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ND : TEM 7% L, LDL : low density lipoprotein, CRP : C-reactive protein, ESR:
erythrocyte sedimentation rate, DPD ! deoxypyridinoline, NTX/Cre : N-terminal
telopeptide/creatinine ratio

Involvernent of Paraarticular Trabecular Bone Loss at the Ultradistal Radius in Increased Arterial Stiffening
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Log faPWV Log baPWV

Independent variables

EFN EFN2 =503 EFFN 1 £F)2 TFN3
Fi 0.193 0.325 0.220 0.337° 0.421° 0.421°
WLEE / JEME (— / +) 0.100 0.025 — 0.050 0.105 0.076 0.121
N4 i e 0378% 0.386 " 0.375* 0.452* 0.482* 0.420°%
Log BB S ismB®E | — 03257 —0.360°
Log BB IIRREHE - 0.006 — 0.201
Log #& OSI 0.157 ~ 0.081
EHBE R 0.426 0.358 % 0.230°" 07117 0.655 " 0.562°

FhOBFSEEREBER(B) 2FT. *p <0001, ¥p<001, Fp<005

W& D 982 (range 739 ~ 1442)cm/sec, 1322
(range 1031 ~ 2212)cm/sec iCth L, BEL L
A»RD o7, RABFR L NEEICE VT
FE, Fifn, WEOFECHIEL ASERBIRT
RA fRERIIIHAT U 7- BIREE stiffening O ERKE T
ThH-o7:(5]2), RABERICE W TEREEME
DR E OB EEILQPWY, baPWVEEER
AOMETRD 7 (5& 3),
BREENROEREROEEEII RABET
BEECHNTERERET2#Y, SEEETT
BB E B EE OB T 2 RA BE D BIREE saft
ening MER O L 2 BHBERF b -7 (52 4),

3 BREEER

B4t RA BE T BRI EHBRED
JER AR O BB stiffening: BB DGR R F T
HBHIEMREI NS, BERMECET 5
WEEBEENETII RADEECEENTH
37, X oICRAKRE S BIEIR O & 5 BRI
PO )y EFEFXEYS Y DL
BUIHFSLTwAI LA TREY, MLk
DL LYBEBEEMIBCBIT AEREETED
{&TF & KA OB ARBE stiffening D ER & DOEIEDS
EZoh b,

3z R
1) Jonsson SW, Backman C, Johnson O, Karp K,
Lundstrom E, Sundqvist KG, et al. Increased preva-
lence of atherosclerosis in patients with medium

2)

3)

4)

5)

6)

7)

8)

Osteoporosis Japan vel. 14

-100-

term rheumatoid arthritis. ] Rheumatol 2001;
28:2597-602.

Park YB, Ahn CW, Choi HK, Lee SH, In BH, Lee
HC, et al. Atherosclerosis in rheumatoid arthritis:
morphologic evidence obtained by carotid ulira-
sound. Arthritis Rheum 2002;46:1714-9.
Wallberg-Jonsson S, Ohman M, Rantapaa-Dahlqvist
S.Which factors are related to the presence of athe-
rosclerosis in rheumatoid arthritis? Scand J
Rheumatol 2004;33:373~9.

Gonzalez-Juanatey C, Llorca J, Testa A, Revuelta J,
Garcia~-Porrua C, Gonzalez-Gay MA. Increased
prevalence of severe subclinical atherosclerotic find-
ings in long~term treated rheumatoid arthritis pa-
tients without clinically evident atherosclerotic dis-
ease, Medicine (Baltimore) 2003;82:407-13.
Kumeda Y, Inaba M, Goto H, Nagata M, Henmi Y,
Furumiisu Y, et al.Increased thickness of the arte-
rial intima-media detected by ultrasonography in
patients with rheumatoid arthritis. Arthritis Rheum
2002;46:1489-97,

Nagata-Sakurai M, Inaba M, Goto H, Kumeda ¥,
Furumitsu Y, Inui K, et al. Inflammation and bone
resorption as independent factors of accelerated ar-
terial wall thickening in patients with rheumatoid
arthritis. Arthritis Rheum 2003;48:3061-7.

Inaba M, Nagata M, Gote H, Kumeda Y, Kobayashi
K, Nakatsuka K, et al. Preferential reductions of
paraarticular trabecular bone component in
ultradistal radius and of calcaneus ultrasonography
in early—-stage rheumatoid arthritis. Osteoporas Int
2003;14:683~7.

Furumitsu Y, Inaba M, Yukioka K, Yukioka M,
Kumeda Y, Azuma Y, et al. Levels of serum and syno-
vial fluid pyridinium cresslinks in patients with rheu-
matoid arthritis, ] Rheumatol 2000;27:64-70.

no. 2 2006 127(293)



ATHEROSCLEROSIS

Sasl
ELSEVIER

Atherosclerosis 188 (2006) 196-202

www . elsevier.com/locate/atherosclerasis

Associations between physical activity, peripheral atherosclerosis
and bone status in healthy Japanese women

Shinsuke Yamada, Masaaki Inaba™, Hitoshi Goto, Mayumi Nagata-Sakurai, Yasuro Kumeda,
Yasuo Imanishi, Masanori Emoto, Eiji Ishimura, Yoshiki Nishizawa

Department of Metabolism, Endocrinology and Molecular Medicine, Osaka City University Graduare School of Medicine,
1-4-3, Asahi-machi, Abeno-ku, Osaka 545-8585, Japan

Received 3 May 2005; received in revised form 11 October 2003, accepted 24 October 2005
Available online 28 November 2005

Abstract

The aim of this cross-sectional study was to investigate whether physical activity and bone status may affect arterial thickening and stiffening
in healthy Japanese women. Healthy women (n=149; mean age, 54 years) were recruited from those who participated in a local health check
program at the Osaka City University Hospital. Physical activity was assessed by physical functioning score of SF-36, and bone status by bone
mineral density (BMD) in lumbar spine and calcaneus osteo-sono index (OSI). Arterial wall thickening assessed by intima-media thickness
(IMT) in common carotid artery (CA) and femoral artery (FA), and arterial wall stiffening by peak wave velocity (PWV) in heart-carotid
(he) and heart~femoral (hf) as central segment and in heart-brachial (hb) and femoral-ankle (fa) as peripheral segment, respectively. By
Spearman Rank correlation, lumbar spine BMD was correlated negatively with CA IMT (p=—0.225, p<0.05) and FA IMT (p=-0.215,
p <0.05), and calcaneus OST with FA IMT (p=-0.330, p <0.0001) but not CA IMT (p=—0051, p=0.5335). Both lumbar spine BMD and
calcaneus OSI correlated negatively with PWV in all segments (all p <0.05). Physical functioning score correlated weakly but significantly
in a negative manner with all PWV segments (all p<0.05) but not IMT. Multiple regression analyses revealed a significant association of
calcaneus OS] (§=—0.240, p=0.0039) but not lurbar spine BMD (8= —0.067, p =0.4541) with FA IMT, although neither lumbar spine
BMD nor calcaneus OSI was associated with CA IMT. Furthermore, physical functioning score was independently associated with hb and
fa PWV but not hc and hf PWV, suggesting the preferential association with peripheral segment including lower extremities. Neither lumbar
spine BMD nor calcaneus OSI was associated with any segment of PWV.

In conclusion, it was suggested that calcaneus OSI might be associated with arterial wall thickening preferentially in femoral artery, and
that physical activity may be associated with arterial wall stiffening in peripheral segment including lower extremity but not in central segment
in healthy Japanese women.
© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Qsteoporosis; Quality of life; ADL; Bone mineral density; Atherosclerosis

opment of osteoporosis as arisk for advanced atherosclerosis

after menopause [1,4].
Atherosclerosis has two key components, arterial wall

1. Imtroduction

Atherosclerosis and osteoporosis progress simultaneously

with advancing age [1] and shares common risk factors such
as smoking [2] and menopause [3]. There is an association
between aortic calcification and BMD in hip or lumbar spine
in post-menopausal women, therefore, suggesting the devel-

* Corresponding author. Tel.: +81 6 6645 3806; fax: +81 6 6645 3808,
E-mail address: inaba-m@med.osaka-cu.ac.jp (M. Inaba).

