
Tan et al. BMC Musculoskeletal Disorders          (2023) 24:104  
https://doi.org/10.1186/s12891-023-06207-1

STUDY PROTOCOL

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

BMC Musculoskeletal
Disorders

Singapore KneE osTeoarthritis CoHort 
(SKETCH): protocol for a multi‑centre 
prospective cohort study
Bryan Yijia Tan1,2,3*†, Zack Zhong Sheng Goh1†, Chien Joo Lim1, Michelle Jessica Pereira4, Su‑Yin Yang5, 
Kelvin Guoping Tan6, Alvin Chin Kwong Tan7, Phyllis Liang8, J. Haxby Abbott9, Andrew M. Briggs10, 
David J. Hunter11, Soren T. Skou12,13, Julian Thumboo14,15 and Josip Car2 

Abstract 

Background  Knee osteoarthritis (OA) is a leading cause of global disability. The understanding of the role of psycho‑
social factors in knee OA outcomes is still evolving particularly in an Asian context. The primary aim of this study is to 
explore psychosocial factors that prognosticate short and long-term clinical outcomes, productivity, and healthcare 
utilization in patients with knee OA. Secondary aims are to explore the mediation and directional relationships and 
the role it plays in predicting the discordance between self-reported measures (SRM), physical-performance measures 
(PPMs) and objective clinical parameters.

Methods  A multi-centre prospective cohort study of community ambulant knee OA patients seeking treatment 
in the tertiary healthcare institutions in Singapore will be conducted. Patients with secondary arthritis, significant 
cognitive impairment, severe medical comorbidities or previous knee arthroplasty will be excluded. Primary clinical 
outcome measure is the Knee injury and OA Outcome Score-12 (KOOS-12). Baseline characteristics include sociode‑
mographic status, arthritis status including symptom duration and radiographic severity, comorbidities and functional 
status through Charlson Comorbidities Index (CCI), Barthel Index (BI) and Parker Mobility Score (PMS). Psychosocial 
variables include social support, kinesiophobia, negative affect, self-efficacy, injustice, chronic illness shame and the 
built environment. Clinical outcomes include quality of life, physical performance, global assessment, satisfaction and 
physical activity levels. Productivity and healthcare utilization will be assessed by a modified OA Cost and Conse‑
quences Questionnaire (OCC-Q) and the Work Productivity and Activity Impairment Questionnaire (WPAI). Variables 
will be collected at baseline, 4, 12 months and yearly thereafter. Regression, mediation and structural equation model‑
ling will be used for analysis.

Discussion  Results will allow contextualization, identification, and phenotyping of the critical (and potentially modi‑
fiable) psychosocial parameters that predict positive clinical outcomes in the OA population to guide optimization 
and refinement of healthcare and community. This will facilitate: 1. identification of high-risk knee OA subpopulations 
that will likely experience poor outcomes and 2. formulation of targeted multidisciplinary comprehensive approaches 
to address these psychosocial factors to optimize non-surgical treatment care, maximize functional outcomes and 
create more value-based care model for knee OA.
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Background
Based on the global burden of disease study, musculo-
skeletal (MSK) disorders account for the largest cause of 
disability worldwide [1]. In particular, osteoarthritis (OA) 
alone is the 3rd most rapidly rising condition associated 
with disability [2]. 528 million people worldwide suf-
fer from symptomatic and activity-limiting OA affecting 
quality of life, sleep and mood [3]. Risk factors for knee 
OA can be divided into modifiable and non-modifia-
ble risk factors [4]. Non-modifiable risk factors include 
age, gender, ethnicity, genetics and joint-level factors 
(joint alignment, previous injury). Modifiable risk fac-
tors include weight, occupation, sports and joint align-
ment [5]. These factors work together to influence the 
progression of disease and its accompanying functional 
limitations.

Treatment algorithms and disease prognosis for knee 
OA have traditionally been viewed through a biomedical 
lens [6]. However, this approach is now considered out-
dated and missing many important factors [7]. Patients 
who present with similar radiographic joint abnormali-
ties could have significant differences in how they experi-
ence their OA pain with evidence showing a discordance 
between objective clinical and radiological markers and 
self-reported pain and disability [8]. Large scale prognos-
tic studies have focused on predominantly biomedical 
factors but failed to predict pain and functional impair-
ment with high levels of certainties [9]. Pain itself is a 
complicated phenomenon, manifested and potentially 
modified by a complex interplay of neuropathic, physi-
ological, psychological, genetic, social and personal fac-
tors, each contributing to a multifactorial experience of 
pain and hence challenges in empirical measurement 
[10–13]. These intricacies of pain experiences call for a 
wider approach toward the understanding and treatment 
of pain by incorporating a psychosocial perspective.

