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The inter-relationship between obesity and symptomatology of knee osteoarthritis in older women: a
cross-sectional study
La interrelacion entre la obesidad y los sintomas de la artrosis de rodilla en mujeres mayores: un
estudio transversal
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Abstract. Objective: To define a cut-off point of osteoarthritis (OA) symptomatology that becomes serious in older women. Meth-
odology: the cross-sectional study with a quantitative and comparative approach, in which the data were collected by structured inter-
view, informing age, body mass, height, and the filling out the Western Ontario and McMaster Universities questionnaire (WOMAC).
The found results were sub-grouped by general WOMAC index (< 39 and 2 39 points) and by classification of body mass index - BMI
[eutrophic (E); overweight (O); and obese (OB)] for post-comparisons. Inferential statistics: the independent t-test, analysis of variance
(ANOVA-one way), a Receiver Operator Characteristic Curve (Curve ROC), and the Youden test for robustness were used, consid-
ering a p < 0.05. Results: The participants of the study were 79 older women distributed by BMI classification (E = 24; O = 28 and
OB = 27 participants) with a mean age of (E = 67.1 £ 6.4; O = 68.4 £ 5.8; OB = 68.5 £ 5.3 years old). When analyzed by WOMAC
index subgroups, the 2 39 WOMAC subgroup showed a BMI bigger than the < 39 WOMAC subgroup (p < 0.05). At last, when
analyzing the robustness of variations described by the Youden test, the cut-off point was 29.78 kg/m?. Conclusion: The development
of osteoarthritis is positively associated with the BMI index in older people, and the cut-off point detected by the Youden test can be a
relevant indicator of increased risk for the development of osteoarthritis.
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Resumen. El objetivo del estudio fue definir un punto de corte para los sintomas de la osteoartritis (OA) que se agrava en mujeres de
edad avanzada. Se trata de un estudio transversal, con enfoque cuantitativo y comparativo, en el que se recolectaron datos a traves de
entrevistas estructuradas, informando: edad, masa corporal, talla y cumplimentacion del cuestionario de las Universidades Occidentales
de Ontario y McMaster (WOMAC). Los datos obtenidos se subdividieron segtin el indice general WOMAC (<39 y 239 puntos) y la
clasificacion del indice de masa corporal (IMC) [Eutrofico (E); Sobrepeso (O) y Obeso (OB)] para posteriores comparaciones. Consi-
derando la significancia de p < 0,05. Se utiliz6 la prueba t, analisis de varianza (ANOVA-one way); Curva de Roc y prueba de Youden
para la robustez de los datos. Participaron del estudio 79 mujeres distribuidas en grupos segiin IMC (E = 24; O = 28 y OB = 27
participantes) con las siguientes edades promedio (E = 67,1 £ 6,4; O = 68,4 £ 5,8; OB = 68,5 * 5,3 afios). Cuando se analiz6
utilizando el indice WOMAC, el subgrupo 2 3 9 demostr6 un IMC mas alto que el subgrupo WOMAC <39 (p < 0,05). Ademas,
cuando se realiz6 la robustez de los datos mediante la prueba de Youden, el punto de corte fue 29,78 kg/m?. Por tanto, el desarrollo
de artrosis se asocia positivamente con el IMC en personas mayores, y el punto de corte detectado por el test de Youden puede ser un
indicador relevante del mayor riesgo de padecer artrosis.
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Introduction

Osteoarthritis (OA) is a degenerative illness that hits a
significant part of the world population summarily (Pacca
etal., 2018; Swain et al., 2020; Vina & Kwoh, 2018). The
knee joint is the most frequently developed pathology be-
tween the main body joints (Hussain et al., 2016). Further-
more, the main symptoms of OA in the knee are related to
the progressive reduction of functionality, the evolution of
pain, and joint stiffness (Thomas et al., 2017). This disorder
complex develops with different generalized factors, such
as age, sex, obesity, and family history (Hussain et al.,
2016; Landsmeer et al., 2019).

The physiological causes of OA development were not
well defined in the literature, but three main ways are high-
lighted in the process: consequence problems of joint aging
and traumas that increase the functionality; the quantity of
extracellular matrix; and the changes in bone and vascular
composition that can reduce the joint functionality
(Rahmati et al., 2017). To analyze the cellular aging pro-
cess, the literature presents that local stress events can
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promote the early aging of joint structures as chondrocytes
(Komori, 2016; Leong & Sun, 2011; Rahmati etal., 2017).
Trauma can promote the micro-development of an inflam-
matory state in the region, increasing the secretion of in-
flammatory cytokines, vascular endothelial growth factors,
and catabolic enzymes, starting the OA grades (Thomas et
al., 2017).

