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Missed doses, missed milestones: a case report of nutritional
rickets in a high-risk infant
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Abstract

Introduction: Nutritional hypocalcemic rickets, though uncommon in developed countries, remains a relevant concern in at-risk
populations. Case-report: We report the case of a 13-month-old female migrant infant who presented with growth failure,
delayed psychomotor development, and classic signs of rickets, including craniotabes, a rachitic rosary, limb deformities, and
bone pain. Contributing factors included the absence of vitamin D supplementation, an inadequate diet, and cow’s milk protein
allergy. Biochemical evaluation revealed low serum levels of vitamin D and phosphorus, as well as elevated parathyroid hor-
mone and markedly increased alkaline phosphatase, supporting the diagnosis. Radiographic findings showed osteopenia and
skeletal abnormalities. After six months of treatment with high-dose vitamin D and calcium supplementation, there was signif-
icant improvement in growth, motor development, and radiological. Discussion: This case underscores the importance of
ensuring universal access to healthcare, adherence to supplementation guidelines, and appropriate nutritional education to
prevent rickets and its long-term complications.
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Falha na suplementacéo e atraso do desenvolvimento: um relato de caso de raquitismo
nutricional em lactente de alto risco

Introducao: O raquitismo hipocalcémico nutricional, embora raro em paises desenvolvidos, mantém-se uma preocupagao
em populagdes de risco. Relato de caso: Apresentamos o caso de uma crianga migrante, de 13 meses, com ma progressao
ponderal, atraso do desenvolvimento psicomotor e sinais clinicos de raquitismo, incluindo craniotabes, rosario raquitico,
deformidades dos membros e dor 6ssea. A nao suplementacdo com vitamina D, padréo alimentar insuficiente e a alergia as
proteinas do leite de vaca foram os principais fatores de risco identificados. A avaliagdo laboratorial e imagioldgica confirmou
o diagndstico, com evidéncia de osteopenia e deformidades esqueléticas. O tratamento com doses elevadas de vitamina D
e suplementacao de calcio levou a uma melhoria significativa no crescimento, desenvolvimento psicomotor e nos achados
radiolégicos ao fim de seis meses. Discussao: O caso realca a importancia de garantir o acesso universal aos cuidados de
saude, da adeséo a suplementagéo de vitamina D e de educagéo nutricional apropriada para prevenir o raquitismo e suas
complicagdes a longo prazo.
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Keypoints

What is known

— Although nutritional hypocalcemic rickets is a rare condition
in developed countries, it remains a potentially serious met-
abolic bone disorder.

— Exclusive breastfeeding without vitamin D supplementation,
inadequate diets, and dark skin pigmentation are known risk
factors for vitamin D deficiency.

— Timely recognition and evidence-based treatment of rickets
are essential to preventing complications and supporting
healthy growth and neurodevelopment.

What is added

— Migrant families frequently exhibit difficulty navigating
healthcare systems, which leaves migrant children particu-
larly susceptible to inadequate surveillance.

— This case highlights the importance of vitamin D supplemen-
tation adherence during breastfeeding and culturally sensi-
tive nutritional education.

— IgE-mediated cow’s milk protein allergy is identified as an
aggravating factor that worsens calcium deficiency and di-
etary restrictions.

Introduction

Nutritional hypocalcemic rickets is a metabolic bone
disorder involving impaired mineralization of the bone
matrix and growth cartilage. This results in skeletal
deformities and growth failure. Its primary causes
include vitamin D and calcium deficiencies, which are
both crucial for bone metabolism and mineral
homeostasis.-

Historically, rickets was extensively described in the
17th century and was linked to malnutrition and lack of
sunlight exposure in urban environments.* The discov-
ery of vitamin D and its critical role in calcium metab-
olism led to the implementation of widespread
supplementation and food fortification programs, sig-
nificantly reducing its prevalence in developed regions.?
However, despite its rarity in high-income countries,
cases still arise, particularly among vulnerable popula-
tions, such as those with darker skin (melanodermic),
limited sun exposure, or inadequate dietary intake.®®
Factors such as socioeconomic barriers, limited access
to healthcare, and inadequate follow-up can also con-
tribute to delayed diagnosis and management."267

