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Background. Peristomal Skin Complications (PSCs) pose a major challenge for people
living with an ostomy. To avoid severe PSCs, it is important that people with an ostomy
check their peristomal skin condition on a regular basis and seek professional help when
needed. Aim: To validate a new ostomy skin tool (OST 2.0) that will make regular
assessment of the peristomal skin easier. Methods. Seventy subjects participating in a
clinical trial were eligible for the analysis and data used for the validation. Item-level
correlation with anchors, inter-item correlations, convergent validity of domains, test-
retest reliability, anchor- and distribution-based methods for assessment of meaningful
change were all part of the psychometric validation of the tool. Results. A ûnal tool was
established including six patient reported outcome items and automatic assessment of the
discolored peristomal area. Follow-up with cognitive debrieûng interviews assured that the
concepts were considered relevant for people with an ostomy. Conclusion. The OST 2.0
demonstrated evidence supporting its reliability and validity as an outcome measure to
capture both visible and non-visible peristomal skin complications.
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14 Abstract

15 Background. Peristomal Skin Complications (PSCs) pose a major challenge for people living 

16 with an ostomy. To avoid severe PSCs, it is important that people with an ostomy check their 

17 peristomal skin condition on a regular basis and seek professional help when needed. Aim: To 

18 validate a new ostomy skin tool (OST 2.0) that will make regular assessment of the peristomal 

19 skin easier. 

20 Methods. Seventy subjects participating in a clinical trial were eligible for the analysis and data 

21 used for the validation. Item-level correlation with anchors, inter-item correlations, convergent 

22 validity of domains, test-retest reliability, anchor- and distribution-based methods for assessment 

23 of meaningful change were all part of the psychometric validation of the tool. 

24 Results. A final tool was established including six patient reported outcome items and automatic 

25 assessment of the discolored peristomal area. Follow-up with cognitive debriefing interviews 

26 assured that the concepts were considered relevant for people with an ostomy. 

27 Conclusion. The OST 2.0 demonstrated evidence supporting its reliability and validity as an 

28 outcome measure to capture both visible and non-visible peristomal skin complications.
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29 Introduction

30 A compromised skin barrier in the peristomal area can be detrimental to people living with an 

31 ostomy. Findings from a recent systematic literature review demonstrated that peristomal skin 

32 complications (PSCs) are the most frequent post-operative complication associated with creation 

33 of an ostomy [1]. The largest multinational survey to date, with data collected from 5,187 

34 subjects across 17 countries, revealed that 88% of the responders reported some level of PSC [2]. 

35 A recent survey study further supported the importance of PSCs, with 70% of subjects reporting 

36 irritated peristomal skin within the ostomy population [3]. Due to the high incidence, the 

37 negative impact on quality of life, and the associated health-care related costs, PSCs pose a 

38 major challenge to people living with an ostomy and society in general [1, 4, 5]. 

39 Leakage (ostomy output under the adhesive part of the appliance) is a major contributor to 

40 development of PSCs. The occurrence of leakage has been shown to significantly correlate with 

41 the incidence of PSCs [6], and an increased leakage frequency has also been reported to correlate 

42 with the severity of these skin complications [7]. Upon exposure to effluent from an ostomy, the 

43 peristomal skin becomes irritated. Common clinical symptoms include itching (67%), bleeding 

44 (45%), discoloration (38%), burning (32%), moisture from damage (28%), pain (21%), wounds 

45 (11%), and tissue overgrowth (7%) [6]. Collectively, it is of great importance to monitor these 

46 symptoms closely to avoid development or progression of an existing PSC.  

47 The Ostomy Skin Tool (OST) is a clinical reported outcome tool designed to assess the condition 

48 of peristomal skin in a standardized manner and is considered state-of-the-art approach for this 

49 purpose [8]. The OST was developed in 2008 and provides a useful evidence-based and 

50 validated tool to allow ostomy care nurses to make uniform and qualified decisions regarding 

51 evaluation and treatment of PSCs [9]. The OST consist of two parts: The �Assessment�, 

52 �Intervention�, �Monitoring' (AIM) guide and the DET score. The DET score comprises  three 

53 standardized domains of abnormal peristomal skin namely discoloration (D), erosion (E), and 

54 tissue overgrowth (T) [9]. For each of these three domains, both the size of the peristomal area 

55 affected as well as the severity are evaluated. The area affected is assigned a score between 0 and 

56 3 and the severity is assigned a score between 0 and 2. The total DET score is one single 

57 composite score, generated from the three domains, with scores ranging from 0 to 15 [10].  

58 The DET score has been widely used across various clinical studies for evaluation of peristomal 

59 skin conditions [5, 7, 11-16]. Despite the advantages of the current DET score, some limitations 

60 do exist. Calculation of the DET score is heavily affected by the discoloration domain. If no 

61 discoloration is present (i.e. the discoloration area score = 0), then the total DET score = 0 [10]. 

62 Consequently, there is a risk of not capturing an existing or developing PSC with sensation or 

63 visible symptoms in the absence of discolored skin. Moreover, the DET score could in principle 

64 be used every day but it requires a trained nurse to administer it. Therefore, the DET score is not 

65 applicable for self-assessment by users and will in practice only provide a snapshot of the skin 

66 condition. Given a PSC and particularly discoloration can change rapidly, it is recommended to 

67 have a close monitoring program and follow-up between healthcare visits.
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68 Given the limitations of the DET score in the OST, the aim of the current study was to validate a 

69 new score for a patient-reported version of the OST. The new tool, referred to as OST 2.0 [17], is 

70 therefore without the AIM guide and the DET score is replaced with a patient-reported outcome 

71 (PRO) questionnaire and an objective assessment of peristomal skin discoloration. The detailed 

72 development of the OST 2.0 has been described elsewhere [17]. The PRO questionnaire includes 

73 six items designed to assess the severity of PSCs. Instead of focusing primarily on discoloration, 

74 the OST 2.0 has increased focus on sensation symptoms such as pain, itching, and burning 

75 alongside capturing signs of compromised skin such as weeping, bleeding, and ulcers. The 

76 combination of the PRO and the objective assessment of peristomal skin discoloration form a 

77 composite outcome score of OST 2.0, namely the Decision Tree score. Together, the OST 2.0 

78 provides a tool that can be used to monitor the skin closely and with increased sensitivity for 

79 evaluating signs related to having peristomal skin complications.
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80 Materials & Methods

81 Study design

82 Data for the study was obtained from a randomized controlled, open-label, comparative, cross-

83 over, multicenter investigation (Clinical Trial ID: NCT04101318). This investigation was carried 

84 out in four countries including United Kingdom (UK), Germany, Italy, and Norway. Subjects 

85 were eligible for enrolment if they have had a colostomy or ileostomy for at least three months, 

86 were at least 18 years old, were able to use an electronic diary (questionnaire), had liquid fecal 

87 output, and an existing skin complication in the peristomal area. A total of 79 subjects were 

88 enrolled of which 72 completed the study. Of these, 70 subjects were eligible to be part of the 

89 psychometric analysis population. A small subset of the participants from UK were asked if they 

90 were willing to participate in an exit cognitive debriefing interview. Prior to commencing data 

91 collection, the study was approved by the local ethics committee in each country (UK: 

92 20/LO/0220, Germany: 19-363 and 00012177, the Netherlands: NL71653.068.19, Italy: NP 

93 3841, and Norway: 65025).  All subjects provided written informed consent.

