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Abstract

Objective To identify long-term trajectories of physical function and health-related quality of life (HRQol) among
people with hip and/or knee osteoarthritis (HKOA) and the sociodemographic, lifestyle, and clinical factors associated
with different trajectories.

Methods Participants with HKOA from the EpiDoC study, a 10-year follow-up (2011-2021) population-based cohort,
were considered. Sociodemographic, lifestyle, and clinical variables were collected at baseline in a structured inter-
view and clinical appointment. Physical function and HRQolL were evaluated with the Health Assessment Question-
naire (HAQ) and EuroQol, respectively, at baseline and the three follow-ups. Group-based trajectory modeling identi-
fied physical function and HRQoL trajectories. Multinomial logistic regression analyzed the associations between the
covariates of interest and trajectory assignment (p < 0.05).

Results We included 983 participants with HKOA. We identified three trajectories for each outcome: “consistently low
disability” (32.0%), “slightly worsening moderate disability” (47.0%), and “consistently high disability” (21.0%) for physi-
cal function; ‘consistently high HRQol" (18.3%), “consistently moderate HRQol" (48.4%) and “consistently low HRQol”
(33.4%) for HRQoL. Age > 75 years, female sex, multimorbidity, and high baseline clinical severity were associated

with higher risk of assignment to poorer physical function and HRQol trajectories. Participants with high education
level and with regular physical activity had a lower risk of assignment to a poor trajectory. Unmanageable pain levels
increased the risk of assignment to the “‘consistently moderate HRQol" trajectory.

Conclusion Although the trajectories of physical function and HRQoL remained stable over 10 years, approximately
70% of people with HKOA maintained moderate or low physical function and HRQol over this period. Modifiable risk
factors like physical activity, multimorbidity and clinical severity were associated with poorer physical function and
HRQolL trajectories. These risk factors may be considered in tailored healthcare interventions.
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Introduction

Osteoarthritis (OA) is the most common joint disease,
affecting 519 million people worldwide in 2019 [1].
The hip and knee are the joints most affected by OA,
responsible for 9.6 million years lived with disability
[2]. Hip and/or knee OA (HKOA) comes at the high
cost of up to 1%—2.5% of the gross domestic product
of high-income countries due to the high utilization of
healthcare services, mostly for patients requiring total
joint replacement surgery. The high socioeconomic
burden of HKOA is also due to the absenteeism, early
retirement, and loss of productivity caused by this con-
dition [3].

People with HKOA experience acute and chronic pain
and limitations on physical function as well as progres-
sive negative consequences for their mental health,
health-related quality of life (HRQoL), and participation
in social, leisure, and occupational activities [4]. OA is a
long-course, fluctuating, and complex disease with vary-
ing clinical characteristics and heterogenous progression
[5]. This multidimensionality challenges the prediction
of the evolution of clinical symptoms and the long-term
impact of the disease in physical function and HRQoL
[6], and disease progression and phenotypes have been
suggested as top priorities issues for OA research [7].

Few studies have analyzed the long-term trajectories
of physical function and HRQoL in people with HKOA.
The systematic review by Wieczorek et al. (2020) has
suggested that pain and physical function trajectories
are stable over time, but some people might improve
their symptoms (6). HRQoL has been a less studied
outcome, and to our knowledge, only two studies from
the Osteoarthritis Iniciative analyzed the trajectory of
HRQoL in the long term, in people with knee OA, with
similar results [8]. Studies have reported follow-ups
from 12 weeks to 8 years, and a high heterogeneity was
noted in the number of trajectories found, the outcomes
analyzed, and statistical methods used [6]. As a chronic
health condition, longer follow-ups are needed to fully
understand the progression of HKOA. Understanding
the different trajectories of physical function and HRQoL
in people with HKOA in the long term, and factors that
may predict HKOA trajectories may allow clinicians to
individualize interventions according to clinical progres-
sion [8]. Stratifying patients by their risk of high levels of
disability and worsening quality of life and delivering tar-
geted treatment interventions has become a key focus for
OA research [7].

This study aimed to identify longitudinal trajecto-
ries of physical function and HRQoL over 10 years and
identify the sociodemographic, lifestyle, and clinical
variables associated with different trajectories. Sec-
ondarily, this study aimed to describe the patterns of
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specific dimensions of physical function and HRQoL in
the 10-year period.

Methods

Data source

This nationwide longitudinal study in Portugal analyzed
data from the Epidemiology of Chronic Diseases (Epi-
DoC) cohort (2011-2021), which was comprised of ran-
domly selected Portuguese adults (>18 years old) living
in private households, as previously described in the
literature [9]. The EpiDoC cohort had four waves: Epi-
DoC 1 (N=10,661) collected baseline data from Sep-
tember 2011 to December 2013; EpiDoC 2 (N=7,591)
started in March 2013 and ended in July 2015; EpiDoC 3
(N=5,653) started in September 2015 and ended in July
2016; and the most recent wave, EpiDoC 4 (N=3,757),
occurred from March to August 2021. The baseline
evaluation (EpiDoC 1) aimed to estimate the prevalence
of 12 rheumatic and musculoskeletal diseases (RMDs)
in Portugal, including HKOA. EpiDoC 1 was performed
in two phases. In the first phase, trained research assis-
tants conducted face-to-face interviews with a struc-
tured questionnaire to collect data on socioeconomic
status, chronic non-communicable diseases, HRQoL, and
healthcare resource consumption and screen for RMDs.
The second phase integrated a clinical appointment for
all participants who screened positive for RMDs and 20%
of those with negative RMD screenings who agreed to
participate. Each appointment consisted of a structured
evaluation with a rheumatologist — including laboratory
and imaging exams, if needed — to validate the RMD
diagnosis and evaluate the patient’s disease-related infor-
mation [9]. In this phase, data from 3877 participants
were collected. The participants who attended the clini-
cal appointments did not differ from those who did not
except for age group, gender and residence region, as
previously described [9].

In each follow-up wave, trained research assistants per-
formed follow-up evaluations as an interview over the
phone. These interviews were guided by a core question-
naire to collect data on socioeconomic status, new diag-
noses of chronic non-communicable diseases, HRQoL,
physical function, and healthcare resource consumption
to gather longitudinal data. Each wave also had specific
questions on lifestyles and health-related issues to enable
the collection of cross-sectional and longitudinal data [9,
10] - Fig. 1.

