
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


의학석사 학위논문

염증성 장질환 환자에서 척추와 대퇴골절

위험성에 대한 국가건강보험 자료 기반 분석

The risk of vertebral and hip fracture in 

patients with inflammatory bowel diseases: 

a nationwide population-based study

울산대학교 대학원

의 학  과

안 형 진

[UCI]I804:48009-200000364035[UCI]I804:48009-200000364035



염증성 장질환 환자에서 척추와 대퇴골절

위험성에 대한 국가건강보험 자료 기반 분석

지 도 교 수   박 상 형

이 논문을 의학석사 학위 논문으로 제출함

2021 년 2 월

울산대학교 대학원

의 학  과

안 형 진



안형진의 의학석사 학위 논문을 인준함

심사위원 김 범 준  인

심사위원 박 상 형 인

심사위원 김 예 지  인

울산대학교 대학원

2021 년



i

Abstract

Background: This nationwide population-based study sought to investigate 

the risk of vertebral and hip fractures in patients with inflammatory bowel 

diseases (IBD). The risk of vertebral and hip fractures in ulcerative colitis (UC)

and Crohn’s disease (CD) patients compared with non-IBD reference 

population. It also assessed whether the use of steroids affected the risk of

vertebral and hip fractures in IBD patients.

Method: Using data from the Korean National Health Insurance claims 

database between the years 2007-2016, incidence rate ratio (IRR), and the 

adjusted hazard ratio (aHR) of both vertebral and hip fractures in patients 

with newly diagnosed IBD and compared with 5-year age- and sex- matched 

subjects at a matching ratio 1:10 (n=186,871).

Results: The incidence rate and IRR of vertebral and hip fractures in patients 

with IBD were 2.88/1000 person-years. The risk for vertebral and hip fracture 

was significantly higher in CD (IRR 1.56, 95% CI, 1.19- 2.04), whereas the risk 

was not significantly higher in UC patients (IRR 1.16, 95% CI, 1.00- 1.36) 

compared to matched controls. The use of steroids increased the risk of 
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vertebral and hip fractures. In multivariable analysis, the risk of vertebral and 

hip fracture increased with age (p trend <-.001).

Conclusions: The risk for vertebral and hip fracture increased in IBD patients 

compared with non-IBD reference population. Particularly, although the UC 

patients were older and there was a higher percentage of women, the CD 

patients had a higher fracture risk regardless of their steroid use. 
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Introduction

Fracture is a disease that increases mortality and is very important in public 

health, as the aging population progresses, its importance is especially 

growing (1). Most fracture is inevitable result of aging or menopause, but 

about 40 to 60 percent are secondary osteoporosis caused by drugs or 

diseases (2, 3). Since these secondary osteoporosis are largely reversible, 

identifying the cause of secondary osteoporosis and correcting it is 

important to reduce unnecessary osteoporosis treatment and maintain bone 

health (4).

IBD is a chronic inflammatory bowel disease divided into Crohn's disease and 

ulcerative colitis (5). Calcium and vitamin D deficiency are common in IBD 

patients due to ileocecal involvement, intestinal absorption disorder, etc. 

Steroids or immune-modulators and biologics used to treat IBDs also 

adversely affect bone metabolism (6, 7). And the main mechanism of IBD 

that chronic Inflammation, is also a major occurrence of osteoporosis. In 

addition, as IBD patient cohort itself aging, the risk of co-morbidity such as 

fractures increases (8, 9). Inflammatory bowel disease (CD and UC) is might 

associated with an increased risk of hip fracture and other fractures (10).

Based on these backgrounds, many research groups have performed the 

clinical studies to investigate the possible link between IBD and fracture. IBD 

and fractures have been an interesting topic in several articles (8, 11-13). 

Although the pathology underlying the relationship between IBD and fracture 
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is not yet understood, a number of articles have suggested that there is an 

increased fracture risk in IBD patients (4, 8, 14-19). Although the fracture risk 

in UC is still under debate, several research studies have suggested that IBD

included CD, increases fracture risk (20-22). A recent systematic review has 

set the excess risk in CD to be between 30-40% (23, 24). Most have reported 

that UC and CD was related to the risk of fractures, but that risk differed by 

age, sex, comorbidities, medication and fracture site, such as hip or vertebral 

fractures (9, 17, 25-28).

Despite of the increasing fracture risk in IBD patients, most studies have been 

researched on Western, and the assessment of bone health in Asian IBD 

patients, whose importance is growing gradually due to increased prevalence, 

is limited, and there is little data of relation between drugs (16, 29). As one 

of efforts to answer these questions, we researched the incidence of fractures 

in IBD patients and comparative groups without IBD, to determine if there 

was an increased risk of fractures. We took into account the various factors

(gender, age group, pharmaceutical history, comorbidities) affecting the bone

metabolism and carried out these studies by using a large cohort data that

representing the country (18). We used data from the Health Insurance 

Review and Assessment Service (HIRA) claims databases from January 2007 

to December 2016 (30).
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Methods

Study design

This study was a nationwide population-based retrospective cohort study 

that compared the incidence of vertebral and hip fractures in patients with 

IBD and non-IBD reference population in Korea.

Database

We used data from the Health Insurance Review and Assessment Service 

(HIRA) claims databases from January 2007 to December 2016. The Korean 

National Health Insurance (NHI), mandated by law, accounts for about 97%

of the nation's 50 million population. The Health Insurance Review and 

Assessment Service (HIRA) database consists of vast amounts of data on all 

NHI claims, including patient demographic characteristics, diagnosis using 

the Korean Classification of Diseases, sixth edition (KCD-6), International 

Classification of Diseases and related health problems, 10th revision (ICD-10). 

The prescription information include prescription drugs (according to the 

official code of the HIRA), prescription dates, supply days, and administration 

routes. The database also provides registration of rare incurable diseases 

(RIDs), including IBDs. The RID system is highly reliable because it requires 

the patient to be certified by a doctor through specified diagnostic criteria 

that include histopathological examinations before they are registered in the 

system. Patients registered in this system can benefit from more than 90% 

of their medical expenses.

Study population

There were 350,153 patients who were diagnosed with IBD using the ICD-10 

(International Classification of Disease, 10th revision). We defined the 
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participants were selected using a diagnostic code for UC (K51.0–51.9) or CD 

(K50.0–50.9) in the principal or subsidiary diagnosis field, a prescription for 

an IBD-related medication, and a RID registration code for UC (V131) or CD 

(V130). From January 2010 to December 2014, the prescription for an IBD-

related medication was defined as prescription of either oral or topical 5-

aminosalicylic acids for at least 1 month, or at least 1 prescription of topical 

steroids, thiopurines (azathioprine or 6-mercaptopurine), or anti-TNF-a 

agents (infliximab or adalimumab). We did not include a prescription of 

systemic corticosteroids in our definition of IBD because of the widespread 

use of these medications for other indications. 

Subsequently, 331,713 patients were excluded because of the following 

reasons. 304,876 patients didn’t diagnosed of IBD in the principal or

subsidiary, or didn’t have RID registration code. 3,655 patients did not 

prescribed IBD medication. 22,725 patients had any claim of IBD from 2007 

to 2009. As a result, 18,897 incident IBD patients were selected and of these

(30-33), 18,828 were subject to matching, except for patients, whose 

diagnosis changed during the course of the study and those with a history 

of fractures prior to the index date (Figure1). 

