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ABSTRACT 
 

This study has revealed that sub clinical rickets is found in adolescent students of 

Hazara. Although this concern is common in both genders from all geographical 

areas, but more cases were found in rural school student and of girl’s gender. The 

major root cause includes nutritional deficiencies and unavailability of sun shine. 

Hence the lack of synergistic effect of sun shines vitamin D and nutritional intake 

was seen in sub clinical rickets cases.  Biochemical low serum level of vitamin D is 

the most prominent laboratory tool for the confirmation of this problem. 

 

Study populations consisted of school students which belonged to rural, urban 

and suburban areas of Hazara, Pakistan. Number and ages of all group 

participants were almost same and there was no significant differences among 

them (>0.05).  Prevalence of sub clinical rickets was found to be 51(27%), out of 

which girls was 36(71%) and boys 15(29%) with significant differences (<0.05). 

Among cases of subclinical rickets, 26(51%) were from rural, 16(31%) urban area 

and 09(18%) from suburban region. Same gender of subclinical rickets from 

different areas were of similar ages, but difference noted in the ages of boys and 

girls sub clinical rickets cases (<0.05). 

 

Determination of nutritional status of each individual from different areas which 

was assigned as sub clinical rickets case reflect that, average amount of nutrients 

such as vitamin D, calcium and phosphorus were being taking less than the 

recommended amount on daily basis in their foods. No significant difference were 

noted in daily intakes of sub clinical cases of both genders as well as among 

different areas groups (>0.05). There was no difference seen significantly between 

daily intake of adolescents with or without sub clinical rickets (>0.05). Although 

both genders were taken almost similar amount of vitamin D, calcium & 

phosphorus on daily basis in their foods, but significant differences were noted in  
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prevalence of sub clinical rickets & serum vitamin D level between two genders 

(<0.05). Area wise among different subclinical rickets groups as well as their 

comparison with normal cases, the significant differences were observed 

regarding serum 25(OH) D concentration (<0.05). In comparison of sub clinical 

rickets cases with normal group in similar area, calcium and alkaline phosphatase 

in serum of boys and girls from rural and urban territory showed significant 

difference (<0.05), but non significant difference was observed in phosphorus and 

parathyroid status in group(>0.05). No significant differences were observed 

regarding calcium, phosphorus, alkaline phosphatase and parathyroid hormonal 

level of suburban subclinical clinical cases vs. normal (>0.05). On the basis of 

vitamin D status the sub clinical cases divided into two categories, Insufficiency 

(≥25-<50nmol/l) and deficiency (<25nmol/l). Vitamin D deficiency cases was 

8(16%) and 43(84%) of vitamin D insufficiency. Significant difference was noted 

between vitamin D deficient and vitamin D insufficient level. In sub clinical 

rickets groups, low level of vitamin D (51)100%, abnormality of calcium found in 

(28)55%, phosphorus (13)24%, high alkaline phosphatase (37)73% and none of the 

case with high parathyroid hormone level from upper normal reference range.  

 

Occurrence of low vitamin D level 33(92%) was found in girls having age >13 to 

≤16 years but only 3(08%) having age ≥11 to ≤13 years. In boys age >13 to ≤16 

years none of case had low vitamin D level, all of 15(100%) subclinical rickets 

cases were of age between ≥11 to ≤13 years. Significant difference in vitamin D 

level of lower age girl group and higher age girl group was noted (<0.050). Study 

concluded that, sub clinical rickets is considered as camouflagic problem among 

school students of both genders especially girls in Hazara. Lack of synergistic 

effects of sunshine vitamin D and nutritional intakes are the major cause of this 

problem. Low sun shine is attributed to environmental, social and traditional 

factors. Along with sunshine and nutritional factors, the age and sex might be 

contributing factors in the occurrence of low vitamin D status. 
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     Sub clinical Rickets among Adolescents 

 

INTRODUCTION 

     Rickets is a disease originated from word “wrickken," which means twist. The 

Britain scientist Daniel Whistler reported the rickets disease first in 1645 

(Whistler, 1645). This disease affects the skeleton of growing animals due to 

improper mineralization of bones by metabolic disturbance (Brunvand et al., 

1995). Any problems reported with no signs and symptoms are called as sub 

clinical disease (Elsevier, 2007 & 2009). The term primary, secondary and tertiary 

prevention are used for information about disease, investigating it and curing the 

disease. Almost all the data in the literature of medical are regarding first & third 

step of the bone disease but not available for sub clinical stage in which signs are 

not developed (Jean et al., 2004). 

 

     Children and adolescents are facing deficiency of nutrition and deformities occur 

when rickets is not investigated at early stages. The chance of nutritional rickets 

can be high among adolescents as they need more nutrients than the children 

(Balasubramanium et al., 2003 & Agarwal, 2005). Due to Insufficient sun 

exposure and vitamin D intake during greater metabolic needs in pubertal stage 

of growing phase, rickets can occur (Narchi et al., 2001 & Looker 2002).  

 

In adolescents age vitamin D need is increased in relation to growth velocity and 

foods intake (Lee et al., 2002). Growing bone needs vitamin D, which is necessary 

for its remolding by osteoblasts & osteoclasts (Vanden Berg, 1997 & Cranney et 

al., 2007), as well as osteoblastic lineage of cells differentiation (Holick, 2003).  

Calcification of bone is impaired due to less concentration of minerals such as 

calcium and phosphate. As a result bones become weak and do not bear the 

weight of body, causing deformities and pain in the lower limbs (Narchi et al., 

2001). Calcium and phosphorus level is promoted by vitamin D.  Due to its  
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deficiency the absorption of minerals is impaired (Haussler, 1968). Calcium level in 

blood is maintained by increased level of parathyroid hormone and active form of 

vitamin D, resulting in faulty bones leading to rickets and osteomalacia (Joiner et 

al., 2000).  Adolescent especially girls suffer from rickets have high chances of 

osteoporosis and fractures (Freycon et al., 1983). Deficiency of vitamin D is a 

problem which is high in under developed countries but also present in developed 

region (Hochberg et al., 2002).  

Vitamin D  

Vitamin D belongs to secosteroid which is a fat-soluble group. It is found as 

ergocalciferol (vitamin D2) and cholecalciferol (vitamin D3). Both the forms are 

called as calciferol (Walter, 2003). Chemically ergocalciferol was characterized in 

1932 and cholecalciferol in 1936. Difference of both types of vitamin is due to side 

chain in their structure. In vitamin D2, unsaturated double bond is present 

between carbon numbers 22 & 23, CH3 is attached at 24 positions (Windaus et al., 

1936). This vitamin is contained in fish, animal meat, eggs, as well as in mushroom 

which is plant origin (Joshi et al., 2010 & Koyyalamudi et al., 2009).  

 

 Most animals form vitamin D during exposure to solar radiation. In this process 

7dehydrocholesterol makes pre vitamin D3 which is then isomerized into 

cholecalciferol  (Crissey et al., 2003). The major site is stratum basale and stratum 

spinosum in epidermal layer of skin where 7 dehydrocholesterol is present in large 

amount (Norman & Anthony, 1998). The wave length more than 270 nm and equal 

or less than 300 nm of ultraviolet B radiation is required for the synthesis process 

(Hume et al., 1927). The conversion of pre vitamin D3 to vitamin D3 takes twelve 

days under room temperature (Holick, 2004). It’s binds with protein and then 

transports from blood to liver. Here its change into 25-hydroxy vitamin D 

(calcidiol) by enzyme 25 hydroxylase through hydroxylation at 25 position (Cheng 

et al., 2004).  25-hydroxy vitamin D is a biologically inactive form of vitamin D and 

is carried to the proximal tubules of the kidneys. 

 

http://en.wikipedia.org/wiki/7-dehydrocholesterol
http://en.wikipedia.org/wiki/Previtamin_D3
http://en.wikipedia.org/wiki/Cholecalciferol
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In the kidneys calcidiol (25-(OH) D) is changed into calcitriol (1, 25(OH) 2 D).  In 

this stage the hydroxylation takes place at 1-α position. 1, 25-dihydroxy vitamin 

D is most biologically active form and also called as calcitriol, which reaches to 

different sites through vitamin D binding protein . At targeted site it binds to 

vitamin D receptor and exerts biological effects. Calcium, phosphorus levels of 

blood is maintained through parathyroid hormone and calcitonin by its action 

on the parathyroid gland, kidneys, bones and intestinal portion (Holick, 2004). 

Calcium 

Calcium is the most important element and necessary for metabolic process in 

human being. Most of the calcium (99%) is stored in bone and teeth. Cellular 

functions included regulation of permeability & electrical properties of 

membrane, which control the functions of muscles as well as blood vessels. 

Blood calcium level is regulated by vitamin D, parathyroid hormone and 

calcitonin (Berkow, 1997).  

 

Calcium is obtained from both animal and plant sources, but an excellent source 

of calcium is the milk. Calcium taken by foods is absorbed through intestinal 

system & transportation take place through albumin. Albumin level affects the 

calcium measurements in the blood. Calcium is present in bone as a calcium 

phosphate. Stored amount in bone is used for maintaining calcium level in 

blood. Dietary calcium deficiency for short period does not significantly 

decrease blood calcium level until & unless deficiency is sustained for a long 

period, which may cause the depletion of bone stores which leads to weakness 

and fracture of bone. Hypocalcaemia some times occurs due to the imbalance in 

calcium regulating mechanisms such as low vitamin D level or insufficient 

parathyroid hormone (Food & Nutrition Board, 1999). Parathyroid hormone 

maintains the level of calcium when its level lower than normal by three 

processes, increase calcium absorption from food through gastrointestinal tract, 

 
 

http://en.wikipedia.org/wiki/Vitamin_D-binding_protein
http://en.wikipedia.org/wiki/Blood
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effect on bone to release stored calcium & action on kidneys  which increases the 

excretion of more phosphorous and results indirectly rise  of calcium. 

Supplements of calcium are often used for curing and prevention of bone 

diseases and taken with meals that enhance the absorptions. Calcium is 

necessary element for the growth and functions of body. Calcium demand 

during rapid growth increases and varies throughout life (Gregory & Philip, 

2000). 

 

Calcium is a basic needs of human body and average adult having 

approximately 1 kg calcium in his body. Out of total calcium, 99%  is present in 

the skeleton as a calcium phosphate. Concentration of calcium in extra cellular 

fluid is 22.5 mmol and in serum is 9 mmol. Exchange of calcium between bone 

and extra cellular fluid is 500 mmol in 24 hours (Marshall, 1995). Vitamin D is 

converted into hormone which increases the formation of intestinal proteins for 

the absorption of calcium (Combs, 2008).  

 

Milk is the best choice for calcium and better absorbed in those whose body 

tolerates it (Weaver, 2006). Calcium level less than normal value might be the 

risk factor for the occurrence of osteoporosis. Many studies showed that calcium 

is important for bone balance (Heaney , 2000).  Parathyroid hormone, calcitonin 

and calcitriol are helpful for the regulation of calcium in the body. This is also 

taken place through other ways rather than through hormonal system (Guyton, 

1976). 

 

Phosphorus 

Phosphorus is a functional component of living organism. It is available in bone 

as a compound of calcium phosphate. Normal adult consumes and excretes one 

to three gram phosphorus per day. Phosphorus enters into body through food, 

mostly as a compound and is excreted in urine as phosphate ion. The  

 

http://en.wikipedia.org/wiki/Blood_plasma
http://en.wikipedia.org/wiki/Calcium_phosphate
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concentration which is available for circulation in the body is only 0.1 percent. It  

is necessary for the stiffening of bones (Lewis et al., 2006).  Human adult with 

average weight contains 0.7 kg of phosphorus, out of which 85-90 percent 

presents in the bone and teeth as apatite, 1% extra cellular and remaining as a 

part of tissues. Its concentration is measured as gram/liter, out of  which organic 

phosphate is a 70% and 30% inorganic phosphate (Bernhard et al, 2008). Low 

phosphate is often due to its malabsorbtion, malnutrition and other factors which 

are responsible for the drainage of phosphate from blood or excrete it more 

through urine. Hypophosphatemia is associated with the deficiency of adenosine 

tri phosphate and cause impaired muscular system. Excessive levels of 

phosphate may causes diarrhea and calcification of organ & soft tissue and also 

interfere with metabolism of calcium, iron, zinc and magnesium (Anderson & 

John, 1996).  

 

Phosphate is absorbed in the form of phosphate ion. In impaired calcium 

absorption the defective absorption of phosphorus usually may happen. Calcium 

phosphate formation in the gut is due to excessive calcium. The absorption of 

phosphorus is decreased by aluminum hydroxide. In plasma organic 

phosphorus is present in the form of phospholipids. Normal plasma level of 

phosphorus and calcium are more in infants than adults. The unabsorbed 

phosphorus through food is excreted in the faeces, which is about one third of 

total intake. Elevated parathyroid hormone level decreases the absorption of 

phosphate (Guthrie, 1989). 

 

Parathyroid Hormone 

Hormone secreted by parathyroid gland is known as parathyroid hormone. 

Parathyroid hormone is a protein like hormone and synthesized as pre 

prohormone. It is secreted like a linear protein containing 84 amino acids. The 

main targeted cells of parathyroid hormone are present in bone and kidney ( 

 

http://en.wikipedia.org/wiki/Bone
http://en.wikipedia.org/wiki/Apatite
http://en.wikipedia.org/wiki/Hypophosphatemia
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Bowen, 2003). The important role of parathyroid hormone is to maintain normal 

level of calcium. In this process calcium level is increase and the phosphate ion 

concentration decrease. This hormone works by three ways to increased calcium, 

first calcium mobilization through bone, second intestinal absorption and third it 

effect on kidneys. It increases intestinal absorption of calcium and reabsorbs 

mineral, liberates calcium into blood stream by stimulating osteoclasts of bone. 

Another way for the elevation of calcium is by its action on kidney and formation 

of 1,25(OH) 2D. Suppression of calcium loss and loss of phosphate in urine takes 

place through the effect of this hormone on kidney. Parathyroid hormone is 

secreted due to less amount of extra cellular calcium (Bowen, 2003). 

 

 Changes of phosphate concentration in blood are also associated with the 

regulation of parathyroid hormonal release but not a significant regulator. 

Parathyroid hormone is secreted inverse to calcium level. There are two types of 

hormonal elevation primary & secondary. Primary elevation is due to parathyroid 

gland disease, chronic hypercalcemia, and decalcification of bones and stones of 

kidney. Secondary elevation of this hormone occurs if kidney is unable to 

reabsorb calcium, low level of blood calcium, insufficient vitamin D and calcium 

or excess amount of phosphate in foods.  Less secretion of parathyroid hormone 

occurs when blood calcium levels are high (Bowen, 2003).  

 

When the parathyroid glands do not secrete sufficient parathyroid hormone, the 

osteoclasts of the bone become almost totally inactive. As a result, bone 

reabsorption is so depressed that the level of calcium in the body fluids decreases. 

In hyperparathyroidism extreme osteoclastic activity occurs in the bones, and this 

elevates the calcium ion concentration in the extra cellular fluid while usually (but 

not always) depressing slightly the concentration of phosphate ions (Guyton, 

1976). 
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Alkaline Phosphatase 

Alkaline Phosphatase is enzyme which plays important role in body metabolism. 

It takes part in dephosphorylation process by removing phosphate groups from 

nucleotides, proteins, and alkaloids. It works efficiently in alkaline medium (pH 

10) and inactive itself in the blood (Tamas et al., 2002). It is found in all tissue but 

larger concentration in bones and liver. Isoenzyme alkaline phosphatase-1 is 

present in liver, Isoenzyme ALP-2 in bones and Isoenzyme ALP-3 in intestine, 

placenta and kidneys.  

 

Alkaline phosphatase present in blood is released by these sites. Alkaline 

phosphatase produced in alkaline state by splitting off phosphorus mineral of an 

acidic nature and producing alkaline pH. When liver, bile duct and gallbladder is 

not functioning properly then it is released in maximum concentration into blood. 

Osteoblasts which are the bone forming cells also produce alkaline phosphatase 

during rapid growth of bone. Adult have lower level than adolescent & children 

(Jeremy & Kaslow, 2010). 

 

This enzyme is produced in large quantity in response to high osteoblastic 

activity (Baron, 1980). Two types of cells are related to bone growth, osteoblast & 

osteoclast. Activity of both types is increased during bone development. 

Osteoblast works as laying down for new bone & osteoclast responsible in bone 

breaking. High alkaline phosphatase level is often associated with bone diseases. 

Low level is due to zinc, folic acid and vitamin C deficiency. Optimum level of 

this enzyme depends on age (Marie Bell, 2010 & Kim et al., 2010). Statistical 

analysis shows that if this enzyme level is 1.5 times more than normal value then 

it may be due to bone or liver disease (Leena Palande, 2010). 

 

 
 

 

http://en.wikipedia.org/wiki/Phosphorylation
http://en.wikipedia.org/wiki/Phosphate
http://en.wikipedia.org/wiki/Nucleotides
http://en.wikipedia.org/wiki/Proteins
http://en.wikipedia.org/wiki/Alkaloids
http://en.wikipedia.org/wiki/Alkaline
http://www.ehow.com/members/ds_0f701765-65b9-4212-9f22-490c1e156b62.html
http://www.buzzle.com/authors.asp?author=38007
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REVIEW OF LITERATURE 

There is limited information in the literature about sub clinical rickets regarding 

its development and progression (Jean et al; 2004). Study planned among children 

of immigrants in Glasgow found that sub clinical rickets were present in 7.50% in 

Asian, 2.34% in African, Scottish and Chinese. An elevated alkaline phosphatase 

level alone is not considered as indicator for vitamin-D deficiency (Goel et al., 

1976). 

 

 In rickets planed study on Korean breast fed infants showed that out of twelve 

patients, eight were in the asymptomatic and four in the symptomatic group. The 

mean age was 8 months and 5.5 months respectively. All the cases were with 

abnormal parathyroid hormone and alkaline phosphates level. Three out of 

twelve cases had levels of in between 20-29 ng/ml and remaining observed with 

<20ng/ml vitamin D (Sin Young et al., 2007). 

 

Six boys and two girls with medium age of 12.6±5.8 months were incidentally 

diagnosed in Korean health centre, having vitamin D deficiency, who come with 

other complains for their treatment (Ji-Young et al; 2008). A survey conducted on 

Bradford school’s children found that the biochemical rickets was present in 45% 

of the Asians (Ford et al., 1976). A study conducted in Denmark among 

immigrants concluded that 46% children having age 0-8 years and 81% in 9-16 

years had rickets without clinical manifestation (Gerup et al., 2004).  

 

In Saudi Arabia rickets is considered as health threatening problem and 

suggested necessary measure to stop this issue (Abanamy et al., 1991). Maximum 

cases of vitamin D deficiency were found among females of Jeddah, Saudi Arabia 

in which symptoms were not specific (Aisha et al., 2007). In Beijing low intake of 

calcium and low plasma calcium level were reported  
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as main causes of vitamin D deficiency in girls during winter (Dux et al., 

2001).Zaki et al., (2007) incidentally found in his study while comparing rickets 

patients with control group that small proportion of control children from eastern 

province of Saudi Arabia also had biochemical abnormalities of rickets. The 

presence of rickets is identified in seven infants out of 44 selected cases with 

infectious disease of lower respiratory tract having age < 1 years, in hospital chest 

out patients department (Pettifor et al., 1980). 

 

 Insufficiency and deficiency of vitamin D is common in Turkian girls and 

supplementation of vitamin D is recommended for them (Sukru et al., 2005 & 

Gullu et al., 1998).  It has been noted that an insufficiency of vitamin D is not 

sufficient to develop rickets having normal calcium level (Thacher et al., 1999) and 

Parathyroid hormone elevation increases the chances for rickets but not only 

insufficiency of vitamin D (MacFarlane et al., 2004). A minimum acceptable 

required level of vitamin D is 50nmol/l. (Lips, 2001 & Holick, 2007).  

 

The initial indicator of vitamin D deficiency is elevation of serum alkaline 

phosphatase with complains pain of lower limbs (Masood et al., 1989). Adolescent 

population of tropical and temperate origin can be at risk of rickets disease 

(Bhattacharya, 1992). A patient of rickets is better treated with the supplement of 

vitamin D as compared to sun exposure (Dahifar, 2006).  

 

Vitamin D is a major health problem among the community of South Asia 

(Masood & Iqbal, 2008). Due to non specific symptoms, the confirmation of rickets 

is difficult in the age of adolescent (Bhimma et al; 1995). Examination of clinical 

symptoms to measure overt groups of deficient vitamin D would represent only 

the tip of ice berg of insufficient vitamin D (Ford et al., 1976).  
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AIMS AND OBJECTIVES 

Sub clinical rickets is uncommon and gate way to rickets disease which is a major 

life threatening problem. Unfortunately due to unavailability of research data 

regarding this segment most of the population in the world is not aware of this 

problem.   In some other disease related study, few cases were incidentally found 

but the appropriate study not yet conducted regarding sub clinical rickets. Also 

there is no comparative study among boys and girls adolescents with sub clinical 

rickets.  

 

Especially in Pakistan no published data is available on sub clinical rickets among 

adolescents. This problem is not well recognized in this community due to lack of 

awareness about dietary requirements during growth phase of adolescents.  

 

The existent problem may lead to chronic stage if not diagnosed at early period.  

Sub clinical rickets may be present but not clinically manifested, which can only 

be confirmed by biochemical evaluation of blood samples.  

 

Most of the published data is available on clinical cases of rickets, so detecting 

and treating sub clinical rickets is more important to avoid undesired 

consequences in latter stages. No research data about subclinical rickets is 

available in adolescent age group including both boy and girl gender from 

Pakistan.  

 

As no school based study has been conducted so far about sub clinical rickets in 

adolescents, therefore it was necessary to conduct a study on sub clinical rickets 

among school students of Hazara, a first ever study of this nature. The present 

study consisted of,  

 To evaluate the prevalence of sub clinical rickets among adolescent boys  and 

    girl participants. 

 



 

 11 

Sub clinical Rickets among Adolescents 

 

 To explore the possible risk factors contributing to sub clinical rickets. 

 Biochemical determination of serum level of calcium, phosphorus, alkaline    

      Phosphatase, parathyroid hormone, urea and creatinine concentration.  

 Estimation/calculation of dietary intakes of vitamin D, calcium  & phosphorus 

      by adolescents. 

 Age, sex and geographical distributions of sub clinical rickets. 

 

SIGNIFICANCE OF STUDY 

The ignorance of subclinical rickets may lead to life threatening clinical issues, 

which might be irreversible if not diagnosed and properly managed at early 

stage. It was assumed to explore sub clinical rickets cases so that necessary action 

must be taken to stop or minimizes this problem for save and healthy future of 

the subject.   

 

Present study showed that screening and treatment of sub clinical rickets before 

the development of sign and symptoms of rickets will be more beneficial and 

helpful in this age group particularly schools going children.  

 

The study created awareness among adolescent students for using balance and 

recommended diet in their daily foods and adopting the habit of sun exposure to 

avoid the onset of major consequences related to this problem. This study will 

also provide the basis for new researchers to conduct their research in this area for 

further valuable investigation. 
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MATERIALS & METHODS 

Approval and Permission 

The study was started after getting approval and permission in written through 

higher authorities of elementary and secondary education and head of respective 

schools. This study was approved by Hazara University Mansehra and Medical & 

Ethics committee of Ayub Medical College Abbottabad. Before commencement of 

this study, permission was obtained by the parents of students. A brief 

introduction regarding research topic was presented verbally and through 

literature in each and every schools of study areas. Moreover students were 

encouraged to take part in this planned study. 

 

Subject Selection 

At the initial stage, 210 physically normal schools students having age 11 years to 

16 years, both boys and girls willingly participated from various schools of 

different areas of Hazara division.  Few of them were excluded because they did 

not fulfill the basic inclusion criteria for the study.  

 

Exclusion Criteria 

In first phase some students excluded from the study, who were suffering from 

systemic illness interfering with vitamin D metabolism, taking any medicine 

which could alter blood vitamin D status and suffering from renal & hepatic 

failure. Some of them were also excluded in second phase due to liver or kidney 

problems after laboratory verification, such as abnormal urea and creatinine 

levels. 