The absence of vitamin D supplementation during the
first year of life significantly increases the risk of devel-
oping rickets. In individuals with dark skin pigmentation,
this risk is compounded by the reduced efficiency of
cutaneous vitamin D synthesis due to increased mela-
nin production.3 Furthermore, the combined deficiency
of vitamin D and calcium exacerbates bone demineral-
ization, leading to secondary hypocalcemia and com-
pensatory hyperparathyroidism, which are key
mechanisms in the pathogenesis of rickets.?¢

When prevention through vitamin D supplementation
fails, early recognition and appropriate management of
rickets are critical to avoiding complications such as
growth failure, permanent skeletal deformities, and
developmental delays. Evidence-based interventions,
including vitamin D and calcium supplementation,

effectively reverse biochemical abnormalities and
restore skeletal integrity.5®

Case report

A 13-month-old Black girl was referred to the general
pediatrics outpatient clinic due to poor weight gain and
delayed psychomotor development (Fig. 1). She was
the second child of non-consanguineous parents from
Angola, and had no relevant past medical history.
According to WHO growth charts, she was born at 39
weeks in England with a birth weight of 3,150 g (P15-50)
and a length of 47 cm (P15) and had no neonatal com-
plications. She received routine health surveillance in
the UK until 6 weeks of age, during which her weight
remained at the 15th percentile and her length ranged
between the 3rd and 15th percentiles. Thereafter,
follow-up was discontinued, partly due to COVID-19
restrictions. The family moved from England to Portugal
when she was seven months old. She was exclusively
breastfed until 7 months, when complementary feeding
was introduced. The mother reported lip swelling and
facial erythema after ingesting cow’s milk products,
leading to the avoidance of dairy and delaying the intro-
duction of most complementary foods. In Portugal, fol-
low-up was only initiated at 13 months of age, starting
with an initial primary care visit, after which a pediatric
referral was made and the child was evaluated in a
pediatric consultation two weeks later. At that time, her
diet consisted mainly of breast milk, fruit, and eggs.
She had never received vitamin D supplementation.

Physical examination revealed that she was malnour-
ished, with a weight of 5,764 g (< 3 percentile; z-score:
-3.98), a length of 64 cm (< 3 percentile; z-score:
-4.27), and a head circumference of 45.7 cm (50-85""
percentile; z-score: 0.38), according to WHO growth
charts. She had limited spontaneous movement and
axial hypotonia, and appeared distressed during
passive mobilization, which is suggestive of bone pain
(Fig. 2A). She also had a markedly enlarged anterior
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Figure 1. WHO growth charts for girls aged 0-5 years. Weight-for-age (A) and length-for-age (B) growth charts for
girls aged 0- 5years, based on WHO standards. The black crosses represent the patient’s anthropometric
measurements plotted over time. At presentation, both weight and length were below the 3rd percentile, indicating
severe growth failure. Following nutritional and medical intervention, catch-up growth is observed.

fontanelle measuring 12 x 10 cm and craniotabes. She
presented swelling of the costochondral junctions
(rachitic rosary), widening of the wrists, bilateral femo-
ral varus, and absence of teeth (Fig. 3A). Her skin was
melanodermic with marked xerosis and areas of
eczema. A neurodevelopmental assessment revealed
head control but inability to sit unsupported or bear

weight. In the prone position, she was unable to lift her
head. No additional neurodevelopmental abnormalities
were observed. Her older sister was also evaluated
during the initial consultations and showed appropriate
weight and length growth (z-scores 0-2) and normal
psychomotor development, with no relevant findings on
physical examination.
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Figure 2. Clinical evolution before and after treatment. A: the first observation shows malnourish appearance, axial
hypotonia and rachitic rosary. B: observation after 3 months of treatment with enhanced nutrition status and muscle
tone. C: after 6 months of treatment with good nutrition status and adequate muscle tone.