Based on current population data, demographic prob-
lems such as obesity and aging have significantly increased
in recent years (Brasil, 2023). Studies have shown that over
the previous thirty years, obesity has been one of the factors
that, besides increasing, aggravates the clinical grade of
older people (Batsis & Villareal, 2018; Kulkarni et al.,
2016). Also, in the United States, the prevalence of OA is
more extensive in older people at 65 years old or older
(33.6%), and women showed a more considerable number
of cases compared to men (42.1% vs. 31.2%) (Lespasio et
al., 2017). Furthermore, when evaluating the risk factors in
407 women with frequent pain in knee joints, age, BMI,
difficulty to upstairs, and joint stiffness were the most prev-
alent factors for OA development (Landsmeer etal., 2019).
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The behavioral parameters involved directly in the pro-
cess of OA development and how much each one impacts
pathology development are not to be clucidated in the lit-
erature. Thus, OA development is multifactorial, and the
relationship between genetic and epigenetic factors may in-
fluence the independence of the population's general char-
acteristics (Garzon Mosquera & Aragon Vargas, 2021; Rice
etal., 2020). Therefore, the objective of the present study
was to define a cut-off point of the symptomatology of OA
that becomes serious in older women.

Methodology

Experimental Design

The study presents a cross-sectional design with a quan-
titative and comparative approach following the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines (Cuschieri, 2019).

Sample

The present study sample was comprised of 79 older
women in Maringé City — Parana, Brazil (southern region
of Brazil). As criteria of inclusion were accepted partici-
pants with the following characteristics: 1) female sex; 2)
older than 60 years; 3) showed historic of overweight or
obesity (Pelacz etal., 2001); 4) stiffness in at least one joint
in the morning; 5) self-reported arthritis in at least two
joints; 6) visual deformation of the joint. Exclusion criteria:
were not accepted: 1) women with age inferior to 60 years
old; 2) older people with any cognitive disorders or degen-
erative central system disorders 3) people without self-re-
ports of osteoarthritis. The recruitment and sorting of par-
ticipants followed all specifications shown in the Ministry of
Health 466/2012 resolution. All participants filled in the
ethical consentient terms. The Ethics Committee approved
the study in research on humans of Unicesumar under num-
ber 2.596.181. The present study was conducted in the
University facilities.

Inquiry

The participants were evaluated and instructed to an-
swer about personal, sociodemographic, behavioral, and
anthropometric information. The recent study participants
pervaded for consultation and were questioned for age, sex,
and scholarship. Also, weight and height were measured.
All participants filled in the Western Ontario and McMaster
Universities (WOMAC) answered by Google Forms Instru-
ment (Google, USA) made available on the Interdisciplinary
Laboratory of Intervention in Health Promotion of the Uni-
Versity computers.

Evaluate the specific quality of life of osteoarthri-
tis (WOMAC)

The specific osteoarthritis questionnaire WOMAC is an
instrument that evaluates the participant in three different
domains (pain, stiffness, physical incapacity) considered in
five intensities, variating from O to 5, on which O represents
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nothing of discomfort (0 points), and 5 represents very in-
tense discomfort (4 points). The three domains are pain,
evaluated in 5 questions (total of 0 to 20 points); stiffness,
with two questions (0 to 8 points); physical incapacity,
composed of 17 questions (0 to 68 points); the total score
is obtained through by sum of items in each domain, when
the higher score, the greater the involvement of scale in os-
teoarthritis development (Fernandes, 2002).

Classification of general WOMAC index

Based on Hawker et al. (2000), the cut-off point equal
to or above 39 points in the general WOMAC index is clas-
sified as severe osteoarthritis, and individuals with a score
of 39 or more were indicated for cartilage degeneration. In
addition, considering a score varying from 39 to 96 points
in the WOMAC index, the present sample was subgrouped
into scores <39 points and 2 39 points.

Anthropometric assessment

The anthropometric data were composed of height (H)
measured with a stadiometer (Filizola®) and body weight
(BW) measured with digital weight balance (Filizola®). The
formula calculated the body mass index (BMI): BMI = BW
(kg) / height? (m?). Based on the results found in the BMI
of participants, a sub-classification was realized by BMI clas-
sification for the older people: as eutrophic (> 23 to < 28
kg/m?); overweight (> 28 to < 30 kg/m?); obese (= 30
kg/m?) (PAHO, 2001).

