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Background 30

Recent data associated higher mortality with medical rather than surgical intervention in 31 ulcerative colitis (UC) patients requiring hospitalisation. Factors influencing UC-related 32 mortality in Scotland were examined. 33 Method 34 Using the national record linkage database 1998-2000, three year mortality was 35 determined after four admission types: colectomy elective, emergency; no colectomy 36 elective, emergency. 37 Results 38 Of 1078 patients crude three year mortality rates were: colectomy elective 5.6% (177) and 39 emergency 9.0% (100); no colectomy elective 9.8% (244) and emergency 16.0% (557). 40 Using elective colectomy as reference, multivariate analysis (OR ([95% CI]) showed 41 admission age >50 years (OR 5.46 [2.29-11.95]), male gender (OR 1.92 [1.23-3.02]), 42 comorbidity (OR 2.2 [1.38-3.51]), length of stay >15 days (OR 2.04 [1.08-3.84]) and prior 43 IBD admission (OR 1.66 [1.06-2.61] were independently related to mortality. Age was the 44 strongest determinant. No patient <30 years died. Mortality <50 years (10/587 [1.7%]) was 45 significantly lower than from 50-64 (26/246 [10.6%]) (χ 2 = 32.91;p<0.0000001) and >65 46 (96/245 [39.2%]) (χ 2 = 218.2;p<0.0000001). Over 65, mortality in the four groups was 47 29.4%, 33.3%, 28.1% and 44.7%; all greater than expected in the Scottish population on 48 assessment of standardised mortality ratios. 49 Conclusion 50 Hospital admission in UC patients >65 is associated with high mortality. Management 51 strategies should consider this by treatment in specialist units, early investigation, 52 focussed medical treatment and earlier surgical referral.

Introduction 56

Ulcerative colitis (UC) has a prevalence in Northern Europe estimated to be around 57 250/100,000 of the population. [START_REF] Rubin | Inflammatory bowel disease: 463 epidemiology and management in an English general practice population[END_REF] Most patients are managed as an out-patient. However, a 58 significant proportion requires hospitalisation for assessment and management of severe, 59

refractory or complicated disease. The recent record-linkage study carried out by Roberts 60 and colleagues of the three year mortality in hospitalised patients with UC or Crohn's 61 disease has been widely discussed. [START_REF] Roberts | Mortality in patients 466 with and without colectomy admitted to hospital for ulcerative colitis and 467 Crohn's disease: record linkage studies[END_REF] These authors reported that IBD patients admitted to 62 hospital in England between 1998 and 2000 had three year mortality rates following 63 elective colectomy of 3.3% and 3.7% for UC and CD compared with 13.6% and 10.1% for 64 patients not having colectomy. Mortality was highest in the first twelve months after 65 admission. Subsequently other analyses of mortality have been reported from the United 66 States (US). Using the Nationwide Inpatient Sample, Kaplan and colleagues demonstrated 67 that short-term mortality after surgery for UC was increased in patients undergoing 68 emergency rather than elective admission. [START_REF] Kaplan | 469 Impact of hospital volume on postoperative morbidity and mortality 470 following a colectomy for ulcerative colitis[END_REF] Advanced age and reduced volume of surgery 69 in a given institution were also implicated as factors contributing to mortality. [START_REF] Nguyen | Nationwide patterns of hospitalizations to 473 centers with high volume of admissions for inflammatory bowel disease 474 and their impact on mortality[END_REF][START_REF] Ananthakrishnan | Inflammatory bowel 476 disease in the elderly is associated with worse outcomes: a national 477 study of hospitalizations[END_REF] 70 71 Some have argued that these data provide grounds for fundamental change in the 72 management of acute ulcerative colitis with a move to early elective surgery, but concern 73 has also been expressed that record-linkage data may not accurately reflect practice or 74 they may be confounded by other factors that influence clinical decision taking and 75 outcome. Given the potential importance of these observations, the present study was 76 carried out first to determine whether the results of the UC mortality data for England 77 identified by Roberts and colleagues 2 might be corroborated in a different cohort of 78 patients hospitalised in UK NHS hospitals over the same period. Secondly the analysis 79 was widened to include the subdivision of no colectomy patients into those having an 80 emergency and those having an elective admission. Univariate and multivariate analysis 81 was used to assess the influence on mortality of age, comorbidity, hospital size and type, 82 region, social deprivation and time from admission to surgery as used in the US dataset by 83 Kaplan and colleagues. [START_REF] Kaplan | 469 Impact of hospital volume on postoperative morbidity and mortality 470 following a colectomy for ulcerative colitis[END_REF] 

