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Abstract

Background: In Japan, the majority of hip osteoarthritis (OA) was caused by acetabular dysplasia, and about 90 %
of patients were female. The present study focused on Japanese female patients with hip OA due to acetabular
dysplasia, and examined the associated factors with OA staging at diagnosis, in special reference to body weight.

Methods: Study subjects were 336 Japanese women who were newly diagnosed with hip OA caused by acetabular
dysplasia at 15 hospitals in 2008. The self-administered questionnaire elicited patients’ body weight at age 20 and at
OA diagnosis. Four ranked OA staging according to radiographic findings of the hip joint (pre-OA, initial stage,
advanced stage or terminal stage) was regarded as the outcome index. Proportional odds models in logistic regression
were used to calculate odds ratios (ORs) and 95 % confidence intervals (CIs) for severer stage of OA.

Results: At diagnosis, 45 % of patients suffered from terminal stage of OA, whereas 13 % and 14 % were categorized
into pre-OA and initial stage, respectively. After adjustment for potential confounders, weight gain since age 20
revealed the increased ORs for severer OA stage at diagnosis (OR 2.02; 95 % CI, 1.07–3.80). Other significant
characteristics were age (67+ vs. 20–49 years, OR 12.4), lower education (junior high school vs. junior college or higher,
OR 4.00), parity (OR 2.19), lower acetabular head index (<60.0 vs. 71.1+, OR 2.36), and longer duration since symptom
onset (6.0+ vs. <1.0 year, OR 2.94).

Conclusions: Weight gain since age 20 might be involved in mechanisms of OA development, which is independent
of age or severity of acetabular dysplasia.
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Background
Hip osteoarthritis (OA) is one of the leading causes of
disability in older adults. Once people develop the dis-
ease, they feel difficulty walking, which decreases their
quality of life [1]. This problem has been increasing with
the current ageing of the population. Thus, it is neces-
sary to identify factors to control disease development.

Obesity is thought to contribute to the development
and progression of OA through increased mechanical load
and, hormonal and metabolic mechanisms [2, 3]. To the
best of our knowledge, two systematic reviews [4, 5] and
one meta-analysis [6] have identified obesity as a risk fac-
tor for the development of hip OA. However, a number of
studies also reported no association between body mass
index (BMI) and hip OA [7–11]. Even in studies that re-
ported an increased risk of hip OA among subjects with
higher BMI, the magnitude of the association between
BMI and hip OA seemed to be relatively lower than that
between BMI and knee OA [12–14].
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These results were mainly derived from Western coun-
tries, where the aetiology of hip OA is mostly primary
OA. To date, no previous study have reported the associ-
ation between obesity and hip OA in Japan, where the
aetiology and background characteristics of hip OA are
different from Western countries. In Japan, the majority
of hip OA was caused by acetabular dysplasia, whereas
only about 10 % of patients were primary OA. Besides, fe-
male patients accounted for about 90 % [15, 16]. We
therefore targeted Japanese female patients with secondary
hip OA due to acetabular dysplasia, and examined the as-
sociated factors with OA staging at diagnosis, in special
reference to body weight. The present study focused on
the weight after age 20, when complete closure of the
growth plate in the hips has usually occurred, and investi-
gated the association of weight at age 20, the current
weight, and weight change on the risk of severer disease
stage at diagnosis.

Methods
Subjects
A multi-institutional epidemiological study was con-
ducted for patients newly diagnosed with hip OA at 15
hospitals in five areas of Japan: four hospitals in the
Kyushu and Okinawa areas, two hospitals in the
Shikoku, Chugoku and Kinki areas, three hospitals in
the Chubu areas, three hospitals in the Kanto areas, and
three hospitals in the Tohoku and Hokkaido areas. The
patients were limited to those whose hip joints had com-
pleted closure of the growth plate. Exclusion criteria was
those who had been operated on both hip joints after
growth plate closure. Hip OA was defined as a symp-
tomatic hip joint that had patients’ complains of hip pain
and had radiological evidence of OA (i.e., joint space
narrowing, sclerotic changes of the subchondral bone,
osteophyte formation, or a bone cyst). A symptomatic
hip joint with a deformity in the joint, such as acetabular
dysplasia or dislocation, but no osteoarthritic changes
was also included. The study was approved by the insti-
tutional review board in each participating hospital.
From January to September 2008, a total of 485 newly

diagnosed hip OA patients were recruited: 158 patients
(33 %) were recruited from four hospitals in the Kyushu
and Okinawa areas, 98 patients (20 %) were recruited
from two hospitals in the Shikoku, Chugoku and Kinki
areas, 101 patients (22 %) were recruited from three hos-
pitals in the Chubu areas, 109 patients (22 %) were re-
cruited from three hospitals in the Kanto areas, and 19
patients were recruited from three hospitals in the To-
hoku and Hokkaido areas. Among those, 390 patients
(81 %) had a hip OA due to acetabular dysplasia. Of
these 390 patients, 358 patients (92 %) were female and
aged 20 years or more, and were identified as candidates
for the present study. All patients provided written

informed consent after the nature and possible conse-
quences of the study had been explained.

