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ABSTRACT 
Objective. To identify distinct recovery trajectories of acute flares of knee pain and associated participant characteristics.

Methods. Data were from FLARE RCT, a multicentre trial in 27 primary care centres in UK and Netherlands of three regimes of oral nonsteroidal anti-inflammatory therapy for acute flares of knee pain. Individuals with a history of inflammatory/crystal arthritis, fibromyalgia, and chronic pain syndrome were excluded. Latent class growth analysis was applied to measures of pain intensity repeated over five days to identify distinct recovery trajectories. The concurrent courses of interference with activity, stiffness, and swelling for each trajectory group were modelled using generalised estimating equations. Participant age, sex, obesity, and osteoarthritis diagnosis were described for each trajectory group. 

Results. 449 participants were included (median age 55 years, 41% female, 35% obese, 42% diagnosed osteoarthritis). A six-group cubic model was deemed optimal, with trajectories distinguished by rate of pain reduction and absolute level at final measurement. At the extremes, were rapid and near-complete resolution (n=41, 9%) and persistent, high pain (n=25, 6%), but most showed a reduction and plateau in pain severity within 3-5 days. Within each pain trajectory group, interference with activity, stiffness, and swelling followed the same course as pain. Baseline characteristics did not differ substantially between trajectory groups.

Conclusion. Even under a well-adhered to regime of oral nonsteroidal anti-inflammatory medication, recovery following acute flares of knee pain is heterogeneous. Our observations that favourable trajectories are apparent within 3-5 days can help to inform treatment decision-making in the patient-healthcare professional consultation.

SIGNIFICANCE & INNOVATIONS
· Recovery trajectories following flares of knee pain managed with oral nonsteroidal anti-inflammatory medication are heterogeneous and difficult to predict based on participant characteristics. 
· The identification of favourable trajectories within 3-5 days can be used to inform treatment decision-making in the patient-healthcare professional consultation.




















INTRODUCTION
There is increasing recognition that the natural history of osteoarthritis pain can include intermittent episodes of intense pain (1). Focus groups of people with hip or knee osteoarthritis have suggested that in the early stages of the disease these may be relatively predictable and associated with high-impact activities but in later stages can become unpredictable and distressing (1). The underlying nature of these episodes, including the role of inflammation, is still poorly understood and while a common terminology has yet to be agreed (2), it is our experience that patients often use the term ‘flares’ or ‘flare-ups’ to describe these phenomena. This is the term under which a new OMERACT-OARSI initiative has recently been launched (3).
Part of the unpredictability of flares for patients and healthcare professionals is knowing how long they will last. A single ‘one-size-fits-all’ answer is unlikely to be adequate. Long-term studies have demonstrated that there is no single long-term course for osteoarthritis symptoms (4-6), and our hypothesis was that this would be true also of the short-term course of acute flares. Using a unique trial dataset that collected daily measurements from participants experiencing a flare in knee pain, we sought to identify distinct short-term recovery trajectories of knee pain flares to describe the accompanying changes over time in self-reported function, stiffness and swelling, and to explore any participant characteristics associated with trajectory groups.

METHODS
Study design
This present study utilised data from a published randomised controlled trial (RCT) - the FLARE RCT (7). The trial was a multicentre, randomised, double-blind, 3-arm design testing for non-inferiority by comparing a novel lipid formulation of ibuprofen 1200 mg/day with standard ibuprofen soft-gel capsules of 1200 mg/day or 2400 mg/day. Participants had five days of treatment, with day 0 as baseline (no medication), and day one as first treatment day. A total of 27 primary care general practices were recruited across the UK and the Netherlands. People with a history of knee pain flares were identified via medical record review and local community advertising. Participants were screened at local study sites to determine eligibility and invited to return within 24 hours if they experienced a knee pain flare for enrolment and randomisation. Independent ethical approval was obtained in both countries (UK: NRES Committee East Midlands - Northampton; Netherlands: Independent Review Board Nijmegen). All participants gave written informed consent. 

