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Abstract

The prevalence of knee osteoarthritis has increased significantly over recent decades. Osteoarthritis causes pain,
swelling, stiffness, loss of function, and decreased quality of life (QoL). Although evidence suggests that increased
BMI contributes to both the development and severity of knee OA, research examining the relationship between
BMI, OA stage, and the degree of knee pain remains limited, highlighting the need for further investigation. This
study aims to determine the relationship between BMI, the stage of knee osteoarthritis, and the degree of pain in
patients with knee OA. This research is an analytical observational study with a cross-sectional design, utilizing
secondary data (patient medical records). We conducted sample selection using purposive sampling. Data
analysis: descriptive analysis, Chi-Square test, and logistic regression. A total of 101 respondents participated in
the study, with the majority had a normal BMI (52.5%), had mild-to-moderate knee OA (56.4%), and reported
mild pain (52.5%). There was a significant relationship between BMI and the stage of knee osteoarthritis with the
degree of pain (p-value <0.05), with odds ratios (OR) for BMI and OA stage at 3.93 and 3.96, respectively. This
indicates that higher BMI and more advanced OA stage are associated with a greater degree of knee pain in
patients. Weight loss is an effective strategy to reduce mechanical stress on joints and decrease inflammatory
mediators, thereby lowering chronic inflammation and alleviating pain. Further research on effective management
strategies for knee OA is essential to help reduce the disease burden and improve the QoL of knee OA patients.
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1. Introduction

Osteoarthritis (OA) is a condition characterized by tissue damage to the cartilage that lines the
bones, causing the bones to frequently come into direct contact during movement. Osteoarthritis mainly
attacks joint cartilage, causing pain, swelling, stiffness and even loss of function that has the potential
to cause disability (Cai et al., 2021; Hunter & Bierma-Zeinstra, 2019; Jang et al., 2021) and a decline
in quality of life (Kawano et al., 2015; Mahir et al., 2016; Shalhoub et al., 2022). Osteoarthritis can
affect small, medium, and large joints. However, the joints that feel the most pain are the joints that
bear the weight of the body such as the hands, spine in the lower lumbar, pelvis, and knees. The knee
is the joint most susceptible to osteoarthritis (OA) (Smith et al., 2021). The prevalence of knee OA has
significantly increased over the decades due to factors such as aging, obesity and other risk factors (Cui
etal., 2020; Palazzo et al., 2016). In 2020, global prevalence estimates for knee OA were approximately
16% in individuals over 15 years and 22.9% in those over 40 years (Cui et al., 2020). Knee
osteoarthritis, also known as osteoarthritis genu, generally affects women over 60 years old, with a
prevalence of 13% in women and 10% in men (Primorac et al., 2020).

Overweight and obesity are significant risk factors for knee OA, influencing both its development
and severity. Overweight and obesity are classified based on BMI. Being overweight adds extra stress
to the joints that hold the weight of the body. The results of systematic reviews and meta-analyses
reported that overweight and obesity increased the risk of knee OA by about 2.5 times and 4.6 times,
respectively (Zheng & Chen, 2015).
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According to D'Amen et al. (2021), joint pain, limitations in a person’s ability to perform activities,
and signs of inflammation are symptoms of osteoarthritis (OA). Pain in osteoarthritis is one of a person's
responses to show that tissue damage will occur, especially in the joints. Pain is the cause of decreased
functional activity in individuals who experience OA. Pain in OA, especially in the knee joint, develops
slowly and gradually. The degree of pain is objective and certainly different for each patient. There are
several ways to assess the degree of pain in OA patients such as the Visual Analog Scale
(VAS)/Numeric Rating Scale (NRS) and WOMAC (Western Ontario and mcMaster Universities
Osteoarthritis Index). The use of NRS is easier to use than WOMAC because it can easily interpret the
results while for WOMAC it is sometimes difficult to interpret the results (Tiofunda & Friska, 2020).

Although evidence suggests that increased BMI contributes to both the development and severity
of knee OA (Park et al., 2023; Samma et al., 2021; Shumnalieva et al., 2023; Zheng & Chen, 2015),
research examining the relationship between BMI, OA stage and the degree of knee pain remains
limited, more research is needed to evaluate the specific relationship between the three factors. It is
important to develop more effective prevention and treatment strategies for patients with knee OA. This
study aims to determine the relationship between BMI and knee osteoarthritis stage and the degree of
pain of knee osteoarthritis patients.

