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Osteoarthritis of the Hip and Knee in Chinese Lau et al.

Factors Associated with Osteoarthritis of the Hip and Knee in Hong Kong
Chinese: Obesity, Joint Injury, and Occupational Activities

E. C. Lau,1 C. Cooper,2 D. Lam,3 V. N. H. Chan,4 K. K. Tsang,1 and A. Sham1

In 1998, a case-control study was conducted in Hong Kong on hospital patients with osteoarthritis of the hip
(n = 138) and osteoarthritis of the knee (n = 658). Age- and sex-matched controls were recruited consecutively
from general practice clinics in the same region. The following three risk factors were found to be associated
with osteoarthritis of both the hip and the knee: first, a history of joint injury: for osteoarthritis of the hip, the
odds ratio = 25.1 (95% confidence interval (CI): 3.5, 181) in men and 43.3 (95% CI: 11.7, 161) in women; for
osteoarthritis of the knee, the odds ratio = 12.1 (95% CI: 3.4, 42.5) in men and 7.6 (95% CI: 3.8, 15.2) in
women; second, climbing stairs frequently: for osteoarthritis of the hip, the odds ratio = 12.5 (95% CI: 1.5,
104.3) in men and 2.3 (95% CI: 0.6, 8.1) in women; for osteoarthritis of the knee, the odds ratio = 2.5 (95% CI:
1.0, 6.4) in men and 5.1 (95% CI: 2.5, 10.2) in women; third, lifting heavy weight frequently: for osteoarthritis
of the hip, the odds ratio = 3.1 (95% CI: 0.7, 14.3) in men and 2.4 (95% CI: 1.1, 5.3) in women; for osteoarthritis
of the knee, the odds ratio = 5.4 (95% CI: 2.4, 12.4) in men and 2.0 (95% CI: 1.2, 3.1) in women. In addition,
subjects whose height and weight were in the highest quartile were at increased risk of osteoarthritis of the hip
and knee, respectively (p < 0.05). Am J Epidemiol 2000;152:855–62.
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The epidemiology of osteoarthritis of the hip and knee
differs considerably between Caucasian and Chinese popu-
lations. Hoaglund et al. (1) observed the prevalence of
osteoarthritis of the hip to be 1 percent or lower in Chinese
and the prevalence of osteoarthritis of the knee to be 13 per-
cent in Chinese women and 5 percent in Chinese men. Such
findings were confirmed in a recent study, which showed the
rate of hip replacement in American Chinese to be 10 per-
cent of the rates in American Caucasians (2).

The racial difference in the prevalence of osteoarthritis may
be attributable to both genetic and lifestyle factors. We have
demonstrated that hip dysplasia was not infrequent in Hong
Kong Chinese (3). This observation suggested that the low
prevalence of osteoarthritis of the hip could not be explained
solely by genetic differences. Constitutional and lifestyle fac-
tors may also be important in the etiology of osteoarthritis.

Many studies have been conducted on the risk factors for
osteoarthritis of the hip and osteoarthritis of the knee in

Caucasians. Nevertheless, none of these studies have
focused on the risk factors for both of these conditions in the
same populations. Joint injury, repetitive use, and load bear-
ing at work have been found to be associated with
osteoarthritis of the hip (4–8). However, obesity was found
to be associated with osteoarthritis of the knee (9–12) but
not of the hip (4, 12–17). The factors associated with
osteoarthritis of the knee were joint injury (18–22) and
kneeling and squatting at work (23–26). Smoking seemed to
be protective against osteoarthritis of the knee (27–29).

We report here the first epidemiologic study on the risk
factors for osteoarthritis of the hip and the knee in Chinese.
The roles of the following risk factors for osteoarthritis were
studied: body height, body weight, joint injury, occupational
activities, sports activities, and cigarette smoking.

MATERIALS AND METHODS

The study was conducted in Hong Kong, a highly urban-
ized city with a population of 6.5 million, from January 1998
to December 1998. Patients with osteoarthritis of the hip and
knee were recruited from the orthopedic units of regional
hospitals in Hong Kong. All hospitals in the city, except one,
were involved (n � 7). The 30 men and 108 women with
osteoarthritis of the hip represented all patients who were
attending the orthopedic clinics of the study hospitals at the
time of the study. As it is customary to follow up patients
with osteoarthritis of the hip for at least 3 years after joint
replacement, the total number of patients represented the
cumulative number of patients with osteoarthritis of the hip
over a 3-year period. Patients with osteoarthritis of the knee
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were recruited simultaneously in all hospitals over 3 months,
until the target sample size was reached. In this period, con-
secutive patients were interviewed while they attended
orthopedic clinic sessions in the study hospitals.

