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Abstract
Background Health-related quality of life (HRQL) is an important endpoint when evaluating the effectiveness of 
interventions in people living with hip and knee osteoarthritis (OA). The aim of this study was to generate domains for 
a new OA-specific preference-based index of HRQL in people living with hip or knee OA.

Methods The proposed HRQL index was based on a formative measurement model. The study included people 
aged 50 years and older, who reported being diagnosed with hip or knee OA. Participants reported the most 
important areas of their lives affected by OA. BERTopic method was used for topic modeling as part of Natural 
Language Processing. Hierarchical topic modeling was applied to merge similar topics together.

Results A total of 102 people participated from across Canada. The participants had a mean age of 64.3 ± 7.6 
years, and they reported having either knee (48.0%) or hip (16.7%) OA, or both (35.3%). Six major topics that affect 
the quality of life of people with OA emerged from the BERTopic analysis. Pain, going up and down stairs, walking, 
standing at home or work, sleep, and playing with grandchildren were the major concerns reported by people living 
with OA.

Conclusion This study used natural language processing to generate domains for a new OA-specific HRQL index that 
is based on the views of people living with hip or knee OA. Six domains important to people living with OA formed 
the construct of HRQL. The next steps will be to create items based on the topics generated from this analysis and 
elicit people’s preferences for the different items.
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Background
Osteoarthritis (OA) is the most common form of arthri-
tis and a leading cause of disability around the world [1]. 
Approximately 4  million Canadians are living with OA 
[2], and the healthcare costs for this population in 2010 
were estimated to be $2.9 billion [3]. With an aging pop-
ulation and rising rates of obesity [4–6], these costs are 
expected to reach $7.6 billion by 2031 [3]. In face of these 
increasing costs, policymakers and researchers need to 
have standardized tools to assess the cost-effectiveness of 
different surgical and non-surgical interventions in OA.

Although OA can occur in any joint, it most commonly 
affects hips and knees [7, 8]. Symptoms of OA cause 
musculoskeletal stiffness and pain, and these can affect 
walking, working, and performing daily activities [9–11]. 
This deterioration in daily function following OA symp-
toms can lead to a gradual decline in one’s health-related 
quality of life (HRQL).

HRQL is an important endpoint when evaluating 
the effectiveness of interventions in OA [12–14]. One 
approach to assessing HRQL is with health profiles [15], 
where each domain of health is queried with multiple 
items and a score is derived by adding responses together. 
A systematic review of patient-reported outcome mea-
sures in OA, identified that the most used measures were 
the Western Ontario McMaster Osteoarthritis Index, the 
Short Form 36 and the Knee Disability and Osteoarthritis 
Outcome Score, all of which are health profiles [16]. With 
health profiles, each item is assumed to have equal weight 
to the total score [15]. However, this may not always be 
the case, as some items might have a greater impact on 
one’s quality of life than others.

Another approach to measuring HRQL is with prefer-
ence-based indices [17]. Preference-based indices have 
only one item per dimension [18, 19]. Each of the dimen-
sions are weighted, and these weights are used to derive a 
total score. This method has the advantage of balancing 
gains in one dimension against losses in others. Prefer-
ence-based measures can provide one meaningful value 
across multiple dimensions which can be used to com-
pare different treatment approaches and for the evalua-
tion of cost-effectiveness [17]. They are also shorter than 
other measures and typically have five to eight dimen-
sions. They can be easily administered online, through an 
app or at a clinic visit.

Existing preference-based measures of HRQL that are 
used in people with OA are generic and may not assess 
the specific health concerns of this population [20–22]. 
In addition, the weights assigned to the various quality of 
life areas are based on the views of the general popula-
tion, but people living with OA may weigh the areas dif-
ferently than those who have never experienced it. The 
goal of this study is to develop a multidimensional dis-
ease-specific preference-based index of HRQL for people 

living with hip or knee OA, that includes domains impor-
tant to the quality of life of this population. In this paper, 
domains for the new HRQL index were generated based 
on the perspectives of people living with hip or knee OA.

Methods
Participants
People aged 50 years and older with symptomatic hip or 
knee OA, who reported being diagnosed by a physician, 
were invited to participate in the study between April 
2023 and July 2023. Individuals were recruited largely 
through a third-party online company, Hosted in Canada 
Surveys (Ottawa, Ontario) with additional respondents 
recruited from advertising the study on the Arthritis 
Society Canada website.

