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SUMMARY 

Background: Crohn's disease is associated with low bone mineral density and altered bone metabolism. Aim: To 

assess the evolution of bone metabolism in Crohn's disease patients treated with infliximab. Methods: We 

studied 71 Crohn's disease patients treated for the first time with infliximab for refractory Crohn's disease. 

Biochemical markers of bone formation (type-[ procollagen N-terminal propeptide, bone-specific alkaline 

phosphatase, osteocalcin) and of bone resorption (C-telopeptide of type-I collagen) were measured in the serum 

before and 8 weeks after infliximab therapy and compared with values in a matched healthy control group. 

Results: Eight weeks alter treatment with infliximab, a normalization of bone markers was observed with a 

median increase in formation markers of 14-51% according to marker and a lower but significant decrease in 

resorption marker (median 11%). A clinically relevant increase in bone formation markers was present in 50-

61% of patients according to the marker. A clinically relevant decrease in C-telopeptide of type-I collagen was 

present in 38% of patients. No association was found with any tested demographic or clinical parameter. 

Conclusion: infliximab therapy in Crohn's disease may rapidly influence bone metabolism by acting either on 

bone formation or bone resorption. This improvement seems to be independent of clinical response to infliximab. 

 

INTRODUCTION 

Crohn's disease (CD), a chronic inflammatory disorder of the gastrointestinal tract, has been associated with low 

bone mineral density (BMD).1-6 According to their T-score. 54% and 78% of CD and ulcerative colitis patients 

were found osteopenic (T-score <-1) at the spine and at the femoral neck respectively.7 while 1.8-42% and 29-

41% of them were osteoporotic (T-score <-2.5) at the spine and at the femoral neck respectively.8 More 

importantly, an increased risk of fracture was described in CD patients in several studies with a relative risk 

ranging between 1,32 and 2.5.9-12 The largest risk was observed at the spine, particularly in women. with a b.5-

fold increase in fracture risk.9 Mechanisms potentially involved in bone loss in CD are multiple. encompassing 

malabsorption in general and vitamin D deficiency in particular.13, l4 glucocorticoid treatment,2,  15-17 

hypogonadism,6  vitamin K deficiency leading to undercarboxylation of osteocalcin (OSC),18, 19 and the 

inflammatory process itself.19, 20 The risk of fracture seems to be particularly associated with glucocorticoid 

treatment and disease activity.12 

The CD patients with chronic active disease and either steroid dependency or resistance are usually good 

candidates for treatment with infliximab. a chimaeric monoclonal antibody against tumor necrosis factor alpha 

(TNFα).21 Infliximab has proven to be very effective in both inducing and maintaining clinical remission in 

refractory CD patients.22-25 Beyond this, infliximab therapy also induces a decrease in biological markers of 

inflammation.22 mucosa! healing in a large number of cases26 and favours steroid sparing.27 Infliximab may 

therefore indirectly influence bone metabolism in CD. Furthermore, infliximab specifically blocks TNFα. which 

has a direct potent effect on bone remodelling by increasing bone resorption and inhibiting bone formation.28-30 
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The evaluation of the impact of a given treatment on bone loss includes several aspects: its effect on bone 

turnover, on BMD, and most importantly, its effect on the risk of new vertebral and non-vertebral fractures, the 

most relevant effect being obviously the last one. However, fracture risk assessment requires long-term 

prospective studies with a large cohort of patients. Such studies are difficult to perform and are not currently 

available in CD.31 Changes in BMD occurring after an antiresorptive treatment have not been clearly associated 

with any fracture risk reduction.32 In postmenopausal osteoporosis, it has been estimated that only 4-28% of the 

fracture risk reduction following treatment with antiresorptive drugs could be attributed to an increase in 

BMD,33-35 Moreover. in CD and in gluco-corticoid-induced osteoporosis, a discordance between BMD and 

fracture risk has been described.36 Biochemical markers of bone turnover have the advantage to be rapidly 

modifiable by treatment and to be independent predictors of the risk of osteoporotic fractures.37 Indeed, recent 

studies have shown an association between change in markers of bone turnover and fracture risk reduction after 

raloxifene. risedronate and alendronate treatments.38-40 

Our aim was to assess the short-term evolution of biochemical markers of bone turnover after a first infliximab 

treatment for active CD and to look for clinical or demographic factors associated with a positive response. 