 

Inclusion Criteria 

After final screening 189 students aged 11 to 16 years, both boys and girls from 

urban, suburban and rural schools were included in this study who were with no 

systemic illness or receiving any medicine which could alter the biochemical 
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 serum findings of rickets and vitamin D metabolism. None of them suffered from 

renal or hepatic disease.  

 

Data Form 

A data form was developed (appendix, page 115) for each student to collect 

information such as, type of house, socioeconomic status, daily intake of foods & 

composition of the meals, life style, physical activities, clothing habit, sunshine 

and its availability. Demographic information including the age, height and 

weight of student was also mentioned in data form taken by concerned medical 

technician (male & female). 

 

Weight Measurement 

A standard stand weight machine (Health-0-Meter, USA) having a capacity of 160 

kilograms was used for this purpose. Each student was allowed to stand on the 

weight machine and weight was taken in kilogram. 

 

Height Measurement 

The student was allowed to stand straight with the scale having both feet 

together, knee extending and head attached with the scale. The Shorr company 

scale was used for this purpose. 

 

Nutritional Status 

Daily dietary intake of each student was recorded on data form for one month. 

The mean (average) amount of nutrients such as vitamin D, calcium and 

phosphorus were calculated by on daily basis through their total intake of one 

month foods. 
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Sampling 

After informed consent and approved by ethical committee, blood sample were 

taking from each individual. After collection of blood it was transferred 

immediately to centrifuge tube. To analyze sample, serum was obtained by 

centrifuging blood for 5 minutes.  

 

Biochemical Measurement 

Each serum sample was appropriately labeled and analyzed. Analysis of tests                      

was performed in the laboratory and diagnostic kits/reagents were used to 

determine serum urea, cretinine, calcium, phosphate, alkaline phosphatase, 

parathyroid hormone, 25(OH) D levels. 

 

Biochemical Analysis 

Sub clinical rickets was diagnosed on the basis of abnormality in biochemical 

findings, such as low vitamin D, high & normal alkaline phosphatase, low or 

normal calcium and phosphorus, normal or high hormonal level of parathyroid. 

Serum level <25 nmol/l of  25(hydroxy)vitamin D  favor diagnosis of deficient  

and level between 25  and 50nmol/1 was considered as insufficient status . 

 

Clinical Examination 

A clinical examination of each participant was carried out by specialist doctor. 

Sub clinical cases considered as with no signs and symptoms of rickets. 

 

Statistical Analysis 

For statistical analysis, Minitab statistical packet program was used, standard 

deviation and mean value was incorporated. To assess any significant differences 

between group for gender & geographical distribution the t test was used. 
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Statistic values of p=>0.05 and p=<0.05, were assumed for no difference and 

difference respectively throughout the study. 

 

BIOCHEMICAL EXAMINATION: 

Determination of calcium 

Method     

Photometric method was used for calcium measurements.  

Reagents 

Two reagents were used in this test, R1 & R2. 

R1: It consists of 750 mmol/l of ethanolamine.   

R2: It contains 2-cresolphthalien complexone (0.13mm/l), 8-(OH) quinoline 

(35mm/l) and Hcl 100 mmol/l. 

Standard 

Standard was used having concentration of 2.5mm/l or 10 milligram/deciliter.  

Sample start 

Four parts of R1 were mixed with one part of reagent 2(R2). 

Procedure 

Measurement was calculated against reagent and blank, at wavelength 570 nano 

meters. 

                                       Sample/standard             Blanks  

Sample, standard                    20 µl                                                                  - 

Distilled H2O                           -                                 20 µl                                      

R: 1                                         1000 µl                        1000 µl 

R: 2                                           250 µl                           250 µl 

Mixed separately blank & sample/standard and get absorbance (A1) after ½ hrs. 

Absorbance = A 

Sample, standard = ΔA 

Sample, standard (absorbance) = A2 - A1 = ΔA 
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                                        Sample, standard               Blanks         

Distilled H2O                        -                                     20 µl 

 

Sample, standard                 20 µl                                 - 

Reagent (Mano)                   1000 µl                           1000 µl 

Absorbance was taken after approximately ½ hrs. 

Calculation 

Calcium (mg/dl) =   Absorbance of sample       x 10 (mg/dl) 
                        Absorbance of standard  

Reference range of calcium  

8.6 –10.3 mg/dl. 

 

Determination of Phosphorus 

Spectrophotometer was used for determination of phosphorus. 

Reagents 

Reagent: 1, Contain H2SO4, detergents and glycine buffer (50mm/l). 

Reagent: 2, Contain 50 mm/l buffers (glycine), 1.75 mm/l Ammonium 

molybdate.               

 Standard of phosphorus: 5 milligram/deciliter 

Method 

Four parts of reagent I was mixed with one part of Reagent II. Assay proceeds at 

340 nanometer wave lengths and absorbance was read against reagent blank. 

                                        Standard, sample            Blanks        

Sample/standard             10 µl                                - 

Distilled H2O                      -                                     10 µl 

R: 1                                       800 µl                              800 µl 

Mixed and incubated for 5 minutes, read absorbance A1, then added 

Reagent 2                        200 µl          200 µl 

Mixed and absorbance (A2) was noted after 5 minutes.  
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A2 – A1 = ΔA 
 

                                        Standard, sample              Blanks 

Mono reagent                1000 µl                                1000 µl 

Distilled water                 -                                         10 µl 

Sample/standard         10 µl                                      - 

Mixed and kept it for 5 minutes. Absorbance was taken within 1 hrs. 

Calculation 

Phosphorus (mg/dl) =   ∆A sample      x    conc. standard/ phosphorus (mg/dl) 
                               ∆A standard  

Phosphorus (mg/dl) = Absorbance of sample   x 5 mg/dl  
                             Absorbance of standard  

 

Normal range 

≥16 years to ≤18year’s          ≥2.7 to ≤4.9 (mg/dl) 

≥13 years to ≤15 year’s         ≥2.9 to ≤5.1 (mg/dl)             

≥10 years to ≤12 year’s         ≥3.2 to ≤5.7 (mg/dl)           

 

Determination of Alkaline phosphatase    

Photometric system method was used for alkaline phosphatase measurements. 

R1 and R2 (reagent) 

Two reagents were used in this determination, R1 & R2. 

Reagent (R1) consisted of magnesium chloride (0.625 mol/l) with 

diethanolamine (1.4 mol/l) and reagent (R2) contain 4 -nitro phenyl phosphate 

50 mmol/l. Reagent 1 and 2 mixed at a ratio of 4+1. 

Added 500 µl reaction solutions in 10 µl serum mixed it and absorbance was 

noted after one minute. Measure the increased of absorbance every minute for 

three times. 

Calculation  

Enzyme activity [U/L] = (A/min). 2750 
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Dilution Limit 

If with a measurement period of 3 minutes the difference in absorbance per 

minute (A/min) at the beginning of the measurement are greater than 0.250, 

the determinations  repeated using sample material diluted 1 + 5 with sodium 

chloride  solution and the result is multiplied by 6. 

Normal range 

At 37 0C, children (≤15) have ≤645 U/L and adolescent (≤16) is ≤483 U/L. 

 

Determination of 25 hydroxy Vitamin D 

Reagents 

Laboratory kit contained , well microtiter strips (12 × 8), 100 ml buffer (wash), 15 

ml buffer (assay), vitamin D binding protein, standards(6), controls (2), 

precipitating agent, substrate, conjugate, stop solutions. 

Sample preparations  

The sample was centrifuged at 13000 rcf within one hour. Sample was stored at -

20ºC if it was not used within a day. Sample was mixed before assaying. 

Reagent preparation 

Added 100 milliliter buffer (concentrated) in 900 milliliter water (distilled) and 

mixed properly. Vitamin D binding protein added to 13 ml of buffer (assay) and 

mixed both properly and stored for ½ hr at temperature of 4ºC. 

Sample, standard and preparation of control  

Mixed samples on vortex mixer and V-tubes used for precipitation. We added 

sample (50 µl), standard (50 µl) and control (50 µl) to separate V tubes. 

Precipitate material (400 ul) was then added into three separated tubes and kept 

at –20°C for 30 minutes and centrifuged. After centrifuging, two portions were 

can be separately seen in the tube. The lower portion of the tube was clear 

(supernatant) than upper side (pellet). Vitamin D was present in the supernatant 

part and analyzed for measurement.  
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Procedure 

Added 20 ul supernatant of each sample, standard and control into separate 

wells. The concentration of (100 µl) vitamin D binding protein and 100 µl of 

antibody were added to the each well. The wells were covered and stand at 4ºC 

temperature for three hours.  

 Discarded the well’s content and washed with the help of buffer (250 µl 

diluted), added the conjugate (200 µl) into all wells and stand for 60 minutes. 

Content washed with diluted buffer and added substrate (200 µl) to each well 

and kept the wells in dark place at 18 to 26ºC temperature for twenty minutes. 

Mixed each well after the addition of stop solution (50 µl). Absorbance was 

calculated through ELISA instruments with reader (450 nm) against reference (≥ 

620 nm). Result of sample obtained with the help of curve known as calibration 

curve. 

Expected value 

6.25 – 250 nmol/l 

 

Determination of Parathyroid Hormone 

For the measurements of parathyroid hormone level of blood, Enzyme Linked 

Immuno Sorbent Assay method was used. 

Requirements 

Following materials was used for the determination of parathyroid hormone 

status.  Micro wells (12×8×1), 7.0 ml biotinylated antibodies (reagent I), 7.0 ml 

peroxidase labeled PTH antibody (reagent II), Diluents 2 ml (reagent III), 5 ml 

reconstitution solution (reagent IV) and stop solutions of 20 ml. Reagent “A” 

contained 30 ml wash concentrate (surfactant/saline) and Reagent “B” 20 ml of 

substrate (t-methyl blue). Different calibrator assigned as a, b, c, d, e, f and two 

controls (1 and 20.5 ml) are required. 
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Preparation of reagents 

Each calibrator was reconstituted by 500 Rl reagents IV and same method used 

for reconstitution of two controls. Control and calibrators allowed to stand for 

10 minutes. Distilled water (570 ml) is added to wash concentrate and mixed 

properly. 

Techniques 

The calibrators were arranged in the holder and added sample (25 RI) as well as 

25 RI (reagent I) in concerned well. After that reagent II (50 RI) also putted into 

the assigned wells. Shaked the well with the help of rotating machine for ½ hr at 

the speed of 10 r/m.  Each well is then washed with wash solution (0.35 ml) and 

reagent “B” (150 RI) added to each well, then rotates it. Used solution (stop) 

with the concentration of 100 RI to every well and properly mixed it. Finally, 

within fifteen minutes take the reading of absorbance against distilled water 

(250 RI) at 450 nm then at 405 nm. If the parathyroid hormone concentration is 

≤200 pg/ml, the wave length 450 nm is used, if it exceeded >200 pg/ml then 405 

nm will in use. Calibration curve is prepared on the basis of final and initial 

reading of absorbance. The graph is plotted as X- axis (concentration) and Y- 

axis (A.U). Concentration of the sample is measured through absorbance (Y- 

axis) and corresponding level on X- axis. 

Expected value 

Expected level of parathyroid hormone was considered as 8.3 pg/ml – 68 

pg/ml. 
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RESULTS 

For this study the students both boys and girls from government schools of 

Hazara were enrolled. Two hundred ten boys and girls participated who 

appeared physically normal having age 11-16 years. Gender wise number of 

participants was similar in the study (Table: 4.1, Figure: 4.1).  

 

In first phase all selected students were examined biochemically and screened 

out after analysis of serum urea and creatinine. The 21(10%) cases were 

excluded from study due to abnormal level of either urea or creatinine. In 

second phase the remaining 189(90%) participants were further subjected to 

biochemical analysis for different parameters (Table: 4.2, Figure: 4.2). 

 

Geographically on the basis of residential areas and school location, the study 

participants were divided into three groups, rural (kaghan valley), urban and 

suburban.  Analysis of data regarding locations of schools and houses showed 

that out of total 189 included cases 67(34 boys & 33 girls) from rural, 60(30 boys 

& 30 girls) urban & 62(32 boys & 30girls) belongs to suburban locality. Ratio of 

participants in all groups was almost same, with no significant differences 

(>0.05) (Table: 4.2, Figure: 4.3). 

 

All included boys were 96 and girls 93 with 1:1 ratio analyzed in this study with 

almost same mean age of boys 13.83±1.58 and girls 13.76±1.45 with no 

significant difference (>0.05) . Weight of all adolescent boys included in second 

phase of study was 42.83±9.16, for girl’s 41.50±6.32 kilograms. Height of such 

boys and girls was 57.80±4.05 and 56.74±2.22 inches respectively. No significant 

difference (>0.05) were observed in the weight of boys and girls as well as with 

no difference in height of boys and girls (Table: 4.3).  
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      Table 4.1: Gender wise percentage of participants in the study. 

 

 

 

 

 

          Figure 4.1: Participants of different areas. 

 

 

 

 

 
     Groups 

                             Participants 
                                   n=210 

     Boys 
      (%) 

     Girls 
       (%) 

Total 
   (%) 

Rural       35 
   (16.66) 

       35 
   (16.66) 

    70 
(33.33) 

Urban       35 
   (16.66) 

       35 
   (16.66) 

    70 
(33.33) 

      Suburban       35 
   (16.66) 

       35 
    (16.66) 

    70 
(33.33) 

Total 
  (%) 

     105 
     (50) 

      105 
      (50) 

   210 
  (100) 



 

 23 

Sub clinical Rickets among Adolescents 

 

 

Table 4.2:  Area wise percentage of excluded and included cases in the study. 

 

 

 

 Figure 4.2: Ratio of total included & excluded cases among groups. 

 

 

 

 

 

 

 
Groups 

Excluded cases 
n=21 

Included cases 
n=189 

Boys 
(%) 

Girls 
(%) 

Total 
(%) 

Boys 
(%) 

Girls 
(%) 

Total 
(%) 

Rural 01 
(0.48) 

02 
(0.95) 

03 
(1.43) 

34 
(16) 

33 
(16) 

67 
(31.90) 

Urban 05 
(2.38) 

05 
(2.38) 

10 
(4.76) 

30 
(14) 

30 
(14) 

60 
(28.57) 

Suburban 03 
(1.43) 

05 
(2.38) 

08 
(3.81) 

32 
(15) 

30 
(14) 

62 
(29.52) 

Total 
(%) 

09 
(4.29) 

12 
(5.71) 

21 
(10) 

96 
(46) 

93 
(44) 

189 
(90) 
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         Figure 4.3: Area wise distribution of total included participants. 
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    Mean age of rural boys was 13.69±1.69 and girl’s 13.96±1.54 years, urban boys 

13.93±1.64 and girl’s 13.75±1.42 years, suburban boys 13.87±1.47 and girl’s 

13.54±1.40 years. Both boys and girls in all three groups of different locality 

included in the study were of similar ages with no significant differences (>0.05). 

 

    Mean age of rural boys with sub clinical rickets group was 11.61±0.75 years, 

11.74±0.42 for urban & 11.36±0.32 years in sub urban. Sub clinical rural girls had 

mean age of 14.70±1.23 years, 14.80±0.89 of urban and 15.06±1.14 years for sub 

urban. Over all mean age of sub clinical boys & girls were 11.60± & 14.82± years 

respectively (Table: 4.3). 

 

    Data from present study revealed that, out of total 189 participants, 51(27%) cases 

were nominated with sub clinical rickets through laboratory biochemical analysis 

(Figure:4.4). Among total 189 participants 19.05% girls and 7.94% boys was 

suffered with this disease. In 51 sub clinically diagnosed rickets cases, 36(71%) 

cases of girls and 15(29%) were boys (Figure: 4.5-7). The problem was more 

common in girls group 36(38.70%) as compared to boys 15 (15.62%). Among 36 

sub clinical cases of girls, 19 (53%) from rural, 11(31%) urban and 06(17%) from 

suburban. Out of 15 sub clinical boys cases, 07(47%) from rural, 05(33%) urban 

and 03(20%) suburban. Over all and among different areas groups, the ratio of 

sub clinical rickets cases was higher in girls than boys (Table: 4.4, Figure: 4.8).     

 

Adolescents having sub clinical rickets, 26(51%) belongs to rural area, 16(31%) 

from urban region & 09(18%) sub urban (Figure: 4.9). Prevalence of sub clinical 

rickets boys and girls cases was higher in rural area than urban and suburban 

locality (Table: 4.5, Figure: 4.10).  
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        Table 4.3: Gender, age and characteristics of group with sub clinical rickets. 

 

 
Group 

Boys 
 (Mean±SD) 

Girls  
(Mean±SD) 

Ages Weights Heights Ages Weights Heights 

Rural 11.61 
±0.79 

29.14 
±3.67 

51.8 
5±1.57 

14.70 
±1.23 

43.05 
±5.13 

57.37 
±1.89 

Urban 11.74 
±0.42 

29.6 
±2.88 

52.20 
±0.83 

14.89 
±0.93 

45.45 
±3.53 

57.82 
±1.25 

Suburban 11.36 
±0.63 

31.33 
±1.52 

52.66 
±1.52 

15.06 
±1.15 

47.33 
±3.88 

58.33 
±1.21 

Total 11.60 
±0.63 

29.73 
±3.03 

52.13 
±1.30 

14.82 
±1.11 

44.50 
±4.69 

57.68 
±1.62 

 

 
 

 
             Table 4.4:  Sex wise distribution of normal and sub clinical cases. 

 
 

 
 
 
 
 

 

 
 

 

 

 
 Groups 

 
Normal Cases 

n=138 

 
Sub clinical Cases 

n=51 

 
Total 
(%) 

Boys 
(%) 

81 
(42.86) 

15 
(7.94) 

96 
(50.80) 

Girls 
(%) 

57 
(30.15) 

36 
(19.05) 

93 
(49.20) 

Total 
(%) 

138 
(73.01) 

93 
(26.99) 

189 
(100) 
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             Figure 4.4: Distribution of normal & sub clinical rickets cases. 

 

 

 

 
 

             Figure 4.5: Sub clinical & normal cases among total boys & girls. 
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          Table 4.5:  Prevalence of normal and sub clinical cases among groups. 

 
 

 

 

 

 

 

 

 

 

 

 

             Figure 4.6: Subclinical cases among included boy & girl participant. 

 

 

 

 

 
Groups 

Normal Cases 
n=138 

Sub clinical Cases 
n=51 

Boys 
(%) 

Girls 
(%) 

Total 
(%) 

Boys 
(%) 

Girls 
(%) 

Total 
(%) 

Rural 
n=67 

27 
 

14 41 07 
 

19 26 

Urban 
n=60 

25 19 44 05 11 16 

Suburban 
n=62 

29 24 53 03 06 09 
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             Figure 4.7: Sexwise prevalence of sub clinical rickets cases. 

 
 

       

 

  Figure 4.8: Geographical distribution of boy & girl sub clinical cases  
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         Figure 4.9: Number of normal & sub clinical   cases in   different area.               

 

 

  

 

 

       Figure 4.10: Gender wise number of participants & sub clinical cases. 
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Age of normal rural boys was 14.23±1.42 years, weight 44.96±7.75 kg and height 

58.74±3.49 inches.  Age of subclinical rural boys was 11.61±0.79 weight 29.14± 3.67 

kg and height 51.86±1.57 inches (Table: 4.6). Normal boys of urban area was of 

14.39±1.39 years age, 45.04±8.06 kg weight and with 58.56±3.44 inches height. 

Boys with subclinical rickets were of age 11.74±0.43 Years, weight 29.60±2.88 kg 

and height 52.20±0.84 inches (Table: 4.7). 

 

Age, weight and height of normal suburban boys were 14.12±1.28 years, 

45.72±7.61 kg and59.07± 3.01 inches respectively. Age of subclinical suburban 

boys was 11.36±0.63 years, weight 31.33±1.53 kg and height 52.67±1.53 inches 

(Table: 4.8). Significant difference was noted between the age, weight and height 

of normal boys and subclinical boys of all areas (<0.05). 

 

Age of normal rural girls was 12.95±1.35 years, weight 37.93±6.70 kg and height 

55.64± 2.47 inches. Age of subclinical rural girl’s was 14.71±1.23 years, weight 

43.05± 5.13 kg and height 57.37±1.89 inches (Table: 4.9). 

  
 
Normal girls of urban area was of 13.09±1.25 years age, 39±6.45 kg weight and 

with 56.16±2.48 inches height. Girls with subclinical rickets were of age 14.89±0.93 

years, weight 45.45±3.53 kg and height 57.82±0.92 inches (Table: 4.10). 

 

Suburban normal girl’s age was 13.15±1.19 years, weight 40.88±6.07 kg and height 

56.50±2.21 inches.   Age, weight and height of subclinical suburban girls were 

15.07±1.16years, 47.33±3.88kg and58.33±1.21 inches respectively (Table: 4.11). 

Significant difference was noted between the age, weight and height of normal 

girls and subclinical girls of all areas (<0.05). 
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                        Table 4.6: Characteristics of sub clinical rickets & normal rural boys. 

                              
Groups 

 
Ages 

(Mean±SD) 
Weights 

(Mean±SD) 
Heights 

(Mean±SD) 

Normal 14.23±1.42 44.96±7.75 
 

58.74±3.49 
 

Sub clinical 11.61±0.79 29.14± 3.67 
 

51.86±1.57 
 

Values of P 
 

0.0000 0.0000 0.0000 

 
 

                         Table 4.7: Characteristics of sub clinical rickets & normal urban boys. 

                 
Groups 

 
Ages  

(Mean±SD) 
Weights  

(Mean±SD) 
Heights  

(Mean±SD) 

Normal 14.39±1.39 
 

45.04±8.06 
 

58.56±3.44 
 

Sub clinical 11.74±0.43 
 

29.60±2.88 
 

52.20±0.84 

Value of P 0.0000 0.0000 0.0000 
 

 
 

                                   Table 4.8: Characteristics of sub clinical rickets & normal suburban boys. 

                 
Groups 

 
Ages 

(Mean±SD) 
Weights 

(Mean±SD) 
Heights 

(Mean±SD) 

Normal 14.12±1.28 
 

45.72±7.61 
 

59.07± 3.01 
 

Sub clinical 11.36±0.63 31.33±1.53 
 

52.67±1.53 
 

Value of P 
 

0.0080 0.0000 0.0087 
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          Table 4.9: Characteristics of sub clinical rickets & normal rural girls.    

 
Groups 

 
Ages 

(Mean±SD) 
Weights 

(Mean±SD) 
Heights 

(Mean±SD) 

Normal 12.95±1.35 
 

37.93±6.70 
 

55.64± 2.47 
 

Sub clinical 14.71±1.23 
 

43.05± 5.13 
 

57.37±1.89 
 

Value of P 
 

0.0007 0.025 0.039 

 
 

          Table 4.10: Characteristics of sub clinical rickets & normal urban girls. 

                 
Groups 

 
Ages 

(Mean±SD) 
Weights 

(Mean±SD) 
Heights 

(Mean±SD) 

Normal 13.09±1.25 
 

39±6.45 
 

56.16±2.48 
 

Sub clinical 14.89±0.93 
 

45.45±3.53 
 

57.82±0.92 
 

Value of P 
 

0.0001 0.0015 0.022 

 
 

        Table 4.11: Characteristics of sub clinical rickets & normal suburban girls. 

                 
Groups Ages 

(Mean±SD) 
Weights 

(Mean±SD) 
Heights 

(Mean±SD) 

Normal 13.15±1.19 
 

40.88±6.07 
 

56.50±2.21 
 

Sub clinical 15.07±1.16 
 

47.33±3.88 
 

58.33±1.21 
 

Value of P 
 

0.0088 0.0083 0.016 
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Age, weight and height of all normal boys were   14.24±1.35 years, 45.26± 7.71kg 

and 58.80± 3.28 inches respectively. Age of all subclinical boys was 11.61±0.63 

years, weight 29.73±3.03 kg and height 52.13±1.30 inches (Table: 4.12). 

 

Average age of all normal girls’ cases was 13.08±1.23 years, weight 39.53±6.36kg 

and height 56.18±2.35 inches. Age of all subclinical girls’ cases was 14.82± 1.11 

years, weight 44.50±4.69 kg and height 57.67±1.62 inches (Table: 4.13, Figure: 

4.11).  

