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ABSTRACT

Background: Uterine fibroids are the most common benign, monoclonal tumours affecting women
of reproductive age.

Aim: This study investigated the association between interleukin-6 (IL-6), adiponectin (ADP) and
lipid indices in women with uterine fibroids.

Subjects and Methods: Sixty (60) participants were recruited for this study. They comprised thirty
(30) subjects who had ultrasonographic evidence of uterine fibroids and thirty (30) subjects who
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had no ultrasonographic evidence of uterine fibroids. Subjects were recruited from the
Gynaecology out-patient clinic of LAUTECH Teaching Hospital Ogbomoso, Nigeria.
Anthropometric measurements were performed using standard method. About 5 mL of venous
blood was collected from each study participant and was dispensed into a plain bottle. Serum was
obtained after clotting and centrifugation and was aliquoted into a small vial which was stored at
-20°C until time of analysis. Interleukin-6 (IL-6), adiponectin (ADP), total cholesterol (TC),
triglycerides (TG) and high density lipoprotein (HDL) were determined using enzyme linked
immunosorbent assay (ELISA) and colorimetric method as appropriate. Low density lipoprotein
(LDL) was estimated using Friedewald’s equation. Data analysis was done using Student’s t-test
for comparison of variables and Pearson’s correlation was used to determine the relationship
between variables. P—value less than 0.05 was considered significant.

Results: Women with uterine fibroids had significantly elevated body mass index (BMI), waist
circumference (WC) and waist-hip ratio (WHR) when compared with the controls (P<0.05). The
mean values of TC, TG, LDL and IL-6 were significantly elevated in women with uterine fibroids
when compared with the control subjects (P<0.05). Women with uterine fibroids had significantly
reduced levels of ADP when compared with controls (P<0.05) and there was no significant
difference in the levels of HDL when both case and control subjects were compared (P>0.05).
Interleukin-6 had a significant positive correlation with BMI, WC, WHR, TC, TG and LDL.
Interleukin-6 also had a significant negative correlation with HDL and ADP.

Conclusion: This study demonstrated a significant direct relationship between IL-6 and
dyslipidemia in women with uterine fibroids. Also, we observed a noteworthy inverse relationship
between IL-6 and adiponectin in women with uterine leiomyomas, thus emphasizing the low grade
chronic inflammatory state, associated with uterine leiomyomas.

Keywords: Uterine leiomyoma; interleukin-6; adiponectin; adipocytes; lipid profile.

1. INTRODUCTION

Uterine fibroids (leiomyomas) are benign,
monoclonal tumors originating from the
myometrium and the most common pelvic tumors
of the female reproductive system [1]. The
symptoms of uterine fibroids include menstrual
disturbances such as menorrhagia,
dysmenorrhea, intermenstrual bleeding,
dyspareunia and noncyclic pelvic pain [2] and
pressure symptoms such as a sensation of
bloatedness, increased urinary frequency, and
bowel disturbances [3]. It has also been
associated with impaired reproductive outcomes,
leading to subfertility, abortion, preterm labor and
delivery, and cesarean delivery [3,4]. The
estimated prevalence of uterine fibroids in
Southwest Nigeria is 7.0% [5].

The occurrence of fibroids has been linked with
the hormones: estrogens, and progesterone.
These hormones are also responsible for fibroid
growth. Some studies have reported the up-
regulation of progesterone receptor-A (PR-A)
and PR-B, oestrogen receptor-alpha (ER-a) and
-beta (ER-B) as well as messenger RNA (MRNA)
and protein expression in myoma tissue
compared with normal myometrium [6,7].
Leiomyoma growth is influenced by progesterone
interaction with some growth factors; it

upregulates the endothelial growth factor [8] and
transforming growth factor-beta 3 (bimodal
action) expression [9]. On one hand,
progesterone seems to down-regulate interleukin
growth factor-1 expression through PR-B while
PRA appears to inhibit this function [8]. Other
factors influencing the development of myomas
include: age, race, obesity, lifestyle such as
smoking, alcohol and other drugs which can
affect the uterine wall [10]. It is therefore
hypothesized that oestrogens exert growth
stimulatory effects on leiomyomas intermediated
by cytokines, growth factors, or apoptotic factors
[11]. The immune system plays an important role
in the aetiology of leiomyomas. This includes the
chronic inflammation associated with cytokine
release by the immune system as well as the
undifferentiated cells [5,12,13].