Study population
Community-dwelling adults aged 40-70 years with a history of ≥1 knee pain flare episode in the last 12 months (with or without treatment), who experienced a new knee pain flare with severity ≥5 on a 0-10 numerical rating scale (NRS) and who attended a baseline assessment within 24 hours of onset, were eligible to take part. Individuals were excluded if they had: recent serious illness, fracture, a history of serious heart problems or clinically significant cardiovascular disease, inflammatory arthropathies (including gout), fibromyalgia, chronic pain syndrome, current selective serotonin reuptake inhibitor (SSRI) medication, significant injury or surgery to the knee, recent intra-articular corticosteroid injection into the index knee or systematic corticosteroids, body mass index (BMI) >39 kg/m2 and use of any pain medication within 7 days of study baseline. 

Data collection and outcomes of interest
Data collection included, age, gender, BMI, participant self-reported osteoarthritis status confirmed by physician questioning, oral anti-inflammatory regime allocation, baseline and post-treatment Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC NRS) (8) pain (0-50), stiffness (0-20) and function (0-170) scores, self-reported number of days since flare started, knee flare response (proportion of flares ‘fully controlled/under control’ by the end of five-day treatment course one), proportion beginning second 5-day course of oral anti-inflammatory medication from day six, and proportion of 100% compliance with treatment course one. Participant-reported average daily pain intensity, pain interference with participant-nominated activity, stiffness after sitting, lying or resting and swelling (all on 0-10 NRS) were also collected prospectively each day to day five, at the same time of day as the baseline questionnaire was completed. 

Statistical analyses
Latent class growth analysis (LCGA) was used to model individual pain intensity trajectories over time and was based on the sample of participants with pain intensity data at all time-points.  Pain intensity was analysed with a censored normal distribution. A one-group quadratic model was initially fitted to the data as it was hypothesised that the trajectories in this dataset would be non-linear. A search for the optimal quadratic model was conducted by sequentially increasing the number of groups by one until model fit no longer improved. We also explored whether the same optimum model would have been concluded if a cubic model had been assumed, and if any group-specific cubic terms were statistically significant (p<0.05). Model fit statistics included Akaike Information Criteria (AIC), the Bayesian Information Criteria (BIC) and the sample-size adjusted BIC (ABIC), with lower absolute values of statistics indicating better model fit. Entropy (value 0-1) was used to indicate how well the model predicted class membership with values > 0.8 desirable (9). We also considered that for a model to be optimal all class sizes should be >5% of the total sample (to minimise the potential for the specific class not to be replicated in another dataset) and that class-specific average posterior probabilities were >0.7 (10, 11).  
To check whether a global solution had been reached in the estimation algorithm, models were re-run using 5,000 different starting values to examine whether the same model likelihood was attained irrespective of starting values. If in more than two final stage solutions the highest log likelihood were repeated, a global solution was then concluded (12). We also conducted sensitivity analyses to check if model results were consistent when the data were modelled using growth mixture models (GMM) (13), i.e. when the variance and covariance of the growth factors was freely estimated, rather than fixed at zero as in LCGA, or when participants with pain-intensity data for at least one time point were included in the analysis. All models were fitted using maximum likelihood estimation, hence when missing data was included in the model, it was assumed to be missing at random. 
Trajectory membership was further examined by plotting the derived trajectories based on the number in the smallest trajectory group and generating a random sample of the same number for each of the other five derived trajectories. This was performed to visually judge the extent to which individual trajectories followed the average trajectory for each group.
In each latent group, the marginal estimation of pain interference with participant-nominated activity at each time point as the outcome, was analysed using generalised estimating equations incorporating age, gender, categorical variable for trajectory group, and a cubic term for time as predictors. Predicted mean estimates at each time point were presented with 95% confidence intervals, calculated using robust standard errors. This process was repeated for self-reported stiffness and swelling outcomes.
Demographic, clinical characteristics and the proportion of participants reporting their flare as ‘fully controlled/under control’ at day five were described by trajectory group. Unadjusted multinomial logistic regression was used to explore baseline predictors of trajectory group. Adjusted models were not considered as our sample size was too small for such an analysis to be reliable. Finally, we conducted a subgroup analysis in which we repeated the LCGA in those with a diagnosis of osteoarthritis. This was to determine whether the findings in the primary analysis could reasonably be generalised to cases diagnosed with osteoarthritis.
Data management and analysis were performed using Stata MP Software V14.1 (StataCorp, College Station, TX, USA) and Mplus version 8.1 (14).

