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Abstract

After vitamin D (also called cholecalciferol) is synthesized in the skin, it is metabolized to 25(OH)D (25-hydroxyvitamin D, also called 
calcidiol) in the liver and then to the biologically active form, 1,25(OH)2D (1,25-dihydroxyvitaminD, also called calcitriol)in the kid-
ney. According to the guidelines of the Endocrine Society, vitamin D deficiency is defined as a blood level of 25(OH)D of 20 ng/ml or 
lower, and with this definition an estimated 42% to 82% of African Americans are considered vitamin D deficient. However, there is 
no concrete evidence of higher-than-normal rates of common disorders of vitamin D deficiency within the African American popula-
tion. Our review of independent studies clearly shows that although the mean blood levels of 25(OH)D in African American women 
are in the deficient range, the mean blood levels of 1,25(OH)2D in African American women are unequivocally in the normal range-
and that African American women of different age groups also maintain normocalcemia (normal blood calcium level). Furthermore, 
although oral supplementation of high doses of vitamin D to African American women increases their blood levels of 25(OH)D to the 
normal range, there is no health benefits of the supplementation when bone health is concerned. Therefore, it appears that African 
American women are functionally vitamin D sufficient given that they have normal blood levels of 1,25(OH)2D, and the blood 25(OH)
D level may not be the best marker of vitamin D sufficiency or deficiency in African American women. In the future, it will be critical 
to investigate if there are specific genetic factors that enable African American women to maintain normal blood levels of 1,25(OH)2D 
and bone health despite having low blood levels of 25(OH)D.
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The established biological function of vitamin D is to regulate the homeostasis of calcium and phosphate for the maintenance of bone 
health. The importance of vitamin D for bone health is underscored by the fact that rickets in children and osteomalacia in adults result 
from prolonged vitamin D deficiencies or metabolic defects that impair the production of 1,25(OH)2D, or defects in the vitamin D signal 
transduction pathway [1-3]. Additionally, many studies have found an association between vitamin D deficiency and increased incidence 
of a plethora of chronic diseases, including cancers, autoimmune diseases, infectious diseases, cardiovascular diseases, and diabetes [1-3]. 
However, the causative role of vitamin D deficiency in many non-skeletal diseases remains uncertain or may not exist [4]. For example, 
although the blood levels of 25(OH)D were reported to be inversely correlated to the risk of colorectal cancer [5,6], the latest results of 
a well-designed study involving 2259 subjects demonstrate that daily supplementation of a high oral dose of vitamin D (1000 IU) plus 
or minus calcium (1200 mg) over a period of 3-5 years does not have any significant inhibitory effect on the development of colorectal 
carcinomas [7].

Introduction 



In addition to the UV-B light-stimulated synthesis of vitamin D3 in the skin, humans obtain vitamin D, in the form of vitamin D2 (a 
plant-produced vitamin D, also called ergocalciferol) or vitamin D3, from foods and/or vitamin D supplements. The dietary vitamin D2, 
after being absorbed into the human body, undergoes the CYP2R1- and CYP27B1-mediated metabolic changes to become the biologi-
cal active 1,25(OH)2D2 (for convenience, vitamin D2 and vitamin D3 will be referred to as vitamin D henceforth). Since the UV-B light-
stimulated cutaneous synthesis of vitamin D3 is most likely to contribute more than 90% of the vitamin D needed by the human body 
[3], and given that melanin is an excellent natural absorbent of the UVB photon, it is not surprising that dark-skinned people require 
substantially more exposure to UVB light than fair skinned people in order to synthesize an adequate amount of vitamin D per unit of 
skin area [14, 15]. Consequently, African Americans are more susceptible than Caucasians to developing vitamin D deficiency in the ab-
sence of adequate sunlight exposure or without taking vitamin D supplements [14, 15].

Despite the fact that 1,25(OH)2D is the biologically active form of vitamin D, the determination of the vitamin D status in the human 
body is made by measuring the total blood level of 25(OH)D. According to the guidelines of the Endocrine Society published in 2011 [16], 
vitamin D deficiency is defined as a blood 25(OH)D3 level of 20 ng/mL or lower; vitamin D insufficiency is defined as a blood 25(OH)D3 
level of 21-29 ng/mL; and vitamin D sufficiency is defined as blood 25(OH)D3 levels of 30 ng/mL or higher. However, Bischoff-Ferrari 
suggested that blood 25(OH)D3 levels of 36-40 ng/mL are optimal after careful analysis of the thresholds of blood 25(OH)D3 levels and 
its relationship to skeletal health, dental health, risk of falls, fractures, and colorectal cancer [17].

