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Abstract
Background: Patients with sickle cell disease in the USA have been noted to have lower levels of vitamin
D – measured as 25-hydroxyvitamin D (25(OH)D) – compared to controls. Average serum 25(OH)D levels are
also substantially lower in African Americans than whites, while population distributions of 25(OH)D among
Jamaicans of African descent and West Africans are the same as among USA whites. The purpose of this
study was to examine whether adult patients with sickle cell disease living in tropical regions had reduced
25(OH)D relative to the general population.
Methods: We analyzed serum 25(OH)D in stored samples collected from studies in Jamaica and West Africa
of adult patients with sickle cell disease and adult population controls.
Results: In samples of 20 Jamaicans and 50 West Africans with sickle cell disease mean values of 25(OH)D
were 37% and 39% lower than controls, respectively. Metabolic abnormalities in the absorption and conversion
pathways are possible causes for the consistent relative deficiency of 25(OH)D in sickle cell disease.
Conclusions: Low 25(OH)D levels in tropical Africa where the burden of sickle cell disease is highest, deserve further
investigation, and a randomized trial is warranted to address efficacy of supplementation.
Keywords: Sickle cell disease, Sickle cell anemia, Vitamin D, 25-hydroxyvitamin D, Adult patients, Tropical Africa,
Jamaica, West Africa

Background
Vitamin D receptors are expressed ubiquitously in human tissues suggesting that this hormone has numerous
regulatory functions. Other than its role in bone-mineral
metabolism, clear evidence that variation in vitamin D
measured as 25-hydroxyvitamin D (25(OH)D) influences
health outcomes has been difficult to obtain [1]. Several
reports from North America have documented lower 25
(OH)D levels in patients with sickle cell disease (SCD)
compared to age-matched controls [2-6]. A correlation
between low 25(OH)D and severity of the course of SCD
has also been observed and a recent case report described dramatic improvement in pain symptoms after
vitamin D supplementation in a SCD patient with severe
osteoporosis and profound vitamin D deficiency [2]. A
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subsequent pilot randomized trial that enrolled 46 patients with SCD demonstrated a significant reduction in
days with pain with improved physical-activity-related
quality of life after supplementation with high dose vitamin D [7]. The authors of these reports suggest that low
25(OH)D may contribute specifically to the almost universal problem of chronic daily pain observed in SCD,
perhaps by impairing bone health [7].
Serum 25(OH)D levels are strongly influenced by the
amount of ultraviolet radiation that passes through the
outer layer of the skin and reaches vascular tissue. In
turn, the latitude of a person’s residence and the degree
of skin pigmentation determine the amount of radiation
(i.e., ultraviolet B [UVB] to which these tissues are exposed. Dietary sources of vitamin D generally make only
a small contribution to body stores. 25(OH)D levels are
further influenced by genetic variation in receptors and
other components of this biological system [8-11]. It is
generally believed that strong evolutionary selection –
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working through the metabolic effects of vitamin D accounts for the clinal variation in skin color seen in human populations in relation to latitude [12-14]. Other
known factors that influence 25(OH)D include age, adiposity and some chronic medical conditions (e.g., chronic
kidney disease, use of steroids, etc.).
The underlying basis for the relative deficiency of
25(OH)D among individuals of African descent is unknown, but could reflect absorption or endogenous metabolic abnormalities. To our knowledge, no reports have
yet examined 25(OH)D levels in SCD patients of African
heritage living near the equator. In this report we confirm lower levels among patients with SCD in tropical
environments.

