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Abstract Greater body mass index (BMI) is associated
with a greater risk of osteoarthritis (OA). This study sought
to investigate whether the association is mediated by fat
mass or lean mass. The study involved 170 men and 488
women aged between 20 and 90 (average age: 55) who
were randomly recruited from Ho Chi Minh City, Vietnam.
The presence of knee OA was radiographically diagnosed
based on the Kellgren—Lawrence criteria. Lean mass (LM)
and fat mass (FM) were obtained from the DXA whole
body scan (Hologic QDR-4500). The relationship between
OA, LM, and FM was analyzed by a series of multiple
linear regression models which take into account the
effects of gender and age. As expected, men and women
with knee OA were older than those without OA (65 vs
51 year in men, and 64 vs 52 year in women). After
adjusting for age, OA was associated with greater FM and
percent body fat (PBF), but the association was only
observed in women, not in men. There was no statistically
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significant difference in LM between OA and non-OA
individuals. Moreover, after adjusting for age and BMI or
PBF, bone density in OA patients was not significantly
different from non-OA individuals. Women with OA of the
knee have greater fat mass than non-OA individuals, and
that there is no significant difference in bone density
between OA and non-OA individuals. Thus, the association
between body mass index and OA is mainly mediated by
fat mass.

Keywords Osteoarthritis - Bone mineral density - Body
composition - Body mass index

Introduction

Osteoarthritis (OA) is a common skeletal disorder in the
general population. Approximately 10 % of men and 20 %
of women of Caucasian background have symptomatic OA
[1]. However, the prevalence of (asymptomatic) radio-
graphic OA is higher, with estimates ranging between 27
and 80 % [2]. A recent analysis of data from the National
Health and Nutrition Examination Survey III (NHANES
IIT) found that approximately 35 % of women and men
aged 60 years and above had radiographic OA of the knee
[3]. We have undertaken a study of the Vietnamese pop-
ulation, and found that approximately 31 % of men and
35 % of women have evidence of radiographic OA of the
knee [4]. With the rapid aging of population, it is expected
that the prevalence of OA in the general community will
impose a significant public health burden in the future.
The etiology of OA of the knee is complex, and several
risk factors have been identified to be associated with the
disease. High BMI is a well-known risk factor for both the
onset [5-7] and progression of OA [8, 9]. However, BMI
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cannot distinguish between whole body lean mass and fat
mass, and which of the two components is related to OA
risk is not known. Some studies have found that high BMD
is also associated with a greater risk of OA at the knee and
hip [10-12]. However, BMD is associated with BMI or
body fat mass, and it is not clear whether the association
between BMD and OA is mediated through fat mass.

We hypothesized that individuals with OA of the knee
have greater whole body fat mass, not lean mass, than
individuals without OA. In this study, we sought to test the
hypothesis by determining the relationship between body
composition parameters, bone density, and the risk of OA
of the knee in a group of well-characterized individuals.

Study Design and Methods

The study was designed as a cross-sectional investigation,
with the setting being Ho Chi Minh City, a major city in
Vietnam. The study procedure and protocol of data col-
lection have been described previously [4]. Briefly, we
approached community organizations, including church
and temples, and obtained the list of members aged
18 years and above. In the next step, we used a computer
program to randomly select individuals in the list. We
used simple random sampling technique to identify
potential participants. We sent a letter of invitation to the
selected individuals. Some participants (approximately
5 %) did not respond to our letter of invitation, and we
contacted them via phone. The participants did not
receive any financial incentive, but they received a free
health check-up and lipid analyses. Participants were
excluded from the study if they had rheumatoid arthritis.
In this report, we included participants aged 40 years and
older because OA of the knee mainly affects people in
that age range [13].

Based on the previous literature, we assumed that the
prevalence of knee OA is around 30 %, and with a mar-
ginal error of 5 %, we estimated that a sample size of 323
individuals would be required to have an 80 % chance to
detect the prevalence.

Data Collection

All participants underwent a detailed investigation to
obtain the following baseline data: a standardized interview
gathered information on demographic data, lifestyle, and
nutritional status. Anthropometric parameters including
age, weight, standing height were obtained. Body weight
was measured on an electronic scale with indoor clothing
without shoes. Height was determined without shoes on a
portable stadiometer with mandible plane parallel to the
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floor. Body mass index (BMI) was calculated as weight in
kg over height in meter squared.

Each participant was asked to provide information on
current and past smoking habits. Smoking was quantified
in terms of the number of pack-years consumed in each
ten-year interval age group. Alcohol intake in average
numbers of standard drinks per day, at present as well as
within the last 5 years, was obtained. Clinical data
including blood pressure, pulse, and reproductive history
(i.e., parity, age of menarche, and age of menopause),
medical history (i.e., previous fracture, previous and
current use of pharmacological therapies) were also
obtained. The interview was conducted by the research
team which included doctors and nurses who were com-
pletely blind to radiographs.