According to the definition of vitamin D deficiency by the Endocrine Society guidelines, it is estimated that 42% to 82% of African 
Americans appear to be vitamin D deficient [18,19] in comparison to a less than 5% vitamin D deficiency incidence in the Caucasians 
[18]. However, there is no strong evidence of higher incidence of bone-related complications and symptomology of vitamin D deficiency 
in the African American population. Instead, African Americans of both genders actually have higher bone mass density, higher bone 
strength and less risk of bone fracture than Caucasians [20-25]. For example, postmenopausal Caucasian woman are two to three time 
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The simplified schemes in Figure 1 depict the synthesis and metabolism of vitamin D and regulations of vitamin D metabolism. Ir-
radiation of the human skin by UV-B light causes non-enzymatic conversion of 7-dehydrocholesterol to pre-vitamin D3 in the epidermis. 
Pre-vitamin D3 then undergoes a spontaneous isomerization to vitamin D3, which is secreted into the blood circulation. Vitamin D3 is 
absorbed from the blood circulation by the liver and then converted to 25(OH)D3 through a reaction catalyzed by the enzyme CYP2R1 
(also called vitamin D 25-hydroxylase). The 25(OH)D3 is secreted back into the blood circulation. In the blood circulation, the vitamin 
D-binding protein (VDBP), which is also called group-specific component (Gc) protein encoded by the GC gene [8], serves as the carrier of 
25(OH)D3. In response to decreasing concentration of blood Ca2+, the parathyroid glands secret the parathyroid hormone (PTH), which 
stimulates bone resorption to release calcium and phosphate and causes inhibition of urinary excretion of calcium and increases urinary 
excretion of phosphate. As a long-term action mechanism, PTH stimulates the activation of CYP27B1 (also called 1-α-hydroxylase) in the 
renal proximal convoluted tubule, thereby causing increased conversion of 25(OH)D3 to the biologically active 1,25(OH)2D3 in the kid-
ney and increased concentration of 1,25(OH)2D in the blood circulation. It should be noted that 1,25(OH)2D3 molecules in the circulating 
blood are also bound to VDBP [8]. 1,25(OH)2D3 enters a target cell, binds to the vitamin D receptor (VDR) in the nucleus, and activates 
the transcription activity of the receptor to induce changes in the expression of a large number of vitamin D-responsive genes [2]. In 
the small intestine, 1,25(OH)2D3 regulates the expression of a set of genes to stimulate increased intestinal absorption of both calcium 
and phosphate [9]. In the kidney, 1,25(OH)2D3 stimulates re-absorption of calcium [9,10]. Therefore, 1,25(OH)2D is an critical regulator 
of the calcium homeostasis of the blood. Thus, deficiency of 1,25(OH)2D3 and defects in the vitamin D signaling pathway result in poor 
bone mineralization causing bone softening and rickets in children and osteomalacia in adults. Also, it should be noted that 1,25(OH)2D3 
inhibits PTH secretion by the parathyroid glands to prevent excessive bone resorption and 1,25(OH)2D3 has a feedback inhibitory effect 
on the expression of CYP27B1, indicating self-regulation [9-11]. It should be noted that FGF23, which is secreted by osteoblasts and os-
teocytes in response to increasing circulating level of phosphate and which plays a critical role in phosphate homeostasis, also regulates 
vitamin D metabolism: FGF23 inhibits the metabolic conversion of 25(OH)D3 to 1,25(OH)2D3 by suppressing the expression of CYP27B1 
and activating the expression of CYP24A1 (also called 24-α-hydroxylase), which is the key enzyme for catabolic degradation of vitamin 
D [12, 13] (Figure 1).
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In comparison to age-matched Caucasian women, the mean blood levels of 25(OH)D in African American women at all life stages - 
from peripubertal to postmenopausal ages–are in the deficient range (Table 1). However, when the blood 1, 25(OH)2D levels between 
age-matched African American and Caucasians women are compared, the mean blood and 1, 25(OH)2D levels of African American 
women are virtually identical to that of Caucasians women and are equivocally in the normal range (Table 1). Therefore, given that 
1,25(OH)2D is the biologically active vitamin D, African American women are functionally vitamin D sufficient even though they have low 
blood levels of 25(OH)D.

Increased secretion of PTH into the blood circulation by the parathyroid glands is a normal physiological response to decreasing Ca2+ 
level in the blood. PTH stimulates osteoclast-mediated bone resorption to release Ca2+ and PTH stimulates activation of CYP27B1 in the 
kidney to catalyze the conversion of 25(OH)D to 1,25(OH)2D, resulting in elevated blood levels of 1,25(OH)2D and increased intestinal 
absorption of Ca2+ and and renal reabsorption of Ca2+ [9,10]. 1,25(OH)2D also suppresses PTH secretion by the parathyroid gland to avoid 
excessive bone resorption [11]. Various studies consistently show that the mean blood PTH levels of African American women are higher 
than that of Caucasian women (Table 1). However, although African American women have higher mean blood level of PTH than Cauca-
sian women, the blood Ca2+ levels in African American women are in the normal range and virtually identical to that of Caucasian women 
(Table 1). Therefore, the normal blood calcium level indicates that the elevated blood PTH level in African American women is unlikely a 

Findings

Blood levels of 25(OH)D, 1,25(OH)2D, Ca2+, and PTH in African American women versus Caucasian women

more likely than postmenopausal African American women to have non-vertebral fracture [24,25]. Therefore, the blood level of 25(OH)
D does not seem to serve as a reliable biomarker for bone health of the African Americans. To seek an explanation for this apparent dis-
crepancy of vitamin D deficiency versus a lack of increased risk of bone disorders in African Americans, we reviewed published studies 
that have specifically compared blood levels of vitamin D, calcium, and parathyroid hormone and other factors between African Ameri-
can women and Caucasian women. We also reviewed studies that investigated potential health benefits of high oral doses of vitamin D 
supplementation to African American women. The findings of these studies show that compared to Caucasian women African American 
women of all age groups have a high incidence of vitamin D deficiency according to the blood 25(OH)D levels. However, African American 
women maintain normal blood levels of the biologically active 1,25(OH)2D, making them functionally vitamin D sufficient, and further-
more even though high oral doses of vitamin D supplementation increase the blood level of 25(OH)D in African American women it does 
not seem to have any significant effect on the bone health of the African American women. 

