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Abstract

Background: The prevalence of symptomatic knee osteoarthritis (KOA) in Singapore is unknown. We aimed to:
(i) validate questionnaires to screen for symptomatic KOA; and (ii) estimate the prevalence of symptomatic
KOA in Singapore using the validated algorithms.

Methods: Subjects aged >50 years were evaluated for symptomatic KOA based on American College of Rheuma-
tology clinical and radiographic criteria in a rheumatology clinic, and completed three sets of adapted screening
questionnaires. The better performing screening questionnaire with adequate sensitivity and specificity was
adminitered to a nationally representative sample of survey subjects (n = 3364) to estimate the weighted preva-
lence of symptomatic KOA in Singapore.

Results: Out of 146 subjects evaluated in the clinic, 45 had symptomatic KOA. A screening algorithm which
consisted of three KOA symptoms or one symptom plus physician-diagnosed KOA produced high specificity
(0.95, 95% confidence intervals [CI]: 0.88-0.98) but low sensivity (0.44, 95% CI: 0.30-0.60). Replacing the
term 'KOA’ with ‘physician-diagnosed ageing-related knee problem’ improved the sensivity (0.62, 95% CI: 0.47—
0.76) without significantly compromising the specificity (0.87, 95% CI: 0.79-0.93). The prevalence of
symptomatic KOA weighted to the Singapore population distribution were 4.7% and 11%, using the most con-
servative and more liberal algorithms, respectively. There was a sharp rise in prevalence after age of 40. The
weighted prevalence of KOA was higher in women and among Indian and Malay than Chinese.

Conclusion: Our study adapted and validated questionnaires to the local context to screen for symptomatic
KOA. We estimated the prevalence of symptomatic KOA in Singapore utilizing the better-performing algo-
rithms.
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BACKGROUND among non-institutionalized adults." The burden of
KOA has been rising in the past two decades with
increasing prevalence of obesity and aging popula-
tions.” Singapore is one of the fastest aging populations
in Asia® and the economic burden and public conse-
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Knee osteoarthritis (KOA) is the most common form of
arthritis, and is one of the leading causes of disability

est crude estimate from National Health Surveillance
Survey (NHSS) 2007 based on self-reported diagnosis

© 2017 The Authors International Journal of Rheumatic Diseases published by Asia Pacific League of Associations for Rheuma-
tology and John Wiley & Sons Australia, Ltd

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License,

which permits use, distribution and reproduction in any medium, provided the original work is properly cited and

is not used for commercial purposes.


http://orcid.org/0000-0001-8492-6342
http://orcid.org/0000-0001-8492-6342
http://orcid.org/0000-0001-8492-6342
http://orcid.org/0000-0001-6712-5535
http://orcid.org/0000-0001-6712-5535
http://orcid.org/0000-0001-6712-5535
http://creativecommons.org/licenses/by-nc/4.0/

Y.-Y. Leung et al.

of arthritis in general was 10%.° The prevalence of KOA
seems to differ in different ethnic groups. For instance,
KOA was reported to be more prevalent among Chinese
than Caucasian populations.” Thus, in Singapore, a
multiethnic Asian country with a Chinese majority
(74.1%),” the prevalence of KOA may be higher.

The prevalence estimate of KOA may vary depending
on the classification criteria used. The most accepted
way of classifying KOA consists of a combination of
radiographic and clinical criteria, namely the American
College of Rheumatology (ACR) classification criteria
for KOA.® However, the implementation of both clini-
cal and radiological evaluation to confirm KOA is com-
plex, expensive, and difficult to perform in large-scale
population-based studies. For epidemiology studies,
prevalence evaluation using a specifically designed
screening questionnaire is a less costly and more feasi-
ble approach. The goal of the screening questionnaire is
to yield a high diagnostic rate of symptomatic KOA
(high specificity), without missing a substantial number
of patients with symptomatic KOA (high sensitivity).
Prior studies have investigated the efficiency of several
screening questionnaires for KOA. Questionnaires
based on self-reported symptoms were found to be
insensitive and nonspecific.” Newer studies in European
countries using questionnaires that combined self-
reported diagnosis, symptoms and disability were pro-
ven to be valid for symptomatic KOA screening and
helpful in estimating the prevalence of KOA.'*' Yet,
extrapolating the results of Western studies to the Asian
context would be limited by sociocultural differences,
such as knowledge of diagnosis and perception of
symptoms among different cultures. Therefore, the aims
of our study were: (i) to validate questionnaires to
screen for symptomatic KOA in the general population
of Singapore; and then (ii) to administrate the validated
questionnaires to a nationally representative cohort
from the National Health Surveillance Survey (NHSS)
2013 to estimate the prevalence of symptomatic KOA
in Singapore.

