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Summary. Osteoarthritis (OA) is the most common
form of aging of the joints. The knee joint is the
key structure in the lower extremity and has much
influence on activities of daily life (ADL) and the
quality of life (QOL) in elderly persons. These
include standing, walking, running, jumping, stair
climbing, deep knee bending, such as squatting or
sitting Japanese style, and other lower extremity
tasks. Approximately 10 to 15% of people aged
60 years and older have symptomatic knee OA".
Therefore, knee OA is a major source of chronic
disability and is becoming a serious public health
problem. In order to clarify the pathomechanics of
this disease and to determine suitable preventive
strategies, detailed knowledge of the prevalence,
progression, and the risk factors associated with
knee OA is essential. This review focuses on the
epidemiology and impact of knee OA.
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Historical and representative epidemiological study
of knee osteoarthritis (OA) in the world

Studies evaluating the prevalence and risk factors of
knee OA in subjects from different races and countries
are essential to understand the disease etiology. There
have been several large population-based cross-sectional
or longitudinal epidemiological studies in the world,
primarily in the United States and European countries,
and recently in other areas including Japan and other
Asian countries.

In 1958, Lawrence investigated the prevalence of OA
in people in the Leigh and the Wensleydale areas of
Northern England. The total number of the subjects was

2296 (males: 1098, females: 1198). This cross-sectional
study included the evaluation of not only the knee
joint but also the hand, feet, cervical and lumbar spine,
and hip joint. The X-rays were evaluated according to
Kellgren's classification and the prevalence of OA was
analyzed using decennial age groups from 15-64 years.
From this study, Lawrence reported that the prevalence
of radiographic knee OA was 14% in males and 22% in
females. He also found obesity was associated with knee
OA in women, and a knee injury was associated in men®?.

Hernborg examined 244 knee OA patients in Malmo,
Sweden, and evaluated the relationship between
osteophytes and knee OA. He reported that the presence
of osteophytes in knee joints was primarily related to
age and was not necessarily an early sign of knee OA,
but was frequently observed in cases of developed knee
OA. Hernborg longitudinally investigated 94 knees OA
over an 18year period (1950-1968). In most cases, there
was a marked radiological deterioration, and 56% of the
subjects had more severe symptoms at the time of follow
up than on initial examination. He concluded that the
natural course of untreated knee OA was unfavorable
and that the prognosis of the disease seemed worse than
in hip OA**9,

From 1975 to 1978, 422 people in the Dutch town of
Zoetmeer were surveyed to study the prevalence of knee
OA and associated risk factors. Data were collected by a
self-administered questionnaire, physical examination,
radiographs, and serum analysis. A follow-up study was
performed in 1988-1989, and 73% of the subjects were re-
evaluated. In this longitudinal study, cartilage loss on the
knee radiograph was found in 34% of the subjects over a
12-year period. The adjusted odds ratio was 11.1 in for a
body mass index (BMI) greater than 27, and 3.8 for an
age older than 60 years. There was no relationship with
respect to gender, menisectomy, knee injury, uric acid
concentration, or smoking ”.
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The Framingham osteoarthritis study®'®

The Framingham Heart Study started in 1948 and
was designed to investigate factors associated with
cardiovascular disease in the adult population of
Framingham, Massachusetts in the USA. During the
period of the eighteenth biennial examination, between
1983 and 1985, a total of 1424 subjects (males: 591,
females: 833) were cross-sectionally examined by use
of medical history, physical examination, and standing
radiograph of the knee joint. The mean age of the cohort
at the baseline study was 73 years (range: 63-94 years).
Felson reported that the incidence of radiographic knee
OA increased with age, from 27% in subjects younger
than age 70 years of age, to 44% in subjects aged 80 years
or older; further, it was noted that the prevalence was
higher in women than in men (Fig.1). The prevalence of
symptomatic disease was 9.5% (11.4% in female and 6.8%
in male subject). This study focused mainly on elderly
Caucasian people, and the same cohort was longitudinally
evaluated in 1992-1993 at biennial examination 22. From
this study, the natural history as well as many risk factors
associated with the incidence or progression of knee OA
were reported. The occurrence of incident radiographic
and symptomatic disease and the progression of
prevalent knee OA were as follows; approximately 2%
of the women per year developed incident radiographic
disease, 1% per year developed symptomatic, and 4% per
year experienced progressive deterioration; these values
were 1.5%, 0.5%, and 3%, respectively, in men. The rate of
incident knee OA was 1.7 times higher in women than
in men. Obesity was a major risk factor in women, but
the relationship was not as strong as in men. Major knee
injury also had a strong relationship to knee OA, and the
relative risk was 3.46 in men and 2.18 in women. Smoking
had an unexpectedly modest protective effect against
the development of radiographic OA, but the biological
reasons for which smoking may have protected against
OA are unclear. Occupational knee bending and physical
demands contributed to the development of structural
OA in older men. As for the associations of osteoporosis
and knee OA, high bone mineral density (BMD) was
associated with an increased risk of incident radiographic
OA but a decreased risk of progression of the disease.
Recently, Felson categorized previously reported risk
factors as systemic factors, intrinsic joint vulnerabilities,
and extrinsic factors acting on joints, and described their
interactions in causing knee OA.

