
Meta Gene 2 (2014) 358–365

Contents lists available at ScienceDirect

Meta Gene
Distribution of CYP17α polymorphism and
selected physiochemical factors of uterine
leiomyoma in Barbados
Angela T. Alleyne a,⁎, Shane Austin a,1, Angela Williams a,b

a Department of Biological and Chemical Sciences, Faculty of Science and Technology, University of the West Indies Cave Hill Campus,
Bridgetown BB1100, Barbados,
b ChemScreen Clinical Laboratory, Bridgetown, Barbados
a r t i c l e i n f o
Abbreviations: A, adenosine; ANOVA, analysis of
cytosine; CYP17α, cytochrome P450 17 alpha hydroxy
guanosine; PCR, polymerase chain reaction; RFLP, res
Single nucleotide polymorphism; T, thymidine; UTR,
⁎ Corresponding author at: University of the West

Biological and Chemical Sciences, Bridgetown BB110
E-mail address: angela.alleyne@cavehill.uwi.edu

1 Present address: Department of Internal Medic
Vienna, Austria.

http://dx.doi.org/10.1016/j.mgene.2014.03.006
2214-5400/© 2014 The Authors. Published by Elsev
(http://creativecommons.org/licenses/by-nc-nd/3
a b s t r a c t
Article history:
Received 22 November 2013
Revised 23 March 2014
Accepted 24 March 2014
Available online 9 May 2014
Uterine leiomyoma is a major reproductive health disease among
women and in particular Black women. The present study sought
to determine whether a single nucleotide polymorphism (SNP) of
CYP17 (rs743572) was associated with the risk of developing uterine
leiomyoma (UL) in affected women in Barbados; a majority Black
population. It also sought to determine if BMI, waist circumference
and oestradiol levels were associated with UL in this group. A total
of 96 random persons were assessed in a case–control study using
a PCR-RFLP assay, and measurements of body mass index, waist
circumference, and oestradiol levels were also assessed. Our results
showed no genetic association with the risk of UL and this gene. The
genetic distribution of CYP 17α- alleles resembled a normal Hardy–
Weinberg distribution, and a relatively low risk of 0.25 at a confidence
interval at 95%, of UL disease development. However, a significant
association was found between oestradiol levels and fibroids, as well
as oestradiol levels and BMI, at P b 0.05 among cases. Therefore our
study indicates that significant associations between physiochemical
factors comprising BMI, waist circumference, and oestrogen levels
are disease indicators in this population. In conclusion, our findings
suggest that obesity and its associated risk factors are important in a
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majority Black Caribbean population, although the sample size needs
to be increased.

© 2014 The Authors. Published by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Introduction

Uterine leiomyoma (UL) or fibroids are widespread benign tumours in women (Al-Hendy and Salama,
2006; Marshall et al., 1997; Othman and Al-Hendy, 2008; Wise et al., 2012). Enzymes in androgen
biosynthesis have been targets for UL associations (Al-Hendy and Salama, 2006; Amant et al., 2004; Flake
et al., 2003; Vieira et al., 2008). The Cytochrome P450-C17 alpha (CYP17α) gene codes for the enzyme 17
α-hydroxylase activity, a relatively early, but significant step in the biosynthesis of both androgenic
hormones; oestrogen and progesterone (Sharp et al., 2004). The enzyme catalyses both hydroxylation at
C17, followed by cleavage of the hydroxylated form between C17 and C20, to form dehydroepiandros-
terone and androstenedione respectively (Sharp et al., 2004). CYP17α has a SNP (rs743572) in the 5′ UTR
of the gene where a T, of the A 1 or wild type allele is converted to a C, the A2 or mutant allele (Othman
and Al-Hendy, 2008; Sharp et al., 2004). CYP17α polymorphisms have also been investigated in
populations with a sizeable ethnic diversity such as Brazil and South Africa (Amant et al., 2004; Rosa et al.,
2008; Vieira et al., 2008), but not in the Caribbean region. However these studies were inconclusive in
some populations. In South Africa, Amant et al. (2004) reported a higher risk for UL development in
association with the mutant alleles (A2/A2) of the CYP17α genotype; but there was no such association
with these alleles in Brazil (Vieira et al., 2008). It is against this background of conflicting data in Black
populations, and the risk of UL associated with CYP17α alleles that the present study was undertaken. The
present study therefore examines the distribution of CYP17α alleles and its genetic predisposition in UL in
a predominantly Black Caribbean population with a high level of UL.

