
VU Research Portal

CHECKing activity limitations in persons with early osteoarthritis of the knee or hip

Holla, J.F.M.

2014

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Holla, J. F. M. (2014). CHECKing activity limitations in persons with early osteoarthritis of the knee or hip:
Course, prognosis and underlying mechanisms. [PhD-Thesis – Research external, graduation internal, Vrije
Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/adac8931-37c8-45db-90fa-6d862c8f4985


41

Chapter 3

Three trajectories of activity limitations  

in early symptomatic knee osteoarthritis:  

a 5-year follow-up study

Jasmijn F.M. Holla

Marike van der Leeden

Martijn W. Heymans

Leo D. Roorda

Sita M.A. Bierma-Zeinstra

Maarten Boers

Willem F. Lems

Martijn P.M. Steultjens

Joost Dekker 

Ann Rheum Dis 2014;73:1369-1375 



42

3

PART I

Abstract

Objectives. Knee osteoarthritis (OA) is a leading cause of activity limitations. The knee OA 
population is likely to consist of subgroups. The aim of the present study was to identify 
homogeneous subgroups with distinct trajectories of activity limitations in patients with 
early symptomatic knee OA, and to describe characteristics of these subgroups.

Methods. Follow-up data over a period of 5 years of 697 participants with early symptomatic 
knee OA from the Cohort Hip and Cohort Knee (CHECK) were used. Activity limitations 
were measured yearly with the Western Ontario and McMaster Universities Osteoarthritis 
Index. Latent class growth analyses identified homogeneous subgroups with distinct 
trajectories of activity limitations. Multivariable regression analyses examined differences 
in characteristics between the subgroups.

Results. Three subgroups were identified. Participants in Subgroup 1 (‘good outcome’;  
n = 330) developed or displayed slight activity limitations over time. Participants in 
Subgroup 2 (‘moderate outcome’; n = 257) developed or displayed moderate activity 
limitations over time. Participants in subgroup 3 (‘poor outcome’; n = 110) developed or 
displayed severe activity limitations over time. Compared to the ‘good outcome’ subgroup, 
the ‘moderate outcome’ and ‘poor outcome’ subgroups were characterized by: younger age, 
higher body-mass index, greater pain, bony tenderness, reduced knee flexion, hip pain, 
osteophytosis, ≥ 3 comorbidities, lower vitality, or avoidance of activities.

Conclusions. Based on the 5-year course of activity limitations, we identified homogeneous 
subgroups of knee OA patients with good, moderate or poor outcome. Characteristics of 
these subgroups were consistent with existing knowledge on prognostic factors regarding 
activity limitations, which supports the validity of this classification. 
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Introduction

Knee osteoarthritis (OA) is a leading cause of activity limitations among older adults.1 In 
the OA population, activity limitations increase slowly over time,2 while the individual 
course is highly variable: some patients seem to be stable or even improve, whereas others 
deteriorate.3-5  

The most common approach in describing the course of activity limitations in knee 
OA patients is to report a single longitudinal trajectory for the entire study population. 
Usually, the change score on activity limitations between two time points is presented, 
averaged over all patients. Because the population of knee OA patients is heterogeneous 
and consists of different phenotypes or subgroups,6-8 it is suboptimal to describe the 
course of activity limitations using the average of the population.9 Latent class modelling 
has been suggested as the most appropriate technique for examining inter-individual 
differences in intra-individual change.9 This technique takes into account heterogeneity 
between subgroups.

The aim of the present study was to identify homogeneous subgroups with distinct 
 trajectories of activity limitations in patients with early symptomatic knee OA, and to 
 describe characteristics of these subgroups.

Methods

Study design
A 5-year follow-up study of a sample of 701 individuals from the Cohort Hip and  Cohort Knee 
(CHECK) study with early symptomatic OA of the knee was undertaken.10  Measurements were 
performed every year, resulting in six measurements over time.

