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Abstract

Knee osteoarthritis (KOA) is more common as people age and have a higher body mass index (BMI). We must know the rolg
various factors in pain and physical functions in patients with KOA. Therefore, the present study sought to examine the factors
associated with pain and physical functions in individuals with KOA. This cross-sectional observational study included patients with
KOA (n = 125; 57 men, 68 women; mean age 52.9 years). Using the visual analogue scale and a reduced version of the Western
Ontario McMaster Universities Osteoarthritis Index, pain severity and physical functions were assessed. Demographic factors
such as age, BMI, sex, and Kellgren-Lawrence (K/L) radiographic grade of KOA were analyzed. Age (R = 0.263, P < .001), BMI
(R=0.879, P <.001), and K/L grade (R = 0.844, P < .001) were significantly associated with knee pain. Similarly, age (R = 0.310,
P < .001), BMI (R =0.374, P < .001), and K/L grade (R = 0.862, P < .001) were associated with physical functions. No significant
association of sex with pain (R =0.071, P =.440) and physical functions (R = 0.055, P = .545) was observed. Age, BMI, and
K/L grade explained 71% and 74% of knee pain and physical functions, respectively. Age, BMI, and radiographic (K/L) grades
were associated with pain and physical functions in patients with KOA. K/L grade was the most significant predictor of pain and
physical functions in KOA.

Abbreviations: BMI| = body mass index, K/L = Kellgren-Lawrence radiographic grade, KOA = Knee osteoarthritis, OA =

Keywords: age, body mass index, disability, gender, pain

osteoarthritis, VAS = visual analogue scale, WOMAC = Western Ontario McMaster Universities Osteoarthritis Index.

1. Introduction

Knee osteoarthritis (KOA) is a prevalent degenerative mus-
culoskeletal disease that affects men and women around the
world.["? Increased prevalence of KOA is linked to a high
body mass index (BMI) and advancing age.’=! Obesity is the
most significant modifiable risk factor for developing KOA.!¢
Degeneration of the cartilage and underlying bone causes KOA,
a kind of degenerative arthritis.” An increased body weight
causes greater articular pressure resulting in osteophyte for-
mation, subchondral bone sclerosis, and cartilage degenera-
tion.®! The obese are 3 times more prone to develop KOA than
those with a healthy weight.!®! Furthermore, obesity and female
sex negatively affect gait variables” and post-surgical out-
comes.l'%11 KOA often causes pain, reduced physical functions,
and impaired quality of life.['>13]

The radiographic grade of KOA is 1 of the important fac-
tors influencing post-surgical outcomes. Cushnaghan et all'¥
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indicated that patients with a higher Kellgren and Lawrence
(K/L) grade at baseline showed greater improvement in func-
tions after KOA surgery. Valdes et al's! reported that a lower
K/L grade was related to an increased risk of post-surgical pain
after knee and hip replacement surgery. Similarly, Dowsey et
all’®! found that a lower grade of radiographic osteoarthritis
(OA) was associated with more pain and poor functions follow-
ing total knee replacement surgery. Furthermore, Keurentjes et
all'”' reported that patients with severe radiographic OA showed
greater improvement in physical functions after knee or hip
replacement surgery than patients with mild radiographic OA.

Although age, BMI, and sex are the most significant risk fac-
tor for developing KOA, the role of these factors on pain and
physical functions was not adequately reported. It is important
to know the role of various factors in pain and physical func-
tions in these patients. The current study aimed to identify factors
influencing pain and physical functions in patients with KOA. We
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hypothesized that age, BMI, and radiographic grades (K/L) are
associated with pain and physical functions in patients with KOA.

2. Methods

2.1. Participants

A similar previous study on hip OA patients!"s! recruited 118
patients; therefore, 125 patients with KOA were recruited in the
presentstudy. The Physicians diagnosed these patients (aged 40 years
and older) according to the American College of Rheumatology
criteria participated in this cross-sectional study from November
2018 to March 2019.1! Data was collected in the medical hospital
of King Saud University. Participants with a history of knee surgery,
systemic arthritis, or impaired lower extremity functions due to any
other muscular, joint, or neurological disorder were excluded from
the study. King Saud University’s institutional ethics committee (ID:
RRC-2018-010) approved the study. Before data collection, each
participant signed a written informed consent form.

2.2. Dependent (Outcome) variables

2.2.1. Pain. A visual analogue scale (VAS) was used to measure
the severity of the pain.?”! VAS is frequently used to assess pain
intensity and has good reliability and validity.?*! VAS consists of a
bidirectional 10-cm straight line with “no pain” and “worst possible
pain” at either end of the line. The participants were asked to make
a vertical mark on the line indicating the intensity of their pain.

2.2.2. Physical functions. The Arabic version of the Reduced
Western Ontario and McMaster Universities Arthritis Index
(WOMAC) was used to assess physical functionality.?!! The
reduced WOMAC includes 12 questions, each scored using 5
response options designed to evaluate patients’ perceptions of pain
and physical functions. High scores indicate poor functions.?"-?!

