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Abstract
BACKGROUND
There remains a dearth of Asian epidemiological literature for paediatric inflammatory bowel disease (PIBD).

AIM
To describe the presenting features of PIBD from 7 Asia-Pacific pediatric gastroenterology centers via a central standardised electronic data platform.

METHODS
Clinical, endoscopic and radiologic data at diagnosis from the registry were extracted between 1st January 1995 to 31st December 2019. Disease phenotypic characteristics were classified as per the Paris classification system.

RESULTS
There was a distinct rise in new PIBD cases: Nearly half (48.6%) of the cohort was diagnosed in the most recent 5 years (2015-2019). The ratio of Crohn’s disease (CD):Ulcerative colitis (UC):IBD-Unclassified was 55.9%:38.3%:5.8%. The mean age was 9.07 years with a high proportion of very early onset IBD (VEO-IBD) (29.3%) and EO-IBD (52.7%). An over-representation of the Indian/South Asian ethnic group was observed which accounted for 37.0% of the overall Singapore/Malaysia subcohort (6.8%-9.0% Indians in census). Indian/South Asian CD patients were also most likely to present with symptomatic perianal disease (P = 0.003). CD patients presented with significantly more constitutional symptoms (fever, anorexia, malaise/fatigue and muscle-wasting) than UC and higher inflammatory indices (higher C-reactive protein and lower albumin levels).

CONCLUSION
We observed a high incidence of VEO-IBD and an over-representation of the Indian ethnicity. South Asian CD patients were more likely to have symptomatic perianal disease. 
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Core Tip: We describe the presenting features of paediatric inflammatory bowel disease (IBD) in 7 paediatric gastroenterology centers across six Asia-Pacific regions via a centrally-hosted electronic data capture platform. Clinical, endoscopic and radiologic data of 311 paediatric patients diagnosed with IBD between 1995 and 2019 were extracted. The ratio of Crohn’s (CD):Ulcerative colitis:IBD-Unclassified was 55.9%:38.3%:5.8%. The mean age was 9.07 years with a high proportion of very early onset IBD (VEO-IBD) and EO-IBD. An over-representation of the Indian/South Asian ethnic group was observed in the multiethnic subpopulations of Singapore and Malaysia. Patients of Indian/South Asian ethnicity were also most likely to present with symptomatic perianal CD.


INTRODUCTION
The epidemiology of inflammatory bowel disease (IBD) is a dynamic and rapidly evolving landscape. Recent publications over the past decade document the rise in IBD incidence in traditionally low-prevalence regions (Asia, Africa, South America) while the incidence is somewhat stabilising in high-prevalence western nations[1]. In particular, there is an increased impetus to focus on paediatric IBD (PIBD) epidemiology as the rising incidence of childhood-onset disease appears to be driving this overall trend in certain regions[2]. Very-early onset IBD (VEO-IBD), generally defined as disease onset prior to the age of 6 years, was once considered rare but now represents the fastest growing age bracket of IBD incidence in certain countries[3]. Yet in spite of these global trends, there remains a dearth of epidemiological literature for PIBD in Asia, in particular the regions of Central, South and Southeast Asia. This begets the question whether these countries are truly ‘low prevalence’ in the absence of national IBD registries such as those established in Japan[4] and South Korea[5]. Apart from studies published out of these East Asian cohorts, current literature is mostly limited to single centre publications[6-8] from countries in the Asia-Pacific region. Epidemiological data from these publications would only represent ‘the tip of the iceberg’ of the true burden of IBD and may not necessarily encapsulate recent regional epidemiological trends in disease incidence and behaviour.
There are numerous challenges in establishing a robust disease registry within Asia, especially with chronic diseases of emerging importance such as PIBD. For one, there is significant heterogeneity in disease awareness, diagnostic evaluation processes and therapeutic strategies across the vast Asian continent. This inevitably results in variations in case definitions with consequent epidemiological data inconsistencies. The aim of the present study was to describe the presenting features of PIBD managed in 7 paediatric gastroenterology centers across six Asia-Pacific countries and regions via a centrally-hosted electronic data capture platform using international standardised definitions.

MATERIALS AND METHODS
Establishing a multi-centre Asian PIBD registry network
The concept and goal of establishing a standardised disease data capture platform across Asian paediatric gastroenterology centres were first discussed amongst paediatric gastroenterologists practising across 7 tertiary centres in 6 Asian countries (Malaysia, Philippines, Singapore, Sri Lanka, Taiwan R.O.C., Thailand) in 2017. A consensus was established amongst the network committee members with regards to the standardisation of disease data collected both retrospectively and prospectively. Anonymised clinical data was to be collected on patient demographics, diagnostic evaluation and disease characteristics based on clinical examination, laboratory, endoscopy and radiology investigations. The diagnosis and classification of IBD into one of three disease subtypes [Crohn’s disease (CD), Ulcerative colitis (UC) and IBD-unclassified (IBD-U)] was determined by each participating centre based on the revised Porto criteria[9] as agreed within the network. The Paris Classification[10] (paediatric modification of the Montreal classification for IBD) system was then utilised to describe disease behaviour and phenotype. Electronic case report forms were thereafter loaded on a secure REDCAP data-capture platform centrally hosted by the Singapore Clinical Research Institute.

