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ABSTRACT

Objectives: This study aimed to determine whether gout flare resolution is associated with
physical activity and sleep. These findings were intended to inform the future development of

a definition for flare resolution.

Methods: Data from 81 participants with gout who experienced >1 flare during a 6-month
prospective observational study were included. Daily activity (step count) and sleep (total
sleep time and deep sleep percentage) were collected remotely using wrist-worn trackers.
Daily flare occurrence was captured using smartphone diaries. Activity/sleep outcomes
during each flare episode were compared to those during three resolution timeframes: T1: the
first day following the flare; T2: the consecutive window immediately following the flare and
equal in length to the flare; and T3: the consecutive window equal in length to the flare and
immediately following a washout window (equal in length to the flare). Adjusted differences
in medians between flare and resolution timeframes were estimated using linear quantile

mixed models.

Results: Daily step count was lower during flares compared with all resolution timeframes
(all P<0.033). T3 provided the best overall model fit, suggesting that resolution is most
clearly distinguished from the flare when using this timeframe. No significant differences
between flare and resolution were observed for the sleep outcomes for any resolution

timeframe.

Conclusions: Physical activity improves soon after flare cessation, with the clearest
distinction between flare and resolution observed over a longer post-flare recovery period,
whereas sleep metrics do not differentiate flare from resolution states. These findings support

physical activity as a useful objective domain for gout flare resolution.
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SIGNIFICANCE AND INNOVATIONS

The first remote-monitoring study to evaluate whether objectively measured physical
activity and sleep differ between gout flares and predefined post-flare resolution
timeframes

Daily step count improves soon after flare cessation, with the clearest distinction between
flare and resolution observed over a longer post-flare recovery period, supporting
physical activity as a useful objective domain for gout flare resolution

Wearable-derived total sleep time and deep sleep percentage have limited ability to

distinguish flare from resolution states
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Gout flares are intensely painful inflammatory events driven by innate immune recognition of
deposited monosodium urate (MSU) crystals within articular and peri-articular tissues.'”
They are characterised by rapid-onset pain, erythema, warmth, and swelling, causing
significant impairment of physical function, daily activities, and psychological well-being.*
Sleep is also adversely affected by pain, including difficulty initiating and maintaining
sleep.** The unpredictability of flares can generate stress and make it difficult for people with

gout to plan activities and maintain regular sleeping patterns.'*>

Recent studies have sought to standardise the definition of a gout flare.® A validated
definition has been developed requiring three of four criteria: patient-reported joint swelling,
joint warmth, pain at rest greater than 3 on a 0-10 numeric rating scale (NRS), and patient-
reported flare status.” However, measuring gout flares remains challenging, as existing
methodological approaches typically rely on binary classifications (i.e., flare presence or
absence) and do not capture fluctuations in pain or other outcomes, such as function or sleep,
across the duration of the flare.® While gout flares usually resolve over days to weeks,!*1°
there is no validated definition of flare resolution. This limits comparisons between trials
assessing short-term gout flare treatments, where flare resolution (rather than flare onset) may
be the clinically relevant endpoint for people with gout. Importantly, the intercritical phase

can retain features of low-grade inflammation despite symptom improvement,'!"!3 further

underscoring the need to characterise when people with gout truly return to baseline.

As part of a broader program of work to develop a definition for gout flare resolution, recent
qualitative work has shown that resolution is experienced as a return to normality across pain
and function, including the ability to sleep comfortably, with emotional and inflammatory
features also contributing.'* Further evaluation of objective mobility and sleep as potential
markers of resolution is therefore needed. Emerging approaches integrating smartphone-

based remote tracking and wearable devices demonstrate promise in assessing flare-related
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outcomes.'>!¢ Proof-of-concept work in gout demonstrates lower daily step counts during
flares,'® suggesting that device-derived measurements may provide objective markers of flare

dynamics and recovery with lower patient burden than traditional data collection methods.

This analysis aimed to determine whether changes in (i) physical activity and/or (ii) sleep
were associated with gout flare resolution using objectively measured activity and sleep data

collected during a prospective six-month observational study.