RESULTS 
Study population
Of 462 study participants enrolled and randomised between March 2015 and August 2016, 13 cases had missing data at one or more follow-up time points, leaving 449 eligible for inclusion in the complete-case analysis. 

Trajectories of recovery
A cubic six-group model was deemed the optimal solution based on low AIC, BIC and ABIC, and high entropy and average posterior probabilities (Supplementary Data, Table S1). Group membership ranged in size from n=25 (5.6%) (Group-six) to n=143 (31.8%) (Group-four). In all six groups, individual participant trajectories showed a similar spread around the mean, supporting the model fit (Supplementary Data, Figure S1).  The cubic six-group GMM model, with all parameters freely estimated, failed to converge to a global solution. However, constraining the variance around the quadratic and cubic model terms produced a global solution, albeit where the optimal number of classes was inconsistent across different indices (Supplementary Data, Table S2, S3, Figure S2). A similar solution appeared optimal when analysis was restricted to participants with a diagnosis of osteoarthritis (Supplementary Data, Table S4, Figure S3). The results were also consistent between the complete-case analysis and the analysis incorporating missing data, given that the rate of missing data in the study was low (3%).
Groups were differentiated mainly on the rate of recovery and pain level attained at day five (Figure 1). Two groups (group 5 (n=104) and group 6 (n=25)) showed modest or minimal reductions in pain and, despite high reported levels of compliance to five days of oral nonsteroidal anti-inflammatory drugs (NSAIDs), remained in high levels of pain. All other groups showed different rates of pain reduction, with three groups experiencing pain scores of less than 3 on 0-10 NRS after five days of treatment.
Scores for severity of pain interference with participant-nominated activity and of stiffness closely followed the trajectories in pain severity (Supplementary Data, Figures S4, S5). Self-reported severity of swelling also followed a similar course to pain severity although scores for swelling were systematically lower than for pain severity, particularly at baseline (Supplementary Data, Figure S6). Of note, participants who experienced the most rapid and complete resolution of pain (Group-one) had much lower self-reported swelling at baseline than other trajectory groups.

Comparison of participant characteristics between trajectory groups 
Groups differed on WOMAC subscale scores at baseline and at follow-up, and this was reflected in differences in the proportion who reported their flare as being ‘fully controlled/under control’ at day five and opting to begin a second course of oral NSAIDs (Table 1, Supplementary Data Table S5, S6). Sex, osteoarthritis diagnosis, days since flare started, and NSAID regime were not strongly associated with group membership. Differences observed between groups for age and BMI did not follow a clear pattern and were not statistically significant (Table 1, Supplementary Data Table S5, S6). Whilst self-reported compliance with NSAID regime was generally high in all groups (88% or over), statistically significant between-group differences were observed with the lowest compliance seen among the group with the fastest reductions in pain, suggesting discontinuation of NSAIDs due to symptom resolution. 

DISCUSSION 
Our findings demonstrate that acute flares of knee pain do not follow a predictable, set course. From pain levels that were initially moderate-to-severe, we identified a range of recovery trajectories from rapid and substantial symptom improvement within 3 days to minimal short-term improvement. Unfortunately we found no strong predictors of recovery trajectory, although data on several potentially relevant determinants of outcome (e.g. occupational exposures, low mood) were not collected. Since all participants in our study received a five-day course of oral NSAID preparations of comparable efficacy, and with high self-reported compliance, we can be more confident that differences in recovery trajectory are unlikely to be explained simply by differences in treatment. Indeed, it is important to recognise that the ‘natural course’ of flares under less optimised, ‘real world’ conditions are likely to be less favourable than observed in this study. Furthermore, with the absence of a no treatment control for comparison it cannot be known if the same patterns (and frequency of patterns) would occur under other (or no) treatment conditions. 

