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Objectives: Osteoarthritis (OA) and pain are both made more severe by low-grade inflammation. 

We examined whether visceral fat, a major source of inflammatory cytokines and adipokines, was 

associated with an increased risk of knee OA or of musculoskeletal pain.

Methods: Member of the Multicenter Osteoarthritis Study cohort, age 50–79 with or at high risk 

of knee osteoarthritis had whole body DEXA scans at baseline. At baseline, 30, and 60 months 

they obtained knee radiographs and MRIs, were asked to score the severity of their knee pain and 

using a body homunculus, to identify sites of joint pain. We used DEXA scans to measure total 

body fat and in the torso, visceral fat and subcutaneous fat. We assessed the association of fat 

depot size with structural outcomes (incident radiographic OA, MRI cartilage loss and synovitis) 

and with pain outcomes (worsening knee pain, the number of painful joints and widespread pain). 

Regression analyses were adjusted for age, sex, race, education, smoking, physical activity, BMI 

and depressive symptoms.

Results: At baseline, of 2,961 participants, 60.7% were women; mean age was 62.5 years and 

BMI 30.5 kg/m2. After adjustment for covariates, no fat measures were associated with any 

structural outcomes. However, total and visceral but not subcutaneous fat were positively 

associated with worsening knee pain and widespread pain and the amount of visceral fat was 

associated with the number of painful joints.

Conclusion: Visceral fat was associated with an increased risk of musculoskeletal and 

widespread pain.
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INTRODUCTION

When fat tissue in the body is overwhelmed by positive energy balance and becomes 

dysfunctional, ectopic fat depots form. Among these is visceral fat, whose accumulation is 

accompanied by low-grade systemic inflammation and abnormal production of 

adipokines(1). The accumulation of visceral fat increases the risk of diabetes, dyslipidemia, 

insulin resistance and adverse cardiovascular outcomes(2). The unique pathogenic properties 

of visceral fat, beyond its contributions to overall adiposity, may be due to its role as an 

endocrine organ secreting adipokines and serving as a home for circulating inflammatory 

macrophages(3). Further, visceral fat secretes a more pro-inflammatory cytokine profile than 

subcutaneous fat, characterized by higher levels of C-reactive protein and other pro-

inflammatory molecules(4).

Increasingly recognized as a disease with an inflammatory component(5), osteoarthritis 

(OA) is the most common form of arthritis and a leading cause of disability(6). Given the 

paucity of effective treatments and prevention opportunities and its burgeoning prevalence, 

there is a desperate need for new insights into OA that may offer prevention or treatment 

opportunities. There are two weakly related components of OA, each of which may be 

affected by inflammation, structural damage to the joint and joint pain. While evidence 

(predominantly from animal models of posttraumatic OA) has indicated a prominent role of 

inflammation in causing structural damage including cartilage loss, it has been extremely 
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challenging to find evidence for the contribution of systemic inflammation in chronic knee 

OA in humans(7–10). For example, in studies reporting an association of metabolic 

syndrome with knee OA, the association vanishes when analyses adjust for body mass index 

(BMI), suggesting that the increased load conferred by obesity accounts for most of this 

association(8, 9). Other studies examining measures of systemic inflammation with knee OA 

show no association with disease when analyses adjust for BMI(11–14). Identifying a source 

of inflammation associated with knee OA in humans independent of body weight will 

provide clues as to what elements of inflammation may induce or contribute to disease and 

may point to treatment opportunities.

While an association of systemic inflammation with structural features of OA such as 

cartilage loss has been difficult to identify, another line of inquiry has uncovered an 

association of inflammation with localized and generalized pain(15–19), the other 

component of OA. C-reactive protein has been linked more strongly to painful OA than to 

structural disease(7). Further, in animal models of OA, inflammatory cytokines provoke 

central pain sensitization(19–21). Low-grade chronic systemic inflammation might 

contribute to central pain augmentation in the joint(22). Many persons with painful knee OA 

have pain in many joints, and systemic inflammation may contribute to generalized pain(23).