94 Patient reported outcome (PRO) questionnaire

95 The new OST 2.0 comprises a PRO questionnaire consisting of six items designed to assess the 

96 severity of PSCs (S1 Fig.). These items have been identified after qualitative interviews with 

97 health care professionals and people with and ostomy. The first three items (Q1, Q2, and Q3) 

98 assess the symptoms of bleeding, weeping, and ulcers/sores (visible symptoms) experienced 

99 when the subjects changed their product. Subjects living with an ostomy were asked if they were 

100 experiencing or not experiencing these symptoms, utilizing a dichotomous response scale. 

101 The remaining three items (Q4-Q6) assess symptoms of itching, pain, and burning (sensation 

102 symptoms). For each symptom, the corresponding item asks the subject to rate the severity of the 

103 symptom at its worst since the last ostomy product change. These items utilize a 0-10 numerical 

104 rating scale ranging from 0 (No symptom) to 10 (Worst possible peristomal skin symptom). 

105 In an exit interview 12 subjects from the UK study population participated in 30 minutes 

106 Cognitive Debriefing interviews conducted by phone. 

107 During the interviews, subjects were asked to discuss and evaluate item relevance, interpretation 

108 of items, item response options, and recall periods. Moreover, the subjects were asked whether 

109 they thought any important concepts were missing and whether any items should be removed. 

110 All interviews were audio-recorded and transcribed verbatim. Qualitative analysis of the 

111 verbatim transcripts, using a framework approach, was conducted using the computer assisted 

112 qualitative analysis software program ATLAS.ti [18]. PowerBi [19, 20] was utilized to generate 

113 frequency counts and percentages (based on the proportion of the overall sample) for each item. 

114 The CD interviews demonstrated that all items, response options, and recall periods were well 

115 understood and considered relevant to the majority of the participating population. 
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116 Peristomal skin image analysis 

117 Image analysis techniques were applied to pictures of peristomal skin taken by the subjects to 

118 quantify the total area of discolored skin. Specifically, this was an automated assessment using 

119 an algorithm based on artificial intelligence [8]. Images were taken at each ostomy product 

120 change, and the total discoloration area was then used as part of the Decision Tree score. 

121 Decision Tree model scoring

122 The PRO questionnaire and image analysis data were combined in a Decision Tree model to 

123 provide an overall score between the score 0 � 3 representing the severity level of skin 

124 complications for each patient. A composite score of 0 represents no treatment required 

125 peristomal skin condition and the score of 3 is represents a severe peristomal skin condition.. 

126 E.g. having ulcers or bleeding peristomal skin would be at the highest severity level in the 

127 hierarchy and correspond to a Decision Tree score of 3 whereas a pain, itching or burning level 

128 below 4 would correspond to a Decision Tree score of 1. A detailed description of the 

129 development of the severity categories encompassing the Decision Tree model has been 

130 described elsewhere [17].

131 Anchor measures 

132 For the psychometric evaluation, five anchor measures were included. After review of the 

133 literature for gold standard measures to use as anchor measures, it was deemed there were none 

134 that were appropriate for use. As such, new items were developed in line with US FDA guidance 

135 [21, 22] and were qualitatively tested prior to use to ensure patients understood the items as 

136 intended. These included the Patient Global Impression of Severity (PGIS), Patient Global 

137 Impression of Change (PGIC), Clinician Global Impression of Severity (CGIS), Clinician Global 

138 Impression of Change (CGIC). The DET score was used as anchor measure as well. Although 

139 OST 2.0 aims to improve on the DET score, this provided useful information to confirm that the 

140 OST 2.0 captures the same concepts as the DET score, but to a more accurate capacity. 

141 For the PGIS anchor, subjects were initially asked whether they had �any skin complications 

142 around your stoma today� (Yes/No). If patients answered �Yes�, they were then asked to 

143 �describe the skin complications around your stoma today�, using a five-point Likert-type scale, 

144 with options of �very mild�, �mild�, �moderate�, �severe�, and �very severe�. These responses 

145 were coded from �1- very mild� to �5- very severe� (0 if �No� to the first question). This was 

146 asked at both visits. 

147 For the PGIC anchor, subjects were asked �Compared to the beginning of this test period, how 

148 have any skin complications around your stoma changed�. Response options used a seven-point 

149 Likert-type scale ranging from �1 = very much improved, 2 = much improved, 3 = a little 

150 improved, 4 = no change, 5 = a little worse, 6 = much worse, 7 = very much worse�. This 

151 question was completed at Visit 2 only. 
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152 For the CGIS anchor, three versions of the anchor were included. These questions asked about 

153 the subject�s overall PSCs, erosion, and discoloration. Firstly, �Does the subject have any PSCs 

154 on the peristomal skin today?�  (Yes/No). Secondly, �If yes, overall, how would you describe the 

155 severity of the subject�s PSCs on the peristomal skin today?� (very severe, severe, moderate, 

156 mild, very mild). The responses were coded from �1- very mild� to �5- very severe� (0 if �No� to 

157 the first question). This was asked at both visits. 

158 Similarly, there were three CGIC questions asking about changes in the subject�s PSCs. 

159 Response options used a seven-point Likert scale ranging from �1 = very much improved, 2 = 

160 much improved, 3 = a little improved, 4 = no change, 5 = a little worse, 6 = much worse, and 7 = 

161 very much worse�. This was asked at Visit 2 only. 

162 The DET score as an anchor measure was calculated by summing all scores given, which results 

163 in a range of scores from 0 to 15, where higher scores represent more severe symptoms.

164 Psychometric validation

165 Data for the psychometric validation was derived from 70 eligible subjects participating in the 

166 clinical investigation (Clinical Trial ID: NCT04101318). Although the study was a cross-over 

167 design, only data from the first test period was used (Visit 1 and Visit 2) with exception of the 

168 subpopulation eligible for the test-retest evaluation. A detailed overview of the clinical trial is 

169 outlined in S2 Fig.

170 Analysis

171 All analyses were pre-defined in a statistical analysis plan prior to conducting psychometric 

172 evaluation and conducted using SAS software (SAS Institute Inc. Cary, NC, USA). The 

173 psychometric evaluation was conducted in accordance with European Medicines Agency and 

174 U.S. Food & Drug Administration (FDA) best practice guidelines [21-26]. The emphasis in a 

175 psychometric validation study is on evaluating the magnitude of relationships between variables 

176 and the overall pattern of results, rather than on significance testing. Because of this, no 

177 adjustment for multiple testing was applied. Where specific thresholds have been proposed for 

178 evaluating the results of certain psychometric tests, these have been noted. Where significance 

179 tests were used, the threshold for statistical significance was pf0.05 for each test. Where 

180 appropriate, results were reported with 95% confidence intervals. All PRO assessments were 

181 scored for each subject and summarized. Sociodemographic and clinical variables were obtained 

182 and descriptively summarized at baseline in the psychometric analysis population. These 

183 variables included gender, age, and type of stoma. For evaluation of the Decision Tree score, 

184 only the weekly mean values were investigated. For the PIB score (combination of pain, itching, 

185 and burning), it has been indicated for each analysis whether it was performed on weekly mean 

186 values alone or weekly mean and weekly maximum values.  