2.3. Independent (Explanatory) variables

Age, sex, BMI, and radiographic grades of KOA were considered
independent factors affecting pain and physical functions in
patients with KOA. The participants were asked to wear simple
clothing and to remove footwear to measure height and weight.
Height and weight were measured using a fixed stadiometer and
a Beurer glass diagnostic scale. Height and weight were used to
calculate the BMI, which was then categorized in accordance
with previously published literature.”) Radiographic grades
of KOA were classified according to K/L rating criteria by the
physician.?*

2.4. Statistical analysis

All the statistical analysis was done using SPSS version 22 for
Windows. Descriptive statistics were presented as mean and
standard deviation, continuous data as ranges and categorical
data as frequencies. The Pearson correlation coefficient was
used to calculate the bivariate correlations between the indepen-
dent (age, BMI, sex, K/L grades) and the dependent (pain and
physical functions) variables. The self-reported pain and phys-
ical functions were modeled using the analysis of covariance
(ANCOVA). The independent variables indicating a statistically
significant correlation (P <.01) with the dependent variables
were included in the ANCOVA.

3. Results

3.1. Participant characteristics

The participants’ characteristics and clinical data are presented
in Table 1. A total of 125 patients participated in the current
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study. Of these participants, 57 were men, and 68 were women
(mean age, 52.9 = 9.3 years). As per the BMI category, 52%
(n=65) of the participants were in the overweight category
(BMI, 25-30), followed by 26.4% (n = 33) of the participants
in the obesity class I category (BMI, 30-35). According to K/L
radiographic grade, the distribution of patients was as follows:
14.4% (n = 18) of the patients had K/L grade 1,44.8% (n = 56)
had K/L grade 2, 31.2% (n = 39) had K/L grade 3 and 9.6 %
(n=12) of the patients had K/L grade 4 radiographic severity
of KOA.

3.2. Bivariate correlations

The bivariate correlations between independent (age, BMI, sex,
and K/L grade) and dependent (pain and physical functions)
variables are shown in Table 2. Age (R = 0.263, P <.001), BMI
(R=0.379, P<.001), and K/L grade (R =0.844, P<.001)
were significantly associated with knee pain. Similarly, age
(R=0.310, P<.001), BMI (R=0.374, P<.001), and K/L
grade (R =0.862, P <.001) were significantly associated with

Participants’ characteristics and clinical data.

Characteristics n=125
Age, years

Mean (SD) 52.99.3

Range 40-80
Age group, N (%)

40 to 50 55 (44)

50 to 60 40 (32)

60 to 70 25 (20)

70 to 80 5(4)
Sex, N (%)

Men 57 (45.6)

Women 68 (54.4)
Height, m

Mean (SD) 1.7(0.1)

Range 1.5-1.9
Weight, Kg

Mean (SD) 85.3(11.9)

Range 55-105
BMI, Kg/m?

Mean (SD) 30.1 (4.2

Range 21.4-41.4
Weight category, N (%)

Normal Weight (BMI, 18.5-25) 9(7.2)

Over weight (BMI, 25-30) 65 (52)

Obesity class | (BMI, 30-35) 33 (26.4)

Obesity class Il (BMI, 35-40) 17 (13.6)

Obesity Class lll (BMI, > 40) 1(0.8)
OA Grade (K/L rating score), no. (%)

Grade 1 18 (14.4)

Grade 2 56 (44.8)

Grade 3 39(31.2)

Grade 4 12 (9.6)
VAS, 0to 10 cm

Mean (SD) 5.8 (2.3

Range 0.5-10
WOMAC pain score

Mean (SD) 8.9(4.1)

Range 1-16
WOMAC function score

Mean (SD) 12.5(56.9)

Range 1-27
WOMAC total score

Mean (SD) 21.5(9.9)

Range 2-43

BMI = body mass index, K/L = Kellgren-Lawrence scale, OA = osteoarthritis, SD = standard
deviation, VAS = visual analogue scale, WOMAC = Western Ontario McMaster Universities
Osteoarthritis Index.
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Pearson correlation coefficients between dependent (outcome)
and independent (explanatory) variables.

Variables WOMAC Pain  WOMAC Function ~ WOMAC Total VAS
Age, years 0.326* 0.310* 0.320* 0.263*
BMI, kg/m2 0.326* 0.374* 0.360* 0.379*
K/L grade 0.854* 0.862* 0.877* 0.844*
Sex 0.056 0.055 0.058 0.071

*significant at P < .001.
BMI = Body mass index, K/L = Kellgren-Lawrence scale, VAS = visual analogue scale, WOMAC =
Western Ontario McMaster Universities Osteoarthritis Index.

physical functions. No significant association of sex with
pain (R = 0.071, P = .440) and physical functions (R = 0.055,
P = .545) was observed.

3.3. Analysis of covariance

The factors for self-reported pain and physical functions are
given in Table 3. Age, BMI, Sex, and K/L grades explained 71%
and 74% of knee pain and physical functions, respectively.

4. Discussion

The current study aimed to examine the factors associated with
pain and physical functions in patients with KOA. In the present
study, independent factors such as age, BMI, and radiographic
severity of OA were found to be associated with increased knee
pain and poor physical functions in patients with KOA.