Parent study
The CHECK cohort was formed between October 2002 and September 2005. It con-
sists of 1,002 individuals with early symptomatic knee and/or hip OA.10 Ten general 
and  academic hospitals in the Netherlands participated. Participants were recruited 
via  general practitioners in the surroundings of the participating centres, through 
announcements in local newspapers and on the Dutch Arthritis Association website. 
The  physicians in the participating centres checked whether participants fulfilled 
the  inclusion criteria. The study was approved by the medical ethics committees of 
the  participating centres. All participants gave their written informed consent before 
 entering the study. 
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Study population
Inclusion criteria of the CHECK study are: (1) being aged between 45-65 years; (2) pain and/
or stiffness in the knee and/or hip; (3) having at least two of the following clinical criteria 
for knee OA of the American College of Rheumatology (ACR): knee pain, morning stiffness 
< 30 minutes, crepitus or bony tenderness (participants who met this criterion were fol-
lowed annually);11 and (4) having had no consultation with a physician for these symptoms 
(or first consultation was within the 6 months immediately preceding inclusion). Exclusion 
criteria were: having any other pathological condition that could explain the knee and hip 
symptoms; having a comorbidity that would not allow physical evaluation and/or follow-up 
of at least 10 years duration; malignancy in the last 5 years; and inability to understand the 
Dutch language.10 For the present study we selected participants with knee pain, who had at 
least one follow-up measurement of activity limitations.

Measurements
Activity limitations were measured annually with the physical function subscale of the 
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC-PF).12,13 Scores 
range from 0 to 68, with higher scores indicating greater activity limitations.

Baseline data were collected on participant characteristics (i.e. age, gender and body-
mass index (BMI)), signs and symptoms (i.e. numeric rating scale (NRS) for pain during 
the last week (0-10), presence of bilateral knee pain, fulfilling the clinical criteria for knee 
OA of the ACR,11 morning stiffness, bony tenderness, crepitus, hip pain, and total knee or 
hip replacement), radiographic features (i.e. osteophytosis, joint space narrowing, Kellgren 
and Lawrence grade14), comorbidity count, and psychological factors (i.e. vitality measured 
with the Short Form 36 Health Survey (SF-36)15 and avoidance of activities measured with 
the resting subscale of the Pain Coping Inventory16,17). Details on the study protocol have 
been published elsewhere.10

Statistical analyses
To identify homogeneous subgroups of patients with distinct trajectories of activity limita-
tions as measured by the WOMAC-PF, we conducted latent class growth analysis (LCGA). In 
LCGA latent trajectory classes (i.e. categorical latent variables) are used to allow homogene-
ous groups of individual longitudinal trajectories to vary around different means.9,18,19 The 
variance and covariance estimates of the growth factors (i.e. rate of change or slope of the 
longitudinal trajectories) within each class or subgroup are assumed to be fixed to zero.9,19 
As a result, all individual longitudinal trajectories within a subgroup are homogeneous.9 

The latent class growth models were estimated using full information maximum likeli-
hood. Linear, quadratic and cubic trajectories were modelled. The course of activity limita-
tions was best described by linear trajectories. The fit of four models with two to five linear 
trajectories were tested. The most appropriate model was determined based on fit indices, 
the entropy statistic, classification reliability, and considerations of parsimony and clinical 
relevance.9 The fit indices used were the Bayesian information criterion (BIC), the Vuong-
Lo-Mendell-Rubin likelihood ratio test (LMR-LRT), and the bootstrap likelihood ratio test 
(BLRT).19,20 The BIC, LMR-LRT and BLRT are used for comparison across several plausible 
models.20 The lowest value of BIC indicates the best fitting model.20 Significant p values 
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(p < 0.05) for the LMR-LRT and BLRT indicate that a model with a k number of trajectory 
subgroups has a better fit than a model with a k-1 number of trajectory subgroups.9,20 The 
entropy statistic and posterior probabilities of group membership were used as measures 
for the reliability of the trajectory subgroups. The entropy statistic and posterior probabili-
ties of group membership range from 0 to 1 and have to be reasonably high: values close to 
1 indicate good classification.9

To improve our understanding of the trajectory subgroups resulting from the LCGA, a 
linear mixed model with random effects calculated individual trajectories (slopes) of the 
5-year course of activity limitations. For each subgroup, the individual slopes were plotted 
against the individual baseline WOMAC-PF scores.