0021-9150/% - see front matter © 20035 Elsevier Ireland Lid. All rights reserved

doi:10.1016/].atherosclerosis. 2005.10.036

thickening (atherosis) and arterial wall stiffening (sclero-
sis), which now can be quantified by measuring far wall
intimal-medial thickness (IMT) and pulse wave velocity
(PWV), respectively, The IMT of the common carotid attery
(CA) and femoral artery (FA) has been established as a clin-
ically useful index for identifying carly-stage general and
local atherosclerosis in lower extremities [5—11], respec-
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tively, since CA IMT is strongly correlated with the pres-
ence of coronary artery diseases [5-10] and FA IMT with
local atherosclerosis [11]. PWV is also established as a
marker of early-stage atherosclerosis [12]. Heart—carotid
(hc) PWV and heart~femoral (hf) PWV reflect central seg-
ment of atherosclerosis and heart-brachial (hb) PWV and
femoral-ankle (fa) PWV peripheral segment, respectively
[13].

Physical activity is also one of the important factors affect-
ing atherosclerosis, Weekly fitness activity is a significant
profitable factor against the development of aortic calcifica-
tion [1]. Conversely, arterial stiffening was increased in the
paretic lower limb of hemiparetic patients [14]. Recently, the
Medical Outcomes Study 36-item Short Form (8F-36), which
is a self-administered questionnaire containing 36 items that,
when scored, yield eight domains considering physical, cog-
nitive, emotional and social aspects [15,16] has emerged as a
valuable index to assess health-related quality of life (HRQL)
[17].

Furthermore, lumbar spine (L2—4) BMD and calcaneus
osteo-sono-assessment index (OSI) are measured as index of
osteoporosis [18,19].

This background prompted us to examine the association
of physical activity as reflected by SF-36 score and of bone
status as reflected by lumbar spine BMD and calcaneus OSI
with general and local arterial wall thickening as reflected by
IMT and central and peripheral arteries stiffening as refiected
by PWV in healthy Japanese women.

2. Subjects and methods
2.1. Subjects

Healthy Japanese women (n=149) were recruited from
people who participated in a local health check program at
the Osaka City University Hospital from July to September in
2002 after written informed consent was obtained. The mean
age was 54.1 = 12.3 years. Pre- and post-menopausal women
were 46 and 103, respectively. Exclusion criteria are the sub-
jects who are known to be suffering from any major diseases
which might affect atherosclerosis and bone metabolism,
such as diabetes mellitus (all subjects were HbAle £5.7%),
cerebral vascular accident impairing seriously activity of
daily life (ADL), intermittent claudication, osteoporosis
and osteomalacia. The subjects who have been continu-
ously taking medicines were also excluded from the present
study.

2.2. IMT measurement

Ultrasonographic examination of the CA and FA was per-
formed in the supine position by high-resolution ultrasonog-
raphy with a 10 MHz in-line Sectascanner (88D 610 CL,;
Aloka Co., Tokyo, Japan), as previously described [20-25].
To avoid inter-observer variability, all measurements were

performed by the same examiner (H.Y.} who was unaware
of subject characteristics. Briefly, CA and FA were scanned
at the level of the bifurcation on hoth the right and left
sides. IMT was measured in the far wall of the CA and FA
at sites of the most advanced arterial thickening as diffuse
and continuous projection with the greatest distance between
the lumen—intimal interface and the media—adventitial inter-
face but without atherosclerotic plaque, which was defined
as localized lesions of thickness from 1.3 to 1.5 mm, from
digitized still images of the arteries during scanning [26].
These interfaces were all manually traced on the same day
to avoid possible variation during the study period and the
mean value calculated as the mean of at least 3 still images
obtained from the same section of the CA [20,22]. Repro-
ducibility of the IMT measurement was acceptable as shown
by coefficients of variation (CV) of 2.8 and 3.4% for CA IMT
and FA IMT, respectively. These were calculated from the 40
measurements performed in 20 RA patients on two differ-
ent occasions according to Bland and Altman [27] using the
following formula;

— 00(7>

where S.D. is the standard deviation of absolute differences
between the two repeated measurements and x is the pooled
mean value.

2.3. PWV measurement

PWYV was measured in the supine position after 5 min
of bed rest using an automatic form analyzer (modcl BP-
Z203RPE; Colin, Komaki, Japan). Pressure waveforms of the
brachial and tibial arteries were recorded by an oscillomet-
ric method using the occlusion/sensing cuffs adapted to both
arms and both ankles. Pressure waveforms of the carotid and
femoral arteries were recorded using multieiement tonom-
etry sensors placed at the left carotid and the left femoral
arteries. Electrocardiogram was monitored with electrodes
placed to both wrists. Heart sound S1 and S2 were detected
by a microphone set on the left edge of the sternum at the
third intercostals space.

The waveform analyzer measures time intervals between
52 and the notch of carotid pulse wave (The). beiween
82 and the notch of brachial pulse wave (Thb), between
pulse wave of the carotid and femoral arteries (Tcf), and
between pulse wave waves of the femoral and tibial (ankle)
arteries (Tfa). The sum of Thc and Tcf gives the time
for pulse waves to travel from the heart (aortic orifice)
to the femoral artery {Thf). Also, the waveform ana-
lyzer estimates the path lengths of the heart—carotid (Dhe),
the heart-brachial (Dhb), the heart—femoral (Dhf) and the
fernoral-ankle (Dfa) segments based on the height (HT, cm)
using the following formulas; Dhe =0.2473 < HT — 18.999,
Dhb=0.2195 x HT — 2.0734; Dhf=0.5643 x HT — 18.381,
Dfa=0.2486 x HT — 30.709. PWV was calculated for each
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arterial segment as the path length divided by the correspond-
ing time tnterval.

Reproducibility of the PWV measurement was evaluated
by repeating measurements in 17 healthy subjects on two
different occasions. The coefficients of variation were 6.0,
3.3, 4.9 and 3.3% for hc PWV, hb PWYV, hf PWV and fa
PWV, respectively [13].

2.4. Assessment of health-related quality of life (HRQL)

HRQL was assessed by means of SF-36 [15,16]. The
questionnaire consists of 36 items and measures three
aspects of health: functional ability, well-being and overall
health. These are quantified using eight multi-item domains
{physical functioning, role-physical, bodily pain, general
health, vitality, social functioning, role-emotional and mental
health). The physical functioning domain assesses limita-
tions in physical activities such as walking and climbing
stairs. The role-physical and role-emotional domains mea-
sure problems with work or other daily activities as a result of
physical health or emotional problems. Bodily pain assesses
limitations resulting from pain; vitality measures energy and
tiredness. The social functioning domain examines the effect
of physical and emotional health on normal social activi-
ties, and mental health assesses happiness, nervousness and
depression. The general health perceptions domain evaluates
the personal opinion of one’s health compared with that of
one’s peers, as well as the expectation of changes in health.
All domains are scored on a scale from O to 100, with 100
representing the best possible health state. Two summary
scales (physical and mental component) can also be derived
[16,28].

The SF-36 has been validated for use to assess HRQL in
osteoporotic patients [29,30].

2.5. BMD measurement at lumbar spine

BMD was measured in the lumbar spine (L.2-4) in the
anterior~posterior projection by dual-energy X-ray absorp-
tiometry (DEXA; QDR-4500A, Hologic Inc., Waltham,
MA), essentially as previously described [31]. The precision
of the measurement of lumbar spine BMD using DEXA was
less than 1.8%.

2.6. Quantitative ultrasound assessment of calcaneus

Quantitative ultrasound assessment of calcaneus was per-
formed using an ultrasound system (Acoustic Osteo-Screener
(AOS-100), Aloka Co. Lid., Tokyo, Japan), as previously
described [20,32]. Briefly, the AOS-100 measures both speed
of sound (S08) and an attenuation-related parameter called
the transmussion index (TI). These measurements yield a
derived parameter, the osteo-sono-assessment index (OSI),
which has been proposed to be an estimate of the elastic
modulus of the calcaneus [33]. In fact, evidence has been
accumulated to indicate that calcaneus OSI, a parameter of

quantitative ultrasound assessment of the calcaneus, provides
a useful index to estimate elastic modules of the calcaneus
{33], and thus a good parameter mostly related to bone min-
eral density [34]. Precision of the OS] parameter was 2.2%
[341.

