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Abstract 

 
Background/Aims. Several risk factors have been suggested for osteoporosis which 

frequently occurs in inflammatory bowel disease (IBD) patients. We studied the 

prevalence and risk factors for reduced bone mineral density (BMD) in IBD patients 

at the University Hospital Zurich.  

Methods. BMD was determined by dual-energy x-ray absorptiometry (DEXA) at the 

lumbar spine and femoral neck in 88 IBD patients (55 Crohn’s disease [CD], 30 

ulcerative colitis [UC], 3 indeterminate colitis). Z scores were obtained by comparison 

with age- and sex-matched normal values, T scores by comparison with sex-matched 

healthy young adults. Osteopenia  and osteoporosis were defined according to the 

WHO guidelines. Predictive factors for BMD were analyzed by group comparison and 

stepwise regression analysis.  

Results. Osteopenia was present in 43% at the lumbar spine and in 42% at the 

femoral neck. Osteoporosis was present in 14% at the lumbar spine and in 5% at the 

femoral neck. At the lumbar spine, stepwise regression analysis showed that body 

mass index (BMI), age, bowel resections, topic steroids and azathioprine correlated 

with Z scores. Cumulative steroid dose, topic steroids, age and bowel resection were 

found to be predictors for a pathological T score. At the femoral neck, regression 

analysis showed that BMI, age, topic steroids and azathioprine correlated with Z 

scores. Only low BMI was a significant predictor for a pathological femoral T score.  

Conclusions. Osteopenia and osteoporosis are commonly found in IBD patients. 

Steroid treatment and bowel resection were significant risk factors for osteoporosis of 

the lumbar spine. However, disease-inherent factors also appear to confer a major 

risk, indicating that BMD should be determined in all IBD patients irrespective of 

steroid treatment.  
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Introduction 

 

Several studies have reported an increased risk of low bone mineral density (BMD) in 

patients with inflammatory bowel disease (IBD), with a prevalence of osteoporosis 

reported up to 37% 1. It is generally accepted that osteoporosis in IBD has a 

multifactorial pathogenesis, with potential risk factors such as reduced food intake, 

low body mass index (BMI), malabsorption and vitamin D deficiency, small bowel 

resection, hypogonadism, corticosteroids 2, smoking 3 and genetic factors 4. Also 

Crohn’s disease (CD) itself seems to be an important risk factor for low BMD 5. A low 

BMD may already be present at the stage of initial diagnosis of CD 6. CD patients 

without previous treatment appear to have a significantly lower average density at the 

lumbar vertebrae when compared to ulcerative colitis (UC) patients 7. Furthermore, 

BMD in CD patients increases after induction of remission by azathioprine 8. These 

findings suggest that CD itself plays an important role in the development of 

osteopenia/osteoporosis and that low BMD cannot be attributed solely to treatment 

with steroids. Corticosteroids have been shown to reduce BMD 9, 10, 2, 11-16, although 

the data are conflicting 5, 6, 17-21. 

 

IBD patients have up to 40% more fractures than the general population 22, with an 

increased risk of both vertebral and hip fractures 23. Analysis of the risk factors for the 

development of osteoporosis could help to identify those IBD patients who have a 

higher risk of fracture. We therefore aimed to analyze the risk factors for low BMD in 

our cohort of unselected IBD patients, so as to optimize BMD monitoring and 

treatment in patients-at-risk. 
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Methods 

 

Study design and patients. The study was a cross-sectional analysis of a local IBD 

cohort. At the time of analysis, 137 patients were registered in the IBD cohort of the 

University Hospital Zurich. All patients were diagnosed by a combination of radiology, 

endoscopy and histology. BMD was determined by dual energy X-ray absorptiometry 

(DEXA) in 88 (64%) patients (55 CD, 30 UC, 3 indeterminate colitis). Demographic 

and disease data of these patients were obtained by review of the medical records 

and by a questionnaire sent to all patients. 14 patients were diagnosed with arthritis. 

There was one case of chronic hepatitis C and one case of primary sclerosing 

cholangitis, and 6 patients were diagnosed as having liver steatosis. We assessed 

one patient with a Hashimoto thyreoiditis and one patient with subclinical 

hyperthyroidism. 