Ethics approval
Ethics approval for the storage of anonymised clinical data on a multi-centre central data registry hosted by the Singapore Clinical Research Institute was granted by the National Healthcare Group (NHG) Domain Specific Review Board (Approval letter for study code NUH/2019-00060 dated 23rd January 2020), followed by a separate ethics approval for data extraction and analysis (Approval letter for study code 2019/00751 dated 20th October 2021 to 19th October 2022).

Data extraction and analysis
For the purposes of analysis of clinical features at diagnosis, data from the registry was extracted for patients diagnosed with IBD between 1st January 1995 to 31st December 2019. The patient’s inclusion criteria were: (1) Gastroenterologist-confirmed diagnosis of IBD at the participating site; (2) Age below 18 years at the point of diagnosis; and (3) Resident (citizens, permanent residents or long-term visitors) of the country of the participating site. Medical tourists (non-resident patients visiting the country solely for the purpose for medical assessment/treatment) were excluded. We stratified the cohort (1995-2019) into five equal time-intervals, each of 5-year duration, for the intent of analysing change in IBD incidence and evolution of diagnostic practices with time.
VEO-IBD was defined by an age of onset less than 6 years and EO-IBD, by an age of onset less than 10 years. Symptomatic perianal disease was defined as perianal pain or discharge due to a fistula or abscess/collection. A ‘perianal manifestation’ of CD, symptomatic or otherwise, was defined broadly as large inflamed perianal tags, poorly healing perianal fissures ascribed to CD or perianal fistula/abscess or collection evident clinically or via imaging. South Asians were defined as people of Indian, Bangladeshi, Pakistani, Sri Lankan (Sinhalese/Tamil) or Maldivian origin. Anthropometric Z-scores for children of age 0-5 years were measured based on the World Health Organization (WHO) Child Growth Standards, while those for children aged 5-19 years were measured on the WHO Reference 2007. Linear growth failure was defined as a height Z-score of -2 and lower.
Disease severity was defined based on the patients’ respective Paediatric Crohn’s Disease Activity Index (PCDAI) (Inactive: ≤ 10, mild: 11-30, moderate-severe: > 30)[11] and Paediatric Ulcerative Colitis Activity Index (Inactive: < 10, mild: 10-34, moderate: 35-64, severe ≥ 65)[12] scores.
The date of IBD diagnosis was taken as the date of diagnostic endoscopy. For the purposes of this publication discussing solely the presenting clinical features at diagnosis, we only included clinical data occurring within 3-mo prior or after the date of diagnosis and before any therapeutic intervention.
Statistical analysis was done through SPSS Version 27 whereby we compared presenting symptoms, biochemical indices and growth indices between the key phenotypic subgroups (CD and UC); the overall effect of ethnicity on IBD phenotype and behaviour. Continuous variables (laboratory investigation values, anthropometric indices) were compared through the student’s t-test while most of the other outcomes (clinical findings, disease phenotype and behaviour) were classified as categorical variables/dichotomous outcomes and these were compared through the chi-square test. A P value of less than 0.05 was deemed as a significant difference in outcomes, otherwise stated as ‘NS’ (non-significant). Whereby multivariate analysis was required in determining the effect of South Asian ethnicity on the incidence of perianal disease in CD adjusting for inter-ethnic variability in disease phenotype, logistic regression was used to calculate an adjusted odds ratio.

RESULTS
Three hundred and eleven children were recruited from seven participating tertiary centres across six countries within the Asia-Pacific region. There was a distinct rise in the number of new PIBD cases recorded across the network, with nearly half (48.6%, 151/311) of the entire cohort being diagnosed in the most recent 5 years (2015-2019) of recruitment (Figure 1). Table 1 illustrates the overall distribution of CD vs UC vs IBD-U, in which the CD:UC ratio was approximately 1.5:1 while the proportion of IBD-U was 5.8%. While there were more males in the overall cohort (58.2% male), we did not observe any significant gender predilection across the three disease subtypes: Male CD 58.0% vs male UC 57.0% vs male IBD-U 66.7% (P = 0.75).

High incidence of VEO and EO disease
The mean age of disease presentation was 9.07 years for the entire IBD cohort which is within the age definition of EO disease. UC patients presented at a significantly younger age than CD patients (7.73 years vs 10.18 years, P < 0.001), with the mean age of IBD-U patients (7.34 years) similar to that of UC. When stratifying age of onset into VEO disease and EO disease, 29.3% of the entire cohort was classified as VEO-IBD and more than half (52.7%) was early-onset. There was a significantly higher proportion of VEO-IBD and EO-IBD presenting as a UC phenotype as compared to CD (Table 1). Across a period of 20 years, the proportions of VEO-IBD and EO-IBD remained relatively stable, approximately at 30% and 50% of the cohort per time interval respectively (Figure 2).