187 Item-level correlations with anchors

188 To evaluate the properties of the individual items, the relationships with anchor measures was 

189 explored. Specifically, correlations with the PGIS anchor were explored, and correlations were 
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190 calculated using data collected at Visit 2, where the PRO data used was from the closest 

191 assessment to Visit 2 (provided this was within four days) in the psychometric analysis 

192 population. For item 1-3, the point-biserial correlation coefficient was determined due to the use 

193 of a dichotomous scale�. For item 4-6, the polyserial correlation coefficient was determined for 

194 these severity items. For all correlation coefficients, the following interpretation cut-offs were 

195 applied: �weak correlation�: r < 0.30; �moderate correlation�: 0.30 f r < 0.50; and �strong 

196 correlation�: r g 0.50. These thresholds were pre-specified in the statistical analysis plan prior to 

197 conducting the psychometric validation.

198 Inter-item correlations 

199 Inter-item correlations were used to explore the relationships among the PRO items. Inter-item 

200 correlations were determined using correlation coefficients appropriate for the variables in 

201 question between each pair of items at Visit 1. Due to the complexity and variety of the data of 

202 interest, using a single type of correlation coefficient would not have been appropriate for all 

203 calculations. For item 1-3 (dichotomous scale), the appropriate correlation coefficient was simple 

204 matching coefficient, while Pearson�s correlation coefficient was used for the inter-item 

205 correlations of item 4-6. Items correlating very highly with one another (r g 0.90; indicating over 

206 80% shared variance) were considered to suggest redundancy.

207 Convergent validity of domains

208 Convergent validity was calculated for the PIB score (weekly mean of pain, itching, and burning 

209 severity items on a scale from 0-10) and the Decision Tree score using data associated with Visit 

210 2 in the psychometric analysis population (i.e. the weekly score taken over the seven days prior 

211 to Visit 2). The measures employed to assess convergent validity included PGIS and the DET 

212 score. A polyserial correlation coefficient was calculated, when correlating the PIB score with 

213 the PGIS and the Decision Tree score with the PGIS anchor. A Spearman�s correlation 

214 coefficient was calculated for the correlation between the PIB score with the DET score and the 

215 Decision Tree score with the DET score. The following interpretation cut-offs were applied: 

216 weak correlation�: r < 0.30; �moderate correlation�: 0.30 f r < 0.50; and �strong correlation�: r g 

217 0.50 as suggested for these analyses [27].

218 Test-retest reliability

219 Test-retest reliability was used to evaluate the stability of the PIB score and the Decision Tree 

220 score in relation to the PGIS, PGIC, CGIS, and CGIC anchor. Moreover, the stability of the 

221 weeping, bleeding, and ulcer items were evaluated using the same four anchors. The test-retest 

222 reliability measured the degree to which the given score was similar at different points in time in 

223 a subset of �stable� patients. A stable subject was defined as a subject with no change in PGIS 

224 and CGIS scores from Visit 1 to Visit 2 and similarly no change for the PGIC and CGIC scores 

225 from Visit 1 to Visit 2. 
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226 The test-retest reliability was determined by calculating the intraclass correlation coefficient 

227 (ICC). Specifically, an ICC based on a single measurement, absolute agreement, two-way mixed 

228 effects model was used which has been specifically recommended for use in test-retest reliability 

229 analyses [28]. A key assumption of this variant is that the two time points at which scores are 

230 measured are the only time points of interest, rather than being sampled from a wider population 

231 of possible time points. The absolute agreement component is specified to incorporate systematic 

232 differences between scores at each timepoint. This ICC variant is mathematically equivalent to 

233 the ICC (2,1) [28]. The following cut-offs were employed to interpret ICC values: ICC < 0.5 

234 indicated poor reliability, ICC values between 0.5 and 0.75 indicated moderate reliability, ICC 

235 values between 0.75 and 0.9 indicated good reliability, and ICC values greater than 0.90 

236 indicated excellent reliability. 

237 Known-groups analysis

238 The PIB score and the Decision Tree score were evaluated in patients who differed on variables 

239 hypothesized to influence the construct of interest. The magnitude of differences in scores 

240 characterized the degree to which the PIB score/Decision Tree score could distinguish among 

241 groups hypothesized a priori to be clinically distinct. Known-groups comparisons were assessed 

242 using data from the measurement period associated with Visit 2 in the psychometric analysis 

243 population. The known-groups were defined for the PGIS anchor by asking the following 

244 question: �Do you have any complications around your stoma today? If yes, overall, how would 

245 you describe the skin complications around your stoma today�. This led to three defined groups: 

246 �Group 1- no (reference)�, �Group 2- very mild or mild�, and �Group 3- moderate, severe, or very 

247 severe�. 

248 The magnitude of the differences was evaluated using between-group effect size estimates, 

249 calculated using the pooled standard deviation (SD) as the denominator, and based against the 

250 reference group as defined. The following cut-offs were used to interpret the magnitude of each 

251 effect size (ES): small change (ES = 0.20), moderate change (ES = 0.50), and large change (ES = 

252 0.80) [27]. The statistical significance of differences in scores between groups was also 

253 calculated using the F-test of one-way ANOVAs with a significance level of p f 0.05.

254 Ability to detect change

255 The ability of a score to detect change over time was assessed using data from the measurement 

256 periods associated with Visit 1 and Visit 2 in the psychometric analysis population. To 

257 investigate the ability of the PIB score to detect change, subjects were grouped according to the 

258 PGIC anchor and categorized into �Improved�, �Stable�, and �Worsened� groups as follows: 

259 �Improved� (very much improved, much improved, or a little improved at Visit 2), �Stable� (no 

260 change at Visit 2), and �Worsened� (a little worse, much worse, or very much worse at Visit 2). 

261 For the Decision Tree score, the same groups were defined using the CGIS anchor instead. For 

262 both domains, the frequency and percentage of subjects in each category were summarized, and 

263 the mean change scores for each group from Visit 1 to Visit 2 were listed alongside the SD. The 
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264 mean change scores were compared between the three groups, and one-way ANOVA F-test was 

265 employed to evaluate the statistical significance of any differences in change scores between 

266 each group.

267 Anchor-based methods for assessing meaningful change

268 Anchor-based methods were conducted to establish the level of change which could be 

269 considered meaningful for the domains. For this analysis, both PIB weekly mean and PIB weekly 

270 maximum scores were assessed alongside the Decision Tree score. The anchor-based analyses 

271 were performed in the psychometric analysis population using data from Visit 1 and Visit 2. The 

272 suitability of proposed anchors was tested using a polyserial correlation coefficient to establish 

273 the relationship between the anchor categories and change in domain scores. Anchors with 

274 correlations of r < 0.3 were not taken forward for analysis [29]. 

