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Abstract We assessed the relationship of bone density and

microarchitecture between hand, peripheral, and axial skeletal

sites using high-resolution peripheral quantitative computed

tomography (HR-pQCT) and dual-energy X-ray absorptiom-

etry (DXA) in patients with rheumatoid arthritis (RA) and

which factors influence these parameters. This was a cross-

sectional study of 100 female patients (53.4 ± 9.3 years) with

RA. HR-pQCT scans at distal radius and the second metacarpal

head were performed to assess cortical and trabecular volu-

metric bone mineral density (vBMD) and microarchitecture.

DXA scans at the hip, lumbar spine, and ultradistal radius were

performed to assess areal BMD. There was significant corre-

lation in vBMD and microarchitectural parameters between the

second metacarpal head and distal radius (r = 0.201-0.628).

Areal BMD at the axial skeleton was moderately associated

with vBMD at the peripheral sites (r = 0.354–0.558). Factors

related to disease severity/chronicity significantly correlated

with vBMD and microarchitecture at the distal radius and the

second metacarpal head. Factors related to disease activity

were more likely to correlate with vBMD and microarchitec-

ture at the second metacarpal head but not those at the distal

radius. HR-pQCT is a promising technique that is capable of

providing detailed quantitative assessment of disease-associ-

ated periarticular bone loss at both cortical and trabecular bone

compartments in patients with RA. Future longitudinal studies

will be needed to investigate whether assessment by HR-pQCT

can be used as a marker of disease activity and a predictor of

disease progression in RA.

Keywords Rheumatoid arthritis � Osteoporosis �
HR-pQCT � DXA

Introduction

Rheumatoid arthritis (RA) is a chronic, systemic inflamma-

tory disease associated with both periarticular and generalized

bone loss. Periarticular bone loss in the hands and feet is an

early sign of RA and a predictor of subsequent radiographic

joint damage [1]. Accelerated generalized osteoporosis at the

axial and appendicular skeleton is common in RA in both

females and males and is an important determinant of fracture

risk [2]. The overall prevalence of osteoporosis in RA is in the

order of 20–30 % at the spine and 7–26 % at the hip [3].

Dual-energy X-ray absorptiometry (DXA) and digital

X-ray radiogrammetry (DXR) are two techniques widely
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used to assess generalized and periarticular bone loss,

respectively. DXA measures integral areal BMD (DXA-

BMD) of cortical and trabecular bone. DXR measures areal

BMD (DXR-BMD) of the second to fourth metacarpals to

quantify cortical bone density and thickness [4]. In patients

with RA, a reduction in hand DXR-BMD correlates well

with increasing disease activity and severity [5]. Early

DXR-BMD reduction is associated with the development

of joint damage for up to 20 years [6, 7]. Studies on the

relationship between DXA-BMD of the hip or spine and

disease activity or severity of RA found inconsistent results

[8–11]. Only a few studies have investigated the relation-

ship between generalized and periarticular bone loss in RA,

with a significant correlation being found between hip or

spine DXA-BMD and DXR-BMD of the hand [12, 13].

Neither standard DXA nor DXR provides information

on bone microarchitecture, an important component of

bone quality [14]. High-resolution peripheral quantitative

computed tomography (HR-pQCT), yielding isotropic

voxel imaging of 82 lm at a tolerable radiation dose

(3 lSv), has recently become available for assessment of

cortical and trabecular volumetric bone mineral density

(vBMD) and microarchitecture at the peripheral skeleton

(distal radius, distal tibia, and metacarpals). Cortical and

trabecular volumetric density and microarchitectural

parameters by HR-pQCT can, independently of DXA-

BMD, discriminate postmenopausal women with and

without osteoporotic fracture [15]. Good reproducibility of

HR-pQCT volumetric measurements at the second and

third metacarpal heads with recognizable deterioration in

trabecular density and microarchitecture at these sites has

been found in patients with RA [16].

