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Mediating role of body mass index in knee osteoarthritis
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صخلملا

ةلتكرشؤمو،ةبكرلاطيحمنملكرودةساردلاهذهفشكتست:ثحبلافادهأ
فدهتو.ةبكرلليمظعلالاصفلابؤبنتلايفةبكرلليكرحلاقاطنلاومسجلا
ىلعريثأتلايفمسجلاةلتكرشؤمهبعلييذلاطيسولارودلاحاضيإىلإةساردلا
٬ةبكرلليمظعلالاصفلاتلااحيفمللأاو،ةبكرلاطيحمورمعلانيبةقلاعلا
.“ةبكرلاتاجرخمعلاطتسا”ةنابتسامادختسابهسايقمتامبسح

ةساردلاتنوكتو.ةنراقملاةيببسلاميمصتةساردلاهذهيفمدختسا:ثحبلاقرط
ضارعلأاببوحصملاةبكرلليمظعلالاصفلانمنوناعياضيرم٦٦نم
.ضارعأنودباقباطمادرف٦٠مهلباقيو

طيحمومللأانملكعميباجيإوريبكلكشبمسجلاةلتكرشؤمطبترا:جئاتنلا
هذهينعتو.ضارعلأاببوحصملاةبكرلليمظعلالاصفلاةعومجميفةبكرلا
طيحمورمعلاكىرخأتارشؤموةبكرلليمظعلالاصفلانيبةقلاعدوجوةجيتنلا
.ةبكرلا

ليهأتلاةداعإلاجميفماهملَعمَدوجوىلإةساردلاجئاتنريشت:تاجاتنتسلاا
طيطختلاىلعمهنيعيامم٬يعيبطلاجلاعلاييئاصخلأةبسنلابةصاخ،يريرسلا
ىضرمليحصلاعضولانيسحتللضفألكشبتلاخادملاميمصتوليدعتلاو
.ةبكرلليمظعلالاصفلا

؛ةبكرلليمظعلالاصفلا؛ةبكرلاطيحم؛مسجلاةلتكرشؤم:ةيحاتفملاتاملكلا
يريرسلاليهأتلاةداعإ؛لصفملليكرحلاقاطنلا

Abstract

Objective: This study explores the role of knee circumfer-

ence, bodymass index (BMI), and range ofmotion (ROM)

in predicting knee osteoarthritis (KOA). The objective is to
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elucidate the mediating role of BMI in influencing the

relationship between age, knee circumference and pain in

knee osteoarthritis, as measured with the help of the knee

outcome survey (KOS) questionnaire.

Methods: The design used in this study was causal

comparative. The study consisted of 66 patients with

symptomatic KOA and 60 matched asymptomatic

individuals.

Result: BMI was significantly and positively correlated

with both pain and knee girth for the symptomatic KOA

group. This finding signifies a relationship between KOA

and other indicators, such as age and knee circumference.

Conclusions: The results of the study would indicate an

important milestone in clinical rehabilitation, especially

for physical therapists, enabling them to plan, modify,

and design interventions to improve the health status of

KOA patients.

Keywords: Body mass index (BMI); Clinical rehabilitation;

Knee circumference; Knee osteoarthritis (KOA); Range of

motion (ROM)
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Introduction

Knee osteoarthritis (KOA) is a debilitating musculoskel-

etal disorder that is particularly common among older adults
and characterized by the progressive degeneration of carti-
lage, as well as concomitant bone hypertrophy.1 A
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Figure 1: The study model.
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prevalence study in KSA has found that KOA affects a
staggering 53% of males and 60.9% of females.2 The most

common implicating clinical features of KOA in any
country are age3 and pain.4 Factors associated with
osteoarthritis are well-researched and include vitamin D

deficiency,5 smoking habits, and even religious practice in
Asia.6 At the same time, BMI, age, previous knee injury is
found to be associated with KOA disability. Restricted

joint mobility, particularly flexion of the knee, is found to
be a significant determinant of disability in KOA.7