Figure 3. Chest wall changes before and after treatment. A: the first observation shows swelling of the costochondral
joints (rachitic rosary). B: chest of the child after 3 months of treatment.



C. Cezanne et al. Nutritional rickets in a high-risk infant

Table 1. Relevant laboratory findings at initial evaluation

Hemoglobin 10.9 g/dL
Ferritin 129 ng/mL
Folate 3.9 ng/mL
Vitamin B12 326 pg/mL
25-0H-Vitamin D 13.9 ng/mL
Calcium 9.3 mg/dL
Albumin 3.51 g/dL
Phosphorus 2 mg/dL
Alkaline phosphatase 1466 U/L
Parathyroid hormone 147 pg/mL
Urinary Calcium:Creatinine ratio < 0.03

Reference ranges according to Nelson Textbook of Pediatrics, 20th edition (Elsevier, 201
were obtained from UpToDate.

10.5-14.0 g/dL
10-60 ng/mL
1.8-9.0 ng/mL
200 to 800 pg/mL*
30 to 60 ng/mL*
8.8-10.8 mg/dL
3.4-4.2 g/dL
3.8-6.5 mg/dL
145-420 U/L
10-65 pg/mL*

< 0.4 mg/mg

6), except for parameters marked with an asterisk (*), for which reference values

Figure 4. Radiographic changes before and after treatment. A: pre-treatment radiograph of the lower limbs and hip,

showing loss of definition and epiphyseal widening, with no

visible ossification centers, diaphyseal deformity,

osteopenia, and thin cortex. B: radiograph of the lower limbs after 3 months of treatment, showing improvement in
osteopenia, with visible ossification centers, while diaphyseal deformity persists.

Extensive laboratory investigations revealed abnor-
malities in phosphocalcic metabolism, which are con-
sistent with a diagnosis of nutritional hypocalcemic
rickets. These abnormalities include low levels of vita-
min D and phosphorus, normal levels of calcium and
high levels of alkaline phosphatase and parathyroid
hormone (Table 1). Immunological findings indicated an
IgE-mediated cow’s milk protein allergy, with specific
IgE levels corresponding to class V for beta-lactoglob-
ulin and class Il for casein. There were no anemia or
other nutritional deficiencies, including ferropenia.
Renal, thyroid, hepatic, and coagulation profiles were
normal (Table 1).

Imaging revealed thin cranial bones, an enlarged
anterior fontanelle, and defective tooth mineralization.
Long bone X-rays showed osteopenic diaphyses with
thin cortices, loss of definition, and epiphyseal widen-
ing without visible ossification centers, as well as
diaphyseal deformities in the lower limbs (Fig 4A).

Treatment began with a daily dose of 2000 IU of
vitamin D for 4 months, followed by a maintenance
daily dose of 600 IU, which has been continued.
Calcium carbonate was prescribed at 250 mg three
times daily (equivalent to 100 mg of elemental calcium
per dose, totaling 50 mg/kg/day) for 4 months. It was
discontinued after the laboratory resolved there were
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abnormalities and a near-complete radiological
improvement, following a discussion with a pediatric
radiologist. She also began complementary feeding
while avoiding cow’s milk proteins. After 3 months,
there was significant clinical and radiological improve-
ment (Fig 2B, 3B, 4B). At the 6-month follow-up (at 19
months of age), she had regained age-appropriate
muscle tone, was walking independently, and had
improved nutritional status (Fig. 2C). Catch-up growth
was observed with sustained tracking between the 3
and 15™ percentiles for both weight (from 23 months of
age) and length (from 32 months onward). This was
accompanied by the resolution of hypotonia and motor
delay. She was referred to Allergology, Dermatology,
Nutrition and Social services consultations for further
assessment and management. Social services were
crucial in supporting the family and helping them nav-
igate the national health system.

