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Periarticular Bone Gain at Proximal Interphalangeal
Joints and Changes in Bone Turnover Markers in
Response to Tumor Necrosis Factor Inhibitors in
Rheumatoid and Psoriatic Arthritis
Agnes Szentpetery, Malachi J. McKenna, Barbara F. Murray, Chin Teck Ng, Jennifer J. Brady, Michelle Morrin, 
Bea Radovits, Douglas J. Veale, and Oliver FitzGerald

ABSTRACT. Objective. Rheumatoid arthritis (RA) and psoriatic arthritis (PsA) are characterized by periarticular
bone erosion; periarticular bone formation is a feature in PsA. The effect of anti-tumor necrosis
factor-α (TNF-α) on periarticular bone remodeling is unclear in both diseases. Our aim was to assess
the response of bone turnover markers (BTM) and hand bone mineral density (BMD) to anti-TNF
over 3 years in RA and PsA.
Methods. We measured serum bone-specific alkaline phosphatase (bone ALP), procollagen type-I
N-propeptide (PINP), intact osteocalcin, C-terminal cross-linking telopeptides (CTX-I), urinary
N-terminal cross-linking telopeptide of type-I collagen (NTX-I), and free deoxypyridinoline
crosslinks (fDPD) at baseline, 1, 12, and 36 months. BMD measurements (hands/spine/hip) were
obtained at 3 timepoints. 
Results. We recruited 62 patients (RA 35; PsA 27). BTM correlated significantly with hand BMD
but not with central BMD. Low hand BMD was associated with RA and increased BTM. Following
anti-TNF therapy, hip BMD declined while spine and hand BMD were unchanged. Periarticular
BMD at proximal interphalangeal (PIP) joints increased while it decreased at metacarpophalangeal
joints. Bone ALP increased steadily and was always higher in PsA. PINP and intact osteocalcin
increased to a lesser extent, but resorption markers did not change. 
Conclusion. At baseline, hand BMD was inversely associated with BTM. Bone formation rather
than resorption markers better showed the bone response to anti-TNF. Despite a lack of effect on
central BMD, the modest effect of anti-TNF on PIP BMD may provide evidence that BTM reflect
specifically bone remodeling activity at periarticular sites of inflammation in RA and PsA. 
(J Rheumatol First Release March 1 2013; doi:10.3899/jrheum.120397)
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Rheumatoid arthritis (RA) and psoriatic arthritis (PsA) are
chronic inflammatory diseases characterized by progressive
destruction of the joints1,2,3. Inflammatory arthritis has the
potential to affect bone biology at both local and systemic

levels, given the links between inflammation and joint
destruction4,5,6. Local joint destruction has been investi-
gated in depth in RA7. PsA shows profound differences in
joint architecture, with a mixed pattern of concurrent
erosions and new bone formation5. The mechanisms under-
lying periarticular bone loss include release of
bone-resorbing cytokines from the inflamed synovium,
increased vascularity, and immobility of affected joints8.
Cytokine-mediated inflammatory processes rather than
other factors lead to systemic bone loss in chronic arthritis
in animal models9. Proinflammatory cytokines such as
tumor necrosis factor-α (TNF-α), interleukin 1 (IL-1), IL-6,
IL-17, IL-18, IL-23, transforming growth factor-β, and
tissue-degrading matrix metalloproteinases are believed to
play essential roles in progressive joint damage6,10,11.

Erosion of periarticular bone is a central feature of both
RA and PsA; the ability to measure its surrogates is
important5,12. Several bone turnover markers (BTM) are
useful in assessing joint damage in RA13,14,15,16,17,18,19,20,21.
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Yet there are fewer evaluations of bone and cartilage
metabolism in PsA22,23,24,25,26,27,28. To date, no single BTM
has been found to reflect joint destruction with sufficient
accuracy to use in the clinic27. Information on the effect of
anti-TNF on both localized and generalized osteoporosis in
patients with RA is scarce29,30,31. Bone densitometry using
dual-energy x-ray absorptiometry (DEXA) is known as an
objective and precise method for monitoring bone loss,
including that in the hands32,33,34. Measures of periarticular
osteoporosis are more suitable for assessment of bone
damage in RA because hand bone loss occurs earlier than
generalized bone loss35. The rate of periarticular bone loss
is higher than that in central sites and the precision of the
DEXA is also superior at the hand compared with the hip
and spine32. In RA, disease-related bone loss detected by
DEXA occurs in the very early phase of the disease process,
and hand bone loss is greater in patients with active
disease35,36,37. Despite periarticular osteoporosis also being
a recognized clinical feature in PsA, only a few studies on
systemic bone loss and bone turnover in PsA have been
published8,38,39.

