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Abstract

Aim: The aim of the study was to identify sociodemographic, disease-related, physical and mental
health-related determinants of fatigue at two-year follow-up in individuals with symptomatic knee
osteoarthritis (OA).

Methods: A longitudinal analysis of participants with symptomatic knee OA from the
Multicenter Osteoarthritis Study (MOST) was conducted to identify predictors of fatigue at two-
year follow-up. Participants self-reported fatigue at baseline for the first time in the MOST cohort
and at follow-up using a 0-10 visual analogue scale. At baseline, questionnaires on
sociodemographics, disease-related symptoms, physical and mental health factors were completed.
Data were analysed using linear regressions with a backwards elimination approach.

Results: Of the 2,330 individuals in the MOST cohort at baseline, 576 had symptomatic knee
OA and of these, 449 with complete fatigue values at baseline and follow-up were included in this
analysis. Minimally important fatigue change (i.e., worsening [=1.13], no change [<0.82 or <1.13]
and improvement [= —0.82]) from baseline to follow-up was unequal within the population
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[34.5%, 26.9%, 38.5%:; X2(2, N=449) = 9.32, p=0.009]. The multiple linear regression showed
that baseline fatigue (unstandardized coefficient (B)=0.435; 95% confidence interval [CI] [0.348,
0.523], p<0.001), slow gait speed (B=-1.124; 95% CI [-1.962, —0.285], p=0.009), depressive
symptoms (B=0.049; 95% CI [0.024, 0.075], p<0.001) and higher numbers of comorbidities
(B=0.242; 95% CI [0.045, 0.439], p=0.016) were significant predictors of greater fatigue at
follow-up.

Conclusion: Fatigue is strongly associated with physical and mental related health factors.
Individualised treatments that include combined psychological and physical function rehabilitation
might be modalities for fatigue management.

Keywords
fatigue; knee osteoarthritis; risk factors; longitudinal

1 INTRODUCTION

Fatigue is a commonly reported symptom and a major contributor to substantial disability
and decreased quality of life among individuals with knee osteoarthritis (OA).1:2
Generalized fatigue affects almost half of adults with OA and its prevalence has been
reported to be as high as 40%.34 Individuals with OA describe fatigue as a symptom that
considerably impacts daily functioning, social life and all aspect of daily living.> Despite the
negative impact and the high prevalence of fatigue in this population, the aetiology is not
well understood due to its complex and multifactorial nature. Further, fatigue in knee OA
has received less research attention relative to other inflammatory rheumatic conditions such
as rheumatoid arthritis (RA).6

In a recent narrative review of fatigue, factors such as female gender, age, comorbidities,
depression, joint pain, poor sleep quality and disability were suggested as correlates of
fatigue in the general OA population.” Similarly, other cross-sectional research on fatigue in
chronic conditions have suggested that sleep disturbance, pain catastrophizing, impaired
physical function and comorbidities may also influence feelings of fatigue.348:9 These
findings on correlates of fatigue, however, are mostly from cross-sectional studies319-12 and
conflict with studies reporting no associations.1912-14 The few available longitudinal studies
of fatigue in those with lower limb OA either examined the pain-depression link whilst
determining the influence of fatigue on this pathway, used subjective physical function
measure and did not include sleep quality® or included just pain and subjective physical
function as potential fatigue determinants and used a short (12 weeks) follow-up time.13
Besides, prior studies evaluating fatigue in those with OA have included participants with
other rheumatic conditions311, combined multiple OA populations (e.g., hip, knee and/or
hand)313-16 and often used clinical populations®12:14.16 which constitutes only selected
portion of individuals with OA.

To gain greater understanding of fatigue aetiology in the OA population, more longitudinal
studies are warranted as well as well-defined populations, such as symptomatic knee OA;
because in combining study populations, the results may not be as meaningful given that
arthritic conditions have different symptoms and aetiologies. Therefore, the main aim of the
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study was to identify important sociodemographic, disease-related, physical and mental
determinants of generalized fatigue within a specific population of individuals with
symptomatic knee OA starting from evidence based on fatigue studies in the general,
chronic disease and OA populations. Additionally, a second aim was to determine whether
symptomatic knee OA is associated with fatigue compared to those without symptomatic
knee OA.