PATIENTS AND METHODS 

Patients 

Seventy-one patients with CD. included between November 1998 and August 2000 in an expanded access 

programme of infliximab in Belgium. were studied. All patients were treated with infliximab for the first time. 

To be included in the expanded access programme, patients had to be between 18 and 65 years of age, adopt 

adequate birth control measures, give informed consent, and have one of the following specific inclusion criteria: 

(i) a single or multiple perianal or enlerocutaneous draining fistula(e) as a complication of CD. resistant to 

conventional treatment for at least 3 months, (ii) moderate to severely active CD of at least 6 months duration, 

with colitis, ileitis or ileocolitis confirmed by radiography or endoscopy, refractory or dependent on oral steroid 

therapy (>8 mg/day prednisone equivalent) and/or non-responding to immunosuppressive agents (az-athioprine, 

mercaptopurine or methotrexate). Approval from the Ethics Committee was obtained in April 1998. 

Characteristics of the patients are shown in Table 1. 

 

Table 1. Characteristics of the patients 

Gender 2 3 M/48 F 

Age (median, years) 36 (17-64) 

Disease duration (median, years] 12 (1-30) 

Smoking 30* 

Disease location (Vienna classification ) 11 L1. 26 L2. 29 L3. 5 L4 

Steroid treatment 41 

Immunosuppressive drug 37 

Fislulizing disease 21 

CDAI (median) 271 (154-610) 

CRP (normalized. median) 4.4 (1-58) 
* None of these smokers slopped smoking between infliximab treatment and bone markers measurements 8 weeks later. CDAI. Crohn's 

discasc activity index: CRP. C-reactive protein. 

 

Control population 

We also studied a healthy control population matched for age and gender with our inflammatory bowel disease 

(IBD) patients. This population included 23 males and 45 females, with a median age of 38 years (range: 22-76). 

Infliximab treatment and biochemical markers of bone turnover measurements 

All the patients had active disease [as defined by a CD activity index (CDAI) >150] before treatment and had 

never been treated with infliximab before. Patients were treated with a single infusion of 5 mg/kg infliximab at 

baseline for luminal refractory disease and with three infusions of 5 mg/kg infliximab at baseline, week 2 and 

week 6 for fistulizing refractory disease. Clinical activity of the disease was calculated by the CDAI before and 4 

weeks after complete treatmenl (week 4 in luminal refractory disease, and week 10 in fistulizing refractory 

disease). A complete clinical response to infliximab was defined as a decrease of CDAI below 150. 4 weeks after 
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complete infliximab treatment.22 A partial response to infliximab was defined as a drop of 100 points in CDAI. 

C-reactive protein (CRP) serum concentration was measured at baseline and 4 weeks after complete infliximab 

treatment to assess  biological response to treatment. A positive biological response to treatment was defined as a 

2 5% decrease in CRP level41 and a complete biological response was defined as CRP normalization. Serum 

samples were also collected al baseline and 8 weeks alter complete infliximab treatment (week 8 for refractory 

luminal CD and week 14 for refractory fistulizing CD) for measurements of biochemical markers of bone 

turnover. Bone-specific alkaline phosphatase (BALP), OSC and type-1 procollagen N-terminal propeptide 

(P1NP) serum concentration were chosen as markers of bone formation markers and C-telopeptide of  type-1 

collagen (CTx) serum concentration as a marker of bone resorption. Levels were measured in the samples by 

using commercial kits according to manufacturer's  instruction: BALP was measured using immunoradiometric 

assay (Tandem°-R Ostase from Beckman Coulter, Fullerton. CA. USA). OSC was measured by 

immunoradiometric assay  (Osteo-RIACT from CIS Biointernational, Gif-sur-Yvette, France). P1NP was 

measured by radioimmunoassay (Intact P1NP RIA kit from Orion Diagnostica, Espoo, Finland), and CTx was 

measured by enzyme-linked immunosorbent assay (ELISA: Serum CrossLaps ELISA from Nordic Bioscience 

Diagnostics. Eerlev. Denmark). 

