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  CHAPTER 6
 Do knee osteoarthritis and fat-free mass interact in their impact on  
 health-related quality of life in men? Results from a population-based 
 cohort 
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ABSTRACT
Objective 
To investigate whether obesity and other risk factors interact with knee osteoarthritis 
(OA) in its adverse impact on health-related quality of life (HRQOL).

Methods 
In 1,262 participants of the Netherlands Epidemiology of Obesity study, a popula-
tion-based cohort (age 45 to 65 years, 53% women, and median body mass index (BMI) 
27 kg/m2), knee OA was defined following modified American College of Rheumatology 
criteria. BMI and fat-free mass (FFM) (as proxy for muscle mass) were assessed by bioel-
ectrical impedance analysis, and comorbidities by self-report. HRQOL was assessed using 
the Short Form 36 physical component summary (PCS) score. Linear regression analyses 
were performed to examine associations between knee OA and PCS score, adjusting for 
age and sex and stratified for BMI, FFM, and comorbidities. 

Results 
Knee OA (prevalence 16%) was associated with a 7.2-points lower PCS score (95% con-
fidence interval -9.5 to -4.8). PCS score was also negatively associated with obesity and 
comorbidities; however, no interaction with knee OA was seen. Low FFM was associated 
with a lower PCS score and interacted with knee OA in men. Interaction between concur-
ring OA and low FFM attributed to 64% of the decrease in PCS score, as compared with 
men without OA and with high FFM. 

Conclusion 
Knee OA was associated with a lower HRQOL, as were its risk factors, obesity, comorbidi-
ties, and low FFM. In men, FFM interacted with knee OA, leading to an additional decrease 
of HRQOL in the case of concurrence. Especially in the former, improvement of FFM may 
improve HRQOL in knee OA patients. 
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INTRODUCTION 
Of the musculoskeletal disorders, osteoarthritis (OA) is the second largest contributor to 
disability. Knee OA has been shown to account for 83% of the global years lived with disa-
bility that were due to the presence of any OA.1 In addition, knee OA has been associated 
with an impaired health-related quality of life (HRQOL).2-4 

Several risk factors for knee OA are known;5,6 some of these risk factors are not only 
associated with development of OA but also with a decreased HRQOL. It is possible that 
presence of knee OA together with a risk factor that is also associated with HRQOL results 
in strengthening of both adverse associations with HRQOL. The latter will be especially 
important when it concerns risk factors that can either be prevented or treated, as inter-
ventions aimed at prevention or treatment of these factors could then result in additional 
improvement of HRQOL in knee OA patients. 
Modifiable risk factors for OA that also decrease HRQOL could be potential targets for 
interventions. Obesity may be one of those factors; it has been related both to develop-
ment of knee OA and to impaired HRQOL.7-9 Another risk factor for knee OA that may be 
a target for intervention is muscle weakness.10 Although no studies related muscle weak-
ness or the actual amount of muscle mass to HRQOL, physical frailty (associated with low 
fat-free mass (FFM), a proxy for muscle mass) has been related to decreased HRQOL.11 A 
preventable risk factor is the presence of comorbidities, such as cardiovascular diseases 
and diabetes mellitus. Such comorbidities have been associated both with presence of 
knee OA and decreased HRQOL.12-14

Obesity, exercise (related to muscle mass), and comorbidities have been related to 
HRQOL, not only in the general population but also within knee OA patients.15-18 How-
ever, the relative contributions of knee OA and these risk factors to HRQOL, as well as a 
possible interaction when they concur, are not clear. 
To gain insight into possible targets for improvement or prevention of HRQOL in knee OA 
patients, we aimed to evaluate the impact of the presence of knee OA and its modifiable 
or preventable risk factors: obesity, FFM (as proxy for muscle mass), and comorbidities on 
HRQOL. In addition, we aimed to examine the presence of interaction between knee OA 
and these risk factors in relation to HRQOL.

PATIENTS AND METHODS
Study design and study population
The Netherlands Epidemiology of Obesity (NEO) study is a population-based prospec-
tive cohort study including 6,673 individuals aged 45 to 65 years, with an oversampling 
of persons with overweight or obesity (members of the NEO Study Group are listed in 
Appendix A). Detailed information about the study design and data collection has been 
described previously.19 In short, men and women between ages 45 to 65 years with a 
self-reported body mass index (BMI) of ≥27 kg/m2 living in the greater area of Leiden (in 
the West of The Netherlands) were eligible to participate. In addition, all inhabitants aged 
45 to 65 years from one municipality (Leiderdorp) were invited irrespective of their BMI, 
allowing for a reference distribution of BMI. 

6
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All participants completed questionnaires on demographic and clinical data, in addition 
to the Short Form 36 (SF-36) Health Survey, and visited the NEO study center between 
September 2008 and September 2012 for an extensive physical examination, including 
anthropometry and blood sampling. All medication that was used in the month preced-
ing the study visit was recorded. A random sample of 1,285 study participants without 
contraindications (metallic devices, claustrophobia, body circumference >170 cm) un-
derwent magnetic resonance (MR) imaging of the right knee. The present study is a 
cross-sectional analysis of baseline measurements of these 1,285 participants. The study 
was approved by the medical ethics committee of the Leiden University Medical Center 
and all participants gave written informed consent. 