Univariable and multivariable logistic regression analyses examined differences in 
demographic, clinical and psychological characteristics between the trajectory subgroups. 
One trajectory subgroup was chosen as a reference; the other trajectory subgroups were 
compared to that reference. For calculation of the mean WOMAC-PF change score and the 
regression analyses, a Multivariate Imputation by Chained Equation (MICE) procedure 
generated 10 multiple imputed datasets to estimate missing values.21 In the multivariable 
analyses we used a backward selection method (p-removal 0.05) taking into account the 
imputed datasets by using Rubin’s pooling rules.22 The ORs and 95% CIs of the final regres-
sion models were estimated over the 10 imputed data sets. Furthermore, the area under the 
receiver operating characteristic curve (AUC), Hosmer-Lemeshow goodness-of-fit test,23 
and Nagelkerke’s R2 statistic24 were calculated. Bootstrapping techniques (250 replications) 
adjusted the estimated ORs for overfitting and the model performance for overoptimism.25 
The shrinkage factor, a result of the bootstrap analyses, is a measure of overfitting. ORs can 
be corrected for overfitting by taking the exponent of the regression coefficient multiplied 
by the shrinkage factor.
Mplus V. 6.12 was used for LCGA; SAS V. 9.2 to calculate the individual slopes; SPSS V. 18 to 
generate descriptive statistics of the study population; and R software V. 2.14.1 for the MICE 
procedure and the regression analyses on the imputed data sets.

Results

Study population
Of 701 participants included, 14 (2%) and 12 (1.7%) participants underwent total knee and 
total hip replacement during the 5-year follow-up, respectively. The post-surgery WOMAC-
PF data of these participants were coded as missing. As a result, four participants were 
excluded from the analyses. The baseline characteristics of the study population (n = 697) 
are presented in Table 1.

Missing data
For the WOMAC-PF, the number (percentage) of participants with missing data was 15 
(2.2%) at baseline (T0), 32 (4.6%) at T1, 36 (5.2%) at T2, 38 (5.5%) at T3, 57 (8.2%) at T4, 
and 74 (10.6%) at T5. In all, 140 participants had data missing at more than one time point 
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Table 1. Baseline characteristics of the study population

Total 
(n = 697)

Subgroup 1 
(n = 330)

‘good outcome’

Subgroup 2 
(n = 257)

‘moderate outcome’

Subgroup 3 
(n = 110)

‘poor outcome’

 56.0 ± 5.1
 567 (81.3)
 26.6 ±4.3
 
 3.7 ± 2.1
 399 (57.2)
 606 (86.9)
 497 (71.3)
 365 (52.4)
 367 (52.7)
 133.3 ± 10.0
 12 (1.7)
 
 348 (49.9)
 10 (1.4)
 
 
 295 (42.3)
 321 (46.1)
 122 (17.5)
 107 (15.4)
 
 166 (23.8)
 205 (29.4)
 151 (21.7)
 162 (23.2)
 
 5.3 ± 3.4
 2.8 ± 1.6
 16.8 ± 11.6
 
 63.4 ± 16.8
 9.3 ± 2.5
 

 
 56.2 ± 5.2
 262 (79.4)
 25.5 ± 3.6
 
 2.9 ± 1.9
 184 (55.8)
 279 (84.5)
 218 (66.1)
 145 (43.9)
 178 (53.9)
 135.2 ± 9.0
 2 (0.6)
 
 133 (40.3)
 1 (0.3)
 
 
 155 (47.0)
 150 (45.5)
 51 (15.5)
 40 (12.1)
 
 100 (30.3)
 107 (32.4)
 76 (23.0)
 44 (13.3)
 
 3.5 ± 2.7
 2.1 ± 1.4
 9.8 ± 7.4
 
 68.5 ± 14.5
 8.7 ± 2.4
 

 
 55.8 ± 5.2
 213 (82.9)
 27.4 ± 4.4
 
 4.0 ± 1.8
 141 (54.9)
 223 (86.8)
 187 (72.8)
 146 (56.8)
 126 (49.0)
 132.4 ± 9.7
 5 (1.9)
 
 144 (56.0)
 4 (1.6)
 