The non-IBD reference population was extracted for sex-, 5-year age-

matched during the same study period at a matching ratio of 1:10.

The Institutional Review Board of Asan Medical Center approved this study 

(2019-0502), and it was performed according to the principles of the 

Declaration of Helsinki.
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Figure 1 – Number of cases included in the study

Data collection

Based on the preceding study we used the 2007-2016 data from the Korean 

national health insurance claims database. We collected information on the 

insurance type classification code, gender, age, medical diagnoses and

prescription details, etc., (34).

Outcomes

The study outcome of interest was the event of vertebral and hip fracture, 

which was defined by the ICD-10 codes thoracic spine (S220, S221), lumbar 
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spine (S320) included in vertebral fractures, and neck of femur (S720), 

peritrochanteric (S721), subtrochanteric (S722) included in hip fractures (18, 

30). All patients were followed until they experienced a vertebral or hip 

fracture or until the end of the study period (December 31, 2016), whichever 

was first.

Covariates

We grouped the ages into four groups: Group A1 (less than 16 years), Group 

A2 (from 17 years to 40 years), Group A3 (from 41 years to 60 years), Group 

A4 (over 60 years), (Table 5). Age group used the Montreal classification 

because the subject of the study was IBD patients (35).

The Incident rate ratio was obtained by comparing gender and an age gap 

of 5 years. We obtained an incidence rate from the 4 age groups. Additionally, 

we calculated aHR for gender correction and aHR for gender, comorbidities, 

and aHR for gender, comorbidities, medication (such as steroid use). For 

Comorbidities, the incidence of fractures, HR and aHR were obtained and 

compared with hypertension (I10-15), diabetes (E10-14), dyslipidemia (E78), 

stoke (I60-64), chronic kidney disease (N18, I120, E142), osteoporosis (M80-

82) and anemia (D50-53) (36) (Table 2). For the medication, thiopurine 

(azathioprine, mercaptopurine), TNF alpha inhibitors (infliximab, adalimumab) 

are reflected as in just use, otherwise on steroid is only effective for those 

prescribed for more than 7 days. The reason is that steroid is often prescribed 

for various diseases of mildness, so it is difficult to selectively check the actual 

use of IBD if the prescription is fully reflected within 7 days (Table 1).
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We checked the relative values of the other 3 groups using age group 1 as 

a reference, and obtained this task from IBD, UC, CD and the general 

population respectively.

Statistical analysis

Baseline characteristics were presented as numbers with percentages for 

categorical variables. The overall and specific vertebral and hip fracture 

incidence rates were calculated per 1,000 person-years. We estimated the 95% 

confidence interval (CI) of the incidence rates by assuming the Poisson 

distribution. The risk of vertebral and hip fracture was assessed by Cox 

regression models after adjusting age, sex, comorbities and use of 

medications. Results were presented as hazard ratios (HRs) with 95% 

confidence intervals (CIs). The P value less than 0.05 was considered 

statistically significant. All statistical analyses were performed using the SAS 

Enterprise Guide software version 6.1 (SAS Institute, Inc., Cary, NC).

Results

Baseline characteristics

Amongst the 186,871 reference population, 18,228 subjects were diagnosed 

with IBD in this study. The age at the time of diagnosis was divided into four 

groups based on the age of 16, 40, and 60, and were analyzed according to 

their gender and comorbidities (Table 1). We calculated the incidence rate, 
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IRR, and the aHR of vertebral and hip fracture in patients with IBD (n=18,828; 

64.1% males, 65.9% UC), compared with age- and sex- frequency matched 

subjects in a 1:10 ratio (n=186,871). By classifying patients with these

baseline characteristics and analyzing hazard ratios according to women, and 

comorbidities based on male IBD patients, we can see that women had more 

fractures than men and there were significantly more fractures in HTN, stroke, 

and osteoporosis patients. In multivariable analysis using the Cox regression 

model, the risk of vertebral and hip fracture increased with age (p trend < 

0.001), in female patients, aHR 1.94 (95% CI, 1.50-2.51), and in patients with 

comorbidities including osteoporosis, aHR 2.86 (95% CI, 2.10-3.89); stroke,

aHR 2.74 (95% CI, 1.78-4.21); hypertension, aHR 1.82 (95% CI, 1.38-2.41), 

diabetes mellitus, aHR 1.67 (95% CI, 1.25-2.24); and dyslipidemia, aHR 1.36

(95% CI, 1.05-1.78), (Table 2). The information about comorbidities has been 

corrected based on the baseline point of time.

Fracture Incidence

The incidence rate and the IRR of vertebral and hip fractures in IBD patients

were 2.88/1000 person-years and 1.24 (95% confidence interval [CI], 1.08–

1.42) respectively during the median follow-up of 4.5 years (e-Table 5). The 

risk for vertebral and hip fracture was significantly higher in CD (IRR 1.56, 

95% CI, 1.19- 2.04) (Table 4), whereas it was not significantly higher in UC 

patients (IRR 1.16, 95% CI, 1.00- 1.36) (Table 3), compared with matched 

controls. In CD, the IRR of vertebral fracture was 1.88 (95% CI, 1.41-2.51) and 

the IRR of hip fracture was 0.95 (95% CI, 0.51-1.78) (Table 4). In IBD patients, 

the risk of vertebral fracture was significant, but that of hip fracture was not.
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The fracture incidence rates of 4 age groups of IBD patients, and 60 years or 

older was significantly higher in UC patients, indicating that the overall IBD 

has a high rate of 60 years or older. Table 5 summarizes the effect of age on 

each group.

Age was the strongest predictor of any new fracture. Advanced age showed 

a trend of increased fracture risk. With the exception of age, recent fragility 

fracture and recent use of glucocorticoids were associated with the highest 

predicted 7-year risk of osteoporotic fracture (36). Therefore, we analyzed 

the aHR for overall fractures associated with time-dependent covariates,

cumulative corticosteroid dose, and flares during 2010.01.01 – 2014.12.31. 

The use of steroids increased the risk of vertebral and hip fractures. In IBD 

patients who used steroid compared with the reference group, the IRR of 

overall fracture was 1.37 (95% CI, 1.13-1.65). Under the same conditions, the 

IRR for UC patients was 1.33 (95% CI, 1.08-1.65), and the IRR for CD patients 

was 1.50 (95% CI, 1.03-2.20) (e-Table 6). It was assumed that those who used 

steroids for less than seven days were not used. In IBD patients it was not 

known whether the fracture risk increased, by comparing groups without 

steroid use with the reference population. But with steroid use, the risk of 

fracture was increased. UC patients did not know if they raised the fracture 

risk without steroid use, and as with the IBD as a whole, the risk increased. 

CD patients had an increased risk whether they used steroid or not. Fracture 

risk increased in CD patients who used steroid compared to the reference 

population. However, there was no statistical significance when corrected 

considering the effects of comorbidities. Despite an increase in steroid 

cumulative usage, this did not increase the risk of fractures further. The aHR

for overall fractures and cumulative steroid dose associated with baseline 
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covariates in IBD patients showed no pattern of increased risk. In the low 

steroid usage group, fracture risk was higher, lower as it high steroid usage 

group. Likewise a similar pattern was observed in UC patients and CD 

patients (Table 6). The analysis included the group that used steroids and 

the group that did not steroids, and the analysis was conducted only to 

study the effect of the cumulative capacity of the steroid itself. When we 

analyzed whether the use of non-steroid patients as reference increased, 

there were no significant results (e-Table 6).