The first national health and nutrition examination
survey (NHANES-I) 1622

NHANES-I was a US national survey (conducted by the

National Center for Health Statistics) that was designed
to be representative of the white and black civilian, non-
institutionalized population in the USA. This study was
performed in 1975-1979, and both the interview and
examination segments were completed by 6,913 persons
aged 25-74 years. The data obtained from NHANES-
I included X-rays of knees, hips, and sacroiliac joints,
laboratory tests, anthropometric measurements, and
questionnaires about medical history and activities of
daily life (ADL). Many studies investigating the etiology
of knee OA have been reported. The prevalence of knee
OA was 4.9% in women and 2.6% in men, and the relative
risk increased with age. The prevalence of knee OA was
8.3% in men and 18% in women aged older than 65 years
(Fig.1). Bilateral knee OA was more prevalent (4.9%)
than unilateral knee OA (1.5%), and bilateral knee OA
was twice as prevalent in women. The cross-sectional
associations between radiographic knee OA and a variety
of putative risk factors were also evaluated. Obesity was
significantly associated with knee OA in both genders.
The relative risk of a BMI of more than 30 was 4.8 in
men and 5.5 in women. There was a higher prevalence
among black people than white people, especially in
black women. Diabetes was not significantly associated
with knee OA for either gender, and uric acid levels had
a slight association in women. Jobs demanding knee-
bending increased the risk of knee OA predominantly
in those age 55 years and over. The adjusted odds ratio
for the association of radiographic knee OA with knee-
bending demands of a job in persons aged more than 55
years was 2.5 in men and 3.5 in women. Smoking habits
had a modest protective effect against the development
of knee OA. The prevalence of knee OA was 7.6% in non-
smokers, 2.2% in heavy smokers, and 0.8% in very heavy
smokers. Knee injury also increased the incidence of
radiographic knee OA, and this association was especially
found in unilateral cases. The effects of metabolic factors,
such as serum cholesterol, serum uric acid, blood sugar
level, body fat distribution, bone density, and blood
pressure were analyzed in NHANES-], but they remain
unclear. In 1982-1984, NHANES-I epidemiological study
follow-up (NHEFS-I) was performed, and the data from
NHANES-I was then longitudinally evaluated. The mean
follow-up rate of NHEFS-1 was 94%. In NHEFS-I, persons
who reported knee pain and had knee OA on radiography
in NHANES-I were more likely to report difficulties
with functional activity 10 years later than those without
pain. The effect of chronic diseases—such as obesity,
hypertension, heart disease, and pulmonary disease——
on the association of knee OA with subsequent difficulty
in physical function was also longitudinally evaluated.
The strongest association with subsequent disability was
with heart disease, followed by pulmonary disease, and
then obesity. Recently NHANES- III was performed in
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Fig. 1. The prevalence of radiographic knee OA in reported epidemiological
studies. Knee OA was defined if a radiographic grade-according to the original or
modified Kellgren-Lawrence scale-of II or higher was detected. A. The prevalence

in women. B. The prevalence in men.

1992-1998, and longitudinal data concerning the etiology
of knee OA will soon be available.

