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The results of studies on association between ABCB1 gene polymorphisms and glucocorticoid-induced avas-
cular necrosis of the femoral head (GANFH) are controversial. This study aimed to assess the association of
ABCB1 gene polymorphisms with the risk of GANFH by conducting a meta-analysis.

The PubMed, Cochrane Library, and Embase databases were searched for papers that describe the association
between ABCB1 polymorphisms and GANFH risk. Summary odds ratios and 95% confidence intervals (Cl) were
estimated based on a fixed-effects model or random-effects model, depending on the absence or presence of
significant heterogeneity.

A total of 5 studies and 833 patients were included in the final analysis. Significant differences were found
for rs1045642 polymorphism in the comparisons of CC vs. CT+TT (OR, 1.462; 95% Cl, 1.066-2.007; P=0.019),
and rs2032582 polymorphism in the comparisons of GG vs. G(TA)+(TA)(TA) (OR, 1.548; 95% Cl,1.063-2.255;
P=0.023).

The study demonstrated that the ABCB1 polymorphisms (rs1045642 and rs2032582) significantly reduced the
risk of GANFH.
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Background

Avascular necrosis of the femoral head (ANFH) is considered to
be part of a multifactorial, heterogeneous group of disorders
that lead to the necrosis and collapse of the femoral head dur-
ing later stages [1-3]. ANFH may induce hip joint dysfunction
and partial or complete loss of the ability to walk [4]. ANFH can
be caused by various conditions such as trauma, glucocorticoid
(GC) therapy, alcoholism [5], and storage diseases, of which GC-
induced ANFH (GANFH) ranks first. The exact pathogenesis of
femoral head osteonecrosis related to GC remains uncertain.
There are several alternative mechanisms such as fat emboli-
zation [6], intramedullary pressure changes [7], modified artery
constriction [8,9], circulatory impairment [10], coagulation dis-
orders [11], and cell dysfunction [12,13]; however, none alone
can explain the underlying mechanism. Moreover, it cannot be
ignored that while some people develop osteonecrosis others do
not under the same conditions. This phenomenon suggests that
individual susceptibility or individual genetic factors may exist. It
was recently suggested that genetic polymorphisms of the en-
zymes responsible for steroid metabolism, steroid receptors, and
transport proteins may explain the individual differences [14,15].

The transport protein, P-glycoprotein (P-gp), which acts as an
energy-dependent membrane efflux pump for a wide spectrum
of therapeutic agents, including steroids, plays an important role
in absorption and distribution of drugs. P-gp is encoded by the
multidrug resistance gene 1 (ABCB1), also known as MDR1. The
ABCB1 gene is locked on chromosomal region 7g21 and con-
sists of 28 exons. More than 50 single-nucleotide polymorphisms
(SNPs) of MDR1 have been identified, among which single-nu-
cleotide polymorphisms in exon 21 (G2677T/A, rs2032582) and
exon 26 (C3435T, rs1045642) are the most studied. Particularly,
rs2032582 and rs1045642 SNPs have been found to be related
with a decreased and an increased expression of P-gp, respec-
tively [16]. However, controversy continues in clinical research.
Takeshi Asano et al. [17] demonstrated the ABCB1 rs1045642
and rs2032582 polymorphism decreased the risk for GANFH af-
ter kidney transplantation. Similar results were found based on
patients with systemic lupus erythematosus [18]. However, oth-
ers demonstrated patients carrying rs2032582rs2032582 poly-
morphism had a higher risk of developing GANFH than those
with wild-type genotypes [14]. Also, no significant differences
were found between patients with or without rs1045642 poly-
morphism. Recently, another study found rs1045642 polymor-
phism may decrease the risk of having GANFH, but there was no
relationship between the rs2032582 polymorphism and GANFH
[19]. Even more, another study showed that rs1045642 poly-
morphism may be a risk factor for susceptibility to GANFH [20].

Thus, the aim of this study was to assess the association of the
ABCB1 gene polymorphisms with the risk of GANFH by con-
ducting a meta-analysis of eligible studies published to date.
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Figure 1. Search strategy flow diagram.