Discussion

Normal bone growth and mineralization require ade-
quate calcium and phosphate availability. Rickets results
from impaired mineralization at the growth plate and can
be classified according to the predominant mineral defi-
ciency into calcipenic and phosphopenic forms.
Calcipenic rickets, the most common type, results from
inadequate calcium availability and is most frequently
caused by vitamin D deficiency or impaired vitamin D
metabolism. Serum calcium levels may be low or nor-
mal, while secondary hyperparathyroidism with hypo-
phosphatemia is a typical biochemical feature.

Despite the low overall incidence of nutritional rickets
in most Western countries following the implementation
of universal vitamin D supplementation, a dispropor-
tionately higher burden persists among specific risk
groups with incidence rates estimated to be up to 100-
fold higher.2 Infants with darker skin pigmentation, pro-
longed breastfeeding without vitamin D supplementation,
and those born to vitamin D-deficient mothers are
particularly affected. Consequently, there is a markedly
increased incidence among migrant and refugee pop-
ulations from non-Western countries.?

This case describes a 13-month-old girl who pre-
sented with failure to thrive and delayed psychomotor
development, alongside clinical and laboratory findings
that were consistent with nutritional hypocalcemic rick-
ets. Several risk factors were present, including an
absence of vitamin D supplementation in the first year
of life, an inadequate diet, and migrant status.”%1
These factors represent a classic scenario of insuffi-
cient calcium and vitamin D intake, which is pivotal in

the pathogenesis of rickets in infancy.® The co-oc-
currence of cow’s milk protein allergy, confirmed by
elevated specific IgE levels, contributed to dietary
restrictions and likely worsened the calcium deficiency,
as described by Che et al.58!" Migrant families often
struggle to navigate healthcare systems, which can
result in in suboptimal medical surveillance and delayed
identification of growth failure and nutritional deficien-
cies in their children.'

The patient’s laboratory findings — low vitamin D and
phosphorus levels, elevated PTH, and markedly high
alkaline phosphatase — corroborate the diagnosis of
nutritional hypocalcemic rickets."? This biochemical
profile indicates functional hypocalcemia, leading to
compensatory hyperparathyroidism, a hallmark of
cases involving simultaneous calcium and vitamin D
deficiencies.>” Clinically, she exhibited typical rickets
features, including an enlarged fontanel, softening of
the skull bones (craniotabes), a rachitic rosary, lower
limb deformities, and bone pain. The patient also pre-
sented with growth failure and delayed psychomotor
development. The treatment regimen together with
nutritional counseling, was effective in promoting
catch-up growth in length and weight, improving
age-appropriate muscle tone, supporting the achieve-
ment of motor milestones, and leading to radiological
resolution of bone abnormalities. She was referred to
Immunoallergology for the cow’s milk protein allergy.

This case highlights the importance of early diagno-
sis and timely intervention in nutritional hypocalcemic
rickets, as well as the need to ensure access to child
health surveillance to all children. Despite its rarity in
developed countries, rickets remains a concern, espe-
cially among vulnerable groups, particularly with dark
skin or inadequate dietary intake. In this case, the
absence of vitamin D supplementation, dietary restric-
tions due to cow’s milk protein allergy, and inadequate
complementary feeding, along with social vulnerability
contributed to the development of rickets.

The successful treatment with vitamin D and calcium
supplementation emphasizes the need for early recog-
nition and adherence to evidence-based guidelines.”
Regular follow-ups and proper nutritional counseling
are essential to preventing complications such as
growth delays and skeletal deformities.

Author contributions

C. Cezanne: conception and design of the report; acquisi-
tion of data either from the patient or literature; analysis or
interpretation of data either from patients, research studies,
and literature; drafting the article; critical review of the article
for important intellectual content; final approval of the version



C. Cezanne et al. Nutritional rickets in a high-risk infant

to be published; agreement to be accountable for the accu-
racy or integrity of the work. J. Bastos: conception and
design of the report; acquisition of data either from the
patient or literature; analysis or interpretation of data either
from patients, research studies, and literature; drafting the
article; critical review of the article for important intellectual
content; final approval of the version to be published; agree-
ment to be accountable for the accuracy or integrity of the
work. N. Santos: critical review of the article for important
intellectual content; final approval of the version to be pub-
lished; agreement to be accountable for the accuracy or
integrity of the work S. Fraga: critical review of the article for
important intellectual content; final approval of the version to
be published; agreement to be accountable for the accuracy
or integrity of the work. M. Braga: critical review of the article
for important intellectual content; final approval of the version
to be published; agreement to be accountable for the accu-
racy or integrity of the work.