 

No differences seen significantly (>0.05) among boys ages, of rural (11.61±0.75 

years), urban (11.74±0.42 years) and suburban (11.36±0.32 years) cases with 

subclinical rickets (Table: 4.14), as well as no differences in the ages of rural 

(14.71±1.23 years), urban (14.89±0.89 years) and suburban (15.07±1.14 years) girls 

cases (Table: 4.15), but difference observed between age, weight, height of boys 

and girls with sub clinical rickets (<0.05) (Table: 4.16, Figure: 4.11).  

 

No significant differences noted in weight of subclinical cases from difference 

geographical areas, as well as in height of subclinical groups of similar gender 

also (>0.05) (Table: 4.14-4.15).  
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          Figure 4.11: Mean ages of girls and boys with sub clinical rickets. 
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     Weight of rural girls nominated as abnormal case was 43.05±5.13 kg, for urban 

45.45±3.53 kg & suburban 47.33±3.88 kg. In abnormal boys the mean weight was 

calculated 29.14±3.67 kg for rural students, urban 29.60±2.88 kg and for suburban 

31.33±1.53 kg. Significant difference was noted in the weight of both genders 

(<0.05) (Table, 4.16).  

 

    Average measured height of rural girls with sub clinical rickets was 57.33± 1.89 

inches, urban girls 57.82±1.25 and for suburban was a 58.33±1.21 inch. Rural boys 

had mean height of 51.86±1.57 inches, urban 52.20±0.84 inches and suburban boys 

52.67±1.53 inches Significant difference was noted in the weight of both genders 

(<0.05) (Table, 4.16).   
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                   Table 4.12: Comparison among all sub clinical rickets & normal cases of boys. 

 
Groups 

 
Ages 

(Mean±SD) 
Weights 

Mean±SD) 
Heights 

(Mean±SD) 

Normal 14.24±1.35 45.26± 7.71 
 

58.80± 3.28 
 

Sub clinical 11.61±0.63 29.73±3.03 
 

52.13±1.30 
 

Value of P 
 

0.0000 0.0000 0.0000 

 

 
 

        Table 4.13: Comparison among all sub clinical rickets & normal cases of  girls. 

          
 

Groups 
 

Ages 
(Mean±SD) 

Weights 
(Mean±SD) 

Heights 
(Mean±SD) 

Normal 13.08±1.23 
 

39.53±6.36 
 

56.18±2.35 
 

Sub clinical 14.82± 1.11 
 

44.50±4.69 
 

57.67±1.62 
 

Value of P 
 

0.0000 0.0000 0.0005 
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       Table 4.14:  Area wise comparison of characteristics in boys had sub clinical   

                       Rickets. 
 

Groups 
 

Ages 
(Mean±SD) 

Weights 
(Mean±SD) 

Heights 
(Mean±SD) 

Rural (R) 11.61±0.79 29.14±3.67 51.86±1.57 

Urban (U) 11.74±0.43 29.60±2.88 52.20±0.84 

Suburban (SU) 11.37±0.63 31.33±1.53 52.67±1.53 

 
P value 

R & U(0.73) 
U & SU(0.43) 
R & SU(0.63) 

R & U(0.81) 
U & SU(0.32) 
R & SU(0.22) 

R & U(0.64) 
U & SU(0.67) 
R & SU(0.50) 

 

 
 

 

                      Table 4.15: Area wise comparison of characteristics in sub clinical rickets girls. 

 

Groups 
 

Ages 
(Mean±SD) 

Weights 
(Mean±SD) 

Heights 
(Mean±SD) 

Rural (R) 14.71±1.23 43.05±5.13 57.33±1.89 

Urban (U) 14.89±0.93 45.45±3.53 57.82±1.25 

Suburban (SU) 15.07±1.16 47.33±3.88 58.33±1.21 

 
P value 

R & U(0.65) 
U & SU(0.76) 
R & SU(0.53) 

R & U(0.14) 
U & SU(0.35) 
R & SU(0.053) 

R & U(0.44) 
U & SU(0.43) 
R & SU(0.17) 
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        Table 4.16:  Sexwise comparison of characteristics in sub clinical rickets  groups. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Groups 

Ages 
(Mean±SD) 

Weights 
(Mean±SD) 

Heights 
(Mean±SD) 

Boys Girls Boys Girls Boys Girls 

 
Rural 

 

11.61 
±0.79 

14.71 
±1.23 

29.14 
±3.67 

43.05 
±5.13 

51.86 
±1.57 

57.37 
±1.89 

p=0.0000 p=0.0000 p=0.0000 

 
Urban 

 

11.74 
±0.43 

14.89 
±0.93 

29.60 
±2.88 

45.45 
±3.53 

52.20 
±0.84 

57.82 
±1.25 

p=0.0000 p=0.0000 p=0.0000 

 
Suburban 

 

11.37 
±0.63 

15.07 
±1.16 

31.33 
±1.53 

47.33 
±3.88 

52.67 
±1.53 

58.33 
±1.21 

p=0.0008 p=0.0001 p=0.011 
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Estimations of nutritional status  shows that, all participants included in this study 

was receiving less quantity of vitamin D, calcium and phosphorus than proposed 

recommended amounts on daily basis in their foods. There was no difference seen 

significantly regarding daily intakes in between adolescents with or without sub 

clinical rickets of different groups P>0.05.  

 

Average amount of nutrients such as vitamin D 27.95±3.08 iu, calcium 267.2±27.4 mg 

and phosphorus 310.6±23.7 mg were taking by subclinical rural girls on daily basis. 

Average daily intake of vitamin D, calcium and phosphorus by normal rural girls was 

30.64±4.22 iu, 290.1±34.6 mg and 327.9±30.1 mg respectively. No significant difference 

in daily intake of nutrients was seen among both normal and sub clinical cases 

(<0.050) (Table: 4.17, Figure: 4.12-13).    

 

Vitamin D intake of subclinical urban girls was 26.18±1.40 iu, calcium 250.73±9.31mg, 

phosphorus 296.1±13.3 mg. Normal girls of particular area takes 29.05±3.44iu vitamin 

D, 291.1±29.8 mg calcium and 315.9±43.5 mg phosphorus in daily foods with no 

significant difference in comparison of sub clinical  cases (<0.050) (Table: 4.18, Figure: 

4.12-13).     

 

Subclinical suburban girls intake of vitamin D was 27.33±1.21 iu, calcium 261.33±19.5 

mg and phosphorus 305.8±18.6 mg on daily basis. Daily vitamin D taken by normal 

girls was 30.79±1.98 iu, calcium 296±16.9 mg and phosphorus 323.5.1±16.7mg. The 

significant difference regarding daily intake was not noted among both groups 

(>0.050) (Table: 4.19, Figure: 4.12-13).   
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          Figure 4.12: Vitamin D daily intake of normal & sub clinical girls. 

 

 

        Figure 4.13: Daily intake of calcium and phosphorus by normal and  
        subclinical  girls.              
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          Table 4.17:  Intakes of nutrients by sub clinical & normal rural girls. 

 

Groups Vitamin  D 
(iu) 

Calcium 
(mg) 

Phosphorus 
(mg) 

normal 30.64±4.22 
 

290.1±34.6 327.9±30.1 

Sub clinical 27.95±3.08 
 

267.2±27.4 310.6±23.7 

P value 0.055 
 

0.051 0.088 

                          

 
 

        Table 4.18: Daily intakes of nutrients by sub clinical & normal urban girls. 

 
Groups Vitamin  D 

(iu) 
Calcium 

(mg) 
Phosphorus 

(mg) 

Normal 29.05±3.44 
 

291.1±29.8 315.9±43.5 

Sub clinical 27.27± 1.19 
 

268.5±28.3 297±14.6 

P value 0.051 
 

0.052 0.095 

 

 
 

        Table 4.19: Daily intakes of nutrients by sub clinical & normal suburban   

         girls. 
 

Groups Vitamin D 
(iu) 

Calcium 
(mg) 

Phosphorus 
(mg) 

Normal 30.79±1.98 296±16.9 
 

323.5 ±16.7 

Sub clinical 28.33±2.42 265.8±28.4 
 

300.8±21.1 

P value 0.061 0.054 
 

0.050 
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In subclinical rickets boys of rural locality, the daily intake of nutrients such as 

vitamin D 26.86±2.67 iu, calcium 247.3±22.5 mg, phosphorus 305.7±31.7 mg and by 

normal cases 29.48±3.14 iu, 268.9±25.9 mg, 335.4±26.0 of vitamin D, calcium and 

phosphorus taken respectively. Almost both groups were receiving similar 

amount of vitamin D, calcium and phosphorus (>0.050) (Table: 4.20, Figure: 4.14-

15).    

  

Daily intake of vitamin D in urban sub clinical boys was 28.4±1.52iu, calcium 

238.4±12.8 mg and phosphorus 281.4±16.8 mg. Normal boys takes 30.48±3.55 iu 

vitamin D, 289.7±21.7 mg calcium and 334.3±20.1 mg phosphorus. Non significant 

difference also observed in this comparison (>0.050) (Table: 4.21, Figure: 4.14-15).     

 

Daily amount of vitamin D intake by suburban subclinical boys was 26.67±1.15 iu, 

calcium 228.33±7.64 mg, phosphorus 278±13.1 mg and boys with normal finding, 

the average intake was 30.34±3.46 iu vitamin D, 308.9±18.8 mg calcium, 348.7±14.4 

mg phosphorus. Comparatively no differences seen between daily intake of sub 

clinical rickets and normal boys (>0.050) (Table: 4.22, Figure: 4.14-15).     
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Calcium & phosphorus intakes of normal & subclinical boys
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Figure 4.14: Comparison of daily intake of vitamin D by normal &  

            Figure 4.15: Calcium & phosphorus intakes of normal & sub clinical Boys. 
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        Table 4.20:  Daily intakes of nutrients by sub clinical & normal rural boys. 

 
Groups Vitamin  D  

(iu) 
Calcium 

 (mg) 
Phosphorus 

 (mg) 

Normal 29.48±3.14 
 

268.9±25.9 335.4±26.0 

Sub clinical 26.86±2.67 
 

247.3±22.5 305.7±31.7 

P value 0.050 
 

0.053 0.052 

 
 
 

        Table 4.21: Daily intakes of nutrients by sub clinical & normal urban boys. 

 
Groups Vitamin  D  

(iu) 
Calcium 

 (mg) 
Phosphorus 

(mg) 

Normal 30.48±3.55 
 

289.7±21.7 334.3±20.1 

Sub clinical 28.4±1.52 
 

251.8±30.7 296±29.50 

Value(p) 0.052 
 

0.058 0.050 

 
 

 

        Table 4.22: Daily intakes of nutrients by sub clinical & normal suburban  

         Boys. 
 

Groups Vitamin D 
(iu) 

Calcium 
(mg) 

Phosphorus  
(mg) 

Normal 30.34±3.46 
 

308.9±18.8 348.7±14.4 

Sub clinical 27.67±1.53 
 

241.7±29.3 297.3±23.7 

Value(p) 0.070 
 

0.060 0.066 
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Among sub clinical groups of girl, average vitamin D intake of rural cases was 

27.95±3.08 iu, calcium 267.2±27.4 mg and phosphorus 310.6±23.7 mg. Vitamin D 

intake by urban girls was 27.27±1.19 iu, calcium 268.5±28.3 mg, phosphorus 

297±14.6 mg. Vitamin D intake of suburban girls was 28.33±2.42iu, calcium 265.8± 

28.4 mg and phosphorus 300.8±21.1 mg on daily basis. No significant difference was 

seen in amount of nutrients taken on daily basis by sub clinical girls from different 

areas (>0.050) (Table: 4.23, Figure: 4.16).    

 

In boys sub clinical groups, vitamin D intake by rural cases was 26.86±2.67 iu, 

calcium 247.3±22.5 mg, phosphorus 305.7±31.7 mg , in urban subclinical boys 

vitamin D 28.4±1.52iu, calcium 251.8±30.7mg and phosphorus 296±29.5mg and  

vitamin D 27.67±1.53 iu, calcium 241.7±29.3mg, phosphorus 297.3±23.7mg by 

suburban subclinical boys. No significant difference was seen regarding daily 

amount of nutrients intake by boy sub clinical groups of different locality (>0.050) 

(Table: 4.24, Figure: 4.17).    

 

Both boys and girls of subclinical rickets groups were taken almost similar amount 

of vitamin D, calcium and phosphorus on daily basis with no significant differences 

(>0.05) (Table: 4.25, Figure: 4.18-19)  
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           girl groups. 
 

 

 

          Figure 4.17: Daily intake of calcium and phosphorus by subclinical  
          boy groups. 
           
 

 

 

           Figure 4.16: Daily intake of calcium and phosphorus by subclinical      
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             Figure 4.18: Intake of vitamin D by boy and girl in sub clinical groups. 

 

 

 

 

             subclinical cases. 
 

 
 

 

      Figure 4.19: Calcium & phosphorus daily intakes by boy’s vs girls in  
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                             Table 4.23: Area wise comparison of nutrients intake by sub clinical rickets   

  Girls. 
 

Groups Vitamin  D (iu) 
 

Calcium (mg) 
 

Phosphorus (mg) 
 

Rural (R) 27.95±3.08 
 

267.2±27.4 310.6±23.7 

Urban (U) 27.27± 1.19 
 

268.5±28.3 297±14.6 

Suburban (SU) 28.33±2.42 
 

265.8± 28.4 300.8±21.1 

 
P value 

       R & U(0.40) 
       U & SU(0.35) 
       R & SU(0.76) 

R & U(0.90) 
U & SU(0.86) 
R & SU(0.92) 

R & U(0.061) 
U & SU(0.70) 
R & SU(0.36) 

 
 

 

                            Table 4.24: Area wise comparison of nutrients intake by sub clinical rickets    

  Boys. 
 

Groups Vitamin  D (iu) 
 

Calcium (mg) 
 

Phosphorus (mg) 
 

Rural (R) 26.86±2.67 
 

247.3±22.5 305.7±31.7 

Urban (U) 28.4±1.52 
 

251.8±30.7 296±29.5 

Suburban (SU) 27.67±1.53 
 

241.7±29.3 297.3±23.7 

 
P value 

R & U(0.24) 
U & SU(0.55) 
R & SU(0.57) 

R & U(0.79) 
U & SU(0.67) 
R & SU(0.79) 

R & U(0.60) 
U & SU(0.95) 
R & SU(0.66) 
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  Table 4.25: Sex wise comparison of nutrients intake by sub clinical rickets groups. 
 

 
Groups 

Vitamin  D (iu) 
 

Calcium 
 

Phosphorus 
 

Boys Girls Boys Girls Boys Girls 

Rural 
(R) 

26.86 
±2.67 

27.95 
±3.08 

247.3 
±22.5 

267.2 
±27.4 

305.7 
±31.7 

310.6 
±23.7 

Urban 
(U) 

28.4 
±1.52 

27.27 
± 1.19 

251.8 
±30.7 

268.5 
±28.3 

296 
±29.5 

297 
±14.6 

Suburban 
(SU) 

27.67 
±1.53 

28.33 
±2.42 

241.7 
±29.3 

265.8 
± 28.4 

297.3 
±23.7 

300.8 
±21.1 

 
P value 

R & R(0.39) 
U & U(0.19) 

SU & SU(0.63) 

R & R(0.082) 
U & U(0.34) 

SU & SU(0.32) 

R & R(0.72) 
U & U(0.95) 

SU & SU(0.84) 
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Blood serum vitamin D level of girls suffered with sub clinical rickets belong to rural 

area was 23.42±3.98 nmol/l and normal cases 59.57±8.55 nmol/l. Differences level 

significantly (<0.05) noted in both cases (Table: 4.26, Figure: 4.20).  Vitamin D level 

in urban girls of abnormal finding was 28.91±2.59 nmol/l and 61.58±2.65 nmol/l for 

normal girls. Difference was noted in vitamin D serum level of both (<0.05) (Table: 

4.27, Figure: 4.20).  

 

Suburban girls with sub clinical rickets show vitamin D serum level of 33.50±3.73 

nmol/l and normal girl’s cases it was 63.13±2.15 nmol/l. Significant difference was 

noted among both normal and sub clinical girls cases (<0.05) (Table: 4.28, Figure: 20).  

 

Biochemical average value of calcium in rural girls had sub clinical rickets was 

8.47±0.10 mg/dl, phosphorus3.30±0.48 mg/dl, alkaline phosphatase 612.3±97.6 u/l 

and parathyroid hormone level 58.68±5.04 pg/ml.  In normal girls of particular area, 

calcium (mg/dl) and phosphorus (mg/dl) level was noted 8.98±0.18 and 3.50±0.20 

respectively. The concentration of 470±76.4 u/l of alkaline phosphates and 

parathyroid hormone 49.3±15.8 pg/ml was noted ((Table: 4.26, Figure: 4.21-24).  

 

In comparison with normal and sub clinical groups, significant difference was noted 

in calcium and alkaline phosphatase level (<0.05) and non differences observed 

significantly in phosphorus as well as for parathyroid hormone status of both 

groups (>0.05) (Table: 4.26, Figure: 4.21-24).   

 

Mean serum level of calcium and phosphorus (mg/dl) in urban girls with sub 

clinical rickets was 8.57±0.23 and 3.40±0.52. Level of alkaline phosphatase (u/l) was 

found 568±113 and for parathyroid hormone 52.4±10.4 pg/ml. Normal urban girls 

were found with 8.96±0.16 mg/dl calcium, 3.50±0.14 mg/dl phosphorus, 
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343.4±30.9 µ/l alkaline phosphatase and 45.05±5.07 pg/l parathyroid hormone level.  

Normal and sub clinical groups’ shows significant difference in calcium and alkaline 

phosphatase level (<0.05), but no difference was observed in phosphorus and 

parathyroid hormone level of both groups (>0.05) (Table, 4.27, Figure: 4.21-24).   

 

In suburban girl’s serum calcium level were 8.71±0.37mg/dl, phosphorus 3.49±0.15 

mg/dl, alkaline phosphatase 535 ±131 u/l and parathyroid hormone level 50.7±10.8 

pg/ml with no significant difference as compare to suburban normal girls had 

calcium (mg/dl) 9.10±0.13, 3.40±0.44 (mg/dl) phosphorus, 397.5±44.6 u/l of alkaline 

phosphatase and parathyroid hormone 39.17±3.89 pg/ml (>0.05) (Table, 4.28, 

Figure: 4.21-24).   
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      Table 4.26: Serum biochemical level of parameters in sub clinical and normal  

 Rural girls. 
 
   Groups Vitamin D 

nmol/l 
Calcium 
mg/dl 

Phosphorus 
mg/dl 

ALP 
u/l 

PTH 
pg/ml 

Normal 59.57±8.55 8.98±0.18 3.50±0.20 470±76.4 49.3±15.8 
 

Subclinical 23.42±3.98 8.47±0.10 3.30±0.48 612.3±97.6 58.68±5.04 
 

Value(p) 0.0000 0.0000 
 

0.13 0.0001 0.050 

 
 

 

Table 4.27: Serum biochemical level of parameters in sub clinical and normal 

urban girls. 
 

    Groups Vitamin D 
nmol/l 

Calcium 
mg/dl 

Phosphorus 
mg/dl 

ALP 
u/l 

PTH 
pg/ml 

Normal 61.58 ±2.65 8.96±0.16 3.50±0.14 343.4±30.9 45.05±5.07 
 

Subclinical 28.91±2.59 8.57±0.23 3.40±0.52 568±113 
 

52.4±10.4 

Value(p) 0.0000 
 

0.0002 0.55 0.0001 0.050 

 

 
Table 4.28: Serum biochemical level of parameters in sub clinical and normal  

suburban girls. 
 
   Groups Vitamin D 

nmol/l 
Calcium 
mg/dl 

Phosphorus 
mg/dl 

ALP  
u/l 

PTH 
pg/ml 

Normal 63.13±2.15 
 

9.10± 0.13 3.40±0.44 397.5±44.6 39.17±3.89 

Subclinical 33.50±3.73 
 

8.71±0.37 3.49±0.15 535 ±131 50.7±10.80 

Value(p)     0.0000 
 

0.058 0.64 0.052 0.051 
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             Figure 4.20: Serum vitamin D level of normal and subclinical girls. 

 

 

 

 

              Figure 4.21: Serum level of calcium & phosphorus in subclinical girls. 
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           Figure 4.22: Serum calcium & phosphorus level of normal & subclinical    
           girls. 

 

 

 

            Figure 4.23: Serum alkaline phosphates level of normal & subclinical girls. 
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                 girls. 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

                 Figure 4.24: Serum parathyroid hormone level of normal & subclinical 
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Boys had vitamin D level of 27±1.91nmol/l in sub clinical cases and 67.06±6.06 

nmol/l in normal boys belongs to rural areas. Difference was noted in vitamin D 

serum level of both (<0.05) (Table: 4.29, Figure: 4.25). 

 

Urban sub clinical boy’s had 33.4±1.14 nmol/l of vitamin D level and 67.96±3.66 

nmol/l for normal boys. Significant difference was noted among both normal and 

sub clinical boy’s level (<0.05) (Table: 4.30, Figure: 25).  Boys of suburban area 

shows, 38.33±1.53 nmol/l vitamin D level and 69.21±4.08 nmol/l for normal boy 

students. Both reflect significant difference (<0.05) (Table: 4.31, Figure: 4.25). 

 

Serum level of calcium in boys having sub clinical rickets was 8.52±0.15 mg/dl in 

rural group, phosphorus 3.51±0.26 mg/dl, alkaline phosphatase 608±103 u/l and 

parathyroid hormone 48.71±9.48 pg/ml. Rural boys with normal finding had 

calcium 8.87±0.11mg/dl in rural group, phosphorus 3.40±0.15 mg/dl, alkaline 

phosphatase 407.8±43.0 u/l and parathyroid hormone 39.89±4.57pg/ml.  

 

Significant difference was noted in calcium and alkaline phosphatase level of 

subclinical rickets boys versus calcium and alkaline phosphatase level of normal 

boys (<0.05) but no difference in phosphorus and parathyroid hormone level of 

both sub clinical and normal groups (>0.05) (Table: 4.29, Figure: 4.26-28).   

 

Biochemical blood serum level of calcium in urban boys’ 8.58±0.08 mg/dl, 

phosphorus  (3.50±0.29 mg/dl), 611±119 u/l for alkaline phosphatase and 

parathyroid hormone level found as 47.80±9.76 pg/l. Normal boys had 9.18±0.20 

mg/dl, phosphorus 3.60±0.25 mg/dl, alkaline phosphatase 326.8±37.7u/l and 

parathyroid hormone level 35.48±3.74pg/ml. 
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Normal and sub clinical groups show significant difference in calcium and alkaline 

phosphatase level (<0.05) but no difference in phosphorus and parathyroid hormone 

level of both groups (>0.05) (Table: 4.30, Figure: 4.26-28).   

 
Serum of suburban boys finding such as calcium (mg/dl) 8.6±0.26, 3.43±0.37mg/dl 

phosphorus, 569±147u/l (alkaline phosphatase) and parathyroid hormone level 

46.67±6.66 pg/ml.  

 

Normal boys had calcium 9.1±0.17mg/dl, Phosphorus 3.65±0.24 mg/dl, alkaline 

phosphatase 338.1±34.8 u/l and parathyroid hormone level 29.76±5.07 pg/ml.  

 

No significant differences were observed in sub clinical suburban boys and 

suburban normal boys regarding serum calcium, phosphorus, alkaline phosphatase 

and parathyroid hormone level (>0.05) (Table: 4.31, Figure: 4.26-28).   
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     Table 4.29:  Serum biochemical level of parameters in sub clinical & normal   

      Rural boys. 
 

Groups Vitamin D 
nmol/l 

Calcium 
mg/dl 

Phosphorus      
mg/dl 

ALP 
u/l 

PTH 
pg/ml 

Normal 67.06±6.06 8.87±0.11 
 

3.40±0.15 407.8±43.0 39.89±4.57 

Subclinical 27±1.91 8.52±0.15 
 

3.51±0.26 608±103 48.71±9.48 

Value(p) 0.0000 0.0008 
 

0.33 0.0023 0.054 

 
 

     Table 4.30:  Serum biochemical level of parameters in sub clinical & normal  

     Urban boys. 
 