Material and Methods

The PubMed, Cochrane Library, and Embase databases were
searched independently by 2 investigators to retrieve rele-
vant studies published before May 30, 2014. The search crite-
ria “ABCB1”, “ATP binding cassette B1”, “multidrug resistance
gene 1”, “MDR1”, and “osteonecrosis” were used in text word
searches. The “related articles” function was used to broad-
en the search. The reference lists of the selected articles were
also manually examined to find relevant studies not discov-
ered during the database searches.

We selected any studies that investigated the relationship be-
tween ABCB1 polymorphism (rs1045642 and rs2032582) and
GANFH susceptibility. All titles, abstracts, and full papers of po-
tentially relevant studies were assessed for eligibility. When
several reports from the same study were published, only the
most recent or informative one was included in this meta-anal-
ysis. The language was restricted to only English.

Data extraction

The data extraction of all variables and outcomes of in-
terest were performed independently by 2 investigators.
Disagreements were resolved through discussion and consen-
sus. Data on clinical design, country of study, number of par-
ticipants, and genotyping information were extracted. If arti-
cles reported insufficient data, we contacted corresponding
authors for additional information.

Quality assessment

The included studies were assessed independently by the 2
reviewers using the Newcastle-Ottawa Scale (NOS) [21,22].
The NOS employs a star rating system to assess quality from
3 broad perspectives of the study: (1) selection of the study
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Table 1. Characteristics of the included studies.

o Patients

Author Year o
tr
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ABCB1 genotype

(T/A) G (T/A) HWE
(P-Value) (T/A) (T/A) (T/A) (T/A) (P-Value)
Takeshi 03 japan AT Kidney 55 106 12 17 1 34 49 23 0501 9 17 4 21 50 35 0682
Asanoa Transplantation
X Y. Systemic lupus
Y..an 2007 China erythematosus 21 106 11 9 1 39 45 22 0.186 10 10 1 30 57 19 0.369
patients
Wei With
He 2009 China corticosteroid 31 17 24 7 0 14 3 0 0.69 18 13 0 17 0 0 -
therapy
. With
Yangiong . 8 ]
Zhan 2014 China corticosteroid 94 106 37 36 16 36 52 13 0.3 18 29 25 16 39 32 0.501
& therapy
vun With
Xue 2014 China corticosteroid 105 217 43 49 7 65 91 47 0.17 24 49 27 36 109 64 0.369
therapy
groups, (2) comparability of the groups, and (3) identification Results

of the exposure (for case-control studies) or outcome of in-
terest (for cohort studies). Scores ranged from 0 to 9 stars,
and studies with no less than 7 stars were considered to be
of high quality.

Statistical analysis

The statistical analysis was performed using meta-analysis
software called “Comprehensive Meta Analysis”. The strength
of the association between gene polymorphisms and GANFH
risk was calculated with the OR and respective 95% Cls. The
significance of the pooled OR was determined by the Z test,
and P-values of less than 0.05 were considered significant.
Chi-square test was used for the Hardy-Weinberg equilibri-
um (HWE) of genotypes in the control group of each study.
Statistical heterogeneity among studies was assessed with the
12 statistics, which ranges from 0% (complete consistency) to
100% (complete inconsistency). If the I? -value was more than
50%, the random-effects model was chosen to calculate the
pooled OR; otherwise the fixed-effects model was used. All
of the results were presented as forest plots. In the sensitivi-
ty analysis, we removed each particular study and performed
meta-analysis with the rest repeatedly to show how conclu-
sions might be affected. The presence of publication bias was
assessed by a visual inspection of a funnel plot and Egger’s
linear regression test.

Literature Search

The initial literature search retrieved 22 relevant articles (du-
plicates were discarded) and 7 articles were excluded for not
investigating the topic after carefully screening the titles and
abstracts. Then, full publication review was performed, and 2
articles were excluded (1 study of overlapping data, and 1 cell
study), which left 5 studies (all case-control studies) for this
meta-analysis [14,17-20]. Flowcharts describing the study se-
lection are shown in Figure 1. All included studies were in ac-
cordance with the NOS scale and were therefore defined as
high-quality studies.

