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3.1(95% CI 1.5-6.2)* and of pulmonary embolism was 4.5
(95% CI1.1-19.5)™ for ralomfene compared with placebo at
36 months. The estimated incidence of deep vein thrombosis
in Japanese people is a tenth of that in Caucasian people
(42 versus ?70—420 respectlvely, per 1,000,000 people) &
and the ﬁndmgs of thrs systema‘uc review confirmed the
low incidence of VTE in postmenopausal Japanese women
talqng raloxrfene 3340 In addition, evidence from ]arge—
seale postmarketlnﬂ surveillance studles showed that the
incidence of stroke or fatal stroke was not drfferent from
the general female Japanese populatlon after 1 year‘” or
3 years™ of treatment with raloxlfene Although the bloodm=
lipid profile of postmenopausal women taking raloxifene
had nnproved (eg, decreases in both total cholesterol and
LDL cholesterol),>" 333536 there is no evidence that nnproved
blood-lipid proﬁles are assoerated w1th better cardiovascular
outcomes in postmenopausal women at increased rlsk of
coronary heart dlsease =
This systematic review retrleved only one publication
'reportlng quality-of- life and parn findings in Japanese
women, In thrs postmarketmg surveillance study,® treat-
ment with ralox1fene rmproved health—related quahty -of-life
‘scores and relieved pain. This study is 1mportant ‘because
prevalent vertebral fractures can be a major contrlbutor to
the health- related quallty of life of postmenopausal women
w1th osteoporos1s In partreular multlple vertebral fractures
are of concern in Japan, as they are associated with chronic
pain and mcapamtatmg splnal deformrtres deterioration in
activities of daily living, and an increased risk of death.>'*
Specrﬁcally, morphornetrlc vertebral fracture in Japanese
women is srgmﬁcantly associated with lower health-related
quallty of-life scores,’ and this loss of health related
quality of life occurred after 1n01dent vertebral fracture.”
Further, in Japan osteoporosis may also be a s1gn1ﬁcant
burden on the patrent s family, who are responSIble for
. provrdmg careg1v1ng support to elderly famlly members
with osteoporosrs
There were several limitations with this systematlc
review. First, although the pubhcatlons included in this
review reported a broad range of ﬁndlngs for raloxifene
(eg, BMD, bone turnover, lipid metabolism, and AEs) these
' findings were limited by the different methods used and the
study quahty (1e there was only one placebo controlled
randomlzed trial and one randomrzed trial comparrng ral-
oxrfene w1th a blsphosphonate) Second, few pubhcatrons
assessed raloxifene treatment for more than 1 year, despite
the increased risks of VTE and stroke with long-term use of
raloxifene.” Third, publications of raloxifene coadministered

with active metabolites of vitaminD were included. How-
ever, exeluding' these studies is not cliliiCally appropriate,
because active vitamin D, analogs are widely prescrrbed in
Japan concomrtantly w1th antiresorptive agents to compen-
sate for calcium absorptron and inhibit subsequent parathy-
roid hormone secretion in osteoporosrs patients. Fourth, we
did not provide a separate analys1s of those studies in which

'ralomfene was coadnnmstered with active metabolites of

vitamin D. Althoucrh active vitamin D, analocrs are wrdely
prescribed in Japan concomttantly with antnesorptlve agents,
only three?” of the 1 5 publications included in this review
assessed patients takmg concomitant raloxifene and active
vitamin D, analogs (alfacalcidol), and all included ralox-
ifene monotherapy treatment groups. Last, although there
were no restrictions on language and the bibliographies of
retrieved systematic reviews were hand-searched to iden-
tlfy any publications not retrieved in the electronic search,
other nonmdexed pubhcatlons and unpubhshed data were
not included.

In conclusion, osteoporosis is a major health problem in

‘the aging population of Japan and is underdragnosed and

undertreated.” If left untreated, fraeture may occur, resultlng
in consrderable pam and decreased health related quality
of life. Frndmgs from this systematrc review support the

' efﬁeacy and effectlveness of raloxifene for preventing or

reducing the risk of subsequent vertebral and/or nonvertebral
fractures by improving BMD and reducing bone turnover
in postmenopausal Japanese women with osteoporosrs or
osteopema Other ﬁndmgs suggest that raloxifene is well

,‘tolerated and can improve quahty of life. However, these

ﬁndlngs should be considered in light of the limitations of

the pubhcatrons and the rrsk—beneﬁt proﬁle of ralox1fene

Acknowledgments

The authors thank Shuko Nojiri of Eli Lilly Japan K.K. for

her contrrbutlons on earher versions of this review. Medical

wrrtlng assrstance was provrded by Julie Monk, PhD and

" Serina Stretton PhD CMPP (Cert1ﬁed Medical Pubhcatlon
'Professwnal) of ProScribe Medrcal Communlcatrons and
was funded by Eli Lilly Japan K.K. ProScribe’s services

! :comphed with mtematlonal gurdellnes for Good Pubhcatlon

: ’Prac‘uce (GPP2) '

‘Disclosure
‘The study was funded by Eli Lilly Japan K. K ‘the manufac-

turer of raloxifene and terlparatlde SF has received speaker

honoraria and consulting fees from Eli Lilly Japan K K.,

Asahi-Kasei, Astellas, Chugai, Daiichi-Sankyo, Eisai, Ono,

subroit your roanuscript | v

1890

Dovepress

* Clinical Interventions in Aging 2014:9

264



Dovepress

Systematic review of raloxifene in Japan

MDS, and Pfizer. MS is an employee of Eli Lilly Japan K.K.;
PGC is an employee of Eli Lilly Australia; JAF and RB are
employees of Eli Lilly and Company; all are stock stockhold-
ers in Eli Lilly and Company. EH was an employee of Eli

Lilly Japan K.K. when this manuscript was developed. EH is
currently an employee of Amgen Astellas Biopharma K.K.

References

1.

10.

11.

12.

15.

16.

17.

[No authors listed]. Who are candidates for prevention and treatment
for osteoporosis? Osteoporos Int. 1997;7(1):1-6.

. Yoshimura N, Muraki S, Oka H, et al. Prevalence of knee osteoarthritis,

lumbar spondylosis, and osteoporosis in Japanese men and women: the
research on osteoarthritis/osteoporosis against disability study. J Bone
Miner Metab. 2009;27(5):620-628.

. United Nations. World Mortality Report 2011. New York: UN; 2012.

Available from: http://www.un.org/esa/population/publications/world
mortalityreport2011/World%20Mortality%20Report%202011.pdf.
Accessed June 13, 2013.

. Statistics Japan. Current population estimates as of October 1, 2012.

Available from: http://www.stat.go _]p/engllsh/data/]1nsu1/2012np/
index.htm. Accessed June 13, 2013.

. Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures

of bone mineral density predlct occurrence of osteoporotxc fractures.
BMJ. 1996;312(7041):1254-1259.

. Briggs AM, Greig AM, Wark JD. The vertebral fracture cascade in

osteoporosis: a review of aetiopathogenesis. Osteoporos Int. 2007
18(5):575-584.

. Klotzbuecher CM, Ross PD, Landsman PB, Abbott TA 3rd, Berger M.

Patients with prior fractures have an increased risk of future fractures:
a summary of the literature and statistical synthesis. J Bone Miner Res.
2000;15(4):721-739.

. Lindsay R, Burge RT, Strauss DM. One year outcomes and costs fol-

lowing a vertebral fracture. Osteoporos Int. 2005;16(1):78-85.

. Tkeda Y, Sudo A, Yamada T, Uchida A. Mortality after vertebral frac-

tures in a Japanese population. J Orthop Sur; g (Hong Kong) 2010;18(2):

148-152.

Jinbayashi H, Aoyagi K, Ross PD, Ito M, Shindo H, Takemoto T.
Prevalence of vertebral deformity and its associations with physi-
cal impairment among Japanese women: the Hizen-Oshima Study.
Osteoporos Int. 2002;13(9):723-730.

Miyakoshi N, Hongo M, Maekawa S, Ishikawa Y, Shimada Y, Itoi E.
Back extensor strength and lumbar spinal mobility are predictors of
quality of life in patients with postmenopausal osteoporosis. Osteoporos
Int. 2007;18(10):1397-1403.

Miyakoshi N, Itoi E, Kobayashi M, Kodama H. Impact of postural
deformities and spinal mobility on quality of life in postmenopausal
osteoporosis. Osteoporos Int. 2003;14(12):1007-1012.

. Suzuki N, Ogikubo O, Hansson T. Previous vertebral compression

fractures add to the deterioration of the disability and quality of life after
an acute compression fracture. Eur Spine J. 2010;19(4):.567-574.

. Takahashi T, Ishida K, Hirose D, et al. Trunk deformity is associated

with a reduction in outdoor activities of daily living and life satisfac-
tion in community-dwelling older people. Osteoporos Int. 2005,
16(3):273-279.

Fujiwara S, Kasagi F, Masunari N, Naito K, Suzuki G, Fukunaga M.
Fracture prediction from bone mineral density in Japanese men and
women. J Bone Miner Res. 2003;18(8):1547-1553.

European Prospective Osteoporosis Study Group, Felsenberg D,
Silman AJ, et al. Incidence of vertebral fracture in Europe: results from
the European Prospective Osteoporosis Study (EPOS). J Bone Miner
Res. 2002;17(4):716-724.

Van der Klift M, De Laet CE, McCloskey EV, Hofman A, Pols HA.
The incidence of vertebral fractures in men and women: the Rotterdam
Study. J Bone Miner Res. 2002;17(6):1051-1056.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Mithal A, Ebeling P. The Asia-Pacific Regional Audit. Epidemiol-
ogy, Costs and Burden of Osteoporosis in 2013. Nyon, Switzerland:
International Osteoporosis Foundation; 2013. Available from: http://
www.iofbonehealth.org/sites/default/files/media/PDFs/Regional%20
Audits/2013-Asia_Pacific_Audit_0_0.pdf. Accessed August 5, 2014.
Committee of Japanese Guidelines for the Prevention and Treatment of
Osteoporosis. Japanese Guidelines for the Prevention and Treatment
of Osteoporosis. Tokyo: Life Science; 2011.