Methods
Study subjects

West African SCD patients were recruited from the clinics
at the University College Hospital in Ibadan, Nigeria [15].
A random sample of patients were approached and asked
to participate without regard to clinical status. Only patients in steady state were recruited and included in the
present study. Because clinical exam of SCD patients
at the College Hospital included laboratory analyses,
some data on markers of renal or liver function such as
creatinine, urea, aspartate transaminase, and alanine
transaminase generated at the University College Hospital
Laboratory as part of routine clinical workup were available on the SCD patients. Population controls were drawn
from a population-based cohort study of energy expenditure from Ghana [16]. Nigeria and Ghana are in the same
geographical region in West Africa (Ghana's latitude
and longitude is 8° N and 2° W, and Nigeria's latitude
and longitude is 10° N and 8° E). There were no reported
current uses of vitamin D supplements among the SCD
patients and the population controls at the time of subject
recruitment. Recruitment of SCD patients and controls
took place over multiple years and across both dry and
wet seasons.
For the Jamaican SCD patients, specimens were chosen
from stored plasma from patients being followed at the
Sickle Cell Clinic at the University of the West Indies,
Mona, Kingston, Jamaica. Apart from being at steady
state, no criteria were applied to sample selection. Population controls were drawn from a second population-based
cohort study of energy expenditure from Jamaica; this
study included similar numbers of men and women [16].
Both the SCD cohort and the population-based cohort
studies were done across seasons and spanned multiple
years. Because samples for the Jamaican SCD patients
had been drawn and stored for intervals up to 10 years,
we therefore performed assessment of reliability of stored
samples by analyzing duplicate samples from different
follow-up years to assess possible effect of storage on

Page 2 of 6

serum 25(OH)D. The correlation between duplicate assays
was 0.8 and the absolute mean difference 9.0 nmol/l;
this is in agreement with reports that stability of serum
25(OH)D is unaffected by multiple freeze-thaw cycles or
long-term storage [17,18].
Anthropometric measurements

Anthropometric measurements in all study samples were
performed and recorded by trained research staff. Information on age, height and body weight on all study subjects
in the four samples were obtained by use of standardized
physical exams. Height was measured using a stadiometer
consisting of a steel tape attached to a straight wall and a
wooden headboard. The headboard was positioned with
the subject shoeless, feet and back against the wall, and
head held in the Frankfort horizontal plane and measurement taken to the nearest 0.1 cm. Body weight was measured to the nearest 0.2 kg on calibrated electronic scales.
Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters.
Laboratory assays

All measurements were made at outpatient clinics located
in the communities. Standardized protocols were used for
blood sampling. Specimens were immediately processed
to separate plasma and then frozen. Frozen plasma samples from both West African and Jamaican study sites
were shipped to and stored in Chicago from where they
were sent to the Department of Laboratory Medicine at
the University of Washington for vitamin D analysis. The
liquid chromatography-tandem mass spectrometric assay
of vitamin D metabolites was performed as described previously [19,20]. The calibration of the assay was verified
using the National Institute of Standards and Technology
standard reference material (SRM) 972. Interassay variability was 6.0% at 28.7 nmol/l and 5.6% at 30.7 nmol/l for
25(OH)D2 and 25(OH)D3, respectively.
Statistical analysis

Descriptive characteristics of the cohorts are presented
as means and standard deviations (SD) when continuous
variables were considered, and as frequencies for categorical variables. A generalized linear regression model
was used to adjust for age, body mass index (BMI), and
sex in the comparison of cases with the control samples.
Statistical significance was set at the value of p < 0.05. All
statistical analyses were performed using SAS 9.3 (SAS
Institute, Cary, NC, USA). This research adhered to guidelines for Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) [21].
Ethical considerations for human subjects

The protocols for these studies were reviewed and approved by the Institutional Review Board at Loyola
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University Medical Center, Maywood, IL; the University
Hospital of the West Indies/University of the West Indies/
Faculty of Medical Sciences Ethics Committee, Mona,
Kingston, Jamaica (ECP 06 2009/2010); the Committee
on Human Research Publication and Ethics of Kwame
Nkrumah University of Science and Technology, Kumasi,
Ghana; and the Joint Ethical Committee of the University of
Ibadan/University College Hospital, Ibadan, Nigeria. Written
informed consent was obtained from all participants.