 

Bone density measurement. BMD of lumbar L2-L4 vertebrae and the femoral neck 

was determined by standard DEXA at the Department of Rheumatology, University 

Hospital Zurich. The results are expressed as either Z scores or T scores. Z scores 

indicate the number of standard deviations (SD) from the normal sex and age specific 

mean value. T scores were calculated in relation to sex-matched healthy young 

adults at the age of peak bone mass as reference group. According to the World 

Health Organization (WHO) criteria, osteoporosis was defined as a T score below -

2.5 SD and osteopenia was defined by a T score below -1 SD but not more than 2.5 

SD below the average. Data from the reference groups were supplied by the 

manufacturer. 

 

Statistical analysis. The two-tailed Mann-Whitney U test was used to study the 

relationship between Z scores and the following potential individual risk factors: 

diagnosis, sex, involvement of small bowel, weight loss, anemia, bowel resection, 

topic steroid treatment, azathioprine and methotrexate treatment, alcohol and 

nicotine consumption and family history. Other risk factors were not studied because 

subgroups were too small for a meaningful analysis. To determine factors predictive 

for Z scores, stepwise regression with backward selection was performed with the 

following independent variables: diagnosis (CD versus UC), sex, age, BMI, 

involvement of small bowel, bowel resection, family history of IBD, steroids (daily 
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steroid dose, cumulative steroid dose and topic steroid treatment), azathioprine 

treatment, methotrexate treatment, as well as alcohol and nicotine consumption. The 

two-tailed Mann-Whitney U test was used to study the relationship between T scores 

and individual risk factors. To determine factors predictive for T scores, patients were 

divided into two groups (normal BMD with T scores above - 1 SD versus pathological 

BMD with T scores below -1 SD) and stepwise logistic regression with backward 

selection was performed. P values < 0.05 were considered as statistically significant.    
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Results 

 

Characteristics of patients assessed by DEXA. BMD was measured by DEXA in 

88 IBD patients. DEXA was performed in 55 CD patients (30 male, 25 female, mean 

age 39.0) and in 30 UC patients (19 male, 11 female, mean age 44.2) with a disease 

duration of 8.5 ± 7.2 and 8.7 ± 7.4 years, respectively (Table 1). BMD was 

additionally measured in 3 patients with indeterminate colitis. As expected, small 

bowel was more often affected in CD than UC patients (62% and 10%, respectively), 

making small bowel resections necessary in one third of CD patients. Nearly all IBD 

patients had been treated with steroids at some stage of their disease (90% in CD 

and 97% in UC patients) with a higher cumulative systemic steroid dose in UC than in 

CD patients (32.6 g and 20.6 g, respectively). 

 

Prevalence of osteopenia and osteoporosis in IBD patients. Pathological BMD 

(osteopenia or osteoporosis) was more frequently observed at the lumbar spine than 

at the femoral neck (57% and 47% of IBD patients, respectively) (Fig. 1). 

Osteoporosis, defined as a T score below -2.5 SD, was found in 14% of IBD patients 

(18% of CD and 10% of UC patients) at the lumbar spine and in 5% of IBD patients 

(4% of CD and 7% of UC patients) at the femoral neck. Osteopenia, defined as a T 

score between -1 SD and -2.5 SD, was present in 40% of IBD patients. 

 

Assessment of risk factors for low Z scores. Distribution of Z scores at the lumbar 

spine and femoral neck among CD und UC patients is shown by box plot in Fig. 2. 

Median values for CD patients were -1.15 at the lumbar spine and -0.6 at the femoral 

neck. Median values for UC patients were -0.8 at the lumbar spine and -0.2 at the 

femoral neck. To analyze the contribution of individual potential risk factors to low 

BMD, we performed Mann-Whitney U tests. Patients who had undergone bowel 

resection showed a significantly lower lumbar Z score than patients without bowel 

resections (Table 2). Other statistically significant individual risk factors were not 

found, neither at the lumbar spine nor at the femoral neck. We next performed 

stepwise regression analysis to identify predictive factors for low Z scores. Patients 

who had undergone bowel resections or had been treated with topic steroids and 

azathioprine had a significantly increased risk of low lumbar Z score. Additionally, 

patients with low BMI and younger patients had a significantly increased risk of 
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having low lumbar Z scores. The same predictive factors were found for femoral Z 

scores except bowel resection which did not reach statistical significance (p=0.18) 

(Table 3). 