2.7. Statistical analysis

Values are expressed as mean = S.D. unless otherwise
indicated. Statistical analysis was performed with the Stat
View V system (Abacus Concepts, Berkeley, CA) for the
Apple computer. The correlation coefficients were calculated
by simple regression analysis. p-values of less than 0.05 were
considered as statistically significant. Multiple regression
analysis was performed to assess independent association
with IMTs and PW Vs, p-values of less than (.05 were con-
sidered as statistically significant.

3. Resulis

3.1, Clinical variables, IMT, PWV and bone density of
healthy Japanese wonen

Clinical characteristics of healthy Japanese women
(n=149) enrolled in this cross-sectional study are shown
in Table 1. The means of systolic and diastolic blood pres-
sure, HDL and LDL cholesterol, and triglycerdides were
within normal range. The means of CA and FA IMT were
to the value 0.597 +£0.148 and 0.838 4= 0.385 mm, respec-
tively, and the mean values were 861.6 4= 288.3 ci/s for he
PWYV, 867.4 3 192.1 cmy/s for hf PWV, 555.94-70.8 cuy/s for

Table 1

Clinical characteristics of 149 women in this study

Age (year) S4.1£123
BMI (kg/m?) 218431
Non/menopause 46/103
Systolic BP (mmHg) 121.0420.1
Diastolic BP (mmHg) 67.54+ 100
Smoking index 36.1+1429
Smokers/non-smokers 17/132

HDL cholesterol (mg/dl) 66.6 4+ 16.0
LDL cholesterol (mg/dl) 133.6+£31.7
Triglyceride (mg/dl) 90.1:442.5
CA IMT (mm) 0.597 40,148
FA IMT (mm) 0.838 - 0.385
he PWV (cro/s) 861.6 £288.3
hf PWV {cnv/s) 8674 +192.1
hb PWV (cm/s) 55594708
fa PWV (c/s) 940341574
Lumbar spine BMD (g/cm?) 0.876 4 0.146
Calcaneus OST (x10%) 2.54 £ 0.28

Data are expressed as mean £ S.D. BMI body mass index, BP: blood
pressure, HDL: high-density lipoprotein, LDL: low-density lipoproiein.
CA IMT: common carotid artery-intima-media thickness, FA: {emoral
artery, he PWV: heart-carotid pulse wave velocity, hft heart—femoral, hb:
heart-brachial, fa: femoral-ankle, BMD: bone mineral density, OS] osteo-
sono-assessment index.
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Table 2
Unadjusted domain scores of the eight subscales and adjusted domain scores
of two summary scales of the SF-36 scores in 149 healthy Japanese women

Scores i SF-36

Physical functioning 899+ 94
Role-physical 90.0 &+ 23.1
Bodily pain 75.8 + 19.5
General health perceptions 654 £ 158
Vitality 66.2 £ 204
Social functioning 89.4 + 17.5
Role-emotional 895+ 258
Mental health 757+ 18.6
Summary scales in SF-36
Physical cornponents 531 £ 69
Mental components 47.5 + 9.6

Data are expressed as mean 4+ S.D

hb PWV, 940.3 = 157.4 cin/s for fa PWV. The means of lum-
bar spine BMD and calcaneus OSI were 0.876 + 0.146 g/em®
and 2.54 4 0.28 x 10°, respectively.

3.2. Unadjusted domain scores of the eight subscales
and adjusted domain scores of two summary scales of
the SF-36 scores

Table 2 represents the HRQL scores assessed by SF-36.
Adjusted domain scores of two summary scales, physical and
mental components, were both around 50 points, indicating
that the subjects enrolied in the present study have not been
suffering from major health problems. -

3.3. Correlations of IMT and PWV with clinical
variables including lumbar spine BMD and calcaneus
OSi

Table 3 shows the summary of correlations of IMT and
PWY with clinical variables including lumbar spine BMD
and calcaneus O8I by Spearman Rank correlation. Age,
menopause, smoking index, systolic blood pressure, serum

Table 4
Multiple regression analysis of factors independently associated with IMT
Independent variable  CA IMT FA IMT

Model 1 Model2  Model I Model 2
Age 0.261 0252 0.598% 0.579%
Menopause 0.158 0.221 ~0.138 -0212
Smoking index 0.112 0.101 0.142 0.1748
Systolic BP 0.046 0.060 —0.146 -0.128
LDL cholesterol 0.2008 0.1658 0.019 0.058
Lumbar spine BMD 0.034 -0 067 -
Calcapeus OS] 0.152 - —0.2408
R? 0.288! 0.303¢ 0.229¢ 0.274¢

Values are standard regression coefficients (s). R%: multiple coefficient of
determination. BP: blood pressure, LDL: low-density lipoprotein, BMD:
bone mineral density, OSI: osteo-sono-assessment index, CA IMT: common
carotid artery~intima—-media thickness, FA: femoral artery.

! p<0.0001.

§ p<0.05.

LDL cholesterol and triglyceride, but not HDL cholesterol
and physical functioning score of SF-36, were positively
correlated with CA and FA IMT. Lumbar spine BMD was
negatively correlated with both CA and FA IMT, whereas
calcaneus OSI was negatively correlated with FA IMT but
not with CA IMT. Age, menopause, systolic blood pres-
sure, serum LDL cholesterol and triglyceride were positively
correlated with PWV of all segments. HDL cholesterol was
negatively correlated with he and hf but not hb and fa PWV.
Smoking index was positively correlated with hf and fa PWVY
but not he and hb PWV. Physical functioning score, lumbar
spine BMD and calcaneus OSI correlated significantly in a
negative fashion with all PWV.

3.4. Mulriple regression analysis of factors
independently associated with IMT

Table 4 represents the results of multiple regression
analysis of various clinical variables which correlated
significantly in a simple regression analysis with CA and

Table 3

Correlations of IMT and PWV in each segment with clinical characteristics by Spearman Rank comrelation

Clinical variables CA IMT FA IMT he PWV hf PWV hb PWV fa PWV
Age 0.449} 0.438 0.717 0,641 0.547¢ 0.557¢
Menopause 0.5494 0519% 0.7254 0.650 0.6051 0.606}
Smoling index 0.3017 o311t 0.262 0.2538 0277 0.2178
Systolic BP 0.297% 0.199% 0.588¢ 0.638! 0627 0.678"
HDL cholesterol ~0.097 —0.007 —0.172% ~0.1678 —0.079 —-0.051
LDL cholesterol 0.328! 0277 0.336¢ 0322} 0.266% 0.313%
Triglyceride 0.3384 0.179% 0.333¢ 0.372! 0.2428 0.349¢
Physical functioning score (S3F-36) —~0.015 —0.025 —~0.160% —0.1578 —0.1488 —0.1972%
Lumbar spine BMD —0.2258 —0.215% —0.343 ~0.2831 ~0.28¢1 ~0.281
Calcaneus OSI —0.051 —-0.330f —0.235% —~0.2358 ~0.1708 ~0.2528

Values indicate bivariate correlation coefficients (Spearman’s rho) obtained from 149 healthy Japanese women. BP: blood pressure, HDL: high-density
lipoprotein, LDL: low-density lipoprotein, BMD: bone mineral density, OSI: osteo-sono-assessment index, CA IMT: common carotid artery~intima-—media
thickness, FA: femoral artery, he PW'V: heart-carotid pulse wave velocity, hf: heart~femoral, hib: heart-brachial, fa: femoral-ankle.

! p<0.0001.
! p<0.001.
¥ p<0.05.
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Table §
Multiple regression analysis of factors independently associated with PWV
Independent variable hc PWV hi PWV hb PWV fa PWV

Model 1 Model 2 Model 1 Model 2 Model | Model 2 Model 1 Model 2
Age 0.5821 0.5701 0.411% 0.406" 0.4228 0.4115 0.3578 0.334
Menopause 0.001 6036 0.019 ~0.018 —0.039 —~0.040 -0.028 —~0.082
Smoking index 0.075 0.067 0.057 0.058 0.05% 0.054 —0.017 ~0.016
Systolic BP 0.2288 0.241} 0.323 0.334¢ 0.3544 0.375 0431% 0.455%
LDL cholesterol -0.014 —0.040 —0.005 0.009 0.005 10t 0.037 0.065
Physical functioning score (SF-36) ~0.070 ~0.066 —0 054 —~0.046 —~0.143% —0.1568 ~0.167 —~0.186%
Lumbar spine BMD 0.052 0.060 - 0.022 - 0025
Calcaneus OS1 0.094 —-0.047 . 0.009 - —0 088
R? 0.509° 0.514¢ 0.4101 0.426! 0.460! 0.475¢ 0512 0.536}

Values are standard regression coefficients (s). R%: multiple coefficient of determination. BP: blood pressure, LDL: low-density lipoprotein, BMD: bone mineral

density, OSI: osigo-sono-assessment index, hc PWV: heari-carotid pulse wave velocity, hf: heart-femoral, hb: heart-brachial, fa: femoral-ankle.