Results
Descriptive characteristics of subjects in the present
study are presented in Table 1. The number of male subjects is about the same as the number of the female subjects within each of the four study samples. Patients in
the SCD cohorts were young adults, had mean ages substantially below the controls in both Jamaica (23.7 ± 2.8
vs. 34.3 ± 6.0 years) and West Africa (23.3 ± 4.4 vs. 34.3 ±
6.7 years). Also, the SCD patients were extremely lean,
they were on average 7.2 kg/m2 and 4.7 kg/m2 lighter than
their corresponding Jamaican and West African population controls, respectively.
Figure 1 presents a scatter plot of 25(OH)D values in
the four study samples. Despite some overlap, the results
clearly separated into two distinct distributions. There
were a few outlier values among the control study samples. The mean levels of 25(OH)D were lower in SCD
patients than in controls in either Jamaica (45.4 ± 16.7
vs. 72.2 ± 17.8 nmol/l) or West Africa (46.5 ± 12.8 vs.
75.9 ± 17.2 nmol/l) after covariate adjustment for sex,
age and BMI (Table 1). Even when outlier 25(OH)D
values in controls were excluded from analyses, mean
25(OH)D levels for SCD patients were still significantly
(p < 0.05) lower than those of their corresponding population controls. Compared across the two geographical regions, the Jamaican SCD cohort was not significantly

different from the West African SCD cohort in mean age,
weight, BMI or levels of plasma 25(OH)D. Similar pattern
was observed when the population controls were compared across the two regions (Table 1). For the purpose of
comparison, representative data on vitamin D in SCD patients from North American studies [4,22] are presented
in Table 2.
We also investigated possible correlations between
25(OH)D levels and laboratory measures of biomarkers
of renal or liver function (creatinine, urea, aspartate transaminase and alanine transaminase) among the West
African SCD patients for whom these measures were
available. No relationship was observed between 25(OH)D
levels and the biomarkers (r < 0.2, p > 0.1).

Discussion
In this report we confirm that across a wide range of latitudes patients with SCD have low circulating 25(OH)D
relative to control populations in the same geographic
region. As noted, stored samples separated by an average
of 10 years in Jamaica were analyzed and found to be
very stable. We can assume, therefore, that these crosssectional data are representative of a chronic state. In a
previous study of samples of 200 healthy Nigerian
women that were age-matched to samples of 200 healthy
African American women from metropolitan Chicago,
we observed that only a small proportion of 25(OH)D
distributions in the 2 populations overlapped [23], thus
demonstrating the sizeable effect of latitude. Also, the
difference in mean levels between these two populations
of shared ancestry (African Americans vs. Nigerians) is
essentially the same as what is observed between SCD
cases and controls in the same geographic location. Representative data from North American studies [4,22]
(Table 2) demonstrate low 25(OH)D among SCD patients just as observed in the current study. Given the

Table 1 Descriptive characteristics of study subjects†
Jamaica

West Africa

Sickle cell cases

Controls

Sickle cell cases

Controls

Latitude of country of study subjects

18° 15' North

18° 15' North

Nigeria: 10° 00' North

Ghana: 8° 00' North

Longitude of country of study subjects

77° 30' West

77° 30' West

Nigeria: 8° 00' East

Ghana: 2° 00' West

20

459

50

497

Sample size
Number of females (males)

12 (8)

243 (216)

26 (24)

290 (207)

Age (years)

23.7 ± 2.8b

34.3 ± 6.0a

23.3 ± 4.4b

34.3 ± 6.7a

Weight (kg)

54.0 ± 7.8c

75.9 ± 16.8

52.4 ± 9.7c

63.5 ± 11.5

169.3 ± 9.2

164.1 ± 8.8ef

162.6 ± 8.2ef

26.7 ± 6.4

19.4 ± 3.0g

24.1 ± 4.5

72.2 ± 17.8

46.5 ± 12.8h

75.9 ± 17.2

Height (cm)
Body mass index (kg/m2)
Vitamin D (nmol/l)

df

166.0 ± 7.4

19.5 ± 2.5g
h

45.4 ± 16.7

d

†
Values are expressed as means ± standard deviations; Values with one or two same superscript letters from ‘a’ to ‘h’ are pairwise non-significantly different (P < 0.05);
vitamin D comparison was adjusted for sex, age and body mass index; All controls were sampled from 2010–2011 and sickle cell cases from 2000–2010 (Jamaica) and
2011–2012 (West Africa).
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Figure 1 Box plot of 25(OH)D levels in sickle cell disease cases and controls from Jamaica (Jam) and West Africa (WAf).

