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INTRODUCTION 

Vitamin D deficiency is a global public health issue affecting 

more than one billion people worldwide. Deficiency of vitamin 

D leads to a wide range of complications like osteoporosis, 

fractures, childhood rickets, osteomalacia, cardiovascular 

diseases, obesity, diabetes mellitus, asthma, multiple sclerosis 

and even certain types of carcinomas. Researchers are 

considering it to be a potential risk factor for impaired 

immunity as well. Finding the cause is no less important than 

treating this upcoming pandemic.[1,2,3] Vitamin D acts as a 

hormone concerned with calcium homeostasis, bone 

metabolism, body growth and development. It increases the 

intestinal absorption of calcium and phosphate and boosts up 

the immune system. Being fat-soluble and hydrophobic, it 

cannot circulate freely in blood. So, vitamin D is transported 

within the blood, bound to a carrier protein called vitamin D 

binding protein or DBP. Vitamin D binding protein exerts its 

highest affinity for serum levels of 25-hydroxyvitamin D or 

25(OH) D. Due to the rigid binding affinity and high plasma 

concentration (0.3 to 0.5 mg/ml) of all 25(OH) D in the 

circulation is combined with vitamin D binding protein. DBP 

also is complexed to megalin protein to limit the excretion of 

25(OH) D through proximal convoluted tubule in the 

kidneys.[3,4,5] The richest source of vitamin D is sunlight 

exposure. When the sun light containing UVB falls on skin the 

pre-vitamin D3 is activated. After activation in the skin, 
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ABSTRACT 

Background: Vitamin D deficiency is a global health concern affecting more than a billion 

people and is increasingly recognized in tropical countries like Bangladesh despite adequate 

sunlight. Genetic variations, particularly in the Group-specific component (GC) gene encoding 

vitamin D binding protein (DBP), may influence serum vitamin D levels. The present study 

aimed to investigate the association of rs7041 polymorphism of the GC gene with serum 

vitamin D status among healthy Bangladeshi adults. Methods: This cross-sectional study was 

conducted at the Department of Physiology, Dhaka Medical College, from July 2019 to June 

2020. A total of 59 healthy adults were screened for serum vitamin D, of whom 32 with low 

levels (<30 ng/ml) were included as the study population and 10 with normal levels as 

controls. Socio-demographic, anthropometric, and biochemical data were collected. 

Genotyping of rs7041 of the GC gene was performed at the Center for Medical Biotechnology 

(CMBT), Mohakhali, using PCR, agarose gel electrophoresis, purification, and sequencing. 

Statistical analysis was carried out with chi-square testing, with p<0.05 considered 

significant. Results: The mean serum vitamin D level of the study population was 18.91 ± 

4.86 ng/ml compared to 49.23±16.29 ng/ml in controls. The allele frequency distribution of 

rs7041 among the study population revealed major allele T (59.4%) and minor allele G 

(40.6%) with a minor allele frequency of 0.406. In controls, allele T was 45% and allele G was 

55%. The chi-square test showed no statistically significant difference in allele distribution 

between study and control groups (p=0.258). However, low serum vitamin D was observed 

more frequently in carriers of the T allele. Conclusions: The findings suggest a possible 

association of the rs7041 T allele of the GC gene with low serum vitamin D levels in 

Bangladeshi adults, despite adequate sun exposure. This highlights the importance of genetic 

determinants in vitamin D status and suggests the need for further large-scale studies to 

better define population-specific reference ranges and risk groups. 