We are unaware of previous studies of the relation of visceral adiposity to risk of knee OA 

and its related symptoms. To address the association of visceral adiposity with structural 

features of OA, and with pain, we leveraged a unique study – the Multicenter Osteoarthritis 

Study (MOST), a large prospective cohort study of older adults with or at high risk of knee 

OA. To our knowledge, MOST is the only large-scale cohort study of OA that includes a 

measure of visceral adiposity. Like studies that have addressed the role of visceral adiposity 

in cardiometabolic diseases, we included an evaluation of subcutaneous fat depots to see if 

the relationship of fat depots with OA differed by the type of fat depot.

PATIENTS AND METHODS

Study sample:

MOST is a large NIH-funded longitudinal observational study focused on symptomatic and 

radiographic knee OA in a cohort of community dwelling older adults with or at high risk 

for knee OA(24). The study enrolled 3,026 participants age 50–79 years from 2003–2006 at 

two clinical sites (Iowa City, Iowa and Birmingham, Alabama). Information regarding the 

participants’ demographic, medical, and lifestyle information as well as imaging were 

collected at baseline. Participants were followed with repeated examinations at 30 and 60 

months.

Weight-bearing, semi-flexed posteroanterior (PA) and lateral views of the knees were 

obtained at baseline and each exam according to the MOST radiograph protocol(25). Each 

of two readers interpreted and graded all radiographs according to Kellgren-Lawrence (KL) 

grade and if they disagreed, readings were adjudicated by a panel of three readers(26). MRIs 

of the knee were acquired at each visit using a 1.0 T magnet (OrthOne, ONI Inc., 

Wilmington, MA, USA) and a circumferential extremity coil. All images were acquired 

without contrast. As in previous work(27) we read one randomly selected knee MRI per 
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person. This was done for budgetary reasons and because of the high rate of symmetry in 

knee MRIs. The MRIs were read by two experienced musculoskeletal radiologists using the 

Whole Organ MRI Score (WORMS)(28). Synovitis and cartilage morphology were scored 

in MRIs at baseline, 30, and 60 months. There was good interobserver agreement for each of 

the features reported(29).

At each examination, participants completed the WOMAC questionnaire(30), reporting on 

the amount of pain experienced during activities in each knee. In addition, participants were 

presented with a homunculus at each examination (see Supplement Figure 1) on which they 

noted the joint sites that were painful on most days of the month.

Anthropometric measurements—BMI:

Weight was measured to the nearest 0.1 kg on a standard medical balance beam scale, and 

height was measured on full inspiration to the nearest 1 mm with a wall-mounted Harpenden 

stadiometer by certified MOST personnel following a written protocol. BMI was calculated 

as weight in kilograms divided by the height in meters squared.

Dual-energy radiographic absorptiometry (DEXA)-derived abdominal visceral and 
subcutaneous adipose tissue:

In the MOST study, a whole-body DEXA scan using Hologic scanners was obtained at 

baseline using standard positioning. In Birmingham, AL, this was a QDR 4500 and in Iowa 

City, it was a Discovery).

Scans were analyzed locally with central quality control provided by the University of 

California, San Francisco (UCSF) including certification of local DEXA operators, review 

of selected participant scans, and monitoring of scanner quality control. Standard whole-

body DEXA outcomes included total fat mass, total mass and percent total fat calculated as 

(total fat mass/total mass) x 100%. Since our study began, Hologic developed software to 

permit the measurement of the visceral fat depot. In 2017, the baseline whole body scans 

were re-analyzed centrally at UCSF using Hologic software 13.5 (Apex 3.5) to obtain 

estimates of visceral (VAT) and subcutaneous abdominal adipose tissue (SAT). VAT and 

SAT were determined from an abdominal region of interest (31). Initial placement of the 

regions of interest was provided by an automated algorithm. Each scan was then reviewed 

and regions of interest were adjusted manually as needed. Hologic VAT area results are 

calibrated to, and highly correlated with, VAT area results provided by a computed 

tomography slice at the L4-L5 level. DEXA VAT measurement has been shown to have 

excellent validity compared with VAT based on CT scan, with r=0.89 to 0.93 (31–33).