PATIENTS AND METHODS
Study design

This analysis used data collected from 90 people with gout who participated in a six-month
prospective observational cohort study. The primary aim of that study was to examine physical
activity before and during flares relative to matched flare-free periods and will be reported
separately. In recognition of the disproportionately severe experience of gout for Maori and
Pacific Peoples in Aotearoa New Zealand,!” and to align with culturally responsive research
practice in this setting, the original study was developed with input from a Maori cultural
advisor and academic (TK, affiliated with Ngati Porou and Ngai Tahu iwi [tribes]) and a Maori
patient research partner (KR, affiliated with Tai Poutini and Nga Puhi iwi). Their contributions
to protocol development and data collection procedures supported the culturally safe and

feasible delivery of remote activity and sleep monitoring.
Participants

Eligible participants were aged >20 years, had a physician diagnosis of gout and at least two
self-reported gout flares in the past six months, had smartphone access, and were willing to
wear a wristwatch continuously for six months. Participants with other forms of

inflammatory arthritis, or musculoskeletal or neurological conditions (unrelated to gout)
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affecting lower-limb function were excluded, as were those who were immobile, or had
cognitive impairment. All participants provided written informed consent. Ethical approval
for the study was obtained from the Auckland University of Technology (AUT) Ethics
Committee (AUTEC ref: 24/72). For the present analysis, participants who did not experience
any gout flares during follow-up (n=9, 10.0%) were excluded a priori. This resulted in a final

sample of 81 participants whose data were used in the current analysis.

Data collection

Participants attended a baseline visit at either the AUT North Campus (Northcote, Auckland,
New Zealand) or the AUT South Campus (Manukau, Auckland, New Zealand) between June
2024 and April 2025. Demographic and clinical data were obtained and participants were
fitted with a Garmin vivofit 4 wrist-worn tracker, designed for continuous 24/7 wear, with
~1+ year of battery life and step and sleep tracking. Participants’ devices were configured to
display only the time on the watch face to minimise behavioural reactivity to activity/sleep
metrics. The GarminConnect app was installed and tested on participants’ smartphones to
support remote data capture over follow-up, and the MyCap app was installed as an

electronic daily gout flare diary.

Participants were asked to wear the tracker continuously for six months and sync it to Garmin
Connect at least monthly. Tracker data were automatically exported to Fitabase (research
platform) for storage and subsequent analysis. Participants were prompted daily by the
MyCap app to report whether they were experiencing a gout flare that day. Participants were
advised to continue their usual pain-relief/anti-inflammatory medications as required during
flares. When a flare was reported, the app prompted additional daily questions for the
duration of the flare, including pain during activity and at rest (0-10 NRS), presence of

swollen joint(s), and presence of warm joint(s), in addition to the use of any pain-relief/anti-
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inflammatory medication. These daily flare items enabled classification of which flares met

the validated Gaffo-definition.’
Data preparation

Physical activity data: Daily step counts were derived from the Garmin tracker via Fitabase
exports. To ensure data quality, only days in which the device was worn for at least 80% of a
possible 64 15-minute epochs, representing 16 waking hours (and excluding 8 hours during
which the participant will be assumed to be sleeping) were included. The 16-hour period
provided a consistent denominator for evaluating daytime wear completeness and was not
intended to represent each participant’s actual waking duration.'® Days that did not meet this
pre-specified wear-time validity criterion were treated as missing for steps and excluded from
the activity analyses. Because missingness in wearable-derived activity data may arise from a
combination of device non-wear, syncing or technical failures, or participant behaviour, its
mechanism could not reliably be established from the available information. Therefore,

missing values were not imputed.

Sleep data: Daily sleep parameters were derived from the Garmin tracker via Fitabase
exports (using the “Most Complete Version” export option in Fitabase). Sleep epochs are
detected by Garmin’s proprietary sleep detection algorithm and reported in minutes within
the participant’s sleep window (based on usual sleep/wake times entered at device set-up).
For the purpose of this analysis, two sleep outcomes were constructed: total sleep time
(minutes), calculated as the sum of daily deep sleep minutes and daily light sleep minutes;
and deep sleep percentage (%), calculated as deep sleep minutes divided by (deep + light
sleep minutes), expressed as a percentage. These sleep outcomes were selected as they
capture complementary aspects of sleep (overall sleep quantity and a restorative component
18,19

of sleep architecture) that are biologically relevant to inflammation and pain sensitivity.