Information collection
At the time of recruitment, the following information
was obtained from patients using a self-administered
questionnaire: current age (years); age at hip pain onset
(years); weight at age 20 and current age (kg); comorbid-
ity including stroke, hypertension, heart disease, liver
disease, diabetes mellitus, liver disease, pulmonary dis-
ease, etc. (none or present); smoking (never, past or
current); alcohol drinking (never, past or current); sports
club activity at school (none or present); years of educa-
tion (junior high school, high school or junior college or
higher); occupation (physical worker or not); and parity
(none or present).
In addition, each subject’s orthopedist completed a

structured questionnaire to collect clinical information
regarding: measured height (cm) and weight (kg) at OA
diagnosis; the acetabular dysplasia indices based on
radiographic evaluation; and disease stage at OA diagno-
sis (as a study outcome) [15, 16]. The following acetabu-
lar dysplasia indices were chosen according to the
reproducibility for the multi-institutional examination
[17] from the Sharp angle [18], the center edge angle
[19], the acetabular roof obliquity angle [20], the acetab-
ular head index (AHI) [21], and the approximate acetab-
ular quotient [21]: Sharp angle, acetabular roof obliquity
angle, and AHI which were measured in an antero-
posterior view radiograph of the bilateral hip joints.
As a study outcome, the disease stage of hip OA was

classified into one of the four stages (i.e., pre-OA stage,
initial stage, advanced stage, and terminal stage) accord-
ing to the guidelines proposed by the Japanese Ortho-
pedic Association’s committee [22]. Briefly, pre-OA
stage was regarded as a symptomatic hip joint which
demonstrated no radiological OA changes but showed
morphological changes of the acetabulum and/or prox-
imal femur related to OA. The joints at the initial stage
were that one or more OA changes with possible nar-
rowing of the joint space were appeared, in addition to
that the width of the joint space was maintained at
2 mm or more throughout the weight-bearing area. The
joints at the advanced stage were that the width of the
joint space was less than 2 mm at the thinnest point or
that loss of the joint space was less than 15 mm. The
joints at the terminal stage showed gross loss of the joint
space which expanded to 15 mm or more. The assess-
ment of radiographic grade of OA was performed by a
single orthopedist at each collaborating hospital.

Statistical analysis
For main exposure variables, body weights at age 20 and
current age were categorized into quartile according to
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the distribution of patients. In addition, weight change
since age 20 were calculated and categorized into three
levels (more than 2 kg decreased; almost no change:
±2 kg; and more than 2 kg increased). BMI at age 20 and
current age were categorized into three levels (<18.5/
18.5–24.9/ 25.0+ kg/m2), according to the WHO classifi-
cation, and BMI change since age 20 was categorized into
three levels (more than 1.5 kg/m2 decreased; almost no
change: ±1.5 kg/m2; and more than 1.5 kg/m2). Regarding
other explanatory variables, continuous variables were cat-
egorized into quartile except for indices of acetabular

dysplasia (i.e., Sharp angle, acetabular roof obliquity angle,
and AHI). Since data for indices of acetabular dysplasia in-
cluded a relatively larger number of missing data, these
variables were categorized into tertile.
To examine the association with disease stage at OA

diagnosis, proportional odds models in logistic regres-
sion were used to calculate odds ratios (ORs) and 95 %
confidence intervals (CIs). The trend of association was
assessed by assigning ordinal numbers to the increasing
exposure categories. Kruskal-Wallis test, Wilcoxon rank
sum test or the Chi-square test were also used where

Table 1 Characteristics of Japanese women with newly diagnosed hip osteoarthritis caused by acetabular dysplasiaa

Characteristics n (%) or median (range)

Age (years) (n = 336) 57.7 (23.2–84.5)

Height (cm) (n = 336) 153 (135–173)

Weight at age 20 (kg) (n = 320) 50 (36–85)

Weight at diagnosis (kg) (n = 336) 53 (31–105)

Weight change between age 20
and diagnosis (kg)

(n = 320) 4 (−28–40)

Body mass index at age 20 (kg/m2) (n = 320) 20.9 (15.8–35.8)