The effect of anti-TNF on bone in RA and PsA has not
been compared previously in a prospective study design.
The primary aim of our study was to determine whether
hand bone mineral density (BMD) increased following 3
years of anti-TNF treatment. The secondary aims were to
study the relationship between BTM, hand BMD, and
clinical markers of disease activity at baseline, to identify
associations with hand BMD, to assess the response of BTM
to 3 years of anti-TNF treatment, and to explore the
relationship between changes in BTM and changes in
disease activity after therapy.

MATERIALS AND METHODS
Patients. Our study was undertaken following approval by the St. Vincent’s
University Hospital Ethics and Medical Research Committee. Patients were
recruited following informed consent from our Biologic Clinic, having
been referred there for screening prior to the initiation of anti-TNF therapy.
Inclusion criteria were diagnosis of RA or PsA according to American
College of Rheumatology or ClASsification for Psoriatic ARthritis criteria
(CASPAR), respectively, and age between 18 and 80 years40,41. All patients
had ongoing active joint inflammation and had failed to respond adequately
to at least 1 disease-modifying drug including maximum tolerated doses
(up to 25 mg/week) of methotrexate. Exclusion criteria included previous
treatment with biologic agents 3 months prior to entering study,
withdrawing from the biologic treatment during the study period, treatment
with antiresorptive medications, parathyroid hormone or strontium ranelate
6 months prior to or during the study, diseases of bone metabolism, and
pregnancy. The use of calcium and vitamin D supplements and a stable
dose of steroids of < 10 mg/day were permitted. Following screening,
patients had their baseline clinical assessments performed and these were
repeated after therapy at 3 (n = 57), 12 (n = 47), and 36 months (n = 51).
Clinical assessments included a recording of the following: tender joint
count (TJC), swollen joint count, patients’ visual analog scale for global
health, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR),
Health Assessment Questionnaire (HAQ), duration of early morning
stiffness, and pain and fatigue scores by visual analog scale. A 28-joint
Disease Activity Score (DAS28-CRP) was calculated and European
League Against Rheumatism response criteria were applied42.

Biochemical measurements. Serum and urine samples were collected at
baseline and after 1, 12, and 36 months of anti-TNF therapy, according to
our laboratory protocol. Following an overnight fast, morning blood was
collected in serum tubes containing a clot activator, and a second void urine
sample was provided. These were measured as described43,44: serum
25-hydroxy vitamin D [25(OH)D], parathyroid hormone (PTH), serum
bone-specific alkaline phosphatase (bone ALP), procollagen type-I
N-propeptide (PINP), intact osteocalcin, C-terminal cross-linking telopep-
tides (CTX-I), urinary N-terminal cross-linking telopeptide of type-I
collagen (NTX-I), and free deoxypyridinoline crosslinks (fDPD). NTX-I
and fDPD were expressed as a ratio with urine creatinine concentration,
which was measured by a kinetic Jaffe method. A substudy was performed
using a urinary biomarker of cartilage degradation, CTX-II. It was
measured by enzyme immunoassay (Immunodiagnostic Systems, Urinary
Cartilaps CTX-II). Intraassay coefficients of variation (CV) were 5.6% and
4.9% at concentrations of 1.25 and 3.26 ng/ml, respectively. Interassay CV
were 10.8% and 7.7% at concentrations of 1.58 and 4.26 ng/ml, respec-
tively. The results were expressed as CTX-II/creatinine ratio. Patients’
results were compared with 21 healthy women and 5 men (mean age 31
years).
BMD measurements. BMD measurements were recorded using a Hologic
Discovery A Model with software version 12.6. BMD assessments were
obtained at left total hip, lumbar spine, and hands at baseline and 12 and 36
months. T scores and Z scores were calculated at hip using the US National
Health and Nutrition Examination Survey III database and at spine using a
manufacturer’s database. Periarticular BMD of hands was measured as
described45. In brief, global hand BMD included all hand bones distal from
the wrist joint; 7 subregions of interest were selected for analysis. These
included the carpus and the periarticular regions of the second, third, and
fourth MCP and PIP joints. The periarticular subregions of interest included
10 mm of bone proximal and distal to the joint line excluding the joint
space, incorporating both the proximal and the distal juxtaarticular compo-
nents of the joints (Figure 1). The mean BMD of the 14 regions in total
(termed hand BMD) and the average BMD at the 2 periarticular regions,
MCP and PIP, were calculated.
Statistical methods. At baseline, differences between means were tested by
either independent t test, t test for unequal variances, or Mann-Whitney U
test, where appropriate. Differences between categorical variables were
tested by chi-square test. Associations between variables were tested by
either Pearson or Spearman correlations. To identify associated variables,
BMD at hand was divided at the median into 2 equal groups. Independent
variables were tested by univariate single logistic regression analysis.
Those variables with p < 0.25 were entered into a multivariable logistic
regression model. Variables with a Wald statistic > 0.25 were removed from
the model; the remainder were retained based on testing differences
between models using the likelihood ratio test. Given that hand BMD is a
continuous variable, a multiple linear regression analysis was performed
with independent variables being selected based on correlation analysis 
(p < 0.05).