Nights without a Garmin sleep record (for example, due to device non-wear during sleep,
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failure to detect sleep within the configured sleep window, or unsuccessful syncing/export)

were treated as missing and excluded pairwise from sleep analyses.

Gout flare data: Daily flare status and flare features were obtained from MyCap flare diaries.
Flare days were classified in two ways (run as separate/sensitivity analyses): (1) daily
adapted Gaffo flare classification: days meeting >3 of 4 patient-reported criteria: current self-
reported flare, current pain at rest >3/10, presence of >1 swollen joint, and presence of >1
warm joint;” and (2) self-reported flare days: any day the participant reported being in a flare.
The first classification was a daily adaptation of the validated Gaffo flare definition; unlike
the original definition, in which pain at rest referred to the maximum pain experienced over
the preceding week, all criteria in the present study were assessed daily and pain at rest
referred to current symptoms. A flare episode was defined as the maximal sequence of
consecutive flare days under the relevant definition. All eligible flare episodes experienced

by participants across the follow-up period were included in the analysis.

Flare “resolution” timeframes (T1-T3): Gout flare resolution was defined as a ‘timeframe’
that followed a Gaffo-defined gout flare episode (or a self-reported gout flare episode as the
comparator in the sensitivity analyses). Three resolution timeframes were constructed around
each flare episode, during which activity and sleep data were considered representative of

gout flare resolution (Figure 1):

e T1: The first non-flare day that immediately followed the final flare day and did not

overlap with a subsequent flare.

e T2: The consecutive non-flare window - equal in duration (days) to the flare episode -

that immediately followed the flare and did not overlap with subsequent flares.

e T3: A delayed non-flare window intended to reduce carryover from residual gout

flare symptoms and/or anti-inflammatory treatment (Figure 1). A washout period
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equal in duration to the flare episode was first defined as the consecutive non-flare
days immediately following the final flare day. The T3 resolution window was then
defined as the consecutive non-flare period of equal duration to the preceding flare
episode. The T3 window was included only when it did not overlap with subsequent

flares or washout periods.

To control for confounding effects in comparisons of physical activity and sleep outcomes,
and to avoid overweighting longer episodes, physical activity and sleep measured across
multiple flare days were defined as the episode-level mean across those days. This approach
was selected to estimate differences between episode-level flare and resolution states rather
than day-by-day recovery trajectories. Episodes lacking valid, non-overlapping windows
were excluded for that timeframe. The timeframes were designed a priori by the research
team (with extensive experience in gout flare measurement) to not only ensure comparability
of flare periods, but also to minimise carryover/contamination from the index flare and any

flare medication use, and to reflect clinically meaningful post-flare recovery.

Statistical analysis

To address the study objectives, associations between gout flare status (flare vs resolution)
and (1) physical activity, and (2) sleep, across 6 months of remote follow-up were evaluated.
Each analysis was performed using two different flare definitions: first using the Gaffo flare

definition and the second using self-reported flare as a sensitivity definition.

Flare episodes and timeframes (independent variables): The flare period and three post-flare
resolution timeframes were constructed as described above and illustrated in Figure 1.
Separate paired episode-level datasets were created for T1, T2, and T3. Each dataset
contained the episode-level mean outcome during the flare and the corresponding outcome

from the relevant valid, non-overlapping post-flare day or window. This approach was
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selected to compare clinically interpretable flare and resolution states rather than day-by-day

recovery trajectories.

Covariates/other factors: Covariates were selected a priori based on their clinical relevance
and potential to confound associations between flare status and activity or sleep outcomes.
All models adjusted for participant-level factors (baseline serum urate, age group, ethnicity
group, body mass index, and gout disease duration) and flare episode duration (number of
days in flare). Step count models also adjusted for lower-limb involvement, defined as
involvement of a lower-limb joint on at least one day during the flare. For the single-day
timeframe (T1), models additionally adjusted for day type (workday vs non-workday) and an
episode-level indicator of any anti-inflammatory medication use during the flare episode (any
flare day with medication). For window timeframes (T2, T3), models adjusted for the
proportion of workdays within the flare window and within the post-flare window.
Anti-inflammatory medication exposure was represented by the flare-episode indicator (as
above). In supplementary sensitivity analyses of the indicator of any medication use during
the flare was replaced by medication use on the first flare day to examine whether accounting

for early treatment influenced the results.

