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Abstract

Objectives—(1) To test whether single nucleotide polymorphisms (SNPs) of the FRZB gene are
associated with hip shape. (2) To determine whether FR.ZB variant alleles affect the relationship
between hip shape and radiographic hip osteoarthritis (RHOA).

Methods—A nested case-control study of Caucasian women aged > 65 years in the Study of
Osteoporotic Fractures (SOF) was performed. Cases (n = 451) demonstrated incident RHOA
during follow-up (mean 8.0 + 0.4 years). Controls (n = 601) had no RHOA at baseline or follow-
up. Statistical shape modeling (SSM) of digitized hip radiographs was used to assess proximal
femur shape, and center-edge angle and acetabular depth were used to assess acetabular shape.
The association of the rs288326 and rs7775 FRZB variant alleles with hip shape was analyzed
using linear regression. The effect of these alleles on the relationship between hip shape and
RHOA was analyzed using logistic regression with and without interaction terms.

Results—The rs288326 and rs7775 alleles were associated with shape of the proximal femur
(SSM Mode 2). There was a significant interaction between the rs288326 SNP and proximal
femur shape (Mode 2) in predicting RHOA (p for interaction = 0.022). Among subjects with the
rs288326 variant allele, there were increasing odds of RHOA with increasing quartiles of proximal
femur shape Mode 2 (OR for 4t quartile of Mode 2 = 2.5, 95% confidence interval 1.2-5.3; p for
linear trend = 0.02).

Conclusions—The rs288326 and rs7775 FRZB SNPs are associated with the shape of the
proximal femur. The presence of the rs288326 SNP alters the relationship between proximal
femur shape and incident RHOA.. Together, these findings suggest that FRZB may serve an
important role in determining hip shape and may modify the relationship between hip shape and
OA.
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INTRODUCTION

Osteoarthritis (OA) is a major cause of disability in older adults worldwide (1, 2). The
prevalence of OA in the United States is expected to rise from an estimated 15% of the
population in 1995 to an estimated 18.2% of the population by the year 2020 (3). In the
Framingham study, the prevalence of radiographic knee OA among subjects aged 63 to 93
years was 33.0 cases per 100 (4), and in the NHANES | study, the prevalence of
radiographic hip OA among subjects aged 55 to 74 years was 3.2 cases per 100 (3, 5).
Currently, no disease-modifying treatment for osteoarthritis is available (6), and a complete
understanding of the pathogenesis of this disease is still evolving.

The development of OA appears to be mediated by both genetic and environmental factors.
Classic twin studies demonstrate that approximately 60% of the variation in hip
osteoarthritis in women is associated with genetic factors (7). Among the biological
pathways implicated in the pathogenesis of OA is the WNT/B-catenin signaling pathway (8).
This pathway is of key importance during skeletal patterning in embryogenesis, and it also
appears to be involved in the homeostasis of bone and cartilage in adult life (9-13).
Modifying the WNT pathway has thus become a target of new therapeutic development for
OA and other forms of arthritis (14).

The importance of the WNT pathway in bone and cartilage homeostasis is highlighted by
the observation that animals deficient in the WNT antagonist FRZB demonstrate increased
susceptibility to experimental OA and sclerosis of cortical bone (9). In humans, reports from
two groups, including ours, have demonstrated a link between polymorphisms in the FRZB
gene (rs288326 and rs7775) and OA of the hip (15, 16). Not all reports have replicated this
finding, however, and a recent meta-analysis failed to find a sizeable association between
FRZB variant alleles and hip OA (17). Since the source of this discrepancy has not yet been
resolved, the biological role of the WNT signaling pathway in bone and joint homeostasis
remains under investigation.

Previous work has shown that WNT signaling in chondrocytes and osteoblasts is up-
regulated in response to increased mechanical loading (19). Assuming that mechanical
forces in bone are distributed in part according to bone shape, and given the well-established
link between bone shape and the development of OA (20-23), we performed an exploratory
analysis examining possible interactions between FRZB variant alleles and both hip shape
and radiographic hip OA.