85

The well-established hospital Scottish Morbidity Records (SMR01) linked database was 86 used. This is a long-established and validated system whose utility has been proven in 87 other diseases. [START_REF] West | Computerised 479 record linkage: compared with traditional patient follow-up methods in 480 clinical trials and illustrated in a prospective epidemiological study[END_REF][START_REF] Ellis | Adhesion-related hospital 483 readmissions after abdominal and pelvic surgery: a retrospective cohort 484 study[END_REF][START_REF] Mcmahon | Impact of 486 laparoscopic cholecystectomy: a population-based study[END_REF][START_REF] Kang | Recent trends in 489 hospital admissions and mortality rates for peptic ulcer in Scotland 1982-490 2002[END_REF] We modelled the present study closely on the design used by Roberts 88 and colleagues to produce a meaningful comparison but we expanded it in three ways. 89

First, the study included data on the cause of death which was not reported by Roberts 90 and colleagues. [START_REF] Roberts | Mortality in patients 466 with and without colectomy admitted to hospital for ulcerative colitis and 467 Crohn's disease: record linkage studies[END_REF] , Secondly patients having no colectomy were subdivided into no 91 colectomy emergency and no colectomy elective categories. Thirdly only patients with UC 92 were included since there is a difficulty in interpreting the data for Crohn's disease (CD) 93 using the coding system adopted in the Robert's paper which did not differentiate between 94 patients with large and small bowel disease requiring a hemicolectomy and between 95 patients with colonic involvement requiring colectomy or sub-total colectomy. The years 96 1998-2000 were selected to obtain a cohort contemporaneous with the initial year adopted 97 by Roberts and colleagues and which also lies within the middle of the period studied by 98 Kaplan and colleagues. [START_REF] Roberts | Mortality in patients 466 with and without colectomy admitted to hospital for ulcerative colitis and 467 Crohn's disease: record linkage studies[END_REF][START_REF] Kaplan | 469 Impact of hospital volume on postoperative morbidity and mortality 470 following a colectomy for ulcerative colitis[END_REF] 99 100

Method 101

The linked SMR01 database established in the mid-1990s, routinely collects all (non-102 obstetric) National Health Service (NHS) hospitalisation and discharge information on each 103 inpatient in Scotland. Admissions to private hospitals are not included but the private 104 health system in Scotland is small, particularly for acute admissions. The hospitalisation 105 and discharge records dating back to 1981 are validated and linked together at the patient 106 level along with the death registrations from the General Register Office for Scotland 107 (GRO(S)) by the Information Services Division (ISD) of NHS National Services, Scotland. [START_REF] Kendrick | The Scottish record linkage system[END_REF] 

108

The database was utilised to compare mortality after hospital admission for UC classified 109 A length of stay of four or more days was used to exclude patients admitted for diagnostic 119 procedures. This design followed the selection of patients in the analysis undertaken by 120 Roberts and colleagues. [START_REF] Roberts | Mortality in patients 466 with and without colectomy admitted to hospital for ulcerative colitis and 467 Crohn's disease: record linkage studies[END_REF] Patients who underwent colectomy were identified using Office 121 of Population Censuses and Surveys (OPCS) 4 th edition codes H04-H11 and H33 found 122 coded in any position on the SMR01 discharge forms. This also followed the methodology 123 adopted by Roberts and colleagues to allow comparison. [START_REF] Roberts | Mortality in patients 466 with and without colectomy admitted to hospital for ulcerative colitis and 467 Crohn's disease: record linkage studies[END_REF] Thus in accordance with the 124 coded data on the SMR01 form which routinely collects information on admission type, 125 each colectomy admission was categorised as either an emergency (including a small 126 proportion where the admission episode was recorded as a transfer), or an elective 127 colectomy. Admissions without a colectomy code were categorised as no colectomy which 128 could be further divided into no colectomy elective or no colectomy emergency. registrations. As this was a patient-based analysis, hospital admission details were 138 extracted only from the first qualifying admission within the time period and any 139 readmissions due to UC within the three year period of follow-up were not considered. In 140 this way duplication of patients was avoided. Data on age, gender, length of hospital stay, 141 the interval between admission and operation (where relevant), social deprivation and 142 hospital region and type were all obtained. 143 144 Classification of the underlying cause of death was taken from the information recorded on 145 the GRO(S) death registration which is the national system for recording all deaths and is 146 based on cause of death information collected on the medical certificate together with any 147 additional information provided subsequently by the certifying doctor. Changes notified to 148 GRO(S) by Procurators Fiscal (public prosecutor investigating sudden and suspicious 149 deaths and fatal accidents) are also taken into account. Deaths registered prior to 1 st 150 January 2000 were coded using ICD-9 and deaths registered after this date coded with 151 ICD-10. 152 153