Keywords: Vitamin D deficiency, GC gene, rs7041 polymorphism, Vitamin D binding protein, 

Bangladesh, Genetic association 
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vitamin D is carried in the blood to the liver by a circulating 

protein called vitamin D binding protein (DBP).[6] Vitamin D 

Binding protein (DBP) binds to ergocalciferol (vitamin D2), 

cholecalciferol (vitamin D3), 25-hydroxylated form 

(calcifediol) and the active product 1,25-dihydroxyvitamin D 

(calcitriol). It transports vitamin D between skin, liver and 

kidney and then on target tissues.[7] It is the primary carrier 

protein for vitamin D. It binds to 85% to 90% of the total 

circulating 25-hydroxyvitamin D. The rest is non-vitamin D-

binding protein fraction (bioavailable 25- hydroxyvitamin D), 

around 10% to 15% which binds to albumin, and less than 1% 

25-hydroxyvitamin D remain in the free form. Some of the 

actions of vitamin D might be inhibited by vitamin D binding 

protein as the bound form is not available to act on the target 

cell.[8] Vitamin D binding protein (DBP) is decreased in sepsis, 

cutaneous malignant melanoma, hepatocellular carcinoma, 

primary non-metastatic breast cancer.[9,10,11,12] 

Hypovitaminosis D is an alarming problem affecting all 

continents, ethnicities, and age groups. Apart from different 

cultural behavior, latitude and sun exposure, skin 

pigmentation, clothing, sunscreen use and nutritional gain, the 

genetic traits are important contributing factors for the low 

vitamin D status of healthy individuals.[13,14] The dietary 

source serves very little in comparison to the cutaneous 

synthesis for maintenance of a sufficient vitamin D level in the 

circulation.[15] The best indicator of vitamin D status is the 

serum 25-hydroxyvitamin D or 25 (OH) D. The serum 25(OH) 

D has a 1000 fold greater circulating level than 1, 25 (OH) D. It 

has a half- life of 3-4 weeks whereas 1, 25 (OH) D has 3-4 

hours. The concentration of serum 25(OH) D in blood reflects 

the endogenous generation via UVB exposure. Genetic 

variation exerts a great impact on the circulating 25(OH) D 

levels. It is important to identify the people at risk to develop 

hypovitaminosis D. This will eventually help to expand our 

knowledge about the association between vitamin D and the 

diseases related to this condition[2,17] Bangladesh being a 

tropical country receives a good source of sunlight round the 

year. Despite abundant sun exposure, different studies have 

revealed the evidence of low serum vitamin D status among 

different age groups, gender, occupation, and several disease 

conditions.[18,19,20] In Bangladesh a laboratory investigation-

based study revealed that, out of 793 vitamin D reports 61.4% 

are deficient, 24.1% are insufficient and 13.1% are 

sufficient[21]. 

 

METHODS & MATERIALS 

Study Procedure & Study design:  

It was a cross-sectional type of study conducted at the 

Department of Physiology, Dhaka Medical College, Dhaka, 

Bangladesh, from July 2019 to June 2020, in this study, a total 

of 59 apparently healthy adults participated from different 

areas of Dhaka city. Among them, 32 subjects with low serum 

vitamin D were enrolled as study population (N=32). From the 

rest of the subjects with normal serum vitamin D 10 subjects 

were enrolled as control for comparison. Healthy Bangladeshi 

adults were the study population. Data were collected with 

face-to-face interviews. A semi-structured questionnaire was 

developed to collect data according to the objectives of the 

study. After explaining the purpose of the study, written and 

verbal consent was obtained from the respondents.  

Among the study population, the age range was 18-53 years, 

26 were males and 6 were females and with a Body Mass 

Index (BMI) range 18.62–24.90 kg/m² were included. All of 

them belonged to middle class socioeconomic background and 

from different occupations such as outdoor players, health 

workers and traffic police. The duration of sun exposure was 

2-9 hours. Other biochemical parameters like, serum calcium, 

serum albumin, serum creatinine, fasting blood sugar, 

prothrombin time were done to fulfill the sample size 

according to inclusion and exclusion criteria. Individuals with 

a use of sunscreen and umbrella, veiled women and people 

with any supplements were excluded. Same criteria were 

taken for the control group also. 

 

Blood sample collection & Biochemical tests: 

Collection of blood samples was done until accomplishment of 

the sample size. A total number of 59 blood samples were 

collected. Among them 32 samples were found to have low 

serum vitamin D and considered as study population (N=32). 

Rest of the subjects had normal serum vitamin D. Among 

them, 10 samples with normal serum vitamin D were selected 

as controls for comparison.  