! p<0.0001.
§ p<0.08.
! p<0.001.

FA IMT to evaluate their independent association with CA
and FA IMT. In models which included age, menopause,
smoking index, systolic BP, serum LDL cholesterol in
addition to lumbar spine BMD or calcaneus OSI, neither
bone condition failed to emerge as an independent factors
significantly associated with CA IMT. In models to evaluate
the association with FA IMT, calcaneus OS] but not lumbar
spine BMD was significantly associated in a negative manner
with FA IMT. Although we performed multiple regression
analysis including HDL cholesterol and wriglyceride in place
of LDL cholesterol in Table 4, these factors failed to emerge
as a significant factor independently associated with any of
IMT (data not shown).

3.5, Multiple regression analysis of factors
independenily associated with PWV

Table 5 represents the results of multiple regression analy-
sis of various clinical variables, which correlated significantly
in a simple regression analyses, used to evaluate their associa-
tion with PWV. Model 1 included age, menopause, smoking
index. systolic BP, serumn LDL cholesterol, physical func-
tioning score and lumbar spine BMD, and model 2 included
calcanens O8I in place of lumbar spine BMD. Age and sys-
tolic BP were independent factors significantly associated
with PWV of all segments in both models 1 and 2. Lum-
bar spine BMD and calcaneus OSI failed to emerge as a
significant factor associated with PWV of any segment. Phys-
ical functioning score associated significantly with hb and fa
but not he and hf PWV, suggesting the preferential associa-
tion with arierial stiffening in peripheral segment. Although
we performed multiple regression analysis including HDL
cholesterol and triglyceride in place of LDL cholesterol in
Table 5, these factors failed to emerge as a significant fac-
tor independently associated with any of PWV (data not
shown).

4. Discussion

The present study demonstrated: (i) a significant and neg-
ative association of physical functioning score with stiffening
of peripheral artery and (i) a significant and negative asso-
ciation of calcaneus OSI with arterial thickening in femoral
artery.

Physical activity is known to suppress increased aortic
PWV in the general public {35-39], the mechanism by which
is partly explained by the data that regular aercbic exer-
cise augments endothelium-dependent vascular relaxation
induced by nitric oxide [40]. Therefore, it is reasonable that
the physical functioning domain of SF-36 scores showed
a significant and positive correlation with PWV in all seg-
ments. In multiple regression analysis, physical functioning
score showed an independent association with peripheral seg-
ment of PWV, hb and fa PWV, but not with central segment
of he and hf PWV. It was previously reported that, as mus-
cle mass decreases in the paretic lower limb of hemiparetic
patients, vascular resistance becomes greater [41]. Increased
shear siress due to increased vascular resistance is proposed
as a major mechanism by which local atherosclerosis pro-
gresses in paretic side by increasing vascular injury [42].
In fact, we have previously found that hemiparetic patients
exhibited greater fa PWV in the paretic lower limbs than in
non-paretic counterpart [ 14]. Conversely, an increase of basal
vascular resistance in the hindlimb in the scdentary sponia-
neously hypertensive rat (SHR) is significantly reduced after
training [43]. Its mechanism is explained by training-induced
increase of venule density in skeletal muscle. Since physical
functioning score assesses physical activities such as walking
and climbing stairs, it may improve muscle condition pref-
erentially in the peripheral components rather than central
components. These backgrounds may rationalize the prefer-
ential association of physical functioning score with PWV in
peripheral segments.

Another interesting finding in the present study is that
calcaneus OSI emerged as an independent factor signifi-
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cantly associated with FA IMT but not CA IMT (Table 4).
Previous studies have reported that symmetrical training of
the upper limbs is accompanied by a greater distensibility of
the middle-sized arteries of the more trained side [44] and
that improved vascular endothelial function in the upper limb
after hand-grip exercise training in the patients with conges-
tive heart failure [45,46], suggesting that the beneficial effect
of training on vascular endothelial function may be localized
to the side where muscle mass increased. Since calcaneus
OSI is a reliable marker of ADL particularly that of lower
limb [32], it is reasonable that calcancus O8I was associated
preferentially with FA IMT but not CA IMT. Calcaneus OSI
was independently associated with FA IMT but not with CA
IMT and all parts of PWV. On the other hand, lumbar spine
BMD was not independently associated with either IMT
or any parts of PWV in multiple regression analysis in the
present study. As IMT indicates arterial thickening and PWV
indicates arterial stiffening, respectively, the results of this
study indicated that bone loss at calcaneus, but not at lumbar
spine, enhanced arterial thickening selectively at femoral
artery but not at carotid artery, suggesting the local mech-
anism of increased bone loss to increase arterial thickening
{11

The limitation of the present study is that the multiple
regression model explained only 27.4% of the variance of FA
IMT. This may indicate the presence of other factors affecting
FA IMT that were not included in the models. Furthermore,
due to small numbers of sabjects, analyses were performed
in subjects including both pre- and post-menopausal women,
although calcaneus OSI emerged as a factor independently
associated with FA IMT even after adjustment for existence
of menopause in the multiple regression analysis. Another
limitation of the present study is that the reduced blood
flow to the lower extremities resulting from atherosclerotic
vascular disease might reduce total hip and calcaneus BMD,
as previously described [47]. Furthermore, we have no
direct histopathological demonstration that increased IMT
and PWYV is due to atherosclerosis. The arterial thickening
and stiffening measured by ultrasonography and waveform
analyzer, respectively, might have been due to another,
non-atherosclerotic arteriopathy. However, IMT and PWV
measurement is still useful in that these parameters strongly
correlated with the presence of coronary artery diseases
[8-11].

In summary, it was suggested that physical activity and
bone status might be intimately associated with arterial wall
condition even in healthy Japanese women. Especially, phys-
ical activity may be preferentially associated with arterial
stiffening in peripheral arterics and bone status of calcaneus
locally with that of femoral artery.
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Paraarticular Trabecular Bone Loss at the Ultradistal
Radius and Increased Arterial Stiffening in
Postmenopausal Patients with Rheumatoid Arthritis

KAZUMASA TANAKA, MASAAKI INABA, HITOSHI GOTO, MAYUMI NAGATA-SAKURAI SHINREI SAKAIL,

SHINSUKE YAMADA, MISAKO UEDA, EII ISHIMURA, and YOSHIKI NISHIZAWA

ABSTRACT.

Objective. We recently reporled enhanced arterial thickening in patients with rheumatoid arthritis (RA)
and the importance of increased bone resorption in this process. Our aim was (0 examine whether arte-
rial stiffening, another aspect of atherosclerosis, is also increased in patients with RA, and to determine
if it is an important risk factor.

Methods. The subjects were 47 patients with RA and 49 healthy controls, all postmenopausal women,
Subjects having risk factors for atherosclerosis were excluded. Femoral-ankle (fa) pulse wave velocity
(PWYV) and brachial-ankle (ba) PWV were measured in all patients using a waveform analyzer. Bone
mineral density (BMD) at the ultradistal radius was assessed by peripheral quantitative computed
tomography. Inflammation markers (C-reactive protein, erythrocyte sedimentation rate, rheumatoid fac-
tor, platelet count) and bone resorption markers (urinary excretion of deoxypyridinoline and N-termi-
nal telopeptide) were also measured.

Results. The median values of faPWV and baPWV in RA patients were 1124 cm/s [interquartile range
(IQR) 1040-1175] and 1539 cm/s (IQR 1297-1738), respectively, which were significantly greater than
the respective values of 982 cm/s (IQR 819-1054; p < 0.001) and 1322 cm/s (IQR 1112-1398; p =
0.004) in controls. In multiple regression analysis, the presence of RA emerged as an independent fac-
tor associated with the greater faPWV and baPWV when adjusted for age, blood pressure, and smok-
ing. In RA patients alone, BMD in the trabecular bone component, but not for the total bone (cortical
plus trabecular), at the ultradistal radius correlated significantly with both faPWV and baPWV. Multiple
regression analysis showed that trabecular BMD at the distal radius was a significant factor independ-
ently associated with greater faPWV and baPWV when adjusted for age, blood pressure, and smoking.
None of the measured inflammation markers or bone resorption markers correlated with either faPWV
or baPWV in patients with RA.