PATIENTS AND METHODS

Study Subjects, Case Definition, and Control Selection

Cases and controls were randomly sampled from the Study of Osteoporotic Fractures (SOF)
database, a longitudinal, multi-center cohort study of 9,704 Caucasian, post-menopausal
ambulatory women recruited from population lists in 4 U.S. cities (24). Subjects were
enrolled at age = 65 years between September 1986 and October 1988. Subjects with
bilateral hip replacements at baseline were excluded. The study was approved by the
institutional review boards at each of the institutions involved. All subjects provided written
informed consent at enrollment and at each clinical examination.
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The subjects for this study were selected as described in Figure 1. Subjects with available
DNA (n = 6,975) were genotyped for the rs7775 SNP as part of a previous study (15). Of
these, 4706 subjects had available baseline and follow-up radiographs (15). From this group
of 4706 women with baseline and follow-up X-rays, 1886 incident radiographic hip OA
(RHOA) cases and controls were selected to undergo additional genotyping of the rs288326
SNP in a 1:2 ratio (15). 1783 women were eligible for the study after excluding those with
incident hip fractures. 954 women had available digitized good quality images and genotype
data for both SNPs. For controls, radiographs were read in numeric order based on study
identification number with the first 601 controls selected for the current analysis. 562 cases
were eligible for inclusion in the study with available digitized images, of which 451 were
read for hip shape.

Measurements

Height and weight at baseline visit were recorded by using a wall-mounted Harpenden
stadiometer (Holtan, Dyfed, UK) and balance beam scale, respectively (24). All participants
completed a questionnaire at baseline that assessed self-reported health status, hours
sedentary each day, and current medication use (21). Physical activity was assessed by using
a modified Paffenberger survey (25). Bone mineral density (BMD) of the femoral neck and
total hip was measured at second follow-up visit by dual energy X-ray absorptiometry
(DXA) with calibrated scanners (Hologic QDR 1000, Waltham, MA). All scanners
employed the same measurement program, and control phantoms were scanned daily to
ensure proper calibration (26).

Radiographic Assessment

Subjects obtained a supine anterioposterior pelvic radiograph at baseline and at the fifth
follow-up visit (mean 8.3 years after baseline visit) (27). All radiographs were digitized with
a VIDAR digitizer (VIDAR Systems Corp, Herndon, VA) at a resolution of 0.169 mm (150
dpi) and stored as 16-bit DICOM images for further analysis.

Details of the radiographic scoring methods for hip OA have been previously published (28,
29). Subjects were considered to have incident RHOA if they satisfied at least 1 of the
following 3 criteria at follow-up visit 5 and not at baseline: severe joint space narrowing
(JSN defined by the Osteoarthritis Research Society International [OARSI] atlas (30) feature
grade =3), definite osteophytes and JSN (both OARSI grades =2), or any 3 or more
individual radiographic features (summary grade >3). Osteophyte-predominant OA was
defined as femoral osteophyte grade =2 and JSN grade <2. Control subjects were free of
RHOA at baseline and follow-up radiographs according to the above definition.
Radiographs were scored for OA by a single reader (NEL) who was blinded to all subject
characteristics.