Longitudinal studies have observed that obesity is one
of the most important risk factors in KOA.8 Researchers

have yet to explore fully the compounding effects of
many other variables, but knee pain and age are more
important determinants of functional impairments in

elderly subjects than the disorder’s severity.9 KOA is
viewed as a disease affecting older persons, but recent
evidence suggests that obesity and traumatic knee injury

are documented as risk factors for KOA in younger
persons.10 Research has also shown that the severity of
KOA relates to a decrease in ROM.11 ROM is a defining
feature of KOA as it also contributes to developing

activity limitations. Clinical presentation of osteoarthritis
is characterized by pain, edema, morning joint stiffness,
muscular atrophy, and instability.12 Knee circumference

measures the articular volume and it quantifies the
extension of the edema making it possible to measure the
effectiveness of physical therapy intervention.13 Obesity is

also found to increase the development and progression
of KOA.14,15 Manninen et al.16 reported that for every
standard deviation increase in BMI (3.8 kg/m2) there is a

40% increase in the risk of developing KOA. Along with
patient age, being overweight is significantly associated
with KOA, potentially leading to an increase in the risk
of developing arthritis by between two- and seven-

fold.17,18 KOA is prevalent in countries in the Gulf region
because of their ageing populations and growing obesity
rates.24 The disorder frequently results in increased girth

through inflammation19 and influences patients’ ROM.
To develop an understanding of the mediating role of
BMI, the study uses mediation analysis. There is a dearth

of research studies in KSA that establish the mediating
effect of BMI in understanding KOA. A Knee Outcome
Survey-Activities of Daily Living Scale (KOS-ADL) is

considered a common tool professionals use to measure the
health status of KOA patients.20 The KOS-ADL is also
used to measure the KOS-ADL knee function in asymp-
tomatic healthy adults during daily activities of living and

sports.
This study has three objectives. The primary objective is to

establish the reliability and validity of the KOS-ADL ques-

tionnaire commonly used in evaluating the Saudi Arabian
population’s health. The second objective is to elucidate the
effects of age, BMI, ROM and girth on the KOS-ADL of

KOA patients while comparing age and BMI with perceived
knee function in healthy unrestricted individuals. As a third
objective, this study attempts to understand the specific role
of BMI as a mediator in influencing the relationships between

these variables and KOA pain.
Materials and Methods

Study design and sample characteristics

The study had 126 participants. Group 1 consisted of 66
consecutive patients with symptomatic KOAbetween the ages
of 24 and 75 years and Group 2, the control group, which
consisted of 60 asymptomatic individuals matched with age.

The researcher selected the subjects for Group 1 after obtain-
ing their informed consent and checking the inclusion and
exclusion criteria. The inclusion criterion was referral from the

physician with X-ray evidence of degenerative changes in the
knee and confirmation by physiotherapy examination.
Exclusion criteria includedpatientswhohad traumatic injuries

other than KOA. Group 2 consisted of individuals who have
had no prior history of lower extremity injury or pain. King
Khalid University Research Ethical Committee Board

reviewed and approved this causal comparative study. The
proposed model of the study is provided in Figure 1.
Measures

The study took in information regarding the participants’

ages, height (in centimetres) and weight (in kilograms).
Moreover, the study calculated BMI by weight in kilograms
divided by height in metres squared. The BMI was then cate-

gorized as normal weight (18.5e24.9 kg/m2), overweight
(25.0e29.9 kg/m2) and obese (�30.0 kg/m2) according to the
World Health Organization’s (WHO) classification.21

Participants also completed a self-reported questionnaire in

the form of the Knee Outcome Survey-Activities of Daily
Living Scale (KOS-ADL). The assessment was generally
considered valid for the assessment of both the symptoms of

KOA and physical function disability in patients with KOA.22

It contained eight questions concerning the following
symptoms: pain, stiffness, swelling, giving way, weakness,

buckling, slipping and limping. There were eight questions
regarding functional limitations: walking, ascending and
descending stairs, standing, kneeling, squatting, sitting, and
rising from a chair. The responses to the assessment were

graded on a scale of 0e5, where 5 indicated no limitation
and 0 indicated a high level of both symptoms and functional
limitations.22,23 Asymptomatic adults then filled the KOS-

ADL perceived knee function form and were exempted from
filling out the symptoms section of the questionnaire.