Statistical analysis 154

Case fatality rates were determined by dividing the number of deaths during the three year 155 follow-up from any cause by the number of colectomies and hospital admissions for UC. 156

Multiple logistic regression was used to adjust case fatality for age, gender, length of 157 hospital stay, interval from admission to operation where relevant, social deprivation, 158 hospital region and type, and comorbidities. Odds ratios were used to compare differences 159 in case fatality between elective colectomy and emergency colectomy and no colectomy 160 (elective and emergency). Overall differences in three year mortality rates between 161 admission types were compared using Pearson's Chi-square (χ 2 ) test for independence. 162 163 Observed survival over three years was calculated using the Kaplan 1. During the same period there were 418 patients who 182 had had a first UC admission in the time period with a length of stay (LOS) of less then 183 four days. These included two patients who underwent emergency colectomy (with one 184 death) and 416 with no colectomy. Among the latter there were 30 deaths, which occurred 185 during or after a subsequent admission of greater than three days (n=9), within two months 186 (n=3) and at more than six months (n=18). Of these 418 patients, 63 were subsequently 187 readmitted for four or more days and thus were included as incidence cases within the 188 main analysis. The remaining 352 patients were not included as they did not fulfil the 189 criterion of a four or more day admission for entry into the study. The three year crude mortality rates following an incident admission resulting in elective 193 colectomy, emergency colectomy, no colectomy elective and no colectomy emergency 194 were 5.6%, 9.0% ,9.8% and 16.0% (Table 2). The association between admission type 195 and mortality was statistically significant (p<0.001 Pearson's χ 2 test for independence [χ 2 = 196 16.69, 3 d.f.]). The cumulative mortality rate over time is shown in Figure 1. There was a 197 tendency for mortality after emergency colectomy to stabilise after one year. In contrast 198 mortality after an admission with no colectomy continued steadily in a more gradual 199

manner. 200 201

The assumption of proportional hazards over time was tested for type of admission with a 202 time dependent covariate and was not found to have a time-varying effect (p=0.070). Log 203

Rank test comparisons showed a significant difference in mortality after elective colectomy 204 and no colectomy emergency (χ 2 = 11.758; p<0.001) and in mortality after no colectomy 205 elective and no colectomy emergency (χ 2 = 5.334; p=0.021). There was no significant 206 difference in mortality between emergency colectomy and no colectomy elective. 207 208 Age 209 The respective prevalence rates of comorbidity in the four admission groups of elective 223 colectomy, emergency colectomy, no colectomy elective and no colectomy emergency 224 were 22% (39/177), 25% (25/100), 27% (65/244) and 30%(166/557) with no statistically 225 significant difference between them (p=0.21) (Table 3). The three year mortality rates in the four 226 admission groups without and with comorbidity were 2.2%. 6.7%, 5.0% and 7.4% 227 (p=0.144) and 17.9%, 16.0%, 23.1% and 36.1% (p= 0.023). 228 229

Mortality by age at admission is shown in

Cause of Death 230

UC was recorded as the cause of death in 1.7%, 3.0%, 0% and 1.8% of patients in the four 231 respective admission groups (Table 4) with none of these differences being statistically significant 232 (p=0.129). Cardiac, cerebrovascular disease and respiratory disease were the cause of 233 death in 0.6%, 3.0%, 7.0% and 8.8% of patients (p<0.0003) with no colectomy (elective 234 p=0.049; emergency p=0.001) having significantly higher rates than elective colectomy. 235 236

Univariate Analysis 237

Age/gender/admission type adjusted univariate analysis showed that two variables 238 including presence of comorbidity (OR 2.06, 95% CI (1.31 to 3.23) compared with no 239 comorbidity and length of stay of 2-3 weeks (OR 2.00, 95% CI (1.07 to 3.73) and more 240 than 3 weeks (OR 3.33, 95% CI (1.81 to 6.12) compared with length of stay under 10 days 241 were significantly related to mortality, while area of hospital, a previous admission, social 242 deprivation, type of hospital and interval from admission to surgery were not. 