25(OH)D (ng/ml) 1,25(OH)2D (pg/ml) PTH (pg/ml) Ca2+(mM) Life Stage of the Subjects Study
AA Caucasian AA Caucasian AA Caucasian AA Caucasian

18.5 29.9 - - 40.9 36.6 - - Peripubertal (ages 5 to 14 years) [26]
25.7 33.2 45.4 36.0 28.0 24.9 2.3 2.4 Adolescent (ages11 to 15 years) 

Adolescent (ages 14 to 18 years)
[27]

16.2 39.5 - - - - - - [28]
10.8 18.4 40.4 37.3 35.8 23.6 2.3 2.3 Adult (male and female, ages28 to 33 

years)
[29]

13.8 25.5 30.4 30.8 37.1 30.2 1.2 1.2 Premenopausal (age 25 to 40 years) [30]
14.8 31.2 47.1 38.9 2.3 4.1 [31]
13.1 27.1 - - 39 35.9 - - Pre- and post-menopausal [32]

Table 1: Mean plasma levels of 25(OH)D, 1,25(OH)2D, PTH, and Ca2+ in female Caucasians and African 
Americans (AA) reported in different studies.
The details of the statistical analysis of the data can be found in the original studies. 
Reference levels of plasma PTH: 15-60 pg/ml
Reference levels of plasma Ca2+: 2.0-2.6 mM
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Nevertheless, the above findings clearly demonstrate that African American women of different age groups maintain normal blood 
levels of the biologically active 1,25(OH)2D even though their blood 25(OH)D levels are in the deficient range (Table 1). Hence, the blood 
25(OH)D level may not be the best indicator of vitamin D deficiency or sufficiency in African American women. In the future, determina-
tion of the vitamin D status in African American women, and perhaps also in African American men, should use test results that show 
the blood levels of 1,25(OH)2D and/or other biomarkers.

Interestingly, Dawson-Hughes., et al. demonstrated in a study of a small group of healthy African American and Caucasian women 
matched with ages (ages 23 to 38 years) and body-mass index that supplementation with 0.25 μg 1,25(OH)2D four times a day for 2 
weeks virtually had no effect on the blood levels of 25(OH)D and Ca2+ but increased the blood levels of 1,25(OH)2D and decreased blood 
levels of PTH in all subjects [20]. This study also demonstrated that the meanblood level of 1,25(OH)2D post treatment were almost 
identical between the Caucasian and African Americanwomen (40.54 + 3.65 pg/mL in Caucasian women vs 41.73 + 3.85 pg/mL in Afri-
can American women). Yet, the mean post-treatment PTH level was still higher in African American women than in Caucasian women: 
the mean pretreatment PTH level was 31.7 + 3.8 pg/mL in Caucasians women vs 48.1 + 4.0 pg/mL in African American women while 
the mean post-treatment PTH level was 23.4 + 3.6 pg/mL in Caucasians women vs 33.9 + 3.7 pg/mL in African American women [20]. 
Therefore, it appears that African American women maintain a higher baseline level of blood PTH than the Caucasian women do. Fur-
thermore, it is clear that the blood level of PTH is unrelated to the blood level of 25(OH)D but is inversely related to the blood level of 
1,25(OH)2D. However, given that this is a study of a small number of subjects, the findings may not be generalized and they need to be 
confirmed in future studies involving more subjects of both genders and all age groups. 