Assessment of OA

Knee radiographs were taken using semi-flexed with the
participant standing, using the General Electric radio-
graphic equipment (General Electric Medical Systems,
Milwaukee, WI) and Kodak film. The ascertainment of OA
was based on radiographic assessment using the Kellgren—
Lawrence scoring system which is recommended by the
WHO as a standard method for studying OA in epidemi-
ologic studies [14]. Anterior-posterior radiographs of both
knees were taken from all participants. Radiographs were
read by a single rheumatologist (LHP) who was completely
unaware of the clinical conditions of participants. In each
knee, the presence or absence of osteophytes, joint space
narrowing, sclerosis, and cysts was examined for each hand
joint using the Kellgren—-Lawrence system of scoring:
0 = none, 1 = possible osteophytes only, 2 = definite
osteophytes and possible joint space narrowing, and
4 = large osteophytes, severe joint space narrowing, and/
or bony sclerosis. The presence of radiographic OA was
defined if the grade was 2 or more in at least one joint.

Measurement of Body Composition and Bone
Density

Body composition, including lean mass, fat mass, and bone
mineral density, was measured by the dual energy X-ray
absorptiometry densitometer (Hologic QDR 4500, Hologic,
Inc., Waltham, Massachusetts). BMD was measured at the
lumbar spine, femoral neck, and whole body. The densit-
ometer was standardized by a standard phantom before
each measurement was undertaken. Fat mass was expres-
sed as percentage of body weight to derive the “tradi-
tional” PBF. In addition, we derived the lean mass index
(LMI) as the ratio of lean mass (in kg) over the squared
body height (in m?).
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Data Analysis

We conducted both descriptive and inferential analyses
according to a pre-conceived plan. In the descriptive
analysis, we computed mean and standard deviation for
each continuous variable by OA status. The difference
between OA patients and non-OA participants was tested
by the unpaired ¢ test for normally distributed data or Chi-
square test for categorical data. In addition, we used the
analysis of covariance (ANCOVA) model to test the
hypothesis of equivalence in body composition between
OA and non-OA participants. In this ANCOVA model,
body composition parameters were considered outcomes,
and age was considered the covariate.

In the logistic regression analysis, the presence or
absence of OA was considered the outcome variable, while
age, fat mass, and lean mass were independent predictors.
We considered three alternative models: model I includes
age, fat mass, and lean mass; model II includes age, percent
body fat, and lean mass index; and model III includes age
and body mass index. The strength of association between
each predictor and OA risk was estimated by the odds ratio
(OR) with 95 % confidence interval per unit increase in
each variable. The statistical significance of each predictor
was assessed by the standard likelihood-ratio test, which
compares the deviance of the predictor with that of the null
model on a Chi-squared distribution. In addition, we
assessed the model discrimination by computing the
c-statistic which is can be interpreted as area under of the
receiver operating characteristic curve. All analyses were
done with the R statistical environment [15].

Results

As reported previously, the prevalence of radiographic OA
of the knee in this population was 32 % (n = 53/170) in
men and 36 % (n = 176/488) in women [4]. Basic clinical
and demographic characteristics of participants classified
by OA status are shown in Table 1. As expected, men and
women with OA were older than those without OA. In
men, there was no statistically significant difference in
BMI and fat mass between OA and non-OA group. How-
ever, in women, the OA group had statistically greater
BMI, fat mass, and percent body fat than the non-OA
group. There was no statistically significant difference in
lean mass between OA and non-OA group.

Bone Mineral Density and Osteoarthritis
In univariate analysis, individuals with OA had signifi-

cantly lower lumbar spine and femoral neck BMD than
non-OA individuals, and the difference was around

0.06 g/cm? (Table 1). However, after adjusting for age,
the difference in BMD between OA and non-OA indi-
viduals was no longer statistically significant for both
men and women. The result remained virtually unchan-
ged after adjustment for fat mass or percent body fat.

Body Composition and Osteoarthritis

The relationship between body composition and OA of the
knee was gender dependent. In women, for any given age,
those with OA of the knee had greater fat mass (Fig. 1),
greater percent body fat, and greater lean mass or lean mass
index than those without OA. The age-adjusted difference
in fat mass was 1.8 kg (95 % CI 0.8-2.7 kg), slightly
higher than the age-adjusted difference in lean mass
(1.1 kg; 95 % CI 0.2-1.8 kg) (Table 2). In men, although
individuals with OA of the knee also had greater fat mass
and lean mass than those without OA, the difference did
not reach a statistical significance.

In the logistic regression model (Table 3), increased
odds of OA in women was significantly associated with
greater fat mass and advancing age. However, when fat
mass was replaced with the percent body fat, and lean mass
was replaced with the lean mass index (model II), both
percent body fat and lean mass index were significant
associated with OA. Moreover, in model III, both age and
body mass index were significantly associated with OA.
The c-index of the three models was approximately 0.80
(Fig. 2).