Study design
This was a cross-sectional study. Participants were asked 
to fill out an online survey. The online survey contained 
a study consent form, a demographic questionnaire, the 
Patient-Generated Index (PGI) [23], and a generic HRQL 
questionnaire (EQ-5D) [24]. The demographic question-
naire was quantitative in nature, and included questions 
about sex, age, level of education, marital status, living 
status, employment status, as well as the length of OA, 
other OA-affected joints, and level of pain. The PGI 
included both open-ended and quantitative questions. 
The first part of the PGI was an open-ended question, 
where participants nominated up to 5 most important 
domains of their lives affected by OA. The second and 
third parts were quantitative questions: participants rated 
how well or poorly they were doing on each domain, and 
prioritized the domains in terms of relative importance 
for improvement. Ethical approval for the research was 
obtained from the Hamilton Integrated Research Ethics 
Board (#14895).

Sample size
Our target sample size for the study was approximately 
100 participants. In line with guidelines from the COn-
sensus-based Standards for the selection of health Mea-
surement INstruments (COSMIN) [25], a sample size of 
100 participants is needed to identify relevant content for 
a measure.

Data analysis
Descriptive statistics were used to analyze the charac-
teristics of participants. Mean and standard deviation 
values were calculated for continuous variables and fre-
quency (percentage) values were calculated for categori-
cal variables.

Topic modeling was applied to discover the topics from 
the collected PGI answers. Topic modeling is a natural 
language processing (NLP) technique that can identify 
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topics present in a text automatically. This method has 
been used in health research for analyzing textual data, 
such as synthesizing health-related literature [26, 27], 
predicting medical issues [28, 29] and understanding 
patients’ perspectives [30–32]. For conducting topic 
modeling to analyze PGI responses, BERTopic was used. 
This comprehensive topic modeling utilizes the Bidi-
rectional Encoder Representations from Transformers 
(BERT) model that clusters words and extracts the topics 
as a cluster composed of a combination of words with the 
highest weights [33]. In this study, a pre-trained Sentence 

Bidirectional Encoder Representations from Transform-
ers (SBERT) was used to transform the PGI responses 
to embeddings, categorized them into semantic similar 
word clusters, extracted as topics from clusters and using 
Class-based Term Frequency-Inverse Document Fre-
quency (c-TF-IDF) to represent the topics [34].

Using BERTopic, topics can be easily interpreted while 
maintaining important words in the topic description. 
The BERTopic hierarchical topic modeling was applied 
to explore the possible hierarchical nature of the top-
ics. Hierarchical clustering allows topics to merge with 
other similar topics [35]. Topics were merged in a step-
by-step process; each time a topic was merged the rep-
resentation graphs were updated and reviewed. Based on 
the keywords that emerged from each topic, the final set 
of merged topics was summarized by two authors and 
reviewed by the others.

Results
Participant characteristics
A description of the sample is summarized in Table  1. 
A total of 102 people with OA were recruited across 10 
provinces in Canada. The participants had a mean age 
of 64.3 ± 7.6 years, and they reported having either knee 
(48.0%) or hip (16.7%) OA or both (35.3%). Participants 
were living with OA for a mean of 14.0 ± 10.1 years since 
diagnosis. Their mean OA pain level was 5.8 ± 2.1 out 
of 10 (10 being the worst) at the time of the study. The 
results of the EQ-5D-5  L assessment indicate a mean 
score of 0.6 ± 0.2. The EQ-5D Visual Analogues Scale 
yielded a mean score of 57.0, with a standard deviation 
of 19.0, reflecting participants’ evaluation of their general 
health state on a scale from 0 (worst imaginable health 
state) to 100 (best imaginable health state).

Findings from the PGI
A total of 380 text threads were retrieved from the PGI 
answers. As shown in Table 2, the BERTopic model ini-
tially identified 14 different topics that affect the quality 
of life of people with OA. For example, the representa-
tion words for the first topic (Topic 0) were knee, pain-
ful, and pain, therefore, this topic was labeled or inferred 
as ‘knee pain’. The representation words for Topic 1 were 
house, work, and housework, therefore, this topic was 
inferred as ‘housework’. In summary, the frequently nom-
inated topics were related to knee pain (Topic 0, n = 48), 
housework (Topic 1, n = 43), up and down stairs (Topic 
2, n = 31), walking (Topic 3, n = 30), climbing (Topic 4, 
n = 25), sleeping (Topic 5, n = 22), walking with dogs 
(Topic 6, n = 20), standing (Topic 7, n = 17), playing with 
grandchildren (Topic 8, n = 16), walking long distances 
(Topic 9, n = 14), sitting (Topic 10, n = 12), back pain 
(Topic 11, n = 12), in and out of the car (Topic 12, n = 11), 
and bending (Topic 13, n = 11).