In obesity, adipocytes undergo molecular and
cellular alterations which includes hypertrophy;
with resultant effect on systemic metabolism,
thus leading to insulin resistance, metabolic
disorders and inflammatory responses due to the
release of pro-inflammatory factors from the

adipocytes [14]. Also, adipocytes secrete
adiponectin  and previous studies have
demonstrated that adiponectin has insulin-
sensitizing and  anti-inflammatory  effects
[15,16].



Since obesity has been implicated as a
predisposing factor for leiomyomas, there is
likelihood of dyslipidaemia. Also, studies have
reported a link between tumor necrosis factor-
alpha (TNF-a), a pro inflammatory cytokine, and
the growth of uterine fibroid [17,18]. This study is
therefore focused on determining adiponectin,
Interleukin-6 and lipid indices in order to obtain
valuable information on the correlation between
them in women with uterine fibroids.

2. MATERIALS AND METHODS
2.1 Subjects

A total of sixty (60) participants were recruited for
this case-control study. They comprised thirty
(30) subjects who had ultrasonographic evidence
of uterine fibroids and thirty (30) subjects who
had no ultrasonographic evidence of uterine
fibroids. Subjects were recruited from the
Gynaecology out-patient clinic of LAUTECH
Teaching Hospital Ogbomoso, Nigeria. Subjects
were infertile women referred for ultrasound
examination and based upon this examination,
they were stratified into women with fibroid
(case) and women without fibroid (control). All
the subjects had normal menstrual cycle and
they were not on any hormonal medication.

A short structured questionnaire  was
administered to each study participant to obtain
information on smoking habits, medications and
established diseases. Persons diagnosed with
dyslipidemia and other metabolic conditions,
record of alcoholism, smoking, and usage of
medications that affect lipid status.

2.2 Anthropometric Measurement

Body weight, height, body mass index (BMI),
waist circumference (WC) and waist to hip ratio
(WHR) were obtained from the participants by
standard methods as described by Charles-
Davies et al. [19].

2.3 Sample Collection and Biochemical
Analyses

Blood sample (5 mL) was collected and
dispensed into a plain bottle. Serum was
obtained after clotting and centrifugation and was
aliquoted into a small vial which was stored at
-20°C until time of analysis. Serum Total
Cholesterol (TC) and Triglyceride (TG) were
determined using standard enzymatic method
while high density lipoprotein-cholesterol (HDL-
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C) was determined by a two-step procedure as
previously described by Adediji et al. [20]. LDL
cholesterol was estimated using Friedewald’'s
equation; [Total cholesterol — HDL cholesterol —
(Triglyceride/ 5) mg/dL].

Serum Adiponectin and IL-6 were determined
using ELISA kits manufactured by Elabscience
Biotechnology Co. Ltd (Wuhan, China) with the
procedure as previously carried out by Ashraf et
al. [21].

2.3.1 Principle of ELISA

In this assay, the antigen — adiponectin or IL-6
present in each sample reacts with the
corresponding antibody adsorbed to the surface
of solid-phase polystyrene microtitre wells. On
removal of unbound proteins by washing, the
antibodies  conjugated  with horseradish
peroxidase (HRP) form complexes with the
previously bound antigen following the addition of
a chromogenic substrate, 3, 3, 5, 5-
tetramethylbenzidine (TMB). The absorbance at
450 nm is a measure of the concentration of the
‘antigen’ in the test sample.

2.3.2 ELISA procedure

A gradient of standard concentrations were
prepared from the concentrated standard through
serial dilution to cover the expected assay range.
One hundred microliters of the standards and
sera were pipetted into microwells already
coated with specific antibodies and incubated at
37°C for 90 min. Following incubation, the wells
were aspirated of their contents without washing
and 100 pl of biotinylated detection antibody was
added to each well and incubated for 60 minutes
at 37°C, after which each well was completely
filled with appropriate wash solution. The plate
was washed three times.

One hundred microliters of appropriately diluted
enzyme—antibody conjugate was pipetted into
each well and the plate was incubated at 37°C
for 30 minutes. After incubation, another process
of washing was performed as described above
and 90 ul of TMB substrate solution was added
to each well. This was followed by incubation for
15 minutes at 37°C after which 50 pl of stop
solution was added to each well. The
absorbance (at 450 nm) was determined using a
microplate reader.