Study population

This study included participants from the EpiDoC cohort
with an HKOA diagnosis validated by a rheumatologist
during EpiDoC 1 according to the American College of
Rheumatology OA classification criteria for hip [11]
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were not followed.

Study Population EpiDoC 2 EpiDoC 3 EpiDoC 4
(2013-2015) (2015-2016) N (2021)
Participants Participants Participants Participants
983 969 749 453
2 | Death 11 35
g Wishes to leave the study 20 36
?.1 Invalid contact 57 79
2| could not be interviewed* 14 146 380

*Changed residence, refused interview, could not be contacted, incomplete interview, other reasons.

Fig. 1 Flowchart of study design for participants with hip/knee osteoarthritis

and knee OA [12]. Additionally, participants were only
included if they had participated in at least one follow-up
wave. Therefore, we excluded participants with HKOA
diagnosis who did not participate in any of the follow-
up waves. Of the 983 participants included in EpiDoC 1,
98.6% (n=969), participated in EpiDoC 2, 76.2% (n="749)
participated in EpiDoC 3 and 46.1% (n=453) partici-
pated in EpiDoC 4 - Fig. 1.

Attrition analysis

Slight differences were noted between participants who
dropped out, and included participants. Participants who
dropped out were older, with lower HRQoL and physi-
cal function, higher clinical severity and encompassed a
higher proportion of people with multimorbidity, with-
out partner and lower education, when compared to the
ones that were included — Additional File: Table S 2. On
average, included participants provided 3.1+0.8 time-
point measures of EQ5D-3L and HAQ scores. Total sam-
ple average years of EpiDoC 4 (2021) to baseline (EpiDoC
1) were 8.38 +£0.61 years — Additional File: Table S 3.

Outcome definition and measurements

Physical function

Physical function was measured with the Health Assess-
ment Questionnaire (HAQ), that is the most widely used
questionnaire to assess functional status in patients with
arthritis. Although not specific for people with HKOA, it
was previously tested in this population, showing good

psychometric properties [13]. HAQ was used in the first
phase of EpiDoC 1, as a baseline and by a phone inter-
view during the three follow-up assessments. This instru-
ment evaluates functional impairments in 20 activities of
daily living classified into eight dimensions: dressing and
grooming, arising, eating, walking, hygiene, reach, grip,
and common daily activities (e.g., shopping, entering and
exiting a car, and doing chores). Each activity was scored
from O to 3 according to the individual’s difficulty in per-
forming it: 0, “Without any difficulty”; 1, “With some dif-
ficulty”; 2, “With much difficulty”; and 3, “Unable to do”.
The worst score in each of the eight dimensions was then
summed and divided by the number of dimensions. The
total possible scores lie between zero, indicating no func-
tional impairment/disability, and 3, indicating complete
impairment/disability [13].

Health-related quality of life

HRQoL was measured with the Portuguese version of
EuroQoL, with a 5-dimension and 3-level (EQ-5D-3L)
descriptive system. The assessment took place in the
first phase of EpiDoC 1 at baseline and during the three
follow-up assessments, by phone interview. This instru-
ment describes health status in five dimensions: mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression. Each dimension is scored within three levels
(without problems, some problems, extreme problems).
Participants were asked to mark the option that would
best describe their experience on the day of the interview.
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This descriptive system was then computed to a single
summary index score using a valuation algorithm based
on interviews from the general Portuguese population
(weights from a representative national sample). In this
study, the EQ-5D-3L index score ranged from 1 to -0.59,
where 1 represents “full health’, 0 represent health states
equivalent to “death” and scores less than 0 represent
health states that are considered worse than being dead
[14].

Covariates of interest

Sociodemographic, lifestyle, and clinical variables were
collected during the baseline assessment. Given the scar-
city of data in some categories, and to ensure optimal
interpretation of the data, several variables were sub-
jected to categorical transformation.

In this study, we considered age class, sex, and geo-
graphic location — according to NUTS II territorial units
(Lisbon, North, Centre, Algarve, Alentejo, Madeira, and
Azores)—as sociodemographic variables. The age classes
were <55 years old, 55-64 years old, 65-74 years old,
and>75 years old. In the analysis of geographic loca-
tions, Madeira and Azores were merged to form one
“Islands” region. Marital status was categorized as “with
partner” (married or consensual union) and “no partner”
(single, widowed, or divorced). Education level was cat-
egorized according to the years of education completed:
“<4 years” (less than primary education), “4—9 years”
(primary or secondary education), and “> 10 years” (sec-
ondary or higher education). Body mass index (BMI) was
categorized as “underweight” (<18.49 kg/m?), “healthy
weight” (>18.5 and <24.99 kg/m?), “overweight” (>25
and <£29.99 kg/m?), and “obese” (> 30 kg/m?) according to
self-reported height and weight. Lifestyle variables were
collected as well, including smoking habits (“never;” “in
the past,” and “occasionally or daily”), and whether indi-
viduals participated in regular physical activity/sports
(“yes’, “no’, and “doesn’t know/doesn’t answer”). Alcohol
intake variable was categorized as “occasionally or daily”
or “never’, characterizing participants that consume and
participants that do not consume alcohol, respectively.

Multimorbidity was defined as having two or more
self-reported chronic non-communicable diseases from
the following list noted in the baseline assessment: high
blood pressure, high cholesterol, cardiac disease, diabetes
mellitus, chronic lung disease, problems in the digestive
tract, neurological disease, mental disease, allergies, can-
cer, and hyperuricemia [15].

Clinical severity was evaluated at baseline with the Por-
tuguese versions of the Knee Injury and Osteoarthritis
Outcome Score (KOOS) [16] and the Hip Disability and
Osteoarthritis Outcome Score (HOOS) [17]. HOOS/
KOOS are self-reported assessments that evaluate the
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consequences of HKOA in five dimensions: pain, other
symptoms, activities of daily living, sports and leisure,
and quality of life. Scores for each dimension were trans-
formed to a 0-100 scale, with O representing extreme
hip/knee problems and 100 representing no hip/knee
problems [16, 17]. A final composite score was calculated
with the mean score of each dimension, as previously
recommended [18]. For this study, and to facilitate the
interpretation of this measure, the final score is reported
as the inverted normalized mean score (0-100), with
higher values corresponding to higher clinical severity,
as previously documented [19]. Pain intensity was meas-
ured as the mean pain intensity in the previous week with
the 11-point Numeric Pain Rating Scale (NPRS) at base-
line. Zelman et al. (2003), using question 5 of the Brief
Pain Inventory scale to determine the average pain in the
previous week on an 11-point NPRS, found 5 points to be
the optimal cut-off point to consider a pain day manage-
able in OA (F [7, 9]=7.08, p<0.001) [20]. Therefore, we
divided the population into two subgroups: manageable
pain levels (<5 points) and unmanageable pain levels (>5
points).