Comparing groups both with and without steroid use in IBD patients, the HR 

was not significant. In UC patients, intravascular steroid use showed 

significant risk-raising results and that for CD patients was not significant (e-

Table 2, e-Table 3).

We compared the incidence by defining the type of fracture; either vertebral 

or hip fracture. We also looked for any differences between trabecular and 

cortical bone, however, the difference between the two was not significant. 

In IBD patients, the IRR for vertebral fracture was 1.29 (95% CI 1.08 – 1.42), 

and that for hip fracture was 1.14 (95% CI 0.86 – 1.51) (e-Table 5).

Discussion

In this nationwide population-based retrospective cohort study, we found 

that the risk for vertebral and hip fracture was increased by around 40% in 

patients with IBD, particularly in CD patients, whereas the risk was not 

significantly higher in patients with UC. So far, research on bone health in 
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Asian IBD patients has been limited, especially there has been no data on 

the fracture risk of IBD patients in Korea. It is clinically meaningful that 

increases the clinical importance of Asian IBD patients, used national data to 

identify the status of fractures and even report drug relevance.

Tjeird-Pieter Van staa's study in the UK and Jonas F. Ludvigsson's study in 

Sweden have similar conclusions like our research (8, 10). Several western 

journals have noted that IBD (CD and UC) is associated with an increased 

risk of hip fracture and other fractures (5-11). The use of steroids increased 

the risk of vertebral and hip fractures in IBD patients who used steroids 

compared with the reference group. This conclusion is the same as other 

studies published in the West and Asia (12, 14, 37). But In this study, the 

cumulative use of steroid did not increase the risk of fracture, whereas in 

other studies, the total amount of steroid increased the risk of fracture (14, 

37). Steroids are amongst the drugs commonly used by IBD patients. The 

reason why only steroid use was analyzed and other medications were 

excluded was because the hypothesis of the study would have an effect on 

the steroid (19, 28, 38, 39). Although two drugs; Thiopurine and TNF-alpha 

inhibitors were selected as covariates, the number of related fractures was 

too small to identify any effects (40, 41).

We used information on baseline instead of time-updated in covariates. 

Because if splitting it into time constant, the variety of variables would 

increase with each time period, which would have confused when 

interpreting the results. Analyzing HR according to women and comorbidities 

based on male IBD patients, we could see that women had more fractures 

than men and significantly more fractures in hypertension, stroke and 
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osteoporosis. However, comorbidities were not an important aspect of this 

study as they were included just to confirm what was expected (8, 11, 21, 30, 

36).

The biggest strength of this study was conducted by comparing the non-IBD

reference population with a 1:10 matching ratio. Other noteworthy strength 

of this study was the large number of patients with IBD, which enable to 

perform subgroup-analyses (including age group, comorbidities). As well as 

to calculate precise risk estimates. The national health insurance claims 

database covers the entire Korean, representative and comprehensive for 

disease population.

The limitation of this study are as follows; we analyzed the health insurance 

claims database using medical diagnoses from ICD-10. Because of the 

concerns regarding validity of diagnosis, we tried to use the diagnostic code 

combined with the operation code. There was a lack of data on lifestyle. 

Smoking is a well-known risk factor for osteoporosis and fractures (42), also 

there was lack of data on disease activity. Also, anemia and osteoporosis 

were not analyzed by checking laboratory data, which limited the analyses. 

Since frequency matching was performed for the entire IBD patients, the 

matching ratio was not perfect in UC and CD, respectively.

Conclusions

In this nationwide population-based retrospective cohort study from Korea, 

we found that the risk for vertebral and hip fractures increased in IBD patients,

compared with the general population. Although the UC patients were older 
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and included a higher percentage of women, the CD patients had a higher 

fracture risk regardless of their steroid use. 

A major feature of this study was that conducted by comparing the reference 

population with a 1:10 matching ratio. Patients who used steroids showed 

an increase in the risk of vertebral and hip fractures in IBD patients, which 

included UC patients and CD patients. Despite an increase in steroid 

cumulative usage, this did not increase the risk of fractures further.

Patients with CD were found to have an increase in the risk of fractures in 

the disease itself. It is important to understand that the fracture risk of CD 

patients was higher than that of UC patients, therefore they should be 

actively taking vitamin D supplements, and their bone density should be 

examined more frequently(7). 
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Table 1. Baseline characteristics of all patients with IBD with onset 2010.01.01 – 2014.12.31 (fracture of interest-free)

IBD UC CD Reference 

population

N (%) N (%) N (%) N (%)

total 18,228 (100.00) 12,011 (100.00) 6,217 (100.00) 186,871 (100.00)

FU years

    Median (IQR) 4.49 [3.29-5.69] 4.55 [3.36-5.75] 4.42 [3.24-5.58] 4.50 [3.5-5.5]

Age at first IBD diagnosis, 
(yrs)  

    Mean(SD) 36.34 (16.94) 41.50 (16.31) 26.94 (14.24) 36.31 (17.58)

    Median (IQR) 34 [22-49] 41 [28-53] 22 [17-33] 34 [22-49]

    A1: less than 16 yrs ≤ 16 1,983 (10.88) 533 (4.44) 1,450 (23.32) 22,563 (12.09)

    A2: between 17 & 40 yrs 17 <  ≤ 40 8,636 (47.38) 5,238 (43.61) 3,398 (54.66) 86,482 (46.33)

    A3-1: between 40 & 60 yrs 40 <  ≤ 60 5,235 (28.72) 4,476 (37.27) 759 (12.21) 53,598 (28.71)

    A3-2: over 60 yrs > 60 2,374 (13.02) 1,764 (14.69) 610 (9.81) 24,228 (12.98)

Gender Male 11,681 (64.08) 7,172 (59.71) 4,509 (72.53) 119,735 (64.14)

Female 6,547 (35.92) 4,839 (40.29) 1,708 (27.47) 67,136 (35.96)

Comorbidities Hypertension 2,319 (12.72) 1,963 (16.34) 356 (5.73) 24,792 (13.28)

Diabetes mellitus 1,707 (9.36) 1,265 (10.53) 442 (7.11) 13,423 (7.19)

Dyslipidemia 4,069 (22.32) 2,881 (23.99) 1,188 (19.11) 24,353 (13.05)

Stroke 261 (1.43) 216 (1.80) 45 (0.72) 2,502 (1.34)

Chronic kidney disease 106 (0.58) 78 (0.65) 28 (0.45) 904 (0.48)

Osteoporosis 1,064 (5.84) 685 (5.70) 379 (6.10) 4,897 (2.62)

Anemia 4,483 (24.59) 2,205 (18.36) 2,278 (36.64) 4,375 (2.34)
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Use of medications Systemic steroids ≥7day 9,087 (49.85) 5,392 (44.89) 3,695 (59.43) 34,378 (18.42)

Oral steroids≥7 day 9,040 (49.59) 5,371 (44.72) 3,669 (59.02) 34,051 (18.24)

IV steroids ≥7 day 1,469 (8.06) 963 (8.02) 506 (8.14) 871 (0.47)