Statistical Shape Modeling (SSM) and Acetabular Measurements

To measure proximal femur shape, we utilized the technique of statistical shape modeling
(SSM), which utilizes principal components analysis to generate “modes of variation” of
shape within a given population (31). Since its introduction by Cootes and Taylor (31), SSM
has been widely applied in medical imaging (32-37), including modeling of the shape of the
proximal femur (21, 38). SSM was performed using the method of Cootes and colleagues
(26, see http://www.isbe.man.ac.uk/val/asmtk/ASMInfo.html). Digitized radiographs were
evaluated by a reader (JAL), who outlined the shape of the femoral head and neck by
placing a series of 60 evenly-spaced points in between two anchor points: the inferior
margin of the lesser trochanter and the corresponding point on the lateral aspect of the
femoral shaft (17). The algorithms used were identical to those of Gregory et al. (27) except
for the number of points used (60 rather than 16) and inclusion of the entire proximal femur
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to the level of the lesser trochanter rather than only the femoral head and neck (17). Images
were deemed unacceptable for analysis if greater and lesser trochanters were not fully
visualized; using these criteria, approximately 5% were deemed unacceptable for active
shape modeling analysis.

One thousand fifty-two baseline hip radiographs (451 cases, 601 controls) were entered into
the SSM program to generate the composite average proximal femur shape of this sample,
which formed the point of reference for comparison of variations from this average shape
(Figure 3A). The SSM program used principal components analysis to calculate 10
independent “modes of variation” in hip shape, each of which independently described a
portion of the overall variance in hip shape. Each of the 10 modes was independent of the
others, with no significant interactions between modes. Each individual hip was expressed in
terms of standard deviations from the mean value of the 10 modes of variation. Together, the
10 modes of variation explained 95% of the total variance in proximal femur shape (21, 39).
Modes 1-5 explained approximately 90% of the overall variance, with modes 6-10
accounting for an additional 5% of the overall variance in hip shape.

To assess the shape of the acetabulum, two measurements were used: center-edge angle (40)
and acetabular depth (41) (Figure 3C and D). Digitized radiographs were evaluated by a
reader (JCB) who used digital calipers for all measurements. The center-edge angle was
defined as the angle between the line joining the center of the femoral head and the lateral
margin of the acetabular roof and a true vertical line, defined as a line perpendicular to the
line joining the inferior borders of the bilateral ischial tuberosities, according to published
methods (40). The center of the femoral head was located with the aid of an electronic tool
producing concentric circles. Acetabular depth was defined as the greatest perpendicular
distance from the acetabular roof to a line joining the lateral margin of the acetabular roof to
the superior corner of the ipsilateral symphysis pubis, according to published methods (41).

Genotypes for FRZBrs288326 (Arg200Trp) and rs7775 (Arg324Gly) SNPs were obtained
by two protocols (Roche Molecular Systems, Alameda, CA). The rs7775 SNP was
genotyped for the entire cohort in conjunction with another study of osteoporosis to
conserve sample material. The rs288326 SNP was separately determined for subjects with
radiographic hip OA and 2.5 times as many randomly-selected controls. Hence, genotypes
of 569 subjects with radiographic hip OA and 4,136 controls were obtained for the rs7775
SNP, and genotypes of 570 subjects with radiographic hip OA and 1,317 controls were
obtained for the rs288326 SNP.

The rs288326 SNP was assayed by an allele-specific kinetic polymerase chain reaction
(PCR) method previously described (15). The genotypes were analyzed with software
developed at Roche Molecular Systems. Each amplification plate used 3 positive controls
and 1 negative control. Two hundred seventy-six samples were genotyped in duplicate and
with complete concordance. The rs7775 SNP was genotyped in the context of a multiplex
PCR amplification followed by allele-specific SNP detection with immobilized
oligonucleotide probes in linear arrays, as described previously (42). Sixteen percent of
samples were genotyped twice for this SNP, and all results were concordant (15).

