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Objectives: To determine the changes in body weight, body composition, and bone turnover in patients
with spondyloarthropathy (SpA) treated with anti-tumour necrosis factor o (TNFa).

Patients and methods: 19 patients with SpA (2 women, 17 men), aged 21-71 years, were studied in a
1 year prospective open study. 17 patients received infliximab: 3 or 5 mg/kg/infusion at weeks 0, 2, 6
and infusions in the case of a relapse (n=14) or systematically (n=3); 2 patients received etanercept
(25 mg twice a week). Body weight, body composition (lean mass, fat mass), and bone mineral density
(BMD; using dual energy x ray absorptiometry) were measured at baseline and at months 6 and 12.
Serum insulin-like growth factor-I (IGF-), bone markers (carboxy terminal telopeptide of collagen T (CTX)
and procollagen type 7 N terminal propeptide (PINP)) were measured at baseline and months 3, 6, and
12.

Results: In 1 year there was a significant increase in body weight (mean (SD) 2.24 (3.1) kg, p=0.0004),
and in lean mass (1.4 (1.69) kg, p=0.005), but no changes in fat mass. BMD increased at the spine
(5.6%, p=0.0005) and ftotal femur (2.6%, p=0.01). CTX decreased from the third month (—50%,
p=0.005) up to 1 year (—30%, p=0.012), and a trend for an increase in PINP (10%, p=0.06) and in
IGF-I1 (15%, p=0.04) was seen at month 3.

Conclusion: These data confirm that treatment with anti-TNFo in SpA is associated with an increase of
BMD, which results from a decrease of bone resorption. Increase in body weight and lean mass is
observed in parallel with an increase in IGF-1.

eight loss and decrease in lean mass can occur in
Wpatients with chronic advanced diseases,’ > and has

been described in inflammatory rheumatic disor-
ders, mainly in rheumatoid arthritis (RA).>”” Changes are also
linked to the disease activity through the effects of cytokines
such as interleukin (IL) 1, IL6, and tumour necrosis factor o
(TNFa).*” In RA, the hypermetabolism that causes loss of
weight and even cachexia’® has been directly associated with
the production of TNFa and IL1.” TNFq, a pivotal cytokine in
rheumatic disease, can reduce the appetite and lead to a loss
of weight by increasing the protein catabolism and probably
decreasing anabolic hormones such as insulin-like growth
factor-1 (IGF-1).* TNFa is a powerful regulator of adipose
tissue, and increases lipolysis altering fat body mass.’
However, physical inactivity and corticosteroid treatment
contribute to these changes.’

In spondyloarthropathy (SpA) no change in body weight
and body composition has been described so far.” '' However,
in our clinical experience an increase in body weight is
noticed in patients with SpA treated with anti-TNFa. Body
composition, including lean mass, fat mass, and bone
mineral density (BMD), can be assessed accurately by dual
energy x ray absorptiometry (DXA)."” "

This prospective study aimed at evaluating changes in body
weight and body composition by DXA over 1 year in patients
with SpA receiving TNFa blockers. We investigated the
predictive factors of these changes, including clinical and
biological markers of disease activity. Moreover, we assessed
at the same time BMD and biological markers of bone
remodelling to extend our previous results." Serum IGF-I
was assessed, because its changes could be related to changes
in lean mass and BMD.

PATIENTS AND METHODS

Nineteen patients (2 women, 17 men) with SpA according to
the European Spondyloarthropathy Study Group criteria
were included in this prospective study. They were receiving
treatment with TNF blockers because of persistent active
disease despite an optimal dose of non-steroidal anti-
inflammatory drug and/or treatment with methotrexate or
sulfasalazine. Ten patients had SpA without an associated
condition; four had psoriatic arthritis, and five inflammatory
bowel disease. Their ages ranged between 21 and 71 years
(median 40). The mean duration of the disease was
16.5 years (range 5-43). Twelve had received corticosteroid
treatment (average cumulative dose 8480 mg), three still
received corticosteroids during the study at a mean daily dose
of 8 mg. Two were treated with methotrexate during the
study at a mean weekly dose of 17.5 mg. Seventeen patients
received 3 or 5 mg/kg/infusion of infliximab at weeks 0, 2, 6
and, thereafter, infusions in the case of a relapse (n = 14) or
systematically at a 6 or 8 week interval (n =3). The mean
(range) dose of infliximab over 1 year was 1572 mg (800-
2850). Two patients received etanercept (25 mg twice a
week); the mean dose was 2466 mg yearly.