All patients were diagnosed to have primary osteoarthritis
of the hip or knee. The medical records of all subjects were
reviewed, and patients were excluded if they had ever sus-
tained a hip fracture; fulfilled the American College of
Rheumatology criteria (30) for rheumatoid arthritis or the
modified New York criteria for ankylosing spondylitis (31);
or had a history of Perthe’s disease, congenital dislocation,

slipped capital epithesis, or other causes of secondary
osteoarthritis. The orthopedic surgeons who were in charge of
the patients were requested to grade osteoarthritis patients
according to the Kellgren and Lawrence scale, using radi-
ographs of the hip or knee (32). All surgeons referred to a
copy of the Atlas of Standard Radiographs (32). Only patients
who had grade 3 or 4 osteoarthritis were included in this
study. The rationale for doing so was to avoid misclassifica-
tion. Similar criteria have been used in recent studies (3–5).

All radiographs showing osteoarthritis of the hip were also
read by one of the coinvestigators (D. L.), who was conduct-

TABLE 1. Association of various factors with the risk of osteoarthritis of the hip and knee in Hong Kong Chinese, January 1998
to December 1998*

Body height (m) (quartiles)
<1.59
1.59–1.62
1.63–1.66
≥1.67

Body weight (kg) (quartiles)
<54.5
54.5–61.9
62.0–68.9
≥69.0

History of joint injury
No
Yes

Cigarette smoking
Nonsmoker
Current or exsmokers

Regular sports activities
Running
Badminton
Football
Gymnastics
Kung fu

Occupational exposures in 
longest occupation

Walking (≥2 hours/day)
Squatting (≥1 hour/day)
Kneeling (≥1 hour/day)
Climbing stairs (≥15 

flights/day)
Digging (≥1 hour/day)
Driving (≥4 hours/day)
Lifting 10 kg or more 

1–10 times/week
>10 times/week

Lifting 50 kg or more
1–10 times/week
>10 times/week

Use of vibration tools

5
5

10
10

7
7

10
6

19
11

12
18

4
0
3
2
1

26
8
6

7
2
1

5
13

5
8
4

Risk
factor

Men

No. of
cases

(n = 30)

Women

No. of
controls
(n = 90)

30
20
19
20

24
25
17
23

87
3

32
58

16
4
7
5
4

56
20
6

4
3
8

15
15

4
6

16

85
75
83
74

91
82
71
73

319
5

292
32

10
6
0
5
0

164
58
38

13
23
0

50
64

18
29
3

1.0
1.4
2.8
3.1

1.0
0.9
1.9
0.9

1.0
15.6

1.0
0.8

0.7
NA†
1.3
1.2
0.8

3.9
1.3
3.9

8.7
2.0
0.4

1.9
5.3

8.5
9.6
0.7

0.4, 5.5
0.9, 9.2
0.9, 11.3

0.2, 3.3
0.6, 6.1
0.3, 3.1

3.4, 70.5

0.3, 2.0

0.2, 2.3

0.3, 5.4
0.2, 6.9

0.08, 6.7

1.3, 12.1
0.5, 3.2
1.1, 14.2

1.8, 42.7
0.3, 12.0

0.04, 3.0

0.6, 6.6
1.8, 15.8

1.6, 45.3
2.2, 42.2
0.2, 2.3

<1.49
1.49–1.51
1.52–1.56
≥1.57

<50.0
50.0–55.9
56.0–62.9
≥63.0

18
33
22
30

18
28
29
30

74
34

98
10

3
2
1

10
1

64
28
16

10
18
0

10
44

10
21
5

OR† 95% CI† Risk
factor

1.0
2.3
1.3
2.0

1.0
1.9
2.3
2.3

1.0
32.7

1.0
0.9

0.9
1.0

NA
6.0

NA

1.4
1.6
1.3

2.5
2.7

NA

0.7
3.0

2.0
2.9
5.0

No. of
cases

(n = 108)

No. of
controls

(n = 324)
OR 95% CI

Osteoarthritis of the hip

1.2, 4.5
0.6, 2.6
1.0, 4.0

0.9, 3.7
1.1, 4.7
1.1, 4.6

10.0, 106.6

0.4, 2.0

0.2, 3.3
0.2, 5.0

2.1, 17.6

0.9, 2.3
1.0, 2.8
0.7, 2.5

1.0, 5.9
1.4, 5.2

0.4, 1.5
1.8, 5.1

0.9, 4.6
1.5, 5.6
1.2, 20.9

Table continues
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ing a separate study on prognosis at the time of the study.
There was a difference in the grading of osteoarthritis of the
hip between the two readers in only two patients, but such
difference was between grades 3 and 4 only. In addition, the
first 100 radiographs of osteoarthritis of the knee were also
read by one of the coinvestigators (D. L.). Differences were
observed in four patients, again between grades 3 and 4 only.
The diagnoses of the orthopedic surgeons were hence con-
sidered adequate for the purpose of this study.