Mounting evidence has emerged that posits that psy-
chological and social outcomes caused by direct or indi-
rect effects of OA pain can also worsen disease trajectory 
[14]. The pathway between pain and psychological 
symptoms can be reciprocal and potentially causational 
[15–17]. Prolonged pain experiences can lead to negative 
psychological outcomes, and vice versa. A recent longi-
tudinal study found that greater perceived OA pain and 
dysfunction at baseline is found to be associated with a 
higher incidence of depression at follow up [18]. System-
atic review-level evidence has also identified that anxi-
ety and depression symptoms in patients with OA are 

associated with poor healthcare outcomes, including 
increased doctor visits, healthcare utilisation, medica-
tion prescription, poor surgical outcomes and post-sur-
gical pain [14]. Luong et al. explored the social factors in 
OA, highlighting the overall paucity of research in this 
area with the research mainly focusing on social posi-
tion (education, income and occupation) and proposed a 
framework to guide future research [19].

Despite all this, the understanding of the role of psy-
chosocial factors in knee OA outcomes is still early and 
evolving with a paucity of research involving psychoso-
cial outcomes in patients with knee OA particularly in an 
Asian context. Existing large prospective cohort studies 
such as the Multicentre OA Study (MOST), OA Initia-
tive (OAI), and the Chinese Primary Knee OA Progres-
sion Cohort (CPKOPC) focused mostly on the biological 
rather than psychosocial factors [20, 21]. A cohort study 
to identify critical psychosocial factors that predicts the 
disease trajectory of this Asian patient population, in 
closer alignment with patient expressed needs to reduce 
inequities by focusing on care dimensions beyond the 
biomechanical lens [22] and guide the optimisation and 
refinement of existing services.

Study aims
The primary aim is to identify critical psychosocial fac-
tors that prognosticate short and long-term clinical out-
comes, productivity, and healthcare utilization in patients 
with knee OA.

The secondary aims are

1.	 To explore the mediation and directional relation-
ship between the psychosocial factors with clinical 
outcome, productivity, and healthcare utilization 
outcome to support the development of a conceptual 
framework

2.	 To explore discordance between self-reported meas-
ures (SRM), physical-performance measures (PPMs), 
objective clinical parameters e.g. radiographic sever-
ity in knee OA and the extent to which psychosocial 
factors predicts the extent of discordance

Methodology
Study design
The Singapore KneE OA CoHort (SKETCH) study is a 
multi-centre, prospective cohort study. The reporting 
of the study will follow the Strengthening the Reporting 
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of Observational Studies in Epidemiology (STROBE) 
guidelines [23]. The Prognostic Research Strategy 
(PROGRESS) framework was used to incorporate best 
practices for prognostic research as part of this study 
protocol [24].

Study population and setting
In this first phase, patients with knee OA in Singapore 
seeking medical care from tertiary hospitals and institu-
tions will be recruited. The recruitment locations of the 
study will primarily be recruited from the outpatient 
orthopaedic surgery and physiotherapy departments. A 
second phase is planned to be conducted among patients 
within primary care and the community.

Recruitment
Patients who satisfy the inclusion criteria outlined in 
Table  1 will be recruited. Participants will be identified 
and recruited with a dual-pronged recruitment strategy. 
First, research coordinators will conduct a pre-screen-
ing of the patients list using the institutions’ appoint-
ment and/or medical record systems to identify eligible 
patients who will be attending the orthopaedic or phsyio-
therapy clinic for the day. Second, study site collaborators 
and their clinical teams, guided by the study inclusion 
and exclusion criteria will support recruitment by iden-
tifying potentially appropriate patients and proactively 
referring them to the study team. Delegated research 
coordinators will approach the patients who meet at the 
outpatient clinics and explain the study’s objectives to the 
patients. The research coordinator will obtain consent 
from the patient and offer to administer the question-
naire with the patient at their preferred time and loca-
tion, or for the patient to complete the questionnaires 
independently.