Body mass index at diagnosis (kg/m2) (n = 336) 22.8 (15.8–43.1)

Body mass index change between age
20 and diagnosis (kg/m2)

(n = 320) 1.6 (−13–16.7)

Presence of comorbidity Present (n = 335) 157 (47)

Smoking Never (n = 334) 265 (79)

Past 36 (11)

Current 33 (10)

Consumption of alcohol Never (n = 333) 202 (61)

Past 15 (5)

Current 116 (35)

Sports club activities at school Present (n = 334) 155 (46)

Education Junior high school (n = 333) 46 (14)

High school 186 (56)

Junior college or higher 101 (30)

Physical work Present (n = 331) 27 (8)

Parity Present (n = 334) 269 (81)

Clinical information

Involved side Hemilateral (n = 336) 141 (42)

Bilateral 195 (58)

Radiographic index of acetabular dysplasia Sharp angle (n = 255) 46 (27–58)

Acetabular roof obliquity angle (n = 252) 23 (0–53)

Acetabular head index (%) (n = 253) 65.5 (35.7–105.7)

Duration since symptom onset (years) (n = 330) 2.0 (0–43.0)

Disease stage at OA diagnosis Pre-OA (n = 336) 43 (13)

Initial stage 48 (14)

Advanced stage 95 (28)

Terminal stage 150 (45)
aVariables are expressed as no. (%) or median (range)
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Table 2 Crude and age-adjusted association between selected characteristics and disease severity at diagnosis

Characteristics Disease stage at OA diagnosis, n (%) Univariate Age-adjusted

Pre OA Initial Advanced Terminal OR (95 % CI) OR (95 % CI)

Age (years)

20–49 30 (70) 24 (50) 20 (21) 16 (11) 1.00

50–57 5 (12) 11 (23) 37 (39) 29 (19) 4.26 (2.42–7.51)

58–66 7 (16) 8 (17) 18 (19) 45 (30) 7.83 (4.29–14.3)

67+ 1 (2) 5 (10) 20 (21) 60 (40) 15.1 (8.02–28.4)

(Trend P < 0.01)

Height (cm)

<150.0 4 (9) 4 (8) 22 (23) 46 (31) 1.00 1.00

150.0–153.9 5 (12) 14 (29) 29 (31) 48 (32) 0.65 (0.36–1.17) 0.67 (0.37–1.24)

154.0–157.9 18 (42) 9 (19) 20 (21) 27 (18) 0.30 (0.16–0.55) 0.46 (0.24–0.88)

158.0+ 16 (37) 21 (44) 24 (25) 29 (19) 0.27 (0.15–0.49) 0.53 (0.28–0.99)

(Trend P < 0.01) (Trend P = 0.04)

Weight at age 20 (kg)

<46.0 7 (17) 12 (26) 23 (25) 39 (28) 1.00 1.00

46.0–49.9 6 (14) 11 (24) 25 (27) 32 (23) 0.89 (0.50–1.61) 0.89 (0.48–1.63)

50.0–54.9 15 (36) 14 (30) 25 (27) 35 (25) 0.65 (0.38–1.14) 0.68 (0.38–1.22)

55.0+ 14 (33) 9 (20) 18 (20) 35 (25) 0.78 (0.44–1.40) 0.93 (0.51–1.71)

(Trend P = 0.24) (Trend P = 0.59)

Weight change since age 20 (kg)

<−2 10 (24) 7 (15) 11 (12) 34 (24) 2.14 (1.15–3.96) 1.87 (0.98–3.55)

±2 16 (38) 14 (30) 23 (25) 26 (18) 1.00 1.00

>2 16 (38) 25 (54) 57 (63) 81 (57) 1.86 (1.15–3.02) 1.80 (1.08–2.98)

(Trend P = 0.71) (Trend P = 0.56)

Weight at diagnosis (kg)

<48.5 11 (26) 10 (21) 25 (26) 38 (25) 1.00 1.00

48.5–53.4 10 (23) 16 (33) 19 (20) 43 (29) 1.04 (0.60–1.82) 0.94 (0.53–1.67)

53.5–60.4 14 (33) 15 (31) 17 (18) 35 (23) 0.78 (0.44–1.36) 0.74 (0.41–1.34)

60.4+ 8 (19) 7 (15) 34 (36) 34 (23) 1.02 (0.58–1.79) 1.38 (0.76–2.48)

(Trend P = 0.83) (Trend P = 0.43)

Body mass index at age 20 (kg/m2)

<18.5 4 (10) 10 (22) 13 (14) 12 (9) 0.64 (0.35–1.19) 0.77 (0.41–1.45)