Harada A, Matsui Y, Mizuno M, Tokuda H, Niino N, Ohta T. Japanese
orthopedists’ interests in prevention of fractures in the elderly from
falls. Osteoporos Int. 2004;15(7):560-566.

Iwamoto J, Sato Y, Takeda T, Matsumoto H. Efficacy of antiresorptive
agents for preventing fractures in Japanese patients with an increased
fracture risk: review of the literature. Drugs Aging. 2012;29(3):
191-203. o

Cranney A, Adachi JD. Benefit-risk assessment of raloxifene in post-
menopausal osteoporosis. Drug Saf. 2005;28(8):721-730.

Kanis JA, Johnell O, Black DM, et al. Effect of raloxifene on the risk
of new vertebral fracture in postmenopausal women with osteopenia
or osteoporosis: a reanalysis of the Multiple Outcomes of Raloxifene
Evaluation trial. Bone. 2003;33(3):293-300.

Takada J, Miki T, Imanishi Y, et al. Effects of raloxifene treatment on
the structural geometry of the proximal femur in Japanese women with
osteoporosis. J Bone Miner Metab. 2010;28(5):561-567.

Uusi-Rasi K, Beck TJ, Semanick LM, et al. Structural effects of
raloxifene on the proximal femur: results from the Multiple Out-
comes of Raloxifene Evaluation Trial. Osteoporos Int. 2006;17(4):
575-586.

Saito M, Marumo K, Soshi S, Kida Y, Ushiku C, Shinohara A. Ralox-
ifene ameliorates detrimental enzymatic and nonenzymatic collagen
cross-links and bone strength in rabbits with hyperhomocysteinemia.
Osteoporos Int. 2010;21(4):655-666.

Boivin G, Lips P, Ott SM, et al. Contribution of raloxifene and cal-
cium and vitamin D3 supplementation to the increase of the degree of
mineralization of bone in postmenopausal women. J Clm Endocrznol
Metab. 2003;88(9): 4199—4205

Nakamura T, Liu JL, Morii H, et al. Effect of raloxifene on clinical
fractures in Asian women with pdstmenopausal osteoporosis. J Bone
Miner Metab. 2006;24(5):414-418.

Gorai I, Tanaka Y, Hattori S, Iwaoki Y. Assessment of adherence
to treatment of postmenopausal osteoporosis with raloxifene and/or
alfacalcidol in postmenopausal Japanese women. J Bone Miner Metab.
2010;28(2):176-184.

Ando H, Otoda T, Ookami H, et al. Dosing time-dependent effect of
raloxifene on plasma plasminogen activator inhibitor-1 concentrations
in post-menopausal women with osteoporosis. Clin Exp Pharmacol
Physiol. 2013;40(3):227-232.

Iwamoto J, Sato Y, Uzawa M, Takeda T, Matsumoto H. Comparison of
effects of alendronate and raloxifene on lumbar bone mineral density,
bone turnover, and lipid metabolism in elderly women with osteopo-
rosis. Yonsei Med J. 29 2008;49(1):119-128.

Gorai I, Hattori S, Tanaka Y, Iwaoki Y. Alfacalcidol-supplemented
raloxifene therapy has greater bone-sparing effect than raloxifene-
alone therapy in postmenopausal Japanese women with osteoporosis
or osteopenia. J Bone Miner Metab. 2012;30(3):349~358.

Majima T, Komatsu Y, Shimatsu A, et al. Efficacy of combined treat-
ment with raloxifene and alfacalcidol on bone density and biochemical
markers of bone turnover in postmenopausal osteoporosis. Endocr J.
2008;55(1):127-134.

Hayashi T, Ina K, Maeda M, Nomura H. The effects of selective estrogen
receptor modulator treatment following hormone replacement therapy
on elderly postmenopausal women with osteoporosis. Nitric Oxide.
2011;24(4):199-203.

Morii H, Ohashi Y, Taketani Y, et al. Effect of raloxifene on bone
mineral density and biochemical markers of bone turnover in Japanese
postmenopausal women with osteoporosis: results from a randomized
placebo-controlled trial. Osteoporos Int. 2003;14(10):793-800.

Clinical Interventions in Aging 20(4:9

265

subimit your manuscript | v

1891




Fujiwara et al

Dovepre

36

37.

38.

Majlma T, Komatsu Y, Shimatsu A, et al. Clinical significance
of 1-year treatment with raloxifene on bone and lipid metabolism
in Japanese postmenopausal women with osteoporosis. Endocr J.
2007;54(6):855-8062.

Majima T, Shimatsu A, Komatsu Y, etal. Association between baseline
values of bone turnover markers and bone mineral density and their
response to raloxifene treatment in Japanese poetmcnopausal women
with osteoporosis. Endocr J. 2008b;55(1):41-48.

Majlma T, Shimatsu A, Satoh N, et al. Three-month changes i in boie
turnover markers and bone mineral densxty responae to raloxifene in
Japanese posimenopausal women thh osteoporosxs J Bone Miner

* Metab. 2008;26(2):178-184.

39,

Takada J, Iba K, Yoshizaki T, quashxta T. Correlation between a
bone resorption marker and structural geometry of the proximal femur
in osteoporotic women treated with raloxifene. J Orthop Surg (Hong

© Kong). 2012;20(2):209-213.

40.
41.

42.

43,

44,

45.

46.

47.

48.

49.
50.
51. 1
52,
53. 1

54,

likuni N, Hamaya E, Nihojima S, et al. Safety and effectiveness profile
of raloxifene in long-term, prospective, postmarketing surveillance.
J Bone Miner Metab. 2012 30(6) 674-682.

Urushihara H, Kikuchi N, YamadaM Yoshiki F, szaucth Raloxifene
and stroke risks in Japanese postmenopausal women with osteoporosis
on postmarketing surveillance. Menopause. 2009;16(5):971-977.

Yoh K, Hamaya E, Urushihara H, et al. Quality of life in raloxifene-
treated Japanese women with postmenopausal osteoporosis; a pro-
spectwc, postmarketing observatmnal study. Curr Med Res Opin.

2012;28(11):1757-1766.

Orimo H, Hayashi Y, Fukunaga M, et al. Dxagnosnc criteria for pri-
mary osteopor051s - year 2000 revision. J Bone Miner Metab. 2001,

.19(6):331-337.

Eli Lllly Japan. Ev1sta [package msert] Kobe, Japan: Eh Lilly Japan;
2007.
Dutertre M, Smith CL. Molecular mechanisms of selective estrogen

_receptor modulator (SERM) action. J Pharmacol Exp Ther. 2000;
295(2):43 1-437. )

Ettinger B, Black DM, Mitlak BH, et al. Reductlon of vertebral frac-
ture risk in postmenopausal women with ostcopor051s treated with

' ralomfene results from a 3-year 1andoxmzed clinical trial. Multiple

Outcomes of Raloxifene Evaluation (MORE) Investlgators JAMA.
1999;282(7):637-645.
Delmas PD, Ensrud KE Adachi D, et al. Efficacy of ralox1fene

on vertebral. fracture risk reduction in postmenopausal women with
osteoporosis: four-year results from a randomized clinical trial. J Clin

Endocrinol Metab. 2002; 87(8) 3609-3617.

Qu Y, Wong M, Thlebaud D, Stock JL. The effect of raloxifene
therapy on the l‘ISk of new c]mlcal vertebral fractures at three and six
months: a secondary ana1y51s of the MORE trlal Curr Med Res Opin.
2005;21(12):1955-1959..

Kikuchi T. [Effect of combmatlon therapy w1th eldecalcitol and
raloxifene on bone metabollsm in osteoporotlc pat1ents] Ther Res.
2012;33(9):1423- 1429 Japanese o

Takeda S, Sakai S, Shiraishi A, KoxkeN M1haraM Endo K. Combina-
tion treatment w1th eldecalcitol (ED-71) and ralomfene improves bone
mechanical strength by suppressing bone turnover and i increasing bone

‘mineral density in ovariectomized rats, Bone. 2013; ;53(1):167-173.

Kanis JA, Johnell O, Oden A, etal. The risk and burden of vertebral

fractures in Sweden. 0steopor 0s Int 2004;15(1):20-26.

Ross PD, Fu_uwara S, Huang C, et al. Vertebral fracture prevalence in
women in Hiroshima compared to Caucasians or Japanese in the US.
Int J Epidemiol. 1995;24(6):1171-1177.

Kwok AW Leung JC, Chan AY etal, Prevalence of vertebral fracture
in Asian men and women: companson between Hong Kong, Thailand,
Indonesia and Japan. Public Health. 2012;126(6):523~531.

Ito M, Nishida A, Uetani M, Hayashi K. Osteoporosis in the Japanese
population. Semin Musculoskelet Radiol. 2001;5(2):121-126.

55.

Centers for Disease Control and Prevention. Osteoporosis. Available
from: http://www.cde.gov/nchs/data/nhanes/databriefs/osteoporosis.

- pdf, Accessed June 14, 2013.

56.

57.

6l.

62.

63.

64,

Huang C, Ross PD, Fujiwara S, et al. Determinants of vertebral fracture
prevalence among native Japanese women and women of Japanese
descent living in Hawaii. Bone. 1996;18(5):437-442.

Morita A. [Genetic factors of osteopor051s and fracture and the apphca—
tion of genetic information to the preventive medlcme] Clin Calcium.

- 2005;15(8):1364--1371. Japanese.
58.

Masaki H, Miki T. [Bone and calcium metaboli ism in elder]y women]
Clin Calcium. 2011;21(9):1361-1367. Japanese.

. Nakamura K, Kurahasth TIshihara J, Inoue M, TsuganeS Calcxum

intake and the 10-year incidence of self- reported vertebral fractures in

‘Awomen and men: the Japan Public Health Centre-based Prospective
~Study. BrJ Nutr. 2009;101(2):285-294.
60.