Data collection
Highest level of education was reported in categories according to the Dutch education 
system and grouped into low, medium, or high education. Reported professions were 
categorized into non-, light- and heavy physically demanding work, based on a classifica-
tion scheme of physical work demands by De Zwart et al.20 

MR imaging
MR imaging was performed using a dedicated knee coil in a 1.5T system (Philips, Medical 
Systems). Our standardized scanning protocol consisted of (1) coronal proton density 
(PD) turbo spin-echo (TSE), repetition time (TR)/echo time (TE) 2,335/35 msec; echo train 
length (ETL) 6; (2) coronal frequency selective fat-suppressed PD TSE (TR/TE 2,334/ 35 
msec, ETL 6, 3 mm slice thickness); (3) sagittal PD TSE (TR/TE 2,338/35 msec, ETL 6; 3.5 mm 
slice thickness); (4) sagittal frequency selective fat-suppressed T1-weighted 3-dimension-
al gradient echo sequence (TR/TE 11/5.5, 25o flip angle, 150 mm field of view, 272 x 512 
acquisition matrix, 2 mm slice thickness with a 1 mm overlap between images); and (5) 
axial frequency selective fat-suppressed PD TSE (TR/TE 3,225/15 msec, ETL 6, 4 mm slice 
thickness). In all TSE sequences we used a 150-160 mm field of view and a 304 x 512 acqui-
sition matrix. Total acquisition time, including the initial survey sequence, was 30 minutes.

Definition of OA
Knee OA was defined, based on modified criteria of the American College of Rheumatol-
ogy (ACR), as presence of osteophytes, knee pain on most days of the prior month, and at 
least 1 of the following criteria: age >50 years, stiffness <30 minutes duration, and crepi-
tus on active motion.21 Instead of the presence of radiographic osteophytes as described 
in the original ACR criteria, osteophytes were assessed with MR imaging.
Assessment of the MR imaging was done by a trained reader (AWV, supervised by JLB), 
using the validated semiquantitative knee OA scoring system, blinded to clinical data. Os-
teophytes were defined as focal bony excrescences extending from a cortical surface and 
measured from base to tip. Osteophytes were either absent (grade 0), or present (grade 
1 (<3 mm), grade 2 (3-5 mm), or grade 3 (>5 mm)).22 A random 10% of the MR images (n 
= 120) were scored twice to test the reproducibility; the calculated intraclass correlation 
coefficient was 0.97.
Physical examination of the knees was performed by trained research nurses, using a 
standardized scoring form. Self-reported knee pain and morning stiffness were meas-
ured using standardized questionnaires.
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Body composition
Height was measured with a calibrated tape measure. Body weight, fat mass, and body 
fat percentage were measured using the Tanita foot-to-foot bio impedance balance (TBF-
310, Tanita International Division).23 BMI was calculated by dividing the weight in kilo-
grams by the height in meters squared (kg/m2). According to the classification of the 
World Health Organization, BMI was categorized into normal weight (BMI <25 kg/m2), 
overweight (BMI 25-30 kg/m2), and obesity (BMI ≥30 kg/m2).
The percentage of FFM was calculated as 100 minus the percentage of body fat measured 
by bioelectrical impedance analysis using the Tanita balance.23 Percentage of FFM was 
divided in tertiles separately in men and women because of the major difference in FFM 
between the sexes.24 Low FFM was defined as the lowest tertile of percentage FFM.

Comorbidities 
The presence of cerebrovascular disease, lung disease, cardiovascular diseases (myocar-
dial infarction, angina, congestive heart failure, stroke, peripheral vascular disease), and 
diabetes was self-reported using a standardized questionnaire. In addition, use of glu-
cose-lowering therapy or a measured fasting plasma glucose of ≥7.0 mmol/liter at the 
time of the study visit were also defined as diabetes mellitus. 

HRQOL
HRQOL was assessed using the physical component summary (PCS) score of the generic 
SF-36. The SF-36 PCS and mental component summary scores were derived using norm-
based data from the Dutch population, standardized to a mean of 50 and SD of 10.25 The 
total scores range from 0 to 100, and higher scores indicate better HRQOL.26 The mini-
mal clinical important difference is 2.5 to 5.0 points.27