For Group 1, the patient’s worse knee was the ‘index’

knee. Researchers/therapists in the study assessed the girth of
the index knee in the supine position with the hip in a neutral
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position; to this end, they placed a rolled towel under the
ankle, keeping the knee in an extended and relaxed position

while maintaining a zero-degree extension. The therapist
stood close to the patient’s knee and placed a temporary
marker 1 cm above the patella; then, they measured the

circumference using a standard measuring tape following
exactly the position of the marked line. To measure knee
flexion ROM, the therapists asked the patients to lie on the

side of their unaffected knee to facilitate assessment. The
attendant then applied a plastic baseline universal goniom-
eter to the knee joint lateral femoral condyle, whereby they
asked the patient to place their index finger over the greater

trochanter, at the same time keeping their immovable arm
parallel and their movable arm straight down the leg. The
therapist simultaneously held both arms of the goniometer in

order to fix the goniometer while passively flexing the knee.
Flexion was done up to the point that the patient said ‘stop’
because they had reached their pain threshold. The therapist

then noted the degree of flexion after it stopped, then also
used a numerical rating scale (NRS) to measure KOA pain
based on the patient’s present, best, and worst pain levels
over the previous 24 h on a scale of 0 (no pain) to 10 (worst

pain imaginable).24

Statistical analysis

Cronbach’s alpha and a confirmatory factor analysis
helped this study establish the reliability and validity of the

KOS-ADL questionnaire. Cronbach’s alpha for KOS-ADL
was 0.92e0.93.23 Mean and standard deviations describe
the sample. A correlation analysis was used to describe the
relationship between the variables. Various inferential

methods for testing hypotheses about indirect effects have
appeared in the literature,25 including the product of
coefficient approaches such as the Sobel test,26

bootstrapping,27e29 and many others. Another tool to
establish mediation and moderation is PROCESS30 which
provides a single, easy-to-use command for SPSS similar to

both the Edwards and Lambert25 and Preacher et al.31 path
analysis frameworks.

Results

Questionnaire validation e confirmatory factor analysis
(CFA)

In SPSS-22, the KOS-ADL questionnaire had a Cron-
bach’s alpha of 0.95, indicating a very high internal consis-
tency and high reliability of the questionnaire among the

Saudi population. A CFA in LISREL 8.732 showed that the
confirmatory model was fit, as demonstrated in Table 3. All
the items were loaded in the latent variable and the loadings
were high, as shown in Figure 2.

Description of the sample

Group 1 consisted of 66 males; their ages range from 24 to
75, while the mean (�SD) was 50.53 � 12.706 years. Their
mean (�SD) BMI was 29.92 � 5.59 kg/m2 and 83% were
classified as overweight/obese. The mean (�SD) daily level of

painwas 7.05� 1.55 (scale of 0e10). The knee outcome survey
self-reports’ mean (�SD) outcomewas 45.87� 21.05 (ranging
from 0 to 100). The mean (�SD) girth was 42.31 � 5.05. The

ROM mean value (�SD) was 126.48 � 8.35. The control
group consisted of 60 males matched for age, the mean (�SD)
was 49.05 � 13.48. Their mean (�SD) BMI was

24.43 � 3.28 kg/m2. The ROM mean value (�SD) was
135.08 � 1.4. Mean (�SD) girth was 40.90� 7.53. A detailed
description is presented in Table 1.

Mediation analysis

To establish mediation, the study used a correlation
analysis in SPSS-22, a structural equation bootstrap in PLS-
3,33 and SPSS-PROCESS. Analysis showed that BMI
correlated to pain (0.300), girth (0.823), and KOS-ADL

(0.680) for Group 1, but it is not correlated to the KOS-
ADL function for Group 2. Table 2, describes the
mediation analysis using bootstrap (500 samples)34 in PLS-

3, which shows that all the relationships, except the ROM
and KOS-ADL relationships, were significant owing to the
fact that their values were greater than �1.96. The direct

effects of pain and girth on KOS-ADL are far less compared
to the mediation effects of BMI, shown in Figure 3.
PROCESS-SPSS regression analysis shows that pain
became non-significant (p ¼ 0.20) when BMI mediates pain

and KOS-ADL. Likewise, girth becomes non-significant
(p ¼ 0.19) when BMI is added to the equation. Effect size
for normal theory tests for indirect effect is 2.63, which is

significant at 0.02 for girth and 4.38 significant at p � 0.01
(Tables 4 and 5). Mediation analysis is not conducted for
Group 2 since BMI is not correlated to KOS-ADL.