Outcome measurement
Baseline variables
The following baseline measures will be collected. 
Firstly, the sociodemographic status which will include 
education level, housing status, employment and 
income details based on the PROGRESS-Plus frame-
work [25] which summarises a number of social 
stratification factors that potentially impact health 
opportunities. Secondly, the arthritis status including 
the symptom duration and the radiographic severity of 
knee OA based on the Kellgren-Lawrence Scale [26]. 
Thirdly, the co-morbidities and functional status includ-
ing the Charlson comorbidity index (CCI) [27], Barthel 
Index for Activities of Daily Living (BI) [28] and Parker 
Mobility Score (PMS) [29].

Psychosocial variables
The selection of outcome measures was guided by a 
combination of (I) the themes identified from qualitative 
work by the study team on local knee OA patient popu-
lation to identify the potential psychosocial factors that 
impact knee OA progression [30], (II) a review of interna-
tional literature, and (III) consultation with local domain 
experts to ensure local contextualization. The themes 
identified from the qualitative study (i.e., social support; 
religion/spirituality; built environment; fear avoidance/
kinesiophobia; negative affect, depression/anxiety; and 
self-image and identity, loss of face) informed the selec-
tion of the psychosocial outcomes including social sup-
port, religiosity, built environment, fear of movement, 
etc. [30].

Validated psychosocial questionnaires previously used 
in OA research (e.g., brief fear of movement (BFOM) 
[31] and Arthritis Self-Efficacy Scale (ASES) [32], Multi-
dimensional Scale of Perceived Social Support (MSPSS) 

Table 1  Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

NICE Clinical criteria for OA Knee
NICE Clinical criteria for OA knee: patient is 45 or over and has activity-related 
joint pain and has either no morning joint-related stiffness or morning stiff-
ness that lasts no longer than 30 min

Alternative diagnosis to knee OA e.g.: referred pain from hip/spine
If co-existing pathology is present, patient can still be recruited if the predomi-
nant symptoms are from the OA knee with documentation of the co-existing 
pathology

Independent community ambulators with or without walking aids Secondary arthritis e.g., inflammatory

Inability to comply with study protocol e.g.: significant cognitive impair‑
ment

Severe and unstable medical comorbidities significantly impairing activities 
of daily living and risk of serious adverse events as assessed by a medical 
specialist (e.g., New York Heart Association (NYHA) class 4 cardiac failure 
with significantly impaired effort tolerance, stroke with significant residual 
functional weakness, psychiatric disorders such as psychosis, terminal 
cancer with a less expectancy of less than 12 months) 

Previous knee arthroplasty (index knee or contralateral knee)

Pregnant
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[33], Chronic pain acceptance questionnaire (CPAQ) 
will be used for this study. Other outcome measures that 
have not been administered or validated in the OA popu-
lation, such as religiosity and built environment, have 
been adapted from similar questionnaires and refined 
further by the study team in conjunction with local sub-
ject domain experts, contextualizing the questions to the 
local context to ensure content validity. The set of out-
come measures was pilot tested to check for comprehen-
sibility of the items.

Clinical, productivity and healthcare utilization outcomes
Recommendations set out by the OA Research Society 
International (OARSI) for domains of interest pertaining 
to non-surgical management of OA were adopted (i.e., 
pain, physical function, activity level, global assessment, 
and quality of life, etc.) [34, 35] for the clinical outcomes. 
The primary outcome will be Knee OA and Outcomes 
Score-12 (KOOS-12) [36]. The KOOS score has previ-
ously been validated in Singapore [37]. Other domains 
include quality of life, global assessment and symptom 
satisfaction (Tables 2 and 3).

The choice of PPMs was based on the recommended 
OARSI performance test for functional testing in OA 
[35]. Gait speed timed up-and-go, 4-stair climb test 
and 30-s chair stand were chosen to encompass the key 
domains of functional activities from sit-to-stand, walk-
ing short distances, stair negotiation and ambulatory 
transitions. The UCLA activity score is a validated score 

that is recommended for use in patients with hip or knee 
OA [38].