Controls were consecutive subjects who attended eight
government general practice clinics during the period of the

study. These clinics were located in the same regions as
those for the study hospitals. The catchment areas for these
clinics were the same as those for the study hospitals.
Controls were individually matched to cases by sex and age
(within a year). One control was matched to one case with
osteoarthritis of the knee, and three controls were matched
to one case with osteoarthritis of the hip. Controls were
asked, “Have you ever been told by a Western practitioner
that you had osteoarthritis of the hip or the knee?” and
“Have you ever had pain or stiffness in your hip or knee
which lasted for a week or more?” Only patients who

TABLE 1. Continued

Body height (m) (quartiles)
<1.58
1.58–1.62
1.63–1.66
≥1.67

Body weight (kg) (quartiles)
<57.0
57.0–64.5
64.6–71.8
≥71.9

History of joint injury
No
Yes

Cigarette smoking
Nonsmoker
Current or exsmokers

Regular sports activities
Running
Badminton
Football
Gymnastics
Kung fu

Occupational exposures in 
longest occupation

Walking (≥2 hours/day)
Squatting (≥1 hour/day)
Kneeling (≥1 hour/day)
Climbing stairs (≥15 

flights/day)
Digging (≥1 hour/day)
Driving (≥4 hours/day)
Lifting 10 kg or more 

1–10 times/week
>10 times/week

Lifting 50 kg or more
1–10 times/week
>10 times/week

Use of vibration tools

40
39
44
40

29
32
44
59

125
41

73
93

13
0

17
12
7

134
38
17

44
6
7

24
75

19
46
20

Risk
factor

Men

No. of
cases

(n = 166)

Women

No. of
controls

(n = 166)

38
44
46
34

58
43
40
23

159
7

52
114

19
5

13
6
5

104
32
12

13
7

13

25
20

9
12
6

124
127
113
119

180
137
100

67

476
16

433
59

14
4
0
6
1

250
99
63

15
44
0

70
102

31
41
3

1.0
0.9
0.9
1.2

1.0
1.3
2.1
4.8

1.0
7.8

1.0
0.6

0.6
NA
1.3
2.0
1.4

2.2
1.2
1.4

4.1
0.9
0.5

1.7
5.8

3.5
7.1
3.3

0.5, 1.7
0.4, 1.6
0.6, 2.3

0.7, 2.6
1.1, 3.9
2.4, 9.7

3.1, 19.8

0.4, 0.9

0.3, 1.4

0.6, 2.8
0.8, 5.3
0.4, 4.4

1.4, 3.5
0.7, 2.0
0.7, 3.0

2.1, 8.2
0.3, 2.6
0.2, 1.4

0.9, 3.2
3.1, 10.8

1.4, 8.8
3.1, 16.2
1.3, 8.3

<1.48
1.48–1.50
1.51–1.54
≥1.55

<52.0
52.0–58.4
58.5–65.9
≥66.0

125
131
113
113

74
100
147
161

364
128

458
34

19
2
1

43
20

287
109

55

87
38
0

71
200

22
100

16

OR 95% CI Risk
factor

1.0
1.0
1.0
0.9

1.0
1.7
3.4
5.6

1.0
9.6

1.0
0.5

1.4
0.5

NA
7.2

20.0

1.4
1.1
0.9

6.1
0.9

NA

1.5
3.0

0.9
2.9
5.3

No. of
cases

(n = 492)

No. of
controls

(n = 492)
OR 95% CI

Osteoarthritis of the knee

0.7, 1.4
0.7, 1.4
0.6, 1.3

1.2, 2.5
2.3, 5.0
3.7, 8.5

5.4, 17.0

0.3, 0.8

0.7, 2.8
0.1, 2.7

3.1, 16.8
2.7, 149

1.1, 1.8
0.8, 1.5
0.6, 1.3

3.5, 10.8
0.5, 1.3

1.0, 2.2
2.2, 4.1

0.5, 1.7
1.9, 4.5
1.6, 18.3

* By conditional logistic regression, without adjustment.
† OR, odds ratio; CI, confidence interval; NA, not applicable.
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answered “no” to both questions were recruited as controls.
Subjects who had other musculoskeletal disorders
(described above) were also excluded. The rationale for
excluding all patients with hip and knee pain was to avoid
misclassification. A total of 34 percent of the subjects sur-
veyed were excluded for this reason.

A team of four research assistants, using a standardized
and structured questionnaire, interviewed cases and con-
trols. Subjects were asked, for each job held for a year or
more, whether they engaged in the following activities:
walking for 2 hours or more each day, squatting for an hour
or more each day, kneeling for an hour or more each day,
climbing 15 flights of stairs or more each day, driving for 4
hours or more each day, lifting of loads (weighing 10 kg or
more and 50 kg or more) for 1–10 times or more than 10
times each week, and use of vibration tools for an hour each
day. The definition of exposure was similar to those of pre-
vious studies on occupation and osteoarthritis (4, 5, 33, 34).

In defining the main job, we considered only paid
employment and excluded unpaid housework. For cases, the
main job was defined as the occupation that had been held
for the longest time before the onset of symptoms. For con-
trols, it was the job that had been held for the longest period
up to the date of interview. Jobs were coded according to the
census in Hong Kong (35). In the present paper, only data
relating to the main job are presented.

Subjects were asked if they had ever injured their hips
and knees. Only injuries that resulted in medical consulta-
tions were included. Subjects were also asked if they per-
formed sports activities regularly. A list of sports activities
was then read out to the study subjects and records of activ-
ity were made. A smoking history was taken.