248

Multivariate Analysis 249

Using elective colectomy as the reference point, no colectomy emergency was significantly 250 related to three year mortality on multivariate analysis (p<0.05), along with age on 251 admission, gender (male), comorbidity, prior IBD admission and hospital length of stay 252 (Table 5). The type of hospital, social deprivation and geographical area in which the treatment 253 was carried out were not significantly related to survival. 254 255 Discussion 256

Multivariate analysis showed that age, admission type, comorbidity, length of stay beyond 257 two weeks, prior admission for IBD and male gender were independent factors which 258 adversely affected survival. Type of hospital, deprivation status, and geographical location 259 were not implicated. 260 261

The ISD linked SMR01 database is widely recognised as one of the most reliable linked 262 databases in the world, and has provided validated data since 1981 for a series of key 263 note publications on other diseases. [START_REF] West | Computerised 479 record linkage: compared with traditional patient follow-up methods in 480 clinical trials and illustrated in a prospective epidemiological study[END_REF][START_REF] Ellis | Adhesion-related hospital 483 readmissions after abdominal and pelvic surgery: a retrospective cohort 484 study[END_REF][START_REF] Mcmahon | Impact of 486 laparoscopic cholecystectomy: a population-based study[END_REF][START_REF] Kang | Recent trends in 489 hospital admissions and mortality rates for peptic ulcer in Scotland 1982-490 2002[END_REF] There are, however, limitations to the present study 264 as with any findings resulting from interrogation of a national database. [START_REF] Roberts | Mortality in patients 466 with and without colectomy admitted to hospital for ulcerative colitis and 467 Crohn's disease: record linkage studies[END_REF][START_REF] Kaplan | 469 Impact of hospital volume on postoperative morbidity and mortality 470 following a colectomy for ulcerative colitis[END_REF] Specifically, the 265 present data do not give detailed clinical information on the extent or severity of the 266 disease or comorbidity at the time of admission. Information with respect to medical 267 management is also limited. It is therefore likely that the data on co-morbidity are an 268 underestimate since the identification of co-morbidity was obtained from the record of the 269 current and/or a previous admission for a non-IBD-related admission. The collection and 270 input of data are, however, factors over which the study has no control since information is 271 entered using a uniform system directly from the hospital notes. As would be expected the presence of co-morbidity was also related to the three year 290 mortality and the effect may even be underestimated by the methodology used as 291 explained above. Thus when age and co-morbidity were taken together, cardiorespiratory 292 disease rather than UC was implicated as the major cause of death in patients over 65 293

years. 294 295

The overall mortality rates classified by admission type (management strategy) 296 demonstrated in the present study are strikingly similar to those reported by Roberts and 297 colleagues who analysed 23,464 English patients with IBD. [START_REF] Roberts | Mortality in patients 466 with and without colectomy admitted to hospital for ulcerative colitis and 467 Crohn's disease: record linkage studies[END_REF] In England, the three year 298 mortality rates after elective colectomy for either UC (3.7%) or CD (3.3%) were 299 significantly lower than after an admission without colectomy (13.6%, 10.1%; both 300 p<0.001) or after emergency colectomy (13.2% and 9.9%; p<0.001 for UC, p<0.1 for CD). 301

The English analysis did not, however, subdivide the no colectomy admissions into 302 elective and emergency. This was possible in the present study since the ISD linked 303 SMR01 database permitted this distinction. Furthermore, our subsequent analyses 304 showed that the high mortality rates in all patients over 65 years together with the low 305 rates of surgery in this age group account for the overall differences between elective, 306 emergency surgery and medical management. A strong advantage of our study over that 307 of Roberts and colleagues has been our ability to carry out an analysis of confounding or 308 contributory factors although this was limited by absence of data on severity of disease 309

and was liable to the potential error of underestimate of the prevalence of co-morbidity as 310 discussed above. Thus even after adjusting for comorbidity, patients over 65 years had a 311 three year mortality almost four times that of younger patients, indicating the greater 312 importance of age. Indeed, using stadardised mortality ratio assessments [START_REF] Breslow | Statistical Methods in Cancer Research, Volume II 500 -The design and analysis of cohort studies[END_REF] , the mortality 313 observed in the study group aged 65 years or more was higher than that expected in the 314 general population when compared to the same age group for the year 2000 (personal 315

communication ISD). 316 317

In the present series, very few elderly patients were selected for either emergency or 318 elective surgery. Physicians and surgeons being aware that complications are more 319 common in the elderly may have pursued medical management in these patients. In the 320 light of the present data, we speculate that age combined with concomitant comorbidity 321 are likely to have both been strong influences on the clinical decision as to whether or not 322 the patient should proceed to surgery (especially if admitted as an emergency). It is 323 noteworthy that cardiorespiratory diseases -that is comorbid illness -rather than UC were 324 the major cause of death. Whether a more pro-active policy for early surgical intervention 325 in this group might have reduced mortality below the very high rate of 44% in the medically 326 treated emergency admissions is of course uncertain. 327