2. Research Methods

This research is an analytical observational study with a cross-sectional design. The research was
conducted at the Dr. Soeharso Orthopedic Hospital Surakarta. The study utilized secondary data from
patient medical records (RM) of knee OA patients, which inlcuded information on name, gender, BMI,
stage of knee OA, degree of pain in knee OA, and coexisting conditions. The sampling technique used
is purposive sampling with following inclusion criteria: patients diagnosed with unilateral genotype
osteoarthritis who have undergone a radiological examination and received radiology readings.
Meanwhile, the exclusion criteria include patients with knee/genu osteoarthritis who have fractures or
dislocations evident in x-ray images, patients with osteomyelitis, and patients with incomplete data. The
sample in this study consists of 101 respondents.

BMI data is obtained from BMI calculation based on weight and height recorded in the medical
records. The body mass index is categorized into two groups : normal BMI (<25kg/m?) and abnormal
(>25 kg/m?). The assessment of knee OA stages is conducted by interpreting the radiological data in
the medical records. The stages of knee OA are categorized as light-moderate (1-2), characterized by
the presence of a few osteophytes and osteophytes in two locations within one joint, and severe (3-4),
indicated by moderate to numerous osteophytes with no joint gaps. The degree of knee OA pain is
assessed using the Visual Analog Scale (VAS) which has been recorded in the medical records. OA
pain is categorized into two levels: mild (1-3) and severe (7-10). Data analysis used was univariate
analysis (descriptive analysis), bivariate analysis (Chi-Square test) and multivariate analysis (logistic
regression). This research has undergone an ethical review process by the Health Research Ethics
Commission (KEPK) of Moewardi Hospital with the number: 1860/ X / HREC / 2023.

3. Results and Discussion
3.1.Characteristics of Respondents

Almost three-quarters of the respondents in the study were female (72.3%), with the majority falling
into the late elderly group (56-65 years old) (77.2%). Hypertension is the most common comorbidity
among respondents (66.3%). More than half of the respondents (52.5%) had a normal BMI (<25kg/m?).
The majority of respondents exhibited mild-moderate knee OA (stages 1-2), and reported mild pain (1-
3) at rates of 56.4% and 52.5%, respectively. The complete characteristics of the respondents are
presented in Table 1 below.
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Table 1. Characteristics of Respondents

Variable Frequency (n) Percentage (%)

Gender

Male 28 21.7

Female 73 72.3
Total 101 100
Age

Early ederly (46-55th) 23 22.8

Late elderly (56-65th) 78 77.2
Total 101 100
Comorbidities

Diabetes 21 20.8

Kidney problems 4 4.0

Hearth problems 9 8.9

Hypertension 67 66.3
Total 101 100
BMI

Normal (<25kg/m?) 53 52.5

Abnormal (=25 kg/m?) 48 475
Total 101 100
Stage of Knee OA

Mild — Moderate (1-2) 57 56.4

Severe (3-4) 44 43.6
Total 101 100
Degree of pain

Mild (1-3) 53 52.5

Severe (7-10) 48 47.5
Total 101 100

The majority of respondents in this study were female (72.3%). Graham et al. (2023) reported that
from 2001 to 2018, there was a decrease in the percentage of knee osteoarthritis (OA) in women by
4.5% (from 65.3% to 60.8%). However, overall, knee OA patients were predominantly women.
Meanwhile, in men, the percentage of knee OA has significantly increased by 4.6% over the last three
decades (from 34.6% to 39.2%). Women are at greater risk of developing knee OA than men, which is
influenced by a combination of hormonal, biological, genetic, and lifestyle factors (Segal et al., 2024;
Szilagyi et al., 2022). Hormonal factors play an important role in the development of knee osteoarthritis
(OA) in women, especially during and after menopause. Decreased estrogen levels are the main factors
affecting the increased prevalence and severity of OA among postmenopausal women (Dennison, 2022;
Mei et al., 2022).

Knee osteoarthritis generally occurs after age 40 (Dong et al., 2023) and significantly increases the
risk of knee OA at age 50 (Ackerman et al., 2017). In this study, we found that more than three-quarters
(77.2%) of the respondents belonged to the late elderly group (ages 56-65). Although knee OA is more
prevalent among the elderly, younger individuals can also be affected. A cohort-prospective study
conducted by Graham et al. (2023) reported a 16.5% increase in knee OA cases among patients aged
18-44 years from 2001-2018. According to Ackerman et al. (2017), injuries and obesity contribute to
the rising prevalence of knee OA in younger populations. Additionally, an unhealthy diet —
characterized by high consumption of processed foods rich in sugar, salt, and fat, and low in fiber
(Canhada et al., 2020; Gomes et al., 2022; Hall et al., 2019; Machado et al., 2020; Nardocci et al.,
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2019) —and lack of physical activity (Guddal et al., 2020; Kurdaningsih et al., 2016; Suza et al., 2020)
are also contributing factors to the increase in obesity among younger individuals.

