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	 Patient:	 Female, 22-month-old
	 Final Diagnosis:	 Nutritional rickets
	 Symptoms:	 Bowing of legs
	 Medication:	 —
	 Clinical Procedure:	 —
	 Specialty:	 Pediatrics and Neonatology

	 Objective:	 Challenging differential diagnosis
	 Background:	 Rickets is the deficiency in mineralization of the bone associated with lack of sunlight exposure and inadequate 

dietary calcium and/or vitamin D in children. Important efforts to eradicate rickets include appropriate sunlight 
exposure advice and fortification of food and milk with vitamin D. However, there is a growing concern that 
the current Coronavirus Disease 2019 (COVID-19) pandemic will increase the incidence of rickets due to inad-
equate sunlight exposure resulting from movement restriction measures imposed by governments across the 
world.

	 Case Report:	 A 22-month-old girl presented to our primary care clinic in Selangor, Malaysia with abnormal gait and bowing 
of the legs during the COVID-19 pandemic. She had a history of inadequate sun exposure as she lived in an 
apartment and there was a Movement Control Order in place because of the pandemic. Calcium intake was 
also poor as she could not tolerate formula milk and did not consume any other dairy products. Investigations 
revealed severe hypocalcemia and low vitamin D level. She was diagnosed with nutritional rickets and was re-
ferred for admission to correct the hypocalcemia. She was subsequently discharged with oral calcium and vi-
tamin D supplementation. Her calcium and vitamin D levels improved and at her 6-month review, her bilater-
al bowed legs had improved significantly.

	 Conclusions:	 This case highlights the importance of having a high degree of suspicion for vitamin D deficiency and rickets in 
young children growing up during the COVID-19 pandemic. Public health messages on preventing the spread 
of COVID-19 should also be interlaced with messages addressing the possible effects of our new norms such 
as inadequate sunlight exposure.
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Background

Rickets is a disease characterized by failure of the mineraliza-
tion of the growth plate and osteoid matrix causing skeletal 
disorder in growing children [1,2]. Nutritional rickets is associ-
ated with inadequate sunlight exposure or insufficient dietary 
intake of either calcium, vitamin D, or both [1-4]. Vitamin D 
plays a vital role in the absorption and utilization of dietary 
calcium. It also maintains the normal serum level of calcium 
by stimulating the release of parathyroid hormone for bone re-
sorption when there is a low calcium level [4]. The main source 
of vitamin D is exposure to natural sunlight, as vitamin D3 is 
produced in the human skin following exposure to ultraviolet 
B (UVB) light [5]. Vitamin D can also be found in specific food 
such as mackerel, salmon, and fortified formula milk or cere-
als [5]. Malaysian guidelines recommend a daily vitamin D in-
take of 400 IU (10 µg) for infants and 600 IU (15 µg) for chil-
dren and adults [6].

Prior to the start of the COVID-19 pandemic in 2020, there 
were varying reports of the prevalence of nutritional rickets 
in many countries worldwide. These ranged from 1% to more 
than 50%, possibly due to the different methods of diagnosis 
used in the studies, either only clinical diagnosis or involving 
radiography and laboratory data, and possibly also due to the 
geographical area analyzed [4]. The COVID-19 pandemic has 
prompted governments across the world, including Malaysia, 
to implement non-pharmaceutical interventions, such as na-
tional lockdowns, travel restrictions, and school closure, to curb 
the spread of the virus [7]. Although effective in decreasing 
COVID-19 cases, lockdowns and school closure have been re-
ported to adversely affect children’s health and well-being [8]. 
This case report presents an example of this, in which nutri-
tional rickets was diagnosed in a child who had limited di-
etary calcium intake and sunlight exposure. It highlights the 
importance of having a high degree of suspicion for rickets in 
a patient who presents with bowed legs during the pandemic.