Conclusion. Palicnts with RA show increased arterial stiffening, in addition to the arterial thickening
we have previously reported, supporting the notion of cshanced atherosclerosis in RA paticnts.
Paraarticular bone loss in the trabecular bone component at the ultradistal radius is a factor significant-
ly associated with increased arterial stiffening in RA patients. (J Rheumatol 2006;33:652-8)

Key Indexing Terms:

ATHEROSCLEROSIS RHEUMATOID ARTHRITIS ARTERIAL STIFFENING

PULSE WAVE VELOCITY

An accumulation of cvidence indicates accelerated athero-
sclerosis in patients with rheumatoid arthritis (RA)!*, and we
recently conducted a cross-sectional study that showed
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PARAARTICULAR OSTEOPOROSIS

patients with RA exhibit greater intima-media thickness
(IMT) in the common carotid artery, compared to healthy con-
trols, and that the increasc is independently associated with
the presence, duration, and severity of RAS. Further, we
reported in a subsequent longitudinal study that RA patients
have a higher rate of increased arterial wall thickening®, to
which increased bone resorption was a contributory factor.
Atherosclerosis has 2 key components, arterial thickening
(atherosis) and stiffening (sclerosis)’, which can now be quan-
tified by measuring far-wall IMT by ultrasonography and
pulse wave velocity (PWV), respectively®.

Atherosclerosis and osteoporosis progress simultaneously
with advancing age® and share common risk factors, such as
smoking!'® and menopause'!. There is an association between
aortic calcification and bone mineral density (BMD) in the hip
or lumbar spine in postmenopausal women, suggesting that
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development of osteoporosis may be a risk factor for
advanced atherosclerosis after menopause®!2, We recently
reported that even in healthy people a significant association
exists between IMT in the femoral artery and the calcaneus
osteo-sono assessment index (OSI)'3, and that paraarticular
bone in the trabecular bone component at the ultradistal radius
and calcaneus is preferentially lost at an early stage of RA,
probably due to RA joint inflammation and impairment of
physical activity, respectively!.

This background prompted us to cxamine (1) whether
patients with RA exhibit increased arterial stiffening in addi-
tion to arterial thickening; and (2) whether bone loss, and par-
ticularly paraarticular trabecular bone loss at the ultradistal
radius, might be involved in increased arterial stiffening in
patients with RA.

MATERIALS AND METHODS
Subjects. The subjects enrolled in our study were all postmenopausal women.
They comprised 47 RA patients and 49 healthy controls: all provided written
informed consent 1o the study protocol. The RA patients were recruited from
the Outpatient Clinic of Rheumatology at Osaka City University Hospital,
and were diagnosed according to the 1987 revised criteria of the American
College of Rheumatology (formerly. the American Rheumatism
Association)!*. Healthy controls were selected from participants in a local
health-check program at Osaka City University Hospital. To avoid complica-
tion by other known risk factors for atherosclerosis. both groups of subjects
were selected on the basis of the following exclusion criteria: (1) hyperten-
sion, as defined by blood pressure > 150/90 mm Hg. or use of antihyperten-
sive medication; (2) hyperlipidemia, as diagnosed by the National Cholesterol
Education Program ATP 111 criteria’® [total cholesterol > 240 mg/dl. low den-
sity lipoprotein (LDL) cholesterol > 160 mg/dl. or triglyceride > 150 mg/dl].
or use of lipid-lowering medication: (3) diabetes mellitus. based on a history
of diabetes or consistency with the criteria of the Report of the Expert
Committee on the Diagnosis and Classification of Diabetes Mellitus!7. or use
of antidiabetic medication: (4) a history of ischemic heart disease or cere-
brovascular cvents: and (5) receiving hormone replacement therapy.

The clinical characteristics of the RA patients and controls are shown in
Table 1. No significant difference existed between the 2 groups in age. body

mass index (BMI). smoker to nonsmoker ratio. serum level of tolal choles-
terol and LDL cholesterol, or systolic blood pressure. The mean duration of
RA was 8.7 years (range 1 to 36 yrs). All 47 RA patients were recetving mul-
tiple medications, with 21 patients taking nonstcroidal antiinflammatory
drugs (NSAID). 19 receiving methotrexate (MTX), 11 receiving actarit. §
receiving salazosulfapyridine. 8 receiving bucillamine. 7 receiving MTX
supplemented with folate, and 28 receiving low-dose prednisolone (one
patient taking 1.0 mg/day, 5 patients 2.0 mg/day. 3 patients 2.5 mg/day. S
paticnts 4.0 mg/day, 6 paticnts 5.0 mg/day. 6 patients 7.5 mg/day. and 2
patients 10.0 mg/day).

Meusurement of clinical variables. Blood was collected after an overnight
fast at the time of PWV measurement. A morning void sample. which subjects
were asked to bring to the hospital with them, was used for measurement of
urinary parameters. Blood samples were immediately centrifuged and the
serum samples were stored at ~70°C until analysis. Laboratory variables rel-
evant to RA activity {erythrocyte sedimentation rate (ESR), platelet count
(PI), serum C-reactive protein (CRP). and rheumatoid factor (RF)] were
measured by routine methods in RA patients. Serum levels of total choles-
terol. triglyceride. and high-density lipoprotein (HDL) cholesterol were deter-
mined using an autoanalyzer. LDL cholesterol was calculated by the forinula
of Friedewald. et al'®. The urinary excretion of deoxypyridinoline (DPD) and
N-terminal telopeptide (NTX) was measured as bone resorption markers. as
described!”.

Information on smoking habits was obtained using a self-administered
questionnaire.
PWV measurement. PWV was measured as an index of arterial stiffening as
we reported”02!, Resting blood pressure was determined in the right arm with
a sphygmomanometer after at least 15 min of supine rest at the time of PWV
measurement. The systolic blood pressure was taken upon appearance of
Korotkoff sounds. and the diastolic blood pressure upon disappearance of
such sounds. Results are reported as the average of 3 measurements, PWV
was measured in the supine position after 5 min of bed rest. using an auto-
matic wavcform analyzer (model BP-203RPL: Colin, Komaki, Japan).
Pressure waveforms of the brachial and tibial arterics were recorded by an
oscillometric method. using occlusion/sensing cuffs adapted to both arms and
both ankles. Pressure waveforms of the femoral arteries were recorded using
multi-element tonometry sensors placed at the femoral artery. The electrocar-
diogram was monitored with clectrodes placed on both wrists. Heart sounds
S1 and §2 were detected by a microphone positioned at the left edge of the
sternum at the third intercostal space. The waveform analyzer measures lime
intervals between §2 and the notch of the brachial pulse wave (Thh). between

Table 1. Clinical characteristics of patients with RA and healthy controls. Values are shown as mean

= SD.

Controls RA Patients p
No. of subjects 49 47
Age, yrs 56774 59.6 + 14.1 0.198
Body mass index. kg/m? 204 %22 200 =24 0.240
Smoker/nonsmoker 4/45 2/45 0.240
Total cholesterol, mg/dl 209.5+19.0 198.8 =342 0.058
LDL cholesterol, mg/dl 116.5+31.5 110.6 £24.9 0.346
Systolic BP. mm/Hg 1293173 131.9+21.4 0.505
CRP, mg/dl ND 1.0 (0.1-8.0) —
RF, IU/ml ND 151.1 (9-1270) —
ESR, mm/h ND 49 (8-110) —
Platclet count, x 10%/ul ND 26.3 (17.2-56.1) —
DPD/Cre. nmol BCE/mmol Cr ND 79 (4.8-21.2) e
NTX/Cre. nmol BCE/mmol Cr ND 69.5 (29.3-153.9) —

ND: not determined. LDL: low density lipoprotein; BP: blood pressure; CRP: C-reactive protein;
ESR: erythrocyte sedimentation rate; DPD: deoxypyridinoline; NTX/Cre: N-terminal telopeptide/

creatinine ralio.
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pulse waves of the femoral arteries (Tef). and between pulse waves of the
femoral and tibial (ankle) arteries (Tfa). Estimates of the path lengths of the
heart-carotid (Dhe), heart-brachial (Dhb). heart-femoral (Dhf). and femoral-
ankle (Dfa) segments were obtained based on the height (HT, in centimeters).
using the lollowing formulas: Dhe =.0.2437 x HT — 18.999: Dhb = 0.2195 x
HT - 2.0734; Dhf = 0.5643 x HT - 18.381; and Dfa = 0.2486 x HT + 30.709.
PWV was calculated for each arterial segment as the path length divided by
the corresponding time interval. Reproducibility of the PWV measurement
was evaluated by repeated measurements in 17 healthy subjects on 2 differ-
ent occasions, The coefficients of variation were 1.9% and 3.3% for baPWV
and faPWYV, respectively?*2!, which were significantly lower than the respec-
tive value of flow-mediated dilatation (4.3%)% or IMT (3.4%)°.