 

Assessment of risk factors for low T scores. For analysis of risk factors for low T 

scores, patients were divided into two groups according to the WHO guidelines: (i) 

patients with normal T scores (above – 1 SD), and (ii) patients with osteopenia or 

osteoporosis (T score below – 1 SD). Patients with a pathological lumbar T score 

were significantly younger, had a lower BMI and had received more corticosteroid 

treatment (longer duration of steroid therapy and higher cumulative steroid dose). 

These results are shown in Table 4 and Fig. 3. Table 4 shows median values of 

these risk factors in patients with normal and pathological BMD, respectively. The 

box plot in Fig. 3 shows the distribution of the cumulative steroid dose in patients with 

normal and pathological lumbar BMD. Stepwise regression analysis with backward 

selection revealed that a pathological lumbar T score in IBD patients was significantly 

correlated with a high cumulative steroid dose, treatment with topic steroids, younger 

age and bowel resection (Table 5). At the femoral neck, only low BMI was 

significantly related to a pathological T score (Table 4). In stepwise regression 

analysis, pathological femoral T scores were significantly correlated with low BMI, 

topic steroids and azathioprine treatment (Table 5). 
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Discussion 

 

The chief findings of this study can be summarized as follows: (i) osteopenia and 

osteoporosis show a high prevalence in IBD patients, with more than 50% of IBD 

patients being affected; (ii) major risk factors for the development of 

osteopenia/osteoporosis are corticosteroid treatment and bowel resections; however, 

after exclusion of all other variables, disease activity per se appears to confer a 

relevant independent risk. 

 

We found a 14% prevalence of osteoporosis at the lumbar spine in our cohort of 

Swiss IBD patients. This is comparable with another Swiss study that recently 

reported a 9.7% prevalence of osteoporosis in IBD patients seen in specialist 

gastroenterology practice 24. Earlier studies reported an even higher prevalence of 

osteoporosis in IBD patients of around 30% 1, 18, 25. The reason for this is not clear, 

since more patients were excluded in these studies compared to our investigation 

(one study excluded patients with bowel resections or lifetime steroid dose higher 

than 25 g 25, whereas another excluded patients receiving treatment for osteoporosis 

or patients with severe malabsorption 1). Of note, however, the percentage of IBD 

patients with osteopenia was 40% in our study; this underlines the importance of 

carefully assessing all IBD patients for bone mineral density and initiating appropriate 

treatment in patients with a pathological BMD. The relevance and efficiency of 

bisphosphonates in the treatment of these patients is a subject of continued debate 

26-30. Until further studies have clearly shown the clinical benefit of biphosphonates in 

osteoporosis associated with IBD, calcium and vitamin D should remain the baseline 

treatment in osteopenic and osteoporotic patients. 

 

In our IBD cohort, both in CD and UC patients, the lumbar spine was found to be 

affected more often by a pathological BMD than the femoral neck. This finding is 

surprising, because most studies have found a higher prevalence of osteoporosis at 

the femoral neck 5, 18, 25, 31-33. There is no obvious reason for this discrepancy. It has 

been reported that treatment with corticosteroids results in bone loss especially at 

trabecular bone sites 34, such as the lumbar spine. There was, however, no evidence 

for excessive steroid treatment in our cohort compared to the other studies. 
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Multivariate regression analysis identified several predictive variables of reduced 

BMD at the lumbar spine. Besides BMI, which has been found as a predictive factor 

of BMD in various studies 17, 18, 20, 35, young age was identified as a predictive variable 

for both low Z and T scores. This suggests that, at least in our cohort, younger IBD 

patients had a mildly elevated risk of osteoporosis than older patients. This could be 

due to a more active disease in young patients, leading to osteoporosis via 

circulating cytokines 36 which affect osteoclast 37 and osteoblast function 38. This 

observation is in agreement with a study showing that IBD patients younger than 18 

years at diagnosis are at risk for osteoporosis 32. 