These covariates are clinically important variables that,
according to literature, can potentially influence health
outcomes in people with HKOA [21]. Independent from
HKOA, age and sex can also generally influence physical
function and quality of life (outcomes). Age and sex are
also related with the presence of comorbidities, socio-
economic status and other health variables (independ-
ent variables) [22]. Therefore, these two variables were
included as confounders in the analysis. In case of more
than one joint affected, we considered the joint with the
worst score in KOOS/HOOS and in NPRS.

Data analysis

We first performed descriptive analysis of the HAQ and
EQ-5D-3L dimensions for each of the follow-ups in the
10-year period. The proportions of participants that
reported “some difficulty” and “with much difficulty” in
each HAQ dimension and “some problems” or “extreme
problems” in each EQ-5D-3L dimension were computed
and plotted, separately, for better interpretation — Addi-
tional File: Figure S 1 and S 2.

We used a group-based trajectory modeling analysis
to identify different trajectories of physical function and
HRQoL over the 10-year period. For this, we considered
only HKOA patients who participated in both the base-
line assessment and at least one of the cohort follow-ups.
Group-based trajectory modeling uses finite mixtures of
probability distributions based on maximum likelihood
estimation to identify clusters of individuals with similar
trajectories.
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Posterior probabilities were estimated to quantify the
likelihood of an individual belonging to a specific tra-
jectory, and participants were placed into their respec-
tive trajectories with the highest posterior probability.
We considered and tested models with three, four and
five trajectories — Additional File: Table S 5, Figure S 4.
The final model was chosen based on a combination of
several criteria, as recommended [23]. We considered
the log of the Bayes factor approximation, by compar-
ing changes in the Bayesian Information Criteria (BIC)
between models, in which lower BIC values indicate a
better model fit [24]. Odds of correct classification and
average posterior probabilities were also considered.
Nagin (2010) recommended that average posterior prob-
abilities should be>0.7, as the optimal cut-off [23]. To
ensure further statistical analysis we considered that each
trajectory should include at least #=100 participants,
approximately 10% of the sample size. With this informa-
tion, we finally considered the model with a meaningful
pragmatic interpretability, that better describes different
patterns of change from a clinical perspective [23].

A censored normal distribution specification was con-
sidered for both outcomes (EQ-5D-3L and HAQ scores).
In this approach, negative EQ-5D-3L scores were recoded
and attributed a value of 0 for compatibility because, the-
oretically, 0 and values below 0 represent a low HRQoL
state (N,e.oqeq=03). Therefore, in this analysis, the EQ-
5D-3L index scores ranged from O to 1.

Descriptive analysis was performed for the sociodemo-
graphic, clinical, and lifestyle characteristics of the study
population and each of the trajectory subgroups using
absolute and relative frequencies for categorical variables
and the mean and standard deviation for continuous var-
iables. The same analyses were conducted separately for
the participants included in each wave (Additional File:
Table S 1). Independence hypotheses were tested to com-
pare the different trajectory subgroups according to their
sociodemographic, clinical, and lifestyle characteristics
using non-parametric tests: Chi-squared for categorical
variables and Kruskal-Wallis for continuous variables.
Independency tests were also used to compare included
and drop-out participants in each wave (Additional File:
Table S 2).

Finally, we used a 2-step multinomial logistic regres-
sion model to assess the associations between the base-
line variables, namely the sociodemographic, clinical and
lifestyle variables, and trajectory groups assignment. In
the first step, we conducted a univariate analysis, consid-
ering a significance level of 0.25 to avoid early exclusion
of potentially important variables. Additionally, multi-
collinearity was checked with all independent variables
included in the multinomial model, showing variance
inflation factor (VIF) values below 3 [25]. Then, with a
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forward conditional method, we sequentially included
the statistically significant variables and compared
the models through likelihood ratio tests based on the
Akaike Information Criterion until the final models were
reached. The relative risk ratio (RRR) was estimated for
each variable with a 95% confidence interval (95% CI).

The models’ postestimation was evaluated through a
generalized Hosmer-Lemeshow goodness-of-fit test [26]
under the null hypothesis that the model fit the data cor-
rectly, i.e., the observed and expected frequencies did not
differ significantly.

The missing data for covariates was below 10% thus, no
imputation methods were used. Participants with miss-
ing data on the multinomial logistic regression analysis
were automatically excluded in this procedure, constitut-
ing a complete case analysis. The adjustment of sex and
age was forced in the models. Due to scarcity of data, the
normal and underweight BMI categories were merged
into one (<25.00 kg/m?).

All analyses were performed with STATA v16.1 con-
sidering a level of significance of 0.05. Trajectory analysis
was carried out using the traj plugin [23].

Results

Of the 983 participants with HKOA from the EpiDoC
cohort, 96 were diagnosed with hip OA, 803 with knee
OA, and 84 with hip and knee OA.

Patterns of physical function and HRQoL dimensions

over time

Considering physical function, EpiDoC 2 was the wave
with the highest percentage of people that reported
“some” or “much difficulty” in all dimensions of HAQ.
Namely, in “reach” this proportion was 78.12% (n=739),
in “walking” 70.59% (n=672) and in arising 68.73%
(n=655). These were also the dimensions with the high-
est proportion of people who experienced some or much
difficulty in all four waves. “Walking” was the dimension
with the largest increase in the proportion of people who
reported some or much difficulty between EpiDoC 1
(n=505, 51.37%) and EpiDoC 4 (=262, 64.37%) — Addi-
tional File: figure S 1, Table S 4.