Assessment of OA structure and pain symptoms:

We defined three structural knee outcomes: incident radiographic OA, MRI assessed 

cartilage loss, and synovitis assessed on MRI. The first structural outcome was incident 

radiographic knee OA up to 5 years after baseline among the subset of participants who had 

no radiographic OA in either knee (both knees with Kellgren and Lawrence grade <2) at 

baseline. Those who developed either radiographic knee OA (KL≥2) or had a knee 
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arthroplasty in either knee by follow-up were defined as having incident radiographic knee 

OA.

Based on MRI readings(28), we studied cartilage loss and change in synovitis. Within each 

of 14 subregions in each knee, cartilage morphology was scored 0–6 using the WORMS 

scale. We defined worsening cartilage morphology by analyzing each subregion and 

characterizing each as having worsening when the score increased by 1 point on the 0–6 

scale. Subregions with baseline scores of 6 were excluded. Second, we examined change in 

synovitis. Each region (infrapatellar, intercondylar and suprapatellar) was scored 0–3 based 

on volume at each timepoint, and the score was then summed (0–9). We defined worsening 

synovitis as an increase in that score by at least one excluding knees with synovitis scores of 

9 at baseline(34).

We assessed one knee pain outcome (change in WOMAC pain) and two broader 

musculoskeletal pain outcomes, the presence of widespread pain and the number of painful 

joints. We calculated changes in pain as the difference of WOMAC pain score from baseline 

to the end of follow-up in each knee(35).

Using the homunculus, we counted the number of painful joint sites identified by 

participants at each exam. First, we used the homunculus to define whether a participant had 

widespread pain (defined as present when the participant identified painful joint sites above 

and below the waist on both sides of the body and in the axial spine). We have found in 

previous work(36) that those with widespread pain almost always had pain at multiple sites 

at exams before they met the threshold for widespread pain, suggesting that we could not 

reasonably examine incidence. We therefore focused on the proportion of the three exams 

that participants met criteria for widespread pain. To gauge the effect of visceral adiposity on 

the number of painful sites, we examined number of painful sites at baseline, 30 and 60 

months and tested whether visceral adiposity led to an increase in the number of painful 

joints from baseline.

Potential confounders:

For our main analyses, we adjusted for participants’ demographic, lifestyle, and medical 

history reported on the baseline questionnaire including age, sex (men, women), education 

(college or above, yes vs. no), physical activity (Physical Activity Scale for the Elderly 

(PASE), continuous), smoking (never, past, current), and BMI (kg/m2, continuous). We used 

an indicator variable to adjust for race (white vs. non-white). For all knee outcomes, we 

included as covariates mechanical alignment (varus, neutral, valgus), history of knee injury 

or surgery and Kellgren and Lawrence grade for the contralateral knee. For all pain 

outcomes, we included depressive symptom score (Center for Epidemiologic Studies 

Depression (CES-D) scale score ≥16, yes vs. no as a covariate).

Statistical analyses:

Our analytic sample consisted of 2,961 MOST participants (1,797 women and 1,164 men) 

with baseline dual-energy radiographic absorptiometry (DEXA) measurement and who were 

followed from baseline through at least 30 months.
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Analyses of radiographic OA and MRI findings and of WOMAC pain were at the level of 

the knee, or knee subregion for cartilage loss and to adjust for the correlation between knees 

(or subregions of knees), we performed generalized estimating equations (GEEs). Analyses 

of body wide pain outcomes were conducted at the person level. We modeled each adiposity 

measure in quintiles and estimated the relative risk with quintile 1 as reference group. For 

the GEE model, we specified a log-binomial distribution for binary outcomes and a negative 

binomial for count data. Results of sex-specific analyses were similar to sex-adjusted results 

presented here, and we found no statistically significant interactions by sex. For WOMAC 

pain and body wide pain outcomes, we used the score at each follow-up time point as our 

outcome, adjusting for baseline score in each model. We adjusted the correlation between 

outcomes at different times using GEE.