Funding

There were no external funding sources for the realization
of this paper.

Conflicts of interest

None.

Ethical considerations

Protection of human subjects and animals. The authors
declare that no experiments on humans or animals were
performed for this research.

Confidentiality, informed consent, and ethical
approval. The authors have followed their institution’s confi-
dentiality protocols, obtained informed consent from all

patients, and secured approval from the Ethics Committee.
SAGER guidelines have been followed as applicable to the
nature of the study.

Declaration on the use of artificial intelligence (Al).
The authors declare that no generative artificial intelligence
was used in the writing or creation of the content of this
manuscript.

References

1. Saber A, Naaman N, Alqurashi R, Albar RF. A Case Report of Rickets
Due to Severe Nutritional Deficiencies. Cureus. 2022 Oct 9;14(10):e30095.
doi: 10.7759/cureus.30095. PMID: 36381909; PMCID: PMC9642367.

2. Bouillon R, Antonio L. Nutritional rickets: Historic overview and plan for
worldwide eradication. J Steroid Biochem Mol Biol. 2020 Apr;198:105563.
doi: 10.1016/j.jsbmb.2019.105563. Epub 2019 Dec 3. PMID: 31809867.

3. Chanchlani R, Nemer P, Sinha R, Nemer L, Krishnappa V, Sochett E, et
al. An Overview of Rickets in Children. Kidney Int Rep. 2020 Apr 11;5(7):
980-990.

4. Castro S, Velasco Suérez C, Vieites A, Bergada |, Cassinelli H. Raqui-
tismo vinculado al uso de férmulas elementales: Reporte de caso
[Rickets associated to the use of elemental formula: A case report]. Arch
Argent Pediatr. 2021 Feb;119(1):e49-e53.

5. Pieridou C, Uday S. Nutritional rickets presenting with developmental regres-
sion: a rare presentation of rickets. BMC Pediatr. 2023 Jun 29;23(1):330.

6. Lemoine A, Giabicani E, Lockhart V, Grimprel E, Tounian P. Case report
of nutritional rickets in an infant following a vegan diet. Arch Pediatr. 2020
May;27(4):219-222.

7. Stoffers AJ, Weber DR, Levine MA. An Update on Vitamin D Deficiency
in the twenty-first century: nature and nurture. Curr Opin Endocrinol
Diabetes Obes. 2022 Feb 1;29(1):36-43.

8. Vlok M, Snoddy AME, Ramesh N, Wheeler BJ, Standen VG, Arriaza BT.
The role of dietary calcium in the etiology of childhood rickets in the past
and the present. Am J Hum Biol. 2023 Feb;35(2):e23819.

9. Afonso AD. Prevencao e tratamento da deficiéncia de vitamina D [Internet].
Lisboa: Diregao-Geral da Saude; 2019. Available from: https:/www.dgs.pt

10. Carpenter TO, Wolfsdorf JI, Kremen J. Etiology and treatment of calci-
penic rickets in children. UpToDate. 2023.

11. Che D, Yu L, Guo Y, Ke HJ, Liu C, Wu JL. Correlation between vitamin
D levels and bone metabolism in children with cow’s milk allergy. J Int
Med Res. 2022 Jan;50(1):3000605211066071.

12. Maia AC, Marques MJ, Goes AR, Gama A, Osborne R, Dias S. Health
literacy strengths and needs among migrant communities from Portugue-
se-speaking African countries in Portugal: a cross-sectional study. Front
Public Health. 2024 Jul 3;12:1415588. doi: 10.3389/fpubh.2024.1415588.
PMID: 39022410; PMCID: PMC11253791.


https://www.dgs.pt