METHODS
Screening questionnaires

Three sets of screening questionnaires for KOA were
sourced from the literature”'®!? and adapted to the
local context. In Singapore, English is the common spo-
ken language, while Mandarin is often used among
elderly Chinese.> As more than 80% of Singaporeans
are literate in English and 71% are literate in two or
more languages,” at least 98% of the population in
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Singapore could be included in our studies with ques-
tionnaires available in both English and Chinese. The
screening questionnaires were translated from the
sourced English version to Chinese following standard
guidelines.'* In brief, two bilingual translators profi-
cient in both English and Chinese independently trans-
lated the screening questionnaires from English to
Chinese, and then developed a reconciled version.
Another two independent bilingual translators back-
translated the Chinese version into English and recon-
ciled differences. The final Chinese version was adapted
with further refinements via a panel review comparing
the original source and back-translated versions.

The three sets of KOA screening questionnaires after
adaptation to the local sociocultural context in Singa-
pore (named Instrument 1 to Instrument 3) and their
case-defining algorithms are shown in Table S1. For
example, one of the question items in the original ques-
tionnaires included the term ‘doctor’. In Singapore, see-
ing Traditional Chinese Medicine (TCM) practitioners
is common practice, so to distinguish TCM practitioners
from Western trained doctors, the term ‘doctor (Wes-
tern trained)’ was utilized in our screening question-
naires. Another adaptation to Instrument 3'? was made
to replace the term ‘theumatologist’ with ‘doctor (Wes-
tern trained)’. This was because there were only 34
rheumatologists across the country at the time of the
study, and the majority of the general population were
not familiar with the term ‘rheumatologist’. Lastly, our
study utilized an alternative question to replace ‘KOA’
diagnostic terms in all three screening questionnaires.
The term 'KOA” was foreign to most of the Singapore
general population as doctors usually conveyed the
diagnosis as an ‘aging-related problem’ or a ‘wear and
tear problem’. We asked an additional question: ‘Has a
doctor (Western trained) ever told you that your knee
problem is related to aging?’ (Table S1). We evaluated
the sensitivity and specificity of the three questionnaires
compared to the ACR classification criteria for KOA. We
also analyzed the effects of the additional question
when used in place of the 'KOA’ diagnostic terms in
each questionnaire.

Validation of screening questionnaires study

Subjects aged 50 years and above were recruited from a
community elderly center in Singapore from June to
October 2012 via pamphlets and advertisements. A
total of 150 interested subjects who signed up were
given an initial telephone interview with one of the
screening questionnaires (Instrument 3) (Table 1). We
excluded four subjects who could not understand either
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Table 1 Algorithm of the screening instrument selected to administer in the nationally representative cohort

Instrument 37

Q1. During the past 4 weeks, have you had knee pain on most days?

(yes/no)
Q2. During the past 4 weeks, have you had knee pain while
climbing down stairs or walking down slopes? (yes/no)

Q3. During the past 4 weeks, have you had swelling in one or both

knees? (yes/no)

Q4. Do you have knee osteoarthritis? (If you do, was the diagnosis

made by a Western trained doctor?) (yes/no)

Algorithm 1:
Algorithm 2:

(yes) to any one of Q1 to Q4
(yes) to any two of Q1 to Q3
AND

(ves) to Q4

(yes) to Q1 and Q2 and Q3,
OR

(yes) to any one of Q1 to Q3
AND

(ves) to Q4

Algorithm 3:

fAdapted from Roux et al.'?

