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Abstract: 
Background: Nutritional rickets, primarily caused by vitamin D and calcium deficiency, remains a prevalent yet 
preventable condition among children in low-resource settings. Urban slums, characterized by poor nutrition, 
inadequate sun exposure, and low maternal literacy, pose a high risk for childhood rickets. 
Objective: To assess the prevalence and clinical profile of nutritional rickets among children aged 1 to 4 years in 
selected urban slum areas.  
Methods: A community-based cross-sectional study was conducted among 566 children aged 12 to 59 months 
residing in urban slums. Data were collected through structured interviews, clinical examination, and radiological 
assessment where indicated. The prevalence of rickets and its association with demographic variables, birth 
weight, and birth order were analyzed.  
Results: Nutritional rickets was observed in 9.54% of the study population. A higher prevalence was noted among 
children of fourth birth order (38.89%) and those with low birth weight (<2.5 kg) (6.7%). Symptoms such as leg 
weakness (64.81%), pain during walking (59.25%), and excessive falling (57.4%) were common. Clinical signs 
included enlarged wrists (77.77%), rib beading (75.92%), and bow legs (51.85%). Nearly half of the mothers were 
illiterate, and most children belonged to upper-lower and lower-middle socioeconomic classes.  
Conclusion: Nutritional rickets continues to be a public health concern in urban slums. Low birth weight, high 
birth order, and maternal illiteracy were significantly associated with increased risk. Community-level 
interventions, maternal education, and nutritional supplementation are essential to reduce disease burden. 
Keywords: Nutritional rickets, urban slums, vitamin D deficiency, children 1–4 years, maternal education, low 
birth weight. 
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Introduction

Nutritional rickets remains a significant public 
health concern, especially in low-income settings 
where malnutrition and inadequate sun exposure are 
prevalent. Rickets is a disorder of growing bones in 
children, primarily caused by vitamin D deficiency, 
and is characterized by defective mineralization of 
the growth plate and bone matrix, leading to skeletal 
deformities, delayed motor milestones, and 
increased susceptibility to fractures [1]. Though 
largely preventable, rickets continues to be reported 
in developing countries, including India, due to poor 
dietary intake of calcium and vitamin D, limited 
outdoor activity, and prolonged breastfeeding 
without supplementation [2]. 

Urban slums are particularly vulnerable 
environments due to overcrowding, poor sanitation, 
suboptimal nutrition, and limited healthcare access. 
Children in these areas are at increased risk for 

micronutrient deficiencies, including those that lead 
to nutritional rickets [3]. Despite advancements in 
health awareness, studies have shown that the 
burden of rickets persists in Indian urban poor 
communities, underlining the need for population-
specific epidemiological data to inform public health 
policies [4]. 

While national surveys focus on overall child 
malnutrition, few have explored the prevalence of 
rickets specifically in children aged 1 to 4 years—a 
critical growth period where the consequences of 
deficiency are most pronounced. This study aims to 
assess the prevalence of nutritional rickets among 
children aged 1 to 4 years residing in urban slums.  

Materials and Method 

A community-based cross-sectional study was 
conducted to determine the prevalence of nutritional 
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rickets among children aged 1 to 4 years residing in 
selected urban slum areas of one of the health post 
area of Dharavi, which is the field practice area of 
Preventive and Socials Medicine department of one 
of the teaching medical institutes in Mumbai. 
Dharavi is the largest slum of Asia. The study was 
carried out over a period of one year, targeting 
underprivileged communities where malnutrition 
and poor living conditions are prevalent. 

Inclusion Criteria: 

1. Children between age group 1 to 4 years. 
2. Children of either sex. 
3. Resident of the study area: those who were 

residing in the study area since at least past 6 
months, irrespective of their living status as 
owner or tenant. 

Exclusion Criteria: 

1. Children who were on prolonged 
glucocorticoid, or anticonvulsant medication. 

2. Children on renal dialysis or had kidney 
disease. 

3. Children who were diagnosed cases of liver 
disorder. 

Sample Size: The sample size was calculated using 
the formula: 

n = Z2PQ/ME2, where Z = 1.96 for 95% confidence, 
p = 0.15 (assumed prevalence of nutritional rickets 
from earlier studies), and ME = 0.03 (allowable 
error). This yielded a sample size of approximately 
566. 

Sample was selected using Systematic Random 
method, Sampling Interval was calculated as 
follows: 

Sampling Interval = Total population of children 1 
to 4 years/ sample size. 

= 9827 / 566 

= 17. 

Thus every 17th child in the age group of 1 to 4 years 
was to be selected. First child was selected 
randomly. Then other houses in the area were visited 
and every 17" child was selected as the study 
subject. If the child was not present at the time of 
visiting household, the same household was 
revisited twice, in the following two consecutive 
weeks and in case the child was still not found, he 
was labelled as 'unavailable for the study and 
excluded. Data collection was to be continued till the 
desired sample size was obtained or till the entire 
area was covered, whichever appeared later.  