In the Caribbean, recorded incidence data on the condition is limited, although the condition is
considered to be widespread. In Barbados, it is the fifth leading cause of hospitalisations in women of
reproductive age for gynaecological conditions unrelated to pregnancy (pers. commun.). Epidemiological
data on the condition in Barbados is lacking, however in Jamaica, it is approximately 33% (Fletcher et al.,
2009), while in Trinidad and Tobago, a prevalence of 22% of fibroid cases with a high percentage of UL in
Black women (91%) was reported (Uche-Nwachi et al., 2009). Barbados traditionally has less ethnic
variety within its majority Black population than either Jamaica or Trinidad.

Several studies outside the Caribbean also report a greater predisposition to UL in Black populations,
but indicate there is a lower risk of development in Caucasians (Al-Hendy and Salama, 2006; Denschlag et
al., 2006; Ligon and Morton, 2000; Marshall et al., 1997). In the USA, data from a hysterectomy survey
showed that 42% of hysterectomies were UL-related, with higher proportions of cases in women from
southern states (Whiteman et al., 2008). Globally, a study of eight countries including the USA, Brazil, and
Italy indicate a prevalence of approximately 10% (Zimmermann et al., 2012) while a recent study in
Nigeria found a prevalence of 10% (Ezeama et al., 2012). Additionally, while several studies consistently
show a higher incidence among Black women (Ligon and Morton, 2000), the global nature of the disease
in different ethnic groups suggests several genes in various populations may be associated with UL (Eggert
et al., 2012). Moreover, in Black women a racial admixture study by Wise et al. (2012) showed multiple
genetic loci on three chromosomes which were responsible for UL. Although UL does not equally affect all
ethnicities and is known to occur three times more in women of African ancestry (Marshall et al., 1997),
UL prevalence and its genetics have not been established for any island in the Caribbean region, with a
majority Black population.

The present study aimed to determine the frequency of the mutant allele and risk of UL in a Barbadian
population by SNP genotyping in women affected with UL and women who were not affected with UL.
We also assessed the relationship between body mass index (BMI), waist circumference, and oestrogen
levels on UL presentation by correlation analysis. We also report an indication of the incidence of UL in
Barbados based on a random survey of reproductive women in the population. This is the first study of its
kind in Barbados related to SNP genotyping, and physiochemical indicators in UL development.

http://creativecommons.org/licenses/by-nc-nd/3.0/
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Materials and methods

Study population

Whole blood from127 random samples of females from the Barbados Family PlanningAssociation (BFPA),
the QEH Gynaecology clinic and from a private Clinical Haematology laboratory in Barbados was collected
from 2010 to 2012. These women were of reproductive age (20–50) and were grouped into two classes;
UL-affected (cases) and non UL-affected (controls), as determined by their self-reporting on their disease
status relative to fibroids, in a reproductive health clinic. Each participant visiting the clinic answered the
question whether they had ever been diagnosed with fibroids. Questions and data on other gynaecological
conditions or hormone based conditions were not included. Cases and controls were selected based on this
self-reporting. There were 57 cases and 70 controls in total (see Table 1). The control group was selected
based on the absence of fibroids only. All samples were collected with informed consent by the participants
and protocols used were subject to an independent review and approved by the Ethics Board of the Queen
Elizabeth Hospital (QEH) in Barbados.