Over-representation of the Indian/South Asian ethnicity
For a meaningful interpretation of ethnic predilection amongst Asian IBD patients, the multi-racial sub cohorts from Singapore and Malaysia were chosen as the other participating sites were relatively more homogeneous in ethnic group distribution. The three main ethnic groups in these two countries are Chinese, Indian/South Asian and Malay as listed in Table 2[13,14]. A distinct over-representation of the Indian/South Asian ethnic group was observed, with Indians/South Asians accounting for 37.0% of the overall Singapore/Malaysia IBD cohort relative to a minority representation of 6.8%-9.0% in both the countries’ respective population census. There was a significantly higher proportion of UC patients relative to CD amongst the Malay ethnic group (CD:UC ratio 0.7, P = 0.037).

Increased constitutional symptoms, extraintestinal manifestations and higher inflammatory indices in CD
Abdominal pain (P = 0.004) and clinically evident abdominal tenderness (P = 0.003), fever (P < 0.001), loss of appetite (P = 0.001) and malaise/fatigue (P = 0.016) were significantly more common amongst CD patients relative to UC. While there was a non-significant higher proportion of CD patients presenting with weight loss (46.6% CD vs 37.0% UC), clinically evident muscle wasting was significantly more common in CD (14.4% CD vs 5.9% UC, P = 0.022).
Although CD patients had numerically lower mean weight Z-scores [(-1.4) vs (-1.0)] and height Z-scores [(-0.8) vs (-0.6)] than UC, only the mean body-mass index Z-score of CD patients was significantly lower [(-1.5) vs (-0.9), P = 0.013]. There were approximately similar rates of linear growth failure across the three disease subtypes: 18.4% CD vs 16.1% UC vs 17.6% IBD-U (Table 3). There was a non-significant higher proportion of patients with joint pains (7.5% CD vs 5% UC) and clinically evident arthritis (6.9% CD vs 2.5% UC) in CD patients. Other extraintestinal manifestations (EIMs) such as oral ulcers (20.7% CD vs 0.8% UC, P < 0.001) and erythema nodosum (4.6% CD vs 0.0% UC, P = 0.018) were more common in CD than UC. Hepatic involvement (hepatomegaly and elevated transaminases) was however more commonly observed in UC than CD, consistent with a significantly higher association of autoimmune liver disease/primary sclerosing cholangitis with UC than CD (17.6% UC vs 1.1% CD, P < 0.001).
CD patients also presented with significantly higher C-reactive protein (CRP) levels (mean 54.6 CD vs 20.1 UC, P < 0.001) and lower albumin levels relative to UC. However, there was no significant difference in mean haemoglobin and proportion of severe anaemia (defined as ≤ 7.0g/dL: 4.0% CD vs 5.0% UC, P = 0.601) at presentation between CD and UC.

Faecal calprotectin testing
16.1% of the cohort had a faecal calprotectin (50/211) assayed at baseline. There was no significant difference between the mean values in CD and UC (Table 3). Amongst children with CD, faecal calprotectin values were lower in patients with isolated ileal disease (L1) compared to ileocolonic (L3) disease (468.7 in L1 vs 749.2 μg/g in L3, P = 0.05). No discernible difference in mean faecal calprotectin values was noted amongst children with UC; left sided disease (E1/E2: 547.0 μg/g) vs more extensive disease (E3/E4: 555.6 μg/g).

Small bowel imaging and endoscopy
There was a progressive decline in the use of small bowel follow through studies across the cohort. Since 2010, there has been increasing use of either MR enterography or intestinal ultrasound although approximately 60% of the cohort have not had any form of small bowel imaging (Figure 3). Complete endoscopy as per Porto guidelines (upper and lower endoscopy) was performed in 79.1% of the cohort.

Disease behaviour and phenotype of CD patients
The ileocolonic location was the most common disease location in the entire cohort of CD patients, with pure inflammatory disease being most common (90.7%) followed by luminal penetrating disease (5.3%) and stricturing disease (3.3%). Isolated L4 disease (absence of terminal ileal or colonic disease) was relatively uncommon at 4.0% of the CD cohort. Over half of the CD patients had at least moderate disease severity at presentation (54.3%), with no differences in mean PCDAI scores noted with the South Asian subgroup. Upper gastrointestinal involvement was seen in 49.0% of the entire CD cohort. Symptomatic perianal disease was seen in 13.2% of the CD cohort and up to 30.5% of the CD cohort had some form of perianal manifestation as earlier defined.
South Asian CD patients were strongly associated with perianal symptoms at presentation (P = 0.003), the physical finding of asymptomatic perianal tags (15.5% South Asian vs 7.5%, P = 0.042), as well as any form of perianal manifestation (symptomatic and asymptomatic, detected on either clinical examination or perianal imaging; P = 0.003). Adjusting for inter-ethnic differences in CD incidence, the South Asian ethnicity remained strongly associated with symptomatic perianal disease at presentation (B co-efficient 1.264, P = 0.001). Sri Lanka was the only participating South Asian site in this study, and only 1 out of 19 Sri Lankan IBD patients had presented with symptomatic perianal disease. All the South Asian CD patients in this subgroup analysis (Table 4) were either first- or second-generation immigrants within Singapore or Malaysia.

Disease behaviour and phenotype of UC patients
Overall, pan colonic involvement was the most common location in UC (72.6%) and almost half (48.8%) of UC patients had at least moderate disease severity at presentation. South Asian UC patients had slightly less cases of isolated proctitis than the non-South Asian UC sub cohort (6.9% proctitis South Asian vs 7.8% non-South Asian).