The age of participants in our study may be important. Studies of long-term symptom trajectories in knee pain have recruited participants with a mean age ranging from 56-71 years. The age of participants in the current study was at the lower end of this range (median 55 years) and comparable with that of the CHECK cohort of early osteoarthritis (e.g. 2). Following the exclusion of potential participants with a history of inflammatory/crystal arthropathy, fibromyalgia, and chronic pain syndrome, our study findings most likely reflect acute flares in relatively early knee osteoarthritis. As such, our observations provide some empirical support for Hawker et al’s (1) qualitative finding that flare-ups may be present in an early phase of osteoarthritis.

In this study acute flares were self-declared by participants, a pragmatic decision in the absence of more robust criteria, and one with some face and construct validity. Yet they are likely still to represent heterogeneous underlying pathophysiological processes. Future studies using imaging to assess the role of joint inflammation, for example, may be insightful. The resolution of pain appeared to track the resolution of self-reported swelling and those with the most rapid pain recovery had the least swelling at baseline, consistent with Marty et al’s (15) proposal that knee effusion is an important (but not essential) component of knee osteoarthritis flares. We acknowledge that the five day study period was short and future studies with longer follow-up could more accurately establish both the time-to-resolution of flares (particularly for those groups whose pain did not resolve over five days) and the frequency and interval of recurrence. 

What are the implications of this research? We provide some evidence that could inform the conversation between healthcare professional and patients about the ‘usual’ expected course of a flare-up but also when an unfavourable trajectory might become apparent. Our study does not provide evidence on how these should be managed. However, we note that if achieving rapid and substantial symptom improvement in all patients is unrealistic, an alternative is to attempt to shift patients’ flares into an adjacent, more favourable trajectory. This more modest goal could still produce important reductions in disability days and time spent in moderate-severe pain.
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Table S1	Goodness-of-fit statistics for quadratic and cubic models for pain trajectory, all participants (n=449)
	Model
	No of class
	AIC
	BIC
	ABIC
	Entropy
	L
	Sample size in each class, n (%)
	Average posterior probability

	 Quadratic
 
 
 
 
 
	1
	-5853.85
	-5862.70
	-5860.01
	
	-5850.85
	449 (100)
	1

	
	2
	-5419.54
	-5440.18
	-5433.91
	.8055834
	-5412.54
	160 (35.6), 289 (64.4)
	0.91, 0.96

	
	3
	-5317.45
	-5349.89
	-5340.04
	.7762766
	-5306.45
	56 (12.5), 220 (49.0), 173 (38.5)
	0.91, 0.88, 0.89

	
	4
	-5300.87
	-5345.11
	-5331.67
	.7777202
	-5285.87
	22 (4.9), 62 (13.8), 226 (50.3), 139 (31.0)
	0.91, 0.83, 0.84, 0.90

	
	5
	-5302.39
	-5383.43
	-5341.41
	.9961464
	-5283.39
	2 (0.5), 23 (5.1), 60 (13.4), 226 (50.3), 138 (30.7)
	0.91, 0.87, 0.84, 0.84, 0.90

	
	6
	-5305.11
	-5372.95
	-5352.34
	.7973556
	-5282.11
	151 (33.6), 207 (46.1), 22 (4.9), 60 (13.4), 3 (0.7), 6 (1.3)
	0.82, 0.83, 0.91, 0.79, 0.71, 0.68

	
	7
	-5309.00
	-5388.63
	-5364.44
	.6773106
	-5282.00
	3 (0.7), 21 (4.7), 2 (0.5), 61 (13.6), 92 (20.5), 125 (27.8), 145 (32.3)
	0.70, 0.92, 0.81, 0.75, 0.50, 0.60, 0.80