A total of 833 patients (281 with GANFH and 552 controls)
were enrolled in the studies. The key characteristics of the in-
cluded studies are summarized in Table 1. A review of the data
extraction revealed 100% agreement between the 2 reviewers.

Main analysis

Table 2 lists the main results of the meta-analysis for the re-
lationship between gene ABCB1 polymorphism and GANFH.

For rs1045642 polymorphism, quantitative synthesis from 5
studies showed significant differences in the comparisons of
CC vs. CT+TT (Case vs. Control, OR, 1.462; 95% Cl, 1.066—-2.007;

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




LiZ etal:

M ETA-ANALYS | S ABCB1 gene polymorphisms and glucocorticoid-induced avascular necrosis...

© Med Sci Monit, 2014; 20: 2811-2816

Table 2. Pooled ORs and 95% Cls of stratified meta-analysis.

AA vS. Aa+aa Aa vs. aa

Polymor- Study Cases/

[0]:] 2 OR % 2 OR % 12

phisms  count controls (95%

model (95% Cl) values (%) model Cl)ovalues (%) model Cl)o values (%) model

1.248 2.859 1.462 2.381
RS1045642 5  270/533 Fixed (0.896, 0.19 0 Ran- (0.988, 0.053 58.6 Fixed (1.066,0.019 0 Ran- (0.719, 0.15567.715
1.738) oM 273 2.007) dom 7.883)
1.41 1.485 1.548 1211
RS2032582 5  254/525 Fixed (0.948, 0.09 354 Fixed (0.908,0.115 46.7 Fixed (1.063,0.023 41 Fixed (0.807, 0.355 20.6
2.098) 2.428) 2.255) 1.815)

“won

For convenience, we considered the major allele in the variants as “A” and the minor as “a”.

(Cvs. (T+TT  Meta analysis CCvs. (T Meta analysis
Study name Comparison Statistc for each study Oddsratio and 95% Study name Comparison Statistic for each study 0dds ratio and 95% CI
Odt_is LQW_EV U_PP_er p- 0dds Lower Upper p-
' patio - limit - imit - value ratio  limit limit  value
Theshifsanoa - (Cis CTorTT 10061 3259 0418 TakeshiAsanoa  CCrs. T 1017 0431 2401 0969
.Y.Yang (Cs. CTorTT 1.890 0736 4.852 0.186
Wei X.Y.Yang CCs. (T 1410 0529 3.757 0.492
ei He (Cs. CTorTT 0.735 0.163 3.308 0.688 Wei He Cwsa 0735 0163 3308 0688
Yangiong Zhang  CCvs. CTorTT 1285 0715 2309 0.402 . . § g g :
Yangiong Zhang CCs. (T 1485 0794 2775 0216
Yun Xue (Cus. (TorTT 1630 0994 2.674 0.053 Yun Xue Cus (T 1220 0731 2064 0437
1462 1.066 2.007 0.019 . " . " .
001 0.1 1 10 100 1.248 0.896 1.738 0.190 001 04 1 10 100
(Cys. TT Meta analysis (Tvs. TT Meta analysis
Study name Comparison Statistic for each study 0dds ratio and 95% CI Study name Comparison Statistic for each study 0dds ratio and 95% CI
0dds Lower Upper  p- 0dds Lower Upper  p-
ratio  limit  limit ~ value ratio  limit ~ limit ~ value
Takeshi Asanoa Cws.TT 8.118  0.987 66.790 0.051 Takeshi Asanoa s TT 7.980 1.000 63.664 0.050
X.Y.Yang Cws.TT 6.205 0.750 51.323 0.090 - X.Y.Yang s TT 4400 0.524 36.950 0.172
WeiHe Cws.TT 1714 0.032 91.282 0.790 WeiHe s TT 2333 0.037 147.525 0.689
Yangiong Zhang Cws.TT 0.835 0352 1.981 0.683 Yangiong Zhang s TT 0.563 0.241 1311 0.183
Yun Xue Cws.TT 4442 1.838 10.736 0.001 I Yun Xue s TT 3615 1520 8.601 0.004 <
2859 0988 8.273 0.053 001 04 1 10 100 2381 0719 7.883 0.155 001 01 1 10 100

Figure 2. Forest plot of GANFH risk associated with the rs1045642 polymorphisms.