328

The present data are also comparable with the analysis of inpatient mortality in UC from 329 North America by Kaplan and colleagues. [START_REF] Kaplan | 469 Impact of hospital volume on postoperative morbidity and mortality 470 following a colectomy for ulcerative colitis[END_REF] These authors analysed the Nationwide 330 patients with UC undergoing colectomy. The overall in-hospital mortality rate was 2.3%. 332

There was a higher mortality in patients who were admitted as an emergency (adjusted 333 odds ratio 5.40), patients aged 60 to 80yrs (adjusted odds ratio 8.70) and patients on 334

Medicaid (a surrogate marker of low income in the United States; odds ratio 4.29). 335

Mortality was increased in hospitals performing fewer than three or less colectomies per 336 annum and also in patients whose surgery was performed six or more days after 337 admission (odds ratio 2.12). They did not however stratify for age as has been done in the 338 present study. We found no significant increase in mortality among UC patients waiting 339 more than seven days from admission to surgery although our patient numbers were small 340 for meaningful statistical evaluation. Length of stay beyond two weeks was a significant 341 factor but this is not surprising and is likely to reflect the effect of complications ultimately 342 leading to death. 343 344

The same period (1998-2000) used by Roberts and colleagues in England and Kaplan and 345 colleagues in North America [START_REF] Roberts | Mortality in patients 466 with and without colectomy admitted to hospital for ulcerative colitis and 467 Crohn's disease: record linkage studies[END_REF][START_REF] Kaplan | 469 Impact of hospital volume on postoperative morbidity and mortality 470 following a colectomy for ulcerative colitis[END_REF] was studied in the present report to allow direct comparison. 346

At that time biological therapy and cyclosporine were not used widely as 'rescue therapy' 347 in Scotland, particularly for UC. Any effect due to these agents is therefore likely to have 348 been very small and would have not influenced the results. Scottish data on the efficacy 349 and safety of infliximab in severe colitis have recently been published, and excited 350 considerable debate. [START_REF] Lees | The safety profile of anti-tumour necrosis factor 503 therapy in inflammatory bowel disease in clinical practice: analysis of 620 504 patient-years follow-up[END_REF] 

352

With these considerations in mind, we propose that the broad interpretation by Roberts 353 and colleagues of their data that the threshold for surgery for severe colitis may be too 354 high, requires qualification. The present study has shown surprisingly high mortality rates 355 for patients over 65 years irrespective of treatment strategy, not seen in younger patients. 356

This was contributed to further by co-morbidity and the other factors which showed a 357 significant association with mortality in the multivariate analysis. Of these, length of stay is 358 likely to be related to the complicated course resulting in death. Time to surgery was not 359 predictive of mortality, although the study may be underpowered to show this effect. 360 361

The number of patients over 65 years who had emergency surgery was too small to allow 362 analysis as to whether earlier surgery might reduce the three year mortality. 363

Given the present data, it is clear that patients admitted to hospital with ulcerative colitis 364 who are elderly have a high mortality over the next three years. This is worsened by co-365 morbidity, male gender, prior admission for IBD and length of stay of the index admission. 366

The management should , therefore, begin by the clinician understanding this risk and 367 taking particular precautions to deal with it. Although the management of elderly patients 368 with UC may not have been formally studied, the results of the present study allow certain 369 proposals to be made. These include management in a unit familiar with IBD, the 370 identification of risk factors apparent from this study, early diagnosis, early assessment of 371 severity and,rapid intervention both in the outpatient clinic and in hospitalised patients. If 372 hospitalisation can be avoided by prompt effective outpatient therapy, mortality might be 373 reduced. If a patient with UC requires admission as an emergency, then knowledge of the 374 potential high mortality should be taken into account when planning management. This 375 should also include early surgical consultation for a patient with severe disease particularly 376 if any of the risk factors identified in the study are present. 377 378