findings from Nigeria, and the evidence that 25(OH)D
among healthy Nigerians are at the same levels as found
among light-skinned European and North American populations [23], we suggest that neither inherent inability to
synthesize active 25(OH)D nor limited sun exposure as a
result of reduced time spent outdoors can explain the US
findings. The great preponderance of 25(OH)D is produced through exposure to UVB radiation so it is also unlikely that inadequate absorption of dietary vitamin D is
the key mechanism.
Investigators in Atlanta reported complete resolution
of chronic pain in a 16 year old female with SCD who
had severe osteoporosis with vitamin D supplementation
[2]; serum 25(OH)D levels were reported to be 20 nmol/l
[2] at baseline. Bone density improved slightly (+11%)
during the 20 months of follow up, and - surprisingly chronic headaches also resolved [2]. A small scale randomized trial by the same investigators likewise showed a
significant improvement in the number of days with pain
in addition to physical-activity-related quality of life scores

after a short course of high dose vitamin D therapy given
as oral cholecalciferol [7]. Thirty-nine patients were randomized, however only 25 were available for end point
analysis [7]. Serum 25(OH)D rose significantly in the initial phases of the trial and lower numbers of pain days
were reported in the treatment group, although the improvement was not sustained [7]. The authors hypothesize
that lower 25(OH)D in SCD could be a result of a combination of lower intake of vitamin D foods, reduced sun
exposure and increased utilization of vitamin D for bone
remodeling [7]. It seems unlikely, however, that the first
two proposed explanations accounted for the low levels of
vitamin D observed in the Jamaican and Nigerian sickle
cell cohorts, relative to the general population as intake of
foods high in vitamin D is universally low [24,25] and sun
exposure is extensive in these populations.
The potential health effects of low 25(OH)D have been
widely studied [26-30]. Despite claims from observational studies of a role in conditions varying from cancer
to obesity, the accumulated evidence was thought to be

Table 2 Vitamin D in sickle cell disease patients in North America
Study

Geographic
location

Population

Rovner et al. [4]

Philadelphia, PA
(latitude: 39.95°)

Ages: 5-18

Ages: 6-18

Buison et al. [22]

Philadelphia, PA

N:61 SCD-SS

(latitude: 39.95°)

Ages: 5-18

Vitamin D levels: 25(OH)D†

Cases

Controls

Cases

Controls

N:61 SCD-SS

N:89 African-American

37 nmol/l (IQR: 25–82)

52 nmol/l (IQR: 37–90)

N:33 African American

Total population: 25.5 ± 12.7 nmol/l

African American:
60.7 ± 21.2 nmol/l

N:76 Non-African American

Ages: 7–10: N:25 29.5 ± 15.5 nmol/l

Non-African American:
84.6 ± 23.5 nmol/l

Ages: 7-10
†
25(OH)D Measurements: Rovner et al.: RIA kit (DiaSorin); Buison et al.: Radioiodinated tracer.
N, number; IQR, interquartile range.
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inadequate to serve as the basis for supplementation in a
recent Institute of Medicine report [1]. In a comprehensive literature review, Aloia argues forcefully that there
is no evidence to support health-related consequences of
relatively low 25(OH)D beyond bone health [31]. The
strongest claim for an etiologic role for 25(OH)D has
been made in regard to multiple sclerosis (MS), where
month of conception – which in turn reflects circulating
25(OH)D in the mother – has been consistently shown
to be associated with this condition in adult offspring
[32]. Supplementation to prevent MS is however not
currently accepted practice.
Of additional interest in relation to 25(OH)D in SCD
patients in tropical countries would be the potential role
in mediating immune function [33]. It is interesting to
place the relative deficiency observed for patients with
SCD in the tropics in the context of global patterns of
25(OH)D [34,35]. As noted above, SCD patients in
Nigeria and Jamaica have similar levels of 25(OH)D to
those found among healthy African Americans [36]. As
Aloia has pointed out, there are likely to be compensatory mechanisms within the metabolic pathway for 25
(OH)D, particularly in the kidney, that give the system
overall sufficient plasticity to maintain normal function
in the face of “low” circulating 25(OH)D levels [31].
Nonetheless, placing the findings among SCD patients
within this context does little to explain why circulating
25(OH)D should be lower than in controls, and nor does
it entirely resolve the question of whether there could be
pathologic consequences.