Detailed examination of the relationship between hand

and generalized bone loss may provide insight into shared

mechanisms between these two types of bone loss in RA.

The primary aims of this study were to investigate (1)

whether vBMD and microarchitectural measurements at

the distal radius were significantly associated with those at

the second metacarpal head and (2) whether vBMD at the

distal radius and the second metacarpal head were signifi-

cantly associated with areal BMD (aBMD) at the hip,

lumbar spine, and distal radius. A secondary aim was to

determine the clinical factors which influence cortical and

trabecular vBMD and microachitecture of the distal radius

and second metacarpal head in patients with RA.

Methods

Patients

A consecutive sample of 100 Chinese female patients with

a diagnosis of RA was recruited for this cross-sectional

study from the outpatient rheumatology clinic at the Prince

of Wales Hospital in Hong Kong between August and

October 2011. All patients fulfilled the American College

of Rheumatology (ACR) 1987 revised classification criteria

for RA [17]. Patients were excluded if they (1) had a

known metabolic disorder that could affect bone metabo-

lism, such as severe renal impairment (defined as a creat-

inine clearance of \ 30 mL/min), thyroid or parathyroid

disease, or malignancy; (2) were receiving treatment that

affects bone metabolism, including antiresorptive drugs,

thyroid or parathyroid hormone, and hormonal replacement

therapy; or (3) were pregnant or breast-feeding. Patients

with current or past use of glucocorticoids or calcium and

vitamin D were not excluded. The study protocol was

approved by the Joint Chinese University of Hong Kong–

New Territories East Cluster Clinical Research Ethics

Committee, with all participants providing written

informed consent.

Clinical Assessment

Clinical characteristics of the patients were assessed by

interview and clinical examination. Demographics inclu-

ded age, body weight, body height, menstrual status, and

smoking and drinking status. The fracture history of the

patients and their first-degree relatives was recorded. Only

low-trauma fracture, defined as trauma equivalent to a fall

from less than or equal to standing height or a fracture

arising from trauma which would not normally be expected

to result in fracture, were recorded. History of falls and

number of falls in the previous year were also recorded.

Clinical characteristics of RA were divided into those

related to disease activity and disease severity/chronicity.

Assessment of disease activity included the number of

tender/swollen joints (0–28), visual analogue scale (VAS)

for pain (0–10 = most pain), VAS for patient global

assessment (0–10 = worst score), and VAS for physician

global assessment (0–10 = worst score), Disease Activity

Score in 28 Joints (DAS28), and C-reactive protein (CRP,

mg/dL). Disease remission was determined using Boolean

criteria [18]. A patient was considered to be in disease

remission if scores on the number of tender or swollen

joints, patient global assessment, and CRP were all B1.

Assessment of disease severity/chronicity included disease

duration since diagnosis, number of deformed joints, global

functional status according to the ACR 1991 revised cri-

teria [19], disability according to the disability index of

Health Assessment Questionnaire (HAQ) (0–3 = most

functional disability), and presence of radiographically

apparent erosions on the hands and wrists.

History of use (current, previous, and never) of the follow-

ing disease-modifying antirheumatic drugs (DMARDs) was

recorded: methotrexate, sulfasalazine, hydroxychloroquine,
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leflunomide, azathioprine, oral or intramuscular gold, and

biologics. Variables related to the use of oral glucocorticoids

included current or previous use, current dose, duration of

use, and cumulative dose. We found three types of oral

glucocorticoids, prednisolone, hydrocortisone (one current

user, two previous users), and dexamethasone (two previous

users), ever or currently used by the cohort. All doses of

glucocorticoids were converted to equivalent doses of oral

prednisolone using the following algorithm: 1 mg hydro-

cortisone = 0.25 mg prednisolone, 1 mg dexametha-

sone = 6.67 mg prednisolone. Use of calcium supplements,

vitamin D supplements, or multivitamin supplements was

also recorded.

