortunately not 
performed. Renal histopathology would not have changed 
treatment decisions and the proteinuria normalised when 
euthyroidism was attained.

Cats with congenital hypothyroidism treated with 
levothyroxine should have a normal life expectancy as long 

as treatment is not stopped, but the long-term prognosis is 
unknown (Feldman & Nelson 2004; Szabo & Wells 2007) and 
is dependent on aetiology and age of initiation of treatment 
(Bojanic et al. 2011). The findings in this case indicate that 
early diagnosis and timing of treatment can reverse the 
typical clinical signs and improve skeletal development. 
An important finding in this case is that the dose of sodium 
levothyroxine needs to be in the range of 30 µg/kg bid in 
order to establish euthyroidism, which is much higher than 
the 10 µg/kg – 20 µg/kg bid recommended for dogs. An 
improvement in activity is expected within the first weeks of 
treatment and the remaining dermatological, cardiovascular 
and neurological signs should improve after weeks to 
months of treatment, as was seen in this case. At the time of 
reporting the cat’s constipation, polyuria and polydipsia had 
completely resolved.

This is the first reported case of feline primary congenital 
hypothyroidism with concomitant renal insufficiency.
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TABLE 1: Serial measurements of thyroid stimulating hormone, total thyroxine, selected serum biochemistry parameters, urine specific gravity, urine protein to creatinine 
ratio with monitoring of body weight and dose of levothyroxine supplement over the first 35 months of the kitten’s age.
Parameter Unit RI Age of the cat in months

3 4 5 8 9 11 12 14 21 26 35
Body weight kg  - 1.2 1.5 1.7 2.2 3.1 3.2 3.3 3.4 3.4 3.4 3.8

Dose of levothyroxine µg  - 50 µg oid 50 µg oid 50 µg oid 50 µg oid 100 µg oid 100 µg bid 100 µg bid 150 µg am 
& 100 µg 

pm

150 µg bid 150 µg bid 150 µg am 
& 100 µg 

pm

TSH† ng/mL 0–0.015 7.9 7.7 2.52 > 12 5.38 0.31 9.66 7.9 0.174 < 0.03 < 0.03

TT4† nmol/L 14–50 1.6 9.6 12.7 11.8 27.8 39.4 14.4 26.9 39 60 39.6

Urea mmol/L 7.1–10.7 7.4 7.5 7.5 11.9  - 16.5 13.9 16.9 13.0 10.6 11.2

Creatinine µmol/L 40–141 < 18 70 70 127  - 175 175 156 157 157 140

Inorganic phosphate mmol/L 1.4–2.5  -  - 3.31 2.47  - 2.43 2.21 1.84 1.61 1.7 1.8

UPC  - < 0.2  -  -  -  -  0.35 0.32 0.28 0.27 0.15 0.15  -

USG  - > 1.035  -  -  -  - 1.024 1.024 1.022 1.038 1.032 1035  -

Cholesterol mmol/L 1.8–3.8 8.28  -  -  -  -  -  -  -  -  -  -

Total calcium mmol/L 1.9–3 2.95  -  -  -  -  -  -  -  -  -  -

Ionised calcium mmol/L 1–1.5 1.36  -  -  -  -  -  -  -  -  -  -

ALT U/L 3.6–42  -  - 19  -  - 62  -  -  -  -  -

ALP U/L < 5  -  - 73  -  -  -  -  -  -  -  -

GGT U/L 2–18  -  - 1  -  -  -  -  -  -  -  -

Total bilirubin µmol/L 1–6.8  -  - 0.7  -  -  -  -  -  -  -  -

TSH, thyroid stimulating hormone; TT4, total thyroxine; UPC, urine protein to creatinine ratio; USG, urine specific gravity; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma 
glutamyltransferase; RI, reference interval; oid, once daily; bid, twice daily.
†, Note that the reference ranges for total thyroxine and thyroid stimulating hormone are for adult cats and that kittens less than 3 months of age may have higher total thyroxine concentrations. 
The thyroid stimulating hormone assay is a canine thyroid stimulating hormone assay validated for use in cats.
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