2 METHODS
2.1 Study design and sample

This is a secondary analysis of longitudinal data from Multicenter Osteoarthritis Study
(MOST). MOST began in 2003 with the enrolment of 3,026 individuals from communities
in Birmingham, Alabama and lowa City, lowa. MOST comprises a community-based
sample of men and women aged 50-79 years with or at high risk of knee OA at study
inception!” with study details published elsewhere.18 Participants were assessed at either of
the two clinical centres (University of Alabama, Birmingham or University of lowa) for
baseline examination (i.e., 20-meter walk test, isokinetic concentric knee extensor/flexor
strength and knee x-rays/MRIs) and questionnaire completion at study inception. 18 All
surviving participants had follow-up telephone interview and clinic visit at 60 months (our
study baseline). Exclusion criteria for MOST study included bilateral knee replacement,
inability to give informed consent, intended movement out of the study area prior to follow-
up, a life threatening illness that could make it unlikely to survive to follow up, diagnosis of
rheumatoid or other inflammatory arthritis.18

In this study, we utilised data collected at 60-months (referred to here as baseline) because
fatigue was assessed for the first time at 60-months and also at 84-months (referred to here
as two-year follow-up). For this secondary analysis, inclusion criteria comprised baseline
and follow-up fatigue data, and baseline symptomatic whole knee (WK) OA status.
Exclusion criteria were similar to those in the MOST study. Radiographic whole knee OA
status was considered as the presence of radiographic OA using either Kellgren Lawrence
scores (KL) =2 for tibiofemoral (TF) joint or any osteophyte =2 or joint space narrowing =1
plus any osteophyte, sclerosis, or cyst >1 in the patellofemoral (PF) joint. The absence of
osteophyte, joint space narrowing, sclerosis or cyst in the PF joint or KL<2 in TF joint was
considered as no radiographic WK OA.19 Study participants self-reported knee pain twice,
once during a telephone interview and once at the clinic visit with a median of 33 days
between the telephone interview and clinic visit. If participants reported frequent knee pain,
aching and stiffness in either knee on most of past 30 days in both settings (i.e., telephone
and clinic interviews) at baseline, they were defined as having frequent knee pain.
Participants who did not report frequent knee pain, aching and stiffness in either knee on
most days of the past 30 days in both settings at baseline were defined as not having
frequent knee pain. For this analysis, definition of symptomatic knee OA included both the
presence of radiographic whole knee OA and frequent knee pain in the same knee. Non-
symptomatic knee OA was defined as having no frequent knee pain and no radiographic WK
OA.
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2.2 Ethical consideration

MOST was conducted in accordance with United States (US) Department of Health &
Human Services Protection of Human Subjects regulations (45 CFR part 46) and the Privacy
Rule of the Health Insurance Portability and Accountability Act of 1996.18 MOST sought
and obtained ethical approval from local institutional review boards at the four MOST
centres (FWAO00000068 University of California, San Francisco; FWAQ00000301 Boston
University; FWAQ00005960 University of Alabama, Birmingham & FWAO00003007
University of lowa), and all study participants gave informed consent prior to study
participation according to the Declaration of Helsinki. We sought and obtained institutional
ethical approval from Glasgow Caledonian University’s School of Health and Life Sciences
ethics committee to perform this secondary data analysis (HLS/PSWAHS/16/252).