 

Genetic study:  

Genetic study involves very sensitive and delicate procedures. 

The whole procedure was performed in Center for Medical 

Biotechnology (CMBT), Mohakhali, Dhaka. Genotyping of 

target region of GC gene rs7041 was done into following steps: 

Primer designing and Validation, DNA Extraction and 

Quantification, PCR (Polymerase Chain Reaction), Agarose Gel 

Electrophoresis, PCR Purification and Sequencing. 

 

RESULTS 

Table 1 shows the sociodemographic and physiological 

characteristics of both groups. Age ranged 18–53 years (mean 

30.91±11.31) in the study group and 20–48 years (mean 

32.90±7.89) in controls. Mean BMI was 20.94±1.94 kg/m² in 

the study group versus 22.89±1.63 kg/m² in controls. Systolic 

BP ranged 100–120 mmHg (mean 113.28±6.91) in the study 

group and 110.00±8.16 in controls; diastolic BP ranged 60–85 

mmHg and 60–80 mmHg, respectively. Serum calcium levels 

were within the normal range, with mean values showing no 

remarkable variation. Similarly, serum albumin, serum 

creatinine, fasting blood sugar, and prothrombin time were all 

recorded within normal limits across the participants, 

confirming that no metabolic or renal dysfunction influenced 

the study outcome (Table 2). Table 3 summarizes the 

molecular and genomic features of the rs7041 single 

nucleotide variation (SNV) in the GC gene. The variation 

occurs in Homo sapiens at chromosomal position 

chr4:71752617 (GRCh38.p12), with alleles A>G>T, and 

represents a missense variant affecting the GC gene. The gene 

is located on chromosome 4 at cytogenetic band 4q13.3, with 

a variant length of 1 base pair. Additional identifiers include 

Gene ID 2638 and Allele ID 31026, as referenced in GRCh38 

and UCSC genome assemblies. In the study population, the T 
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allele (59.4%) was more common than G (40.6%), while in the 

control group, the G allele (55%) was more frequent than T 

(45%). The chi-square test revealed a value of 5.7828 with a 

p-value of 0.016, suggesting significant deviation from Hardy-

Weinberg equilibrium (Table 4). In the proportion of T and G 

alleles among the study group, T allele predominated with 

61.00% compared to G at 39.00% (Figure 1). Figure 2 

demonstrated the distribution of alleles among controls, 

showing G allele predominance (55%) compared to T allele 

(45%). Table 5 presented the distribution of rs7041 alleles (T 

and G) among individuals with low serum vitamin D levels 

(study population, N=32, total alleles n×2=64) and healthy 

controls with normal serum vitamin D levels (Nc=10, total 

alleles Nc×2=20). In the study population, the T allele was 

observed in 38 alleles (59.4%) and the G allele in 26 alleles 

(40.6%). Among controls, the T and G alleles were observed in 

9 (45%) and 11 (55%) alleles, respectively. This bar graph 

illustrated the number of T and G alleles of the GC gene among 

individuals with low serum vitamin D levels (study 

population, N=32) and healthy controls with normal serum 

vitamin D levels (Nc=10). The study population shows 38 T 

alleles and 26 G alleles, while controls show 9 T alleles and 11 

G alleles (Figure 3). 

 

Table – I: Socio-demographic characteristics of study population and controls 

 

Parameters Study population (N=32) Controls (Nc=10) 

Age (in years)            18-53                20-48 

Gender:   

Male 26 (81.3%) 05 (50%) 

Female 06 (18.8%) 05 (50%) 

BMI (Kg/m²) 18.62-24.90 20.55-24.65 

Systolic Blood Pressure (in mmHg) 100-120 100-120 

Diastolic Blood Pressure (in mmHg) 60-85 60-80 

Occupation:   

Outdoor Players 14 (43.8%) 03 (30%) 

Health Workers 06 (18.8%) 03 (30%) 

Traffic Police 12 (37.5%) 04 (40%) 

Duration of sun exposure (in hours) 2-9 2-5 

Skin complexion (Light brown)     32 (100%) 10 (100%) 

Socio-economic status Middle Class) 32 (100%) 10 (100%) 

 

Table – II:  Biochemical parameters of the study population (n=32) and controls (n=10) 

 

 

Table – III:  General characteristics of rs7041 of GC gene 

 

a SNP identifier based on NCBI dbSNP. 
b Chromosomal location based on NCBI Human Genome Build 35 coordinates. 