Peripheral quantitative computed tomography (pQCT) measurement. PQCT
measurements were performed at 4% o the ulnar length proximal to the end of
the radius (ultradistal site) with a single 2.5-mm thick CT slice on the nondom-
inant side. using an XC1-960 scanner (Stratec Inc., Pforzheim, Germany) as
described? 2, Bricfly, the bone mincral content (mg/mm). the cross-sectional
bone arca. and the BMD (mg/cm3) were determined at the ultradistal site for the
entire cross-section, as well as for the trabecular compartment. After determi-
nation of the entire bone contour, the outer 65% of voxels were concentrically
peeled off. The remaining 35% of voxels were defined as the trabecular region,
while the peeled-off area was defined as the cortical plus subcortical area?-24,
Image processing and calculation of numerical values were performed using the
manulacturer’s soltware. The precision of the pQCT procedure ranged from 1%
to 2%, depending upon the parameter being assessed?®.

Quantitative wirasound assessment of the calcaneus. Quantitative ultrasound
assessment of the calcancus was performed vsing an wltrasonnd system
(Acoustic Osteo-Screener, AOS-100: Aloka, Tokyo, Japan) as described®.
Briefly. the instrument measures both speed of sound (SOS) and an attenua-
tion-related parameter, the transmission index (TI). These measurements
yield a derived parameter. the OSI. which has been proposed to be an estimate
of the clastic modulus of the calcaneus. The precision of the OSI parameter
was 2.2 11427,

Statistical analysis. For categorical data, the difference in prevalence was
evaluated by a chi-square test. Variables with a normal distribution were
expressed as the mean + SD, and differences between the mean values were
examined by Student t test. Variables showing a non-normal distribution were
summarized as the median and the range, and a nonparametric Mann-Whitney
U test was used to evaluate differences between the median values. Linear
regression analysis was performed (o examine univariate correlation, and
multiple lincar regression analysis was performed to assess independent asso-
ciations between variables. Variables with skewed distributions were subject-
ed to univariate and multivariate regression models after Jog-transformation
of the data. P valucs less than 0.05 were considered signiticant. Statistical
analysis was performed with StatView 5.0 for Windows (SAS Institute Inc.,
Cary. NC. USA).

RESULTS

Effects of RA on PWV. The median faPWV was 1124 cm/s
[interquartile range (IQR) 1040-1175] in RA patients, which
was significantly greater than the value of 982 cm/s (IQR
819-1054) in healthy controls (p < 0.001). The median
baPWV was also significantly greater in RA patients (1539
em/s; IQR 1297-1738) than in controls (1322 cm/s; IQR
1112-1398; p = 0.004).

Since PWV values exhibited skewed distribution, the val-
ues were log-transformed to fit linear models thereafter. To
examine whether the presence of RA was an independent fac-
tor associated with the greater faPWV in RA patients, multi-
ple regression analysis was petformed. Results of multiple
regression analysis ol [actors associated with log [aPWYV in

the entire group of 96 subjects are shown in Table 2. In model
1, which included age, systolic blood pressure (BP), RA
prevalence, and smoking habit as independent variables, RA
prevalence and systolic BP were found to be significantly
associated with log faPWV. In medels 2 and 3, which includ-
ed total cholesterol and BMI, respectively, in place of smok-
ing habit, RA prevalence still emerged as an independent fac-
tor associated with log faPWV. Examination of the association
with log baPWV, using the samc models, showed that RA
prevalence was again a significant and independent factor
associated with log baPWV (Table 2). These data indicated
that RA prevalence was a significant factor independently
associated with increased log faPWV and log baPWV, when
classical cardiovascular factors were adjusted.

Univariate analysis of factors correlated with PWV in RA
patients. Because of the non-normal distribution, logarithmic
transformations of various clinical variables were performed
(Table 3). Log trabecular bone density at the ultradistal radius
in RA patients correlated significantly in a negalive manner
with log [aPWV and log baPWV (r = -0.425, p = 0.007, and
r = -0.553, p < 0.001, respectively; Table 3 and Figure 1),
although log total bone density at the ultradistal radius failed
to correlate significantly with both log faPWV and log
baPWYV (Table 3). Log calcancus OSI correlated significantly
with log baPWV (r = -0.357, p = 0.017), but not with log
faPWV (r = -0.021. p = 0.893). Neither inflammation mark-
ers including serum log CRP, log ESR, and log RF, nor bone
resorption markers including urinary log NTX/Cre and log
DPD/Cre were significantly correlated with either log faPWV
or log baPWV (Table 3).

Multiple regression analysis of factors associated with the
level of PWV. Finally, we evaluated factors independently
associated with the level of faPWV and baPWV in the RA
patients, using multiple regression models (Table 4). Three
variables (age, smoking habit, and systolic BP) in these mod-
els were included as classical risk factors for atherosclerosis.
Factors that had shown a significant correlation or tendency to
correlate with log PWV were included as the fourth variable,
in order to determine whether the variable was independently
associated with log PWV. These variables included the log tra-
becular density (model 1) and the log total bone density
(model 2) at the log ultradistal radius and the log calcaneus
OSI (model 3), and the models were tested for association
with log faPWV and log baPWV. Of all the variables exam-
incd, systolic BP and log trabecular density at the ultradistal
radius were found to be significant factors independently
associated with log faPWV and log baPWV.

Association of NSAID, corticosteroid, and MTX treatment with
arterial stiffening in RA patients. As shown in Table 5, the dif-
ferences in faPWV and baPWYV did not reach statistical signif-
icance between the RA patients who were taking NSAID, cor-
ticosteroids, or MTX and those who were not. This lack of
association between PWV values and the treatment for RA was
also found by multiple regression analysis (data not shown).
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Table 2. Multiple regression analysis to evaluate the association of RA and other risk factors with log femoral-ankle pulse wave velocity (faPWV) and log
brachial ankle (ba)PWV in controls and patients with RA. Standard regression coefficients (8) are given in the table.

Log faPWV Log baPWV

Independent Variables Model | Model 2 Model 3 Model | Model 2 Model 3
Age 0.153 0.190 0.186" 0.398% 0.435% 0.439%
Systolic BP 0.339* 0.328%#* 0.378* 0.418* 0.423* 0.427%
RA 0.316%* 0.294%x 0.256%* 0.264* 0.188* 0.188%
Smoking habit (~/+) -0.049 0.026
Total cholesterol -0.023 -0.023
BM1 -0.131 -0.102

R? 0.318* 0.301* 0.328* 0.541% 0.539* 0.552*

BP: blood pressure; BMI: body mass index; R?% multiple coefficient of determination. * p < 0.001, ** p < 0.01. ¥ p < 0.05.

Table 3. Univariate analysis of factors correlated with femoral-ankle pulse wave velocity (faPWV)
and brachial ankle (ba) PWV in patients with RA.