The Chingford study®****®

The Chingford study was established in 1988 in outer
London UK, and 1003 women were studied with standing
knee X-rays and questionnaires about their medical
condition. The age range of the cohort was 45-64 years,
and 98% of the people were Caucasian. The prevalence

of radiographic knee OA was 12%, and 22% progressed in
the index joint in a 2-year interval (Fig.1). Obesity at the
baseline study was the most important factor related to
incident disease. No clear effects were observed for age,
physical activity, trauma episode, or the presence of hand
OA. The Chingford study also analyzed the association
between metabolic risk factors and knee OA. Raised
blood glucose, blood cholesterol, hypertension, and the
use of diuretics were significantly associated with knee
OA. Odds ratios for those risk factors were 1.95, 2.06,



4 G. OMORI:

3.02, and 2.27, respectively. No association was found
with raised triglyceride or HDL levels. The Chingford
study cohort was longitudinally evaluated in 1994, four
years after the baseline study, and 71% of the original
subjects were followed up with knee radiographs again.
Incident joint space narrowing was 12.6%, equating to
3.1% per year, and incident osteophytes developed in
13.3%, equating to 3.3% per year. No clear risk factors for
joint space narrowing were identified, but obesity was
strongly associated with osteophyte formation.

Epidemiological study of knee OA in the Asian
countries

Recently, a few epidemiological studies of knee OA were
conducted in the Asian population.

The Beijing OA study was conducted from 1997 to
2001 in Beijing, China and 1858 subjects, 755 men and
1103 women, were included. This cross-sectional study
reported that the prevalence of radiographic knee OA
was 21.5% in men and 42.8% in women over the age of
60 (Fig.1). The prevalence of symptomatic knee OA
was 5.6% in men and 15% in women. The prevalence of
radiographic knee OA of both genders increased with
age. The prevalence of lateral knee OA in women was
significantly higher than that of the Framingham study,
and prolonged squatting was a strong risk factor for knee
OA among elderly Chinese people in Beijing®*"?,

In the urban community of the Bangkok, Thai, an
epidemiological study of knee OA was conducted in 1997,
and 392 elderly people, aged more than 60 years, were
studied. The prevalence of radiographic knee OA was
34.5% and increased as a function of age. Women were
more often affected than men®.

From 1993 to 1995, the prevalence of knee OA was
studied in Al-Qaseem, Saudi Arabia. A total of 5894 adult
subjects were evaluated. The prevalence of knee OA was
13% and increased with age, amounting to 30.8% of those
aged 46-55 years and 60.6% in the age group 66-75 years.
The associations of clinical OA of the knee with females
and obesity BMI were significant®.

Epidemiological study of knee OA in Japan®"*?

In Japan, there have been several cross-sectional
studies on the prevalence and risk factors of knee OA
and, recently, a comparative study between Japanese
and Caucasians was reported. Yoshida compared the
prevalence of radiographic knee OA between women
in the Nagasaki area and in Framingham, USA from
1998 to 1999. In this study, 358 Japanese women and
655 Caucasian women aged 63 years or older were
compared. The age-specific prevalence of knee OA in
Japanese women was 35.8% in the 63-69 year range,
54% in the 70-79 year range, and 63.3% in the 80-89
year range. The age-specific prevalence in American
women was 26.5%, 36.4%, and 52.3% respectively. The
age adjusted odds ratio of Japanese women in reference
to American women was 1.96. Yoshimura analyzed the
risk factors for knee OA in the Wakayama area and the
results were compared with the study using the same
methods in the UK in 2000. In this study, 101 Japanese
women were interviewed and heavy weight, previous
knee injury, and occupational activities were associated
with incident radiographic knee OA. The odds ratio was
4.42 for obesity, 7.11 for previous knee injury, and 1.05
for occupational activity.

Matsudai Knee Osteoarthritis Survey>>3?