 
 94 (36.6)
 117 (45.5)
 44 (17.1)
 42 (16.3)
 
 52 (20.2)
 73 (28.4)
 57 (22.2)
 70 (27.2)
 
 6.0 ± 2.7
 3.1 ± 1.4
 19.5 ± 8.5
 
 61.6 ± 16.5
 9.4 ± 2.4
 

 
 55.6 ± 4.8
 92 (83.6)
 28.0 ± 4.9
 
 5.4 ± 1.8
 74 (67.3)
 104 (94.5)
 92 (83.6)
 74 (67.3)
 63 (57.3)
 130.0 ± 12.3
 5 (4.5)
 
 71 (64.5)
 5 (4.5)
 
 
 46 (41.8)
 54 (49.1)
 27 (24.5)
 25 (22.7)
 
 14 (12.7)
 25 (22.7)
 18 (16.4)
 48 (43.6)
 
 9.0 ± 2.9
 4.4 ± 1.5
 32.7 ± 10.2
 
 51.9 ± 17.3
 10.9 ± 2.7
 

Baseline characteristics

Demographics
 Age (years)
 Female, no. (%)
 Body-mass index (kg/m2)
Clinical signs and symptoms
 NRS for knee pain (range 0-10)
 Bilateral knee pain, no. (%)
 Clinical knee OA, no. (%)
 Morning stiffness knee, no. (%)
 Bony tenderness, no. (%)
 Crepitus, no. (%)
 Active knee flexion range (degrees)
 Total knee replacement 
 after 5-year follow-up, no. (%)
 Hip pain, no. (%)
 Total hip replacement 
 after 5-year follow-up, no. (%)
Radiographic features
 KL-grade = 0, no. (%)
 KL-grade = 1, no. (%)
 Osteophytosis, no. (%)
 Joint space narrowing, no. (%)
Comorbidity count
 0, no. (%)
 1, no. (%)
 2, no. (%)
 ≥ 3, no. (%)
WOMAC data
 WOMAC pain (range 0-20)
 WOMAC stiffness (range 0-8)
 WOMAC function (range 0-68)
Psychological factors
 SF-36 vitality (range 0-100)
 PCI resting (range 5-20)

Values are presented as mean ± SD unless otherwise indicated. KL-grade = Kellgren and Lawrence grade;  NRS = numeric rating scale; 

OA = osteoarthritis; PCI = Pain Coping Inventory; SF-36 = Short Form 36 Health Survey; WOMAC = Western Ontario and McMaster 

Universities Osteoarthritis Index.
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(mean 1.8 time points). The mean number of missing values per independent variable was 
19.9 (2.9%) (median: 13 (1.9%), range: 0-78 (0-11.2%)).

Five-year course of activity limitations
The mean (SD) baseline WOMAC-PF score was 16.8 (11.6). In the study population as a 
whole, little change in activity limitations was observed between baseline and 5-year follow-
up: the mean WOMAC-PF score increased with 1.1 points (SD change = 11.5).

Subgroups based on trajectories
A linear, three-class model was identified as most appropriate, based on fit indices, entropy 
statistic, classification reliability, considerations of parsimony and interpretability (Table 2). 
Although the fit indices seemed to favour a four-class model, the three-class model showed 
a better entropy value and better internal reliability for each trajectory (i.e. better average 
posterior probabilities of group membership). In addition, Subgroups 1 and 2 in the four-
class model had similar (1 and 1.2 respectively) estimated slopes, with only 45 patients 
assigned to the additional subgroup. Because the additional subgroup had marginal added 
value, we deemed the three-class model as the most appropriate. 

