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ABSTRACT 
 
Objective: To determine the risk factors of osteoarthritis (OA) of the knee. Design: Unmatched case-control study. 
Setting: Dr.Soetomo Hospital Surabaya, a tertiary government hospital. Methods: 239 cases of symptomatic - 
radiographic (Kellgren-Lawrence I or more) OA of the knee taken from rheumatology out-patient clinic, and 175 cases 
of asymptomatic - radiographic (Kellgren-Lawrence I or more) OA of the knee and 279 controls without radiographic 
(Kellgren-Lawrence 0) OA of the knee taken from General Internal Medicine Out-patient Clinic at the same hospital 
were analyzed through multiple logistic regressions. Group compared: A. Symptomatic cases compared to controls. B. 
Asymptomatic cases compared to controls. C. Their women subsets compared to that of controls. Results: 1) 
Symptomatic cases compared to controls: age > 50 (aOR:1.86, 95% CI:1.78-2.82), being female (aOR: 2.08,95% CI: 
1.35-3.50), BMI > 25 units (aOR: 3.28,95% CI: 2.20-4.89), elementary education (aOR:0.29, 95% CI:0.14-0.61), genu 
valgus (aOR: 4.07, 95% CI:2.43-7.93). 2) Women subset of symptomatic cases compared to that of controls: age > 50 
(aOR:9.34,95% CI:4.77-18.24), BMI > 25 units (aOR: 5.27,95% CI:2.85-9.73), genu valgus (aOR: 13.64, 95% 
CI:4.58-41.44). 3) Asymptomatic cases compared to controls: age > 50 (aOR: 2.31,95% CI:1.53-3.50),BMI > 25 units 
(aOR: 1.57,95% CI: 1.02-2.45). 4) Women subset of asymptomatic cases compared to that of controls: age > 50 (aOR 
2.07, 95% CI: 1.14-2.77). Conclusions: 1.Age > 50, being female, BMI > 25 units, genu valgus, are the risk factors for 
symptomatic OA of the knee 2. Age > 50 and BMI > 25 units are the risk factors for asymptomatic OA of the knee. 3. 
Being female, BMI > 25 units, genu valgus may be the factors that associated with the development symptoms of OA of 
the knee. 
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INTRODUCTION 
 
Osteoarthritis (OA) presents one of the most important 
health challenges of the twenty first century, and causes 
individual suffering on a massive scale, and is perhaps 
the most important cause of physical disability 
particularly in the elderly. This illness also places 
considerable social and economic burden on all 
societies, including developing countries, and has also 
become an increasingly important burden on the health 
services of generally healthier societies with a growing 
elderly population (WHO, 1992). Indonesia belongs to 
10 countries with a large elderly population. In1991, the 
number of people aged more than 60 was already 16 
million, and is rapidly increasing (Hazzard WR et al, 
1994). A population-based survey in a rural setting in 
Indonesia  reported  that  the prevalence 
radiographically  
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determined OA of the knee is quite high. Among 
subjects aged 15 years and above, the prevalence 
radiographically determined OA of the knee was as high 
as 15.5% among men, and 12.7% among women. The 
same study also reported that the prevalence of 
disability due to rheumatic diseases was 2.2% 
(Darmawan J, 1987). If the prevalence of disability is 
extrapolated into Indonesian population (200 million), 
Indonesia may have 4.4 million disabled people due to 
rheumatic diseases, most of them is probably due to OA 
of the knee. 
 
Several risk factors have been identified through 
epidemiologic studies, and there is some evidence that 
initiation of progression of OA may be controlled by 
different factors with different associated risks. These 
warrant efforts to modify the factors associated with OA 
of the knee through educational program (Felson DT, 
1992). Although several risk factor studies in OA of the 
knee had been done already, these were mainly in 
Caucasian populations. This study aims to investigate 
the risk factors of OA of the knee so that preventable 
factors might be targeted for intervention.  
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MATERIALS AND METHODS 
 
An unmatched case control design was used to 
determine the association between the risk factors of 
interest and the presence of symptomatic OA of the 
knee (Schlesselman JJ, 1982). As an option the risk 
factors of asymptomatic cases will also be analyzed. 
The setting of the study was at the Dr. Soetomo 
Hospital Surabaya (DSHS), a tertiary government 
hospital with 1500 beds, that caters services for eastern 
Indonesia. 
 
To determine the risk factors of OA of the knee, 13 
variables were selected:  
1. Age. This was obtained through citizen identity 

card, or birth certificate 
2. Sex 
3. Relative Body Weight. This was measured through 

body mass index (BMI) = 
{weight(kgm)/height(m)2} (Bierman EL and Hirsch 
J, 1981). 

4. Educational Attainment Educational Attainment. 
This was categorized as: Illiterate. b) Elementary 
School or Sekolah Dasar (SD). c) Sekolah 
Menengah Pertama (SMP). d) Sekolah Menengah 
Atas (SMA). e) University.  

5. Marital status. This was categorized as ever and 
never married  

6. Parity. Nullipara is defined as a woman who has 
never completed a pregnancy to the stage of 
viability. Primipara is defined as woman who has 
delivered first baby. Multipara is defined as woman 
who has completed 2 or more pregnancy to the 
stage of viability (Pritchard JA and Mc Donald 
MC, 1981). 

7. Smoking status. This was categorized as: Smoking 
> 40 cigarettes/day, Smoking cigarettes Smoking 
/day,20-39 cigarettes /day, Smoking 1-19 cigarettes 
/day, Non Smokers 

8. History of acute trauma. This is defined as any 
injury of sudden onset on the affected knee. It can 
be direct to the knee or any injury that affects the 
foot ipsilaterally to the affected knee. The usual 
history is one of trauma followed by redness, soft 
tissue swelling and pain over involved joint 
(Moskowitz WL, 1979). 