Statistical analysis

Statistical analyses were performed using SAS software (version 9.2, SAS Institute, Inc.,
Cary, NC). Baseline subject characteristics were compared using Student’s t-tests and chi-
squared methods. P-values of < 0.05 in two-tailed tests were considered significant. The
association of the FRZBrs288326 and rs7775 variant alleles with the 10 modes of variation
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identified by SSM or acetabular measurements was analyzed using linear regression in the
control population. Next, the relationship between the FRZB variant alleles and proximal
femur shape as a continuous measure (SSM modes 1-5, which accounted for the majority of
the overall variability in proximal femur shape (90.1%)) as predictors of RHOA was
analyzed using logistic regression with and without interaction terms. If a significant
interaction with a hip shape mode and the FRZB variant was found, we performed stratified
analyses by the presence or absence of the FRZB variant allele. The modes were categorized
into quartiles using cut-points derived from the control population. We conducted logistic
regression in subjects with and without the variant allele to determine the association of
quartiles of the hip shape mode and RHOA. The p value for linear trend was assessed in
order to determine whether there was a linear trend for increasing odds of RHOA comparing
subjects in each ascending quartile of hip shape.

Baseline characteristics of the subjects

Subjects with incident radiographic hip osteoarthritis (RHOA) were slightly older than
controls (age 71.5 = 4.9 vs. 69.9 £ 4.3 years; p < 0.0001; Table 1). Incident RHOA cases
had a slightly higher bone mineral density (BMD) at the femoral neck compared to controls
(0.68 +0.12 vs. 0.66 + 0.12 g/cm?; p = 0.007; Table 1). There was no statistically significant
difference between cases and controls with regard to height, weight, body mass index, BMD
of the total hip, estrogen or vitamin D use, self-reported overall health status, self-reported
exercise status, or weight change from 25 years of age.

Minor allele frequencies in the population

The minor allele frequency of rs288326 was 0.13 in our study population. There were no
statistically significant differences between RHOA cases and controls in the frequency of
subjects with 0, 1, or 2 copies of the rs288326 minor allele (p = 0.41), with or without
adjustment for age. (Table 1)

Due to previous reports demonstrating an additional association between the rs7775 FRZB
polymorphism and radiographic hip OA (15, 16), we also examined the frequency of this
SNP in the cohort. The minor allele frequency of rs7775 was 0.09 in our study population.
There were also no statistically significant differences between RHOA cases and controls in
the frequency of subjects with 0, 1, or 2 copies of the rs7775 allele (p = 0.93), and no RHOA
cases were homozygous for both the rs288326 and the rs7775 minor alleles (Table 1).

Association between the FRZB rs288326 and rs7775 alleles and hip shape

To assess hip shape, we performed statistical shape modeling (SSM) of the proximal femur
and geometric measurements of the acetabulum. Of the 10 SSM modes of proximal femur
shape (21), Mode 2 demonstrated a significant association with both the rs288326 and
rs7775 FRZB SNPs (Table 2). Neither acetabular depth nor center-edge angle was
associated with either of the FRZB variant alleles.

Effect of the FRZB variant alleles on the relationship between hip shape and RHOA

To examine this question, we determined whether there was a statistical interaction between
the FRZB variant alleles and hip shape SSM modes in predicting RHOA. In the model
without interaction terms, rs288326 was not independently associated with RHOA (p =
0.20), after adjusting for age, femoral neck BMD, and modes 1-5. In the model with
interaction terms, there was a significant interaction between Mode 2 and the rs288326
FRZB variant (p value for interaction = 0.022). There was no significant interaction between
the rs288326 FRZB variant allele and the other hip shape modes (data not shown). When
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acetabular depth or center-edge angle were used as predictors of RHOA, no significant
interaction with the FRZB rs288326 variant allele was observed (data not shown).

We next repeated this analysis with attention to the rs7775 FRZB SNP. In the model without
interaction terms, rs7775 variant allele was not independently associated with RHOA (p =
0.98), after adjusting for age, femoral neck BMD, and modes 1-5. In the model with
interaction terms, none of the modes showed a significant interaction with rs7775 variant
allele in predicting the outcome of RHOA.