2.4 Statistical Analysis

Data analysis was done using SPSS version 20
(IBM, Armonk, NY, USA). All values were



expressed as meanztstandard deviation for test
and control groups. Comparison of variables was
done wusing Student's t-test and Pearson’s
correlation was wused to determine the
relationship between variables. P less than 0.05
was considered to be statistically significant.

3. RESULTS

The anthropometric and biochemical parameters
of the study participants are shown in Table 1.
The mean values of BMI, WC, WHR, TC, TG,
LDL and IL-6 were elevated in women with
uterine fibroids when compared with the control
subjects. The mean values of ADP were
significantly reduced in women with uterine
fibroids when compared with the controls and
there was statistical significant difference in the
levels of HDL when both test and control
subjects were compared.

Table 2 shows the correlation IL-6,
anthropometric and other biochemical
parameters in women with uterine fibroids. IL-6
had a significant positive correlation with BMI
(R=0.362, P=0.03), WC (R=0.456, P=0.02),
WHR (R=0.374, P=0.04), TC (R=0.735, P=0.00),
TG (R=0.429, P=0.01), LDL (R=0.606, P=0.04).
Also, IL-6 had a significant negative correlation
with HDL (R= -0.590, P=0.03) and ADP (R=
-0.527, P=0.02) in women with uterine fibroids.

4. DISCUSSION

Uterine fibroids continue to be the most common
gynecological benign tumours in women of
reproductive age and there are multiple risk
factors which have been implicated in the
development of uterine leiomyoma.
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In this study, body size and central obesity were
measured by BMI, WC and WHR and we
observed increased BMI, WC and WHR in
women with uterine fibroids when compared with
controls. These findings are consistent with
previous studies that reported a significant
positive association between central obesity and
incidence of uterine fibroids [22-24]. This
observation could be attributed to increased
adiposity which accentuates the aromatization of
androgens to estrogens and the consequent
hyperestrogenic state is responsible for the
growth of uterine fibroids in obese women [25-
27].

Furthermore, the progressive  adipocyte
hypertrophy accentuates low grade chronic
inflammation which is thought to play a major
role in the progression of uterine fibroids.
Adipocytes secrete proinflammatory cytokines
like IL-6 and they also secrete anti-inflammatory
mediators like adiponectin. In our study, we
observed a significant increase in the levels of IL-
6 and a significant reduction in the levels of
adiponectin, when women with uterine fibroids
were compared with the controls. This
observation is further supported by our observed
significant inverse relationship between IL-6 and
adiponectin in women with uterine fibroids. The
observed elevated IL-6 could be attributed to
excessive secretion of IL-6 by peritoneal
macrophages which are abundantly present in
enlarged adipocytes and are actively involved in
their  activities [28-30]. IL-6 and other
proinflammatory factors produced due to
excessive fat accumulation have a direct effect
on the myometrium and this consequently
enhances the growth of uterine leiomyomas
[4,30].

Table 1. Anthropometric and biochemical parameters in study participants

Parameters Subjects (n=30) Control (n=30) P-value
BMI (kgm-%) 28.6 +2.76 24.5 +4.68 0.04*
WC (cm) 86.3 +11.3 77.5+8.7 0.02*
WHR 1.15+0.08 1.04+0.13 0.00*
TC (mg/dL) 193.1£24.2 146.3+38.1 0.00*
TG (mg/dL) 180.61£29.9 131.6+45.6 0.00*
HDL (mg/dL) 42.5+5.43 43.3+3.38 0.56
LDL (mg/dL) 114.5£19.5 76.5£31.0 0.00*
IL-6 (pg/mL) 352.6+39.7 233.5+43.6 0.00*
ADP (ug/L) 121.9433.3 189.21+81.8 0.00*

*Statistically significant at P<0.05. Results are expressed as meanzstandard deviation. BMI-Body mass index;
WC- Waist circumference; WHR- Waist to hip ratio; TC- Total cholesterol;, TG- Triglycerides; HDL- High density
lipoprotein; LDL- Low density lipoprotein; IL-6- Interleukin-6; ADP- Adiponectin