9. Hysterectomy (Spector TD, 1991). 
10. Anatomical Abnormality Anatomical abnormality. 

This includes; (A) Genu valgus (knock knee) - this 
is a lateral deviation of the leg from midline and is 
usually bilateral. It is assessed by approaching both 
maleoli while the patient lying on the bed; in genu 
valgus both maleoli could not reach each other. (B) 
Genu varus (bow leg)- the legs deviate toward the 

midline so the knees are farther apart than normally 
upon approximation of the medial maleoli (De 
Gowwin EL ed, 1987). 

11. Diabetes Mellitus (DM). The diagnosis of DM was 
based on one of criteria from The Surabaya 
Diabetes Center (1987) i.e. Fasting blood sugar ≥ 
120/mg/dl and 2h PP ≥ 200 mg/dl or random blood 
sugar ≥ 200 mg/dl (Tjokroprawiro A, 1987). 
Laboratory test; fasting and 2 hour-post prandial 
blood sugar level (chrome enzymatic method, 
BOEHRINGER- MANHEIM, Batch No.676543 

12. Uric Acid Levels. The normal values of blood uric 
acid level are less than or equal to 7 mg/dl for men 
and premenopausal women, and less than or equal 
to 6 mg/dl for postmenopausal women (Moll JMH, 
1987) and blood uric acid level (chrome enzymatic 
method, BOEHRINGER- MANHEIM, Batch 
No.99071).  

 
Sample Size Calculation 
 
The sample size calculated by EpiInfo Version 5.01b 
was 225 cases and 225 controls. Two subjects for 
controls were selected for every case to assure adequate 
numbers of control without radiographic OA, since 
about 14-30% of population age 45 years and older was 
reported to have asymptomatic radiographic OA of the 
knee (Davis MA, 1988). All subjects underwent 
interviews, routine clinical examinations, laboratory 
tests, and radiography. All data were recorded on a 
pretested data collection form.  
 
Cases 
 
Cases were obtained from all newly diagnosed 
symptomatic OA of the knee at the rheumatology out-
patient clinic, The factors among cases (12 variables) 
were taken firstly and then they were asked to undergo 
knee radiography. The diagnosis of symptomatic OA of 
the knee was established after establishing the diagnosis 
of knee radiography. Another group of OA of the knee 
who were asymptomatic, were obtained from The 
General Internal Medicine Out-patients Clinic of the 
same hospital, they had the same way with symptomatic 
OA in their diagnosis. The recruitment of symptomatic 
cases was started on June 5, 1993, and was finished on 
June 2, 1994.  

 
The inclusion criteria of symptomatic case were male or 
female, age 35 years and above, have pain and or 
stiffness in the knee not longer than 3 months duration 
before the attendance, has a radiographic OA of the 
knee (Kellgren and Lawrence grade I-IV), and resides 
in Surabaya. The inclusion criteria of asymptomatic 
case were male or female, age 35 years and above, have 
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never had pain and or stiffness in the knee, has a 
radiographic OA of the knee (Kellgren and Lawrence 
grade I-IV), and resides in Surabaya.  
 
Radiographic criteria for the diagnosis for OA were 
proposed by Kellgren and Lawrence in 1957 was used 
in this study. The Kellgren and Lawrence criteria are: 
Grade 0 = normal, Grade I = doubtful narrowing of 
joint space and possible osteophyte lipping. Grade II = 
definite osteophyte and possible narrowing of the joint 
space. Grade III = moderate multiple osteophytosis, 
definite narrowing of joint space, some sclerosis and 
possible deformity of bone contour, and Grade IV = 
large osteophytes, marked narrowing of joint space, 
severe sclerosis and definite deformity of joint contour. 
  
Controls 
 
Sampling frame of controls was obtained from the list 
of patients attending the general internal medicine out-
patient clinic at the same hospital where the cases 
recruited. Simple random sampling was done on the 
same days when the cases recruited to obtain the 
controls. The controls had the same way in the 
determination of no disease. 
 
The inclusion criteria of control were male or female, 
age 35 years and above, have never had pain and or 
stiffness in the knee, does not have radiographic OA of 
the knee (Kellgren and Lawrence grade 0), and resides 
in Surabaya. The exclusion criteria of cases and controls 
were inability/ refusal to give informed consent, 
dementia/psychosis/unconscious patients, emergency 
patients, pregnancy, and has history and or clinical 
features of other rheumatic diseases such as rheumatoid 
arthritis, lupus erythematosus etc.  
  
Statistical Analysis  
 
Kappa statistic was used to measure inter-observer 
agreement between the 2 radiologists who read the 
radiographs (Stata Release 3.1). To determine the aORs 
of different factors, unconditional logistic regression 
analysis statistic program available in the SPSS for MS 
Windows 6.0 was used. Wald tests were used for testing 
of the significance of the coefficients. Ninety-five 
percent confidence intervals of the aORs’ were 
calculated. To come up with a set of the risk factors 
with OA of the knee, certain steps of multiple logistic 
regression were done (Garret JM,1993; Hosmer DW 
and Lemeshow S, 1989). 
 
Variable Selection 
 
1.   Variable Exclusion Due to Small Observation 

Variables with small observation and contained zero 
cell were not included in the analysis since these 
may cause resultant undesirable numerical 
outcomes. 