The clinical activity and severity of the disease were
evaluated by a visual analogue scale for global pain, Bath
Abbreviations: BASDAI, Bath Ankylosing Spondylitis Disease Activity
Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BMD, bone
mineral density; CRP, C reactive protein; CTX, carboxy terminal
telopeptide of type | collagen; DXA, dual energy x ray absorptiometry;
ESR, erythrocyte sedimentation rate; GH, growth hormone; IGF-I,
insulin-like growth factor-I; IL, interleukin; PINP, procollagen type | N-
terminal propeptide; RA, rheumatoid arthritis; SpA,
spondyloarthropathy; TNFe, tumour necrosis factor o
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Ankylosing Spondylitis Disease Activity Index (BASDAI), and
Bath Ankylosing Spondylitis Functional Index (BASFI). At
baseline, the median (range) scores were respectively 63.3
(23-100), 58.31 (36-84), and 60.75 (14.5-100). At bascline,
median (range) erythrocyte sedimentation rate (ESR) and C
reactive protein (CRP) were respectively 36 mm/1st h (10-80)
and 36 mg/l (14-99). Global pain by visual analogue scale,
BASDAI, BASFI, ESR, and CRP were assessed at 6 months
and at 1 year.

At baseline, mean (SD) height, weight, and body mass
index were 170.6 (5.7) cm, 69 (9.5) kg, and 26 (3),
respectively. Body composition and BMD were measured by
DXA (QDR 2000, Hologic, Bedford, USA). Median (range)
lean mass and fat mass were 46.3 (30.8-58.8) kg and 15 (2.6—
29.5) kg, respectively. BMD (g/cm?) was determined at the
lumbar spine (second to fourth vertebrae) and at the upper
part of the left femur (total femur). At baseline, mean T
scores (number of standard deviations (SDs) from the
normal mean (SD) obtained from young healthy adults)
were —1.30 (1.6) and —1.0 (0.9) at the spine and femur,
respectively. BMD and body composition measurements were
repeated under identical technical conditions after 1 year’s
follow up.

Bone remodelling was assessed by measuring the serum
levels of carboxy terminal telopeptide of type I collagen
(CTX), a marker of bone resorption, and procollagen type I N-
terminal propeptide (PINP), a marker of bone formation,
using an analyser (Roche Diagnostics, Manheim, Germany).
The mean (range) of CTX and PINP levels was 0.367 (0.043—
0.889) ng/ml and 70.1 (9.8-99.7) ng/ml, respectively, at
baseline. Serum IGF-I was measured by radioimmunoassay
(Nichols Institute), and mean baseline (range) levels were
170.4 (119-255) ng/ml. These measurements were made in
15 patients at months 3, 6, and 12.

Statistical analysis

This was a 1 year prospective open study. We described
during 3, 6 months and 1 year’s follow up, changes in body
weight, body composition (lean and fat mass), lumbar spine
and femoral BMD, IGF-I, CTX, PINP. Data were compared
using Wilcoxon’s signed rank sum test. Data were also
presented as relative (%) changes. Correlations between the
changes during the 1 year study in body weight, body
composition (lean mass, fat mass), BMD, and biological
variables were tested using Spearman’s correlation coeffi-
cient.

RESULTS
After 1 year of treatment we observed a significant improve-
ment of the following clinical variables: global pain score
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Figure 1 Effect of anti-TNF on bone turnover and IGF-I in 15 patients
with SpA.
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(—39%, p=0.003), and the biological measures of inflam-
mation, ESR (—51.1%, p=0.001) and CRP (—58%,
p=0.001).