Statistics 

Serum concentrations of BALP, OSC, P1NP and CTx were compared at baseline and after 8 weeks of infliximab 

treatment by a paired non-parametric test (Wilcoxon). These values were also compared with values in a normal 

control population with non-parametric Mann-Whitney test. Correlation  between evolution of these markers and 

evolution of CDAI or evolution of CRP were studied by Spearman non-parametric correlation  test.  Association 

was studied between a relevant change in bone formation or bone resorption marker and various demographic 

and clinical characteristics [age, gender, current smoking, disease duration, disease location, current steroid 

treatment. number of infliximab infusions (1 or 3), clinical response to infliximab, biological response to 

infliximab, steroid weaning], in univariate analysis and multivariate logistic procedure. A clinically relevant 

change in bone metabolism was defined as a 30% increase or decrease in BALP. OSC, P1NP or CTx serum 

concentration 8 weeks after infliximab treatment. These 30% thresholds were chosen based on the fact that 

antire-sorptive  treatment is associated with a decrease in bone  turnover markers by grossly 30-70% at 3-12 

months.38-40, 42, 43  These modifications are associated with significant changes in bone density or even fracture 

risk.38-40, 42, 43  Level of significance was P < 0.05. 

RESULTS 

Clinical and biological response to infliximab in the cohort (evaluated 4 weeks after complete infliximab 

treatment) 

A positive clinical response was observed in 75% of the patients 4 weeks after complete treatment, including 

57.3% of complete response. Change in median CDAI is shown in Figure 1a. A positive biological response was 

observed in 66,7% of patients 4 weeks after treatment, including 28.6% of complete response. Change in median 

CRP is shown in Figure 1b. 

 

Figure I. Change in Crohn's disease activity index (CDAI) and C-rcactive protein (CRP), 4 weeks after 

infliximab treatment. Results are expressed as median and interquartile ranges. CRP values have been 

normalized according to the upper limit of normal range in each laboratory taking part in the study. 
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Evolution of biochemical markers of bone turnover (evaluated 8 weeks after complete infliximab treatment) 

Serum concentration of BALP, OSC and P1NP, markers of bone formation, were lower in CD before infliximab 

treatment than in controls while they return to normal levels alter infliximab treatment (Table 2). Serum 

concentration of CTx, a marker of bone resorption. was significantly increased in CD at baseline but was no 

longer different from controls after infliximab treatment (Table 2). The median relative change in BALP, DSC, 

P1NP and CTx concentrations 8 weeks after complete infliximab treatment are shown in Figure 2(a) and (b) for 

refractory luminal and fertilizing CD, respectively. There was no significant difference when comparing median 

changes in bone markers in luminal (treated with a single infliximab infusion) and iistuiizing CD (treated with 

three infliximab infusions). There was no significant correlation between the delta CDAI after infliximab and 

variations of any of the biochemical markers of bone turnover 8 weeks after complete treatment. There was no 

significant correlation between the delta serum CRP after infliximab and variations in any biochemical markers 

of bone turnover before and 8 weeks after complete treatment. 

 

Figure 2. (a) Relative changes in serum bone formation markers, bone-specific alkaline phosphatase (BALP). 

osteocalcin (OSC) and type-I procollagen N-leπninal propeptide (P1NP). as well as in the bone resorption 

marker C-telopepiide of lype-I collagen (CTx), after a single infliximab infusion in refractory luminal Crohn's 

disease (CD). These markers were measured, as described in the methods, in 50 CD patients with refractory 

luminal disease, just before and 8 weeks alter infliximab treatment. Percentages of change were calculated and 

are here expressed as the median and interquartile ranges, for each marker. (b) Relative changes in serum bone 

formation markers. BALP. OSC and P1NP. as well as in the hone resorption marker CTx after the completion of 

three infliximab infusions (baseline, week 2 and week 6) in refractory tistulizing CD. These markers were 

measured, as described in the Methods, in 21 CD patients with refractory iistuiizing disease, just before and 8 

weeks after completion of infliximab treatment (14 week after first infusion), Percentages of change were 

calculated and are here expressed as the median and inlerquartile ranges, for each marker. 

 
 

 

Table 2. Serum concentrations of BALP. (OSC, P1NP and CTx in CD patients before and after infliximab 

treatment and in age and sex-matched healthy controls (median and interquartile range) 

 BALP (ng/mL) OSC (ng/mL) P1NP (ng/mL) CTx (pg/mL) 

CD before infliximab 7.5 (5.8-9.1)* 15 (8.7-18.6)** 30. 3 (20.2-40.6)*** 256.6 (157-427.2)**** 

CD after infliximab 8.15 (6.2-12) 17.2 (12.8-28.3) 41.05 (27.7-61) 224.3 (103.1-374.1) 

Healthy controls 8.l (6.5-10.5) 16.8 (12.7-21.5) 36.2 ( 30.8-55.3) 189.3 (137.8-248.1) 

*P = 0.15 compared to controls (Mann Whitney) and P = 0.0008 compared  to CD after infliximab (Wilcoxon). 