Modelling strategy: Data were organized as paired episode-level datasets using a long format
(each participant contributed multiple rows based on the number of gout flare episodes). For
each flare episode, one of the matched resolution days/windows was included next to the
episode flare for all outcomes and other variables. All analyses were independently
conducted by two researchers (an experienced researcher (SS) and a biostatistician (I1Z)), and
results were cross-checked for consistency. Analyses were conducted in R (v. 2025.09.01)
using the lgmm package for linear quantile mixed models.?*?! This method was adopted
because standard linear regression models (Gaussian errors), as per the initial analysis plan,

produced non-normal residuals for all outcomes. To retain estimates on the original outcome
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scale and avoid changing the outcome distribution family by using transformations, median (t
= 0.5) quantile mixed modelling was used to provide robust and easily interpretable adjusted
differences in the conditional median. All eligible flare episodes experienced by participants
across the 6-month follow-up period contributed to the analysis. As each participant could
contribute multiple flares, all analyses included a participant-specific random intercept to
account for within-person repeated flare measures. Analyses were performed using
timeframe-specific complete cases, requiring both flare states (flare and resolution) to be
present for each pair. A complete-case approach was used for outcome data, with analyses
restricted to observed values and no imputation of missing outcomes. Consequently, the
number of participants and flare episodes contributing to each analysis varied according to
the availability of data. Akaike’s Information Criterion (AIC) and Bayesian Information
Criterion (BIC) were extracted for each model to determine which timeframe (T1-T3) better
defined resolution (i.e., more clearly distinguished resolution from flare comparator
observations), while balancing model fit. Primary estimates were reported as adjusted
differences in the conditional median. Two-sided p-values and 95% Cls were derived using
Wald z tests (normal approximation) based on the estimated covariance matrix of fixed

effects.

Baseline-standardised sensitivity analysis: A sensitivity analysis examined whether the
differences in daily step count between each flare and its resolution timeframes were retained
after standardising step count to participants’ baseline activity. This was represented by each
flare’s intercritical-gout reference state, defined a priori as the third non-flare day prior to
flare onset (day -3) (Figure 1). This day was selected to minimise contamination by
immediate pre-flare (prodromal) changes in the 1-2 days preceding a flare, while also
avoiding overlap with prior flare episodes and any previously defined post-flare resolution or

washout windows. This analysis was restricted to daily step count using the Gaffo-defined
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flare classification, because this was the only outcome/definition combination showing clear
differences between flares and resolution timeframes in the primary analyses. For each
eligible episode, daily step count during flares and the corresponding resolution timeframe
were expressed as the % difference from day -3. The same linear quantile mixed modelling
approach was used as above, with the exception of participant-level covariates, which were
excluded because standardisation to day -3 was intended to account for the between-person

variation in usual activity.

RESULTS
Participants

Table 1 summarises baseline characteristics of the 81 participants included in this analysis.
Participants were predominantly male and ethnically diverse, with a substantial proportion
with high body mass index and cardiometabolic comorbidity. Tophi were present in 11% of
participants and mean number of gout flares in the preceding six months was 4 (range 2-30).

Urate-lowering therapy was used by just under two-thirds.

Physical activity, sleep, and gout flare outcomes

Across 14,904 participant-days of follow up during the 6-month monitoring period, 78.5% of
days met the prespecified >80% validity criterion. Table 2 summarises daily step counts,
nightly sleep characteristics and gout flare outcomes across the observation period. Self-
reported flares were more common than Gaffo-defined flares, most flares were mono-
articular, and as expected, pain ratings during flares tended to be higher for Gaffo-defined
flares than for self-reported flares. The median (IQR) daily step count, total sleep time, and

deep sleep percentage across intercritical gout, flare episodes and resolution timeframes for
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Gaffo-defined flares is shown in Figure 2 and for self-reported flares, in Supplementary

File 1.