Statistical Analysis

In order to evaluate the inference of collected data, the
software GraphPad Prism (San Diego, USA) was used for
descriptive and inferential statistical analysis. The descrip-
tive statistics used the mean, standard deviation, confidence
interval, absolute frequencies, and relative frequencies (%).
With the intention of comparing selected groups classified
by the WOMAC index, the independent t-test and
ANOVA were used. The Pearson Correlation was utilized
for the association between variables after the analysis of the
receiver operating characteristics curve (ROC curve), and
last, the robustness test of Youden, how to agree to evaluate
the robustness of the analytical method, as also serialize the
impact of each one variation in final results, indicating the
influence of each one variation, the greater the robustness
of the method, the greater its confidence. The sample size
was estimated by software G*Power (Dusseldorf, Ger-
many), and the number of participants was established at 64
people for this study (1-f = 0.80; @ = 0.05). The charac-
terization of threshold sensibility of osteoarthritis was de-
veloped by the Sturges formula to determine the number
and size of class intervals adopted for each category. The
values were determined based on the amplitude of in-
formed responses in the instrument. The significance
adopted for tests was p < 0.05.

Retos, nimero 52, 2024 (1° trimestre)



2024, Retos, 52, 115-120

© Copyright: Federacién Espafiola de Asociaciones de Docentes de Educacidn Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicién Web: 1988-2041 (https: / / recyt.fecyt.es/ index. php/ retos/ index)

Results

When analyzing the results, the power of sample size (1-
B error probabilistic) was 0.94. The participants were clas-
sified into subgroups by BMI classification: 24 presented eu-
trophic characteristics, 28 were classified as overweight,
and 27 were classified as obese. Thus, it can be observed
that the participants classified as obese showed a tendency
towards a higher general WOMAC index, as well as when
the pain, stiffness, and physical incapacity domains were
evaluated, but without significant difference (Table 1).

Analyzing this retrospective, the present study sample
was classified by the general WOMAC index in a group
score < 39, totaling 67 older women, and a group score 2
39, totaling 12 older women.

To verify the significance of the tendency of cartilagi-
nous degeneration in the older people, the BMI of the par-
ticipants was compared by the subcategories of score < 39
and score 2 39 of osteoarthritis sensitization measured by
the WOMAC index, and it was observed that those with a
score 2 39 points had a higher BMI vs. score < 39 points (p
< 0.05).

In addition, an association between BMI and individual
scores was analyzed, verifying that BMI was positively asso-
ciated with the WOMAC index (r* = 0.367; p < 0.01; Fig-
ure 1), suggesting an average effect size between the two
variables studied. A sensitivity and specificity analysis deter-
mined by the ROC curve (1-specificity) was performed,
verifying that there was a good accuracy of the test (AUC =
0.732, p < 0.05). The Youden robustness test was per-
formed to order the influence of each of the variations on
the final result, identifying the Youden index (J) of 48.390
for the value of the respective cut-off point of 29.78 kg/m?’
for BMI.

Finally, a descriptive analysis of the frequency of cases
can be analyzed, and it was observed that a large part of the
sample, regardless of BMI classification, showed low sensi-
tization to osteoarthritis. However, the subgroups classified
as overweight and obese had a higher number of occur-
rences in the eutrophic group, and only in the obese sub-
group did the retraction of high-intensity sensitization in all
domains investigated by the WOMAC instrument.

On the other hand, when comparing the age of the par-
ticipants by the score levels 2 39 and < 39, it can be ob-
served that there was no significant difference. Likewise,
the non-association between BMI and age was verified (Fig-
ure 1).

Table 1 presents the descriptive and inferential distribu-
tion of general characteristics of subgroups and general val-
ues of domains in Western WOMAC categorized by sub-
classification of BMI

Table 2 presents the frequency distribution between the
BMI index classification and study participants' pain, stiff-
ness, and physical incapacity domains.

Figure 1 presents the statistical analysis of participants'
data.
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Table 1.
Descriptive and inferential distribution of general characteristics of subgroups
and general values of domains in Western Ontario and McMaster Universities

Index categorized by sub-classification of body mass index.