Blood was collected from each study-participant, followed by two questions on age and race. Additional
measurements of weight, height, and an oestrogen test for 73 participants were also made in 2011 to 2012.
Oestrogen was measured by using an enzyme immunoassay (EIA) for quantitation of oestradiol (E2) test kit
(Diagnostic Automaton Inc., USA) on corresponding serum from collected blood samples in 28 cases and 45
controls.
DNA extraction and genotyping

Genomic DNA was extracted from 200 μL of whole blood from each sample with the use of the QIAamp
Blood DNA Midi Kit (Qiagen, Valencia, CA, USA). Each DNA sample was amplified using the following
primers 5′-CAT TCG CAC TCT GGA GTC 3′-forward and 5′-AGG CTC TTG GGG TAC TTG-3′ reverse
(Picado-Leonard and Miller, 1987). PCR amplification was conducted in a 25 μl reaction containing 200 ng
DNA, as described by Vieira et al. (2008). Cycling conditions of the PCR reaction mixture, followed by
overnight digestion at 37 °C in a 50 μl reaction with the restriction enzyme MspA1 (Promega Inc., USA),
and visualisation in 2% agarose gels under UV light was as described (Vieira et al., 2008). Genotypes were
analysed on 96 samples in the study group.
Table 1
Clinical characteristics of samples in study group.

Variable Cases (n) Controls (n) All samples (total)

Age
b20 0 2 2
20–30 6 37 43
31–40 17 15 32
41–50 30 13 43
N51 4 3 7
Total 57 70 127

Race
Black 56 67 123
Non-Black 1 3 4

Parity (no. of births)
0 8 23 31
1 9 13 22
2 5 2 7
N2 4 2 6

Parity, oestradiol, BMI and waist circumference were measured for 73 samples in only one year.
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Statistical analysis

All data were analysed using Sigma Plot version 11.0 (Systat Software Inc., San Jose, CA, USA). Statistical
tests were carried out to determine statistical significance at P ≤ 0.05, and Chi square analysis and Spearman's
rank correlation coefficients were used where appropriate to test for associations. A multivariate ANOVA was
used to compare multiple factors and Dunn's test was used to isolate differences between these means. Body
mass indexwas calculated by using height and bodymass.Waist circumferencewasmeasured inmetres. Odds
ratios (OR)were determined for the sample data at the 95% confidence level, betweenUL disease and BMI, and
UL disease and allele frequencies. Additionally, allelic distribution was computed using the Hardy–Weinberg
equation to determine the frequency distribution of each allele in the sample population.

Results

CYP17α genotypes

The general frequency of UL in the total sample population was 45% (Table 1) and the mean age of
women in the study group was 35.5 ± 9.1 years (Table 2). Among the controls, the mean age was lower
(32.0 ± 9.0 years) than the average age in the study group, while among the cases this was at least
6 years higher (41.5 ± 7.9 years) than the average age-group studied (Table 2). Among cases, the average
number of children was 1.31 and among controls this was 0.86. However parity was low within the study
group in general because each participant had on average 1 child.

The CYP 17 allelic distribution showed a preponderance of the homozygous dominant A1 alleles among
both cases and controls in the study group (Fig. 1, Table 3). The A1 allele occurred approximately three
times more frequently in the study population than the A2 or mutant allele (Table 3). Genotyping showed
that the homozygous dominant genotype (A1A1) was also the most frequent in the study population,
occurring at a frequency of 52% (Table 3). The frequency of the heterozygote genotype (A1A2) was 41%,
while the mutant alleles (A2A2) were the least frequent, occurring at a frequency of only 6%.

Physiochemical UL indicators

A significant association between oestradiol levels and fibroids, as well as oestradiol levels and BMI, at
P b 0.05 was obtained by multiple comparison of differences with Dunn's method (Fig. 2). Both oestradiol
levels and BMI were found to be statistically significant at P b 0.001 in cases using one way ANOVA, but
not among controls. Among the cases, the mean BMI was 25.3 ± 8.0 kg/m2, while among controls there
was a greater variation in BMI of 25.9 ± 11.7 kg/m2. A larger variation in oestradiol levels was also seen in
the cases when compared to the controls. The mean oestradiol levels in the control group was 344.4 ±
4.2 pmol/L when compared to cases which was 386.8 ± 38.8 pmol/L. Oestradiol levels of 200–400 pmol/L
were associated with a BMI N25 kg/m2 in cases (Fig. 2). Odds ratio for BMI with fibroid disease also
showed low risk at 1.6, but a higher risk of 0.72 for oestradiol levels N200 pmol/L and UL (Table 3). Two
way ANOVA also showed a significant association between oestradiol levels, BMI and fibroids at P b 0.001.
Table 2
Physiochemical clinical characteristics of study population.