2.3 Dependent measure

The outcome in this analysis was fatigue at follow-up assessment (2 years), and baseline
fatigue was a predictor. Fatigue was defined in this study as ‘generalized fatigue’ that
referred to the feelings of tiredness, weakness or feeling worn out or depleted over the
course of several days. Participants self-reported their usual fatigue level over the past seven
days at baseline and at two-year follow-up using a 0-10 visual analogue scale (VAS). A ‘0’
on the fatigue VAS was defined as ‘no fatigue’ and “10° was defined as ‘fatigue as bad as it
can be” with higher values indicating greater fatigue severity. The VVAS fatigue scale has
been commonly used in OA research®16 and it is also a valid, reliable and responsive tool
for subjective measurement such as fatigue.® Further, in rheumatic diseases, VAS fatigue
strongly correlates with other fatigue measures such as the Multidimensional assessment of
fatigue (MAF) at 0.80, short form 36 vitality subscale (SF-36 VVT) at 0.7120 and the Multi-
dimensional fatigue inventory (MFI)-total and MFI-general fatigue at 0.62-.0.70.2

2.4 Independent measures

Study factors related to sociodemographics included age, gender (men vs. women), race/
ethnicity (white and caucasian vs. black and /or others), living situation (living alone vs.
living with significant others), and monthly bill payment (no difficulty vs. difficulty/unable
to pay monthly bills). Disease-related variables as well as physical and mental health factors
included sleep quality (poor vs. good), comorbidities, Western Ontario McMaster
Universities Osteoarthritis index (WOMAC) pain, radiographic evidence of TF OA (KL
score <2 vs. 22), Center for Epidemiologic Studies Depression Scale (CES-D), pain
catastrophizing (<1 vs. 21), body mass index (BMI) and gait speed. Participants self-
reported overall sleep quality using a single question from the Pittsburgh sleep quality index
in the past 7 days as follows “very good’ “fairly good” “fairly bad’ “very bad’.22 Poor sleep
quality included “fairly poor’ or ‘very bad’ while good sleep included ‘fairly good’ and ‘very
good’. Overall comorbidity was assessed using modified Charlson comorbidity index.?3 The
modified WOMAC pain subscale which ranged from 0-20 was used in reporting knee pain
in “the past 30 days’.24 The limb, which corresponded with the symptomatic knee, was
considered for this study. However, in cases with bilateral symptomatic knee OA, the more
painful knee was used as index limb. Participants’ KL score at 60 months was obtained from
weight-bearing fixed-flexed posterior-anterior and semi flexed lateral positioning of knees.

Int J Rheum Dis. Author manuscript; available in PMC 2021 April 01.
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The presence of radiographic TF OA was graded on 0 to 4 using the KL scale?® by three
expert readers (two rheumatologists and a musculoskeletal radiologist) blinded to the
clinical data. Participants were defined as having no radiographic TF OA if they had KL
score <2 or as having radiographic TF OA if they had KL score =2. Depressive symptoms
were assessed using CES-D which ranged from 0-60 with increasing values signifying
depressive symptoms.26 Pain catastrophizing was assessed with a single question: ‘When |
feel pain, | feel it’s terrible and that it’s never going to get any better’. The question was
rated on a scale of O (never do that) to 6 (always do that). This question represents
catastrophizing, a subscale on the coping strategies questionnaire (CSQ), a valid instrument
for measuring adjustment strategies to chronic pain.2 Participants were considered as not
pain catastrophizing if they answered zero (<1) and pain catastrophizing if the reported one
or higher score (=1). BMI (determined as kg/m?) was assessed with standardised weight and
height measurements. Gait speed was measured using the faster time (seconds) of two
walking trials over a 20-meter distance (20m/faster time [s]).28 The test was performed on
an unobstructed walkway with timing commencing once the first foot crossed the start line
and finishing after the last foot crossed the finish line. The 20-meter walk test is used in
cohort studies of knee OA 22 and has high reliability for gait speed measurement.30
Independent variables were assessed at baseline.