Case Report

A 22-month-old Malay girl was brought by her mother to an 
urban academic primary care clinic in Selangor, Malaysia, in 
November 2020 with concerns regarding the shape of her 
child’s legs and her abnormal gait. These were noticed by fam-
ily members for a few months prior to the clinic visit. She be-
gan to walk at 13 months old, but her parents could not recall 
any obvious abnormality of her legs at that time. The child was 
otherwise well and active at home. There was no fever, histo-
ry of seizures, diarrhea, or other systemic problems. She was 
born via spontaneous vertex delivery at term, with a normal 
birth weight of 3.56 kg. Her perinatal period was uncomplicat-
ed, and she was up to date with her immunizations. She had 

no significant past medical history except for a one-week hos-
pital admission for pneumonia when she was 1 year old. There 
was no history of rickets or other genetic diseases in the fam-
ily. Her development was consistent with her age in the gross 
motor, fine motor, speech, and social domains.

According to her mother, she had been eating the same diet 
that her family ate, with supplementary expressed and direct-
ly-fed breast milk as she developed rashes from drinking for-
mula milk. However, a detailed dietary history revealed low 
calcium and vitamin D intake. She only drank 120 ml of ex-
pressed breast milk during the day and did not consume any 
dairy products. She lived with her parents and a 7-year-old 
sister in an apartment. During the day, when both parents 
worked, she was sent to her babysitter’s apartment. Further 
questioning revealed that she had minimal exposure to sun-
light, and her mother stated the girl had less than 2 h of sun 
exposure per week. There were no outdoor activities or visits 
to the park due to the Movement Control Order enforced by 
the Malaysian government in view of the COVID-19 pandemic.

Figure 1. �Bilateral bowing of the legs upon first presentation.
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On examination, she was active, but walked with a waddling 
gait. Her height was 75 cm, weight was 9.5 kg, and both were 
between the 3rd to 10th centile for her age. Her head circum-
ference was 47 cm, which was in the 25th centile for her age. 
Her vital signs were within normal ranges. There was notice-
able bilateral symmetrical bowing of her legs (Figure 1). There 
was also a small, non-tender swelling noted over both wrists. 
The rest of her examination results were unremarkable.

Blood investigations sent urgently revealed severe hypocal-
cemia with a corrected calcium level of 1.53 mmol/L (nor-
mal: 2.25-2.75 mmol/L), but a normal phosphate level of 1.21 
mmol/L (normal: 1.10-1.95 mmol/L) (Table 1). Alkaline phos-
phatase was very high at 1296 U/L (normal: <281 U/L). Her he-
moglobin level was 11.0 g/dL, which was within normal range 
(normal: 11.0-14.1 g/dL), renal profile was normal, and creat-
inine was 24 µmol/L (normal: 21-36 µmol/L). An X-ray of the 
left hand and forearm showed fraying and splaying of the ra-
dial and ulnar metaphyses, which is a feature of rickets. There 
was also concavity or “cupping” of both metaphyses (Figure 2). 
There was no acute fracture or joint dislocation. An X-ray of 

the lower limbs showed bowing of bilateral legs and widened 
metaphyses on bilateral knee joints (Figure 3). An ECG was 
not performed as she was already at home when her investi-
gation results were available. Only her father came to collect 
the referral letter from our clinic and brought her urgently to 
the nearby emergency department.

She was referred to the nearest hospital for further manage-
ment of her severe hypocalcemia on the background of pos-
sible nutritional rickets with vitamin D deficiency. She was 
admitted and received intravenous calcium gluconate 4.8 ml 
every 6 h for 1 day (0.5 ml/kg/dose) under close observation. 

Figure 3. �X-ray of lower limbs showing bowing of legs and 
widened metaphysis on bilateral knee joints.

Figure 2. �X-ray of left wrist showing splaying and fraying of 
metaphysis of radius and ulna. * Finger of the patient’s 
mother.