Physical activity and gout flare resolution

Across the physical activity analyses, 61 to 75 participants contributed 175 to 474 flare
episodes, depending on the follow-up timeframe and flare definition used (Supplementary
File 2). Using the Gaffo flare definition, daily step count was lower during flares compared
with post-flare resolution for all three predefined timeframes (T1-T3) (Table 3). When
applying the self-reported flare definition, there were no significant differences in daily step
count between flares and any resolution timeframes. In some physical activity models, higher
BMLI, older age, and lower-limb involvement were associated with lower daily step count,
independent of any differences in step count between flare and resolution states (full
covariate effects are presented in Supplementary File 3). For steps, the resolution timeframe
that provided the best overall model fit (lowest AIC and BIC) was T3 for both Gaffo-defined
flares (AIC=6802; BIC=6868) and self-reported flares (AIC=12048; BIC=12123), suggesting

that resolution is most clearly distinguished from flare states when using this timeframe.

Baseline-standardised sensitivity analysis: These analyses included 53 to 56 participants
contributing 123 to 142 flare episodes with complete D-3, flare, and resolution data
(Supplementary File 2). When expressing the flare and resolution step counts as the %
difference from the episode-specific day -3 value, median daily step count was 9.2% below
day -3 during flares, 3.3% below at T1, 5.0% below at T2, and 2.6% above baseline at T3. In
the models, only T3 differed significantly from flares, with a 14.3% higher daily step count
during resolution (95% CI 3.2- 25.4; P=0.015), whereas T1 and T2 were not significantly
different from flares (Supplementary File 4). Considered alongside the primary analyses,

these results suggest that although T1 and T2 resolution timeframes may capture early
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improvement in steps, T3 may be the most meaningful resolution window when considering

resolution as a return to an individual’s baseline steps.

Sleep and gout flare resolution

Across the sleep analyses, 62 to 78 participants contributed 176 to 477 flare episodes, with
sample sizes varying according to follow-up timeframe and flare definition (Supplementary
File 2). Across both flare definitions, there were no statistically significant differences in total
sleep time or deep sleep percentage for any of the flare-resolution timeframe contrasts (T1-
T3) (Table 4). Although there were no differences in sleep outcomes between flare and
resolution states, higher BMI was commonly associated with shorter total sleep time,
particularly across the Gaffo-defined flare models. Full covariate results are provided in
Supplementary File 3. For both total sleep time and deep sleep %, T3 consistently provided
the lowest AIC and BIC for Gaffo-defined flares (total sleep time AIC=4219, BIC=4285;
deep sleep % AIC=3006, BIC=3071) and self-reported flares (total sleep time AIC=7215,
BIC=7290.0; deep sleep % AIC =5194, BIC=5270), suggesting this time frame provided the

clearest definition of resolution relative to flare state observations for sleep outcomes.

In supplementary sensitivity analyses replacing any medication use with medication use on

the first flare day, the primary findings were unchanged (Supplementary File 5).

DISCUSSION

The findings from this analysis show that objectively measured activity improves after a flare
resolves, with the clearest distinction between flare and resolution observed over a longer

post-flare recovery period. In contrast, objectively measured sleep did not distinguish
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between flare and flare-resolution states. These findings identify step count as a potentially
responsive objective domain and inform the timing of its assessment in the future

development of a multidimensional flare resolution definition.

The baseline-standardised sensitivity analysis supported the view that resolution is better
understood as movement back towards an individual’s non-flare baseline rather than a binary
transition on the first non-flare day. When flare and resolution were adjusted for this
intercritical/baseline activity, only the longer delayed recovery window remained
significantly different from flare, suggesting that a clearer return towards usual non-flare
activity is more evident over a longer recovery period. This aligns with prior wearable device
work showing lower step counts during flare periods compared with non-flare periods,'® and
with recent qualitative work in which return of function and mobility is described as an early
and important marker of resolution, often preceding complete resolution of inflammatory

symptoms. '

Importantly, daily step count varied substantially across participants, and older age and
higher BMI were consistently associated with lower activity irrespective of flare status,
highlighting marked between-person differences in usual activity level. Together with the
sensitivity analysis showing the clearest baseline-standardised comparison between flare and
resolution states in the later recovery window, this suggests that activity-based definitions of
flare resolution may be more meaningful when interpreted relative to an individual’s non-

flare reference state rather than a single universal threshold.