In the general population, KOA can be detected radiologically
in up to one-third of older adults and is highly correlated with
age.l??71 Previous studies have reported an association between
higher BMI and poor physical functions.?®*! Another study
reported lower physical functions and higher pain intensity in
individuals with high BMI than those with a normal BMIL5%
More recently, Alfieri et al®!l reported that being overweight was
negatively associated with increased knee pain in OA. However,
they did not report any negative effects on physical functions.!
In another study, Connelly et al®? reported increased knee pain
associated with a higher BMI category in patients with KOA.
In previous studies, the correlation between BMI and pain lev-
els has been established,**-*’! and a weight reduction program
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is 1 of the important treatment strategies to reduce pain and
improve physical functions in patients with KOA.13¢!

In the current study, the sex of the patients was not found
to be associated with the severity of pain and physical disabil-
ity in KOA. Similarly, a previous study reported no association
between sex and pain levels in patients with KOA.?! Other
studies did not report significant sex differences in symptomatic
KOA.B7-3 In contrast, Elbaz et ali3® reported that women with
KOA had higher pain levels and poor functions.

In the current study, the radiographic (K/L) grade of KOA
was observed to be a better predictor of pain and physical func-
tions than other factors (age and BMI). A recent study reported
a significant association between the severity of radiographic
OA indicated by K/L grade and the severity of knee pain in
patients with KOA."" Similarly, Pereira et al*! reported that the
severity of radiographic OA was significantly associated with
higher pain levels, reduced quality of life, and increased disabil-
ity in patients with KOA. In contrast, few studies reported an
insignificant association between the severity of radiographic
OA and physical functions in patients with KOA. 4>

Several pathophysiological changes in the human body,
including age and obesity-related, contribute to OA develop-
ment. Decreased muscle mass and increased fat mass are related
to increase in cytokine and adipokine production, which results
in low-grade systemic inflammation.*! Also, decreased muscle
mass and increased fat mass affect joint loading.**! The extra-
cellular matrix undergoes changes that affect the mechanical
properties of cartilage and increase its susceptibility to degener-
ation."*®! These changes include the buildup of advanced glyca-
tion end-products, decreased aggrecan size, decreased hydration,
and increased collagen cleavage.*! Degeneration and potential
alteration in joint mechanics is accelerated by decreased cell
density in the ligaments and meniscus and extracellular matrix
disruption.*”*$! Subchondral bone functions are also affected
due to impaired mineral composition and decreased osteophyte
numbers.*”!

According to Coggon et al,*° people with a BMI of more
than 30kg/m?* had a 6.8 times higher risk of developing KOA
than people of normal weight. Obesity-related OA is thought
to have multifactorial pathophysiology. In obesity, structural
damage to joints is thought to occur due to mechanical as well
as metabolic factors. Mechanical factors include impaired bio-
mechanics, reduced muscle strength, and higher forces on the
joints during activities of daily living.’*5?! Although the exact
metabolic mechanisms by which obesity causes joint struc-
tural damage are not yet established, it is believed to include

Predictors of Pain and Function in knee osteoarthritis: The analysis of covariance.

Model Variables B SE P-value R2-adjusted
WOMAC Pain Age 0.038 0.023 093 0.727
BMI —0.001 0.051 970
K/L grade 4.052 0.256 <.001*
Sex 0.074 0.396 .851
WOMAG Function Age 0.035 0.032 268 0.741
BMI 0.079 0.072 272
K/L grade 5.813 0.361 <.001*
Sex 0.073 0.557 .896
WOMAC Total Age 1.028 0.544 .061 0.771
BMI 0.562 0.539 .300
K/L grade 9.827 0.558 <.001*
Sex 0.176 0.869 .840
VAS Age 0.001 0.013 920 0.708
BMI 0.044 0.029 140
K/L grade 2.222 0.148 <.001*
Sex 0.095 0.229 678

*significant at P < .001.

BMI = body mass index, K/L = Kellgren-Lawrence scale, VAS = visual analogue scale, WOMAC = Western Ontario McMaster Universities Osteoarthritis Index.
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abnormal adipokine expression with direct and downstream
consequences causing the destruction and remodeling of joint
tissue.’>* Adipokines have an impact on the synovium, bone,
and cartilage that makeup joints.

4.1. Strength and limitations

The main strength of this paper is a good literature review and
extensive references. VAS and the WOMAC index are the most
reliable and valid outcome measures in KOA studies. The current
study acknowledged some potential limitations. In this study, a
relatively small number of participants had severe radiographic
grades assessed according to the K/L criteria. In addition, a body
composition analysis could have been more helpful than BMI, as
the latter does not provide information about fat and lean mass
proportion. Using body composition analysis in future studies
will help improve understanding of the role of overweight in
KOA. The cross-sectional design of the current study is another
significant limitation, which limits exploring how these differ-
ences have evolved and changed over time.

5. Conclusion

Age, BMI, and radiographic (K/L) grade were associated with
pain and physical functions in patients with KOA. K/L grade
was the most significant predictor of pain and physical func-
tions in KOA. More longitudinal studies are warranted to assess
these differences and their development over time.
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