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Lay Summary 82 

In this systematic review and meta-analysis of eight observational datasets, we found that individuals 83 
with autism spectrum disorder is more likely to develop any inflammatory bowel disease, ulcerative 84 
colitis, or Crohn’s disease. Our findings highlight the need to screen for inflammatory bowel disease in 85 
patients with autism spectrum disorder and elucidate the shared biological mechanisms between the two 86 
disorders.   87 
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Abstract 88 

Background: Children with ASD are frequently diagnosed with co-occurring medical conditions 89 

including inflammatory bowel disease (IBD). 90 

Methods: We conducted a PRISMA 2020-compliant systematic review registered in PROSPERO 91 

(ID:CRD42021236263) with random-effects meta-analysis. We searched PubMed, Embase, and 92 

PsycInfo (last search January 25th, 2021), and manually searched relevant publications. We included 93 

observational studies measuring the association between ASD and IBD. The primary outcome was the 94 

association (odds ratio, OR) between ASD (temporally occurring earlier) and IBD. Sensitivity analyses 95 

were conducted by quality, confounding adjustment, and study design. Meta-regression analyses were 96 

conducted. We assessed publication bias. Quality of studies was assessed with the Newcastle-Ottawa 97 

Scale. 98 

Results: Overall, we included six studies consisting of eight datasets, including over 11 million 99 

participants. We found that ASD was significantly associated with incident IBD (any IBD, OR=1.66, 100 

95% confidence interval[CI]=1.25–2.21, p<0.001; ulcerative colitis, OR=1.91, 95%CI=1.41–2.6, 101 

p<0.001; Crohn’s disease, OR=1.47, 95%CI=1.15–1.88, p=0.002). ASD and IBD were also associated 102 

regardless of temporal sequence of diagnosis (any IBD, OR=1.57, 95%CI=1.28–1.93, p<0.001; 103 

ulcerative colitis, OR=1.7, 95%CI=1.36–2.12, p<0.001; Crohn’s disease, OR=1.37, 95%CI=1.12–1.69, 104 

p=0.003). Sensitivity analyses confirmed the findings of the main analysis, across study quality, 105 

adjustment level, and design. Meta-regression did not identify any significant moderators. Publication 106 

bias was not detected. Quality was high in four datasets and medium in four.  107 

Conclusions: Individuals with ASD should be systematically screened for IBD. Future research should 108 

identify who, among those with ASD, has the highest risk of IBD, and elucidate the shared biological 109 

mechanisms between ASD and IBD. 110 

Key Words: autism spectrum disorder, inflammatory bowel disease, ulcerative colitis, Crohn’s disease, 111 

meta-analysis  112 

  113 
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Introduction 114 

Autism spectrum disorder (ASD) is a heterogeneous and hereditary neurodevelopmental disorder,  115 

characterised by impairments in social communication and interaction, repetitive behaviours, and 116 

restricted interests (American Psychiatric Association, 2013). According to the 2010 Global Burden of 117 

Disease study, 52 million people were estimated to have autism globally, equivalent to a prevalence of 118 

7.6 per 1000 individuals (Baxter et al., 2015). In the United States, ASD prevalence was 18.5 per 1000 119 

(one in 54) children aged 8 years in 2016, a nearly 175% increase than baseline estimates established 120 

in 2000 (Shaw, Maenner, & Baio, 2020). In addition to psychiatric comorbidities, many children with 121 

ASD are diagnosed with co-occurring medical conditions, including gastrointestinal (GI) disorders 122 

(Buie et al., 2010; Mannion & Leader, 2014) . Among the GI diseases, inflammatory bowel diseases 123 

(IBD), including Crohn’s disease (CD) and ulcerative colitis (UC), are characterized by a chronic 124 

inflammatory condition in the GI tract, featuring symptoms including abdominal pain, diarrhoea, 125 

bleeding, weight loss, with severe complications including bowel stenosis or perforation with need for 126 

surgery. 127 

A number of pathophysiological hypotheses, focusing on putative gut–brain connections, have been 128 

put forward to explain the possible links between ASD and IBD, including a dysfunction in the intestinal 129 

tight junction in ASD, which leads to a change in the gut’s permeability (d'Eufemia et al., 1996) and 130 

distinctive gut microbiomes in children with ASD compared to neurotypical children (Adams, 131 

Johansen, Powell, Quig, & Rubin, 2011; Gondalia et al., 2012). The possibility of a common genetic 132 

background between ASD and IBD has also been proposed (Somekh et al., 2016). Several observational 133 

studies have reported a statistically significant association between ASD and IBD (Alexeeff et al., 2017; 134 