The body weight and height of all subjects were mea-
sured.

Analysis was by conditional logistic regression for
matched sets, with three controls matched by sex and age to
each case with osteoarthritis of the hip and one control
matched by age and sex to each case with osteoarthritis of
the knee.

Analysis was first performed variable by variable, with-
out any adjustment. This was done to explore the association
between each variable and osteoarthritis of the hip and the
knee. We then proceeded to multiple logistic regression, by
putting all variables that were found to be statistically sig-
nificant, by univariate analysis, into the models. This was
done to adjust for confounding between variables. Hence, a
total of four models were produced for osteoarthritis of the
hip and knee in men and women separately.

RESULTS

A total of 138 patients (30 men, 108 women) with
osteoarthritis of the hip and 658 patients (166 men, 492
women) with osteoarthritis of the knee were recruited. Of
the patients with osteoarthritis of the hip, 98 (71 percent)
had a hip replacement; and of the patients with osteoarthri-
tis of the knee, 185 (28.1 percent) had a knee replacement.
Only 10 percent of the patients with osteoarthritis of the hip
and 15 percent of the remaining patients with osteoarthritis

of the knee were listed for joint replacement. For patients
with joint replacement, the interview took place within 3
years of the operation.

The odds ratio and 95 percent confidence interval for the
factors associated with osteoarthritis of the hip and knee are
shown in table 1. Taller men and women were at a higher
risk of osteoarthritis of the hip (odds ratio (OR) � 3.1, 95
percent confidence interval (CI): 0.9, 11.3 in men and OR �
2.0, 95 percent CI: 1.0, 4.0 in women whose height was in
the highest quartile). Body weight was found to be associ-
ated with the risk of osteoarthritis of the hip only in women
(OR � 2.3, 95 percent CI: 1.1, 4.6 for women whose body
weight was in the highest quartile). A history of joint injury
was strongly associated with osteoarthritis of the hip in both
men and women (OR � 15.6, 95 percent CI: 3.4, 70.5 in
men and OR � 32.7, 95 percent CI: 10.0, 106.6 in women).

The association between occupational activities and the
risk of osteoarthritis of the hip was quite similar in men and
women. The following activities in the longest held occupa-
tion were found to be associated with the risk of osteoarthri-
tis of the hip in both sexes: climbing 15 flights of stairs or
more each day (OR � 8.7, 95 percent CI: 1.8, 42.7 in men
and OR � 2.5, 95 percent CI: 1.0, 5.9 in women) and lifting
weight (of 10 kg or 50 kg) for 10 times or more each week.
However, standing for 2 hours or more and kneeling for an
hour or more each day were found to be associated with
osteoarthritis of the hip only in men (OR � 3.9, 95 percent
CI: 1.1, 14.2), while digging for an hour or more each day
and the use of vibration tools were found to be associated
with osteoarthritis of the hip only in women (OR � 5.0, 95
percent CI: 1.2, 20.9).

Few subjects performed recreational sports activities reg-
ularly. Women who performed gymnastics regularly were at
an increased risk of osteoarthritis of the hip (OR � 6.0, 95
percent CI: 2.1, 17.6).

The relation between various factors and osteoarthritis of
the knee is also shown in table 1. Height was not found to
be associated with risk of osteoarthritis of the knee.
However, subjects with greater body weight were at signifi-
cantly higher risk of osteoarthritis of the knee (OR � 4.8, 95
percent CI: 2.4, 9.7 for men and OR � 5.6, 95 percent CI:
3.7, 8.5 for women whose body weight was in the highest
quartile). A history of joint injury was associated with the
risk of osteoarthritis of the knee in both men and women
(OR � 7.8, 95 percent CI: 3.1, 19.8 in men and OR � 9.6,
95 percent CI: 5.4, 17.0 in women).

The following activities in the longest held occupation
were found to be associated with the risk of osteoarthritis of
the knee in both sexes: walking for 2 hours or more each day
(OR � 2.2, 95 percent CI: 1.4, 3.5 in men and OR � 1.4, 95
percent CI: 1.1, 1.8 in women), climbing 15 flights of stairs
or more each day (OR � 4.1, 95 percent CI: 2.1, 8.2 in men
and OR � 6.1, 95 percent CI: 3.5, 10.8 in women), using
vibration tools for an hour or more each day (OR � 3.3, 95
percent CI: 1.3, 8.3 in men and OR � 5.3, 95 percent CI:
1.6, 18.3 in women), lifting weight (of 10 kg or 50 kg) for
10 times or more each week (OR � 7.1, 95 percent CI: 3.1,
16.2 in men and OR � 2.9, 95 percent CI: 1.9, 4.5 in women
for lifting 50 kg for 10 times or more).
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Women who performed kung fu (traditional Chinese mar-
tial arts) or gymnastics regularly were at increased risk of
osteoarthritis of the knee (OR � 20.0, 95 percent CI: 2.7,
149 and OR � 7.2, 95 percent CI: 3.1, 16.8, respectively).
Smoking was protective against osteoarthritis of the knee in
both sexes (OR � 0.6, 95 percent CI: 0.4, 0.9 in men and
OR � 0.5, 95 percent CI: 0.3, 0.8 in women).