At 6 months there was a significant increase in body
weight (mean (SD) 1.77 (2.4) kg—that is, 2.6 (3.7)%
compared with baseline, p=0.0012) and lean mass (0.8
(1.8) kg, 2.1 (4.5)%, p=0.03). At 1 year, compared with
baseline, these increases were 2.2 (3.1) kg, (3.4 (4.6)%,
p=10.001) and 1.4 (1.7) kg (3.2 (4.2)%, p=0.003) for body
weight and lean mass, respectively. The changes between 6
and 12 months were not statistically significant. There was
no change in fat mass at any evaluation.

Similar results were obtained for men and women. There
was no difference between patients with or without
corticosteroids or with or without methotrexate (data not
shown). Changes in body mass and composition were not
related to baseline body weight or the cumulative dose of
anti-TNF received.

Changes in body weight correlated positively with baseline
values of CRP (r;=0.52, p=0.007) and ESR (r;=0.50,
p =0.05). Changes in lean mass correlated only with the
baseline BASDAI (r;=0.51, p =0.003). Neither body weight
nor body composition changes correlated with values of CRP,
ESR, BASDAI, and BASFI at 6 months and 1 year (data not
shown).

At 6 months there was a significant increase in spine and
total femur BMD by a mean (SD) of 3.2 (4.0)% (p = 0.006)
and 1.8 (2.1)% (p=0.0002), respectively. At 1 year the
increases reached 5.6 (4.5)% (p=0.002) and 2.6 (3.5)%
(p=0.01) at these two sites, respectively, and the 1 year
values differed from both the baseline and the 6 month
values (p=0.0005 and p =0.0032 for the spine, p=0.001
and p=0.0002 for the total femur from baseline and
6 months, respectively). The changes of BMD did not
correlate with body weight or lean mass changes.

At 3 months, there was a large decrease of serum CTX
(mean (SD) —50 (42)%, p = 0.005), a trend for an increase in
PINP (+10 (49)%, p = 0.06), and a significant increase in IGF-
I (+15 (40)%, p=0.04). A positive correlation between
changes of IGF-I and PINP (r;=0.61, p=0.01) was found.
The decrease of CTX was sustained until the end of the study
(fig 1); at 1 year, this bone resorption marker was still
decreased by 30 (40)% (p =0.01). In contrast, 6 month and
1 year values for PINP and IGF-I did not differ from baseline
values.

DISCUSSION

These data show that in patients with SpA receiving anti-
TNFa there is a significant gain in body weight and lean mass
after 6 months and 1 year of treatment, without changes in
fat mass. Such changes of body weight and body composition
after initiation of treatment with TNF blockers have never
been mentioned in studies of rheumatic disorders, except in
juvenile idiopathic arthritis.”” Moreover, we extend our
previous results on positive BMD changes and bone turnover
in these patients."

We suggest that these changes are related to the anti-TNF
treatment. In RA, weight loss has been attributed to raised
TNFa production and energy expenditure.'® Animal studies
have shown that TNFa is implicated in the catabolism of
muscle proteins."” ** TNFa and other inflammatory cytokines
decrease muscle protein synthesis through their effect on the
growth hormone (GH)/IGF-I axis,” and increase protein
degradation. In animal studies, administration of TNFa
increased muscle protein catabolism and reduced IGF-I levels
in both plasma and skeletal muscle.” Studies suggested that
catabolic illnesses are associated with the development of a
GH resistant state. TNFs have been proposed as potential
mediators of hepatic GH resistance during sepsis.® *°
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Beside this potential direct effect, anti-TNF treatment may
have an indirect positive effect on lean mass through the
general health improvement of patients, leading to an
increase in physical activities. In this hypothesis, any
treatment able to improve pain in these patients would have
similar effects. However, we are unable to confirm this
hypothesis, as we did not assess the level of physical activity
of the patients during the study. Moreover, no change in
body composition was detected in patients with RA after
12 weeks of high intensive training.”’ We found no change in
fat mass, although TNF is a paracrine and autocrine regulator
of adipose tissue.

This 1 year prospective open study confirms our previous
data on bone improvement in patients with SpA treated with
anti-TNF." ** In our opinion, the increase in BMD was not
due to confounding factors, like syndesmophytes, which
cannot explain the 1 year change, although we did not assess
1 year radiological data. We checked the positioning of
patients carefully before each scan, in order to avoid any
artefact. We observed an increase in BMD and a large and
sustained decrease in bone resorption, assessed by serum
CTX.