DISCUSSION
This first publication from the Asian PIBD registry gives valuable insights into the distinct epidemiological patterns of a rapidly emerging chronic disease in the Asia-Pacific region. Existing literature from published adult cohorts documents the distinct rapid rise in overall IBD incidence across the Asia-Pacific region[15] ascribed to increased urbanisation and industrialisation of developing areas with a consequent change in lifestyle and environmental factors. Our pooled data across major paediatric gastroenterology centres in the Asia-Pacific region verifies the rise in PIBD incidence, particularly in the last decade of data collection (2010-2019). This is also consistent with rising trends observed in other Asian paediatric cohorts in Saudi Arabia[16], Bahrain[17], Japan[18], South Korea[19] and China[20]. There still remains a knowledge gap on the epidemiological trends of PIBD in many parts of Asia, particularly Central and South Asian regions, although recently published studies out of Kazakhstan[21], India[22] and Nepal[23] reaffirm IBD as an emerging health issue.
Several other factors have been proposed as reasons for the observed rise in IBD incidence within the Asia-Pacific region, namely increased disease awareness amongst healthcare professionals, improved access to healthcare resources and better diagnostic modalities in rapidly industrialising areas. While such factors may account for part of the initial observed rise in incidence in the earlier decades, they do not sufficiently explain the sustained year-on-year rise in PIBD incidence seen in developed regions of our network[6,24] as well as other highly industrialised regions in Japan and South Korea.
The key strength of a multi-centre registry in this ethnically and culturally diverse region would be to allow epidemiological comparisons amongst multi-racial Asian populations (e.g., Singapore/Malaysia) and ethnically homogeneous populations (e.g., Philippines/Sri Lanka/Thailand). In Singapore and Malaysia where the Chinese and Malay populations form the majority ethnic group respectively and the Indians are an ethnic minority, we affirm earlier findings from adult Southeast Asian cohorts[25,26] that there is an ethnic predisposition to IBD incidence with an over-representation of the Indian/South Asian subgroup (37% IBD vs 6%-9% general population). This is similar to observations in the United Kingdom and Canada where IBD is seen with greater frequency amongst both South Asians born in the United Kingdom[27] and South Asian migrants to the United Kingdom[28], as well as the paediatric South Asian community in British Columbia, Canada[29]. Similarly, in a study of 30812 IBD subjects diagnosed in the United States, Malhotra et al[30] found that residents of Indian ancestry carried the highest risk for all types of IBD, compared to residents of Jewish, East Asian or Hispanic ancestries.
With combined Singaporean and Malaysian data, we were able to discern unique characteristics of each ethnic group. The CD:UC ratio varied distinctly across the three ethnic groups (Chinese 1.2; Indian/South Asian 1.0 and Malay 0.7) and this is likely attributed to inter-ethnic differences in environmental factors, such as diet, diversity in gut microbiome[31] including Helicobacter pylori (H. pylori)[32] as well as socio-economic status[33]. This inter-ethnic variation in IBD incidence has been observed between African Americans and white Americans previously[34]; white Americans were reported to have a CD:UC ratio > 1.0 with Hispanic Americans having an inverse ratio[35], paralleling what is observed between Chinese and Malays in our cohort. A similar variegation of CD:UC ratio was seen in a Latin American systematic review by Kotze et al[36], in which only certain states in Brazil reported a CD:UC ratio > 1 whereas most of the other Latin American countries had a CD:UC ratio < 1. The authors concluded similarly that regions within Latin America that experienced higher degrees of economic development and ‘Westernisation’ had a higher proportion of CD cases.
We also observed a strongly significant association between the South Asian ethnicity and symptomatic perianal disease (pain or perianal discharge) at presentation, only in the South Asian populations of Singapore and Malaysia. Interestingly, despite less South Asians having the CD phenotype than Chinese, the South Asian ethnicity was significantly associated with asymptomatic perianal tags. The latter physical finding may be a prelude to developing symptomatic perianal Crohn’s later in the clinical course, as seen in this study by Singer et al[37] showing a higher rate of perianal fistulisation in patients initially presenting with non-penetrating perianal lesions. The observation of increased rates of symptomatic perianal disease was not appreciated in the native South Asian population of Sri Lanka within the limits of small patient numbers recruited in this sub cohort. A previous questionnaire survey conducted in India estimated the incidence of perianal disease at presentation in Indian paediatric CD patients at 18.0%, which is not strikingly higher than paediatric cohorts in Israel (13.3%)[38] and Canada (16.0%)[39]. More recent Indian studies, which included perianal disease developed both at diagnosis and subsequent follow-up, however, have found even lower rates than other Asian cohorts. Banerjee et al[40] reported 7.4% perianal involvement amongst CD patients and a multicentre paediatric study in India reported 10.9% of CD patients with perianal disease(fistula or abscess). These findings suggest South Asian CD patients in their native countries do not experience disproportionately high rates of perianal disease.
On the contrary, countries with a high South Asian immigrant population report findings congruent with our cohort’s. A previous paediatric study in San Francisco likewise demonstrated similar findings in our cohort, where South Asians tended to have more perianal fistulising disease at presentation than their Caucasian counterparts[41]. A recent adult cohort study published by Jangi et al[42] also showed South Asian CD patients in the United States were more likely to experience symptomatic perianal disease than white patients. Current findings from our study and the above-mentioned cohorts may suggest these phenotypic trends may be unique only to South Asians who have migrated from their native countries to relatively more developed and urbanised regions. A possible explanation is that South Asians may carry an intrinsic genetic predisposition for IBD, which results in a distinct disease phenotype in the setting of specific environmental exposures after migration[43]. A review by Foster and Jacobson[44] discusses these hypothetical gene-environmental interactions in South Asian immigrants, postulating the role of dietary changes from a traditionally high carbohydrate/low saturated fat diet to one which is highly processed. Other possible factors discussed include an increased exposure to urban pollutants and a reduced exposure to potentially protective factors such as vitamin D, H. pylori and helminths.
