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Abstract 

Background: Knee osteoarthritis is a multifactorial joint disease, characterized by cartilage 

degradation, joint space narrowing. Traditional anthropometric measures like body mass index and 

waist circumference are commonly used to estimate obesity-related risk in knee osteoarthritis. Still, 

they fail to capture muscle mass and fat distribution nuances. Emerging methods that combine 

anthropometric and functional methods may improve adiposity estimation in this population. 

Aim: This study aimed to determine whether a novel equation combining body mass index and 

handgrip strength (BMHG) enhances the estimation of body fat percentage and visceral fat area in 

individuals with symptomatic knee osteoarthritis compared to body mass index (BMI) or waist 

circumference (WC) alone. 

Methods: A cross-sectional analysis was conducted in 306 individuals (94 men, 212 women) with 

knee pain enrolled in the Halland osteoarthritis cohort. Body composition was assessed using 

bioelectrical impedance analysis (BIA). Field-based estimates were BMI, WC, and BMHG equation 

and these were compared against BIA-derived percent body fat and visceral fat area. Correlations 

were examined using Spearman's rank analysis, and results were reported separately by sex. 

Results: All three field-based estimates showed very strong and strong correlations with both 

percent body fat and visceral fat area. Among women, BMI had the highest correlation with visceral 

fat area (r = 0.92), while among men, WC correlated best (r = 0.92). The BMHG equation also 

showed comparably strong correlations for both sexes. No measure significantly outperformed the 

others, but each demonstrated strong agreement with bioelectrical impedance outcomes in percent 

body fat and visceral fat area. 

Conclusion: BMI, WC, and BMHG equation are equally valid for estimating adiposity in 

individuals with symptomatic knee osteoarthritis. While the BMI remains a practical and accessible 

tool, integrating handgrip strength could provide a low - cost enhancement that captures skeletal 

muscle mass, offering potential advantages in settings where advanced body composition tools are 

unavailable. 
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1. Background 

1.1. Knee pain 

Knee pain is a common musculoskeletal complaint that significantly affects mobility and quality 

of life. Its prevalence in the general population ranges from 10% to 60% (Miranda et al., 2002). 

Knee pain is often an early feature of knee osteoarthritis (OA) (Thorstensson et al., 2009). Recent 

studies have reported an increasing prevalence of knee pain, even in individuals without 

radiographic evidence of OA, suggesting that knee pain may precede structural changes and signal 

a heightened risk for OA development (Nguyen et al., 2011). Obesity is a well-established risk 

factor for knee pain, with higher rates observed among individuals with elevated body mass index 

(BMI). Women appear to be at particularly increased risk, regardless of OA status (Kim et al., 

2011). Knee pain should therefore be considered a disabling condition on its own, as it can impair 

function and well-being even in the absence of confirmed OA (Kim et al., 2011). 

Evidence suggests that individuals experiencing knee pain are more likely to progress to knee OA 

(Thorstensson et al., 2009), making knee pain a potential early clinical predictor of OA (Favero et 

al., 2015). Symptomatic OA is defined by the presence of joint pain, stiffness, and reduced 

function, which may occur with or without radiographic changes (Altman et al., 1986; Loeser et 

al., 2016). Moreover, pain is strongly associated with obesity, both in the general population and 

in those with knee pain (Jinks et al., 2006; Chin et al., 2020). 

Given the strong link between obesity and knee pain, accurate assessment of body fat becomes 

essential. Traditional measures like BMI do not differentiate fat from lean mass or reflect fat 

distribution (Chua et al., 2021). Therefore, body fat measurements including total body fat 

percentage and visceral fat area are necessary to better understand the metabolic contribution of 

adiposity to knee pain and OA risk. Assessing fat composition may improve risk stratification, 

support earlier interventions, and enhance the clinical management of individuals with knee pain 

and early-stage OA. 

1.2. Osteoarthritis in adults 

OA is the most common form of arthritis and a leading cause of disability worldwide, particularly 

among older adults. It is a degenerative joint disease characterized by the progressive deterioration 

of articular cartilage, subchondral bone remodeling, inflammation of the synovial membrane, and 



2  

osteophyte formation (Hunter & Bierma-Zeinstra, 2019). These pathological changes lead to pain, 

stiffness, swelling, and impaired joint function, significantly impacting an individual’s quality of 

life and mobility (Glyn-Jones et al., 2015). The prevalence of osteoarthritis has doubled since 1950, 

driven by the rising rates of obesity and an aging population (Courteis et al., 2019). 

Many people with OA have no symptoms. However, some develop symptomatic knee OA, which 

includes pain, stiffness, and functional limitations (Altman et al., 1986). This form causes 

significant disability and impairs quality of life (Murphy et al., 2008). Pain is the primary 

complaint. It can limit mobility, reduce physical activity, and lead to muscle weakness (Lee et al., 

2018). These effects often worsen over time without treatment. Symptomatic knee OA has a 

complex course. Some individuals improve with conservative care, while others decline. Exercise 

can help, but not all respond similarly (Lee et al., 2018). Because of its impact and variability, 

symptomatic knee OA is a key focus for research and intervention. Managing symptoms is critical 

for preserving function and independence (Bannuru et al., 2019). 

The most affected joint in OA is the knee, making knee OA the most prevalent and burdensome 

form of the disease (Hunter & Bierma-Zeinstra, 2019). Knee OA is a common musculoskeletal 

disease that leads to pain (Pereira et al., 2011). The high prevalence of knee OA is attributed to the 

knee joint's critical role in weight-bearing and mobility, making it particularly vulnerable to 

mechanical stress and degenerative changes over time (Katz et al., 2021). Excessive mechanical 

loading, such as obesity, malalignment, or repetitive stress, accelerates cartilage breakdown, while 

systemic inflammation contributes to synovial irritation and further joint degradation (Loeser et 

al., 2022). 