2.4 Statistical methods

Descriptive statistics included frequencies and percentages or mean and standard deviation
(SD) as appropriate to determine sample’s sociodemographic, disease-related and health
factors. We used independent t-tests and Chi-square tests to examine the differences in
baseline characteristics between participants with and without symptomatic knee OA with
fatigue values at both baseline and follow-up, symptomatic knee OA subjects who were
included and excluded. For those with symptomatic knee OA, the mean change in fatigue
from baseline to follow-up was examined using paired-sample t-test and the distributions of
minimally important changes in fatigue within the symptomatic knee OA population from
baseline to follow-up were examined using one-sample Chi-square test. The distribution of
relevant change in fatigue within the symptomatic knee OA population over the two years
was based on minimally important fatigue change — a decrease of 0.82 for fatigue
improvement and an increase of 1.13 or more for fatigue worsening.3!

A separate multiple linear regression was used to determine if fatigue at two years follow-up
was associated with either symptomatic knee OA or non-symptomatic knee OA while
adjusting for baseline fatigue alone and further adjusting for age, gender, race and BMI.
Bivariate linear regression was performed to test for association between each of the
baseline independent variables and follow-up fatigue. Multiple linear regression models
were used to determine which baseline factors were associated with fatigue at follow-up
specifically within the subset of individuals with symptomatic knee OA. For these analyses,
we included all independent variables in the first model.32 To achieve a parsimonious model,
manual backward elimination was performed by dropping variables that were not significant
at £>0.1 one at a time in decreasing p-value order.32 However, if the coefficient of any of the
remaining variables changed by =10% when a variable was dropped, this variable was
retained as a potential confounder.33 Only variables with p<0.05 were retained in the final
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model. As very few datasets were missing, we therefore handled missing values with
pairwise deletion. Assumptions for multiple linear regressions including multicollinearity
assumptions were checked and tested prior to statistical analysis. All tests of statistical
significance were two-sided and considered significant at < 0.05 level and all analyses were
conducted using SPSS software (version 23.0, SPSS, Chicago, IL, USA).

3 RESULTS

3.1 Subject characteristics

Of the 2,330 individuals available in the MOST cohorts at 60-months (this study’s baseline),
1,627 had no symptomatic knee OA and 576 had symptomatic knee OA (Figure 1). Of these
only 449 participants with symptomatic knee OA were included in the primary analysis as
they had complete fatigue values at baseline and follow-up. The general characteristics of
MOST participants with (n=449) and without (n=1,260) symptomatic knee OA with
complete fatigue values at baseline and follow-up are shown in Table 1. There were
generally statistically significant differences between those with and without symptomatic
knee OA. The symptomatic knee OA individuals were more likely to be female, have worse
health indicators (i.e., higher BMI, greater fatigue, greater pain, higher levels of depressive
symptoms, and poorer sleep), and lower sociodemographic characteristics (i.e., being black/
other, living alone, having difficulty paying monthly bills), but there were no statistically
significant differences in age and gait speed between the two groups. In those with
symptomatic knee OA, fatigue statistically decreased from baseline (3.91 [SD=2.45]) to
follow-up (3.70 [SD=2.37]), t (448) =2.07, p=0.039. The distribution of relevant fatigue
change within the symptomatic knee OA population (i.e., worsening [=1.13], no change
[<0.82 or <1.13] and improvement [> —0.82]) from baseline to follow-up were 34.5%,
26.9%, 38.5% respectively [X2(2, N=449) = 9.32, p=0.009]. Generally, in the symptomatic
knee OA, those who were excluded tended to be older, have more knee pain, have more
comorbidities and lower gait speed relative to those included in this study. However, baseline
and follow-up fatigue scores were similar in those included and excluded (results not
shown).

3.2 Association between symptomatic knee OA and fatigue

Individuals with symptomatic knee OA had statistically significantly higher baseline fatigue
(3.91£2.45; N=449) relative to those without symptomatic knee OA (2.96+2.23; N=1260),
t(=7.25)=727.43; p<0.001 (Table 1). On average, participants with symptomatic knee OA
had higher increase in fatigue at follow-up than individuals without symptomatic knee OA
after adjusting for only baseline fatigue (unstandardized coefficient (B)=0.274; [95%
confidence interval (CI) [0.082, 0.466], p=0.005). Further adjustment for age, gender, race
and BMI revealed that individuals with symptomatic knee OA still had higher increase in
fatigue compared to those without (B =0.228; Cl [0.034, 0.422], p=0.021) [Data not shown].