** P = 0.04 as compared to controls (Mann Whitney) and P = 0.001 as compared to CD after infliximab (Wilcoxon). 

*** P = 0.02 as compared to controls (Mann Whitney) and P = 0.003 as compared to CD after infliximab (Wilcoxon). 

****P = 0.0055 compared to controls (Mann Whitney) and P = 0.04 as compared to CD after infliximab (Wilcoxon). 

CD. Crohn's disease: BALP, bone-specific alkaline phosphatase; OSC. osteocalcin: P1NP. type-I procollagen, N-terminal propeptide: CTx. 

C-telopeptide of type-I collagen. 
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Relevant improvement in bone formation and resorption markers 

A predefined relevant improvement in bone formation (increase of at least 30% in the bone formation marker) 

was found after infliximab treatment in 29.7%, 60.8% and 46.5% of the patients when considering BALP,  OSC 

or P1NP as  marker.  respectively. The relative changes in these markers were significantly correlated to each 

other (r = 0.58, P < 0.0001; r = 0.51, P = 0,0003; r = 0.80, P < 0.0001, for correlations between BALP-P1NP, 

BALP-OSC, and OSC-P1NP. respectively). No significant association was found between the 30% increase in 

BALP, OSC or P1NP and  any of the clinical  or demographic parameters tested in univariate  or multivariate 

analysis,  including clinical or biological response to infliximab. A predefined relevant improvement in bone 

resorption (decrease of at least 30% in CTx serum levels was found after infliximab treatment in 38.2%. No 

significant association was found with any of the clinical or demographic parameters tested in univariate or 

multivariate analysts, including clinical or biological response to infliximab. A relevant-increase in at least two 

bone formation markers and/ or a relevant decrease in the bone resorption marker were present in 59.2% (42 of 

71) of the patients. Despite an apparent uncoupling of bone metabolism (decreased bone resorption  associated 

with increased bone formation) after infliximab when looking to the study population as a whole, we observed 

this uncoupling on individual basis, in only 8.5% (six of 71) (defined by a decrease of at least   30% in bone 

resorption marker and an increase of at least 30% in at least two bone formation markers). 

DISCUSSION 

Our data show a significant and rapid normalization in the biochemical markers of bone turnover in CD patients 

treated with infliximab. This improvement is characterized by either an increase in bone formation or a decrease 

in bone resorption and may probably be considered as clinically relevant in approximately 60% of the patients. 

This improvement does not seem to be selectively associated with demographic or clinical characteristics of the 

patients. including clinical or biological response to infliximab or even steroid weaning. The CD has been 

associated with altered bone metabolism and in particular, with an increase in bone resorption markers without a 

compensatory increase in bone formation markers during the active phase of the disease7, 8, 13, 44 and with 

decreased bone formation associated with normal  bone resorption in quiescent disease.45 This profile may 

become even worse during systemic steroid treatment46, 47 while no significant change is detected  with 

budesonide.46 Several treatments have been evaluated on the maintenance of bone mass in CD. Calcium and 

vitamin D supplementation or sodium fluoride were able to appreciably increase BMD over a 1-year period.48-50  

Alendronate significantly increased BMD in CD patients after J year of treatment.42 In this study,  biochemical 

markers of bone turnover (including OSC) decreased  by amean of 30-40% after 6-12 months. Our data show   

that infliximab treatment may have an effect on bone metabolism which is radically different from other acute 

treatments of CD. particularly steroids, and may even have a beneficial  impact. quantitatively comparable with  

the one reported  for drugs specifically given  to improve bone metabolism in CD. The effect is, however, 

qualitatively different from the one observed with alendronate. which is essentially an antiresorptive drug. With 

this drug both formation and resorption markers decreased over 6 months of treatment in CD.42 With parathyroid 

hormone, which has never been tested in CD, an increase in bone turnover is expected with a coupled increase in 

