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Abstract

Background: Rickets is among the most-frequent childhood diseases in many developing countries
which is a condition of softening of bones in children, potentially leading to fractures and deformity.
The National Rickets Prevalence Survey was conducted to explore the prevalence of rickets,
determination of biochemical markers in patients with clinical rickets and identify dietary factors
associated with rickets.

Objective: To conduct the first National survey of prevalence of rickets among children aged 1-15
years with their nutritional status and biochemical profiles.

Methodology: Twenty thousand children aged 1-15 years were randomly selected from rural and
urban locations of 50% districts of 6 divisions in Bangladesh. Clinical diagnostic signs, radiological
signs of active rickets and anthropometric measurements (weight, height, and mid-upper arm-
circumference) were undertaken. Blood samples from rickets subjects were tested for biochemical
markers.

Results: Rickets was found in each of 6 division of Bangladesh. A total of 197 rachitic cases were
diagnosed with a prevalence rate of 0.99%. Radiologically, 24% were at active phase, 34% were in
growing phase while 42%were not suggestive. The prevalence of severe stunting, underweight, and
wasting were 53%, 40% and 1.4% respectively. About 98% of the children were vitamin D-deficient,
and 48% were calcium-deficient. Dietary deficiencies had significantly associated with rachitic
conditions.

Conclusion: The results of the first-ever national rickets survey indicated that about 550,000
children aged 1-15 years have been suffering from rickets at the rate of 0.99% in Bangladesh, which
is a newly recognized public health problem, who need urgent attention for treatment and
prevention. An appropriate policy and action for treatment and prevention formulation is strongly
recommended in Bangladesh.



INTRODUCTION

The bone disorder most clearly related to nutrition is rickets. It was first reported from Europe in
the mid-1600s'. Rickets in the growing child or adolescent develop in a variety of clinical situations
and have in common an absence or delay in the mineralization of growth cartilage and in newly
formed bone collagen. Glisson and others have described typical findings of bony deformity with
curving of the legs in rickets, which continued to be reported during successive centuries’.
Re-emergence of nutritional rickets as an important and widely seen problem in the North
America™ and secondly its higher prevalence in economically disadvantaged parts of the world
where vitamin D insufficiency was uncommon’ were the two most striking things happened at the
end of the last century. In United States and other western countries, rickets was most commonly
seen in exclusively breastfed children with relatively darker pigmented skin™*'%.

In Australia and Europe, rickets was prevalent among migrated populations from the Middle East
and the Indian subcontinent. In UK, majority of the patients were of black or Asian origin with
darker skin colour for whom more exposure to ultraviolet light to synthesize vitamin D was
required”.Most affected patients develop the features within the first 6 to 12 months of life, with
similar sex distribution. In the Middle East, rickets is often seen in sun-protected children of vitamin
D-deficient mothers, but it also manifests as bone problems later in childhood. In sun-exposed
regions of Asia and Africa, rickets typically manifests during the second or third year of life’. In
Mongolia and China, the north Asian countries, lack of adequate UV-B rays during the coolest
months of winter, a limited exposure of skin to sunlight in summer and traditional wrapping of
infants for a maximum of one year was found to be a major contributing factor to the higher

prevalence of rickets'>!,

Causes of rickets:

By the 1800s, sunlight (UV radiation) and cod liver oil were found effective in treating rickets, and
vitamin D was identified as the essential ingredient of this oil in the early 1900s> With the
introduction of vitamin D supplementation, rickets became rare in the industrialized countries
during the 20th century".

Vitamin D, a fat soluble essential micronutrient can come either from diet or it can be synthesized
under the skin when exposed to sunlight. This makes vitamin D deficiency ricket unusual in tropical

ot sub-tropical countries and shifts the focus on other causes of rickets like calcium deficiency '*"".



Since the 1600s, nutritional rickets has been traditionally attributed to vitamin D deficiency related
to decreased exposure to sunlight resulting from crowded living conditions under skies polluted by
the products of industrialization’. In the 1600s, wet nursing (use of mother substitutes to nurse
infants) by women with calcium-poor breast milk had also been suggested as the primary cause of
rickets®. Rickets associated with calcium deficiency has been reported from South Africa’ and
Nigeria'’.

By the late 1990s, the accumulated evidence suggested that low dietary calcium intake was indeed
important in the pathogenesis of rickets®***. In fact, calcium insufficiency had also been suspected

to contribute to some of the apparent vitamin D deficiency rickets seen in North America®.

