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ABSTRACT  

Background: Adolescents are specifically at higher risk of 

hypovitaminosis D due to the increasing tendency to sedentary 

lifestyle, with excessive TV and computer use as well as 

unhealthy dietary habits. 

Objectives: To determine the prevalence of vitamin D 

deficiency among Saudi Arabian adolescents according to the 

body mass index, gender, daily sun exposure, daily milk 

consumption and fish or tuna consumption. 

Subjects and Method: A comparative cross-sectional study 

was conducted on 48 Saudi adolescents, aged 11-19 years 

school-aged males and females in the primary care centers in 

Jeddah, Saudi Arabia; 24 had normal weight, 24 had increased 

body weight. Study was carried out during two months from 

December 2011 to February 2011. 25 hydroxyvitamin D levels 

were measured in both groups. 

Results: Over all the prevalence of severe deficiency vitamin 

D among all study participants was (60.4%), the prevalence 

moderate deficiency was (39.6%) while the prevalence of the 

sufficient vitamin D level was (0%). The female had severe 

deficiency of vitamin D than male with statistically significant 

difference, P-value was 0.01. There was statistically significant 

difference in the mean of vitamin D between normal weight and 

obese adolescents, P-value was 0.034. The adolescents who 

had history of no sun exposure, history of fish or tuna 

consumption less than three times /week had severe deficiency  

 

 
 

 
vitamin D (less than 10 ng/mL) than those who had history of 

sun exposure but it was not standard sun exposure, history of 

fish or tuna consumption three times or more /week with 

statistically difference, p-values were 0.006 and 0.002 

respectively. 

Conclusion: Vitamin D  deficiency  highly prevalent  in 

adolescents in and probably in  Saudi Arabia which is largely 

attributed to poor exposure to sun light and poor dietary vitamin 

D supplementation. Severe vitamin D deficiency is common in 

female adolescents. Obese adolescents group had very low 

mean level of vitamin D. 
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INTRODUCTION 

Recent studies indicate that vitamin D insufficiency (less severe 

than deficiency) is associated with a wide range of diseases and 

chronic conditions, including type 1 diabetes mellitus, 

hypertension, multiple sclerosis, and several types of cancers, 

such as breast, colon, and prostate cancer.1-3  

Vitamin D deficiency among healthy adolescents was reported as 

78% in France,4 65% in Finland,5 65% in Turkey6 52% in Beirut,7 

46.2% in Iran,8 42% in Boston,9  and 29% in Switzerland.10 Vitamin 

D  deficiency  has been associated with obesity in studies carried 

out among adolescents in Turkey,11 United States,12 Italy13 and 

Saudi Arabia.14 Vitamin D deficiency is common in females more  

than  in  males.12, 14 

Adolescents are specifically at higher risk of hypovitaminosis D 

due to the increasing tendency to sedentary lifestyle, with 

excessive TV and computer use.13  

This study aimed to determine the prevalence of vitamin D 

deficiency among Saudi Arabian adolescents according to the 

body mass index, gender, daily sun exposure, daily milk 

consumption and fish or tuna consumption. 

 

SUBJECTS AND METHODS 

This was a comparative random sample cross-sectional study 

conducted on 48 Saudi adolescents’ males and females school-

aged in the primary care centers in Jeddah, aged between 11 and 

19 years.  

Twenty-four had normal weight; twenty-four had increased body 

weight. Samples were collected during two month from January 

2012 to March 2012. Exclusion criteria were adolescents with any 

systemic disease or using any medications or supplements known 

to affect skeletal metabolism. 

http://www.ijmrp.com/
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A total of 10 ml blood was extracted from each participant by a 

nurse into a non-heparinized Vacutainer tube. Vitamin D was 

measured using the Elecsys 25OHD assay (Roche Diagnostics 

GmbH, Mannheim, Germany). Our subjects were divided into two 

groups: Normal weight group and increase body mass index 

group then body mass index group divided into overweight group 

and an obese group. According to 25 hydroxyvitamin  D level, the 

subjects in every group were divided into three groups :Group (A) 

Deficiency: if the level is less than 20 ng/mL (50 nmol/L), Group 

(B) Insufficient: if the  level is between 20 to 30 ng/mL (50 to 75 

nmol/L and Group (C) Sufficient: If the level is more than 30 ng/ml 

(75nmol/L)t hen Group  A was divided  into two subgroups 

according  to 25 hydroxyvitamin  D level Group (A1): Severe 

deficiency if the  level was  less than 10 ng/mL (25 nmol/L) and 

Group (A2): Moderate deficiency(if the level is  equal or more than 

10 ng/mL and  less than 20 ng/mL  (25 nmol/L-50nmol/l ).  