English or Chinese, or were unable to give an informed
consent. We invited 146 eligible patients to attend an
outpatient rheumatology clinic in Singapore General
Hospital; approximately half of the subjects answered
positive to any one out of four question items, and
half of those answered negative to all four items in
Instrument 3.

During the clinic visit, subjects provided sociodemo-
graphic data. They were evaluated for their comorbidi-
ties with the Charlson comorbidity index,'® and for the
knee symptoms using the Knee injury and Osteoarthri-
tis Outcome Score (KOOS).'® The KOOS consists of five
subscales, namely pain, symptoms, function in daily
living, function in sport and recreation, and knee-
related quality of life. Each subscale is reported as a nor-
malized score with 100 indicating no symptom and 0
indicating extreme symptoms. Study subjects self-admi-
nistered either the English or Chinese version of the
three questionnaires according to their preference and
main spoken language (Table 1). To minimize the
learning effect, the three screening questionnaires were
presented in a random sequence.

One rheumatologist (YYL) blinded to the answers of
the screening questionnaires, performed physical exam-
inations. Body weight and height were measured. Sub-
jects had standard standing and weight-bearing
anterioposterior and lateral view radiographs and sky-
line view radiographs of both knees. The diagnosis of
symptomatic KOA was ascertained based on the ACR
combined clinical and radiographic criteria,® where
radiographic criteria were taken as Kellgren-Lawrence
(KL) grade of >2 in at least one knee.'” One muscu-
loskeletal radiologist (SBW) blinded to the clinical fea-
tures of patients read and scored the radiographs.

The study protocol was approved by the SingHealth
Centralized Institutional Review Board (CIRB) (2012/
143/E), and all subjects signed an informed consent
prior to the study.
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NHSS 2013 follow-up study

The NHSS 2013 was a cross-sectional survey on a repre-
sentative but disproportionate sample (under-sampling
of Chinese and over-sampling of Malays, Indians and
other races) of non-institutionalized Singapore resi-
dents aged 18 years and above. It was planned, coordi-
nated and undertaken by Singapore Ministry of Health
(MOH) while its outsourced survey fieldwork was con-
ducted between November 2012 and October 2013.

A follow-up study was jointly conducted by Singa-
pore General Hospital and Singapore Ministry of
Health in November 2014 that recruited a subset of
consented subjects (aged >18 years old) from the NHSS
2013 survey who provided telephone numbers at the
time of interview. We invited the selected subjects to
complete the adapted screening questionnaire, Instru-
ment 3 (Table 1) together with the additional question
item (Table 1) by mail. If no response was received
after 4 weeks, we contacted the subjects by telephone to
complete the questionnaire. The study protocol for
NHSS 2013 follow-up study was approved by
SingHealth CIRB (2014/907/E).

Statistical analysis

The performances of screening questionnaires were
evaluated based on the sensitivity and specificity with
95% confidence intervals (Cls). Sensitivity was defined
as the proportion of symptomatic KOA cases that
screened positive, and specificity as proportion of non-
symptomatic KOA subjects who screened negative. We
evaluated the performance of three screening question-
naires (Instruments 1, 2 and 3; Table 1). Instrument 3
was analyzed by testing three different case-defining
algorithms (Table 1). In algorithm 1, a KOA case was
defined for positive answers to any one of the question
items from Q1 to Q4. In algorithm 2, KOA was defined
for positive response to any two of KOA symptoms
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(Q1-Q3) plus physician-diagnosed KOA (Q4). In algo-
rithm 3, KOA was defined for positive response to all
three KOA symptoms (Q1-Q3), or any one symptom
(Q1-Q3) plus physician-diagnosed KOA (Q4). In addi-
tion, in all instruments and algorithms, we repeated the
analysis of performance by replacing the item of self-
reported physician-diagnosed KOA diagnosis with the
additional question: ‘Has a doctor (Western trained)
ever told you that your knee problem is related to age-
ing? Lastly, the performance of the additional question
as a lone question item in a screening questionnaire
was also analyzed.