 

Table – IV: Alleles frequency among study population (n=32) 

 

Alleles (NA=N×2=64) Frequency Percentages 

Major Allele: T (38) 0.595 59.4% 

Minor Allele: G (26) 0.405 40.6% 

Alleles (NcA=Nc×2=20)   

Major Allele: T (09) 0.45 45% 

Minor Allele: G (11) 0.55 55% 

Parameter Study population (N=32) Controls (Nc=10) 

Serum vitamin D (ng/ml) 12.45-29.03 32.03-78.19 

Serum Calcium (mg/dl) 08.58-10.00 08.56-9.91 

Serum Albumin (gm/dl) 03.51-05.02 03.77-5.00 

Fasting blood glucose (mmol/L) 03.98-06.01 03.89-5.55 

Serum Creatinine (mg/dl) 0.41-01.21 0.67-0.98 

Prothrombin time (seconds) 11-15 11-14 

Organism Position Alleles Variation Type Gene Consequence 

Homo sapiens 
chr4:71752617 

(GRCh38.p12) 
A>G>T 

SNV (Single Nucleotide 

variation) 
GC Missense Variant 

Gene ID Allele ID Variant lengthb Cytogenetic locationa Genomic location 

2638 31026 1 bp 4q13.3 
4:71752617 (GRCh38) GRCh38 

UCSC 
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Minor Allele Frequency (MAF) 0.406  

Hardy Weinberg Equilibrium (HWE) 

chi- squared value 

chi-squared test p-value 

 

5.7828 

0.016184 

 

  

 
 

Figure – 1: Distribution of the major and minor alleles of rs7041 of GC gene among the study population (n=32) 

 

 
 

Figure – 2: Distribution of the major and minor alleles of rs7041 of GC gene among the control (NC=10) 

 

Table – V: Comparison of alleles among the study population (n=32) and control (NC=10). 

 

Serum vitamin D Alleles p- value 

Study population with 

low serum vitamin D 

(n×2=64) 

T (NT=47) G (NG=37)  

38 26 
0.258ns 

(59.4%) (40.6%) 

Controls with normal 

serum vitamin D (Nc×2=20) 

09 11 
 

(45%) (55%) 

 

 
 

Figure – 3: Distribution of alleles among study population (n=32) and controls (Nc=10) 
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DISCUSSION 

The present study was undertaken to observe the relationship 

between variants in rs7041 of Group specific component (GC) 

gene with low serum vitamin D level among Bangladeshi 

adults. For this cross-sectional study, a total number of 32 

adults with low serum vitamin D level and 10 adults with 

normal serum vitamin D level were enlisted on the basis of 

inclusion and exclusion criteria. The genotype of rs7041 of 

Group specific component (GC) gene was the study parameter.  

A total number of 59 individuals were investigated for serum 

vitamin D. Finally, a number of 32 two subjects were found to 

have low serum vitamin D and enrolled as the study 

population (N=32). Their age ranged from 18-53 years. The 

Body Mass Index (BMI) ranged from 18.62-24.90 kg/m2. 

Among them, 26 were males and 06 were females. All 

belonged to middle class socioeconomic background and from 

different occupations like outdoor players 14 (43.8%), 

community health workers 6 (18.8%) and traffic police 12 

(37.5%) who were adequately exposed to sunlight. The 

duration of sun exposure ranged from 2-9 hours with a mean 

(± SD) of 6.5 ±1.85 hours. Among the controls, age ranged 

from 20-48 years with a mean (± SD) age of 32.90 ± 7.89 

years. There were 5 males and 5 females. The Body Mass  

Index  (BMI) of the controls ranged from 20.55–24.65 kg/m² 

with mean (± SD) of 22.89 ± 1.63 kg/m². All of them belonged 

to middle class socioeconomic background and from different 

occupations like 3 outdoor players, 4 health workers and 3 

traffic police. 