Parameters 25/11/2020 1/3/2021 Normal range Unit

Calcium (corrected) 1.53 2.34 2.25-2.75 mmol/L

Phosphate 1.21 1.55 1.10-1.95 mmol/L

Alkaline phosphatase 1296 304 <281 U/L

25-hydroxyvitamin D 11 61.6 >50 nmol/L

Intact parathyroid hormone 54 8.67 1.96-8.49 pmol/L

Table 1. Patient’s blood investigation results.
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Subsequently, her calcium level improved to 2.02 mmol/L on 
day 3 of admission. She was discharged with oral calcium car-
bonate 500 mg 3 times daily (elemental calcium 60 mg/kg/day), 
oral calcitriol 0.5 mcg once daily for 2 weeks (50 ng/kg/day), 
and oral cholecalciferol 2000 IU once daily. Subsequently, her 
results returned with a very low level of 25-hydroxyvitamin D 
at 11 nmol/L (normal: >50 nmol/L), while the intact parathy-
roid hormone level was very high at 54 pmol/L (normal: 1.96-
8.49 pmol/L). She was also referred for regular follow-up at 
the pediatric endocrinology clinic. Her mother’s 25-hydroxyvi-
tamin D level was also checked and was found to be 32 nmol/L 
(normal: >50 nmol/L). She remained asymptomatic and was 
counseled for further treatment and follow-up.

Six months after the child’s first presentation to this primary 
care clinic, the bowing of her legs had improved (Figure 4). Her 
calcium and vitamin D levels also showed marked improvement 
(Table 1). In June 2021, she was still having regular pediatric 
endocrinology follow-up every 3 months. She continued taking 
oral calcium (elemental calcium 35 mg/kg/day) and vitamin D 
supplements 800 IU once daily. To ensure adequate sun expo-
sure, her parents had started bringing her outdoors to play for 

about 30 min a day most days of the week. Her parents were 
also advised to increase her dietary calcium intake by includ-
ing other dairy products in her diet, such as cheese and yogurt.

Discussion

Nutritional rickets is defined as the disorder of defective chon-
drocyte differentiation and defective osteoid mineralization, 
due to low calcium intake and/or vitamin D deficiency in chil-
dren [2]. Other types of rickets include genetically inherited 
rickets due to defects in vitamin D metabolism, renal rickets, 
familial hypophosphatemic rickets, and rickets caused by ma-
lignancy [9]. The most common cause of rickets is vitamin D 
deficiency [10,11]. A recent study in China, which reviewed the 
effect of pandemic-related confinement on vitamin D levels in 
children aged 6 years and below, found that decreased sun-
light exposure during confinement was associated with low-
er vitamin D levels in children aged 3 to 6 years [12]. A Polish 
study found a significant reduction in serum vitamin D levels 
in a total of 1472 children studied due to COVID-19 pandem-
ic restrictions [13]. However, further studies are needed to de-
termine whether there is increased prevalence of rickets dur-
ing the COVID-19 pandemic.

The reported prevalence of nutritional rickets varies among 
countries. A study on a tea farm population in India in 2016 
involving 16 274 children aged 1 to 18 years old reported 2.7 
cases of nutritional rickets per 1000 children [14]. There are lim-
ited data on the prevalence of rickets in Malaysia. Interestingly, 
there was a case report published in 2016 about a 2.5-year-
old Malay boy with vitamin D-deficiency rickets who, like our 
patient, lived in an apartment and spent most of his time in-
doors [15]. His 25-hydroxyvitamin D level was low (26 nmol/L) 
but calcium level was normal.

Rickets can be diagnosed based on detailed clinical history, 
physical examination, and biochemical tests, and can be con-
firmed by radiographs [2,4,9]. A comprehensive history is im-
portant to assess for nutritional rickets. This includes a child’s 
gestational age, amount of sunlight exposure, and a detailed 
dietary history specifically regarding vitamin D and calcium 
intake [1,9]. Genetically inherited rickets should be suspected 
if there is a family history of short stature, poor dentition, or-
thopedic abnormalities, alopecia, or parental consanguinity [1]. 
Another differential diagnosis that needs to be considered is 
renal rickets secondary to chronic kidney disease, which was 
unlikely in our case as the patient had a normal renal profile 
and was not anemic.