Others 6,672 (36.60) 2,134 (17.77) 4,538 (72.99) 307 (0.16)

Thiopurines 6,373 (34.96) 2,009 (16.73) 4,364 (70.19) 247 (0.13)

Anti-TNF-agents 1,997 (10.96) 629 (5.24) 1,368 (22.00) 106 (0.06)

*Others : thiopurine & anti-TNF alpha inhibitor

Abbreviations 

SD: standard deviation, IQR: interquartile range, IBD: Inflammatory bower diseases, UC: ulcerative colitis, CD: Crohn’s disease, 

IV: intravenous, TNF: Tumor necrosis factor
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Table 2. Risk of vertebral and hip fractures of patients with IBD with onset 2010.01.01 – 2014.12.31 (fracture of interest-free)

Total N No of 

event

Sum of 

person-

years

Median of 

person-

years

Incidence 

rate

95% CI HR 95% CI adjusted 

HR

95% CI

Total 18,228 236 81805.1 4.5 2.88 (2.53 -3.28)

Age at first IBD diagnosis, (yrs)  

    A1: less than 16 yrs ≤ 16 1,983 5 8691.9 4.3 0.58 (0.19 -1.34) 1.0(Ref) 1.0(Ref)

    A2: between 17 & 40 yrs 17 <  ≤ 40 8,636 18 38839.6 4.5 0.46 (0.27 -0.73) 0.81 (0.30 -2.17) 0.79 (0.29 -2.13)

    A3-1: between40 & 60 yrs 40 <  ≤ 60 5,235 66 23866.7 4.6 2.77 (2.14 -3.52) 4.81 (1.94 -11.95) 4.60 (1.85 -11.43)

    A3-2: over 60 yrs > 60 2,374 147 10406.9 4.4 14.13 (11.93 -16.60) 24.57 (10.08 -59.91) 24.04 (9.86 -58.62)

Gender Male 11,681 112 52366.3 4.5 2.14 (1.76 -2.57) 1.0(Ref) 1.0(Ref)

Female 6,547 124 29438.7 4.5 4.21 (3.50 -5.02) 1.97 (1.53 -2.54) 1.94 (1.50 -2.51)

Comorbidities Hypertension 2,319 108 10286.0 4.4 10.50 (8.61 -12.68) 5.87 (4.54 -7.58) 1.82 (1.38 -2.41)

Diabetes mellitus 1,707 66 7600.3 4.5 8.68 (6.72 -11.05) 3.79 (2.85 -5.30) 1.67 (1.25 -2.24)

Dyslipidemia 4,069 94 17474.2 4.2 5.38 (4.35 -6.58) 2.43 (1.88 -1.36) 1.36 (1.05 -1.78)

Stroke 261 24 1122.2 4.3 21.39 (13.70 -31.82) 8.15 (5.35 -12.43) 2.74 (1.78 -4.21)

Chronic kidney disease 106 3 472.0 4.4 6.36 (1.31 -18.58) 2.23 (0.71 -6.95) 1.34 (0.43 -4.18)

Osteoporosis 1,064 68 4517.3 4.2 15.05 (11.69 -19.08) 6.92 (5.22 -9.18) 2.86 (2.10 -3.89)

Anemia 4,483 62 19543.9 4.3 3.17 (2.43 -4.07) 1.13 (0.85 -1.51) 1.22 (0.91 -1.63)

Use of medications Systemic steroids 9,812 116 41414.2 4.6 2.80 (2.31 -3.36) 0.94 (0.73 -1.22) 1.08 (0.84 -1.40)

Oral steroids 9,277 115 41224.2 4.6 2.79 (2.30 -3.35) 0.94 (0.73 -1.21) 1.07 (0.83 -1.38)

IV steroids 4,440 29 6797.4 4.7 4.27 (2.86 -6.13) 1.55 (1.05 -2.29) 1.54 (1.05 -2.28)
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Others 6,672 61 30320.6 4.6 2.01 (1.54 -2.58) 0.59 (0.44 -0.79) 0.98 (0.73 -1.32)

Thiopurines 6,373 56 29006.3 4.6 1.93 (1.46 -2.51) 0.57 (0.42 -0.77) 0.94 (0.69 -1.28)

Anti-TNF-agents 1,997 21 9351.0 4.8 2.25 (1.39 -3.43) 0.76 (0.48 -1.19) 1.22 (0.77 -1.92)

Abbreviations

IBD: Inflammatory bowel disease, HR: hazard ratio, CI: confidence interval, IV: intravenous, TNF: tumor necrosis factor, NE: not estimated 

adjusted for age and sex
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Table 3. Incidence rates and Incidence rate ratio by kinds of fractures of UC patients

Observed 

cases

(%) Sum of 

Person-

years

Incidence 

rate

95% CI Incidence 

rate ratio a

95% CI Adjusted 

hazard 

ratio b

95% CI Adjusted 

hazard 

ratio c

95% CI

Overall fractures 180 (1.50) 54304.59 3.31 (2.85 - 3.84) 1.16 (1.00 - 1.36) 1.14 (0.98 - 1.33) 1.07 (0.92 - 1.25)

  Vertebral fractures 141 (1.17) 54304.59 2.60 (2.19 - 3.06) 1.17 (0.98 - 1.39) 1.14 (0.96 - 1.36) 1.06 (0.89 - 1.26)

    Thoracic spine 67 (0.56) 54304.59 1.23 (0.96 - 1.57) 1.41 (1.10 - 1.82) 1.39 (1.08 - 1.78) 1.28 (0.99 - 1.65)

     Lumbar spine 104 (0.87) 54304.59 1.92 (1.56 - 2.32) 1.18 (0.97 - 1.44) 1.16 (0.95 - 1.42) 1.07 (0.88 - 1.32)

  Hip fractures 45 (0.37) 54304.59 0.83 (0.60 - 1.11) 1.20 (0.88 - 1.64) 1.20 (0.88 - 1.63) 1.14 (0.84 - 1.56)

     Hip fractures 8 (0.07) 54304.59 0.15 (0.06 - 0.29) 0.68 (0.33 - 1.38) 0.66 (0.33 - 1.35) 0.63 (0.31 - 1.29)

     Neck of femur 18 (0.15) 54304.59 0.33 (0.20 - 0.52) 1.42 (0.87 - 2.31) 1.39 (0.85 - 2.27) 1.32 (0.80 - 2.15)

    Peritrochanteric fracture 18 (0.15) 54304.59 0.33 (0.20 - 0.52) 1.54 (0.93 - 2.55) 1.56 (0.94 - 2.59) 1.53 (0.92 - 2.54)

     Subtrochanteric fracture 1 (0.01) 54304.59 0.02 (0.00 - 0.10) 1.00 (0.13 - 7.64) 0.99 (0.13 - 7.60) 0.89 (0.11 - 6.93)

Incidence rate (/1000person-years), CI: confidence interval

a Incidence rate ratio of IBD patients compared with an age-, sex-matched non-IBD reference population

b adjusted for presence of hypertension, diabetes mellitus, dyslipidemia, stroke, osteoporosis,

c adjusted for presence of hypertension, diabetes mellitus, dyslipidemia, stroke, osteoporosis, and use of systemic steroids
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Table 4. Incidence rates and Incidence rate ratio by kinds of fractures of CD patients