Overall, the patterns in the EQ-5D-3L dimensions over
the 10-year period were similar to those in the HAQ
dimensions. Pain and mobility were the dimensions for
which the largest proportions of people with HKOA
reported some or extreme problems: 74.87% (n="715)
and 70.87% (n=674) in EpiDoC 2, respectively. Self-care
dimension had the greatest increase in the proportion
of people reporting some or extreme problems over the
10-year period (EpiDoC 1: n=194, 19.73%; EpiDoC 4:
n=125, 30.56%)—Additional File: figure S 2, Table S 4.
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Physical function and HRQol trajectories

Based on the BIC values and clinical interpretation of
trajectories, a model with three trajectory groups was
achieved for both physical function and HRQoL (Addi-
tional File: table S 5) with an average posterior prob-
ability of group membership greater than 0.7 (Additional
File: Table S 6). Trajectories of physical function in the
10-year follow-up were identified as: 1) “consistently
high disability” (#=204, 21.0%); 2) “slightly worsening
moderate disability” (n=472, 47.0%); and 3) “consistently
low disability” (n=307, 32.0%) — Fig. 2 a). For HRQoL,
the three trajectories were defined as: 1) “consistently
low HRQoL” (n=317, 33.4%); 2) “consistently moderate
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HRQoL” (n=501, 48.4%); 3) “consistently high HRQoL"
(n=165, 28.3%), where participants consistently reported
low, moderate and high HRQoL during the follow-up,
respectively — Fig. 2b).

Baseline characteristics of participants with HKOA
according to trajectory assignment

The HKOA participants (n=983) had a mean age of
62.2+11.2 years old, 71.3% (n=701) were female, 81.7%
(n=751) were overweight or obese, multimorbidity
was present in 70.8% (n=634) of the participants, and
only 21.6% (n=212) reported regular physical activity
(Table 1).

a)
3.0
18 ° = ®  Consistently high disability
' 21.0%
1.6 ®
14
(0]
‘8‘ 1.2 Slightly worsening
g1 ° . ——> moderate disabiity
< ® 47.0%
Tos p
0.6
0.4 ® Consistently low disability
/
02{ e e 32.0%
0.0
0 2 4 6 8 10
Average years to baseline
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1.0
Consistently high HRQoL
0-9 18.3%
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So7
8 o Consistently moderate
@ 06 \'//1 HRQoL
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g 0.5 °
w
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0.3 \./‘ 33.4%
[ ]
0.2
0.0
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Average years to baseline

Fig. 2 Estimated a) physical function and b) HRQoL trajectories for people with hip and/or knee osteoarthritis, and proportion of individuals in
each group. The horizontal axis includes the follow-up time and the vertical axis represents the final score of a) HAQ (min—-max: 0-3), in the case of
physical function, and b) EQ-5D-3L (min-max: 0-1), in case of HRQoL trajectories. Shapes represent observed mean estimates and lines represent
the predicted mean estimates. Y axis scale was partially collapsed and some values were omitted for better visualization
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Table 1 Baseline sociodemographic, anthropometric, lifestyle and clinical characteristics for the study population and Physical
Function trajectory groups

Total Sample Physical Function (HAQ score) Trajectories
n=983 Consistently high Slightly Consistently low p?
disability worsening disability
n=204 disability n=307
n=472
Sociodemographic

Age (years)

Mean (SD) 65.2(11.2) 70.9 (94) 654 (10.6) 61.2(11.5) <0.001
<55 years old, n (%) 170 (17.3%) 13 (6.4%) 79 (16.7%) 78 (25.4%) <0.001
55-64 years old, n (%) 265 (27.0%) 34 (16.7%) 128 (27.1%) 103 (33.6%)

65-74 years old, n (%) 340 (34.6%) 78 (38.2%) 168 (35.6%) 94 (30.6%)
>75 years old, n (%) 208 (21.2%) 79 (38.7%) 97 (20.6%) 32 (10.4%)
Female sex, n(%) 701 (71.3%) 176 (86.3%) 359 (76.1%) 166 (54.1%) <0.001

Region (NUTS 1), n (%)

North 267 (27.2%) 65 (31.9%) 125 (26.5%) 77 (25.1%) 0.032
Center 238 (24.2%) 47 (23.0%) 118 (25.0%) 73 (23.8%)
Lisbon 165 (26.8%) 31 (15.2%) 66 (14.0%) 68 (22.1%)
Alentejo 58 (5.9%) 15 (7.4%) 28 (5.9%) 15 (4.9%)
Algarve 20 (2.0%) 7 (3.4%) 6(1.3%) 7 (2.3%)
Islands 235 (23.9%) 39 (19.1%) 129 (27.3%) 67 (21.8%)
Marital status, partner n (%) 641 (65.2%) 112 (54.9%) 316 (67.0%) 213 (69.4%) 0.002

Educational level, n (%)
<4 years 230 (23.4%) 92 (45.1%) 107 (22.7%) 31(10.1%) <0.001
4-9 years 630 (64.1%) 106 (52.0%) 314 (66.5%) 210 (68.4%)
>10 years 123 (12.5%) 6 (2.9%) 51 (10.8%) 66 (21.5%)

Anthropometric

BMI (kg/m?), n (%)

Underweight/Normal weight 168 (18.3%) 32 (18.1%) 71 (16.0%) 65 (21.9%) <0.001
Overweight 376 (40.9%) 62 (35.0%) 169 (38.0%) 145 (48.8%)
Obese 375 (40.8%) 83 (46.9%) 205 (46.1%) 87 (29.3%)

Lifestyle

Smoking habits n (%)

Never 732 (74.5%) 173 (84.8%) 371 (78.6%) 188 (61.2%) <0.001
In the past 180 (18.3%) 20 (9.8%) 71 (15.0%) 89 (29.0%)
Daily/Occasionally 71 (7.2%) 11 (5.4%) 30 (6.4%) 30 (9.8%)

Alcohol consumption n (%)

Never 497 (50.6%) 126 (61.8%) 251 (53.3%) 120 (39.1%) <0.001
Occasionally/Daily 485 (49.4%) 78 (38.2%) 220 (46.7%) 187 (60.9%)
Regular physical activity n (%) 212 (21.6%) 23 (11.3%) 91 (19.3%) 98 (32.0%) <0.001