Groups Vitamin D 
(nmol/l) 

Calcium 
(mg/dL) 

Phosphorus 
(mg/dl) 

ALP   
(U/l) 

PTH 
(pg/ml) 

Normal 67.96±3.66 9.18±0.20 
 

3.60±0.25 326.8±37.7 35.48±3.74 

Subclinical 33.4±1.14 8.58±0.08 
 

3.50±0.29 611±119 47.80±9.76 

Value(p) 0.0000 0.0000 
 

0.48 0.0062 0.050 

                         
 

      Table 4.31:  Serum biochemical level of parameters in sub clinical & normal  

      Suburban boys. 
 

Groups Vitamin D 
(nmol/l) 

Calcium 
(mg/dl) 

Phosphorus 
(mg/dl) 

ALP  
 (U/l) 

PTH 
(pg/ml) 

Normal 69.21±4.08 9.1±0.17 
 

3.65±0.24 338.1±34.8 29.76±5.07 

Sub 
clinical 

38.33±1.53 8.6±0.26 
 

3.43±0.37 569±147 46.67±6.66 

Value(p) 0.0000 0.064 
 

0.42 0.11 0.051 
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            Figure 4.25: Vitamin D serum level of normal & sub clinical boys. 
 

 

 
             
            Figure 4.26: Calcium & phosphorus serum level of normal & sub clinical   
            boys. 
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           Figure 4.27: Alkaline phosphates  level of normal & sub clinical boys. 
 

 

 
              
            Figure 4.28: Parathyroid hormone level of normal & sub clinical boys. 
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In girls subclinical groups of different area, serum vitamin D level in rural student 

was 23.42±3.98 nmol/l, in urban 28.91±2.59 nmol/l and in suburban girls, vitamin D 

level was 33.50±3.73 nmol/l. Significant difference noted in vitamin D level of 

different sub clinical girls groups (<0.05)(Table: 4.32, Figure: 4.29). 

  

Serum calcium and phosphorus level of subclinical rural girls was 8.47±0.10 mg/dl 

and 3.30±0.48 mg/dl respectively. For urban girls calcium level was 8.57±0.23 mg/dl 

and phosphorus 3.40±0.52 mg/dl. In suburban subclinical girls, calcium level was 

8.71±0.37mg/dl and phosphorus 3.49±0.15. No significant differences were observed 

for calcium and phosphorus level in subclinical groups (>0.05) (Table: 4.32, Figure: 

4.30). 

 

Alkaline phosphatase level of 612.3±97.6 u/l, 568±113 u/l and 535 ±131 u/l was 

measured for subclinical girls of rural, urban and suburban respectively with no 

significant differences among the groups (>0.05) (Table: 4.32, Figure: 4.31). 

 

In subclinical girls of rural area, parathyroid hormone level was 58.68±5.04 pg/ml, 

for urban girl’s 52.4±10.4 pg/ml and 50.7±10.8 pg/ml measured for suburban girls. 

No significant differences were observed among different geographical groups 

(>0.05) (Table: 4.32, Figure: 4.32). 
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             Figure 4.29: Serum vitamin D level of sub clinical girls. 
 

 

 

 
               
             Figure 4.30: Serum level of calcium & phosphorus of sub clinical girls. 
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             Figure 4.31: Alkaline phosphates level of sub clinical girl group. 
 

 

 

 
               
             Figure 4.32: Parathyroid hormone levels in girl of sub clinical groups. 
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 Table 4.32: Area wise comparison of serum biochemical level of subclinical rickets girls. 

 

 
Groups 

Vitamin D 
nmol/l 

Calcium 
mg/dl 

Phosphoru
s 

mg/dl 

ALP 
u/l 

PTH 
pg/ml 

Rural 
(R) 

23.42±3.98 8.47±0.10 3.30±0.48 612.3±97.6 58.68±5.04 

Urban 
(U) 

28.91±2.59 8.57±0.23 3.40±0.52 568±113 52.4±10.4 

Suburban 
(SU) 

33.50±3.73 8.71±0.37 3.48±0.49 535 ±131 50.7±10.8 

 
P value 

R & U(0.0001) 
U &SU(0.031) 

R & SU(0.0005) 

R & U(0.23) 
U &SU(0.42) 
R &SU(0.19) 

R & U(0.63) 
U & SU(0.75) 
R & SU(0.46) 

R & U(0.29) 
U & SU(0.61) 
R & SU(0.23) 

R & U(0.083) 
U & SU(0.76) 
R & SU(0.14) 
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Vitamin D serum level of subclinical rural boys was 27±1.91 nmol/l, in urban 

33.4±1.14 nmol/l and in suburban it was measured 38.33±1.53 nmol/l (Table: 4.33, 

Figure: 4.33). 

 

 In rural boys of subclinical rickets cases, calcium and phosphorus level was noted 

8.52±0.15 mg/dl and 3.51±0.26 mg/dl respectively. In urban, calcium level was 

8.6±0.26 mg/dl and phosphorus 3.43±0.37mg/dl. Calcium level of 8.6±0.26 mg/dl 

and phosphorus 3.43±0.37mg/dl was measured in suburban subclinical boys 

(Table: 4.33, Figure: 4.34).  

 

Alkaline phosphatase level of subclinical rural, urban and suburban boys was 

608±103 u/l, 569±147u/l and 569±147u/l respectively (Table: 4.33, Figure: 4.35). In 

rural subclinical boys, parathyroid hormone was 48.71±9.48 pg/ml, in urban 

47.80±9.76pg/l and 46.67±6.66 pg/l was noted in suburban subclinical boys (Table: 

4.33, Figure: 4.36).    

  

Significant difference noted in vitamin D level of different sub clinical boys groups 

(<0.05) but no significant differences were observed for calcium, phosphorus, 

alkaline phosphatase and parathyroid hormone serum level (>0.05) (Table: 4.33).    
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             Figure 4.33: Serum vitamin D level of sub clinical boys. 
 

 

 

 
               
             Figure 4.34: Serum level of calcium & phosphorus of sub clinical boys. 
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            Figure 4.35: Alkaline phosphates level of boy in subclinical groups. 
 

 

 

 

 
            
              Figure 4.36: Parathyroid hormone levels in sub clinical boys. 

 
 
 



 

 69 

Sub clinical Rickets among Adolescents 

 

 
 

Table 4.33: Area wise comparison of serum biochemical level of sub clinical rickets boys. 

 
 

Groups 
Vitamin D 

nmol/l 
Calcium 
mg/dl 

Phosphorus 
mg/dl 

      ALP 
       u/l 

      PTH 
    pg/ml 

Rural 
(R) 

27±1.91 8.52±0.15 3.51±0.26 608±103 48.71±9.48 

Urban 
(U) 

33.4±1.14 8.58±0.08 3.50±0.29 611±119 47.80±9.76 

Suburban 
(SU) 

38.33±1.53 8.6±0.26 3.43±0.37 569±147 46.67±6.66 

 
P value 

R & U(0.0000) 
U& SU(0.017) 

 R &SU(0.0006) 

R &U(0.47) 
U&SU(0.91) 
R&SU(0.70) 

R & U(0.93) 
U & SU(0.81) 
R & SU(0.77) 

R & U(0.96) 
U &SU(0.70) 
R & SU(0.72) 

R & U(0.88) 
U & SU(0.85) 
R & SU(0.71) 
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Serum vitamin D level 23.42±3.98 nmol/l and 27±1.91 nmol/l was noted in subclinical 

rural girls and boys respectively. In urban area the vitamin D level of girl’s was 

28.91±2.59 nmol/l and in boys 33.4±1.14 nmol/l.  

 

In suburban sub clinical cases the vitamin D level of girl’s was noted 33.50±3.73 

nmol/l and in boy’s 38.33±1.53 nmol/l (Table: 4.34, Figure: 4.37-38).  

 

Daily intake of vitamin D, calcium and phosphorus were almost same in both genders 

of all subclinical rickets groups (>0.05), but significant difference was noted regarding 

serum vitamin D levels (<0.05) (Table: 4.34, Figure: 4.37-38). 
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             Figure 4.37: Vitamin D daily intake vs serum level of boys in sub clinical  
             cases. 
 

 

 

 
              
             Figure 4.38: Vitamin D daily intake vs serum level in girls of sub clinical   
             rickets cases. 
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           Table 4.34: Sex wise comparison of serum biochemical level in sub clinical rickets 

          groups. 

 
   
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
Groups 

Vitamin D 
(nmol/l) 

Calcium 
(mg/dl) 

Phosphorus 
(mg/dl) 

ALP 
(u/l) 

PTH 
 (pg/ml) 

Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl 

Rural 
(R) 

27 
±1.91 

23.42 
±3.98 

8.52 
±0.15 

8.47 
±0.10 

3.51 
±0.26 

3.30 
±0.48 

608 
±103 

612.3 
±97.6 

48.71 
±9.48 

58.68 
±5.04 

Urban 
(U) 

33.4 
±1.14 

28.91 
±2.59 

8.58 
±0.08 

8.57 
±0.23 

3.50 
±0.29 

3.40 
±0.52 

611 
±119 

568 
±113 

47.80 
±9.76 

52.4 
±10.4 

Suburban      
(SU) 

38.33 
±1.53 

33.50 
±3.73 

8.6 
±0.26 

8.71 
±0.37 

3.43 
±0.37 

3.48 
±0.49 

569 
±147 

535 
±131 

46.67 
±6.66 

50.7 
±10.8 

 
P value 

R&R(0.0058) 
U&U(0.0003) 

SU&SU(0.033) 

R&R(0.44) 
U&U(0.93) 

SU&SU(0.61) 

R&R(0.17) 
U&U(0.63) 

SU& SU(0.87) 

R&R(0.93) 
U&U(0.52) 

SU&SU(0.75) 

R&R(0.033) 
U&U(0.42) 

SU&SU(0.52) 
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On the basis of serum vitamin D status, the sub clinical cases divided into two 

groups, vitamin D deficient and vitamin D insufficient. The level below <25nmol/l 

considered as deficient cases of vitamin D & concentration of ≥25-<50 (nmol/l) was 

nominated as insufficient group of vitamin D. Out of total subclinical rickets cases, 

43(84) of vitamin D insufficient and 8(16) of vitamin D deficient level. Among 

vitamin D insufficient cases, 15(35) were boys and 28(65) of girl’s cases and (Table: 

4.35, Figure: 4.42). 

 

Average vitamin D insufficiency in rural girls was noted as 26.45±1.92 nmol/l, in 

urban 28.91±2.59 nmol/l and in suburban it was 33.50±3.73 nmol/l. Vitamin D 

insufficiency value in rural boys of subclinical rickets cases was 27±1.91 nmol/l, in 

urban boys 33.4±1.14 nmol/l and in suburban it was 38.33±1.52 nmol/l. Average 

vitamin D insufficiency value 31.40± 4.87 nmol/l was noted in all subclinical boys 

and 28.92±3.68 nmol/l in girls (Table: 4.36).  

 

Deficiency of vitamin D 19.25±1.03 nmol/l was seen only in rural girls of subclinical 

rickets cases. Significant difference was seen in between vitamin D insufficient  

value of boys and  girls as well as among vitamin D insufficient and vitamin D 

deficient value of girls (<0.05) (Table: 4.36).  

 

Out of 51 cases of sub clinical rickets, abnormality of calcium was seen in (28) 55 %, 

phosphorus (13) 24% and high alkaline phosphatase was noted in (37) 73%. All sub 

clinical cases had low level of vitamin D (51) 100 %, but none of them was with high 

parathyroid hormone level from upper normal limit (Table: 4.37, Figure: 4.39).    
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             clinical groups. 
 

 
               
              Figure 4.40: Abnormalities of biochemical parameters in sub clinical    
              groups. 

 

 

 

Figure 4.39: Total abnormalities of biochemical parameters in sub 
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Vitamin D insufficiency was found 18(42%) in rural students, urban 16(37%) & in 

suburban 09(21%).  Prevalence of vitamin D deficiency and insufficiency was noted 

higher in students of rural area as compared to urban and suburban groups. 

Vitamin D deficiency cases of subclinical rickets were only found in 08 girls of rural 

area. Vitamin D deficiency was not seen in urban and suburban students ((Table: 

4.35, Figure: 4.41).   

 

In vitamin D insufficient cases, abnormality of vitamin D was noted in 43(100), 

calcium in 21(49), phosphorus in 11(26) and alkaline phosphatase in 29(67). In 

vitamin D deficient cases, abnormal vitamin D was seen in 8(100), calcium 7(87.5), 

phosphorus in 2(25) and alkaline phosphatase 8(100) (Table: 4.37). 

 

Abnormalities of vitamin D, calcium, phosphorus and alkaline phosphates was 

found in subclinical girls 36(100), 20(55.55), 10(27.77) and 26(72.22) cases 

respectively. In subclinical boys, abnormal level of vitamin D was found in 15(100), 

calcium in 8(53.33), phosphorus in 3(20) and alkaline phosphatase in 11(73.33) 

(Table: 4.38, Figure: 4.40). 
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.             Figure 4.41: Vitamin D deficiency & insufficiency in groups of subclinical    
              rickets. 

 

 

              Figure 4.42: Sexwise vitamin D deficiency & insufficiency in sub clinical  
            rickets. 
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        Table 4.35: Vitamin D deficient and insufficient cases of subclinical rickets. 

 
 
 

Groups 

Deficient level vitamin D 
(n=08) 

Insufficient level vitamin D 
(n=43) 

Boys Girls 
(n=08) 

Boys 
(n=15) 

Girls 
(n=28) 

Rural - 08(100) 7(47) 11(39) 

Urban - - 5(33) 11(39) 

Suburban - - 3(20) 6(22) 

Total - 08(100) 15(100) 28(100) 

08 43 

 
 
 

   
      Table 4.36: Serum vitamin D deficient and insufficient level of subclinical 

        rickets cases.  

  
Groups Boys Girls 

Insufficient 
(nmol/l)Mean±SD 

Insufficient 
(nmol/l)Mean±SD 

Deficient 
(nmol/l)Mean±SD 

P value 

Rural 27±1.91 26.45±1.92 19.25±1.04 0.0000 

Urban 33.4±1.14 28.91±2.59 -  
Suburban 38.33± 1.53 33.50±3.73 -  
Total 31.40± 4.87 28.93±3.68 19.25±1.04 0.0000 
 

P value 
R&U(0.0000) 
U &SU(0.017) 

R & SU(0.0006) 

R & U(0.021) 
U &SU(0.031) 
R &SU(0.0049) 
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       Table 4.37:  Abnormal parameters in vitamin D deficiency & insufficiency cases.  

 
Groups Gender Vitamin-D 

(%) 
Calcium 

(%) 
Phosphorus 

(%) 
ALP 
(%) 

 
Vitamin D 

Insufficiency 
 

Boys 15 
(100) 

08 
(53.33) 

03 
(20) 

11 
(73.33) 

Girls 28 
(100) 

13 
(46.42) 

08 
(28.57) 

18 
(64.28) 

 43 21 11 29 

Vitamin D 
Deficiency 

 
Girls 

08 
(100) 

07 
(87.5)  

02 
(25) 

08 
(100) 

8 7 2 8 

Total 
(%) 

51 
(100) 

28 
(55) 

13 
(24) 

37 
(73) 

 
 

 
 

 
        Table 4.38: Area wise biochemical abnormal parameters in sub clinical rickets.  

         

Area Vitamin D Calcium Phosphorus ALP 

Boys Girls Boys Girls Boys Girls Boys Girls 

Rural 
n=26 

7 19 4 13 1 6 5 16 

26 17 7 21 

Urban 
n=16 

5 11 2 5 1 3 4 7 

16 7 4 11 

Suburban 
    n=9 

3 6 2 2 1 1 2 3 

9 4 2 5 

Total 
n=51 

15 36 8 20 3 10 11 26 

51(100) 28(55) 13(24) 37(73) 
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The sub clinical boys and girls were divided into different age groups of, 11 – 12, 

>12 – 13, >13 – 14, >14 – 15 and >15-16 years. Occurrences of deficiency and 

insufficiency of vitamin D level was seen more in girls 33(92%) having age >13 to 

≤16 years (higher age) but only 3(08%) having age ≥11 to ≤13 years (lower age). 

Vitamin D deficiency & insufficiency was not found in boys of higher age group 

(>13 to ≤16 years), but all of 15(100%) cases were present in lower age group (≥11 

to ≤13 years) (Table: 4.39, Figure: 4.43). 

 

In boys subclinical rickets cases, 11(73%) was having age ≥11 - ≤12 years and 

4(27%) of >12 - ≤13 years. Among sub clinical rickets cases of girls, 1(3%) was 

found in age ≥11 - ≤12 years, 2(6%) in >12 - ≤13 years, 7(19%) having >13 - ≤14 

years, 10(28%) in age >14 - ≤15 years and 16(42%) was present in age group of >15 

to ≤16 years (Table: 4.39, Figure: 4.43).   All 15(100%) boys cases of low vitamin D 

status were found in lower age group (11-≤13) and none of the boy had low 

vitamin D level (<50 nmol/l) in higher age group(>13-≤16). In girls, 3(8%) had low 

vitamin D level (<50 nmol/l) of age ≥11 to ≤13 years and 33(92%) of age >13-≤16. 

Frequency of girl’s cases in higher age group was found significantly more as 

compared to lower age groups.  Over all 18(35%) cases of both gender were 

suffered in low vitamin D level of lower (11-≤13) and 33(65%) of higher age group 

(>13-≤16) (Table, 4.39). 

 

Geographically, 06 (05 boys & 01 girl) subclinical cases were found in age group of 

≥11 - ≤12 years, 04 (02 boys & 02 girls) of >12 - ≤13, 04 (04 girls) of >13 - ≤14, 04 (04 

girls) of >14 - ≤15 and 08 (08 girls) of >15 - ≤16 years from rural area. In ≥11 - ≤12 

age group, the contribution of urban cases was 04(04 boys), in age of >12 – ≤13 

subclinical rickets was 01(01 boy), for >13 - ≤14 age group it was found in 02(02 

girls), for >14 - ≤15 it was 04(04 girls) and 05(05 girls) in >15 - ≤16 years age group. 

Subclinical rickets cases from suburban area were present in 02(02 boys) of ≥11 - 

≤12 year’s age group, 01(boy) of age group >12 - ≤13, 01(01 girl) in >13 - ≤14,  
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2(girls) in >14 - ≤15 age group and   03 girls in >15 - ≤16 year’s age group of sub 

clinical rickets (Table: 4.40, Figure: 4.44-46). Area wise daily intake of higher age 

group of rural girls was 28.50±2.76 iu, urban 27.27±1.19 iu and suburban 

28.33±2.42 iu with no significant differences (>0.050) (Table: 4.41). Overall daily 

intake of vitamin D in lower age group was 25.00±3.61iu and 28.06±2.29 iu in 

higher age group of girls with no significant differences (>0.050) (Table: 4.42). 

  

Area wise serum vitamin D level of higher age group of rural girls was 22.31±3.26 

nmol/l, urban 28.91±2.59 nmol/l and suburban 33.50±3.73 nmol/l with significant 

difference (<0.050) (Table: 4.43). 

 

Vitamin D level in girls of age ≥11 - ≤12 years was 29nmol/l, in >12 - ≤13, it was 

29.50±0.70 nmol/l, 29±5.16 nmol/l for >13 - ≤14 age group, in >14 - ≤15 it was 

found 28.10±4.86nmol/l and observed 24.50±5.34 nmol/l in >15 - ≤16 years. 

Vitamin D level was noted 30.82±4.69 nmol/l of ≥11 - ≤12 years & 33±5.72 nmol/l 

in >12 - ≤13 years age group of subclinical boys. Lowest level of vitamin D was 

found 24.50±5.34 nmol/l in girls of 15-16 years and 30.82±4.69 nmol/l in boys’ of 

age 11-12 years. Serum vitamin D level of girls in lower age (11-≤13) was noted 

29.33±0.57 nmol/l and 26.54±5.40 nmol/l in higher age group (>13-≤16) with 

significant difference (<0.050) (Table, 4.44).   
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             Figure 4.43: Vitamin D level of different age groups of girls & boys in   
              subclinical rickets. 
 

 
             
             Figure 4.44: Vitamin D level of rural girls & boys with subclinical rickets 
             in different age groups. 
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            Figure 4.45: Vitamin D level of urban girls & boys with subclinical rickets 
            in different age groups. 

 

 

 

 
 
             Figure 4.46: Vitamin D level of suburban girls & boys with subclinical     
             rickets in different age groups. 
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                          Table 4.39:  Gender & age wise   occurrence of cases with vitamin D level <50   

                           nmol/l. 
 

 

Gender/age 

11-≤13 >13-≤16  

Total 11-12 12-13 13-14 14-15 15-16 

Boys 11(73) 4(27) - - -  

15 Total 15 - 

Girls 1(3) 2(6) 7(19) 10(28) 16(44)  

36 Total 3 33 

Boys & Girls 18(35) 33(65) 51(100) 

 

 
 

 

                          Table 4.40:   Area wise occurrence of cases with vitamin D level <50   nmol/l. 

 

 

Gender/age 

11-≤13 >13-≤16  

Total 11-12 12-13 13-14 14-15 15-16 

B
o

y
s 

Rural 5 2 - - - 07 

Urban 4 1 -   05 

Suburban 2 1    03 

G
ir

ls
 Rural 1 2 4 4 5 19 

Urban - - 2 4 5 11 

Suburban - - 1 2 3 06 
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     Table 4.41:   Area wise daily intake of vitamin D in cases with vitamin D level 

     <50 nmol/l. 

 

 

                    Table 4.42:  Daily intake of vitamin D in total cases with vitamin D level <50 

                    nmol/l.  

               
 

 

G
en

d
er

 

    
Area 

11-≤13 >13-≤16 

11-12 12-13 13-14 14-15 15-16 

B
o

y
s 

 

Rural 26.00±2.74 29.00±0.00 - - - 

26.86±2.67    

Urban 28.00±1.41 30.00±0.00 - - - 

28.4±1.52    

Suburban 27.50±2.12 28.00±0.00 - - - 

27.67±1.53    

P value 0.50 - - - 

G
ir

ls
 

Rural 22.00±0.00 26.50±3.54 27.25±2.63 28.00±0.816 28.86±3.24 

 25±3.61 28.50±2.76 

Urban - - 26.50±0.707 27.50±1.29 27.40±1.34 

   27.27±1.19 

Suburban - - 24.00±0.00 28.50±2.12 29.667±0.577 

   28.33±2.42 

P value - - 0.38 

 

Gender 

11-≤13 >13-≤16  

P value 11-12 12-13 13-14 14-15 15-16 

Boys 27.00±2.23 29.00±0.81 - - - 0.026 

Total 27.53±2.13 - - 

Girls 22±0.00 26.50±3.54 26.57±2.2
2 

27.90±1.19 28.81±2.58 - 

Total 25.00±3.61 28.06±2.29 0.29 

P value 0.36 - - 
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                     Table 4.43:  Area wise vitamin D level in cases with vitamin D level <50 nmol/l.  

 
 

    
    

              Table 4.44:  Serum vitamin D level <50 nmol/l of boys and girls students. 

 

 

Gender 

              11-≤13 >13-≤16  

P value 11-12 12-13 13-14 14-15 15-16 

Boys 

 

30.82±4.69 33.00± 5.72 - - - 0.53 

31.40±4.87 - - 

Girls 29±0.00 29.50±0.70 29.00±5.16 28.10±4.86 24.50±5.34 - 

29.33±0.57 26.54±5.40 0.0087 

P value 0.13 - - 

 
 

 
 
 

G
en

d
er

  
Area 

11-≤13 >13-≤16 

11-12 
 

12-13 13-14 14-15 
 

15-16 
 

B
o

y
s 

 

Rural 26.40±1.67 28.50±2.12 - - - 

27±1.91    

Urban 33.00± 0.816 35.00±0.00 - - - 

33.4±1.14    

Suburban 37.50±0.707 40.00±0.00 - - - 

38.33±1.53    

P value 0.0000    

  G
ir

ls
 

Rural 29±0.00 29.50±0.707 25.50± 0.577 23.75±3.20 20.00±2.268 

29.33±0.58 22.31±3.26 

Urban - - 31.00±1.41 30.00±2.94 27.20±1.64 

  28.91±2.59 

Suburban - - 39.00±0.00 33.00±4.24 32.00±2.65 

  33.50±3.73 

P value - - 0.0000 
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         Table 4.45:  Impact of sun shine on serum vitamin D in areas of different levels   

           of sunlight. 
 