Butwicka et al., 2019; Doshi-Velez et al., 2015; Kohane et al., 2012; Lee et al., 2018). However, to the 135 

best of our knowledge, no systematic review has yet been performed to synthesize the existing evidence 136 

to provide the most robust and precise evaluation of the association. We filled this gap by conducting 137 

the first systematic review and meta-analysis to measure the association between ASD and subsequent 138 

IBD, and the association between the two conditions regardless of their temporal sequence.  139 
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Methods 140 

This systemic review and meta-analysis followed the recommendations of the Preferred Reporting 141 

Items for Systematic Reviews and Meta-Analyses statement 2020 (Appendix, page 3–5) (Page et al., 142 

2021). The protocol of this systematic review was registered in PROSPERO (ID: CRD42021236263). 143 

Literature search strategy and eligibility criteria 144 

We systematically searched PubMed/MEDLINE, Embase, and PsycInfo from inception to January 25th, 145 

2021, to identify eligible articles, using search keywords including “autism”, “Asperger”, 146 

“inflammatory bowel disease”, “ulcerative colitis”, and “Crohn” (see Appendix, page 6 for full search 147 

strategy). There was no language restriction. To identify eligible articles, two investigators (JYK and 148 

MJC) independently screened titles, abstracts, and full-texts (Figure 1). We additionally manually 149 

searched the reference list of relevant publications for further potential eligible articles. Any 150 

disagreement was solved by reaching a consensus between three authors (JYK, MJC, and JIS).  151 

We included primary observational studies (cohort studies, case-control studies, and cross-sectional 152 

studies) that reported estimates of the association between ASD and IBD or that provided data necessary 153 

to calculate them. We excluded reviews and conference abstracts. We excluded studies with fewer than 154 

ten participants in either the ASD or IBD group. We used the Newcastle-Ottawa Scale (NOS) for quality 155 

assessment of the eligible studies (Wells et al.) and studies with a NOS score of 7 or higher and between 156 

4 and 6 were considered high and moderate quality, respectively. 157 

Data extraction 158 

We extracted the following data from the eligible studies: first author’s last name, publication year, data 159 

sources, ASD diagnostic method (medical record, structured interview, self-report, parental/teacher 160 

report, or clinical diagnosis), IBD diagnostic method (medical report, endoscopic diagnosis, biopsy, or 161 

self-report), type of IBD (UC, CD, or unclassified IBD), number of ASD cases, IBD cases, and total 162 

participants, mean age and proportion of females of the population, maximally adjusted association 163 
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estimate and types of variables adjusted for, unadjusted estimates from cross-sectional studies and 164 

timepoint prevalence ratio estimates from longitudinal studies, and effect metrics such as odds ratio 165 

(OR), risk ratio, and hazard ratio (HR) with 95% CI, and study design. If necessary, we calculated effect 166 

estimates from data presented in text, tables, or figures in the eligible studies. In a longitudinal study by 167 

Doshi-Velez and colleagues (Doshi-Velez et al., 2015), Kaplan-Meier curves of IBD incidence 168 

comparing the ASD group and the non-ASD group was presented, but their HRs were not reported, so 169 

we extracted data from the Kaplan-Meier curves and estimated the HRs using validated methods 170 

(Guyot, Ades, Ouwens, & Welton, 2012; Saluja, Cheng, Delos Santos, & Chan, 2019). 171 

Data analysis 172 

We performed meta-analyses under the random-effects model, which allows the true effect size to differ 173 

among cohorts (DerSimonian & Laird, 1986). For the primary outcome, we aimed to evaluate if patients 174 

diagnosed with ASD were more likely to develop IBD than patients without ASD. We assumed a 175 

temporal order of ASD diagnosis to IBD diagnosis, given the significant difference in the mean age of 176 

onset and lack of overlap between the age of onset ranges of the two conditions (Johnston & Logan, 177 

2008; van 't Hof et al., 2021). We combined maximally adjusted effect estimates of the incidence of 178 

IBD between the ASD and the non-ASD groups from longitudinal studies and maximally adjusted 179 

effects estimates of the association from cross-sectional studies. For the secondary outcome, we tested 180 

the association between the two conditions regardless of their order of diagnosis, by combining the 181 

unadjusted estimates from cross-sectional studies and timepoint prevalence ratio estimates from 182 

longitudinal studies. Heterogeneity among the included studies was estimated by I², τ2, and Cochran's 183 

Q-test, and I2 above 50% was considered high true heterogeneity (Higgins & Thompson, 2002). We 184 

assessed the presence of publication bias using the p-value of regression asymmetry test proposed by 185 