In a 3-month placebo-controlled study, Talwar et al demonstrated that oral supplementation with 2000 IU of vitamin D3/day to 
postmenopausal African American women with adequate dietary calcium intake (1200-1500 mg/day) was sufficient to raise the blood 
25(OH)D level from a mean baseline of 18.76 ng/ml to a level above 20 ng/ml in 95% of the subjects of the study [33]. Similarly, Ng 
et al demonstrated that in a 4-arm, randomized, placebo-controlled study of African American men and women (ages 43-60 years), a 
3-month supplement of 1000 IU vitamin D3/day, 2000IU of vitamin D3/day or 4000 IU of vitamin D3/day raised the baseline blood 
25(OH)D level from 16.2 ng/ml, 13.9 ng/ml and 15.7 ng/ml to 29.7 ng/ml, 34.8 ng/ml, and 45.9 ng/ml, respectively [34]. Furthermore, 
Ng et al suggest that an estimated 1640 IU of vitamin D3/day is needed to raise the blood 25(OH)D level over 20 ng/ml in 97.5% of 
subjects and 4000 IU of vitamin D3/day is needed to raise the blood 25(OH)D level equal to or above 33 ng/ml in over 80% of subjects 
[34]. When Gallagher., et al. [35] compared the effect of oral supplementation with vitamin D3 on the blood levels of 25(OH)D in vita-
min D deficient Caucasian and African American women (ages 25 to 45 years) who had adequate dietary calcium intake, they found the 
following: 12-month supplementation with 2400 IU of vitamin D3/day raised the mean blood 25(OH)D level from 12.4 ng/ml to 43.2 
ng/ml in the African American women and from 15.0 ng/ml to 39.1 ng/ml in the Caucasian women. This indicates a complete normal-
ization in both groups [35]. Interestingly, Aloia., et al. [36] demonstrated that although long-term oral supplementation with vitamin 
D3 (800 IU of vitamin D3/day for two years, and then 2000 IU of vitamin D3/day for one year) to postmenopausal African American 
women (50-75 years of age) with adequate dietary calcium intake (1200-1500 mg/day) increased the blood 25(OH)D from a base line 
level of 18.8 ng/ml to as high as 34.8 ng/ml, the supplementation had no significant effect on bone loss or bone turnover markers in the 
blood [36], suggesting that the supplementation has no or little beneficial effect to the bone health of these African American women. 

Relationship between the blood concentrations of 1, 25(OH)2D and PTH in African American women

Normalization of the blood 25(OH)D level in postmenopausal African American women through oral vitamin D supplemen-
tation

condition of hyperparathyroidism, which should have caused increased bone resorption and hypercalcemia in African American wom-
en. The reason why the elevated blood PTH levels is not associated with an increased risk of bone resorption disorder in African 
American women is most likely due to slightly increased bone resistance to PTH in African American women [29, 30]. It is plausible 
that African American women also have an increased renal resistance to PTH and consequently higher blood level of PTH is needed 
to stimulate sufficient activity of CYP27B1 in the kidney for the production of an adequate amount of 1,25(OH)2D to ensure adequate 
intestinal and renal absorption of calcium. 
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In the blood circulation, up to 90% of 25(OH)D is bound to VDBP (also called Gc protein encoded by the GC gene), the rest is mostly 
bound to albumin, and less than 1% remains free [37]. The commonly used assays that determine the concentrations of vitamin D in the 
blood measure the total circulating level of 25(OH)D without distinguishing the free vitamin D from the vitamin D bound to VDBP and 
albumin. Using a monoclonal antibody-based assay, Powe et al determined and compared the amounts of bioavailable 25(OH)D - that is, 
the amount of blood 25(OH)D not bound to VDBP - between African Americans and Caucasians and found that African Americans have a 
lower blood level of VDBP than Caucasians do and that after adjusting the VDBP-bound 25(OH)D the blood level of bioavailable 25(OH)
D in African Americans is similar to that of Caucasians [38]. Powe., et al. explained that the lower blood level of VDBP in African Ameri-
cans and high level of blood VDBP in Caucasian result in similar levels of bioavailable 25(OH)D and consequently similar blood levels of 
1,25(OH)2D in both racial groups [38]. Powe., et al. also suggest that a measurement of the blood 1,25(OH)2D level or the amount of the 
bioavailable 25(OH)D in the blood would more accurately determine vitamin D sufficiency or deficiency in the African American popu-
lation [38]. However, the conclusion by Powe et al needs to be re-evaluated because the monoclonal antibody-based assays they used 
to measure blood VDBP may not provide accurate results given that polymorphisms of VDBP are likely to interfere with the interaction 
between VDBP and the monoclonal antibody in their assay [39]. The GC gene that encodes VDBP has three major polymorphisms - Gc1f, 
Gc1s, and Gc2 - and most African Americans carry the Gc1f haplotype whereas Caucasian are most likely to carry the Gc1s haplotype 
[40]. Interestingly, the Gc1f form of VDBP has an increased affinity for vitamin D and thus more efficiently binds to, transports, and 
protects vitamin D [41]. Although the study by Powe et al seems to suggest that African American have low blood levels of VDBP when 
compared to Caucasian [38], recent investigations by others using a sophisticated liquid chromatography-tandem mass spectrometric 
assay or a polyclonal antibody-based assay for blood VDBP demonstrates that the Gc polymorphisms do not significantly affect the 
blood level of VDBP and that the blood levels of VDBP of African Americans are similar to that of Caucasians [39, 42]. Strikingly, studies 
of patients with liver diseases plus reduced blood VDBP levels [43] and the wild type and VDBP knockout mice [44] have demonstrated 
that the blood level of VDBP is positively correlated to the blood level of 1,25(OH)2D. Thus the recent findings by others [39, 42] showing 
that African Americans and Caucasians have similar blood levels of VDBP strongly suggest that the presence of adequate levels of blood 
VDBP is most likely a significant contributing factor for the normal levels of 1,25(OH)2D in African Americans.