DXA Assessment

aBMD of the hip (total hip and femoral neck), lumbar spine

(L1–L4, anteroposterior view), and ultradistal radius was

determined by a trained technician using the same DXA

equipment (model Hologic Delphi W, Bedford, MA) in all

patients. Results were expressed in grams per centimeter

squared, and T scores were calculated with reference to

local population norms [20].

HR-pQCT Assessment

vBMD and microarchitecture at the distal radius and second

metacarpal bone of the nondominant hand were evaluated by

3D HR-pQCT (XtremeCT; Scanco Medical AG; Bassersdorf;

Switzerland). The patient’s forearm was immobilized in

a carbon fiber cast fixed within the scanner gantry. A dors-

opalmar projection image was obtained to define the

tomographic scan region. For the distal radius, the scan

commenced 9.5 mm proximal to the midradiocarpal articular

margin and spanned proximally 9.02 mm in length, equiva-

lent to 110 contiguous acquisitions of 82 lm thickness. At the

second metacarpal bone, the scan region started at the distal

end of the metacarpal head and spanned proximally 9.02 mm

(110 slices). Image analysis for the distal radius and second

metacarpal head was performed separately. The entire volume

of interest was automatically separated into cortical and tra-

becular areas, thus yielding average bone density (Dtotal),

trabecular bone density (Dtrab), and cortical bone density

(Dcort) in milligrams of hydroxyapatite (HA) per centimeter

cubed. Mean cortical thickness (Ct.Th, millimeters) was

defined as the mean cortical volume divided by the outer bone

surface. Trabecular bone volume fraction (BV/TV) was

derived from trabecular density assuming fully mineralized

bone to have a mineral density of 1.2 g HA/cm3. To assess

trabecular topology and orientation, 3D ridges (i.e., the center

points of trabeculae) were identified, and the spacing between

them was assessed three-dimensionally using distance-trans-

formation methods [21]. Trabecular number (Tb.N, 1 mm)

was defined as the inverse of the mean 3D ridge spacing.

Trabecular thickness (Tb.Th, millimeter; Tb.Th = BV/TV/

Tb.N) and spacing (Tb.Sp, millimeter; Tb.Sp = [1–BV/TV]/

Tb.N) were derived from BV/TV and Tb.N analogous to

standard bone histomorphometry. The standard deviation of

1/Tb.N (Tb.1/N.SD, millimeter) was used to reflect inhomo-

geneity of the trabecular network. At the distal radius, the

short-term in vivo precision error of density measurements,

expressed as the coefficient of variance (CV) was 0.7–1.5 %,

while that for microarchitectural parameters was 0.9–4.4 %

[22]. At the second metacarpal head, the CVs for density

measurement were 0.7–1.8 %, while that for microarchitec-

tural parameters was 3.3–12.5 % [16].

Statistical Analyses

Statistical analyses were performed using the Statistics

Package for Social Sciences (SPSS for Windows, version

13.0; SPSS, Inc., Chicago, IL). Correlations between

vBMD and microarchitectural parameters at the distal

radius and those at the second metacarpal head were ana-

lyzed using Pearson’s or Spearman’s correlation depending

on data distribution. The relationships between vBMD and

microarchitectural parameters and demographic and clini-

cal characteristics were examined using Pearson’s corre-

lation or the two-sample t test for normal continuous

variables and Spearman’s correlation or the Mann–Whit-

ney U test for non-normal continuous variables. Variables

with p \ 0.1 in the univariate analyses were entered into

linear regression (enter selection) with cortical and tra-

becular vBMD and microarchitectural parameters as the

dependent outcomes. All hypotheses were two-tailed, and

p \ 0.05 was considered significant.

Results

Characteristics of the Cohort

Table 1 shows the demographic and clinical characteristics

of the 100 Chinese patients included in the study. The

cohort consisted of middle-aged females with a mean dis-

ease duration of 9.1 years. The majority (67 %) of the 100

patients were postmenopausal. Overall, the cohort had mild

disease activity as evidenced by a mean DAS28 score of

3.7; a largely preserved functional status, with only 14

patients having ACR functional class III or above; and mild

disability, with a median HAQ score of 0.38. Only six

patients were classified as being in disease remission.