History and epidemiology of nutritional rickets in Bangladesh

Rickets has been recognized as a concealed health problem in Bangladesh. In 1991, an NGO called
SARPV (Social Assistance and Rehabilitation of the Physically Vulnerable) brought it to greater
attention during their visit of Chakaria region of South-Eastern Bangladesh after a devastating
cyclone in the same year. Approximately 1% of the total children showed rachitic deformities in an
informal village survey. Focus Group Discussions (FGD) suggested that rickets was “new” in that

community and had not been seen before the early 1970s.

In 2000 and 2004, the Helen Keller International (HKI) conducted nationwide surveys in 28
upazilas in Bangladesh. Nationally, rachitic deformities were observed in 0.26% of the 21,571
children surveyed in 2000 and in 0.12% of the 10,005 children surveyed in 2004*. The highest

prevalence (1.4% in 1-15 year-old with visible rachitic deformities) was found in the Cox’s Bazaar

sub-district®.

In 2003, BRAC conducted a survey among children and young people aged 1 to 20 years in
Chittagong and noted rachitic deformities in 0.9% of the people surveyed”. In 2004, the Institute of
Child and Mother Health (ICMH) conducted a more detailed survey in the Chittagong Division and
assessed 8.7% of the children to have at least one clinical finding consistent with rickets: 4% had
lower limb deformities suggestive of rickets; 0.9% had radiological evidence of active rickets; and
2.2% had elevated levels of serum alkaline phosphatase® . Interestingly, rickets was not identified

among the indigenous populations of the hilly regions (Hill Tracts) of Chittagong district.



High prevalence of childhood rickets was reported from selected areas in Bangladesh in 2004.
Therefore, a nation-wide survey along with detailed information was essential for determining the

true prevalence of childhood rickets in Bangladesh.

METHODOLOGY:

Design: National Rickets Prevalence Survey in Bangladesh was a nation wide survey conducted to

identify, diagnose and find out the prevalence of childhood rickets.

Population and area: Children aged 1-15 years were randomly selected from all socio-economic
groups living in the rural and urban areas of the six divisions of Bangladesh. Half (32) of the 64
districts in Bangladesh were randomly selected for the survey. Stratified random sampling selected
three upazila from each district, two unions from each upazila, and two villages from each union
were randomly selected. In each village, 42 children between 1 and 15 years were randomly selected.
For urban areas, 50 wards were selected in six divisional cities. From every ward, 4 slums were

randomly selected and from every slum, 20 children were sampled.

Outcome variables: Identification of features of rickets and rachitic children, nutritional prevalence
of rachitic children, biochemical markers of relevance in rachitic children and information on child

feeding practice, disease control and caring practices are the outcome variables.
Sample size Estimation for Rural areas:

The minimum sample size was calculated to estimate the prevalence of rickets with precision at 5%
statistical significance. Children, aged 1-15 years, were selected using stratified multistage cluster
sampling to cover the whole country and regions and to facilitate supervision of field data collection.
Sampling was proportionate to size (in terms of population in the 2002 census) of the division. The
sample size was adjusted for stratified cluster sampling. The final sample size, accounting for the
design effect for deviation from simple random sampling to stratified multistage random cluster
sampling, was 7600 x 2.0 = 15200. The final sample size was rounded to 16000 children aged 1-15

years in rural areas.



Sample size Estimation for Urban areas:

In absence of prior estimate of the rickets prevalence in children living in poor areas of the cities in
Bangladesh, the prevalence was assumed to be similar to the prevalence in rural children. For
financial constraint, the prevalence was estimated with a precision of 0.05% (which was lower than

0.025% set for rural children) at 5% statistical significance.

The final sample size, accounting for the design effect for deviation from simple random sampling
to stratified multistage random cluster sampling, was 1822 x 2.0 = 3644. The estimated sample size
for urban areas was 3644 ~ 4000 children aged 1-15 years. Distribution of sample children across

the cities was proportional to the population size of the cities.