Sun exposure was categorized into: Standard sun exposure (if 

there was sun exposure to arm and legs for 10-30 min twice/ 

week), Non-standard sun exposure (if there was sun exposure to 

hand and face at least 10 mints. for at least 5 days /week), No 

exposure or limited exposure.  

Milk or liquid yoghurt consumption daily was categorized into 

sufficient (if there was at least 4 cups of milk or liquid yoghurt 

consumed daily), insufficient consumption (<4 cups daily), and no 

consumption. Fish or tuna consumption categorized to: daily, 

three times/week, and other. 

Ethical approval to conduct the study was obtained from The 

National Olympiad for scientific creativity in Riyadh (Ibdaa, 2012).  

Data entry and analysis was performed using Statistical Package 

for Social Science, version, 21. Chi-square and student`s t-test 

were used for analysis of data and p-value less than 0.05 was 

considered for statistical significance.  

 
Table 1: Socio-Demographic, clinical and relevant characteristics of study group (n= 48) 

No. (%)  Variables 

27 (56.2%) (12 increase body mass 

index+ 15 normal body mass index) 

21 (43.8%) (12increase body mass 

index + 9 normal body mass index) 

Males 

 

Female  

 

Gender 

 

15.31 ±2.72  Age (years) Mean (SD) 

157.60±11.0  Height, Mean + SD 

65.40±24.8  Weight , Mean + SD 

26.0 ±8.3  BMI, Mean + SD 

8.98±2.7 

(4.4-16.4) 

Mean +SD 

Range   

25 (OH) vitamin D (ng/ml) 

  

29 (60.4%) 

19 (39.6%) 

0 

0 

Group (A1) (<10ng/ml severe deficiency) 

Group (A2) (10-20 ng) moderate deficiency 

Group (B) (>=20-30ng/ml)  insufficiency  

Group (c) (>= 30ng/ml) sufficiency 

25 (OH) vitamin D level  

 

 SUN  EXPOSURE   AND DIETARY  CHARACTERISTICS 

0.0 

29 (60.4%) 

19 (39.6%) 

Standard exposure  

Nonstandard exposure  

No exposure or less 

Sunlight exposure 

   

 

0.0 

7 (15%) 

41 (85%) 

Sufficient 

In sufficient 

No milk consumption daily 

Daily milk consumption   

 

0.0 

16 (33.3%) 

32 (63.6%) 

Daily 

Three times / week 

Other 

Fish or tuna consumption 

 
Table 2: Vitamin D status of subjects by gender 

P-value Total (%) Females (%) Males (%) 25 (OH) vitamin D  

0.010 29 (60.4) 17 (81.0) 12 (44.4) Group (A1) (<10ng/ml ) sever deficiency) 

19 (39.6) 4 (19.0) 15 (55.6) Group (A2) (10-20 ng) moderate deficiency 

0 (0.0) 0 (0.0) 0 (0.0) Group (B) (>=20-30 ng/ml) deficiency  

0 (0.0) 0 (0.0) 0 (0.0) Group (c) (>= 30ng/ml) sufficiency 

48 (100) 21 (100) 27(100) Total (%) 
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Table 3: Vitamin D status by obesity status: 

P-value 

 

Total 

(%) 

Obese  

n (%) 

Overweight 

n (%) 

Normal weight 

n (%) 

25 (OH) vitamin D  

 

0.160 29(60.4) 14(77.8) 3 (50) 12 (50) Group (A1) (<10ng/ml ) sever deficiency) 

19(39.6) 4 (22.2) 3 (50) 12 (50) Group (A2) (10-20 ng) moderate deficiency  

0(0) 0(0) 0(0) 0(0) Group (B) (>=20-30 ng/ml) deficiency  

0(0) 0(0) 0(0) 0(0) Group (c) (>= 30ng/ml) sufficiency  

48(100) 18(100) 6(100) 24(100) Total (%) 

 

RESULTS  

A total of 48 Saudi adolescents, aged 11-19 year; 24 had normal 

weight and 24 had increased body weigh were included in this 

study. Their socio-demographic and relevant characteristics are 

shown in table 1. The prevalence of severe deficiency vitamin D 

was 29 (60.4%) whereas the prevalence moderate deficiency was 

19 (39.6%). 