The unweighted prevalence of KOA in NHSS 2013
follow-up cohort was tabulated using the most promis-
ing algorithms of Instrument 3. Confidence limits were
estimated using the Wilson binomial approximation.'®
We estimated the weighted prevalence of symptomatic
KOA weighted to the population distribution by
accounting for the proportion of subjects who provided
telephone numbers and also weighted to the gender,
age and ethnic distribution profiles of the final respon-
dents.

Statistical analyses were performed using the IBM
SPSS Statistical Package, version 21.0. (Armonk, NY,
USA).

RESULTS
Validation screening questionnaires study

There were 146 subjects recruited, of which 76 sub-
jects responded positive to any of the four question
items and 70 subjects answered negative to all items
in Instrument 3. Forty-five subjects fulfilled the ACR
clinical and radiographic criteria for symptomatic
KOA. Subjects with symptomatic KOA had signifi-
cantly higher body mass index (BMI). There were
trends in symptomatic KOA subjects to have concur-
rent symptomatic hand OA, as well as more comor-
bidities. Subjects with symptomatic KOA had poorer
KOOS scores in all the subscales (Table 2). Table 3
illustrates the performance of all the screening ques-
tionnaires and their algorithms. The most sensitive
questionnaire to screen for symptomatic KOA was
Instrument 3 algorithm 1 with a sensitivity of 0.93
(95% CI: 0.81-0.98). However, this algorithm lacked
specificity (0.50, 95% CI: 0.39-0.60). Algorithm 3 of
Instrument 3, which consisted of three KOA symp-
toms, or one symptom plus physician-diagnosed
KOA, yielded a higher specificity (0.95, 95% CI:
0.86-0.97), but a lower sensitivity (0.44, 95% CI:
0.30-0.60). In algorithm 3A of Instrument 3, we
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Table 2 Sociodemographic characteristics of subjects partici-
pating in screening questionnaire validation

Non-symptomatic Symptomatic P
KOA KOA
(n=101) (n =45)
Demographic
Age, years' 60.8 + 4.8 59.5 + 5.8 NS
Female (%) 70.3 82.2 NS
Ethnicity 98 88.9 0.29
(% Chinese)
Educational
level (%)
No formal 8.9 8.8
education
Primary 26.7 33.3
Secondary 64.4 57.8 NS
and above
Body mass 23.6 £33 263 £ 4.7 <0.0001
index, kg/m?'
Presence of 21.8 27.3 NS
OA hand (%)
Charlson 0.50 =+ 0.89 0.53 + 1.01 NS
comorbidity
index’
Knee
radiography
grading (%)
KL O 35.6 0
KL 1 59.4 0
KL 2 5.0 57.8
KL 3 0 24.4
KL 4 0 17.8 NS
Total knee 0 1 -
replacement (1)
KOOQOS scores,
(0-100)"
Symptoms 88.2 £ 10.8 68.9 £21.1 <0.0001
and stiffness
Pain 90.0 £ 11.1 74.6 £ 17.1 0.008
Daily activity 92.8 4+ 9.6 80.2 £ 16.4 0.001
Sport and 83.4 + 18.2 57.0 £ 31.4 <0.0001
recreation
Quality of life  78.5 + 18.1 55.6 £22.8 <0.0001

KL, Kellgren-Lawrence grade of radiographic knee osteoarthritis;
KOOS, Knee injury and Osteoarthritis Outcome Score; KOA, knee
osteoarthritis; OA, osteoarthritis; NS, not significant.