Given the finding that the FRZB rs288326 polymorphism demonstrated an interaction with
hip shape SSM Mode 2 and incident radiographic hip OA, we stratified subjects according
to whether or not they possessed the rs288326 variant allele. We observed that in subjects
with 1 or 2 copies of the FRZB rs288326 variant allele, Mode 2 was associated with incident
RHOA (OR 2.46, 95% CI 1.15 to 5.25 for 41 quartile of Mode 2). In addition, higher values
of mode 2 were associated with an increased risk of OA in women with 1 or more copies of
the variant allele, whereas this association was not observed in subjects lacking the variant
allele (Table 3).

DISCUSSION

In this longitudinal study of elderly Caucasian women, we found that the FRZB rs288326
and rs7775 variant alleles were associated with the shape of the proximal femur and that the
rs288326 variant modified the relationship between hip shape and incident radiographic hip
osteoarthritis (RHOA). Considering these observations together, we hypothesize that the
WNT pathway may have different functions over a lifespan. In early life, prior to the
development of OA, FRZB may play a role in determining the shape of the proximal femur,
whereas in later life, FRZB may act via its role in bone homeostasis to influence whether
OA develops in a particular architectural setting in response to biomechanical loading
forces.

The product of the FRZB gene (SFRP3) is an antagonist of the WNT signaling pathway in
both developing embryos and adult organisms. For example, the mouse homolog of the
human FRZB gene, Frzb-1, is expressed in the developing limb bud, branchial arteries, and
cartilage during development (18, 42) and is important for proper digit formation (43). The
chick homolog of FRZB, cFrzb-1, is expressed in developing cartilage, nerves, adrenal
glands, gonads, and certain blood cells (44). Mice that have a disruption in the FRZB gene
appear to develop normally but have an increased susceptibility to OA in the presence of
environmental or experimental triggers such as mechanical stress or inflammation (9).
Although FRZB-knockout mice do not appear to have an overt bone phenotype at birth,
bone shape in these animals has yet to be studied in detail.

We observed an association between the rs288326 FR.ZB variant allele and hip shape Mode
2 in the control population. In addition, we found a significant interaction between this
FRZB variant allele and hip shape Mode 2 in predicting incident RHOA, suggesting that the
presence of the rs288326 FRZB variant allele may modify the effect of hip shape on the risk
of incident RHOA. The shape of Mode 2 varies depending on the population under study in
the statistical shape model. In our population, Mode 2 describes a proximal femur shape in
which the width of the femoral head is narrow relative to the width of the femoral neck and
shaft. Mode 2 also describes the position of the greater trochanter and femoral head relative
to the position of femoral shaft (Figure 3B). Interestingly, the shape of the proximal femur
contributes to the distribution of mechanical forces across the hip joint during weight
bearing (45). Since WNT signaling is known to be activated in response to biomechanical
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loading (19), it is possible that the biologic pathway linking WNT and OA involves
activation of WNT signaling in response to altered biomechanical loading of the joint.

The shape of the proximal femur is associated with the development of osteoarthritis of the
hip in adult life (reviewed in (21,47)). Nonetheless, some individuals fail to develop RHOA
despite the presence of this risk factor, which is consistent with the concept that the
development of hip OA is a complex, multivariate process involving genetic, environmental,
and perhaps epigenetic risk factors.

In this study, we excluded patients with prevalent RHOA at study enrollment, which may
have excluded subjects in whom FRZB variant alleles conferred a predisposition to RHOA
in childhood or early adulthood. Ideally, the relationship between FRZB variant alleles and
hip shape should be verified in young adults, though no such cohort with serial pelvic
radiographs is currently available to us.