Every 17th child in the age group of 1 to 4 years was 
selected as the study subject to obtain the desired 
sample size. 

Data collection Tools and Technique 

A pretested, semi-structured questionnaire was used 
to collect information on: 

• Sociodemographic profile 
• Clinical characteristics of the index  

Clinical Evaluation: Those children who had 
symptoms suggestive of rickets and after thorough 
Clinical evaluation had signs suggestive of rickets 
were referred to paediatric outpatient department at 
urban health centre. 

Biochemical &Radiological Evaluation: Clinical 
suspect cases were advised to get serum biochemical 
profile and Wrist radiograph done at the tertiary care 
centre. They were advised to follow up at the 
Paediatric outpatient department with reports. On 
the basis of clinical suspicion and biochemical and 
radiological confirmation, final opinion of 
paediatricians was sought to confirm the case. 

Statistical Analysis: Data were entered into 
Microsoft Excel and analyzed using SPSS version 
20. Descriptive statistics (percentages, means) were 
used to estimate prevalence.  

Observation and Results

Table 1: Distribution of demographic profile among study population 
Parameters Frequency Percentage 
Age 
10 - 23 Months 168 29.68 
24 - 35 Months 142 25.08 
36 - 47 Months 130 22.96 
48 - 59 Months 126 22.26 
Gender 
Male 317 56 
Female 249 43.99 
Religion 
Hindu 289 51.06 
Muslim 242 42.75 
Others 35 6.18 
Economic Status 
Upper 127 22.44 
Upper middle 131 23.14 
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Upper lower 198 34.98 
Lower middle 89 15.72 
Lower 21 3.71 
Education of Mothers 
Illiterate 271 47.88 
Primary 183 32.33 
Secondary 79 13.96 
Higher 33 5.83 

 
This table outlines the basic demographic 
characteristics of the children studied. The majority 
of children were aged between 10–23 months 
(29.68%), followed by older age groups. Males 
constituted 56% of the sample. Most participants 
were Hindus (51.06%) followed by Muslims 

(42.75%). Socioeconomically, a large proportion 
belonged to the upper lower class (34.98%), and 
almost half of the mothers were illiterate (47.88%), 
highlighting the vulnerable living and educational 
conditions prevalent in urban slums.

Table 2: Prevalence of Nutritional Rickets and Birth order of Index child among study population 
Parameters Frequency Percentage 
Nutritional Rickets 
Presents 54 9.54 
Absent 512 90.46 
Birth order of index child 
1 6 11.11 
2 11 20.37 
3 16 29.63 
4 21 38.89 

Nutritional rickets was observed in 9.54% of 
children. Among children with rickets, a higher 
prevalence was seen in higher birth orders especially 

the fourth-born children (38.89%), suggesting a 
possible association between increasing birth order 
and nutritional deficiency risk.

Table 3: Distribution of presenting symptoms among study population 
Presenting symptoms Frequency Percentage 
Unable to walk 6 11.11 
Weakness in Legs 35 64.81 
Leg pain at rest 12 22.22 
Leg pain at walking 32 59.25 
Excessive falling 31 57.4 
Previous fracture 4 7.4 

This table shows clinical complaints among children 
diagnosed with rickets. The most common symptom 
was leg weakness (64.81%), followed by leg pain 

while walking (59.25%) and excessive falling 
(57.4%). A smaller number had previous fractures 
(7.4%) or were unable to walk (11.11%).

Table 4: Distribution of signs among study population 
Signs Frequency Percentage 
Enlarged wrist 42 77.77 
Enlarged ankle 18 33.33 
Rib beading 41 75.92 
Rib cage deformity 7 12.96 
Harrison's sulcus 3 5.55 
Open anterior frontalle 6 11.11 
Dental enamel defects 4 7.4 
Genu valgum (knock knee) 17 31.48 
Genu varum (Bow legs) 28 51.85 
Windswept deformity 8 14.81 
Pot Belly 14 25.92 
Fronto parietal bossing 15 27.77 
Total 54 100 
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Among clinical signs, enlarged wrists (77.77%) and 
rib beading (75.92%) were the most frequent 
findings. Other classical signs like bow legs 
(51.85%), knock knees (31.48%), and frontoparietal 

bossing (27.77%) were also seen. Some less 
frequent signs included Harrison’s sulcus, dental 
enamel defects, and windswept deformity.

 
Table 5: Distribution of Nutritional Rickets among Gender, Age and Birth weight. 