The Panel on Cost-Effectiveness in Health and Medi-
cine recommends the use of a societal perspective to 
ensure that potentially important indirect costs such as 
productivity and caregiver cost would not be omitted 
[39]. Cost and healthcare utilization data will be col-
lected via hospital administrative databases and patient-
reported questionnaires to estimate direct medical, direct 
non-medical and indirect costs. Indirect costs include 
health-related productivity loss due to knee OA [40] 
from absenteeism and presenteeism, measured with the 
Work Productivity and Activity Impairment Question-
naire (WPAI) [41]. The scope of the cost data collection 
was based on the validated OA Cost and Consequences 
Questionnaire (OCC-Q) [42] and adapted to the Singa-
pore context to ensure that all relevant sources of cost 
were collected.

Outcome measures timepoints
Upon baseline outcome measure taking, participants will 
be followed up at 4  months, 12  months, and annually 
after that. To reduce respondent fatigue and keep ques-
tionnaire burden to the minimum, psychosocial variables 
will be administered in two phases (Table 2) with a core 
set of outcome measures collected at all time points. In 
addition, certain psychosocial variables eg. built envi-
ronment, that are not anticipated to change significantly 
over time will only be taken at baseline (Table 4).

Table 2  Overview of outcome measures

a To be administered in phase 1 of study
b To be administered in phase 2 of study

Baseline Characteristics Psychosocial Variables Clinical, Productivity and Healthcare Utilization 
Outcomes

Sociodemographic Depression and Anxiety Patient Health Questionnaire-4 Knee Function Knee OA and Outcome Score 
(KOOS)

Arthritis status Pain catastrophizing/ 
fear of movement

Brief fear of movement Quality of Life EQ-5D

Comorbidities and 
Functional Status

Pain experience Pain intensity and interference 
PEG Scale

Physical Performance Gait Speed
Time-up-and-Go (TUG)
Sit-to-stand (STS)
Stair climb

Social support Multidimensional Scale of 
Perceived Social Support

Physical Activity Level Step count
UCLA activity level

Built Environmenta Built environment questionnaire Dietary behaviour Dietary Questionnaire

Chronic Illness Shamea Chronic Illness Shame Scale Global assessment Global Perceived Effect

Religion and Spiritualitya Religion questionnaire Symptom Satisfaction Patient Acceptable Symptom 
Scale

Injustice experienceb Injustice Experience Question‑
naire

Cost, Productivity and 
Healthcare Utilization

OA Cost and Consequences 
Questionnaire (including indirect 
costs and productivity)

Self-efficacyb Arthritis Self-Efficacy Scale OA Care Qualitya OA Quality Indicator (OA-QI)
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Table 3  Outcome measures

1. Sociodemographic and clinical data
  Sociodemographic data Data of the participants’ age, gender, ethnicity, education level, hous‑

ing type, marital status, living arrangement, occupation will be collected 
through self-report

  Arthritis status Clinical variables including arthritis profile, duration, mobility and radio‑
graphic severity (Kellegren-Lawrence), and will be collected through a 
combination of self-report and clinical data extraction

  Comorbidity and Functional Status Charlson comorbidity index [27], Barthel Index for Activities of Daily Living 
[28] and Parker Mobility Score [29]

2. Knee function
  KOOS-12 KOOS-12 is a 12-item assessment tool on the participants’ perception of 

their knee function in the domains of pain, function and daily living, and 
quality of life [36]. It is measured on a 5-point Likert scale from 0 to 4, with 
4 questions in each domain and scored using summative scores in each 
domain

  Physical Performance 4 physical performance activities encompass the key domains of functional 
activities
1. Gait speed
2. Timed up-and-go
3. 4-stair climb test
4. 30-s chair stand

3. Quality of life
The EQ-5D-5L questionnaire, consisting of 5 domains (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) will be used to 
assess participant’s quality of life [43]. Each dimension contains 5 levels, from no problem to extreme problems. A 5-digit number which describes the 
patient’s health state will be generated based on the levels that participants selected for each item. A subsequent index can be computed based on 
the valuation of the number. A vertical visual analogue scale in the assessment tool also provides for a quantitative measure of participants’ perceived 
health status

4. Depression and anxiety
The Patient Health Questionnaire-4 (PHQ-4) is a 4-item questionnaire answered on a four-point Likert-scale to allow the measurement of core sign 
and symptoms of depression and anxiety [14]. Total score is determined by adding together the scores of each of the 4 items. Scores are rated as 
normal (0–2), mild (3–5), moderate (6–8), and severe (9–12)