In this study, out of all (NT=59), 32 subjects with a serum 

vitamin D level below 30 ng/ml (54%) were included as study 

population (N=32). The serum vitamin D of the study 

population (N=32) ranged from 12.45-29.03 ng/ml with mean 

(± SD) of 18.91± 4.86 ng/ml. The mean serum vitamin D of the 

controls were 49.23 ± 16.29 ng/ml and ranged from 32.03-

78.19 ng/ml.[22] Prevalence of low serum vitamin D of other 

studies are similar to this study (55.6%). This percentage was 

higher among Jordanians.[23,24,25] Jordan and Pakistan are 

countries with adequate sun exposure, but the effect of 

clothing style of the people covering nearly the whole body 

and unavailability of food fortification with vitamin D might be 

factors contributing to the high prevalence of vitamin D 

deficiency. 

The current study was concerned with assessment of the 

genotype of a single nucleotide variant (SNV) of Group specific 

component (GC) gene with the reference sequence accession 

number rs7041. Out of total 64 allele ‘T’ was the major allele 

with a total number of 38 (59.4%) and ‘G’ was the minor allele 

with a total number of 26 (40.6%). The minor allelic 

frequency (MAF) was found to be 0.406. So, 40% of the 

population has G allele versus the most common allele or 

major allele T, which was 60% of the population. The Hardy 

Weinberg formula Chi squared test p value was 0.016. The 

major allele was T, found in 09 subjects (45%) and the minor 

allele was G, found in 11 subjects (55%). A comparative study 

was performed between the distribution of alleles among the 

study population and controls were not statistically 

significant. 

The observations of this study were analogous to other 

researchers round the world.[22]  A significant association 

between low serum vitamin D status of heathy subjects with 

heterozygous and homozygous genotypes containing 

nonsynonymous polymorphism rs7041 carrying variant allele 

T among Jordanians.[25] The geographical location, latitude, 

ethnicity, food habit, cultural and religious behaviour, clothing 

style of Bangladeshi population are similar to the people of 

South Asian population as well as to some extent to the 

countries of Middle East like Jordan. Therefore, these might be 

potential causal factors for sharing similar pattern of 

genotypic variants among the population of Bangladesh, rest 

of South Asian and Middle East countries. 

The presence of allele G might contribute to the normal 

function of vitamin D binding protein (DBP) thus leading to a 

normal serum vitamin D level.[26] 

This study reports an association of low serum vitamin D with 

genotype TG and TT carrying major allele T which exists in a 

larger proportion (60%) among the population. Similarly, 

significant associations between T allele in rs7041 and low 

serum vitamin D has been reported in several studies around 

the world. The T allele was associated with low serum vitamin 

D.[27] Similar results were reported in studies conducted 

among Americans,[28,29,30,31] Brazilians, Chinese Singaporean 

and Chinese pregnant women. A study performed among 

black and white Americans has also found the association of T 

allele with low serum vitamin D.[32] Genome wide association 

studies (GWAS) conducted on different ethnicities and races 

have also exhibited strong associations between rs7041 GC 

gene and low serum vitamin D level in Finnish population[33] 

and a large population from European ancestry in five 

different cohorts.[34] 

The possible mechanism to explain the effect of variants in the 

single nucleotide variant (SNV) rs7041 in exon 11 of Group 

specific component (GC) gene is suggested by many 

researchers round the world. The single nucleotide variant 

(SNV) occurs due to substitution of a single nucleotide T in the 

genetic codon 416, resulting in production of an amino acid 

glutamic acid that is different from the usual amino acid 

aspartic acid at that position. This substitution does not result 

into any pathogenic variant that is it does not produce any 

disease, rather might refer to evolution of a variant allele from 

the ancestral allele and exhibits variation in the same SNV 

among different ethnicities and population.[29,35,34,4]  

The relationship of low levels of serum vitamin D among 

Bangladeshi adults with the SNV rs7041 Group specific 

component gene can likely be explained by the functional 

alteration of the binding protein encoded by this variant SNV 

rs7041 due to variation with the presence of major allele T. 