3.3 Bivariate analysis between baseline factors and fatigue at follow-up in symptomatic

knee OA

In the bivariate analysis, we found significant correlations between fatigue at follow-up and
many of the independent baseline variables (Table 2). The following factors did not
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significantly correlate with fatigue at follow-up in bivariate analysis: age (B= 0.005; CI
[-0.023, 0.033], p=0.735), BMI (B=0.032; CI [-0.002, 0.065], p=0.066) and radiographic
severity of knee OA (KL score >2) (B=-0.403; CI [-1.130, 0.324], p=0.277).

3.4 Multiple linear regression between baseline factors and fatigue at follow-up in
symptomatic knee OA

In the first model with all variables included, only baseline fatigue, gait speed, depressive
symptoms and comorbidities were significant predictors of fatigue at follow-up and this
model accounted for 40.2% variance in fatigue at follow-up (Table 2). The final model, after
backward elimination, accounted for 40.5% variance in fatigue at follow-up and fatigue at
follow-up was statistically significantly associated with baseline fatigue (B= 0.435; CI
[0.348, 0.523], p<0.001), slow gait speed (B= -1.124; CI [-1.962, -0.285], p=0.009),
depressive symptoms (B= 0.049; CI [0.024, 0.075], p<0.001) and comorbidities (B= 0.242;
Cl1 [0.045, 0.439], p=0.016). Baseline fatigue had the largest standardised coefficient ( =
0.453), followed by depressive symptom (B = 0.177), gait speed (B = —0.103) while
comorbidities had the smallest (B = 0.090). No variable was considered as a potential
confounder based on our pre-definition of potential confounders.

4 DISCUSSION

The main goal of this analysis was to identify determinants of fatigue at two-year follow-up
in a large population-based cohort of symptomatic knee OA and secondarily examined if the
presence of symptomatic knee OA at baseline was associated with fatigue at follow-up.
Those with symptomatic knee OA at baseline had greater levels of fatigue at follow-up
relative to those with no symptomatic knee OA at baseline. In the 449 participants with
symptomatic knee OA at baseline, fatigue at follow-up was significantly associated with
baseline fatigue, poor physical function (i.e., low walking speed), depressive symptoms and
comorbidities. These findings indicate that fatigue is a complex and multifactorial symptom
which is associated with potentially modifiable physical and mental health-related factors,
suggesting that treating these factors may lead to reduced risk of fatigue at follow-up in
symptomatic knee OA population.

Our findings showed that individuals with symptomatic knee OA were more fatigued on
average than those without symptomatic knee OA. Our study results were similar to those of
Wolfe et al (1999), who found fatigue to be the strongest factor associated with WOMAC
scores in the presence of other independent factors (symptom counts, low back pain and
depression) in those with knee OA, hip OA, RA and fibromyalgia 11 and similarly to those
of Grotle et al (2008) who reported OA to be strongly associated with fatigue in a
Norwegian population.34 This finding underscore fatigue as a key symptom which may
require routine clinical assessment in individuals with symptomatic knee OA.

From the bivariate analysis, in those with symptomatic knee OA, several socio-demographic,
health-related and disease-related factors were associated with fatigue at follow-up including
potentially modifiable factors i.e., depression and physical function. Radiographic severity
of knee OA was not associated with fatigue at follow-up, nor were age and BMI. However,
most of these associations no longer remained significant after adjustments. The likely
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explanation may be that other factors (likely baseline fatigue) were correlated with these
factors and adjustment attenuated their associations with fatigue at follow-up. In the final
regression analysis, pre-existing fatigue, slow gait speed, depressive symptoms and
comorbidities were the only factors associated with prospective fatigue at two years. These
finding support recent evidence signifying the presence of centrally-mediated symptoms
such as fatigue in a subgroup of individuals with knee OA.3%