5. Pain experience
Pain average (P), interference with Enjoyment of life (E), and interference with General activity (G) (PEG) will be used to assess the pain experience 
[44]. The PEG is a three-item measure derived from the Brief Pain Inventory (BPI) [11, 45] that measures average pain intensity (one item) and pain 
interference (two items). Patients rate their pain intensity on a numerical rating scale from 0 (no pain) to 10 (pain as bad as you can imagine) and pain 
interference with enjoyment of life and general activity from 0 (does not interfere) to 10 (completely interferes). A mean score from the three ques‑
tions will be computed to derive the overall pain impact

6. Activity level
The UCLA activity score is a 10-point activity scale that assesses activity level based on 10 descriptive activity levels ranging from 1 (i.e., wholly inac‑
tive, dependent on others and cannot leave residence) to 10 (i.e., regular participation in impact sports) [38]

7. Dietary behaviours
A dietary related questionnaire will be used to survey the dietary habits of the participants over the past four months. Questions include the 
frequency of intake of deep-fried foods, fruits and vegetables, whole grains, and sugar, as well as frequency of over-eating, stress eating, and dietary 
intention. Responses are reviewed and domain scores will be derived where applicable

8. Global and satisfaction
  Global Assessment The Global Perceived Effect (GPE) scale assesses the patient’s perception 

of knee OA progression [46]. It is a single item measure with 7-point Likert 
scale

  Satisfaction with treatment Patient Acceptable Symptom Scale (PASS) consists of an item pertaining to 
the perceived satisfaction of knee function, with a binary yes/no response 
[47]

  Treatment failure Perceived treatment failure will be assessed by an item about the par‑
ticipant’s current condition relating to the failure of the current course of 
treatment, with a binary yes/no response
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Sample size calculation
Sample size was estimated using G*Power 3.1.9.2. With 
a small effect size of 0.05, 0.05 type I error, 0.95 power 
of study and 10 predictive factors to be included into 
the model, the study will need to recruit 262 sub-
jects. The final estimated sample size will be 420 cases 
after considering 20% attrition rate at each time point 
[(262 × 0.2) × 3 + 262] up to 2 years. Recruitment will be 
continued through the entire period to maximize statisti-
cal power.

Statistical analysis plan
Data will be explored, cleaned and analysedusing STATA 
version 16.0 [56]. Descriptive statistics will be used to 
describe the demographic and clinical characteristics of 
the participants. The distribution of the continuous data 
will be assessed using skewness, kurtosis as well as his-
togram. Continuous data will be presented as mean and 
standard deviation if the data is normally distributed, 
otherwise median and interquartile range. Categorical 
variables will be presented as frequency and percentage.

Table 3  (continued)

9. Perceived quality of care
The OA Quality Indicator (OA-QI) questionnaire seeks to understand the self-reported standard and level of information that the patient was provided 
with by the healthcare organisation [48]

10. Costs
Data on the acute health services usage (surgical, medication, others), specialist/medical service usage, community services programme, aids and 
adaptation will be collected, and the cost on the services related to the knee will be retrieved from the hospital data and the patient-reported cost 
questionnaire based on the Work Productivity and Activity Impairment Questionnaire (WPAI) and OA Cost and Consequences Questionnaire (OCC-Q)

11. Psychosocial
  Fear of movement Brief Fear of Movement (BFOM) assesses the fear of movement that patient 

experience [49]. The questionnaire consists of six questions with a 4-point 
Likert scale ranging from 1 (strongly disagree) to 4 (strongly agree). A 
summative score of the six questions will be computed, with higher score 
indicating greater fear of movement

  Self-efficacy The Arthritis Self-Efficacy Scale (ASES) assesses how the participants’ confi‑
dence in performing certain daily tasks [50]. The summative score indicates 
the level of self-efficacy the participant has in managing their arthritis

  Pain acceptance Chronic Pain Acceptance Questionnaire – 2 (CPAQ-2) is a two-item ques‑
tionnaire that explores participants’ acceptance of pain in their daily living 
[51]. Participants rate their response in a seven-point Likert scale range from 
never true (1) to always true (7)

  Injustice experience The Injustice Experience Questionnaire consists of 12 statements that 
assesses how participants’ perception of injustice in their health condition 
[52]. The responses will be recorded in a five-point Likert scale range from 
0—not at all to 4—all the time, and a total score of all the questions will be 
computed