The trajectories of the three classes or subgroups are presented in Figure 1. The three 
subgroups differed both in slope and baseline value of the WOMAC-PF score. To facilitate 

Table 2. Fit indices, entropy and average posterior probabilities across models with different numbers of subgroups

No. of subgroups BIC LMR-LRT p value BLRT p value Entropy Posterior probabilities

2

3

4

5

29007.29

28299.85

28058.11

27969.60

<0.0001

0.0003

0.01

0.12

<0.0001

<0.0001

<0.0001

<0.0001

0.899

0.887

0.868

0.817

Subgroup 1 (n = 474): 0.98
Subgroup 2 (n = 223): 0.96
Subgroup 1 (n = 330): 0.97
Subgroup 2 (n = 257): 0.92
Subgroup 3 (n = 110): 0.96
Subgroup 1 (n = 280): 0.95
Subgroup 2 (n = 236): 0.90
Subgroup 3 (n = 136): 0.89
Subgroup 4 (n = 45): 0.97
Subgroup 1 (n = 195): 0.91
Subgroup 2 (n = 184): 0.83
Subgroup 3 (n = 176): 0.87
Subgroup 4 (n = 109): 0.88
Subgroup 5 (n = 33): 0.97

The lowest value of BIC indicates the best fitting model. Significant p-values (p < 0.05) for the LMR-LRT and BLRT indicate that a model 

with a k number of latent trajectory subgroups has a better fit than a model with a k-1 number of subgroups. Entropy and posterior 

probability values close to 1 indicate good classification. BIC = Bayesian information criterion; BLRT = bootstrap likelihood ratio test. 

LMR-LRT = Vuong-Lo-Mendell-Rubin likelihood ratio test.
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interpretation of the trajectories in the subgroups, we plotted the individual slopes against 
the individual baseline levels of activity limitations (Figure 2). Subgroup 1 consisted of 330 
participants (47.3%). The intercept of the trajectory of Subgroup 1 was 8.7 (95% CI: 7.8 to 
9.5) and the slope was -0.3 (95% CI: -0.5 to -0.1). These participants moved from moderate 
or high levels of activity limitations at baseline to low levels over 5 years, or reported per-
manent low levels of activity limitations. For example, in Figure 2, the participant indicated 
with no. 1 reported a moderate outcome of activity limitations at T0 and improved over 
5 years of follow-up: she had a WOMAC-PF T0 score of 19 and a slope of -2, leading to a 
WOMAC-PF T5 score of 9. The participant indicated with no. 2, reported a permanent good 
outcome of activity limitations: he had a WOMAC-PF T0 score of 7 and a slope of 0, leading 
to a WOMAC-PF T5 score of 7. Participants in Subgroup 1 were defined as having a ‘good 
outcome’ on activity limitations. 

Subgroup 2 consisted of 257 participants (36.9%). The intercept of the trajectory of Sub-
group 2 was 19.3 (95% CI: 17.7 to 20.9) and the slope was 0.4 (95% CI: 0.1 to 0.8). These 
participants moved from fairly low or fairly high levels of activity limitations to moderate 

Figure 1. Trajectories of activity limitations 

measured by the physical function subscale 

of the Western Ontario and Mc Master 

Universities Osteoarthritis Index (WOMAC-

PF). Higher scores indicate a worse outcome. 

A = Observed (dotted lines) and estimated 

(solid lines) mean scores of the three trajectory 

subgroups. B = Random 10% of observed 

individual scores and estimated mean score of 

participants in Subgroup 3 (‘poor outcome’). 

C = Random 10% of observed individual scores 

and estimated mean score of participants 

in Subgroup 2 (‘moderate outcome’). D= 

Random 10% of observed individual scores 

and estimated mean score of participants in 

Subgroup 1 (‘good outcome’).
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levels over 5 years (e.g. the participants indicated with no. 3 and 4 in Figure 2), or reported 
permanent moderate levels of activity limitations (e.g. the participant indicated with no. 5 
in Figure 2). Participants in Subgroup 2 were defined as having a ‘moderate outcome’ on 
activity limitations. 

Subgroup 3 consisted of 110 participants (15.8%). The intercept of the trajectory of Sub-
group 3 was 32.7 (95% CI: 29.9 to 35.4) and the slope was 1.2 (95% CI: 0.6 to 1.7). These 
participants moved from low or moderate levels of activity limitations to high levels over 5 
years (e.g. the participant indicated with no. 6 in Figure 2), or reported permanent high lev-
els of activity limitations (e.g. the participant indicated with no. 7 in Figure 2). Participants 
in Subgroup 3 were defined as having a ‘poor outcome’ on activity limitations. 