Conclusion
In conclusion, we have demonstrated that circulating
25(OH)D is lower in patients with SCD from equatorial regions to temperate latitudes. This finding, which appears to be characteristic of SCD, could offer a window on
vitamin D metabolism if the entirety of the metabolic pathway could be described. In particular, we hypothesize that
metabolic demands on the liver in SCD may have reduced
the capacity to synthesize vitamin D binding protein.
Whether benefits would accrue from supplementation can
only be answered with sufficiently large randomized trials
where patients are randomized to vitamin D or placebo.
Abbreviations
25(OH)D: 25-hydroxyvitamin D; BMI: Body mass index; SCD: Sickle cell
disease; SD: Standard deviation; SRM: Standard reference material;
USA: United States of America; UVB: Ultraviolet B.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
AL, RD, RSC conceived of the study, and with TSA, CAM, MR, participated in
its design and coordination. TSA, BLS, CAM, MR, JP performed data
acquisition; BOT, RD performed statistical analysis. TSA, CAM, MR, JL, IO, RD,
RSC interpreted data and results; BOT, JL, RSC drafted the manuscript; TSA,

Page 5 of 6

CAM, IO, RSC performed critical revision of manuscript for important
intellectual content. All authors read and approved the final manuscript.
Acknowledgements
This work was conducted with support of grant number TW0008695 from the
Fogarty International Center of the National Institutes of Health and the
National Institutes of Health grants number 1R01DK90360 and 5R01DK080763.
Author details
1
Department of Public Health Sciences, Loyola University Chicago Stritch
School of Medicine, 2160 S. First Ave, Maywood, IL 60153, USA. 2Department
of Hematology, College of Medicine, University of Ibadan, Ibadan, Nigeria.
3
Department of Medicine, College of Medicine, University of Ibadan, Ibadan,
Nigeria. 4Sickle Cell Unit, Tropical Medicine Research Institute, The University
of the West Indies, Kingston, Jamaica. 5Department of Medicine, Section of
Infectious Diseases, Loyola University Chicago Stritch School of Medicine,
Maywood, IL, USA. 6Aflac Center for Cancer and Blood Disorders Service
Comprehensive Sickle Cell Program of Children’s Healthcare of Atlanta,
Atlanta, GA, USA. 7Kwame Nkrumah University of Science and Technology,
Kumasi, Ghana.
Received: 12 November 2013 Accepted: 12 August 2014
Published: 16 August 2014
References
1. Institute of Medicine: Dietary Reference Intakes for Calcium and Vitamin D.
Washington (DC): National Academies Press; 2011.
2. Osunkwo I: Complete resolution of sickle cell chronic pain with high
dose vitamin D therapy: a case report and review of the literature.