To assess the response to anti-TNF therapy, a repeated measures
ANOVA was performed using a split-plot design, which tested
between-subject and within-subject factors. The between-subject
variable was the disease category (RA or PsA) and the within-subject
variables included either 3 or 4 levels of the repeated measure factor as
follows: 3 timepoints for BMD at hand (n = 45), spine (n = 45), and hip
(n = 44); 4 timepoints for BTM (n = 48); and 4 timepoints for clinical
and inflammatory variables. In addition to testing the main effects, the
interaction between each within-subject variable and disease category
was tested. If significant differences were noted in the main effects, then
pairwise com parisons of within-subject variables were performed and
significance testing was adjusted for multiple comparisons according to
Bonferroni correction. Results with p < 0.05 were considered statisti-
cally significant. Statistical analysis was performed using SPSS for
Windows, Version 18.
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RESULTS
Baseline findings. We recruited 62 patients (35 RA, 27
PsA). Patients with RA were older (p = 0.022). ESR (p =
0.049) and CRP (p = 0.003) were significantly higher in RA
compared to PsA (Table 1). DAS28-CRP reflected high
disease activity in both groups at baseline. Clinical subtypes
of patients with PsA were asymmetrical oligoarthritis (n =
15), symmetrical polyarthritis (n = 11), and predominant
spondylitis (n = 1)46.

Serum ionized calcium was within the reference range
in all subjects. Median serum 25(OH)D was 52.6 nmol/l
(range 18.9–105.7 nmol/l); 16.4% of the patients were at risk
of deficiency (< 30 nmol/l) and 54.1% had sufficient levels 

(≥ 50 nmol/l)47. There was an inverse correlation between
25(OH)D and PTH (r = –0.376, p = 0.003). BTM did not
correlate with any clinical disease activity scores. PINP corre-
lated directly with both ESR (r = 0.257, p < 0.049) and CRP (r
= 0.284, p < 0.030). Urine fDPD correlated directly with both
ESR (r = 0.493, p < 0.001) and CRP (r = 0.621, p < 0.001).
None of the other markers correlated with ESR or CRP.

Mean ± SD urinary CTX-II/Cr in young adults was 258
± 109 ng/mmol; it was significantly higher than controls in
a subgroup of 28 patients with RA (681 ± 517 ng/mmol; p <
0.0001) and a subgroup of 23 patients with PsA (380 ± 230
ng/mmol; p = 0.023). Levels were higher in RA than PsA 
(p = 0.02). 
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Figure 1. Dual-energy x-ray absorptiometry scan of left hand showing the 7 subregions of
interest selected for analysis: carpus (R1) and the periarticular regions of the second (R2),
third (R3), and fourth (R4) metacarpophalangeal joints and the second (R5), third (R6), and
fourth (R7) proximal interphalangeal joints.
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According to World Health Organization criteria and
based on BMD results expressed as T scores, osteopenia
was evident in the spine in 22% and in the hip in 10%, and
osteoporosis was evident in the spine in 12% and in the hip
in 2% at baseline (Table 1). There was good agreement
between BMD measurements: spine versus hip (r = 0.659, 
p < 0.001), spine versus hand (r = 0.515, p < 0.001), and hip
versus hand (r = 0.657, p < 0.001). 

There were no significant correlations between either hip
or spine BMD and any of the clinical measures of disease
activity, or with BTM, even when analysis was repeated
with BMD results expressed as T scores. In contrast, hand
BMD correlated significantly and inversely with ESR (r =
–0.217, p = 0.036), HAQ (r = –0.295, p = 0.023), bone ALP
(r = –0.340, p = 0.007), PINP (r = –0.334, p = 0.009), CTX-I

(r = –0.332, p = 0.008), NTX-I (r = –0.355, p = 0.008), and
fDPD (r = –0.351, p = 0.005). Hand BMD also correlated
with age (r = –0.337, p = 0.007) and weight (r = 0.470, p <
0.001). Thereafter analysis of variables was confined to the
primary outcome measure, hand BMD.