We conducted an extensive survey of knee OA in order
to investigate the prevalence and risk factors of the
disease in a rural Japanese population in the Niigata
area. The Matsudai Knee Osteoarthritis Survey was
a population-based historical cohort study. A baseline
survey was performed in 1979, and 1327 people (1075
women and 252 men) aged between 40 and 65 were
evaluated. The same cohort was longitudinally followed
at every 7 years from 1979 to 2000, resulting in a total
of 4 surveys with 21 years of follow-up. Data were
collected by questionnaire, physical examination, and
anteroposterior standing radiographs of both knee
joints. The questionnaire included age, gender, work
history, knee injury, or trauma of the lower extremity,

Table 1. Demographic data of the Matsudai Knee Osteoarthritis Survey
Age range Total subjects number Women Men Follow-up rate
Baseline study (1979) 40-65 1327 1075 252 81(%)
Second study (1986) 47-72 1015 831 184 80
Third study (1993) 54-79 1562 907 655 87
Fourth study (2000) 61-86 1260 711 549 73
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Fig. 2. The association between BMI and radiographic knee OA from the
cross-sectional data in the fourth Matsudai Knee Osteoarthritis Survey. BMI was
significantly increased with the progression of knee OA, especially in women.
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Fig. 3. The effect of BMI on the development of radiographic knee OA from the
longitudinal analysis of the Matsudai Knee Osteoarthritis Survey. The incidence of
radiographic knee OA was significantly increased in the obesity group in women
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walking ability, and medical history of other diseases.
The physical examination included body weight, height,
range of motion of joints (knee, ankle, and hip joint),
stability of the knee joint, and evaluation of the gait.
BMI was calculated as a parameter of obesity. A weight-
bearing knee radiograph was obtained and graded
according to a modified Kellgren-Lawrence scale, and
knee OA was defined if a radiographic grade of 2 or
higher was detected.

A total of 5164 subjects, 3524 women and 1640 men,
were involved in this survey, and the mean follow-up rate
was 80.3% (73-87%) (Table 1). Of the 5164 subjects, 558
people— 494 women and 64 men, participated in all four
surveys. The age-specific prevalence of radiographic

knee OA in women was 10% in the 40-50 year range,
20% in the 50-60 year range, 35% in the 60-70 year range,
58% in the 70-80 year range, and 80% in subjects aged
more than 80 years. In the case of men, the results
were 5%, 7%, 15%, 35%, and 55%, for the respective age
groups (Fig.1). While the prevalence of radiographic
knee OA increased with age in both men and women,
significantly higher levels were observed for women
in all age-specific groups. BMI was calculated as an
indicator of obesity, and a cross-sectional analysis of the
4th survey showed that BMI significantly increased with
subsequently higher grades of radiographic knee OA in
women (Fig.2). In this study, obesity was defined if BMI
was greater than 25.0 according to the World Health
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Table 2. Summary of reported risk factors, its influences on the knee OA, and range of relative risk

Risk factor Influence on the prevalence of radiographic knee OA Relative risk
Occupational activity Heavy knee demand, heavy lifting work 1.7-3.4
Sports activity High level, elite former athlete 1.3-6.5
Low level, recreational sports ( { risk) Insufficient data
Knee injury Ligament, cartilage, meniscus 5.2-14.0
Surgical menisectomy 2.64.8
Knee alignment Varus alignment (med knee OA) 4.0
Valgus alignment (lat knee OA) 2.0
Muscle strength Low quadriceps strength ( 1 risk) Insufficient data
Smoking Average smoking 0.7
Race Black women 2.1
Japanese 1.9
Chinese (women/men) 1.5/0.9
Obesity High BMI 3.2-34.7
Bone High BMD 1.1-2.3
Nutrients Vitamin C intake 0.3
Betacarotine 0.4
Low vitamin D 1.02-2.9
Sex hormone Estrogen use 0.3-3.3

Organization. We longitudinally evaluated 724 women
subjects who participated in both the 1% and 4™ surveys.
All subjects had a 0 or 1 of radiographic grade of the
knee joint, and they were subdivided according to their
BMI during the 1% survey. The non-obese group was
defined as BMI < 25 and the obese group as BMI > 25,
The prevalence of radiographic knee OA over a 20 year
period was significantly higher in the obese group (72.7%)
than in the non-obese group (57.4%) (Fig.3). These
cross-sectional and longitudinal data indicated that age,
gender, and obesity were risk factors for knee OA. At this
point, there are few epidemiological studies of knee OA
with longer follow up periods than the Matsudai Knee
Osteoarthritis Survey.