J Pediatr Hematol Oncol 2011, 33(7):549–551.
3. Chapelon E, Garabedian M, Brousse V, Souberbielle JC, Bresson JL, de
Montalembert M: Osteopenia and vitamin D deficiency in children with
sickle cell disease. Eur J Haematol 2009, 83(6):572–578.
4. Rovner AJ, Stallings VA, Kawchak DA, Schall JI, Ohene-Frempong K, Zemel
BS: High risk of vitamin D deficiency in children with sickle cell disease.
J Am Diet Assoc 2008, 108(9):1512–1516.
5. Adewoye AH, Chen TC, Ma Q, McMahon L, Mathieu J, Malabanan A,
Steinberg MH, Holick MF: Sickle cell bone disease: response to vitamin D
and calcium. Am J Hematol 2008, 83(4):271–274.
6. Goodman BM 3rd, Artz N, Radford B, Chen IA: Prevalence of vitamin D
deficiency in adults with sickle cell disease. J Natl Med Assoc 2010,
102(4):332–335.
7. Osunkwo I, Ziegler TR, Alvarez J, McCracken C, Cherry K, Osunkwo CE,
Ofori-Acquah SF, Ghosh S, Ogunbobode A, Rhodes J, Eckman JR, Dampier
C, Tangpricha V: High dose vitamin D therapy for chronic pain in children
and adolescents with sickle cell disease: results of a randomized double
blind pilot study. Br J Haematol 2012, 159(2):211–215.
8. Ahn J, Yu K, Stolzenberg-Solomon R, Simon KC, McCullough ML, Gallicchio
L, Jacobs EJ, Ascherio A, Helzlsouer K, Jacobs KB, Li Q, Weinstein SJ, Purdue
M, Virtamo J, Horst R, Wheeler W, Chanock S, Hunter DJ, Hayes RB, Kraft P,
Albanes D: Genome-wide association study of circulating vitamin D
levels. Hum Mol Genet 2010, 19(13):2739–2745.
9. Fu L, Yun F, Oczak M, Wong BY, Vieth R, Cole DE: Common genetic
variants of the vitamin D binding protein (DBP) predict differences in
response of serum 25-hydroxyvitamin D [25(OH)D] to vitamin D
supplementation. Clin Biochem 2009, 42(10–11):1174–1177.
10. Engelman CD, Fingerlin TE, Langefeld CD, Hicks PJ, Rich SS, Wagenknecht
LE, Bowden DW, Norris JM: Genetic and environmental determinants of
25-hydroxyvitamin D and 1,25-dihydroxyvitamin D levels in Hispanic and
African Americans. J Clin Endocrinol Metabol 2008, 93(9):3381–3388.
11. Ramos-Lopez E, Bruck P, Jansen T, Herwig J, Badenhoop K: CYP2R1
(vitamin D 25-hydroxylase) gene is associated with susceptibility to
type 1 diabetes and vitamin D levels in Germans. Diabetes Metab Res
Rev 2007, 23(8):631–636.
12. Jablonski NG, Chaplin G: Colloquium paper: human skin pigmentation as
an adaptation to UV radiation. Proc Natl Acad Sci Unit States Am 2010,
107(Suppl 2):8962–8968.
13. Chaplin G: Geographic distribution of environmental factors influencing
human skin coloration. Am J Phys Anthropol 2004, 125(3):292–302.
14. Chaplin G, Jablonski NG: Vitamin D and the evolution of human
depigmentation. Am J Phys Anthropol 2009, 139(4):451–461.