 

The hypothesis that disease activity is an independent risk factor for the development 

of osteoporosis is supported by the finding that topic steroids and azathioprine were 

significant predictors of BMD. So far, no detrimental effect of azathioprine on BMD 

has been shown. We assume that azathioprine is negatively correlated with BMD 

because it is used in IBD patients with high inflammatory activity requiring additional 

immunosuppressive medication. The negative correlation of topic steroid treatment 

and BMD might, however, also be caused by a systemic effect of local steroids. 

 

The deleterious effect of systemic steroids on BMD is supported by the finding that 

patients with a pathological BMD had received a more intense steroid treatment 

(higher cumulative steroid dose and longer duration of steroid therapy). This confirms 

previous observations showing that systemic corticosteroids are a risk factor for 

osteoporosis in CD patients 2. In particular, high lifetime systemic steroid doses 

greater than 10 g have been reported to be correlated with low BMD 12, 14. 

 

Multivariate analysis further revealed a history of bowel resections as a significant 

predictive variable of low BMD, as described by others 14, 18. Patients with a history of 

bowel resection had a threefold increased risk of having a pathological BMD at the 

lumbar spine. One possible explanation for this relationship is that bowel resections 

lead to a malabsorptive state, e.g. for vitamin D 39 or vitamin K 40. An alternative 

explanation, however, is that bowel resections are a sign of severe disease leading 

to systemic inflammation and to complications which necessitate a surgical 

intervention. 
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One limitation of our study is that we did not apply strict exclusion criteria, in order to 

include a broad spectrum of IBD patients in our analyses. Moreover, this study 

cannot prove that corticosteroids or bowel resections are causes of osteoporosis in 

IBD patients. The performed regression analyses are only able to provide correlative 

evidence for the involvement of different risk factors in the development of 

osteoporosis in IBD patients. 

 

In summary, our results show that the prevalence of osteopenia and osteoporosis is 

high in a Swiss cohort of IBD patients. Major risk factors for low BMD were 

corticosteroid treatment and a history of bowel resection, although a relevant risk is 

conferred by disease activity per se, irrespective of other variables analyzed. 

Moreover, the high prevalence of osteopenia reported in this study underlines the 

importance of monitoring not only high-risk but all IBD patients by DEXA, and of 

initiating appropriate treatment in patients with low BMD. Whether antiresorptive 

therapy with bisphosphonates in addition to calcium and vitamin D helps to prevent 

fractures in IBD patients with low BMD remains to be evaluated.  

 

 

 

 



 11

Acknowledgements 

 

Supported by grant PP00B-108511/1 from the Swiss National Science Foundation (to 

G.K.-U.) 

 



 12

References 

 

1. Ardizzone S, Bollani S, Bettica P, Bevilacqua M, Molteni P, Bianchi Porro G: Altered 

bone metabolism in inflammatory bowel disease: there is a difference between Crohn's 

disease and ulcerative colitis. J Intern Med 2000;247:63-70. 

2. Dear KL, Compston JE, Hunter JO: Treatments for Crohn's disease that minimise 

steroid doses are associated with a reduced risk of osteoporosis. Clin Nutr 

2001;20:541-6. 

3. Silvennoinen JA, Lehtola JK, Niemela SE: Smoking is a risk factor for osteoporosis in 

women with inflammatory bowel disease. Scand J Gastroenterol 1996;31:367-71. 

4. Schulte C, Goebell H, Roher HD, Schulte KM: Genetic determinants of IL-6 

expression levels do not influence bone loss in inflammatory bowel disease. Dig Dis 

Sci 2001;46:2521-8. 

5. Staun M, Tjellesen L, Thale M, Schaadt O, Jarnum S: Bone mineral content in patients 

with Crohn's disease. A longitudinal study in patients with bowel resections. Scand J 

Gastroenterol 1997;32:226-32. 

6. 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. 

7. Szathmari M, Pronai L, Tulassay Z: Altered bone metabolism in inflammatory bowel 

disease. Am J Gastroenterol 1998;93:848-9. 