Log [aPWV Log baPWV
r p v p
Age 0.192 0.213 0.520 0.001*
Duration of RA 0.108 0.537 0.110 0.530
Log total density at the ultradistal radius -0.078 0.631 ~0.294 0.060
Log trabecular density at the ultradistal radius  -0.425 0.007** ~0.553 < 0.001*
Log calcancous OS1 ~-0.021 0.892 —0.357 0.017
Log CRP ~0.059 0.711 0.002 0.988
Log RF -0.001 0.997 0.017 0.630
Log ESR 0.096 0.588 0.115 0.519
Log DPD/Cre ~0.011 0.965 0.065 0.799
Log NTX/Cre -0.076 0.642 0.046 0.779

BMD: bone mineral density; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; DPD:
deoxypyridinoline: NTX: N-terminal telopeptide; Cre: creatinine; OSI osteo-sono assessment
index. * p < 0.001, ** p <0.01, ¥ < 0.05.

r=-0.425, p =0.007 r=-0.553, p <0.001

321
2 3.1
0., <
& ep0®
#3.0 ° @?%%@'\
- e © °© @

29r ®

—D ! L ' : N . —[_.* : i L L : |
0 1.6 1.8 2.0 2.2 2.4 0 1.6 1.8 2.0 22 2.4
Log trabecular BMD at the ultraradius Log trabecular BMD at the ultraradius

Figure 1. Correlation of trabecular bone density at the ultradistal radius with faPWV (A) and buPWV (B) in 47 RA patients. A significant positive correlation was
found between trabecular bone density at the ultradistal radius and [aPWV (r = =0.425, p = 0.007) and baPWV (r = -0.553. p < 0.001).
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Table 4. Multiple regression analysis to evaluate the association of bone status and other risk factors with log femoral-ankle pulse wave velocity (faPWV)

and log brachial ankle (ba)PWV in patients with RA. Standard regression coefficients () are given in the table.

Log faPWV Log baPWV

Independent Variables Model | Model 2 Model 3 Mode] |1 Model 2 Model 3
Age 0.193 0.325 0.220 0.337%* 0.421%* 0.42] %%
Smoking/monsmoking (~/+) 0.100 0.025 ~0.050 0.105 0.076 0.121
Systolic BP 0.378° 0.386% 0.375* 0.452* 0.482% 0.420%*
Log trabecular density at the ultradistal radius -0.3251 -0.360%*
Log total density at the ultradistal radius -0.006 ~0.201
Log calcaneous OSI 0.157 ~(.081

R? 0.426* 0.358%* 0.230° 0.711# 0.655* 0.562*

BP: blood pressure; OSI: osteo-sono assessment index; R%: multiple coefficient of determination. * p < 0.001, ** p < 0.01, ¥ p < 0.05.

Tuble 5. Association between arterial stiffening and treatment with NSAID, corticosteroid, and
methotrexate in 47 patients with RA. Values are shown as mean + SD.

Treated Not Treated P

NSAID

No. 21 26

Age, yrs 598 +9.8 61.0+2.1 0.702

faPWYV, cm/s 1130.5 = 2164 1027 = 116.8 0.999

baPWV, cm/s 1614.1 = 669.5 15499 = 3196 0.526
Corticosteroids

No. 28 19

Age, yrs 60.6 295 60.3 = 10.0 0918

faPWYV, cmn/s 1077.1 £ 1204 114952028 0212

baPWYV, cin/s 1489.3 + 300.0 1659.2 + 645.4 0.358
Methotrexate

No. 19 28

Age, yIs 59.0£92 61.7 %10.2 0.372

faPWYV, cim/s 10739 £ 122.0  1155.5+£203.1 0.169

baPWV, cr/s 14651 £2779  1688.7 £ 657.5 0.129

faPWV: femoral-ankle pulse wave velocity, baPWV: brachial-ankle pulse wave velocity.

DISCUSSION

We observed that patients with RA exhibit increased arterial
stiffening specifically associated with the prevalence of RA,
as reflected by significant increases of baPWV and faPWV in
these patients and an independent association of RA preva-
lence with increases in baPWV and faPWV when adjusted for
age, systolic blood pressure, smoking habit, total cholesterol,
and BML In a recent cross-sectional study, we showed that
RA patients exhibit increased IMT of the common carotid
artery, compared to healthy controls™®. In a subsequent longi-
tudinal study, we found that the annual increase in IMT of the
common carotid artery was significantly greater in RA
patients than in healthy controls, and that inflammation mark-
ers and increased bone resorption were significantly and inde-
pendently associated with the increased rate of IMT®, Taken
collectively, these data strongly suggest that RA patients
might exhibit increased arterial stiffening in addition to arteri-
al thickening through either RA-associated inflammation or
increased bone resorption. Since RA patients might preferen-
tially losc bonce from the trabccular bonc component at the

ultradistal radius and calcaneus'®, we examined which site of

bone loss might be important for increased arterial stiffening
in RA patients. Multiple regression analysis revealed the tra-
becular BMD of the ultradistal radius, but not the calcaneus
O8], as an independent factor negatively associated with the
greater PWV, even after adjustment for major risk factors for
atherosclerosis, such as age, smoking habit, and systolic blood
pressure (Table 4), indicating the importance of paraarticular
bone loss in increased arterial stiffening in patients with RA.
Trabecular bone density at the ultradistal radius, where bone
loss oceurs specifically for RA inflammation'#, may provide
further support for the theory of independent association of
RA prevalence with increased PWV values. The major mech-
anisms through which bone loss oceurs in the trabecular bone
component at the ultradistal radius and calcancus are RA
inflammation and impairment of activities of daily living
(ADL). respectively'®. Further, we reported that bone resorp-
tion around RA-inflamed joints contributes to an increase of
the scrum bone resorption markers pyridinoline and
deoxypyridinoline?®, These observations may explain the sig-
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nificant association of ultradistal trabecular BMD with PWV
values. In contrast, calcancus OSI was not found to be associ-
ated with either baPWV or faPWV. These data may suggest
the lesser importance of impairment of ADL in the increased
arterial stiffening of patients with RA'.

We previously described a positive association between the
Larsen score for metacarpophalangeal joints and IMT of the
common carotid artery in a cross-sectional study, suggesting
the simultaneous progression of arterial wall thickening with
bone destruction in RA patients®; and showed that in paticnts
with early-stage RA, reductions in the trabecular BMD, but
not the cortical BMD, at the ultradistal radius occurred when
there was no decercase in BMD of the Tumbar spine, suggest-
ing the ultradistal radius as a major sitc of bone loss in paticnts
with RA. In accord with the recent hypothesis on an intimate
association of bone loss and atherosclerosis in non-RA
paticnts™ 2% our study illustrates the relationship between
hone loss at the ultradistal radius and increased arterial stiff-
ening in patients with RA.

Administration of bisphosphonate, a bone antiresorptive
drug, prevents an increase in IMT in diabetic patients, along
with promoting an increase in BMD of the lumbar spine30.
Further, in postmenopausal women, estrogen derivatives are
known to protect against the development of atherosclerosis,
while increasing the BMD of the Jumbar spine and femur!2,
Although these patients exhibit generalized bone loss, while
RA patients exhibit focal bone loss at the paraarticular trabec-
ular bone in RA-involved joints?8, these data suggest that
bone loss. cither systemically or locally, might play an impor-
tant role in the stiffening of arterial walls.

The possible mechanism underlying the association
between bone loss and atherosclerosis may be explained by
the similarity of several aspects of these processes. Recent
studics have shown that atherogenic stimulation can induce
the expression of molecules originally found in skeletal tissue,
such as type I collagen, proteoglycans, osteonectin, osteopon-
tin®!, osteocalcin®?, and also hydroxyapatite®!. It was recently
reported that smooth muscle cells, which derive from bone
marrow, exist in atherosclerotic lesions. These results suggest
that preferential differentiation of bone marrow cells into
smooth muscle cells, rather than osteoblasts, may be one of
the mechanisms linking bone loss and atherosclerosis.

Inflammatory cytokines such as tumor necrosis factor-o
(TNF-a) play an important role in osteoporosis and athero-
sclerosis in paticnts with RA3334, Increased production of
TNF-o. causes paraarticular bone loss and enhances arterial
stiffening simultaneously in patients with RA. However, we
found that bone resorption markers (DPD, NTX) and inflam-
mation markers (CRP, ESR) were not significantly correlated
with the PWV values. Since it is assumed that a long time
period is required for RA inflammation and bone resorption to
cnhance atherosclerosis, the lack of a significant association
between a single mcasurcment of inflammation or bone
resorption markers and PWYV values in a cross-sectional study

may be possible. In contrast. since paraarticular bone loss is
assumed to reflect the sum of longterm cffects of RA inflam-
mation and bone loss, a significant association between
paraarticular trabecular BMD and PWV values might be
anticipated.