Discussion

KOS-ADL is a questionnaire that benefits from intelli-
gible wording, making it easily understood by people with
knee problems. The questionnaire is considered to be inter-

nally consistent and validated; the internal consistency re-
sults were similar to those obtained by the original
American-English version (Cronbach’s alpha coefficients of

0.92e0.93) in patients with disorders of the knee.20,22,23 The
questionnaire is also validated by face validity and construct
validity,22 validating it also for future medical research in the

Middle East.
The result shows that BMI, reduced ROM, and knee girth

of patients were significantly higher in the KOA group than
that of the control group. This indicates that changes in these

variables could lead to the development of KOA. The study
indicated that age, BMI, ROM and girth have no significant
correlation with KOS-ADL asymptomatic physical func-

tioning. Studies have shown that weight loss decreases the
risk of KOA. Weight loss is found to reduce the cartilage
thickness, thereby increasing the ROM.35 This could be the

reason why BMI and ROM show non-significant correla-
tion with KOS-ADL physical functioning. Some pre-
operative predictors of the knee outcome survey are found

to be knee flexion ROM, older age,36 and higher BMI37 as
contributing factors. Although obesity is connected to the
development of KOA, its potential impact as a pre-
operative predictor and post-operative outcome is less

clear.37 In a study carried out in Sweden, BMI, waistehip



Figure 2: CFA-LISREL.

K.A. Alahmari et al. 153
ratio, weight, and percentage of body fat have positive
correlations with KOA in a longitudinal follow-up survey
on discharged patients over the course of 10 years.38 Studies

have identified obesity as a risk factor for KOA39 and found
Table 1: Descriptive data.

Factors Mean [�SD]

Age (years) 50.53 � 12.706

BMI (wt/m2) 29.92 � 5.59

NRS (0e10) scale 7.05 � 1.55

Girth (cm) 42.31 � 5.05

ROM (degrees) 126.48 � 8.35

KOS (0e100) scale 45.87 � 21.05

BMI: body mass index; NRS: Numeric Rating Scale;

ROM: Range of Motion-Flexion; KOS: knee outcome

survey.
a correlation between the two; however, other studies have
shown that a strong relationship between pre-operative and
post-operative KOS-ADL and BMI is still lacking. This

research shows that high BMI increases the progression of
Table 2: Correlation coefficients between KOS and factors

affecting knee pain for group-2.

Factors Correlation with KOS

Age (years) 0.351**

BMI (wt/m2) 0.382**

NRS (0e10) scale 0.344**

Girth (cm) 0.333**

ROM (degrees) 0.680**

BMI: body mass index; NRS: Numeric Rating Scale; ROM:

Range of Motion-Flexion; KOS: knee outcome survey.

Significant correlations: p � 0.01 in **.



Table 3: Goodness of fit summary: SPSS and LISREL.

Cronbach’s

alpha

Chi square

(p value)

GFI RMSEA NNFI CFI AGFI

0.953 78.66 (0.017*) 0.98 0.03 0.93 0.96 0.98

GFI: Goodness of Factor Index; CFI: Comparative Factor In-

dex; NNFI: Non-normed Fit Index; AGFI: Adjusted Goodness

of Fit Index; RMSEA: Root Mean Square Error of Approxi-

mation. *p � 0.01.

Table 4: Bootstrapping: mediation analysis summary (PRO-

CESS-SPSS).

Predictors of KOS R 2 MSE F

Direct effect B SE t p LLCI ULCI

GIRTH-BMI-KOS

0.48 17.17 56.4059*

X on Y 0.72 0.55 1.31 0.19 0.33 1.82

Total effect 1.59 0.49 3.19 0.00* 0.59 2.59

Indirect effect of

X on Y

2.32 0.43 1.55 3.34

Pain-BMI-KOS

0.47 242.4 27.16*

X on Y 1.68 1.3 1.26 0.20 0.97 4.33

Total effect 4.31 1.64 2.21 0.01* 1.01 7.61

Indirect effect of

X on Y

2.63 1.01 0.97 5.07

BMI: body mass index; KOS: knee outcome survey. *p � 0.01.