As far as we know, this is the first study that shows a
dissociation between bone formation and bone resorption
during anti-TNFa treatment. In our previous study we were
unable to detect such an effect on bone resorption, assessed
by the urinary excretion of deoxypyridinoline, probably
because of lower sensitivity and/or higher variability of this
marker compared with serum CTX." The decrease of serum
CTX was large and rapid (within 3 months and sustained
throughout the study), contrasting with the transient and
slight increase of serum PINP, a sensitive index of bone
formation, suggesting that the major effect of the anti-TNF is
an inhibition of bone resorption. Interestingly, in a small
study of patients with active RA, it has been shown that
6 weeks of treatment with infliximab results in a slight
decrease of serum ICTP, another type I collagen related bone
resorption marker, and a significant increase of the bone
formation marker PINP.*

The early increase of IGF-I must be emphasised and can
explain, at least in part, the gain of BMD and lean mass.*
IGF-I has an anabolic effect on bone, and stimulates bone
turnover as it increases the number and function of
osteoblasts. In animal studies, injections of rat GH at the
surfaces of tibial diaphyses increase external diaphysial bone
dimensions.”” GH deficiency in adults is associated with
abnormalities of body composition, in particular, increased
fat mass, especially truncal and reduced lean body mass. GH
replacement improves the body composition profile of
patients with GH deficiency by increasing lean body mass
and reducing fat mass.* The overall effect of IGEF-I/GH seems
beneficial as bone mass is increased together with the lean
mass.”” In our study there was no correlation between the
gain of weight, particularly of lean mass and the increase of
BMD, but the analysis was difficult because of the small
sample size. Indeed previous studies have reported that body
weight is significantly related to BMD,** * and that lean mass
has a significant role in determining BMD.* *!

This study has several limitations. It is an open study and
we can only propose the hypothesis that observed changes
are related to anti-TNF treatment. A formal study with a
control group is necessary to confirm the results.

We confirm the benefit of the treatment by TNF
blockers on BMD in patients with SpA over 1 year, with a
concomitant decrease in the bone resorption, and transient
increase of bone formation and serum IGF-I. This study
suggests that the increase in body weight at 6 months and
1 year in patients with SpA is mostly due to a gain of lean
mass.

1139

ACKNOWLEDGEMENTS

We thank Fabrice Juillet (Molecular Markers, Synarc, Lyon, France)
for expert technical assistance in the measurements of biochemical
markers of bone turnover.

Authors’ dffiliations

K Briot, A Le Henanff, M Dougados, C Roux, Rheumatology
Department, Cochin Hospital, René Descartes University, Paris, France
P Garnero, INSERM Research Unit 403 and Molecular Markers,
SYNARC Lyon, France

REFERENCES

1 DeWys WD, Begg C, Lavin PT, Bandt PR, Bennett JM, Bertino JR, et al.
Prognostic effect of weight loss prior to chemotherapy in cancer patients
Eastern Cooperative Oncology Group. Am J Med 1980,69:491-7.

2 Kotler DP, Wang J, Pierson RN. Body composition studies with the acquired
immunodeficiency syndrome. Am J Clin Nutr 1985,42:1255-65.

3 Roubenoff R, Roubenoff RA, Ward LM, Holland SM, Hellmann DB.
Rheumatoid cachexia: depletion of lean body mass in rheumatoid arthritis.
Possible association with tumor necrosis factor. J Rheumatol
1992;19:1505-10.

4 Radll LC, Rosen CJ, Dolnikowski G, Hartman WJ, Lundgren N, Abad LW, et al.
Protein metabolism in rheumatoid arthritis and aging. Effects of muscle
strength training and tumor necrosis factor o. Arthritis Rheum
1996;39:1115-24.

5 Munro R, Capell H. Prevalence of low body mass in rheumatoid arthritis:
association with the acute phase response. Ann Rheum Dis 1997;56:326-9.

6 Roubenoff R, Rall LC. Humoral mediation of changing body composition
during aging and chronic inflammation. Nutr Rev 1993;51:1-11.