8. Reffitt DM, Meenan J, Sanderson JD, Jugdaohsingh R, Powell JJ, Thompson RP: 

Bone density improves with disease remission in patients with inflammatory bowel 

disease. Eur J Gastroenterol Hepatol 2003;15:1267-73. 

9. Cino M, Greenberg GR: Bone mineral density in Crohn's disease: a longitudinal study 

of budesonide, prednisone, and nonsteroid therapy. Am J Gastroenterol 2002;97:915-

21. 

10. Habtezion A, Silverberg MS, Parkes R, Mikolainis S, Steinhart AH: Risk factors for 

low bone density in Crohn's disease. Inflamm Bowel Dis 2002;8:87-92. 

11. Motley RJ, Clements D, Evans WD, Crawley EO, Evans C, Rhodes J, Compston JE: 

A four-year longitudinal study of bone loss in patients with inflammatory bowel 

disease. Bone Miner 1993;23:95-104. 

12. Silvennoinen JA, Karttunen TJ, Niemela SE, Manelius JJ, Lehtola JK: A controlled 

study of bone mineral density in patients with inflammatory bowel disease. Gut 

1995;37:71-6. 



 13

13. Schulte C, Dignass AU, Mann K, Goebell H: Bone loss in patients with inflammatory 

bowel disease is less than expected: a follow-up study. Scand J Gastroenterol 

1999;34:696-702. 

14. von Tirpitz C, Steder-Neukamm U, Glas K, Sander S, Ring C, Klaus J, Reinshagen M: 

[Osteoporosis in inflammatory bowel disease - results of a survey among members of 

the German Crohn's and Ulcerative Colitis Association]. Z Gastroenterol 

2003;41:1145-50. 

15. von Tirpitz C, Epp S, Klaus J, Mason R, Hawa G, Brinskelle-Schmal N, Hofbauer LC, 

Adler G, Kratzer W, Reinshagen M: Effect of systemic glucocorticoid therapy on bone 

metabolism and the osteoprotegerin system in patients with active Crohn's disease. Eur 

J Gastroenterol Hepatol 2003;15:1165-70. 

16. Roux C, Abitbol V, Chaussade S, Kolta S, Guillemant S, Dougados M, Amor B, 

Couturier D: Bone loss in patients with inflammatory bowel disease: a prospective 

study. Osteoporos Int 1995;5:156-60. 

17. Dinca M, Fries W, Luisetto G, Peccolo F, Bottega F, Leone L, Naccarato R, Martin A: 

Evolution of osteopenia in inflammatory bowel disease. Am J Gastroenterol 

1999;94:1292-7. 

18. de Jong DJ, Corstens FH, Mannaerts L, van Rossum LG, Naber AH: Corticosteroid-

induced osteoporosis: does it occur in patients with Crohn's disease? Am J 

Gastroenterol 2002;97:2011-5. 

19. de Jong DJ, Mannaerts L, van Rossum LG, Corstens FH, Naber AH: Longitudinal 

study of bone mineral density in patients with Crohn's disease. Dig Dis Sci 

2003;48:1355-9. 

20. Motley RJ, Crawley EO, Evans C, Rhodes J, Compston JE: Increased rate of spinal 

trabecular bone loss in patients with inflammatory bowel disease. Gut 1988;29:1332-

6. 

21. Schulte CM, Dignass AU, Goebell H, Roher HD, Schulte KM: Genetic factors 

determine extent of bone loss in inflammatory bowel disease. Gastroenterology 

2000;119:909-20. 

22. Bernstein CN, Blanchard JF, Leslie W, Wajda A, Yu BN: The incidence of fracture 

among patients with inflammatory bowel disease. A population-based cohort study. 

Ann Intern Med 2000;133:795-9. 

23. van Staa TP, Cooper C, Brusse LS, Leufkens H, Javaid MK, Arden NK: Inflammatory 

bowel disease and the risk of fracture. Gastroenterology 2003;125:1591-7. 



 14

24. Beltinger J, Froehlich F: [Patients with inflammatory bowel disease in specialist 

gastroenterology practice: a prospective survey]. Schweiz Rundsch Med Prax 

2005;94:459-65. 

25. Bjarnason I, Macpherson A, Mackintosh C, Buxton-Thomas M, Forgacs I, Moniz C: 

Reduced bone density in patients with inflammatory bowel disease. Gut 1997;40:228-

33. 