Additionally, knee OA is strongly linked to aging, as the ability of chondrocytes to maintain cartilage 

homeostasis declines over time, leading to progressive joint deterioration (Vincent et al., 2019). 

The condition manifests through pain, stiffness, swelling, and reduced mobility, significantly 

impairing an individual’s quality of life and increasing the risk of disability (Glyn- Jones et al., 

2015). Due to its high prevalence and functional impact, knee OA represents a major public health 

concern, emphasizing the need for early intervention strategies, use of walking aids, including 

weight management, physical activity, and targeted therapies to slow disease progression (Hunter 

& Bierma-Zeinstra, 2019). 

Risk factors for knee OA include non-modifiable factors such as age, sex, and genetics, as well as 

modifiable factors like obesity, physical activity levels, and occupational joint stress (Vincent et 
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al., 2019). Among these, obesity plays a dual role, contributing both with increased mechanical 

loading on the knee joint and with systemic inflammation through the secretion of pro- 

inflammatory adipokines (Vincent et al., 2012). 

1.2.1. Knee osteoarthritis and obesity 

There is extensive evidence supporting obesity as one of the main risk factors for knee OA (Reyes 

et al., 2016; Berenbaum,2013; Wang et al.,2016). Previous studies have shown that weight 

reduction reduces the risk of having symptomatic knee OA because of the decreased strain on the 

knee joints and reduced amount of total visceral fat (Murphy et al., 2008), and even modest weight 

loss, as little as 5% of total body weight, can significantly reduce knee pain and improve physical 

function (Messier et al., 2018). 

Obesity contributes to both the incidence and progression of knee OA through mechanical overload 

(Shumnalieva et al., 2023). Excess body weight leads to increased joint loading, particularly in 

weight-bearing joints such as the knee, where biomechanical stress is amplified during activities 

such as walking, stair climbing, and squatting (Hunter & Bierma-Zeinstra, 2019). Research 

suggests that each additional kilogram of body weight exerts approximately three to four times 

greater force on the knee joint, accelerating cartilage degradation and increasing the risk of OA 

development (Messier et al., 2018). Prolonged exposure to excessive joint loading leads to aberrant 

mechano-transduction, which disrupts chondrocyte homeostasis, increases cartilage matrix 

degradation, and promotes subchondral bone remodeling (Glyn-Jones et al., 2015). However, the 

impact of obesity on knee OA extends beyond mechanical stress, as adipose tissue is now 

recognized as an active endocrine organ that contributes to systemic inflammation and metabolic 

dysregulation, further exacerbating joint degeneration (Vincent et al., 2019). 

Obesity-induced inflammation plays a critical role in the pathophysiology of knee OA. Adipose 

tissue secretes a variety of bioactive molecules known as adipokines, including leptin and 

adiponectin, and which influence cartilage metabolism and synovial inflammation (Shumnalieva 

et al., 2023). Leptin has been implicated in OA progression due to its pro-inflammatory and 

catabolic effects on chondrocytes, stimulating the production of matrix metalloproteinases and 

inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) 

(Shumnalieva et al.,2023). These inflammatory mediators disrupt cartilage homeostasis, enhance 

extracellular matrix breakdown, and contribute to synovial inflammation, creating a pro- 
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degenerative joint environment (Loeser et al., 2022). These findings highlight that obesity-driven 

knee OA is not merely a mechanical consequence of excessive weight but rather a complex, systemic 

disease influenced by metabolic and inflammatory pathways. One step that could aid weight 

management assistance in a clinical setting is to have easy-to-use, inexpensive, and reliable ways to 

assess body fat for individuals with knee OA (Batushansky et al., 2021). 

1.2.2. Radiographic and symptomatic knee osteoarthritis 

Knee OA is marked by cartilage breakdown, bone changes, and inflammation of the synovium 

(Andersson et al., 2022). It can be classified as radiographic and symptomatic knee OA. (Hunter & 

Bierma-Zeinstra, 2019). Radiographic OA is diagnosed using X-rays, which show structural 

changes like joint space narrowing and osteophyte formation. The Kellgren-Lawrence scale is 

commonly used to grade severity (Kellgren & Lawrence, 1957). However, X-rays often miss early 

signs and cannot detect soft tissue changes (Hunter & Bierma-Zeinstra, 2019). In contrast, when 

symptomatic knee OA presents itself even in the absence of radiographic changes, where clinical 

manifestations such as pain, stiffness, and joint effusion occur despite minimal or undetectable 

structural abnormalities on X-ray imaging (Loeser et al., 2016). Many individuals with no 

radiographic signs can still have some joint damage, such as cartilage lesions or bone marrow 

changes (Loeser et al., 2016). Both radiographic and symptomatic knee OA forms can cause 

significant symptoms. Therefore, treatment should focus on pain and function. Early intervention 

is key (Im & Henrotin,2023; Törnblom et al.,2024) even before X-ray changes appear (Matsumoto 

et al., 2015). 

1.3. Sex differences in fat distribution and its impact on knee 

osteoarthritis 

Gender differences in fat distribution play a role in the development and progression of knee OA, 

as adipose tissue is both an energy reservoir and an active endocrine organ that influences joint health 

(Karastergiou et al., 2012). Women tend to have a higher percentage of total body fat, with greater 

accumulation of subcutaneous fat in the gluteofemoral region, while men typically store more 

visceral fat in the abdominal area (Karastergiou et al., 2012). This disparity is significant because 

different fat depots exhibit distinct metabolic and inflammatory profiles, influencing systemic and 

local joint inflammation in OA (Hunter & Bierma-Zeinstra,2019). 

Subcutaneous fat, which is more predominant in women, is less metabolically active than visceral 
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fat. In contrast, visceral fat more common in men  associated with elevated levels of pro-

inflammatory cytokines such as TNF-α and IL-6 (Berenbaum, 2013).Among obesity measures 

VFA was the most effective indicator of obesity-related mobility disability.(Chua et al., 

2021).Unlike subcutaneous fat, visceral fat is metabolically active and contributes to insulin 

resistance, cardiovascular disease, and OA through cytokine secretion (Després, 2012). However, 

despite having lower VFA levels, women show a higher prevalence and severity of knee OA, 

indicating the influence of additional biomechanical and hormonal factors (Elboim-Gabyzon et al., 

2012). 