List of slums/ villages in selected unions/ wards was used as sampling frame. From the list 384
clusters/villages in 6 administrative divisions and they were randomly selected. Number of children
aged 1-15 years was 42 per cluster/village and they were selected systematically for interview. In 6
cities 50 wards was selected randomly. In each sampled ward, 4 slums were selected randomly and

20 children per slum were selected systematically for interview.
Method used for identification of the rachitic children

a) Identifying present rickets patients: With the help of a multicoloured poster depicting
features of costal, lower and upper limb clinical rickets deformities was diagnosed to identify
present rickets patients.

b) Clinical analysis of the deformities: The clinical examination showed one or more of the

following signs of rickets>**:

For 1-5 years children For 6-15 years children
Age less then 5, Wrist Joint Swelling,
Height: <-2.0 SD, Costal Rosary,
Wrist Joint Swelling, Leg Pain during Walking,
costal rosary, Bow Leg, Knock Knee,
Leg pain during walking, Wind Swept,
Slight Bowing of whole leg Sabre Tibia (Presence of any of the visible
Slight bowing between knee & ankle joint symptoms indicate rickets)
(Presence of any 3 of them indicate rickets)




On the basis of radiological findings whole rachitic children were divided into 3 groups:

Active Rickets Growing phase of rickets Normal findings

This group contains typical This group shows widening of | No rachitic abnormalities seen
findings of rickets like splaying, | growth  plate  with  long | in the X-ray.

fraying & cupping of deformity. It does not show
metaphyses of long bones with | typical radiological features of
widening of growth plate. rickets. But clinical features
suggest rickets. We need
biochemical test to confirm

rickets in this group.

4. Dietary Assessment:

a) 24 hours recall method

Dietary intake of calcium and phosphorus were estimated by dietary recall method. An interviewer,
trained in this method, asked the mothers/ primary caregivers (if different from mother) to recall all
foods consumed by the children in the past 24 hours. The interviewer prompted respondents for
collecting information on the types of food, portion sizes, recipe ingredients, cooking methods,
condiments, and beverages. During interview, food models and household measuring utensils were
used to improve the accuracy of portion sizes. Information on the types and proportion of food

were recorded and their nutrient content will be estimated according to their proportions”.

b) Food Frequency Questionnaire

A food frequency questionnaire (FFQ) was used to determine the frequency of consumption of
certain foods. The questionnaire contained a list of foods and frequencies of intake during the last
two weeks. The food frequency provided qualitative data on types and frequency of foods or food
groups. A semi-quantitative food frequency questionnaire provided a ranking classification of
individuals into low, medium, and high intakes of specific nutrients for assessing associations
between nutrients and disease. The questionnaire included name of foods that were good sources of

calcium to discriminate between low and high consumers3.




5. Biochemical Assessment:
Children identified with clinically diagnosed rickets were taken into the biochemical study. One
hundred and ninety seven subjects with rickets were identified in the survey. Blood samples of
subjects with rickets were tested to see the levels of biochemical markers related with clinical rickets
and interrelations among the biochemical markers™***, Vitamin-D level was categorized into three
level, such as severely deficit (0-14.9 ng/ml), moderate deficit and (15.0-31.9 ng/ml) and normal
level (32.0-100.0 ng/ml).
Serum calcium level was estimated using quanticrom calcium assay kit”. Bioassay Systems’ calcium
assay kit is designed to measure calcium directly in biological samples without any pretreatment. A
phenolsulphonephthalein dye in the kit forms a very stable blue coloured complex specifically with
free calcium. The intensity of the colour measured at 612 nm, is directly proportional to the calcium
concentration in the sample.
Serum concentration of 25-OH D is considered to be the most reliable measure of overall vitamin D
status. Serum Vitamin D level was estimated using the IDS 25-hydroxy Vitamin D EIA kit*. The kit
is an enzymeimmunoassay intended for the quantitative determination of 25-hydroxy vitamin D (25-
OH D) in serum or plasma®’.
Estimation of bone alkaline phosphatase was done using IDS Ostase BAP Immunoenzymetric
Assay indicated for the quantitative measurement of bone-specific alkaline phosphatase which is an
indicator of osteoblastic activity, in human serum*'.
The DRG Intact PTH Immunoassay was used for serum PTH estimation which is intented for the
quantitative determination of intact-PTH (parathyroid hormone) in human serum®. This
Immunoassay is a two-site ELISA for the measurement of the biologically intact 84 amino acid
chain of PTH.