Gait speed, an important indicator of functional mobility among older adults and those with
lower extremity OA 36:37 was strongly associated with follow-up fatigue in the current study.
This finding is consistent with prior research in older adult38 and knee OA.2 Although
comparison should be with caution as both studies measured other constructs of fatigue (i.e.,
tiredness 38 and vitality 2 — opposite of fatigue). Besides, the van Dijk et al study used
clinical knee OA patients receiving ongoing rehabilitation - which may have influenced the
course of vitality and did not include depression in their analysis.2 From our model a unit
increase (1.0m/s) in baseline gait speed was associated with a reduction of 1.124 in follow-
up fatigue, and this reduction is clinically relevant using the minimally important fatigue
change (MCID) for 10cm VAS fatigue in RA which is = - 0.82 for fatigue improvement.31
We suggest that slow gait speed may indicate physical deconditioning that could lead to
fatigue and vice versa. A potentially negative loop may ensue - where less engagement in or
increased difficulty performing activities of daily living may continue to enhance
deconditioning and thus escalate fatigue levels over time. In addition, the presence of other
debilitating symptoms such as increasing comorbidities might further escalate fatigue by
increasing knee muscles fatigability, thereby, resulting in a vicious cycle that negatively
impact gait speed and fatigue levels 239, Depressive symptoms arose as a key factor
associated with future fatigue in this study confirming findings from previous works.1540
However, from the model, the effect size of 0.049 between baseline depression and follow-
up fatigue was small and was not clinically relevant using the MCID for 10cm VAS of > -
0.82 for fatigue improvement3! in RA.

To make our results relevant in a clinical or similar setting, we used the model to estimate
what change in the modifiable predictors would lead to minimally important fatigue change.
An estimated change in gait speed that may predict relevant fatigue improvement (= - 0.82)
in this population is = 0.73m/s whilst an estimated change of = 16 points in depression may
possibly predict clinically relevant fatigue improvement. More so, minimising fatigue
through a decrement of 16 points on 60-point depression (CES-D) scale may be difficult to
achieve. Equally, improving fatigue by a change in gait speed of = 0.73m/s may also not be
feasible as this may be too large an increment in gait speed in this population. However,
combining both gait speed and depression management might lead more easily to change in
fatigue clinically. For example, improving gait speed with an increment of 0.4m/s in
conjunction with a decrement of 10 point on depression (CES-D) scale may lead to effective
fatigue management in this population. These estimations are obviously based on
observational data rather than experimental - therefore should be interpreted with caution.
Further, this study showed higher numbers of comorbidities were associated with future
fatigue. As evidence indicates there is a high prevalence of comorbidities among individuals
with knee OA#!, with rates as high as 66-85%%244, effectively managing comorbidities and
their symptoms may be appropriate means for addressing fatigue over time. It maybe
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hypothesised that the disease burden of comorbidities may influence fatigue by reducing
physical functioning and favouring depressive mood, which in turn escalate fatigue
preponderance among individuals with symptomatic knee OA. As such, it may be essential
to include management of comorbidities when developing rehabilitation plans for addressing
fatigue in symptomatic knee OA population. Baseline fatigue was a strong predictor of
fatigue at two years follow-up. This finding suggests the need to consider fatigue
measurement clinically and as part of the research agenda in symptomatic knee OA
population. The American College of Rheumatology and the European League Against
Rheumatism consensus panels have noted the need of fatigue assessment as essential in
research®®, and these results of factors precipitating future fatigue suggest that fatigue is not
likely to diminish without an effective management programme.