Parameters Nutritional Rickets Total 
Present Absent 

Gender 
Male 30(9.46%) 287(90.54%) 317(56.01%) 
Female 24(9.64%) 225(90.36%) 249(43.99%) 
Age 
10 - 23 Months 16(2.8%) 152(26.9%) 168(29.7%) 
24 - 35 Months 14(2.5%) 128(22.6%) 142(25.1%) 
36 - 47 Months 13(2.3%) 117(20.7%) 130(23.0%) 
48 - 59 Months 11(1.9%) 115(20.3%) 126(22.3%) 
Birth Weight 
< 2.5 Kg 38(6.7%) 80(14.1%) 118(20.8%) 
2.5 kg or more 16(2.8%) 432(76.3%) 448(79.2%) 

Rickets was slightly more prevalent in females 
(9.64%) than males (9.46%), although the difference 
was minimal. The highest number of cases was seen 
in the youngest age group (10–23 months), 
accounting for 2.8% of the total sample. A 
significantly higher proportion of rickets was seen in 
children with low birth weight (<2.5 kg), 
contributing to 6.7% of all cases, indicating birth 
weight as a potential risk factor. 

Discussion 

Nutritional rickets, a preventable childhood disorder 
associated with vitamin D and calcium deficiency, 
remains a public health concern in developing 
countries, especially among socioeconomically 
disadvantaged populations. Despite improvements 
in maternal and child health programs, children in 
urban slums continue to be highly susceptible due to 
limited sun exposure, poor dietary diversity, and 
suboptimal maternal education. 

In the present study, the prevalence of nutritional 
rickets among children aged 1 to 4 years residing in 
urban slums was found to be 9.54%, which is 
consistent with several Indian studies conducted in 
similar socioeconomic settings. Study of rickets, in 
1971 by Agarwal et al [5] from Mumbai reported 
5.3% incidence of rickets of all paediatric admission 
in a tertiary care center due to poor penetration of 
sunlight through polluted atmosphere of the 
metropolitan city’s admissions. Shanti Ghosh [6] 
found the incidence to be 2.1 percent in preschool 
children in Delhi while P. M Shah and P.M Udani 
[7] Bombay observed signs and stigmata of rickets 
in 9.4 percent of school children. 

The current study observed a slightly higher 
proportion of rickets in females (9.64%) compared 
to males (9.46%), although the difference was 
minimal. This aligns with findings from Sahay and 

Sahay (2002) [8], who noted a similar gender 
distribution in rickets but also emphasized a cultural 
bias that may lead to undernutrition in girls. A 
significant finding in this study was the high 
prevalence among children with higher birth order, 
especially the fourth child (38.89%). This finding 
mirrors the results of Bhalala et al. (2013), who 
noted increased risk with higher birth order due to 
resource dilution within large families [9]. 

The common presenting symptoms in this study 
were leg weakness (64.81%) and leg pain on 
walking (59.25%), which are hallmark features of 
rickets due to poor mineralization and soft bones. 
Similar symptomatology has been described in the 
studies by Agarwal et al. (2012) and Thacher et al. 
(2000). Radiological and clinical signs such as wrist 
enlargement (77.77%), rib beading (75.92%), and 
bow legs (51.85%) further support the classical 
diagnosis of active rickets. 

A striking observation in this study was the high 
percentage of mothers who were illiterate (47.88%) 
and the concentration of families in the upper-lower 
and lower-middle economic classes. Previous 
studies by S. Rao, S.B. Joshi and R.S. Kelkar in the 
year 2000 conducted a study among under 5 children 
at one of the slums in Pune and study information 
revealed that 44.6% of mothers were illiterate and 
15% had only primary education.[10] 

S. Rao, S.B. Joshi and R.S. Kelkar in the year 2000 
conducted a study among under 5 children at one of 
the slums in Pune and study information revealed 
that Average monthly per capita income was 
between Rupees 100 to 300 (lower class) in case of 
60% families and only 8.9% had per capita income 
above Rupees 500/-.[10] 

Also, some Previous studies by Kapil et al. (2010) 
and Jain et al. (2008) have also emphasized the 
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direct link between low maternal literacy and poor 
nutritional knowledge, which contributes to 
inadequate vitamin D and calcium intake in children 
[11,12]. 

Conclusion 

The present study highlights that nutritional rickets 
remains a significant public health issue among 
children aged 1 to 4 years residing in urban slum 
areas. The prevalence rate of 9.54% underscores the 
continued burden of vitamin D and calcium 
deficiency in resource-constrained settings. Key 
contributing factors identified include low birth 
weight, higher birth order, poor maternal education, 
and low socioeconomic status. Clinically, leg 
weakness, pain on walking, and excessive falling 
were common symptoms, while enlarged wrists and 
rib beading were the predominant signs on 
examination. These findings emphasize the urgent 
need for early screening, nutritional intervention, 
health education for mothers, and strengthening of 
maternal and child health services to prevent and 
manage rickets in vulnerable populations. 
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