The female adolescents had severe deficiency vitamin D more 

than male with statistically difference; (81% versus 44.4%),          

p-value was 0.010 as shown in table 2. Although there was          

no significantly difference in prevalence of vitamin D deficiency     

in  our  study  according  to increased body mass index, there was  
 

 

statistically difference in the mean of vitamin D between normal 

weight and obese adolescents, p-value was 0.034 as illustrated in 

tables 3 and 4. The adolescents who had history of no sun 

exposure had severe deficiency vitamin D (less than 10 ng/mL) 

compared to their counterparts as shown in table 5, p-value was 

0.006. Adolescents with history of fish or tuna consumption less 

than three times/week were more likely to have severe vitamin D 

deficiency than those  who consumed fish or tuna more than three 

times/week (61% versus 37.5%), p=0.002. (Table 6) 

Daily consumption of milk was not significantly associated with 

vitamin D status as illustrated in figure 7. 

 

Table 4: Mean  of 25 (OH) D according to BMI of studied sample 

P-value 

 

Total (n=42) 

 

Obese 

(n= 18) 

Normal weight 

(n= 24) 

Variable 

0.034 8.98± 2.61 7.91± 2.31 9.63± 2.63 25 (OH) vitamin D  

 

Table 5:  Relation of Vitamin D status to sun exposure daily 

P-value Total  (%) No exposure NO standard exposure 25 (OH) vitamin D  

0.006 26(60.4) 16(84.8) 13(44.8) Group (A1) (<10ng/ml ) sever deficiency) 

19(39.6) 3(15.2) 16(55.2) Group (A2) (10-20 ng) moderate deficiency  

48 (100) 19(100) 29(100) Total (%) 

 

Table 6:  Relation of Vitamin D status to fish or tuna consumption 

P-value 

 

Total (%) 

 

Fish or tuna 

consumption less 

than three times 

/week 

Fish or tuna 

consumption 

three times 

/week 

25 (OH) vitamin D  

 

 

0.002 

 

26(60.4) 23(71.9) 6(37.5) Group (A1) (<10ng/ml ) sever deficiency) 

19(39.6) 9(28.1) 10(62.5) Group (A2) (10-20 ng) moderate deficiency  

48 (100) 32(100) 16(100) Total (%) 

 

Table 7:  Relation of Vitamin D status to milk daily consumptions 

P-value 

 

Total (%) 

 

No  

consumption 

In sufficient 

consumption 

25 (OH) vitamin D  

 

0.840 26(60.4) 25 (61.0) 4 (57.1) Group (A1) (<10ng/ml ) sever deficiency) 

19(39.6) 16 (39.0) 3 (42.9) Group (A2) (10-20 ng) moderate deficiency  

48 (100) 41 (100) 7 (100) Total (%) 

 

DISCUSSION 

The prevalence of severe deficiency vitamin D in the present 

study among Saudi adolescents (11-19 years) was 60.4% 

whereas the prevalence moderate deficiency was 19 39.6%. In a 

recent study carried out in Italy among healthy adolescents, the 

prevalence of  hypovitaminosis D was 82.2%; vitamin D deficiency  

 

 

and insufficiency were detected in 49.9% and 32.3% of 

adolescents, respectively. Among those with deficiency, 8.9% 

were severe deficient.15 Also, our results are in accordance with 

other reported from other countries around the globe.16-21 Being 

sedentary reduces time spent outdoor in sunlight on one side and 
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on the other side it increases the risk of obesity, which is another 