18.5–24.9 35 (83) 32 (70) 71 (78) 117 (83) 1.00 1.00

25.0+ 3 (7) 4 (9) 7 (8) 12 (9) 1.02 (0.48–2.15) 1.16 (0.53–2.54)

(Trend P = 0.23) (Trend P = 0.36)

Body mass index change since age 20 (kg/m2)

<−1.5 8 (19) 6 (13) 9 (10) 25 (18) 1.59 (0.85–2.97) 1.04 (0.54–2.01)

±1.5 22 (52) 18 (39) 27 (30) 44 (31) 1.00 1.00

>1.5 12 (29) 22 (48) 55 (60) 72 (51) 1.59 (1.02–2.47) 1.34 (0.84–2.14)

(Trend P = 0.41) (Trend P = 0.26)

Body mass index at diagnosis (kg/m2)

<18.5 3 (7) 4 (8) 5 (5) 7 (5) 0.74 (0.32–1.72) 1.25 (0.51–3.03)

18.5–24.9 34 (79) 37 (77) 56 (59) 105 (70) 1.00 1.00

25.0+ 6 (14) 7 (15) 34 (36) 38 (25) 1.30 (0.82–2.07) 1.45 (0.89–2.37)
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Table 2 Crude and age-adjusted association between selected characteristics and disease severity at diagnosis (Continued)

(Trend P = 0.16) (Trend P = 0.28)

Presence of comorbidity

None 27 (63) 32 (67) 49 (52) 70 (47) 1.00 1.00

Present 16 (37) 16 (33) 45 (48) 80 (53) 1.69 (1.13–2.52) 0.87 (0.56–1.36)

Smoking

Never 30 (70) 31 (65) 82 (88) 122 (81) 1.00 1.00

Past 9 (21) 9 (19) 7 (8) 11 (7) 0.40 (0.21–0.75) 0.46 (0.24–0.89)

Current 4 (9) 8 (17) 4 (4) 17 (11) 0.94 (0.48–1.84) 1.94 (0.94–3.99)

(Trend P = 0.20) (Trend P = 0.53)

Consumption of alcohol

Never 19 (44) 16 (33) 63 (68) 104 (70) 1.00 1.00

Past 2 (5) 4 (8) 4 (4) 5 (3) 0.45 (0.17–1.15) 0.58 (0.22–1.57)

Current 22 (51) 28 (58) 26 (28) 40 (27) 0.41 (0.26–0.62) 0.60 (0.39–0.94)

(Trend P < 0.01) (Trend P = 0.02)

Sports club activities at school

No 16 (38) 21 (44) 52 (55) 90 (60) 1.00 1.00

Present 26 (62) 27 (56) 42 (45) 60 (40) 0.57 (0.38–0.85) 0.83 (0.54–1.26)

Education

Junior high school 3 (7) 1 (2) 9 (10) 33 (22) 1.00 1.00

High school 19 (44) 30 (64) 59 (63) 78 (52) 1.45 (0.93–2.25) 1.18 (0.75–1.87)

Junior college or higher 21 (49) 16 (34) 26 (28) 38 (26) 4.83 (2.32–10.0) 2.39 (1.08–5.31)

(Trend P < 0.01) (Trend P = 0.06)

Physical work

No 40 (95) 43 (93) 86 (91) 135 (91) 1.00 1.00

Present 2 (5) 3 (7) 8 (9) 14 (9) 1.44 (0.68–3.04) 0.85 (0.39–1.85)

Parity

None 19 (44) 10 (21) 12 (13) 24 (16) 1.00 1.00

Present 24 (56) 38 (79) 82 (87) 125 (84) 2.23 (1.36–3.66) 1.57 (0.93–2.65)

Clinical information

Involved side

Hemilateral 18 (42) 17 (35) 37 (39) 69 (46) 1.00 1.00

Bilateral 25 (58) 31 (65) 58 (61) 81 (54) 0.79 (0.53–1.17) 1.14 (0.75–1.75)

Sharp angle

<45 13 (30) 11 (28) 30 (38) 39 (42) 1.00 1.00

45–48 20 (47) 14 (35) 23 (29) 30 (32) 0.62 (0.36–1.06) 1.04 (0.59–1.84)

49+ 10 (23) 15 (38) 26 (33) 24 (26) 0.72 (0.41–1.25) 1.55 (0.85–2.83)

(Trend P = 0.22) (Trend P = 0.16)

Acetabular roof obliquity angle

<20 25 (58) 15 (38) 16 (20) 29 (33) 1.00 1.00

20–26 13 (30) 14 (35) 33 (42) 23 (26) 1.34 (0.78–2.32) 1.11 (0.63–1.95)