275 For PIB weekly mean and PIB weekly maximum, PGIC was the only anchor demonstrating a 

276 sufficient polyserial correlation coefficient. Thus, the PGIC anchor was used to define groups of 

277 patients who had experienced improvement or no change. For the Decision Tree score, the CGIS 

278 anchor was used instead due to a sufficient polyserial correlation coefficient, and patient groups 

279 were again defined as experiencing either improvement or no change. Subjects with worsened 

280 skin complications were excluded from this analysis. The groupings based on the PGIC/CGIS 

281 anchor were as follows: �Improved� (very much improved, much improved, or a little improved 

282 at Visit 2) and �Stable� (no change at Visit 2). 

283 The within-group mean change scores evaluated the minimal important change (MIC) within 

284 groups. The mean change in domain score was calculated for patients classified according to the 

285 PGIC anchor (PIB weekly mean and PIB weekly maximum) and the CGIS anchor (Decision 

286 Tree score). The MIC estimate was derived using each groups� mean change scores. 

287 The between-group differences in mean change scores evaluated the minimal important 

288 difference (MID) between groups. This analysis informed between-group MID estimates, and the 

289 mean change in domain scores was calculated for patients classified as above according to the 

290 PGIC anchor (PIB weekly mean and PIB weekly maximum) and the CGIS anchor (Decision 

291 Tree score). The MID estimate was defined as the difference in mean change score between 

292 these groups.

293 Distribution-based methods for assessing meaningful change

294 A distribution-based approach was employed, and these methods consisted of computing the SD 

295 and the standard error of measurement (SEm) [30]. This distribution-based approach involved 

296 calculating 0.5 of the SD at the Visit 2 measurement. The SEm was calculated as the SD at the 

297 Visit 2 measurement period multiplied by the square root of one minus the reliability of the score 

298 at baseline. Therefore, the SEm was equivalent to 0.5 SD when the reliability equaled 0.75 and 

299 decreased as reliability increased. The ICC values calculated based on the PGIS anchor between 

300 Visit 1 and Visit 2 were used for the reliability of scores when determining the SEm. A value of 

301 1 SEm was used as the estimate of the responder threshold.
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302 Results

303 Sociodemographic profile 

304 The psychometric analysis population was comprised of a total of 70 subjects living with an 

305 ostomy. There was an even distribution between females (51%) and males (49%), and the 

306 population had a mean age of 55.3 years (Table 1). There was a larger proportion of subjects 

307 with an ileostomy (80%) compared to subjects with a colostomy (20%) (Table 1), which was 

308 expected based on the inclusion criteria for the clinical investigation. 

309 Item-level correlations with anchors 

310 The severity items were correlated with the PGIS anchor. Table 2 depicts the correlation 

311 coefficients for the six items within the PRO.

312 Based on the applied cut-off values, five out of six items demonstrated a moderate or strong 

313 correlation with the PGIS anchor. The item regarding bleeding (item 1) showed a 0.266 

314 correlation coefficient, which was therefore classified as a weak correlation with the given 

315 anchor. 

316 Inter-item correlations

317 To explore how the items could be grouped into domains, the inter-item correlations were 

318 examined among the items assessing itching severity, pain severity, and burning severity (item 4, 

319 5, and 6). As depicted in Table 3, the itching severity item showed a moderate correlation with 

320 both the pain severity item (r = 0.668) and burning severity item (r = 0.600). In addition, the pain 

321 severity and burning severity items were shown to correlate well (r = 0.800) (Table 3). 

322 Moreover, no redundancy (r g 0.9) was observed. Collectively, these data support combining the 

323 pain, itching, and burning severity items into a single domain; referred to as the PIB score. 

324 The weeping, bleeding, and ulcer/sore items were also subject to inter-item correlation analysis. 

325 All correlation among those items were poor; thus, the weeping, bleeding, and ulcer/sore items 

326 were not combined into a domain score but kept as single items (data not shown). 

327 Convergent validity of domains

328 In addition to the composite outcome score of the OST 2.0, namely the Decision Tree score, the 

329 PIB domain was also taken through for further validation at the domain level. The PGIS and 

330 DET score were the two anchors used for assessing convergent validity of the two domains. 

331 When determining the polyserial correlation coefficient, it was evident that the PIB score 

332 correlated moderately with the PGIS anchor (r = 0.436), while the Decision Tree correlated 

333 strongly with this anchor measure (r = 0.560) (Table 4). In addition, evaluation of the 

334 Spearman�s correlation coefficient revealed a weak correlation between the PIB score and the 
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335 DET score (r = 0.241) alongside a strong correlation between the Decision Tree score and the 

336 DET score (r = 0.592) (Table 4).   

337 Test-retest reliability

338 The ICC can be interpreted as the correlation between repeatedly measured scores within 

339 subjects, where higher values indicate greater stability in scores. The test-retest reliability was 

340 investigated for the PIB score (weekly mean) and the Decision Tree score. The PIB score 

341 demonstrated good reliability when using the CGIS anchor (ICC = 0.871) and the PGIC anchor 

342 (ICC = 0.785) (Table 5). Moreover, the PIB score showed moderate reliability when using the 

343 PGIS anchor (ICC = 0.673) and CGIC anchor (ICC = 0.753) (Table 5). The Decision Tree score 

344 showed good reliability when using the PGIS anchor (ICC = 0.805) and the PGIC anchor (ICC = 

345 0.823) alongside moderate reliability when employing the CGIS anchor (ICC = 0.735) and the 

346 CGIC anchor (ICC =0.735) (Table 5). Collectively, these data provide good evidence of test-

347 retest reliability for both domain scores. 

348 When evaluating the bleeding item, strong ICC scores when stable patients were defined using 

349 the PGIS, PGIC, and CGIC anchors (ICC range: 0.758-0.804) were demonstrated, whereas for 

350 the CGIS anchor test-retest results were poor (ICC = 0.314) (Table 6). Similarly, the weeping 

351 item exhibited strong ICC scores when stable patients were defined using the PGIS, PGIC, and 

352 PGIC anchors (ICC range: 0.734-0.860), while this item also showed a poor correlation with the 

353 CGIS anchor (ICC = 0.419) (Table 6). Finally, test-retest results were strong for the ulcers/sores 

354 item when stable patients were defined using the PGIS anchor (ICC = 0.853) and moderate test-

355 retest reliability when stability was defined using the CGIS, PGIC, and CGIC (ICC range: 0.642-

356 0.745) (Table 6).

357 Known-groups analysis 

358 The known-groups analysis of the PIB score and the Decision Tree score was evaluated by 

359 comparing groups defined based on the PGIS anchor. When evaluating the differences in PIB 

360 mean scores between the three groups, Group 1 (reference) showed a mean score of 1.5, while 

361 group 2 and 3 demonstrated a mean score of 1.9 and 3.6, respectively (Table 7). Thus, there were 

362 monotonically increasing scores across groups, as hypothesized, with a statistically significant 

363 difference in mean scores between the groups (p = 0.003). Compared to the reference population 

364 (Group 1), this corresponded to a small between-groups ES for Group 2 (ES = 0.24) and a large 

365 between group ES for Group 3 (ES = 1.04) (Table 7). For the Decision Tree score, a mean score 

366 of 1.5 was shown for Group 1 (reference), while Group 2 and Group 3 demonstrated a mean 

367 score of 1.8 and 2.7, respectively (Table 7). Thus, again there were monotonically increasing 

368 scores across groups, with statistically significant differences between the groups (p < 0.001). 