GGvs. G(TA)+(TA)(TA)  Meta analysis GG vs. G(TA) Meta analysis
Study name Comparison Statistic for each study 0dds ratio and 95% CI Study name Comparison Statistic for each study 0dds ratio and 95% CI
ower Upper  p- Odds Lower Upper  p-

ratio  limit  limit ~ value ratio limit limit  value

TakeshiAsanoa GG vs. G(TA)+(TAJ(TA) 1735 0.695 4333 0238 _
XY, Yang GG vs. GTA)V+(TA)(TA) 2303 0.886 5.985 0.087 Takeshi Asanoa GG vs. G(TA) 1261 0485 3277 0.635
Wei He GGvs, G(TA}+(TA)(TA) 0.041 0002 0741 0.031 XYYang - GGvs.G(TA) 19000712 5071 0.200
Yangiong Zhang GG vs. G(TA)}+(TA)(TA) 1479 0.691 3165 0313 Weitte G6vs. GTA) 00410002 0741 0,031
Yun Yue GG vs. GTA+(TAYTA) 1518 0847 2718 0.161 Yangiong Zhang GG vs. G(TA) 1513 0661 3460 0327
1345 1003 2255 003 Yun Xue 66vs. G(TA) 148 0800 2748 0210

00101 110100 1410 0943 2098 0.090

001 01 1 10 100

GGus. (TA)TA)  Meta analysis G(TA) vs. (TA)(TA)  Meta analysis

Study name Comparison Statistic for each study 0dds ratio and 95% I Study name Comparison Statistic for each study 0dds ratio and 95% CI
Odds Lower Upper  p- Odds Lower Upper  p-
ratio  limit  limit  value ratio  limit limit  value

Takeshi Asanoa GG vs. (TA)(TA) 3.750 1.026 13.706 0.046 — TakeshiAsanoa  G(TA) vs. (TA)(TA)  2.975  0.922 9.602 0.068 '_'_

XY.Yang Gous TN 6333 0749 53531 0090 XY.Yang G s. ((TA) 3333 0400 27.776 0.6

WeiHe GGus. (TANTA) 2114 0.067 67.075 0671 Yangiong Zhang ~ G(TA) vs. (TA)(TA) ~ 0.952 0468 1.937 0.892

YangiongZhang  6Gus. (TA)TA) 0585 0.226 1513 0.269 —-- Yun Xue G(TA)vs. (N(TA) 1066 0607 1869 0.825

Yun Xue GG vs. (TA)(TA) 1.580 0797 3.134 0.190 ﬂ' 1211 0.807 1.815 0,3550.01 o 1 7 100
1485 0.908 2.429 0.1150.0,| ) b 0 100

Figure 3. Forest plot of GANFH risk associated with the rs2032582 polymorphisms.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




LiZ.etal:
ABCB1 gene polymorphisms and glucocorticoid-induced avascular necrosis..
© Med Sci Monit, 2014; 20: 2811-2816

(3435T Funnel plot of standard error by log odds ratio
0.0
0.2
a— e
e o
Fo4 d
% (o]
0.6
0.8 2 —_—
=20 =15 =10 -05 0.0 0.5 1.0 1.5 2.0
Log odds ratio
G2677T/A Funnel plot of standard error by log odds ratio
0.0
[«
q
0.5 ° o
g
10
1.5 o
-20 -15 -10 -05 0.0 0.5 1.0 1.5 2.0
Log odds ratio

Figure 4. Funnel plots for the assessment of publication bias of
studies included in this meta-analysis.