This leads to either decreased synthesis or faulty function of 

vitamin D binding protein (DBP), ultimately forming 

functionally lower concentrations or a decreased binding 

capacity of vitamin D binding protein (DBP) in serum. This 

might lead to a low count of serum vitamin D. 

On the contrary, a Genome Wide Association study (GWAS) 

conducted among five different cohorts from European 

ancestry including 4051 individuals did not find any 

significant association with rs7041 and low vitamin D 
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status[17]. Difference in ethnicity, race, latitude, 

sociodemographic factors, variations in methodology of 

different studies contribute to the dissimilarity also could not 

show significant association of low serum vitamin D with 

rs7041 of Group specific component gene.[36]  

The circulating vitamin D level is affected by various 

environmental and behavioural factors which were avoided 

during setting up the exclusion and inclusion criteria in this 

study. For example, a minimum of 45 min exposure to 

sunlight, a healthy diet and nutritional factors were ensured, 

clothing style like hijab wearer and veiled participants were 

excluded, sunscreen and umbrella users were not included in 

this study, individuals with vitamin D supplementation were 

excluded. It was a strength of this study that all these 

contributing factors were taken care of which might had 

influenced the natural synthetic pathway of serum vitamin D. 

This ensured avoidance of any interruption in vitamin D 

synthesis other than genetic conformation of the population. 

The current study included apparently heathy Bangladeshi 

population with the increased prevalence of low serum 

vitamin D status and the genotype evaluation exhibited 

observations different from other races and ethnicities. This 

might be an effect of natural adaptive changes from ancestral 

genetic configuration which ensures better survival from 

various environmental stress factors. 

 

LIMITATIONS 

1) The allele and genotype analysis of other variant single 

nucleotide polymorphisms on the same Group specific 

component gene could have helped to obtain more detailed 

knowledge to the etiology of low-level vitamin D of 

Bangladeshi people, which was not possible due to financial 

constraints. 

2) The sample size was small. Due to financial constraints the 

study could not include a large number of populations. 

 

CONCLUSIONS 

The present study has reported presence of a single 

nucleotide variant allele T at rs7041 of Group specific 

component (GC) gene with low serum vitamin D level among 

Bangladeshi adults which might be a determining factor for 

low serum vitamin D level of Bangladeshi population. 

Therefore, it might be important to consider the impact of 

Group specific component gene in respect of redefining the 

reference range of serum vitamin D level in adults of 

Bangladesh. 

 

 

DECLARATIONS 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the Institutional 

Ethics Committee. 

 

REFERENCES 
1. Holick MF. Vitamin D deficiency in 2010: health benefits of vitamin 

D and sunlight: a debate. Nat Rev Endocrinol 2011;7(2):73-5. 

2. Lips P. Relative value of 25(OH)D and 1,25(OH)2D measurements. J 

Bone Miner Res 2007;22(11):1668-71. 

3. Winzenberg T, Jones G. Vitamin D and bone health in childhood 

and adolescence. Calcif Tissue Int 2013;92(2):140-50. 

4. Christensen EI, Willnow TE. Essential role of megalin in renal 

proximal tubule for vitamin homeostasis. J Am Soc Nephrol 

1999;10(10):2224-36. 

5. Holick MF. The vitamin D deficiency pandemic and consequences 

for nonskeletal health: mechanisms of action. Mol Aspects Med 

2008;29(6):361-8. 

6. Cook NE, David EV. Serum vitamin D-binding protein is a third 

member of albumin and alpha-fetoprotein gene family. J Clin 

Invest 1985;76(6):2420-4. 

7. Bouillon R, Van Baelen H, Rombauts W, De Moor P. The 

purification and characterisation of the human-serum binding 

protein for the 25-hydroxycholecalciferol (transcalciferin): identity 

with group-specific component. Eur J Biochem 1976;66(2):285-91. 