Estrogen helps regulate adipose tissue distribution and has protective effects on cartilage, reducing 

inflammation and maintaining extracellular matrix integrity (Roman-Blas et al., 2009), but after 

menopause estrogen levels decline, leading to increased central adiposity, heightened 

inflammation, and accelerated OA progression in women (Van et al., 2016). Additionally, sex- 

specific biomechanical differences, such as greater knee valgus alignment in women and differences 

in muscle mass, contribute to altered joint loading patterns that can exacerbate knee OA (Willy et 

al., 2012). Furthermore, the adipose-derived secretion of leptin, which is higher in women due to 

greater total fat mass, affects knee OA pathophysiology by stimulating chondrocyte catabolism 

and synovial inflammation (Economou et al., 2024). Some studies suggest that individuals with a 

normal body mass index, but high visceral fat area are at increased risk for knee OA (Andersson 

et al., 2022). 

1.4. Common body fat assessment methods 

Body fat assessments are part of the tools used when understanding obesity-related risk factors for 

knee OA. Accurate measurement methods help evaluate the role of obesity in knee OA progression 

and management. There are a few common methods used to evaluate body fat, including simple 

and cheap methods like BMI, waist circumference (WC) or more recent combination of BMI and 

handgrip strength (HGS) that is (BMHG), and more advanced electrical devices such as dual-energy 

X-ray absorptiometry (DXA) or bioelectrical impedance (BIA) measurements.
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1.4.1. Body mass index and waist circumference 

BMI is widely used in clinical and public health settings for assessing body weight due to its 

simplicity, cost-effectiveness, and utility in screening for obesity-related risks (Sweatt et al., 2024). 

Calculated as weight in kilograms divided by height in meters squared (kg/m²), BMI classifies 

individuals as underweight, normal weight, overweight, or obese (World Health Organization, 

2020). While applicable for large-scale assessments (Nuttall, 2015), BMI does not distinguish 

between fat and lean mass, leading to potential misclassification especially in muscular individuals 

(Sowers et al., 2009; Chua et al., 2021). This may distort the true association between body 

composition and knee OA, as fat and lean mass are more strongly linked to OA risk than BMI 

alone (Sowers et al., 2008). 

WC is another low-cost and straightforward method for estimating abdominal fat associated with 

knee OA progression (Christiansen et al., 2020). WC is practical in low-resource settings but has 

limitations, including measurement variability and the inability to differentiate fat types or total 

fat percentages (Gill et al., 2017; Ross et al., 2020). Thus, WC serves better as a supplementary 

rather than a standalone measure of obesity in OA research. 

1.4.2. Body fat assessment including handgrip strength 

HGS is regarded as a robust proxy for total muscle strength due to its strong correlation with 

systemic muscle function (Chandrasekaran et al., 2010). The diminished HGS predicts adverse 

outcomes such as cardiovascular mortality, postoperative complications, and frailty (Roberts et al., 

2011). HGS clinical utility is underscored by cost-effectiveness and ease of administration: a 

handheld dynamometer provides immediate results (Roberts et al., 2011). Nickerson et al. (2020) 

developed a predictive mathematical model to estimate body fat percentage in adults using 

measurements of height, body mass, HGS, and sex. Nickerson et al. (2020) new BMI and HGS-

based equation BMHG has been promoted as a simple and practical method with a better 

association with actual percentage body fat (%BF) than BMI alone.  

The BMHG equation was validated in a cohort of healthy individuals aged 18–65 and has never 

been used in OA. Nickerson et al. (2020) found a robust Pearson correlation (r ≈ 0.90) between 

their BIA  (%BF) and DXA %BF, with a coefficient of determination of 0.81, indicating that 81% 

of the variance in true %BF was captured by their model. The standard error of the estimate was 

notably low at around 3.0%, suggesting high precision. Given the limitations of BMI and WC in 
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distinguishing fat mass and distribution, incorporating predictive equations like the BMHG 

equation (Nickerson et al. 2020) could enhance the accuracy of the gender- specific fat mass 

predictions in knee OA. 

1.4.3. Dual-energy X-ray absorptiometry and bioelectrical impedance analysis 

The most expensive, time-consuming, and accurate method for assessing body composition is DXA, 

and it is the gold standard in body composition assessment against which other measurements are 

validated (Scafoglieri & Clarys, 2018). DXA is a non-invasive, highly accurate imaging technique 

that quantifies bone mineral density and body composition, including fat mass and lean body mass 

(Baglietto et al., 2024). This reliability makes DXA particularly valuable in research and medical 

applications, where accurate differentiation is essential for assessing health risks and managing 

conditions like OA (Baglietto et al., 2024). DXA quantifies lean soft tissue mass, encompassing 

skeletal muscle and non-muscular components such as organs and connective tissue. This 

composite measurement may lead to an overestimation of actual muscle mass. Furthermore, the 

accuracy of DXA assessments can be influenced by extrinsic factors, including hydration status, 

body size, and regional soft tissue distribution (Scafoglieri & Clarys, 2018). 