Clinical characteristic Means (±SD)a

Cases (N)b Controls (N) Average

Age 41 ± 7.9 (57) 32.1 ± 9.0 (70) 35.5 ± 9.8
Parity 1.4 ± 1.4 (26) 0.8 ± 1.16 (40) 1.0 ± 1.0
Body mass index (kg/m2) 25.3 ± 8.0 (28) 25.9 ± 11.7 (45) 25.6 ± 10
Oestradiol levels (pmol/L) 386.8 ± 38.8 (28) 344.4 ± 4.2 (45) 348.6
Mean waist circumference (cm) 90.5 ± 12.0 (28) 82.8 ± 18.6 (45) 87.8 ± 12.9

a ±SD — standard deviation from the mean.
b N — number of samples.
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Fig. 1. Frequency distribution of CYP17 alleles in a random sample of Barbadian women.
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Furthermore, among both cases and controls, there was a positive correlation between BMI and waist
circumference of 0.5 using Spearman's rank correlation among cases and controls at P b 0.05.
Discussion

The main objective of this study was to determine the frequency of the CYP 17α allele in a Barbados
female population of child bearing age, since it is believedmainly to be a disease related to hormone levels.
In addition, the study also sought to determine the incidence of UL in Barbados through random sampling
of a subset of the female population. Our study establishes the first record of UL frequency and some of its
associated characteristics in Barbados. In general, the frequency of UL in Barbados from a random survey of
women who were selected based on UL presentation at reproductive clinics, showed that approximately
42% of the participants presented with UL. This is higher than the global average reported for areas such as
Brazil at 10% (Zimmermann et al., 2012). However, this compares favourably with African-American
women in the Southern United States who presented with UL in the hysterectomy survey (Whiteman et
Table 3
Distribution of CYP17 genotypes, body mass index and oestradiol levels in the study group.

Frequency χ2 OR (95% CI)a P-value

Cases Controls

N (%) N (%)

Genotype 0.5 1.6 0.5
A1 29 (30) 41 (42)
A2 8 (8) 18 (19)
Alleles
A1/A1 21 (22) 29 (30) 6.0 0.2
A1/A2 15 (16) 25 (26)
A2/A2 1 (1) 5 (5)
BMI
BMI N 30 kg/m2 5 (7) 6 (8) 1.4 0.5
BMI b 30 kg/m2 23 (32) 39 (53)
Oestradiol levels
E2 N 200 13 (18) 26 (36) 0.7 0.5
E2 b 200 15 (20) 19 (26)

a Odds ratio, 95% confidence interval.
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al., 2008). The Southern USA and Barbados share similar histories which may be reflected today by similar
demographics and diet. Interestingly, the UL frequency reported here is almost twice that reported for
Trinidad and Tobago, but similar to reports out of Jamaica of 33% (Fletcher et al., 2009). The population
demographics although majority Black in Trinidad and Jamaica may be different from that of Barbados. It
must be noted that these two studies represented only a subset of the female reproductive populations in
both islands, targeting patients who also presented with other conditions such as polycystic ovarian
syndrome and venous thromboembolism, in addition to uterine leiomyoma. Additionally, the frequency
reported here would require further confirmation by an ultrasound report, although females in this study
self-reported after seeing a gynaecologist.

The distribution of CYP 17α alleles in the Barbadian population indicated that the gene is in Hardy–
Weinberg equilibrium. Since the population is in genetic equilibrium for the CYP 17α SNP (rs743572), the
mutant allele is normally distributed and consequently the null hypothesis that the mutant A2 allele is
significant in the Barbadian population sampled can be rejected. Similar results were reported for a sample
Brazilian population for the risk associated with UL and CYP 17α genes (Vieira et al., 2008). Since UL is
thought to be genetically heterogeneous within Black populations (Wise et al., 2012), especially in the
diverse diaspora population, Black populations should not be treated as homozygous and may therefore
present genetic variants that are not similar to each other in different countries.