Discussion

The global aim of an epidemiological study is to clarify
the pathogenesis and risk factors for a disease and to
develop preventive strategies for both its incidence
and progression. Many studies have suggested that
the etiology of knee OA is complex and multifactorial.
Previously reported risk factors for knee OA have
been classified into two categories of local factors and
systemic factors. Local factors, which are specific to joint
sites and joint compartments, have received increasing
attention in natural history studies of knee OA. Local
factors may be further characterized as extrinsic or
intrinsic to the knee joint. Extrinsic factors include

physical activity and injury of the knee joint. Intrinsic
factors include knee alignment, muscle strength, joint
laxity, and proprioception. Systemic factors include
obesity, bone, nutrients, hormone related issues, and
genetic factors™***"_ In the past, epidemiological studies
mainly focused on the extrinsic factors but, in recent
years, intrinsic factors and systemic factors have begun
to receive more attention (Table 2).

Extrinsic factors in specific local factors

Physical activity:

Heavy physical work and prolonged knee bending,
squatting, or kneeling work are strongly associated with
knee OA'*™"*?_ Qccupations such as coal miners®,
dockers*’, male carpenters and floor layers* have
reported increased risk factors. A relationship between
sports or recreational physical activity and the risk of
knee OA has not been clearly demonstrated. Previous
cross-sectional and longitudinal studies indicated that
individuals who had normal joints and participated in
low-impact exercises such as jogging, walking, and
swimming, did not have an increased risk of knee OA,
but former elite athletes with high impact to the knee
joint, such as soccer players, weight lifters, and other
jumping sports athletes, may have an increased risk*®**,
Recently, a study in an Arabian country suggested that
a range of motion exercises may help to preserve the
motion arch in knee QA®Y,



Injury of the knee joint:

A number of studies reported that previous knee injury
is identified as the most important modifiable risk factor
for subsequent knee OA. The effect of knee injury is
more serious in men than in women, and more closely
associated with unilateral OA than bilateral cases'®?.
Injuries of the knee joint that include ligamentous
rupture, meniscal tear, cartilage defect, or surgical
menisectomy, often occur in the younger population and
increase the risk of incident knee OA. Older age at the
time of injury or surgery appears to predict a more rapid
deterioration to OA of the involved knee™*.

Intrinsic factors in specific local factors

Knee alignment:

The varus-valgus alignment of the knee is a key
determinant of load distribution. One study reported that
the varus alignment was associated with medial knee
OA and valgus alignment with lateral knee OA™. In the
Matsudai Knee Osteoarthritis Survey, femoro-tibial angle
(FTA) had a strong association with the radiographic
grade of knee OA*. We believe that the varus alignment
and laxity of the knee joint are the most important
mechanical factors in knee OA.

Muscle strength:

Quadriceps weakness may increase the risk of knee OA,
especially in women. Several studies reported that a
lower strength of the quadriceps was associated with a
higher incidence of knee OA but not with its progression.
This notion remains controversial, and the influence
of the muscle strength may differ between incidence
and progression®®”. However, muscle exercise is
recommended for prevention, suggesting that we have to
consider the fact certain muscle forces may be associated
with an increased joint reaction force®™®.

Joint laxity:

Varus-valgus laxity leads to the coronal instability of the
knee joint and may influence the loading condition of the
tibio-femoral compartment®®. For example, varus laxity
will increase medial loading and result in deterioration of
the articular cartilage of the medial compartment. The
degeneration of the medial compartment will increase
varus laxity. We found that a thrusting motion, or acute
adduction motion in the early stance phase of the gait
cycle, has a strong association with the radiographic
grade of knee OA in the Matsudai Knee Osteoarthritis
Survey®™. In summary, these results are consistent with
the possibility that varus-valgus laxity and a progression
of knee OA form a vicious cycle.
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Proprioception:

The proprioceptive function of the knee joint declines
with age in healthy people, and is further impaired in
elderly subjects with knee OA®”. Even in a younger
population, proprioception is impaired by injuries such
as a rupture of the anterior cruciate ligament. Impaired
proprioception will influence the joint position sense and
is associated with physiological knee motion. Finally,
prolonged abnormal knee motion may lead to joint
degeneration resulting in the incidence of knee OA®.