Ohishi H, Nakamura Y, Kishiya M, Toh S. Spontaneous femoral neck
fracture associated with a low serum level of vitamin D. J Orthop Sci.
2013;18(3):496-499.

Fujiwara S, Hamaya E, Goto W, et al. Vertebral fracture status and
the World Health Organization risk factors for predicting osteoporotic
fracture risk in Japan. Bone. 2011;49(3):520-525.

Beck TJ, Ruff CB, Warden KE, Scott WW Jr, Rao GU. Predicting
femoral neck strength from bone mineral data. A structural approach.

Invest Radiol. 1990;25(1):6-18.
Beck TJ, Looker AC, Ruff CB, Sicvanen H, Wahner HW. Structural

trends in the aging femoral neck and proximal shaft: analysis of the Third
National Health and Nutrition Examination Survey dual-energy X-ray
absorptlometry data. J Bone Miner Res. 2000;15(12): 2297-2304.

Beck TJ, Ruff CB, Bissessur K. Age-related changes in female femo-
ral neck geometry: implications for bone strength. Calcif Ti. issue Int.

© 1993;53 Suppl 1:541-546.

65.
66.
67.
6.

6.

70.

71.
72.

73.

74.

Beck TJ, Ruff CB, Scott WW Jr, Plato CC, Tobin JD, Quan CA. Sex

differences in geometry of the femoral neck with aging: a structural
“analysis of bone mineral data. Calcif Tissue Int. 1992;50(1):24-29.

Takada I, Beck TJ, Iba K, Yamashita T. Structural trends in the

aging proximal femur in Japanese postmenopausal women. Bone.
2007;41(1):97-102.

Wang XF, Duan Y, Beck TJ, Seeman E. Varying contributions of growth

_and ageing to racial and sex differences in femoral neck structure and

strength in old age. Bone. 2005; ;36(6): 978-986.

Beck TJ, Lewiecki EM, Miller PD, et al. Effects of denosumab on the
geometry of the proximal femur in postmenopausal women in com-
parison with alendronate. J Clin Densitom. 2008;11(3):351-359.
Bonnick SL, Beck TJ, Cosman F, Hochberg MC, Wang H, de Papp AE.
DXA-based hlp structural analysm of once-weekly bisphosphonate-
treated postmenopausal women w1th low bone mass. Osteoporos Int.
2009;20(6):911-921.

Greenspan SL, Wyman A, Hooven FH, et al. Predictors of treatment
with osteoporosis medications after recent fragility fractures in a
multinational cohort of postmenopausal women. J Am Germtr Soc.
2012;60(3):455-461.

Uusi-Rasi K, Semanick LM, Zanchetta JR, et al. Effects of teriparatide
[thPTH (1-34)] treatment on structural geometry of the proximal femur
in elderly osteoporotic women. Bone, 2005;36(6):948-958.

Grady D, Ettinger B, Moscarelli E, et al. Safety and adverse effects
associated with raloxifene: multiple outcomes of raloxifene evaluation.
Obstet Gynecol. 2004;104(4):837-844. )

Kamibayashi J. Current State of Therapy for Deep Venous Thrombosis
and Pulmonary Embolism at Special Cenytke,rs in Japan. Study Report
55-58. Tokyo Abnormal Blood Coagulation Study Group, Ministry
of Health, Labour and Welfare, Japan; 1995.

Hamaya E, Sowa H. Re: Raloxifene and stroke risks in Japanese post-
menopausal women with osteoporosis on postmarketmg surveillance.
Menopause. 2014;21(1):109-110.

1892

submit your manuseript |

Dovepress

266

" Clinical Interventions in Aging 2014:9



Daovepress Systematic review of raloxifene in Japan

75. Barrett-Connor E, Mosca L, Collins P, et al. Effects of raloxifene on ~ 77. Hagino H, Nakamura T, Fujiwara S, Oeki M, Okano T, Teshima R.

cardiovascular events and breast cancer in postmenopausal women. Sequential change in quality of life for patients with incident clinical
N Engl J Med. 2006;355(2):125-137. fractures: a prospective study. Osteoporos Int. 2009;20(5):695--702.
76. Masunari N, Fujiwara S, Nakata Y, Nakashima E, Nakamura T. Histori- 78. Iba K, Takada J, Hatakeyama N, et al. Underutilization of antiosteo-
cal height loss, vertebral deformity, and health-related quality of life in porotic drugs by orthopedic surgeons for prevention of a secondary
Hiroshima cohort study. Osteoporos Int. 2007;18(11):1493-1499. osteoporotic fracture. J Orthop Sci. 2006;11(5):446-449.
Clinical Interventions in Aging Dove:

Publish yeur'werk in this journal

Clinical Interventions in Aging is an international, peer-reviewed journal ~ CAS, Scopus and the Elsevier Bibliographic databases. The manuscript
focusing on evidence-based reports on the value or lack thereof of treatments - management system is completely online and includes a very quick and fair
intended to prevent or delay the onset of maladaptive correlates of aging ~ peer-review system, which is all easy to use. Visit http:/www.dovepress.
in human beings. This journal is indexed on PubMed Central, MedLine,  comvtestimonials.php to read real quotes from published authors.

Submit your manuscript here: hupif/www.dovepress.cor/clinical-interventions-in-aging-journal

1893

Clinical Interventions in Aging 2014:9 submit your manuscript | v

267



Geriatr Gerontol Int 2014; 14: 674680

ORIGINAL ARTICLE: EPIDEMIOCLOGY,
CLINICAL PRACTICE AND HEALTH

Association of knee~extension strength with instrumental
activities of daily living in community-dwelling older adults

Narumi Kojima,' Hunkyung Kim,' Kyoko Saito,! Hideyo Yoshida,! Yuko Yoshida,' leohlko Hirano,!
Shuichi Obuchi, ! Hiroyuki thmada and Takao Suzuki®

"Tokyo Metropolitan Geriatric Hospital and Institute of Gerontology, Itabashz-ku, and *National Center for Gertatrics and Gerontology,
Obu-shi, Japan

Aim: The purpose of the present study was to investigate the relationship between knee-extension (KE) strength
and instrumental activities of daily living (IADL), and to examine the risk of [ADL disability in relation to KE strength
in commumty—dwe!hng older adults.

Methods: The participants were 1235 commumty—dwelhng older adults (261 men and 974 women) in Tokyo who
underwent a comprehensive health survey in 2009. The health survey included measurement of KE strength and a
questionnaire on the Tokyo Metropolitan Institute of Gerontology (TMIG)-IADL. Pearson product-moment corre-
lation coefficients and partial correlation coefficients were calculated separately for each sex for four parameters
representing quadriceps muscle strength and TMIG-IADL. Pearson’s y*-test of independence and the Cochran-
Armitage test of trend were also carried out to determine the relationship between KE strength and IADL disability.

Results: In women, all correlations between the quadriceps muscle strength parameters and the TMIG-IADL score
were statistically significant (P < 0.0005). The significance persisted remained even after factors regarding cognition or
depression were taken into consideration. Furthermore, the percentage of female participants with [ADL disability
was dependent on KE strength; there was an inverse trend between KE strength and the percentage of people with
IADL disability. In men, no significant relatlonshlp was found between KE strength and IADL. :

Conclusions: KE strength and IADL correlated positively, and the percentage of people with JADL disability
decreased with increasing KE strength in women. Geriatr Gerontol Int 2014; 14: 674-680.

Keywords: activities of daily living, aged, knee, muscle strength, quadriceps muscle.

Introduction Several studies have reported that hand muscle
strength is related to IADL. For example, a meta-
analysis of community-dwelling older participants by

Judge et al. showed that handgrip strength was nega-

The instrumental activities of daily living (IADL) are the
activities often carried out by a person who is living

independently in a community settmg during the course
of a normal day, such as managing money, shopping,
telephone use, travel in the community, housekeeping,
preparing meals and taking medications correctly.!
Declines in the ability to carry out these activities might
result in the need for long-term care. Therefore, the
unprecedented rate of aging seen in Japan today neces-
sitates the identification of measures to prevent the
decline of IADL in the elderly.

Accepted for publication 19 August 2013.

Correspondence: Mr Narumi Kojima M {Master of Education),
35-2 Sakae-cho, Itabashi-ku, Tokyo, 173-0015, Japan. Email:
nkojima@tmig.or.jp
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tively related to the total number of IADL requiring
assistance from others.’ Sallinen etal. reported that
handgrip strength below 37 kg for men and 21 kg
for women increased the likelihood of mobility limita-
tions, which are directly related to IADL disability.?
A 3-year follow-up study by Ishizaki etal. also
pointed out that weak handgrip strength was a
significant predictor of functional decline in IADL
performance.*

As most IADL involve walking, leg muscle strength
might also greatly affect the performance of IADL.
However, an association between lower-limb muscle
strength and IADL cannot be assumed, as one could,
for example, substitute a wheelchair for walking, to
carry out each activity included in the IADL.

© 2013 Japan Geriatrics Society
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A multivariate analysis carried out by,Uchida etal.

showed that poor performance on the knee-raising test
correlated strongly with decreased IADL performance.®

A study by Azegamx et al. mvolvmg 47 elderly people

‘ exerted twice on the dominant leg. Participants received

consistent verbal encouragement as reinforcement. The

.. greater value of two trials was used for analy51s The

investigated the effect of lower-extremity muscle

strength on [ADL status in two ways: knee-extension

(KE) in a single-joint task and total leg extension (TLE) -

in a multijoint task.® The authors found that there was ~  serious medical problem (e.g. systolic blood pressure

a significant difference in TLE strength between partici-
pants with total and only partial JADL independence,
whereas no such difference was found for KE strength
in a single joint.

In many studies, the strength of lower-limb muscles

has often been represented by KE strength,’ as this
‘measurement of the isometric strength of the quadri-

ceps muscles in the sitting position is well established.