Mean + SD.

replaced the term ‘KOA’ (Q4) with the additional
question  ‘physician-diagnosed aging-related knee
problem’; the sensivity (0.62, 95% CI: 0.47-0.76)
improved without significantly compromising the
specificity (0.87, 95% CI: 0.79-0.93) (Table 3).
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Table 3 Performance of knee osteoarthritis screening ques-
tionnaires

Screening questionnaires Sensitivity Specificity

(95% CI) (95% CI)

0.20 (0.10-0.35) 0.98 (0.92-1.00)
0.51 (0.36-0.66) 0.91 (0.83-0.96)
0.38 (0.24-0.53) 0.85 (0.76-0.91)
0.42 (0.28-0.58) 0.84 (0.75-0.90)

Instrument 1
Instrument 1A
Instrument 2
Instrument 2A"
Instrument 3
Algorithm 1
Algorithm 1A
Algorithm 2
Algorithm 2A"
Algorithm 3
Algorithm 3A"
Self-reported diagnosis
of KOA by a
Western trained doctor
Alternative question? 0.58 (0.42-072) 0.84 (0.75-0.90)

0.93 (0.81-0.98) 0.50 (0.39-0.60)
0.96 (0.84-0.99) 0.47 (0.37-0.57)
0.31(0.19-0.47) 0.93 (0.86-0.97)
0.53 (0.38-0.68) 0.88 (0.80-0.93)
0.44 (0.30-0.60) 0.95 (0.88-0.98)
0.62 (0.47-0.76) 0.87 (0.79-0.93)
0.27 (0.15-0.42) 0.95 (0.88-0.98)

KOA, knee osteoarthritis.

TAlternative question replaced Q1 (in Instrument 1), Q2 (in Instru-
ment 2) and Q4 (in Instrument 3).

*Alternative question was “Has a doctor (Western trained) ever told
you that your knee problem is related to ageing?”

Unweighted and weighted prevalence of
symptomatic KOA from NHSS 2013 follow-up
study

The 4633 subjects (48.1%, out of 9361 subjects in
NHSS 2013) who provided telephone numbers were
recruited to the NHSS 2013 follow-up study. The demo-
graphic characteristics of participants included in this
follow-up study were not significantly different from
those who were not (data not shown). There were a fur-
ther 76 subjects who were excluded from the study, as
their information was incomplete either on address,
addressee or telephone number. Invitation letters for
participation with an enclosed screening questionnaire,
Instrument 3 and the additional question (Table 1)
were sent to 4557 subjects; 3364 (73.8%) subjects
responded and completed the screening questionnaire.
Specifically, 2459 and 905 responses were returned by
mail and completed by telephone interview, respec-
tively. The characteristics of respondents were not sig-
nificantly different from that of the original NHSS 2013
cohort (data not shown).

Table 4 outlines the unweighted prevalence of symp-
tomatic KOA using the NHSS 2013 follow-up cohort,
and the prevalence weighted to the distribution of the
general population of Singapore. The weighted preva-
lence of symptomatic KOA was 4.7% using the
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conservative algorithm (Model 1, algorithm 3 of Instru-
ment 3) and was more than double (11%) using the
more liberal algorithm (Model 2, algorithm 3 of Instru-
ment 3A). Symptomatic KOA was more prevalent in
women than in men consistently across all age groups
and ethnicities (Table S2). The prevalence of symp-
tomatic KOA increased with age, and ranged from 3.3%
to 8.6% for ages >60 years as compared to 9.5% to
19.7% for ages 18-59 years. Across different ethnic
groups, symptomatic KOA was more prevalent among
Indians, followed by Malays and Chinese.

DISCUSSION

In this study, we adapted and validated screening ques-
tionnaires for identification of symptomatic KOA in
Singapore. Instrument 3 algorithm 1 was found to be
the most sensitive questionnaire, but not adequately
specific. It would be a useful tool for screening appro-
priate subjects to enter into a clinical trial, in which a
second-step confirmation with physical examination
and radiographic evaluation is necessary. Question-
naires that include items enquiring upon the physician’
diagnosis of KOA were more specific, but less sensitive.
Algorithm 3 and 3A derived from Instrument 3, which
consisted of three KOA symptoms or one KOA symp-
tom together with physician’s diagnosis yielded a
higher sensitivity, without losing the specificity. We uti-
lized this questionnaire in a nationally representative
cohort, and estimated the prevalence of symptomatic
KOA weighted to the general population distribution of
Singapore to be 4.7% using the most conservative algo-
rithm. The weighted prevalence of symptomatic KOA
was substantially higher (11%) when using an algo-
rithm that substituted ‘physician-diagnosed KOA’ with
‘physician-diagnosed aging-related knee problem’. The
prevalence of symptomatic KOA was higher among
women and it increased with age. Using either algo-
rithm, the prevalence of symptomatic KOA rose sharply
after the age of 40, illustrating that symptomatic KOA
starts affecting adults in their middle age. Across the dif-
ferent ethnic groups, symptomatic KOA was more
prevalent among Indians, followed by Malays and
Chinese.