2.    Assessment of Linearity to the Logit. 
 The occurrence of non-linearity to the logit will 
affect the magnitude of estimates (the ORs). To 
asses linearity to the logit, continuous variables 
were transformed to 10 percentiles, while the 
interval variables were not, then these variables 
were assessed through the form: [logit p = ln{p/(1-
p)} ], where p = cases1/n1 (Felson DT et al, 1988). 

 
Assessment of Collinearity  
 
The collinearity was computed through linear regression 
program of SPSS for Windows 6.0. Then variance 
inflation factor (VIF) were computed through the form:  
 
          1  

 VIF = ----------- 
                          1 - R2      

 
where R = multiple correlation coefficient of the 
independent variable with the other independent 
variables Variable with VIF more than 10.0 is 
considered to be highly correlated with the other 
independent variables (Kleinbaum K et al, 1988). 
 
Assessment of Interactions 
 
Likelihood ratio test (χ2

LR) was used to assess 
interactions between independent variables. This was 
computed by subtracting the -2 Log likelihood of model 
containing the important variables with interaction 
terms from -2 log likelihood of model containing 
important variables without interaction terms. A chi-
square p-value of less than 0.05 was considered 
significant (Garret JM, 1993). Potential interactions 
between variables as suggested by literature, were 
included in the model. The statistical significance was 
computed by S-Plus for Windows 3. 
 
Assessment of Confounding 
 
It was performed by removing and re-including some 
variables suggested to be potential confounders in the 
models of logistic regression. To identify the 
confounding, the changes of aORs of the remaining 
variables in the model were compared to the full model 
containing all variables when a variable was removed.
 If there is a “change” in aOR(s), the variable(s) 
that has been removed as confounder(s), should remain 
in the model. If there is no “change” in aOR, the 
variable may or may not be dropped from the model. 
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The p of entry of 0.20 and p of removing of 0.25 were 
used. After performing backward stepwise logistic 
regression the group of dummy variables were then 
tested for significance using likelihood ratio test. If the 
result is significant, all dummy variables were retained 
or else all dummy variables were dropped from the 
model (Garret JM, 1993). 
 
 
RESULTS 
 
Four hundred fourteen cases with radiographic OA of 
the knee and 279 controls without radiographic OA of 
the knee were included in the study. The cases consisted 
of 239 symptomatic OA of the knee and 175 
asymptomatic OA of the knee. Three of symptomatic 
cases were excluded due to have grade 0. Thirty 
subjects taken from The General Internal Medicine Out-
patient Clinic (that would be classified as asymptomatic 

cases and controls), rejected to undergo radiographic 
examination. These analyses were done: 
1) Cases (symptomatic OA of the knee) were 

compared to controls (without OA of the knee); 
similar comparison was done among women 
subset. 

2) Cases (asymptomatic OA of the knee) were 
compared to controls (without OA of the knee); 
similar comparison was done among women 
subset. 

 
One hundred and sixty-nine radiograms of OA of the 
knee obtained through random selection of 683 subjects 
were assessed by two independent radiologists. The 
inter-observer agreement was 81.78% (κ = 0.63). The 
means, medians and modes of the symptomatic cases, 
asymptomatic cases and controls are shown in Table 1. 

 
 

Table 1. The means, medians and modes of age, education, BMI and parity of cases and controls. 
 

VARIABLES 
 

SYMPTOMATIC CASES 
(n = 239) 

ASYMPTOMATIC CASES 
(n = 175) 

CONTROLS 
(n = 279) 

AGE(yr.)    
Mean(SD) 55.48(10.30) 48.55(8.98) 44.19(8.33) 
Median 55.00 48.00 41.00 
Mode 60.00 50.00 40.00 
BMI(units)    
Mean(SD) 25.79(4.79) 23.43(3.87) 22.63(3.82) 
Median 25.57 22.91 22.15 
Mode 22.68 28.51 18.73 
EDUCATION.(yr.)    
Mean(SD) 7.55(4.78) 7.51(4.51) 7.40(4.02) 
Median 9.00 6.00 6.00 
Mode 12.00 6.00 6.00 
PARITY     
Mean(SD) 4.54(3.0) 4.08(2.47) 3.88(3.26) 
Median 4.00 4.00 4.00 
Mode 4.00 2.00 3.00 

 
 
Logistic Regression Analysis 
 
Variable Selection 
 
1. Variable Exclusion Due to Zero Observation (Zero 
Cells) 
 
Variables ethnic, hysterectomy, and trauma were not 
included in the analysis for all data sets. Variable 
smoking was not included in the analysis for women 
subsets. These variables contained zero cells. 
 
2. Assessment of Linearity to The Logit 
 

Continuous variable BMI in the symptomatic cases 
compared to controls was found to be linear to the logit, 
while in the asymptomatic cases compared to controls 
was found to be unlinear to the logit. In order to be 
consistent in all groups of analysis, a dichotomous 
variable was created for variable BMI. The 
interval variables age, education and smoking of the 
data sets were found to be unlined to the logit. Dummy 
variables were also created.  
 
The dichotomous variables were: 
a) Age. The cut off point was at age 50, because the 

medians of age of the 4 data sets were around 50 
years. At this cut off point we hope we would have 
more information, 
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b) BMI. The cut off point was at 25 unit. Subjects 
with BMI more than 25 were considered 
overweight. This cut off point is widely used in the 
epidemiologic study (Bierman EL and Hirsch J, 
1981; Davis MA et al, 1988).  