UL gene expression is also conditioned by environmental factors (Flake et al., 2003; Han et al., 2008;
Takeda et al., 2008). In this study, BMI and oestrogen levels were examined and these factors were shown to
significantly impact Barbadian women affected with UL. Dietary factors have been reported to significantly
affect more Black women with UL symptoms than Caucasians, while higher BMI and earlier age at menarche
for Black women have also been previously reported in UL studies (Flake et al., 2003). Furthermore, while
several reports have linked oestrogen levels to the presence of UL in women in some populations (Al-Hendy
and Salama, 2006;Wise et al., 2012), oestrogen target genes, rather than oestrogen biosynthetic genesmay be
involved (Al-Hendy and Salama, 2006; Arslan et al., 2005). This may be consistent with the data on factors
such as BMI and oestradiol levels also reported here and recent data suggesting that one of these targets, fatty
acid synthase may have a key role to play in this disease (Eggert et al., 2012; Takeda et al., 2008). Although,
higher proportions of Black women with fibroids have been reported (Baird et al., 2003; Hyuck et al., 2008;
Marsh et al., 2007; Rosa et al., 2008; Taran et al., 2010), an ethnic factor for this disease is yet to be fully
described. The current study however reflects previous reports of a normal distribution of CYP 17α among
mainly Black women from a largely Black population (Rosa et al., 2008; Vieira et al., 2008). Although the CYP
17α mutant allele was not shown to be a significant predictor of the risk of UL disease development, other
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cytochrome genes involved in oestrogen regulation and biosynthesis have been reported, but the sample
sizes of Black women in those studies were small (Sharp et al., 2004).

This study represents the only known study on a predominantly Black population in the Caribbean in
search of UL genes, and is a random observation of the female population in Barbados affected by UL. As
such self-reporting of fibroids in this study was deemed to be reliable, since UL affected persons had
previously seen a medical professional for UL in a gynaecological setting. Black women with UL are known
to have larger tumours, so high BMI's could also be associated with a larger girth as a result of tumours
rather than obesity; however the data is supported by previous assertions of links between UL, BMI and
diet (Eggert et al., 2012; Flake et al., 2003). Therefore, studies incorporating larger proportions of Black
women may give valuable insights into genes associated with fibroids in Black women in general, but
genotype population studies should be considered in relation to environmental factors. These may impact
gene expression since they may provide further insights into gene switches and regulation. In such a
complex disease, these factors may play a role in genetic predisposition leading to expression by levels of
oestrogen and obesity indicators.

Limitations to the study include the use of self-reporting for fibroids and the possibility of age being a
confounding factor. Clinical presentation of fibroids is determined through an ultrasound by a physician.
Patients in this study visiting both the QEH and the Barbados Family Planning Clinic had been seen by a
physician previously for fibroids and may have had an ultrasound. In contrast, control patients were not
seeing the physician for fibroids, but were in the clinic for other gynaecological investigations and may
have had an ultrasound examination, but not in all instances. Since self-reporting in a clinical setting was
used in this study, there may be some experimental bias of the results based on the self-reporting of
patients. Additionally, since at least 20% of the controls and cases were in the reproductive age group, ages
31–40, most frequently associated with the diagnosis of UL (Baird et al., 2003; Flake et al., 2003), it was not
seen as a limit to this present study, but is presented here as an epidemiological descriptor of UL in
Barbados. The associations with waist circumference and obesity indicators in this study clearly need
replication in a larger sample size with clinical confirmation by ultrasound. The small size of this study
does not allow drawing of definite conclusions, but presents a preliminary view of fibroids in Barbados. In
future work, a larger, matched, case–control study is necessary in order to answer whether this SNP is
reproducibly associated with obesity traits in Barbados.

Conclusions

In conclusion our study established the incidence from a random sample of UL in Barbados and
supports the conclusion that CYP17 alpha, although related to oestrogen biosynthesis is not presently
known as a risk gene for Black women with UL. Moreover it does support the view that obesity and
oestrogen levels may be associated with UL, and that genes associated with obesity and oestrogen
receptors should be further analysed in Black female populations.