Forty-nine patients had erosive disease at the wrists or

hands. Of these, 32 patients had erosions at the hands and

35 patients had erosions at the wrists. Seven patients had

joint replacement, three of whom had more than one joint
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replacement. The majority (93 %) of the patients were

currently on DMARDs, with 32 patients currently on more

than one DMARDs. Methotrexate was the most commonly

used DMARD, followed by leflunomide. Only seven

patients were currently on biologics, including one on

infliximab, two on adalimumab, and four on etanercept.

The last use of oral glucocorticoids among the 30 previous

users occurred at an average 6.3 years (median 4 years,

range 1 month–20 years) prior to the study. Only 16

patients were currently on supplements of calcium or

multivitamin, while 19 patients were currently on oral

glucocorticoids.

Relationship Between vBMD and Microarchitectural

Parameters at the Distal Radius and the Second

Metacarpal Head

Significant correlations were found between vBMD and

microarchitectural parameters at the distal radius and the

second metacarpal head (Table 2). This included moderate

correlation between total and trabecular, but not cortical,

vBMD. Weak to moderate correlation was found between

microarchitectural parameters at the distal radius and sec-

ond metacarpal head, with the strongest correlation being

for trabecular bone volume fraction and the weakest being

for trabecular thickness.

Table 1 Demographic and clinical characteristics of the 100 rheu-

matoid arthritis patients

Variable All patients

(n = 100)

Demographics

Age (years) 53.4 ± 9.3

Body weight (kg) 54.1 ± 9.8

Body height (m) 1.6 ± 0.1

Postmenopausal (%) 67

Current smoker (%) 6

Current drinker (%) 29

Falls in the previous year (%) 22

Fracture, first degree relative (%) 10

Fracture, after age 25 (%) 7

Disease activity

Number of tender joints (0–28) 1 (0–4)

Number of swollen joints (0–28) 1 (0–2.8)

Pain, VAS 0–10 4 (2–6)

Patient global assessment, VAS 0–10 4 (2–6)

Physician global assessment, VAS 0–10 1 (0.4–2.6)

CRP (mg/dL) 0.3 (0.1–0.7)

DAS28 score 3.7 ± 1.2

Boolean remission (%) 6

Disease severity/chronicity

Disease duration (years) 9.1 ± 7.8

Number of deformed joints 0 (0–3.8)

ACR functional class III or above (%) 14

Health Assessment Questionnaire, 0–3 0.38 (0.13–1)

Erosive disease (%) 49

Treatment

MTX current/previous/never user (%) 74/10/16

SSZ current/previous/never user (%) 19/37/44

HCQ current/previous/never user (%) 17/37/46

Leflunomide current/previous/never user (%) 22/18/60

Biologic current/previous/never user (%) 7/13/80

Oral glucocorticoids

Current users (%) 19

Current dose (mg/day)a 5 (2.5–10)

Previous users (%) 30

Cumulative dose (g)a 1.3 (0.5–3.2)

Cumulative duration (months)a 10 (3.3–24.5)

Results are mean ± SD or median (interquartile range) unless

otherwise indicated

VAS visual analogue scale, CRP C-reactive protein, DAS28 Disease

Activity Score in 28 Joints, ACR American College of Rheumatology,

MTX methotrexate, SSZ sulfasalazine, HCQ hydroxychloroquine
a Cumulative dose/duration for current and previous users. Results

