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ABSTRACT
OBJECTIVE: To determine the factors contributing to nutritional rickets among the children presenting at Isra University Hospital Hyderabad, Sindh - Pakistan.
DESIGN: A case control study.
SETTING: The Pediatrics Department of Isra University Hospital Hyderabad from August 2004 to
August 2005.
METHODS: Children less than 5 years of age of both sexes were included in study. Sixty children with rickets and 60 control children matched for age and social characteristics over study
period were studied. Diagnosis was made on clinical, radiological and biochemical parameters.
A specially designed questionnaire was administered, for patients and mothers of control subjects to assess the role of social, nutritional and other related factors in the pathogenesis of nutritional rickets. Biochemical investigations included estimation of serum calcium, serum phosphorus and alkaline phosphates.
RESULTS: At the time of diagnosis, mean bodyweights of the patients and controls were 9.30
and 10.17kg respectively. Mean heights at the time of diagnosis were 60.08 and 62.38 cm for the
patients and the controls respectively. Mean serum calcium and serum phosphate were significantly lower in the patients compared with the controls. Alkaline phosphates were higher
among the patients. The weaning diet was started at the age of 6 months only in 30% of cases
of rickets, compared with 52% of controls who started at the 6 months of age. Only 41% of
mothers of children with rickets had normal nutritional status and 75% of control mothers had
normal nutritional status. Most of the children with rickets (75%) were completely wrap during
infancy compared to controls; only 20% wrapped.
CONCLUSION: There are a lot of contributing factors for nutritional rickets. However, several
factors seem to make more important contribution. Among these, lack of exposure to sunlight,
prolonged breast-feeding without supplementation and inadequate complementary feeding
practices are important. Maternal health and education is important as it can influence all of the
above factors.
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INTRODUCTION
Mineralisation of osteoid tissue of bone is dependent
on a suitable supply of minerals, both calcium and
phosphate. Failure to provide sufficient mineral results
in osteomalacia1, which, in growing bone with its attendant growth plates and unfused epiphyses, is
manifested as rickets. Although, vitamin D deficiency
is not the only cause of rickets (nutritional calcium deficiency has also recently been proposed as an important factor. It has historically been a major cause of
morbidity.2 Vitamin D is mainly derived from the action
of sunlight on 7-dehydrocholesterol in the skin, and
vitamin D deficiency is more likely to occur in individuals with darker skins or in those whose skin is extensively covered. Vitamin D deficiency in pregnant mothers also limits fetal growth.3 In addition, vitamin D may
have an important part to play in preventing other disJLUMHS MAY - AUGUST 2007

