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研究成果の概要（和文）：　変形性膝関節症（膝OA）の発症・進行の客観的指標としてバイオマーカーが不可欠である
。日本人でX線上の膝OA変化とバイオマーカーとの関連を長期にわたり検討するため、住民検診で尿中CTX-IIを測定し3
年間の縦断調査を行った。女性では中等度OAから進行を認めた群で尿中CTX-IIが高値であった。その後、6年目に追加
のX線検診を行った結果、6年間での膝OA発症群で、男女とも初回と比べて3年後のCTX-Ⅱが有意に高く、また、男女と
もに2回の平均CTX-IIの低値群に比べて高値群でOA進行例の割合が増えており、尿中CTX-IIの複数回の測定でOAの発症
・進行を予測できる可能性があるという結果を得た。

研究成果の概要（英文）： Biomarkers for knee osteoarthritis are quite important in estimating onset and 
progression of OA. To investigate the relationship between radiological knee OA changes and values of 
urinary CTX-II, one of candidate biomarkers of knee OA, in Japanese, we performed longitudinal 
population-based cohort study for three years. Urinary CTX-II was significantly higher in the OA 
progression group than that in the OA non-progression group in female. We further performed X-ray 
evaluation of knee OA at six years and found that uCTX-II values became significantly higher at three 
years than those at the start point in OA onset group of both gender. In addition, cases with higher 
values of mean uCTX-II had higher numbers of knee OA progression cases in both gender. These findings 
suggest that repeated measurements of uCTX-II could estimate the onset and progression of knee OA in 
Japanese.

研究分野：整形外科
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１．研究開始当初の背景	
 

	
 

(1)	
 高齢化社会の現在、変形性関節症（OA）

は最も頻度の高い疾患のひとつであり、患者

の ADL を障害し Quality	
 of	
 Life を著しく低

下させる。本症の解明・早期発見が、国民生

活の向上、医療経済上の問題におよぼす効果

ははかりしれない。OA の初期には、表層の軟

骨が変性を開始し、プロテオグリカンの減少

がおこりひき続いて II 型コラーゲンの変性

が起こることが知られており、II 型コラーゲ

ンの代謝産物（CTX-II）は重要な関節軟骨変

性のマーカーと考えられる。また、近年では、

関節の支持性に大きく関与する軟骨下骨（軟

骨の支えとなる骨）の劣化と、それに続く骨

硬化が OA の原因の一つになりうるという報

告に見られるように、骨粗鬆症と変形性関節

症の関連の可能性を示す研究結果が見られ

るようになってきた。我々は、過去約 30 年

間にわたり、新潟県旧松代町（現十日町市）

において 7年間隔で X線撮影を中心とした変

形性膝関節症疫学調査を行い OA のリスク因

子についての知見を得てきている。さらに、

2007 年には、1000 名以上の住民を対象とし

て変形性膝関節症における骨・関節マーカー

の測定と過去の X線進行度からみた横断的評

価を行った。そのベースラインデータを用い

て、2010 年の住民検診時に、同一の母集団か

ら再度の X線撮影および骨・関節代謝マーカ

ーの測定を行い、3 年間の進行／不変を評価

することを開始し、2010 年中に X 線評価、骨

代謝マーカーの測定を終了予定である。	
 

(2)	
 我々は、上記の大規模調査と平行して、

患者群・健常ボランティア群との比較調査も

行っている。その結果によれば、健常群は尿

中 CTX-II 値が低く、患者群は高く、上記の

大規模検診において X 線上は OA なしと判断

された群でも約 2 割は尿中 CTX-II 値が上昇

していたことを見出した（2010 年日本膝関節

学会にて報告済み）。この結果を住民検診群

に置き換えると、尿中 CTX-II が上昇してい

た群では、経時的に X線上の変化が進行する

可能性を示唆している。また、3 年経過時点

でなお尿中 CTX-II 値が高値であれば、OA の

進行速度はさらに早いことが予想され、この

点については、2010 年に採取した検体を評価

することを中心とした本研究で確認できる

重要なポイントの 1つである。	
 

	
 
２．研究の目的	
 
	
 

	
 変形性関節症の早期発見、治療効果の判定

のためには、疾患の状態を良好に反映し、将

来進歩するであろう MRI 画像などによる補助

診断に加えて、客観的指標となるバイオマー

カーの存在が不可欠である。その有用性と限

界を明らかにするため、我々が過去から経過

観察している大規模なコホート（検診対象者

約 1000 名）において、3年間の大規模な縦断

的検討により膝関節疾患における関節軟骨

のバイオマーカーと骨代謝マーカーの変動

を、X線上の OA の発症・進行との比較を行う

ことが目標である。それにより、軟骨代謝マ

ーカー（特に尿中 CTX-II）により疾患の活動

性評価や予後予測が可能か、またそれによる

評価には限界があるのかを明らかにする。	
 

	
 

３．研究の方法	
 
	
 

	
 これまでの進行状況	
 

	
 旧松代町住民検診における膝 OA の	
 X 線進

行度と骨代謝・関節バイオマーカー研究のた

めの、データ収集	
 （縦断的研究へむけて）	
 

	
 	
 新潟県旧松代町（現十日町市）にて毎年 7

月に住民約 2000 人を対象に行われる基本検

診の際に、informed	
 consent の得られた方を

対象として、我々は過去に 7年ごとに膝健診

を行ってきた。2007 年は第５回目の年にあた

り、毎回約 1300 名以上の検診を行い、特殊

な骨粗鬆症治療薬の内服や、最近の骨折の有

無、人工関節置換術後患者などを除いた、約

1000 名のバイオマーカー、X線写真を収集し
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�Urinary CTX-II is more useful in postmenopausal 
women than in men to detect radiological knee OA�

      : The Matsudai knee osteoarthritis survey�
 Hiroshi Yamagiwa1, Yoshinari Takahashi2, Tadashi Hayami3, Nobuchika Tanishi4, 
 Go Omori5, Yoshio Koga6, Naoto Endo1�

1, Division of Orthopedic Surgery, Department of Regenerative and Transplant Medicine, Niigata University Graduate School of Medical and Dental Sciences, Niigata, Japan.  
2, Department of Orthopedic Surgery, Niigata Prefectual Central Hospital    3, Department of Orthopedic Surgery, Saiseikai Niigata Daini Hospital 
4, Department of Orthopedic Surgery, Niigata Rosai Hospital�����������5, Center for Transdisciplinary Research, Niigata University     
6, Department of Orthopedic Surgery, Niigata Medical Center Hospital     
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� We performed the epidemiological knee survey in a rural 
Japanese population at the Matsudai district in Niigata Prefecture, 
Japan at seven year intervals since 1979.�In 2010 (6th survey), 
standing AP X-rays were obtained from more than 1,000 participants 
with informed consent. Urine specimens were collected from 942 
subjects. Subjects with oral administration of bisphosphonate, 
fracture within a year were excluded from this analysis.  

�X-ray grading:  Kellgren–Lawrence classification by the two senior 
authors (Y.K. and G.O.) blindly. The higher grade was employed 
between right and left knees. The subjects with total knee arthroplasty 
or unclassified knee OA grade were excluded. The grades 0 and 1 
were defined as the non-OA group and grades 2 or more were 
defined as the OA group. 

�Biomarker analysis: 
     urinary CTX-II ! Urine CartiLaps EIA kit (Immunodiagnostic � 
�Systems Limited, Tyne & Wear, UK) 
        corrected with urine creatinine�(uCTX-II: ng/mmol Cr) 
        Outliers of CTX-II were defined as >1000 

   The 60- to 79-year-old subjects were selected and then divided by 
gender (260 females and 276 males) and OA grade (K-L Grade 0,1, 
Grade 2, and Grade 3,4 groups) as shown in table 1. The levels of 
uCTX-II were compared between three OA grade groups using Kruskal-
Wallis test and Mann-Whitney U-test. The subjects were stratified into 
quartiles based on the values of uCTX-II, and proportion of OA grades 
in each quartile was compared using chi-square test. In addition, to 
estimate the predictive value of uCTX-II, ROC curve analysis was 
employed and area under the curve (AUC) was evaluated. p<0.05 was 
considered statistically significant.�The study protocol was approved by 
the Ethical Committee of our institution. 

Matsudai district  

   We express our gratitude to all the people involved in the Matsudai district resident health check and 
to all the residents who consented and provided samples. We also wish to thank SRL, Inc., Tokyo, 
Japan for their cooperation in collecting the samples and performing the measurements and all the staff 
at Niigata Medical Center,  Niigata University of Health and Welfare, Niigata Institute for health and 
sports medicine, and, Niigata University for their cooperation in conducting knee examinations. This 
work was supported by Grant-in-Aid for Scientific Research C (23592207). 
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Fig 1. Relationship between knee X-ray OA grades and uCTX-II levels in (A) female and (B) 
male subjects.  Each box represents the 25th/50th (median) to 75th percentiles. The lines 
outside the box represent the 10th and 90 th percentiles. *; P<0.05. **; P<0.01, ***; P<0.001.  

Fig.2  Quartiles by uCTX-II levels and proportion of OA grades in (A) female and (B) male. 
Each quartile has 65 and 69 subjects in female and male.  Significant difference was observed 
only in female (p<0.0001,Chi-square).�No significant difference in age was observed between 
quartiles. �

Fig.3   ROC curve analysis for discriminating knee OA using uCTX-II in (A) female and (B) male 
subjects. AUC is 0.65 and 0.61 for female and male, respectively.  

���	�������
�This study provides important information about the relationship between 
values of uCTX-II and X-ray knee OA grades. uCTX-II is a modest biomarker 
to estimate knee OA X-ray grade in female by the single measurement in the 
cross-sectional study. OA changes of other joints (e.g. lumbar spondylosis) 
and diurnal variation may affect the level of uCTX-II. Further analysis of 
longitudinal changes of uCTX-II and knee OA grade using the data of 2007 
(5th) and 2010 (�th) surveys is in progress. 
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�Biochemical markers of cartilage degradation are important 
indices to evaluate knee osteoarthritis (OA). The correlation 
between radiological knee OA and urinary CTX-II (C-terminal 
crosslinking telopeptide of collagen type II) needs to be 
evaluated how this marker is useful in the health check-up in 
a large population-based study.�

A B 

�In female subjects, uCTX-II values significantly increased according to 
the severity of knee OA (Fig.1A). In male subjects, OA G3,4 group had 
significantly higher uCTX-II values than G0,1 group or G2 group (Fig.
1B). �

�The mean levels of uCTX-II in each quartile were 152, 236, 345, 
554 ng/mmol Cre in female and 121, 188, 269, 469 in male. Higher 
uartiles (Q3 and Q4) of uCTX-II level included higher numbers of 
OA (�G2) subjects in female but not significant in male (Fig.2). �

�ROC curve analysis for discriminating �G2 OA showed that AUC 
was 0.65 and 0.61 in female and male, respectively. If cut-off is 300 
in female, sensitivity and specificity are 60 and 65 %, respectively 
(Fig.3).�

Table 1. �Demographics of subject’s X-ray grade of knee OA, 
gender, and age in this study� G: grade �

�	������

������ 

female� male�

female� male�

female� male�
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