Tayo et al. BMC Hematology 2014, 14:12
http://biomedcentral.com/2052-1839/14/12

15. Akingbola TS, Tayo BO, Salako B, Layden JE, Hsu LL, Cooper RS, Gordeuk VR,
Saraf SL: Comparison of Patients from Nigeria and the USA Highlights
Modifiable Risk Factors for Sickle Cell Anemia Complications. Hemoglobin
2014, 38(4):236–243.
16. Luke A, Bovet P, Forrester TE, Lambert EV, Plange-Rhule J, Schoeller DA, Dugas
LR, Durazo-Arvizu RA, Shoham D, Cooper RS, Brage S, Ekelund U, Steyn NP:
Protocol for the modeling the epidemiologic transition study: a longitudinal
observational study of energy balance and change in body weight,
diabetes and cardiovascular disease risk. BMC Public Health 2011, 11:927.
17. Agborsangaya C, Toriola AT, Grankvist K, Surcel HM, Holl K, Parkkila S,
Tuohimaa P, Lukanova A, Lehtinen M: The effects of storage time and
sampling season on the stability of serum 25-hydroxy vitamin D and
androstenedione. Nutr Cancer 2010, 62(1):51–57.
18. Antoniucci DM, Black DM, Sellmeyer DE: Serum 25-hydroxyvitamin D is
unaffected by multiple freeze-thaw cycles. Clin Chem 2005, 51(1):258–261.
19. Strathmann FG, Sadilkova K, Laha TJ, LeSourd SE, Bornhorst JA, Hoofnagle AN,
Jack R: 3-epi-25 hydroxyvitamin D concentrations are not correlated with
age in a cohort of infants and adults. Clin Chim Acta 2012, 413(1–2):203–206.
20. Hoofnagle AN, Laha TJ, Donaldson TF: A rubber transfer gasket to improve
the throughput of liquid-liquid extraction in 96-well plates: application
to vitamin D testing. J Chromatogr B Analyt Technol Biomed Life Sci 2010,
878(19):1639–1642.
21. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke
JP: The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting
observational studies. J Clin Epidemiol 2008, 61(4):344–349.
22. Buison AM, Kawchak DA, Schall J, Ohene-Frempong K, Stallings VA, Zemel
BS: Low vitamin D status in children with sickle cell disease. J Pediatr
2004, 145(5):622–627.
23. Durazo-Arvizu RA, Aloia JF, Dugas LR, Tayo BO, Shoham DA, Bertino AM,
Yeh JK, Cooper RS, Luke A: 25-hydroxyvitamin D levels in African
American and Nigerian women. Am J Hum Biol 2013, 25(4):560–562.
24. Lips P: Worldwide status of vitamin D nutrition. J Steroid Biochem Mol Biol
2010, 121(1–2):297–300.
25. Palacios C, Gonzalez L: Is vitamin D deficiency a major global public health
problem? J Steroid Biochem Mol Biol 2013, doi:10.1016/j.jsbmb.2013.11.003.
26. Michos ED: Vitamin D deficiency and the risk of incident Type 2 diabetes.
Future Cardiol 2009, 5(1):15–18.
27. Pilz S, Tomaschitz A, Ritz E, Pieber TR: Vitamin D status and arterial
hypertension: a systematic review. Nat Rev Cardiol 2009, 6(10):621–630.
28. Reis AF, Hauache OM, Velho G: Vitamin D endocrine system and the
genetic susceptibility to diabetes, obesity and vascular disease. A review
of evidence. Diabetes Metab 2005, 31(4 Pt 1):318–325.
29. Wang TJ, Pencina MJ, Booth SL, Jacques PF, Ingelsson E, Lanier K, Benjamin
EJ, D'Agostino RB, Wolf M, Vasan RS: Vitamin D deficiency and risk of
cardiovascular disease. Circulation 2008, 117(4):503–511.
30. Holick MF: Vitamin D deficiency. N Engl J Med 2007, 357(3):266–281.
31. Aloia JF: African Americans, 25-hydroxyvitamin D, and osteoporosis:
a paradox. Am J Clin Nutr 2008, 88(2):545S–550S.
32. Yang CY, Leung PS, Adamopoulos IE, Gershwin ME: The implication of
vitamin D and autoimmunity: a comprehensive review. Clin Rev Allergy
Immunol 2013, 45(2):217–226.
33. Maruotti N, Cantatore FP: Vitamin D and the immune system. J Rheumatol
2010, 37(3):491–495.
34. Wahl DA, Cooper C, Ebeling PR, Eggersdorfer M, Hilger J, Hoffmann K, Josse
R, Kanis JA, Mithal A, Pierroz DD, Stenmark J, Stöcklin E, Dawson-Hughes B:
A global representation of vitamin D status in healthy populations. Arch
Osteoporos 2012, 7(1–2):155–172.
35. Luxwolda MF, Kuipers RS, Kema IP, van der Veer E, Dijck-Brouwer DA,
Muskiet FA: Vitamin D status indicators in indigenous populations in East
Africa. Eur J Nutr 2013, 52(3):1115–1125.
36. Durazo Arvizu RA, Aloia JF, Dugas LR, Tayo BO, Shoham DA, Bertino AM,
Yeh JK, Cooper RS, Luke A: 25-hydroxyvitamin D levels in African
American and Nigerian women. Am J Hum Biol 2013, 25(4):560–562.

Page 6 of 6

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges

doi:10.1186/2052-1839-14-12
Cite this article as: Tayo et al.: Vitamin D levels are low in adult patients
with sickle cell disease in Jamaica and West Africa. BMC Hematology
2014 14:12.

• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