Conclusion 379

The present study has confirmed the overall findings from the English record linkage study 380 that mortality after elective surgery is significantly lower than after admission in which no 381 surgery has been carried out or where an emergency colectomy has been performed. It 382 has taken this observation further in identifying risk factors for mortality which include co-383 morbidity, male gender, prior admission for IBD and length of stay. The key determinant, 384 however, of the increased three year mortality after a no colectomy admission is age over 385 

  elective colectomy, emergency colectomy and no colectomy divided into the 110 categories of elective and emergency. 111 112 A cohort of patients from the SMR01 database admitted to hospital with UC from 1 April 113 1998 to 31 March 2000 with a length of stay of four or more days was identified as an 114 incident admission cohort and followed-up for death within three years following admission. 115 Selection was based on patients admitted to hospital with International Classification of 116 Diseases, 10th edition (ICD-10) codes for UC (K51) in the primary diagnostic position. 117 118

129 130

 129 To examine the effect of co-morbidity, each admission type was sub-categorised by those 131 with no previous ICD-coded hospital admission record for cancer (ICD-9: 140-208, 236.2, 132 238.6; ICD-10: C00-C97), cardiovascular disease (CVD) (ICD-9: 390-438; ICD-10: I00-I69, 133 G45, I72.9, I97.0, I97.1), liver disease (ICD-9: 570-573; ICD-10: K70-K77), respiratory 134 disease (COPD/asthma ICD-9:490-496; ICD-10: J40-J47) or diabetes (ICD9: 250; ICD-10: 135 E10-E14) as a primary or secondary diagnosis since 1 st January 1981. Mortality in each 136 category and sub-category was determined for three years via the linked GRO(S) death 137

272 273

 272 Despite these limitations, the present study has delivered important data that have 274 implications for daily clinical practice. Among patients with UC requiring hospitalisation, the 275 overall three year mortality rates after elective colectomy, emergency colectomy, no 276 colectomy elective and no colectomy emergency were significantly different, being lowest 277 for patients treated by elective colectomy and highest for those treated without surgery. 278Death was rare in young patients, regardless of management strategy being 0% in those 279 less than 30 years of age, and <2% in patients aged below 50 years on admission. The 280 mortality associated with hospital admission over the age of 65 was, however, 39.2 % 281 overall. It was 33% in the few patients (n=12/245) having emergency surgery but was as 282 high as 44% after an emergency admission treated medically which was the most common 283 treatment group in patients over 65 years (n= 159/245). Using established statistical 284 methodology 13 , ISD undertook an assessment of expected mortality in individuals aged 65 285 years in the general population for Scotland in the year 2000. The standardised mortality 286 ratio (SMR) was significantly increased (p<0.001) in patients above 65 at hospitalisation 287 (2.83,CI 2.30-3.44 respectively)(personal communication ISD). 288 289

F

  as indicated above. Our study demonstrates for the first time the 387 necessity of improving treatment strategies for elderly patients to reduce the overall 388 mortality of UC. 389 390 Contributors 391 RJN, JS, AMC ADK, and PH designed the study concept. Data extraction and statistical 392 analyses were undertaken independently by DNC and LK. DNC undertook the statistical 393 analysis with LK and ADK, with input from JS clinical team. All authors and the study 394 sponsor had full access to the extracted tabulated data analyses and ISD vouch for the 395 accuracy and completeness of the data provided for reporting. AMC coordinated the 396 project with all parties and wrote the initial study report with JS and RJN. All authors 397 reviewed and commented on the manuscript and approved the final version. 398 399 Statement of interests 400 No product or other commercial or research treatment is discussed within the paper. ISD 401 and Corvus Communications received funding for their work on the project from Shire 402 Pharmaceuticals and the St Mark's Hospital Foundation. PH is an employee of Shire and 403 RJN and JS have previously received support for research and academic consultancy 404 from Shire and other companies with a commercial and research interest in IBD. In the 405 context of the work presented in this manuscript and in consideration of the BMJ guidance, 406 none of the authors have any competing or other conflict of interest. 407 408Declaration of funding interests 409The study received initial funding from Shire Pharmaceuticals Inc. as part of a larger 410 assessment of the burden of illness associated with IBD. The funding for the data 411 extraction for this mortality assessment came from RJN through the St Mark's Hospital 412 Foundation who with JS and Corvus designed the methodology for the study. As sponsors, 413 Shire reviewed and commented on the manuscript but the decision to act on their 414 the manuscript rested solely with the authors whose decisions were 415 wholly independent of the two funding sources. 416 417Ethical approval 418Not required. The broader study concept was reviewed and accepted by the Privacy 419 Advisory Committee of the Information Services Division of the NHS National Services 420 Scotland. Data was provided from the SMR01 record linkage database in accordance with 421 the ISD information request protocol and the output was subject to review by the Scottish 422Government and NHS Boards prior to release. Disclosure control methods, including table423re-design, were implemented to protect patient confidentiality. 424 425

6 See Appendix Table A1 for data source details 7 F

 67 

F o r P e e r R e v i e w 1 of 1

 1 

  Unadjusted cumulative three year survival of patients with UC after an incident admission for elective colectomy, emergency colectomy and no colectomy (elective and emergency) 74x79mm (600 x 600 DPI)

Table 2 .