Due to the high cost and low availability of DXA, BIA emerges as a pivotal, non-invasive 

technique for evaluating body composition, providing insights into body composition by 

quantifying fat mass and its implications for joint health (Baglietto et al., 2024). It works by sending 

a low-level electrical current through the body and measuring the resistance encountered by the 

current. Fat tissue, which contains less water, resists the current more than lean tissue, which 

contains more water. This resistance is then used to calculate the proportions of fat and lean mass 

in the body (Kyle et al., 2004). BIA’s capacity to estimate total fat mass and fat mass distribution 

is informative, given the well-documented association between visceral adiposity and increased 

mechanical stress on the knee (Berenbaum, 2013). The advantages of BIA include its portability, 

rapid assessment time, and ability to derive fat mass estimates without invasive procedures, 

rendering it a practical tool, albeit still expensive for many healthcare clinics to invest in. However, 

BIA’s accuracy is compromised when assessing individuals with extreme body compositions, 

including those with high muscle mass or obesity (Kyle et al.,2004). 
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1.5. Studies investigating body composition measurements in knee 

osteoarthritis 

Several previous studies have investigated BMI, %BF, and WC, in relation to knee OA (Sowers et 

al., 2008; Kim et al., 2024; Brewer et al., 2021; Gill et al., 2017). BMI is widely used clinically in 

knee OA patients for classifying overweight and obesity due to its simplicity and cost- effectiveness 

(Loures et al., 2016). Visser et al. (2013) reported that fat mass is more strongly associated with 

knee OA in women, while reduced skeletal muscle mass is a stronger predictor in men, highlighting 

the importance of sex-specific body composition assessment in OA. Similarly, a study by Sowers et 

al. (2008) found that both fat mass and mass skeletal muscle mass predicted knee OA better than 

BMI, and that skeletal muscle mass explained more variation than did fat mass. This suggests that 

besides using more advanced measures (e.g., BIA or DXA) for %BF and skeletal muscle mass, a 

prediction model that includes easy to measure BMI and a proxy for skeletal muscle mass such as 

HGS might have a higher association with BIA %BF compared to BMI alone in individuals with 

knee OA. 

1.5.1. Research gaps 

Despite extensive recognition of obesity as a pivotal modifiable risk factor for knee OA, significant 

gaps remain in the accurate assessment of adiposity and its mechanistic role in OA 

pathophysiology. Predominantly, BMI and WC are employed as surrogate markers of adiposity in 

clinical and epidemiological studies; however, these anthropometric measures are inherently 

limited by their inability to discriminate fat mass from lean muscle or to precisely quantify total 

and regional body fat distribution (Sowers et al., 2008; Gill et al., 2017). Although advanced 

techniques such as DXA and BIA provide more precise quantification of %BF and composition, 

their excessive cost and limited accessibility constrain their routine application in both research 

and clinical settings (Baglietto et al., 2024). 

The potential to enhance adiposity assessment and knee OA risk stratification by combining BMI 

with functional measures such as handgrip strength remains underexplored. Additionally, 

differences between women and men in fat distribution and muscle mass, have not been sufficiently 

accounted for in existing studies, limiting the generalizability and precision of adiposity-related 

OA risk models (Karastergiou et al., 2012; Elboim-Gabyzon et al., 2012). Finally, there is a need 
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for accessible, cost-effective, and clinically feasible assessment tools that integrate anthropometric 

and functional parameters to improve the accuracy of body fat evaluation and its relevance to knee 

OA management. Addressing these gaps is essential to refine personalized risk assessment and 

optimize targeted therapeutic interventions. 

1.6. Aim and research questions 

The study aimed to determine the associations between the body fat estimations: Body mass index, 

Waist circumference, and Body mass index and Handgrip strength and body fat measurements and 

distribution assessed by Bioelectrical impedance in women and men with symptomatic knee 

osteoarthritis. 

The following research questions were posed: 

Which of the field-based body fat estimations (body mass index, waist circumference, body mass 

index and handgrip strength) has the highest association with bioelectrical impedance analysis 

percent body fat in women and men with symptomatic knee osteoarthritis? 

Which of the field-based body fat estimations (body mass index, waist circumference, body mass 

index handgrip strength) has the highest association with bioelectrical impedance analysis, visceral 

fat area, in women and men with symptomatic knee osteoarthritis? 
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2. Methods 

2.1. Study design 

This study was an observational cross-sectional study. It was conducted within the framework of 

the longitudinal study of Halland Osteoarthritis (HALLOA) cohort, a based in southwest Sweden 

(Andersson et al., 2022). It was a sub-study of the larger project HALLOA (Andersson et al., 

2022). The baseline and follow-ups include clinical tests, blood samples, metabolic measures, pain 

pressure thresholds, tests of physical functions, daily physical activity types, and patient-reported 

outcomes (Andersson et al., 2022). However, in this sub-study, only anthropometric data together 

with HGS and demographic data collected at baseline were used. 

2.2. Participants 

The study included 306 participants, 94 men and 212 women with knee pain. The inclusion criteria 

were current knee pain, with no former known radiographic knee OA and no cruciate ligament 

rupture or rheumatological disorder, with a preferable age of 30-65 years. The participants were 

recruited when seeking care for knee pain in primary healthcare or by advertisements in local 

newspapers. 

2.3. Test procedure and data collection 

The following variables were measured: age (years), sex, height (m), body mass (kg), BMI (kg/m2), 

WC (cm), %BF, VFA (cm2), and BMHG (kg) from the right and left hand. During all 

measurements, the participants wore light clothes. All measurements were conducted during a 

single visit to minimize variability. 

2.4. Body composition assessments 

2.4.1. Height, body mass and body mass index 

The measurements of height and body mass were collected to calculate BMI. Height was measured 

with a stadiometer to the nearest 0.1 cm. According to the measure of Malmborg et al. (2018), two 

attempts were completed, and even a third were completed if the height differed more than 0.4 cm 
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in the first two measurements. The mean of the collected values was used in the analysis. Weight 

was measured with the nearest 0.1kg using the weight measurement obtained through the BIA 

assessment. BMI was calculated by dividing body mass (kg) by height squared (m2) (Nickerson et 

al., 2020). The Reference values for normal to obesity BMI results are according to WHO (2020), 

that is between 18.5 – 24.9 kg/m² is considered normal, 25.0 – 29.9 kg/m² as overweight, and ≥ 

30.0 kg/m² as obese (Table 1). 

Table 1. Reference values for body mass index, waist circumference, body fat percentage, and 

visceral fat area. For Body mass index and visceral fat area, the reference values are the same 

for women and men. 