369 When comparing to the reference group, a small between-groups ES was found for Group 2 (ES 

370 = 0.30), and a large between group ES for Group 3 (ES = 1.49; Table 7).

371
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372 Ability to detect change 

373 The ability of the PIB score to detect change was investigated by using the PGIC anchor to 

374 define change groups, while the ability of the Decision Tree score to detect change was evaluated 

375 by comparison with the CGIS anchor. The mean change score was assessed for the three groups 

376 of subjects. For the PIB score, the change score was negative (indicating an improvement in 

377 score) in the improved group (mean change score = -1.6) with a larger change compared to the 

378 stable population (mean change score = -0.3) (Table 8). The worsened group displayed a positive 

379 change score (mean change score = 0.3) compared to the stable group (mean change score = -

380 0.3) (Table 8); thus, the PIB score (weekly mean) did fluctuate in accordance with the pre-

381 defined patient groups. Finally, the one-way ANOVA F-test demonstrated a statistically 

382 significant difference in change scores between the subject groups (Table 8).

383 For the Decision Tree score, a larger negative change in mean score was shown for the improved 

384 group (mean change score = -0.4) compared to the stable one (mean change score = -0.1). 

385 Moreover, the worsened group demonstrated a positive change in mean score (mean score = 0.1) 

386 compared to the stable group (mean change score = - 0.1) (Table 8). Although no statistically 

387 significant difference between the groups was found (p = 0.246), the Decision Tree score also 

388 fluctuated in accordance with the pre-defined patient groups. Combined, both domain scores 

389 demonstrated an ability to detect change.

390 Anchor-based methods of score interpretation

391 To establish an estimate for a meaningful change in domain score, a correlation between the 

392 anchor and the change in domain scores of r > 0.3 was required. As depicted in Table 9, the 

393 PGIC anchor correlated sufficiently with the change in PIB weekly mean score (r = 0.454) and 

394 the PIB weekly maximum score (r = 0.422). When a subject improved from Visit 1 to Visit 2, the 

395 MIC of the PIB weekly mean score and the PIB weekly maximum score was 1.6 units and 2.5 

396 units, respectively (Table 9). When comparing between subjects, the MID value for the PIB 

397 weekly mean score was a 1.3-point reduction, while MID for the PIB weekly maximum score 

398 was a 1.6-point reduction (Table 9). For the Decision Tree score, the CGIS anchor was used 

399 instead of the PGIC anchor due to a sufficient correlation with the change in domain score (r = 

400 0.31). The MIC value for the Decision Tree was a 0.52-point reduction, while the MID value was 

401 a 0.41-point reduction (Table 9).

402 Distribution-based methods of score interpretation

403 In addition to the anchor-based methods, distribution-based methods were also used to determine 

404 a meaningful change for the domain scores. These methods aimed to identify the smallest 

405 amount of change which exceeded measurement errors. Thus, the distribution-based estimates, in 

406 the form of 0.5 SD and the SEm, were calculated for the domain scores. For PIB weekly mean, 

407 the distribution-based methods suggested a point reduction exceeding 1.13 to be meaningful 

408 (Table 10). For the PIB weekly maximum, a point reduction exceeding 1.53 was suggested as a 
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409 meaningful change (Table 10). Finally, a point reduction exceeding 0.42 was proposed as a 

410 meaningful change for the Decision Tree score (Table 10).  
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411 Discussion

412 This study presents the psychometric validation of the OST 2.0. This tool was designed to 

413 evaluate the severity of PSCs within the ostomy population, and the Decision Tree score offers a 

414 simple and evidence-based categorization of PSC severity [17]. CD interviews ensured that the 

415 concepts comprising the PRO were relevant and of interest for people living with an ostomy, and 

416 the psychometric analysis population was considered representative of the population. Three 

417 domain scores were validated, namely PIB (weekly mean), PIB (weekly maximum), and the 

418 Decision Tree score. The reason for including two versions of the PIB score was because PIB 

419 (weekly mean) is appliable for comparison of subjects with similar device changing patterns, 

420 while PIB (weekly maximum) is well-suited for comparison of subjects with very different 

421 device changing patterns.

422 Despite the continuous development of improved ostomy devices, people living with an ostomy 

423 continue to experience challenges with PSCs [2]. Within the ostomy care field, other 

424 psychometric validated tools do exist including among others the Ostomy-Q [31], the Ostomy 

425 Leak Impact Tool [32], the Ostomy Adjustment Inventory [33], the Ostomy Adjustment Scale 

426 [34], the Stoma-Quality-of-Life [35], the City of Hope Quality of Life-Ostomy Questionnaire 

427 [36], the Ostomy Self-Care Index [37], and the Caregiver Contribution to Self-Care in Ostomy 

428 Patient Index [37]. However, none of these instruments specifically focus on evaluating the 

429 severity of PSCs. 

430 A review by Haugen & Ratliff compared some existing, yet not psychometric validated, tools 

431 available for assessing PSCs in the ostomy care field [38]. Amongst those four tools, the OST 

432 [39] was the only one containing a scoring system and was referred to as a standardized approach 

433 for determining the condition of peristomal skin. Although the OST was validated to some 

434 degree [10], the tool was not subject to an actual psychometric validation. For this reason, it was 

435 impossible to directly compare the OST and OST 2.0, as the validation processes measured 

436 different performance parameters. However, the OST 2.0 has clear advantages including no need 

437 for training prior to using the tool, increased sensitivity, and the ability to closely monitor the 

438 skin. The DET score, which is the outcome of the OST, requires trained personnel to administer 

439 it. As such, the DET score does not allow for self-assessment by the users, meaning they cannot 

440 monitor the changes in their skin condition closely. 

441 To be fit for purpose, an instrument should demonstrate psychometric properties including 

442 validity, reliability, and responsiveness to change [40]. The Ostomy Complication Severity Index 

443 [41] is a psychometric validated tool for assessing incidence and severity of ostomy 

444 complications in recently operated patients. Although it assesses a few PSC symptoms like pain 

445 and bleeding, this instrument focuses on early post-operative complications and may not be 

446 relevant for the majority of the ostomy population. Moreover, the Ostomy Complication Severity 

447 Index does not provide estimates of clinically meaningful changes [41]; thus, limiting its 

448 interpretation of score changes. As such, the OST 2.0 is, to the best of our knowledge, the first 

449 psychometrically validated PRO instrument specifically focusing on assessing visible and 

450 sensation symptoms of PSCs. 
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451 Overall, the OST 2.0 instrument demonstrated good correlations with the anchor measures at 

452 item level, and inter-item correlations were therefore subsequently evaluated; revealing that pain, 

453 itching, and burning severity items could be mapped together. Thus, generating the possibility of 

454 using the PIB score as a second composite score in addition to the Decision Tree score, which 

455 currently is the outcome score of the OST 2.0. 