Characteristics of the subgroups
Results of univariable and multivariable logistic regression analyses comparing partici-
pants in the subgroups are shown in Tables 3 and 4. Multivariable regression analyses 
showed that, after adjustment for all other baseline characteristics, participants in Sub-
group 2 (‘moderate outcome’), compared to participants in Subgroup 1 (‘good outcome’), 
were characterized by: a higher BMI, a higher score on the NRS for knee pain, hip pain, 
presence of ≥ 3 comorbidities, and a lower score on the SF-36 subscale for vitality (Table 
4). Participants in Subgroup 3 (‘poor outcome’), compared to participants in Subgroup 1 
(‘good outcome’), were characterized by: a younger age, a higher score on the NRS for knee 
pain, presence of bony tenderness, a lower range of active knee flexion, hip pain, presence 
of osteophytosis, presence of ≥ 3 comorbidities, a lower score on the SF-36 subscale for 
vitality, and a higher score on the resting subscale of the Pain Coping Inventory.

Figure 2. Plot of the individual slopes 

(y-axis) against the baseline scores 

(x-axis) on activity limitations. A slope of 

-1 indicates that the score on the physical 

function subscale of the Western Ontario 

and Mc Master Universities Osteoarthritis 

Index (WOMAC-PF) decreases on average 

with 1 point per year. Subgroup 1 = 

participants having a ‘good outcome’ on 

activity limitations over 5 years. Subgroup 2 

= participants having a ‘moderate outcome’ 

on activity limitations over 5 years. 

Subgroup 3 = participants having  

a ‘poor outcome’ on activity limitations over 

5 years. For explanation of the numbers 1–7 

in the plot, refer the Results section of  

the manuscript.
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Discussion

The present study used data from a 5-year follow-up period of 697 participants with early 
symptomatic knee OA to identify homogeneous subgroups of patients with distinct trajec-
tories of activity limitations. Three subgroups were identified: (1) a ‘good outcome’, (2) a 
‘moderate outcome’ and (3) a ’poor outcome’ subgroup. The validity of this classification is 
supported by the demographic, clinical and psychological characteristics of these sub-
groups.

The 5-year change in activity limitations of the ‘good outcome’ and ‘poor outcome’ 
subgroup (17.2% and 18.3% of the WOMAC-PF baseline score, respectively) exceeded or al-
most exceeded the criterion for minimal clinically important change (i.e. 17% for improve-
ment and 22% for worsening).26 The estimated 5-year change on the WOMAC-PF was -1.5 
points in the ‘good outcome’ subgroup, +2 points in the ‘moderate outcome’ subgroup, 
and +6 points in the ‘poor outcome’ subgroup. The average probability of subgroup mem-
bership for each estimated subgroup was 92% or higher, suggesting that most participants 
were correctly classified.

This is the first study in early symptomatic knee OA that used LCGA to examine inter-
individual differences in intra-individual change in the course of activity limitations. Because 
LCGA uses a statistical procedure to test whether the hypothesized trajectory subgroups 

Table 3. Results of univariable logistic regression analyses of baseline characteristics associated with subgroup 
 membership (Subgroup 1 ‘good outcome’ (n = 330) used as the reference group)

Subgroup 2 ‘moderate  outcome’ 
(n = 257)

Subgroup 3 ‘poor outcome’ 
(n = 110)

Characteristic

Age, years
Female
Body-mass index, kg/m2

NRS for knee pain (0-10)
Bilateral knee pain
Morning stiffness knee
Bony tenderness
Crepitus
Active knee flexion range,  
 degrees
Hip pain
Osteophytosis
Joint space narrowing
Comorbidity count ≥ 3
SF-36 vitality (0-100)
PCI resting (5-20)

OR (95% CI)

0.99 (0.95 to 1.02)
1.26 (0.83 to 1.91)
1.13 (1.08 to 1.18)
1.40 (1.27 to 1.53)
0.96 (0.70 to 1.34)
1.37 (0.96 to 1.96)
1.65 (1.18 to 2.29)
0.81 (0.59 to 1.13)
0.97 (0.95 to 0.99)