Table 2. Correlation between IL-6,
anthropometric and other biochemical
parameters in women
with uterine fibroids

Parameters R P- value
BMIT 0.362 0.03*
wct 0.456 0.02*
WHR?' 0.374 0.04*
TC! 0.735 0.00*
TG' 0.429 0.01*
HDL' -0.590 0.03*
LDL? 0.606 0.04*
ADP! -0.527 0.02*

*Statistically significant at P<0.05. BMI'= Correlation
between IL-6 and BMI; WC'= Correlation between IL-6
and WC; WHR'= Correlation between IL-6 and WHR;
TC'= Correlation between IL-6 and TC; TG'=
Correlation between IL-6 and TG; HDL"= Correlation
between IL-6 and HDL; LDL'= Correlation between IL-
6 and LDL; ADP'= Correlation between IL-6 and ADP

Moreover, the observed low serum adiponectin
could also be attributed to increased adiposity
which promotes excessive secretion of IL-6 and
this in turn, stymies the production of adiponectin
in adipocytes [21,31]. Previous studies have
reported that low adiponectin levels has a direct
relationship with increased insulin levels and
insulin is a potent regulator of sex hormone
binding globulin (SHBG) [31,32]. Thus, increased
insulin level attenuates hepatic production of
SHBG, leading to an increase in the circulating
levels of androgens which further enhances the
growth of uterine leiomyomas in obese women
[24,33].

In this study, we also observed significant
increase in the levels of TC, TG and LDL when
the case subjects were compared with controls
however, there was no statistical significant
difference in the levels of HDL-C. We also
observed a significant positive correlation
between IL-6, TG, TC and LDL while there was
significant inverse relationship between IL-6 and
HDL-C in women with uterine fibroids. These
observations are consistent with previous studies
[23,24,27] and could be attributed to the
influence of estrogen on TG accumulation and
the ability of IL-6 to accentuate lipid
abnormalities through its pronounced inhibitory
effect on the activities of adipocyte lipoprotein
lipase [34-36].

5. CONCLUSION

This study revealed a significant direct
relationship between IL-6 and dyslipidemia in
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women with uterine fibroids. Also, we observed a
noteworthy inverse relationship between IL-6 and
adiponectin in women with uterine leiomyomas,
thus emphasizing the low grade chronic
inflammatory state associated with uterine
leiomyomas.

The major limitation of the study was sample
size, therefore a cross sectional study on a larger
population is desirable in confirming our findings.

CONSENT AND ETHICAL APPROVAL

All participants were recruited for this study after
ethical clearance was obtained from the ethics
committee of LAUTECH Teaching Hospital,
Ogbomoso, Oyo state, Nigeria. All the subjects
consented to participate in the study through
writing. Pregnant women and those who refuse
to give consent were excluded from this study.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Reis F, Bloise E, Ortiga-Carvalho T.
Hormones and pathogenesis of uterine
fibroid. Journal Best Practice & Research

Clinical Obstetrics and Gynaecology.
2015;34:13-24.
2. Eltoukhi HM, Modi MN, Weston M,

Armstrong AY, Stewart EA. The health
disparities of uterine fibroid tumors for
African American women: A public health
issue. Am J Obstet Gynecol. 2014;210:
194-199.

3. Andrea Ciavattini, Jacopo DiGiuseppe,
Piergiorgio Stortoni, Nina Montik, Stefano
Giannubilo, Pietro Litta, Md. Sorifullslam,

Andrea Tranquilli, Fernando Reis,
Pasquapina Ciarmela. Uterine fibroids:
Pathogenesis and interactions  with
endometrium and endomyometrial

junction. Obs & Gyne Int. 2013;2013:1-11.

4. Protic O, Toti P, Islam S, Occhini R,
Giannubilo R, Catherino H, Cinti S,
Petraglia F, Ciavattini A, Castellucci M, et
al. Possible involvement of inflammatory/
reparative processes in the development of
uterine fibroids. Cell Tissue Res. 2016;364:
415-427.

5. Ukwenya V, Maduemezia N, Afolayan O,
Alese O, Thomas W. Prevalence of uterine
fibroid in a South-Western Nigerian



10.

1.

12.

13.

14.

15.

population: A sonographic study. Journal
of Exp & Clin. Anat. 2015;14(1):24-29.