Overall, we do report a moderately high rate of perianal involvement in our CD patients at presentation (13.2% with symptomatic perianal disease and up to 30.5% with some form of perianal manifestation of CD either clinically detected or via imaging. An earlier Singaporean paediatric cohort reported a 21.6% incidence of perianal disease amongst CD patients at diagnosis[6] with mainland Chinese and South Korean paediatric CD cohorts reporting even higher rates of perianal involvement 42.4% Shanghai[45] , 47.1% [(perianal fistulising disease) only South Korean[46]]. Some variability in the reported rates of perianal involvement across CD cohorts could be accounted by differences in disease definitions as well as the extent of perianal imaging performed, which may detect indolent perianal fistulising disease in otherwise asymptomatic patients. A large IBD cohort of 5223 white Americans, 35 United States-born Asians and 81 Asian immigrants also reported Asians having a significantly higher rate of perianal disease (at presentation and follow-up) than whites (33% vs 18%)[47]. Further prospective follow-up of our cohort is required to ascertain if an even greater proportion of CD patients will evolve to develop perianal disease beyond the point of diagnosis.
Interestingly, we also found a very high proportion of VEO-IBD (29.3%) in our cohort, which appears to be stably high across a 20-year period of analysis. In comparison, data from the EPIMAD registry in France (n = 1412) reported a VEO-IBD rate of 3.0% based on a similar age definition for VEO-IBD[48]. Other Asian cohorts have similarly reported comparatively high rates of VEO-IBD, albeit using varying ages for definition. A single centre study in Beijing, Mainland China (n = 184) reported 41.8% of hospitalised children with IBD were VEO[49]; a cohort in Saudi Arabia reported 15.9% of patients were younger than 4 years at time of onset[16] and a recent Indian multicentre paediatric study had reported 19.1% of patients being VEO[22]. It is not certain if this epidemiologic trend is unique to regions where IBD is of emerging importance, as a Canadian study across 5 provinces reported VEO-IBD as the subgroup with the most rapid increase in incidence relative to the other age groups[2].
Aside from the South Asian predisposition and younger age of onset, the clinical presentation and extra-intestinal manifestations of CD and UC were similar to other Asian and Western paediatric and adult cohorts[50]. Abdominal pain and constitutional symptoms (fever, loss of appetite, oral ulcers, malaise) were more common presenting features in CD than UC; bloody diarrhoea and associated liver disease/primary sclerosing cholangitis were more common in UC at presentation, the latter being a well-established association. EIMs such as arthritis and erythema nodosum were more common in CD than UC, as also seen in a Mainland Chinese cohort[20]. We also reaffirm the finding of significant heterogeneity of CRP response between CD and UC, as discussed extensively in published literature[51,52]. Within the limits of a small sample size, we noted that faecal calprotectin values vary with disease location in CD but not in UC. Previous correlation studies have also similarly observed lower values of faecal calprotectin in CD patients with pure ileal disease[53].
While CD patients had numerically lower weight Z-scores and height Z-scores than UC patients, these comparisons were not statistically significant. This is due to a relatively high rate of linear growth failure (16.1%) reported in UC patients in our cohort, which is higher than the typical prevalence of 3%-10% previously described[54]. It is uncertain if this truly reflects a unique UC phenotype or whether some of these UC patients will be re-classified as CD with evolution of disease and/or further diagnostic modalities performed. As approximately 60% of our cohort did not undergo any form of small bowel imaging and 20% did not undergo an upper gastrointestinal endoscopy, we could expect changes in these initial diagnostic labels had more complete evaluation been performed.
There are a few limitations to our study; firstly, as most of the data was collected retrospectively, we were not able to compute patient disease activity indices in all patients because of incomplete clinical, biochemical, imaging or endoscopy records. Secondly, a lack of access and/or consistency in performing small bowel imaging and upper gastrointestinal endoscopy could have resulted in inaccurate disease classification. However, as almost half of our cohort was diagnosed in the recent 5 years, we are confident that the disease phenotype has been more accurately assessed and documented in these later years.
Another limitation was the predominance of Southeast Asian participating centres in our network, with the lack of East and West Asian representation. However, we were able to mitigate this as there already exists a substantial amount of published literature from established Japanese, South Korean and mainland Chinese cohorts as previously cited. Hence, we were able to compare certain epidemiological features such as age of onset and the proportion of perianal disease as discussed above.
Lastly, the number of patients captured within our network may only represent ‘the tip of an ice-berg’. We acknowledge that access to healthcare services may be very limited in rural regions of the participating countries, and there may be an inevitable selection bias in recruiting patients living in the proximity of major Asian city centres (Singapore, Kuala Lumpur, Bangkok, Manila, Colombo, Chinese Taipei) where our participating sites are located. Hence, there could be a number of children with IBD who do not present to centres equipped with adequate disease knowledge and diagnostic capability, and thus remain undiagnosed. At the same time, there could be a number of adolescent IBD patients who are managed by adult gastroenterologists. The general lack of national chronic disease registries for PIBD in the respective countries of this network further adds to the challenges in obtaining complete epidemiologic data. These factors discussed suggest the true burden of PIBD in the Asia-Pacific region is very likely under-estimated.