These variables were associated with hand BMD
according to univariate single logistic regression analysis 
(p < 0.05; Table 2): disease category, sex, body weight, bone
ALP, PINP, CTX-I, and NTX-I. After adjustment for disease
category, odds ratios for association between BTM and hand
BMD were tested; significant associations were noted for
bone ALP, PINP, CTX-I, and NTX-I (supplementary data
available from the author on request). Multivariable logistic
regression analysis identified 3 associations with low hand
BMD: presence of RA, lower body weight, and higher
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Table 1. Descriptive statistics at baseline. Results are presented as median (interquartile range), mean ± SD, or
percentage.

Characteristic Total, n = 62 RA, n = 35 PsA, n = 27

Demographic and clinical measures
Age, yrs*** 53 (28–74) 56 (35–74) 44 (28–66)
Female:male, no. 39:23 24:11 15:12
Disease duration, yrs 7 (0.2–40) 7 (1–40) 8 (0.2–34)
Rheumatoid factor, n (%) 26 (42) 26 (74) 0 (0)
Use of corticosteroids, n (%) 12 (19.3) 8 (22.8) 4 (14.8)
BMI, kg/cm2 27.7 ± 5.9 26.2 ± 6.4 29.6 ± 4.8
ESR, mm/h** 25.8 ± 23.9 34.5 ± 25.2 15.1 ± 17.3
CRP, mg/dl; normal < 5** 23.5 ± 27.6 32.1 ± 32.9 12.7 ± 12.6
DAS28-CRP† 5.67 (4.68–6.33) 5.89 (4.76–6.41) 5.44 (4.62–6.15)
Fatigue, 0–10 scale# 6 (5–8) 6 (4.5–8.0) 6 (4.9–7.0)
GVAS, 0–100 mm VAS 50 (40–70) 60 (45–80) 50 (40–61)
HAQ, 0–3 scale 1.13 (0.63–1.63) 1.38 (0.63–1.75) 1.06 (0.59–1.50)
Pain, 0–10 scale†† 6.0 (3.5–8.0) 6 (4.5–8.0) 5.5 (3.0–7.0)
TJC, 0–28 joints 10 (5–16) 9 (4.5–16.0) 13 (5–19)
SJC, 0–28 joints 11.0 (5.5–15.8) 12 (7.5–16) 9 (4–14)
Stiffness, min 60 (15–120) 60 (20–120) 45 (8.8–60)

Bone turnover markers
Bone ALP, µg/l* 12.6 ± 5.6 10.8 ± 3.6 14.7 ± 6.8
PINP, µg/l 49.2 ± 22.9 47.1 ± 19.0 51.8 ± 27.2
OC[1–49], µg/l 12.0 ± 6.5 10.9 ± 4.8 13.3 ± 8.1
CTX-I, µg/l 0.444 ± 0.260 0.444 ± 0.234 0.445 ± 0.290
NTX-I, nmolBCE/mmol Cr 47.5 ± 31.9 47.8 ± 24.8 47.1 ± 39.7
fDPD, nmol/mmol Cr 8.29 ± 4.41 9.05 ± 4.79 7.34 ± 3.77

BMD measurements, g/cm2

Hand BMD 0.350 ± 0.052 0.335 ± 0.057 0.360 ± 0.047
PIP periarticular BMD 0.285 ± 0.051 0.277 ± 0.054 0.294 ± 0.043
MCP periarticular BMD 0.305 ± 0.51 0.297 ± 0.054 0.316 ± 0.040
Total hip BMD 0.954 ± 0.138 0.936 ± 0.141 0.974 ± 0.135
Lumbar spine BMD 0.997 ± 0.133 0.989 ± 0.137 1.006 ± 0.131

Differences between RA and PsA: * p < 0.05; ** p < 0.01; *** p < 0.001. † DAS28-CRP: 28-joint Disease
Activity Score using the C-reactive protein-based formula (www.das-score.nl). # Fatigue scale: 0 = no fatigue to
10 = fatigue as bad as it could be. †† Pain scale: 0 = no pain to 10 = pain as bad as it could be. BMI: body mass
index; ESR: erythrocyte sedimentation rate; GVAS: global visual analog scale (0 = worst imaginable health state
to 100 = best imaginable health state); HAQ: Health Assessment Questionnaire scale (0 = no difficulty to 3 =
unable to perform activity); TJC: tender joint count; SJC: swollen joint count; serum bone ALP: bone-specific
alkaline phosphatase; serum PINP: procollagen type-I N-propeptide; serum OC[1–49]: intact osteocalcin; serum
CTX-I: C-terminal cross-linking telopeptide of type-I collagen; urine NTX-I: N-terminal cross-linking
telopeptide of type-I collagen; urine fDPD: free deoxypyridinoline crosslinks; BMD: bone mineral density; PIP:
proximal interphalangeal joints; MCP: metacarpophalangeal joints.
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serum bone ALP (Table 2). The final model increased
association with hand BMD from the chosen cutoff of 50%
up to 77%. The stepwise multiple linear regression analysis
for the associations with hand BMD was significant (r2 =
0.446, p < 0.001) with the model also including disease
category, weight, and bone ALP.
Response to anti-TNF therapy. The choice of anti-TNF
therapy was at the discretion of the treating physician,
resulting in 32 patients receiving etanercept, 28 adali-
mumab, and 2 infliximab. Combination therapy was given
to 66% of the patients from baseline: methotrexate (n = 37),
leflunomide (n = 2), hydroxychloroquine (n = 1), and sulfa-
salazine (n = 1). Eight patients with RA (22.8%) and 4 with
PsA (14.8%) received low-dose corticosteroids at various
timepoints. We were unable to evaluate statistically the
effect of concomitant corticosteroid use on BTM because of
small sample size. In all, 26 women (66.6%) were post -
menopausal [19 (79.2%) of those with RA and 7 (46.6%) of
those with PsA]. None of the patients used menopausal
hormone therapy.