Observed 
cases

(%) Sum of 
Person-
years

Incidence 
rate

95% CI Incidence 
rate ratio 

a

95% CI Adjusted 
hazard 
ratio b

95% CI Adjusted 
hazard 
ratio c

95% CI

Overall fractures 56 (0.90) 27500.47 2.04 (1.54 - 2.64) 1.56 (1.19 - 2.04) 1.47 (1.13 - 1.92) 1.33 (1.02 - 1.74)

Vertebral fractures 49 (0.79) 27500.47 1.78 (1.32 - 2.36) 1.88 (1.41 - 2.51) 1.78 (1.33 - 2.37) 1.60 (1.20 - 2.13)

Thoracic spine 18 (0.29) 27500.47 0.65 (0.39 - 1.03) 1.90 (1.19 - 3.04) 1.77 (1.11 - 2.85) 1.58 (0.98 - 2.54)

Lumbar spine 39 (0.63) 27500.47 1.42 (1.01 - 1.94) 2.01 (1.46 - 2.77) 1.89 (1.37 - 2.61) 1.71 (1.24 - 2.37)

Hip fractures 10 (0.16) 27500.47 0.36 (0.17 - 0.67) 0.95 (0.51 - 1.78) 0.89 (0.47 - 1.67) 0.83 (0.44 - 1.57)

Hip fractures 4 (0.06) 27500.47 0.15 (0.04 - 0.37) 0.74 (0.27 - 2.02) 0.69 (0.26 - 1.88) 0.65 (0.24 - 1.78)

Neck of femur 4 (0.06) 27500.47 0.15 (0.04 - 0.37) 1.44 (0.53 - 3.90) 1.30 (0.48 - 3.52) 1.19 (0.44 - 3.27)

Peritrochanteric fracture 2 (0.03) 27500.47 0.07 (0.01 - 0.26) 0.93 (0.23 - 3.77) 0.89 (0.22 - 3.63) 0.86 (0.21 - 3.52)

Subtrochanteric fracture 0 (0.00) 27500.47 0.00 NE NE NE

Incidence rate (/1000person-years), CI: confidence interval

a Incidence rate ratio of IBD patients compared with an age-, sex-matched non-IBD reference population

b adjusted for presence of hypertension, diabetes mellitus, dyslipidemia, stroke, osteoporosis,

c adjusted for presence of hypertension, diabetes mellitus, dyslipidemia, stroke, osteoporosis, and use of systemic steroids
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Table 5. Incidence rates and relative risks for age group of overall fractures among IBD patients

Total 

N

No 

of 

event

Sum of 

person-

years

median 

person-

years

Incidence 

rate

95% CI HR 95% CI adjusted 

HR

95% CI

Reference population

A1: less than 16 yrs ≤ 16 22,563 57 99433.6 4.5 0.57 (0.43 -0.74) 1.0(Ref) 1.0(Ref)a

A2: between 17 & 40 

yrs
17 <  ≤ 40 86,482 258 388119.7 4.5 0.66 (0.59 -0.75) 1.16 (0.87 -1.54) 1.12 (0.84 -1.49)

A3-1: between  40 & 

60 yrs
40 <  ≤ 60 53,598 592 244487.7 4.5 2.42 (2.23 -2.62) 4.22 (3.21 -5.53) 3.99 (3.04 -5.24)

A3-2: over 60 yrs > 60 24,228 1,093 107216.1 4.5 10.19 (9.60 -10.82) 17.75 (13.60 -23.17) 17.08 (13.09 -22.30)

IBD patients

A1: less than 16 yrs ≤ 16 1,983 5 8691.9 4.3 0.58 (0.19 -1.34) 1.0(Ref) 1.0(Ref)a

A2: between 17 & 40 

yrs
17 <  ≤ 40 8,636 18 38839.6 4.5 0.46 (0.27 -0.73) 0.81 (0.30 -2.17) 0.79 (0.29 -2.13)

A3-1: between  40 & 

60 yrs
40 <  ≤ 60 5,235 66 23866.7 4.6 2.77 (2.14 -3.52) 4.81 (1.94 -11.95) 4.60 (1.85 -11.43)

A3-2: over 60 yrs > 60 2,374 147 10406.9 4.4 14.13 (11.93 -16.60) 24.57 (10.08 -59.91) 24.04 (9.86 -58.62)

UC  ptatients

A1: less than 16 yrs ≤ 16 533 1 2414.8 4.5 0.41 (0.01 -2.31) 1.0(Ref) 1.0(Ref)a

A2: between 17 & 40 

yrs
17 <  ≤ 40 5,238 8 23700.4 4.6 0.34 (0.15 -0.67) 0.82 (0.10 -6.51) 0.82 (0.10 -6.53)
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A3-1: between  40 & 

60 yrs
40 <  ≤ 60 4,476 55 20415.1 4.6 2.69 (2.03 -3.51) 6.50 (0.90 -46.93) 6.63 (0.92 -47.85)

A3-2: over 60 yrs > 60 1,764 116 7774.3 4.4 14.92 (12.33 -17.90) 36.00 (5.03 -257.55) 36.94 (5.16 -264.32)

CD  ptatients

A1: less than 16 yrs ≤ 16 1,450 4 6277.1 4.3 0.64 (0.17 -1.63) 1.0(Ref) 1.0(Ref)a

A2: between 17 & 40 

yrs
17 <  ≤ 40 3,398 10 15139.2 4.5 0.66 (0.32 -1.21) 1.04 (0.33 -3.32) 1.10 (0.35 -3.52)

A3-1: between  40 & 

60 yrs
40 <  ≤ 60 759 11 3451.6 4.5 3.19 (1.59 -5.70) 5.05 (1.61 -15.86) 4.47 (1.42 -14.04)

A3-2: over 60 yrs > 60 610 31 2632.6 4.2 11.78 (8.00 -16.71) 18.61 (6.57 -52.73) 18.32 (6.47 -51.90)

Abbreviations

IBD: Inflammatory bower diseases, UC: ulcerative colitis, CD: Crohn’s disease, HR: hazard ratio, CI: confidence interval

Incidence rate (/1000person-years)

aHR: adjusted for gender, presence of hypertension, diabetes mellitus, dyslipidemia, stroke, chronic kidney disease, osteoporosis, anemia and use of 

systemic steroids
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Table 6. Adjusted hazard ratios for overall fractures associated with baseline covariates (cumulative corticosteroid dose and 

flares) during (2010.01.01 – 2014.12.31)

Total N Observed 

cases

Sum of 

Person-years

Median 

of 

person-

years

Incidence 

rate

95% CI Incidence 

rate ratio 

a

95% CI adjusted 

HR b

95% CI

Cumulative steroid dose and 

fractures in patients with IBD

18,228 236 81805.1 4.5 2.88 (2.53 -3.28)

IBD with 0mg 9,141 120 40390.9 4.4 2.97 (2.46 -3.55) 1.0(Ref) 1.0(Ref)

IBD with >0 to 1,500mg 3,306 52 14592.8 4.4 3.56 (2.66 -4.67) 1.20 (0.87 -1.66) 1.30 (0.94 -1.80)

IBD with >1,500mg to 

3,000mg

2,651 31 11820.3 4.5 2.62 (1.78 -3.72) 0.88 (0.60 -1.31) 1.15 (0.77 -1.71)