bone formation first and secondly, in bone resorption.51 The profile observed here with infliximab is atypical and 

may be more complex. Indeed, we observed an apparent uncoupling of bone metabolism associating a prominent 

increase in bone formation (increase of BALP, P1NP and OSC of a magnitude of 14-51%) with a tower but still 

statistically significant decrease in bone resorption (around 10%). Thisis comparable with what is observed with   

strontium ranelate, a drug for postmenopausal osteoporosis that dissociates bone remodelling with a 8% increase 

in BALP and a 12% decrease in serum CTx at 3 months.52 However, when looking at individual patients. we 

found patients with either a significant increase in bone formation or a decrease in bone resorption and only a 

small minority of the patients had actually uncoupling evolution of bone markers. The effect of infliximab on 

bone metabolism in CD seems thus to be heterogeneous. with mainly an increase in bone formation in some 

patients while others have predominantly a decrease in bone resorption. This heterogeneity in bone response may 

be linked to the heterogeneity of the population studied on one hand and  to the potentially multiple mechanisms 

of action of infliximab on bone metabolism, on the other hand. Considering the heterogeneity of the study 

population, there were differences in gender, age, smoking habit, steroid  treatment that may certainly influence 

the bone response. However, neither a significant decrease in bone resorption nor a significant increase in bone 

formation was associated with any of these clinical and demographic factors, As far as the various possible 

mechanisms of action of infliximab, a first hypothesis is that it could act indirectly by diminishing gut 

inflammation. Nevertheless, the univariate or multivariate analysis found no significant association between 

either a significant decrease in bone resorption or increase in bone formation and the clinical or the  biological 

response of the intestinal disease to the drug. Another possible explanation is a direct effect of TNFα blockade in 

the bone microenvi-ronment. TNFα is a known inducer of osteoclast differentiation by mechanisms that might be 

at least independent of the receptor activator of NFκB (RANK)/ RANK ligand pathway.29, 53 Moreover, TNFα 
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inhibits osteoblast differentiation possibly by down-regulating a key osteoblast differentiating nuclear  factor 

RUNX2-cbfal.28, 54 Alternatively, other mechanisms depending on infliximab but not directly related to CD 

clinical or biological activity may be involved but remain to be elucidated. At this stage, it is difficult to 

determine the clinical significance of our results. It is important to  note, however, that after infliximab  

treatment,  the serum concentration of the various bone metabolism markers was no longer different from the one 

of age- and sex-matched healthy controls. We further judged the changes in bone metabolism as relevant  when  

the increase in BALP, OSC or P1NP, or the decrease in CTx was >30%. The level of 30% was chosen by 

analogy to the results observed with alendronate in CD where a mean decrease of 30-50% was observed after 6 

months in the treatment group while the mean change in the placebo group was <5%.42 Furthermore, in this 

alendronate study, this magnitude of change in bone metabolism markers was associated with a significant 

improvement in BMD. Similar changes have been reported in postmenopausal women treated for osteoporosis 

with antiresorptive drugs. Interestingly, median changes of 52-41% at 1 year from baseline in bone formation 

markers in raloxifene-treated women were associated  with a risk reduction for new vertebral fractures at 3 

years,43 Moreover, a recent study in patient treated with risedronate demonstrates thai there was no further 

benefits in facture risk with further decrease in bone resorption below the level of 35-60%. Among our 

infliximab-treated patients, a large majority (around 60%) had either a significant increase in bone formation or a 

significant decrease in bone resorption. The long-term effect of infliximab should ideally be assessed on the risk 

of fracture, which is the most relevant end-point. While there are currently no data on fracture risk reduction in 

CD patient after infliximab therapy, there are preliminary data showing an impact of this drug on BMD. In a 

pilot study of 13 patients, a significant increase in hip and spine BMD was reported 6 months after the first 

infliximab infusion,55 suggesting that BMD changes may be associated with the biochemical modifications we 

have observed in our study. 

In conclusion, infliximab induces a rapid improvement in biochemical markers of bone turnover, which is 

characterized by either increased bone formation or decreased bone resorption. The mechanism of action of 

infiximab on bone metabolism as well as the long-term effects on fracture risk remain to be determined. 

ACKNOWLEDGEMENT 

This study was performed in the setting of the Belgian Expanded Access program of infliximab in CD developed 

by Schering-Plough Belgium and Centocor. E. Louis, N. Franchimont, D. Franchimont and S. Vermeire are 

Research Associates at the FNRS/FWO Belgium. 

