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Serum 25-hydroxy-vitamin D levels in malnourished
children with rickets
N RAGHURAMULU AND VINODINI REDDY

National Institute of Nutrition, Hyderabad, India

SUMMARY Serum levels of calcium, phosphorus, alkaline phosphatase, and 25 hydroxy-vitamin D
(25-OH-D3) were measured in normal and malnourished children with and without rickets. Children
with rickets had clinical, biochemical, and x-ray evidence of the disease; most of them were mal-
nourished. 25-OH-D3 levels were lower than in normal children. After treatment with vitamin D
their condition improved. 25-OH-D3 levels were also found to be reduced in malnourished children
without rickets.
These studies show that rickets is common is malnourished children. Inadequate exposure to

sunlight appears to be the factor mainly responsible for the high incidence of the disease. In addition,
malnutrition perhaps contributes to the development of rickets.

Nutritional rickets is not rare among children in
India, despite abundant sunshine. The reported
incidence varies from 0 * 8 to 20% depending on the
criteria.1-4 Rickets is usually described as a disease of
rapidly growing children, yet many children who
come to our hospitals with clinically overt rickets
are found to be malnourished.5-7 The factors
responsible for this are not clearly understood.

Alterations in serum calcium, phosphorus, and
alkaline phosphatase are conventional criteria used
in the diagnosis of rickets. However, these para-
meters have been shown to be of limited value in the
case of malnourished children with rickets.6 8 Direct
assessment of vitamin D status is now possible
using a highly sensitive assay for 25-hydroxy-
vitamin D (25-OH-D) which is the main circulating
form of the vitamin. Using this criterion, vitamin D
deficiency has been shown to be widely prevalent
among Indian immigrants in Britain.9-1 There is
however no information on this aspect in our own
population. The present study was undertaken to
determine serum 25-OH-D3 levels in normal and
malnourished children with and without rickets in
India.

Subjects and methods

54 children aged between 1 and 6 years were investi-
gated. They were divided into 3 groups according
to their nutritional status.
National Institute ofNutrition, Hyderabad
N RAGHURAMULU, assistant director
V REDDY, deputy director

Group 1 (n = 13). These were apparently healthy
children whose weights were above the 80th centile
of the local standard.12

Group 2 (n = 19). These were malnourished children
whose weights were below the 80th centile of the
standard. Six children had clinical signs of
kwashiorkor.

Group 3 (n = 22). These were children with clinical
and x-ray evidence of active rickets. Four children
had weights above the 80th centile of the standard.
The other 18 children were malnourished as judged
by weight for age; they showed varying degrees of
wasting but no oedema. None of them had a
complaint which could be attributed directly to
rickets. The presenting features were mainly
diarrhoea or respiratory symptoms.

Children with protein-energy malnutrition
and those with rickets were admitted to hospital,
while the normal children were investigated as
outpatients.

Fasting blood samples were analysed for serum
calcium,'3 phosphorus,'14 and alkaline phosphatase.'15
Serum 25-OH-D3 was measured by the competitive
protein-binding assay using rat serum.'6

Children with rickets were treated with a single
intramuscular dose of 600 000 IU vitamin D2.
Appropriate treatment was also given for infections.
Biochemical studies and x-rays were repeated 2-3
weeks after treatment.
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Table 1 Serum biochemical parameters (mean ± SE) in children
Group Alkaline phosphatase Inorganic phosphorus Calcium 25-OH-D3

(Bodansky units) (mg/100 ml) (mg/100 ml) (ng/ml)
1 Normal (n = 13) 10.2 ± 0.73 5-1 ± 0.28 10-1 + 0-46 34-1 i 3.43
2 Malnourished(n = 19) 8-8 ± 0.83 4.3 ± 0.31 9.7 ± 0.38 21-1 ± 1-58***
3 Rickets (n = 22)
Well nourished (n = 4) 29.3 ± 9.06*** 2-8 ± 0-29*** 8-2 ± 0-62* 7.1 ± 2.67***
Malnourished (n = 18) 20- 5 2-56*** 2.6 ±0-21*** 8.9 ± 0-26* 4*8 ± 0*68***

*** P<0-001; * P<0-05 compared with normal children.
Conversion: traditional units to SI-Inorganic phosphorus: 1 mg/100 ml t 0.323 mmol/l. Calcium: 1 mg/100 ml s;W 0-250 mmol/l. Serum
25-OH-D3: 1 ng/ml ;s 2-4962 nmol/l.