Table 5: Effect size significance.

Variables Effect SE Z value p

Pain-BMI-KOS 2.63 1.15 2.28 0.02*

Girth-BMI-KOS 2.13 0.48 4.38 0.00*

BMI: body mass index; KOS: knee outcome survey; SE: Stan-

dard Error, p � 0.01.
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KOA and interferes with or mediates pain and knee
circumference. Measuring joint volume is indispensable for
physiotherapy intervention, as it quantifies the severity and

the extension of the edema.13

Obesity may contribute to KOA through increased thigh
circumference, inducing genu varum40; however, the effects

of thigh circumference on knee joint movement have not
been reported in adults.41 Studies have proved that
(simulated) increased thigh girth increases knee joint

compressive forces by 16%. This could be due to changes
in gait dynamics associated with increased thigh volume,
which can then be attributed to increased knee varus41,42

BMI is identified as a predictor of pain and function in

KOA,43 but pain intensity is also an important predictor of
KOA.44 This result is in line with the present study, which
found that higher pain intensity predicts worse KOS-ADL

scores. Higher levels of pain, then, correlate with greater
intake of calories, fat, and sugar throughout the day.45 This
is significant given that 86% of the respondents in this study

are overweight or obese, which explains how BMI mediates
the relation between pain and girth on KOS-ADL.

A logistic regression revealed that age, KOS-ADL,

quadriceps strength, and knee extension ROM significantly
predicted knee arthroplasty. Using only three clinical mea-
sures (age, knee extension ROM, and KOS-ADL scores),
their model explained most of the variability.37 Even so, the

relationship between ROM and KOS-ADL does not
demonstrate significance in bootstrapping. A study found
that KOA patients have 119� as their mean ROM for con-

servative treatment group,46 whereas the patients in this
Figure 3: Bootstrap regres
study demonstrated a ROM of 126.48�. This could be
explained by the fact that Muslim populations require
higher ROM owing to their common religious and cultural
activities demanding flexion of the joints in the lower limbs

in order to engage in prayer.47 This study also provides a
deeper understanding of the relationship between girth and
ROM, which is found to be negative, suggesting that

greater knee girth could be due to swelling, causing a
considerable reduction in ROM. Physiotherapists generally
tailor their interventions based on functional ability and

not on structural findings, such as knee circumference;
therefore, such understanding would enhance the
effectiveness of interventions specific to treatment of this
sion analysis in PLS-3.
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symptom, for example, rest, appropriate positioning, and
elevation of the lower limb.13

The uniqueness of this study is partially attributed to the
relatively overweight sample used when compared to other
studies of Middle Eastern populations. An additional

strength of the study is the variance of age (50.53 � 12.706)
of the experimental group compared to other studies with
respondent ages of over 45 years. Both this and other studies

have put forward the need for further confirming the medi-
ating role of BMI in osteoarthritis.48 The study has therefore
met the three objectives (1) has established the reliability and
validity of the KOS-ADL questionnaire commonly used in

evaluating the Saudi Arabian population’s health. The study
has elucidated the effects of age, BMI, ROM and girth on the
KOS-ADL of KOA patients while comparing age and BMI

with perceived knee function in healthy unrestricted in-
dividuals. This study also brings out the specific role of BMI
as a mediator in influencing the relationships between these

variables and KOA pain. The study has few limitations
though, in particular, it is limited by a small sample size and
study design.
Conclusions

The results of this study would be highly useful in man-

aging patients and would be relevant for physical therapists
carrying out physical examinations e these findings would
enable them to gain a broader perspective of KOA. In

comparison with the control group, higher BMI increases the
chances of developing KOA considerably. This study is
unique in trying to understand the predictors of KOA and
elucidating the specific role of each independent variable in

the knee outcome survey. Future researchers could benefit
from studying BMI categories and how each category would
lead to KOA.
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