7 Westhovens R, Nijs J, Taelman V, Dequeker J. Body composition in
rheumatoid arthritis. Br J Rheumatol, 1997;36:444-8.

8 Yumet G, Shumate ML, Bryant P, Lin CM, Lang CH, Cooney RN. Tumor
necrosis factor mediates hepatic growth hormone resistance during sepsis.
Am J Physiol Endocrinol Metab 2002;283:472-81.

9 Coppack SW. Pro-inflammatory cytokines and adipose tissue. Proc Nutr Soc
2001,60:349-56.

10 Toussirot E, Michel F, Wendling D. Bone densi(?/, ultrasound measurements
and body composition in early ankylosing spondylitis. Rheumatology (Oxford)
2001,40:882-8.

11 El Maghraoui A, Borderie D, Cherruau B, Edouard R, Dougados M, Roux C.
Osteoporosis, body composition, and bone turnover in ank)ﬂosing spondylitis.
J Rheumatol 1999;26:2205-10.

12 Svendsen OL, Haarbo J, Hassager C, Christiansen C. Accuracy of
measurements of body composition by dual-energy x-ray absorptiometry in
vivo. Am J Clin Nutr 1993;57:605-8.

13 Jensen MD, Kanaley JA, Roust LR, O'Brien PC, Braun JS, Dunn WL, et al.
Assessment of body composition with use of dual-energy x-ray
absorptiometry: evaluation and comparison with other methods. Mayo Clin
Proc 1993,68:867-73.

14 Allali F, Breban M, Porcher R, Maillefert JF, Dougados M, Roux C. Increase in
bone mineral density of patients with spondylcr&rop'fhy treated with anti-
tumour necrosis factor ar:)hq. Ann Rheum Dis 2003;62:347-9.

15 Quartier P, Taupin P, Bourdeaut F, Lemelle I, Pillet P, Bost M, et al. Efficacy of
etanercept for tEe treatment of juvenile idiopathic arthritis according to the
onset type. Arthritis Rheum 2003;48:1093-101.

16 Roubenoff R, Roubenoff RA, Cannon JG, Kehayias JJ, Zhuang H, Dawson-
Hughes B, et al. Rheumatoid cachexia: cytokine-driven hypermetabolism
accompanying reduced body cell mass in chronic inflammation. J Clin Invest
1994,93:2379-86.

17 Costelli P, Carbo N, Tessitore L, Bagby GJ, Lopez-Soriano FJ, Argiles JM, et
al. Tumor necrosis factor-alpha mediates changes in fissue protein turnover in
a rat cancer cachexia model. J Clin Invest 1993;92:2783-9.

18 Zamir O, Hasselgren PO, O'Brien W, Thompson RC, Fischer JE. Muscle
protein breakdown during endotoxemia in rats and after treatment with
interleukin-1 receptor antagonist (IL-1ra). Ann Surg 1992;216:381-7.

19 Zamir O, Hasselgren PO, Kunkel SL, Frederick J, Higashiguchi T, Fischer JE.
Evidence that tumor necrosis factor participates in the regulation of muscle
proteolysis during sepsis. Arch Surg 1992;127:170-4.

20 Fan J, Char D, Bagby GJ, Gelato MC, Lang CH. Regulation of insulin-like
growth factor-I (IGF-I) and IGF-binding proteins by tumor necrosis factor.
Am J Physiol 1995;269:1204-12.

21 Rall LC, Roubenoff R. Body composition, metabolism, and resistance exercise
in patients with rheumatoid arthritis. Arthritis Care Res 1996;9:151-6.

22 Marzo-Ortega H, McGonagle D, Haugeberg G, Green MJ, Stewart SP,
Emery P. Bone mineral density improvement in spondyloarthropathy after
treatment with etanercept. Ann Rheum Dis 2003;62:1020-1.

23 Vis M, Wolbink GJ, Lodder MC, Kostense PJ, van de Stady RJ, de Koning MH,
et al. Early changes in bone metabolism in rheumatoid arthritis patients
treated with infliximab. Arthritis Rheum 2003;48:2996~7.