The results of multiple logistic regression are presented in
table 2. In general, the risk factors associated with
osteoarthritis of the hip and osteoarthritis of the knee were
consistent in both sexes. A history of joint injury (OR �
25.1, 95 percent CI: 3.5, 181 in men and OR � 43.3, 95 per-
cent CI: 11.7, 161 in women), lifting heavy weight at work
(OR � 3.1, 95 percent CI: 0.7, 14.3 in men and OR � 2.4,
95 percent CI: 1.1, 5.3 in women), and climbing 15 flights
of stairs or more each day (OR � 12.5, 95 percent CI: 1.5,

104.3 in men and OR � 2.3, 95 percent CI: 0.6, 181 in
women) was consistently associated with osteoarthritis of
the hip in both sexes.

On the other hand, a history of joint injury (OR � 12.1,
95 percent CI: 3.4, 42.5 in men and OR � 7.6, 95 percent
CI: 3.8, 15.2 in women) and obesity (OR � 4.8, 95 percent
CI: 1.9, 12.1 in men and OR � 4.3, 95 percent CI: 2.6, 7.2
in women) was associated with osteoarthritis of the knee.
Moreover, climbing 15 flights of stairs or more each day
(OR � 2.5, 95 percent CI: 1.0, 6.4 in men and OR � 5.1, 95
percent CI: 2.5, 10.2 in women) and lifting heavy loads at

TABLE 2. Continued

Risk factor OR 95% CI

Body weight (kg)
Lowest quartile
2nd quartile
3rd quartile
4th quartile

History of joint injury

Cigarette smoking

Occupational exposure in longest 
occupation

Walking (≥2 hours/day)
Climbing stairs (≥15 flights/day)
Lifting 10 kg or more

1–10 times/week
>10 times/week

Use of vibration tools

1.0
1.4
2.7
4.8

12.1

0.2

1.0
2.5

1.5
5.4
2.8

0.6, 3.5
1.1, 6.3
1.9, 12.1

3.4, 42.5

0.1, 0.5

0.5, 2.1
1.0, 6.4

0.6, 3.5
2.4, 12.4
0.8, 10.0

OA of the knee in men (166 cases and 166 controls)

Body weight (kg)
Lowest quartile
2nd quartile
3rd quartile
4th quartile

History of joint injury

Cigarette smoking

Regular sports activities
Gymnastics
Kung fu

Occupational exposure in longest 
occupation

Walking (≥2 hours/day)
Climbing stairs (≥15 flights/day)
Lifting 10 kg or more

1–10 times/week
>10 times/week

Use of vibration tools

1.0
1.4
2.8
4.3

7.6

0.7

7.4
22.5

0.8
5.1

1.2
2.0
3.7

0.9, 2.3
1.7, 4.4
2.6, 7.2

3.8, 15.2

0.4, 1.2

2.6, 20.8
2.5, 199

0.5, 1.1
2.5, 10.2

0.7, 2.0
1.2, 3.1
0.7, 20.1

OA of the knee in women (492 cases and 492 controls)

* By conditional logistic regression; only variables that were
found to be significantly associated with osteoarthritis in univariate
analysis were included in each model.

† OR, odds ratio; CI, confidence interval.

TABLE 2. Association of various factors with the risk of
osteoarthritis (OA) of the hip and knee in Hong Kong Chinese,
January 1998 to December 1998*

History of joint injury

Occupational exposure in longest
occupation

Walking (≥2 hours/day)
Kneeling (≥1 hour/day)
Climbing stairs (≥15 flights/day)
Lifting 10 kg or more

1–10 times/week
>10 times/week

Body height (m)
Lowest quartile
2nd quartile
3rd quartile
4th quartile

Body weight (kg)
Lowest quartile
2nd quartile
3rd quartile
4th quartile

History of joint injury

Regular sports activities
Gymnastics

Occupational exposure in longest 
occupation

Squatting (≥1 hour/day)
Climbing stairs (≥15 flights/day)
Digging (≥1 hour/day)
Lifting 10 kg or more

1–10 times/week
>10 times/week

Use of vibration tools

25.1

1.3
7.4

12.5

1.8
3.1

1.0
3.7
1.0
2.7

1.0
2.5
1.4
1.5

43.3

1.9

1.2
2.3
2.2

0.7
2.4
7.9

Risk factor OR† 95% CI†

3.5, 181

0.3, 6.7
0.7, 76.9
1.5, 104.3

0.4, 8.1
0.7, 14.3

1.5, 9.1
0.4, 2.7
1.0, 7.2

1.0, 6.2
0.5, 3.8
0.6, 4.1

11.7, 161

0.3, 11.1

0.5, 3.0
0.6, 8.1
0.8, 6.5

0.3, 1.7
1.1, 5.3
0.8, 77.8

OA of the hip in men (30 cases and 90 controls)

OA of the hip in women (108 cases and 324 controls)

Table continued
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work were associated with osteoarthritis of the knee in both
sexes (OR � 5.4, 95 percent CI: 2.4, 12.4 in men and OR �
2.0, 95 percent CI: 1.2, 3.1 in women).