Eutrophic Overweight  Obese (n=27)
Variables (n=24) (n=28)
Mean *SD Mean FSD Mean 1SD P-value
Body mass (kg) 58.5% 10.8 71.6* 6.7 86.3% 124 <0.01
Height (m) 1.57 0.07 1.60 0.06 1.56 0.06 0.17

Age (years old) 67.1 6.4 684 58 685 53 0.07

BMI (kg/m?) 23.6% 3.7  27.6% 1.4 35.1*% 44 <0.01
WOMAC Index
Variables
Mean CI95% Mean CI95% Mean CI95% P-value

Pain domain 3.3 0.9 2.2 0.6 5.0 3.4 0.06
5.7 3.7 6.6

Stiffness domain 1.4 0.5 0.7 0.2- 1.6 0.8 032

2.3 1.2 2.4 ’

Physical Inc. domain 9.7 33— 45 0.8— 174 11.4— 0.06
16.0 8.2 23.4

Total 8.8 0.5- 18.8 11.2— 22.4 145- 0.06
17.1 26.5 30.2

Note: the data were expressed in mean £ standard deviation (£SD) and confi-
dence interval (CI95%). Inc. = incapacity; *= statistical significance between
groups (P<0.05).

Table 2.
Frequency distribution between the body mass index classification and study par-
ticipants' pain, stiffness, and physical incapacity domains.
BMI index
Classification

Eutrophic Overweight Obese

Pain domain

Small 13 (76.5%) 21 (87.5%) 26 (68.4%)
Medium 4(23.5%) 3 (12.5%) 9 (23.7%)

High 0 (0%) 0 (0%) 3 (7.9%)

Stiffness domain

Small 12 (70.6%) 22 (91.7%) 30 (79%)
Medium 5(29.4%) 2 (8.3%) 4 (10.5%)

High 0 (0%) 0 (0%) 4 (10.5%)

Physical Incapacity domain

Small 14 (70.6%) 22 (91.7%) 24 (63.2%)
Medium 3(29.4%) 2 (8.3%) 10 (26.3%)

High 0 (0%) 0 (0%) 4 (10.5%)

Note: the data were presented with absolute and relative frequencies; BMI = body
mass index.
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Figure 1. Statistical analysis of participants' data. Note: association between BMI
vs. Score (panel A), BMI vs. Age (panel B). Analysis of scores < 39 vs. 239 in
comparison with BMI (panel C) and age (panel D). ROC curve for BMI vs.
Score (panel E) and BMI vs. Age (panel F). r’= level of association between vari-
ables; AUC = area under curve; ] = representative value of Youden test; BMI =
body mass index; ROC = receiver operating characteristics curve; * = signifi-

cant difference between groups (p < 0.05).
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Discussion

The present study aimed to assess the impact of age and
obesity on the development of osteoarthritis in older
women with pre-established symptoms. Based on the re-
sults found, it can be observed that the obese older women
had a higher average of the general WOMAC index, and the
participants who presented an index equal to or greater than
39 also showed a significantly higher BMI and were posi-
tively associated with the BMI with the WOMAC index,
characterizing body mass as a sensitizing factor for the de-
velopment of this pathology.

The clinical diagnosis of osteoarthritis can be deter-
mined by thoroughly analyzing images, symptoms, thresh-
olding, and location of pain to determine the pathology pic-
ture and the level of cartilage tissue deterioration
(Fernandes et al., 2019; Wu et al., 2005). The WOMAC
questionnaire index improves the diagnostic process by as-
sessing the evaluated 'patients’ sensitization (Wu et al.,
2005). However, the literature has shown that despite hav-
ing different classification domains that can increase the
probability of identifying factors related to pathological de-
velopment, the index is not widely explored in clinical in-
terventions investigating osteoarthritis
(Copsey etal., 2019).

In the present study, in addition to dimensioning the

development

proposed domains of the WOMAC index, the average of
the domains was verified, and the different sub-classifica-
tions of the BMI of the older women who participated in
the research were compared. An increasing tendency (p =
0.06) for the sensitization of pain and physical activity do-
mains in obese subgroups. In such a way, appearances are
only an indicator of high sensitization in the individuals clas-
sified as obese. It can be complemented by the association
between BMI and the general WOMAC index and the sig-
nificant increase when considering the subgroup with a
score = 39.

In a robust study conducted by Clement et al. (2018), it
was found in 2559 patients after knee arthroplasty that a
variation of 10 points in the total score of the index can be
a good indicator of considerable changes in the patient's
clinical condition. Despite not finding significant changes in
the BMI subclasses, it can be observed that the eutrophic
group, compared to the other groups, presented values

X-ray (Ma etal., 2012).

