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Serum hyaluronan levels increase with the total number
of osteoarthritic joints and are strongly associated
with the presence of knee and finger osteoarthritis
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Abstract
Purpose Although serum hyaluronan (HA) levels increase
in patients with osteoarthritis (OA), the association between
OA severity and elevation of serum HA levels is not clear.
Our purpose was to investigate the relationship between
serum HA levels and OA in various anatomical sites and
to detect which joints are strongly correlated with elevated
serum HA levels.
Methods Seven hundred and ten individuals from the gen-
eral population who participated in the Iwaki Health Pro-
motion Project in 2008 were involved. Kellgren–Lawrence
grade 2 or higher in the knee, hip, lumbar spine, finger and
wrist was defined as OA. Serum HA levels were determined
on the same day. Spearman’s correlation coefficients be-
tween serum HA levels and total number of joints affected
by OAwere calculated. Linear regression was analysed with
serum HA levels as the independent variable; age, gender,
presence of OA and intake of supplements were used as
dependent variables.

Results Prevalence of knee OA was 30.7 %, hip 16.8 %,
lumbar spine 65.1 %, wrist 9.0 % and finger 22.0 %. Serum
HA levels had a positive correlation with the number of
involved joints, and the correlation coefficient was 0.410
(p<0.001). Serum HA was significantly affected by age
(β=0.382), knee OA (β=0.163) and finger OA (β=0.164).
Conclusion Although this biomarker reflects a systemic
condition, higher serum HA levels were associated with
total number of OA joints. Knee and finger OA were key
joints related to increased serum HA levels. These results
are valuable in understanding characteristics of serum HA
levels as a biomarker for osteoarthritis.

Introduction

Osteoarthritis (OA) is one of the most common disorders to
affect elderly populations and is a major cause of pain and
disability [1–3], resulting in enormous financial costs for
therapy, culminating in surgical treatment. Therefore, OA
patients should be detected at an early stage of disease to
ensure a precise therapeutic response, such as strength
training and alignment correction of the lower extremity.
However, diagnosis and detection of OA progression at an
early stage by radiographs alone is considered to be inade-
quate because of the low sensitivity of radiographs to detect
minor changes in detail [4].

Biomarkers are attracting attention as new diagnostic
tools. Advantages of biomarkers include less invasiveness,
low cost, easy collection, short examination time and no
requirement for extra devices. There are many biomarkers
for cartilage, bone and synovitis [5]. Among them, serum
hyaluronan (HA) level is considered a good biomarker for
reflecting cartilage damage and synovitis in OA patients [6,
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7]. Previous studies show its association with the presence
[7–9], duration [10] and severity of radiographic OA [11];
degree of pain [5, 11, 12]; and OA progression [13]. How-
ever, systemic biomarkers have negative aspects, as they are
affected by many factors related to aging [14] and physical
activity [15]. Furthermore, these previous studies were
performed only in disease-specific joints despite the fact
that most or many OA patients have disease in several
joints. The number of OA joints increases with age regard-
less of gender [3]. OA is generally recognised as a part of
the aging process, and people with osteoarthritic painful
joints in multiple sites experience more disabilities and have
relatively lower health status than people with knee or hip
OA only [16, 17]. Therefore, it is necessary to consider the
presence of comorbid OA in the elderly. However, the
relationship between the systemic OA activity and serum
HA levels is unclear.

The purpose of this study was to investigate the relation-
ship between serum HA levels and total number of
comorbid OA and to detect which joints are related to
elevated serum HA levels. In order to understand serum
HA level as a biomarker, it is necessary to elucidate its
relationship with systemic OA activity. We postulated that
serum HA levels increase with the presence of systemic OA
and that the number of involved joints increases in propor-
tion to elevations in serum HA levels.

Materials and methods

Patients were voluntary participants from the Iwaki Health
Promotion Project of 2008, which is a community-based
programme to prevent lifestyle diseases and improve aver-
age life expectancy by performing general health checkups
and prophylactic interventions [11]. It is an annual
programme that has been performed in the general popula-
tion living in the Iwaki area of Hirosaki City located in
western Aomori prefecture, Japan, since 2005. This cohort
study allows evaluation of many kinds of diseases and
disorders from various aspects and research into the risk
factors of locomotive disability. All participants provided
written informed consent, and the study was conducted with
the approval of the ethics committee of the Hirosaki Uni-
versity School of Medicine.