Clinical
Multimorbidity n (%) yes 634 (70.8%) 158 (91.9%) 313 (73.0%) 163 (55.4%) <0.001
Unmanageable pain levels (>5 NPRS), n (%) 691 (73.8%) 164 (85.0%) 355 (78.2%) 172 (59.5%) <0.001
Clinical severity mean(SD) (Inverted HOOS/KOOS) 46.1 (18.8) 594 (15.1) 4838 (16.0) 33.1(17.1) <0.001
Physical function (HAQ score) — Mean (SD) 0.8(0.7) 1.7.(0.5) 0.8(0.5) 0.2(0.2) <0.001
HRQoL (EQ5D score) — Mean (SD) 0.6 (0.3) 04(0.2) 0.6 (0.2) 0.8(0.2) <0.001

2 p-values for non-parametric independency tests (Chi-squared for categorical variables, Kruskal-Wallis for continuous variables)
BMI Body mass index, NPRS Numeric Pain Rating Scale, HRQoL Health-Related Quality of Life

Sample size is not constant due to missing values in some variables at baseline: BMI (n = 64); Alcohol consumption (n = 1); Regular physical activity (n = 1);
Multimorbidity (n = 88); Clinical severity (n = 80); Unmanageable pain levels (n = 47); HRQoL, EQ-5D-3L (n = 12)
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For physical function, the “consistently high dis-
ability” trajectory group had the highest mean age
(70.9+9.4 years, p<0.001), the largest proportion of
female participants (=176, 86.3%, p<0.001), with low
education level (<4 years of education; n=92, 45.1%,
p<0.001), obesity (n=83, 46.9%, p<0.001), no regular
physical activity (n=23, 11.3%, p<0.001), multimorbid-
ity (n=155, 89.1%, p<0.001), unmanageable pain levels
(n=165, 85.0%, p <0.001) and the highest clinical severity
(inverted HOOS/KOOS5: 59.4+15.1, p<0.001)—Table 1.

Similarly, the “consistently low HRQoL” trajectory
group had the highest mean age (68.4+10.1 years old,
p<0.001), the largest proportions of female participants
(n=264, 83.3%, p<0.001) and participants with the low-
est education level (<4 years of education: n=125, 39.4%,
p<0.001), with obesity (n=150, 53.0%, p<0.001), no
regular physical activity (n=37, 11.7%, p <0.001), multi-
morbidity (n=230, 83.3%, p <0.001), unmanageable pain
levels (n=256, 84.2%, p<0.001) and the highest clinical
severity (inverted HOOS/KOOS: 57.0+15.6, p<0.001)
— Table 2.

For both outcome measures, participants showed
poorer mean scores in the poorer trajectory groups—i.e.,
“consistently high disability” (HAQ: 1.7+0.5; p<0.001)
and “consistently low” HRQoL (EQ-5D-3L: 0.4+0.2;
»<0.001) — Tables 1 and 2.

Baseline factors associated with physical function

and HRQolL trajectory groups

Univariate logistic regression analysis is presented in the
Additional File: tables S 7 and S 8, for HRQoL and physi-
cal function, respectively.

In the final multinomial logistic regression model for
the physical function trajectory groups, using “consist-
ently low disability” trajectory as reference, female par-
ticipants (RRR=2.90; 95% CI: 1.97, 4.28) and people with
multimorbidity (RRR=1.66; 95% CI: 1.13, 2.42) had a
significantly higher risk of a “slightly worsening moderate
disability”. Female participants (RRR: 5.56; 95% CI: 2.99,
10.34), adults aged 75 years and over (RRR=3.93; 95% CI:
1.48, 10.46), and people with multimorbidity (RRR =4.99;
95% CI: 2.49, 10.00) had a higher risk of assignment to
the “consistently high disability” trajectory. Baseline clini-
cal severity increased the likelihood of being assigned
to the “consistently high disability” (RRR=1.09; 95% CI:
1.07, 1.11) and the “slightly worsening moderate disabil-
ity” (RRR=1.06; 95% CI: 1.04, 1.07) trajectories. People
with a high level of education (>10 years) (RRR=0.19;
95% CI: 0.05, 0.64) and a baseline report of regular physi-
cal activity (RRR=0.35; 95% CI: 0.17, 0.68) were less
likely to be assigned in the “consistently high disability”
trajectory — Table 3.
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For HRQoL, similar baseline variables were signifi-
cantly associated with poor trajectory groups, using
“Consistently high HRQoL” trajectory as reference class.
Female sex (RRR=2.11; 95% CI: 1.39, 3.22), older adults
aged 75 years old and over (RRR=2.65; 95% CI: 1.18,
5.92), and participants with unmanageable pain lev-
els (RRR=1.85; 95% CI: 1.16, 2.93) were significantly
associated with a “consistently moderate HRQoL” tra-
jectory. Female participants (RRR=3.75; 95% CI: 2.16,
6.49) and participants with multimorbidity (RRR=3.83;
95% CI: 2.13, 6.90) were associated with a “consistently
low HRQoL trajectory”. A higher baseline clinical sever-
ity score was associated with a “consistently moderate”
HRQoL (RRR: 1.03 95%CI: 1.02—1.05) and with a “con-
sistently low” (RRR: 1.08, 95%CI: 1.06—1.10) HRQoL
trajectory. Participants with a high level of education
(>10 years) (RRR=0.29; 95% CI: 0.10, 0.82) and a base-
line report of regular physical activity (RRR=0.36; 95%
CI: 0.20, 0.67) had a significantly lower risk of assignment
to the “consistently low HRQoL” trajectory — Table 4.

Discussion

This study identified three different long-term trajecto-
ries of physical function (HAQ) and HRQoL (EQ-5D-3L)
in people with HKOA, that remained stable over the
10-years follow-up time. Our results reveal that 68% and
81.8% of the participants live with trajectories of moder-
ate or low physical function and HRQoL, respectively.

The trajectories found in this study are similar to pre-
vious literature published in this field. Regarding physi-
cal function, in a recent systematic review, the authors
concluded that pain trajectories, as well as physical func-
tion trajectories remained stable over time, as previously
presented in the background Section [6]. Data from the
CHECK cohort, that included people with early HKOA in
9-year follow-up with yearly assessments, concluded that
two thirds of patients have an episode of pain or physical
function deterioration, but overall, these outcomes main-
tained stable over time. Additionally, the authors found
no association between the number of deterioration epi-
sodes and total joint replacement [27].