Pain and fatigue had a one-on-one correlation from our bivariate analysis; however, this
association was attenuated in the multiple regression models. A potential reason may be due
to inclusion of baseline fatigue in our model since it is likely that baseline fatigue is
associated with pain. Similarly, this may be explained by high scores of fatigue at follow-up
in some individuals with low baseline WOMAC pain. This finding is somewhat in
concordance with a study by Snidjers et al (2011), who also found no significant association
between change in Checklist Individual Strength (CIS) fatigue subscale and baseline
WOMAC pain after 12 weeks.13 Contrastingly, the same study found that change in CIS
activity was independently associated with pain improvement after 12 weeks of conservative
treatment. Contrary to our finding, Hawker et al (2011) reported WOMAC pain as a
predictor of fatigue over two years. The difference between our study results and Hawker’s
may be due to the lower pain severity reported in our study (WOMAC average pain=6.78 +
3.63 vs. 8.03 + 4.22) and different fatigue scales used. Whilst there is indication of cross-
sectional association between sleep quality and fatigue in OA studies ’; however, there is a
lack of longitudinal evidence on this relationship in symptomatic knee OA population. Our
study found a bivariate correlation between fatigue and poor sleep but this relationship was
not significant in the multivariable model. This may be due to the inclusion of other factors
in our model (i.e., baseline fatigue, depressive symptoms,) or it may be possible that poor
sleep rather acts as a mediator between depressive symptoms and fatigue longitudinally.
More so, longitudinal evidence regarding the association between sleep quality with fatigue
are contrasting 468 in rheumatic diseases such as RA. The conflicting results may be due to
different sleep constructs, fatigue measurements and diverse follow-up times used in these
studies. More longitudinal studies are warranted to determine the role of sleep to fatigue in
symptomatic knee OA in addition to finding an appropriate sleep measure in this population.
The use of an objective sleep measure such as polysomnograpy may enhance future
evidence.

As one of the primary longitudinal studies that has comprehensively assessed
sociodemographic, disease-related, physical and mental-related factors to future fatigue in a
large cohort of symptomatic knee OA, the study findings must be interpreted within its
limitations and with respect to its strengths. First, the use of retrospective unidimensional
fatigue measure (VAS) limits the potential to address momentary fatigue and multiple
fatigue domains which may provide more insights into fatigue aetiology in the symptomatic
knee OA population.1:> Whilst there are currently many other multidimensional fatigue
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measures, generally, the simple VAS fatigue and many of these complex measures yield
similar results and are easier to use.2049 Also, the 0-10 VAS is commonly used in OA
research®16:50 and clinical settings. Also, there could be possibility that some questions on
CES-D might partially overlap with fatigue, however, no identified overlap of fatigue with
these CES-D questions were found in a large OA population.>1 We, however suggest that
future studies should include a comprehensive examination of the CES-D items such as
“feeling everything was an effort” and “couldn’t get going” with different fatigue constructs
specifically in symptomatic knee OA population. Although there is strong evidence that
depression and fatigue coexist in OAL> nonetheless, there are indication that fatigue and
depression are distinct and separate constructs.>2 Studies are thus warranted to determine the
pathway of depression in fatigue aetiology. Another limitation of our study is the use of
10cm VAS MCID which has only been established in RA population but not yet determined
in the knee OA population. Nonetheless, fatigue prevalence in RA and OA are
comparable314; however caution is needed in interpreting our results. We did not examine
the influence of knee extensor strength, a potential predictor of fatigue in post TKR patients.
4 Future studies should consider the assessment of knee extensors strength to enhance
understanding of fatigue aetiology in symptomatic knee OA. Similarly, there are other
potentially relevant factors that may be implicated in fatigue aetiology in symptomatic knee
OA; these may include low-grade inflammation, tendon stiffness and physical
deconditioning. Both low-grade inflammation®3 and tendon stiffness®* have been
hypothesised but not yet confirmed, thus more studies are needed to explore potential
associations with fatigue in symptomatic knee OA population. Generalisation of our study
findings may be limited to community-dwelling individuals with symptomatic knee OA,
rather than more clinical population who may experience greater levels of pain and
comorbidities. Although, we controlled for comorbidities and age in the backwards
elimination models, increasing comorbidities was a significant predictor of fatigue at follow-
up and age was not, suggesting that age is related to fatigue in large part because of
increasing comorbidities with age. As this was an observational study, there is no means for
ascertaining causality, and future longitudinal study designs should be undertaken to further
explore fatigue causality. Lastly, the final model accounted for 40.5% in follow-up fatigue
variance, suggesting there may be other factors (i.e., muscle fatigability, low grade
inflammation, tendon stiffness, physical inactivity, medications, aerobic functioning, and
self-efficacy) relevant to fatigue that were not examined in this study. Strengths of this study
included its population based symptomatic knee OA cohort, the longitudinal design and
evaluation of factors that addressed probable causes of fatigue such as sleep quality, pain
catastrophizing, objective physical function and comorbidities which our large sample size
permitted.