	
	
	

	Cubic
 
 
 
 
 
 
	1
	-5726.36
	-5743.91
	-5739.43
	
	-5724.36
	449 (100)
	1

	
	2
	-5098.32
	-5128.30
	-5129.34
	.8780987
	-5098.80
	244 (54.3), 205 (45.7)
	0.97, 0.96

	
	3
	-4809.48
	-4853.72
	-4840.28
	.9210879
	-4794.48
	88 (19.6), 231 (51.5), 130 (29.0)
	0.97, 0.97, 0.97

	
	4
	-4716.28
	-4745.20
	-4757.28
	.8697848
	-4696.21
	73 (16.3), 178 (39.6), 135 (30.1), 63 (14.0)
	0.95, 0.92, 0.90, 0.94

	
	5
	-4652.44
	-4726.17
	-4703.77
	.9510735
	-4627.44
	28 (6.2), 83 (18.5), 194 (43.2), 114 (25.4), 30 (6.7)
	0.96, 0.93, 0.91, 0.92, 0.92

	
	6
	-4591.59
	-4680.07
	-4653.19
	.993965
	-4561.59
	38 (8.5), 98 (21.8), 41 (9.1), 143 (31.9), 104 (23.2), 25 (5.6)
	0.99, 0.93, 0.88, 0.88, 0.89, 0.96

	
	7
	-4548.66
	-4651.89
	-4620.53
	.9472097
	-4513.66
	75 (16.7), 26 (5.8), 120 (26.7), 58 (12.9), 55 (12.3), 94 (20.9), 21 (4.7)
	0.86, 0.96, 0.85, 0.93, 0.83, 0.92, 0.95


AIC, Akaike Information Criteria; BIC, Bayesian Information Criteria; ABIC, Sample-size adjusted BIC; L, Log likelihood.



Table S2	Model constraints applied to the 6-group cubic GMM model  
	Model 
	Constraint
	Outcome

	
	Residual variances to be constrained to be equal across trajectory classes and time-points
	Variance around the cubic term constrained to be equal to 0
	Variance around the quadratic term constrained to be equal to 0
	

	GMM1
	No
	No
	No
	Best log likelihood not replicated

	GMM2
	Yes
	No
	No
	Best log likelihood not replicated

	GMM3
	No
	Yes
	No
	Best log likelihood not replicated

	GMM4
	Yes
	Yes
	No
	Model could not be fully estimated under the model constraints listed

	GMM5
	No
	Yes
	Yes
	Best log likelihood replicated


Footnote: The GMM models are fitted using Mplus version 8.1. GMM, Growth Mixture Model.

















Table S3	Pain scale: goodness-of-fit statistics for a cubic GMM model with the variance of the cubic and quadratic term fixed at 0
	No of groups
	AIC
	BIC
	ABIC
	Entropy
	L
	Sample size in each class, n (%)
	Average posterior probability

	1
	9182
	9235
	9194
	
	-4578
	449 (100)
	1.00

	2
	8853
	8927
	8870
	0.80
	-4409
	131 (29), 318 (71)
	0.91, 0.96

	3
	8830
	8924
	8851
	0.81
	-4392
	299 (67), 130 (29), 20 (4)
	0.94, 0.86, 0.83

	4
	8802
	8917
	8828
	0.80
	-4373
	123 (27), 275 (61), 32 (7), 19 (4)
	0.88, 0.90, 0.76, 0.87

	5
	8790
	8926
	8821
	0.76
	-4362
	31 (7), 19 (4), 65 (14), 53 (12), 281 (63)
	0.75, 0.82, 0.77, 0.75, 0.90

	6
	8776
	8932
	8811
	0.67
	-4350
	172 (38), 60 (13), 33 (7), 56 (12), 17 (4), 111 (25)
	0.76, 0.77, 0.75, 0.73, 0.81, 0.78

	7
	8771
	8948
	8811
	0.71
	-4343
	15 (3), 2 (0), 97 (22), 51 (11), 65 (14), 181 (40), 38 (8)
	0.83, 0.99, 0.77, 0.74, 0.78, 0.77, 0.74


Footnote: The GMM models are fitted using Mplus version 8.1. AIC, Akaike Information Criteria; BIC, Bayesian Information Criteria; ABIC, Sample-size adjusted BIC; L, Log likelihood. 

