Knowledge of KOA prevalence in a country is crucial
in the evaluation of KOA-related healthcare needs,
specifically for the planning and optimization of
healthcare resource allocation. The estimate of KOA
prevalence may vary, depending on the classification
criteria used. In epidemiology studies of KOA, radio-
graphic criteria have been commonly used to estimate
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Unweighted prevalence, % (95% CI)

prevalence, %

Table 4 Prevalence of symptomatic
knee osteoarthritis in NHSS follow-up
study, Singapore (n = 3364)

Weighted

n Model 17 Model 2} Model 17 Model 2*
Overall 3364 5.8(5.1-6.6)  14.3(13.2-15.5) 4.7 11.0
By gender
Female 1822 7.1 (6.0-8.4) 17.5(15.8-19.3) 5.6 13.1
Male 1542  4.2(3.3-5.3)  10.5(9.1-12.1) 3.7 8.8
By age groups
18-29 years 424 0.7 (0.2-2.1) 2.4 (1.3-4.3) 0.8 1.6
30-39 years 465 1.3 (0.6-2.8) 7.5(5.5-10.3) 0.6 5.7
40-49 years 828 4.3(3.2-6.0)  12.1(10.0-14.5) 4.4 9.7
50-59 years 830 7.5(5.9-9.5) 18.3 (15.8-21.1) 6.4 15.7
60-69 years 527 9.5(7.3-12.3) 21.3(18.0-24.9) 8.7 18.4
>70 years 290 13.1(9.7-17.5) 24.8(20.2-30.1) 10.8 21.5
By age categories
<60 years 2547 4.2(3.5-5.1)  11.7 (10.5-13.0) 3.3 8.6
>60 years 817 10.8(8.8-13.1) 22.5(19.8-25.5) 9.5 19.7
By ethnicity and age groups
Chinese
Total 1989 5.1 (4.2-6.1) 10.9 (9.6-12.3) 4.3 9.3
<40 years 450 0.9 (0.3-2.3) 2.9 (1.7-4.9) 0.7 2.6
40-59 years 967 4.7 (3.5-6.2)  10.5(8.7-12.5) 4.9 10.5
>60 years 572 9.1(7.0-11.7) 17.8(14.9-219) 8.4 16.7
Malay
Total 746 5.2(3.8-7.1)  18.5(15.9-21.4) 4.8 17.7
<40 years 243 0.8 (0.2-3.0) 6.6 (4.1-10.4) 0.5 5.9
40-59 years 381 5.8 (3.8-8.6) 22.6 (18.7-27.0) 5.3 20.8
>60 years 122 12.3(7.6-19.3) 29.5(22.1-38.1) 12.0 33.6
Indian
Total 456 10.1(7.6-13.2) 23.0(19.4-27.1) 9.2 20.3
<40 years 147 2.0 (0.7-5.8) 9.5(5.8-15.4) 1.2 9.1
40-59 years 222 12.2(8.5-17.1) 25.2(20.0-31.3) 11.5 23.9
>60 years 87 18.4(11.6-27.8) 40.2(30.6-50.7) 19.6 35.5

"Model 1 = algorithm 3 of Instrument 3, sensitivity 0.44, specificity 0.95 for symptomatic knee

osteoarthritis.