Parameters 
 

Rural* 
(n=26) 

Urban** 
(n=16) 

Suburban*** 
(n=09) 

P value 
 

Girls  
23.42±3.98 

 
28.91±2.59 

 
33.50±3.73 

 
<0.05 Serum Vitamin D 

Intake Vitamin D 27.95±3.08 27.27± 1.19 28.33±2.42 >0.05 
Boys  

27±1.91 
 

33.4±1.14 
 

38.33±1.53 
 

<0.05 Serum Vitamin D 

Intake Vitamin D 26.86±2.67 28.4±1.52 27.67±1.53 >0.05 

   * Low, ** moderate, ***high 

 
 
 
 

 
          Table 4.46:  Comparison of subclinical serum vitamin D level in girls and boys. 

 

Parameters Gender Rural Urban Suburban P value 
 

Serum 
Vitamin D 
(nmol/l) 

Boys (n=15) 27±1.91 33.4±1.14 38.33±1.53 <0.05 

Girls(n=36) 23.42±3.98 28.91±2.59 33.50±3.73 <0.05 

P value <0.05 <0.05 <0.05  

Intake 
Vitamin D 

(iu) 

Boys(n=15) 26.86±2.67 28.4±1.52 27.67±1.53 >0.05 

Girls(n=36) 27.95±3.08 27.27± 1.19 28.33±2.42 >0.05 

P value >0.05 >0.05 >0.05  
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           Subclinical serum vitamin D level is related to sun lights. Sun shine is noted in 

different areas in sequence of, rural<urban<suburban. Low sun shine in rural as 

compared to other areas is due to environmental uncertainty, cooled & cloudy 

climate and mountainous places. In rural areas many houses are at the bottom of 

hills resulting in transient sunlight duration as well as early sun set. In the light of 

observation “reasons of low vitamin D in the blood", the number of cases having 

low vitamin D level were found greater in number in rural areas than that of the 

urban and suburban area.  

 

          The factor effecting the rural areas' population is probably the climate of those 

areas. As the atmosphere of those areas is often not clear, clouds seem to be 

wandering there all the daylong and sun shines there rarely. Because of these 

clouds and lack of sunlight the low vitamin D level in blood seems to have greater 

in rural areas and this is why most of cases we found in rural area. Average 

vitamin D level in affected cases also seemed low in rural areas as compared to the 

affected cases of urban and sub-urban areas.  

 

          The factors seemed to have affecting the vitamin D level is the environment of area 

as mentioned above. Along with cloudy weather, there are other reasons as well, 

such as; those people live on distant hillsides where sun shines but rarely. The 

houses of these people are constructed in the steeps where the light of the sun 

doesn't reach. Moreover, the structure of the houses is of such a type that the 

beams of the sun don't get in if there is any sun out there.  

 

          The setting of the sun is also a problem out there as it sets earlier because of high 

mountains as compared to the urban areas. Direct impact of sunshine on 

subclinical cases in different areas is demonstrated by different serum vitamin D 

level (Table, 4.45).  
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Culture and unawareness about the beneficiary action of sunlight also affect its    

availability. Lack of concept about sun exposure to skin, and get sun exposure 

when they fully clothed. Girls remain in door, go out when they fully wrapped in 

Pardah and usually they are banned from out home activities. 

 

Number of girls having low vitamin D level was also greater than boys. There is a 

cultural and traditional reason behind this as girls are supposed to cover their 

bodies and not let any man see even a single part of their bodies so they dresses 

they wear cover their whole bodies because of which they are found more 

deficient in vitamin D level as compared to boys. Moreover, most of their time is 

spent at home. 

 

Even if they have to come out for any kind of business to perform, they are totally 

veiled which leads to a deficiency in vitamin D level as they don't get any benefit 

of sunlight. Impact of lack or less sun exposure is clearly observed in subclinical 

girl’s cases (Table, 4.46).  
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DISCUSSIONS 

Before this study, no pre planned study has been conducted anywhere and also no 

published data is available on sub clinical rickets among boys and girls adolescents, 

especially in Pakistan. Although some of studies from other countries regarding 

clinical rickets are present, but no study or research data about sub clinical Rickets 

is available. 

   

This study demonstrated that our populations are at great risk for sub clinical 

rickets. It is pointed out that, this is a major health problem of this area with 

prevalence rate of 27% among school students having age 11-16 years.  

 

 Incidentally cases found in Korean infants having age 8 months, the prevalence 

rate were 8(66%) out of twelve (Ji-Young et al; 2008), 7(15%) out of 44, were found in 

South African infants (Pettifor et al., 1980).   

 

Our study revealed that subclinical rickets is present in 51(27%) cases, out of which 

15 (8%) were boys and 36 (19%) girls adolescents. 

 

Geographical survey highlights that although sub clinical rickets is present among 

adolescent in groups of all three locations, the  rural, urban and suburban, but the 

major contribution from students 26(51%)  of rural school. Greater risk of 

developing rickets in this area most probably due to limited sun shins as compared 

to urban and suburban locality.  

 

Our observation is different from other studies regarding geographical distribution 

of cases. Majority of rickets cases were found in urban locality, a study conducted 

in Van city of Turkey (Abdurrahman et al., 2010) & same observation about rickets 

in urban cases has been reported in another study (Zeghoud et al., 1995). 
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According to our observation and feedback taken from the population of particular 

area, the sun shine and its availability was seen in the sequence of, suburban > 

urban > rural area. In rural locality the availability and beneficiary concept of sun 

shine is low as compared to other area group. Due to this reason the higher level of 

vitamin D was seen more in both gender of suburban territory as compared to 

urban and rural with significant difference.  

 

Low sun rays are noted in rural areas due to environmental impact, where 

students use traditional dress (covering of full boy). That’s why very low level of 

vitamin D was found in rural adolescents having sub clinical rickets than urban 

and sub urban groups. 

 

The present data highlights that, in girls the vitamin D deficiency (<25 nmol/l) 

present in 08(16%) and insufficiency of vitamin D (≥25-≤50 nmol/l) in 28 (65%).  

Sukru et al., (2005) reported in his study that vitamin D deficiency was found in 

21% & insufficiency of 43.8 % girls. Study from Turkey reveled that vitamin D 

deficiency & insufficiency determined in 4% & 10.3% respectively (Abdurrahman 

et al., 2010). 

 

In this study low level of vitamin D either deficient or insufficient was found in 

51(27%) sub clinical rickets cases. A study conducted on girls in Tehran regarding 

asymptomatic rickets, out of 11% rickets cases 29(7%) had normal vitamin D level 

and 15(4%) with low level (Dahifar et al., 2007). A study conducted in England, 

where 14% of total had low level of vitamin D (Margilof et al., 2001). 

 

Recommended daily dietary allowances of vitamin D 10 µg (400 IU), calcium 1200 

mg and phosphorus 1200 mg adjusted for the age of 11 to 18 years (Herbert et al., 

1995). In present study it was estimated that all participants were taking almost 

similar quantity of each nutrient on daily basis (less then recommendation). 
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But low serum vitamin D level was observed through biochemical analysis in sub 

clinical cases. The difference in serum vitamin D status might be due to less 

amount of daily intake of vitamin D and unavailability of sun rays action. A 

common source of vitamin D synthesis in human being is a sun light 

(Bhattacharyya, 1992). Other study related  the lower level in vitamin D  to more 

bread uses on daily life, which contains phytate that interfere with vitamin D 

metabolites (Clements, 1989). Poor sun exposure is not a major cause of low 

vitamin D level (Abdurrahman et al., 2010). 

 

In Asian populations, low vitamin D level might be due to high content of phytate 

and lack of vitamin D in their foods. (Robertson et al., 1977). Very low blood 

vitamin D concentration found in cases who were taking vitamin D less than 200 iu 

in their food on daily basis (Margilof et al., 2001).  

 

In our study it has been seen that rural school students have low serum calcium as 

compared to urban and suburban school students, despite of same daily intake of 

calcium in rural population as in urban & suburban students. This low level of 

serum calcium in rural adolescents might be the reason of lower vitamin D status 

or lack of synergistic effect of vitamin D. Lower vitamin D level was observed 

during our survey, which is considered as the major marker among all affected 

adolescents having sub clinical rickets.  

 

Due to Hypovitminosis D calcium absorption is affected and may cause impaired 

mineralization of osteoid (Stephen et al., 1982). Low vitamin D level is mainly due 

to daily more uses of bread, containing phytate which interferes with vitamin D 

metabolites. (Clements, 1989), which also reduces the absorption of calcium 

(Pettifor et al., 1978).  

 

 

 



 

 92 

Sub clinical Rickets among Adolescents 

 
In present study, the low level of calcium was found in 54.90%, phosphorus 

25.49% and high alkaline phosphates 72.54 % in all sub clinical cases with low 

vitamin D level. Study from Tehran, 7% asymptomatic girls was having normal 

vitamin D level but hypocalcemia or normocalcemia with high alkaline 

phosphatase (Dahifar et al., 2006). Similar results were found in African and 

Bangladeshian studies (Thacher et al., 1997 & Fischer et al., 1999).  

 

Measurement of blood 25-OHD value and X-rays of the wrist is most accurate 

way to confirm rickets cases, but the determination of serum calcium, 

phosphorus, and alkaline phosphatase level is not too much important (Pettifor, 

1980). In one study, alkaline phosphatase status was declared the best way to 

investigate asymptomatic affected cases of infants (Joiner et al., 2000). The level of 

alkaline phosphatase is not related to the presence of rickety changes. 

Radiological proved cases of only 41% had increased alkaline phosphatase level 

(Geol et al., 1976).  

 

A study conducted on South African infants showed that, radiological changes of 

wrist were present in 7(16%) but only cases had raised alkaline phosphatase level. 

Vitamin D serum level 8.4 ng/ml considered for radiological changes and no 

rickets abnormalities was seen in cases with vitamin D level 30.6 ng/ml (Pettifor 

et al., 1980). An elevated alkaline phosphatase level is a best indicator of rickets 

(Lancet; 1971 & Preece et al., 1973).  Edinburgh study reveled, that alkaline 

phosphatase must be estimated with other parameters to find rickets cases 

(O’hare et al., 1984).  

 

Dahifar et al., (2006) found in his study that, only 8(01%) girls had increased 

alkaline phosphatase level with low calcium along with normal phosphorus level. 

High alkaline phosphatase level was found in 9 patients with normal phosphorus 

and low calcium in two cases (Pettifor et al., 1978).  High alkaline phosphates with  
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low calcium were estimated in Saudi Arabian study (Al-Jurrayan et al., 2002). 

High alkaline phosphatase was found in all rickets patients (Geol et al., 1976). 

Sukru et al., (2005) concluded that none of the cases had low calcium and high 

alkaline phosphatase level in vitamin D deficiency or insufficiency cases. A study 

on girls in Tehran shows that, 29(66%) asymptomatic cases had elevated alkaline 

phosphatase with normal vitamin D level and 15(34%) of normal alkaline 

phosphatase in low vitamin D status (Dahifar, 2007). Pettifor et al., (2008) found 

that 30 nmol/l level of 25-(hydroxy) D in all infants had rickets. An elevated 

alkaline phosphate is reported as a major tool for vitamin D deficiency cases (Jean, 

2004). 

 

 A study conducted in Saudi Arabia pointed out that high alkaline phosphatase 

level found in cases with low vitamin D status (Al-Jurrayan, 2002).  In 

symptomatic rickets high alkaline phosphatase was found among African and 

Asian children in different studies with normal or low calcium level (Smith, 1982 

& Okonofua et al., 1991). Joiner et al., (2000) suggested that the rickets cases should 

be confirmed by measuring alkaline phosphatase activity. 

 

The present data evaluated that, 72.54% sub clinical rickets cases had increased 

alkaline phosphatase, 54.90% low calcium and low phosphorus level in 25.49% 

with vitamin D level either insufficient or deficient. High alkaline phosphates 

level noted in 76% cases with low calcium and in 27% cases of low phosphorus. 

 

A study on girls in Tehran the alkaline phosphates level was observed high in 29 

cases, calcium in 8 cases and phosphorus level was noted normal in all (Dahifar et 

al., 2006). Raised level of alkaline phosphatase was found in 90% rickets patients 

with low vitamin D and calcium level, out of which only 43% cases were of low 

phosphorus (Narchi et al., 2001).   
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Our study revealed that, although parathyroid hormone level increased in 

subclinical rickets cases but it is not exceeded above upper limit. This might be 

due to the reasons that phosphorus level is not significant different from normal 

range and not too much low, absence of persistent low vitamin D level for long 

time or vitamin D level is not very less which enhances the parathyroid 

hormone level too much high or from upper normal range. It was observed in 

15(3.63%)  out of 414, that all adolescent girls having low level of vitamin D and 

high parathyroid hormone but hypocalcaemia was seen in 4, hypophasphatemia 

in 5, raised alkaline phosphatase in 13 (Dahifar et al., 2006). 

  

Due to deficiency of vitamin D, the absorption of calcium is decrease and 

resultant increase in hormonal level of parathyroid (Hutchinson & Hall; 1984). A 

study conducted in Korea revealed that, out of 12 breast feed infants, vitamin D 

level of <50 nmol/l was found in 75%, vitamin D observed 50–72.5 nmol/l in 

25% and high alkaline phosphatase & parathyroid hormone level noted in all 

cases (Sin Young et al., 2007). No clinical & biochemical evidence of rickets was 

found in a study with vitamin D insufficiency & deficiency status (Sukru et al., 

2005).  Weak relation of low vitamin D level was observed with radiological 

findings (Abdul et al., 1985).  

 

Positive relation was observed between low vitamin D and PTH (Harkness et al., 

2005). Different studies highlighted that, Increase in PTH level was related with 

low vitamin D concentration (Guillemant et al., 1995 & 1998). Studies on adults 

showed that a decrease in vitamin D level less than 37.5nmol/l responsible for 

increases in PTH level (Lips et al., 1988 & Gloth et al., 1995). 

 

In study on breast fed infants, eight cases of rickets diagnosed incidentally with 

25(OH) vitamin D level of 29.6 ng/ml, 1, 25-dihydroxyvitamin D 82.4 pg/ml, 

calcium 9.5 mg/dl, phosphorus 3.6 mg/dl, alkaline phosphatase  
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1995.8 U/l and parathyroid hormone level was 214.8 pg/ml. All cases had 

radiological abnormalities but only two showed growth failure (Ji-Young et al., 

2008). In another study more sever Hypovitminosis D along with low calcium 

was not responsible for high PTH (Sima et al., 2003). Finnish study on girl’s age 

14–16 years found that serum vitamin D level of <40 nmol/l was responsible for 

the increased level of parathyroid hormone (Outila et al., 2001). PTH level 

increased from upper normal limit in adolescents had vitamin D level less than 3 

ng/ml (Zeghoud et al., 1995). There was no correlation noted between vitamin D 

and PTH (Abdurrahman et al., 2010). In one study reported on fifty eight 

adolescents, out of which seventeen cases had deficient level of vitamin D (< 

20ng/ml) with no elevation of parathyroid hormone (> 65ng/ml) (Landers et al., 

2009). Inverse relation was observed between 25(OH) D and parathyroid 

hormone (Guillement, 1995) 

 

A Study on clinical rickets revealed that parathyroid hormone level elevated 

significantly from above normal limits (Narchi, 2001). Vitamin D level <9 ng/dl 

level (Marwaha, 2009) and <5 ng/ml was considered for the elevation of 

parathyroid hormone (Parfitt, 1998 & Lips, 2001). Studies conducted in Turkey 

revealed that, hormonal level of parathyroid was not related with vitamin D level 

of vitamin D (Abdurrahman et al., 2010 & Sukru et al., 2005). No elevated PTH 

concentration was noted in study on obese adolescents with 25 (OH) D 

deficiencies (Lenders, 2009) 

 

Observation in present study found that although PTH level increased with 

decreased of vitamin D level but no significantly differences observed in PTH 

concentration of subclinical rickets and normal cases (>0.05). Our observation 

regarding no sign and symptoms of rickets are due to non elevation of PTH level 

from upper limits. Consequently the pumping activity of this hormone  
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on bone is not present. This might be happened as a result of phosphorus serum 

level which is found with non significant difference among normal and 

subclinical rickets cases or vitamin D level is not too much low. In vitamin D 

deficiency cases, normal level of phosphorus found in all (Sedrani, 1984) and 

twelve out of twenty one in another study (Narchi, 2001).  

 

In our study phosphorus level found within normal range in all sub clinical 

cases except thirteen with no significant difference (>0.05). Too much low serum 

concentration of vitamin D, calcium and sun exposure is not related to the 

symptoms of rickets (Aisha et al., 2007).  Non specific pain of limbs was observed 

due to very high parathyroid hormonal level above reference range (Das et al., 

2006).  

 

In our study interestingly all the sub clinical cases of rickets had no clinical signs 

and symptoms of rickets despite of biochemical evidence of rickets. This might 

be due to the reasons that it depend upon the severity, consistency and duration 

of secondary hyperthyroidism. Our statements are the mirror image of present 

observation in which the level of parathyroid hormone is not elevated from 

upper normal limit despite of increased in level than those cases in which none 

of biochemical abnormalities of rickets occurred.  

 

Other studies regarding clinical rickets shows that adolescents complain like 

pain in limb, weak muscles,  discomfortance in walking and had fault in lower 

limb with very low level of vitamin D and parathyroid hormone was measured 

too much high from upper normal limits and few are with radiological 

symptoms (Ladhani et al., & Crocombe et al., 2004). Low vitamin D level is 

related to less intake of calcium intake and low sun exposure (Balasubramanium 

et al., 2003). Vitamin D deficiency occurs due to vitamin D taken in food less than  

 

 



 

 97 

Sub clinical Rickets among Adolescents 

 
200IU amount (Margiloff et al., 2001).  Low intake of calcium and vitamin D in 

food are cause of vitamin D insufficiency, Inspite of sufficient intake of calcium 

(Gloth et al., 1995). Level of vitamin D does not depend on socioeconomic status 

of individual (Linhares et al., 1984).  All of the adolescents in present study with 

normal & abnormal biochemical finding were taking less than required vitamin 

D amount in their foods. No differences were observed among all the groups for 

daily intakes regarding vitamin D (>0.05). Resultantly it is pointed out that less 

synthesis of vitamin D in adolescents by natural phenomena due to limited sun 

shine is responsible for low vitamin D level. All participants of this study were 

taking less intake of vitamin D than recommended level, but biochemical 

abnormalities were seen only in sub clinical cases which are contributed to 

difference in availability of sun light and exposure to sun shine. Normal calcium 

level is achieved through its proper absorption from foods by normal vitamin D 

concentration. In the absence of acceptable amount of vitamin D, the absorption 

of calcium is disturbed and consequently its level falls.  

 

Change in the serum level of biochemical parameters were not dependent on 

age, sex, no matter what’s their religion and cast (Foard et al., 1976). A study 

conducted in France showed that age and gender had no impact on vitamin D 

concentration in the blood (Chapuy et al., 1997). Prevalence of vitamin D 

deficiencies increased with age in both male and female (Sean et al., 2008). Serum 

vitamin D deficiency is a common problem of all age groups and gender from 

India, other countries of South and East Asia and different parts in the 

world(Lips,2001;Marwaha et al,2005;  Harinarayan,2009).Present data shows that 

the number of cases with low vitamin D level (<50 nmol/l) was consistently 

increased in girls and decreased in boys with the increase in their ages. Serum 

vitamin D level was found significantly low in higher age group of girls than 

lower age group. Among both gender of low  
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vitamin D status, high frequency of cases and average lowest serum vitamin D 

level was noted  in the girls of age group >15-≤16 years. Relation of low vitamin D 

level with age and sex along with sunshine and nutritional factors might not be 

under estimated. In Quebec study, it was found that the Prevalence of vitamin D 

deficiencies increased with age in both male and female(Sean et al,2008).,One 

study in girls aged 4-8 years reported an inverse relation between age and 

25(OH)D concentrations in blacks but not in whites(Stein et al,2006). Study on 

school children showed that during both seasons, girls had lower vitamin D levels 

than boys (El-Hajj et al, 2001). 

 

Age and season were the most important determinants for Serum 25-OHD 

concentration (Holmlund-Suila et al, 2013).Previously noted lower vitamin D 

status with increasing age in children with steroid sensitive nephrotic syndrome 

and in the healthy comparison group (Weng et al, 2005). 

 

In our study it is observed that vitamin D level in majority of cases decrease with 

increase of age in girls and opposite relation was seen in boys. This might be due 

to the fact that in older age, outdoor physical activity and maximum exposure to 

sun light is much more in boys as compared to girls. That’s why prevalence of 

subclinical rickets cases in boy’s decreases with increase in age but it increases in 

girls with increase in their age.  

Our observation regarding signs and symptoms of rickets cases might be due to, 

a) Very low and long term vitamin D deficiency. 

b)   Significantly very high level of PTH and its pumping action on bone.  

c)    Very low calcium and phosphorus level. 

         d)   Very high level of alkaline phosphatase. 

 
 
 

 
 



 

 99 

Sub clinical Rickets among Adolescents 

 
CONCLUSIONS  

Nutritional deficiencies are common problem in Hazara division of Pakistan, 

where majority of people belong to poor socio-economic position and taking of 

balanced diet as per recommendation and mandatory foods fortification are not 

in daily use due to unawareness.   

 

Subclinical rickets is camouflagic rickets among school students of Hazara.  Al 

though this problem seen in both genders but girls is more affected. Lack of 

synergistic effects of sunshine vitamin D and nutritional intakes are major causes 

for the occurrence of this problem.  

 

Nutritional Insufficiency & synergistically lack of beneficiary action of sunshine 

are contributing factors for the emergence of sub clinical rickets among 

adolescents in this area. The limited and non beneficiary action of sun lights 

attributed to climatic uncertainty and traditional factors. 

 

Low vitamin D status is a potentially serious public health problem among 

school students of this area. Along with sunshine and nutritional factors, the age 

and sex might be contributing factors in the occurrence of low vitamin D status. 

Vitamin D level might also be affected by unavailability and avoiding of sunlight 

due to environmental and climatic as well as social and traditional factors. 

 

Biochemical low serum level of vitamin D is most prominent laboratory tool for 

the confirmation of subclinical rickets. Biochemical abnormalities like vitamin D, 

calcium, phosphorus, alkaline phosphatase and parathyroid hormone level are 

interlinked with each other. Clinical evidence of rickets was absent in all sub 

clinical cases despite the abnormal biochemical findings. This might be due to 

facts that severity and duration of abnormal biochemical finding may lead to 

clinical rickets after several months.  
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 Present study highlights that most school’s student in this region who appears 

normal could have subclinical rickets. This study reflects that the sub clinical 

rickets are more common among adolescents, commonly in girls. Geographically 

adolescents belong to rural areas are more affected than urban & suburban, 

because the mentioned factors for sub clinical rickets are more common in rural 

area as compared to urban & suburban. 

 

In Rural area majority of the houses and schools are located in between huge 

mountains (valley), where sun light cannot reach and they live there throughout 

the year without migration to other areas, so synthesis of vitamin D is affected 

more by living status & life styles also.  The concerned problem in urban student 

is due to types of school buildings and houses where the sun light is not properly 

availed. On the other hand in suburban locality, comparatively the sun shine is 

more but due to limitation of outdoor activities, social, cultural and traditional 

manner to keep them away from the advantages of sun rays.  

 

Environmental and climatic factors also affect the synthesis of vitamin D. These 

factors include long winter duration & short days, snow, rain, cold breeze, 

clouded sky and climatic uncertainty. Social factors like living style, traditional 

dress of boys (cap, chadder, moufler, hot clothes with coat or sweater) and use of 

gloves in girls & covering full body by chadder or burka.   

 

This study has given us evidence that the chance of sub clinical rickets among 

adolescents might be more common in this area especially in winter season. There 

are certain factors affecting the students in this season include the short duration 

of days, use of warm dresses covering the whole body due to intense cold. Almost 

all the students go to school before rising of sun and spend  
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maximum their time inside the class room because of which they are deprived of 

sun shine. Even in vocation they remain in door and can’t get any benefit of sun 

light. It is also observed that sub clinical rickets among adolescents are due to 

insufficiency and deficiency of vitamin D in their early stage. It is suggested that 

persistent low vitamin D level may cause these harmful effects.  

 

It’s concluded that normal level of vitamin D & calcium is inversely to this 

disease. The observation we found in this study tells us that without sufficient 

level of vitamin D, the calcium and phosphorus enriched diet is not fulfilling the 

requirements.  