Table S4 	Goodness-of-fit statistics for quadratic and cubic models for pain trajectory, diagnosed osteoarthritis only (n=187)
	Model
	No of class
	AIC
	BIC
	ABIC
	Entropy
	L
	Sample size in each class, n (%)
	Average posterior probability

	 Quadratic
 
 
 
 
 
	1
	-2421.69
	-2426.54
	-2429.23
	
	-2418.69
	187 (100)
	1

	
	2
	-2251.89
	-2263.20
	-2269.47
	0.8980591
	-2244.89
	85 (45.5), 102 (54.5)
	0.92, 0.92

	
	3
	-2203.10
	-2220.87
	-2230.72
	0.9228409
	-2192.10
	24 (12.8), 113 (60.4), 50 (26.7)
	0.92, 0.92, 0.92

	
	4
	-2198.08
	-2222.32
	-2235.75
	0.9313741
	-2183.08
	6 (3.2), 28 (15.0), 104 (55.6), 49 (26.2)
	0.89, 0.83, 0.92, 0.90

	
	5
	-2201.24
	-2231.93
	-2248.95
	0.8749437
	-2182.24
	5 (2.7), 46 (24.6), 21 (11.2), 74 (39.6), 41 (21.9)
	0.92, 0.65, 0.80, 0.70, 0.87

	
	6
	-2204.50
	-2241.66
	-2262.26
	0.8844616
	-2181.50
	5 (2.7), 47 (25.1), 21 (11.2), 25 (13.4), 87 (46.5), 2 (1.1)
	0.92, 0.81, 0.79, 0.53, 0.73, 0.82

	
	7
	-2208.50
	-2252.12
	-2276.31
	0.8357559
	-2181.50
	2 (1.1), 21 (11.2), 68 (36.4), 5 (2.7), 0 (0.0), 42 (22.5), 49 (26.2)
	0.82, 0.79, 0.43, 0.92, 0, 0.49, 0.79

	
	
	

	Cubic
 
 
 
 
 
	1
	-2389.97
	-2398.05
	-2402.53
	
	-2384.97
	187 (100)
	1

	
	2
	-2114.27
	-2130.43
	-2139.38
	0.9626631
	-2104.27
	131 (70.1), 56 (29.9)
	0.97, 0.97

	
	3
	-1964.48
	-1988.71
	-2002.15
	0.9725973
	-1949.48
	38 (20.3), 101 (54.0), 48 (25.7)
	0.96, 0.98, 0.97

	
	4
	-1931.48
	-1963.79
	-1981.71
	0.9976213
	-1911.48
	8 (4.3), 44 (23.5), 91 (48.7), 44 (23.5)
	0.96, 0.93, 0.95, 0.97

	
	5
	-1929.55
	-1969.94
	-1992.34
	1
	-1904.55
	2 (1.1), 6 (3.2), 44 (23.5), 91 (48.7), 44(23.5)
	0.998, 0.99, 0.93, 0.95, 0.97

	
	6
	-1868.99
	-1917.45
	-1944.33
	1
	-1838.99
	3 (1.6), 50 (26.7), 27 (14.4), 59 (31.6), 37 (19.8), 11 (5.9)
	0.99, 0.89, 0.96, 0.88, 0.95, 0.98

	
	7
	-1873.99
	-1930.53
	-1961.89
	1
	-1838.99
	0 (0.0), 3 (1.6), 27 (14.4), 50 (26.7), 59 (31.6), 37 (19.8), 11 (5.9)
	0, 0.99, 0.96, 0.89, 0.88, 0.95, 0.98


AIC, Akaike Information Criteria; BIC, Bayesian Information Criteria; ABIC, Sample-size adjusted BIC; L, Log likelihood.