  Social support The Multidimensional Scale of Perceived Social Support (MSPSS) is used to 
measure patients’ perception of perceived social support [53]. There were 
12 questions in the questionnaire, and each item is rated on a seven-point 
Likert-type response format (1—very strongly disagree; 7—very strongly 
agree). A total score is calculated by summing the results for all items. The 
possible score range is between 12 and 84, the higher the score the higher 
the perceived social support

  Chronic illness-related shame  Chronic illness-related shame score (CISS) is a scale specifically focused 
on shame feelings derived from illness-related experiences [54]. The CISS 
composed of seven items measured on a five-point Likert scare range from 
0 (Never True) to 4 (Always True)

  Religion and spirituality The religion and spirituality questionnaire is a 2-item assessment tool devel‑
oped by the study team to assess the extent that religion and spirituality is 
a factor in helping the patient cope with their knee condition. The items are 
rated from 1 (very strongly agree) to 7 (very strongly disagree)

  Built environment The built environment questionnaire is a 5-item developed by the study 
team to assess the participant’s perceptions of accessibility of physical 
facilities and amenities around their place of residence. This was adapted 
from the International Physical Activity Questionnaire (IPAQ) environmental 
module [55]. The items are rated from 1 (very strongly agree) to 7 (very 
strongly disagree)
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Prognostic factors that influence the rehabilitation outcomes
Linear regression modelling will be used to investi-
gate the factors that influence the knee function of the 
patients. Simple linear regression will be used to explore 
the variables which significantly predict the outcome, and 
stepwise variable selection method will be used to build 
the multivariable models. Multicollinearity and interac-
tion terms of the final model will be checked, and hetero-
scedasticity. The model fit will be checked and assessed 
using Hosmer-Leme show goodness of fit test. In second-
ary analysis, mixed effect generalized linear models will 
be used to explore the changes in outcomes across time 
as well as the factors predicting the outcome of interest. 
Mediation analyses will also be conducted to explore the 
potential mediating psychosocial factors between predic-
tors with clinical outcomes. Structural equation model-
ling (SEM) cross lagged analysis, an analytical strategy 
used to describe reciprocal relationships or directional 
influences, between variables over time, will be used to 
estimate the directional effects of various psychosocial 

factors at different time points. Statistical significance 
will be denoted as p < 0.05.

Handling of missing data
The missing data percentage will be explored and 
addressed when appropriate. Logistic regression will 
be used to ascertain the missing data mechanism and 
the association between the missingness and baseline 
covariates. Where appropriate, multiple imputation 
with predictive mean matching (PMM) will be used to 
predict and impute the missing continuous data based 
on the observed baseline covariates at each follow-up. 
On the other hand, the imputation of binary outcomes 
will be done using the ‘miimputelogit’ package from 
STATA [57].

Cohort retention strategies
Long questionnaires and repeated follow ups may also 
influence attrition rates. Appropriate retention strategies 
will be applied to support participant retention [58]. This 
study will take on a multi-pronged approach in retain-
ing participants and reducing attrition rates across the 
follow up timepoints. First, the outcome assessor of the 
participants will be kept consistent such that each partic-
ipant will only be liaising with one member of the study 
team where a rapport has been established. Second, the 
questionnaire administration will adopt a barrier reduc-
ing approach in which participants will have the choice 
to complete the questionnaire on their own via an online 
digital secure form, at a time and place of their con-
venience or through the use of a hardcopy form. Third, 
through the provision of a grocery voucher after comple-
tion of the questionnaire at every timepoint, it is hoped 
that participants will feel incentivized to stay in the study 
throughout the study period.

Data collection and storage
The collected data will be monitored by the study team. 
Data quality measures include queries to identify outli-
ers and missing data analysis will be performed. A unique 
identifier will be assigned to each participant after enrol-
ment to ensure patient confidentiality. The data collected 
will be stored on the Research Electronic Data Capture 
(REDCAP) system, a secure web application widely used 
for clinical data management in research.