The Osteoarthritis Initiative cohort studies found simi-
lar stable course of HRQoL in people with knee OA,
using the KOOS quality of life subscale [8, 28]. One of
these studies included more than 3,000 people with mild
knee OA (mild structural disease—Kellgren and Law-
rence 2) that were followed yearly during 8-years. The
authors additionally found a rapidly worsening HRQoL
trajectory, that made up 9.5% of the participants and that
these were at higher risk of total joint replacement [8].
Since we used 4 follow-ups in a 10-year period our data
are not that sensible to detect patterns of change of rap-
idly worsening/improving trajectories. To our knowledge



Costa et al. BMC Public Health ~ (2023) 23:1407 Page 9 of 15

Table 2 Baseline sociodemographic, anthropometric, lifestyle and clinical characteristics for participants assigned to the HRQolL
trajectory groups

HRQoL (EQ5D score) Trajectories p°
Total Sample Consistently low  Consistently Consistently high
n=983 HRQoL moderate HRQoL HRQoL
n=317 n=501 n=165
Sociodemographic

Age (years)

Mean (SD) 65.2(11.2) 684 (10.1) 64.7 (10.9) 60.5(12.0) <0.001
<55 years old, n (%) 170 (17.3%) 35 (11.0%) 92 (18.4%) 43 (26.1%) <0.001
55-64 years old, n (%) 265 (27.0%) 71 (22.4%) 141 (28.1%) 53 (32.1%)

65-74 years old, n (%) 340 (34.6%) 114 (36.0%) 172 (34.3%) 54 (32.7%)
>75 years old, n (%) 208 (21.2%) 97 (30.6%) 96 (10.2%) 15 (9.1%)
Female Sex, n(%) 701 (71.3%) 264 (83.3%) 350 (69.9%) 87 (52.7%) <0.001

Region (NUTS 1), n (%)

North 267 (27.2%) 95 (30.0%) 127 (25.3%) 45 (27.3%) 0.920
Center 238 (24.2%) 75 (23.7%) 127 (25.3%) 36 (21.8%)
Lisbon 165 (26.8%) 47 (14.8%) 85 (17.0%) 33 (20.0%)
Alentejo 58 (5.9%) 18 (5.7%) 31(6.2%) 9(5.5%)
Algarve 20 (2.0%) 7 (2.2%) 9 (1.8%) 4 (2.4%)
Islands 235 (23.9%) 75 (23.7%) 122 (24.4%) 38 (23.0%)
Marital status, partner, n (%) 641 (65.2%) 190 (59.9%) 323 (64.5%) 128 (77.6%) 0.001

Educational level, n (%)
<4 years 230 (23.4%) 125 (39.4%) 88 (17.6%) 17 (10.3%) <0.001
4-9 years 630 (64.1%) 179 (56.5%) 344 (68.7%) 107 (64.8%)
>10 years 123 (12.5%) 13 (4.1%) 69 (13.8%) 41 (24.9%)

Anthropometric

BMI (kg/m?), n (%)

Underweight/Normal weight 168 (18.3%) 39 (13.8%) 98 (20.6%) 31 (19.5%) <0.001
Overweight 376 (40.9%) 94 (33.2%) 199 (41.7%) 83 (52.2%)
Obese 375 (40.8%) 150 (53.0%) 180 (37.7%) 45 (28.3%)

Lifestyle

Smoking habits n (%)

Never 732 (74.5%) 257 (81.1%) 370 (73.8%) 105 (63.6%) <0.001
In the past 180 (18.3%) 41 (12.9%) 87 (17.4%) 52 (31.5%)
Daily/Occasionally 71(7.2%) 19 (6.0%) 44 (8.8%) 8 (4.9%)

Alcohol consumption n (%)

Never 497 (50.6%) 180 (56.8%) 260 (52.0%) 57 (34.6%) <0.001
Occasionally/Daily 485 (49.4%) 137 (43.2%) 240 (48.0%) 108 (65.4%)
Regular physical activity n (%) 212 (21.6%) 37 (11.7%) 117 (23.4%) 58 (35.2%) <0.001

Clinical
Multimorbidity n (%) 634 (70.8%) 242 (88.3%) 305 (65.9%) 87 (55.1%) <0.001
Unmanageable pain levels (> 5 NPRS), n (%) 691 (73.8%) 256 (84.2%) 357 (75.0%) 78 (50.0%) <0.001
Clinical severity, Mean (SD) 46.1 (18.8) 57.0(15.6) 441 (17.1) 314(17.3) <0.001

(Inverted HOOS/KOOS)
Physical function (HAQ score) — Mean (SD) 0.8(0.7) 1.3(0.6) 0.6 (0.5) 0.3 (04) <0.001
HRQoL (EQ5D score) — Mean (SD) 0.6 (0.3) 04 (0.2) 0.70(0.2) 09(0.2) <0.001

2 p-values for non-parametric independency tests (Chi-squared for categorical variables, Kruskal-Wallis for continuous variables)
BMI Body mass index, NPRS Numeric Pain Rating Scale, HRQoL Health-Related Quality of Life

Sample size is not constant due to missing values in some variables at baseline: BMI (n = 64); Alcohol consumption (n = 1); Regular physical activity (n = 1);
Multimorbidity (n = 88); Clinical severity (n = 80); Unmanageable pain levels (n = 47); HRQoL, EQ-5D-3L (n = 12)
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Table 3 Multinomial logistic regression model for the association of baseline characteristics and physical function (HAQ) trajectories

Physical Function Trajectories (HAQ)

Consistently low disability

Slightly worsening moderate

Consistently

RRR (95% CI) disability high disability
RRR (95% Cl) RRR (95% Cl)

Sex

Male (ref) - - -

Female - 2.90(1.97-4.28) 5.56 (2.99-10.34)
Age class

<55 years old (ref) - - -

55-64 years old - 0.57 (0.34-0.97) 0.63 (0.25-1.59)

65-74 years old - 0.93 (0.55-1.58) 141 (0.58-3.41)

> 75 years old - 1.65 (0.86-3.17) 3.93(1.48-10.46)
Educational level

<4 years (ref) - - _

4-9 years - 1.00 (0.57-1.75) 0.54 (0.28-1.03)