Discussion

Depending on the study, it is suggested that about 22% to 28% or up to 57% of the interpersonal variability of the blood 25(OH)D 
level among Caucasians is accounted for by genetic factors [45-47]. A genome-wide association study of 33,996 individuals of European 
descent identified polymorphisms in CYP2R1, VDBP, and DHCR7 to be strongly associated with vitamin D insufficiency and deficiency 
[48]. As illustrated in Figure 1, CYP2R1 is the enzyme that converts vitamin D to 25(OH)D and DHCR7 is the enzyme that converts the vi-
tamin D precursor, 7-dehydrocholesterol, into cholesterol. Thus, loss-of-function mutations in CYP2R1 and gain-of-function mutations 
in DHCR7 are likely to cause reduced production of 25(OH)D, resulting in decreased blood levels of 25(OH)D. It is also possible that a 
unique polymorphism(s) in CYP24A1, which causes catabolic inactivation of vitamin D by catalyzing the conversion of 25(OH)D and 
1,25(OH)2D to 24,25-dihydoxyvitamin D and 1,24,25-trihydroxyvitamin D, respectively [Figure 1B, 49, 50], can cause the low 25(OH)D 
status in African Americans. CYP27B1 converts 25(OH)D to 1,25(OH)2D, thus polymorphisms in CYP27B1 can also significantly influ-
ence blood levels of 25(OH)D and 1,25(OH)2D.

Interestingly, Hensen et al have recently demonstrated that the polymorphisms identified in the European descents cannot be 
replicated in African Americans, but the rs7041 SNP of GC is statistically, significantly associated with a low blood 25(OH)D level in 
African Americans [51]. However, the rs7041 SNP was previously identified by others to be associated with low blood 25(OH)D levels 
in bothAfrican Americans and Caucasians [52-54] and the correlation between the rs7041 SNP and the low vitamin D status in African 
Americans was not replicated in the study conducted by Batai et al [55]. Rather, Batai et al have found that there is a strong correlation 
between the rs7041 SNP and the blood 25(OH)D levels in Caucasians, while in African Americans, a strong correlation exist between a 
CYP2R1 SNP, rs1993116, and blood 25(OH)D level [55]. Therefore, the issue of whether there are unique polymorphisms of GC, CYP2R1, 
and DHCR7 gene that are responsible for the low blood level of 25(OH)D in African Americans remains to be investigated. 
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Figure 1:  Metabolism of vitamin D and its regulation (A): The de novo cholesterol synthesis pathway produces 7-dehydrocho-
lesterol, which is normally converted to cholesterol by DHCR7 (7-dehydrocholesterol reductase). In the epidermis of the skin, 
UV-B light causes non-enzymatic, photochemical conversion of 7-dehydrocholesterol to previtamin D3, which then spontane-
ously isomerizes into vitamin D3. Vitamin D3 is secreted into the blood circulation. Vitamin D3 is absorbed by the liver from the 
blood circulation and then converted to 25(OH)D3 through a reaction catalyzed by the enzyme CYP2R1 (also called vitamin 
D 25-α-hydroxylase). The resulting 25(OH)D3 is secreted back to the blood circulation. Upon stimulation by PTH (parathy-
roid hormone), the kidneys convert 25(OH)D3 to 1,25(OH)2D via the reaction catalyzed by the enzyme CYP27B1 (also called 
1-α-hydroxylase). The resulting 1,25(OH)2D3 is secreted into the blood circulation. In the blood, the vitamin D molecules are 
carried by the VDBP (vitamin D-binding protein). PTH positively (+) whereas 1,25(OH)2D and FGF23 negatively (-) regulates 
the CYP27B1 activity in the kidney, thereby regulating the production of 1,25(OH)2D. 25(OH)D is the predominant form of 
vitamin D in the blood  and is measured in lab tests for the determination of vitamin D status [3]. (B) CYP24A1 (also called 24-
hydroxylase) is the enzyme that catalyzes catabolic inactivation of both 25(OH)D3 and 1,25(OH)2D3. FGF23 and 1,25(OH)2D 
independently have positive regulatory effect on CYP24A1 activity [12, 13, 60].
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Nevertheless, there is a small body of evidence suggesting that there are unique genetic factors in African Americans that regulate 
vitamin D metabolism. First, a study by Signorello.,et al. determined that based on the analysis of a panel of 276 ancestry informative 
SNPs, there was a statistically significant linear decrease in the blood level of 25(OH)D with increasing African ancestry [56]. Thus, in-
dividuals with high African ancestry (>95%) have a mean of 16.5 ng/mL 25(OH)D whereas people with lower African ancestry (<85%) 
have 1.2 times more circulating 25(OH)D [56]. Secondly, it was estimated that two single nucleotide polymorphisms of the GC gene and 
one in CYP27B1 gene were strongly related to the blood 25(OH)D level in African Americans [57]. The highest genotype score among 
African Americans was associated with an average reduction of 7.1 ng/ml in the level of blood 25(OH)D [57]. 

Given that FGF23 is an important regulator of CYP24A1 [12,13,60] and that the expression of the CYP24A1 gene, which is normally 
at very low level, is strongly up-regulated by 1,25(OH)2D [58,59] or FGF23 [60], it will be important to determine and compare the 
relationship between the blood level of FGF23 and the blood levels of various forms of vitamin D in African Americans and Caucasians.
It has been suggested that a unique variant of the vitamin D responsive element (VDRE) that weakens the transcriptional activity of 
the promoter of the CYP24A1 gene exists within the African American population [61]. Future research is needed to investigate unique 
genetic polymorphisms that may be specifically associated with the a low blood level of 25(OH)D yet a normal bloodlevel of 1,25(OH)2D 
in African American women and most likely also in African American men.