456 Concept elicitation work performed during development of the OST 2.0 [17] underlined the 

457 importance of the pain, itching, burning, weeping, bleeding, and ulcer items for people with an 

458 ostomy. The association between itching and pain has previously been reported [42] alongside a 

459 demonstration of pain, itching, and burning sensations being common co-existing symptoms for 

460 patients with chronic venous insufficiency [43]. Thus, it was found that the correlations 

461 evaluated provided support for the pain, itching, and burning items to be combined together to 

462 form a domain score in the ostomy population. In contrast, the weeping, bleeding, and ulcer/sore 

463 items were not found to be closely related with low inter-item correlations with each other. 

464 Consequently, the weeping, bleeding, and ulcer/sore will be evaluated individually. 

465 When evaluating convergent validity of the PIB domain, a moderate correlation with the PGIS 

466 anchor was found, while its correlation with the DET score was weak. These data underlined that 

467 there was conformity in what the PIB score measures and what people with an ostomy were 

468 experiencing. The weak correlation with the DET score was expected as it further supports the 

469 difference between what the DET score measures and how people with an ostomy experience 

470 sensation symptoms in the peristomal area. The Decision Tree score demonstrated a strong 

471 correlation with the DET score, which could partially be due to the incorporation of peristomal 

472 image analysis and subsequent quantification of the discolored area in this domain. Moreover, 

473 this correlation could also reflect that the visible signs of PSCs (weeping, bleeding, and 

474 ulcer/sores) are an integrated part of the Decision Tree score. As the discoloration domain is 

475 strongly impacting the outcome of the DET score [10], the OST 2.0 has the advantage of 

476 incorporating both discoloration area and the severity levels of sensation symptoms, which are 

477 absent in OST.

478 The OST 2.0 demonstrated good stability based on the test-retest reliability assessment. This 

479 evaluation was conducted to evaluate the degree to which the PIB (weekly mean) score and the 

480 Decision Tree score were similar over time in a subset of subjects (defined as having stable 

481 peristomal skin according to anchor points). In general, test-retest reliability findings should be 

482 interpreted in consideration of the ability to detect change findings, as good test-retest reliability 

483 can be the artefact of a score being unable to detect change. If an instrument like the OST 2.0 is 

484 intended to measure a change in patients over time, it is crucial that the tool is responsive to 

485 change [40]. This means that the domain scores must fluctuate in accordance with true change to 

486 possess the ability to detect change. The fluctuations of the PIB score and the Decision Tree 

487 score between the pre-defined �improved�, �stable�, and �worsened� patient groups underlined 

488 that these domains were responsive to change, and the test-retest results were therefore not an 

489 artefact.  
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490 The ability to detect change is an inevitable prerequisite to subsequently determine the 

491 meaningful change of a score. Positioning the magnitude of a given clinical change into a 

492 meaningful context can often be challenging and a statistical analysis for interpreting the 

493 outcome of a clinical score should not stand alone [40, 44]. According to the US FDA guidance 

494 on interpretation of PRO results [45], distribution-based methods can provide supportive 

495 evidence of meaningful change, but the anchor-based methods should be considered the primary 

496 approach for obtaining these thresholds. In this study, the anchor-based methods suggested a 1.3-

497 point reduction for PIB score (weekly mean), a 1.6-point reduction for PIB score (weekly 

498 maximum), and a 0.4-point reduction for the Decision Tree score as a meaningful change. These 

499 estimates may be useful e.g., if these domain scores are to be used in clinical trials for evaluating 

500 the performance of a new ostomy device. Importantly, one must keep the relatively large SD-

501 values of the meaningful estimates in mind, when interpreting MID values in clinical 

502 investigations. Of note, the US FDA supports the use of PRO instruments to measure primary or 

503 secondary safety and/or performance endpoints [46]; further underlining the potential in using 

504 one of the composite scores, i.e. the Decision Tree score or the PIB score, in clinical 

505 investigations. 

506 Limitations

507 Despite the fact that the psychometric analysis population was broad and representative of the 

508 end user population, the study did encompass some limitations. Specifically, the sample size for 

509 (70 subjects for the psychometric validation) could have been larger although similar sample 

510 sizes have been used for other tools e.g., the Ostomy Complication Severity Index [41]. The 

511 potential concerns regarding sample size were more pronounced in analyses where subjects were 

512 subdivided into smaller groups. For instance, the �improved� groups for determining estimates of 

513 meaningful change (MIC/MID) was relatively small. Moreover, the meaningful change estimates 

514 were determined with relatively large SD intervals. Based on this, additional evaluations may be 

515 needed to further explore these estimates for use in clinical investigations, and it has been 

516 suggested elsewhere that full confidence in a given MID value evolves over time [47]. 

517 PGI/CGI items were developed specifically for use as anchor measures in the psychometric 

518 evaluation of the OST 2.0 due to lack of existing measures that would be appropriate for these 

519 analyses. However, the PGI/CGI items were qualitatively tested prior to use to ensure patients 

520 understood the items as intended, and the items were developed in line with FDA guidance. 

521 Additionally, comparisons of the DET and OST 2.0 scores were drawn to confirm that the new 

522 OST 2.0 measures the same concepts as the DET score but with the aim of being more sensitive.

523 Finally, different types of correlations were used in the analyses based on the type of data 

524 included. Although this follows guidelines it may be harder to draw comparisons across 

525 correlations. Factor analysis was not performed to evaluate dimensionality due to sample size 

526 limitations and the complexity of the instrument.  
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527 Conclusions

528 This study presents the psychometric validation of the OST 2.0 instrument. The evidence 

529 provided support that OST 2.0 is reliable and valid for assessing severity of PSCs. Unlike the 

530 OST, this new tool enables close monitoring and captures subjects with PSC even in the absence 

531 of discolored peristomal skin. The Decision Tree score and PIB score both have great potential 

532 as a primary endpoint in clinical investigations. However, the meaningful change estimates 

533 should be interpreted with caution due to the sample size and the SD intervals of the estimates. 

534 Collectively, the OST 2.0 instrument provides a standardized, objective, sensitive, and easy-to-

535 use approach for closely assessing changes in peristomal skin conditions over time, which can 

536 capture both visual and non-visual symptoms of PSC.
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723 worst since the last product change. These items have a response scale ranging from 0 (No 

724 symptom) to 10 (Worst possible peristomal skin symptom). 

725

726 S2 fig. Overview of the clinical study. The clinical study was designed as a randomised, 

727 controlled, open-label, comparative, cross-over, multicentre investigation with two test periods. 

728 The subjects tested the non-CE marked investigational product (developed by Coloplast A/S) and 
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730 subject had three visits planned (V1, V2, and V3), and each subject was enrolled for 2×42±3 

731 days in total for the entire investigation; thus, for a maximum of 90 days.
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Table 1(on next page)

Sociodemographic proûle of subjects.

The psychometric analysis population was comprised of 70 subjects living with an ostomy.
Data shows distribution of samples according to gender, age, and type of ostomy.
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1 Table 1. Sociodemographic profile of subjects.

Gender

Female (n, %) 36 (51%)

Male (n, %) 34 (49%)

Age 

Mean (min; max) 55.3 (19;80)

Type of ostomy

Colostomy (n, %) 14 (20%)

Ileostomy (n, %) 56 (80%)

The psychometric analysis population was 

comprised of 70 subjects living with an ostomy. 