When the three logistic regression models were applied
in men, only age was a significant predictor of OA. Fat
mass, percent body fat, lean mass, lean mass index, and
body mass index were not statistically associated with OA.

Discussion

While it has been well established that OA patients have a
greater body weight or body mass index than non-OA
individuals, it has not been clear whether this difference is
due to lean mass and fat mass. In this study, we have
demonstrated that in women, the risk of knee OA was
associated with greater whole body fat mass, but not lean
mass; interestingly, in men neither fat mass or lean mass
was associated with OA of the knee. Moreover, OA and
non-OA individuals have similar age-adjusted BMD. These
findings deserve further elaboration.

Few studies have examined the association between
body composition and OA of the knee [16—19]. However,
our finding of association between fat mass and OA of the
knee confirms a previous observation that knee OA
patients had greater fat mass than non-OA people [20]. In
our study, the magnitude of association between fat mass
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Table 1 Basic characteristics

of 170 men and 488 women in Gender/variable OA of the knee Non-OA P value

the study stratified by OA status Women N =176 N = 316
Age (year) 63.9 (10.5) 51.5 (11.4) <0.0001
Weight (kg) 54.6 (7.7) 522 (7.2) 0.0008
Height (cm) 151.9 (5.6) 153.9 (4.8) <0.0001
Body mass index (kg/mz) 23.6 (2.9) 22.0 (2.8) <0.0001
Lumbar spine BMD 0.81 (0.16) 0.90 (0.15) <0.0001
Femoral neck BMD 0.62 (0.12) 0.68 (0.11) <0.0001
Lean mass (kg) 32.7 (3.8) 32.3 (3.8) 0.264
Lean mass index (kg/mz) 14.2 (1.36) 13.6 (1.33) <0.0001
Fat mass (kg) 20.2 (4.9) 17.9 (4.2) <0.0001
Percent body fat (%) 36.7 (4.7) 34.3 (4.8) <0.0001

Men N=353 N =117

Age (year) 65.1 (12.4) 50.5 (15.2) <0.0001
Weight (kg) 61.5 (8.0) 62.5 (9.6) 0.480
Height (cm) 162.3 (5.3) 164.2 (5.8) 0.038
Body mass index (kg/m?) 23.3 (2.7) 23.2 (3.4) 0.837
Lumbar spine BMD 0.90 (0.15) 0.93 (0.13) 0.211
Femoral neck BMD 0.68 (0.13) 0.74 (0.14) 0.008
Lean mass (kg) 42.3 (4.8) 439 (5.9) 0.064
Lean mass index (kg/mz) 16.0 (1.64) 16.3 (2.08) 0.498
Fat mass (kg) 15.8 (4.1) 15.3 (5.0) 0.494
Percent body fat (%) 26.0 (4.7) 24.5 (5.5) 0.070

Values shown are mean and standard deviation (in brackets). P values were calculated on the basis of test
for difference between OA and non-OA groups
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Fig. 1 Relationship between age and fat mass in women (left panel) and men (right panel)
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;E: Zglfnzsséfs;laijc? rfeteiifl?;rrarlllass’ Gender/variable OA of the knee Non-OA Difference and 95 % CI P value

density in patients with OA of Women

the knee and controls
Lean mass (kg) 33.1 (0.31) 32.0 (0.22) 1.1 (0.2, 1.8) 0.011
Fat mass (kg) 19.9 (0.37) 18.1 (0.26) 1.8 (0.8, 2.7) <0.001
Lean mass index (kg/mz) 14.1 (0.11) 13.6 (0.08) 0.55 (0.27, 0.82) 0.0002
Percent body fat (%) 36.00 (0.39) 34.7 (0.28) 1.3 (0.3, 2.3) 0.008
Femoral neck BMD 0.66 (0.01) 0.66 (0.01) 0.00 (—0.02, 0.02) 0.606
Lumbar spine BMD 0.87 (0.01) 0.86 (0.01) 0.00 (—0.02, 0.03) 0.693

Men

Lean mass (kg) 43.6 (0.79) 43.3 (0.51) 0.3 (—1.6,2.2) 0.770
Lean mass index (kg/mz) 16.3 (0.28) 16.2 (0.18) 0.09 (—0.60, 0.78) 0.791
Fat mass (kg) 15.6 (0.70) 15. 3 (0.45) 0.3 (—1.5, 2.0) 0.765
Percent body fat (%) 25.3 (0.76) 24.8 (0.49) 0.5(—-14,2.3) 0.632
Femoral neck BMD 0.73 (0.02) 0.71 (0.01) 0.02 (—0.02, 0.06) 0.313
Lumbar spine BMD 0.92 (0.02) 0.92 (0.01) 0.01 (—0.04, 0.05) 0.783