Differences in step counts between flare and resolution periods were observed only when
flares were defined with the stricter Gaffo definition, and not when flares were based on self-
report alone. This suggests that the two flare definitions may identify somewhat different
flare episodes, with the Gaffo definition potentially capturing episodes associated with

greater disruption of physical activity. However, these results should not be interpreted as
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evidence that one flare definition is more clinically meaningful than the other, as self-
reported flares may include episodes that are important to people with gout but have less

impact on objective activity measures.

Although gout flares can disrupt sleep and people with gout frequently report poor sleep
quality and daytime sleepiness,’** the examined sleep metrics did not differentiate flare
from resolution states. Sleep problems in gout may not be confined to flare periods, but may
also reflect chronic sleep disorders, psychological distress, or ongoing joint pain, reducing
their ability to discriminate flare from non-flare states. These results are consistent with
previous device-derived work showing no statistically significant differences in total sleep
duration between flare and non-flare periods,'® and with qualitative research in which sleep is
not described as a prominent feature in defining flare resolution, compared with pain and
function.' The null findings may also reflect limitations of the sleep metrics examined, as
total sleep time reflects quantity rather than quality, deep sleep percentage is only a partial
marker of restorative sleep, and consumer-grade wearables may both stage sleep
imprecisely? and overestimate sleep duration by misclassifying pain-related immobility as
sleep.?® More detailed sleep metrics (such as sleep efficiency, awakenings, or time awake
after sleep onset) may prove more sensitive for detecting flare-related sleep disturbance in

future studies.

This analysis has some limitations. First, the sample was almost entirely male, which limits
generalisability to women with gout and precludes meaningful sex-stratified analyses. The
participation requirements may also have underrepresented people with gout who had lower
digital literacy or limited access to technology, which also limits generalisability of these
findings beyond similar populations. Although accounting for early medication use did not
materially alter the findings, variation in medication type, dose, and duration may still have

influenced the speed and pattern of resolution. Variation in flare characteristics may also have
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influenced the extent to which flares disrupted mobility or sleep. Although lower-limb
involvement was associated with lower step count in some models, this finding was not
consistent and residual variation in the specific joints involved, number of affected joints and
pain severity may have contributed to variability between flare and resolution states. The
complete-case approach, together with the requirement for valid, non-overlapping
resolution/intercritical windows may have excluded some flare episodes (particularly in
participants with frequent or closely spaced flares). In addition, missingness in wearable-

derived data is methodologically complex,?’?®

and alternative assumptions or analytic
strategies may have produced different estimates. Finally, the intercritical reference state used
in the sensitivity analysis was based on a single day (day -3) per episode, which may have
been more susceptible to day-to-day variation in activity unrelated to gout than a multi-day
baseline measure. Furthermore, episode-level means prevented longer flares from
contributing disproportionately but did not capture daily recovery trajectories, which warrant
future time-varying analyses. Although T3 provided the clearest distinction between flare and
resolution among the three predefined timeframes, it was a clinically informed timeframe
rather than a validated definition of post-flare recovery. Further research is needed to

characterise recovery trajectories and determine the timing and duration of a clinically

meaningful post-flare recovery period.

Despite these limitations, this analysis has important strengths. Firstly, the ethnically diverse
sample, including a representative proportion of Maori and Pacific participants, supports the
applicability of these results to those most affected by gout in Aotearoa New Zealand. Given
that Maori and Pacific Peoples experience higher flare frequency and greater activity
limitation,” the observed associations with activity and pain likely reflect resolution domains
which are clinically meaningful to these groups. This study was also strengthened by the

prospective ascertainment of flares which minimised recall bias, and the use of objective,
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continuously measured activity and sleep data which provided a low-burden assessment of
real-world behaviour. Finally, the use of pre-specified resolution timeframes that align
closely with clinically interpretable phases of flare resolution strengthened internal validity

and interpretability.

