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Rickets is a bone disease that is 
caused by low serum calcium  

and/or phosphate levels, mainly owing to 
nutritional deficiencies or genetic defects. 
Clinically, the disorder presents with short 
stature, bowing deformities of the legs, 
widening of the joints and bone pain.

Rickets is most commonly associated with 
nutritional deficiencies, but the condition can 
also be caused by genetic defects or be secondary 
to, for example, liver diseases or use of certain 
drugs. Nutritional rickets is associated with either 
dietary calcium deficiency or vitamin D deficiency, 
which results in an inability to absorb enough 
calcium to meet the requirements of the growing 
skeleton. Rarely, dietary phosphate deficiency 
can also cause rickets, especially in infants born 
preterm. Hereditary rickets can be caused by 
mutations in genes encoding proteins involved in 
vitamin D metabolism or activity, fibroblast growth 
factor 23 (FGF23) production or degradation, renal 
phosphate handling or bone mineralization.

Nutritional rickets associated 
with calcium deficiency can 
be prevented by calcium 
fortification in populations with  
a low calcium intake. Vitamin D 
deficiency is prevented with 
daily dose of 400 IU of vitamin D 
given to all infants from birth 
to 12 months of age, regardless 

of their mode 
of feeding. 
Fortification of 
staple foods with 
vitamin D is also used, 
with different success 
rates, whereas sunlight 
exposure is not advised 
as a stand-alone measure.

Given that the management options for the 
different types of rickets differ substantially, 
a specific diagnosis is required. Diagnosis 
involves medical history (including dietary 
questionnaires), physical examination, 
biochemical tests and radiography. Serum 
and urinary levels of calcium and phosphate 
and serum levels of parathyroid hormone, 
FGF23, vitamin D metabolites and bone 
turnover markers can discriminate between 
the different types of rickets. If hereditary 
rickets is suspected, genetic tests can identify 
the mutation.

Nutritional rickets is managed by calcium, 
vitamin D or phosphate supplementation. 
Heritable types of rickets associated with defects 
in vitamin D metabolism or activation require 
administration of vitamin D metabolites or 
activated vitamin D. The conventional treatment 
of FGF23-dependent types of rickets includes a 
combination of phosphate and activated vitamin D, 
whereas FGF-independent phosphopenic rickets is 
managed with oral phosphate supplementation.

RICKETS
PRIMEVIEW

MECHANISMS

EPIDEMIOLOGY

PREVENTION

DIAGNOSIS

MANAGEMENT

Article number: 17102; doi:10.1038/nrdp.2017.102; published online 21 Dec 2017

For the Primer, visit doi:10.1038/nrdp.2017.101

Nutritional 
rickets was 

widely observed 
in children living in 

industrialized cities in 
the late 19th and early 

20th centuries

Rickets — independent of the 
aetiology — is characterized by 

widening and poor mineralization of the 
growth plates

By the 1950s, 
rickets was almost 

eliminated in a number of 
well-resourced countries owing to 

the prevention of vitamin D deficiency 
through food fortification, the use of 

cod liver oil (which contains high levels of 
vitamin D) and ultraviolet light irradiation 

(which is necessary for the formation of 
vitamin D in the skin) 

Rickets 
is re-emerging; 

premature infants, especially 
those with a birthweight of 

<1,000 g, and infants who are breastfed 
for >6–12 months and have dark skin, are 

particularly at risk
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