Acknowledgements

The authors acknowledge the support and assistance of Staff at the Queen Elizabeth Hospital (QEH),
Barbados, the Gynaecology Outpatient Clinic at QEH and at the Barbados Family Planning Clinic who
assisted with sampling and recruitment of participants.

References

Al-Hendy, A., Salama, S.A., 2006. Ethnic distribution of oestrogen receptor alpha polymorphism is associated with a higher
prevalence of uterine leiomyomas in black Americans. Fertil. Steril. 86 (3), 686–693.

Amant, F., Dorfling, C.M., de Brabanter, J., Vandewalle, J., Vergote, I., Lindeque, B.G., et al., 2004. A possible role of the cytochrome
P450c17 α gene (CYP17) polymorphism in the pathobiology of uterine leiomyomas from black South African women: a pilot
study. Acta Obstet. Gynecol. Scand. 83, 234–239.

Arslan, A.A., Gold, L.I., Mittal, K., Suen, T.C., Belitskaya-Levy, I., Tang, M.S., et al., 2005. Gene expression studies provide clues to the
pathogenesis of uterine leiomyoma: new evidence and a systematic review. Hum. Reprod. 20 (4), 852–863.

Baird, D.D., Dunson, D.B., Hill, M.C., Cousins, D., Schectman, J.M., 2003. High cumulative incidence of uterine leiomyoma in black and
white women: ultrasound evidence. Am. J. Obstet. Gynecol. 188 (1), 100–107.

http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0005
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0005
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0010
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0010
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0010
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0015
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0015
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0105
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0105


365A.T. Alleyne et al. / Meta Gene 2 (2014) 358–365
Denschlag, D., Bentz, E.-K., Hefler, L., Pietrowski, D., Zellinger, R., Tempfer, C., et al., 2006. Genotype distribution of oestrogen
receptor-alpha, catechol-O-methyltransferase, and cytochrome P45017 gene polymorphisms in Caucasian women with uterine
leiomyomas. Fertil. Steril. 85 (2), 462–467.

Eggert, S.L., Huyck, K.L., Somasundaram, P., Kavalla, R., Stewart, E.A., Lu, A.T., et al., 2012. Genome-wide linkage and association
analyses implicate FASN in predisposition to uterine leiomyomata. Am. J. Hum. Genet. 91 (4), 621–628.

Ezeama, C.O., Ikechebelu, J.I., Obiechina, N.J., Ezeama, N.N., 2012. Clinical presentation of uterine fibroids in Nnewi, Nigeria: a 5 year
review. Ann. Med. Health Sci. Res. 2 (2), 114–118.

Flake, G., Anderson, J., Dixon, D., 2003. Etiology and pathogenesis of uterine leiomyoma: a review. Environ. Health Perspect. 11 (8),
1037–1054.

Fletcher, H., Wharfe, G., Williams, N.P., Gordon-Strachan, G., Pedican, M., Brooks, A., 2009. Venous thromboembolism as a
complication of uterine fibroids: a retrospective descriptive study. J. Obstet. Gynecol. 29 (8), 732–736.

Han, S.S., No, J.H., Jeon, Y.T., Kim, J.W., Park, N.H., Song, Y.S., et al., 2008. Association of cyclin D1 G870A polymorphism with uterine
leiomyoma in women whose body mass index values are above 25 kg/m2. Hum. Reprod. 23 (3), 525–529.

Hyuck, K.L., Panhuysen, C.I.M., Cuenco, K.T., Zhang, J., Goldhammer, H., Jones, E.S., et al., 2008. The impact of race as a risk factor for
symptom severity and age at diagnosis of uterine leiomyomata among affected sisters. Am. J. Obstet. Gynecol. 198 (2), 168e1-.e9.