27+ 5 (12) 11 (28) 30 (38) 37 (42) 2.61 (1.49–4.57) 2.77 (1.54–5.00)

(Trend P < 0.01) (Trend P < 0.01)

Acetabular head index (%)

71.1+ 21 (50) 15 (38) 22 (28) 27 (29) 1.00 1.00

60.0–71.0 13 (31) 14 (35) 26 (33) 34 (37) 1.59 (0.92–2.73) 2.03 (1.15–3.59)
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appropriate. Variables that showed a p-value of less than
0.10 in age-adjusted model or that seemed to medically
relate to the outcome were considered as potential con-
founders for adjustment in the final model.
In addition, to consider the potential interaction be-

tween current age, weight change since age 20, duration
since hip pain onset and OA stage at diagnosis, stratified
analysis by age was also conducted. All analyses were
performed with SAS Ver 9.1 (SAS Institute, Inc., Cary,
NC, USA).

Results
Of 358 newly diagnosed female hip OA patients with ac-
etabular dysplasia, 22 did not respond the self-
administered questionnaire. Eventually, 336 comprised
the subjects for the analysis. Table 1 shows the back-
ground characteristics of these 336 patients. Median age
at diagnosis was 57.7 years (range: 23.2–84.5 years). Me-
dian weight and BMI increased as age increased. About
half of the patients had any comorbidities. As for the
clinical characteristics, about 60 % of the patients suf-
fered from bilateral OA. Radiographic indices of acetab-
ular dysplasia showed median values of 46.0 for the
Sharp angle, 23.0 for the acetabular roof obliquity angle,
and 65.5 for the AHI. Median duration between hip pain
onset and OA diagnosis was 2.0 years. Among the 336
patients, 45 % of patients suffered from terminal stage of
OA, whereas 13 % and 14 % were categorized into pre-
OA and initial stage, respectively.
Table 2 shows the associations between selected char-

acteristics and disease stage at the time of OA diagnosis.
On univariate analysis, significantly increased ORs were
observed for higher age, weight change since age 20,
BMI change since age 20, presence of comorbidity, lower
education, parity, higher acetabular roof obliquity angle,
lower AHI, longer duration since symptom onset,
whereas significantly decreased ORs were obtained for
taller height, past smokers, current drinkers, and sports
club activities at school. However, when considered the
effect of age, the association with BMI change since age
20, presence of comorbidity, sports club activities at
school vanished.

After adjusted for remaining potential confounders
(Table 3), patients with higher age had an increased OR
for severe stage of the disease (Trend P < 0.01). In
addition, weight gain since age 20 also showed about
two-fold increased OR for severer stage of OA at diag-
nosis (OR 2.02; 95%CI, 1.07–3.80). Other significant
characteristics were lower education (junior high school
vs. junior college or higher, OR 4.00), parity (OR 2.19),
lower AHI (<60.0 vs. 71.1+, OR 2.36), and longer dur-
ation since symptom onset (6.0+ vs. <1.0 year, OR 2.94).
When weight at diagnosis was replaced with weight at
age 20 and weight change since age 20 (Model 2), heav-
ier weight was associated with severe stage of OA at
diagnosis, with a marginally significance. In these
models, use of the proportional odds model would be
appropriate, because p values for the score to test for
the proportional odds assumption were 0.32 in Model 1
and 0.08 in Model 2.
Of the 336 subjects, 234 completed the data for the

multivariate analysis (perfect responders), but 102 were
missing some data (imperfect responders) (Table 4).
Missing data was relatively frequent for radiographic in-
dices of acetabular dysplasia, because subjects with ter-
minal stage of OA were likely to break the hip joint and
thus could not measure these angles radiographically in
some subjects. Because of this potential bias, the imper-
fect responders, as compared to perfect responders, were
older, experienced longer duration since symptom onset,
and were diagnosed as a severer stage of OA. Second,
we examined correlations between these three variables.
The correlation coefficients with disease stage at diagno-
sis were: 0.49 (P < 0.01) for age, and 0.20 (P < 0.01) for
duration since symptom onset.
Next, to examine the interactive effect of age at OA

diagnosis, weight gain since age 20 and duration from
symptom onset for disease stage at OA diagnosis, strati-
fied analysis by age was conducted (Table 5). As a result,
the positive association with weight gain since age 20
was observed with a marginal significance among pa-
tients who were diagnosed with hip OA in younger age
(i.e., 20–57 years), but the association with duration
from symptom onset was not observed among those