were equivalent doses of oral prednisolone. Cumulative dose/duration

for two previous users was not calculable due to lack of records

Table 2 Correlations between vBMD and microarchitectural

parameters at the distal radius and at the second metacarpal head

Variable Correlation coefficient p

Dtotal (mg HA/cm3) 0.628 \0.0001

Dcort (mg HA/cm3) 0.379 \0.0005

Dtrab (mg HA/cm3) 0.564 \0.0001

Ct.Th (mm) 0.406 \0.0001

BV/TV 0.565 \0.0001

Tb.N (1/mm) 0.539 \0.0001

Tb.Th (mm) 0.201 0.045

Tb.Sp (mm) 0.410 \0.0001

Inhomogeneity (mm) 0.298 0.003

vBMD volumetric bone mineral density, Dtotal average bone density,

Dcort cortical bone density, Dtrab trabecular bone density, Ct.Th
cortical thickness, BV/TV trabecular bone volume fraction, Tb.N tra-

becular number, Tb.Th trabecular thickness, Tb.Sp trabecular sepa-

ration, inhomogeneity the standard deviation of 1/trabecular number,

HA hydroxyapatite
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Relationship Between aBMD of the Hip, Lumbar

Spine, and Ultradistal Radius with vBMD of the Distal

Radius and Second Metacarpal Head

Seventeen (17 %) patients had osteoporosis (T score B

-2.5 at either the hip or lumbar spine) and low bone mass

(T score \-1.0 but [-2.5 at either the hip or lumbar

spine) was present in 37 patients. aBMD of the hip, lumbar

spine, and ultradistal radius correlated moderately with

vBMD measurements of the distal radius and metacarpal

heads (Table 3). As expected, a strong correlation was

observed between aBMD at the ultradistal radius and

Dtotal at the distal radius (r = 0.870).

Factors Influencing Cortical and Trabecular vBMD

and Microarchitectural Parameters at the Distal Radius

in Patients with RA

Univariate analyses

Age had a significant negative correlation with nearly all

vBMD and microarchitectural parameters at the distal

radius (Table 4). Body weight and body height correlated

positively with Dtrab and several trabecular microarchi-

tectural parameters. Postmenopausal patients had signifi-

cantly lower vBMD and inferior microarchitecture

compared with premenopausal patients (Table 5). Smoking

and drinking habit, fracture history, and fall in the previous

year did not influence any vBMD and microarchitectural

parameters at the distal radius (data not shown).

Several factors related to disease activity significantly

correlated with at least one vBMD and microarchitectural

parameters at the distal radius, though no consistent pattern

was observed. Patient global assessment correlated with

trabecular vBMD and microarchitecture (Dtrab and BV/

TV), while DAS28 score and CRP level correlated with

cortical vBMD and microarchitecture (Dcort and Ct.Th)

(Table 4). Disease remission correlated with both trabec-

ular and cortical vBMD and microarchitecture (Dtrab,

Dcort, Ct.Th, BV/TV, and Tb.Th) (Table 5).

There was a more uniform correlation between clinical

factors related to disease severity/chronicity and vBMD or

microarchitectural parameters at the distal radius. Disease

duration significantly correlated with trabecular vBMD and

microarchitecture (Dtrab, BV/TV, Tb.N, and Tb.Sp), while

the number of deformed joints correlated with both tra-

becular and cortical vBMD and trabecular microarchitec-

ture (Dcort, Dtrab, and BV/TV) (Table 4). Patients with

functional class III or with erosive disease had significantly

lower trabecular vBMD and inferior trabecular microar-

chitecture compared to those with functional class I/II or

those with nonerosive disease, respectively (Table 5).

Factors related to treatment, including use of DMARDs,

number of current DMARDs, use of biologics, use of oral

glucocorticoids, cumulative dose, and duration of oral

glucocorticoids did not influence any vBMD and micro-

architectural parameters at the distal radius.

Multivariate Analyses

In addition to demographics, factors independently asso-

ciated with vBMD and microarchitectural parameters at the

distal radius were mostly related to disease severity/chro-

nicity (Table 6). Functional status and erosive disease were

independent explanatory variables associated with trabec-

ular vBMD and microarchitecture (Dtrab, BV/TV, Tb.N,

and Tb.Sp), while the number of deformed joints was

independently associated with cortical vBMD (Dcort).