In summary, although vitamin D deficiency is defined as the blood level of 25(OH)D lower than 20 ng/mL [16], this classification 
of vitamin D deficiency may not be applicable to African American women because they have normal blood levels of 1,25(OH)2D and 
normocalcemia despite the fact that their blood 25(OH)D level is in the range of deficiency (Table 1). Given that it is unclear whether 
the observed low blood level of 25(OH)D and normal blood level of 1,25(OH)2D in African American women in different studies is just 
a short-term phenomenon observed at the end of each study or a long-term phenomenon, it will be critical to use well-designed, long-
term, prospective cohort studies of large numbers of African American women (as well as African American men) with a low blood 
level of 25(OH)2D and a normal blood levels of 1,25(OH)2D to investigate if a chronic low 25(OH)D vs normal 1,25(OH)2D status can 
be consistently maintained in the absence of bone disorders as well as other negative health outcomes, including premature mortality, 
autoimmune diseases, diabetes, chronic musculoskeletal pain, neurological and cognitive disorders, depression, and dental disease [3, 
62, 63].

The authors wish to thank the Department of Biochemistry and Molecular Medicine, The George Washington University School of 
Medicine and Health Sciences for support. 

Conflict of Interest

Acknowledgement

Bibliography

The authors declare that there is no conflict of interest that would cause the impartiality of this review.

1.     Gröber U., et al. “Vitamin D: update 2013 from rickets prophylaxis to general preventative health care”. Dermatoendocrinolology 5
        (2013): 331-347.
2.     Carlberg C. “Genome-wide (over) view on actions of vitamin D”. Frontiers in Physiology 5 (2014): 167.
3.     Wacker M Holick MF. “Vitamin D effects on skeletal and extraskeletal health and the need for supplementation”. Nutrients 5.1 
        (2013): 111-148.
4.     Autier P., et al. “Vitamin D status and ill health: a systematic review”. Lancet Diabetes Endocrinology 2.1 (2014): 76-89.
5.     Chung M., et al. “Vitamin D With or Without Calcium Supplementation for Prevention of Cancer and Fractures: An Updated Meta-
        analysis for the U.S. Preventive Services Task Force”. Annals of Internal Medicine 155.12 (2011): 827-838.
6.     Yin L., et al. “Meta-analysis: Circulating vitamin D and ovarian cancer risk”. Gynecologic Oncology 121.2 (2011): 369-375. 
7.     Baron JA., et al. “A Trial of Calcium and Vitamin D for the Prevention of Colorectal Adenomas”. The New England Journal of Medi-
        cine 373.16 (2015): 1519-1530.



The Low Blood Level of 25-Hydroxy Vitamin D in African American Women: Is It Clinically Significant?
618

Citation: Zhiyong Han., et al. “The Low Blood Level of 25-Hydroxy Vitamin D in African American Women: Is It Clinically Signifi-
cant?” EC Nutrition 3.2 (2016): 611-620.