Statistical analysis
Data were analyzed using STATA, version 12. In the NEO study there is an oversampling of 
persons with a BMI ≥27 kg/m2. To correctly represent associations in the general popula-
tion, adjustments for the oversampling of individuals with a BMI ≥27 kg/m2 were made.28 
This was done by weighting individuals towards the BMI distribution of participants from 
the Leiderdorp municipality (n = 1,671),29 whose BMI distribution was similar to the BMI 
distribution in the general Dutch population.30 Consequently, results apply to a popula-
tion-based study without oversampling of BMI ≥27 kg/m2. 
First, we performed linear regression analyses to examine the association of knee OA with 
the SF-36 PCS score. Regression coefficients with 95% confidence intervals (95% CI) were 
reported and can be interpreted as the mean difference in PCS score of participants with 
knee OA as compared with participants without knee OA. Adjustments were made for 
age, sex, BMI, FFM, and presence of comorbidities. 
Second, we examined the presence of interaction of knee OA with obesity, low percent-
age FFM, or comorbidities in relation to HRQOL by including interaction terms between 
knee OA and BMI, knee OA and percentage FFM, and knee OA, and presence of co-
morbidities in the model. These regression analyses were performed separately for the 
3 interaction terms. Interaction was considered present when the interaction term was 
significant (P < 0.05).

6
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Finally, for a transparent presentation of the joint associations, we stratified all analyses 
by knee OA and categories of BMI, FFM and comorbidities to report all associations com-
pared with the unexposed group as a joint reference category.31,32

For example, the adjusted difference in PCS scores were calculated for each stratum of 
BMI, using individuals without knee OA and with normal weight as reference. Similar 
analyses were performed with tertiles of FFM and presence/absence of comorbidities. 
Since BMI is a cumulative measure of fat, muscle, and bone, we performed sensitivity 
analyses including fat mass as specific measure of adiposity instead of BMI as robust 
measure of obesity. Furthermore, since MR imaging is a very sensitive tool for detection 
of osteophytes, sensitivity analyses excluding small osteophytes (grade 1) from the knee 
OA definition were performed. 

RESULTS
Population characteristics
After exclusion of individuals with missing SF-36 data (n = 23), data from 1,262 partici-
pants were analyzed. The unweighted baseline characteristics, i.e. without taking over-
sampling of BMI ≥27 kg/m2 into account, are shown in Supplementary Table 1. Table 1 
shows the weighted baseline characteristics of the total study population and stratified 
by knee OA. These characteristics represent the population to which all subsequent re-
sults apply. Median (25th to 75th percentiles) age of the total study population was 56 years 
(51 to 61 years), BMI 27 kg/m2 (24 to 29 kg/m2), and 56% were women.
The prevalence of knee OA, including osteophytes of at least grade 1 as assessed on MR 
imaging, was 16% (95% CI 13% to 19%). The prevalence of knee OA when including only 
osteophytes of at least grade 2 was 5% (95% CI 4% to 7%). Median age and percentage 
of women were higher in individuals with knee OA. Furthermore, individuals with knee 
OA had a higher median BMI and more comorbidities as compared with participants 
without knee OA. Mean SF-36 PCS score was lower in individuals with knee OA than in 
those without (Table 1). 

Knee OA in relation to HRQOL
First, we investigated the association between knee OA and PCS score (Table 2). The 
crude mean PCS score in individuals with knee OA was 7.4 points lower (95% CI -9.3 to 
-5.4) than in individuals without knee OA. After adjustment for age, sex, and the assessed 
risk factors, the mean difference in PCS score between individuals with and without OA 
was -6.2 points (95% CI -8.0 to -4.4).
Sensitivity analysis, including fat mass as specific measure of adiposity instead of BMI 
as robust measure of obesity, provided the same mean difference in PCS score between 
individuals with and without OA (-6.2 points (95% CI -8.1 to -4.4)). Sensitivity analyses, 
including knee OA based on osteophytes of at least grade 2 instead of all observed oste-
ophytes, yielded similar results.
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 Table 1. Baseline characteristics of the NEO study population

Total population Knee OA 
(prevalence 16%)

No knee OA 
(prevalence 84%)

Age (years) 56 (51-61) 57 (53-61) 56 (50-61)

Sex (% women) 56 61 55

Education (high) 38 34 39

Profession (high 
physically demanding)

10 10 9

BMI (kg/m2) 26.7 (23.8-29.4) 27.1 (24.8-30.7) 26.6 (23.4-29.2)

FFM (kg) Men 74.7 (71.2-79.3) 74.7 (71.4-79.0) 74.8 (71.2-79.3)

Women 61.6 (57.2-66.7) 59.8 (55.2-63.7) 61.7 (57.4-67.3)

Comorbidities 14 24 13

- Cardiovascular disease 6 8 5

- Cerebrovascular accident 3 2 3

- Diabetes 7 12 6

- Lung disease 4 9 2

SF-36 MCS score 51.5 ± 8.7 51.2 ± 9.9 51.5 ± 8.5

SF-36 PCS score 53.0 ± 8.6 46.9 ± 9.5 54.2 ± 7.9

Values are the percentage, median (25th to 75th percentiles), or mean ± SD. Results are based on weighted analyses 
of the study population (n = 1,262). 
BMI, body mass index; FFM, fat-free mass; MCS, mental component summary; NEO, Netherlands Epidemiology of 
Obesity; OA, osteoarthritis; PCS, physical component summary; SF-36, Short Form 36 health survey.