risk factor for hypovitaminosis D.22-24 Adolescence is a period of 

rapid growth and bone mineral accrual25,26 during which vitamin D 

status should be maintained within the optimal range. Indeed, 

vitamin D plays a role in the achievement of peak bone mass 

(PBM) during adolescence.25,27,28 In the present study obese 

subjects had lower significant level of vitamin D compared to 

normal subjects. In an Italian study, BMI was shown to 

significantly affect vitamin D status, with overweight and obese 

adolescents being at a higher risk of vitamin D deficiency.15 

Our results also are in accordance with previous studies in this 

regards.13,29-31This is most likely due to the decreased 

bioavailability of vitamin D because of its deposition in body fat 

compartments.32 Moreover, adiponectin has been recently 

identified as a key plasma protein that links vitamin D deficiency to 

pediatric obesity.33 

The present study reported that severe vitamin D deficiency was 

more significantly observed among female adolescents. The same 

finding has been reported by others.34,35 This could be attributed 

partially to cultural attitudes towards sun exposure and concealing 

clothes. However, other studies did not find a gender 

difference.13,36,37 

The adolescents who had history of no sun exposure had more 

severe deficiency vitamin D compared to their counterparts. It has 

been reported in a study done by Binkley et al that the high 

prevalence of low vitamin D status is assumed to result from 

inadequate sun exposure.38 

The present study revealed that adolescents with history of fish or 

tuna consumption less than three times/week were more likely to 

have severe vitamin D deficiency than those  who consumed fish 

or tuna more than three times/week. According to nutrient 

databases, 100-gram serving of salmon contains between 361 

and 685 IU of vitamin D and also Canned light tuna contains up to 

236 IU of vitamin D in a 100-gram serving, which is more than half 

of the reference daily intake of vitamin D which is 400 IU.39 

This study is limited by its cross-sectional design which permits 

only association and not causality between variables. Also by its 

relatively small sample size and its conduction in only one city in 

the Kingdom of Saudi Arabia which might limits its generalizability. 

Despite of those limitations, it has an important public health 

implication on the community by exploring this important issue. 

In conclusion, vitamin D deficiency is highly prevalent among 

adolescents in and probably in Saudi Arabia which is largely 

attributed to poor exposure to sun light and poor dietary vitamin D 

supplementation. Severe vitamin D deficiency is common in 

female adolescents obese adolescents group had very low mean 

level of vitamin. 

 

REFERENCES 

1. Holick M F. Vitamin D deficiency. N Engl J Med 2007; 357: 

266–81. 

2. Hansen KE, Jones AN, Lindstrom MJ, Davis LA, Engelke JA, 

Shafer MM Vitamin D insufficiency: disease or no disease? J 

Bone Miner Res 2008; 23:1052–1060 

3. Garland CF, Garland FC, Gorham ED, Lipkin M, Newmark H, 

Mohr SB, et al. The role of vitamin D in cancer prevention. Am J 

Public Health 2006;96:252–61. 

4. Guillemant J. Vitamin D status during puberty in French healthy 

male adolescents. Osteoporos Int. 1999; 10:222–225.  

5. El−Hajj Fuleihan G, Nabulsi M, Choucair M, Salamoun M, Hajj 

Shahine C, Kizirian A, Tannous R. Hypovitaminosis D in healthy 

school children. Pediatrics. 2001;107:53. 

6. Çizmecioğlu FM, Etiler N, Görmüş U, Hamzaoğlu O,  Hatun S. 

Hypovitaminosis D in Obese and Overweight Schoolchildren. J 

Clin Res Pediatr Endocrinol. 2008 Dec; 1(2): 89–96. 

7. Gordon CM, DePeter KC, Feldman HA, Grace E, Emans SJ. 

Prevalence of vitamin D deficiency among healthy adolescents. 

Arch Pediatr Adolesc Med. 2004;158:531–537.  

8. Moussavi M, Heidarpour R, Aminorroaya A, Pournaghshband 

Z, Amini M. Prevalence of vitamin D deficiency in Isfahani high 

school students in 2004. Horm Res. 2005;64:144–148. 

9.Lehtonen−Veromaa M, Möttönen T, Irjala K, Kärkkäinen M, 

Lamberg−Allardt C, Hakola P, Viikari J. Vitamin D intake is low 

and hypovitaminosis D common in healthy 9− to 15−year−old 

Finnish girls. Eur J Clin Nutr. 1999;53:746–751. 

10.  Ginty F, Cavadini C, Michaud PA, Burckhardt P, Baumgartner 

M, Mishra GD, Barclay DV. Effects of usual nutrient intake and 

vitamin D status on markers of bone turnover in Swiss 

adolescents. Eur J Clin Nutr. 2004;58:1257–1265.  