8. Bikle DD, Gee E, Halloran B, Kowalski MA, Ryzen E, Haddad JG. 

Assessment of the free fraction of 25-hydroxyvitamin D in serum 

and its regulation by albumin and the vitamin D-binding protein. J 

Clin Endocrinol Metab 1986;63(4):954-9. 

9. Hattori N, Oda S, Sadahiro T, Nakamura M, Abe R, Shinozaki K, et 

al. YKL-40 identified by proteomic analysis as a biomarker of 

sepsis. Shock 2009;32(4):393-400. 

10. Greco M, De Mitri M, Chiriacò F, Leo G, Brienza E, Maffia M. Serum 

proteomic profile of cutaneous malignant melanoma and relation 

to cancer progression: association to tumor derived alpha-N-

acetylgalactosaminidase activity. Cancer Lett 2009;283(2):222-9. 

11. Chan KY, Lai PB, Squire JA, Beheshti B, Wong NL, Sy SM, et al. 

Positional expression profiling indicates candidate genes in 

deletion hotspots of hepatocellular carcinoma. Mod Pathol 

2006;19(12):1546-54. 

12. Kim BK, Lee JW, Park PJ, Shin YS, Lee WY, Lee KA, et al. The 

multiplex bead array approach to identifying serum biomarkers 

associated with breast cancer. Breast Cancer Res 2009;11(2):R22. 

13. Riaz H, Finlayson AE, Bashir S, Hussain S, Mahmood S, Malik F, et 

al. Prevalence of vitamin D deficiency in Pakistan and implications 

for the future. Expert Rev Clin Pharmacol 2016;9(2):329-38. 

14. Goswami R, Marwaha RK, Gupta N, Tandon N, Sreenivas V, Tomar 

N, et al. Prevalence of vitamin D deficiency and its relationship 

with thyroid autoimmunity in Asian Indians: a community-based 

survey. Br J Nutr 2009;102(3):382-6. 

15. Mithal A, Wahl DA, Bonjour JP, Burckhardt P, Dawson-Hughes B, 

Eisman JA, et al. Global vitamin D status and determinants of 

hypovitaminosis D. Osteoporos Int 2009;20(11):1807-20. 

16. Natasja M, Lips P. Worldwide vitamin D status. Best Pract Res Clin 

Endocrinol Metab 2011;25(4):671-80. 

17. Ahn J, Yu K, Stolzenberg-Solomon R, Simon KC, McCullough ML, 

Gallichio L, et al. Genome-wide association study of circulating 

vitamin D levels. Hum Mol Genet 2010;19(13):2739-45. 

18. Fischer PR, Rahman A, Cimma JP, Kyaw-Myint TO, Kabir ARML, 

Talukder K, et al. Nutritional rickets without vitamin D deficiency 

in Bangladesh. J Trop Pediatr 1999;45(5):291-3. 

19. Islam MZ, Akhtaruzzaman M, Lamberg-Allardt C. Hypovitaminosis 

D is common in both veiled and nonveiled Bangladeshi women. 

Asia Pac J Clin Nutr 2006;15(1):81-7. 

20. Islam MZ, Shamim AA, Kemi V, Nevanlinna A, Akhtaruzzaman M, 

Laaksonen M, et al. Vitamin D deficiency and low bone status in 

adult female garment factory workers in Bangladesh. Br J Nutr 

2008;99(6):1322-9. 

21. Islam AM, Hasan MN, Rahman KM, Asaduzzaman M, Rahim MA, 

Zaman S, et al. Vitamin D status in Bangladeshi subjects: a 

laboratory-based study. BIRDEM Med J 2019;9(3):202-6. 