 Table 2. Association of knee OA with PCS score in 1,262 participants of the NEO study

Mean difference PCS score 95% CI

Crude -7.4 -9.3, -5.4

Adjusted for age and sex -7.2 -9.1, -5.3

Adjusted for age, sex, and BMI -6.5 -8.3, -4.7

Adjusted for age, sex, and FFM -6.7 -8.4, -4.9

Adjusted for age, sex, and comorbidities -6.6 -8.5, -4.8

Adjusted for age, sex, BMI, FFM, and comorbidities -6.2 -8.0, -4.4

Results are based on weighted analyses of the study population. 
BMI, body mass index; FFM, fat-free mass; CI, confidence interval; NEO, Netherlands Epidemiology of Obesity; OA, 
osteoarthritis; PCS, physical component summary.

6
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Interaction between knee OA and its risk factors in relation to HRQOL
Next, we investigated whether knee OA interacts with obesity, low FFM, or comorbidities 
in relation to HRQOL. In men, a significant interaction term (P = 0.002) was observed 
between the presence of knee OA and low FFM in relation to HRQOL. There was no inter-
action between knee OA and obesity and knee OA and comorbidities. When performing 
a sensitivity analysis including fat mass instead of BMI, again no interaction with presence 
of knee OA was observed in relation to HRQOL. Sensitivity analyses including knee OA 
based on osteophytes of at least grade 2 instead of all observed osteophytes provided 
similar results.
Table 3 shows the mean PCS score stratified by presence of knee OA and BMI categories, 
as well as the adjusted mean difference in PCS score between the strata, using individuals 
with a normal weight and without knee OA as reference. The adjusted mean difference 
in PCS score due to the presence of only knee OA (within normal weight individuals) was 
-5.3 points (95% CI -9.9 to -0.6), the difference in PCS score due to presence of obesity 
within individuals without knee OA was -2.6 points (95% CI -5.2 to -0.02). When knee OA 
and obesity concurred, the mean PCS score was -9.4 (95% CI -12.3 to -6.4). 

Table 4 shows the mean PCS score and adjusted difference stratified by presence of knee 
OA and tertiles of percentage FFM, separately in men and women. In men with knee OA 
in the lowest tertile of FFM the mean PCS score was 10.2 (95% CI -14.6 to -5.8) points 
lower than in the reference category. If no interaction would have been present we would 
expect a lower PCS score of 3.7 points in men with knee OA (-0.7 points) and in the low-
est tertile of FFM (-3.0 points). However, as illustrated in Figure 1, the decrease in mean 
PCS score between men with concurring knee OA and low FFM as compared with the 
reference category is higher (-10.2 points) than the summed decreases due to only knee 
OA or low FFM (-3.7 points). In absence of bias, the additional 64% (6.5 of 10.2 points) 
of the decrease in PCS score can be attributed to interaction between knee OA and low 
percentage FFM. No such association was observed in women.
 

Table 3. PCS mean score and difference, stratified by knee OA and BMI category

PCS score (mean ± SD) Mean difference PCS score (95%CI)*

BMI No knee OA Knee OA No knee OA Knee OA

< 25 kg/m2 56.1 ± 6.4 50.4 ± 8.7 reference -5.3 (-9.9, -0.6)

25-30 kg/m2 54.2 ± 8.0 46.8 ± 9.3 -0.9 (-2.8, 1.0) -7.5 (-10.4, -4.6)

>30 kg/m2 50.8 ± 9.2 43.4 ± 9.7 -2.6 (-5.2, -0.02) -9.4 (-12.3, -6.4)

Results are based on weighted analyses of the study population (n = 1,262). 
* As compared with reference (BMI <25 kg/m2, without knee OA), adjusted for age, sex, comorbidities, and per-
centage FFM.
BMI, body mass index; CI, confidence interval, OA, osteoarthritis; PCS, physical component summary.
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Figure 1. Adjusted decrease in mean physical component summary (PCS) score in men with knee osteoarthritis 
(OA), low FFM (FFM), or both, compared with men without knee OA and high FFM: decrease due to knee OA 
(white), decrease due to low FFM (gray), and additional decrease in PCS score due to interaction between concur-
ring knee OA and low FFM (dark gray). The broken  line indicates exact additivity of effects. Results are based on 
weighted analyses of the study population, adjusted for age, sex, comorbidities, and body mass index.