The purpose of the present study was. to examine the ..

relationship between KE strength and IADL perfor~
mance in-a local elderly populatlon ;

 Methods

Participants

The data were taken from a health survey carried out by
" Tokyo Metropolitan Institute of Gez‘ontology (TMIG)

for commumty—dwellmg older adults in the Itabashi

ward of Tokyo in 2009. The participants in the 2009
~.survey. consisted of 1235 people (261 men and 974. .

women). This group of participants. included two
cohorts (2002 and 2006 cohorts). All the men (n = 261)
and 405 of the women participated in a health survey
carried out in 2002 (2002 cohort). Follow-up surveys
were carried out for this cohort four times, including the
survey in 2009. The remaining 569 women first partici-
pated in the health survey carried out in 2006 (2006
. cohort), Follow»up surveys for this cohort were carried

" out once in 2007 and once in 2009

_ Atotal of 15 men and 47 women whose IA.DL or KE
data were not avaﬂable were excluded from. the study;

‘distance from the lateral knee joint space to the lateral

point of the height of the dynamometer pad (F-L dis-
tance in Table 1) was measured to convert KE strength
into KE. torque. Those who were. diagnosed with a

over 180 mmHg, diastolic blood pressure over
110-mmHg, or heart attack or cerebral stroke in the past
6 months) were excluded from the test for. safety
reasons.

- Evaluation of IADL performance

'IADL performance was assessed usmg a ﬁve~1tem list

from the TMIG Index of Competence for instrumental
self-maintenance,' which was developed for elderly
Japanese participants and has been widely used in Japa-
nese communities. The list assessed the following five

activities: (i) using public transportatlon, i) shoppmg

for daily necessities; (iii) preparing meals; (iv) ‘paying

" bills; and (v) handling a bank account (Table 2). The

response to each item was either “yes” (able to accom-
plish, 1 point) or “no” (unable to accomphsh 0 points).

‘ ";The IADL score (T MIG- IADL hereafter) was calculated
, as the total number of pomts

Evaluation of other parameters potentmlly related to

KE strength and IADL performance

" To identify parameters that were related to both KE

strength and [ADL, which might result in a spurious

" correlation between the two, data on several other

parameters were collected. Bodyweight was measured as
a part of the body fat measurement. Cognitive function
was evaluated using the Mini-Mental State Examination
(MMSE), for which a higher score indicates better
cognitive function.” Depression was assessed using
the Mini-International Neuropsychiatric Interview

“(MIND); :12 those who ave a negative res onse to both of
g g P

the present study analyzed data from 246 men (age
, range, 7-91 yeaxs) and 927 women (age range, 72-91

- years) (Table 1). The TMIG ethics committee approved

- kth1s study All pamapants gave their written consent.

Measurement of KE strength

 KE strength was measured 1sometncally usmg a hand-

held dynamometer (uTas F-1; ANIMA, Tokyo, Japan)
. The participants were seated on a custom—made chair

‘ -with their feet hangmg Pamapants practxced isometric .

, ‘knee extension by pushing against the tester’s hand.
 The dynamometer was then placed 5 cm above the top
of the lateral malleolus, and the chalr was adjusted to
“ensure that the participant’s knees were flexed at 90°.
Voluntary maximal isometric knee extension effort was

© 2013 'Ja‘pank Geriatrics Society

the first two questlons were categonzed as normal, and
those who gave a positive response to either of these

~ questions were categorized as depressed. A history of
- disease (hypertension, stroke, heart disease, diabetes

~ mellitus, hyperlipidemia, osteoporos1s anemia, chronic
- kidney deficiency, asthma, chronic occlusive pulmonary

disease [COPDI pneumoma osteoarthntts of the hip,

~ gonarthritis, or fracture occumng above the age of
60 years) and the use of drugs was assessed usmg yes/no

questions. Family status was examined using one
multiple-choice question, and the participants were cat-
egorized as “living alone” or “hvmg with someone”.

. Data anal_yszs

270

For quantxtatwe varlables means and standard devia-
tions were calculated. For qualitative variables assessed
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Table 1 Basic participant characteristics

Male (n = 246) Female (n = 927) Difference
Mean + SD Mean + SD between sexes
Mean £ SD Age (years) 82235 79.5 4.2 *
Height (cm) 160.8+5.8 147.8+5.6 #
Weight (kg) 58.4+8.6 48.8+7.6 =
F-L Distance (cm) 27.1+£2.3 25.0%2.0 ¥
KES (N) 292.4+82.8 209.1+58.5 *
TMIG-IADL 49+04 49405 N.S
MMSE 27.7+23 27.6+23 N.S
Percent Positive  History Depression 4.9% 3.9% N.S.
Hypertension 58.1% 55.8% N.S.
Stroke 10.2% 6.6% N.S.
Heart disease 23.6% 22.0% N.S.
Diabetes mellitus 11.8% 8.5% N.S.
Hyperlipidemia 18.7% 36.1% ¥
Osteoporosis 6.1% 341% ¥
Anemia 2.8% 3.8% N.S.
CKD 2.0% 11% N.S.
Asthma 4.1% 3.2% N.S.
COPD 4.5% 1.5% ¥
Pneumonia 11.0% 6.9% ¥
Osteoarthritis of hip 2.4% 4.0% N.S.
Gonarthritis 15.4% 28.0% ki
Fracture after 60 years 13.0% 23.5% ¥
Drug use  Anti-inflammatory 6.5% 9.5% N.S.
Oral steroid 1.2% 1.3% N.S.
Anti-osteoporosis 4.9% 30.3% *
Living alone 8.1% 37.2% ¥

P < 0.05, *P < 0.01. CDK, chronic kidney deficiency; COPD, chronic occlusive pulmonary disease; F-L Distance, distance from
fulcrum to the point of load in knee extension task; KES, knee extension strength; SD, standard deviation.

Table 2 English translation of the questions
constituting the Tokyo Metropolitan Institute of
Gerontology instrumental activities of daily living

Question Answer

1. Can you use public transportation (bus or Yes/No
train) by yourself?

. Are you able to shop for daily necessities? Yes/No

. Are you able to prepare meals by yourself? Yes/No

. Are you able to pay bills? Yes/No

. Can you handle your own banking? Yes/No

v W N

by yes/no questions, the percentage of positive
responses was calculated. Differences between sexes
were analyzed using the #test or the y*-test.

We carried out a preliminary analysis to determine
potentially confounding factors for the relationship
between KE strength and IADL; correlations between
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parameters, such as body weight, MMSE, MINI,
medical conditions ‘and diseases, medication use,
family status, and KE strength or TMIG-IADL, were
examined individually. The statistical significance of
Pearson’s or Spearman’s correlation coefficients was
tested.

Pearson’s ~correlation coefficients between four
parameters representing quadriceps muscle strength
(KE strength, KE torque, bodyweight-adjusted KE

© strength and bodyweight-adjusted KE torque) and

TMIG-IADL scores were examined. Partial correlation
coefficients using MMSE and MINI as the controlling
variables were also calculated. The statistical signifi-
cance of the correlations was tested.

The participants were classified according to quintiles
of KE strength into five categories, and were also clas-
sified into two categories according to the presence of
IADL disability; participants with a TMIG-IADL score
of 1-4 were defined as having IADL disability."*" The
x>-test was carried out to determine the relationship

© 2013 Japan Geriatrics Society
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between the percentage of participants with JADL dis-
ability and KE strength.” Cochran-Armitage tests of
trend were carried out to determine whether there were
'any'trends in the prevalence of IADL diSability accord-
ing to the KE strength.

As the distribution of TMIG IADL was ve.ry skewed
(just 2% of men and 3% of women scored <3 points),
the analyses were also applied to a subgroup of partici-
pants whose TMIG- TADL score was between 4 and S.
All of these analyses were carried out using PASW Sta-
tistics 18 (IBM japan, Tokyo, Japan), except for
Cochran——Arm1tage tests, which were carried out using
an Excel program (Microsoft, Redmond, WA USA).
The level of significance was set at P < 0.05.

Results

Paﬂicipant characteristics

The age, helght weight, F-L distance and KE strength
were greater in men than in women. Hyperhpxdemxa,
osteoporosis, gonarthritis, fracture after 60 years-of-

age, use of anti-osteoporosis drugs and living alone

were higher in women than in men. COPD and pneu-
monia were higher in men than in women. (Table 1).

Preliminary analysis of mdzmdaal correlahons

In men, statistically sxgmﬁcant correlations with KE
strength were observed for bodyweight (r = 0.346; P <

0.0005) and the MMSE score (r=0.230; P < 0.0005).
Statistically significant correlations with the TMIG-
IADL score were observed for the MINI (p = -0.134;
P =0.035), stroke (p =-0.145; P = 0.023), heart disease
(p=-0. 138 P - 0.030) and asthma (p=-0.159; P=
0.012). No parameters correlated with both KE strength
and the TMIG-IADL score.

In women, statistically significant correlations with
KE strength were observed for bodyweight (r = 0.343;
P <0.0005), MMSE (r = 0.160; P < 0.0005), MINI (r =
~0.089; P = 0.007), heart disease (r=-0.105; P = 0.001),
osteoporosis  (r=-0.111; P=0.001), anemia (r=
~0.087; P=0.008) and the use of anti-osteoporosis
drugs (r=-0.084; P=0.010). Statistically significant
correlations with the TMIG-IADL score were observed
for the MMSE (r=0.302; P<0.0005), MINI (p=
-0.208; P <0. 0005) and stroke (p =~0.097; P = 0.003).
Thus, the MMSE and MINI correlated with both KE
strength and the TMIG-IADL score. We therefore took
these two parameters into consideration when we
carried out the partial correlation analysis.