 
 
The dummy variables were: 
a) Education; highschool2, highschool1, elementary 

and illiterate. The reference group was university-
educated subjects.  

b) Smoking; smoke 20-39 cigarettes/day, smoke 1-19 
cigarettes/day and nonsmokers. The reference 

group were subjects who were smoking more than 
40 cigarettes / day. 

c) Dummy variable was also created for anatomic 
abnormality since each category in this variable is 
biologically different. These were genu valgus and 
genu varus. The reference group was anatomically 
normal knee. 

d) Variable parity was found to be linear to the logit. 
Therefore, the categories were not changed. 

 
The characteristics of categorical variables in 
symptomatic cases, asymptomatic cases and controls, 
after variable selection, are shown in Table 2. 

 
 

Table 2.   Characteristics of categorical variables of symptomatic cases, asymptomatic cases and controls 
after variable selection. 

 
 NUMBER (%) 

VARIABLES 
 

SYMPTOMATIC CASES 
(n = 239) 

ASYMPTOMATIC 
CASES (n = 175) 

CONTROLS 
(n = 279) 

Age: <= 50 83(34.7) 110(62.9) 220(78.9) 
  >50 156(65.3) 65(37.1) 59(21.1) 
 Sex: Male 72(30.1) 106(60.6) 142(50.9) 
  Female 167(69.9) 69(39.4) 137(49.1) 
Ethnic: Non Maduranese 231(96.7) 170(97.1) 270(96.8) 
  Maduranese 8(3.3) 5(2.9) 9(3.2) 
BMI <=25 104(43.5) 117(66.9) 203(72.8) 
  >25 135(56.5) 58(33.1) 76(27.2) 
Education: University 17(7.1) 9(5.1) 13(4.7) 
  Highschool2 57(23.8) 42(42.0) 54(19.4 
  Highschool1 53(22.2) 35(20.0) 57(20.4) 
  Elementary 79(33.1) 61(34.9) 125(44.8) 
  Illiterate 33(13.8) 28(16.0) 30(10.8) 
Married: Ever 167(100) 69(100) 137(100) 
  Never 0(0) 0(0) 0(0) 
Parity: 0 13(7.8) 6(8.7) 13(9.5) 
  1-3  55(32.9) 25(36.4) 52(38.0) 
  >3 99(52.9) 38(55.7) 72 (52.6) 
Smoking: >40 cig/day 5(2.1) 2(1.1) 6(2.2) 
  20-39 cig/day 8(3.3) 24(13.7) 24(8.6) 
  1-19 cig/day 27(11.3) 41(23.4) 42(156.1) 
  None 199(83.3) 106(60.7) 207(74.2) 
Trauma: No 229(95.8) 175(100) 278(99.6) 
  Yes 10(4.2) 0(0.0) 1(0.4) 
Hysterectomy: No 162(97.0) 69(100) 137 (100) 
   Yes 5(3.0) 0(0) 0(0) 
Knee: Normal 171(71.5) 154(88.0) 245(87.8) 
  Valgus 56(23.4) 11(6.3) 20(7.2) 
  Varus 12(5.0) 10(5.7) 14(5.0) 
DM: No   221(92.5) 163(93.1) 265(95.0) 
  Yes 18(7.5) 12(6.9) 14(5.0) 
Uric Acid: Normal 199(83.3) 127(72.6) 229(82.1) 
  Abnormal 40(16.7) 40(22.9) 50(17.9) 
  Missing - 8(4.6) - 
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Assessment of Collinearity 
 
Some independent variables were found to be collinear 
(VIF > 10) with the other independent variables in the 
all data sets. These were; non-smokers (VIF = 12.95) in 
the asymptomatic OA of the knee compared to controls, 
elementary educated subjects in the women 
symptomatic cases compared to that of controls (VIF = 

13.16) and elementary educated subjects (VIF = 10.52) 
in the women asymptomatic cases.  
 
Assessment of Interaction 
 
There was no interaction found out in all data sets as 
mention in the Table 3. 

 
 

Table 3. Summary of assessment of interaction in all data sets. 
 

 
 

- 2 log likelihood Terms  LR test 

Data sets w/o interact (a) w/ interact (b) (df) (a-b) p-value 
SC 608.659 581.511 22 27.148 0.20 
WSC 292.767 274.573 18 18.194 0.44 
AC 549.118 523.086 22 26.032 0.25 
WAC 237.033 223.548 18 13.487 0.76 

* SC = symptomatic cases compared to controls, WSC = the women subset of SC,   
  AC = asymptomatic cases Compared to controls, WAC = the women subset of AC 

 
 
Assessment of Confounding 
 
Symptomatic Cases Compared to Controls 
 
To assess confounding in symptomatic cases compared 
to controls, seven models were constructed, and in each 
model a potential confounder was removed, then 
compared to a full model containing all variables. There 
was no possible confounding.  
 
The Women Subset of Symptomatic Cases Compared to 
That of Controls 
 
Six models were constructed, and in each model a 
potential confounder was removed, then compared to a 
full model containing all variables. Confoundings of 
education attainments to age were found. There were 
possible confoundings of age to genu valgus number of 
parity to genu varus and BMI to genu varus. However, 
confounding of parity to anatomic abnormality might 
not be biologically rational. These confoundings should 
remain in the model. 
 
 

The Asymptomatic Cases Compared to Controls 
 
Seven models were constructed, and in each model a 
potential confounder was removed, then compared to a 
full model containing all variables. There were possible 
confoundings of age and education attainments to 
smoke > 40 cigarettes/day. These confoundings should 
remain in the model. 
 
The Women Subset of Asymptomatic Cases Compared 
to That of Controls 
 
Six models were constructed and, in each of the model a 
potential confounder removed, then compared to a full 
model containing all variables. There was no 
confounding. 
 