> 10 years - 0.88 (0.44-1.78) 0.19 (0.05-0.64)
Regular physical activity (yes) - 0.51(0.34-0.78) 0.35(0.17-0.68)
Clinical severity (0 best — 100 worst) - 1.06 (1.04-1.07) 1.09 (1.07-1.11)
Multimorbidity (yes) - 1.66 (1.13-2.42) 4.99 (2.49-10.00)

RRR Relative risk ratio, HAQ Health Assessment Questionnaire
Goodness-of-fit: x2(16) = 19.2, df = 16, p=0.259 Total sample: n=823

Table 4 Multinomial logistic regression model for the association of baseline characteristics of people with HKOA and HRQoL
(EQ-5D-3L) trajectories

HRQoL Trajectories (EQ-5D)

Consistently high Consistently moderate Consistently low
HRQoL (Reference) HRQoL HRQoL
RRR (95% CI) RRR (95% Cl)
Sex
Male (ref) - _ B
Female - 2.11(1.39-3.22) 3.75(2.16-6.49)
Age class
<55 years old (ref) - - -
55-64 years old - 0.94 (0.52-1.68) 0.68 (0.32-1.47)

65-74 years old
> 75 years old

0.99 (0.55-1.79)
265(1.18-5.92)

0.71(0.33-1.52)
2.24(0.87-5.82)

Educational level
<4 years (ref) - - -

4-9 years - 2(0.67-2.59) 0.62 (0.30-1.28)
>10 years - (046 2.35) 0.29(0.10-0.82)
Regular physical activity (yes) - 0.60 (0.38-0.94) 0.36 (0.20-0.67)
Clinical severity (inverted KOOS/HOOQS) (0 low — - 03 (1.02-1.05) 1.08 (1.06-1.10)
100 high severity)
Unmanageable pain level (yes) - 1.85(1.16-2.93) 1.36 (0.74-2.48)
Multimorbidity - 1.28 (0.84-1.96) 3.83(2.13-6.90)

RRR Relative risk ratio, HRQoL Health-Related Quality of Life
Final model goodness-of-fit: x*(16) = 17.9, p=0.329 Total sample: n=817
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our study is the first that analyzed the trajectories of
HRQoL of people with HKOA and including participants
within the whole spectrum of the disease severity [6, 27].

Baseline differences in physical function and HRQoL,
and corresponding subsequent trajectories assignment
can be explained by the so-called “horse-racing effect”.
This concept describes that the participants who have
already started progressing in these outcomes, are likely
to be “out in the front” (have worse physical function
or HRQoL) at baseline, because they were already in
a lower level of physical function or HRQoL before the
start of the study, and will keep relative lower/higher
levels of physical function and HRQoL through time
[29]. This highlights the chronic nature of OA and slow
decline of physical function and HRQoL in most peo-
ple with HKOA. The horseracing effect has been previ-
ously described for other chronic health diseases in older
adults [30].

In this study, modifiable and non-modifiable risk fac-
tors were consistently associated with moderate and low
physical function and HRQoL trajectories. People with
older age, female sex, presence of multimorbidity, high
baseline clinical severity, and unmanageable pain lev-
els were associated with low HRQoL and high disability
trajectories, similarly to other longitudinal studies that
analyzed the course of physical function [6, 31-34] and
HRQoL [8, 28]. Other clinical important variables like
unmanageable pain levels and BMI, despite their uni-
variate association with the outcomes of this study, were
excluded from the final multivariable model. Unman-
ageable pain levels showed a significant association with
the “consistently moderate” HRQoL trajectory but not
with any physical function trajectories. This conflicts
with the literature, which shows that high pain inten-
sity is an important predictor of HRQoL decline [8] and
that pain explains most of the variability in disability and
HRQoL [35]. On the other hand, higher clinical sever-
ity at baseline was associated with poorer physical func-
tion and HRQoL trajectories, as previously found in the
literature [31]. Clinical severity, evaluated with HOOS/
KOOS, encompasses several dimensions of OA conse-
quences that fluctuate over time and are closely related
to each other, such as pain, stiffness, and activity per-
formance [36]. Therefore, symptoms conjunction and
its consequences of activities performance may influ-
ence HKOA trajectories, being unmanageable pain lev-
els (that differentiate people with more or less than 5 in
NPRS) a less important factor when these variables are
considered. Despite the importance of BMI, as a health-
related behaviour variable, it was also excluded from the
final model. Previous studies have showed that BMI is an
important risk factor for OA onset [37] and severity [38].
However, the inclusion of other variables related with
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BMI like regular physical activity, multimorbidity and age
may dilute the importance of BMI, as a single factor, on
HRQoL and physical function trajectories.

We found that participants who reported regular physi-
cal activity at baseline had a lower risk of poor HRQoL
and physical function trajectories, suggesting a protec-
tive effect on the symptoms and structural progression
of OA [39]. In fact, maintaining regular physical activity
is one of the core recommended interventions for HKOA
[40] and most people follow improvement trajectories
in physical function after physical activity programs [33,
34]. Therefore, we hypothesize that specific, personal-
ized, and supportive interventions that consider modifi-
able risks factors for poor trajectories, such as physical
activity, may improve HRQoL and physical function in
the long term as well as the pattern of progression of
these outcomes.

Multimorbidity was also included in the final model,
showing significative associations with poorer physical
function and HRQoL trajectories. Evidence shows that
people with HKOA and multimorbidity, specifically car-
diac diseases, hypertension, or back pain, are more likely
to have worse physical function [41], mobility and mental
health problems [42].

However, there is conflicting evidence for the associa-
tion of older age with low HRQoL trajectories. Data from
the Osteoarthritis Initiative showed that being younger
was associated with lower quality of life (measured with
KOOS quality of life subscale) in a population between
45 and 79 years old [28]. HRQoL loss in younger peo-
ple may be explained by the impact of OA on work [43],
whereas exposure to risk factors, structural changes and
multimorbidity in older adults are also associated with
functional and HRQoL decline [21, 44]. Because we used
a generic measurement tool (EQ-5D-3L), our results may
capture a broader image of HRQoL.

Previous literature corroborates our findings, suggest
that female sex is associated with poor physical function
[45] and HRQoL [8] trajectories, likely due to the gender
gap in overall socioeconomic disadvantages of women,
when compared to men. Additionally, women often
report more activity limitations, multimorbidity, pain,
depression, and self-reported health status when com-
pared to men [22]. Therefore, the impact of OA in the
long run may be different between the male and female
sex [41, 42].