Participants

A total of 866 volunteers from approximately 12,000 resi-
dents participated in this project in 2008. They were
recruited by calls from public health nurses and an adver-
tisement in the mass media: 710 of 866 individuals were
selected as appropriate for analysis. Exclusion criteria in-
cluded those who had undergone surgery for joint diseases,

renal failure, liver failure, rheumatoid arthritis, malignant
tumours and incomplete questionnaires. Those who did not
undergo radiographic examination were also excluded. A
total of 269 men and 441 women were assessed. Their mean
age was 58.3±11.6 (21–85) years. All participants complet-
ed a questionnaire regarding age, gender and intake of
supplements (glucosamine or HA orally) for joints. Height
and body weight were measured, and body mass index
(BMI) was calculated.

Serum HA level

Blood samples were taken from all participants in the early
morning for biochemical examination. Blood sampling was
performed before breakfast because circulating HA levels
increase following a meal [18]. Serum HA levels were
determined using the Hyaluronan Assay Kit (Seikagaku
Corporation, Tokyo, Japan).

Radiographic GOA

A total of four radiographs were taken to evaluate five joint
groups: anterior–posterior view of weight-bearing bilateral
knees, weight-bearing bilateral hips, bilateral hands for
wrists and fingers and lateral lumbar spine. The following
regions were evaluated from each joint group. Finger OA
consisted of 30 regions: proximal interphalangeal, distal
interphalangeal, metacarpophalangeal and carpometacarpal
joints of both hands. Wrist OA evaluated eight regions:
intercarpal, radiocarpal, ulnocarpal and distal radioulnar
joints of both hands. Knee and hip joints were evaluated
individually for OA. Lumbar OA consisted of five regions:
degeneration of intervertebral space between L1/2 to L5/S1.
Each joint was graded according to Kellgren–Lawrence
(KL) grade [19]. The presence of OA was defined as KL
grade 2 or more in the severe region in each joint. All joints
were graded by two orthopaedic surgeons (YI and RI). If
their findings differed, they came to a conclusion after
mutual consultation.

Statistical analysis

Data input and calculations were performed with SPSS ver.
12.0 J (SPSS Inc., Chicago, IL, USA). Differences in mean
values of age, height, weight, BMI and serum HA levels
between men and women were compared using Mann–
Whitney U test. Rates of supplement use between men and
women were compared by chi-square test. Percentages of
involved joints amongst age groups (<50, 50s, 60s, >70) in
men and women were compared by analysis of variance
(ANOVA) and Tukey method. In each joint, Spearman’s
correlation coefficient was calculated between serum HA
levels and total number of involved regions, and serum HA
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levels of those with or without OA were compared using
Mann–Whitney U test. Serum HA levels by the number of
involved joints were compared using analysis of covariance
(ANCOVA). Serum HA levels were adjusted by age, gen-
der, BMI and joint supplements. For comparison among
involved joints as a post hoc analysis, the Bonferroni meth-
od for multiple comparisons was applied regardless of the
significant differences of ANCOVA. Linear regression anal-
ysis was performed with serum HA levels as a dependent
variable and age, gender, intake of joint supplements and
presence of OA in knee, hip, lumbar region, wrist and
fingers were used as dependent variables. Standard partial
regression coefficient (β) was calculated to indicate the
strength of correlation to serum HA levels. A p value
<0.05 was considered to be statistically significant.

Results

There was no significant difference of mean age between
the 269 men and 441 women (p=0.156). Body height
(p=0.011) and BMI (p<0.001) in men were significantly
higher than in women. The number of supplement users was
91, and use was significantly higher in women than men
(p=0.002) (Table 1). The average serum HA level of par-
ticipants was 68.3±44.9 ng/ml. There was no significant
difference of serum HA level between men and women
(p=0.111) (Table. 1).

Overall prevalence of OA in the knee was 30.7 %,
hip 16.8 %, lumber spine 65.1 %, wrist 9.0 % and
finger 22.0 %. Total number of involved joint groups
increased with age, especially in men and women over
60 years (Fig. 1). The number of patients with OA in
five joints was three (0.4 %), four joints 31 (4.4 %),
three joints 40 (5.6 %), two joints 127 (17.9 %) and
any one joint 163 (23.0 %); there was no OA in 346
(48.7 %) study participants. The prevalence of lumbar

OA in men and women was high, and knee OA showed
a high prevalence in women (Figs. 2 and 3).