26. Bernstein CN: Limiting fracture risk in Crohn's disease: is there anything better than 

calcium and vitamin D? Clin Gastroenterol Hepatol 2005;3:110-2. 

27. Bartram SA, Peaston RT, Rawlings DJ, Francis RM, Thompson NP: A randomized 

controlled trial of calcium with vitamin D, alone or in combination with intravenous 

pamidronate, for the treatment of low bone mineral density associated with Crohn's 

disease. Aliment Pharmacol Ther 2003;18:1121-7. 

28. Siffledeen JS, Fedorak RN, Siminoski K, Jen H, Vaudan E, Abraham N, Steinhart H, 

Greenberg G: Randomized trial of etidronate plus calcium and vitamin D for treatment 

of low bone mineral density in Crohn's disease. Clin Gastroenterol Hepatol 

2005;3:122-32. 

29. Haderslev KV, Tjellesen L, Sorensen HA, Staun M: Alendronate increases lumbar 

spine bone mineral density in patients with Crohn's disease. Gastroenterology 

2000;119:639-46. 

30. von Tirpitz C, Klaus J, Steinkamp M, Hofbauer LC, Kratzer W, Mason R, Boehm BO, 

Adler G, Reinshagen M: Therapy of osteoporosis in patients with Crohn's disease: a 

randomized study comparing sodium fluoride and ibandronate. Aliment Pharmacol 

Ther 2003;17:807-16. 

31. 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. 

32. Schoon EJ, van Nunen AB, Wouters RS, Stockbrugger RW, Russel MG: Osteopenia 

and osteoporosis in Crohn's disease: prevalence in a Dutch population-based cohort. 

Scand J Gastroenterol Suppl 2000:43-7. 

33. Reed CA, Nichols DL, Bonnick SL, DiMarco NM: Bone mineral density and dietary 

intake in patients with Crohn's disease. J Clin Densitom 1998;1:33-40. 

34. Homik J, Suarez-Almazor ME, Shea B, Cranney A, Wells G, Tugwell P: Calcium and 

vitamin D for corticosteroid-induced osteoporosis. Cochrane Database Syst Rev 

2000:CD000952. 



 15

35. Compston JE, Judd D, Crawley EO, Evans WD, Evans C, Church HA, Reid EM, 

Rhodes J: Osteoporosis in patients with inflammatory bowel disease. Gut 

1987;28:410-5. 

36. Mazlam MZ, Hodgson HJ: Peripheral blood monocyte cytokine production and acute 

phase response in inflammatory bowel disease. Gut 1992;33:773-8. 

37. MacDonald BR, Gowen M: Cytokines and bone. Br J Rheumatol 1992;31:149-55. 

38. Nguyen L, Dewhirst FE, Hauschka PV, Stashenko P. Interleukin-1 beta stimulates 

bone resorption and inhibits bone formation in vivo. Lymphokine Cytokine Res 

1991;10:15-21. 

39. Jahnsen J, Falch JA, Mowinckel P, Aadland E: Vitamin D status, parathyroid hormone 

and bone mineral density in patients with inflammatory bowel disease. Scand J 

Gastroenterol 2002;37:192-9. 

40. Schoon EJ, Muller MC, Vermeer C, Schurgers LJ, Brummer RJ, Stockbrugger RW: 

Low serum and bone vitamin K status in patients with longstanding Crohn's disease: 

another pathogenetic factor of osteoporosis in Crohn's disease? Gut 2001;48:473-7. 

 

 

 

 



 16

Figure legends 

 

Fig. 1:  Prevalence of osteopenia and osteoporosis in 88 IBD patients, determined by 

DEXA at the lumbar spine and femoral neck 

 

Fig. 2:  Bone mineral density expressed as Z score in CD and UC patients 

 

Fig. 3:  Cumulative steroid dose in patients with normal and pathological BMD 
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Table 1:  Characteristics of 88 IBD patients assessed by DEXA (patients with 

indeterminate colitis not shown) 

 
 

 IBD (n=88) CD (n=55) UC (n=30)

Male (%) 50 (57%) 30 (55%) 19 (63%) 