Since we found similar factors that predict the assign-
ment of participants in physical function and HRQoL tra-
jectories, we hypothesize that most patients that follow
a progression of physical function decline may follow a
similar HRQoL loss trajectoy. HRQoL is a more complex
construct that goes beyond physical function, including
also emotional and social well-being, corroborating the
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multidimensionality of HKOA impact [46]. Although
our study did not show any association between anxiety
or depression with HRQoL and physical function trajec-
tories, previous literature shows that HRQoL in people
with OA is influenced by gender, body weight, physical
activity, mental health and education [46].

We examined the dimensions of physical function
(HAQ) and HRQoL (EQ-5D-3L) in each follow-up
evaluation and found poorer levels in the HAQ and in
EQ-5D-3L dimensions in the second wave of the study
(2013-2015) than in the other three waves. This was also
reflected in the “consistently moderate” and “consistently
low” HRQoL trajectories. The decrease of EQ-5D-3L
levels in the second wave of this study may not be attrib-
utable only to the progression of HKOA. These results
may be explained by the major economic crisis that
occurred in Portugal at the time and led to high unem-
ployment rates, lower monthly incomes, and consequent
inequalities in access to healthcare [47]. These are fac-
tors known to be closely associated with health outcomes
[48]. Regarding EQ-5D-3L, pain/discomfort, mobil-
ity, and usual activities were the most affected dimen-
sions, highlighted previously as the dimensions with
the most pronounced differences between people with
OA and the general population [49]. Aligned with our
results, a national study in Austria showed that the most
impaired daily life activities for people with HKOA were
heavy housework, bending or kneeling down, climbing
stairs, and walking 500 m [50]. “Reach” was the activity
in which a higher proportion of participants reported
having difficulties, among HAQ domains. Palazzo et al.
(2014) concluded that OA was the RMD with the major
contribution to activity limitations, including lifting and
carrying objects [51]. We did not control for other joint
diseases, namely upper limb osteoarthritis or polyosteo-
arthritis, that may also decrease the capability to perform
“reach” activities due to limitations on the upper limbs.
However, in people with HKOA this may also reflect the
decreased balance and lower limb strength [52, 53] that is
needed to reach and lift objects from the floor or to reach
objects above head.

Limitations and strengths

This study is not free from limitations. First, only four
waves were conducted for this cohort, and the last two
were separated by a period of 5 years, which restricts
the number of observations in the longitudinal analysis
and may compromise the sensitivity of the trajectories.
Studies with shorter time between measurements may
capture a higher variability in the trajectories found, due
to flares of pain and physical function loss, even if the
trajectories are stable overall, in the long term. Baseline
data collection occurred between 2011 and 2013, which
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placed individuals at different starting points and added
variability that wasn’t accounted for. Second, there is a
high proportion of participants included in the first phase
of EpiDoC 1 that did not show up to clinical appoint-
ments and a high drop-out rate between participants
with HKOA included in EpiDoC 1. We acknowledge
the possibility of attrition bias since the individuals who
were willing to participate in clinical appointments and
the ones who continue to respond to follow-ups might be
participants with higher HKOA clinical severity.

Our results should be interpreted taking into account
the possibility of attrition bias between waves, since par-
ticipants who dropped-out were older, had lower edu-
cation and worse health outcomes overall. Despite the
statistically significance differences between the included
and drop-out participants, we did not find these differ-
ences as clinically relevant. Moreover, these variables
have been previously associated with a higher risk of
drop-out in longitudinal studies, however it is recognized
that despite differences in some variables, the estimates
of associations between variables can remain robust [54].
Therefore, we cautiously hypothesize that this may have
influenced our results to a lower extent.

Moreover, we did not investigate differences between
people with hip versus knee OA. Although OA of the hip
and OA of the knee may impose similar burdens [2, 55],
people with hip OA may have greater disease severity and
an earlier requirement for joint replacement [56]. Lastly,
we did not control other potential factors that may influ-
ence the classification into different HRQoL or physical
function trajectory groups, namely psychosocial factors
(e.g., coping strategies or self-efficacy) and interventions
used. Furthermore, physical activity was self-reported,
not taking into account the amount of time spent per
week or the intensity; thus, our results may have overesti-
mated the recommendations for physical activity.

However, this study used data from a large nationwide
prospective cohort of adults from the community, and is
not confined to people who seek healthcare. To the best
of our knowledge, this is the first study to character-
ize trajectories of physical function and HRQoL among
community adults with clinically validated HKOA using
group-based trajectory modeling. This approach has
been gaining momentum in the longitudinal analysis of
clinical patient-reported outcomes, since it allows for
the identification of unique subgroups of the population
that follow distinct trajectories [57]. OA is a progressive
chronic disease, a long follow-up period is needed to cap-
ture changes in health-outcomes. Few studies have fol-
low-ups longer than 8 years, in opposite to our study [6].

This study shows, at a population-level and including a
full spectrum of adults with HKOA from the community
in terms of severity, with no age limits, that approximately
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70% of people with HKOA follow stables trajectories
of moderate/low physical function and HRQoL over
10 years, and that the trajectories of these two outcomes
seem similar. Physical function and HRQoL trajectories
are influenced by previously known factors from the lit-
erature, namely age, sex, physical activity, clinical sever-
ity, education and multimorbidity [6, 8].

Future research should validate HKOA outcome trajec-
tories in a population-level in other contexts, analyze the
interventions that may change trajectories (e.g., exercise,
total joint replacement) and consider also the modifiable
predictors of poor trajectories in the design of stratified
interventions for people with HKOA.

Conclusion

This study found three trajectories of physical function
and HRQoL in a 10-year follow-up period. These tra-
jectories were similar between the two outcomes and
remained stable over time, with 70% of participants with
HKOA maintaining moderate/low physical function and
HRQoL levels. Female participants, multimorbidity, base-
line high clinical severity, and unmanageable pain levels
were positively associated with moderate/low HRQoL
and physical function trajectories, whereas, high educa-
tion level and baseline regular physical activity were pro-
tective. These risk factors may be considered in tailored
OA multidisciplinary management programs that may
target individuals’ modifiable risk factors of poor physical
function and HRQoL trajectories, such as physical activ-
ity, clinical severity, pain levels and multimorbidity.
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