 

REFERENCES 

1   Ghosh S, Cowen S, Hannan WJ, Ferguson A. Low bone mineral density in Crohn's disease, but not in ulcerative colitis, at diagnosis. 

Gastroenterology 1994: 107: 1031-9. 

2   Bernstein CN, Seeger LL, Sayre JW, Anton PA, Artinian L, Shanahan F. Decreased bone density in inflammatory bowel disease is related 

to corticosteroid use and not disease diagnosis. J Bone Miner Res 1995; 10: 250-6. 

3   Jahnsen J, Palch JA, Aadland E, Mowinckel P. Bone mineral densily is reduced in patients with Crohn's disease but not in palients with 

ulcerative colitis: a population based study. Gut 1997: 40: 313-9. 

4   Gokhale R, Favus MJ, Karrison T, Sutton MM, Rich B, Kirschner BS. Bone mineral densily assessment in children with inflammatory 

bowel disease. Gastroenterology 1998: 114: 902-11. 

5   Robinson RJ, Al-Azzawi F, Iqbal SJ, et al. Osteoporosis and determinants of bone density in patients with Crohn's disease. Dig Dis Sci 

1998: 43: 2500-6.  

6   Robinson RJ, Iqbal SJ, Al-Azzawi F, Abrams K, Mayberry JF. Sex hormone stains and bone metabolism in men with Crohn's disease. 

Aliment Pharmacol Ther 1998; 12: 21-5. 

7   Bjarnasson I, Macpherson A, Mackenzie C, Buxton-Thomas M, Forgacs I, Moniz C. Reduced bone density in patients with inflammatory 

bowel disease. Gut 1996: 40: 228-33. 

8   Pollak RD, Karmeli F, Eliakim R, Ackerman Z, Tabb K, Rachmilewitz D. Femoral neck osteopenia in patients with inflammatory bowel 

disease. Am J Gastroenterol 1998: 93: 1483-90. 

9   Vestergaard P, Mosekilde F. Fracture risk in patients with coeliac disease. Crohn's disease, and ulcerative colitis: a nationwide follow-up 

study of 16416 patients in Denmark. Am J Epidemiol 2002: 156: 1-10. 



Published in: Alimentary Pharmacology & Therapeutics (2004), vol. 20, iss.6, pp, 607-614 

Status : Postprint (Author’s version) 

10   Vestergaard P, Krogh K, Renjmark L, Lauberg S, Mosekilde L. Fracture risk is increased in Crohn's, but not in ulcerative colitis. Gut 

2000: 46: 176-81.  

11   Bernstein C, Blanchard J, Leslie W, Wajda A, Yu B. The incidence of fracture among patients with inflammatory bowel disease. Ann Int 

Med 2000: 133: 795-9. 

12   Van Staa T, Brusse L, Javaid M, Leulkens H, Cooper C, Arden NK. Inflammatory bowel disease and the risk of fracture. Rheumatology 

2003: 42(Suppl. 1): 128. 

13   Bischoff SC, Herrmann A, Coke M, Manns MP, von zur Muhlen A, Brabant G. Altered bone metabolism in inflammatory bowel 

disease. Am J Gastroenterol 1997: 92: 1157-63. 

14   Silvennoinen JA. Relationships between vitamin D. parathyroid hormone and bone mineral density in inflammatory bowel disease. J 

Intern Med 1996: 239: 131-7. 

15   Silvennoinen JA, Karttunen TJ, Niemela SE, Manelius JJ, Leh-tola JK. A controlled study of bone mineral density in patients with 

inflammatory bowel disease. Gut 1995; 37: 71-6. 

16   Adinoff AD, Hollister JR. Steroid-induced fractures and bone loss in patients with asthma. N Engl J Med 1983: 309: 265-8. 

17   Compston JE. Detection of osteoporosis in patients with inflammatory bowel disease. Eur J Gastroenterol Hepatol 1997: 9: 931-3. 

18   Szulc P, Meunier PJ. Is vitamin-K deficiency a risk factor for osteoporosis in Crohn's disease? Lancet 2001: 357: 1995-6. 