Systemic factors

Obesity:

Obesity is perhaps one of the strongest risk factors for
the knee OA. This association is stronger in women than
in men, and more often seen in bilateral cases***®*"*,
Moreover, obese women with unilateral knee OA are at
high risk for developing contralateral disease®™. Obesity
will have both mechanical and metabolic effects on the
association with knee OA, and previous studies suggest
that, at this point, the contribution of the mechanical
effect is greater than the metabolic effect'®?. A recent
study indicates that function in symptomatic knee OA is
determined by pain and obesity rather than by structural
change seen on the radiograph®. Therefore, weight
reduction is a very important consideration for both
treatment and prevention of the disease®®.

Bone:

Osteoporosis is the most important issue related to
bone and knee OA®. It has been hypothesized that a
stiffer subchondral bone, which is less deforming under
loading, increases cartilage damage and leads to the
development of knee OA®. Some studies reported that
a high bone mineral density BMD increased the risk
of incident knee OA but had a protective effect on the
progression'. At present, there is no study to clearly
account for the relationship between knee OA and
osteoporosis.

Nutrients:

Nutrients may influence knee OA in at least two ways®.
These include protection from excessive oxidative
damage and biological actions related to bone and
collagen synthesis. The focus of such studies has
been the effect of the antioxidant vitamins A, C, and
E. At this time there is no significant association of
incident radiographic knee OA with any additional
micronutrient. However, a significant reduction in the
risk of progression is observed with vitamins C, E, and
betacarotene intake®. Vitamin D may play a potentially
important role in knee OA via bone mineralization and
cell differentiation. As with the anti-oxidant study, there
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is no effect of vitamin D on the risk of incident knee OA,
but a low intake of vitamin D seems to be associated with
an increase in the risk of knee OA progression. More
research will be required to evaluate the importance
of nutrition in the etiology, progression, and possible
treatment of knee OA®.

Hormone related issues:

Epidemiological evidence to clarify the effect of estrogen
on the knee OA is still inconclusive. A descriptive
epidemiological study showed that the risk of knee OA is
comparable in men and women up to 50 years of age, but
the incidence increases more rapidly in women than in
men beyond this age'®?. Therefore, it has been thought
that the postmenopausal changes in estrogen levels have
an association with knee OA. Several cross-sectional
studies report that estrogen replacement therapy (ERT)
may protect against knee OA, while others show an
inverse or lack of effect’®. Recent longitudinal data
suggest a non-significant protective effect of ERT on
the development and progression of radiographic knee
OA™. Further randomized prospective clinical trials are
needed.

Genetic factors:

It is clear that a genetic component plays an important
role in OA, and this issue is not specialized in knee
OA™™_ However, there is the potential for many
genes to contribute to a predisposition to OA because
the development of OA represents the contribution
of multiple cell types. Recently, many studies have
addressed the contributions of genes. These include
HLA-8, HLA-A1BS, collagen type II gene (COL2A1),
Estrogen receptor gene, Interleukin-8 receptor, Vitamin
D receptor, TGF41, and IGF- I gene™™™”, More research
will provide detailed information to determine the
contributions of genes to knee OA.

Interaction of local and systemic factors:

In addition to the direct effects of local and systemic
factors on knee OA, the risk factors may mediate each
other in the mechanism of the disease. For example,
knee alignment may play a mediating role in the
relationship between obesity and knee OA. Varus
alignment of the knee joint may increase the impact of
body weight at the medial tibiofemoral compartment. A
recent study suggests that BMI is related to the severity
of medial knee OA. Furthermore, muscle strength will
be associated with joint laxity and may enhance loading
of the knee joint.

Conclusions

The etiology of knee OA is complex and multifactorial.
Local and systemic factors have direct effects and
interact to cause knee OA. Previous well-established
cross-sectional and longitudinal epidemiological studies
have clarified many risk factors. Such research has
mainly focused on local factors. There are still many
unresolved issues with respect to systemic factors
including metabolic and genetic factors. Further studies
should pay more attention to the contribution by
systemic factors and inter-relation of other factors so as
to develop beneficial strategies for both the treatment
and prevention of knee OA.
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