 
 
RECOMENDATIONS 

It is more important to diagnose rickets at early stage before clinical finding 

appears to avoid the major health threatening issues. We highlighted that vitamin 

D and calcium are the major issues of boys and girls in adolescent’s age. 

 

We suggest that government should implement health education through experts 

on schools basis for the awareness and beneficiary action of sunshine to overcome 

the pointed issue and their related problem in future.  

 

Study recommends that sub clinical rickets in adolescents is camouflagic and 

should be listed in the types of rickets. The prevalence of sub clinical rickets is 

likely to be high and screening program may be needed. 

 

In future these problems can be reduced or eradicated by enhancing the quality & 

quantity of foods containing vitamin D, calcium & phosphorus along with getting 

benefits of sunshine. 
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Appendix: II 

 

Performa used for taken characteristics of each student.       
 

DATA FORM 

                                                                                                      Serial No……… 

Name: ………………………, Father name: …………….. 

Sex: ……………., Age: ……………, Class: ……………… 

Height: ……………………, Weight: ……………………… 

School address: ………………………………………….. 

Home/hostel address: ………………………………… 

Locality:                  Rural/urban/sub urban 

Climate/weather:      Cloud/fog/snow/rain/clear 

Clothing habit: ……………………………………………… 

Traditional Dress: …………………………………………… 

Sun shine exposure/availability:    Good/moderate/poor /no 

Outdoor activity:                           Yes/No 

Suffer in any disease:                       Yes/No 

Taking any medicine:                      Yes/No 

If yes: ……………………………………………………… 

Clinical presentation/ signs/symptoms (Rickets):    Yes/No  

Socioeconomic position:                  

Daily intake foods: 

Breakfast…………………………………………………… 

Lunch………………………………………………………… 

Dinner………………………………………………………… 

Nutrients taken daily in foods (Average): 

Calcium…………………………….. 

Phosphate…………………… 

Vitamin D…………………… 
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Biochemical Finding: 

Urea……………………………… 

Creatinine………………. …… 

Calcium………………………… 

Phosphate……………………… 

Alkaline Phosphatase………… 

PTH………………………… 

25(OH) D……………………   

 

Signatures:  

School Teacher……………… 

Parents/Guardians………… 

Student……………………… 

Dated………………………… 

 

 

 

                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 119 

Sub clinical Rickets among Adolescents 

 
Appendix: III 

 
              Average height and weight in different age of boys and girls 
              (Indians, I.C.M.R; 1990). 

 
 

Age 
(years) 

Boys 
 

Girls 

Weight 
(kg) 

Height 
(inch) 

Weight 
(kg) 

Height 
(inch) 

 
11 
 

 
32.2 

 
55.11 

 
33.7 

 
55.90 

 
12 
 

        
        37 

 
57.87 

 
38.7 

 
58.26 

 
13 

 

 
40.9 

 
60.23 

 
44 

 
59.05 

 
14 

 

 
47 

 
62.99 

 
48 

 
61.02 

 
15 

 

 
52.6 

 
65.35 

 
51.5 

 
63.38 

 
16 

 

 
58 

 
67.32 

 
53 

 
63.77 
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Appendix: IV 
   
               Recommended dietary allowances for boys and girls  
               (Herbert et al; 1995). 
 

 

Age  

(years) 

 

Vitamin D 

(iu) 

 

Calcium 

(mg/dl) 

 

Phosphorus 

(mg/dl) 

 

11-14 (boys) 400 

 

1200 

 

1200 

 

15-18 (boys) 

 

400 

 

1200 

 

1200 

 

11-14 (girls) 

 

400 

 

1200 

 

1200 

 

15-18 (girls) 

 

400 

 

1200 

 

1200 
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Appendix: V 

 
             Characteristics of all included adolescent boys. 
 
 

Sample Age 
(years) 

Weight 
(kg) 

Height 
(inch) 

Location 

1 11.6 30 52 Rural 

2 12 35 55 Rural 

3 12 34 52 Rural 

4 12.5 35 55 Rural 

5 12.8 36 56 Rural 

6 13 39 54 Rural 

7 13 38 59 Rural 

8 13 39 56 Rural 

9 13 38 57 Rural 

10 13.6 39 55 Rural 

11 14 44 56 Rural 

12 14 46 59 Rural 

13 14 44 59 Rural 

14 14.5 44 61 Rural 

15 14.5 46 60 Rural 

16 15 50 61 Rural 

17 15 48 59 Rural 

18 15 50 60 Rural 

19 15 50 61 Rural 

20 15.3 49 60 Rural 

21 15.5 51 62 Rural 

22 16 53 62 Rural 

23 16 54 62 Rural 

24 16 55 62 Rural 

25 16 56 64 Rural 

26 16 55 64 Rural 

27 16 56 63 Rural 

28 11 26 50 Rural 

29 11 27 51 Rural 

30 11 26 51 Rural 

31 11.1 28 52 Rural 

32 12 29 52 Rural 

33 13 36 55 Rural 

34 12.2 32 52 Rural 

35 11.9 30 52 Urban 

36 12 33 54 Urban 

37 12.5 33 54 Urban 
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38 12.8 33 55 Urban 

39 12.9 36 55 Urban 

40 13 38 56 Urban 

41 13 39 55 Urban 

42 13.7 40 56 Urban 

43 13.7 42 56 Urban 

44 14 46 58 Urban 

45 14 48 59 Urban 

46 14 47 59 Urban 

47 14.7 46 58 Urban 

48 14.8 44 59 Urban 

49 15 48 60 Urban 

50 15 47 61 Urban 

51 15.5 50 60 Urban 

52 15.5 47 59 Urban 

53 15.7 48 60 Urban 

54 16 56 62 Urban 

55 16 53 61 Urban 

56 16 54 63 Urban 

57 16 54 63 Urban 

58 16 56 65 Urban 

59 16 58 64 Urban 

60 11.2 29 52 Urban 

61 11.5 26 51 Urban 

62 11.7 28 52 Urban 

63 12 32 53 Urban 

64 12.3 33 53 Urban 

65 11.5 31 53 Suburban 

66 12 34 55 Suburban 

67 12.4 35 54 Suburban 

68 12.7 37 55 Suburban 

69 13 38 57 Suburban 

70 13 38 56 Suburban 

71 13 39 56 Suburban 

72 13 38 58 Suburban 

73 13.4 42 57 Suburban 

74 13.5 42 58 Suburban 

75 13.6 41 59 Suburban 

76 13.6 42 58 Suburban 

77 14 46 60 Suburban 

78 14 47 58 Suburban 

79 14 48 60 Suburban 
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80 14 48 58 Suburban 

81 14.3 46 59 Suburban 

82 14.5 48 60 Suburban 

83 14.6 47 60 Suburban 

84 15 51 59 Suburban 

85 15 50 63 Suburban 

86 15.1 52 62 Suburban 

87 15.1 51 63 Suburban 

88 15.3 50 62 Suburban 

89 16 57 60 Suburban 

90 16 56 62 Suburban 

91 16 57 64 Suburban 

92 16 58 63 Suburban 

93 16 57 64 Suburban 

94 11 31 53 Suburban 

95 11 30 51 Suburban 

96 12.1 33 54 Suburban 
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                                                     Appendix: VI 

 
             Characteristics of all included adolescent girls. 
 
 

Sample Age 
(years) 

Weight 
(kg) 

Height 
(inch) 

Location 

1 11.3 28 51 Rural 

2 11.7 30 52 Rural 

3 12 33 54 Rural 

4 12 34 55 Rural 

5 12 32 54 Rural 

6 12.1 34 55 Rural 

7 12.1 37 55 Rural 

8 12.4 35 56 Rural 

9 13.1 40 56 Rural 

10 13.2 43 58 Rural 

11 14.2 44 57 Rural 

12 15 45 58 Rural 

13 15.1 49 60 Rural 

14 15.1 47 58 Rural 

15 12 31 53 Rural 

16 12.8 34 56 Rural 

17 13 36 54 Rural 

18 13.7 38 57 Rural 

19 14 43 57 Rural 

20 14 41 56 Rural 

21 14 42 57 Rural 

22 14.5 43 56 Rural 

23 14.6 43 57 Rural 

24 15 44 57 Rural 

25 15 45 59 Rural 

26 15.5 45 59 Rural 

27 15.5 47 60 Rural 

28 15.8 46 59 Rural 

29 16 47 59 Rural 

30 16 46 57 Rural 

31 16 48 58 Rural 

32 16 50 60 Rural 

33 16 49 59 Rural 

34 11.3 30 51 Urban 

35 11.5 31 53 Urban 

36 11.8 33 53 Urban 

37 12 33 56 Urban 
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38 12 34 54 Urban 

39 12.5 36 55 Urban 

40 12.5 35 56 Urban 

41 12.6 35 55 Urban 

42 12.6 37 56 Urban 

43 12.6 34 54 Urban 

44 13 42 57 Urban 

45 13.5 42 56 Urban 

46 13.5 38 57 Urban 

47 14 43 59 Urban 

48 14 44 59 Urban 

49 14.1 46 58 Urban 

50 14.2 47 59 Urban 

51 15.1 50 59 Urban 

52 16 51 60 Urban 

53 13.5 41 56 Urban 

54 13.5 39 57 Urban 

55 14.1 44 58 Urban 

56 14.4 44 57 Urban 

57 14.9 45 58 Urban 

58 15 47 57 Urban 

59 15.1 46 57 Urban 

60 15.3 45 58 Urban 

61 16 49 58 Urban 

62 16 51 60 Urban 

63 16 49 60 Urban 

64 11.2 31 53 Suburban 

65 11.2 32 53 Suburban 

66 11.3 31 54 Suburban 

67 11.5 30 52 Suburban 

68 12 34 54 Suburban 

69 12.5 37 55 Suburban 

70 12.6 37 56 Suburban 

71 12.8 36 56 Suburban 

72 12.9 39 56 Suburban 

73 13 42 56 Suburban 

74 13 43 57 Suburban 

75 13 43 56 Suburban 

76 13 43 58 Suburban 

77 13.2 44 57 Suburban 

78 13.5 43 57 Suburban 

79 13.5 43 56 Suburban 

80 13.5 44 57 Suburban 
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81 13.8 44 58 Suburban 

82 14 46 59 Suburban 

83 14.4 47 58 Suburban 

84 14.5 46 59 Suburban 

85 14.7 45 60 Suburban 

86 15.1 49 59 Suburban 

87 15.5 52 60 Suburban 

88 13.3 42 57 Suburban 

89 14.1 43 57 Suburban 

90 15 48 59 Suburban 

91 16 50 59 Suburban 

92 16 51 60 Suburban 

93 16 50 58 Suburban 
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Appendix:: VII 

 
              Amount of calcium, phosphorus & vitamin D taken in diet by all  
              boys on daily basis. 

 
Age 

(years) 
Vitamin D 

(µg) 
Calcium 
(mg/dl) 

Phosphorus 
(mg/dl) 

11.6 25 240 283 

12 31 260 290 

12 26 240 290 

12.5 30 255 305 

12.8 31 260 337 

13 26 261 310 

13 25 240 360 

13 31 260 330 

13 30 280 300 

13.6 26 250 320 

14 32 245 332 

14 30 242 340 

14 34 260 334 

14.5 33 311 350 

14.5 30 270 330 

15 29 295 375 

15 25 262 345 

15 29 265 325 

15 30 300 370 

15.3 34 315 335 

15.5 29 260 340 

16 28 245 350 

16 36 255 363 

16 25 270 355 

16 27 280 351 

16 34 300 375 

16 30 340 360 

11 22 200 250 

11 29 240 280 

11 25 260 325 

11.1 26 250 300 

12 28 255 315 

13 29 260 340 

12.2 29 266 330 

11.9 24 268 305 
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12 21 260 310 

12.5 27 250 316 

12.8 29 261 305 

12.9 28 270 300 

13 32 270 330 

13 33 290 330 

13.7 31 280 332 

13.7 30 270 340 

14 34 300 330 

14 32 305 335 

14 35 355 330 

14.7 29 300 340 

14.8 33 280 360 

15 32 290 340 

15 34 300 360 

15.5 35 315 395 

15.5 34 290 340 

15.7 28 300 350 

16 26 300 340 

16 30 290 330 

16 29 304 320 

16 31 300 335 

16 35 290 340 

16 30 305 345 

11.2 29 225 270 

11.5 26 280 305 

11.7 28 234 320 

12 29 230 260 

12.3 30 290 325 

11.5 24 268 325 

12 25 280 340 

12.4 24 275 325 

12.7 26 281 355 

13 25 290 348 

13 26 300 335 

13 26 300 347 

13 28 270 350 

13.4 27 310 338 

13.5 33 300 345 

13.6 31 315 350 

13.6 32 330 364 

14 32 310 360 

14 31 327 356 
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14 33 320 370 

14 33 315 350 

14.3 32 330 345 

14.5 33 330 349 

14.6 33 320 350 

15 34 315 360 

15 30 310 350 

15.1 33 324 335 

15.1 32 320 345 

15.3 34 318 330 

16 31 320 340 

16 36 310 330 

16 32 315 360 

16 33 325 390 

16 31 330 370 

11 26 230 310 

11 29 220 270 

12.1 28 275 312 
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Appendix VIII 

 
                           Amount of calcium, phosphorus & vitamin D taken by all girls  

                                               on daily basis. 
   

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

Age 
(years) 

Vitamin D 
(µg) 

Calcium 
(mg/dl) 

Phosphorus 
(mg/dl) 

11.3 22 250 290 

11.7 28 265 300 

12 32 264 302 

12 25 265 310 

12 34 260 305 

12.1 26 331 304 

12.1 35 334 327 

12.4 29 240 318 

13.1 30 269 315 

13.2 32 295 360 

14.2 31 317 350 

15 35 327 375 

15.1 34 335 380 

15.1 36 310 355 

12 22 248 282 

12.8 29 245 295 

13 24 260 265 

13.7 25 225 260 

14 31 312 325 

14 26 225 310 

14 27 245 305 

14.5 29 295 320 

14.6 28 253 305 

15 27 262 304 

15 28 310 320 

15.5 31 259 320 

15.5 34 280 345 

15.8 30 275 326 

16 28 272 310 

16 25 260 300 

16 29 245 325 

16 25 290 340 

16 33 315 345 

11.3 29 270 280 

11.5 27 280 265 
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11.8 24 260 273 

12 25 268 275 

12 26 282 274 

12.5 27 265 285 

12.5 28 275 286 

12.6 26 264 280 

12.6 27 260 284 

12.6 29 270 322 

13 27 280 310 

13.5 34 300 368 

13.5 28 310 379 

14 33 336 363 

14 35 340 370 

14.1 30 335 295 

14.2 29 270 376 

15.1 32 330 382 

16 36 335 336 

13.5 26 300 320 

13.5 27 291 300 

14.1 28 230 285 

14.4 26 240 300 

14.9 29 300 300 

15 27 280 285 

15.1 28 262 289 

15.3 26 255 280 

16 28 225 285 

16 26 300 298 

16 29 270 325 

11.2 30 260 295 

11.2 25 281 310 

11.3 30 287 320 

11.5 24 268 325 

12 25 280 315 

12.5 32 290 348 

12.6 34 280 317 

12.8 30 272 305 

12.9 31 300 315 

13 30 295 320 

13 32 316 342 

13 31 290 328 

13 31 310 340 

13.2 30 305 338 
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13.5 29 300 346 

13.5 29 290 327 

13.5 30 315 338 

13.8 28 320 320 

14 32 305 310 

14.4 33 310 320 

14.5 32 300 331 

14.7 32 305 320 

15.1 34 300 325 

15.5 33 325 360 

13.3 24 290 290 

14.1 30 230 300 

15 27 290 340 

16 29 230 290 

16 30 280 305 

16 30 275 280 
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                                                      Appendix: IX 
 
         Serum level of vitamin D, calcium, phosphorus, parathyroid hormone 
         and alkaline phosphatase in all included boys. 

 

Age 
(years) 

Vitamin D 
(nmol/l) 

Ca 
(mg/dl) 

Ph 
(mg/dl) 

PTH 
(pg/l) 

ALP 
(u/l) 

11.6 60 8.8 3.4 49 500 

12 62 8.9 3.3 49 440 

12 71 9 3.4 46 471 

12.5 61 8.8 3.3 41 455 

12.8 65 8.9 3.5 40 390 

13 62 8.9 3.4 42 451 

13 58 8.7 3.8 34 397 

13 62 9 3.6 39 384 

13 80 9 3.3 33 390 

13.6 60 9 3.2 40 450 

14 65 8.7 3.3 46 435 

14 65 8.8 3.3 45 430 

14 70 8.9 3.5 38 400 

14.5 62 8.9 3.4 41 390 

14.5 61 8.8 3.6 35 445 

15 70 8.7 3.5 30 410 

15 66 8.8 3.4 39 380 

15 67 8.8 3.2 43 415 

15 76 8.8 3.5 37 390 

15.3 68 8.8 3.3 35 470 

15.5 76 9.1 3.4 38 370 

16 70 8.8 3.2 37 349 

16 66 8.7 3.2 40 358 

16 65 8.8 3.3 42 395 

16 75 9 3.6 39 360 

16 79 9 3.5 39 320 

16 69 9 3.6 40 365 

11 25 8.4 3 58 680 

11 26 8.3 3.4 60 665 

11 25 8.5 3.5 56 675 

11.1 29 8.7 3.8 39 650 

12 27 8.5 3.6 45 670 

13 30 8.7 3.7 36 450 

12.2 27 8.6 3.6 47 467 

11.9 65 9 3.3 46 400 
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12 63 8.9 3.4 40 370 

12.5 66 8.8 3.3 44 360 

12.8 61 8.9 3.3 39 405 

12.9 64 8.9 3.4 36 390 

13 68 9.1 3.5 38 340 

13 67 9.2 3.6 35 320 

13.7 60 8.9 3.4 39 350 

13.7 63 9 3.4 37 336 

14 68 9.3 3.5 32 355 

14 69 9.4 3.5 34 310 

14 68 9.3 3.4 33 300 

14.7 67 9.3 3.6 33 290 

14.8 69 9.1 3.4 35 300 

15 71 9.2 3.7 34 280 

15 68 9.1 3.6 35 335 

15.5 72 9.4 3.8 35 315 

15.5 71 9.2 3.7 34 330 

15.7 73 9.3 3.9 33 298 

16 72 9.3 3.7 33 305 

16 73 9.4 3.6 34 300 

16 72 9.4 4.1 33 285 

16 70 9.5 3.9 33 325 

16 69 9.2 4 32 310 

16 70 9.5 4.2 30 260 

11.2 33 8.5 3.3 56 647 

11.5 32 8.5 3.1 60 690 

11.7 33 8.6 3.7 45 670 

12 34 8.7 3.8 38 650 

12.3 35 8.6 3.6 40 400 

11.5 62 8.7 3.4 37 395 

12 66 8.8 3.5 40 349 

12.4 64 9 3.4 39 385 

12.7 69 9.1 3.8 30 310 

13 68 9.3 3.7 29 375 

13 64 8.9 3.5 37 355 

13 63 9.2 3.8 28 330 

13 65 9.1 3.6 29 390 

13.4 67 9.3 3.4 26 390 

13.5 65 9.3 3.5 27 325 

13.6 68 9.4 3.5 24 318 

13.6 75 9.3 3.7 26 290 

14 68 9.2 3.6 24 305 

14 69 9.2 3.7 25 320 
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14 73 9.4 3.9 24 280 

14 68 9.3 3.8 27 345 

14.3 69 9.1 3.4 29 370 

14.5 70 9.4 3.6 27 300 

14.6 69 9.2 3.4 30 390 

15 68 9.2 3.5 34 347 

15 70 9 3.3 40 380 

15.1 74 9.3 3.6 29 325 

15.1 69 9.1 3.5 33 300 

15.3 68 9.1 3.7 36 325 

16 77 9.4 4.2 28 340 

16 76 9.2 3.9 25 290 

16 76 9.4 4.1 24 300 

16 73 9.3 4.2 26 330 

16 74 9.2 3.9 30 345 

11 38 8.5 3.7 51 648 

11 37 8.4 3 50 660 

12.1 40 8.9 3.6 39 400 
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                                                                Appendix: X 
 

Serum level of vitamin D, calcium, phosphorus, parathyroid hormone and   
alkaline phosphatase in all included girls. 

 
   

Age 
(years) 

Vitamin D 
(nmol/l) 

Ca 
(mg/dl) 

Ph 
(mg/dl) 

PTH 
(pg/l) 

ALP 
(u/l) 

11.3 52 8.8 3.3 58 540 

11.7 58 8.8 3.3 57 590 

12 75 9.3 3.4 20 500 

12 76 9.4 3.4 18 490 

12 54 8.8 3.3 58 520 

12.1 54 9 3.5 57 560 

12.1 73 9.1 3.5 23 470 

12.4 60 8.9 3.4 57 505 

13.1 53 8.8 3.4 56 480 

13.2 60 9.1 3.6 55 450 

14.2 56 9 3.8 55 380 

15 55 8.9 3.7 59 350 

15.1 55 9 4 57 345 

15.1 53 8.9 3.4 60 400 

12 29 8.3 3 55 675 

12.8 30 8.5 3.7 51 660 

13 29 8.6 3.1 53 655 

13.7 25 8.5 2.8 64 680 

14 26 8.6 3.7 51 400 

14 26 8.4 3 61 680 

14 25 8.6 3.6 59 650 

14.5 25 8.5 2.8 60 685 

14.6 26 8.5 2.7 63 695 

15 19 8.4 2.8 63 700 

15 25 8.6 3.9 53 580 

15.5 20 8.4 3.6 60 600 

15.5 25 8.6 4.1 50 400 

15.8 21 8.6 3.1 61 640 

16 19 8.4 3 65 670 

16 18 8.4 2.6 66 690 

16 19 8.3 3.6 60 600 

16 20 8.5 3.8 58 484 

16 18 8.4 3.9 62 490 

11.3 61 8.7 3.4 48 341 

11.5 64 8.8 3.5 49 389 
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11.8 65 8.8 3.3 48 330 

12 64 8.7 3.3 48 355 

12 63 8.8 3.3 46 320 

12.5 64 8.9 3.4 49 400 

12.5 62 8.9 3.3 48 345 

12.6 62 9 3.6 48 310 

12.6 61 9 3.6 44 300 

12.6 63 8.9 3.5 48 325 

13 62 8.9 3.5 49 390 

13.5 57 9.1 3.7 45 360 

13.5 63 9.2 3.6 39 340 

14 60 9 3.6 40 320 

14 65 9.1 3.8 37 328 

14.1 57 9.2 3.6 46 375 

14.2 61 9.1 3.5 47 350 

15.1 60 9.2 3.6 30 287 

16 56 9 3.4 47 360 

13.5 30 8.8 4 39 480 

13.5 32 8.7 3.9 45 460 

14.1 26 8.3 3.3 64 670 

14.4 30 8.5 3.5 50 650 

14.9 33 8.9 3.8 45 400 

15 31 8.6 3.4 50 675 

15.1 27 8.3 2.6 65 656 

15.3 26 8.3 2.8 65 690 

16 27 8.4 2.6 65 600 

16 30 8.9 3.9 40 400 

16 26 8.6 3.6 48 570 

11.2 64 8.8 3.4 38 450 

11.2 62 8.9 3.3 40 430 

11.3 65 9.1 3.5 40 390 

11.5 66 8.8 3.4 37 390 

12 64 8.8 3.5 40 385 

12.5 61 9.1 3.4 39 380 

12.6 63 8.9 3.3 44 450 

12.8 65 9 3.4 40 440 

12.9 68 9.3 3.7 39 450 

13 62 9.1 3.4 40 420 

13 67 9.2 3.5 40 395 

13 60 8.8 3.6 30 300 

13 61 9.1 3.7 26 400 
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13.2 64 9.2 3.5 42 400 

13.5 62 9.2 3.4 39 370 

13.5 64 9.3 3.4 42 450 

13.5 61 9.2 3.5 43 445 

13.8 61 9.2 3.3 41 400 

14 63 9.1 3.3 39 380 

14.4 63 9.2 3.6 40 360 

14.5 62 9.2 3.7 39 340 

14.7 61 9.1 3.9 40 350 

15.1 63 9.2 3.3 43 350 

15.5 60 9.1 3.6 40 320 

13.3 39 9.1 4 40 400 

14.1 30 8.3 3.4 63 690 

15 36 9 3.9 40 500 

16 29 8.2 2.6 63 690 

16 34 8.9 3.5 44 400 

16 33 8.8 3.5 54 530 
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                                                             Appendix: XI 

 
         Characteristics of girls and boys sub clinical rickets cases. 