Some studies have confirmed that obesity is a risk factor for knee OA (Reyes et al., 2016; Salis &
Sainsbury, 2023; L. Zhang et al., 2023). Compared to populations with a normal BMI, obesity increases
the risk of knee OA by 2.5 to 4.6 times, with each increase in BMI of 5 kg/m? corresponding to a 35%
increase in the risk of knee OA (Zheng & Chen, 2015). According to Thijssen et al. (2015), the load on
the knee joint increases with weight gain, leading to cartilage damage, which is a major contributor to
the high-incidence of knee OA. Additionally, metabolic disorders and inflammatory responses
associated with obesity are also believed to play a role in the development of OA (Han et al., 2019).

Osteoarthritis often occurs alongside various comorbidities, especially among older adults. The
prevalence and impact of these comorbidities are significant, as they can worsen the symptoms and
functional limitations associated with OA. We found that more than two-thirds of respondents (67%)
had hypertension, followed by diabetes (20.8%), heart disorders (8.9%), and kidney disorders (4%).
The results align with previous studies indicating that 54.6% of OA patients have at least one
comorbidity (Marshall et al., 2019). Marshall et al. (2019) also identified hypertension, depression, and
chronic obstructive pulmonary disease (COPD) as the most common comorbidities among OA patients,
with 40% of OA patients experiencing a combination of this conditions.

3.2.The Relationship between BMI, Stage of knee OA, and Degree of Mild Knee OA Pain

Based on Table 2, it is evident that 77.3% of respondents with normal BMI reported mild knee OA
pain. In contrast, 60.4% of respondents with an abnormal BMI experienced severe pain. The results of
the Chi-Square test indicated a significant relationship between BMI and the degree of pain in knee
osteoarthritis patients (p-value 0.001, which is less than 0.05). These findings are consistent with a
previous study by Raud et al. (2020), which reported that higher BMI values were associated with
higher pain scores. Additionally, Landsmeer et al. (2018) reported that a high BMI contributes directly
to the development and severity of patellofemoral pain, as well as to cartilage defects and the
development of synovitis, by 62% and 18%, respectively.

Table 2. The Relationship between BMI, Stage of Knee OA, and Degree of knee OA Pain

Degree of Knee OA pain Total p-Value
Mild Severe

n % n % n %
BMI
Normal 41 77.3 12 22.7 53 100 0.001
Abnormal 12 25 36 60.4 75 100
Stage of Knee OA
degree
Mild — Moderate 43 75.3 14 24.7 57 100 0.000
Severe 10 22.7 34 77.2 44 100

An increase in BMI leads to a reduction in the mass of the intrapatellar fat pad (IFP). The decrease
in IFP occurs due to changes in adipocyte size, which decreases the regulation of adipogenesis in the
IFP and leads to an inflammatory process in the joints, resulting in increased joint pain (Berenbaum et
al., 2017). An increase in BMI is also correlated with the severity of knee OA (Brasnjevic, 2016;
Mutiwara, 2016). Mutiwara (2016) research stated that an increase in BMI causes the risk of joint
damage in individuals suffering from knee osteoarthritis, triggering pain stimulation.

Itis found that 75.3% of respondents with mild-moderate stage OA had mild pain, while over three-
quarters (77.2%) of respondents with severe knee OA experienced severe pain as well. The results of
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bivariate analysis showed that there was a significant relationship between the stage of OA and the
degree of pain in knee OA patients (p-value 0.00 < 0.05). Previous results showed similar findings that
an increase in the severity of knee OA was positively correlated with an increase in knee pain (\Weiss,
2014). According to Wang et al (2017), the enlargement of subchondral bones and the formation of
osteophytes cause the gaps in the joints to narrow and the nerves to become depressed, which has an
impact on the onset of pain. The process starts from proteolysis which causes the thinning of cartilage,
then fibrosis occurs accompanied by the release of proteoglycan so that collagen breaks into the synovial
fluid causing an inflammatory response in the synovial which stimulates the production of macrophages
so that this condition causes pain stimulation in the cartilage.