Patients with nutritional rickets can present with varying 
clinical features, which can be severe, including softening of 
the skull bones in infants, swelling of the wrists, lower limb 

Figure 4. �After 6 months of follow-up, the bowing of legs 
improved.
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deformities, and inability to walk in older children [2,4]. Non-
osseous manifestations include convulsions, muscular hypoto-
nia, dilated cardiomyopathy, and failure to thrive [2,4]. In the 
present case, the patient did not have any other symptoms of 
severe hypocalcemia such as muscle cramps or seizures but 
presented with bowing of the legs and abnormal gait. Bow 
legs, also referred to as genu varum, may be physiological in 
the first 2 years of life provided there is absence of other find-
ings [1]. However, rickets should be suspected in cases asso-
ciated with asymmetry, pain, or progression in bowing sever-
ity, especially in older children [1].

The laboratory investigation findings that are seen in nutri-
tional rickets include decreases in vitamin D level and serum 
calcium, and elevations in parathyroid hormone and alka-
line phosphatase levels, all of which were present in this pa-
tient [1]. Radiographic changes in nutritional rickets include os-
teopenia, cortical thinning of long bones, widening of growth 
plates, and an irregular metaphyseal outline such as widen-
ing, cupping, or fraying, especially over the wrists in infants 
and young children [4].

Nutritional rickets is most commonly associated with lack of 
sunlight exposure and also dietary calcium and vitamin D de-
ficiency. Thus, it can be prevented with appropriate sunlight 
exposure and adequate dietary intake [2,4]. Studies have sug-
gested that an adequate amount of sunlight exposure for in-
fants is about 2 h a week if fully-clothed, but the exact min-
imum amount required for a specific child is not known [1]. 
Unfortunately, due to her living conditions and the movement 
restrictions put in place by the Malaysian government, this pa-
tient did not receive adequate sunlight exposure. Starting from 
March 18, 2020, a Movement Control Order (MCO) was imple-
mented in Malaysia by the government to limit the spread of 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
which included restriction of movement of people into or out 
of an area. Public parks and schools were closed during this 
time and people were advised to stay at home to reduce the 
risk of spreading the infection [16]. In addition, she had in-
adequate dietary intake of calcium and vitamin D, which led 
her to develop rickets. A similar case was recently reported 
in Sri Lanka, which also highlighted vitamin D deficiency rick-
ets during the COVID-19 pandemic [17], but that patient had 
a normal calcium level.

To prevent rickets, the Global Consensus Recommendations 
on Prevention and Management of Nutritional Rickets suggest-
ed that supplementation of 400 IU per day (10 µg) of vitamin 
D is sufficient and is suggested for all infants from birth to 
12 months old, regardless of their mode of feeding [2]. They 
also suggested that everyone above 12 months old needs to 
meet their vitamin D requirement of at least 600 IU per day 
(15 µg) either through diet or supplementation. This is simi-
lar to the recommended level of vitamin D and calcium intake 
for Malaysians [18]. In the absence of food fortification, can-
didates for preventative vitamin D supplementation after age 
12 months include children with a history of symptomatic vi-
tamin D deficiency requiring treatment, children and adults 
at elevated risk of vitamin D deficiency, or with factors that 
decrease consumption or production of vitamin D, and preg-
nant women [2]. However, these recommendations are not yet 
widely implemented in Malaysia. Moving forward, physicians 
can help prevent rickets by identifying high-risk children, es-
pecially infants who are exclusively breastfed, and providing 
them with vitamin D supplementation [1]. Asking specifically 
about sunlight exposure during this pandemic is also impor-
tant to identify those at risk of vitamin D deficiency, who may 
need supplementation [12].

Conclusions

In conclusion, having a high degree of suspicion for vitamin 
D deficiency and nutritional rickets in young children grow-
ing up during the COVID-19 pandemic is important, as move-
ment restrictions may prevent adequate sunlight exposure. 
Public health messages on preventing the spread of SARS-
CoV-2 should also be interlaced with messages addressing 
the possible effects of our new norms such as inadequate 
sunlight exposure.
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