Correlation analysis

In men, all _correlations between quédnceps muscle
strength parameters and the TMIG-IADL score were
statistically non-51gmﬁcant (Table 3). In women, all the

correlations were weak (R 0.157-0.173), but statistically
sxgmﬁcant (P<0. 000S) (Table 3). These correlations

, remamed 51gn1ﬁcant for women even when the analysis

Table 3 Correlation coefficients between parameters related to quadriceps muscle strength and Tokyo
Metropolitan Institute of Gerontology instrumental activities of daily living score

Sex Parameter Correlation Statistical
o ~ coefficient significance
~ All participants Male (1 = 246) KES 0.022 NS
, » : KET 0.030 N.S.
- 'WA-KES 0.066 N.S.
WA-KET 0.072 ~ N.S.
Female (n = 927) KES 0173 3
'  KET 0173 e B
- WA-KES 0157 E
atens T - WA-KET 0.166 ) o #
Subgroup of Male (n=241)  KES -000s NS
TMIG-IADL > 4 KET -0.001 , N.S.
WA-KES 0.010 N.S.
y ; - WA-KET 0.012 N.S.
Female (n = 899) - KES 0.109. - F
o P _ KET. 0.100 %
WA-KES 0.133 #
WA-KET 0128 %

"P <0.05, *P < 0.01. KES, knee extension strength KET, knee extension torque; TMIG-IADL, Tokyo Metropolitan Institute of
Gerontology instrumental activities of daily living; WA-KES, weight-adjusted knee extension strength; WA-KET, weight-

adjusted knee extension torque.

© 2013 Japan Geriatrics Society

| 677

272



N Kojima et al.

Table 4 Partial correlation coefficients, with Mini-Mental State examination and depression as the control
variable, between parameters related to quadriceps muscle strength and Tokyo Metropolitan Institute of

Gerontology instrumental activities of daily living score

Sex Parameter Partial correlation Statistical
: coefficient significance
All participants - Male (n=234) KES 0.009 NS
KET 0.018 NS
WA-KES 0.066 NS
o WA-KET 0.071 NS
Female (n = 913) KES 0.091 *
KET - 0.091 &
WA-KES 0.085 . i
WA-KET 0.090 *
Subgroup of Male {(n =229) KES -0.017 NS
TMIG-IADL = 4 KET -0.011 NS
WA-KES 0.014 NS
WA-KET 0.017 NS
Female (n = 879) KES 0.088 ¥
KET 0.078 1
WA-KES 0.11S *
WA-KET 0.108 ¥

P < 0.05, *P < 0.01. KES, knee extension strength; KET, knee extension torque, WA-KES, welght~adjusted knee extension

strength; WA-KET, welght-adjusted knee extension torque

included only those with TMIG-IADL scores of 4-5 (R
0.100-0.133; P < 0.005) (Table 3). -

Using the MMSE and MINI as the controlling vari-
ables, all the partial correlations between the quadriceps
muscle strength parameters and the TMIG-IADL score
in men were statistically non-significant (Table 4). In
women, all the partial correlations were weak (R 0.085~
0.091), but statistically significant (P < 0.05; Table 4).
These partial correlations for women remained signifi-
cant even when- analysis included only those with
TMIG-IADL ‘scores of 4-5 (R O 078—-0 115; P<O 05)
(Table 4).

Analysis of the ratio of IADL dzsabzlztjy to
KE strength

Male participants were classified by KE 'strength
quintiles into the following five categories: very low, KE
strength <229 N; low, KE strength 229-267 N; normal,
267-311N; high, 311-355N; and very high, KE
strength >355N. The x>-test showed that IADL disabil-
ity was independent of KE strength (Pearson’s ¥, 5.199;
df, 4; P =0.267) in men. The occurrence of IADL dis-
ability 'showed no trend related to KE strength
(Cochran-Armitage test, P=0.828) (Fig.1). These
results were also true for the subgroup of men whose
TMIG-IADL scores were between 4 and 5.

Female participants were classified by KE strength
quintiles into the following five categories: very low, KE
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strength <159 N; low, KE strength 159-192 N; normal,
KE strength 192-221 N; high, KE strength 221-254 N;
and very high, KE strength >254 N. IADL disability
was dependent of KE strength (Pearson’s ¥?, 23.685; df,
4; P<0.0005). The occurrence of IADL disability
decreased as KE strength increased; the percentage of
participants with IADL disability was 12.9%, 6.5%,
6.3%, 4.3% and 1.1% for the grades very low, low,
normal, high, and very high, respectively (Fig. 1), and
this inverse trend was statistically significant (Cochran-
Armitage test, P < 0.0005). These results were also true
for the subgroup with TMIG-IADL scores between 4
and 5 (Pearson’s ¥%, 11.811; df, 4; P=0.019; Cochran—
Armitage test, P 0.019).

Dlscussmn

The present study examined the relanonshxp between
KE strength and IADL in older adults living in a local
area of Tokyo. In contrast to the study by Azegami et al.,

the present results suggest that single-joint-task KE
strength is significantly related to IADL in women.® In
women, every KE strength parameter correlated with
IADL. As partial correlations adjusted by cognitive
function and depressive scale were also present, it is
suggested that KE strength affects IADL independently.
In women, KE strength was related to the prevalence
of IADL disability. In men, no correlation between KE
strength and IADL was observed. These results were the
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,Flgure 1 Prevalence of in mstrumental activities of datly
living (IADL) dtsabtllty in relation to knee»extenston strength
(KES) in (ay men and (b) women. KES, men: very low; -
<229 N; low, 229-267 N; normal, 267-311 N; high,”

311-355 N; very htgh >355 N. KES, women: very low,.
_<159N; low, 159192 N; normal, 192-221 N; high,

221-254 N; very high, >254 N. IADL mstrumenta} activities
‘of datly hvmg, KES knee extenston strength

,same even when the subject populatlon was iumted to
N those who had relattvely high TMIG-IADL scores (24).
 Basic ADL has been reported to be affected by the
* knee extension strength participants whose strength
test scores were in the lowest tertile had two- to three~
fold the risk of ADL dependence than those in the
highest tertile.' Therefore, the present result for men,
suggesting no relationship between KE strength and the
' degree of IADL disability, seems countenntumve
" To determine whether any one question speczﬁcaliy

o affected the sex—based dtfferences we carried out Pear-

~ son's y-tests to assess the relanonshlp between KE
strength and the answer to each specxﬁc questton (Q1-
~Q5). This result showed that, in women, the KE

strength and answers to specxﬁc questions were related

~ for all items except Q3, with a same trend as total JADL.
" In men, KE strength and the responses to every specific
question were mdependent This result. suggests that

- the sex—based dtfference was not due to any pamcular :

 © 2013 Japan Geriatrics Sbciety

One possxble explanatton for the lack of such a rela~
tionship in men is that men had a generally hlgher KE

- strength than women. The muscular strength threshold

required to carry out:IADL independently is 2.8 N/kg
(force divided by bodyweight) in the Japanese elderly
population.' A total of 95% of our male and 92% of
female pammpants had a KE strength above this thresh-
old. This suggests that based on KE strength, more
men were able to carry out IADL independently than
women. This factor could partly explain the lack of
correlation in men.

Another possible explanation for the lack of a corre-
lation between KE strength and IADL performance in
men is that cognitive function might have contributed
more to IADL performance in men than in women.
IADL were reported to be associated with memory and
executive functioning in patients with mild Alzheimer’s
disease.”” The absence of a relationship between KE
strength and IADL performance in men could be partly
explained if one argued that cognitive function played a
greater role in men, especially because the men were
older than the women. As aforementioned, however,

“the MMSE was related to TADL in women only. The
“average MMSE score was not different between men

and women. Thus, it seems unlikely that cognitive func-
tion played a greater role in men than in women in

- determining IADL performance.

Another possible explanation is that effects of dis-

-eases  were overshadowing the effect of KE strength.
IADL was associated with a hxstory of stroke, heart
. dtsease and asthma in men, but only with stroke in

women. It is conceivable that IADL in men was more

, affected by medical conditions than women. Conceptual

tradition in Japan regarding family roles might result in
the maintenance .of [ADL  irrespective. of ~diseases.
According to an international social survey, 77.7% of

- Japanese married people stated that grocery shopping

was usually done by the woman within a couple; com-
pared with 34-57% in six other developed countries.’
The same trend follows for doing laundry and preparing
meals.'* Our data also show that 37.2% of the women
were living alone compared with 8.1% of the men. High

- dependency on the woman for household jobs and the
htgh percentage of women living alone suggest that
 women were carrymg out many daily physical activities,
. whtch tmght have prevented the detenoratxon of IADL

- in response to disease.

~Relative dommance by women of household JObS

_could also suggest a ltmttatton of using TMIG-IADL to

evaluate the IADL, especxally in Japanese men. At least
wWo questtons in TMIG- IADL (Table 2) .are  closely
related to jobs mamly carried out by women in Japan.
We mlght need an 1mproved index of IADL that is more

sensitive in healthxer men,

The present study showedk that in women, KE

' strength correlated positively with IADL score, and the
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degree of IADL disability decreased with increasing KE
strength. This correlation was not observed in men. We
might need to study a frail population to identify a
correlation in men. We conclude that elderly women
need to take measures to prevent lower-limb muscles
from declining to maintain IADL.

Acknowledgments

We thank Editage for providing editorial assistance. We
also thank Ms Erika Hosoi for proofreading.

Disclosure statement

No potential conflicts of interest were disclosed.

References

1 Lawton MP, Brody EM. Assessment of older people: self-
maintaining and instrumental activities of daily living. Ger-
ontologist 1969; 9: 179-186.

2 Judge JO, Schechtman K, Cress E. The relationship
between physical performance measures and indepen-
dence in instrumental activities of daily living. The FICSIT
Group. Frailty and Injury: Cooperative Studies of Interven-
tion Trials. J Am Geriatr Soc 1996; 44: 1332-1341.

3 Sallinen J, Stenholm S, Rantanen T, Heliovaara M, Sainio
P, Koskinen S. Hand-grip strength cut points to screen
older persons at risk for mobility limitation. J Am Geriatr Soc
2010; 58: 1721-1726.

4 Ishizaki T, Watanabe S, Suzuki T, Shibata H, Haga H.
Predictors for functional decline among nondisabled older
Japanese living in a community during a 3-year follow-up.
J Am Geriatr Soc 2000; 48: 1424-1429.

5 Uchida H, Mino Y, Tsuda T et al. Relation between the
instrumental activities of daily living and physical fitness
tests in elderly women. Atz Med Okayama 1996; 50: 325~
333.