24 Garnero P, Tsouderos Y, Marton |, Pelissier C, Varin C, Delmas PD. Effects of
intranasal 17B-estradiol on bone turnover and serum insulin-like growth factor
I in postmenopausal women. J Clin Endocrinol Metab 1999;84:2390-7.

25 Andreassen TT, Oxlund H. Local anabolic effects of growth hormone on infact
bone and fracture in rats. Calcif Tissue Int 2003;73:258-64.

26 Woodhouse LJ, Asa SL, Thomas SG, Ezzat S. Measures of submaximal
aerobic performance evaluate and predict functional response to growth

www.annrheumdis.com



1140 Briot, Garnero, Le Henanff, et al

hormone (GH) treatment in GH-deficient adults. J Clin Endocrinol Metab 29 Edelstein SL, Barrett-Connor E. Relation between body size and bone mineral
1999,84:4570-7. density in elderly men and women. Am J Epidemiol 1993;138:160-9.
27 Bouillon R. Growth hormone and bone. Horm Res 1991;36:49-55. 30 Young D, Hopper JL, Nowson CA, Green RM, Sherwin AJ, Kaymakei B, et al.
28 Ravn P, Cizza G, Bjarnason NH, Thompson D, Daley M, Wasnich RD, et al. Determinants of bone mass in 10-to 26-year-old females: a twin study. J Bone
Low body mass index is an imporfant risk factor for low bone mass and Miner Res 1995;10:558-67.
increased bone loss in early postmenopausal women. Early Postmenopausal 31 Aloia JF, Vaswani A, Ma R, Flaster E. To what extent is bone mass determined
Intervention Cohort (EPIC) study group. J Bone Miner Res 1999;14:1622-7. by fat-free or fat mass. Am J Clin Nutr 1995;61:1110-14.

Clinical Evidence —Call for contributors

Clinical Evidence is a regularly updated evidence-based journal available worldwide both as
a paper version and on the internet. Clinical Evidence needs to recruit a number of new
contributors. Contributors are healthcare professionals or epidemiologists with experience in
evidence-based medicine and the ability to write in a concise and structured way.

Areas for which we are currently seeking authors:

Child health: nocturnal enuresis

Eye disorders: bacterial conjunctivitis

Male health: prostate cancer (metastatic)

® Women’s health: pre-menstrual syndrome; pyelonephritis in non-pregnant women
However, we are always looking for others, so do not let this list discourage you.
Being a contributor involves:

® Selecting from o validated, screened search (performed by in-house Information
Specialists) epidemiologically sound studies for inclusion.

® Documenting your decisions about which studies to include on an inclusion and exclusion
form, which we keep on file.

® Writing the text fo a highly structured template (about 1500-3000 words), using evidence
from the final studies chosen, within 8-10 weeks of receiving the literature search.

® Working with Clinical Evidence editors to ensure that the final text meets epidemiological
and style standards.

® Updating the text every six months using any new, sound evidence that becomes available.
The Clinical Evidence in-house team will conduct the searches for contributors; your task is
simply to filter out high quality studies and incorporate them in the existing text.

® To expand the topic to include a new question about once every 12-18 months.

If you would like to become a contributor for Clinical Evidence or require more information
about what this involves please send your contact details and a copy of your CV, clearly
stating the clinical area you are interested in, to Klara Brunnhuber (kbrunnhuber@
bmjgroup.com).

Call for peer reviewers

Clinical Evidence also needs fo recruit a number of new peer reviewers specifically with an
interest in the clinical areas stated above, and also others related to general practice. Peer
reviewers are healthcare professionals or epidemiologists with experience in evidence-based
medicine. As a peer reviewer you would be asked for your views on the clinical relevance,
validity, and accessibility of specific topics within the journal, and their usefulness to the
intended audience (international generalists and healthcare professionals, possibly with
limited statistical knowledge). Topics are usually 1500-3000 words in length and we would
ask you fo review between 2-5 topics per year. The peer review process takes place
throughout the year, and our turnaround time for each review is ideally 10-14 days.

If you are inferested in becoming a peer reviewer for Clinical Evidence, please
complete the peer review questionnaire at www.clinicalevidence.com or contact Klara
Brunnhuber (kbrunnhuber@bmijgroup.com).

www.annrheumdis.com