 
Age 

(years) 
Weight 

(kg) 
Height 
(inch) 

Gender 
 

Location 

12 31 53 Girl Rural 

12.8 34 56 Girl Rural 

13 36 54 Girl Rural 

13.7 38 57 Girl Rural 

14 43 57 Girl Rural 

14 41 56 Girl Rural 

14 42 57 Girl Rural 

14.5 43 56 Girl Rural 

14.6 43 57 Girl Rural 

15 44 57 Girl Rural 

15 45 59 Girl Rural 

15.5 45 59 Girl Rural 

15.5 47 60 Girl Rural 

15.8 46 59 Girl Rural 

16 47 59 Girl Rural 

16 46 57 Girl Rural 

16 48 58 Girl Rural 

16 50 60 Girl Rural 

16 49 59 Girl Rural 

13.5 41 56 Girl Urban 

13.5 39 57 Girl Urban 

14.1 44 58 Girl Urban 

14.4 44 57 Girl Urban 

14.9 45 58 Girl Urban 

15 47 57 Girl Urban 

15.1 46 57 Girl Urban 

15.3 45 58 Girl Urban 

16 49 58 Girl Urban 

16 51 60 Girl Urban 

16 49 60 Girl Urban 

13.3 42 57 Girl Suburban 

14.1 43 57 Girl Suburban 

15 48 59 Girl Suburban 

16 50 59 Girl Suburban 

16 51 60 Girl Suburban 

16 50 58 Girl Suburban 
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11 26 50 Boys Rural 

11 27 51 Boys Rural 

11 26 51 Boys Rural 

11.1 28 52 Boys Rural 

12 29 52 Boys Rural 

13 36 55 Boys Rural 

12.2 32 52 Boys Rural 

11.2 29 52 Boys Urban 

11.5 26 51 Boys Urban 

11.7 28 52 Boys Urban 

12 32 53 Boys Urban 

12.3 33 53 Boys Urban 

11 31 53 Boys Suburban 

11 30 51 Boys Suburban 

12.1 33 54 Boys Suburban 
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Appendix: XII 

 
                                  Amount of calcium, phosphorus & vitamin D taken by sub clinical cases. 

                                                   

Age 
(years) 

Vitamin D 
(µg) 

Calcium 
(mg/dl) 

Phosphorus 
(mg/dl) 

12 22 248 282 

12.8 29 245 295 

13 24 260 265 

13.7 25 225 260 

14 31 312 325 

14 26 225 310 

14 27 245 305 

14.5 29 295 320 

14.6 28 253 305 

15 27 262 304 

15 28 310 320 

15.5 31 259 320 

15.5 34 280 345 

15.8 30 275 326 

16 28 272 310 

16 25 260 300 

16 29 245 325 

16 25 290 340 

16 33 315 345 

13.5 26 300 320 

13.5 27 291 300 

14.1 28 230 285 

14.4 26 240 300 

14.9 29 300 300 

15 27 280 285 

15.1 28 262 289 

15.3 26 255 280 

16 28 225 285 

16 26 300 298 

16 29 270 325 

13.3 24 290 290 

14.1 30 230 300 

15 27 290 340 

16 29 230 290 
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16 30 280 305 

16 30 275 280 

11 22 200 250 

11 29 240 280 

11 25 260 325 

11.1 26 250 300 

12 28 255 315 

13 29 260 340 

12.2 29 266 330 

11.2 29 225 270 

11.5 26 280 305 

11.7 28 234 320 

12 29 230 260 

12.3 30 290 325 

11 26 230 310 

11 29 220 270 

12.1 28 275 312 
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Appendix: XIII 

 
            Serum level of vitamin D, calcium, phosphorus, parathyroid hormone 
            and alkaline phosphatase in sub clinical cases. 

 

Age 
(years) 

Vitamin D 
(nmol/l) 

Ca 
(mg/dl) 

Ph 
(mg/dl) 

PTH 
(pg/l) 

ALP 
(u/l) 

12 29 8.3 3 55 675 

12.8 30 8.5 3.7 51 660 

13 29 8.6 3.1 53 655 

13.7 25 8.5 2.8 64 680 

14 26 8.6 3.7 51 400 

14 26 8.4 3 61 680 

14 25 8.6 3.6 59 650 

14.5 25 8.5 2.8 60 685 

14.6 26 8.5 2.7 63 695 

15 19 8.4 2.8 63 700 

15 25 8.6 3.9 53 580 

15.5 20 8.4 3.6 60 600 

15.5 25 8.6 4.1 50 400 

15.8 21 8.6 3.1 61 640 

16 19 8.4 3 65 670 

16 18 8.4 2.6 66 690 

16 19 8.3 3.6 60 600 

16 20 8.5 3.8 58 484 

16 18 8.4 3.9 62 490 

13.5 30 8.8 4 39 480 

13.5 32 8.7 3.9 45 460 

14.1 26 8.3 3.3 64 670 

14.4 30 8.5 3.5 50 650 

14.9 33 8.9 3.8 45 400 

15 31 8.6 3.4 50 675 

15.1 27 8.3 2.6 65 656 

15.3 26 8.3 2.8 65 690 

16 27 8.4 2.6 65 600 

16 30 8.9 3.9 40 400 

16 26 8.6 3.6 48 570 

13.3 39 9.1 4 40 400 

14.1 30 8.3 3.4 63 690 

15 36 9 3.9 40 500 
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16 29 8.2 2.6 63 690 

16 34 8.9 3.5 44 400 

16 33 8.8 3.5 54 530 

11 25 8.4 3 58 680 

11 26 8.3 3.4 60 665 

11 25 8.5 3.5 56 675 

11.1 29 8.7 3.8 39 650 

12 27 8.5 3.6 45 670 

13 30 8.7 3.7 36 450 

12.2 27 8.6 3.6 47 467 

11.2 33 8.5 3.3 56 647 

11.5 32 8.5 3.1 60 690 

11.7 33 8.6 3.7 45 670 

12 34 8.7 3.8 38 650 

12.3 35 8.6 3.6 40 400 

11 38 8.5 3.7 51 648 

11 37 8.4 3 50 660 

12.1 40 8.9 3.6 39 400 
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ABSTRACT  
Objective: The study on sub clinical rickets is unique in the sense that it has not been 

preplanned conducted anywhere especially in Pakistan. The objective of present study was 

to explore the prevalence, gender and geographical distribution of sub clinical rickets and 

their related factors among school students. Methods: Out of total participants, 189(90%) 

students were finally included in the study from rural, urban and suburban high schools of 

Hazara Division, KPK. The age of boys and girls students was 11 years to 16 years. 

Anthropometrics data along with daily intakes of meal and availability of sun shine was 

noted on record form. Sub clinical cases were diagnosed with abnormal biochemical 

findings without physical indications of rickets. Results: Sub clinical rickets was found in 

51(27%) students, out of which 15(8%) were boys and 36(19%) girls. Geographically, 26 

cases of sub clinical rickets were from rural schools, 16 of urban and 09 found in suburban 

school. All sub clinical cases had serum level of sunshine vitamin D in between ≥18nmol/l 

to ≤39 nmol/l, but none of them had parathyroid level increased from upper normal range. 

Estimated quantities of vitamin D, calcium and phosphorus in daily intakes meal of boy’s 

and girl’s student were almost same and found less than recommended amount. 

Conclusion: Sub clinical rickets is camouflagic rickets among Hazarian school students, 

especially in girl gender. The major cause contributed to this problem is lack of synergistic 

effect of Sunshine Vitamin D. KEY WORDS: Sub clinical, Camouflagic rickets, 

Hazarian school students, Physical indications, Daily meals, Synergistic effect.  
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INTRODUCTION  

Poor mineralization of bone affects the growing skeleton and may cause rickets. 

Chance of rickets is higher in adolescents due to more demand of nutrients.2 Vitamin 

D level in blood depends on its quantity received through foods and on endogenous 

synthesis in the body.3 In vitamin D deficiency cases, the serum calcium level falls 

due to impaired intestinal absorption and as a result mechanism of secondary 

hyperthyroidism takes place.4 Clinical vitamin D deficiency rickets is a widespread 

problem in children of Asian countries.5 Most of the studies were conducted about 

clinical rickets but no preplanned work has been done on sub clinical rickets 

anywhere, especially in Pakistan. Main objectives of this study were to explore the 

prevalence, gender and geographical distribution of sub clinical rickets and their 

related factors among school students.  

METHODS  
This research study was approved by ethical committee of Ayub Medical College 

Abbottabad and Hazara University Mansehra. Before commencing this study, 

permission was obtained by higher authority of education and from parents of 

students. In this study 210 boys and girls student of age 11 years to 16 years who were 

apparently normal voluntarily participated from different government school of 

Hazara Division. Students were divided into three groups, rural, urban and suburban 

on the basis of their school location and setting areas. After final screening, one 

hundred eighty nine students were included in the study who were having normal 

blood urea and creatinine level. Demographic information such as age, weight and 

height, availability of sun shine and daily intake of vitamin D, calcium and phosphorus 

were recorded on data form. Clinical examination of students was done by expert 

doctor. Blood sample was taken from each participant and serum was separated 

through centrifugation. Analysis of serum was performed to investigate the level of 

25(OH) D, calcium, phosphorus, alkaline phosphatase and parathyroid hormone. 

Minitab statistical software was used for the analysis of data. Mean value/standard 

deviation was calculated and significant differences  
(<0.05) of parameters was evaluated among the groups.  

 

Table-I: Geographical and gender wise data of study participants.  

 

 

Groups 

Boys Girls P value 

 

Numbers (%) Age(years) 

Mean±SD 

Numbers (%) Age(years) 

Mean±SD 

 

Rural 34(35.42)  13.69±1.69 33(35.48) 13.96±1.54 >0.05 

Urban 30(31.25)  13.93±1.64 30(32.26) 13.75±1.42 >0.05 

Suburban 32(33.33)  13.87±1.47 3032.26) 13.54±1.40 >0.05 

Total 96 >0.05 13.83±1.58 93  13.76±1.45 >0.05 

P value >0.05 >0.05  

 

 RESULTS  
Out of 189 participants, 96 students were boys and 93 girls with almost same ratio. 

The mean age of boys was 13.83 ±1.58 and for girls 13.76±1.45 years with no 

statistical differences (>0.05). Number of included boys and girls students with their 

ages was same in all three geographical groups (>0.05) (Table-I). Among 189 

students, sub clinical rickets cases was detected in 51(27%), out of which 15(29%)  
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boys and 36(71%) were girls. Geographically 26(51%) sub clinical cases from rural, 

16(31%) urban and 09(18%) belonged to suburban schools. The significant differences 

(0.05) (Table-II). On the other  

hand no significant difference was found regarding daily intakes of vitamin D, calcium 

and phosphorus among rural, urban and suburban sub clinical groups of similar 
 

    Table-II: Comparison of nutritional intakes by normal and sub clinical cases of different gender and groups. 

 

Groups VitaminD(IU)Mean±SD Calcium(mg) Mean±SD Phosphorus(mg)Mean±SD 

 Boys Girls Boys Girls Boys Girls 

Rural (Normal) 29.48±3.14 30.64±4.22 268.9±25.9 290.1±34.6 335.4±26.0 327.9±30.1 

Rural(Sub clinical) 26.86±2.67 27.95±3.08 247.3±22.5 267.2±27.4 305.7±31.7 310.6±23.7 

P value 0.050 0.055 0.053 0.051 0.052 0.088 

Urban (Normal) 30.48±3.55 29.05±3.44 289.7±21.7 291.1±29.8 334.3±20.1 315.9±43.5 

Urban(Sub clinical) 28.4±1.52 27.27± 1.19 251.8±30.7 268.5±28.3 296±29.50 297±14.6 

P value 0.052 0.051 0.058 0.052 0.050 0.095 

Suburban (Normal) 30.34±3.46 30.79±1.98 308.9±18.8 296±16.9 348.7±14.4 323.5±16.7 

Suburban(Sub 

clinical) 

27.67±1.53 28.33±2.42 241.7±29.3 265.8±28.4 297.3±23.7 300.8±21.1 

P value 0.070 0.061 0.060 0.054 0.066 0.050 

  Significant difference (<0.05), Non significant difference (>0.05) 

 

gender and in between different gender of similar area groups (>0.05).Vitamin D level 

noted in serum of rural girls was 23.42 nmol/l, urban 28.91 nmol/l and suburban 33.50 

nmol/l. In rural, 27 nmol/l, urban, 33.4 nmol/l and 38.33 nmol/l vitamin D level observed 

in suburban sub clinical boys. Vitamin D level is significantly low in rural and urban sub 

clinical cases as compared to suburban (0.05). Average phosphorus level in serum of all 

groups was in normal range with no significant difference (>0.05). On the other hand 

parathyroid hormone level was higher in sub clinical as compared to normal cases but non 

of all had level above normal range (>0.05) (Table-III).  

 

 DISCUSSION 
This study demonstrated that our geographical location is at great risk due to sub clinical 

rickets with prevalence rate of 27% in school students. Although this concern is present in 

student of all our territory but the major contribution is from students of rural schools 

26(51%). Study conducted in Turkey found that urban populations are more effected by 

rickets6 , the same observation was concluded by Zeghoud in his study.7 Alarming factors 

of low and poor sun rays availability was observed in rural students due to environmental 

uncertainty and traditional impacts. The present data highlighted that although this issue is 

present in students of both gender but girl’s contribution in this regard is maximum (71%). 

A study conducted in Tehran on girls show that, out of total 11% rickets cases low vitamin 

D level was seen only in 15(4%).8 Results from study which involved English population 

in England revealed that, 14% of total cases had low vitamin D level.9 Unfortunately 

Pakistani populations are not using foods fortification like many other countries. The 

socio economic status, such as family size and income of  participant were almost similar. 

Our investigation regarding vitamin D highlights that, all sub clinical cases had low 

vitamin D status. Daily proposed intake of vitamin D is 400 IU, calcium 1200 mg and 

phosphorus 1200 mg for adolescents group of age 11 to 18 years.10 In this study it was 

calculated that, all participants whether normal or with abnormal biochemical finding  
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were taking less amounts of nutrients in their daily meals. Despite of that the low 

serum vitamin D level found in sub clinical rickets cases. The difference in serum 

vitamin D value might be the lack of synergistic effects due to low intakes and 

sunshine availability. The limited sunrays  

 

contributed to environmental uncertainty and traditional impacts due to unawareness 

of its benefits among populations. The common source of vitamin D preparation in 

human being  

is sunlight.11 Asian foods contain high phytate content that affects vitamin D 

absorption.12 Other study related the low level of vitamin D with daily usage of bread 

which contain phytate13 and also reduce the absorption of calcium.14 Poor sun 

exposure is not responsible for low vitamin D.6 Our estimation recorded that, the low 

level of vitamin D present in 100%, calcium 55%, phosphorus 24% and high alkaline 

phosphatase 73% in sub clinical cases. Study on girls from Tehran shows that, 7% had 

elevated alkaline phosphatase level with normal or low calcium level but normal 

vitamin  
 

         Table-III: Comparison of serum biochemical parameters in normal and sub clinical cases of different    

         gender and groups 

Groups VitaminD(nmol/l) 

Mean±SD 

Calcium(mg.dl) 

Mean±SD 

Phosphorus(mg/dl) 

Mean±SD 

ALP (U/l) 

Mean±SD 

PTH (pg/ml) 

Mean±SD 

 Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls 
Rural (Normal) 67.06 

±6.06 

59.57 

±8.55 

8.87 

±0.11 

8.98 

±0.18 

3.40 

±0.15 

3.50 

±0.20 

407.8 

±43.0 

470 

±76.4 

39.89 

±4.57 

49.3 

±15.8 

Rural(Sub 

clinical) 

27 

±1.91 

23.42 

±3.98 

8.87 

±0.11 

8.98 

±0.18 

3.40 

±0.15 

3.50 

±0.20 

407.8 

±43.0 

470 

±76.4 

39.89 

±4.57 

49.3 

±15.8 

P value 0.0000 0.0000 0.0008 0.0000 0.33 0.13 0.0023 0.0001 0.054 0.050 

Urban 

(Normal) 

67.96 

±3.66 

61.58 

±2.65 

9.18 

±0.20 

8.96 

±0.16 

3.60 

±0.25 

3.50 

±0.14 

326.8 

±37.7 

343.4 

±30.9 

35.48 

±3.74 

45.05 

±5.07 

Urban(Sub 

clinical) 

33.4 

±1.14 

28.91 

±2.59 

8.58 

±0.08 

8.57 

±0.23 

3.50 

±0.29 

3.40 

±0.52 

611 

±119 

568 

±113 

47.80 

±9.76 

52.4 

±10.4 

P value 0.0000 0.0000 0.0000 0.0002 0.48 0.55 0.0062 0.0001 0.050 0.050 

Suburban 

(Normal) 

69.21 

±4.08 

63.13 

±2.15 

9.1 

±0.17 

9.10 

± 0.13 

3.65 

±0.24 

3.40 

±0.44 

338.1 

±34.8 

397.5 

±44.6 

29.76 

±5.07 

39.17 

±3.89 

Suburban(Sub 

clinical) 

38.33 

±1.53 

33.50 

±3.73 

8.6 

±0.26 

8.71 

±0.37 

3.43 

±0.37 

3.49 

±0.15 

569 

±147 

535 

±131 

46.67 

±6.66 

50.7 

±10.80 

P value 0.0000 0.0000 0.064 0.058 0.42 0.64 0.11 0.052 0.051 0.051 

          ALP: Alkaline Phosphatase, PTH: Parathyroid hormone, Significant difference (<0.05), Non significant     

        difference (>0.05). 

 

D value15 and similar results were seen in the studies of Africa and Bangladesh.16,17 

High alkaline phosphates activity was found in Saudi children with low calcium 

level.18 A measurement of alkaline phosphatase is not an important parameter to 

investigate rickets19, also same conclusions were drawn by another study.20 Alkaline 

phosphatase level is the only way to evaluate rickets disease4 and it is also declared as 

the best indicator by other findings.21,22 Present study revealed that, the measurement 

of blood vitamin D level is the most reliable tool than alkaline phosphatase for the 

diagnosis of    Subclinical rickets cases. In this study interestingly none of the sub 

clinical cases had exceeded level of hormonal parathyroid from upper normal limits.  
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This might be due to facts that phosphorus level either normal or low with no significant 

difference when compared to value of normal cases. Positive relation of vitamin D and 

parathyroid hormone is declared in study23 and same observation was found by others.24 

In Finish study it was concluded that, vitamin D level of <40 nmol/l responsible for the 

elevation of parathyroid level.25 A study of clinical rickets highlighted that parathyroid 

hormone level is significantly increased from upper limits in vitamin D deficiency cases.26 

Abnormal biochemical finding in sub clinical cases of this study might be due to lack of 

synergistic effect of sunshine and vitamin D.  

CONCLUSIONS  
Sub clinical rickets is camouflagic rickets among hazarian school students of both genders 

especially in girls. We suggests that government should promote health education through 

experts on schools basis for the awareness and advantages of sunshine and nutritional 

intakes to overcome the problem of sub clinical rickets and their related problem in future. 

 

REFERENCES 

1. Brunvand L, Haga P, Tangsrud SE, Haug E. Congestive heart failure cause by vitamin 

D deficiency. Acta Paediatr. 1995;84:106-108. doi: 10.1111/j.1651-2227.1995.tb13499.x  

2. Agarwal K. Adolescent osteomalacia. A case report of five years follows up. IJPMR. 

2005;16(2):48-49.  

3. Holick MF. Vitamin D: A millennium perspective. J Cell Biochem. 2003;88:296-307. 

4. Joiner TA, Foster C, Shope T. The many faces of vitamin D deficiency rickets. Pediatr 

Rev. 2000;21:296-302.  

5. Methal A, Wahal DA, Benjour JP. Vitamin D status in Asia. IOF committee of 

scientific Advisor (CSA), Nutritional Working group. Osteoporosis International, In press 

2009.  

6. Uner A, Acar MN, Cesur Y, Dogan M, Caksen H, Temel H, et al. Rickets in healthy 

Adolescent in van, the eastern of Turkey. Eur J Gen Med. 2010;7(1):69-75. 
7. Zeghoud F, Delaveyne R, Rehel P, Chalas J, Garabedian M, Odievre M. Vitamin D and 

pubertal maturation. Interest and tolerance of vitamin D supplementation during the winter 

season. Arch Pediatr. 1995;2(3):221-226.  

8. Dahifar H, Faraji A, Yassobi S. An asymptomatic rickets in girls adolescents. Indian J 

Pediatr. 2007;74(6):571-575. 

9. Margiloff L, Haris SS, Lee S, Lechan R, Dawson-Hughes B. Vitamin D status of an 

outpatient clinic population. Calcif Tisseu Int. 2001;69:263-267.  

10. Herbert, Victor MD, Subak-Sharpe, Genell, J MD. Adolescent total nutrition: The only 

Guide you’ll ever Need, St Martin’s Press; New York 1995.  

11. Bhattacharya AK. Nutritional rickets in the tropics. World Rev Nutr Diet. 

1992;67:140-197.  

12. Robertson I, Kelman A, Dunnigan MS Chapatti intake, vitamin D status and Asian 

rickets (Letter). Br Med J. 1977;229-230. doi:10.1136/bmj.1.6055.229-d  

13. Clements MR. The problem of rickets in UK Asian. J Hum Nutr Dieter. 1989;2:105-

116. doi: 10.1111/j.1365-277X.1989. tb00015.x  

14. Pettifor JM, Ross P, Wang J, Moodley G, Couper-Smith J. Rickets in Children of 

Rural origion in South Africa. Low dietry calcium factor. J Pediat. 1978;92(2):230-234.  

15. Dahifar H. Impact of dietary and lifestyle on vitamin D in healthy student. J Med 

Invest. 2006;53:204-208.  

16. Thacher TD, Lghogboja SL, Sischer PR. Rickets without vitamin D Deficiency in 

Nigerian children. Amb Child Health. 1997;3:56-64.  



 

 150 

Sub clinical Rickets among Adolescents 

 
17. Fischer PR, Rahan, Climma JP. Rickets without vitamin D deficiency in 

Bangladesh. J Tropical Pediatr. 1999;45:291-293.  

18. Al-Jurrayan NA, El-Desouki ME, Al-HerbishAS, AlMazyadAS, Al-Qhtani MM. 

Nutritional rickets and osteomalacia in school children and adolescent. Saudi Med J. 

2002; 23:182-185. 

19. Pettifor J, Isdale JM, Sahakian J, Banson JDL. Diagnosis of sub clinical rickets. 

Arch Dis Child. 1980;55:155-157.  

20. Goel KM, Sweet EM, Logan RW, Warren JM, Arneil GC, Shanks RA. Florid and 

Sub clinical rickets among immigrant children in Glasgow. Lancet. 1976;1(7970):1141-

1145. 21. Editorial. Diagnosis of nutritional rickets. Lancet. 1971;298(7714):28-29. 

doi:10.1016/S0140-6736(71)90013-4  

22. Preece MA, Ford JA, McIntosh WB, Dunnigan M G, Tomlinson S, O’Riordan JIH. 

Vitamin D deficiency in Asian immigrants to Britain. Lancet. 1973;301(7809):907-910. 

doi: 10.1016/S0140-6736(73)91361-5  

23. Harkness L, Cromer B. Low levels of 25-hydroxym vitamin D are associate with 

elevated parathyroid hormone in healthy adolescent females. Osteoporos Int. 2005; 

16:109-113.  

24. Park SY, Park SW, KangSK, Jun YH, Kim SK, Son BK, et al. Sub clinical rickets 

in breastfed infants. Korean J Pediatr. 2007;50(12):1188-1193. doi: 

10.3345/kjp.2007.50.12.1188   

25. Outila TA, Kärkkäinen MUM, Lamberg-Allardt CJE. Vitamin D status affect serum 

parathyroid hormone concentrations during winter in female Adolescents: associations 

with forearm bone mineral density. Am J Clin Nutr. 2001;74:206–210.  