Qualitative data collection:

The qualitative data were collected through In-depth interviews conducted by anthropologists. It
was necessary for the parents/ primary caregivers of children to be involved in the discussion of the
problem and to initiate remedial measures using resources that were available in their own
households/environment. Information on feeding frequency, knowledge about calcium-rich food,
dietary ingredients, frequency of feeding and constraints were recorded. Two caretakers of rickets
affected children from each division and similar number from normal children were undertaken for
in-depth interview. Topics for in-depth interview included mother’s understanding and ability to

identify rickets in children, consequences of rickets, their knowledge on feeding practices and source



of calcium-rich food, frequency of home feeding (breast-feeding, other source(s) of milk and intake
of calcium phosphate rich diets), frequency of seeking medical care and referral to doctors. It also
included adequacy of food in terms of enetgy, protein and calcium and parents’/ primary caregivers’

petception on social/economical disability of the rickets affected child.

Data Analysis

Analysis of Quantitative data:

The cleaned data set was checked by the quality control team and analysed using SPSS windows
version (12.0). Data were first entered using the CSPro 3.3 Designer (version 3.3.003) Database
programme and then converted into SPSS (version 11.5) data file to analyze. Anthropometric indices
were calculated using the WHO ANTHRO 2005 and Epi-Info 2000. Malnutrition was classified
using the WHO standard cut-off values for different anthropometric indices (MGRS 2006). Cleaned
data were used for generating tables of relevant variables. The cases of rickets would be related with
other morbidity, dietary, nutritional and socio-economic variables. Analysis was carried out to

estimate the prevalence of rickets.

Analysis of Qualitative data:

Data collected from the In-depth interview and observation was ordered, reduced and coded
according to the qualitative data analysis method (Applied Health Research Manual: Anthropology
of Health & Medical Care). All qualitative data was summarized and a detailed report was presented.
Emphasis was given on changes in KAP (Knowledge, Attitude and Practice), BCC (Behavior

Change Communication) among the mothers/primary caregivers of participating children.



RESULTS:

Prevalence of Rickets in different divisions:

Among 20,000 children of 1-15 years of age, 197 (0.99 %) were identified with rickets (Figure 1).
The percentage of rickets was the highest in Chittagong division, (76.6%) while the percentage was
the lowest in Khulna division (2.5%). In Dhaka division, the percentage of rickets was 7.1%, 3.6% in

Barisal, 4.6% in Rajshahi and 5.6 % in Sylhet division.

Nutritional status of study participants:

Table 1 represents the nutritional status of rachitic study participants compared with the World

Health Organization (WHO) child growth standard.

In the survey 154 rachitic children aged 1-15 were measured for height, weight and MUAC by
quality control team of ICDDR,B. The overall stunting prevalence (HAZ <-2 SD) was 75% and
severe stunting was 53% (HAZ <-3 SD). The prevalence of underweight was 70% (WAZ <-2 SD)
and severe underweight was 40% (WAZ <-3 SD). The prevalence of wasting was 17% (WHZ <-2
SD) and severe wasting was 1.4% (WHZ <-3 SD).

The relationship between biochemical findings and different grades of wasting:

Table 2 shows the relationship between biochemical findings and different grades of wasting.
Patients with moderate wasting were found with the highest serum level of Alkaline Phosphatase
(87.12£58.16 mg/dl) and parathyroid hormone (48.93+40.16 pg/ml). Level of Vitamin D were not
different (ranging from 13.124+5.56 to 14.424+5.27 ng/l) among rachitic children with different
grades of wasting. Serum calcium level, ranging from 2.1910.14 to 2.24£0.14 (mmol/]) also didn’t

vary much among subjects with different grades of wasting,.
Distribution of radiological status by vitamin D level:

Figure 2 shows the distribution of vitamin D level by radiological status of the rachitic children.
Among 36 active rachitic cases 64% were severely vitamin-D deficient, 36% were moderately
vitamin-D deficient and none were found normal. Prevalence of severe vitamin-D deficiency was a
little less (49%) among children with growing phase of rickets, but was lowest among rachitic

children with radiological normal status.



Association between calcium level and vitamin-D level:

Association between calcium level and vitamin-D level is shown in figure 3. Among severely
vitamin D deficient patients (n=71), 44% had calcium deficiency. About 58% of the moderate
Vitamin D deficient children had calcium deficiency, suggesting for negative association between

calcium level and vitamin-D level.
Food Frequency of Rachitic children:

Food frequency of rachitic children in last 24 hours is shown in figure 4. About 42% children took
small fish and less than one third took leafy vegetables whereas only 1% took egg and 5% took milk
more than once a day. According to the list of food frequency in last 24 hours, consumption of
carbohydrate rich food only once a day was highest (46%) while less than one third (28%)of the
rachitic children consumed leafy vegetables. Consumption of small fish and egg only once was also

found low (13% and 12% respectively).