#Model 2 = algorithm 3A of Instrument 3, sensitivity 0.62 and specificity 0.87 for symptomatic

knee osteoarthritis.

national prevalence.”'”?° However, the discordance
between radiographic and clinical features of KOA may
lead to inaccurate prevalence estimates of KOA that are
symptomatic.”’ ?* On the other hand, utilizing clinical
criteria alone may overestimate KOA prevalence.’**”
Current recommendation advocates for the use of both
clinical and radiographic criteria,”® but its implementa-
tion would be costly and impractical for large-scale epi-
demiology studies.” An alternative tool to estimate the
national KOA prevalence for public health purposes
would be a screening questionnaire.

Prior studies have attempted to validate screening
questionnaires that combine symptoms, physical limi-
tation and self-reported diagnosis of KOA. These
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questionnaires demonstrated reasonable diagnostic per-
formance.'*'?'? They were utilized to distinguish KOA
from other inflammatory arthritides?” and to estimate
the prevalence of KOA in the general population.'® In
this study, after the initial validation exercise, we
selected the screening questionnaire adapted from Roux
et al. (Instrument 3) to estimate the prevalence of
symptomatic KOA in the general population of Singa-
pore. The original screening questionnaire for KOA by
Roux et al.'? utilized a two-stage approach, starting
with administration of a screening questionnaire by
telephone, followed by ascertainment of diagnosis by
clinical and radiographic evaluation in subjects who
screened positive. The overall two-step procedure

International Journal of Rheumatic Diseases 2018; 21: 629-638



resulted in a sensitivity of 0.87 and specificity of 0.92
for detecting KOA. A subsequent study applied the two-
step procedure, including a full evaluation of 3707 sub-
jects in a clinic, and estimated the prevalence of KOA in
France to be 9%.'% Despite the accurate estimate pro-
duced by this method, it was rather costly to replicate
on a larger scale and therefore has limited application
in subsequent KOA epidemiology studies for evaluation
of the burden of illness of KOA in the population.
Another study in Spain has investigated a one-step
approach utilizing a questionnaire with its set of algo-
rithms to screen for KOA (Instrument 2).'° Although
the method was highly sensitive, none of the algo-
rithms was adequately specific to be implemented as a
screening tool. Our present study has shown that a
screening questionnaire with the particular algorithms
could be utilized in epidemiology studies with a high
specificity and adequate sensitivity as a one-step proce-
dure to screen for KOA (Instrument 3, algorithms 3 and
3A).

In the present study, we demonstrated that the inclu-
sion of an item enquiring about physician-diagnosed
KOA increased the sensitivity but reduced the specificity
of algorithms. The relatively lower sensitivity of the
algorithms was likely attributed to the fact that the gen-
eral population is unfamiliar with the term ‘KOA’. The
diagnosis of KOA is usually conveyed by most doctors
as ‘aging-related problem’ or ‘wear and tear problem’ in
both primary and secondary healthcare settings in Sin-
gapore. Compared to similar studies in Western coun-
tries, the single screening question that enquires about
‘physician-diagnosed KOA' generally yielded sensitivi-
ties in the range of 0.80-0.90,”'%'%?% as compared to a
sensitivity of only 0.27 (95% CI: 0.15-0.42) in the cur-
rent study. Replacing ‘physician-diagnosed KOA" with
‘physician-diagnosed  aging-related knee problem’
increased the sensitivity of our screening question-
naires. The unfamiliarity of the general population with
the term KOA was also seen in our validation cohort for
the screening questionnaire. Out of the 45 cases of KOA
ascertained by the ACR criteria, only 33.3% of subjects
responded positively to the question enquiring about
physician-diagnosed KOA, while a higher proportion
(57.8%) answered positively to the additional question
enquiring about physician-diagnosed aging-related
knee problem.