22. Lafi ZM, Irshaid YM, El-Khateeb M, Ajlouni KM, Hyassat D. 

Association of rs7041 and rs4588 polymorphisms of the vitamin D 

binding protein and the rs10741657 polymorphism of CYP2R1 

with vitamin D status among Jordanian patients. Genet Test Mol 

Biomarkers 2015;19(11):629-36. 

https://en.wikipedia.org/wiki/Open_access


Open Access ISSN: 2663-9491 e-ISSN: 2789-6897 

 

The Insight Volume 08 Number 01 January - March 2025 

P a g e  191 

  

 

 
 

23. Mishal AA. Effects of different dress styles on vitamin D levels in 

healthy young Jordanian women. Osteoporos Int 2001;12(11):931-

5. 

24. Mallah EM, Hamad MF, ElManaseer MA, Qinna NA, Idkaidek NM, 

Arafat TA, et al. Plasma concentrations of 25-hydroxyvitamin D 

among Jordanians: effect of biological and habitual factors on 

vitamin D status. BMC Clin Pathol 2011;11:8. 

25. Khan AH, Jafri L, Siddiqui A, Naureen G, Morris H, Moatter T. 

Polymorphisms in the GC gene for vitamin D binding protein and 

their association with vitamin D and bone mass in young adults. 

Metabolism 2019;29(8):715-9. 

26. Medlej-Hashim M, Jounblat R, Hamade A, Ibrahim JN, Rizk F, Azzi 

G, et al. Hypovitaminosis D in a young Lebanese population: effect 

of GC gene polymorphisms on vitamin D and vitamin D binding 

protein levels. Ann Hum Genet 2015;79(6):394-401. 

27. Sinotte M, Diorio C, Bérubé S, Pollak M, Brisson J. Genetic 

polymorphisms of the vitamin D binding protein and plasma 

concentrations of 25-hydroxyvitamin D in premenopausal women. 

Am J Clin Nutr 2009;89(2):634-40. 

28. Ganz AB, Park H, Malysheva OV, Caudill MA. Vitamin D binding 

protein rs7041 genotype alters vitamin D metabolism in pregnant 

women. FASEB J 2012;32(4):1. 

29. Santos BR, Mascarenhas LP, Boguszewski MC, Spritzer PM. 

Variations in the vitamin D binding protein (DBP) genes are 

related to lower 25-hydroxyvitamin D levels in healthy girls: a 

cross-sectional study. Horm Res Paediatr 2013;79(1):162-8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

30. Robien K, Butler LM, Wang R, Beckman KB, Walek D, Koh WP, et al. 

Genetic and environmental predictors of serum 25-hydroxyvitamin 

D concentrations among middle-aged and elderly Chinese in 

Singapore. Br J Nutr 2013;109(3):493-502. 

31. Shao B, Jiang S, Muyiduli X, Wang S, Mo M, Li M, et al. Vitamin D 

pathway gene polymorphisms influenced vitamin D level among 

pregnant women. Clin Nutr 2018;37(6):2230-7. 

32. Powe CE, Evans MK, Wenger J, Zonderman AB, Berg AH, Nalls M, et 

al. Vitamin D-binding protein and vitamin D status of black 

Americans and white Americans. N Engl J Med 

2013;369(21):1991-2000. 

33. Moy KA, Mondul AM, Zhang H, Weinstein SJ, Wheeler W, Chung CC, 

et al. Genome-wide association study of circulating vitamin D-

binding protein. Am J Clin Nutr 2014;99(6):1424-31. 

34. Wang TJ, Zhang F, Richards JB, Kestenbaum B, van Meurs JB, Berry 

D, et al. Common genetic determinants of vitamin D insufficiency: a 

genome-wide association study. Lancet 2010;376(9736):180-8. 

35. Malik S, Fu L, Juras DJ, Karmali M, Wong BY, Gozdzik A, et al. 

Common variants of the vitamin D binding protein gene and 

adverse health outcomes. Crit Rev Clin Lab Sci 2013;50(1):1-22. 

36. Bu FX, Armas L, Lappe J, Zhou Y, Gao G, Wang HW, et al. 

Comprehensive association analysis of nine candidate genes with 

serum 25-hydroxy vitamin D levels among healthy Caucasian 

subjects. Hum Genet 2010;128(5):549-56. 

https://en.wikipedia.org/wiki/Open_access