26. Narchi H, Jamil M, Kulaylat N. Symptomatic rickets in adolescence. Arch Dis 

Child. 2001;84(6):501–503. doi: 10.1136/adc.84.6.501 
 

                                           ********************* 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 151 

Sub clinical Rickets among Adolescents 

 
ORIGINAL ARTICLE 

Appendix: XV 

PUBLICATION 
 

Subclinical Nutritional Rickets Among Adolescents in Kaghan Valley 
 
Tanveer Hussain Shah1, Mukhtiar Hassan1 and Tahir Saeed Siddiqui2  

 

ABSTRACT 

 

Objective: To determine the occurrence of subclinical rickets and its causing factors 

among adolescent students of schools in Kaghan Valley, Pakistan. Study Design: 

Observation cross-sectional study. Place and Duration of Study: Department of 

Biochemistry and Health Sciences, Hazara University, Mansehra, Ayub Medical College 

and Teaching Hospital, Abbottabad, from March to April 2012. Methodology: Sixty 

seven students (34 boys and 33 girls) age between 11 - 16 years included in the study 

from different schools of Kaghan Valley, Pakistan. Characteristic, serum biochemical and 

nutritional status were measured for all the participants. On the basis of biochemical 

finding the boys and girls students were divided in to two groups, normal subjects and 

subclinical rickets (absent symptoms with altered biochemistry). Results: Twenty six 

participants, 19 (73%) girls and 07 (27%) boys had biochemical abnormality but no 

clinical signs and symptoms of rickets. Low vitamin D and high alkaline phosphatase 

level were observed in 26 (100%), 21 (81%), low calcium in 17 (65%) and low 

phosphorus 7 (27%) subjects with subclinical rickets. None had high parathormone level 

above normal range. Nutritional intake of calcium, phosphorus and vitamin D was found 

less than the recommended daily intake in all the participants. Conclusion: Subclinical 

rickets is common problem among adolescent students especially in girls which is due to 

low nutritional intakes and avoidance of sunshine due to environmental and traditional 

impacts. Key Words: Subclinical rickets. Nutrients. Sunlight. Environmental effect. 

Traditional impact. Adolescent students. Kaghan Valley 
 
 

1 Department of Biochemistry and Health Sciences, Hazara University, Mansehra, KPK. 

2 Department of Paediatric, Ayub Medical College and Teaching Hospital, Abbottabad. 

 

Correspondence:  Tanveer Hussain Shah, Village and Post Office Talhatta, Tehsil 

Balakot, Distt Mansehra, KPK. E-mail: dr.thsphd@yahoo.com 

 

Journal of the College of Physicians and Surgeons Pakistan 2014, Vol. 24 (9): 663-

665 
 

 

 

 



 

 152 

Sub clinical Rickets among Adolescents 

 
INTRODUCTION  

Rickets is caused by inadequate mineralization of bone and its signs mostly appear in the 

skeleton.1 Vitamin D facilitates the absorption of calcium and phosphorus from intestine 

and due to its deficiency the absorption of minerals is impaired.2 Vitamin D is mainly 

produced by human skin and also derived from dietary source.3 Among adolescents, proper 

functioning of metabolic process is more essential and can be carried through adequate 

nutrition.4 Nutritional rickets is a major life threatening problem all over the world.5 Most 

of the studies were conducted on clinical rickets but no information is present about 

subclinical rickets in adolescents. The objective of this study was to evaluate the 

occurrence and factors associated with subclinical rickets. 
 

       METHODOLOGY  

This cross-sectional study was started in the month of March 2012 in different 

Government-run high schools of Kaghan valley. Study consist of a total 70 boys and girls 
students having age 11 years to 16 years who willingly participated from various schools. 

This study was started through permission from higher authority of education and parents 

of the students. This research study was approved by Ethical Committee of Ayub Medical 

College and Teaching Hospital, Abbottabad and Hazara University, Mansehra, Pakistan. In 

first phase 2 students were excluded from the study because they were taking some 

medicine which could affect vitamin D status in blood. In second phase, one participant 

was also excluded through laboratory verification of abnormal urea and creatnine levels. A 

data form was designed enquiring age, weight, height, daily food intake, living, clothing 

style, availability and exposure to sunlight. A nutritionist estimated the average daily 

intakes of calcium, phosphorus and vitamin D for each student from their total intake of 

one-month food. Each participant was physically examined by a physician. After informed 

consent from participants and approved by ethical committee, blood sample was taken from 

each individual with the help of expert medical technician and then blood was centrifuged 

to obtain the serum. After final screening, 67 students were included for further 

biochemical analysis. Subclinical rickets cases were diagnosed on the basis of biochemical 

findings, such as low vitamin D, high or normal alkaline phosphatase, low or normal 

calcium and phosphorus, normal and high level of parathyroid hormone and with no signs 

and symptoms of rickets. For statistical analysis,  

Minitab 11 software was used and p-values calculated by using t-test. Values were taken as   

mean and ± SD. A significant and non-significant difference was considered as p < 0.05 

and p > 0.05 respectively. 
 

RESULTS 

Sixty seven students, 34 boys and 33 girls, who looked physically normal having age 11 - 

16 years finally analyzed in the study. Mean age was 13.69 ± 1.69 years in boys and 13.96 

± 1.54 years in girls. There was no significant difference in the age between boys and girls 

(p=0.050). A total of 26 (39%) students were diagnosed as subclinical rickets, with 19 

(73%) girls and 07 (27%) boys, with significant gender difference (p < 0.001). Daily intake 

of vitamin D, calcium and phosphorus in foods for boys who were assigned as subclinical 

rickets case was 26.86 ± 2.67 IU, 247.28 ± 22.5 mg and 305.7 ± 31.7 mg respectively. 

Normal boys' mean intake of vitamin D was 29.48 ± 3.14 IU, of calcium was 268.92 ± 25.9 

mg and of phosphorus 335.4 ± 26.0 mg. Girls with subclinical rickets took  
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27.95 ± 3.08 IU of vitamin D, 267.2 ± 27.4 mg calcium and 310.6 ± 23.7 mg phosphorus 

on daily basis. Foods content had 30.64 ± 4.22 IU vitamin D, 290.14 ± 34.57 mg calcium 

and 327.92 ± 30 mg phosphorus in normal girls. Comparatively both gender of 

subclinical group intake less amount of nutrients than normal cases, however, there was 

no significant gender difference in the intake (Table II). The mean serum level of vitamin 

D calcium, phosphorus, alkaline phosphatase and parathyroid hormone are given in Table 

III. Significant differences were observed in boys regarding serum 25 (OH) D 

concentration (p < 0.001), calcium (p=0.008) and alkaline phosphatase (p=0.002) among 

biochemical normal and abnormal adolescents. No significant difference was seen 

regarding phosphorus (p=0.33) and parathyroid level (p=0.054, Table III). Significant 

lower serum level of vitamin D, calcium and high alkaline phosphatase were found in 

subclinical ricketic girls' cases as compared to normal (p < 0.001). No significant 

difference was seen in serum phosphorus (p=0.13) and parathyroid hormone level 

(p=0.052) among normal and subclinical ricketic girls (Table III).  

 

Table I: Gender-wise occurrence of subclinical rickets 

Groups Boys 

n (%) 

Girls 

 n (%) 

Total 

n (%) 

Normal 27 (79) 14 (42) 41 (61) 

Sub clinical 07 (21) 19 (58) 26 (39) 

Total 34 (100) 33 (100) 67 (100) 

 

 Table II: Daily intakes of nutrients in foods by normal and subclinical rickets cases 

 

Daily intakes 

Gender Groups  

p-value  Normal cases 

Mean ± SD 

Subclinical cases 

Mean ± SD 

Vitamin D (IU) Boys 29.48 ± 3.14 26.86 ± 2.67 0.050 

Girls 30.64 ± 4.22 27.95 ± 3.08 0.055 

Calcium (mg) Boys 268.9 ± 25.9 247.3 ± 22.5 0.053 

Girls 290.1 ± 34.6 267.2 ± 27.4 0.051 

Phosphorus (mg) Boys 335.4 ± 26.0 305.7 ± 31.7 0.052 

Girls 327.9 ± 30.1 310.6 ± 23.7 0.088 
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Table III: Gender-wise comparison in biochemical serum level of different    

parameters in normal and subclinical cases 

 

Serum parameters 

Gender Groups  

p-value  Normal cases 

Mean ± SD 

Subclinical cases 

Mean ± SD 

Vitamin-D 

(nmol/l) 

Boys 67.07 ± 6.06 27.0 ± 1.91 < 0.0001 

Girls 59.57 ± 8.55 23.42 ± 3.98 < 0.0001 

Calcium 

(mg/dl) 

Boys 8.87 ± 0.11 8.52 ± 0.15 0.0008 

Girls 8.98 ± 0.18 < 8.47 ± 0.10 0.0001 

Phosphorus 

(mg/dl) 

Boys 3.40 ± 0.15 3.51 ± 0.26 0.33 

Girls 3.50 ± 0.21 3.30 ± 0.48 0.13 

Alkaline 

phosphatase (U/l) 

Boys 407 ± 43.0 608 ± 103 0.0023 

Girls 470 ± 76.4 612.3 ± 97.6 < 0.0001 

Parathyroid 

hormone (pg/ml) 

Boys 39.89 ± 4.57 48.71±9.48 0.054 

Girls 49.28 ± 15.8 58.68 ± 5.04 0.050 

 

 

DISCUSSIONS 
 No school-based study is available on this problem among adolescents of the studied area. 

Present study has pointed out that subclinical rickets is a major health problem in Kaghan 

valley with prevalence rate of 39% among school students having age 11 - 16 years. 

Although in this study, subclinical rickets was also found in 27% boys but more 

commonly seen in girls, which is 73%. A study from Turkey in agreement with those 

finding highlighted that 30 (62.5%) girls are affected by rickets.6 The present data shows 

that subclinical cases were takeing less amount of vitamin D, calcium and phosphorus in 

their daily diet as compared to normal cases. The necessary role of vitamin D is for 

maintaining normal level of calcium in the blood through absorption from the diet.7 In this 

study, all of the subclinical cases had lower level of vitamin D due to limited available 

sunshine. The alarming factor of low and poor sun rays was due to the environmental and 

traditional impacts. Sukru et al. concluded that none of the cases had low calcium and high 

alkaline phosphatase level in vitamin D deficiency or insufficiency cases.8 A study on 

girls in Tehran shows that 29 (66%) asymptomatic cases had elevated alkaline 

phosphatase with normal vitamin D level and 15 (34%) of normal alkaline phosphatase in 

low vitamin D status.9 Pettifor et al. found that 25 (OH) D level was < 12 ng/ml in all 

infants with rickets.10 An elevated alkaline phosphatase is reported as a major tool for 

vitamin D deficiency cases.11,12 A study conducted in Saudi Arabia pointed out that high 

alkaline phosphatase level was found in cases with low vitamin D status.13 In this study, 

high alkaline phosphatase above upper normal limit was noted in 21 out of a total 26 cases  
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with low vitamin D level. In vitamin D deficiency cases, normal level of phosphorus was  

found in all subjects,14 and 12 out of 21 in another study due to hyperthyroidism.15 In the 

present study, phosphorus level was found within normal range in all subclinical cases 

except 7 with no significant difference. Inverse relation was observed between 25 (OH) D 

and parathyroid hormone in different studies.16 A study on clinical rickets revealed that 

parathyroid hormone is significantly increased from the above upper normal limits.15 A 

level of < 3 ng/ml vitamin D,17 < 9 ng/dl level18 and < 5 ng/ml is variously considered for 

the elevation of parathyroid hormone.19,20 No correlation was noted between the level of 

vitamin D and PTH in some other.6,8 In authors' observation, none of the subclinical 

rickets cases had parathyroid hormone level above upper normal range. All subclinical 

cases of present study had no clinical signs and symptoms of rickets despite of having 

biochemical evidence of rickets. That might be absence due to an initial stage or lack of 

consistency in biochemical abnormalities. The lack of pumping action of parathyroid 

hormone on bones may also be responsible for it. Long-term nutritional deficiency along 

with lack of sun light due to environmental and traditional impact, may have a synergistic 

effect on the biochemical values of the studied variables.  

CONCLUSION  

Subclinical rickets is common problem among adolescent students especially in girls which 

is likely to be due to low nutritional intakes and avoidance of sunshine due to environmental 

and traditional reasons.  
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Abstract: 

Keeping in view the importance of vitamin D in adolescents, the present study was designed 

to explore the cases of low vitamin D status (<50 nmol/l)  with respect to age & sex factors. 

We recorded daily intake of vitamin D for each individual and  measured serum 25 hydrxoy 

vitamin D in a school based cross sectional sample of adolescents girls (n=93) and boys 

(n=96) students. Results reflected that, out of total boys and girls students, 16% and 39% of 

the sample respectively showed low serum vitamin D status(<50 nmol/l). Frequency of cases 

had low vitamin D level increased with age in girls and decreased with respect to age in boys. 

Serum vitamin D concentration was decreased with increased of age in girls and found 

significantly low (p=0.0087) in higher age group (>13-≤16) and no significant difference 

(p=0.29) was noted regarding daily intake of vitamin D between lower & higher age. It is 

concluded that, age and sex might be contributing factors in the occurrence of low vitamin D 

status.  

Key words:  

Low vitamin D status, Students, contributing factors, Sex, lower & higher age 
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INTRODUCTION: 

Vitamin D is a secosteroid and found as ergocalciferol and cholecalciferol. Both the forms 

are called as calciferol (Walter, 2003). Most animals form pre vitamin D3 through 7 

dehydrocholesterol in the presence of to solar radiation which is then isomerizes into 

cholecalciferol (Crissey et al, 2003).  Pre vitamin D is change into calcidiol with the help of 

25 hydroxylase enzyme
 
(Cheng et al, 2004). In the kidneys, calcidiol is converted into 

calcitiol which is the most biological active form of vitamin D. Approximately twelve days 

under room temperature are require for the conversion of pre vitamin D3 to vitamin D3
 

(Holick,2004). Vitamin D is also found in fish, animal meat, eggs (Koyyalamudi et al, 

2009), and in mushroom which is plant origin
 
(Joshi, 2010). Sufficient vitamin D is 

necessary for metabolic process especially in pubertal stage of growing phase
 
(Looker et al, 

2002). In adolescents age vitamin D need is increase in relation to growth velocity and foods 

intake
 
(Lee et al, 2002). Vitamin D3 deficiency has become current health issue worldwide

 

(Hollick, 2008). In lights of vitamin D importance, purpose of this study was to explore low 

vitamin D level in different age groups of boys and girls adolescent’s students. 

METHOD: 
This study was designed through the approval of Biochemistry & Heath sciences 

Department Hazara University Mansehra and Ayub Medical College & Teaching Hospital 

Abbottabad. This observation cross sectional study was conducted in schools of 

geographically different locations of Hazara, from March 2011 to April 2012. Study was 

started after the consent of student’s parents and permission of respective schools. Over all 

number of boys participants was 96(50.80%) and girls was 93(49.20%).  Included boys and 

girls students willingly participated and were fulfilling the inclusion criteria of the study. 

All participants in the study were eleven years to sixteen years of age. On the basis of age, 

boys and girls were divided into five different groups, ≥11-12,>12,>13,>14,>15-≤16 years 

and then further subdivided into lower (11-≤13) and higher (>13-≤16) age groups. Self 

prepared data form was given to each and every individual and asked about mentioning of 

daily taken foods over the periods of one month. Average daily intake of vitamin D (iu) was 

calculated through their total foods of one month. None of the student was on vitamin D 

supplementation. Blood sample was taken from each participant by expert registered 

medical technician. After collection of blood it was transferred immediately to centrifuge 

tube. To analyze sample, serum was obtained by centrifuging blood for 5 minutes. Each 

serum sample was appropriately labeled and analyzed it by using Enzymatic Protein 

Binding Assay for biochemical investigation of vitamin D level (nmol/l). Serum vitamin D 

concentration less than 50nmo/l was considered low level. Statistically mean ±standard 

deviation, percentage and p value were used for the analysis of data. Minitab 11 software 

was used for statistical analysis. Probability value <0.05 was considered significant 

difference and >0.05 as non significant difference.  

RESULTS: 

Nutritional intakes of boys and girls participants of all age groups in the study area were low 

and less than recommended level. Out of 93 girls and 96 boys, low vitamin D level was 

found in 39% girls and 16% boys respectively. Frequency of low vitamin D level was seen 

significantly more in 36(39%) girl’s participant as compared to 15(16%) boys. Age wise 

frequency of cases with low vitamin D level (<50 nmol/l) in girls were found in the order of 

3%, 6%, 19%, 28%, 44% and in boys, 73% and 27% cases. 

In girls the frequency of cases significantly increased with age while decreased in boys. Out 

of 36 girls of low vitamin D status, the age wise contribution of cases in 11-12 years was 

01(3%), in 12-13 years 02(6%), in 13-14 years 07(19%), in 14-15 years 10(28%) and  
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in 15-16 years age group 16(44%). Frequency of cases significantly more 16(44%) in 15-16 

years than other age groups of girls. In boys (15) with low vitamin D level, 11(73%) cases 

were found in 11-12 years of age and 4(27%) in 12-13 years age group. All 15(100%) boys 

cases of low vitamin D status were found in lower age group (11-≤13) and none of the boy 

had low vitamin D level (<50 nmol/l) in higher age group(>13-≤16). In girls, 3(8%) had low 

vitamin D level (<50 nmol/l) of age ≥11 to ≤13 years and 33(92%) of age >13-≤16. 

Frequency of girl’s cases in higher age group was found significantly more as compared to 

lower age groups.  Over all 18(35%) cases of both gender were suffered with low vitamin D 

level in lower (11-≤13) and 33(65%) of higher age group (>13-≤16) (Table, 1). Lowest level 

of vitamin D was found 24.50±5.34 nmol/l in girls of 15-16 years and 30.82±4.69 nmol/l in 

boys’ of age 11-12 years. Serum vitamin D level of girls in lower age (11-≤13) was noted 

29.33±0.57 nmol/l and 26.54±5.40 nmol/l in higher age group (>13-≤16) with significant 

difference (p=0.0087). Serum Level of vitamin D in lower age group of boys was noted 
31.40±4.87 nmol/l and in girls 29.33±0.57 nmol/l. Statistically no significant difference was 

noted between the serum level of vitamin D in boy and girl cases (p=0.13). Among boys of 

lower age group, low vitamin D serum level was measured 30.82±4.69 nmol/l for 11-12 

years  and comparatively more level 33.00± 5.72 nmol/l in  >12-13 years of age with non 

significant difference (p=0.53). In girls, low vitamin D serum level was measured 29±0.00 

nmol/l and 29.50±0.70 nmol/l of lower age group and 29.00±5.16 nmol/l, 28.10±4.86 

nmol/l, 24.50±5.34 nmol/l in higher age groups. Average lowest serum vitamin D level 

24.50±5.34 nmol/l was noted in girls (Table, 2). Daily intake of vitamin D in lower age 

group of girls was 25.00±3.61 iu and in higher group 28.06±2.29 iu with no significant 

difference (p=0.29). Both genders of lower age group were taken almost same amount of 

vitamin D on daily basis 27.53±2.13 iu and 25.00±3.61 iu with non significant difference 

(p=0.36) (Table, 3).  

DISCUSSION: 

Our study is the first to examine the Influence of age and sex on vitamin D status. Low 

serum level of vitamin D was noted in both boys and girls gender in study areas. Over all 

contribution of cases with low vitamin D level were seen in each age group of girl’s gender. 

Serum vitamin D deficiency is a common problem of all age groups and gender from India, 

other countries of South and East Asia and different parts in the world(Lips,2001;Marwaha 

et al,2005;  Harinarayan,2009). Present data shows that the number of cases with low 

vitamin D level (<50 nmol/l) was consistently increased in girls and decreased in boys with 

the increase of their ages. Serum vitamin D level was found significantly low in higher age 

group of girls than lower age group. Among both gender of low vitamin D status, high 

frequency of cases and average lowest serum vitamin D level was noted  in the girls of age 

group >15-≤16 years. Relations of low vitamin D level with age and sex along with 

sunshine and nutritional factors might not be under estimated. In Quebec Study, it was 

found that the Prevalence of vitamin D deficiencies increased with age in both male and 

female(Sean et al,2008).
,
One study in girls aged 4-8 years reported an inverse relation 

between age and 25(OH)D concentrations in blacks but not in whites(Stein
 
et al,2006). 

Study on school children showed that during both seasons, girls had lower vitamin D levels 

than boys (El-Hajj et al, 2001).Age and season were the most important determinants for 

Serum 25-OHD concentration
 
(Holmlund-Suila et al, 2013).Previously noted lower vitamin 

D status with increasing age in children with steroid sensitive nephrotic syndrome and in the 

healthy comparison group (Weng et al
,
 2005). Change in serum level of biochemical 

parameters was not dependent on age, sex, no matter what’s their religion and cast (Ford,  
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1976). A study conducted in France showed that age and gender had no impact on vitamin 

D concentration in the blood (Chapuy
, 

et al, 1997). Findings of other study indicated 

variations in mean serum 25-OHD levels in various seasons no matter what are their age and 

sex
 
(Behzad et al, 2012).The synthesis of vitamin D by skin has been found decreased in 

healthy African Americans due to Dark pigment but regardless of their age
 
(Bodnar,2007).  

Our observation revealed that, the low vitamin D level was found in 39% and 16% of girls 

and boys participant respectively. Prevalence of low vitamin D level <50 nmol/l has been 

reported in 36% otherwise healthy young adults of 18–29 years age (Tangpricha
,
 et al

,
 

2002). A study supported a higher prevalence of vitamin D deficiency in girls than boys
 

(Kumar, 2005).In North India, 91% of healthy school girls were found to have 

hypovitaminosis D
 
(Puri et al, 2008).Participants of present study were taking less amount 

of vitamin D in their daily foods than proposed recommendation and no one was on vitamin 

D supplementation. South America is a sun richer area where sunlight activity may not be 

blocked due to their clothing style, but vitamin D deficiency is still becoming a major public 

health problem. Inadequate daily intakes can lead to vitamin D deficiency in the summer 

and in the autumn despite sufficient sunlight exposure(Hollick, 2008).The vitamin D levels 

did not show any significant difference between genders, skin pigment or dietary 

intake(Forrest,2011). The age-related decrease in vitamin D status was not attributable to 

decreased vitamin D intake
 
(Francis,2007).  

 

CONCLUSION: 
Low vitamin D status is a potentially serious public health problem among school students 

of Hazara. Cases of low vitamin D status increase in girls and decrease in boys with the 

increase of their ages. Age and sex might be contributing factors in the occurrence of low 

vitamin D status.  

 

          Table:1 Age wise boys & girls cases with Low vitamin D status  (<50   nmol/l). 

 

 

Gender/age 

Vitamin D 

≥50nmol/l 

Vitamin D 

<50nmol/l 

   Total 

 

 

 

 

 

 

 

 

81(84) 

11-≤13 >13-≤16  

Total 

 

 

 

 

 

 

 

 

  96(100) 

11-12 12-13 13-14 14-15 15-16 

 

Boys 

11 

(73) 

4 

(27) 

- - -  

 

     15 

   (100) 15 

(100) 

- - - 

 

Total (%) 

 

15(16) 

 

 

Girls 

 

 

 

 

 

 

57(61) 

1 

(3) 

2 

(6) 

7 

(19) 

10 

(28) 

16 

(44) 

 

 

     36 

   (100) 

 

 

 

 

 

  93(100) 

3 

(8) 

33 

(92) 

 

Total (%) 

 

36(39) 
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Table: 2 Serum vitamin D level <50 nmol/l in boys and girls students of different age. 

Groups.  

 

Gender 

              11-≤13 >13-≤16  

P value 11-12 12-13 13-14 14-1 15-16 

Boys 30.82 

±4.69 

33.00 

± 5.72 

- - - P=0.53 

Total 31.40±4.87 

 

- - 

Girls 29 

±0.00 

29.50 

±0.70 

29.00 

±5.16 

28.10 

±4.86 

24.50 

±5.34 
- 

Total 29.33±0.57 26.54±5.40 P=0.0087 

P value P=0.13 - - 

 

 
 

                Table:3  Daily intake of vitamin D(iu) in cases with vitamin D level <50 nmol/l. 
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