Table 4. PCS mean score and difference, stratified by knee OA and percentage fat-free mass separately in men and 
women

PCS score (mean ± SD) Mean difference PCS score (95%CI)*

FFM (%) No knee OA Knee OA No knee OA Knee OA

Men#

Highest tertile 57.3 ± 6.1 56.3 ± 3.6 reference -0.7 (-2.9, 1.5)

Middle tertile 54.7 ± 7.5 44.6 ± 8.3 -2.7 (-5.2, -0.1) -11.8 (-17.1, -6.6)

Lowest  tertile 53.2 ± 8.0 45.2 ± 10.7 -3.0 (-5.8, -0.2) -10.2 (-14.6, -5.8)

Women§

Highest tertile 55.4 ± 7.1 46.2 ± 9.8 reference -9.5 (-18.0, -1.0)

Middle tertile 55.1 ± 7.3 48.9 ± 8.8 1.5 (-1.1, 4.2) -4.4 (-9.1, 0.3)

Lowest  tertile 51.2 ± 9.2 44.5 ± 9.5 0.7 (-2.3, 3.6) -5.0 (-8.8, -1.3)

Results are based on weighted analyses of the study population (n = 568 for men, n = 694 for women). 
* As compared with reference (BMI <25 kg/m2, without knee OA), adjusted for age, comorbidities, and BMI. 
# Men: highest tertile ≥73.2%, middle tertile 68.7-73.1%, lowest tertile <68.7%.
§ Women: highest tertile ≥58.7%, middle tertile 54.5-58.6%, lowest tertile <54.5%.
BMI, body mass index; CI, confidence interval; FFM, fat-free mass; OA, osteoarthritis; PCS, physical component 
summary.

6



502331-L-bw-Visser502331-L-bw-Visser502331-L-bw-Visser502331-L-bw-Visser

90   

Finally, Table 5 shows the PCS score stratified by presence of knee OA and presence of 
comorbidities. The adjusted difference in mean PCS score was -6.6 points (95% CI -8.7 to 
-4.5) due to presence of knee OA and -4.4 points (95% CI -6.2 to -2.7) due to comorbid-
ities. When knee OA and comorbidities concurred, mean PCS score was 9.1 points lower 
(95% CI -12.6 to -5.7) as compared with the reference category. 

DISCUSSION

This study aimed at evaluating the interaction between knee OA and its risk factors obe-
sity, low percentage FFM (as proxy for muscle mass), and comorbidities in their associa-
tion with HRQOL, measured by the PCS score. After adjusting for age and sex, the mean 
PCS score was observed to be 6.2 points lower in individuals with knee OA than in those 
without. Because 2.5 to 5.0 points difference in PCS score has been described as the 
minimum clinically important difference in arthritis patients,27 the observed decrease is 
clinically relevant.  
When knee OA concurred with obesity, low FFM, and comorbidities, interaction was ob-
served between knee OA and low percentage FFM in men, but not with the other risk 
factors.
Although knee OA and its assessed risk factors have been related to impairment of 
HRQOL before, this study is the first showing that knee OA may interact with FFM in its 
relation with HRQOL in a population-based cohort. To our knowledge, an interaction of 
knee OA with low FFM in relation to HRQOL has not been described before. 
The presence of knee OA together with low FFM was associated with a larger impairment 
of HRQOL than would be expected on the basis of the separate associations of knee OA 
and low FFM with HRQOL. This observation suggests that concurrence of knee OA and 
low FFM may result in strengthening of their separate adverse associations with HRQOL. 
Therefore, it will be of importance to increase FFM in knee OA patients. Although dis-
ease-modifying treatment is not yet available for knee OA, the decreased HRQOL in knee 
OA patients may be prevented by interventions aiming at obesity and the amount of 
FFM (i.e., reducing weight and strengthening of muscle). Although to a lesser extent, pre-
vention, but also strict control and treatment of comorbidities may maintain or improve 
HRQOL in knee OA patients. 
Our results are supported by a recent study of Messier et al., showing that reducing 
weight and performing exercises improved HRQOL within knee OA patients.18 The knowl-
edge that exercising reduces pain and improves physical function in knee OA patients 

Table 5. PCS mean score and difference, stratified by knee OA and comorbidities

PCS score (mean ± SD) Mean difference PCS score (95%CI)*

Comorbidities No knee OA Knee OA No knee OA Knee OA

Absent 54.9 ± 7.5 47.7 ± 9.1 reference -6.6 (-8.7, -4.5)

Present 49.4 ± 9.0 44.1 ± 10.5 -4.4 (-6.2, -2.7) -9.1 (-12.6, -5.7)