Ligon, A.H., Morton, C.C., 2000. Genetics of uterine leiomyomata. Gene Chromosome Cancer 28 (3), 235–245.
Marsh, E.E., Lin, Z., Yin, P., Milad, M., Chakravari, D., Bulun, S.E., 2007. Differential expression of microRNA species in human uterine

leiomyoma versus normal myometrium. Fertil. Steril. 89 (6), 1771–1775.
Marshall, L.M., Spieglman, B., Barbieri, R.L., Goldman, M.B., Manson, J.E., Colditz, G.A., et al., 1997. Variation in the incidence of uterine

leiomyoma among premenopausal women by age and race. Obstet. Gynecol. 90 (6), 967–973.
Othman, E.E., Al-Hendy, A., 2008. Molecular genetics and racial disparities of uterine leiomyomas. Best Pract. Res. Clin. Obstet.

Gynaecol. 22 (4), 589–601.
Picado-Leonard, J., Miller, W.L., 1987. Cloning and Sequence of the Human Gene for P450c17(Steroid 17a-Hydroxylase/17,20 Lyase):

similarity with the gene for P450c21. DNA 6 (5), 439–448.
Rosa, F.E., Canevari Rde, A., Ambrosio, E.P., Ramos Cirilo, P.D., Pontes, A., Rainho, C.A., et al., 2008. Polymorphisms of CYP17A1, CYP19,

and androgen in Brazilian women with uterine leiomyomas. Clin. Chem. Lab. Med. 46 (6), 814–823.
Sharp, L., Cardy, A.H., Cotton, S.C., Little, J., 2004. CYP17 gene polymorphisms: prevalence and associations with hormone levels and

associated factors. A HUGE review. Am. J. Epidemiol. 160 (8), 729–740.
Takeda, T., Sakata, M., Isobe, A., Miyake, A., Nishimoto, F., Ota, Y., et al., 2008. Relationship between metabolic syndrome and uterine

leiomyomas: a case–control study. Gynecol. Obstet. Invest. 66, 14–17.
Taran, F.A., Brown, H.L., Stewart, E.A., 2010. Racial diversity in uterine leiomyoma clinical studies. Fertil. Steril. 94 (4), 1500–1503.
Uche-Nwachi, E.O., Odekunle, A., Welch, M., Bowleg, D., Cardron, B., Gaebolae, K., et al., 2009. The incidence of fibromyoma and

polycystic ovary syndrome in women in Trinidad (2000–2003). Online J. Biol. Sci. 9 (4), 86–92.
Vieira, L.C.E., Gomes, M.T.V., Castro, R.A., deSouza, N.C.N., da Silva, I.D.C.G., Baracat, E.C., et al., 2008. Association of CYP17 gene

polymorphism with risk of uterine leiomyoma in Brazilian women. Gynecol. Endocrinol. 24 (7), 373–377.
Whiteman, M.K., Hillis, S.D., Jamieson, D.J., Morrow, B., Podgornik, M.N., Brett, K.M., et al., 2008. Inpatient hysterectomy surveillance

in the United States, 2000–2004. Am. J. Obstet. Gynecol. 198 (1), 34 e1-7.
Wise, L.A., Ruiz-Narvaez, E.A., Palmer, J.R., Cozier, Y.C., Tandon, A., Patterson, N., et al., 2012. African ancestry and genetic risk for

uterine leiomyomata. Am. J. Epidemiol. 176 (12), 1159–1168.
Zimmermann, A., Bernuit, D., Gerlinger, C., Schaefers, M., Geppert, K., 2012. Prevalence, symptoms and management of uterine

fibroids: an international internet-based survey of 21,746 women. BMC Womens Health 12 (6), 1–6.

http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0020
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0020
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0020
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0025
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0025
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0030
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0030
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0035
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0035
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0040
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0040
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0045
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0045
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0045
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0110
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0110
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0050
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0055
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0055
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0060
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0060
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0065
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0065
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf9070
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf9070
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0070
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0070
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0075
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0075
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0080
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0080
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0085
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0090
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0090
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0115
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0115
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0120
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0120
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0125
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0125
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0100
http://refhub.elsevier.com/S2214-5400(14)00023-1/rf0100

	Distribution of CYP17α polymorphism and selected physiochemical factors of uterine leiomyoma in Barbados
	Introduction
	Materials and methods
	Study population
	DNA extraction and genotyping
	Statistical analysis

	Results
	CYP17α genotypes
	Physiochemical UL indicators

	Discussion
	Conclusions
	Acknowledgements
	References