eases such as hypertension, various cancers, and
type 1 diabetes.5 Rickets is a relatively rare condition
in Western societies and, when it presents, is often
associated with some form of metabolic disturbance of
vitamin D metabolism, which may be primary (for example, vitamin D dependent rickets type I, an in born
error of metabolism of vitamin D; or vitamin D dependent rickets type 2, end organ resistance to the action
of vitamin D) or secondary (for example, associated
with liver or kidney disease), or a defect in renal tubular function (for example, hypophosphataemic vitamin
D resistance rickets). However, rickets is also prevalent in sunnier climates,6 although here it seems that
malnutrition may be a contributing factor.7 Darker
skinned individuals are just as capable as those with
lighter skins of synthesizing vitamin D, but require
greater exposure to ultraviolet light to do so. Other
factors, such as nutritional deficiency associated with
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macrobiotic, vegetarian9, strict vegan10 or "healthy
food" milk alternative11 diets, and low exposure to
sunlight, either by staying indoors or covering the skin
are also important.12 Breast milk contains little vitamin
D and breast fed infants should receive vitamin D supplements. Vitamin D deficiency classically presents
with symptoms of bony deformity such as bowed legs,
swelling of the wrists, a "rickety rosary", and muscle
weakness. If the rickets is severe enough, fractures
may ensue13 and may simulate child abuse.14. However, a significant proportion of these patients have
symptoms of hypocalcaemia, which may cause convulsions, stridor, and neuromuscular irritability.15,16 Nutritional rickets has been seen in developing countries.
Following the recognition of principal cause, rickets
was largely eradicated in Western world. This study
was conducted to determine the role of different possible risk factors causing vitamin D deficiency or nutritional rickets among the children in our part of world.
SUBJECTS AND METHODS
Sixty children with rickets and 60 control children
matched for age and social characteristics were included. Diagnosis was made on clinical, radiological
and biochemical parameters. A specially designed
questionnaire was administered, to both mothers of
patients and mothers of control subjects, to assess the
role of social, nutritional and other related factors in
the pathogenesis of nutritional rickets. Biochemical
investigations included estimation of serum calcium,
serum phosphorus and serum alkaline phosphate.
Patients with the clinical features of rickets were included. The clinical criteria considered for the diagnosis of rickets were: hypotonia, skeletal deformity, for
example bowing of the legs and deformity of the lower
end of the long bones, rachitic rosary, delayed closure
of the fontanel, delayed walking and delayed dentition.
Control group matched for age and social characteristics and who had presented with a non-nutritional illness. Details of the medical history, clinical and laboratory data were recorded, on specially designed
forms. The medical history included gestational period, birth weight, type of delivery, number of children
in the family, developmental aspects, illnesses and
treatment received etc. The social history included
parental education, profession and the type of house
where the family lived. Special emphasis was given to
recording the frequency and duration of exposure of
the child to sunlight during early childhood, the dress
of the mothers and the usual practice of wrapping the
child. The detailed nutritional history of the child included the duration of breast-feeding, age at the introduction of semisolid feeds. We did thorough physical
examination, including measurement of weight, height,
head circumference and status of the anterior fontanel
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etc. Signs of clinical rickets were carefully examined
and recorded. Diagnosis of rickets was made on clinical signs and was confirmed by radiological and biochemical investigations; serum alkaline phosphates,
serum calcium and serum phosphorus were estimated. Patients whose symptoms were suggestive of
having non-nutritional rickets like Vitamin D resistance
or secondary rickets were not included in the study.
Data processing and statistical analysis were performed using software programme SPSS 11.0 on Windows XP.
RESULTS
60 children with rickets and 60 control children were
included in this study. Table I shows the clinical manifestations of rickets. Most common manifestation was
widely open anterior fontanel 50(83%), followed by
skeletal deformity 35(58.33%), rickety rosary 42(70%),
gross motor delay 42(70%), convulsions 7 (11.66%)
and chest deformity 5(8.33%). Table II shows the
comparison of social factors between control and rickets groups. Most of rickets patients were kept
wrapped 45(75%) compared with control 12(20%),
during their early month of life. Only 15(25%) rickets
patients were exposed to sunlight for at least half an
hour of day as compared to controls 38(63.33%).
Only15 (25%) rickety children lived in open houses
(rest of living in flats or covered houses.) 25 controls
had also same status of living. Family income of both
groups was similar, 26(46%) having > Rs. 3000 per
month. Table III shows nutritional factors of both
groups. Among these, 35(58.33%) rickety children
were exclusively on breast feeding, as compared to 20
(33.33%) of control group. 14(23%) and 15(25%) children of rickets and controls respectively were on formula milk. In control group, significantly higher number 52(86.66%) as compared to rickets started weaning at age of 4-6 months. Table IV shows maternal
factors. Nutritional status was normal in 25(41.66%)
mothers of rickets group as compared to control mothers where 45(75%) had normal nutritional status,
which is significant. 52(86%) mothers in ricket group
had more than 2 children under 5 years of age which
was significantly higher than control 23(38%). Mothers
using Burqa similar 30(50%), 31(51.66%) in each
group respectively. Education and consumption of
milk was not significantly different. Table V shows the
mean weight (9.3 kg) and length (60.08cm) of the rickets patients at diagnosis. They were not significantly
lower than the controls (10.17 kg and 65.50 cm, respectively). Head circumference was not significantly
different between the two groups. The significant difference between serum calcium, serum phosphate,
and alkaline phosphate between control and rickets
cases is presented in Table VI.
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TABLE III:
NUTRITIONAL FACTORS

TABLE I:
CLINICAL SIGNS OF NUTRITIONAL RICKETS
(n=60)
Sign

Number of cases

%

Widely open anterior fontanel

50

83.33

Gross motor
delay

42

70

Rickety rosary

40

66.66

Skeletal
deformity

35

58.33

Cases
(n=60)

%

Controls
(n=60)

%

Exclusively
breast fed

35

58.33

20

33.33

Complementary feeding at

18

30

52

86.66

Vitamin D supplement

05

8.3

32

53.3

Formula feed

14

23.33

15

25

Cows milk feed

45

75

21

35

age of 6 months

Prominent head
bossing

20

Delayed eruption
of teeth

20

Convulsions

7

11.66

Chest deformity

5

8.33

33.33
TABLE IV:
MATERNAL FACTORS
33.33

TABLE II:
SOCIAL FACTORS OF RICKETS
Factor

Factor

Cases
(n=60)

%

Controls
(n=60)

%

30 minute exposure to sun

15

25

38

63.33

Complete
wrapping of
child

45

75

12

20

Living in open
house

15

25

38

63.33

Family income
per month
>3000 RS

26

Factor

Cases
(n=60)

%

Controls
(n=60)

%

Normal nutritional status

25

41.66

45

75

Having>2 children under 5

52

86.66

23

38.33

Using burqa

30

50

31

51.66

Education>5
classes

10

16.66

18

30

500ml milk
consumption
per day

8

13.33

16

26.66

TABLE V:
GENERAL FEATURES
Feature

Cases
(n=60)
Mean

Controls
(n=60)
Mean

95% confiPdence in- value
terval

Age (month)

12.18

11.90

10.90-12.89 <.005

9.3

10.13

Occipital
frontal circumference

45.55

45.03

45.27-45.82 <.005

Height

60.08

65.61

58.73-66.40 >. 053

Weight
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43.33

25

43

8.7-10.60

<.005
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TABLE VI:
LABORATORY FINDINGS
Test