Table 2 Crude and age-adjusted association between selected characteristics and disease severity at diagnosis (Continued)

<60.0 8 (19) 11 (28) 31 (39) 31 (34) 1.83 (1.05–3.18) 2.98 (1.64–5.40)

(Trend P = 0.03) (Trend P < 0.01)

Duration since symptom onset (years)

<1.0 17 (41) 16 (35) 19 (20) 28 (19) 1.00 1.00

1.0–1.9 13 (32) 8 (17) 23 (24) 31 (21) 1.50 (0.85–2.66) 1.53 (0.85–2.77)

2.0–5.9 5 (12) 13 (28) 36 (38) 41 (28) 1.99 (1.15–3.44) 2.08 (1.18–3.68)

6.0+ 6 (15) 9 (20) 17 (18) 48 (32) 3.16 (1.75–5.70) 3.43 (1.85–6.34)

(Trend P < 0.01) (Trend P < 0.01)
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Table 3 Multivariate analysis about the association between selected characteristics and disease severity at diagnosis

Characteristics Model 1a Model 2b

OR (95 % CI) OR (95 % CI)

Age (years) 20–49 1.00 1.00

50–57 3.32 (1.61–6.87) 3.31 (1.61–6.79)

58–66 4.67 (2.15–10.2) 4.72 (2.19–10.1)

67+ 12.4 (5.31–28.7) 14.6 (6.32–33.7)

(Trend P < 0.01) (Trend P < 0.01)

Height (cm) <150.0 1.00 1.00

150.0–153.9 0.86 (0.38–1.93) 0.93 (0.44–2.00)

154.0–157.9 0.74 (0.31–1.80) 0.76 (0.32–1.77)

158.0+ 0.69 (0.28–1.70) 0.70 (0.30–1.64)

(Trend P = 0.40) (Trend P = 0.35)

Weight at age 20 (kg) <46.0 1.00

46.0–49.9 1.11 (0.51–2.40)

50.0–54.9 0.77 (0.36–1.65)

55.0+ 1.34 (0.57–3.14)

(Trend P = 0.76)

Weight change since age 20 (kg) <−2 1.67 (0.74–3.81)

±2 1.00

>2 2.02 (1.07–3.80)

(Trend P = 0.27)

Weight at diagnosis (kg) <48.5 1.00

48.5–53.4 1.02 (0.49–2.13)

53.5–60.4 0.87 (0.41–1.85)

60.4+ 2.07 (0.97–4.41)

(Trend P = 0.09)

Smoking Never 1.00 1.00

Past 0.64 (0.28–1.50) 0.63 (0.28–1.45)

Current 1.57 (0.61–4.06) 1.68 (0.65–4.31)

(Trend P = 0.68) (Trend P = 0.60)

Consumption of alcohol Never 1.00 1.00

Past 0.61 (0.18–2.03) 0.52 (0.16–1.65)

Current 0.70 (0.39–1.25) 0.66 (0.37–1.18)

(Trend P = 0.22) (Trend P = 0.15)

Education Junior high school 1.00 1.00

High school 1.32 (0.72–2.41) 1.24 (0.69–2.24)

Junior college or higher 4.00 (1.49–10.7) 3.12 (1.22–8.02)

(Trend P = 0.02) (Trend P = 0.04)

Parity None 1.00 1.00

Present 2.19 (1.09–4.39) 2.43 (1.23–4.80)

Clinical information

Acetabular head index (%) 71.1+ 1.00 1.00

60.0–71.0 1.44 (0.76–2.72) 1.83 (0.99–3.41)

<60.0 2.36 (1.23–4.53) 2.43 (1.29–4.59)

(Trend P < 0.01) (Trend P < 0.01)
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Table 3 Multivariate analysis about the association between selected characteristics and disease severity at diagnosis (Continued)

Duration since symptom onset (years) <1.0 1.00 1.00

1.0–1.9 1.34 (0.64–2.80) 1.37 (0.67–2.82)

2.0–5.9 2.38 (1.18–4.81) 2.25 (1.14–4.44)

6.0+ 2.94 (1.33–6.48) 3.05 (1.42–6.57)

(Trend P < 0.01) (Trend P < 0.01)
aModel 1 included age, height, weight at age 20, weight change since age 20, smoking, consumption of alcohol, education, parity, acetabular head index, and
duration since symptom onset (N = 234)
bModel 2 included age, height, weight at diagnosis, smoking, consumption of alcohol, education, parity, acetabular head index, and duration since symptom
onset (N = 244)

Table 4 Comparison of selected characteristics between perfect and imperfect responders