Results are based on weighted analyses of the study population (n = 1,262). Comorbidities include cardiovascular 
disease, cerebrovascular accident, diabetes and lung disease. 
*As compared with reference (BMI <25 kg/m2, without knee OA), adjusted for age, sex, percentage FFM, and BMI.
CI, confidence interval; OA, osteoarthritis; PCS, Physical Component Summary.
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may provide an explanation.33 The effect of prevention or treatment of comorbidities on 
HRQOL in knee OA patients has not been evaluated in a longitudinal study. 
In the present study, analyses on FFM were stratified by sex because of the large differ-
ences in amount of FFM between men and women. Although previous studies on proxies 
for muscle mass in relation to HRQOL did not assess men and women separately, our 
study underscores the utility of sex-stratified analyses. Different results were observed 
for men and women, as percentage FFM was associated with impaired HRQOL only in 
men. Within women, the most impaired HRQOL was observed in individuals with knee 
OA in the highest tertile of FFM. The underlying mechanism for the observed difference 
is not clear. The amount and intensity of physical activity, probably related to the amount 
of muscle mass and to HRQOL, may be higher in men than in women. However, additional 
adjustment for physical activity did not change the results (data not shown). In addition to 
the observed importance of FFM for HRQOL in men, we observed a stronger association 
between the amount of muscle mass and presence of knee OA in men than in women in 
a previous study.34 Perhaps, the role of muscle mass in both the pathogenesis of knee OA 
and HRQOL is different between men and women.
A strength of this study is the size of the study population. However, since this is an 
observational cross-sectional study, residual confounding may still be present. Since the 
direction of associations cannot be determined, reverse causation may be present. Al-
though several determinants have been measured in this study, not all determinants that 
may affect quality of life in knee OA patients could be accounted for. An example of such 
a determinant is the presence and severity of chronic pain.
Knee OA was defined based on the presence of osteophytes assessed by MR imaging 
instead of, as incorporated in the original ACR criteria, by radiography. Since MR imaging 
is a more sensitive tool for detection of osteophytes,35 it could be that we observed more 
osteophytes than would be detected by radiography, leading to a higher prevalence of 
knee OA. Therefore, we repeated all analyses including knee OA based on the presence 
of osteophytes of at least 3 mm (defined as grade 2 and 3) instead of all observed osteo-
phytes. These analyses did not change the results. 
We did have MR images of the right knee only. The presence of OA of the left knee (or 
presence of bilateral knee OA) could therefore not be assessed.
Another limitation is that we did not have information regarding the actual amount of 
muscle mass or muscle strength. However, FFM consists for a substantial part of muscle 
mass and has been shown to be correlated with both muscle mass and muscle strength.36 
Therefore the percentage FFM is a valuable proxy for muscle mass. 
Although we mentioned low muscle mass as a risk factor for knee OA in this study, it may 
also be a consequence of knee OA because of disuse of muscles due to OA associated 
knee pain. However, the association between low FFM and impaired HRQOL within knee 
OA patients applies to all men with knee OA, independent of having low muscle mass as 
cause or consequence of their knee OA. We also did not have information on history of 
knee injury, which may act as a confounder in the association between muscle mass and 
knee OA.

6
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Finally, the presence of comorbidities was based on self-report; unfortunately we did 
not have information of medical records to check the reliability of the reported comor-
bidities. However, studies on agreement of self-report and medical record data showed 
substantial agreement for most of the assessed comorbidities.37-39

In conclusion, this study confirms that knee OA is associated with impaired HRQOL. Addi-
tional impairment of HRQOL was observed in men because of interaction between con-
curring knee OA and low FFM. No such interaction with obesity was seen. Interventions 
aiming at prevention or treatment of obesity or comorbidities could maintain HRQOL in 
knee OA patients, and interventions aiming at increasing the percentage FFM may result 
in additional improvement of HRQOL in men with knee OA. Longitudinal research could 
help to confirm and quantify the beneficial effect of these interventions on HRQOL in 
knee OA patients. 



502331-L-bw-Visser502331-L-bw-Visser502331-L-bw-Visser502331-L-bw-Visser

  93

1. Vos T, Flaxman AD, Naghavi M, Lozano 
R, Michaud C, Ezzati M et al. Years lived 
with disability (YLDs) for 1160 sequel-
ae of 289 diseases and injuries 1990-
2010: a systematic analysis for the 
Global Burden of Disease Study 2010. 
Lancet 2012;380:2163-96.

2. Alkan BM, Fidan F, Tosun A, Ardicog-
lu O. Quality of life and self-reported 
disability in patients with knee osteo-
arthritis. Mod Rheumatol 2014;24:166-
71.

3. Woo J, Lau E, Lee P, Kwok T, Lau WC, 
Chan C et al. Impact of osteoarthri-
tis on quality of life in a Hong Kong 
Chinese population. J Rheumatol 
2004;31:2433-8.

4. Salaffi F, Carotti M, Stancati A, Grassi 
W. Health-related quality of life in old-
er adults with symptomatic hip and 
knee osteoarthritis: a comparison with 
matched healthy controls. Aging Clin 
Exp Res 2005;17:255-63.

5. Felson DT, Lawrence RC, Dieppe PA, 
Hirsch R, Helmick CG, Jordan JM et al. 
Osteoarthritis: new insights. Part 1: the 
disease and its risk factors. Ann Intern 
Med 2000;133:635-46.

6. Zhang Y and Jordan JM. Epidemiolo-
gy of osteoarthritis. Clin Geriatr Med 
2010;26:355-69.

7. Anderson JJ and Felson DT. Factors as-
sociated with osteoarthritis of the knee 
in the first national Health and Nutri-
tion Examination Survey (HANES I). 
Evidence for an association with over-
weight, race, and physical demands of 
work. Am J Epidemiol 1988;128:179-
89.

8. Anandacoomarasamy A, Caterson ID, 
Leibman S, Smith GS, Sambrook PN, 
Fransen M et al. Influence of BMI on 
health-related quality of life: compar-
ison between an obese adult cohort 

and age-matched population norms. 
Obesity (Silver Spring) 2009;17:2114-8.