At 36 months, 51 patients completed the study (4
withdrew, 2 died, 5 left for other reasons); although varying
numbers had complete datasets at all the timepoints for

analysis by split-plot ANOVA (Tables 3, 4, and 5). For all
the clinical measures, highly significant improvements were
noted; disease category had a main effect on ESR only (p =
0.021), with ESR being lower in PsA than RA. There was
only 1 interaction effect, which was between disease
category and TJC (p = 0.023). The effect on both ESR and
CRP was waning at 3 years (Table 3, Figure 2). For BTM,
significant changes were noted for bone ALP (p < 0.001)
and to a lesser extent for both PINP (p = 0.040) and intact
osteocalcin (p = 0.039); disease category had an effect only
on bone ALP (p = 0.015), with bone ALP being higher in
PsA than in RA at all timepoints; and the only interaction
was between disease category and CTX-I, whereby CTX-I
drifted downward in RA but increased in PsA (p = 0.037;
Table 4, Figure 2). In RA, after 1 year of treatment, the
CTX-II levels fell significantly to 560 ± 428 ng/mmol (p <
0.05). After 3 years of treatment, the levels fell further to
387 ± 262 ng/mmol (p < 0.005). In PsA, after 1 and 3 years
of treatment, the CTX-II levels were lower but not signifi-
cantly different from baseline levels (331 ± 147 ng/mmol
and 342 ± 224 ng/mmol, respectively).

There were significant correlations between change in
urine fDPD and both change in ESR (r = 0.721, p < 0.001)
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Table 2. Results of single variable and multivariable logistic regression analysis for the association between hand
bone mineral density at baseline. OR refers to risk for hand bone mineral density below median.

Single Variable Analysis Multivariable Analysis
Factor OR (95% CI) p OR (95% CI) p

Age, yrs 0.96 (0.91–1.01) 0.089
Disease category* 1.84 (1.09–3.12) 0.023 2.24 (0.97–5.18) 0.060
Sex** 3.66 (1.22–11.0) 0.021
Weight, kg 1.05 (1.01–1.10) 0.016 1.06 (1.01–1.12) 0.042
ESR, mm/h 0.98 (0.95–1.00) 0.060
CRP, mg/l 0.99 (0.97–1.01) 0.281
DAS 0.65 (0.40–1.07) 0.089
DAS28-CRP 0.89 (0.58–1.28) 0.616
Fatigue, 0–10 scale 0.96 (0.75–1.22) 0.732
GVAS, 0–100 mm 0.92 (0.72–1.17) 0.492
HAQ, 0–3 scale 0.67 (0.30–1.48) 0.320
Pain, 0–10 scale 1.16 (0.92–1.45) 0.203
TJC, 0–28 joints 0.99 (0.93–1.05) 0.659
SJC, 0–28 joints 1.02 (0.95–1.09) 0.645
Stiffness, min 1.00 (0.99–1.01) 0.500
Bone ALP, µg/l 0.87 (0.77–0.99) 0.031 0.76 (0.620–0.94) 0.010
PINP, µg/l 0.97 (0.94–0.99) 0.021
OC[1–49], µg/l 0.92 (0.83–1.02) 0.099
CTX-I, µg/l 0.32 (0.00–0.48) 0.013
NTX-I, nmolBCE/mmol Cr 0.97 (0.95–0.99) 0.026
fDPD, nmol/mmol Cr 0.88 (0.77–1.01) 0.070

* If disease category is psoriatic arthritis. ** If sex is male. ESR: erythrocyte sedimentation rate; CRP:
C-reactive protein; DAS28-CRP: 28-joint Disease Activity Score using the CRP; GVAS: global visual analog
scale (0 = worst imaginable health state to 100 = best imaginable health state); HAQ: Health Assessment
Questionnaire scale (0 = no difficulty to 3 = unable to perform activity); TJC: tender joint count; SJC: swollen
joint count; serum bone ALP: bone-specific alkaline phosphatase; serum PINP: procollagen type-I N-propeptide;
serum OC[1–49]: intact osteocalcin; serum CTX-I: C-terminal cross-linking telopeptide of type-I collagen; urine
NTX-I: N-terminal cross-linking telopeptide of type-I collagen; urine fDPD: free deoxypyridinoline crosslinks; 
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Table 3. Response of inflammatory markers and clinical measures to anti-tumor necrosis factor-α therapy.
Results are given as median (interquartile range).