 2 There were no deaths in 212 patients 210 aged under 30 years on admission and only 10 (2.7%) in 375 patients aged 30 to 49 years. 211The death rates at three years following elective colectomy, emergency colectomy, no 216 colectomy elective and no colectomy emergency were not significantly different within any 217 age group up to 64 years. At 65 years and beyond the mortality was high in all four 218 admission groups being 29.4%, 33.3%, 28.1% and 44.7%, with no overall significant 219

	212	Mortality (10/587 [1.70%]) in the under 50s was significantly lower than for those aged 50-
	213	64 years (26/246 {10.6%]) (χ 2 = 32.91; p<0.0000001) and above 65 years (96/245
	214	[39.2%]) (χ 2 = 218.2; p<0.0000001).
	215	

  Admission 243 type was significantly related to death when adjusted for age and gender, with no 244 colectomy emergency having an increased risk (OR 2.22, 95% CI (1.05 to 4.69) compared 245 with colectomy elective cases. The odds ratios for these comparisons are available in the 246
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Table 1 UC hospital admissions and socio-demographics in Scotland (April 1998 -March 2000) NB Includes patients who died in hospital 5

 1 

	Admissions
	Total=1078

Table 3 Hospital admissions, deaths and fatality rates three years after admission for IBD in patients who underwent colectomy or no colectomy in Scotland (April 1998-March 2000) stratified for comorbidity. Co-morbidity refers to co-morbidity due to any cause. Deaths at 3 years Colectomy elective Colectomy emergency No colectomy elective

 3 

	No colectomy	All admissions
	emergency	

Table 4 Cause of death three years after admission for ulcerative colitis in patients who underwent colectomy elective, colectomy emergency, no 5 colectomy elective or no colectomy emergency in Scotland (April 1998 -March 2000).

 4 

	6						
	7						
			Colectomy	Colectomy	No colectomy	No colectomy	All admissions
			elective	emergency	elective	emergency	
			n=177	n=100	n=244	n=557	n=1078
	Deaths at 3 years						
	Number of deaths (% deaths)						
	% of all deaths in cohort						
	All admissions	n (%)	10 (5.6)	9 (9.0)	24 (9.8)	89 (16.0)	132 (12.2)
		% of all deaths	100.0	100.0	100.0	100.0	100.0
	Inflammatory bowel disease	n (%)	3 (1.7)	3 (3.0)	0 (0.0)	12 (2.2)	18 (1.7)
		% of all deaths	30.0	33.3	0.0	13.5	13.6
	Ulcerative colitis	n (%)	3 (1.7)	3 (3.0)	0 (0.0)	10 (1.8)	16 (1.5)
		% of all deaths	30.0	33.3	0.0	11.2	12.1
	Crohn's disease	n (%)	0 (0.0)	0 (0.0)	0 (0.0)	2 (0.4)	2 (0.2)
		% of all deaths	0.0	0.0	0.0	2.3	1.5
	Heart disease	n (%)	1 (0.6)	1 (1.0)	9 (3.7)	20 (3.6)	31 (2.9)
		% of all deaths	10.0	11.1	37.5	22.5	23.5
	Cerebrovascular disease	n (%)	0 (0.0)	0 (0.0)	5 (2.1)	12 (2.2)	17 (1.6)
		% of all deaths	0.0	0.0	20.8	13.5	12.9
	Malignant neoplasms	n (%)	3 (1.7)	0 (0.0)	2 (0.8)	6 (1.1)	11 (1.0)
		% of all deaths	30.0	0.0	8.3	6.7	8.3
	Respiratory disease	n (%)	0 (0.0)	2 (2.0)	3 (1.2)	17 (3.1)	22 (2.0)
		% of all deaths	0.0	22.2	12.5	19.1	16.7
	Other disease of the digestive system	n (%)	1 (0.6)	2 (2.0)	3 (1.2)	8 (1.4)	14 (1.3)
		% of all deaths	10.0	22.2	12.5	9.0	10.6
	Other causes of death	n (%)	2 (1.1)	1 (1.0)	2 (0.8)	14 (2.5)	19 (1.8)
		% of all deaths	20.0	11.1	8.3	15.7	14.4