Values are least square means

and standard error (in brackets). Difference between groups and 95 %
confidence intervals, and P values were calculated from the analysis of covariance

Table 3 Predictors of
radiographic OA in men and
women: Results of

Gender and Risk factor

Odds ratio (OR) and 95 % CI

Women

Men

multivariable logistic regression
analysis Model 1
Age (45 year)
Fat mass (+5 kg)
Lean mass (45 kg)
c-index
Model 1T
Age (+5 year)
Percent body fat (+5 %)
Lean mass index (+1 kg/mz)
c-index
Model III
Age (45 year)
Body mass index (+1 kg/mz)

c-index

1.67 (1.49 - 1.86)
1.46 (1.10 - 1.93)
1.25 (0.89 - 1.74)
0.797

1.64 (1.46 — 1.83)
1.32 (1.05 - 1.68)
1.39 (1.18 - 1.64)
0.801

1.64 (1.47 — 1.83)
1.21 (1.11 - 1.31)
0.801

1.47 (1.25 - 1.73)
1.00 (0.63 — 1.58)
1.11 (0.72 - 1.71)
0.776

1.46 (1.25 - 1.71)
1.05 (0.73 — 1.48)
1.06 (0.87 — 1.30)
0.778

1.45 (1.26 - 1.68)
1.04 (0.92 — 1.16)
0.777

Model I considers fat mass and lean mass in absolute unit of measurement (kg). Model II considered
percent body fat and lean mass index (kg/m?). Model III includes age and body mass index

Bold values indicate statistical significance (P < 0.05)

or height-adjusted lean mass and OA is higher than the
magnitude of association between BMI and OA. It is
interesting to note that all three models, with different
ways to express fat mass and lean mass, showed virtually
the same index of discrimination (~0.80). This suggests
that in terms of prediction, body composition parameters
and body mass index yield similar predictive value.
However, BMI has more practical value than fat mass or
lean mass, since the former is an easy and inexpensive
way to measure obesity.

In this study, we found that the effect of fat mass on knee

OA was more apparent in women than in men, and this is
consistent with previous observation for BMI [21]. The
mechanism of association between fat mass and OA is not
clear, but it appears that the association may be explained by
metabolic factors [22, 23]. Another hypothesis related to
mechanical factor can also be put forward to explain the
association. Greater body fat results in an increased in force
and stress that joints are subjected to which could cause
cartilage breakdown and osteoarthritis [24].
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Fig. 2 Relationship between age and lean mass in women (left panel) and men (right panel)

The relationship between BMD and OA has been con-
troversial. The Framingham Study found that among
women, femoral neck BMD in knee OA patients was
greater than those without OA [25]; however, the associ-
ation was not adjusted for fat mass. Greater BMD was also
a risk factor for incidence of knee OA [26]. A study in
Japanese population found that in women osteoporosis
(e.g., low BMD) was associated with reduced risk of OA
[27]. However, in our study, after adjusting for age and fat
mass, there was no significant association between BMD
and knee OA. This non-significant association can be seen
by the substantial overlap in the distribution of BMD
between OA and non-OA group. The main difference
between our finding and previous findings are that we have
adjusted for fat mass, whereas previous studies did not
adjust for fat mass or BMI.

The present results have to be interpreted within the
context of strengths and potential limitations. The study
was based on a reasonably large sample size, and the
participants were randomly selected using a rigorous ran-
dom sampling technique to ensure the representativeness of
the general population. The study population is highly
homogeneous, which reduces the effects of potential con-
founders that could compromise the estimates. Neverthe-
less, the participants in this study were sampled from an
urban population; as a result, the study’s finding may not be
generalizable to the rural populations. Because we exclu-
ded individuals with diseases deemed to interfere with
bone metabolism, the prevalence of knee OA reported here
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could be an underestimate of the true prevalence in the
general population. Moreover, the Kellgren—-Lawrence
method may not be as sensitive and accurate as the MRI
technique in the diagnosis of knee OA. Finally, the study
was observational, and no causal inference could be made
from the association between BMD or fat mass and OA.

Nevertheless, our findings have important implication in
clinical practice and public health relevance. The fact that
higher body fat mass is a risk factor for OA of the knee
underlines that obesity imposes healthcare burden beyond
metabolic disorders but also skeletal disorders. Obesity is
increasingly becoming a public health problem, not just in
industrialized countries, but also in developing countries in
Asia. Thus, given the fat-OA association, it is expected
that the prevalence of OA in Asian populations will also be
increased in the near future.

In summary, these data suggest that in women, elevated
whole body fat mass, not lean mass, is a risk factor for OA
of the knee, and that there is no difference in BMD
between individuals with radiographic knee OA and those
without OA.
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