Table 1 Socio-demographic characteristics of participants 
(n = 102)
Characteristics Participants (n = 102)
Sex, n (%)
 Female 76 (74.5)
Age (years), mean (SD) 63.4 (7.6)
Duration of OA (years), mean (SD) 14.0 (10.1)
Type of OA, n(%)
 Knee 49 (48.0)
 Hip 17 (16.7)
 Both knee and hip 36 (35.3)
OA pain level (0–10)b, mean (SD) 5.8 (2.1)
Province, n(%)
 Ontario 45 (44.1)
 Alberta 11 (10.8)
 Quebec 10 (9.8)
 Manitoba 9 (8.8)
 Nova Scotia 8 (7.8)
 Other Provinces a 19 (18.6)
Education level, n (%)
 High school or less 31 (30.4)
 CEGEP or College 39 (38.2)
 Bachelor’s degree 24 (23.5)
 Graduate degree 8 (7.8)
Marital status, n (%)
 Married / Common law 61 (59.8)
 Divorced / Separated 22 (21.6)
 Never married 12 (11.8)
 Widowed 7 (6.9)
Employment status, n (%)
 Full-time employed 18 (17.6)
 Part-time employed 10 (9.8)
 Self-employed 9 (8.8)
 Long-term disabilities 7 (6.9)
 Retired 50 (49.0)
 Unemployed 5 (4.9)
 Others 3 (3.0)
EQ-5D-5 L 0.6 (0.2)
EQ-5D Visual Analogue Scale c 57.0 (19.0)
a British Columbia , New Brunswick , Newfoundland and Labrador , Saskatchewan 
, Prince Edward Island 
b higher number is more pain
c higher number is better
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Figure 1 shows the initial topics and how the first itera-
tion of the hierarchical cluster analysis suggested merging 
similar topics. For example, Topic 2 (upanddown_stairs_
going_go) and topic 4 (stairs_climbing_climb_going-
down) were merged because the two topics were quite 
similar in meaning. This iterative merging process 
resulted in a total of 6 major topics. Standing, walking, 
stairs, pain, playing with grandchildren, and sleeping 
were the major concerns that impacted the quality of life 
of people living with hip or knee OA. In Fig. 2, the words 
representative of each merged topic is presented as bar 
charts. The x-axis is the c-TF-IDF score for each word, 
the higher the score the more important a word is to the 
topic. In other words, a higher c-TF-IDF value indicates 
that a word is more representative of the topic. The most 
representative word is typically listed first and has the 
highest c-TF-IDF score.

Discussion
To our knowledge, this is the first study to use NLP topic 
modeling to generate domains for an OA-specific pref-
erence-based index of HRQL. Individuals living with hip 
or knee OA were queried about the aspects of their lives 
that were most affected by their health condition. Based 
on data from participants with OA, 6 topics that were 
important for inclusion in a preference-based index of 
HRQL were generated: (i) standing at home or work; (ii) 
walking; (iii) going up and down stairs; (iv) pain; (v) play-
ing with grandchildren; and (vi) sleeping.

We used NLP to identify the key topics from the 
dataset in this study. BERTopic is based on pre-trained 
sentence transformers that evaluate the semantic rela-
tionship between words to identify meaningful topics 
[34]. Traditional approaches to content development for 
a new measure require manual review and categorization 

Table 2 Representation of 14 topics generated by BERTopic modeling
Topic Count Name Representation
0 48 0_knee_painful_pain_sore [knee, painful, pain, sore, knees, movements, …
1 43 1_house_work_shopping_housework [house, work, shopping, housework, chores, cle…
2 31 2_upanddown_stairs_going_go [upanddown, stairs, going, go, goingup, hills,…
3 30 3_walking_mobility_hikes_riding [walking, mobility, hikes, riding, peddle, out…
4 25 4_stairs_climbing_climb_goingdown [stairs, climbing, climb, goingdown, of, painf…
5 22 5_sleep_sleeping_awake_night [sleep, sleeping, awake, night, pain, tired, k…
6 20 6_walk_dog_walks_dogs [walk, dog, walks, dogs, with, my, take, the, …
7 17 7_stand_standing_cook_time [stand, standing, cook, time, for, long, strai…
8 16 8_grandchildren_play_playwith_pets [grandchildren, play, playwith, pets, playing,…
9 14 9_long_walk_walks_distances [long, walk, walks, distances, distance, posit…
10 12 10_sit_sitting_cross_watch [sit, sitting, cross, watch, tv, legged, sitdo…
11 12 11_back_spine_lower_shoulders [back, spine, lower, shoulders, posture, lumba…
12 11 12_inandout_of_car_showering [inandout, of, car, showering, shower, getting…
13 11 13_bending_bendingdown_bendingover_tieup [bending, bendingdown, bendingover, tieup, som…