6 Azegami M, Ohira M, Miyoshi K et al. Effect of single and
multi-joint lower extremity muscle strength on the func-
tional capacity and ADLJADL status in Japanese
community-dwelling older adults. Nurs Health Sci 2007; 9:
168-176.

680 |

275

7 Sipila S, Suominen H. Knee extension strength and
walking speed in relation to quadriceps muscle composi-
tion and training in elderly women. Clin Physiol 1994; 14
433-442,

8 Manini TM, Visser M, Won-Park S et al. Knee extension
strength cutpoints for maintaining mobility. J Am Geriatr
Soc 2007; 55: 451-457.

9 Pohl PS, Duncan P, Perera S et al. Rate of isometric knee
extension strength development and walking speed after
stroke. J Rehabil Res Dev 2002; 39: 651-657.

10 Koyano W, Shibata H, Nakazato K, Haga H, Suyama Y.
Measurement of competence: reliability and validity of the
TMIG Index of Competence. Arch Gerontol Geriatr 1991; 13:
103-116.

11 Tombaugh TN, Mcntyre NJ. The mini-mental state
examination: a comprehensive review. J Am Geriatr Soc
1992; 40: 922-935.

12 Sheehan DV, Lecrubier Y, Sheehan KH et ¢l. The Mini-
International Neuropsychiatric Interview (M.LN.L): the
development and validation of a structured diagniostic psy-
chiatric interview for DSM-IV and ICD-10. J Clin Psychiatry
1998; 89 (Suppl 20): 22-33; quiz 34-57.

13 Tanimoto Y, Watanabe M, Sun W etal. Association
between muscle mass and disability in performing instru-
mental activities of daily living (TADL) in community-
dwelling elderly in Japan. Arch Gerontol Geriatr 2011; 54:
€230-e233.

14 Ishizaki T, Kai I, Kobayashi Y, Imanaka Y. Functional
transitions and active life expectancy for older Japanese
living in a community. Arch Gerontol Geriatr 2002; 35: 107-
120.

15 Rantanen T, Avlund K, Suominen H, Schroll M, Frandin
K, Pertti E. Muscle strength as a predictor of onset of ADL
dependence in people aged 75 years. Aging Clin Exp Res
2002; 14: 10-15.

16 Hasegawa R, Islam MM, Lee SC, Koizumi D, Rogers ME,
Takeshima N. Threshold of lower body muscular strength
necessary to perform ADL independently in community-
dwelling older adults. Clin Rehabil 2008; 22: 902~910.

17 Hall JR, Vo HT, Johnson LA, Barber RC, O'Bryant SE. the
link between cognitive measures and ADLs and IADL
functioning in mild Alzheimer’s: what has gender got to do
with it? Int J Alzheimers Dis 2011; 2011: 1-6.

18 International Social Survey Program (ISSP). International
social survey program: family and changing gender roles
11. Koeln: ICPSR version; 1994. [Cited 1 Jan 2013.] Avail-
able from URL: http//data.library.utoronto.ca/datapub/
codebooks/icpsr/6914/cb6914.pdf

© 2013 Japan Geriatrics Society



J Orthop Sci (2014) 19:429-436
DOI 10.1007/s00776-014-0535-1

Usefulness of urinary CTX-II and NTX-I in evaluating
radiological knee osteoarthritis : the Matsudai knee osteoarthritis

survey

Nobuchika Tanishi + Hiroshi Yamagiwa -
Tadashi Hayami - Hisashi Mera + Yoshio Koga
Go Omori * Naoto Endo

Received: 22 March 2013/ Accepted: 15 January 2014 /Published online: 7 February 2014

© The Japanese Orthopaedic Association 2014

Abstract

Background To assess the usefulness of the urinary
crosslinked C-telopeptide of type I collagen (uCTX-I) or
crosslinked N-telopeptide of type I collagen (uNTX-1) for
‘evaluating radiological knee osteoarthritis (OA), a cross-
sectional study was conducted in the cohorts of the
Matsudai knee osteoarthritis survey performed in Niigata,
Japan.

Methods Urine specimens and standing knee AP X-rays
were obtained from 1040 subjects who provided informed
consent. The relationship between these markers and gen-
der, age (patients aged 40-59 or 60-79 years), use of bis-
phosphonates, and OA grades (K-L classification) were
analyzed. The diagnostic ability of uCTX-II to detect
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radiological knee OA was confirmed in the over 60-year-
old subjects using a ROC curve.

Results. The over 60-year-old men with OA grade 3,4
group had significantly higher uCTX-II levels than the
other OA grade groups. In the over 60-year-old women, the
uCTX-II levels significantly increased according to the
progression of the knee OA grade. No significant differ-
ence was observed between the uNTX-I levels in the dif-
ferent OA grade groups. From . the standpoint of
biomarkers, the higher quartiles of the uCTX-II and uNTX-
Ilevels gradually included higher numbers of grade =2 OA
subjects in the over 60 year-old women. The area under the
curve (AUC) in ROC analysis of uCTX-II exhibited a
significant association with the diagnosis of knee OA in
women (AUC 0.63), although the accuracy was evaluated
to be low in the single measurement of our health checkup-
based analysis. ‘

Conclusions ~This population-based’ study indicates that
the uCTX-II level is strongly correlated with the knee OA
grade in women over age 60. A further analysis is needed
to clarify its predictive accuracy.

Introduction

Knee osteoarthritis (OA) is becoming a common disease,
because the average age of people in Japan has been
increasing rapidly. Currently, the diagnosis of knee OA is
based on symptoms, history, physical findings, laboratory
data from the blood and synovial fluid and image assess-
ments (e.g., X-ray, MRI). An evaluation of the function and
pain in knee OA is performed based on the functional
scores (e.g., Japanese Orthopaedic Association Knee OA
score), and QOL assessments (e.g., WOMAC score). The
findings of each examination and assessment are
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“considered to provide information about the current con-
dition of the knee OA, and, therefore, to help determine the

optimal treatment method at that point. These findings,
however, are insufficient for evaluating the disease activity
and predicting the prognosis of knee OA. Recently, OA

biomarkers have been  gathering attention as objective

indices for prov1dmg an early dmgnosxs of knee OA and
predicting the degree of progression. If useful joint bio-
markers are found and can be applied clinically, they
would be beneficial in terms of both the patient benefit and
medical economics. Currently, the joint biomarkers being
examined include substrate markers formed by degradation
products of bone and joint tissues, enzymes that exist in the
joints, inflammatory cytokines, etc. [1].

When type II collagen, which is the main component of
joint cartilage, is degraded by a cartilage-degrading
enzyme, a C-terminal crosslinking telopeptide of collagen
type II (CTX-II) is produced and excreted in the urine.
" Garnero et al. [2, 3] have reported that the urinary CTX-II
(uCTX-II) level was significantly elevated in patients with

early rheumatoid arthritis, and that it could be used as a
~ diagnostic index, predlctmg X-ray progressmn, and for

evaluating the effects of drug therapy. In addition, patients

* with “hip” OA exhlblted hxgher levels of uCTX-II' than

healthy sub;ects, ‘and cases of rapldly developing hip OA
“had significantly higher uCTX-II levels than cases of
slowly developing hip OA [4]. Moreover, ‘the uCTX-II
levels of patients with advanced radiological knee OA were

- higher [5, 6], thus, 1nd1catmg the p0331b111ty that uCTX 11

~ can be used as a joint biomarker.

There have been several reports regarding uCTX-II, but

there are few reports of uCTX-II being used for Tapanese
- patients ' with knee OA. In addition, regardmg the correla-
‘tion between knee OA and osteoporosis, although both

condmons are common among women and share similar.

ages of onset, definite information has not yet been
* obtained about the potent1a1 utility of bone resorption
" biomarkers in OA. It has been experimentally revealed that
subchondral bone resorption and subsequent bone sclerosis
occurs in conjunction with the progression of knee OA [7].
The nature of the changes that occur to bone resorption
markers in conjunction Wlth the progression of knee OA is
of great interest.
~ We have conducted a total of five epidemiological sur-
" veys on knee OA every 7 years from 1979 (1st survey) to
2007 (Sth) in a rural area of Japan, durmg ‘which time,
“resident health checkups were conducted every year. We
have pubhshed reports regardmg the risk factors for knee
" OA based on the findings of these surveys [8, 9]. To pro-
- vide the initial step in venfymg our hypothesis that uCTX-
I can be used as a joint biomarker for knee OA, we
'~ reported the correlatmn between the knee OA X-ray grades

" of 296 subjects and the uCTX-II levels, as well as the
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levels of urmary Ntemnnal crosslmlqng telopepude of

‘type I collagen (uNTX-I), which is a biomarker of bone

metabolism, while taking the age and gender of the sub-

~ jects into_consideration [10]. In this paper, in order to
~assess the potential utility of these biomarkers, we inves-

tigated the correlation between the knee OA X-ray grades
of 1040 SUbjGCtS and their uCTX-II and uNTX I 1evels in
the Matsudai cohort, taking the age, gender menopausal
status, and oral blsphosphonate treatment of the subjects
into consideration. ~