 

 Category 
Reference Range 

Clinical Interpretation Source 

Body Mass Index 

(kg/m²) 

Underweight <18.5 Increased health risks 

(e.g.,malnutrition) 
WHO, 2021 

Normal weight 18.5 – 24.9 
Low risk (healthy 

range) WHO, 2021 

Overweight 25.0 – 29.9 
Elevated risk for 

metabolic and joint 

diseases 

WHO, 2021 

Obesity Class I 30.0 – 34.9 
High risk for 

comorbidities WHO, 2021 

Obesity Class II 35.0 – 39.9 Very high risk WHO, 2021 

Obesity Class III 

(Severe) 
≥ 40.0 Extremely high risk WHO, 2021 

Waist 

Circumference (cm) 

Normal (Women) < 80 cm 
Lower cardiometabolic 

risk 
IDF, 2005 

Increased risk 

(Women) 
≥ 80 cm 

Increased 

cardiometabolic and OA 

risk 

IDF, 2005 

Normal (Men) < 94cm 
Lower cardiometabolic 

risk 
IDF, 2005 

Increased risk (Men) ≥ 94cm 

Increased 

cardiometabolic and OA 

risk 

IDF, 2005 

Body Fat 

Percentage (%BF) 

Normal (Women) 
20% – 32% Healthy fat mass ACSM, 2008 

Obese (Women) 
> 32% Increased health risk ACSM, 2008 
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Normal (Men) 
18% – 22% Healthy fat mass ACSM, 2008 

High (Men) 
>22% Increased health risk ACSM, 2008 

Visceral Fat Area 

(cm²) 

Normal 
< 100 cm² 

Lower metabolic and 

cardiovascular risk 
(Kim et al., 

2006) 

Elevated 
≥ 100 cm² 

Increased risk for 

metabolic syndrome 

and OA progression 

(Kim et al., 

2006) 

Note: These ranges may vary based on age and other individual factors. 

WHO-World health organization-International diabetes federation,ACSM-American college of sports 

medicine. 

2.4.2. Waist circumference 

WC was measured with a measuring tape while the individuals stood with their feet together and arms 

hanging freely. The tape was placed horizontally to the floor at the height of the umbilicus, just 

between the lowest rib and the iliac crest. Measurements were taken after an exhale, and the tape 

was applied with tension, without putting pressure on the abdominal wall. Alberti et al. (2005) 

states that WC assesses central obesity, where the limits differ for different ethnicities, see (Table 

1). 

2.4.3. Body mass index and handgrip strength equation 

The BMHG equation is a predictive mathematical model developed to estimate body fat 

percentage using measurements of height, body mass, grip strength, and sex (Nickerson et 

al.,2020), as shown in Equation 1. 

Equation 1: 

𝐵𝑜𝑑𝑦 𝑓𝑎𝑡 (%) = 21.504 – (12.484 𝑅𝐻𝐺) – (7.998 𝑠𝑒𝑥) + (0.722 𝐵𝑀𝐼) 

In Equation 1, relative handgrip strength (RHG; kg) was calculated by adding the highest values of 

right and left HGS, BMI (kg/m2) was calculated from height and body mass and the value for sex 

is equal to 0 for women and 1 for men (Nickerson et al., 2020). This equation produced lower 

individual error compared to previously used BMI-based equations (Nickerson et al., 2020).
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2.4.4. Bio-electrical impedance 

Investigating body fat estimation for knee OA patients, this study employed the Inbody 770 BIA 

device (In Body 770, Bio space, Co, Ltd, Seoul, Korea). The participants were asked not to eat a 

light meal about 1 hour before the start of measurements and a heavier meal at least three hours 

prior to the measurements (Lahav et al., 2021). Since they arrived at different times of the day, it 

was difficult to follow the guidelines for BIA that suggest at least eight hours fast. The participants 

were asked to refrain from prior exercise that day and not to smoke 30 minutes before the start of 

measurement. 

In addition, all participants emptied their bladders before the measurement, and all external metal 

objects, like rings, wristwatches, and necklaces, were removed. The execution followed the 

standardized guidelines, as described in Brewer et al. (2021). The Inbody 770 is a segmental, multi- 

frequency BIA system. BIA has shown acceptable validation and reliability when assessed against 

DXA (Brewer et al., 2021). 

2.4.5. Handgrip strength 

HGS for both right and left hand was assessed by using Grippit (Nordenskiöld & Grimby, 1993). 

All tests were conducted seated, with 90 degrees in the elbow joint. The forearm rested against the 

table with the hand outside the table edge. The test person was instructed to squeeze the hand 

dynamometer as hard as possible. Three attempts on each hand were performed, and the highest 

value for each hand was noted with the nearest 0,1 kg (Roberts et al., 2011). The dominant hand 

was noted. 

2.5. Ethical considerations                                                                                                                                                                                                                                        

 This study involved human participants and adhered to the ethical principles outlined in the 

Declaration of Helsinki (World Medical Association, 2013). Participant health and safety were 

prioritized, and informed written consent was obtained from all participants, including information 

about voluntary participation and the right to withdraw at any time. The study was approved by 

the Regional Ethical Review Board, Faculty of Medicine, Lund University, Sweden (2016-229 

and 2017/253).  

Participants data was pseudonymized by replacing names with personal identity numbers and 

managed in compliance with the General Data Protection Regulation. All data was coded, 



14  

presented at the group level, and securely stored on a protected USB stick accessible only to the 

researchers. To ensure emotional comfort, participants chose attire they felt comfortable in during 

weight and body composition assessments. They received clear instructions and were informed 

about possible temporary discomfort. Participants were also advised to avoid strenuous exercise 

hours before testing and refrain from smoking 30 minutes prior to measurement. Both BIA and 

BMI methods used in the study are low-risk and widely accepted for body composition assessment 

(Kuriyan, 2018). Equal treatment of all individuals was maintained to ensure reliable and unbiased 

results. 