CRP level was the only factor related to disease activity

that remained in the multivariate analyses and was shown

to be independently associated with cortical vBMD

(Dcort). No clinical factors were independently associated

with Ct.Th, Tb.Th, or inhomogeneity of the trabecular

network.

Table 3 Relationships between aBMD by DXA and vBMD by HR-pQCT

Variable aBMD femoral neck aBMD total hip aBMD lumbar spine aBMD ultradistal radius

Distal radius

Dtotal (mg HA/cm3) 0.549 0.546 0.550 0.870

Dcort (mg HA/cm3) 0.413 0.447 0.382 0.629

Dtrab (mg HA/cm3) 0.500 0.494 0.561 0.639

Second metacarpal head

Dtotal (mg HA/cm3) 0.427 0.500 0.570 0.610

Dcort (mg HA/cm3) 0.436 0.475 0.541 0.528

Dtrab (mg HA/cm3) 0.441 0.527 0.573 0.626

All correlation coefficients are significant (all p \ 0.0001)

BMD bone mineral density, DXA dual-energy X-ray absorptiometry, vBMD volumetric BMD, HR-pQCT high-resolution peripheral quantitative

computed tomography, Dtotal average bone density, Dcort cortical bone density, Dtrab trabecular bone density, HA hydroxyapatite
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Factors Influencing Cortical and Trabecular vBMD

and Microarchitectural Parameters at the Second

Metacarpal Head in Patients with RA

Univariate Analyses

Menstrual status significantly correlated with all vBMD

and microarchitectural parameters, except Tb.N, at the

second metacarpal head (Table 5), while age only signifi-

cantly correlated with trabecular vBMD and microarchi-

tecture (Table 4). Body weight correlated with vBMD and

trabecular microarchitecture, while body height correlated

with Tb.Sp and inhomogeneity of the trabecular network

(Table 4). Smoking and drinking habit, fracture history,

and fall in the previous year did not influence any vBMD

and microarchitectural parameters at the second metacarpal

head (data not shown).

There was more extensive correlation between factors

related to disease activity and vBMD and microarchitec-

tural parameters at the second metacarpal head than at the

distal radius. The number of tender joints and patient

global assessment both significantly correlated with Tb.Th,

while pain and DAS28 score significantly correlated with

cortical vBMD and microarchitecture (Dcort and Ct.Th)

(Table 4). The number of swollen joints and CRP level

significantly correlated with both cortical and trabecular

vBMD and microarchitecture (Table 4). Patients in disease

remission had significantly higher cortical vBMD and

Ct.Th values compared with those not in disease remission

(Table 5).

There was also a uniform correlation between clinical

factors related to disease severity/chronicity and vBMD or

microarchitectural parameters at the second metacarpal

head. Disease duration and the number of deformed joints

significantly correlated with trabecular vBMD and mic-

roarchitecture (Dtrab, BV/TV, Tb.N, Tb.Sp, and inhomo-

geneity of trabecular network) (Table 4). HAQ score

correlated with both cortical and trabecular vBMD and

microarchitecture (Dcort, Ct.Th, and Tb.Th) (Table 4).

Functional status and erosive disease did not influence any

vBMD and microarchitectural parameters, except Dcort

and Tb.Sp, respectively (Table 5).

Similar to the distal radius, factors related to treatment

did not influence any vBMD and microarchitectural

parameters at the second metacarpal head.

Multivariate Analyses

In addition to demographics, both factors related to disease

activity and disease severity/chronicity were independently

associated with vBMD and microarchitectural parameters

at the second metacarpal head (Table 7). The number of

swollen joints was an independent explanatory variable

associated with cortical vBMD only (Dcort), while CRP

level and the number of deformed joints independently

associated with trabecular vBMD and microarchitectural

parameters (Dtrab, BV/TV, Tb.N, Tb.Sp, and inhomoge-

neity of trabecular network). HAQ score independently

associated with cortical vBMD and microarchitectural

parameters (Dcort and Ct.Th) along with Tb.Th.