19   Hyams JS, Wyzga N, Kreutzer DL, Justinich CJ, Gronowicz GA. Alterations in bone metabolism in children with inflammatory bowel 

disease: an in vitro study. J Pediatr Gastroenterol Nutr 1997: 24: 289-95. 

20   Sylvester FA, Wyzga N. Hyams JS, Gronowicz GA. Effect of Crohn's disease on bone metabolism in vitro: a role for interleukin-6. J 

Bone Miner Res 2002: 17: 695-702. 

21   Sandborn WJ. Hanauer SB. Infliximab in the treatment of Crohn's disease: a user's guide for clinicians. Am J Gastroenterol 2002: 97: 

2962-72. 

22   Targan S. Hanauer S, van Deventer SJH, et al. A short-term study of chimeric antibody cA2 to tumor necrosis factor alpha for Crohn's 

disease. N Engl J Med 1997: 337: 1029-35. 

23   Present DH, Rutgeerts P. Targan S. et al. Infliximab for the treatment of fistulas in patients with Crohn's disease. N Engl J Med 1999: 

340: 1398-405. 

24   Rutgeerls P, D'Haens G, Targan S, et al. Efficacy and safety of retreatment with anti-tumor necrosis factor antibody (infliximab) to 

maintain remission in Crohn's disease. Gastroenterology 1999: 117: 761-9. 

25   Hanauer SB, Feagan BG, Lichtenstein GR, et al. ACCENT I Study Group. Maintenance infliximab for Crohn's disease: the ACCENT I 

randomised trial. Lancet 2002: 359: 1541-9. 

26   D'Haens G, Van Deventer S, Van Hogezand R, et al. Endoscopic and histological healing with infliximab anti-tumor necrosis factor 

antibodies in Crohn's disease: a European multicenter trial. Gastroenterology 1999: 116: 1029-34. 

27   Cohen RD, Tsang JF, Hanauer SB. Infliximab in Crohn's disease: first anniversary clinical experience. Am J Gastroenterol 2000: 95: 

3469-77. 

28   Gilbert L, He X, Farmer P, et al. Inhibition of osteoblast differentiation by tumor necrosis factor-alpha. Endocrinology 2000: 141: 3956-

64. 

29   Azuma Y, Kaji K, Katogi R, Takeshita S, Kudo A. Tumor necrosis factor-alpha induces differentiation of and bone resorption by 

osteoclasts. J Biol Chem 2000: 275: 4858-64. 

30   Tsuboi M, Kawakami A. Nakashima T. et al. Tumor necrosis factor-alpha and interleukin-l beta increase the Fas-mediated apoplosis of 

human osteoblasts. J Lab Clin Med 1999: 134; 222-31. 

31   von Tirpilz C, Reinshagen M. Management of osteoporosis in patients with gastrointestinal disease. Eur J Gastroenterol Hepatol 2003: 

15: 869-76. 

32   Delmas DP. How does antiresorplive therapy decrease the risk of fracture in women with osteoporosis? Bone 2000: 27: 1-3. 

33   Cummings SR, Karpf DB, Harris F, et al. Improvement in spine. bone density and reduction in risk of vertebral fractures during 

treatment with anti-resorptive drugs. Am J Med 2000: 112: 281-9. 



Published in: Alimentary Pharmacology & Therapeutics (2004), vol. 20, iss.6, pp, 607-614 

Status : Postprint (Author’s version) 

34   Sarkar S, Mitlak BH, Wong M, Slock JL, Black DM, Harper KD. Relationships between bone mineral density and incident vertebral 

fracture risk with raloxifene therapy. J Bone Miner Res 2002; 17: 1-10. 

35   Li Z. Meredith MP, Hoseyni MS. A method to assess the proportion of treatment effect explained by a surrogate endpoint. Slat Med 

2001: 20: 3175-88. 

36   Stockbrügger RW, Schoon EJ. Bollani S. et al. Discordance between the degree of osteopenia and the prevalence of spontaneous 

vertebral fractures in Crohn's disease. Aliment Pharmacol Ther 2002: 16: 1519-27. 

37   Johnell O. Oders A, De Laet C, Garnero P. Delmas PD, Kanis JA. Biochemical indices of bone turnover and the assessment of fracture 

probability. Osleoporos Int 2002: 13: 523-6. 