Mechanical forces play a large role in knee osteoarthritis and excess body weight is a well-

known risk factor. To identify the independent effect of fat depots and their products on OA 

and pain outcomes, our primary analyses adjusted for BMI. We carried out secondary 

analyses substituting weight for BMI and found no difference in results. In addition, we 

created visceral fat residuals of BMI (in which we used the residuals of the equation of VAT 

predicting BMI) and substituted this residual and BMI in equations and found no difference 

in results.

Institutional review board approvals were obtained from University of California, San 

Francisco, Boston University, University of Alabama at Birmingham and The University of 

Iowa. All participants provided written consent for study participation.

RESULTS

At baseline, mean age was 62.5 years with average BMI 30.5 kg/m2. Among 3026 subjects 

at baseline, 65 (2.2%) had no DEXA scans or had scans that were of insufficient quality to 

measure fat depots. This left 2,961 MOST participants. Follow-up examinations included a 

clinic visit with x-rays but, for those subjects who did not come to this visit, we obtained 

WOMAC and pain data over the phone. While 247 (8.3%) had no radiographic follow-up, 

all but 3 subjects (0.1%) had WOMAC pain assessed at at least one follow-up visit. Half of 

the study participants (51%) reported widespread pain at baseline, with mean number of 

painful sites=6 (see Table 1).

While fat depot was associated with structural outcomes in knee OA when analyses were not 

adjusted for BMI, these associations became null when we further adjusted for BMI 

(Supplement Table 1). For example, 584/3032 (19.3%) knees developed incident 

radiographic OA at either the 30- or 60-month follow-up, and we found no relation of the 

size of any of the fat depots with OA incidence (Figure 1, Supplement Table 1). Further, on 

MRI, 11738/35864 (32.7%) cartilage subregions experienced cartilage loss during follow-

up, but we found no association of fat depot size with an increase in cartilage loss (Figure 1, 

Supplement Table 2). Similarly, we found no relation between fat depot size and worsening 

synovitis (Figure 1, Supplement Table 3).
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On the other hand, we found a consistent association of total fat and the visceral fat depot 

both before and after adjustment for BMI with knee pain and with widespread pain 

outcomes. For example, those in the highest quintile of total body fat and visceral adiposity 

had more worsening of their WOMAC pain score than those in the lowest quintile (Figure 2, 

Supplement Table 4). The result was consistent when we examined repeated widespread 

pain (Figure 3, Supplement Table 5). There was a modest association between visceral fat 

and the number of painful joint sites (Figure 4, Supplement Table 6), but number of painful 

joints was not significantly associated with total body fat. In contrast, after adjustment for 

BMI, subcutaneous fat depot size was unassociated with any pain outcomes.

DISCUSSION

We did not find evidence that visceral or total fat was associated with the occurrence of 

radiographic OA, of cartilage loss or synovitis. However, we found a consistent association 

of body fat, especially total and visceral fat, with worsening knee pain outcomes and with 

widespread pain, and this association was independent of body mass index. Visceral fat was 

associated with an increase over time in the number of painful joints.

Ectopic fat deposition including visceral fat is characterized by an infiltration of 

macrophages and is a major source of pro-inflammatory cytokines including interleukin-6 

and tumor necrosis factor-α (TNFα)(37, 38). Further, it is a site for conversion of local 

macrophages to a pro-inflammatory M1 phenotype, which then enter the systemic 

circulation (39) and have been implicated in OA pathogenesis(40). Visceral fat accumulation 

has a range of other pro-inflammatory effects including suppression of the transcription of 

adiponectin(41), an anti-inflammatory cytokine found to have articular effects(42). The 

production of leptin, which has deleterious effects on chondrocyte metabolism(43), increases 

with visceral fat accumulation(44).

Given the range of consistently pro-inflammatory effects of visceral fat with consequences 

for the risk of type 2 diabetes, cardiovascular disease and other cardiometabolic conditions, 

it is surprising that we were unable to detect an association of this accumulation on OA, an 

inflammatory disorder. A likely explanation is that while there is no blood synovial barrier, 

the systemic concentrations of these pro-inflammatory effectors do not translate into 

injurious levels in the synovial fluid(22, 45). The few studies examining the correlations 

between blood and synovial fluid concentrations of the salient molecules have not found 

strong or consistent associations(46, 47). Our findings have implications for efforts to 

modify the course of OA using systemic anti-inflammatory treatment.