11.Torun E, Gönüllü E, Özgen IT, Cindemir E, Öktem F. Vitamin D 

Deficiency and insufficiency in obese children and adolescents 

and its relationship with insulin resistance. Int J Endocrinol. 2013; 

2013: 631845. 

12. Censani M, Stein EM, Shane E, Oberfield SE, McMahon DJ, 

Lerner S, et al. Vitamin D deficiency is prevalent in morbidly obese 

adolescents prior to bariatric surgery. ISRN Obes. 2013;2013. pii: 

284516. 

13. Vierucci F, Pistoia MD, Fanos M, Erba P, Saggese G. 

Prevalence of hypovitaminosis D and predictors of vitamin D 

status in Italian healthy adolescents. Ital J Pediatr. 2014; 40: 54. 

14. Abdelkarem HM, El-Sherif MA, Gomaa SB. Vitamin D status 

and insulin resistance among young obese Saudi females. Saudi 

Med J. 2016 May; 37(5): 561–566. 

15. Vierucci F, Del Pistoia M, Fanos M, Erba P, Saggese G. 

Prevalence of hypovitaminosis D and predictors of vitamin D 

status in Italian healthy adolescents. Italian Journal of Pediatrics 

2014, 40:54. 

16. González-Gross M, Valtueña J, Breidenassel C, Moreno LA, 

Ferrari M, Kersting M, et al. Vitamin D status among adolescents 

in Europe: the healthy lifestyle in Europe by nutrition in 

adolescence study. Br J Nutr 2012, 107:755–764. 

17. Lippi G, Montagnana M, Meschi T, Borghi L: Vitamin D 

concentration and deficiency across different ages and genders. 

Aging Clin Exp Res 2012, 24:548–551. 

18. Dong Y, Pollock N, Stallmann-Jorgensen IS, Gutin B, Lan L, 

Chen TC, et al. Low 25-hydroxyvitamin D levels in adolescents: 

race, season, adiposity, physical activity, and fitness. Pediatrics 

2010, 125:1104–1111. 

19. Kim SH, Oh MK, Namgung R, Park MJ. Prevalence of 25-

hydroxyvitamin D deficiency in Korean adolescents: association 

with age, season and parental vitamin D status. Public Health Nutr 

2014, 17:122–130. 

20. Santos BR, Mascarenhas LP, Satler F, Boguszewski MC, 

Spritzer PM. Vitamin D deficiency in girls from South Brazil: a 

cross-sectional study on prevalence and association with vitamin 

D receptor gene variants. BMC Pediatr 2012, 12:62. 

21. Yu A, Kim J, Kwon O, Oh SY, Kim J, Yang YJ. The 

association between serum 25-hydroxyvitamin d concentration 



Al-Jifry AMH & Ba-Shaikh KAA. Vitamin D Deficiency According to Increased BMI 

44 | P a g e                                                              Int J Med Res Prof.2018 Mar; 4(2); 40-44.                                                            www.ijmrp.com 

and consumption frequencies of vitamin d food sources in korean 

adolescents. Clin Nutr Res 2013, 2:107–114. 

22. Valtueña J, González-Gross M, Huybrechts I, Breidenassel C, 

Ferrari M, Mouratidou T, et al. Factors associated with vitamin D 

deficiency in European adolescents: the HELENA study. J Nutr 

Sci Vitaminol (Tokyo) 2013;59:161–171. 

23. Earthman CP, Beckman LM, Masodkar K, Sibley SD. The link 

between obesity and low circulating 25-hydroxyvitamin D 

concentrations: considerations and implications. Int J Obes (Lond) 

2012;36:387–396. 

24. Ghergherechi R, Hazhir N, Tabrizi A. Comparison of vitamin D 

deficiency and secondary hyperparathyroidism in obese and non-

obese children and adolescents. Pak J Biol Sci. 2012;15:147–151.  

25. Mouratidou T, Vicente-Rodriguez G, Gracia-Marco L, 

Huybrechts I, Sioen I, Widhalm K, et al. HELENA Study Group. 

Associations of dietary calcium, vitamin D, milk intakes, and 25-

hydroxyvitamin D with bone mass in Spanish adolescents: the 

HELENA study. J Clin Densitom. 2013;16:110–117.  