Despite the well-established role of WNT signaling in skeletal development and bone
homeostasis, there has been controversy as to the magnitude of the association between
FRZB variant alleles and osteoarthritis. While two studies reported an association between
FRZB allelic variant alleles and RHOA of > 3.0 (15, 16), the association was more modest
(46-48) or not found (17, 49) in other populations. Loughlin and colleagues (16) studied
subjects within families containing multiple members with RHOA and subjects with
advanced OA undergoing total hip replacement. Our research group reported a significant
association between the rs288326 allele and hip OA defined by the presence of advanced
osteophytosis (15). However, in a recent meta-analysis (17) and primary study (47), the
magnitude of association between the rs288326 allele and RHOA was far weaker. Both of
these latter studies used a relatively broad definition of RHOA including subjects with mild
RHOA, which may have diluted the association. The association between the rs288326
allele variant and hip OA is likely to be strengthened by using defined phenotype of OA
characterized by femoral osteophyte formation. The recognition of heterogeneity among
RHOA studies and the need for stricter definition of RHOA phenotypes was recently the
subject of an international OA consortium (50). As data accumulate on the associations
between genetic polymorphisms and RHOA, and radiographic OA at other skeletal sites,
attention to such phenotyping is likely to be important.

Although this study examines the interrelationships between FRZB variant alleles, hip
shape, and RHOA, several important limitations must be considered. First, the findings
reported here were studied in a limited population of Caucasian, American, post-menopausal
women and thus, the results may not be generalizable to other ethnic, gender, or geographic
groups. Secondly, the selection of the controls was not random. The first 601 controls were
selected in sequential order based on their numerical 1D, resulting in unequal representation
among the clinical sites. However, the same protocol was used to obtain the radiographs at
all of the study sites to reduce variability. Thirdly, the frequency of subjects homozygous for
the FRZB variant alleles was quite low in our population, despite the relative abundance of
subjects heterozygous for the alleles. Thus, our study combined subjects with either 1 or 2
copies of the FRZB allele and compared them to subjects with no copies. Whether
individuals with homozygosity for this allele show a more severe OA phenotype is currently
not known.

In summary, we find that FRZB variant allele rs288326 modified the association of hip
shape and incident radiographic hip OA. Additional studies of the WNT signaling pathway
and skeletal homeostasis are warranted to confirm or refute these results.
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9704 subjects satisfied criteria for SOF

;

6975 with available DNA were genotyped for

I

4706 with available DNA and follow-up radiographs

;

1886 genotyped for rs288326

>

103 with hip fracture excluded

h 4

1783 genotyped for both SNPs

|

562 with RHOA

87 with no digitized images
24 with poor quality images

\ 4

|

1221 without RHOA

353 not analyzed

451 cases

233 with no digitized images

35 with poor quality images

-«
v

601 controls

Figure 1. Flow chart of study subject selection
RHOA = radiographic hip osteoarthritis.
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(C) Center-edge angle
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Figure 2. Hip shape measur ements

(A) Outline of the proximal femur used in statistical shape modeling (SSM). A 60-point
outline of the proximal femur between two anchor points (the inferior margin of lesser
trochanter and the corresponding point on the lateral femoral shaft) was made (green dots),
and coordinates of the points were entered into the SSM software to generate the 10
independent modes of hip shape variation by principal components analysis. The outline of
the proximal femur generated by SSM is shown in yellow. (B) Illustration of variation in
proximal femur shape in Mode 2. Mean shape of Mode 2 (green line) with + 1 standard
deviation (SD) (red and blue lines) is shown. (C and D) Acetabular measurements used in
the study.
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&

Hip Shape > Osteoarthritis

Figure 3. Schematic depicting possible interrelationships between FRZB, hip shape, and
osteoarthritis
Solid arrows represent associations that have previously been reported, while dotted lines

represent associations that are under investigation in this study.