2.6. Sustainability and equality considerations 

Despite risks and discomforts, the benefits of this study were considered greater, even for the 

participants. From a participant's perspective, the study could increase knowledge about self- care, 

reduce pain-related discomfort, improve their health, and accomplish different health tests for free. 

More generally, the study provides knowledge about the health status of symptomatic OA patients, 

associations between essential health factors, and further establishment of low-cost and 

straightforward methods to register health. Tools such as BMI, WC, and BMHG are accessible in 

both clinical and community settings. They do not require advanced imaging or specialized 

equipment, supporting environmentally sustainable and economically feasible health assessments. 

Simplifying the body composition assessment, precise and objective assessment before treatment 

and rehabilitation is especially important to the optimal prognosis of disease management and 

overall well-being of individuals with OA (Batushansky et al., 2021). In terms of equality, the study 

includes both men and women and analyzes data by sex to address known biological differences 

in fat distribution and muscle mass. It enhances the applicability of findings across sexes and 

supports gender-sensitive healthcare approaches. Nickerson's equation equally factors in the role 

of the sex of the individual gender in establishing an accurate assessment. This shows that details 

of sex variability were paid adequate attention, which aligns with sustainable development goal 5 

gender equality.
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2.7. Statistical analysis 

Body composition and HGS for women and men with symptomatic knee OA were reported 

separately in this study. All statistical analyses were performed using IBM Statistical package for 

social sciences (version 29.0 for Windows). A Shapiro-Wilk test showed that the variables were 

not normally distributed, and non- parametric statistics were used, and median and interquartile 

range reported. For correlational analyses, Spearman’s rank correlation was employed to explore 

the association between BMI, WC, and BMHG vs. BIA %BF and VFA. The Spearman rank 

correlation coefficients were interpreted according to the following thresholds: < 0.19 (very weak 

correlation), 0.10 - 0.39 (weak correlation), 0.40 - 0.69 (moderate correlation), 0.70 - 0.89 (strong 

correlation), 0.90 - 1.00 (very strong correlation) (Schober et al., 2018). 

3. Results 

3.1. Participants 

A total of 306 participants, 212 (69%) women and 94 (31%) men were included. Anthropometric 

and body composition measurements were obtained by BIA, and through measurements of height, 

body mass, WC and HGS as shown in Table 2. Median age was 54 years for women and 52 years 

for men, with mean age of 51.7. Height and body mass were 166 cm and 70 kg for women and 180 

cm and 80 kg for men (Table 2). 

Table 2. Descriptive data of participants by sex, including anthropometric, body composition, and 

handgrip strength variables. 

 

 
Women (n=212) 

Median (IQR) 

Men (n=94) 

 Median (IQR) 

Age (year) 54 (10) 52 (11) 

Height (cm) 166.0 (8.1) 179.9 (8.7) 

Body mass (kg) 69.8 (19.1) 87.7 (14.4) 

BMI (kg/m2) 24.8 (6.2) 26.7 (4.7) 

Waist circumference (cm) 92.0 (19.0) 101.0 (13.3) 

Body fat (%) BIA 33.0 (12.1) 22.5 (10.6) 

Fat mass (kg) BIA 23.2 (14.3) 19.8 (11.2) 
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Visceral fat area (cm2) BIA 108.4 (82.5) 91.4 (53.4) 

Handgrip strength (kg) Dominant 28.7 (9.5) 51.1 (15.5) 

Handgrip strength (kg) 

Nondominant 
27.3 (8.8) 50.2 (12.5) 

BMI & handgrip strength equation 

for body fat (%) 34.6 (5.80) 25.5 (4.9) 

BMI-Body mass index, BIA-Bioelectrical impedance analysis, IQR-Inter quartile range. 

3.2. Associations between body fat percentage and field-based 

estimates of body fat 

Among women, BMI, WC, and BMHG all exhibited strong positive correlations with BIA-derived 

%BF. BMI and BMHG had a correlation of r = 0.876 (p < 0.001) for both, and WC had a 

correlation with BIA %BF of r=0.847 (p<0.001) suggesting a high degree of shared variance (Table 

3) Similarly, for men with symptomatic knee OA all estimates of body fat (BMI, WC, BMHG) 

displayed a  strong positive correlation with BIA derived %BF, where BMHG showed the highest 

correlation (r = 0.828, p < 0.001), the second-highest was WC (r = 0.813, p < .001) and then BMI 

(r = 0.808, p < .001) as shown in Table 3. 

Table 3. Spearman’s correlation coefficients (r) between adiposity estimates (BMI, WC, BMHG) and 

BIA- derived %body fat and visceral fat area in women and men with knee osteoarthritis. 

 

 
Women (n=212) Men (n=94) 

Spearman's correlation r p-value r p-value 

 

 

% body fat 

measured by BIA 

vs BMI 0.876 <0.001 0.808 <0.001 

vs WC 0.847 <0.001 0.813 <0.001 

vs BMHG 0.876 <0.001 0.828 <0.001 

 

 

Visceral fat area 

measured by BIA 

vs BMI 0.917 <0.001 0.871 <0.001 

vs WC 0.901 <0.001 0.918 <0.001 

vs BMHG 0.911 <0.001 0.864 <0.001 

BMI-Body mass index, WC-Waist circumference, BMHG-Body mass index and handgrip strength BIA-Bioelectrical 

impedance.
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3.3. Associations between visceral fat area and field-based estimates 

of body fat 

Correlations between field-based body fat estimates and BIA-assessed VFA were very strong for 

women and for men only WC was very strong with symptomatic knee OA (Table 3). For women, 

BMI demonstrated the highest very strong correlation with VFA (r = 0.917, p < 0.001), closely 

followed by BMHG (r = 0.911, p < 0.001) and WC (r = 0.901, p < 0.001). Among men, WC 

showed the highest very strong correlation with VFA (r = 0.918, p < 0.001), then BMI (r = 0.871, p < 

0.001) and BMHG (r = 0.864, p < 0.001) as shown in Table 3. 