Measure n Baseline 3 Months 1 Year 3 Years

ESR, mm/h 46 19 (8–30) 5 (2–10)** 7 (2–15)** 18 (8–30)
CRP, mg/l 46 12 (7–29) 4 (4–7)** 4 (3–5)** 4 (4–8)
DAS28-CRP 42 5.8 (4.7–6.4) 3.4 (3.0–4.3)** 2.1 (1.6–3.3)** 3.2 (2.4–4.0)**
Fatigue, 0–10 scale 44 6.5 (4.0–8.0) 4.0 (2.3–5.0)** 3.5 (1.0–7.8)** 4.0 (3.0–7.8)*
GVAS, 0–100 mm 45 5.0 (4.0–8.0) 2.0 (1.0–3.0) 1.0 (1.0–3.5) 3.4 (1.6–5.4)
HAQ, 0–3 44 1.2 (0.5–1.8) 0.8 (0.1–1.3)** 0.4 (0.0–0.9)** 0.5 (0.1–1.1)**
Pain, 0–10 45 6.0 (4.3–8.0) 3.0 (1.0–4.0)** 2.0 (1.0–3.5)** 3.0 (2.0–5.5)**
TJC, 0–28 joints 46 12 (7–16) 0 (0–3)** 2 (0–5)** 3 (1–6)**
SJC, 0–28 joints 46 11.5 (8.0–15.3) 2.0 (0.0–4.0)** 0.0 (0.0–3.0)** 0.0 (0.0–1.0)**
Stiffness, min 45 60 (18–90) 9 (0–20)** 0 (0–15)** 7 (0–18)**

Repeated measures differences noted for all variables at p < 0.001; differences compared with baseline: 
* p < 0.01; ** p < 0.001; posthoc significance tests are adjusted for multiple comparisons. Differences between
RA and PsA noted for ESR (p = 0.021) only. ERS: erythrocyte sedimentation rate; CRP: C-reactive protein;
DAS28-CRP: 28-joint Disease Activity Score using the CRP; GVAS: global visual analog scale (0 = worst
imaginable health state to 100 = best imaginable health state); HAQ: Health Assessment Questionnaire scale (0
= no difficulty to 3 = unable to perform activity); TJC: tender joint count; SJC: swollen joint count; RA:
rheumatoid arthritis; PsA: psoriatic arthritis.

Table 4. Response of bone turnover markers to anti-tumor necrosis factor-α therapy (n = 48). Results are given
as mean ± SD.

Marker Baseline 1 Month 1 Year 3 Years

Bone ALP, µg/l 12.4 ± 5.9 13.1 ± 6.5 15.9 ± 7.7** 21.2 ± 11.1**
PINP, µg/l 48.4 ± 23.7 52.4 ± 28.0 55.7 ± 34.2 53.9 ± 23.5
OC[1–49], µg/l 12.2 ± 7.1 12.6 ± 6.3 14.8 ± 10.6 12.3 ± 5.5
CTX-I, µg/l 0.443 ± 0.263 0.422 ± 0.242 0.425 ± 0.281 0.471 ± 0.285
NTX-I, nmolBCE/mmol Cr 46.9 ± 35.0 43.6 ± 26.4 47.6 ± 30.9 45.7 ± 28.2
fDPD, nmol/mmol Cr 8.17 ± 4.37 7.70 ± 3.99 7.63 ± 3.91 7.99 ± 4.44
PINP/CTX-I ratio, mcg/mcg 127 ± 47 139 ± 55 147 ± 57 131 ± 55

Repeated measures differences noted for bone ALP (p < 0.001), PINP (p = 0.04), and for OC[1–49] (p = 0.039).
Differences compared with baseline: ** p < 0.001; posthoc significance tests are adjusted for multiple compar-
isons. Differences between RA and PsA noted for bone ALP as a main effect (p = 0.015) that was significant at
all timepoints on posthoc testing. Bone ALP: bone-specific alkaline phosphatase; PINP: procollagen type-I 
N-propeptide; OC[1–49]: intact osteocalcin; CTX-I: C-terminal cross-linking telopeptide of type-I collagen;
urine NTX-I: N-terminal cross-linking telopeptide of type-I collagen; fDPD: free deoxypyridinoline crosslinks;
RA: rheumatoid arthritis; PsA: psoriatic arthritis.