Discussion and conclusion
The longitudinal data of psychosocial outcomes in 
patients with knee OA collected in this study will provide 
clinicians, researchers and policymakers with contextu-
alised knowledge to inform more data-driven care and 
to create more value-based models of care for knee OA 
patients. Studying psychosocial factors in the context of 

Table 4  Data collection at different time points

a Core outcome measures

Measure Baseline 4 month 12 month 24 month

Baseline
  Informed consent ✓
  Demographic ✓
  Arthritis status ✓
  Comorbidity ✓
Clinical and functional assessment
  Knee functiona ✓ ✓ ✓ ✓
  Quality of lifea ✓ ✓ ✓ ✓
  Depression and 
anxietya

✓ ✓ ✓ ✓

  Pain experiencea ✓ ✓ ✓ ✓
  Activity levela ✓ ✓ ✓ ✓
  Dietary behaviours ✓ ✓ ✓ ✓
  Global assessmenta ✓ ✓ ✓
  Satisfaction with 
treatmenta

✓ ✓ ✓

Healthcare Utilization 
and Productivity Costsa

✓ ✓ ✓ ✓

Quality of Care ✓
Psychosocial
  Fear of movement ✓ ✓ ✓ ✓
  Self-efficacy ✓ ✓ ✓ ✓
  Pain acceptance ✓ ✓ ✓ ✓
  Injustice experience ✓
  Social support ✓
  Chronic illness shame ✓
  Religion and spirituality ✓
  Built environment ✓
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the Singapore and the broader Asian culture is important 
because there are likely to be differences in the psychoso-
cial characteristics and presentation in the local popula-
tion compared to studies in other countries. A review by 
Sathiyamoorthy et  al. of the cultural factors influencing 
OA care in Asian communities highlighted the key role 
that cultural factors play in the uptake of OA manage-
ment practices among Asians and posited that greater 
awareness of these cultural factors may improve overall 
management of OA among Asian patients [59]. Much 
work is needed to contextualize, identify and pheno-
type the critical (and potentially modifiable) psychoso-
cial parameters that aid positive clinical outcomes in the 
OA population to guide optimization and refinement of 
healthcare and community.

“Psychosocial phenotyping” is an increasingly pow-
erful tool to optimize personalized self-management 
interventions for people with chronic diseases that have 
been shown to be effective in many other conditions [60]. 
Psychosocial phenotyping has already been done in local 
studies in other contexts and diseases such as cancer [61, 
62], eye diseases [63], and frailty [64], where findings 
could help guide targeted interventions and inform poli-
cies. Psychosocial phenotyping through the identifica-
tion of the key psychosocial predictive factors will allow 
for the practice of “Precision Medicine”. Within knee OA, 
efforts have been made to phenotype patients based on a 
host of clinical variables [65, 66] with some studies focus-
ing specifically on psychological factors [67, 68]. Through 
understanding the directional and mediation relation-
ships between the various psychosocial factors and its 
association with established self-reported measures 
(SRM), physical-performance measures (PPMs), objec-
tive clinical parameters such as radiographic severity, 
this will allow us to untangle the complex relationships 
between the various measures that have been used in 
knee OA and develop conceptual frameworks to support 
further research.

Results from this study can be used in several ways. 
Firstly, it can help raise awareness among clinicians 
who manage patients with knee OA to identify high 
risk knee OA subpopulations that will likely experi-
ence poor outcomes based on pre-existing factors. This 
would allow them to address these factors and poten-
tially formulate targeted approaches to address these 
psychosocial factors to optimize non-surgical treat-
ment care, maximize functional outcomes and reduc-
ing/delaying the need for expensive surgery. Secondly, 
the results will inform the development of holistic 
biopsychosocial integrated multidisciplinary care mod-
els that specifically targets high-risk population groups 
to intervene on prognostic psychosocial factors to 

optimize outcomes. Results can also be used to aug-
ment existing clinical practice guidelines and promote 
cross-disciplinary training and collaboration to further 
support integrated care models.

For this study, recruitment will primarily be centred 
around the tertiary hospitals as patients presenting to 
the hospital are more likely to be experiencing more 
symptomatic and debilitating knee OA with the cor-
responding associated psychosocial factors. This will 
allow for relationships between psychosocial factors 
and outcomes to be more clearly established through 
a well-defined hospital-based cohort. In the next phase 
upon completion of this study, there are plans for sub-
sequent phases of the cohort study to be expanded fur-
ther downstream to primary care and the community 
and to explore other psychosocial factors that emerge 
over time as part of the larger effort to develop a com-
prehensive biopsychosocial understanding of knee OA.
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