Data shows distribution of samples according to 

gender, age, and type of ostomy. 
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Table 2(on next page)

Item-level correlations.

The correlations of the six items were determined by calculating the relevant correlation
coeûcient based on the PGIS anchor (n=59). Cut-oûs applied were 8weak correlation9: r <
0.30; 8moderate correlation9: 0.30 f r < 0.50; and 8strong correlation9: r g 0.50.
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1 Table 1. ItemI����� correlations.

Item Type of correlation coefficient r

1 � B������� P����I	�
����� 0.266

2 � W��
��� P����I	�
����� 0.431

3 � Ulcers/sores Point-biserial 0.633

4 - Itching (severity) Polyserial 0.457

5 � Pain (severity) Polyserial 0.442

6 � Burning (severity) Polyserial 0.468

The correlations of the six items were determined by calculating the relevant 

correlation coefficient based on the PGIS anchor (n=59). Cut-offs applied were 

�weak correlation�: r < 0.30; �moderate correlation�: 0.30 f r < 0.50; and �strong 

correlation�: r g 0.50.
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Table 3(on next page)

Inter-item correlations for severity items.

The Pearson9s correlation coeûcient was determined for the itching severity, pain severity,
and burning severity items. r g 0.9 indicated redundancy.
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1 Table 1. Inter����� correlationc for c�s����� itemci

4 � ������� 5 � ���� 6 � Burning

Itching N�� - -

Pain 0.668 N�� -

Burning 0.600 0.800 N��

The Pearson�s correlation coefficient was determined for the itching 

severity� pain severity� and burning severity items. r g 0.9 indicated 

redundancy.
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Table 4(on next page)

Convergent validity of domains.

The polyserial correlation coeûcient was determined for correlation of the PIB score (weekly
mean) and the PGIS anchor (n=60) and for correlation of the Decision tree score and the
PGIS anchor (n=57). The Spearman9s correlation coeûcient was determined for correlation of
the PIB score and the DET score (n=58) and for correlation of the Decision Tree score and the
DET score (n=55). Cut-oûs applied were 8weak correlation9: r < 0.30; 8moderate correlation9:
0.30 f r < 0.50; and 8strong correlation9: r g 0.50.
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1 Table 1. C� !"#$" % !v&'('%) �o d�dv' *+

PIB sc�#" D",'*'�  Tree sc�#"

PGI- 0.436 0.560

D./ sc�#" 0.241 0.592

The polyserial correlation coefficient was determined for correlation of the PIB score 

(weekly mean) and the PGIS anchor (n=60) and for correlation of the 01237389 tree score 

and the PGIS anchor (n=57). The Spearman�s correlation coefficient was determined for 

correlation of the PIB score and the 0:; score (n=58) and for correlation of the 01237389 

Tree score and the 0:; score (n=55). Cut-offs applied were �weak correlation�: r < 0.30; 

�moderate correlation�: 0.30 f r < 0.50; and �strong correlation�: r g 0.50.
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Table 5(on next page)

Test-retest reliability of weekly mean domain scores between the two visits.

The test-retest reliability of the PIB score (weekly mean) and Decision Tree score were
evaluated by calculating the intraclass correlation coeûcient (ICC). Data is listed with 95%
conûdence intervals displayed in brackets. For the number of subjects, data is displayed as n
(PIB score) / n (Decision Tree score). The following cut-oûs were applied: ICC < 0.5 indicated
poor reliability, ICC values between 0.5 and 0.75 indicated moderate reliability, ICC values
between 0.75 and 0.9 indicated good reliability, and ICC values greater than 0.90 indicated
excellent reliability.
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1 Table 1. TestT<=>=?> reliabilitr o@ w==AEr mean domain scores betw==b the twt FG?G>?H

Anchor n IJJ K PIB score IJJ K L=MG?Gtb Tree SMt<=

PGIS 13 / 12 0.673 (-0.100O 0.901) 0.805 (0.292O 0.944)

CGIS 21 / 20 0.871 (0.686O 0.947) 0.735 (0.326O 0.896)

PGIC 34 / 31 0.785 (0.573O 0.892) 0.823 (0.637O 0.915)

CGIC 31 / 30 0.753 (0.455O 0.884) 0.735 (0.449O 0.874)

The test-retest reliability of the PIB score (weekly mean) and QRUVXVYZ Tree score were 

evaluated by calculating the intraclass correlation coefficient (ICC). Q[\[ is listed with 95] 

confidence intervals displayed in brackets. ^Y_ the number of sub`RU\XO data is displayed as n 

(PIB score) / n (QRUVXVYZ Tree score). The following cut-offs were applied: ICC < 0.5 indicated 

poor reliabilityO ICC values between 0.5 and 0.75 indicated moderate reliabilityO ICC values 

between 0.75 and 0.9 indicated good reliabilityO and ICC values greater than 0.90 indicated 

excellent reliability.
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Table 6(on next page)

Test-retest reliability of bleeding, weeping, and ulcers/sores items.

The test-retest reliability the bleeding, weeping, and ulcers/sores items were evaluated by
calculating the intraclass correlation coeûcient (ICC). Data is listed with 95% conûdence
intervals displayed in brackets. The number of subjects used for the analysis is displayed (n).
The following cut-oûs were applied: ICC < 0.5 indicated poor reliability, ICC values between
0.5 and 0.75 indicated moderate reliability, ICC values between 0.75 and 0.9 indicated good
reliability, and ICC values greater than 0.90 indicated excellent reliability.
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1 Table 1. Testaefgfhg reliabilitj ok bleeding, lffmnpqu and ulcers/sores items.

Anchor n Ixx y Bleeding Ixx y zffmnpq Ixx y {|}feh~h�efh

PGIS 13 0.758 (0.244� 0.925) 0.860 (0.535� 0.958) 0.853 (0.503� 0.955)

CGIS 21 0.314 (-0.734� 0.724) 0.419 (-0.456� 0.766) 0.645 (0.153� 0.854)

PGIC 34 0.804 (0.607� 0.902) 0.810 (0.623� 0.905) 0.745 (0.487� 0.873)

CGIC 31 0.801 (0.584� 0.904) 0.734 (0.449� 0.871) 0.642 (0.262� 0.827)

The test-retest reliability the bleeding� weeping� and ulcers/sores items were evaluated by calculating the 

intraclass correlation coefficient (ICC). ���� is listed with 95� confidence intervals displayed in brackets. 

The number of sub����� used for the analysis is displayed (n). The following cut-offs were applied: ICC < 

0.5 indicated poor reliability� ICC values between 0.5 and 0.75 indicated moderate reliability� ICC values 

between 0.75 and 0.9 indicated good reliability� and ICC values greater than 0.90 indicated excellent 

reliability. 
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Table 7(on next page)

Known-groups analysis of the domain scores.

Known-groups analysis was investigated for the PIB score (weekly mean) and for the Decision
Tree score. Subjects were divided into three groups depending on presence and severity of
peristomal skin complications. Using the PGIS anchor, the between group eûect sizes (ES)
were estimated using the pooled standard deviation (SD) based on the reference group
(Group 1). The following cut-oûs were applied: small change (ES = 0.20), moderate change
(ES = 0.50), and large change (ES = 0.80). The F-test of one-way ANOVA was used to
determine the statistical signiûcance of diûerences in scores between groups. p f 0.05 was
considered signiûcant.
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1 Table 1. Known-groups analysis of the domain scores.