Fig. 1 Hierarchical clustering graph of 14 topics
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of the data by researchers which are not always practi-
cal when there are large volumes of unstructured data. 
However, BERTopic modeling could provide an efficient 
method as an advanced analytical approach, to uncover 
themes and patterns from open-ended text data obtained 
from participants. We chose BERTopic over traditional 
qualitative analysis methods in the context of our study 
because BERTopic is an automated and scalable method 
that leverages advanced NLP techniques to handle 
unstructured textual data efficiently [34]. In addition, 
BERTopic relies on algorithms to group words into top-
ics based on semantic similarity, which reduces the risk 
of researcher bias in identifying themes. The clustering is 
based on pre-trained models (i.e., SBERT), ensuring that 
topics are consistently derived from the data [30, 34, 36]. 
Furthermore, this approach can identify nuanced topics 
and subtle relationships in the data, which might not be 
easily captured through other analytical methods. This 
can provide unexpected insights by uncovering patterns 
that might not be immediately visible. Given the com-
plexity of survey responses and the need for clear topic 
descriptions, BERTopic was the most appropriate choice 
for this study [34, 37, 38]. Our study demonstrated that 
this advanced method could be a useful tool for develop-
ing new outcome measures.

In our study, people with hip or knee OA reported 
HRQL concerns that were specific to their condition but 
may be overlooked by generic preference-based mea-
sures. For example, participants reported that being able 
to play with their grandchildren and sleep was important 
to them. However, these areas are not reflected in generic 
preference-based indices such as the EQ-5D and Health 

Utilities Index (HUI). Content validity is one of the most 
important measurement properties, as the items of a 
measure should be comprehensible, comprehensive and 
relevant to the target population [25, 39, 40]. Using mea-
sures with good content validity in the population under 
study is important when evaluating the effects of a condi-
tion and its treatment.

An advantage of preference-based indices is that they 
can be applied in a variety of settings for a variety of pur-
poses. Applications of these measures include clinical 
practice with individual patients, clinical trials, popula-
tion health surveys, and economic evaluations to deter-
mine the cost-utility of interventions [41]. Another 
advantage of preference-based indices is their ability to 
represent multiple viewpoints by using different types 
of evaluators to determine the importance or weight 
attached to each item, including patients, caregivers, 
health professionals and members of the general public. 
Scoring weights for generic preference-based indices, 
such as the EQ-5D and the HUI, were obtained from the 
general population. In economic applications, the use of 
societal preferences for health states is justifiable, for it 
is society that pays for the services [15]. However, such 
preferences obtained from individuals who have no expe-
rience of the health state can have limited applicability in 
a clinical setting. Clinicians may prefer measures that are 
representative of patient values, rather than from indi-
viduals who have little experience of the specific health 
states they are asked to value. An OA-specific prefer-
ence-based index may be able to fill the gaps in generic 
measures by tapping into domains that are specific to 
the health condition and weighted by people with lived 

Fig. 2 Six topics extracted with BERTopic hierarchical clustering
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experiences. Such a measure can provide clinicians and 
researchers with valuable information to make decisions 
about the effectiveness of different interventions.

The proposed measurement model for the OA spe-
cific preference-based index of HRQL is formative; the 
6 domains identified in this study form the multidimen-
sional construct of HRQL. Sum-scores are not recom-
mended for multidimensional HRQL measures that are 
based on formative models, and weighted scores are 
preferred [42, 43]. As such, the next step will be for the 
research team to create one item per domain using the 
words that emerged from each topic. These items will 
then be reviewed and revised through cognitive inter-
views with people living with hip or knee OA. Once 
the items are finalized, their relative importance will 
be determined, and a weighted scoring system will be 
developed.

A strength of this study was that the sample included 
participants living with OA from across Canada. In addi-
tion, we used a new topic modeling technique called 
BERTopic to analyze the responses in detail and assessed 
the results through various visualization methods. How-
ever, there were some limitations to this study. First, we 
did not know the severity of symptomatic OA. Second, 
we recruited participants online; therefore, our results 
may not be generalizable to all individuals living with 
hip or knee OA. Third, although we recruited partici-
pants from across Canada, there may be regional differ-
ences that can influence the findings. Fourth, although 
we adhered to COSMIN’s sample size guidelines, we did 
not assess if saturation was achieved. Last, the validity of 
topic modeling methods, compared to usual qualitative 
content analysis methods, should be examined in future 
research.

Conclusions
This study is the first step of a larger program to develop 
a preference-based index of HRQL for people living with 
OA. The next step will be to create items based on the 
topics generated from this analysis and elicit people’s 
preferences for the different health states in the index. 
The ultimate goal will be to develop an OA-specific 
HRQL index that incorporates the preferences of peo-
ple living with OA, and that can be used to evaluate the 
effectiveness of treatments.
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