IBD with >3,000mg 3,130 33 15001.1 4.9 2.20 (1.51 -3.09) 0.74 (0.51 -1.09) 0.96 (0.63 -1.38)

Cumulative steroid dose and 

fractures in patients with UC

12,011 180 54304.6 4.5 3.31 (2.85 -3.84)

UC with 0mg 6,619 91 29454.6 4.5 3.09 (2.49 -3.79) 1.0(Ref) 1.0(Ref)

UC with >0 to 1,500mg 2,016 37 9123.0 4.5 4.06 (2.86 -5.59) 1.31 (0.90 -1.92) 1.27 (0.87 -1.87)

UC with >1,500mg to 

3,000mg

1,375 24 6181.9 4.5 3.88 (2.49 -5.78) 1.26 (0.80 -1.97) 1.40 (0.89 -2.20)

UC with >3,000mg 2,001 28 9545.0 4.8 2.93 (1.95 -4.24) 0.95 (0.62 -1.45) 1.08 (0.70 -1.65)

Cumulative steroid dose and 

fractures in patients with CD

3,695 56 27500.5 4.4 2.04 (1.54 -2.64)
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CD with 0mg 2,522 29 10936.3 4.3 2.65 (1.78 -3.81) 1.0(Ref) 1.0(Ref)

CD with >0 to 1,500mg 1,290 15 5469.8 4.2 2.74 (1.53 -4.52) 1.03 (0.55 -1.92) 1.38 (0.73 -2.59)

CD with >1,500mg to 

3,000mg

1,276 7 5638.4 4.4 1.24 (0.50 -2.56) 0.47 (0.21 -1.07) 0.67 (0.29 -1.55)

CD with >3,000mg 1,129 5 5456.1 4.9 0.92 (0.30 -2.14) 0.65 (0.14 -0.92) 0.53 (0.20 -1.39)

Abbreviations

IBD: Inflammatory bower diseases, UC: ulcerative colitis, CD: Crohn’s disease HR: hazard ratio, CI: confidence interval

Incidence rate (/1000person-years)

a Incidence rate ratio of IBD patients compared with an age-, sex-matched non-IBD reference population

b adjusted for presence of hypertension, diabetes mellitus, dyslipidemia, stroke, osteoporosis,
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Supplementary material

e-Table 1. Risk of vertebral and hip fractures of reference population 2010.01.01 – 2014.12.31 (fracture of interest-free)

Total N No of 

event

Sum of 

person-

years

Median of 

person-

years

Incidence 

rate

95% CI HR 95% CI adjusted 

HR

95% CI

Total 186,871 2,000 839257.1 4.5 2.38 (2.28 -2.49)

Matched age at first IBD 

diagnosis, (yrs)  

    A1: less than 16 yrs ≤ 16 22,563 57 99433.6 4.5 0.57 (0.43 -0.74) 1.0(Ref) 1.0(Ref)

    A2: between 17 & 40 yrs 17 <  ≤ 40 86,482 258 388119.7 4.5 0.66 (0.59 -0.75) 1.16 (0.87 -1.54) 1.12 (0.84 -1.49)

    A3-1: between40 & 60 yrs 40 <  ≤ 60 53,598 592 244487.7 4.5 2.42 (2.23 -2.62) 4.22 (3.21 -5.53) 3.99 (3.04 -5.24)

    A3-2: over 60 yrs > 60 24,228 1,093 107216.1 4.5 10.19 (9.60 -10.82) 17.75 (13.60 -23.17) 17.08 (13.09 -22.30)

Gender Male 119,735 985 536564.2 4.5 1.84 (1.72 -1.95) 1.0(Ref) 1.0(Ref)

Female 67,136 1,015 302692.9 4.5 3.35 (3.15 -3.57) 1.83 (1.67 -1.99) 1.76 (1.61 -1.92)

Comorbidities Hypertension 24,792 847 110796.6 4.5 7.64 (7.14 -8.18) 4.83 (4.42 -5.28) 1.77 (1.61 -1.95)

Diabetes mellitus 13,423 448 59459.0 4.5 7.53 (6.85 -8.27) 3.79 (3.41 -4.21) 1.62 (1.45 -1.81)

Dyslipidemia 24,353 582 102324.2 4.5 5.69 (5.24 -6.17) 2.96 (2.69 -3.26) 1.37 (1.24 -1.52)

Stroke 2,502 153 11086.4 4.5 13.80 (11.70 -16.17) 6.19 (5.25 -7.29) 2.09 (1.77 -2.48)

Chronic kidney disease 904 34 3957.4 4.5 8.59 (5.95 -12.01) 3.65 (2.60 -5.13) 1.67 (1.19 -2.35)

Osteoporosis 4,897 379 21450.3 4.5 17.67 (15.93 -19.54) 8.91 (7.96 -9.96) 2.74 (2.42 -3.11)
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Anemia 4,375 114 19590.9 4.5 5.82 (4.80 -6.99) 2.53 (2.09 -3.05) 1.59 (1.32 -1.93)

Use of medications Systemic steroids 34378 617 163114.2 4.5 3.78 (3.49 -4.09) 1.85 (1.68 -2.03) 1.53 (1.39 -1.68)

Oral steroids 34,051 599 161552.8 4.5 3.71 (3.42 -4.02) 1.79 (1.63 -1.97) 1.50 (1.36 -1.65)

IV steroids 871 57 4212.8 5.5 13.53 (10.25 -17.53) 5.78 (4.44 -7.53) 2.97 (2.28 -3.87)

Others 307 5 1395.3 4.5 3.58 (1.16 -8.36) 1.51 (0.63 -3.63) 1.81 (0.75 -4.36)

Thiopurines 247 5 1130.2 4.5 4.42 (1.44 -10.32) 1.86 (0.77 -4.46) 2.08 (0.86 -4.99)

Anti-TNF-agents 106 - 480.2 4.5 NE NE NE

Abbreviations

HR: hazard ratio, CI: confidence interval, IV: intravenous, TNF: tumor necrosis factor, NE: not estimated 

Incidence rate (/1000person-years)

adjusted for age and sex
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e-Table 2. Risk of vertebral and hip fractures of patients with UC with onset 2010.01.01 – 2014.12.31 (fracture of interest-free)

Total N No of 

event

Sum of 

person-

years

Median of 

person-

years

Incidence 

rate

95% CI HR 95% CI adjuste

d HR

95% CI

Total 12,011 130 54304.6 4.5 2.39 (2.00 -2.84)

Age at first UCdiagnosis, (yrs)  

    A1: less than 16 yrs ≤ 16 533 1 2414.8 4.5 0.41 (0.01 -2.31) 1.0(Ref) 1.0(Ref)

    A2: between 17 & 40 yrs 17 <  ≤ 40 5,238 8 23700.4 4.6 0.34 (0.15 -0.67) 0.82 (0.10 -6.51) 0.82 (0.10 -6.55)

    A3-1: between40 & 60 yrs 40 <  ≤ 60 4,476 5 20415.1 4.6 0.24 (0.08 -0.57) 6.50 (0.90 -46.93) 6.63 (0.92 -47.85)

    A3-2: over 60 yrs > 60 1,764 116 7774.3 4.4 14.92 (12.33 -17.90) 36.00 (5.03 -257.55) 36.94 (5.16 -264.32)

Gender Male 7,172 89 32450.1 4.5 2.74 (2.20 -3.38) 1.0(Ref) 1.0(Ref)