Table 5. Bone mineral density (BMD; g/cm2) results after anti-tumor necrosis factor-α therapy. Results are given
as mean ± SD.

Location n Baseline 1 Year 3 Years

Hand 45 0.356 ± 0.045 0.357 ± 0.046 0.360 ± 0.056
PIP periarticular 45 0.287 ± 0.047 0.296 ± 0.048** 0.305 ± 0.056**
MCP periarticular 45 0.305 ± 0.042 0.299 ± 0.043* 0.300 ± 0.043
Total hip 44 0.949 ± 0.132 0.952 ± 0.146 0.935 ± 0.139*
Lumbar spine 45 0.949 ± 0.131 0.952 ± 0.146 0.936 ± 0.139

Repeated measures differences noted for periarticular PIP (p = 0.002), periarticular MCP (p = 0.016), and total
hip (p = 0.014). Differences compared with baseline: * p < 0.05, ** p < 0.01. Posthoc significance tests are
adusted for multiple comparisons. No differences were noted between rheumatoid arthritis and psoriatic arthritis.
PIP: proximal interphalangeal joints; MCP: metacarpophalangeal joints.
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and change in CRP (r = 0.748, p < 0.001), but no similar
changes were noted with the other BTM. We introduced an
index that combined a formation and a resorption marker. To
choose the best combination, we explored the correlation
between changes in markers over the 3 years; the highest
correlation was between PINP and CTX-I (r = 0.383, p =
0.006). The index was expressed as a ratio (µg/µg) identical
to a recently reported index48. There was no significant
change in the index with anti-TNF therapy, but there was a
definite trend toward positive remodeling balance that
ameliorated at the time of the final measurement (Table 4). 

For BMD, the within-subjects effects were seen for PIP,
which increased (p = 0.002); for hip, which declined (p =
0.014); and for MCP, which declined (p = 0.016; Table 5,
Figure 2). No effect of disease category was noted; there
was an interaction between disease category and MCP BMD
(p < 0.001), with BMD declining at the end of the first year
for RA (p = 0.073), whereas PsA showed a steady decline
between baseline and third year (p = 0.086; Figure 2).

DISCUSSION
At baseline, we identified associations between low hand
BMD and the following variables: diagnosis of RA, lower
body weight, higher serum bone ALP, higher PINP, higher
CTX-I, and higher NTX-I. We found that baseline ESR,
HAQ, and BTM correlated with hand BMD but not with hip
or lumbar spine BMD. Thus, analysis at baseline suggested
that joint inflammation is associated with remodeling
activity and lower hand BMD. After 3 years of anti-TNF
therapy, periarticular BMD increased significantly around

PIP joints but declined around MCP joints; hip BMD
declined and spine BMD was unchanged. Bone ALP
increased steadily over the 3 years and was consistently
higher in PsA compared to RA; PINP and intact osteocalcin
increased to a lesser degree. Resorption markers were
unchanged; but change in urine fDPD was the only BTM to
correlate with change in ESR. This suggests that anti-TNF
therapy results in an increase in bone formation without a
change in bone resorption; this would give a more favorable
remodeling balance in periarticular bone. 

We observed an inverse relationship between BTM and
hand BMD at baseline on logistic regression analysis,
suggesting that active joint inflammation alters periarticular
bone remodeling with resultant bone loss because of
negative remodeling balance. Following anti-TNF therapy,
the steady increase in PIP periarticular BMD was contem-
poraneous with a steady increase in bone ALP and to a lesser
extent in the 2 other formation markers — PINP and intact
osteocalcin — implying a shift toward positive remodeling
balance as a mechanism for periarticular bone gain. Bone
ALP, being consistently higher in PsA compared to RA,
reflects the known effect of PsA on bone formation, but the
absence of an interaction effect between disease category
and bone formation markers, as demonstrated by the
split-plot ANOVA, suggests that the bone formation
response occurs regardless of whether a patient has PsA or
RA. 