Subjects and methods

During the 2007 annual comprehensive health check-up
conducted in the Matsuda1 d1str1ct (formerly Matsudai-
machi), Tokamachi City, Nugata Prefecture, Japan, we
collected urine specimens and took standing AP X-rays of
the knees for approximately 1200 subjects from whom

jnformed consent was obtained. The menopausal status and
use of ‘oral bisphosphonates were checked. The history of

fractures within the past year was also ascertained, and
those with fractures were excluded from the present ana-
lysis. The X-ray assessments were conducted blindly by the
two senior authors (G. O. and Y. K.) in accordance with the
Kellgren—Lawrence classification (G 0-4). Whenever there
was a difference in grade between the right and left knees,

the higher grade was included in the analysis. The subjects

with total knee arthroplasty or unclassified knee OA grade

‘were excluded. As with the past reports, patients with

grades O0'and 1 were defined as the “non-OA™ group, and
those with grade 2 or higher were defined as the “OA”
group. The casual urine specimens were collected from the
participants and stored at —80 °C. The time of collection
ranged from 9 a.m. to 2 p.m. The level of uCTX-II was
measured using a Urine CartiLaps enzyme immunoassay
kit (Immunodiagnostic Systems Limited, Tyne & Wear,
UK) and that of uNTX-1 was measured using an Osteo-
mark NTx ELISA kit (Invemess Medical Innovanons
Princeton, NJ, USA). The measured levels were corrected
by the urine creatinine concentration (WCTX-II: ng/mmol
Cr, uNTX-I: nmol BCE/mmol Cr). Outliers for uCTX-II
and uNTX-I were defined as patients with values >1000
and >100, respectively, and were excluded from the ana-
lysis. A total of 1040 subjects (435 men and 605 women)
ranging in age from 40 to 79 years were ﬁnally 1ncluded in
the followmg analyses. The numbers of the subjects, mean
age, and mean body mass index according to gender
and OA grade were as follows: 297 subjects (65.3 £ 9.7
years old, 22.6 & 2.9 kg/m?) in male OA GO,1, 106 sub-
jects (72.3 £ 5.3, 23.3 £ 2.9) in male OA G2, 26 subjects
(725 £4.9, 243 +£3.3) in male OA" G3, six sub-
jects (747 £3.2, 23.1 £3.6) in male OA G4, 319
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subjects (60.7 £ 9.5, 22.0 &+ 3.0) in female OA GO,1, 183
subjects (70.3 & 6.0, 22.8 £2.7) in female OA G2,
71 subjects (71.6 + 6.1, 24.6 £ 3.2) in female OA G3 and
32 subjects (72.9 + 5.1, 24.9 &+ 4.1) in female OA G4.
The age and BMI gradually increased according to the
severity of OA, as shown in the previous study [8], with the
exception of BMI in of men with OA G4.

The relationships between age, oral bisphosphonates,
radiological knee OA grades, and values of biomarkers
(uCTX-II and uNTX-I) were analyzed. In addition, the
subjects were divided into four quartiles using the values of
two biomarkers, and the distribution of the OA grades in
each quartile was analyzed. In order to investigate the
diagnostic ability of uCTX-II to detect OA knee (grade
>2), receiver operator characteristic (ROC) curves were
employed to display the sensitivity, specificity and area
under the curve (AUC) in the over 60-year-old subjects.

For the statistical analysis, the Mann—Whitney U test,
Kruskal-Wallis H test, and Chi square test, and ROC curve
were used, and a value of p < 0.05 was defined to be statis-
tically significant. The Prism 6 software program (GraphPad
Software, Inc., La Jolla, CA, USA) was used to perform the
analysis. Values are shown as the median. The study protocol
~was approved by the Ethics Committee of Niigata University
Graduate School of Medical and Dental Sciences.

Results

Comparison of the levels of uCTX-II and uNTX-I
by age in the non-OA group

Both biomarkers were compared between the non-OA
(G0,1) 40-year-old to 59-year-old and 60-year-old to
79-year-old groups to eliminate the effects of knee OA.
Forty-year-old to 59-year-old women were further divided
by their menopausal status.

In men, the median uCTX-II levels in the 40-year-old to

59-year-old and 60-year-old to 79-year-old groups were
180.2 and 170.5 ng/mmol Cr, respectively (not significantly
different). In women, the median uCTX-II level in the pre-
menopausal 40-year-old to 59-year-old, post-menopausal
40-year-old to 59-year-old, and 60-year-old to 79-year-old
groups were 71.8, 153.3 and 156.4 ng/mmol Cr, respec-
tively. The uCTX-II levels in the post-menopausal 40-year-
old to 59-year-old group and the 60-year-old to 79-year-old
group were significantly higher than those in the pre-men-
opausal 40-year-old to 59-year-old group (Fig. 1a).

The median uNTX-I levels in the 40-year-old to 59-year- -

old and 60-year-old to 79-year-old men with grade 0 and 1 OA
were 30.2 and 33.1 nmol BCE/mmol Cr, respectively (not
significantly different). The median uNTX-I levels in the pre-
menopausal 40-year-old to 59-year-old, post-menopausal
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Fig. 1 The relationship between the age and uCTX-II level in the
non-OA group (knee X-ray OA grade O and 1) subjects. a Subjects
aged 40-59 years, b 60-79 years. pre pre-menopausal, post post-
menopausal. The numbers of subjects are shown at the botrom b. Each
box represents the 25th/50th (median) to 75th percentiles. The lines
outside the box represent the 10th and 90th percentiles. **p < 0.01

40-year-old to 59-year-old, and 60-year-old to 79-year-old
women with grades 0 and 1 OA were 32.4,44.0 and 40.6 nmol
BCE/mmol Cr, respectively. The uNTX-I levels in the post-
menopausal 40-year-old to 59-year-old group and the
60-year-old to 79-year-old group were significantly higher
than those in the pre-menopausal 40-year-old to 59-year-old
group (Fig. 1b). '

Influence of bisphosphonates on the uCTX-II levels

The uCTX-1I levels were compared in the GO,1, G2, and -
G3,4 groups of 60-year-old to 79-year-old women with and
without a history of oral bisphosphonate treatment (Fig. 2).
The median uCTX-1I levels in the GO,1 group in subjects
that were untreated or treated with bisphosphonates were
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Fig. 2 The influence of oral bisphosphonate use on the uCTX-II
levels in the different OA grade groups of 60-year-old to 79-year-old
female subjects. The numbers of subjects in each group are shown at
the bottom of the ﬁgure *p < 0.05

157 7 and 127 0 ng/mmol Cr, respectively (not srgmﬁcant)

The median uCTX-II levels in the G2 group without

treatment or with brsphosphonate treatment were 212.0 and
125.5 ng/mmol Cr, respectively (not significantly differ-
ent). The median uCTX-II levels in the G3,4 group without
treatment or with bisphosphonate treatment were 317.4 and
174.8 ng/mmol Cr, respectively. The uCTX-II levels in the
G3,4 group without bisphosphonate treatment were sig-
nificantly higher than those in subjects treated with bis-

phosphonates.. Thus, subjects with oral bisphosphonate

; treatment were eliminated from subsequent analyses.

Comparrson of the uCTX—II levels based on the X—ray
- .OA grade 5 St

In the 40-year—old to 59- year—old men, the median uCTX-II

" levels in the GO0,1 and G2 groups: were 180 2 and 137.5 ng/
mmol Cr respectively (not. s1gmﬁcantly drfferent) There '

~ were no cases of G3, 4 OA in this age group (Frg 3)
In the 60—year—01d to 79—year—old men, the medran uCTX-

.' iy levels were 170.5 ng/mrnol Cr in the GO,1. group, 1527
the G2 group, and 253.0 in the G34 | group. The G3,4 group
had significantly higher uCTX-II levels than the other groups.

The mean age of each group with regard to the OA grade was

not significantly different (70 2+52 728+42, and

72.9 £ 4.7 in the GO,1, G2, and G3,4 groups, respectively).
In the pre—rnenopausal 40—yea.r-old to 59-year—old
women, the medran uCTX-II levels were 71.8 ng/mmol Cr

in the GO,1 group and 149.5 in the G2 group. T' here wereno
cases of G3,4 OA. A statistical analysis of this group was

not perforrned because of the small number of subjects.
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performed to examine the differences between the OA grade groups
for'each age group **p < O 01

In the post-menopausal 40—year—old to 59—year-old
women, the median uCTX II 1evels were 153.5 ng/mrnol
Crin the GO 1 group, 344 6 in the G2 group and 267.3 in

the G3,4 group There were no srgmﬁcant dlfferences

between any of the groups. =
"In the 60-year-old to 79-year-old Women the medlan
uCTX II levels were 157.7 ng/mmol Cr in the GO 1 group,

;'212 0 in the G2 group and 317. 6 in the G34 group The
'G3 4 group had 31gmﬁcantly hlgher uCTX-1I levels than
the other groups The G2 group also had srgmﬁcantly
k hrgher uCTX-II levels than the GO,1 group The age
~ (mean + SD) of each group based on the grade was not

s1gn1ﬁcantly drfferent (68.0 +52, 71 245 0, and

717 £ 5.0inthe G0,1, G2, and G3,4 groups, respecuvely)

To assess the potentlal of using uCTX-II as a biomarker,
the 60-year—old to 79-year-old subjects were divided into
quamles based on the uCTX-II values, and the dlstnbutlon
of OA grades was compared (Flg 4). An OA grade greater
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Fig. 4 There was an increased uCTX-II level and distribution of OA
grades in 60-79 year-old a male (n = 352) and b female (n = 418)
subjects. The mean vatues of uCTX-II (ng/mmol Cr) for each quartile
from Q1-4 were 42.6, 130.3, 237.7, and 548.8 in males, and 49.4, 151.8,
262.6,and 532.3 in females. an.s.and b p < 0.0001 according to the Chi-
square test. The mean age of each group was not significantly different

than or equal to G2 gradually increased as the mean uCTX-
II of the quartile increased in women (Fig. 4b), although
men showed no clear trend (Fig. 4a).

Comparison of the uNTX-I levels based on the X-ray
OA grade ‘

Considering that the effects of age on the uNTX-I levels are
small in men, 40-year-old to 79-year-old men were compared
without dividing them by age. There were no significant
differences in the uNTX-I levels according to OA severity
between any of the groups in either gender (Table 1).
To examine the potential use of uNTX-I as a biomarker,
60-year-old to 79-year-old subjects were divided into
quartiles based on their uNTX-I values, and the distribution
of OA grades was compared (Fig. 5). The higher quartile of
uNTX-I in women included significantly more subjects of
radiological knee OA (G2 and G3,4) (Fig. 5b), while men
showed no clear trend (Fig. 5a).