9. de Zwaan M, Petersen I, Kaerber M, 
Burgmer R, Nolting B, Legenbauer T et 
al. Obesity and quality of life: a con-
trolled study of normal-weight and 
obese individuals. Psychosomatics 
2009;50:474-82.

10. Slemenda C, Brandt KD, Heilman DK, 
Mazzuca S, Braunstein EM, Katz BP et 
al. Quadriceps weakness and osteo-
arthritis of the knee. Ann Intern Med 
1997;127:97-104.

11. Villareal DT, Banks M, Siener C, Sinacore 
DR, Klein S. Physical frailty and body 
composition in obese elderly men and 
women. Obes Res 2004;12:913-20.

12. Hoeven TA, Kavousi M, Clockaerts S, 
Kerkhof HJ, van Meurs JB, Franco O 
et al. Association of atherosclerosis 
with presence and progression of os-
teoarthritis: the Rotterdam Study. Ann 
Rheum Dis 2013;72:646-51.

13. Nieves-Plaza M, Castro-Santana LE, 
Font YM, Mayor AM, Vila LM. Associ-
ation of hand or knee osteoarthritis 
with diabetes mellitus in a population 
of Hispanics from Puerto Rico. J Clin 
Rheumatol 2013;19:1-6.

14. Stewart AL, Greenfield S, Hays RD, 
Wells K, Rogers WH, Berry SD et al. 
Functional status and well-being of 
patients with chronic conditions. Re-
sults from the Medical Outcomes 
Study. JAMA 1989;262:907-13.

15. van Dijk GM, Veenhof C, Schellevis F, 
Hulsmans H, Bakker JP, Arwert H et al. 
Comorbidity, limitations in activities 
and pain in patients with osteoarthritis 
of the hip or knee. BMC Musculoskelet 
Disord 2008;9:95.

16. Ackerman IN and Osborne RH. Obesity 
and increased burden of hip and knee 
joint disease in Australia: results from 

REFERENCES

6



502331-L-bw-Visser502331-L-bw-Visser502331-L-bw-Visser502331-L-bw-Visser

94   

a national survey. BMC Musculoskelet 
Disord 2012;13:254.

17. Tuominen U, Blom M, Hirvonen J, 
Seitsalo S, Lehto M, Paavolainen P 
et al. The effect of co-morbidities on 
health-related quality of life in patients 
placed on the waiting list for total joint 
replacement. Health Qual Life Out-
comes 2007;5:16.

18. Messier SP, Mihalko SL, Legault C, Mill-
er GD, Nicklas BJ, DeVita P et al. Effects 
of intensive diet and exercise on knee 
joint loads, inflammation, and clini-
cal outcomes among overweight and 
obese adults with knee osteoarthri-
tis: the IDEA randomized clinical trial. 
JAMA 2013;310:1263-73.

19. de Mutsert R, den Heijer M, Rabelink 
TJ, Smit JW, Romijn JA, Jukema JW et 
al. The Netherlands Epidemiology of 
Obesity (NEO) study: study design 
and data collection. Eur J Epidemiol 
2013;28:513-23.

20. de Zwart BC, Broersen JP, van der 
Beek AJ, Frings-Dresen MH, Van Dijk 
FJ. Occupational classification accord-
ing to work demands: an evaluation 
study. Int J Occup Med Environ Health 
1997;10:283-95.

21. Altman R, Asch E, Bloch D, Bole G, 
Borenstein D, Brandt K et al. Develop-
ment of criteria for the classification 
and reporting of osteoarthritis. Clas-
sification of osteoarthritis of the knee. 
Diagnostic and Therapeutic Criteria 
Committee of the American Rheu-
matism Association. Arthritis Rheum 
1986;29:1039-49.

22. Kornaat PR, Ceulemans RY, Kroon HM, 
Riyazi N, Kloppenburg M, Carter WO 
et al. MRI assessment of knee osteo-
arthritis: Knee Osteoarthritis Scoring 
System (KOSS)--inter-observer and in-
tra-observer reproducibility of a com-
partment-based scoring system. Skel-
etal Radiol 2005;34:95-102.

23. Ritchie JD, Miller CK, Smiciklas-Wright 
H. Tanita foot-to-foot bioelectrical 
impedance analysis system validat-
ed in older adults. J Am Diet Assoc 
2005;105:1617-9.

24. Janssen I, Heymsfield SB, Wang ZM, 
Ross R. Skeletal muscle mass and 
distribution in 468 men and women 
aged 18-88 yr. J Appl Physiol (1985 ) 
2000;89:81-8.

25. Aaronson NK, Muller M, Cohen PD, Es-
sink-Bot ML, Fekkes M, Sanderman R 
et al. Translation, validation, and norm-
ing of the Dutch language version of 
the SF-36 Health Survey in community 
and chronic disease populations. J Clin 
Epidemiol 1998;51:1055-68.

26. Ware JE, Jr. and Sherbourne CD. The 
MOS 36-item short-form health survey 
(SF-36). I. Conceptual framework and 
item selection. Med Care 1992;30:473-
83.