\
T
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Baseline characteristics of subjectsand controls

Table 1

Cases(n =451) | Controls(n=601)

Age (years) 715+4.9 699+43%
Height (cm) 159.4+59 159.4+57
Weight (kg) 68.6+12.2 68.1+12.35
BMI (kg/m?) 271.0+4.7 26.8+4.7
BMD (g/cm?):

Total hip 0.78+0.13 0.77+0.14

Femoral neck 0.66 +0.12 0.68+012%
Estrogen use (%) 425 411
Vitamin D supplement use (%) 54.1 55.7
Health status: 99.1 99.2
Good vs. Poor (%)
Walks for exercise (%) 55.2 55.7
Weight change from 25 years of age 12.0+10.7 11.5+10.3
15288326 FRZB allele:

CC, n (%) 342 (74.3%) 462 (76.9%)

CT,n (%) 102 (22.6%) 127 (21.1%)

TT, n (%) 7 (3.1%) 12 (2.0%)
1s7775 FRZB allele:

CC, n (%) 373 (82.6%) 497 (82.7%)

CG, n (%) 75 (16.7%) 101 (16.8%)

GG, n (%) 3(0.7%) 3 (0.5%)

1. . L
Values are mean + standard deviation unless otherwise indicated.

*
p<0.05

Abbreviations: BMD = bone mineral density; BMI = body mass index
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Table 2
Association between proximal femur shape (active shape modeling modes 1-10) and
FRZB variant alleles

Comparisons are between control subjects with 1-2 copies of the indicated allele versus control subjects with
no copies (n = 601).

rs288326 allele rs7775 allele
Hip Shape
SSM Mode | BetaEstimate Beta Estimate
@5% cl) | Pvaue [ gsercyy | Pvalue
1 0.03 0.76 -0.13 0.21
(~0.15 to 0.20) (-0.32 t0 0.07)
2 -0.21 0.019* -0.23 0.019*
(-0.38 t0 —-0.03) (-0.43 t0 -0.04)
3 0.03 0.75 -0.04 0.73
(-0.16 t0 0.22) (-0.26 t0 0.18)
4 0.02 0.81 -0.17 0.10
(-0.16 t0 0.21) (-0.38t0 0.03)
5 -0.15 0.11 -0.13 0.22
(-0.34 10 0.04) (-0.34 t0 0.08)
6 -0.06 0.52 0.02 0.86
(-0.24 10 0.12) (-0.19 t0 0.23)
7 -0.12 0.22 -0.14 0.21
(-0.30 t0 0.07) (-0.35 t0 0.08)
8 -0.09 0.34 -0.04 0.71
(-0.28 t0 0.09) (-0.2510 0.17)
9 -0.03 0.75 0.05 0.61
(-0.22 t0 0.16) (-0.16 t0 0.27)
10 0.02 0.87 0.11 0.31
(-0.17 t0 0.21) (-0.10t0 0.33)

Models are adjusted for age and femoral neck BMD.

Abbreviations: CI = confidence interval; BMD = bone mineral density
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Table 3
Relationship between proximal femur shape (SSM Maode 2) and radiogr aphic hip
osteoarthritis (RHOA) ismodified by the presence or absence of the FRZB rs288326
variant allele

Odds ratio (OR) is adjusted for age and femoral neck BMD. Quartiles were created based on the control
population.
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1 or 2 copies of rs288326 No copies of rs288326
FRZB variant allele FRZB variant allele
Quartiles of OR Quartiles of OR
Mode 2 (95% ClI) Mode 2 (95% ClI)
15t Quartile 1.00 15t Quartile 1.00
(n=66; 24 (reference) (n=194; 86 (reference)
cases, cases, 108
42 controls) controls)
2" Quartile 1.03 2" Quartile 0.89
(n=66; 27 (0.49 to (n=192; 81 (0.59 t0 1.36)
cases, 39 2.17) cases, 111
controls) controls)
31 Quartile 1.09 3 Quartile 0.63
(n=60; 26 (0.51to (n=176; 60 (0.40 t0 0.97)
cases, 34 2.36) cases, 116
controls) controls)
4t Quartile ™ 2.46 4th Quartile 0.90
(n=63;39 (1.15 to0 5.25) (n =235; 108 (0.60 to 1.35)
cases, 24 cases, 127
controls) controls)
Test for p=0.02 Test for Linear p=0.40
Linear Trend
Trend

*
P value for interaction using mode two as continuous measure = 0.02.
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