In conclusion, individuals with symptomatic knee OA are more likely to experience and
report fatigue relative to those without symptomatic knee OA. Pre-existing fatigue, poor
physical function (low gait speed), psychosocial factor (depressive symptoms) and
comorbidities were associated with generalized fatigue at two-year follow-up in those with
symptomatic knee OA. These results underline the complex and multifactorial nature of
fatigue while providing account of factors associated with fatigue at follow-up. In the light
of these results, individualised multi-interventions that incorporate both physical functional
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and psychological rehabilitation such as cognitive behavioural therapies and functional
activities may be considered in the treatment of generalized fatigue among patients with
symptomatic knee OA.
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Figure 1.

Flowchart for symptomatic and non-symptomatic knee OA subjects (60-84 months)
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Socio-demographic, disease-related and health characteristics of symptomatic and non-symptomatic knee OA
participants with fatigue values at both baseline and follow-up

All (n=1,709) No symptomatic knee OA  Symptomatic knee OA P-value
(n=1,260) (n=449)

N(%) or mean [SD]  N(%) or mean [SD] N(%) or mean [SD]
Age (per year) 66.89[7.70] 67.11[7.64] 66.27[7.85] 0.403
Gender
Women 999 (59) 714 (57) 285 (64) 0.012*
Race/Ethnicity
Black and/or others 259 (15) 162 (13) 97 (22) <0.001%
Living situation lives alone missing 345 (20) 1 233 (19)1 112 (25) 0.004 %
Ability to pay monthly bills difficulty/ 270(16) 1 171 (14)5 99(22)1 <0.001*
unable missing
BMI (kg/m?) missing 30.66[5.99] 30.11[5.70] 32.25[6.48] 0.001%
Baseline fatigue (0-10 scale) 3.21[2.33] 2.96[2.23] 3.91[2.45] <0.001%
Follow-up fatigue (0-10 scale) 3.08[2.25] 2.86[2.17] 3.70[2.37] <0.001%
WOMAC pain (0-20 scale) missing 3.10[3.41] 4 1.96[2.43] 2 6.78[3.63] 2 <0.001”
Sleep quality poor sleep 281 (16) 172 (14) 109 (24) <0.001%
Depressive symptoms (CES-D) (0-60 scale)  6.51[6.98] 5.87[6.18] 8.31[8.61] <0.001%
Comorbidities (0-9 scale) 0.46[0.86] 0.43[0.85] 0.54[0.88] 0.013%
Pain catastrophizing =1 814 (48) 540(43) 274(61) <0.001 %
KL score =2 missing 957 (56) 49 580 (46) 23 396(88) 26 <0.001%
Gait speed (m/s) missing 1.25[0.21] 9 1.28[0.21] 6 1.18[0.22] 3 0.483

Statistical measure included chi-square and independent t-tests as appropriate with

*
indicating p<0.05

SD = standard deviation; Knee OA = knee osteoarthritis; BMI = body mass index; WOMAC= Western Ontario and McMaster Universities

Osteoarthritis Index; CES-D = Center for Epidemiologic Studies Depression Scale; KL score = Kellgren Lawrence score; kg/m2 = kilogram per

meter square; m/s = meters/seconds
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