27. Kosinski M, Zhao SZ, Dedhiya S, Oster-
haus JT, Ware JE, Jr. Determining min-
imally important changes in generic 
and disease-specific health-related 
quality of life questionnaires in clinical 
trials of rheumatoid arthritis. Arthritis 
Rheum 2000;43:1478-87.

28. Korn EL and Graubard BI. Epidemiolog-
ic studies utilizing surveys: accounting 
for the sampling design. Am J Public 
Health 1991;81:1166-73.

29. Lumley T. Analysis of complex survey 
samples. 2004. http://www.jstatsoft.
org/v09/i08/paper

30. Misisterie van VWS. Hoeveel mensen 
hebben overgewicht? 2013. http://
www.rivm.nl/ nldemaat 

31. Vandenbroucke JP, Von EE, Altman DG, 
Gotzsche PC, Mulrow CD, Pocock SJ 
et al. Strengthening the Reporting of 
Observational Studies in Epidemiology 
(STROBE): explanation and elabora-
tion. PLoS Med 2007;4:e297.

32. 



502331-L-bw-Visser502331-L-bw-Visser502331-L-bw-Visser502331-L-bw-Visser

  95

33. de Mutsert R, de Jager DJ, Jager KJ, 
Zoccali C, Dekker FW. Interaction on 
an additive scale. Nephron Clin Pract 
2011;119:c154-c157.

34. Fransen M and McConnell S. Exercise 
for osteoarthritis of the knee. Cochrane 
Database Syst Rev 2008;CD004376.

35. Visser AW, de Mutsert R, Loef M, le 
Cessie S, den Heijer M, Bloem JL et 
al. The role of fat mass and skeletal 
muscle mass in knee osteoarthritis 
is different for men and women: the 
NEO study. Osteoarthritis Cartilage 
2014;22:197-202.

36. Guermazi A, Niu J, Hayashi D, Roemer 
FW, Englund M, Neogi T et al. Preva-
lence of abnormalities in knees de-
tected by MRI in adults without knee 
osteoarthritis: population based ob-
servational study (Framingham Osteo-
arthritis Study). BMJ 2012;345:e5339.

37. Lafortuna CL, Maffiuletti NA, Agosti F, 
Sartorio A. Gender variations of body 
composition, muscle strength and 
power output in morbid obesity. Int J 
Obes (Lond) 2005;29:833-41.

38. Haapanen N, Miilunpalo S, Pasanen 
M, Oja P, Vuori I. Agreement between 
questionnaire data and medical re-
cords of chronic diseases in mid-
dle-aged and elderly Finnish men and 
women. Am J Epidemiol 1997;145:762-
9.

39. Okura Y, Urban LH, Mahoney DW, Ja-
cobsen SJ, Rodeheffer RJ. Agreement 
between self-report questionnaires 
and medical record data was sub-
stantial for diabetes, hypertension, 
myocardial infarction and stroke but 
not for heart failure. J Clin Epidemiol 
2004;57:1096-103.

40. Machon M, Arriola L, Larranaga N, 
Amiano P, Moreno-Iribas C, Agudo A 
et al. Validity of self-reported prevalent 
cases of stroke and acute myocardial 
infarction in the Spanish cohort of the 
EPIC study. J Epidemiol Community 
Health 2013;67:71-5. 

6



502331-L-bw-Visser502331-L-bw-Visser502331-L-bw-Visser502331-L-bw-Visser

96   

Supplementary table. Unweighted baseline characteristics of 1,262 participants of the NEO study with an over-
sampling of BMI ≥ 27 kg/m2

Total population 
n = 1,262

Knee OA 
n = 229

No knee OA 
n = 1,033

Age (year) 56 (50-61) 57 (53-61) 56 (50-61)

Sex (% women) 55 66 52

Education (% high) 32 31 32

Profession (% high physically demanding) 12 11 12

BMI (kg/m2) 30.0 (27.9-33.0) 31.0 (28.3-34.3) 29.9 (27.8-32.6)

FFM (kg) Men 71.3 (67.6-74.5) 70.6 (67.4-73.8) 71.5 (67.8-74.5)

Women 56.6 (53.5-59.9) 55.8 (52.4-58.7) 56.8 (53.7-60.1)

Comorbidities (%) 20 30 18

- Cardiovascular disease 7 8 6

- Cerebrovascular accident 2 2 2

- Diabetes 11 15 10

- Lung disease 7 15 4

SF-36 MCS score 50.5 ± 9.5 50.8 ± 10.2 50.4 ± 9.4

SF-36 PCS score 51.2 ± 9.4 44.9 ± 9.7 52.6 ± 8.7

Values are the percentage, median (25th to 75th percentiles), or mean ± SD. 
BMI, body mass index; FFM, fat-free mass; MCS, mental component summary; NEO, Netherlands Epidemiology of 
Obesity; OA, osteoarthritis; PCS, physical component summary; SF-36, Short Form 36 health survey.