When the risk of osteoarthritis was studied in various
occupational groups, female farmers were found to be at an
increased risk of osteoarthritis of the hip (OR � 2.2, 95 per-
cent CI: 1.0, 4.8), while fisherwomen were at an increased
risk of osteoarthritis of the knee (OR � 3.0, 95 percent CI:
0.6, 14.9). No such statistically significant associations were
observed in men. The lifting of heavy loads was found
mainly in farmers, fishermen, construction site workers, and
general laborers. Walking up stairs was experienced mainly
by general laborers.

The interaction among joint injury, occupational activi-
ties, and the risk of osteoarthritis of the knee is shown in
table 3. The data for osteoarthritis of the hip were too sparse
for studying interactions. The odds ratio for subjects who
were exposed to both joint injury and climbing 15 flights or
more each day was 34.0 (95 percent CI: 4.7, 248.4). For sub-
jects who were exposed to both joint injury and lifting
weight of 10 kg 10 times or more each week, the odds ratio
was 25.9 (95 percent CI: 8.1, 82.4). These results are sug-
gestive of an interaction among joint injury, repetitive use,
and load bearing in the etiology of osteoarthritis of the knee.

DISCUSSION

We report here the first epidemiologic study on factors
associated with osteoarthritis of the hip and the knee in
Chinese. Both constitutional and occupational factors were
found to be associated with these conditions. Taller subjects
were at an increased risk of osteoarthritis of the hip, while
obese subjects were at an increased risk of osteoarthritis of
the knee. A history of injury was an important risk factor for
osteoarthritis of both the hip and the knee. Smoking was
protective against only osteoarthritis of the knee.

The occupational factors, which predisposed to
osteoarthritis of the hip and the knee, were remarkably sim-
ilar. In general, subjects whose jobs entailed lifting heavy
loads and walking up stairs frequently were at a higher risk

of osteoarthritis of both the hip and knee. The association
between the practice of gymnastics and kung fu with
osteoarthritis of the hip and knee in women highlighted the
importance of load bearing and repetitive use in the etiology
of osteoarthritis of the knee.

Before proceeding to interpret these findings and to
expound on the possibilities of prevention, we considered the
potential sources of bias in our study. The current study was
designed to investigate risk factors for symptomatic and
advanced cases of osteoarthritis. We recruited osteoarthritis
patients from orthopedic units in hospitals located throughout
Hong Kong in order to minimize referral bias. Controls were
general practice patients from the same regions. Subjects with
a history of joint pain and stiffness were excluded. The objec-
tive of such a design was to avoid misclassification. However,
in so doing, we ended up comparing subjects with fairly
severe osteoarthritis with a very healthy (with respect to joint
pain) control group. This may have resulted in spuriously
high odds ratios. Nevertheless, some inference can be made
on risk factors that are associated with severe osteoarthritis.

Our observation on the association between obesity and
osteoarthritis of the knee concurs with those in Caucasians
(11, 12, 15, 23). However, obesity was found to predispose
to osteoarthritis of the hip in Caucasians (4, 5, 25), but not
in our study. Previous epidemiologic study has demon-
strated that obesity is much less prevalent and severe in
Chinese than in Caucasians (36). We can hypothesize that
the lesser extent of obesity in Chinese may be associated
with forces large enough to induce osteoarthritis of the knee
but not osteoarthritis of the hip. We have also demonstrated
in our study that being tall is a risk factor for osteoarthritis
of the hip but not of the knee. The reason for this finding is
unclear and merits further research.

The protective effect of smoking on osteoarthritis of the
knee has been demonstrated previously (27–29).
Prospective results from the Framingham Study implied that
the association was unlikely to be due to bias (29). The
mechanisms of this association remain to be explored, but
this may be mediated by a difference in cartilage physiology
and bone density in smokers and nonsmokers.

TABLE 3. Odds ratios for osteoarthritis (OA) of the knee in subjects who were exposed to both joint
injury and climbing stairs or lifting of weight, Hong Kong Chinese, January 1998 to December 1998

Occupational activities

Patients with OA of the
knee and with injury 

(n = 658)*

Controls
with injury
(n = 658)

Climbing ≥15 flights/day
Yes
No

Lifting weight ≥10 kg 
Yes (>10 times/week)
Yes (1–10 times/week)
No

34
135

74
24
71

97
392

201
71

217

1
22

3
3

17

27
608

119
92

424

34.0

25.9
8.9

4.7, 248.4

8.1, 82.4
2.6, 30.1

OR†,‡ 95% CI†

Yes No Yes No

* The odds ratios were calculated by conditional logistic regression; the baseline odds ratio was assumed to
be one in subjects who were not exposed to either joint injury or the occupational activities.