Table 2 Effect of vitamin D administration on
serum biochemical parameters (mean + SE) in rickets
Serum biochemical parameter Before After vitamin D

treatment treatment

Alkaline phosphatase (Bu) 33-6 ± 4.22 16-0 1j.73***
Inorganicphosphorus(mg/100 ml) 2.5 + 0.56 4-8 0 41***
Calcium (mg/100 ml) 8.2 + 0-67 9.3 ± 037**
25-OH-D3 (ng/ml) 6-5 ± 1.65 31.8 ± 5.7***

***P<O * 001; **P<0 * 02 compared with values before treatment.
Conversions are given in footnote to Table 1.

Results

In children with rickets, serum calcium and
phosphorus concentrations were significantly low,
while alkaline phosphatase activity was increased
compared with that of normal children (Table 1).
The mean level of alkaline phosphatase was higher
in well nourished children then in malnourished ones
with rickets.

In normal children, serum 25-OH-D3 levels
ranged from 20 to 60 ng/ml (49 9 to 149 - 8 nmol/l)
with a mean of 34.1 ng/ml (85 1 nmol/l). The mean
levels of 25-OH-D3 were significantly low in children
with rickets (group 3) and also in malnourished
children without rickets (group 2) compared with
levels in normal children. The reduction was very
pronounced in children with rickets.

After vitamin D administration, children with
rickets showed improvement in all the biochemical
parameters (Table 2). Serum 25-OH-D3 showed a
significant increase from a mean level of 6-5 to
31-8 ng/ml (16-2 to 79 4 nmol/l). X-rays gave
evidence ofhealing.

Discussion

In the present series about 5 % of patients admitted to
hospital had rickets. Although this may not convey
the true incidence of the disease, it shows that
rickets is a fairly common disorder in children. All
the children came from families in the low socio-
economic group and many of them were mal-
nourished. Other reports also show that rickets is

common in malnourished children.5 8 It is not clear
whether these two factors merely coexist because of
poverty and poor living conditions, or whether
malnutrition is causally related to rickets.

All our patients had clear clinical and x-ray
evidence of rickets. Serum alkaline phosphatase
activity was raised to a greater extent in well
nourished children with rickets than in malnourished
children with rickets. These results are in line with
our earlier observations.6 Other workers have also
reported that malnutrition can modify the bio-
chemical changes which are characteristic of
rickets, and therefore that serum biochemistry is not
always a reliable diagnostic tool in such cases.8
Serum 25-OH-D3 is now recognised as a sensitive

indicator of vitamin D status. In the normal children
studied here, 25-OH-D3 levels ranged from 20 to 60
ng/ml. These levels are higher than those reported in
Asian immigrants in Britain,19 amongwhom rickets
is reported to be a problem. This is probably because
children in the UK lack the protective effect of
sunlight of their home countries.

In children with rickets serum 25-OH-D3 levels
were significantly low, ranging from 0 to 10 ng/ml
(0 to 25 nmol/l). After treatment with vitamin D3
there was a significant increase from a mean level of
6 * 5 ng/ml to 31 * 8 ng/ml. Other biochemical
parameters were also restored to normal. These
observations indicate that the children studied here
were suffering from vitaminD deficiency.