Presence of OA was associated with higher serum HA
levels: knee (p<0.001), hip (p=0.019), lumbar (p<0.001),
wrist (p=0.002) and finger (p<0.001). Total number of
involved joints was correlated with the increase in serum
HA levels, and the correlation coefficient was 0.410 (p<
0.001) (Table 2). Furthermore, those with OA in two, three
or four joints had significantly higher serum HA levels than
those without OA, adjusted for age (Fig. 4). Also, serum HA
levels had significant correlations with the number of OA
regions. Correlation coefficient with knee OA was the
highest among joint groups (Table 2).

The multiple correlation coefficient was 0.593 and a
squared multiple correlation coefficient adjusted for degrees
of freedom was 0.344 (P<0.001); a regression model ade-
quate to evaluate factors related to serum HA levels was
used. This analysis showed that knee and finger OA and age

Table 1 Summary of physical features among gender groups

Men (n=269) Women (n=441) Total (n=710)

Age (years) 57.4±12.6 58.8±11.0 58.3±11.7

Height (cm) 159.5±8.9 157.8±9.1* 158.4±9.0

Weight (kg) 58.5±10.9 57.8±10.1 58.1±10.4

BMI (kg/m2) 23.5±2.8 22.8±3.2* 23.1±3.1

Serum HA
levels (ng/ml)

65.2±42.5 70.2±46.2 68.3±44.9

Supplement (%) 7.8 15.9* 12.8

Values are means ± standard deviation of age, height, weight, BMI and
serum HA levels and percentage of joint supplement intake. Differences
between men and women were compared using Mann–Whitney U test

BMI body mass index, HA hyaluronan

*P value <0.05 significant

Fig. 1 Total number of involved joint groups among age groups in men
and women. Total number of involved joints, adjusted for intake of
supplements and body mass index (BMI), was compared using analysis
of covariance. For post hoc analysis, the Bonferroni method for multiple
comparisons was applied. * p<0.05 vs <40 age group, † p<0.05 vs 50s
age group, ‡ p<0.05 vs 60s age group

Fig. 2 Process of prevalence in knee, hip, lumbar spine, finger and
wrist in men. Prevalences among age groups were compared using
analysis of variance. Post hoc analysis used the Tukey method for
multiple comparisons. * p<0.05 vs <50s age group, † p<0.05 vs 50s
age group, ‡ p<0.05 vs 60s age group
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were significantly correlated with serum HA levels. The
influence of knee and finger OA on serum HA levels was
equal, with a β value of 0.163 and 0.164, respectively
(Table 3).

Discussion

Our results show that serum HA levels increased with the
total number of involved joints. Also, serum HA levels were
higher in those with knee, hip, lumbar spine, wrist, and
finger OA than those without OA in these joints. Further-
more, knee and finger OAwere strongly related to increases
in serum HA levels. To date, this relationship has been
unclear, although there are many reports on the relationship
between systemic biomarkers and a specific OA joint. Our
results therefore suggest that it is important to consider
serum HA levels as a biomarker for OA diagnostic pur-
poses. Our study suggests that serum HAvalues are affected
by the presence of involved OA joints in multiple sites in
individuals without other serum-HA-related factors. This

biomarker increases in the presence of articular synovitis
and cartilage damage [6, 7]. Inflamed synovium produces
more HA locally and secretes it into the synovial fluid [20].
Increasing intra-articular HA is then forced into blood and
lymph due to increasing intra-articular pressure [21]. Fur-
thermore, HA is a component of cartilage, and radiographic
joint-space narrowing by cartilage damage is correlated with
higher serum HA levels [13]. On the other hand, it is
considered that serum biomarkers are affected by other
systemic factors, such as medical problems associated with
aging, circadian rhythm, food intake and vigorous activities
[15] because data are obtained from blood samples. In this
study, to analyse the relationship between a serum biomark-
er and OA, major diseases were excluded, such as liver
failure, renal failure, rheumatoid arthritis and presence of
malignant tumours [22–24]. Also, the timing of blood sam-
pling was standardised to the early morning to diminish the
effect of physical activity, food intake or circadian rhythms.
This study was designed to reveal the relationship between
serum HA levels and OA joints.