8.     Daiger SP., et al. “Group-specific component (Gc) proteins bind vitamin D and 25-hydroxyvitamin D”. Proceedings of the National 
         Academy of Sciences 72.6 (1975): 2076-2080.
9.     Bronner F. “Mechanisms of intestinal calcium absorption”. Journal of Cellular Biochemistry 88.2 (2003): 387-393.
10.   Friedman PA. “Mechanisms of renal calcium transport”. Experimental Nephrology 8.6 (2000): 343-350.
11.   Delmez JA., et al. “Parathyroid hormone suppression by intravenous 1,25-dihydroxyvitamin D. A role for increased sensitivity to
         calcium”. Journal of Clinical Investigation 83.4 (1989): 1349-1355.
12.   Martin A., et al. “Regulation and function of the FGF23/klotho endocrine pathways”. Physiological Reviews 92.1 (2012): 131-155.
13.   Liu S., et al. “Fibroblast growth factor 23 is a counter-regulatory phosphaturic hormone for vitamin D”. Journal of the American 
        Society of Nephrology 17.5 (2006): 1305-1315.
14.   Clemens T., et al. “Increased skin pigment reduces the capacity of skin to synthesise vitamin D3”. The Lancet 1.8263 (1986): 
        74-76.
15.   Norman AW. “Sunlight, season, skin pigmentation, vitamin D, and 25-hydroxyvitamin D: integral components of the vitamin D 
        endocrine system”. The American Journal of Clinical Nutrition 67.6 (1998): 1108-1110.
16.   Holick MF., et al. “Endocrine Society. Evaluation, treatment, and prevention of vitamin D: an Endocrine Society clinical practice 
        guideline”. The Journal of Clinical Endocrinology & Metabolism 96.7 (2011): 1911-1930.
17.   Bischoff-Ferrari HA. “Optimal blood 25-hydroxyvitamin D levels for multiple health outcomes”. Advances in Experimental Medi-
        cine and Biology 624 (2008): 55-71.
18.   Nesby-O’Dell S., et al. “Hypovitaminosis D prevalence and determinants among and white women of reproductive age: third Na-
        tional Health and Nutrition Examination Survey, 1988-1994”. The American Journal of Clinical Nutrition 76.1 (2002): 187-192.
19.   Forrest K and Stuhldreher WL. “Prevalence and correlates of vitamin D deficiency in US adults”. Nutrition Research 31.1 (2011): 
        48-54.
20.   Dawson-Hughes B., et al. “Calcium absorption responses to calcitriol in African American and white premenopausal women”. The
        Journal of Clinical Endocrinology 80.10 (1995): 3068-3072.
21.   Hochberg MC. “Racial differences in bone strength”. Transactions of the American Clinical and Climatological Association 118 
        (2007): 305-315.
22.   Hannan MT., et al. “Blood 25-hydroxyvitamin D and bone mineral density in a racially and ethnically diverse group of men”. The 
        Journal of Clinical Endocrinology & Metabolism 93.1 (2008): 40-46.
23.   Barrett J., et al. “Fracture risk in the U.S. Medicare population”. Journal of Clinical Epidemiology 52.3 (1999): 243-249.
24.   Griffin MR., et al. “African American-white differences in fracture rates”. American Journal of Epidemiology 136 (1992): 
        1378-1385.
25.   Bohannon A., et al. “Association of race and other potential risk factors with nonvertebral fractures in community-dwelling 
        elderly women”. American Journal of Epidemiology 149.11 (1999): 1002-1009.
26.   Hanks L., et al. “BMI but not race contributes to vitamin D-parathyroid hormone axis in peripubertal girls”. Infant, Child, & Adoles-
        cent Nutrition 5.2 (2013): 100-105. 
27.   Weaver C., et al. “Vitamin D status and calcium metabolism in adolescent African American and white girls on a range of con-
        trolled calcium intakes”. The Journal of Clinical Endocrinology & Metabolism 93.10 (2008): 3907-3914.
28.   Dong Y., et al. “Low 25-hydroxyvitamin D levels in adolescents: race, season, adiposity, physical activity, and fitness”. Pediatrics 
        125.6 (2010): 1104-1111.
29.   Fuleihan G., et al. “Racial differences in parathyroid hormone dynamics”. The Journal of Clinical Endocrinology & Metabolism 79.6 
        (1994): 1642-1647.
30.  Cosman F., et al. “Resistance to bone resorbing effects of PTH in African American women”. Journal of Bone and Mineral Research
        12.6 (1997): 958-966. 
31.   Cosman F., et al. “Biochemical responses of bone metabolism to 1,25-dihydroxyvitamin D administration in African American and 
         white women”. Osteoporosis International 11.3 (2000): 271-277.



The Low Blood Level of 25-Hydroxy Vitamin D in African American Women: Is It Clinically Significant?
619

Citation: Zhiyong Han., et al. “The Low Blood Level of 25-Hydroxy Vitamin D in African American Women: Is It Clinically Significant?” 
EC Nutrition 3.2 (2016): 611-620.