It is interesting to note that serum 25-OH-D3
levels were also reduced in malnourished children
without rickets. Although the levels were not low
enough to cause symptoms, they were significantly
lower than those of well nourished children. These
findings suggest that in protein-energy malnutrition,
cutaneous synthesis of vitamin D may be impaired,
or there may be a defective conversion of the vitamin
to its active metabolites. However, it can also be
argued that malnourished children, being inactive,
may not be exposed to sunlight to the same extent as
normal children.
There may be several factors that could contribute

to the wide prevalence ofrickets in poor communities.
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The dietary intake of vitamin D is low. Apart from
this, other factors such as high phytate content and
low levels of calcium and phosphorus in the diet have
been implicated. However, our earlier studies
suggest that these factors may not play a significant
role in the aetiology of rickets.'7
As the diet provides very little vitamin D, we in

India rely heavily on sunshine as the natural source.
Unfortunately, rickets is a problem in our country,
despite abundant sunshine all the year. The incidence
has been found to be higher in cities than in rural
communities.5 Most of the patients studied here
came from urban slums, where the houses are
congested and situated in narrow lanes. Young
children living in such homes may not have enough
sunlight. This, perhaps, is the most important factor
responsible for the high incidence of rickets in poor
undernourished communities. In addition, it is
possible that protein-energy malnutrition may
interfere with the metabolism of vitamin D and thus
contribute to the development of rickets. Studies are
now in progress to investigate this possibility.

We are grateful to Dr P Bhaskaram for help in the
selection of cases, and Dr S G Srikantia for valuable
suggestions.

References

Ghosh S, Bhardawaj 0 P, Saini L, Varma K P S. A survey
of rickets. Indian Pediatr 3: 1966; 9-14.

2 Rao N P, Singh D, Swaminathan M C. Nutritional
status of preschool children of rural communities near
Hyderabad city. Indian JMed Res 1969; 57: 2132-46.

3 Gupta M, Agarwal K N. Nutritional status of preschool
children. II. Clinical assessment of nutritional deficiencies.
Indian Pediatr 1972; 9: 450-3.

4 Datta Banik N D, Nayar S, Krishnan R, Lila Raj. A
study of epidemiologic basis of malnutrition in preschool

children in slum areas in Delhi. Indian Pediatr 1973; 10:
19-25.

5 Manchanda S S, Lai H. The challenge of rickets in
Punjab. Indian JPediatr 1972; 39: 52-7.

6 Reddy V, Srikantia S G. Serum alkaline phosphatase in
malnourished children with rickets. J Pediatr 1967; 71:
595-7.

7 Pramanik A K, Gupta S, Agarwal P S. Rickets in protein-
calorie malnutrition. Indian Pediatr 1971; 8: 95-9.

8 Salimpour R. Rickets in Tehran: study of 200 cases.
Arch Dis Child 1975; 50: 63-6.
Stamp T C B. Factors in human vitamin D nutrition and
in the production and cure of classical rickets. Proc Nutr
Soc 1975; 34: 119-30.

10 Preece M A, Tomlinson S, Ribot C A, et al. Studies of
vitamin D deficiency in man. Q JMed 1975; 44: 575-89.
Goel K M, Sweet E M, Warren J M, Logan R W,
Arniel G C, Shanks R A. Florid and subclinical rickets
among immigrant children in Glasgow. Lancet 1976; 1:
1141-5.

12 Rao D H, Satyanarayana K, Gowrinath Sastry J. Growth
pattern of well-to-do Hyderabad pre-school children.
Indian JMed Res 1976; 64: 629-38.

13 Clark E P, Collip J B. A study of the Tisdall method for
the determination of blood serum calcium with a suggested
modification. JBiol Chem 1925; 63: 461-4.

14 Fiske C H, Subbarow Y. The colorimetric determination
ofphosphorus. JBiol Chem 1925; 66: 375-400.

15 Bodansky A. Phosphatase studies. II. Determination of
serum phosphatase. Factors influencing the accuracy of
the determination. JBiol Chem 1933; 101: 93-104.

16 Belsey R E, DeLuca H F, Potts J T, Jr. A rapid assay for
25-OH-vitamin D3 without preparative chromatography.
J Clin Endocrinol Metab 1974; 38: 1046-51.

17 Bhaskaram C, Reddy V. Role of dietary phytate in the
aetiology of nutritional rickets. Indian J Med Res 1979;
69: 265-70.

Correspondence to Dr N Raghuramulu, National
Institute of Nutrition, Indian Council of Medical
Research, Jamai-Osmania PO, Hyderabad 500 007,
Andhra Pradesh, India.

Received 24 April 1979

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.55.4.285 on 1 A

pril 1980. D
ow

nloaded from
 

http://adc.bmj.com/