Grouping variable n Mean score (SD)

Between groups 

Effect size

Between groups 

p-value

PIB score

Group 1 - �� (reference) 31 1.5 (1.58) - 0.003

Group 2 - ���� mild or ���� 14 1.9 (1.40) 0.24 -

Group 3 - Severe or ���� severe 15 3.6 (2.56) 1.04 -

Decision Tree score

Group 1 - �� (reference) 30 1.5 (0.88) - <0.001

Group 2 - ���� mild or ���� 12 1.8 (0.84) 0.30 -

Group 3 - Severe or ���� severe 15 2.7 (0.56) 1.49 -

������������ analysis was investigated for the PIB score (weekly mean) and for the �������� Tree score. Sub����� 

were divided into three groups depending on presence and severity of peristomal skin complications. Using the 

PGIS anchor  the between group effect si¡�� (¢£¤ were estimated using the pooled standard deviation (S�¤ based 

on the reference group (Group 1). The following cut-offs were applied: small change (¢£ = 0.20)  moderate change 

(¢£ = 0.50)  and large change (¢£ = 0.80). The F-test of one-way A�¥�¦ was used to determine the statistical 

significance of differences in scores between groups. p f 0.05 was considered significant. 
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Table 8(on next page)

Ability to detect change of domain scores.

The ability of the PIB score (weekly mean) to detect change was evaluated by use of the PGIC
anchor, while the ability of the Decision Tree score to detect change was investigated by
comparison with the CGIS anchor. Subjects were divided into three groups depending on
their progression from Visit 1 to Visit 2. These groups included 8Improved9 subjects (very
much improved, much improved, or a little improved at Visit 2), 8Stable9 subjects (no change
at Visit 2), and 8Worsened9 subjects (a little worse, much worse or Very much worse at Visit
2). The mean change score was determined. One-way ANOVA F-test was used to calculate
potential statistical signiûcance of diûerences in change scores between groups.
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1 Table 1. Ability to detect change of domain scores.

Grouping variable n Mean change score (SD) Between groups    p-value

PIB score 

Improved 14 -1.6 (1.75) -

Stable 34 -0.3 (1.53) -

§¨©ª«¬«­ 6 0.3 (2.41) 0.026

Decision Tree score

Improved 25 -0.4 (0.75) -

Stable 20 -0.1 (0.85) -

§¨©ª«¬«­ 10 0.1 (0.92) 0.246

The ability of the PIB score (weekly mean) to detect change was evaluated by use of the PGIC anchor® 

while the ability of the ¯«°±ª±¨¬ Tree score to detect change was investigated by comparison with the 

CGIS anchor. Sub²«°³ª were divided into three groups depending on their progression from ́ ±ª±³ 1 to ́ ±ª±³ 

2. These groups included �Improved� sub²«°³ª (very much improved® much improved® or a little improved 

at ´±ª±³ 2)® �Stable� sub²«°³ª (no change at ´±ª±³ 2)® and �§¨©ª«¬«­µ sub²«°³ª (a little worse® much worse 

or ´«©¶ much worse at ´±ª±³ 2). The mean change score was determined. ·¬«¸¹º¶ A»·´¼ F-test was 

used to calculate potential statistical significance of differences in change scores between groups. 
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Table 9(on next page)

Meaningful change estimates for domain scores.

Meaningful change estimates for the PIB weekly mean and PIB weekly maximum domains
were calculated using the PGIC anchor. For the Decision Tree score, the CGIS anchor was
used instead. The correlation between the anchor and the change in domain score was
determined by calculating polyserial correlation coeûcient. Subjects were divided into
groups based on their progression from Visit 1 to Visit 2. According to the anchor point used,
the groups were deûned as 8Improved9 (very much improved, much improved, or a little
improved at Visit 2) and 8Stable9 (no change at Visit 2). Meaningful change estimates were
determined within subjects (minimal important change) and between groups (minimal
important diûerence). Data is displayed as the mean change score / mean diûerence score
with the 95% conûdence interval being displayed in brackets for each mean value.
Abbreviations: MIC, minimal important change; MID, minimal important diûerence.
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1 Table 1. Meaningful change estimates for domain scores.

Grouping variable n

Anchor 

correlation

½¾¿À¾Á subÂÃÄ¿Å 

(MIC)

Between subjects 

(MID)

PIB score (weekly mean)

Improved 14 0.45 -1.6 (-2.50Æ -0.78)

Stable 34 - -0.3 (-0.86Æ 0.24) -1.3 (-2.35Æ -0.30)

PIB score (weekly maximum)

Improved 14 0.42 -2.5 (-3.90Æ -1.24)

Stable 34 - -0.9 (-1.77Æ -0.06) -1.6 (-3.24Æ -0.08)

Decision Tree score

Improved 11 0.31 -0.52 (-1.03Æ -0.00)

Stable 20 - -0.10 (-0.48Æ 0.28) -0.4 (-1.05Æ 0.23)

ÇÈÉÊËÊÌÍÎÏ change estimates for the PIB weekly mean and PIB weekly maximum domains were calculated using 

the PGIC anchor. For the ÐÈÑËÒËÓÊ Tree scoreÆ the CGIS anchor was used instead. The correlation between the 

anchor and the change in domain score was determined by calculating polyserial correlation coefficient. SubÔÈÑÕÒ 

were divided into groups based on their progression from ÖËÒËÕ 1 to ÖËÒËÕ 2. According to the anchor point usedÆ the 

groups were defined as �Improved� (very much improvedÆ much improvedÆ or a little improved at ÖËÒËÕ 2) and 

�Stable� (no change at ÖËÒËÕ 2). ÇÈÉÊËÊÌÍÎÏ change estimates were determined within subÔÈÑÕÒ (minimal important 

change) and between groups (minimal important difference). ÐÉÕÉ is displayed as the mean change score / mean 

difference score with the 95× confidence interval being displayed in brackets for each mean value. Abbreviations: 

ÇØÙÆ minimal important change; ÇØÐÆ minimal important difference. 
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Table 10(on next page)

Distribution-based estimates for PIB weekly mean and PIB weekly maximum.

The distribution-based estimates were determined for the PIB weekly mean and PIB weekly
maximum domain. The estimates were 0.5 of the SD and the SEm. Abbreviations: SD,
standard deviation; SEm, standard error of measurement; ICC, intraclass correlation
coeûcient.
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1 Table1. Distribution-based estimates for PIB ÚÛÛÜÝÞ mean and PIB ÚÛÛÜÝÞ maßàáâáã

äåáæàç scores n è éä éêá ëìííî

PIB score (weekly mean) 64 0.98 1.13

PIB score (weekly maximum) 64 1.21 1.53

ïðñòóòôõ Tree score 64 0.47 0.42

The distribution-based estimates were determined for the PIB weekly mean and PIB 

weekly maximum domain. The estimates were 0.5 of the Sï and the Sö÷ø 

Abbreviations: Sïù standard deviation; Sö÷ù standard error of measurement; ICCù 

intraclass correlation coefficient.
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