CONCLUSION
Our study presents epidemiological data from the largest multi-centre Asian-Pacific paediatric cohort to date, and reaffirms the rising trend of PIBD across our registry, particularly in the past decade (2010-2019). We also report a substantially higher incidence of VEO-IBD than European cohorts and this is similarly observed in other Asian cohorts in mainland China and the Middle East. The unique multi-ethnic demographic composition of our cohort allows for distinct phenotypic differences to be seen between ethnicities, chiefly the over-representation of the Indian/South Asian ethnicity and its strong association with symptomatic perianal CD. Prospective follow-up data from this registry would also ascertain if any of these observed epidemiologic trends within this publication have implications on medium to longer term disease outcomes.
This inaugural publication from our registry likely under-estimates the true burden of IBD in Asia, and the way forward to address these identified knowledge gaps, would be to encourage more tertiary centres from diverse parts of Asia to partake in the Asian PIBD registry. This will improve the representativeness of our cohort and enhance the ability to make both intra- and inter-regional comparisons in disease behaviour and phenotypic trends.

ARTICLE HIGHLIGHTS
Research background
There remains a dearth of epidemiological literature on paediatric inflammatory bowel disease (IBD) in most parts of Asia. While there have been several published cohort studies out of East Asia, little is known on the actual disease burden beyond isolated case series and single-centre studies in the rest of the Asia-Pacific region. This would represent the first cohort study from a multi-centre Asian-Pacific PIBD registry first initiated in 2017.

Research motivation
The main issue was a lack of a standardised data platform in Asian-Pacific paediatric gastroenterology centres. A standardised data platform is vital to allow an accurate and validated way of reporting the disease behaviour and phenotype of PIBD across different healthcare systems in the heterogeneous Asia-Pacific region. This facilitates meaningful epidemiological comparisons with other established PIBD cohorts from North America and Western Europe.

Research objectives
This cohort study describes the epidemiological characteristics of all PIBD patients at the point of initial presentation, whom are managed at one of seven paediatric gastroenterology centres in the Asian-Pacific region (Singapore, Sri Lanka, Malaysia, Thailand, Philippines, Taiwan R.O.C). The objectives were to establish if there were unique disease characteristics of PIBD in the Asia-Pacific region in contrast to East Asian and Caucasian cohorts, as well as inter-ethnic disease phenotypic differences in the multi-ethnic populations of Asia-Pacific.

Research methods
Standardised disease data collection forms using existing validated disease activity indices and disease classification systems for PIBD were stored electronically on a centrally-hosted secure REDCAP platform. Participating Asian-Pacific sites were invited to enrol patients with an established diagnosis of IBD from the point of initial presentation.

Research results
Epidemiological data from our registry demonstrates a rapid rise in PIBD incidence, particularly in the last 5 years. The unique disease characteristics of our Asian-Pacific cohort include a large proportion of very-early onset (VEO)-IBD (29.3%) similar to the high proportions of VEO disease reported from mainland China, Saudi Arabia and India. There is also a relative over-representation of the Indian/South Asian ethnicity in the multi-ethnic countries of Singapore and Malaysia. Patients of Indian ethnicity with Crohn’s disease (CD) were also most likely to present with symptomatic perianal disease.

Research conclusions
The rise in PIBD incidence across the Asian-Pacific region is consistent with the observed rise in incidence in many other global cohorts. The high proportion of very early onset IBD in the Asia-Pacific region may represent a shift in epidemiological trends in PIBD, as other established IBD cohorts similarly report the fastest growth in IBD incidence amongst very young children. The higher incidence of symptomatic perianal CD amongst Indian patients in Singapore/Malaysia suggests inter-ethnic genetic differences may cause variability in disease behaviour.

Research perspectives
Future research should be targeted at establishing national disease data registries to fully encapsulate the true burden of IBD in the Asia-Pacific region, and prospective follow-up data from this multi-centre registry is essential to determine if any of the observed epidemiological trends at diagnosis have implications on longer term outcomes.
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Figure Legends
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[bookmark: _Hlk97718085]Figure 1 Rising trend of newly diagnosed paediatric inflammatory bowel disease in six Asian Pacific regions, 1995-2019. PIBD: Paediatric inflammatory bowel disease; IBD: Inflammatory bowel disease.
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Figure 2 Age distribution of paediatric inflammatory bowel disease (1995-2019).
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Figure 3 Type of small bowel imaging used over time (1995-2019). MRE: MR enterography; FT: Follow through; SB: Small bowel.