Table S5	Differences in baseline characteristics by pain trajectory group, expressed as relative risk ratios from multinomial logistic regression, all participants

	 
	Group 1

	Group 2

	Group 3

	Group 4

	Group 5

	Group 6

	Likelihood ratio test

	N
	41
	38
	98
	143
	104
	25
	

	Age 
	0.99 (0.96, 1.02)
	1.01 (0.98, 1.04)
	1.01 (0.99, 1.04)
	Reference
	0.98 (0.96, 1.00)
	0.99 (0.96, 1.02)
	2=10.16, p=0.07

	Female gender
	1.23 (0.61, 2.47)
	1.04 (0.50, 2.14)
	0.76 (0.44, 1.29)
	Reference
	1.09 (0.65, 1.81)
	1.31 (0.56, 3.08)
	2=2.85, p=0.72

	Osteoarthritis
	0.79 (0.39, 1.60)
	0.90 (0.44, 1.85)
	0.89 (0.53, 1.49)
	Reference
	0.71 (0.42, 1.19)
	1.14 (0.49, 2.67)
	2=2.23, p=0.82

	Body Mass Index (kg/m2)
	<25.0
	1
	1
	1
	Reference
	1
	1
	2=16.68, p=0.08

	
	25.0-29.9
	0.57 (0.25, 1.31)
	1.52 (0.54, 4.25)
	1.62 (0.82, 3.18)
	Reference
	1.06 (0.55, 2.06)
	0.57 (0.17, 1.91)
	

	
	30.0-39.0
	0.47 (0.19, 1.14)
	1.69 (0.60, 4.76)
	0.84 (0.40, 1.75)
	Reference
	1.05 (0.53, 2.06)
	1.38 (0.48, 3.97)
	

	Baseline severe pain
	0.95 (0.47, 1.91)
	6.32 (2.13, 18.76)
	0.36 (0.21, 0.62)
	Reference
	3.12 (1.73, 5.63)
	17.9 (2.35, 135.6)
	2=84.74, p=<0.001

	Baseline WOMAC pain score (0-50)
	0.93 (0.88, 0.97)
	1.06 (1.01, 1.12)
	0.93 (0.89, 0.96)
	Reference
	1.08 (1.05, 1.13)
	1.24 (1.15, 1.34)
	2=120.70, p=<0.001

	Baseline WOMAC stiffness score (0-20)
	0.88 (0.81, 0.96)
	1.04 (0.94, 1.14)
	0.95 (0.89, 1.02)
	Reference
	1.07 (1.00, 1.15)
	1.40 (1.19, 1.64)
	2=44.21, p=<0.001

	Baseline WOMAC function score (0-170)
	0.97 (0.96, 0.98)
	1.01 (1.00, 1.02)
	0.97 (0.96, 0.98)
	Reference
	1.01 (1.00, 1.02)
	1.05 (1.03, 1.07)
	2=110.33, p=<0.001

	Days since flare started:
	0 day
	1
	1
	1
	Reference
	1
	1
	2=12.34, p=0.65

	
	1 day
	0.77 (0.37, 1.63)
	1.02 (0.46, 2.26)
	1.05 (0.59, 1.87)
	Reference
	1.19 (0.66, 2.12)
	1.33 (0.46, 3.89)
	

	
	2 days
	0.71 (0.07, 6.94)
	-
	0.74 (0.13, 4.33)
	Reference
	1.15 (0.24, 5.58)
	4.00 (0.58, 27.7)
	

	
	≥ 3 days
	-
	-
	0.49 (0.05, 5.00)
	Reference
	0.51 (0.05, 5.20)
	5.34 (0.71, 40.1)
	