Backward Stepwise Logistic Regressions 
 
The summary of results of backward stepwise logistic 
regressions after likelihood ratio test is seen in Table 4. 
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Table 4. Summary of results of backward stepwise logistic regressions of all data sets, the statistically 

significant results are shown in the shadowed cells. 
 
 

 Adjusted OR (95% CI) 
Factors Symptomatic cases 

compared to controls 
Women symptomatic 
cases compared to 

that of controls 

Asymptomatic cases 
compared to controls 

Women asymptomatic 
cases compared to 

that of controls 
Age > 50 
Compared to 
Age ≤ 50 

1.86 
(1.78-2.82) 

9.34 
(4.77-18.24) 

2.31 
(1.53-3.50) 

2.07 
(1.14-2.77) 

Female 
Compared to  
Male  

2.08 
(1.35-3.50) 

  
 **** 

 
  

BMI > 25 U 
Compared to 
 BMI ≤ 25 U 

3.28 
(2.20-4.89) 

5.27 
(2.85-9.73) 

1.57 
(1.02-2.45) 

 
 **** 

Highschool2 
Compared to  
 University 

0.62 
(0.25-1.54) 

1.80 
(0.13-23.95) 

 
 **** 

 
 **** 

Highschool1 
Compared to 
University 

0.49 
(0.20-1.34) 

1.67 
(0.13-21.55) 

 
 **** 

 
 **** 

Elementary 
Compared to  
University 

0.29 
(0.14-0.61) 

0.69 
(0.05-8.55) 

 
 **** 

 
 **** 

Illiterate 
Compared to 
 University 

0.54 
(0.19-1.47) 

0.83 
(0.06-11.17) 

 
 **** 

 
 **** 

Smoke 20-39cigs 
Compared to 
Smoke > 40 cig 

 
 *** 

 
 * 

3.22 
(0.58-17.94) 

 
 * 

Smoke 1-19 cig 
Compared to 
Smoke > 40 cig. 

 
 *** 

 
 * 

3.47 
(0.65-18.64) 
 

 
 * 

Nonsmokers 
Compared to 
Smoke > 40 cig. 

 
 *** 

 
 * 

1.68** 
(0.33-3.57) 

 
 * 
 

Genu Valgus 
Compared to 
 Normal Knee 

4.07 
(2.43-7.93) 

13.64 
(4.58-41.44) 

 
 *** 

 
 *** 

Genu Varus 
Compared to 
Normal Knee 

1.51 
(0.36-3.57) 

1.80 
(0.3-9.46) 

 
 *** 

 
 *** 

*)not included in the model due to zero cells. Variables ethnic, hysterectomy, trauma as well **) collinearity 
with other variable found, ***) removed when performing stepwise logistic regression. DM, parity and uric 
acid as wel ****)dropped after likelihood ratio test 
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DISCUSSION 
 
Dichotomous logistic regression models were used to 
estimate the risk factors of OA of the knee i.e, 
symptomatic cases compared to controls and 
asymptomatic cases compared to controls and their 
women subsets. Wherein, the controls used for the 
comparison group of asymptomatic cases were the same 
with the controls used for the comparison group in 
symptomatic cases. This study suggests that age > 50 
was associated with the presence of OA of the knee. In 
the symptomatic cases compared to controls, the aOR of 
subjects aged >50 was 1.86 (95% CI: 1.78-2.82) 
compared to subjects aged ≤50, adjusted for anatomic 
abnormality, education, BMI and being female. In the 
women subset of symptomatic cases compared to that of 
controls, the study showed a strong association between 
age > 50 and the presence of OA of the knee. The aOR 
was 9.34 (95% CI: 4.77-18.24), adjusted for anatomic 
abnormality, education, and BMI. In the asymptomatic 
cases compared to controls, the aOR of subjects aged > 
50 was 2.31 (95% CI: 1.53-3.50) compared to subjects 
aged ≤50, adjusted for BMI and smoking. While in the 
women subset of asymptomatic cases compared to that 
of controls, the aOR subjects aged > 50 was 2.07 (95% 
CI:1.14-2.77) compared to subjects aged ≤50, when the 
other variables were dropped after likelihood ratio test. 
Felson et al (1988) in a 36 year-prospective cohort 
study reported that the aRR of age for developing OA 
of the knee for women aged younger than 35 was 1.0, 
for women aged 35-44 was 1.27 (95% CI: 1.0-1.62), 
and for women aged 45 and older was 1.60 (95% CI: 
1.21-2.10). While the aRR of age for developing OA of 
the knee for men younger than 35 was 1.0, for men aged 
35-44 was 1.01 (95% CI: 0.77-1.32), and for men aged 
45 or older was 1.10 (95% CI: 1.82-1.47). Anderson 
and Felson (1988) also reported the association of age 
with OA of the knee. The aOR of age per 10-year 
increase was 2.39 (95% CI: 2.70-2.42) among women, 
and 1.76 (95% CI: 1.37-2.26) among men. In this study, 
the aORs of subjects > 50 for the presence of OA of the 
knee were consistent in all groups. The aOR was much 
stronger in the women subset of symptomatic cases 
compared to that of controls rather than in the women 
subset of asymptomatic cases compared to that of 
controls. While the aOR of symptomatic cases 
compared to controls was slightly lower than 
asymptomatic cases compared to controls, this might be 
due to diluting effect of subset of men in the data sets. 
These results suggest that subjects aged > 50 may lead 
to joint pain and being a woman in the age group > 50 
may also be a factor that aggravated joint pain in OA of 
the knee. Most studies showed that OA is age related, 
but OA is not caused by aging alone and the mechanism 