Regarding BTM in general, median levels at baseline of
all markers except fDPD were below median levels in
healthy Irish adults; and following intervention, median
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Figure 2. Response of selected variables to anti-tumor necrosis factor-α therapy, showing significant effects of treatment for all except metacarpophalangeal
bone mineral density (MCP BMD), which shows an interaction effect. DAS28-CRP: 28-joint Disease Activity Score using C-reactive protein; HAQ: Health
Assessment Questionnaire; bone ALP: bone-specific alkaline phosphatase; PINP: procollagen type-I N-propeptide; PIP: proximal interphalangeal.
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values for bone ALP but not PINP or intact osteocalcin were
above median levels in healthy Irish adults43. In our study
cohort, both ESR and CRP correlated strongly with fDPD
levels at baseline, indicating that fDPD is most likely an
indicator of joint inflammation. Our results are in agreement
with previous observations24,49. There were no correlations
between ESR and CRP and the 2 other resorption markers,
CTX-I and NTX-I. In addition, there were significant but
weaker correlations between ESR and CRP with serum
PINP, which is a collagen-based formation marker, but not
with the non-collagen-based formation markers [serum
intact osteocalcin and bone ALP]. Urinary CTX-II in a
subgroup study has potential as a measure of cartilage
degradation and as a response variable, at least in RA. The
provider of this cartilage marker has recommended its use in
RA and osteoarthritis only, and several studies have
validated CTX-II measurements in these diseases16,50.
CTX-II measurements have not previously been tested in
PsA and our results indicate that it is not a useful marker for
monitoring response to treatment in PsA.

Over 3 years of anti-TNF therapy, we demonstrated close
correlations between changes in both ESR and CRP and
change in urine fDPD, but no correlation with change in the
other BTM. Similar associations between ESR and fDPD
levels have been reported in patients with active RA treated
with infliximab51. This indicates that urine fDPD is more
likely a marker of joint inflammation than a marker of
periarticular bone remodeling activity. Our data suggest that
the effect of anti-TNF on bone is principally to suppress
disease activity, which in turn alters bone remodeling at sites
of joint inflammation. 

From studies of bone histomorphometry using in vivo
tetracycline, it is known that bone remodeling entails cycles
of resorption coupled to formation52. RA is considered a
purely erosive disease with little sign of repair of bone
erosions, while PsA shows a mixed pattern of destruction
and remodeling5,7,53. Bone remodeling is regulated by local
and systemic factors that drive osteoblast and osteoclast
differentiation and function7. Studies in RA have provided
insights into the mechanism involved in the uncoupling of
bone resorption and formation in this form of inflammatory
arthritis54.

Data suggest that periarticular bone formation is actively
suppressed by inflammation; thus, blockade of TNF is
highly effective in retarding structural damage in RA5. It has
been proposed that continued suppression of inflammation
by anti-TNF agents may accelerate new bone formation in
PsA55. Harrison, et al noted that in RA, but not in PsA,
periarticular bone loss was strongly related to measures of
joint inflammation36. We demonstrated that periarticular
BMD around PIP joints improved in both diseases following
36 months of anti-TNF treatment, but not around MCP
joints. This latter observation was rather unexpected. To our
knowledge this is the first study comparing periarticular

BMD changes assessed in MCP and PIP joints in both RA
and PsA as measured by DEXA following anti-TNF
treatment. Finzel, et al have shown limited repair in bone
erosions of the MCP joints in patients with RA treated with
anti-TNF as measured by high-resolution computed
tomography56. We did not find any marked differences in
central BMD between the 2 diseases. After 3 years of
anti-TNF therapy, hip BMD decreased and spine BMD
remained stable. Anti-TNF treatment of mice transgenic for
the human TNF gene leads to significant improvement in
local bone resorption, but does not prevent generalized bone
loss9,57. Future prospective studies might focus on RA and
PsA patients with both early and established disease and
compare axial, hand, and periarticular BMD because those
results may have implications for prevention and treatment
strategies of osteoporosis in inflammatory arthritis.

Our study design has some limitations. The study cohort
consisted of patients with active disease; two-thirds of the
patients received an anti-TNF agent in combination with a
disease-modifying antirheumatic drug medication from
baseline. Thus, we cannot fully confirm that the findings
truly related to the effect of anti-TNF treatment. Yet data
provided in our study appear to support this possibility. Our
study was powered to detect a difference in hand BMD for
a sample size of 60, but only 45 subjects had repeated hand
measures of BMD at the 3 timepoints. A larger sample size
would be needed to validate our findings. We are proceeding
with a further study. 

Our study demonstrates that in a sample of patients with
PsA or RA, there is a much closer association between
markers of bone turnover with hand BMD than with central
BMD at baseline. Following anti-TNF therapy over 3 years,
periarticular PIP BMD increased but MCP BMD decreased.
The increase in bone formation likely reflects an improve -
ment in periarticular remodeling balance in both RA and
PsA. The collagen-based marker of bone resorption, fDPD,
seems to be altered by anti-TNF therapy as an antiinflam-
matory rather than as a bone remodeling effect. Despite a
lack of effect on central BMD, the modest improvement in
PIP BMD following anti-TNF therapy may indicate that
BTM reflect specifically bone remodeling activity at sites of
inflammation in RA and PsA.
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