4. Discussion 

The main results from the current study demonstrated that all three field-based estimated, BMI, WC, 

and BMHG, exhibited very strong and strong significant correlations with BIA-derived %BF and 

VFA in women and men with symptomatic knee OA. Neither the BMHG equation nor the WC 

measurement outperformed the use of BMI. However, all three field- based measurements had 

slightly higher correlation coefficients when predicting VFA compared to %BF in both women and 

men. 

4.1. Results discussion 

4.1.1. Percent body fat and its associations with field-based measurements 

4.1.1.1. Percent body fat and its association with body mass index 

In the present study, a strong correlation (r > 0.80) between BMI and %BF as measured by BIA was 

found in both women and men. This finding indicates that BMI, despite being a simple 

anthropometric measure, continues to serve as a practical proxy for estimating adiposity in clinical 

and epidemiological settings. The strong association in the present study suggests that BMI does 

provide a meaningful reflection of overall adiposity in individuals with symptomatic knee OA. 

This reaffirms BMI’s relevance as a practical screening tool for many clinicians and researchers, 

especially when access to advanced body composition technology is limited. However, it is 

essential to acknowledge that while BMI performs reasonably well at the population level, it 

remains a crude estimate that does not distinguish between fat and lean mass.  

Our results are broadly consistent with those of Visser et al. (2013). Visser et al. (2013) 
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demonstrated that fat and skeletal muscle mass play differing roles in OA risk depending on sex. 

They found that fat mass had a stronger association with knee OA in women, whereas in men, a 

lower proportion of skeletal muscle mass was more predictive of OA presence. 

While their study did not explicitly quantify the correlation between BMI and %BF, the findings 

highlight how BMI may insufficiently capture body composition nuances, particularly muscle 

mass differences, even when it reflects fat mass adequately. Similarly, Huang et al. (2024) reported 

that BMI moderately to strongly correlated with %BF among older adults with knee OA. However, 

they cautioned that BMI consistently underestimated body fat in individuals with low muscle mass, 

particularly those with sarcopenic obesity. Their results emphasized the clinical relevance of 

distinguishing between fat and lean mass, particularly since visceral fat and %BF were more 

strongly associated with knee pain and functional impairment than BMI alone. 

These studies suggest that although BMI correlates strongly with %BF, it does not adequately 

reflect the full spectrum of body composition, particularly in older adults or those with reduced 

muscle mass. However, in our study, the strong correlation between BMI and %BF in both sexes 

indicates that within this specific population individuals with knee pain but without radiographic 

confirmation of OA BMI remains a dependable estimator of adiposity. 

4.1.1.2. Percent body fat and its association with waist circumference 

In this study, WC showed a strong correlation with %BF in both sexes (r = 0.85 in women and r = 

0.81 in men). These results align with findings from Park et al. (2023), who showed that individuals 

with elevated WC had a significantly increased risk of developing knee OA, independent of BMI. 

Their nationwide cohort study confirmed that central obesity, rather than general obesity, was more 

predictive of OA incidence. Our results support this, showing that WC closely reflects actual 

adiposity as assessed by BIA. Similarly, Wang et al. (2016) identified central fat accumulation as a 

key link between OA and cardiovascular disease, highlighting the metabolic risks tied to abdominal 

obesity. While Park et al. (2023), emphasized WC as a risk factor, our study adds that WC also tracks 

strongly with total fat mass in those already affected by knee OA.  

Notably, the correlation strength was comparable across sexes in our sample, suggesting that WC 

can be applied uniformly in both men and women for estimating body fat. Based on these results, 

WC can be considered a valid and practical proxy for body fat assessment in individuals with 

symptomatic knee OA, mainly where advanced tools are unavailable. 
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4.1.1.3. Percent body fat and its association with the body mass index and handgrip strength 

equation 

In this study, BMHG demonstrated a strong correlation with %BF measured by BIA in both men 

(r = 0.83) and women (r = 0.88). The findings suggest that incorporating handgrip strength into 

traditional BMI calculations seem to be a measurement which is as useful as using BMI alone or 

WC only. No previous studies have used the BMHG equation in symptomatic knee OA 

individuals, so comparisons with previous studies are scarce. Interestingly, the association 

between BMHG and %BF in the current study very similar to the correlation (r=0.82) in Nickerson 

et al. (2020) which was based on healthy women and men. One conclusion to draw is that this 

equation is equally useful for people with symptomatic knee OA as for a healthy population. 

Moreover, in the present study the age span was (24-73) years, compared to 18-45 years old 

participants in Nickerson et al. (2020). Since it has been shown that HGS decline with aging (Dodds 

et al., 2014) and the population in the present study was considerable older, the BMHG equation 

still showed a similar correlation with %BF compared to a younger healthy population (Nickerson 

et al., 2020). These results support the value of functional strength measures like handgrip strength 

when estimating body composition and suggest that the BMHG model is another low-cost 

alternative besides BMI and WC for clinical use in settings where advanced tools like BIA or 

DXA are not readily available. 

4.1.2. Visceral fat area and its associations with field-based measurements 

4.1.2.1. Visceral fat area and its association with body mass index 

This study revealed a significant association between VFA and all three field-based adiposity 

estimates; BMI, WC, and BMHG. Notably among women, BMI showed very strong correlation 

with VFA (r = 0.92), suggesting that total body size as captured by BMI may closely reflect central 

fat accumulation in female populations. In men BMI was strong correlation with VFA (r =0.88). 