Ying Z, Weiyuan Z. Dual actions of
progesterone on uterine leiomyoma
correlate with the ratio of progesterone
receptor A:B. Gynecological
Endocrinology. 2009;25(8):520-523.
Ishikawa H, Ishi K, Serna V. Progesterone
is essential for maintenance and growth of
uterine leiomyoma. Endocrinology.
2010;151(24):33-42.

Yin P, Lin Z, Cheng Y, et al. Progesterone
receptor regulates Bcl-2 gene expression
through direct binding to its promoter
region in uterine leiomyoma cells. Journal
of Clinical Endocrinology and Metabolism.
2007;92(11):4459-4466.

Arici A, Sozen |. Transforming growth
factor-B3 is expressed at high levels in
leiomyoma where it stimulates fibronectin
expression and cell proliferation. Fertility
and Sterility. 2000;73(5):1006-1011.
Radmila Sparic, Ljiljana Mirkovic, Antonio
Malvasi, Andrea Tinelli. Epidemiology of
uterine myomas: A review. International
Journal of Fertility and Sterility. 2016;9(4):
424-435.

Grings AO, Lora V, Ferreira DG, Brum IS,
Corleta HVE, Capp E. Protein expression
of estrogen receptors a and B and
aromatase in myometrium and uterine
leiomyoma. Gynecologic and Obstetric
Investigation. 2012;73(2):113-117.
Wegienka G. Are uterine leiomyoma a
consequence of a chronically inflammatory

immune system? Medical Hypotheses.
2012;79(2):226-231.
Monia Orciani, Miriam Caffarini,

Alessandra Biagini, Guendalina Lucarini,
Giovanni Delli Carpini, Antonella Berretta,

Roberto Di Primio, Andrea Ciavattini.
Chronic  inflammation may enhance
leiomyoma development by the
involvement of progenitor cells. Stem Cells
International. 2018;1-13.  Article ID:
1716246.

Greenberg AS, Obin MS. Obesity and the
role of adipose tissue in inflammation and
metabolism. Am J Clin Nutr. 2006;
83(Suppl):461S-4658S.

Tong HV, Luu NK, Son HA, Hoan NV,
Hung TT, Velavan TP, Toan NL.
Adiponectin and pro-inflammatory
cytokines are modulated in Vietnamese
patients with type 2 diabetes mellitus.
Journal of Diabetes Investigation.
2017;8(3):295-305.

Adediji et al.; JAMMR, 30(6): 1-7, 2019; Article no.JAMMR.51014

16.

17.

18.

19.

20.

21.

22.

23.

24,

Ochiai H, Shirasawa T, Nishimura R, Nanri
H, Ohtsu T, Hoshino H, et al. Abdominal
obesity and serum adiponectin complexes
among  population-based  elementary
school children in Japan: A cross-sectional
study. BMC Pediatr. 2014;14:81.

Michal Ciebiera, Marta Wiodarczyk,
Magdalena Zgliczynska, Krzysztof
tukaszuk, Btazej Meczekalski, Christopher
Kobierzycki, Tomasz tozinski, Grzegorz
Jakiel. The role of tumor necrosis factor a
in the biology of uterine fibroids and the
related symptoms. Int. J. Mol. Sci.
2018;19:1-26.

Geagea AG, Mallat S, Matar CF, Zerbe R,
Filfili E, Francis M, Haidar H, Jurjus A.
Adiponectin and inflammation in health
and disease: An update. Open Medicine
Journal. 2018;5:20-32.

Charles-Davies MA, Arinola OG,
Fasanmade AA, Olaniyi JA, Oyewole OO,
Owolabi MO, et al. Indices of metabolic
syndrome in 534 apparently healthy
traders in a local market in Ibadan, Nigeria.
Journal of US-China Medical Science.
2012;9(2):91-100.

Adediji 10, Taiwo TD, Adepoju PO,
Adelakun AA, Akinleye WA, Afolabi JO.
Cortisol and metabolic  syndrome
components in obese and overweight
young adults of a Nigerian Private
University. ADMAH. 2018;11(2):1-7.

Hamid Ashraf, Bashir Ahmad Laway, Dil
Afroze, Arshad Igbal Wani. Evaluation of
proinflammatory cytokines in obese vs
non-obese patients with  metabolic
syndrome. Ind. J. Endo & Metab.
2018;22(6):751-756.