† OR, odds ratio; CI, confidence interval.
‡ For being exposed to both.
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Kellgran and Lawrence (37) had demonstrated the rela-
tion between joint injury and osteoarthritis of the knee as
early as 1958. This finding was recently corroborated by
longitudinal data from the Framingham Study (38). It was
observed that men with a history of major knee injury have
from five to six times the risk of osteoarthritis of the knee,
compared with those without such a history. For women, the
risk was increased by about threefold (38). More recently,
Cooper et al. (4) also demonstrated the importance of joint
injury in the etiology of osteoarthritis of the hip. Our find-
ings are hence in agreement with observations among
Caucasians. Indeed, patients who underwent total or partial
meniscectomy are at high risk of developing subsequent
osteoarthritis of the knee (18–21). This illustrated the possi-
bility of injury-induced biomechanical changes that may
cause osteoarthritis.

Studies in Caucasians suggested that distinct occupational
risk factors existed for osteoarthritis of the hip and the knee.
Jobs that required kneeling and squatting were associated
with osteoarthritis of the knee (23–26). On the other hand,
walking and lifting heavy loads seemed to be major occupa-
tional factors for osteoarthritis of the hip (5–8). However, the
results of our study seemed to suggest that the occupational
risk factors of osteoarthritis of the hip and the knee were quite
similar. We have found that walking up stairs frequently and
lifting of loads at work predisposed to osteoarthritis of both
the hip and the knee. To a lesser extent, digging was associ-
ated with the risk of osteoarthritis of the hip, and the use of
vibration tools was associated with osteoarthritis of both the
hip and the knee in women.

Our study population seldom performed sports activities.
Nevertheless, we found that women who practiced gymnas-
tics and kung fu (Chinese martial arts) were at increased risk
of osteoarthritis of the knee. These findings further support
the significance of repetitive use in the etiology of
osteoarthritis. Ours was a cross-sectional study on factors
associated with osteoarthritis in Chinese. However, taken
with the ample evidence on the etiology of osteoarthritis in
Caucasian populations, some suggestions on the prevention
of osteoarthritis could be attempted. Obesity is less preva-
lent in Hong Kong Chinese than in Caucasians, but the rates
are rising with increasing affluence. The prevention of obe-
sity is important, as it has adverse effects on health. Changes
in occupational practice may also be useful and feasible. For
instance, mechanical aids should be used more often in the
lifting of heavy loads, and walking up stairs too frequently
should be avoided.

ACKNOWLEDGMENTS

This project was supported by the Health Services
Research Committee of Hong Kong.

The authors are grateful to the staff in the following hos-
pitals and clinics for their kind assistance in subject recruit-
ment for this study: Tuen Mun Hospital, Queen Elizabeth
Hospital, Caritas Medical Center, Pamela Youde Nethersole
Hospital, Kwong Wah Hospital, Prince of Wales Hospital,

United Christian Hospital, Chai Wan Clinic, Lam Tin Clinic,
Kowloon City Clinic, Yuen Chau Kok Clinic, South Kwai
Chung Clinic, Tuen Wan Lady Trench Clinic, and Sai Ying
Pun Clinic.

REFERENCES

1. Hoaglund FT, Yau AC, Wong WL. Osteoarthritis of the hip and
other joints in southern Chinese in Hong Kong. J Bone Joint
Surg Am 1973;55:545–57.

2. Hoaglund FT, Oishi C, Gialamas GG. Extreme variation in
racial rates of total hip arthroplasty for primary coxarthrosis: 
a population-based study in San Francisco. Ann Rheum Dis
1995;54:107–10.

3. Lau EMC, Liu F, Lam D, et al. Hip osteoarthritis and dyspha-
sia in Chinese men. Ann Rheum Dis 1995;54:965–9.

4. Cooper C, Inskip H, Croft P, et al. Individual risk factors for
hip osteoarthritis: obesity, hip injury, and physical activity. Am
J Epidemiol 1998;147:516–22.

5. Croft P, Cooper C, Wickham C, et al. Osteoarthritis of the hip
and occupational activity. Scand J Work Environ Health 1992;
18:59–63.

6. Roach KE, Persky V, Miles T, et al. Biomechanical aspects of
occupation and osteoarthritis of the hip: a case-control study. J
Rheumatol 1994;21:2334–40.

7. Vingard E, Hogstedt C, Alfredsson L, et al. Coxarthrosis and
physical work load. Scand J Work Environ Health 1991;17:
104–9.

8. Coggon D, Kellingray S, Inskip H, et al. Osteoarthritis of the
hip and occupational lifting. Am J Epidemiol 1998;147:523–8.

9. Manninen P, Riihimaki H, Heliovaara M, et al. Overweight,
gender and knee osteoarthritis. Int J Obes 1996;20:595–7.

10. Felson DT, Zhang Y, Hannan MT, et al. Risk factors for inci-
dent radiographic knee osteoarthritis in the elderly. Arthritis
Rheum 1997;40:728–33.

11. Felson DT, Anderson JJ, Naimark A, et al. Obesity and knee
osteoarthritis. Ann Intern Med 1988;109:18–24.

12. Heliovaara M, Makela M, Impivaara O, et al. Association of
overweight, trauma and workload with coxarthrosis: a health
survey of 7,217 persons. Acta Orthop Scand 1993;64:513–18.