Figure 5 shows the food frequency of dietary intake of 7 days of rachitic children. Only 41% of the
rachitic children was found to consume leafy vegetables and 33% consumed fruits more than three
days in a week. Consumption of milk, a calcium rich food was found low ( >3 days 13% and 1-3
days 13%). Consumption of cereal more than three days in a week was more than 60% of the
rachitic children in this study. About 50% of the rachitic children in this study took small fish more

than three days.
Biochemical markers with clinical signs:
Figure 6 shows the distribution of rachitic children with calcium level by number of clinical signs.

Among 3 signs, 60.4% rachitic children were severely deficient vitamin D level, 35.8 % rachitic
children were in moderate deficit level and only 3.8% children were in normal level. Among 4 signs,
50.8% children were found to be severely vitamin D deficient while 47.6% children were in
moderate deficit level. About 52.6% rachitic children, showing five signs, were severely vitamin D
deficient and 47.4% rachitic children were in moderate deficit level but no children were in normal
level. Sixty percent children with 6 signs were found to be severely vitamin D deficient and 40%
children were in moderate deficit level. Linear correlation between calcium and vitamin D was found

significant.



DISCUSSION:

Rickets is a disorder of growing children associated with bony deformities resulting from inadequate
mineralization of growing bones. Results of the initial studies in Bangladesh suggested that vitamin
D deficiency was not a major cause for rickets, and calcium deficiency was assumed to be the

primary etiologic factor'’.

In the recent years, production of rice has substantially increased in Bangladesh; however, crop
rotation and diversity, and availability of milk in poor segments have significantly reduced. Although
childhood malnutrition is slowly decreasing in Bangladesh, the diets have become more
monotonous than it was several decades ago; more importantly, the current common diets contain
lesser amounts of calcium. Boys seem to be more likely to develop rachitic deformities than the
gitls® and rickets is associated with larger family sizes and less maternal education where as poverty
has a cross cutting relationship. Rickets is associated with respiratory illness, but not with malaria or
anemia. Similarly, toxins, food patterns, and overall nutritional status are not associated with the
prevalence of rickets among Bangladeshi children”. Genetic factors that potentially impact the risk
of nutritional rickets have not been studied.

To satisty the requirements for vitamin D, most humans depend on sun exposure. The cutaneous
production of vitamin D3 is insufficient when body is covered from sun exposure due to ignorance
or cultural/religious practice. Rickets in the growing child or adolescent develop in a vatiety of
clinical situations and have in common an absence or delay in the mineralization of growth cartilage
and in newly formed bone collagen. Classically, deficiency of vitamin D, which is essential for the
absorption of dietary calcium, has been the major cause™. Rickets is characterized by weak bones
that become curved or misshapen from bearing the weight of the body. The causes of rickets are
best understood against the background of our knowledge of vitamin D metabolism. Different
studies re-emphasized the importance of ultraviolet light in vitamin D economy, and the widespread

effect of this vitamin/hormone throughout the body.

The national survey showed that the prevalence rate of rachitic children was 0.99%. The southern
parts of Chittagong division; Chittagong and Cox’s Bazar districts had the highest prevalence.
Interestingly, rickets was not identified among the indigenous populations of the hilly regions (Hill
Tracts) of the district. But the parts where there was a lack of sun exposure showed a higher
prevalence. Season, latitude, time of day, skin pigmentation all influence the cutaneous production

of vitamin D3. People who stay inside and have poor diets often have at least subclinical deficiency



and in some cases lack of direct sun exposure may lead to serious consequences™. Subclinical
vitamin D deficiency can be common in sunny countries due to cultural practice of women who give
heavy barrier with clothes on the body. Breast milk of such women may be deficient of vitamin D.
In vitamin D deficiency, calcification of bone does not take place which causes the disruption of the

orderly processes of bone formation.

Radiological findings of this national Rickets survey demonstrated that presence of more than five
signs were common among active rachitic patients. Results of this study showed the prevalence of
stunting around 75%. During anthropometric assessment the common scales were used to measure
height. Rickets is characterized by weak bones that become curved or misshapen from bearing the
weight of the body and rachitic children cannot stand propetrly. This could be the one of the reasons
behind the stunting found among our study subjects. From the history of dietary intake it was

revealed that patients with more number of signs had reduced intake of rich sources of vitamin D.