of aging for the development of OA is still unclear 
(WHO 1992).  
Being female was associated with the presence of OA 
of the knee. The aOR of women in the symptomatic 
cases compared to controls was 2.08 (95% CI: 1.35-
3.50) compared to men, after adjusting for age, 
anatomic abnormality, education and BMI. In the 
comparison of asymptomatic cases to controls, being 
female as a risk factor did not come out significant. 
Most studies showed that the risk factors of OA of the 
knee were higher among women rather than men. 
Felson et al (1988) reported the significant association 
of women for developing OA of the knee, while among 
men the association was not significant. The same study 
also showed that the aRR of obese women for 
developing OA of the knee was reported to be higher 
(2.07,95% CI:1.67-2.55) than obese men 1.51 (95% CI: 
1.14-1.89). Anderson (1988) found that the aORs of age 
(per 10 year-increase) of women for having OA of the 
knee was 3.29 (95% CI: 2.70-4.12) compared to 1.27 
(95% CI:1.37-2.26) in men. The aORs of BMI (per 5 
unit-increase) of women for having OA of the knee was 
2.10 (95% CI: 1.70-2.58) compared to 2.20 (95% 
CI:1.95-2.50) in men. Davis, Ettinger, Neuhaus and 
Hauck (1988) reported that the aRR of women for 
developing OA of the knee were 2.13 (95% CI:1.63-
2.80) compared to men, adjusted for age. This study 
suggests that women have higher risk of having OA of 
the knee, and being women may also be the factor that 
leads to joint pain. 
 
Being overweight was shown to be associated with the 
presence of OA of the knee. The aOR of being 
overweight in the symptomatic cases compared to 
controls was 3.28 (95% CI:2.20-4.89), adjusted for age, 
anatomic abnormality, education and being female. The 
aOR of being overweight in the women subset of 
symptomatic cases compared to that of controls was 
5.27 (95% CI: 2.85-9.73), adjusted for age, anatomic 
abnormality and education. The aOR of being 
overweight in the asymptomatic cases compared to 
controls was 1.57 (95% CI:1.02-2.82), adjusted for age 
and smoking. In the women subset of asymptomatic 
cases compared to that of controls, the aOR of BMI was 
not significant. This finding seemed to be consistent 
with other studies conducted in the western setting. 
Anderson and Felson (1988) reported that the aOR of 
BMI per 5 unit-increase was 2.53(95% CI: 1.75-3.68). 
The same study also reported that the aOR of subjects 
with BMI > 25 to (30 units was 1.69(95% CI:1.03-
2.80), the aOR of subjects with BMI > 30 to (35 units 
was 4.78(95% CI:2.77-8.27), and the aOR of subjects 
with BMI > 35 units was 4.45(95% CI:1.77-11.18) for 
having OA of the knee. Felson et al (1988), in a 
prospective cohort study on 1420 participants reported 
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that the aRR of women with quintile 1 to 3 of MRW 
(Metropolitan Relative Weight; a measurement of 
relative body weight that highly correlated with BMI) 
for developing OA of the knee was 1.0, the aRR of 
women with quintile 4 of MRW (the second heaviest) 
for developing OA of the knee was 1.38 (95% CI: 1.08-
1.78), and the aRR women with quintile 5 of MRW (the 
heaviest) for developing OA of the knee was 1.93 (95% 
CI: 1.56-2.37). While the aRR of men with quintile 1 to 
3 of MRW for developing OA of the knee was 1.0, the 
aRR men with quintile 4 of MRW (the second heaviest) 
for developing of OA of the knee was 1.01 (95% CI: 
0.71-1.42), and the aRR men with quintile 5 of MRW 
(the heaviest) for developing OA of the knee was 1.54 
(95% CI: 1.18-2.02) (Felson DT et al, 1988). Kohatsu 
and Schurman (1990), through a hospital based case-
control study found a relatively closer association 
between obesity and the presence of OA of the knee 
among subjects aged > 40 (aOR = 5.50, 95% CI:1.60-
23.00). This study is retrospective, and one of its 
limitations is that it relied on the patients’ recall of the 
time of symptom onset. It has been suggested that 
temporal relationship between OA of the knee and 
being overweight arises when subjects with OA of the 
knee become inactive as a result of pain. Since all of 
this study participants had recent onset of pain, less than 
3 months, this presupposed to believe that being 
overweight preceded the symptoms. Prospective studies 
also showed that being overweight presented before the 
development of OA (Felson DT et al, 1988). A 
prospective cohort study also showed that loss of 
weight might reduce the risk of developing of OA of the 
knee (Felson DT et al, 1992).   
 
A Recent 23 year-prospective cohort study from the 
Tecumseh Community Health study found that there is 
an association between obesity and OA of the hand and 
wrist both in men (aRR = 2.07, 95% CI: 1.33-3.24) and 
women (aRR = 1.59, 95% CI 1.10-2.31), although hand 
and wrist are not weight bearing joints. This suggests 
that systemic predisposition may play a role. Obesity 
may generate more than one effect. Two prominent 
effects might be mechanical stress and change in 
hormonal levels, specifically estrogen (Carman WJ, 
1994). Though most studies showed the association of 
obesity and OA, the biologic explanation of this link 
remains obscure. Osteoarthritis is affecting cartilage in 
which cartilage breakdown and erosion present with 
changes such as osteophytosis, subchondral sclerosis 
and bony cysts. Mechanical stress may initiate cartilage 
breakdown, promote destruction and produce 
subchondral bony stiffness. This stiff bone transmits 
more force to overlying cartilage, making it more 
vulnerable (WHO 1992; Felson DT, 1988). In this 
study, the association of being overweight with the 

presence of OA of the knee was stronger in the cases 
with symptomatic OA of the knee than them who were 
asymptomatic. The association was also stronger in 
women with symptomatic OA of the knee compared to 
all cases who had symptomatic OA of the knee. In the 
women subset of asymptomatic cases compared to that 
of controls the association was not significant. This 
study suggests that more overweight subjects are with 
the symptoms of OA of the knee that bring them to 
rheumatology clinics to seek medication. And more 
females who are overweight and symptomatic are 
willing seek medication.  
 