32.   Aloia J., et al. “The 25(OH)D/PTH threshold in African American women”. The Journal of Clinical Endocrinology & Metabolism 95.11
         (2010): 5069-5073. 
33.   Talwar SA., et al. “Dose response to vitamin D supplementation among postmenopausal women”. The American Journal of Clinical 
         Nutrition 86.6 (2007): 1657-1662.
34.   Ng K., et al. “Dose response to vitamin D supplementation in s: results of a 4-arm, randomized, placebo-controlled trial”. The Ameri-
         can Journal of Clinical Nutrition 99.3 (2014): 587-598.
35.   Gallagher JC., et al. “Vitamin D Supplementation in Young White and Women”. Journal of Bone and Mineral Research 29.1 (2014): 
         173-181.
36.   Aloia JF., et al. “Vitamin D supplementation increases calcium absorption without a threshold effect”. The American Journal of Clini-
         cal Nutrition 99 (2014): 624-631.
37.   Bikle DD., et al. “Assessment of the free fraction of 25-hydroxyvitamin D in blood and its regulation by albumin and the vitamin 
         D-binding protein”. The Journal of Clinical Endocrinology & Metabolism 63.4 (1986): 954-959.
38.   Powe C., et al. “Vitamin D-binding protein and vitamin D status of African American Americans and white Americans”. New England
         Journal of Medicine 369.21 (2013): 1991-2000.
39.   Hoofnagle AN., et al. “Vitamin D-Binding Protein Concentrations Quantified by Mass Spectrometry”. New England Journal of Medi-
         cine 373.15 (2015): 1480-1482.
40.   Chun RF. “New perspectives on the vitamin D binding protein”. Cell Biochemistry and Function 30.6 (2012): 445-456.
41.   Kamboh MI and Ferrell RE. “Ethnic variation in vitamin D-binding protein (GC): a review of isoelectric focusing studies in human          
         populations”. Human Genetics 72.4 (1986): 281-293.
42.   Henderson CM., et al. “Measurement by a Novel LC-MS/MS Methodology Reveals Similar Blood Concentrations of Vitamin D-Bind-
         ing Protein in African Americans and Whites”. Clinical Chemistry 62.1 (2015): 179-187.
43.   Bikle DD., et al. “Blood protein binding of 1,25-dihydroxyvitamin D: a reevaluation by direct measurement of free metabolite levels”. 
         The Journal of Clinical Endocrinology & Metabolism 61.5 (1985): 969-975.
44.   Zella LA., et al. “Vitamin D-binding protein influences total circulating levels of 1,25-dihydroxyvitamin D3 but does not directly 
         modulate the bioactive levels of the hormone in vivo”. Endocrinology 149.7 (2008): 3656-3667.
45.   Livshits G., et al. “Statistical genetic analysis of blood levels of vitamin D: familial study”. Annals of Human Genetics 63.5 (1999): 
         429-439.
46.   Shea MK., et al. “Genetic and nongenetic correlates of vitamins K and D”. European Journal of Clinical Nutrition 63.4 (2009): 
         458-464.
47.   Hunter D., et al. “Genetic contribution to bone metabolism, calcium excretion, and vitamin D and parathyroid hormone regulation”. 
         Journal of Bone and Mineral Research 16.2 (2001): 371-378.
48.   Wang TJ., et al. “Common genetic determinants of vitamin D insufficiency: a genome-wide association study”. Lancet 376.9736 
         (2010): 180-188.
49.   Makin G., et al. “Target cell metabolism of 1,25-dihydroxyvitamin D3 to calcitroic acid. Evidence for a pathway in kidney and bone 
         involving 24-oxidation”. Biochemical Journal 262.1 (1989): 173-180.
50.   Reddy G., et al. “Calcitroic acid, end product of renal metabolism of 1,25-dihydroxyvitamin D3 through C-24 oxidation pathway”. 
         Biochemistry 28.4 (1989): 1763-1769.
51.   Hansen JG., et al. “Genetic and environmental factors are associated with blood 25-hydroxyvitamin D concentrations in older Afri-
         can Americans”. Journal of Nutrition 145.4 (2015): 799-805.
52.   Engelman CD., et al. “Genetic and Environmental Determinants of 25-Hydroxyvitamin D and 1,25-Dihydroxyvitamin D Levels in 
         Hispanic and African Americans”. The Journal of Clinical Endocrinology & Metabolism 93.9 (2008): 3381-3388.
53.   Sinotte M., et al. “Genetic polymorphisms of the vitamin D binding protein and blood concentrations of 25-hydroxyvitamin D in 
         premenopausal women”. The American Journal of Clinical Nutrition 89.2 (2009): 634-640.



The Low Blood Level of 25-Hydroxy Vitamin D in African American Women: Is It Clinically Significant?
620

Citation: Zhiyong Han., et al. “The Low Blood Level of 25-Hydroxy Vitamin D in African American Women: Is It Clinically Significant?” 
EC Nutrition 3.2 (2016): 611-620.

54.   Janssens W., et al. “Vitamin D deficiency is highly prevalent in COPD and correlates with variants in the vitamin D-binding gene”. 
         Thorax 65.3 (2010): 215-220.
55.   Batai K., et al. “Common vitamin D pathway gene variants reveal contrasting effects on blood vitamin D levels in s and European 
         Americans”. Human Genetics 133.11 (2014): 1395-1405.
56.   Signorello L., et al. “Blood vitamin d levels in relation to genetic estimation of African ancestry”. Cancer Epidemiology, Biomarkers & 
         Prevention 19.9 (2010): 2325-2331.
57.   Signorello LB., et al. “Common variation in vitamin D pathway genes predicts circulating 25-hydroxyvitamin D Levels among Afri-
         can Americans”. PLoS One 6.12 (2011): e28623.
58.   Chen KS and DeLuca HF. “Cloning of the human 1 alpha, 25-dihydroxyvitamin D-3 24-hydroxylase gene promoter and identification 
         of two vitamin D-responsive elements”. Biochimica et Biophysica Acta 1263.1 (1995): 1-9.
59.   Armbrecht HJ., et al. “Induction of the vitamin D 24-hydroxylase (CYP24) by 1,25-dihydroxyvitamin D3 is regulated by parathyroid 
         hormone in UMR106 osteoblastic cells”. Endocrinology 139.8 (1998): 3375-3381.
60.   Shimada T., et al. “Vitamin D receptor-independent FGF23 actions in regulating phosphate and vitamin D metabolism”. Renal Physi-
         ology - American Journal of Physiology 289.5 (2005): F1088-F1095.
61.   Roff A and Wilson R. “A novel SNP in a vitamin D response element of the CYP24A1 promoter reduces protein binding, transactiva-
         tion, and gene expression”. The Journal of Steroid Biochemistry and Molecular Biology 112.1-3 (2008): 47-54.
62.   Melamed M., et al. “25-hydroxyvitamin D levels and the risk of mortality in the general population”. Achieves of Internal Medicine 
         168 (2008): 1629-1637.
63.   Wang T., et al. “Vitamin D deficiency and risk of cardiovascular disease”. Circulation 117.4 (2008): 503-511.

Volume 3 Issue 2 January 2016
© All rights are reserved by Zhiyong Han., et al.


