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Endocrine organs are frequently affected in cystinosis, especially in patients who are not treated adequately with cysteamine.

Hypothyroidism

Thyroid dysfunction chronologically follows kidney dysfunction and develops in about 50% of untreated children by 5-10 years
of age.1 In 1970, Chan et al2 were the first to describe primary hypothyroidism in cystinosis and performed a histologic exami-
nation of the thyroid gland showing cystine crystal accumulation and fibrosis. Biochemically, hypothyroidism usually mani-
fests with elevated thyroid stimulating hormone (TSH), but normal T4 levels (subclinical disease), and progresses toward overt
hypothyroidism over subsequent years, requiring thyroxin supplementation.3 In some patients, pituitary resistance to thyroxin
has been reported and is characterized by elevated TSH levels despite absence of clinical or biochemical signs of hypo- or
hyperthyroidism.4 In such patients, TSH fails to normalize even if serum T4 concentrations are at the upper limit of normal
because of adequate thyroxin therapy.

The pathogenesis of thyroid dysfunction appears to be more complex than merely thyroid gland destruction by lysosomal
cystine. In early disease, accelerated thyrocyte turnover with increased cell proliferation plus enhanced apoptosis linked to en-
doplasmic reticulum stress yields impaired thyroglobulin production and altered endolysosomal trafficking and iodothyroglobulin
processing as has been recently demonstrated in the knockout mouse model of cystinosis.5 Importantly, cysteamine treatment
prevents hypothyroidism in the majority of patients with cystinosis underscoring the essential role of cystine accumulation in
the development of thyroid dysfunction (Figure 1).6,7

Diabetes Mellitus

This complication of cystinosis usually develops during adolescence or adulthood in about 5% of the patients.1 However, lon-
gitudinal systematic evaluation of the endocrine pancreas by oral glucose tolerance test in post-transplant patients in the
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Figure 1. Actuarial survival of patients with cystinosis free of thyroxin treatment according to the age at start of cysteamine
treatment. Adapted from Tete et al.6
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Figure 2. Growth curves of 2 siblings with cystinosis. A, Growth curve of the younger sibling. Diagnosis of cystinosis was made
at the age of 5 months and confirmed by molecular analysis of the CTNS gene showing common homozygous 57 kb deletion.
Note the initial normal growth after birth, with decreased growth velocity during the first months of life. A temporary improve-
ment in longitudinal growth occurred after initiation of cysteamine therapy at the age of 3 years. Initiation of recombinant human
growth hormone (rhGH) therapy after renal transplantation resulted in catch-up growth after a period of stunting; B, Growth
curve of the older sibling, who was diagnosed at the age of 3 years and cysteamine initiated at age 9 years. Note the severe
growth retardation at diagnosis, which worsened in the years thereafter. Cysteamine administration did not improve longitudi-
nal growth. Renal transplantation did improve longitudinal growth, resulting in growth paralleling the normal growth curves, but
there was no catch-up growth. Adapted from Besouw et al.17
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precysteamine era demonstrated impaired insulin response in
almost 100%, and overt diabetes mellitus requiring insulin treat-
ment was present in approximately 30% of the patients 10 years
after kidney transplantation.8 Post-transplant use of gluco-
corticoids and calcineurin inhibitors is likely to exacerbate
glucose intolerance. Thus, a steroid-free post-transplant im-
munosuppressive regimen might be advocated in patients with
cystinosis after renal transplantation; however, potential ben-
efits of such regimens should be weighed against hazards in
patients at risk for acute or chronic graft rejection.9

Hypogonadism

Although gonadal function and sexual development are usually
normal in female patients with cystinosis, with several suc-
cessful pregnancies and births reported,10 male hypogonad-
ism is a frequent complication reported in up to 70% of patients
untreated with cysteamine.1 This complication was first de-
scribed in 1993 by Chik et al,11 who reported that most male
patients with cystinosis had delayed and incomplete puberty,
decreased testes volume, and low testosterone levels. Histo-
logic examination of the testes showed cystine crystal accu-
mulation, fibrosis, and Leydig cell hyperplasia.11

More recently, Besouw et al12 showed that hypogonadism
was also present in all studied patients treated with cyste-
amine, having incomplete pubertal development and de-
creased testes volumes. Although sexual hormones (testosterone,
inhibin B, luteinizing hormone, and follicle stimulating
hormone) were in the normal range in the majority of these
patients, all of them had azoospermia despite normal erectile
function. Biopsy of the testes in a male patient with cystino-
sis, well-treated with cysteamine, demonstrated preserved
spermatogenesis, suggesting the possibility of in vitro
fertilization.12 At present, there are no publications in which
a male patient with nephropathic cystinosis has fathered a child.
The mechanism of azoospermia in cystinosis requires further
investigation.

Female fertility is not affected per se by cystinosis, however,
underlying chronic kidney disease (CKD) decreases fertility de-
pending on its stage, and poses risks for the mother and child.13

Moreover, different classes of drugs used in CKD, including
antihypertensive and immunosuppressive treatments, de-
crease fertility and increase risks of fetal malformations and
premature delivery.14

Growth Retardation

Growth retardation is more pronounced in cystinosis com-
pared with other CKDs and has a multifactorial etiology.15,16

At early disease stages, renal Fanconi syndrome leading to
electrolyte imbalance, rickets, metabolic acidosis, and dehy-
dration cause severe growth delay. Inadequate nutrition, hy-
pothyroidism, bone disease, and, at later stages, hypogonadism
in male patients further impair growth, resulting in a final
height of 156 cm in male patients and 147 cm in female

patients, between 1974 and 2009 as registered in the European
Society for Pediatric Nephrology/European Renal Association-
European Dialysis and Transplant registry.16 Thus far, growth
hormone (GH) deficiency has been reported in only 1 patient
with cystinosis, however, 2 of 4 other patients demonstrated
altered timing of GH peak after glucagon stimulation, which
might indicate subclinical alterations in GH secretion.

Cysteamine treatment improves growth, probably because
of the inhibition of somatostatin; however, in many patients,
it is still insufficient to normalize growth, even in patients having
adequate nutrition and good metabolic control of the disease,
in the absence of rickets or hypothyroidism (Figure 2).17,18 In
contrast, treatment with the recombinant human GH (rhGH)
in cystinosis is safe and effective, and should be initiated early,
and it is approved for use in CKD in the US. rhGH may be
given even prior to the development of renal insufficiency, as
young children before starting renal replacement therapy show
the best response to the rhGH.19 Long-term rhGH treatment
improves final height, which ranges on average from −2.6 to
−2.0 SDS.20 ■
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