Discussion

This is the first study to investigate the relationship

between vBMD and microarchitectural parameters of the

distal radius and hand and to explore the influence of

demographic and clinical factors on vBMD and microar-

chitectural parameters at these sites in patients with RA.

Such a study is relevant to further our understanding of the

pathogenesis of RA-associated osteoporosis and bone

fragility.

Periarticular osteoporosis is an early and common fea-

ture of RA and could be the first disease-associated mor-

phological change, preceding erosion or joint space

narrowing. Innovative technology assessing periarticular

bone loss would be helpful in identifying patients at risk of

aggressive disease. The commonly used DXR-BMD has

been shown to be a predictor of subsequent joint damage

and to allow assessment of anti-inflammatory therapeutic

effects [23]. But DXR assesses only the cortical compart-

ment of bone, while periarticular osteoporosis in RA may

stem also from the trabecular compartment [16]. HR-pQCT

is capable of assessing vBMD and microarchitecture of

both cortical and trabecular bone compartments. Our

results showed that vBMD assessed by HR-pQCT signifi-

cantly correlated with aBMD at the peripheral and central

skeleton, and there were significant correlations between

vBMD, microarchitectural parameters, and disease activity

and severity parameters. These findings suggest that HR-

pQCT might be a promising technique capable of provid-

ing detailed quantitative assessment of disease-associated

periarticular bone loss at the distal radius and metacarpal

head. Future longitudinal studies will be needed to inves-

tigate whether such assessment by HR-pQCT can be used

as a marker of disease activity and a predictor of disease

progression in RA.

aBMD at the axial skeletal moderately correlated with

vBMD at the distal radius and hand. This is expected as

DXA measures integral bone density (combined trabecular

and cortical BMD) and is influenced by bone size, unlike

vBMD. In addition, the proximity to sites of synovitis

(hands and wrists) might influence the relationship between

the axial and peripheral skeletal sites. This is particularly

true for the metacarpal head since this site was in contact

with the synovium of the metacarpophalangeal joint. In
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contrast, the distal radius site was slightly (9.5 mm)

removed from the wrist joint. We found a weak to mod-

erate correlation of vBMD and microarchitectural param-

eters between the distal radius and the second metacarpal

head. This can be explained by the difference in bone

composition between the two sites. At the second meta-

carpal head, the bone composition is mainly trabecular,

while at the distal radius, although there is an appreciable

trabecular component, cortical bone tends to predominate

[22]. In addition, erosion, which occurs more commonly at

the second metacarpal head than at the scan region of the

distal radius [24], might also weaken the relationship

between these two sites since this affects cortical more than

trabecular bone.

Clinical characteristics of RA contributed differently to

vBMD and microarchitecture at the distal radius compared

to the second metacarpal head. Factors related to disease

severity/chronicity correlated well with vBMD and mic-

roarchitecture at both sites. This is in concordance with

previous DXA and DXR studies showing decreased BMD

at the spine, hip, or hand, in line with decreased ACR

functional class, increased HAQ scores, and increased

erosive disease [7, 25–27]. In contrast, factors related to

disease activity correlated well with vBMD and microar-

chitecture at the second metacarpal head but much less so

at the distal radius. This again is most likely the result of

the second metacarpal head being influenced by synovitis

in the adjacent metacarpophalangeal joint. Disease activity,

as opposed to disease chronicity/severity, has not been

shown to affect bone density at more distal sites [9, 26].

For a cross-sectional study, factors related to disease

severity/chronicity could be an appropriate measure of past

cumulative disease activity. An increased CRP level

independently associated with reduced cortical vBMD in

final multivariate regression analysis still supports a role

for inflammation in the pathogenesis of generalized bone

loss in RA [28, 29]. Furthermore, one clinical variable

usually correlated with vBMD and/or microarchitecture of

either the cortical or trabecular bone compartment. This

indicates that improvement in an isolated clinical factor

may not be sufficient to improve both cortical and trabec-

ular bone density and microarchitecture. Aggressive anti-

inflammatory therapies, capable of suppressing composite

disease activity and halting progression to more advanced

disease status, may likewise have the potential to preserve

bone quality in RA.