Luoto R, Kaprio J, Rutanen EM, Taipale P,
Perola M, Koskenvuo M. Heritabilty and
risk factors of uterine fibroids the finnish
twin cohort study. Maturitas. 2000;37(1):
1526.

Takeda T, Sakata M, Isobe A, Miyake A,
Nishimoto F, Ota Y, Kamiura S, Kimura T.
Relationship between metabolic syndrome
and fibroids: A case-control study. Gynecol
Obstet Invest. 2008;66:14-17.

Young Jin Tak, Sang Yeoup Lee, Sun Ki
Park, Yun Jin Kim, Jeong Gyu Lee, Dong
Wook Jeong, Seung Chul Kim, In Joo Kim,
Yu Hyun Yi. Association between uterine
leiomyomas and metabolic syndrome in
parous perimenopausal women: A case-
control study. Medicine. 2016;46(e5325):
95.



25.

26.

27.

28.

290.

30.

31.

Okolo S. Incidence, aetiology and
epidemiology of uterine fibroids. Best Pract
Res Clin Obstet Gynaecol. 2008;22(4):
571-588.

Wise LA, Laughlin-Tommaso SK. Uterine
leiomyomata. In: Goldman MB, Troisi R,
Rexrode KM, Editors. Women and Health.
San Diego: Academic Press. 2013;285-
306.

He Y, Zeng Q, Li X, Liu B, Wang P. The
association between subclinical
atherosclerosis and uterine fibroids. PLoS
One. 2013;8(2):e57089.

Fantuzzi G. Adipose tissue, adipokines,
and inflammation. J. Allergy Clin. Immunol.
2005;115:911-919.

Essam EI-Din R. Othman, Daniela
Homung, Hosam T. Salem, Essam A.
Khalifa, Tarek H. El-Metwally, Ayam Al-
Hendy. Serum cytokines as biomarkers for
non-surgical prediction of endometriosis.
Eur. J. Obst & Gyn & Repro Biol.
2007;137(2008):240-246.

Protic O, Islam MS, Greco S, Giannubilo
SR, Lamanna P, Petraglia F, Ciavattini A,
Castellucci M, Hinz B, Ciarmela P. Activin
A in inflammation, tissue repair and
fibrosis: Possible role as inflammatory and
fibrotic mediator of uterine fibroid
development and growth. Semin. Reprod.
Med. 2017;35:499-509.

Noriyuki Ouchi, Koji Ohashi, Rei Shibata,
Toyoaki Murohara. Adipocytokines and

Adediji et al.; JAMMR, 30(6): 1-7, 2019; Article no.JAMMR.51014

32.

33.

34.

35.

36.

obesity-linked disorders. Nagoya J. Med.
Sci. 2012;74:19-30.

Stefan N, Vozarova B, Funahashi T,
Matsuzawa Y, Weyer C, Lindsay RS,
Youngren JF, Havel PJ, Pratley RE,

Bogardus C, Tataranni PA. Plasma
adiponectin concentration is associated
with skeletal muscle insulin receptor

tyrosine phosphorylation, and low plasma
concentration precedes a decrease in
whole-body insulin sensitivity in humans.
Diabetes. 2002;50:1884—1888.

Kong S, Hou J, Xia M, Yang Y, Xu A,
Tang. Association of hyperglycemia,
hyperlipemia with the risk of uterine
leiomyomata: A case-control study. Cancer
Cell Research. 2014;2(1):37-41.
Jose-Manuel Fernandez-Real, Montserrat
Broch, Joan Vendrell, Cristobal Richart,
Wifredo  Ricart. Interleukin-6  gene
polymorphism and lipid abnormalities in
healthy subjects. J. Clin. Endo & Metab.
2000;85(3):1334-1339.

Khovidhunkit W, Kim MS, Menon RA,
Shigenaga JK, Moser AH, Feingold KR,
Grunfeld C. Effects of infection and

infammation on lipid and lipoprotein
metabolism:  Mechanism and conse-
quences to the host. J. Lipid Res.

2004;45:1169-1196.

Shen M, Shi H. Sex hormones and their
receptors regulate energy homeostasis.
Int. J. Endocrinol. 2015;2015:29478.

© 2019 Adediji et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle3.com/review-history/51014