ROC analysis to examine the diagnostic ability
of the uCTX-II level

Based on the results above, we examined the sensitivity
and specificity for diagnosing OA (grade 0,1 or grade >2)
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Table 1 Relationship between the grade of knee X-ray OA grade and
the median levels of uNTX-I

Gender Age range uNTX-I (nmol BCE/mmol Cr)
OA GOl OAG2 OA G34
Men 40-79 31.9 (297) - 32.4 (106) 33.0 (32)
Women 40-59 (pre) 249 (50) 40.7 (2) Not available (0)
40-59 (post) 42.6 (88) 41.7(7) 27.9 (4)
60-79 40.7 (173) 44.6 (158) 44.8 (87)

pre pre-menopausal, post post-menopausal, () numbers of subjects
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" Fig. 5 The uNTX-I level and distribution of OA grades in

60-79 year-old a male and b female subjects. The mean values of
uNTX-I (nmol BCE/mmol Cr) for each quartile from Q1-4 were 17.4,
28.0, 39.3, and 62.1 in males, and 20.7, 36.2, 50.5, and 754 in
females. a n.s. and b p = 0.0015 according to the Chi square test. The
mean age of each group was not significantly different

~ according to the in the level of uCTX-II and depicted the

findings in ROC curves (Fig. 6). The AUC of the uCTX-Ii level
to diagnose radiological knee OA indicated the better accuracy
in women than in men; however, low accuracy was observed in
the single measurement of the uCTX-II level in this annual
health check-up.

Discussion

We first examined the changes in uCTX-II and uNTX-I
based on age. In the non-OA subjects, these biomarker levels
were significantly affected by age only in women, as had
already been shown in the previous studies [11-13]. Our data
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(b) over 60 years of age. The area under the curve was 0.5229
(p = 0.47) and 0.6321 (p < 0.0001) in men and women, respectively

also emphasized that age and menopausal status should be
carefully considered when evaluating the uCTX-II level in
women. In the pre-menopausal 40-year-old to 59-year-old
non-OA (GO,1) women, the uCTX-II level was 71.8 (med-
ian) ng/mmol Cr, the lowest value of the group in this study,
which is quite reasonable. However, approximately 10 % of
the subJects in this group showed elevation (e.g., >300 ng/
mmolCr) of the uCTX-1I values. ThlS result raises the pos-
sibility that, in these subjects, radlologlcal knee OA change
* may occur within a few years, or that OA changes in other
]omts such as the lumbar spine, rnay already exist. A lon-
gitudinal follow~up study of knee X- -ray changes is needed to
~ clarify the usefulness of uCTX 11 in this group.

The uCTX 1T level decreases 31gn1ﬁcant1y in response to
; blsphosphonates [12]. This must be carefully considered
when analyzing the OA biomarkers. In this study, the

uCTX-II levels tended to be lower in subjects treated with

bisphosphonates than in those without in all grade groups,
and a significant difference was observed in the grade 3,4
group. Our data suggested that there was a 40-45 %
reductlon of the CTX-II values in the women OA groups
(>G2) resultmg from the use of oral blsphosphonates

In the 40—year-old to 59-year-old subjects of both genders,
there were 1o significant differences in the uCTX-1I values
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between different OA grades. However, no definitive con-
clusions could be made, because this age group only included
the GO,1 and G2 groups, and the number of subjects in the G2
group was relatively small. In the 60-year-old to 79-year-old
men, there were no significant differences between the GO,1
and G2 groups, whereas the G3,4 group had significantly
higher levels than the other groups. In the 60-year-old to
79-year-old women, the uCTX-II levels increased as the
X-ray OA grade progressed. In addition, the number of
subjects with higher OA grades (>G2) gradually increased in
the higher quartile of uCTX-II in women, as shown in
Fig. 4b. This data suggests that uCTX-II is a more useful
diagnostic biomarker for knee OA in women than in men
above the age of 60. ‘

It is believed that bone turnover around the joints would
affect the OA changes in some patients. In the current
study, the uNTX-I level was not significantly different
between the different OA groups. It was difficult to use
only the uNTX-I level as a knee OA biomarker because (1)
systemic bone metabohsm greatly affects its level, and (2)
several subgroups of OA pathogenesis were included in
this population-based study. Interestingly, our data showed
that approximately 80 % of subjects in the hlghest ulNTX-I

- Quartile of women had radiological knee OA changes

(=G2). ThlS high level of bone resorption mlght have been
derived from (1) low physical activity associated: with
severe knee pain due to OA, and (2) generalized OA
changes including knees with systemic bone resorption, or

due to other causes. The weak but positive_correlation

between the levels of uCTX I and uNTX-I in _the
60~-79 year-old women with knee OA of G3,4 in this study
(data not shown), supports the above-mentioned assump-
tions. In order to demonstrate the effect of bone metabo-
lism on knee OA changes, an evaluation of the local bone

turnover around the knee would be necessary.

. To evaluate the dxagnostlc ablhty of the uCTX-H level
to detect radlologlcal knee OA accordmg to the “BIPED”

’:cntena [14], a ROC analysxs was performed. Our: study

showed that the uCTX 11 levels in women are 51gmﬁcant1y

; ‘assoc1ated thh rad1010g1ca1 knee OA however, the diag- .
inosttc accuracy of a smgle measurement is. low. As the

onset and. progression of OA occurs over a penod of time,
multlple measurements of bxomarkers Would prowde better
dlagnostlc ablhty Sowers et al.. [15] showed that five
biennial measures of the CTX II level obtamed over a
10~year period were predlctlve of subsequent OA knee,
although the sensitivity and specificity for changes over
time in the CTX-II level to predict X-ray-defined OA knee
using a ROC curve analysm were “modest”. To conﬁrm
the usefulness of biomarkers as a dlagnostlc biomarker and

; predlctor of knee OA occurrence and progression, we have

already performed a prospective 6th survey at a 3-year
interval (2010), and the data analyS1s is now ongoing.
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There are a number of limitations associated with this
study. that should be considered when interpreting the
results. Although uCTX-II and uNTX-I are systemic bio-
markers, we only checked knee X-rays, because this study
was population-based and conducted as part of regular
health check-ups. An evaluation of other joints and the
spine using X-rays was not performed. Significant diurnal
variation in the biomarker expression has been reported
[16]. Their study showed that the levels of uCTX-II were
highest prior to arising from bed (T0) and 1 h arising from
bed (T1) and decreased at 4 h (T2) after arising from bed
and remained stable after 12 h (T3) of daily activity. Our
health checkups were performed at various times from
9 am. to 2 p.m. We should consider the possibility that
circadian variability affected our results although the tim-
ing of sample collection in our study was usually around
their “T2”, which was considered to be a relatively stable
phase of diurnal variation in their study. Furthermore, a
recent review suggested that the uCTX-II is not a specific
marker of articular cartilage breakdown, but it reflects, to
some extent, the remodeling of calcified cartilage [1].
However, in spite of these drawbacks, clear differences
were demonstrated between the knee OA X-ray grades and
uCTX-II levels in the cross-sectional observation.
Although it is inevitable that population-based studies will
include some unclear findings, the relatively large number
of subjects make the present results representative of the
general Japanese population.

In conclusion, this study provides invaluable informa-
tion about the relationship between uCTX-1I and the X-ray
knee OA grade after adjusting for age, gender, menopausal
status, and the use of bisphosphonates. The number of
subjects included in this study was 3.5 times higher than
that of our previous study [10]. This cross-sectional study
indicates that uCTX-II is correlated with the radiological
knee OA grade in subjects over 60 years of age, and it can
be used as a method to evaluate OA, especially in females.
We are now working on analyzing whether the occurrence
and progression of knee OA can be predicted in this cohort
of patients.
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Intra-articular hyaluronic acid injection versus oral
non-steroidal anti-inflammatory drug for the
treatment of knee osteoarthritis: a multi-center,
randomized, open-label, non-inferiority trial
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Kazuo Kaneko' and for the Research Group of Cartilage Metabolism

Abstract

Introduction: While many of the commonly used conservative treatments for knee osteoarthritis (OA) have been
recognized to be effective, there is still insufficient evidence available. Among the pharmacological treatments for knee
OA, oral non-steroidal anti-inflammatory drugs (NSAIDs) act rapidly and are recommended for the management of OA.
However, frequent and serious adverse effects of NSAIDs have been recognized. Intra-articular injections of hyaluronic
acid (IA-HA) for the treatment of knee OA have been shown to reduce pain and improve joint function. However, there
has been no qualified direct comparison study of the efficacy and safety between IA-HA and NSAIDs for patients with

knee OA. The aim of this study was to clarify the efficacy and safety of early-phase IA-HA in comparlson to thosé of
. NSAIDs for patients with knee OA.

Methods: This multicenter, randomized, open-label, parallel-group, non-inferiority comparison study with an oral NSAID
involved a total of 200 patients with knee OA. An independent, computer-generated randomization sequence was used
to randomly assign patients in a 1:1 ratio to NSAIDs three times per day for five weeks (n = 100) or IA-HA once a week for
five weeks (n = 100). The primary endpoint was the percentage change in the patient-oriented outcome measure for knee
OA, the Japanese Knee Osteoarthritis Measure (JKOM) score. All patients were questioned regarding any adverse events
during treatment. The full analysis set (FAS) was used for analysis. The margin of non-inferiority was 10%.

Results: The analyses of primary endpoint included 98 patients in the IA-HA group and 86 patients in the NSAID group.
The difference in the percentage changes of the JKOM score between the two.intervention arms (IA-HA; -34.7%
(P<0.001), NSAID; -32.2% (P<0.001)) was —2.5% (95% confidence interval (Cl): -14.0 to 9.1), indicating IA-HA was not
inferior to NSAID. The frequency of both withdrawal and adverse events in the IA-HA group were significantly lower
than those in the NSAID group (P=0.026 and 0.004, respectively).

Conclusions: The early efficacy of IA-HA is suggested to be not inferior to that of NSAIDs, and that the safety of the
early phase of 1A-HA is superior to that of NSAIDs for patients with knee OA.

Trial registration: UMIN Clinical Trials Registry (UMIN-CTR), UMINOO0Q001026.
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