The presence of OA increased serum HA levels, and
among these joints, knee and finger OA were key factors

Fig. 3 Process of prevalence in knee, hip, lumbar spine, finger and
wrist in women. Prevalence among age groups were compared using
analysis of variance. Post hoc analysis used the Tukey method for
multiple comparisons. * p<0.05 vs <50 age group, † p<0.05 vs 50s
age group, ‡ p<0.05 vs 60s age group

Table 2 Correlation coefficient between serum hyaluronan (HA)
levels and the number of regions with osteoarthritis (OA) change in
each joint group

Total regions (min–max) Correlation coefficient P value

Knee 0–2 0.432 <0.001

Hip 0–2 0.105 0.005

Lumbar spine 0–5 0.392 <0.001

Wrist 0–8 0.141 <0.001

Finger 0–25 0.363 <0.001

Correlation coefficients were estimated between the number of regions
and serum HA levels

P values <0.05 significant

Fig. 4 Serum hyaluronan (HA) level among number of involved joints
adjusted by age, gender, body mass index (BMI) and intake of joint
supplements (value ± standard error). P values <0.05 significant (*) in
multiple comparisons using the Bonferroni method

Table 3 Evaluation of joints affecting serum hyaluronan (HA) levels

Standard partial
regression
coefficient (β)

P value 95 % confidence
interval (CI)

Gender −0.034 0.302 −9.00–2.80

Age 0.382 <0.001 1.20–1.78

Knee OA 0.163 <0.001 8.87–22.68

Hip OA −0.006 0.846 −8.06–6.60

Lumbar OA 0.032 0.340 −3.20–9.26

Wrist OA 0.039 0.217 −3.57–15.67

Finger OA 0.164 <0.001 10.49–24.86

Joint supplement intake 0.049 0.125 −1.82–14.87

Linear regression analysis was performed with the serum HA levels as
a dependent variable and with gender; age; presence of knee, hip,
lumbar, finger and hand OA; and joint supplement intake as dependent
variables. P value <0.05 significant
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for this biomarker. Previous reports have suggested that
serum HA levels are associated with several joints [5,
7–13]. In the literature, there is a major focus on the rela-
tionship between knee OA and serum HA levels [5, 7,
10–13]. The presence of knee OA indicates higher serum
HA levels, even at an early stage, in OA patients [12]. Inoue
et al. reported that radiographic severity of knee OA and
knee pain were correlated with serum HA levels, which
suggests that serum HA levels reflect OA activity [11].
Furthermore, it is expected that this biomarker predicts OA
progression [13]. Also, the presence of erosive hand OA in
interphalangeal and wrist joints increases serum HA levels
[8]. These reports support the results of our study. There are
also some reports investigating the association with lumbar
OA [9, 25]. Researchers report that mild degenerative lum-
bar scoliosis or lumbar OA did not significantly correlate
with increasing serum HA levels [9], and similar results
were shown in our study.

Although knee and finger OA were significantly related
to serum HA levels, the reasons for this finding have not
been investigated. It is considered that the degree of syno-
vitis and cartilage damage may be associated with these
correlations. The knee is the largest among weight-bearing
joints and has a large volume of cartilage and synovium.
Although the individual size of interphalangeal joints is very
small, their number is large, resulting in large cartilage and
synovium volume. Kraus et al. reported similar results
showing that joint-space narrowing in the carpometacarpal,
metacarpophalangeal, knee and hip joints were significantly
related to serum HA levels in an analysis that focused on
familial hand OA patients [25]. A more detailed evaluation
of cartilage and inflamed synovium volume by MRI
would further help elucidate the significance of serum HA
levels.

There are several limitations to this study. First, presence
or possibility of familial OA was not examined. Second,
radiographic ankle, elbow and shoulder OA were not eval-
uated, as OA is more prevalent in the hands, knees, hips and
spine and less prevalent in the wrist, elbow, shoulder and
ankle [1, 19]. Third, painful joints, intensity and presence of
joint effusion were not investigated, although serum HA
levels reflect the degree of synovitis which is related to pain
and effusion. Fourth, this was a cross-sectional study.

Despite these limitations, this study shows the relation-
ship between serum HA levels and total number of involved
joints. In particular, knee and finger OA had correlations
with serum HA levels. These results indicate the importance
of understanding the characteristics of serum HA level as a
diagnostic biomarker for OA or as a research and observa-
tional tool because serum biomarkers reflect not only sys-
temic medical conditions but also systemic OA activity. A
longitudinal study would further enhance knowledge about
serum biomarkers.

Conclusions

Although this biomarker reflects the systemic condition,
higher serum HA levels are associated with total number
of comorbid OA joints. Knee and finger OA are key joints
related to increased serum HA levels. These results are
valuable in elucidating the characteristics of serum HA
levels as a biomarker for OA.
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