Table 3 below explains that there is a significant relationship between BMI and stage of knee OA
with pain degree in patients with knee osteoarthritis (p-value, which is less than 0.05). The higher the
BMI and stage of knee OA, the more severe the degree of pain felt by knee OA patients. The value of
the determination coefficient or R square in this study is 0.377. This figure means that Body Mass Index
(BMI) and the stage of knee OA have a joint influence on the variable of pain degree in knee OA
patients by 37.7%.

Table 3. Multivariate Analysis

Variable coefficient P Value Exp (B) Negelkerke R Square
BMI 1.370 0.032 3.935
OA stage 1.377 0.032 3.963 0.377

The odds ratio (OR) value for the relationship between BMI and pain severity in this study was
3.93. This explains that individuals with a high BMI are 3.93 times more likely to experience more
severe pain compared to those with a normal BMI. These results reported a significant positive
association between obesity (in this case measured through BMI) and the degree of knee OA pain.
Almost similar to this study, a study on BMI and pain degree with knee OA stage reported that there
was a significant relationship between BMI and knee OA stage, as well as pain degree and knee OA
stage (Samma et al., 2021). The findings confirm that as BMI increases, the stage of knee OA becomes
higher. In addition, a higher stage of knee OA is associated with a higher degree of pain.

Some previous literature mentioned that an increase in BMI (obesity) can lead to increase pain in
knee OA patients. Obesity causes increased pressure on joints, especially weight-bearing joints such as
knees. Any increase in BMI can increase the risk of knee OA by 35% (Zheng & Chen, 2015). This
additional load causes damage to cartilage and other joint structures, which contributes to the
development of pain. An increase in BMI also increases the occurrence of inflammation in OA (T.
Wang & He, 2018). An increase in BMI can lead to changes in adipose tissue, including increased
production of pro-inflammatory cytokines such as leptin, TNF-a, IL-6, and IL-1p. Increased levels of
these cytokines can trigger and worsen inflammatory processes in the joints, which contribute to pain
(Darbandi et al., 2023).

Meanwhile, the odds ratio (OR) for the relationship between the stage of knee OA and the degree
of pain in this study was 3.96. This explains that individuals with severe knee OA are 3.96 times more
likely to experience severe pain compared to those with stage mild to moderate OA. These results
reported a significant positive relationship between the stage of knee OA and the degree of knee OA
pain. The results of the study by Weiss (2014) show similar results. The results of the ANCOVA double
regression showed that although the severity of OA was taken into account, subjects with a higher BMI
reported more pain than subjects with a lower BMI (\Weiss, 2014). Severe knee osteoarthritis causes
narrowing of joint gaps, large additional bone growth (osteophytes), increased bone hardness (bone
sclerosis), and the occurrence of bone deformities. This supports that OA with severe stages causes an
increase in the degree of pain in the knee joint. Community-based studies stated that approximately
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40% to 80% of OA patients who were detected severely radiographically had a correlation with
increased pain intensity (Lakkireddy, 2015).

Losing weight will be the most effective strategy to reduce mechanical stress on the joints and lower
inflammatory mediators, which in turn helps decrease chronic inflammation (Bartels et al., 2014).
People with a high BMI are more likely to develop metabolic syndrome, which is characterized by the
occurrence of several risk factors simultaneously (such as hypertension and high cholesterol), type 2
diabetes, or coronary heart disease (Dickson et al., 2019; Rahmawati et al., 2024; Ying et al., 2022; S.
Zhang et al., 2024). Chronic lesions are affected by microinflammation (contributing to the onset and
continuation of knee OA correlated with insulin resistance levels) (Duclos, 2016) and insulin resistance
(related to location and percentage of fat mass) (Lalia et al., 2016). Reducing fat mass can be a key
factor in lowering micro-inflammation and the clinical impact of knee OA.

4. Conclusion

There is a significant relationship between BMI and the stage of knee osteoarthritis, as well as the
degree of pain experienced by patients. Higher BMI and more advanced stages of knee OA are
associated with greater levels of pain. Specifically, individuals with a high BMI are 3.93 times more
likely to experience severe pain compared to those with a normal BMI. Additionally, individuals with
severe knee OA are 3.96 times more likely to experience more severe pain compared to those with mild
to moderate OA. Weight loss is an effective strategy to reduce mechanical stress on the joints and lower
inflammatory mediators, which in turn can decrease chronic inflammation and pain. Further research
on effective management strategies for knee OA is needed to alleviate the disease burden and improve
the quality of life for patients.
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