Törnblom et al. (2024) conducted a 2-year longitudinal study on individuals with knee pain and 

found that higher BMI and VFA at baseline were significantly associated with the development of 

radiographic knee OA. Specifically, each unit increase in BMI was associated with 12% higher 

odds of developing radiographic knee OA, and each unit increase in VFA was associated with 

0.8% higher odds. These findings underscore the importance of both BMI and VFA as predictive 

markers for the progression of knee OA. 
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4.1.2.2. Visceral fat area and its association with waist circumference 

 

In this study, WC showed a very strong and consistent association with VFA for both women and 

men highlighting its relevance as a practical indicator of central obesity in individuals with 

symptomatic knee OA. Among men, WC was the most accurate field-based predictor of VFA (r 

= 0.92), slightly outperforming BMI and the BMHG equation. This finding aligns with established 

patterns of male fat distribution, where visceral fat accumulates more prominently deep within the 

abdominal cavity, making WC a reliable measure of metabolically active fat in this group. In 

women, the correlation between WC and VFA remained high (r = 0.90), although BMI showed a 

slightly stronger association (r = 0.92). This could be attributed to women’s higher proportion of 

subcutaneous fat, which WC does not differentiate from visceral fat. These sex-based differences 

in fat distribution support the importance of interpreting WC with gender-specific body 

composition patterns. These findings can be directly compared with those of Gadekar et al. (2020), 

who investigated a healthy adult population and reported a lower correlation between WC and 

VFA (r = 0.64, p < 0.001).  

The notably strong correlations observed in our OA cohort suggest that central adiposity may be 

more predictably distributed in individuals with OA than in the general population. Compared to 

the moderate association reported in healthy adults, our findings demonstrate that WC is more 

strongly correlated with visceral adiposity in individuals with knee OA. This supports WC as a valid 

and accessible measure for estimating VFA in this population, especially in male individuals 

However, its inability to differentiate between fat compartments suggests that WC should be 

interpreted alongside other indicators, such as BMI or strength-adjusted indices, to enhance 

accuracy in clinical and research settings. 

4.1.2.3. Visceral fat area and its association with the body mass index and handgrip strength 

equation 

VFA is a critical indicator of metabolic and inflammatory risk in knee OA. Unlike subcutaneous 

fat, visceral adiposity contributes to systemic inflammation through elevated levels of cytokines 

such as IL-6 and TNF-α, promoting cartilage degradation and synovial inflammation (Berenbaum, 

2013; Economou et al., 2024). In this study, BMHG showed a very strong correlation with VFA in 

women (r = 0.91) and strong in men (r = 0.86), confirming its value as a general estimate of 

adiposity. This suggests that incorporating muscle strength improves adiposity estimation, 

especially in men, where variability in muscle mass may confound BMI-based assessments. Since 
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HGS reflects fat-free mass and functional capacity, it could enhance the predictive value of 

anthropometric models (Nickerson et al., 2020) although in this study no major differences 

between BMI, WC and BMHG alone were found. 

4.2. Methods discussion 

4.2.1. Strengths and limitations 

The study's strengths lie in its large sample size, inclusion of both sexes, and use of a validated, 

standardized BIA device (InBody 770) for body composition assessment. Moreover, incorporating 

handgrip strength into adiposity estimation models represents a novel and clinically practical 

approach, which is potentially relevant for OA populations where body composition abnormalities 

are common and multifactorial. By extending the validation of the BMHG equation from healthy 

individuals to a clinical cohort with symptomatic knee OA, this study provides empirical support 

for its broader applicability in clinical and research settings. However, the fact that the BMHG is 

better at predicting %BF compared to WC or BMI in individuals with symptomatic knee OA. 

This study also had several limitations. Firstly, BIA, while practical and validated against DXA in 

previous studies (Brewer et al., 2021), is not the definitive gold standard for body composition 

measurement, and residual measurement errors cannot be excluded. Secondly, although knee pain 

was used as an inclusion criterion, the lack of radiographic confirmation of OA severity introduces 

potential heterogeneity within the sample. Thirdly, in this thesis, only simple correlations were 

made in women and men separately. More advanced statistical analyses would have been 

necessary to draw further conclusions, however, within the scope of this thesis it was not feasible. 

Finally, the study cohort included only a small proportion of participants over 65 years of age, 

limiting the generalizability of findings to older adults, in whom sarcopenic obesity may further 

alter body composition dynamics. 

4.2.2. Implications for clinical practice and research 

The findings suggest that the BMHG equation, WC and BMI equally well offer a simple, non- 

invasive, and inexpensive tool for body fat estimation in female and male individuals with 

symptomatic knee OA. Clinicians may consider incorporating handgrip strength assessments 

alongside traditional anthropometric measurements to add an aspect of skeletal muscle mass to 

body fat estimations in routine practice. 
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4.2.3. Future research directions 

From a research perspective, future investigations should focus on more in-depth statistical analyses 

and longitudinal validation of the BMHG equation against gold-standard imaging techniques such 

as DXA, particularly in older OA populations and those undergoing weight loss or exercise 

interventions. It would also be interesting to see if the BMHG equation would better predict the 

presence or severity of knee OA. Additionally, examining the predictive capacity of BMHG-

derived adiposity estimates for clinical outcomes such as pain severity, functional limitation, and 

joint degeneration would be of significant interest. Lastly, exploring the responsiveness of BMHG 

estimates to interventions such as weight loss, resistance training, or physical therapy would 

provide critical insights into its utility as a monitoring tool. 

4.3. Conclusion 

This study investigated the feasibility of combining BMI and HGS using the BMHG equation for 

estimating %BF, compared to traditional anthropometric measures, in individuals with 

symptomatic knee OA. The findings demonstrated that BMI, WC, and BMHG all showed strong 

and very strong statistically significant correlations with %BF and VFA measured by BIA, 

indicating that BMI, WC, and BMHG are equally good at predicting actual %BF in both women 

and men with symptomatic knee OA. No method demonstrated clear superiority. While the BMHG 

equation did not outperform BMI or WC. The findings support the continued use of BMI and WC 

as accessible tools but also highlight the potential role of function-informed models like BMHG 

in clinical practice. Future research should explore the utility of such combined models in 

longitudinal settings and across different populations to better inform body composition screening 

and intervention strategies in musculoskeletal health.
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