As a serics of epidemiological studics showed that corti-
costeroid treatment is not associated with increased cardio-
vascular disease in RA patients?-3, the use of corticosteroid,
in addition to NSAID and methotrexate. did not affect the
PWV valuc in the RA subjects in our study. as we previously
described™ 0.

The limitation of our study is the small number of subjects
and the restriction of subjects to postmenopausal women.,
Howcver, since a significant association was obscrved
between paraarticular bone loss at ultradistal radius and arte-
rial stiffening in postmenopausal patients with RA, our study
clearly demonstrates the relationship between metabolisms of
bone and vessel in postmenopausal patients with RA, as well
as in patients with other disease status®’, although a large-
scale study is needed to draw a final conclusion.

We demonstrate that patients with RA have increased arte-
rial stiffening, and we suggest that such stiffening may be
explained in part by paraarticular trabecular bone loss at the
ultradistal radius in these patients.
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NA FaF 7T A b (hydroxyapatite: HA) 213
COETB)VBILY Y AL Iy 7 LB b
BNIAEET A NA AT 77472739 7 ATHY, *
DENT AR, BEEE» 5 ATEE L THRD
FLTWBEEZENTWE, BEEB X US Ak HA
1E 1980 R L DEBEWERE UL BERFEREh TS
70T BRc TR HA K, SHIE ORI HEE
BEALERE L Z2CEbET 5 2 Sz
RHAOEREF OB & [KILN~OFEEFBRAIZE
SVRBERRENE LS TERY. Z0
I RFEBDOBAL TR WRALILBET CRHT
b, ZFIEHABER?2, 3EEBLTLSBRLE
ERDMEZNTHEDDD. T TOEAAEHA O
T[AEE T b2 “BER” ThY, BRSNS T~
THEEL TWEREOBTRESE L 3 CER2 b0

Key words: Hydroxyapatite, Bone substitute, Inter-
connected porous structure, Tissue engineering, Bone
regeneration

*Clinical Application of the Interconnected Porous HA
Ceramics: Its Nature and the Point of Issue
TRIEAFEREREERFERSEREABE. Akira Myoui,
Tetsuya Tomita, Hideki Yoshikawa: Department of
Orthopaedics, Osaka University Graduate School of
Medicine

TN BRE R BEER A RL Noriyuki Tamai: Department of
Orthopaedic Surgery, Kawachi General Hospital
SKIRFFALERAR ¥ > & — B 4B Nobuhito Araki: Depart-
ment of Orthopaedic Surgery, Osaka Medical Center for
Cancer and Cardiovascular Diseases

75 > 7 a4 8L Shoichi Fujil: Department of Ortho-
paedic Surgery, Gratia Hospital

V5 379 B B 4 Bl Masahiko Furuno: Department of
Orthopaedic Surgery, Kyoritsu Hospital

FAREAS BEHE
75 &
Tholz. ZOL3%k “vr7uR7” OEEEIEL

T, [FLE S EHEBRA 929 4 X8 FLEE
BRTORT S e TEnE, L7446 HA OKAA
@ bone ingrowth X ¥, HEEIND LF I 5N 5.
bbb R - RS (B IE= AR A,
FVMIERCHTR R, £BMETHEE), EZxos v
), R« xb - 74— EHETHRELEE
GHAENA Faxy 788 4 h&F 3 v 7 Z (intercon-
nected porous calcium hydroxyapatite ceramics:
IP-CHA, 24 R—2® HEXT v 2H#R)ED I
[ALE OB I ZR 2 B\ CRIFE S LIESO W?Lbu
ETHEBPEAL D 2EHESFUE HA BHEM TH
3Y ZOEMIL, BETANTOEFIAEWEOET,
BEBIL T O D EBOBANTRETHL I b, *
U CHTRIDI L oA R R VR 1 R D 72 R % RIS
WEBLI-ZETHB.

BEZIENT FOF TN b
53w I ADERTHEE

IP-CHA OFROFHEIZZF D= RIeHEEIcH 5 (K 1).
FIERFEOKFLEHEL, [ILRERETLTE VI ER
TAEEIC RS> TW» S, BREM L U CERRA IR
Licad R—=CDRFEIE 5% ¢, BEHREATY
5% ABEI7Iv I ATETRLBHVRARLET 3.
EEETFEATEC L AR TR, 2R 0087
VSRR — 2 A X TEEDS 150-200 um THY, &
LOAB I I KIAFEEEAIEVTB Y, BET 2R
FLEBL Tw5s. ZORFLEEBFLOERIZ 90% L
E2310-80 pm (I 40 um) TH D, 1 DOKFLICE
B 4-5 LU LOEBANEET 2. BRTHEERINLT
WhTzd HA ORI FOREWREZECHESELTEY, &7
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Eg1 IP-CHATS/&# R~

Q) EFLIIFIEFRIE THE W E L TE D, Gﬂwﬂwu@%w@
SAMERFLARE I NS, OBORMIZIAL—ATHARFSFCHEELTH 3.
%1 IP-CHA :HilR% FiF HA OBGIHLES B & UFEHEIRE O Hig
e A R—®
BElL Lk HA

IP-CHA57 IP-CHA63 IP-CHA69 IP-CHATS
SEFFE(%) 57 63 69 75 47.6-64.5
SEEEFLE (um) 58.2 68.5 80.4 191 176-268
SFEEETUE (um) 5 12 25 39 <1-22
EUHIRAEE) 40.0 50.2 65.3 67.3 2.5-36.7
AR (MPa) 68.6 39.8 25.1 12.0 8-60

BEQETHAL—RATH B,

fILE, [IE, [ILEEEILOREL
ELUBE ML DB

Z O IP-CHA OBEREORHIL, BIa7 W EF
PO AN ETHBY. g7 MLEMCR, X2
D —icigiEEl R Iz TERLEREE-0n, Sk
SEMHEREET 5720, R - BEEETO/EL O
NT A= — O LD [ILB L UKRIALEEEL D
HIfHBERETH B, HIRKOBRME oy ¥4 7L
THERL L 72 IP-CHAS7 (M K FL2E 57%), IP-CHAG3
(#e s L= 63 M,WCHMM%%'VKWQ m
B BFE L7z IP-CHATS (A4 R — @, MEFLER
%), BLUBBMOLAAHAE ?miré‘ﬁ DFEERY - 73
FREE 2 1R d. IP-CHATS (A 4 R— @) D
BRI 190 pem, S 5FL R FLER 1 HY 40
um TH D, [ILEE 9% T T IP-CHAGY DOF
HIRIERILEE O IP-CHA W EE~3ES LI T D 80.4 pm,

SAMERAERNIESD 25 um BT 5. KIEE
ARDT Y X~ — 12 & 5 K[FLEEE I D W T OFHE

T, B 10 xm U EOTIFEBEFL TR M5 T
S L EAERAYRAEKI T2 L, IP-CHA

75 OEEFER 673U TH o=y L, IP-CHA
69 T 65.3%, IP-CHAG3 T 50.2%, IP-CHAB7 T 40
UL BGEAESBETT 2 ONEDRAZELETLT
wWie, BEOS FLA HA A TBOEEILERL 2.5-36.7
%Liz->TED, IP-CHA, Fuo IP-CHATS L IP-CHA
69 TERALDHEREERE LOTHEWI EBh»E. —7,
S[AEE T2 & IP-CHA OFEMEEIRE < & 2184
DR S NH, [FALEDOE W IP-CHATS TH 12 MPa,
IP-CHAGY T 25 MPa 2% L /B O 2-8 (BIRE D
BERH Y, ek A HA AT B O ThiigziE
BRLTW, IP-CHA RS b TEHWRAXREFT
22 b b 5T HIBNE WEMEE 2 H T 501, B
D E < HA ORI T35 bm’m: LTBD, BEofhs
PEEE HA BT 2 b eFEZbNME. 56D
figtn s IP-CHATS & IP-CHAG9 1&, BESLS & HAA
5 BiF e KA ERE SR T L RS, B
BISOEMmmE 2> 2 L3 fif-o 7.

IP-CHA OBifa v 7 Mz, REFRZKAHNDE
ZEHE (bone ingrowth) #FOEMEM TH2DT, ¥
EEILNNDOFEBTER Z T T 272012 7 ¥ F K[
BEHCE 6mm OMEE 7 vy 7 2 A UAEBEEN
WWHRE L7 & 23, IP-CHA7S TRAFLADEMHMD
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