This study showed a protective effect of elementary 
educated subjects with the presence of OA of the knee, 
which, on the other hand, could be just due to chance. 
In the symptomatic cases compared to controls, the aOR 
of elementary educated subjects was 0.29 (95% 
CI:0.14-0.61) compared to university educated subjects, 
adjusted for age, anatomic abnormality, other elements 
of variable education, BMI and being female. For the 
other education categories, the associations were not 
significant. The aORs for highschool2, highschool1, 
and illiteracy were 0.62(95% CI:0.25-1.54), 0.49(95% 
CI:0.20-1.4) and 0.54(0.19-1.47) respectively. In the 
women subset of symptomatic compared to that of 
controls, the aORs of all education categories were not 
significant. In the asymptomatic cases compared to 
controls, variables education were dropped after 
likelihood ratio test for dummy variable, since the p-
value of likelihood ratio test when these dummy 
variables to be included in the model were not 
significant. This finding seemed to be inconsistent with 
other findings. Anderson and Felson (1988) reported 
that the higher the education was the lower the risk of 
having OA of the knee. The categories of education 
from Anderson and Felson were less or equal to 8 years, 
9-12 years and more than 12 years old. The aORs were 
0.66(95% CI:0.49-0.89) for women and 0.77(95% 
CI:0.62-0.95) for men for having OA of the knee 
(Anderson JJ and Felson DT, 1988). This was probably 
due to the greater awareness of university-educated 
subjects that make them seek consultation more 
regularly. Unfortunately, this study was not able to 
include occupation in the analysis, because almost all 
women are housewives who may experience with 
physical loading that is as great or greater than any 
occupational groups (Maetzel A et al, 1997). Most of 
men are retirees from armed forces, low-level 
government officials, labors and other blue collars. 
Therefore, occupation was not included in the analysis. 
Education may represent occupation, however we did 
not find any significant results in the education 
attainment, except in the elementary educated person.  
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In this study, only in the asymptomatic cases compared 
to controls smoking status was presented in the final 
model of the logistic regression analysis. But it was not 
significantly associated with the presence of OA of the 
knee. The aOR of subjects who were smoking 20 to 39 
cigarettes per day in the asymptomatic cases compared 
to controls for having OA of the knee was 3.22 (95% 
CI: 0.58-17.94) compared to subjects who were 
smoking more than 40 cigarettes per day, after adjusting 
age, other elements of smoking and BMI. The aOR of 
subjects who are smoking 1 to 19 cigarettes per day was 
3.47 (95% CI: 0.65-18.64) for having of OA of the knee 
compared to subjects who are smoking more than 40 
cigarettes per day, after adjusting age, and other 
elements of smoking and BMI. The aOR of nonsmokers 
was 1.68 (95% CI: 0.33-8.57) for having of OA of the 
knee compared to subjects who were smoking more 
than 40 cigarettes per day. There was a collinearity of 
nonsmokers with other variables in the logistic 
regression model. Therefore, the value of aOR of 
nonsmokers was not true. Kraus et al studied 100 
patients with advanced OA of the hip and compared 
them with 100 age, sex and race-matched admitted to 
the general medical and surgical service. They found a 
significant protective effect of smoking for the presence 
of OA of the hip. Felson et al (1989) found that 
smoking is a protective factor for developing OA of the 
knee. The sex-adjusted RR for subjects who are 
smoking 20-39 cigarettes/day was 0.75 (95% CI: 0.61-
0.91) and for subjects who are smoking less than 19 
cigarettes/day was 0.76 (95%CI: 0.63-0.92), compared 
to nonsmokers. Anderson and Felson (1988) in 
NHANES I reported that the aORs of smoking for 
having OA of the knee were 0.79 (95% CI:0.62-0.98) 
for men and 0.74 (95% CI: 0.55-0.98). Hart and Spector 
(1992) in a cross sectional study among women did not 
find any significant association (OR = 1.34, 95%CI 
0.68-2.34) between smoking and the presence of OA of 
the knee.  
 
There is no biologic explanation of why smoking may 
protect against OA. Smoke may affect cartilage directly, 
or its putative osteopenic effect may protect joints by 
making subchondral bone more deformable to impact 
loads or smoking may prevent weight gain and protect 
the mechanical stress to joints (Felson DT et al, 1988; 
Anderson JJ and Felson DT, 1988). In this study, the 
aORs of smoking and the presence of OA of the knee 
were not significant. However the value of the aORs 
were protective. Even though, there was no dose- 
response relationship, as seen in the value of the aORs.  
 