In conclusion, daily step count improves quickly after a gout flare resolves, but the clearest
distinction between flare and resolution was observed over a longer post-flare recovery
period. In contrast, wearable-derived total sleep time and deep sleep percentage do not
reliably differentiate flare from resolution states. These findings suggest that flare resolution
is dynamic, and that definitions of resolution may be strengthened by considering person-
specific recovery of activity measured over several days rather than relying on a single post-

flare timepoint.
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TABLES

Table 1. Baseline participant characteristics

N 81
Age, years, mean (SD) 449 (11.5)
Sex, n (%) Female 1 (1.2%)
Male 80 (98.8%)
Ethnicity, n (%)? Asian 22 (27.2%)
European 35 (43.2%)
Maori 9 (11.1%)
Pacific Peoples 22 (27.2%)
Other 2 (2.5%)
Body mass index, kg/m?, mean (SD) 33.2(8.1)
Gout disease duration, years, mean (SD) 11.3 (9.8)
Number of gout flares in preceding 6 months, mean (SD) 4.0 (3.5)
Subcutaneous tophi, n (%) 9 (11.1%)
Serum urate, mmol/L, mean (SD) 0.41 (0.13)
Urate lowering therapy use, n (%) 52 (64.2%)
Other medications,n  Colchicine 25 (30.9%)
(%) NSAIDs 32 (39.5%)
Analgesics 7 (8.6%)
Corticosteroids 13 (16.0%)
Antihypertensives 17 (21.0%)
Lipid lowering agents 12 (14.8%)
Antidiabetics 8(9.9%)
Antiplatelets/anticoagulants 7 (8.6%)
Diuretics 1 (1.2%)
Comorbidities, n (%)  Cardiovascular disease 4 (4.9%)
Type 2 diabetes 8(9.9%)
Hypertension 19 (23.5%)
High cholesterol 15 (18.5%)

Respiratory disease

Sleep apnoea

11 (13.6%)
3 (3.7%)
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Anxiety or depression 8 (9.9%)

Obesity 46 (56.8%)
Pain at rest due to gout (0-10), mean (SD)® 1.5(2.3)
Pain during activity due to gout (0-10), mean (SD)® 1.9 (2.4)
Overall pain (0-10), mean (SD)° 2.0 (2.1)
Patient global score (0-10), mean (SD)° 2.1 2.7

“Some participants identified with multiple ethnic groups. *Scores reflect baseline non-
flare symptoms (past-week pain and current-day global assessment), not flare-day diary
ratings. NSAIDs = non-steroidal anti-inflammatory drugs; B-PSQI = Brief Pittsburgh
Sleep Quality Instrument.
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Table 2. Descriptive statistics for physical activity, sleep, and gout flare outcomes

Gaffo-defined Self-reported
Intercritical gout 7157 (5492) 6713 (5442)
Flare episode 6021 (5567) 6593 (5201)
Daily step count, median Tl 6629 (6124) 6688 (5935)
(IQR) T2 6632 (4974) 6646 (5151)
T3 7305 (5701) 7092 (5319)
Intercritical gout 433 (150) 443 (115)
Flare episode 425 (125) 441 (117)
Total sleep time Tl 431 (153) 437 (105)
(minutes), median (IQR) T2 431 (136) 437 (130)
T3 428 (131) 446 (117)
Intercritical gout 40.8 (23.9) 40.8 (22.7)
Flare episode 40.5 (22.0) 40.9 (20.0)
Deep sleep percent (%), Tl 39.2 (24.3) 41.3 (23.2)
median (IQR) T2 41.7 (20.7) 41.1 (19.3)
T3 40.8 (23.9) 40.8 (22.7)
Observed days with a flare, n (%) 684 (5.4%) 1722 (11.6%)
Total number of individual gout flare episodes, n 281 563
Participants with at least 1 flare, n (%) 69 (85.2%) 81 (100.0%)
Number of flares per participant, mean (SD) 4.1 (4.0) 7.0 (6.4)
Duration of flares (days), mean (SD) 2.4 (2.6) 3.1(7.9)
Pain during rest (0-10 NRS), mean (SD) 34(2.2) 2.3(1.9)
Pain during activity (0-10 NRS), mean (SD) 4.1 (2.4) 3.0(2.2)
Any medication use during flare, n (%) 237 (84.3%) 397 (70.5%)
Medication use on first flare day, n (%) 222 (79.0%) 358 (63.6%)
Ankle 77 (27.4%) 165 (29.3%)
Big toe 91 (32.4%) 200 (35.5%)
Elsewhere in foot 81 (28.8%) 178 (31.6%)
Location of flare? Knee 65 (23.1%) 98 (17.4%)
Elbow 13 (4.6%) 19 (3.4%)
Hand/wrist 29 (10.3%) 65 (11.5%)
Other 3 (1.1%) 9 (1.6%)
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Gout flare resolution, physical activity and sleep

Any lower-limb joint involvement, n (%) 258 (91.8%) 509 (90.4%)
Mono-articular 217 (77.2%) 415 (73.7%)

Joint involvement, n (%)  Multi-articular 52 (18.5%) 124 (22.0%)
Not reported 10 (3.6%) 22 (3.9%)

“Some gout flares involved more than one location, therefore percentages sum to more than 100%.