Age (Mean ± SD) 40.6 ± 15.3 39.0 ± 14.7 44.2 ± 16.3 

BMI [kg/m2] (Mean ± SD) 23.1 ± 4.5 22.6 ± 3.9 23.6 ± 5.0 

Disease duration (Mean ± SD)   8.3 ± 7.2   8.5 ± 7.2 8.7 ± 7.4 

Flares (Mean ± SD)   9.3 ± 10.0   9.3 ± 11.0 9.2 ± 8.2 

Small intestine involved 38 (43%) 34 (62%) 3 (10%) 

Bowel resection 
Small bowel resection 

25 (28%) 
18 (20%) 

24 (44%) 
17 (31%) 

1 (3%) 
0 (0%) 

Steroid therapy 82 (93%) 50 (90%) 29 (97%) 

Cumulative steroid dose (Mean ± SD) 26.7 ± 46.8 20.6 ± 38.8 32.6 ± 56.7 

Duration of steroid therapy [months] 
(Mean ± SD)  

40.8 ± 65.8 32.6 ± 61.9 47.9 ± 69.7 
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Table 2:  Relationship between individual risk factors and Z scores, assessed by 

Mann-Whitney U test. * indicates a statistically significant p value. 

 
 

 P values 

 Lumbar spine Femoral neck 

Diagnosis (CD vs. UC) .31 .21 

Sex .13 .58 

Small intestine involved (y/n) .33 .56 

Weight loss (y/n) .57 .16 

Anemia (y/n) .55 .72 

Bowel resection (y/n)     .04  * .08 

Topic steroids (y/n) .24 .23 

Azathioprine (y/n) .16 .36 

Methotrexate (y/n) .36 .18 

Nicotine (y/n) .99 .99 

Alcohol (y/n) .82 .16 

Family history of IBD (y/n) .37 .19 
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Table 3:  Predictive factors for Z scores, assessed by stepwise regression analysis 
 
 

Lumbar spine Z score Femoral neck Z score 

Significant predictors 
 

B regression 
coefficient 

p 
 

Significant predictors 
 

B regression 
coefficient 

p 
 

BMI [kg/m2]  .084 .013 BMI [kg/m2]  .130 .000

Age [y]  .025 .005 Age [y]  .020 .009

Bowel resection (y/n) -.580 .026 Topic steroids (y/n) -.393 .046

Topic steroids (y/n) -.531 .028 Azathioprine (y/n) -.551 .012

Azathioprine (y/n) -.685 .010
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Table 4:  Relationship between individual risk factors and T scores > 1 SD below 

mean, assessed by Mann-Whitney U test 

 
 

Lumbar spine Femoral neck 

Significant risk  
factors 

T score 
> - 1 SD 

T score 
< - 1 
SD 

p 
 

Significant risk 
factors 

T score 
> - 1 SD 

T score 
< - 1 SD 

p 
 

BMI [kg/m2] 23.1 21.4 .048 BMI [kg/m2] 23.6 20.8 .005 

Age [y] 40.4 34.9 .027 

Duration of ste-
roid therapy [mo] 

9.0 18.5 .034 

Cumulative 
steroid dose [g] 

4.0 7.2 .031 
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Table 5:  Predictive factors for T scores > 1 SD below mean, assessed by stepwise 

logistic regression. Exp (B) indicates the fold increase in risk to have a T score < -1 

that is conferred by the respective parameter (this can be interpreted as an Odds 

Ratio). In the case of the cumulative steroid dose, the Exp(B) value indicates a 1.022 

greater risk to have a T score < -1 with a cumulative steroid dose of 1 g; for 10 g 

cumulative steroids this risk increases to 1.02210 (= 1.24), for 40 g 1.02240 (= 2.38), 

for 100 g 1.022100 (= 8.8). 

 
 

Lumbar spine Z score Femoral neck Z score 

Significant predictors Exp (B) p Significant predictors Exp (B) p 

Cumulative steroid dose 1.022 .042 BMI  0.818 .003 

Topic steroids 2.917 .038 Topic steroids 2.679 .051 

Age 0.955 .010 Azathioprine 3.792 .018 

Bowel resection 3.088 .059
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