Genu valgus was shown to be associated with the 
presence of OA of the knee. The aOR of genu valgus 
was 4.07 (95% CI:2.43-7.93) when comparing 

symptomatic cases to controls, adjusted for age, 
education, BMI, and being female. Among women in 
the symptomatic cases compared to that of controls, the 
aOR of genu valgus was 13.64 (95% CI: 4.58-41.14), 
adjusted for age, education, and BMI. In the comparison 
of asymptomatic cases to controls genu valgus was not 
a significant risk factor. In this study, genu varus was 
not significantly associated with the presence of OA of 
the knee both in the symptomatic and asymptomatic 
groups. The aOR of genu varus for the presence of OA 
of the knee when comparing symptomatic cases to 
controls was 1.51 (95% CI: 0.36-3.57) and in the 
women subgroups, this was 1.80 (95% CI:0.34-9.46). In 
a follow up study among symptomatic cases of OA of 
the knee (the mean duration of pain was 16 years), 
Hernborg and Nilsson (1977) found that symptomatic 
OA of the knee increased the angulation of valgus and 
genu varus. The authors found also that genu valgus and 
genu valgus worsened the symptoms of OA of the knee. 
In this study, all of the subjects had recent onset of the 
pain, less than 3 months. Therefore, we believe that 
genu valgus and genu varus preceded the symptoms. 
Dougados et al (1992), also found that anatomic 
abnormality of the knee was a negative prognostic 
factor. In a longitudinal study, the authors found that 
genu valgus and varus were strongly correlated (p < 
0.001) with the deterioration of radiographic OA of the 
knee. This might be due to the non-alignment of the 
knees as weight bearing joints. This unalignment 
increases mechanical stress in the medial side of the 
knee (genu varus) and lateral side of the knee (genu 
valgus). The significant association of genu valgus and 
the presence of the OA of the knee were only found in 
the symptomatic cases compared to controls, and the 
association was stronger in women with symptomatic 
OA of the knee. In the asymptomatic cases compared to 
controls the variable genu valgus was removed when 
performing backward stepwise logistic regression 
analysis due to unsignificant p-value of its aOR.   
 
The findings of the study showed that the association of 
several factors, such as being overweight, age more 
than 50, and genu valgus with OA of the knee, were 
consistently stronger among symptomatic women. 
Therefore, this study suggest that age, being 
overweight, and genu valgus may be the factors, which 
will make a woman seek medical consultation. 
Hochberg, Everett, Lawrence and Cornoni-Huntley 
(1989) found that the aRR of women with pain at the 
base line to have difficulty of walking was 8.6 (95% CI: 
5.1-14.4), compared to 3.3 (95% CI: 1.6-6.9) among 
men. While the aRR of women with pain at the base 
line to have difficulty of arising was 5.9 (95% CI: 3.5- 
9.8) compared to 3.4 (95% CI: 1.6-6.7). Summers, 
Haley, Reveille and Alarcon (1988), in a study 
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consisted of older subjects (the mean of age was 70.9 
years) and 80% of them were women, found that there 
were correlations between depression (r = 0.442, p < 
0.0001), state anxiety (r = 0.378, p < 0.001), trait 
anxiety (r = 0.249, p < 0.05) and the presence of pain in 
OA of the knee. It was reported that only about 30% of 
asymptomatic OA of the knee became symptomatic 
(WHO, 1992). This study also suggests that the 
proportion of asymptomatic cases that became 
symptomatic was probably influenced by being 
overweight, genu valgus and being female. In this 
study, diabetes mellitus, parity and uric acid were 
removed from the equation when performing backward 
stepwise logistic regression analysis both in 
symptomatic cases compared to controls and 
asymptomatic compared to controls, since their p-values 
of the aOR were not significant. This study has 
identified some risk factors of having of OA of the knee 
among patients attending at the Dr.Soetomo Hospital, 
Surabaya,Indonesia. However, This study has some 
limitations as follows: 
1. The study is a hospital based. Therefore, the 

generalization may not truth in a non-hospital 
population. 

2. The results of the study may be applicable only for 
low socio-economic level, since Dr. Soetomo 
Hospital is a government hospital. 

3. Only aOR of different factors can be estimated in 
this study. Therefore,  the results can not be used to 
predict the individual probability of having OA of 
the knee, since the unconditional logistic regression 
analysis used in this study can only estimate the 
aOR. 

4. The calculated sample size in this study was based 
only on variable BMI. Therefore, the number of 
sample of the other variables might not be satisfied. 
This could affect the estimates of the other 
variables. 

5. Age and BMI could not be analyzed in continuous 
or ordinal scales, therefore, dose response 
relationship could not be presented. 

This study concludes that age > 50 is consistently a risk 
factor of OA of the knee for all case groups Being 
overweight is a risk factor of OA of the knee in all case 
groups except in asymptomatic women.Genu valgus is a 
risk factor of OA of the knee in symptomatic OA of the 
knee. Age > 50, being female, being overweight and 
genu valgus are the risk factors of having of 
symptomatic OA of the knee, and may contribute to 
attitude of patients to seek medication. These factors 
may also predict persons with asymptomatic OA of the 
knee to become symptomatic. This finding has an 
important implication for the practicing clinician with 
women who are concerned about developing OA of the 
knee and other OA. Women with this concern should be 

counseled to lose weight. For young persons or children 
who have genu valgus, counseling may be done with 
referral to orthopedist. For the research purposes, it is 
recommended to analyze grade II-IV (Kelgreen-
Lawrence) and subsets of men, to develop a uniform 
database to facilitate longitudinal observation. The 
documentation of disease features and comparison 
among populations of patients with OA both in hospital 
and community database should include standardized 
radiographic, pathological and clinical information. To 
conduct prospective studies following people at risk for 
OA and early OA, in order to identify factors associated 
with progression and amelioration of clinical features 
such as pain, structural changes and disability. 
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