Intercritical gout was represented by the third eligible non-flare day prior to flare onset (day -3);

T1-T3 are the predefined post-flare timeframes illustrated in Figure 1; NRS = Numeric Rating

Scale; IQR = interquartile range.

Table 3. Adjusted differences in daily step count between resolution timeframes (T1-T3)

and gout flares

Gaffo-defined flares

Self-reported flares

Estima Estim

Term te 95% CI P ate 95% CI P
285.64- -23.94-

T1 vs flare 672.70 0.001 333.67 0.067
1059.76 691.29
68.99- -154.17-

T2 vs flare 520.08 0.024 202.38 0.226
971.18 558.92
386287.08- -26.93-

T3 vs flare 914.73 0.004 538.96 0.068
1542.38 1104.85

Estimates are adjusted differences in the conditional median (t=0.5) daily step count. Estimates are

shown as resolution timeframe minus flare (flare comparator is the episode-level mean across flare

days). Positive values indicate higher daily step count in the resolution timeframe while negative

values indicate lower daily step count. Models include a participant random intercept and adjust

for prespecified covariates (full covariate estimates in Supplementary File 2).

Table 4. Adjusted differences in daily sleep outcomes between resolution timeframes (T1-

T3) and gout flares
Gaffo-defined flares Self-reported flares
Estima Estima

Term 95% CI P 95% CI P
te te

Total sleep time (minutes)
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Gout flare resolution, physical activity and sleep

-14.05-
T1 vs flare 0.62 0.934 -1.19 -10.94-8.56  0.813
15.29
-10.51-
T2 vs flare 4.49 0.560 -0.14 -10.22-9.94  0.978
19.50
-5.73- -11.32-
T3 vs flare 6.99 0.287 -0.64 0.907
19.71 10.03
Deep sleep percentage (%)
T1 vs flare 0.34 -1.91-2.58  0.770 0.53 -1.20-2.25 0.552
T2 vs flare 1.18 -1.10-3.47  0.316 0.37 -1.33-2.08 0.669
T3 vs flare 0.52 -1.99-3.03  0.687 0.06 -1.83-1.94 0.954

Estimates are adjusted differences in the conditional median (t=0.5) total sleep time (minutes) or
deep sleep %. Estimates are shown as resolution timeframe minus flare (flare comparator is the
episode-level mean across flare days). Positive values indicate higher total sleep time/deep sleep %
during the resolution timeframe while negative values indicate lower total sleep time/deep sleep %.
Models include a participant random intercept and adjust for prespecified covariates (full

covariate estimates in Supplementary File 2).
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Gout flare resolution, physical activity and sleep

FIGURE LEGENDS

Figure 1. The three “resolution” timeframes (T1-T3) constructed around each gout flare
episode. The intercritical gout state is represented as the third non-flare day prior to each
index flare (day -3). Note: resolution timeframes are only valid for the index flare if non-

overlapping with subsequent gout flare episodes. Intercritical gout days are only valid for the index

flare if non-overlapping with prior gout flare episodes, resolution timeframes or washout windows.

Figure 2. Unadjusted median (IQR) daily step counts (A), total sleep time (minutes) (B), and
deep sleep percentage (%) (C) across intercritical gout periods, flare episodes and resolution

timeframes for Gaffo-defined flares.

Supporting Information

SUPPLEMENTARY FILE 1. Unadjusted median (IQR) daily step counts (A), total sleep
time (minutes) (B), and deep sleep percentage (%) (C) across intercritical gout periods, flare
episodes and resolution timeframes for self-reported gout flares.

SUPPLEMENTARY FILE 3. Results from fully-adjusted linear quantile mixed models
(LQMM)

SUPPLEMENTARY FILE 4. Baseline-standardised sensitivity analysis
SUPPLEMENTARY FILE 5. Supplementary sensitivity analyses including early
medication treatment
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