38   Bjarnasson NH, Sarkar S, Duong T, Millak B, Delmas PD. Christiansen C. Six and twelve month changes in bone turnover are related to 

reduction in vertebral fracture risk during 3 years of raloxifene treatment in postmenopausal osteoporosis. Osleoporos Int 2001: 12: 922-30. 

39   Kastell R, Barton I. Hannon RA. Chines A. Garnero P. Delmas PD. Relationship of early changes in bone resorption to the reduction in 

fracture risk with risedronate. J Bone Miner Res 2003: 18: 1051-6. 

40   Bauer DC, Black DM, Garnero P, et al. Reduction in bone turnover predicts hip. non-spine, and vertebral fracture in alendronate treated 

women: the fracture intervention trial. Osleoporos Inl 2002: 13(Suppl. 1): S521. 

41   Louis E, El Ghoul Z, Vermeire S, et al. Association between polymorphism in IgG Fc receptor IIIa coding gene and biological response 

to infliximab in Crohn's disease. Aliment Pharmacol Ther 2004: 19: 511-9. 

42   Haderslev KV, Tjellesen L. Sorensen HA, Statin M. Alendronate increases lumbar spine bone mineral density in patients with Crohn's 

disease. Alendronate increases lumbar spine bone mineral density in patients with Crohn's disease. Gastroenterology 2000: 119: 639-46. 

43   Reginster JY, Sarkar S, Zegels B. et al. Reduction in P1MP, a marker of bone metabolism. with raloxifene treatment and its relationship 

with vertebral fracture risk. Bone 2004: 34: 344-51. 

44   Schulte C, Dignass AU. Mann K, Goebell H. Reduced bone mineral density and unbalanced bone metabolism in patients with 

inflammatory bowel disease. Inflamm Bowel Dis 1998: 4: 268-75. 

45   Schoon EJ, Geerling BG, Van Dooren IM, et al. Abnormal bone turnover in long-standing Crohn's disease in remission. Aliment 

Pharmacol Ther 2001: 15: 783-92. 

46   D'Haens G. Verstraete A. Cheyns K. Aerden I. Bouillon R. Rulgeerts P. Bone turnover during short-term therapy with 

methylprednisolone or budesonide in Crohn's disease. Aliment Pharmacol Ther 1998: 12: 419-24. 

47   Von Tirpitz C, Epp S, Klaus J, et al. Effect of systemic glucocorticoid therapy on bone metabolism and the osteoprolegerin system in 

patients with active Crohn's disease. Eur J Gastroenterol Hepatol 2003: 15: 1165-70. 

48   von Tripitz C, Klaus J, Steinkamp M, et al. Therapy of osteoporosis in patients with Crohn's disease: a randomized study comparing 

sodium fluoride and ibandronate. Aliment Pharmacol Ther 200 3: 17: 807-17. 

49   Abitbol V, Mary JY, Roux C. et al. Osteoporosis in inflammatory bowel disease: effect of calcium and vitamin D with or without 

fluoride. Aliment Pharmacol Ther 2002: 16: 919-27. 

50   von Tirpitz C. Klaus J. Bruckel J. et al. Increase of bone mineral density with sodium fluoride in patients with Crohn's disease. Eur J 

Gastroenterol Hepatol 2000: 11: 19-24. 

51   Black DM, Greenspan SL, Ensrud KE, et al. The effects of parathyroid hormone and alendronate alone or in combination in 

postmenopausal osteoporosis. N Engl J Med 200 3. 349: 1207-15. 

52  Meunier PJ, Roux C, Seeman E, et al. The effects of strontium raπelale on the risk of vertebral fracture in women with postmenopausal 

osteoporosis. N Engl J Med 2004: 350: 459-68. 

53   Kobayashi K, Takahashi N. Jimi E, et al. Tumor necrosis factor alpha stimulates osteoclast differentiation by a mechanism independent 

of the ODF/RANKL-RANK interaction, J Exp Med 2000: 191: 275-86. 

54   Gilbert L, He X, Farmer P. et al. Expression of the osteoblast differentiation factor RUNX2 [Cbfa]/AML3/Pebp2alpha A) is inhibited by 

tumor necrosis factor-alpha. J Biol Chem 2002: 277: 2695-701. 

55   Boureille A, Doubremelle M, Maugars Y, Galmiche J. Reversibility of decreased bone mineral density after infliximab-induced 

remission in Crohn's disease. Gut 2002: 51(SuppI. III): A237. 