According to our findings of serum vitamin D level, most of the rachitic children (52%) were found
to be moderately deficient (reference value 15.0-31.9%). Radiological findings of our study showed
that presence of more than five signs were prevalent among patients at active phase. Biochemical
markers confirmed the relationship of the disease with serum levels of vitamin D, Alkaline
phosphatase and parathyroid hormone. There was a positive correlation between serum level of
vitamin D and para thyroid hormone. The regression analysis of vitamin D level on Alkaline
phosphatase of rachitic children also indicated the positive correlation between the levels of alkaline
phosphatase and vitamin D level. A previous study aiming to test the relationship between vitamin
D, calcium and parathyroid hormone showed that reduced serum level of 25-hydroxyvitamin D
below 25 nmol/1 caused a significant rise in PTH. It was evident that Vitamin D levels could be sub-
optimal even if calcium and parathyroid hormone (PTH) levels are within reference intervals. A

raised PTH with a normal/decreased calcium can be a marker of more severe vitamin D deficiency’".

In Bangladesh, small fish and vegetables are good and readily available sources of calcium.
Vegetables contain potassium, magnesium, beta carotene and vitamin C, nutrients useful for bone
health ****%7. In the present study, rachitic children were found to have cereal based diet, with an
average consumption of leafy vegetables and fruits. Consumption of milk, a rich source of calcium,

less available and costly to general people, was found very poor.



Most of the parents of rachitic patients were found to be illiterate and had no idea about the disease.
It was revealed that mothers of non-rachitic subject had a better perception of the disease, its
symptoms and its prevention compared to that of rachitic patients. These mothers of non-rachitic
subjects were also found to have better knowledge about introduction of complementary feeding
and nutritious food on time. They seemed to be aware of the importance of vaccination and
exclusive breastfeeding. These mothers also confirmed that they had knowledge about food sources

of calcium and vitamin D.

CONCLUSION:

Prevalence of childhood rickets in Bangladesh is as high as 1% which can be considered as a public
health problem not only as an acute problem but leading to a permanent disability. The deficiencies
in calcium and vitamin D reflect the impaired dietary intake of growing children and faulty sun
exposure practice of breastfeeding women needs measures to improve the intake. A policy on

treatment and preventive measures is urgently warranted. We recommend that

e Government policy should be developed to prevent rickets in children and take curative
measures in hospital set up at district levels.

e Intervention programme should be incorporated for prevention and early detection.

e Nutrition education on dietary measures for prevention and treatment be undertaken in
geographically high risk areas.

e A case control study for risk factors should be under taken to learn more about prevention.

e Provide education of families regarding the importance of breastfeeding after birth.
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TABLES AND FIGURES:

Figure 1: Distribution of rachitic children by division

M Barisal

M Chittagong
m Dhaka

m Khulna

m Rajshahi

m Sylhet

Table 1: Analysis of variance of nutritional status with biochemical markers

Variables Nutritional Status(WHZ)
Normal Moderate Severe
(-2.00 SD to (-3.00 SD to (<-3.00 SD)
above) -2.01 SD)
Vitamin D level (ng/1) 14.37%£5.23 13.12%£5.56 14.42+5.27
Serum calcium level (mmol/1) 2.19%0.14 2.24%0.14 2.20£0.11
Para-thyroid hormone(pg/ml) 43.58+50.26 48.93+40.16 36.361+35.18
Alkaline phosphatase 67.60+23.38 87.121+58.16 71.76+38.67

(mg/dl)




Table 2: Nutritional status of children by their rachitic status

Rachitic children

Indicator
() )
HAZ
<-3.00 SD 82 53.3
-3.00 SD to -2.01 SD 33 21.4
-2.00 SD to above 39 25.3
Total (N) 154 100.0
WAZ
<-3.00 SD 61 40.1
-3.00 SD to -2.01 SD 45 29.6
-2.00 SD to above 46 30.3
Total (N) 152 100.0
WHZ
<-3.00 SD 2 1.4
-3.00 SD to -2.01 SD 21 15.1
-2.00 SD to above 116 83.5
Total (N) 139 100.0

Figure 2: Distribution of radiological status of the rachitic children with vitamin D level
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Figure 3: Percentage distribution of children by their serum Vitamin-D level and serum
calcium level
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Figure 4: Food Frequency of rachitic children in last 24-hours (n=197)
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Figure 5: Seven day food frequency of rachitic children (n=197)
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Figure 6: Distribution of Rachitic children with Vitamin D level by number of clinical signs
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