1.89 (1.36 to 2.62)
1.26 (0.82 to 1.96)
1.61 (1.00 to 2.59)
2.50 (1.64 to 3.80)
0.97 (0.96 to 0.98)
1.13 (1.05 to 1.21)

p Value

 0.35
 0.29
 <0.0001
 <0.0001
 0.83
 0.08
 0.003
 0.22
 0.0008

 0.0002
 0.30
 0.05
 <0.0001
 <0.0001
 0.0009

OR (95% CI)

0.98 (0.94 to 1.02)
1.33 (0.75 to 2.35)
1.16 (1.10 to 1.23)
1.90 (1.65 to 2.18)
1.63 (1.04 to 2.56)
2.62 (1.51 to 4.57)
2.58 (1.64 to 4.05)
1.20 (0.77 to 1.86)
0.95 (0.93 to 0.97)

2.70 (1.72 to 4.22)
1.77 (1.04 to 3.01)
2.13 (1.21 to 3.74)
5.46 (3.32 to 8.97)
0.94 (0.92 to 0.95)
1.39 (1.26 to 1.52)

p Value

 0.34
 0.33
 <0.0001
 <0.0001
 0.03
 0.0006
 <0.0001
 0.41
 <0.0001

 <0.0001
 0.03
 0.009
 <0.0001
 <0.0001
 <0.0001

NRS = numeric rating scale; PCI = Pain Coping Inventory; SF-36 = Short Form 36 Health Survey.
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emerge from the data, this method allows the discovery of unexpected yet potentially mean-
ingful subgroups.27 The identified subgroups remind us of the classification introduced by 
Sharma et al.5 in 2003. Based on clinical reasoning, Sharma et al.5 categorized their study 
population into good and poor outcome subgroups using a quintile grid of baseline and 
3-year WOMAC-PF scores. The poor and good outcome subgroups of Sharma et al.5 resem-
ble our ‘poor outcome’ and ‘good outcome’ subgroups, respectively. Our ‘moderate outcome’ 
subgroup is a novel finding. The classification by Sharma et al. has been used in several stud-
ies without being empirically validated. Although not specifically designed for this purpose, 
our study provides credence to the Sharma et al.5 classification, and refines it by adding the 
‘moderate outcome’ subgroup. Studies in other samples are needed to externally validate our 
findings (i.e. replicate the three subgroups with the estimated intercepts and slopes).

In both our classification and the Sharma et al.5 classification, the change over time as 
well as the level of activity limitations at baseline define subgroups of participants with dis-
tinct trajectories of activity limitations. The ‘poor outcome’ subgroup showed more activity 

Table 4. Multivariable logistic regression models of baseline characteristics associated with subgroup membership (Subgroup 1 ‘good 

outcome’ (n = 330) used as the reference group)

Subgroup 2 ‘moderate outcome’ 
(n = 257)

Subgroup 3 ‘poor outcome’ 
(n = 110)

Characteristic
Age, years
Body-mass index, kg/m2

NRS for knee pain (0-10)
Bony tenderness
Active knee flexion range, degrees
Hip pain
Osteophytosis
Comorbidity count ≥ 3
SF-36 vitality (0-100)
PCI resting (5-20)
Model quality parameters
Slope
AUCshrunk
Nagelkerke’s R2shrunk
p-Value Hosmer-Lemeshow statistic

1.12 (1.07 to 1.18)
1.35 (1.22 to 1.49)

1.54 (1.07 to 2.22)

1.76 (1.10 to 2.81)
0.98 (0.97 to 0.99)

0.96
0.74
0.22
0.25

0.94 (0.88 to 1.00)

1.81 (1.51 to 2.16)
2.63 (1.38 to 5.02)
0.96 (0.93 to 1.00)
2.34 (1.22 to 4.48)

5.68 (2.57 to 12.55)
3.28 (1.62 to 6.64)
0.96 (0.94 to 0.98)
1.16 (1.02 to 1.31)

0.91
0.90
0.55
0.83

<0.0001
<0.0001

0.02

0.02
0.002

1.12
1.33

1.51

1.72
0.98

0·04

<0.0001
0.003
0.03
0.01

<0.0001
0.001

0.0001
0.02

0·94

1.72
2.41
0.97
2.17
4.85
2.95
0.96
1.14

AUCshrunk = area under the receiver operation characteristic curve after adjustment for overoptimism using bootstrap-
ping techniques; Nagelkerke’s R2shrunk = Nagelkerke’s R squared after adjustment for overoptimism using bootstrap-
ping techniques; NRS = numeric rating scale;  ORshrunk = OR after adjustment for overfitting using bootstrapping 
techniques; PCI = Pain Coping Inventory; SF-36 = Short Form 36 Health Survey; Slope = shrinkage factor obtained after 
bootstrapping, well calibrated models have a slope of 1.