Cases Con(n=60) trols
Mean (n=60)
Mean

95% confidence interval

P-value

Serum
calcium

7.5

8.6

7.2-8.7

>0.005

Serum
phosphorus

1 .99

2.7

1 .8-2.8

>0.005

Serum
alkaline
phosphates

976.96

178.35

156.07-1077.61

>0.007

DISCUSSION
Vitamin D deficiency or nutritional rickets in children is
almost eliminated in the industrialized countries by
prophylactic means. However, it remains major health
problem in under developed countries of Asia.16-18 Humans are able to synthesize vitamin D in the skin with
the aid of exposure to sunlight. In the abundance of
sunlight in our part of world, it is therefore not expected to see large number of children suffering from
rickets. It has been clear that some of the factors play
more important role for contribution of nutritional rickets. Several studies have assessed vitamin D deficiency rickets in Pakistani children.19-21 The prevalence and true incidence in Hyderabad is not known.
High incidence of sub clinical rickets (without clinical
manifestation) in immigrant’s children have been reported in Denmark (46% in 0-8 years and 81% in 9-16
years).22 Nutritional rickets is also reported from Tehran23 and some other Arab countries.24 These countries, however, are economically affluent and have an
abundance of sunlight. From the present study, it has
become clear that some of the factors play a more
critical role than others in causing nutritional rickets.
These factors have been quantified. For example, lack
of exposure to sunlight due to complete wrapping of
the child was found to have an important role. It demonstrates clearly that maternal education, lack of exposure to sunlight due to complete wrapping of the
children and a poor weaning diet were more important
than the other factors. Most of the rickets patients
were breast-fed. However, the value of breast milk as
a source of vitamin D is debated. Specker29 has documented seasonal variation in vitamin D in exclusively
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breast fed infants younger than six months of age.
These changes are directly related to ultraviolet light
exposure. Milk provides as little as 10 IU of vitamin D/
day in winter and 20 IU/day in the summer.12 The
lower amount of vitamin D content of breast milk during the winter and early spring seasons, and lesser
opportunity of infants to receive sunshine exposure,
explains the occurrence of rickets.
Recent editorials in the Journal of Pediatrics have
commented that vitamin D deficiency rickets is reemerging from a once-conquered disease, and that
the prescription of regular sunlight exposure is not
only difficult to quantify, but also may be in conflict
with other health problems such as occurrence of skin
cancer.29 Recently, there have been many reports on
the relation between exposure to ultraviolet B radiation, which produces vitamin D in the skin and skin
cancer. Public education projects for skin cancer prevention in children by reducing sunlight exposure have
been started in many countries.23 Breast-fed infants in
Japan take 400 IU of vitamin D per day if they do not
receive adequate sunlight exposure.24 The results of
this present study have brought a few more facts to
light. For example, maternal education and health
seemed to be an important factor. In contrast, maternal dressing, such as burqa, does not seem to have
any role in the etiology of rickets. It is important to
note that, compared with the controls, the rickets patients in general demonstrated clinical as well as biochemical features of malnutrition. Weight, height and
serum values for calcium and phosphorus were all
lower in the rickets patients. This suggests that the
rickets patients in general were more malnourished.
Maternal education may play an important role. It is
expected that an educated mother will have better and
improved child-rearing practices. This was reflected in
the behavior of our control mothers, who were more
aware of the complementary feeding, its quality and
for starting to wean. In present study, commonest
clinical manifestation was widely open anterior fontanel followed by gross motor delay and rickety rosary.
Tahir, et al reported 20% of motor delay.26 Vitamin D
deficiency in childhood can cause rickets whose signs
and symptoms include bone deformities and fractures,
muscle weakness, developmental delays, short stature, failure to thrive, respiratory distress, tetany, and
heart failure.27 Hypocalcemic fits were present in
11.66% cases. Hypocalcaemia is more common in
initial stages of nutritional rickets, especially during
rapid growth.9 Hameed, et al21 and Tahir, et al26 have
reported 10% and 20% children respectively with nonfebrile fits suffering from nutritional rickets. Malnutrition has been reported in literature as a contributing
factor for nutritional rickets. A study conducted in slum
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areas of Karachi, 99% of children with nutritional rickets were malnourished.17 Another study from Hazara
Division has reported 40% children under weight according to Gomez classification.26
CONCLUSION
Nutritional rickets is a multifactorial condition. However, several factors seem to make important contributions. Among these, lack of exposure to sunlight,
prolonged breast-feeding without supplementation
and inadequate weaning practices are important. It is
almost certainly the case that the clinically apparent
cases of vitamin D deficiency represent the "tip of the
iceberg". Unfortunately, this is one iceberg, which, despite global warning and the attendant increase in
sunshine, is not diminishing in size. It is suggested
that a national campaign to promote awareness of the
risks of vitamin D deficiency, particularly among susceptible populations be done to eliminate rickets as a
cause of morbidity.
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