Characteristics No. of
missing
data

n (%) or median (range) P

Perfect responders (N = 234) Imperfect responders (N = 102)

Age (years) 0 56.0 (23.2–84.5) 59.3 (24.1–82.0) 0.02

Height (cm) 0 154 (138–173) 153 (135–172) 0.09

Weight at age 20 (kg) 16 50 (36–85) 48 (37–70) 0.30

Weight change since age 20 (kg) 16 4 (−28–40) 3.5 (−14–35) 0.51

Weight at diagnosis (kg) 0 54 (31–88) 52 (35–105) 0.02

Body mass index at age 20 (kg/m2) 16 20.9 (16.4–35.8) 20.8 (15.8–28.8) 0.64

Body mass index change since age 20 (kg/m2) 16 1.6 (−13.0–16.7) 1.4 (−6.3–14.3) 0.50

Body mass index at diagnosis (kg/m2) 0 22.9 (15.8–38.1) 22.05 (17.8–43.1) 0.18

Smoking Never 2 188 (80) 77 (77) 0.69

Past 25 (11) 11 (11)

Current 21 (9) 12 (12)

Consumption of alcohol Never 3 141 (60) 61 (62) 0.95

Past 11 (5) 4 (4)

Current 82 (35) 34 (34)

Education Junior high school 3 32 (14) 14 (14) 0.95

High school 132 (56) 54 (55)

Junior college or higher 70 (30) 31 (31)

Parity Present 2 189 (81) 80 (80) 0.87

Clinical information

Involved side Hemilateral 0 100 (43) 41 (40) 0.66

Bilateral 134 (57) 61 (60)

Radiographic index of acetabular dysplasia

Sharp angle 81 46 (27–58) 45 (39–54) 0.81

Acetabular roof obliquity angle 84 23 (0–53) 25 (12.5–43.0) 0.48

Acetabular head index (%) 83 65.6 (35.7–105.7) 65 (40.9–85.7) 0.77

Duration since symptom onset (years) 6 1.5 (0–40.0) 2.0 (0–43.0) <0.01

Disease stage at OA diagnosis

Pre-OA 0 39 (17) 4 (4) <0.01

Initial stage 37 (16) 11 (11)

Advanced stage 77 (33) 18 (18)

Terminal stage 81 (35) 69 (68)

*P value was calculated by Wilcoxon rank sum test for continuous variables or the Chi-square test for categorical variables
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aged group. On the other hand, among patients diag-
nosed with hip OA in the older age (i.e., 58 years or
more), both heavier weight at age 20 and heavier weight
at diagnosis were associated with severe stage of hip
OA, and these association retained with marginal signifi-
cance. In addition, longer duration from symptom onset
was also associated with severer OA in older aged
patients.

Discussion
Present study indicated that weight gain since age 20
was associated with disease severity at OA diagnosis,
particularly in patients who were diagnosed with hip OA
due to acetabular dysplasia in less than 58 years of age.
On the other hand, among those diagnosed hip OA in
the older age, lasting heavier weight since age 20 rather
than weight gain since age 20 was highly affected for dis-
ease stage at OA diagnosis. These results suggest that,
for subjects with acetabular dysplasia, both weight gain
in early adult life and heavier weight lasting for the long
time might be involved in mechanisms of OA develop-
ment. To date, no study have investigated the associ-
ation between weight change and hip OA development
among subjects with acetabular dysplasia. However, a

possible explanation for the association with weight gain
in early adult life or heavier weight lasting for the long
time is that such patients’ hip joints suffered from a high
load for a long time. Besides, when considering the fact
that the development of hip OA caused by acetabular
dysplasia results from the joint subluxation, weight gain
in early adult life (when people’s activities would be in-
creased) might bring about the more load to the joints.
Taken these possible mechanisms together, the present
results seemed to be reasonable.
In the present study, other harmful characteristics for

disease stage at OA diagnosis were older age, lower edu-
cation, parity, lower AHI, and longer duration since
symptom onset. Hip OA is a common form of arthritis
in the elderly [1]. Age has been shown to be a potential
OA risk factor in previous studies [23, 24]. As for the
lower education, previous study also indicated the lower
education level was at increased risk for hip OA [25].
Subjects with lower education are likely to have un-
skilled or physical work, and therefore might be more
likely to develop hip OA. Although our study failed to
detect the significant association of physical work with
disease stage at OA diagnosis, other Japanese study
showed that physical work would be an important risk

Table 5 Association between selected characteristics and disease severity, according to age at diagnosis