13. Kellgren JH. Osteoarthrosis in patients and populations. Br
Med J 1961;7:1–6.

14. Saville PD, Dickson J. Age and weight in osteoarthritis of the
hip. Arthritis Rheum 1968;11:635–44.

15. Tepper S, Hochberg MC. Factors associated with hip
osteoarthritis: data from the First National Health and
Nutrition Examination Survey (NHANES I). Am J Epidemiol
1993;137:1081–8.

16. Van Sasse JL, Vandenbroucke JP, van Romunde LK, et al.
Osteoarthritis and obesity in the general population: a relation-
ship calling for an explanation. J Rheumatol 1988;15:1152–8.

17. Nevitt MC, Lane NE, Scott JC, et al. Relationship of hip
osteoarthritis to obesity and bone mineral density in older
American women: preliminary results from the Study of
Osteoporotic Fractures. Acta Orthop Scand Suppl 1993;64:2–5.

18. Jacobsen K. Osteoarthrosis following insufficiency of the cru-
ciate ligaments in man. Acta Orthop Scand 1977;48:520–6.

19. Fairbank TJ. Knee joint changes after meniscectomy. J Bone
Joint Surg Br 1948;30:664–70.

20. Jackson JP. Degenerative changes in the knee after meniscec-
tomy. Br Med J 1968;2:525–7.

21. Sommerlath K, Gillquist J. The long-term course of various
meniscal treatments in anterior cruciate ligament deficient
knees. Clin Orthop 1992;283:207–14.

22. Neyret P, Donell ST, Dejour H. Results of partial meniscec-
tomy related to the state of the anterior cruciate ligament:
review at 20 to 35 years. J Bone Joint Surg Br 1993;75:36–40.

23. Anderson JJ, Felson DT. Factors associated with osteoarthritis
of the knee in the First National Health and Nutrition

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/152/9/855/59656 by guest on 20 August 2022



862 Lau et al.

Am J Epidemiol Vol. 152, No. 9, 2000

Examination Survey (NHANES I). Evidence for an associa-
tion with overweight, race, and physical demands of work. Am
J Epidemiol 1988;128:179–89.

24. Felson DT, Hannan MT, Naimark A, et al. Occupational phys-
ical demands, knee bending, and knee osteoarthritis: results
from the Framingham Study. J Rheumatol 1991;18:1587–92.

25. Bagge E, Bjelle A, Eden S, et al. Factors associated with radi-
ographic osteoarthritis: results from the population study of 70-
year-old people in Goteborg. J Rheumatol 1991;18:1218–22.

26. Kivimaki J, Riihimaki H, Hanninen K. Knee disorders in car-
pet and floor layers and painters. Scand J Work Environ Health
1992;18:310–16.

27. Felson DT, Anderson JJ, Naimark A, et al. Does smoking pro-
tect against osteoarthritis? Arthritis Rheum 1989;32:166–72.

28. Jordan JM, Renner JB, Fryer JG, et al. Smoking and osteo-
arthritis of the knee and hip. (Abstract). Arthritis Rheum 1995;
38(suppl 1):S342.

29. Scott JC, Hochberg MC, Nevitt MC, et al. Is cigarette smoking
associated with decreased risk of osteoarthritis of the hip?
(Abstract). Arthritis Rheum 1995;38(suppl 1):S342.

30. Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association, 1987. Revised criteria for the classi-
fication of rheumatoid arthritis. Arthritis Rheum 1988;31:

315–24.
31. Rigdy AS. Ankylosing spondylitis. In: Silman AJ, Hochberg

MC, eds. Epidemiology of the rheumatic disease. Oxford, UK:
Oxford University Press, 1993:105–47.

32. Kellgren JH, Lawrence JS. Atlas of standard radiographs: the
epidemiology of chronic rheumatism. Vol 2. Oxford, UK:
Blackwell, 1963.

33. Cooper C, McAlindon T, Coggon D, et al. Occupational activ-
ity and osteoarthritis of the knee. Ann Rheum Dis 1994;53:
90–3.

34. Croft P, Coggon D, Cruddas M, et al. Osteoarthritis of the hip:
an occupational disease in farmers. BMJ 1992;304:1269–72.

35. Land census coding manual. Hong Kong: Hong Kong Census
and Statistics Department, 1981.

36. Woo J, Leung SS, Ho SC, et al. Influence of educational level
and marital status on dietary intake, obesity and other cardio-
vascular risk factors in a Hong Kong Chinese population. Eur
J Clin Nutr 1999;53:461–7.

37. Kellgren JH, Lawrence JS. Osteoarthrosis and disk degenera-
tion in an urban population. Ann Rheum Dis 1958;17:388–96.

38. Zhang Y, Glynn RJ, Felson DT. Musculoskeletal disease
research: should we analyze the joint or the person? J
Rheumatol 1996;23:1130–4.

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/152/9/855/59656 by guest on 20 August 2022