   OR
 OR (95% CI) p Value shrunk

   OR
 OR (95% CI) p Value shrunk
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limitations at baseline and a greater worsening of activity limitations than the ‘moderate 
outcome’ and ‘good outcome’ subgroup. This can be explained by a “horse-racing effect” 
(i.e. a person whose level of activity limitations has been increasing faster than average 
previously – and who as a result of this has a higher than average level of activity limitations 
at baseline – will continue to increase in activity limitations faster than average in the fu-
ture).28 There were also participants who did not change in activity limitations. Apparently, 
although our study population was recruited at inception of symptoms, some participants 
have already deteriorated before inclusion and showed no or little additional change during 
the study. This emphasizes the need to consider both factors related to change and factors 
related to stable low function states in developing prevention programs, and is an interest-
ing finding for further research.5 

The characteristics of the subgroups are consistent with existing knowledge on prog-
nostic factors regarding activity limitations in knee OA, which supports the validity of our 
classification. Compared to participants in the ‘good outcome’ subgroup, participants in 
the ‘moderate outcome’ and ‘poor outcome’ subgroups were characterized by: younger age, 
a higher BMI, more pain, bony tenderness, a reduced range of knee flexion, hip pain, osteo-
phytosis, ≥ 3 comorbidities, lower vitality, or avoidance of activities. This is in accordance 
with other longitudinal studies that have identified higher BMI,2,4,5,29 greater knee pain,2,5,30 

bony tenderness,29 concomitant hip pain,4 severity of radiographic knee OA,29 comorbid-
ity,4,30,31 low vitality,31 and avoidance of physical activities30 as risk factors for a poor outcome 
on activity limitations. Osteophytosis, comorbidities, bony tenderness, and concomitant 
hip pain were strongest associated with membership of the ‘poor outcome’ subgroup.

A major strength of our study is that the study population was assembled at incep-
tion of symptoms. This is important because if observation is begun at different points 
in the course of OA for the various participants, description of their prognosis will lack 
precision.32 Our study may be criticized for not studying participants meeting criteria for 
clinical OA or radiographic OA. The pathophysiology of OA is poorly understood; there 
is little relation between clinical features and structural tissue changes, and some OA 
phenotypes may develop radiographic signs only late in the disease process.8 We believe 
that the onset of symptoms is the best starting point to study the course of the disease, 
including the course of activity limitations. A sensitivity analysis in participants who 
fulfilled the ACR clinical criteria for knee OA (n = 606) yielded similar results (data not 
shown). Additional strengths are the longitudinal design with six measurements over a 
5-year follow-up period; the use of LCGA taking into account heterogeneity in the course 
of activity limitations; the use of a plot of individual change against the baseline level of 
activity limitations, which facilitated interpretation of trajectories in the three identified 
subgroups; and the regression analyses to describe differences in characteristics between 
the subgroups. A final comment concerns LCGA: although LCGA is an attractive method 
to identify homogeneous subgroups, the choice of the most appropriate number of sub-
groups remains somewhat arbitrary, requiring clinical and statistical judgment.9,20 Based 
on strong arguments (see Results section), we judged the three-group model as most 
appropriate. 

For clinicians it is important to be aware that the knee OA population consists of sub-
groups with differing prognoses regarding activity limitations. Furthermore, identifica-
tion of homogeneous subgroups may contribute to the development of tailored preventive 
interventions in knee OA patients.5–8 
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In conclusion, based on the 5-year course of activity limitations, three trajectory sub-
groups of knee OA patients were identified. The characteristics of these subgroups were 
consistent with existing knowledge on prognostic factors regarding activity limitations, 
which supports the validity of this classification.
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