Table 1 Demographic features of 311 children with inflammatory bowel disease in 6 Asia-Pacific regions
	
	IBD subtypes
	P value (CD vs UC)

	
	ALL IBD, n = 311
	CD, n = 174 (55.9%)
	UC, n = 119 (38.3%)
	IBD-U, n = 18 (5.8%)
	

	Country (n, row %)
	
	
	
	
	

	Malaysia
	95
	39 (41.1)
	47 (49.5)
	9 (9.5)
	

	Philippines
	29
	24 (82.8)
	1 (3.4)
	4 (13.8)
	

	Singapore
	108
	59 (54.6)
	49 (45.4)
	0 (0.0)
	-

	Sri Lanka
	19
	10 (52.6)
	7 (36.8)
	2 (10.5)
	

	Taiwan R.O.C.
	19
	19 (100.0)
	0 (0.0)
	-
	

	Thailand
	41
	23 (56.1)
	15 (36.6)
	3 (7.3)
	

	Mean age at diagnosis, yr (SD)
	9.07 (4.56)
	10.18 (4.34)
	7.73 (4.39)
	7.34 (5.1)
	< 0.001

	Age groups (n, column %)
	
	
	
	
	

	Very early onset < 6 yr
	91 (29.3)
	30 (17.2)
	51 (42.9)
	10 (55.6)
	< 0.001

	Early onset < 10 yr
	164 (52.7)
	75 (43.1)
	78 (65.5)
	11 (61.1)
	0.001

	Sex (n, column %)
	
	
	
	
	

	Male
	181 (58.2)
	101 (58.0)
	68 (57.1)
	12 (66.7)
	NS

	Female
	130 (41.8)
	73 (42.0)
	51 (42.9)
	6 (33.3)
	


CD: Crohn’s disease; IBD-U: Inflammatory bowel disease- Unclassified; UC: Ulcerative colitis.

Table 2 Ethnic distribution of inflammatory bowel disease vs population census in countries with multiracial populations (Singapore and Malaysia)
	
	Total, n = 203
	Singapore population census 2020[1]
	Malaysian population census 2020[2]
	CD, n = 92
	UC, n = 91
	IBD-U, n = 9
	CD:UC ratio
	P value

	Ethnic group (n, column %)

	Chinese
	70/203 (36.5)
	74.3
	22.6
	38 (41.3)
	31 (34.1)
	1 (11.1)
	1.2
	NS

	Indian/South Asian
	71/203 (37.0)
	9.0
	6.8
	35 (38.0)
	33 (36.3)
	3 (33.3)
	1.0
	NS

	Malay
	51/203 (26.6)
	13.5
	69.6
	19 (20.7)
	27 (29.7)
	5 (55.6)
	0.7
	0.037


CD: Crohn’s disease; IBD-U: Inflammatory bowel disease-Unclassified; UC: Ulcerative colitis.

Table 3 Clinical features in different subtypes of PIBD in the Asia-Pacific region
	
	IBD subtypes
	P value (CD vs UC)

	
	CD, n = 174 (55.9%)
	UC, n = 119 (38.3%)
	IBD-U, n = 18 (5.8%)
	

	Symptoms at diagnosis (n, column %)

	Abdominal pain
	107 (61.5)
	53 (44.5)
	7 (38.9)
	0.004

	Chronic diarrhoea
	104 (59.8)
	69 (58.0)
	10 (55.6)
	0.760

	Bloody diarrhoea
	60 (34.5)
	89 (74.8)
	11 (61.1)
	< 0.001

	Weight loss
	81 (46.6)
	44 (37.0)
	9 (50.0)
	0.104

	Fever
	66 (37.9)
	21 (17.6)
	2 (11.1)
	< 0.001

	Loss of appetite
	57 (32.8)
	19 (16.0)
	6 (33.3)
	0.001

	Malaise/fatigue
	28 (16.1)
	8 (6.7)
	1 (5.6)
	0.016

	Oral ulcers
	36 (20.7)
	1 (0.8)
	0 (0.0)
	< 0.001

	Perianal symptoms (pain/discharge)
	23 (13.2)
	3 (2.5)
	1 (5.6)
	0.002

	Joint pains
	13 (7.5)
	6 (5.0)
	0 (0.0)
	0.407

	Physical signs at diagnosis (n, column %)

	Pallor
	68 (39.1)
	32 (26.9)
	5 (27.8)
	0.031

	Hepatomegaly
	8 (4.6)
	12 (10.1)
	2 (11.1)
	0.067

	Abdominal tenderness
	47 (27.0)
	15 (12.6)
	2 (11.1)
	0.003

	Asymptomatic perianal tags
	25 (14.4)
	3 (2.5)
	1 (5.6)
	0.001

	Perianal fissure
	20 (11.5)
	2 (1.7)
	1 (5.6)
	0.002

	Muscle wasting
	25 (14.4)
	7 (5.9)
	1 (5.6)
	0.022

	Arthritis
	12 (6.9)
	3 (2.5)
	0 (0.0)
	0.095

	Erythema nodosum
	8 (4.6)
	0 (0.0)
	0 (0.0)
	0.018

	Anthropometric parameters (SD)