P=0.019). However, no significant differences were found when
comparing CC vs. CT, CC vs. TT, or CT vs. TT (Figure 2).

For rs2032582 polymorphism, the frequencies of G(TA) and
(TA)(TA) in the Wei He et al. [14] study control groups were
zero; hence, the study was excluded when we conducted meta-
analysis for comparison of the G(TA) and (TA)(TA). Quantitative
synthesis showed significant differences in the comparisons
of GG vs. G(TA)+(TA)(TA) (Case vs. Control, OR, 1.548; 95%
Cl1,1.063-2.255; P=0.023). However, no significant difference
was found when comparing GG vs. G(TA), GG vs. (TA)(TA), or
G(TA) vs. (TA)(TA) (Figure 3)

In the sensitivity analysis, when each particular study was re-
moved from analysis, no corresponding pooled ORs were qual-
itatively altered.

Publication bias

Funnel plots and Egger’s test were performed to assess the
publication bias of studies included in this meta-analysis. The
funnel plots and Egger’s test demonstrated no evidence of pub-
lication bias for CC vs. CT+TT (P=0.40) or GG vs. G(TA)+(TA)(TA)
(P=0.17) (Figure 4).

META-ANALYSIS

Discussion

The most important finding of this study was that the ABCB1
polymorphisms (rs1045642 and rs2032582) were found to sig-
nificantly decrease GANFH susceptibility.

It is well known that glucocorticoids may induce a hypercoagu-
lable hypofibrinolysis state in blood, which may induce throm-
bosis of the vessels, resulting in bone ischemia, necrosis of
bone tissue, and, finally, ANFH occurs. However, the truth is
that not all patients treated with virtually the same protocol
for steroid administration develop ANFH, which means the in-
dividual differences in the steroid sensitivity (ability to absorb
and metabolize glucocorticoids) due to genetic factors play an
important role in the development of GANFH. Recently, studies
found that polymorphisms of the molecules involved in ste-
roid metabolism, steroid receptors, or drug transport may be
involved in this individual difference.

The membrane transporter protein P-gp, encoded by the human
ABCB1 gene, is an important determinant in drug absorption,
distribution, and elimination [23]. The ABCB1 polymorphisms
have been demonstrated to affect the expression and function
of P-gp and therefore determine individual variability in drug
resistance. Several case-control studies have examined the as-
sociation between the ABCB1 polymorphisms and steroid-in-
duced ONFH [17,18,24]. However, as discussed above, reports
concerning the role of the polymorphisms in the pathogenesis
of GANFH have been inconsistent. The lack of consistency across
these studies may be caused by the geographic and ethnic vari-
ability of populations or the probability of a type Il error result-
ing from small sample sizes. Thus, this meta-analysis was per-
formed to overcome the weakness in sample size and population.

The mechanism by which these 2 SNPs decrease the risk of
GANFH is still unknown. Rs2032582 of ABCB1 was recently re-
ported to be associated with an amino acid substitution (Ala®*
to Ser® and Ala®> to Thr®3), leading to an enhanced efflux
transporting ability, and, finally, decreased risk of GANFH [25].
Rs1045642 SNP present in exon 26 was considered as a func-
tional SNP, and its relationship with various diseases has been
reported [26-28]. Rs1045642 SNP is a synonymous polymor-
phism that does not change the protein sequence, but it af-
fects RNA stability and alters the interaction of P-gp with drugs
by affecting the timing of co-translational folding [29,30]; thus,
the rs1045642 SNP may decrease the amount and activity of
P-gp. It is interesting that the results showed a negative asso-
ciation between rs1045642 and GANFH susceptibility. An expla-
nation may be the linkage disequilibrium between rs1045642
and rs2032582, as reported in various studies [18,19].

The most important limitation of this meta-analysis is the in-
consistency of the baseline characteristics (e.g., age, sex, and
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concomitant disease) between the case and control groups,
which might increase the selection bias.

Conclusions

The results of this meta-analysis suggest that the ABCB1 poly-
morphisms (rs1045642 and rs2032582) significantly decrease
GANFH susceptibility.
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