Other explanations for our null findings are that while inflammation affects OA risk, visceral 

adiposity may not be the inflammatory phenotype of greatest relevance. After all, we (and 

others) have also found no association of metabolic syndrome with OA occurrence(9).

On the other hand, our findings suggest that the inflammatory environment created by the 

accumulation visceral fat may aggravate pain independent of the loading effect of weight. 

These data suggest that pain needs to be added to the list of conditions affected by the 

accumulation of visceral fat. Musculoskeletal pain including back pain, osteoarthritic pain 
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and pain from other musculoskeletal disorders is the world’s leading cause of disability(48). 

This study is important in providing new insights into potential treatable causes of this pain. 

Literature on body composition and pain is mainly cross-sectional and has focused on foot 

and lower back pain(49, 50). A study of knee pain has reported an association with systemic 

markers of inflammation(18). One study also suggested a dose-response relationship 

between painful joint burden and systemic inflammation among OA patients(51). 

Widespread pain, a common condition, has not, to our knowledge, been evaluated.

Our study had a large sample size with long-term follow up and detailed data on both 

structural pathology and pain symptoms of the knee. However, our study has limitations. 

Among them is the absence of data on products of visceral fat that may mediate the 

relationship we uncovered including adipokines. Further work is needed to identify the 

active product (s). Another limitation is that the majority of our study participants (84%) 

were Caucasian. Further studies on other race/ethnic groups are needed. The complex 

relationship between weight, visceral and total body fat, activity and pain are worth 

examining further. While our sample was large and results testing the association of visceral 

fat and structural OA outcomes were nonsignificant and hovered around the null value, the 

confidence bounds we report are compatible with modest associations of visceral fat with 

these outcomes. The high prevalence of widespread pain in our cohort suggests that results 

may not be generalizable to other groups. Also, the lack of association we report of central 

fat depots with structural changes of OA may differ in less developed societies (52). The 

associations we report need to be replicated.

In conclusion, in this prospective cohort study of a community dwelling population, we 

found no association independent of BMI between the size of the visceral fat depot and the 

occurrence of radiographic OA, of cartilage loss or of synovitis. However, we found a 

positive and consistent independent association between visceral adiposity and pain 

outcomes including knee pain severity, widespread pain and the number of painful joints. 

These findings suggest that visceral adiposity may be an important source of biological 

mediators for musculoskeletal pain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Association between fat depots and structural outcomes
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Figure 2. 
Association between fat depots and worsening WOMAC knee pain (β)
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Figure 3. 
Association between fat depots and widespread pain (%∆N)
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Figure 4. 
Association between fat depots and number of painful joint sites (OR)
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Table 1.

Baseline characteristics of 2961 MOST participants

Mean age at baseline in years (+/− s.d.) 62.5 ± 8.08

Mean body mass index (Kg/m2) (+/− s.d.) 30.5 ± 5.65

Mean Charlson comorbidity score, modified (+/−s.d.) 0.52 ± 0.96

Mean CES-D Score * (+/− s.d.) 7.59 ± 7.80

Mean PASE Score** (+/− s.d.) 174.6 ± 88.0

Never smokers 1646 (55.6%)

Current smokers 194 (6.5%)

Former smokers 1121 (37.9%)

Caucasians 2481 (83.8%)

Number with some college education or above 1306 (44.1%)

Mean WOMAC Pain Score (0–20) (+/− s.d.) 3.38 ± 3.75

Number with widespread pain (%) 1486 (50.7%)

Mean number of painful sites (+/−s.d.) 5.95 ± 4.58

Study site: Iowa 1506 (50.9%)

Mean total body fat (%) (+/− s.d.) 34.4 ± 8.53

Mean abdominal visceral adipose tissue (cm2) (+/− s.d.) 165.7 ± 72.0

Mean abdominal subcutaneous adipose tissue (cm2) (+/− s.d.) 373.2 ± 135.1

*
CES-D: Center for Epidemiologic Studies Depression Scale

**
PASE: Physical Activity Scale for the Elderly
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