Female 4,839 91 21854.5 4.5 4.16 (3.35 -5.11) 1.52 (1.13 -2.03) 1.65 (1.23 -2.21)

Comorbidities Hypertension 1,963 82 8767.7 4.5 9.35 (7.44 -11.61) 4.35 (3.24 -5.83) 1.40 (1.02 -1.91)

Diabetes mellitus 1,265 47 5680.4 4.5 8.27 (6.08 -11.00) 3.02 (2.17 -4.22) 1.35 (0.96 -1.90)

Dyslipidemia 2,881 70 12457.1 4.3 5.62 (4.38 -7.10) 2.14 (1.59 -2.89) 1.17 (0.86 -1.58)

Stroke 216 19 943.3 4.5 20.14 (12.13 -31.45) 6.70 (4.16 -10.77) 2.54 (1.66 -4.12)

Chronic kidney disease 78 3 348.1 4.4 8.62 (1.78 -25.19) 2.63 (0.84 -8.24) 1.51 (0.48 -4.74)

Osteoporosis 685 46 2910.9 4.1 15.80 (11.57 -21.08) 6.08 (4.35 -8.49) 2.38 (1.65 -3.44)

Anemia 2,205 39 9613.4 4.3 4.06 (2.88 -5.55) 1.29 (0.90 -1.83) 1.31 (0.92 -1.87)

Use of medications Systemic steroids 5,392 89 24850.0 4.7 3.58 (2.88 -4.41) 1.16 (0.87 -1.55) 1.20 (0.90 -1.61)

Oral steroids 5,371 88 24764.9 4.7 3.55 (2.85 -4.38) 1.14 (0.85 -1.53) 1.19 (0.89 -1.59)

IV steroids 963 22 4441.4 4.7 4.95 (3.10 -7.50) 1.56 (1.00 -2.44) 1.52 (0.97 -2.38)
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Others 2,134 36 10163.7 4.9 3.54 (2.48 -4.90) 1.09 (0.75 -1.56) 1.33 (0.92 -1.92)

Thiopurines 2,009 31 9588.4 4.9 3.23 (2.20 -4.59) 0.97 (0.66 -1.43) 1.18 (0.80 -1.74)

Anti-TNF-agents 629 15 2980.3 4.9 5.03 (2.82 -8.30) 1.56 (0.92 -2.65) 2.12 (1.25 -3.60)

Abbreviations

UC: ulcerative colitis, HR: hazard ratio, CI: confidence interval, IV: intravenous, TNF: tumor necrosis factor, NE: not estimated 

adjusted for age and sex
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e-Table 3. Risk of vertebral and hip fractures of patients with CD with onset 2010.01.01 – 2014.12.31 (fracture of interest-free)

Total N No of 

event

Sum of 

person-

years

Median of 

person-

years

Incidence 

rate

95% CI HR 95% CI adjuste

d HR

95% CI

Total 6,217 56 27500.5 4.4 2.04 (1.54 -2.64)

Age at first CD diagnosis, (yrs)  

    A1: less than 16 yrs ≤ 16 1,450 4 6277.1 4.3 0.64 (0.17 -1.63) 1.0(Ref) 1.0(Ref)

    A2: between 17 & 40 yrs 17 <  ≤ 40 3,398 10 15139.2 4.5 0.66 (0.32 -1.21) 1.04 (0.33 -3.32) 1.04 (0.35 -3.52)

    A3-1: between40 & 60 yrs 40 <  ≤ 60 759 11 3451.6 4.5 3.19 (1.59 -5.70) 5.05 (1.61 -15.86) 4.47 (1.42 -14.04)

    A3-2: over 60 yrs > 60 610 31 2632.6 4.2 11.78 (8.00 -16.71) 18.61 (6.57 -52.73) 18.32 (6.47 -51.90)

Gender Male 4,509 23 19916.2 4.4 1.15 (0.73 -1.73) 1.0(Ref) 1.0(Ref)

Female 1,708 33 7584.2 4.5 4.35 (3.00 -6.11) 3.78 (2.22 -6.44) 3.35 (1.96 -5.72)

Comorbidities Hypertension 356 26 1518.3 4.1 17.12 (11.19 -25.09) 14.90 (8.81 -25.20) 4.38 (2.37 -8.09)

Diabetes mellitus 442 19 1919.9 4.3 9.90 (5.96 -15.45) 6.83 (3.93 -11.88) 2.99 (1.67 -5.35)

Dyslipidemia 1,188 24 5017.2 4.1 4.78 (3.06 -7.12) 3.32 (1.96 -5.64) 2.04 (1.19 -3.52)

Stroke 45 5 178.9 3.8 27.95 (9.07 -65.22) 14.73 (5.88 -36.91) 3.21 (1.25 -8.21)

Chronic kidney disease 28 - 123.9 4.0 NE NE NE

Osteoporosis 379 22 1606.3 4.2 13.70 (8.58 -20.74) 10.42 (6.09 -17.82) 4.68 (2.61 -8.39)

Anemia 2,278 23 9930.5 4.4 2.32 (1.47 -3.48) 1.22 (0.72 -2.08) 1.03 (0.58 -1.73)

Use of medications Systemic steroids 3,695 27 16564.2 4.5 1.63 (1.07 -2.37) 0.62 (0.37 -1.05) 0.76 (0.45 -1.29)

Oral steroids 3,669 27 16459.3 4.5 1.64 (1.08 -2.39) 0.63 (0.37 -1.06) 0.76 (0.45 -1.30)

IV steroids 506 7 2356.1 4.8 2.97 (1.19 -6.12) 1.55 (0.70 -3.43) 1.51 (0.68 -3.34)
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Others 4,538 25 20156.9 4.4 1.24 (0.80 -1.83) 0.29 (0.17 -0.50) 0.52 (0.30 -0.91)

Thiopurines 4,364 25 19417.9 4.4 1.29 (0.83 -1.90) 0.34 (0.20 -0.57) 0.61 (0.35 -1.06)

Anti-TNF-agents 1,368 6 6370.7 4.7 0.94 (0.35 -2.05) 0.41 (0.17 -0.94) 0.53 (0.23 -1.26)

Abbreviations

CD: Crohn’s disease, HR: hazard ratio, CI: confidence interval, IV: intravenous, TNF: tumor necrosis factor, NE: not estimated 

adjusted for age and sex
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e-Table 4. Incidence rates and Incidence rate ratio by kinds of fractures of reference population

Observed 
cases

(%)
Sum of Person-

years
Incidence 

rate
95% CI

Overall fractures 2000 (1.07) 839257.12 2.38 (2.28 - 2.49)
    Vertebral fractures 1548 (0.83) 839257.12 1.84 (1.75 - 1.94)
        Thoracic spine 604 (0.32) 839257.12 0.72 (0.66 - 0.78)
        Lumbar spine 1127 (0.60) 839257.12 1.34 (1.27 - 1.42)
    Hip fractures 497 (0.27) 839257.12 0.59 (0.54 - 0.65)
        Hip fractures 180 (0.10) 839257.12 0.21 (0.18 - 0.25)
        Neck of femur 162 (0.09) 839257.12 0.19 (0.16 - 0.23)
        Peritrochanteric fracture 141 (0.08) 839257.12 0.17 (0.14 - 0.20)
        Subtrochanteric fracture 14 (0.01) 839257.12 0.02 (0.01 - 0.03)