26. Society for Adolescent Health and Medicine. Recommended 

vitamin D intake and management of low vitamin D status in 

adolescents: a position statement of the society for adolescent 

health and medicine. J Adolesc Health. 2013;52:801–803.  

27. Pekkinen M, Viljakainen H, Saarnio E, Lamberg-Allardt C, 

Mäkitie O. Vitamin D is a major determinant of bone mineral 

density at school age. PLoS One. 2012;7:e40090.  

28. Pitukcheewanont P, Austin J, Chen P, Punyasavatsut N. Bone 

health in children and adolescents: risk factors for low bone 

density. Pediatr Endocrinol Rev. 2013;10:318–335.  

29. Dong Y, Pollock N, Stallmann-Jorgensen IS, Gutin B, Lan L, 

Chen TC et al. Low 25-hydroxyvitamin D levels in adolescents: 

race, season, adiposity, physical activity, and fitness. Pediatrics 

2010; 125:1104–1111. 

30. Gordon CM, DePeter KC, Feldman HA, Grace E, Emans SJ. 

Prevalence of vitamin D deficiency among healthy adolescents. 

Arch Pediatr Adolesc Med 2004; 158:531–537. 

31. Saintonge S, Bang H, Gerber LM. Implications of a new 

definition of vitamin D deficiency in a multiracial US adolescent 

population: The National Health and Nutrition Examination Survey 

III. Pediatrics 2009; 123:797–803. 

32. Walker GE, Ricotti R, Roccio M, Moia S, Bellone S, Prodam F, 

Bona G: Pediatric obesity and vitamin D deficiency: a proteomic 

approach identifies multimeric adiponectin as a key link between 

these conditions. PLoS One 2014; 9:e83685. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

33. Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF. 

Decreased bioavailability of vitamin D in obesity. Am J Clin Nutr 

2000; 72:690–693. 

34. Al-Musharaf S, Al-Othman A, Al-Daghri NM, Krishnaswamy S, 

Yusuf DS, Alkharfy KM, et al. Vitamin D deficiency and calcium 

intake in reference to increased body mass index in children and 

adolescents. Eur J Pediatr 2012, 171:1081–1086. 

35. Andıran N, Çelik N, Akça H, Doğan G. Vitamin D deficiency in 

children and adolescents. J Clin Res Pediatr Endocrinol 2012; 

4:25–29. 

36. Marwaha RK, Tandon N, Reddy DR, Aggarwal R, Singh R, 

Sawhney RC, Saluja B, Ganie MA, Singh S: Vitamin D and bone 

mineral density status of healthy schoolchildren in northern India. 

Am J Clin Nutr 2005; 82:477–482. 

37. Weng FL, Shults J, Leonard MB, Stallings VA, Zemel BS. Risk 

factors for low serum 25-hydroxyvitamin D concentrations in 

otherwise healthy children and adolescents. Am J Clin Nutr 2007; 

86:150–158. 

38. Binkley N, Novotny R, Krueger D, Kawahara T, Daida YG, 

Lensmeyer G, et al. Low Vitamin D status despite abundant sun 

exposure. The Journal of Clinical Endocrinology & Metabolism 

20017; 29(6): 2130–2135. 

39. United States Department of Agriculture Agricultural Research 

Service USDA Food Composition Databases. Available at: 

https://ndb. nal. usda.gov/ndb/search. Last cited Oct 2, 2017. 

 
[ 

 

Source of Support: Nil.       Conflict of Interest:  None Declared. 

 

Copyright: © the author(s) and publisher. IJMRP is an official 

publication of Ibn Sina Academy of Medieval Medicine & 

Sciences, registered in 2001 under Indian Trusts Act, 1882.  

This is an open access article distributed under the terms of the 

Creative Commons Attribution Non-commercial License, which 

permits unrestricted non-commercial use, distribution, and 

reproduction in any medium, provided the original work is properly 

cited. 

 
Cite this article as: Abdulrahman Mowafaq Hashim Al-Jifry, 

Khadijah Abdulrahman Ahmed Ba-Shaikh. Vitamin D Deficiency 

Among Saudi Adolescents According to Increased Body Mass 

Index. Int J Med Res Prof. 2018 Mar; 4(2):40-44. 

DOI:10.21276/ijmrp.2018.4.2.009 

 