Characteristics 20–57 years 58 years or more

OR (95 % CI) P OR (95 % CI) P

Weight at 20 years of age (kg) a <46.0 1.00 1.00

46.0–49.9 1.87 (0.63–5.54) 0.26 0.56 (0.17–1.92) 0.36

50.0–54.9 0.89 (0.30–2.69) 0.84 0.74 (0.22–2.50) 0.62

55.0+ 1.18 (0.39–3.60) 0.78 4.43 (0.76–26.0) 0.09

(Trend P = 0.86) (Trend P = 0.26)

Weight change since age 20 (kg) a <−2 1.86 (0.67–5.16) 0.23 0.48 (0.09–2.61) 0.40

±2 1.00 1.00

2+ 1.98 (0.89–4.41) 0.09 1.05 (0.34–3.27) 0.93

(Trend P = 0.54) (Trend P = 0.38)

Weight at diagnosis (kg) b <48.5 1.00 1.00

48.5–53.4 0.79 (0.29–2.16) 0.64 1.80 (0.56–5.86) 0.33

53.5–60.4 0.98 (0.38–2.58) 0.97 1.07 (0.32–3.64) 0.91

60.4+ 1.55 (0.59–4.06) 0.37 3.71 (0.93–14.7) 0.06

(Trend P = 0.33) (Trend P = 0.15)

Duration from symptom onset (years)a <1.0 1.00 1.00

1.0–1.9 1.30 (0.47–3.62) 0.62 2.21 (0.61–8.09) 0.23

2.0–5.9 2.22 (0.85–5.79) 0.10 3.95 (1.16–13.5) 0.03

6.0+ 1.64 (0.57–4.76) 0.36 14.3 (3.08–66.5) <0.01

(Trend P = 0.20) (Trend P < 0.01)
aModel included height, weight at age 20, weight change since age 20, smoking, consumption of alcohol, education, parity, acetabular head index, and duration
since symptom onset (N = 234)
bModel included height, weight at diagnosis, smoking, consumption of alcohol, education, parity, acetabular head index, and duration since symptom
onset (N = 244)
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factor against hip OA [26]. Parity has been pointed out
as the potential risk factor for hip OA [27]. One pro-
spective cohort study indicated that the risk of hip re-
placement increased with increasing parity [27]. Since
each pregnancy results in a period of increased body
weight, the relationship between parity and hip OA
might be explained by the increased body weight during
pregnancy. In the present study, while lower AHI was
used as an indicator of severer acetabular dysplasia,
lower AHI showed the higher OR for severe OA stage at
OA diagnosis. There are some cohort studies reported
acetabular dysplasia as a risk factor of hip OA [28, 29].
In addition, recent Korean study showed that the associ-
ation with acetabular dysplasia was more obviously ob-
served when criteria of radiographic hip OA was more
strictly defined [30]. Since the present study used the se-
verity of OA as a study outcome, present results seemed
to be corresponded to the Korean study. Besides, it
could be considered a reasonable result that subjects
who experienced longer duration since symptom onset
were likely to have severer disease stage at OA diagnosis,
based on the natural history of the disease in general.
The results suggested that subjects with hip pain should
visit the hospital as soon as possible before the disease
progresses.
However, the present study had the following limita-

tions. First, since self-reported body weights at age 20
was used in the assessment, they may be inaccurate
compared with the measured values. However, a longitu-
dinal study confirmed that correlation between recalled
weights at ages 18 when participants were 50 years old
and measured weights at ages 18 was 0.87 [31]. In
addition, some inaccuracy, if any, was considered to be
non-differential, since all of the study subjects suffered
from the same disease, hip OA due to acetabular dyspla-
sia. This non-differential misclassification could only
lead to underestimating the association, but it would
not invalidate the present results. Second, potential
bias due to imperfect responders in multivariate
model might affect the present results. When we con-
sidered the potential bias in Table 4, it can be inter-
preted that imperfect responders included the severer
stage of OA, and thus they were older and experi-
enced longer duration since symptom onset. Since the
analyzed study subjects in multivariate model biased
the milder stage of OA than the total OA subjects,
this potential bias might lead to the underestimation
of the association with severe stage of OA. Third, we
could not suggest the detailed timing of weight gain,
since the detailed information on the weight gain
could not be obtained. Weight gain can be affected
by systemic illnesses, pregnancy, and diseases of lower
limbs etc. Thus, further studies are needed to exam-
ine the effect of these conditions.

Conclusion
The present study showed that weight gain since age 20
or lasting heavier weight since age 20 was associated
with severe stage of OA at diagnosis among Japanese fe-
male subjects with acetabular dysplasia. Thus, weight
control in early adult life is particularly important in
preventing the development of hip OA.
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