We did not find any significant relationship between

factors related to therapy and vBMD and microarchitecture

at either the distal radius or hand in RA. In determining the

net effect of therapy, particularly glucocorticoids, on bone

density and quality in RA, one should bear in mind the dual

effect of this therapy. While glucocorticoids will signifi-

cantly inhibit bone formation, they also will suppress

disease activity and restore functional capacity, which will

reduce bone resorption. Several studies reported no or

limited effect of oral glucocorticoids on generalized bone

loss in RA [30, 31]. The overall use of glucocorticoids in

our study cohort was low as reflected by a short duration of

cumulative use and a relatively low cumulative dose. Iba-

nez et al. [32], in their 2-year study of 100 patients with

early arthritis, concluded that use of oral glucocorticoids,

as a ‘‘bridge therapy’’ in patients with severe disease, does

not seem to significantly decrease aBMD at the femoral

neck, total hip, or lumbar spine.

Our study has several limitations. First, although the

reproducibility of HR-pQCT measures at the second

metacarpal head was comparable to that at the distal radius

[16], hand positioning and image analyses among patients

with RA, especially among those with severe articular

deformation, can be difficult compared to healthy subjects.

Such difficulty may lead to obliquity of the scan plane at

the second metacarpal head, which may be reflected in the

only modest correlation between the distal radius and the

second metacarpal head. Second, we used the built-in

default analysis program to assess cortical bone at the

second metacarpal head. This default analysis is based on a

simple segmentation process, which may not perform

optimally for moderately thin or porous cortices [33]. This

could influence measurements of cortical bone at the sec-

ond metacarpal head. A direct quantitative measure of

cortical bone density and microarchitecture may provide a

truer measurement of cortical parameters [34]. Third, we

did not quantify erosive disease using radiological scoring

in our cohort. A significant relationship between the level

of bone erosion and vBMD and microarchitecture at the

distal radius or the second metacarpal head may provide

valuable clinical information using HR-pQCT to assess

periarticular bone loss in RA. Fourth, our cohort may have

overrepresented patients with mild and moderate disease

because subjects were exclusively recruited from an out-

patient clinic. Fifth, most of the correlations between

individual clinical variables and vBMD and microarchi-

tecture were weak and insignificant. This might be due to

the small sample size of our study and the relatively large

number of correlations being investigated. Hence, results

from the multivariate regression analyses examining the

independent explanatory variables might provide a more

useful assessment of such correlations. Finally, the cross-

sectional design does not allow a true cause–effect rela-

tionship between clinical characteristics and bone vBMD

or microarchitecture to be established. A longitudinal study

is needed to further determine the influence of disease

activity on periarticular bone and investigate the sensitivity

of HR-pQCT in detecting periarticular bone loss in RA.

Our experience in this cross-sectional study will help with

the design of such a prospective study.
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In conclusion, among female patients with RA, vBMD and

microarchitectural measures of the distal radius had a weak to

moderate correlation with those at the second metacarpal

head. A moderate correlation between aBMD in the axial

skeleton and vBMD at the peripheral skeleton was also found.

Disease activity affected density and microarchitectural

parameters at the metacarpal head only, while parameters

related to disease severity/chronicity of RA had an effect at

both the distal radius and metacarpal head. Aggressive anti-

inflammatory therapies, capable of suppressing composite

disease activity and halting disease progression, could

potentially be effective in preserving bone quality in RA. Our

results show that HR-pQCT is a promising technique capable

of providing quantitative assessment of hand bone loss in RA

patients. Its usefulness in predicting disease progression and

assessing the therapeutic effect in RA should be assessed in

future longitudinal studies.
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