The suboptimal sensitivity of our best screening ques-
tionnaire could be attributed to several other factors.
Firstly, KOA is a very slowly progressive disease and its
sporadic symptoms may deter patients from seeking
medical  attention.””  Second, our  screening
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questionnaire could only be considered a diagnosis by
a Western trained doctor; however, seeking alternative
medicine is common in Singapore. Many of the
patients with KOA might have sought care from Tradi-
tional Malay, Indian or Chinese Medicine practition-
ers.’® Taken together, the low sensitivity of our
screening questionnaire may result in underestimation
of the true prevalence of symptomatic KOA in the pop-
ulation, especially when using the most conservative
algorithm (Instrument 3, algorithm 3). Using the more
liberal model (Instrument 3, algorithm 3A), with a
slightly lower specificity of 0.87, the estimated preva-
lence of symptomatic KOA may be closer to the true
prevalence. This is consistent with the higher prevalence
of both radiographic and symptomatic KOA among
Chinese in the Beijing OA study (symptomatic KOA in
men 5.6% and 15.0% for women) compared to the US
Framingham cohort (prevalence ratio 1.43 [95% CI:
1.16-1.75]).7

The prevalence of symptomatic KOA in Singapore is
unknown despite its high disease burden.>*® To the
best of our knowledge, our study was the first to vali-
date screening questionnaires for symptomatic KOA in
Asia. The burden of KOA in Singapore was previously
estimated based on self-reported chronic joint pain or
physician-diagnosed arthritis in the NHSS 2007.° The
prevalence of chronic joint pain or physician-diagnosed
arthritis from the NHSS 2007, without specifying the
site of arthritis, was 10.1%; it increased with age and
was 19.8% among elderly aged 60-69 years.® The esti-
mated prevalences of symptomatic KOA from this study
were therefore comparable to the previous study,
although likely to be underestimated as limited by the
poor sensitivities of the screening questionnaires. In
addition, we showed that the prevalence of symp-
tomatic KOA increases with age, and we noted a sharp
increase in prevalence from age 40 and above. Further,
the prevalence of symptomatic KOA was found to differ
across ethnic groups. Symptomatic KOA was more
prevalent among Indians, followed by Malays and Chi-
nese. This difference could be attributed to the higher
prevalence of obesity among Indians and Malays.>"

The strengths of our study include the use of com-
bined clinical and radiographic evaluation as the stan-
dard for KOA case ascertainment during the validation
exercise. In addition, the present validation studies also
evaluated carefully the word choices as it has been
shown that prevalence estimate may change with minor
wording changes in the questionnaires.?* Lastly, the val-
idated screening questionnaires in our study (Instru-
ment 3, algorithms 3 and 3A) had an improved
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sensitivity and high specificity to identify KOA cases, as
compared to the screening methods used in previous
studies in Singapore.® There are a few limitations in our
study. First, subjects in the validation screening ques-
tionnaire study were members of a community center,
who were elderly aged >50 years old and predomi-
nantly Chinese. This may limit the generalizability of
the screening questionnaire results to the younger age
groups and other ethnicities. Nevertheless, the middle-
aged and older population present a major public con-
cern because KOA prevalence rises sharply after middle
age.” The second limitation was the relatively low sensi-
tivity of the best-performing screening questionnaire, as
compared to the one in Western studies”'®'? for the
reasons outlined earlier. The suboptimal sensitivity may
lead to underestimation of the prevalence of symp-
tomatic KOA. We did not evaluate the utility of this
screening questionnaire in distinguishing KOA from
other inflammatory arthritides of the knee in the cur-
rent study, although this utility has been demonstrated
previously by Morvan et al.?” Given the relatively low
prevalence of inflammatory arthritis (0.37% in South-
east Asia) in the general population compared to
KOA,?* the impact of such mis-classification on the
KOA prevalence estimation is expected to be low.

In conclusion, our study adapted and validated
screening questionnaires to the local sociocultural
context for symptomatic KOA screening in the gen-
eral population of Singapore. For a one-step evalua-
tion in population-based studies, two screening
algorithms had improved sensitivities and reasonable
specificities to estimate the prevalence of symp-
tomatic KOA. The weighted prevalences of symp-
tomatic KOA were 4.7% and 11%, respectively,
using the most conservative and the more liberal
algorithms. The prevalence of symptomatic KOA
increased sharply after the age of 40 years, and was
higher in women than that in men. Symtomatic
KOA was more prevalent among Indians followed
by Malays and Chinese.
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