	NSAID regime:
	Lipid 1200
	1
	1
	1
	Reference
	1
	1
	2=10.42, p=0.40

	
	Soft gel 1200
	0.99 (0.42, 2.34)
	0.60 (0.24, 1.50)
	1.41 (0.73, 2.74)
	Reference
	1.52 (0.82, 2.81)
	1.19 (0.44, 3.19)
	

	
	Soft gel 2400
	0.90 (0.39, 2.09)
	0.73 (0.32, 1.69)
	1.45 (0.77, 2.73)
	Reference
	0.85 (0.45, 1.61)
	0.60 (0.20, 1.82)
	

	NSAID, Nonsteroidal anti-inflammatory drug; WOMAC, Western Ontario & McMaster Osteoarthritis Index.
For empty cells with no cases estimates could not be derived.




Table S6 	Differences in outcomes by trajectory group, expressed as relative risk ratios from multinomial logistic regression, all participants
	 
	Group 1

	Group 2

	Group 3

	Group 4

	Group 5

	Group 6

	Likelihood ratio test

	N
	41
	38
	98
	143
	104
	25
	

	End course 1 WOMAC pain score (0-50)
	0.54 (0.46, 0.63)
	0.73 (0.67, 0.80)
	0.82 (0.78, 0.87)
	Reference
	1.10 (1.07, 1.14)
	1.45 (1.30, 1.63)
	2=457.14, p=<0.001

	End course 1 WOMAC stiffness score (0-20)
	0.43 (0.34, 0.53)
	0.65 (0.56, 0.75)
	0.74 (0.68, 0.81)
	Reference
	1.17 (1.09, 1.25)
	1.92 (1.57, 2.35)
	2=330.99, p=<0.001

	End course 1 WOMAC function score (0-170)
	0.84 (0.80, 0.88)
	0.92 (0.90, 0.95)
	0.95 (0.93, 0.96)
	Reference
	1.02 (1.01, 1.03)
	1.07 (1.05, 1.09)
	2=387.89, p=<0.001

	Flare fully controlled/Under control by the end of course 1 
	38 (5.13, 287)
	36 (4.7, 266)
	2.28 (1.32, 3.93)
	Reference
	0.34 (0.19, 0.58)
	-
	2=163.34, p=<0.001

	Beginning second course of NSAIDs 
	0.06 (0.01, 0.45)
	-
	0.58 (0.31, 1.07)
	Reference
	2.40 (1.42, 4.07)
	5.11 (2.05, 12.8)
	2=87.67, p=<0.001

	100% compliant with treatment course 1 
	0.60 (0.20, 1.84)
	-
	0.73 (0.30, 1.80)
	Reference
	0.88 (0.35, 2.21)
	-
	2=12.01, p=0.03

	NSAIDs, Nonsteroidal anti-inflammatory drugs; WOMAC Western Ontario & McMaster Osteoarthritis Index.


For empty cells with no cases estimates could not be derived.

Figure S1	Plots of estimated means of the final model and the observed individual trajectories, by pain trajectory group, all participants [image: ]
Figure S2   Trajectory plots of the constrained GMM model with varying numbers of groups (i.e. with the variance of the cubic and quadratic terms constrained to 0)
	1-group model				2-group model				3-group model			4-group model
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Figure S3	Pain score by group-based trajectory membership, diagnosed osteoarthritis only (n=187)
  [image: W:\Clinical_Epi\InFirst_FlareRCT_analysis\Paper\OA pain traj 20181121.tif]On the x-axis, 0 = baseline (no medication), and day one is first treatment day.
Group 1 (n=3) 
Group 2 (n=27) 
Group 3 (n=50) 
Group 4 (n=59) 
Group 5 (n=37) 
Group 6 (n=11) 

Figure S4 	Pain interference with participant-nominated activity (), by pain () trajectory group, all participants 
[image: ]


Figure S5 	Stiffness (), by pain () trajectory group, all participants [image: ]

Figure S6 	Swelling (), by pain () trajectory group, all participants
[image: ]
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