Table 5 Mortality three years after colectomy and no colectomy in patients 451 admitted for ulcerative colitis in Scotland (April 1998-March 2000) - 452

 5 

	453	Multivariate analysis (*= p<0.05)
	454	
		Elective colectomy as reference point compared to emergency
		colectomy & no colectomy
			Odds ratio (95% CI)
		Admission type	(* denotes p<0.05)
		Colectomy elective	Reference group
		Colectomy emergency	1.16 (0.40 to 3.41)
		No colectomy elective	1.74 (0.72 to 4.24)
		No colectomy emergency	3.23 (1.43 to 7.30)*
		Sex
		Female	Reference group
		Male	1.92 (1.23 to 3.02)*
		Age
		<50	Reference group
		50-64	5.46 (2.49 to 11.95)*
		>=65	22.03 (10.53 to 46.11)*
		Comorbidity (prior
		admissions)
		No	Reference group
		Yes	2.20 (1.38 to 3.51)*
		Hospital Length of Stay
		<=9 days	Reference group
		10-14 days	1.07 (0.59 to 1.96)
		15-21 days	2.04 (1.08 to 3.84)*
		>3 weeks	3.69 (1.97 to 6.90)*
		Prior IBD Admission
		No	Reference group
		Yes	1.66 (1.06 to 2.61)* Cox & Snell R 2 = 21.2% Nagelkerke R 2 = 40.4%
	455	
	456	

Table 1 UC hospital admissions and socio-demographics in Scotland (April 1998 -March 2000) NB Includes patients who died in hospital

 1 

	Admissions
	Total=1078

Table 3 Hospital admissions, deaths and fatality rates three years after admission for IBD in patients who underwent colectomy or no colectomy in Scotland (April 1998-March 2000) stratified for comorbidity Deaths at 3 years Elective colectomy Emergency colectomy No colectomy elective

 3 

	No colectomy	All admissions
	emergency	

Table 4 Cause of death three years after admission for ulcerative colitis in patients who underwent elective, emergency, or no colectomy in Scotland (April 1998 -March 2000) Elective colectomy Emergency colectomy No colectomy elective No colectomy emergency

 4 

	All admissions

Table 5 Mortality three years after colectomy and no colectomy in patients admitted for ulcerative colitis in Scotland (April 1998-March 2000) - Multivariate analysis (*= p<0.05) Elective colectomy as reference point compared to emergency colectomy & no colectomy Admission type Odds ratio (95% CI) (* denotes p<0.05)

 5 

	Elective colectomy	Reference group
	Emergency colectomy	1.16 (0.40 to 3.41)
	No colectomy elective	1.74 (0.72 to 4.24)
	No colectomy emergency	3.23 (1.43 to 7.30)*
	Sex	
	Female	Reference group
	Male	1.92 (1.23 to 3.02)*
	Age	
	<50	Reference group
	50-64	5.46 (2.49 to 11.95)*
	>=65	22.03 (10.53 to 46.11)*
	Comorbidity (prior	
	admissions)	
	No	Reference group
	Yes	2.20 (1.38 to 3.51)*
	Hospital Length of Stay	
	<=9 days	Reference group
	10-14 days	1.07 (0.59 to 1.96)
	15-21 days	2.04 (1.08 to 3.84)*
	>3 weeks	3.69 (1.97 to 6.90)*
	Prior IBD Admission	
	No	Reference group
	Yes	1.66 (1.06 to 2.61)* Cox & Snell R Nagelkerke R 2 = 21.2% 2 = 40.4%

Table A2 Odds ratios of mortality (logistic regression) three years after elective colectomy, emergency colectomy, and no colectomy among patients admitted for UC and CD in Scotland, Apr 1998 -Mar 2000; adjusted for age and sex and other univariate factor denoted.
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Appendix Table A1 Table Data Sources

st episode in the Continuous Inpatient Stay (CIS). CIS's beginning with a transfer record assumed to be an emergency. Only CIS's with a length of stay of 4 days or more have been included. Length of stay excludes episodes within the CIS where the main condition is not the disease in question.

Only the 1 st qualifying CIS per patient and condition beginning in the time period specified has been included. Deprivation quintiles based on Scottish Index of Multiple Deprivation (SIMD2006) and have been derived from the full postcode on the index admission record. Prior admissions for Inflammatory Bowel Diseases (IBD) defined by (ICD-9: 555-556; ICD-10: K50-51) on any episode prior to the index admission back to 01.01.1981. 

-UC hospital admissions, deaths and fatality rates for ulcerative colitis in

Effect of type of admission on mortality