	Mean weight Z-score
	-1.4 (1.7)
	-1.0 (1.7)
	-0.7 (2.2)
	0.110

	Mean height Z-score
	-0.8 (1.5)
	-0.6 (1.6)
	-0.6 (2.4)
	0.583

	Growth failure (Height Z-score less than -2) (%)
	18.4
	16.1
	17.6
	0.907

	Mean BMI Z-score
	-1.5 (1.8)
	-0.9 (1.7)
	-0.6 (1.8)
	0.013

	Laboratory investigations at diagnosis (SD)

	Mean haemoglobin, g/dL
	10.6 (1.9)
	11.0 (2.5)
	10.9 (1.5)
	0.221

	Mean ESR, mm/hr
	50.8 (30.5)
	42.6 (34.4)
	34.9 (32.2)
	0.063

	Mean C-reactive protein, mg/L
	54.6 (55.0)
	20.1 (24.3)
	7.1 (9.1)
	< 0.001

	Mean albumin, g/dL
	33.0 (8.7)
	35.4 (8.4)
	37.2 (7.1)
	0.040

	Mean ALT, U/L
	18.5 (20.5)
	72.7 (162.0)
	20.4 (13.4)
	< 0.001

	Mean AST, U/L
	27.0 (32.9)
	84.2 (170.7)
	30.5 (10.5)
	0.001

	Mean GGT, U/L
	38.3 (79.8)
	126.7 (160.8)
	30.8 (40.0)
	< 0.001

	Mean faecal calprotectin, μg/g
	783 (1009.0)
	583.4 (353.1)
	593.5 (300.5)
	0.447


ALT: Alanine transaminase; AST: Aspartate transaminase; BMI: Body mass index; CD: Crohn’s disease; ESR: Erythrocyte sedimentation rate; GGT: Gamma-glutamyl transferase; IBD-U: Inflammatory bowel disease-Unclassified; UC: Ulcerative colitis.

Table 4 Disease characteristics of Crohn’s disease and ulcerative colitis
	Disease characteristics
	N
	SA
	P value (SA vs non-SA)

	CD
	n = 174
	n = 35 (20.1)
	

	Disease severity based on PCDAI score (n, column %)1

	Inactive (≤ 10)
	17 (12.3)
	4 (14.3)
	NS

	Mild (11-30)
	46 (33.3)
	9 (32.1)
	

	Moderate-severe (> 30)
	75 (54.3)
	15 (53.6)
	

	Disease location (n, column %)

	L1 (distal 1/3 ileum +/- limited caecal disease)
	28 (18.7)
	4 (12.5)
	0.505 (SA)

	L2 (colonic)
	54 (36.0)
	10 (31.3)
	

	L3 (ileocolonic)
	62 (41.3)
	16 (50.0)
	

	Isolated L4 disease
	6 (4.0)
	2 (6.3)
	

	L4a
	59 (40.7)
	13 (39.4)
	0.973 (SA)

	L4b
	12 (8.3)
	3 (9.1)
	

	No L4 disease
	74 (51.0)
	17 (51.3)
	

	Disease behaviour (n, %)

	B1 (inflammatory)
	136 (90.7)
	31 (93.9)
	0.858 (SA)

	B2 (stricturing)
	5 (3.3)
	1 (3.0)
	

	B3 (penetrating)
	8 (5.3)
	1 (3.0)
	

	B2/B3
	1 (0.7)
	0 (0.0)
	

	Perianal involvement (n, %)

	Perianal symptoms at presentation
	23 (13.2)
	10 (28.6)
	0.003 (SA)

	Any form of perianal manifestation (clinical exam or imaging)
	53 (30.5)
	18 (51.4)
	0.003 (SA)

	UC
	n = 119
	n = 33 (27.7)
	

	Disease severity based on PUCAI score (n, column %)2

	Inactive (< 10)
	7 (8.3)
	0 (0.0)
	0.353 (SA)

	Mild (10-34)
	36 (42.9)
	11 (47.8)
	

	Moderate (35-64)
	28 (33.3)
	9 (39.1)
	

	Severe (≥ 65)
	13 (15.5)
	3 (13.0)
	

	Disease location (n, column %)

	E1 (proctitis)
	8 (7.5)
	2 (6.9)
	0.353 (SA)

	E2 (left sided)
	16 (15.1)
	5 (17.2)
	

	E3 (extensive)
	5 (4.7)
	5 (17.2)
	

	E4 (pancolitis)
	77 (72.6)
	17 (58.6)
	

	Disease severity (n, column %)

	S0 (never severe)
	79 (78.2)
	20 (74.1)
	0.542 (SA)

	S1 (ever severe)
	22 (21.8)
	7 (25.9)
	


1Disease activity scores available only for 138/174 Crohn’s disease patients.
2Disease severity scores available for 84/119 Ulcerative colitis patients.
CD: Crohn’s disease; PCDAI: Pediatric Crohn’s Disease Activity Index; PUCAI: Pediatric Ulcerative Colitis Activity Index; SA: South Asian; UC: Ulcerative colitis.
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