One of the characteristics of the inflammatory process,
the symptoms, and the development of osteoarthritis have
been reported mainly in places such as knee joints and
shoulders, and there is a higher prevalence in women
(Prieto-Alhambra etal., 2014; Xueshan etal., 2019). In the
present study, an exclusive approach was carried out in
older women with different levels of pre-established symp-
toms. Considering the association between the WOMAC
index and the BMI, there was also a reasonable specificity
for the association (ROC curve) complemented by the
Youden test, finding the most critical point for the BMI of
29.78 kg/m? in the study participants. Because of this, the
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below 10 points in the total score (eutrophic vs. overweight
and vs. obese), characterizing the possible clinical differ-
ences between the subgroups.

In addition to the mechanical stress generated by excess
weight that can cause joint degeneration to develop, some
studies have shown that inflamed chondrocytes, osteoblasts,
and synovium all contribute to the production of various
pro-inflammatory cytokines (IL-1b, IL- 6, IL-8, TNF-)
that imply a critical catabolic process, contributing to the
degradation of cartilage tissue (Hussain et al., 2016; Rice et
al., 2020; Wang & He, 2018). Likewise, obese individuals
present altered secretion of pro-inflammatory cytokines
(Wang & He, 2018), and infrapatellar fat deposits have met-
abolic properties of adipose tissue, contributing in parallel
to the inflammatory process in synovial membrane activity
(Jang etal., 2021).

It is also known that with joint aging, epigenetic and be-
havioral factors, polymorphisms associated with inflamma-
tory processes of aging develop; this, added to the accumu-
lation of fat caused by obesity, directly impacts the etymol-
ogy, functionality, and severity of the development of oste-
oarthritis (Duclos, 2016; Landsmeer et al., 2019; Wang &
He, 2018). Differently from other instruments, the general
WOMAC index has shown a close relationship positively
associated with the inflammatory process of patients with
osteoarthritis; however, itis less specific for pain character-
istics, stiffness, and functionality (Fernandes et al., 2019;
Simone et al., 2008).

On the other hand, another study described the predic-
tive factor of the general WOMAC index as more signifi-
cant when the body pain burden is also increased, reaching
more than one body region (Clement et al., 2018; Riddle
etal., 2020). Therefore, the extent of pain the patient feels
should be considered when evaluating the questionnaire
(Riddle et al., 2020). Also, when assessing the relationship
between the WOMAC index and the Hip or Knee Disabil-
ity And Osteoarthritis Score (HOOS/KOOS, JR), it was
found that both general index, as the three WOMAC do-
mains, has a high association with the scores of the HOOS
and KOOS, JR (Fleisher et al., 2022). In addition, The
WOMAC scores are described to reflect the X-ray meas-
urement of the knee joint and the significant correlation be-
tween the tibial angle and joint gap angle on anteroposterior

BMI cut-off zone may indicate the sensitization, sympto-
matology, and development of osteoarthritis in older
women.

Following the proposal of Fluss et al. (2005) describe
that the Youden test was classified as an excellent method
for verifying the cut-off points, suggesting a sample size
greater than 50 participants, in which 79 older women were
evaluated in a cross-sectional study, and the sample size es-
timated for this design in 64 participants, being a critical
point indicative of pathological development.

The reference indices are an important indicator of clin-
ical causes and help in the prognosis and monitoring of dis-
cases. When performing the present analysis, an indicator
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of the development of osteoarthritis was found, which can
be used as a parameter for new complementary experi-
mental designs or clinical applicability. Cut-off points can
create parameters to identify patterns such as the difference
between sexes, age, level of physical activity, and pain in-
tensity (Hawker et al., 2000). Thus, using the cut-off point
of 29.78 kg/m? can be an essential parameter to add to the
risk factors for developing osteoarthritis and include it in
the preventive process (Garcia et al., 2023), thus inhibiting
the generation of health costs and surgical needs.

The present study has some limitations, such as the need
for inference in a larger group of older women diagnosed
with osteoarthritis, the inclusion in future studies with the
same procedure for older men, the premises of parameters
of body composition such as body fat percentage, muscle
mass, and mineral content and, finally, accurate analysis of
images and the pain sensitivity of patients after surgical in-
tervention (arthroplasty) for a pain threshold analysis. It can
be a new design for further research.

Conclusion

It can be concluded that older women evaluated with a
general WOMAC index equal to or greater than 39 points
have a higher BMI than older women with a lower index,
and the WOMAC index is positively associated with the
participant's BMI. Finally, for the present investigated pop-
ulation, it was found that a BMI of 29.78 kg/m? is more
robust for the possible development of knee osteoarthritis
in women aged 60 years or older.
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