Incidence rate (/1000person-years), CI: confidence interval
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e-Table 5. Incidence rates and Incidence rate ratio by kinds of fractures of IBD patients

Observed 
cases

(%) Sum of 
Person-
years

Incidence 
rate

95% CI Incidence 
rate ratio a

95% CI Adjusted 
hazard 
ratiob

95% CI Adjusted 
hazard 
ratio c

95% CI

Overall fractures 236 (1.29) 81805.05 2.88 (2.53 -3.28) 1.24 (1.08 -1.42) 1.21 (1.05 -1.38) 1.12 (0.98 -1.29)

    Vertebral fractures 190 (1.04) 81805.05 2.32 (2.00 -2.68) 1.29 (1.11 -1.50) 1.26 (1.08 -1.46) 1.16 (1.00 -1.35)

      Thoracic spine 85 (0.47) 81805.05 1.04 (0.83 -1.28) 1.50 (1.19 -1.88) 1.45 (1.16 -1.83) 1.34 (1.06 -1.68)

      Lumbar spine 143 (0.78) 81805.05 1.75 (1.47 -2.06) 1.33 (1.12 -1.58) 1.29 (1.08 -1.54) 1.19 (1.00 -1.42)

    Hipfractures 55 (0.30) 81805.05 0.67 (0.51 -0.88) 1.14 (0.86 -1.51) 1.12 (0.84 -1.48) 1.07 (0.81 -1.43)

     Hip fractures 12 (0.07) 81805.05 0.15 (0.08 -0.26) 0.69 (0.39 -1.24) 0.67 (0.37 -1.20) 0.64 (0.35 -1.15)

     Neck of femur 22 (0.12) 81805.05 0.27 (0.17 -0.41) 1.42 (0.91 -2.22) 1.38 (0.88 -2.16) 1.31 (0.83 -2.06)

     Peritrochanteric fracture 20 (0.11) 81805.05 0.24 (0.15 -0.38) 1.44 (0.89 -2.33) 1.44 (0.89 -2.32) 1.40 (0.86 -2.28)

     Subtrochanteric fracture 1 (0.01) 81805.05 0.01 (0.00 -0.07) 0.79 (0.10 -5.99) 0.78 (0.10 -5.98) 0.70 (0.09 -5.41)

Incidence rate (/1000person-years), CI: confidence interval

a Incidence rate ratio of IBD patients compared with an age-, sex-matched non-IBD reference population

b adjusted for presence of hypertension, diabetes mellitus, dyslipidemia, stroke, osteoporosis,

c adjusted for presence of hypertension, diabetes mellitus, dyslipidemia, stroke, osteoporosis, and use of systemic steroids
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e-Table 6. Adjusted hazard ratios for overall fractures associated with baseline covariates of reference population (cumulative 

corticosteroid dose and flares) during (2010.01.01 – 2014.12.31)

Total N Observed 

cases

Sum of 

Person-years

Median 

of 

person-

years

Incidence 

rate

95% CI Incidence 

rate ratio 

a

95% CI adjusted 

HR b

95% CI

Fractures in reference 

population
186,871 2,000 839257.1 4.5 2.38 (2.28 -2.49) 1.0(ref) 1.0(ref)

Effect of IBD before steroid 

prescription

IBD 0mg compared with 

reference 0mg
9,141 120 40390.9 4.4 2.97 (2.46 -3.55) 1.13 (0.94 -1.36) 1.11 (0.92 -1.33)

IBD >0mg compared 

with reference 0mg
9,087 116 41414.2 4.6 2.80 (2.31 -3.36) 1.37 (1.13 -1.65) 1.33 (1.10 -1.61)

Effect of UC before steroid 

prescription

UC 0mg compared with 

reference 0mg
6,619 91 29454.6 4.5 3.09 (2.49 -3.79) 1.04 (0.84 -1.28) 1.02 (0.83 -1.26)

UC >0mg compared 

with reference 0mg
5,392 89 24850.0 4.6 3.58 (2.88 -4.41) 1.33 (1.08 -1.65) 1.31 (1.06 -1.62)

Effect of CD before steroid 

prescription
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CD 0mg compared with 

reference 0mg
2,522 29 10936.3 4.3 2.65 (1.78 -3.81) 1.62 (1.12 -2.34) 1.54 (1.07 -2.22)

CD >0mg compared 

with reference 0mg
3,695 27 16564.2 4.5 1.63 (1.07 -2.37) 1.50 (1.03 -2.20) 1.40 (0.96 -2.06)

Abbreviations

IBD: Inflammatory bower diseases, UC: ulcerative colitis, CD: Crohn’s disease

a Incidence rate ratio of IBD patients compared with an age-, sex-matched non-IBD reference population

b adjusted for presence of hypertension, diabetes mellitus, dyslipidemia, stroke, osteoporosis,
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국문 요약

연구배경 : 이 연구는 염증성 장질환(IBD) 환자들에서 척추 골절과 고관절

골절의 발생 위험성을 확인하는 것을 목표로 국가 인구를 기반으로

이루어졌다. 궤양성 대장염(UC) 및 크론병(CD) 환자의 척추 및 고관절

골절의 위험성을 비환자군과 비교하였다. 또한 스테로이드의 사용이

염증성 장질환 환자의 척추 및 고관절 골절 위험을 올리는지에 대해서도

분석하고자 하였다.

연구방법 : 2007~2016 년 국민건강보험 데이터베이스의 자료를 활용하여

대상기간 동안 진단된 염증성 장질환 환자의 척추 및 고관절 골절 발생의

발생률비 (IRR)와 보정한 상대위험도 (aHR)를 1:10(n=186,871)으로 짝지어

연령 및 성별 일치 대상자와 비교했다.

연구결과 : 염증성 장질환 환자의 척추 및 고관절 골절의 발생률은

2.88/1000 인년이었다. 척추 및 고관절 골절 발생 위험은 크론병(IRR 1.56, 

95% CI, 1.19~2.04)에서는 현저히 높았지만 궤양성 대장염(IRR 1.16, 95% CI, 

1.00~1.36)에서는 대조군에 비해 유의하게 높지는 않았다. 스테로이드의

사용은 척추와 고관절 골절 발생의 위험을 증가시켰지만 누적 사용량의

증가가 골절 위험성의 증가로 이어지지는 않았다. 다변량 분석에서는

나이가 들수록 척추 및 고관절 골절 발생 위험이 증가하는 등의 결과를

확인하였다. 골절의 유형을 뼈의 구성에 따라 나누어 척추 골절과 고관절

골절의 발생률을 비교하였지만 둘 사이의 의미있는 차이는 없었다.

연구결론 : 염증성 장질환 환자의 척추 및 고관절 골절 발생의 위험성이

비환자군에 비해 증가하였다. 궤양성 대장염 환자는 상대적으로 나이가

많고 여성 비율이 높은데도 불구하고 크론병 환자들이 스테로이드 사용과

무관하게 골절 발생 위험이 높은 것으로 확인되었다. 따라서 크론병



41

환자에게 비타민 D 보충을 적극적으로 고려해야 하며, 골밀도 검사를 더

이른 시기에 시작하고 자주 시행하는 것이 도움이 될 수 있겠다.
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