Egger and colleagues (Egger, Davey Smith, Schneider, & Minder, 1997) and by visual inspection of 186 

the funnel plot. We additionally performed analyses by types of IBD, namely UC and CD. We 187 

performed subset analyses of longitudinal data, cross-sectional data, high-quality studies, moderate 188 

quality studies, effect estimates adjusted for sex, and effect estimates not adjusted for sex. We 189 
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performed sensitivity analysis by excluding one study at a time. We performed meta-regression analyses 190 

including mean age of the total population, proportion of females in total population, and NOS score. 191 

All statistical tests were two-sided. Statistical analysis was performed using R (R Foundation for 192 

Statistical Computing, version 4.0.5) with the metafor package. 193 

Results 194 

A total of 852 references were identified by the initial search (Figure 1). In the screening process, 12 195 

articles were excluded after text screening (list of the excluded studies, with reason of exclusion, can 196 

be found in Appendix, page 7), and six eligible articles corresponding to eight datasets were finally 197 

included in our analysis (Table 1) (Alexeeff et al., 2017; Butwicka et al., 2019; Chen et al., 2013; Doshi-198 

Velez et al., 2015; Kohane et al., 2012; Lee et al., 2018). The total dataset for the meta-analysis included 199 

129,678 ASD cases, 42,910 IBD cases, and 11,077,243 total participants. Six of the datasets were U.S. 200 

cohorts (Alexeeff et al., 2017; Doshi-Velez et al., 2015; Kohane et al., 2012; Lee et al., 2018), while 201 

one was a Swedish cohort (Butwicka et al., 2019) and one was a Taiwanese cohort (Chen et al., 2013). 202 

Three datasets were case-control studies comparing the ASD and the non-ASD groups (Alexeeff et al., 203 

2017; Chen et al., 2013; Lee et al., 2018), one dataset was a cross-sectional study (Kohane et al., 2012), 204 

three datasets were retrospective longitudinal cohort studies which followed ASD and non-ASD 205 

populations (Doshi-Velez et al., 2015), and one dataset (Butwicka et al., 2019) was a longitudinal study 206 

which followed childhood-onset IBD patients and controls. All but one (Butwicka et al., 2019) datasets 207 

were included in the primary analysis, and all datasets were included in the secondary analysis. While 208 

all datasets ascertained ASD cases with International Classification of Diseases (ICD)-9/10 medical 209 

codes, none clarified whether more precise diagnosis methods like Autism Diagnostic Observation 210 

Schedule (ADOS) were used (Table 1). ASD diagnosis qualification was clarified in two datasets: 211 

Alexeeff and colleagues defined ASD cases as either diagnosis by a paediatric ASD specialist or two 212 

or more ASD diagnoses from non-specialists (Alexeeff et al., 2017), and Chen and colleagues defined 213 

ASD cases as diagnosis by board-certificated psychiatrists (Chen et al., 2013). While all datasets 214 

ascertained IBD cases with ICD-8/9/10 medical codes, none provided further details in method of 215 
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diagnosis except for Lee and colleagues who confirmed their medical code-based IBD diagnosis using 216 

endoscopic pathology reports of a subgroup of IBD cases (Lee et al., 2018). IBD diagnosis qualification 217 

was clarified in only one dataset, where UC and CD were diagnosed by rheumatologists, gastro-218 

intestinalists, or pediatricians (Chen et al., 2013). All datasets adjusted for the age of participants as a 219 

potential confounder either by matching the control population to the exposure population by age 220 

(Alexeeff et al., 2017; Butwicka et al., 2019; Chen et al., 2013; Lee et al., 2018), adjusting for age 221 

covariate in statistical analysis (Doshi-Velez et al., 2015), or by applying age subgroups (Kohane et al., 222 

2012). Four of the datasets adjusted for sex as a covariate (Alexeeff et al., 2017; Butwicka et al., 2019; 223 

Chen et al., 2013; Lee et al., 2018). NOS scores ranged from 4 to 9, and four datasets (Alexeeff et al., 224 

2017; Butwicka et al., 2019; Chen et al., 2013; Lee et al., 2018) were rated high quality, and the rest 225 

(Doshi-Velez et al., 2015; Kohane et al., 2012) were rated moderate quality. Full details on quality 226 

assessment of each included study are provided in Appendix page 28-35. 227 

The primary analysis, which evaluates if patients diagnosed with ASD were more likely to develop IBD 228 

than patients without ASD, showed that being diagnosed with ASD was positively associated with an 229 

increased risk of IBD (OR=1.66, 95%CI=1.25 to 2.21, p<0.001) (Figure 2, Table 1). The association 230 

remained statistically significant when the type of IBD was restricted to UC (OR=1.91, 95%CI=1.41 to 231 

2.6, p<0.001) or CD (OR=1.47, 95%CI=1.15 to 1.88, p=0.002). Secondary analysis, which tests the 232 

association between the two conditions regardless of their order of diagnosis, showed that ASD and 233 

IBD were positively associated, with slightly decreased effect sizes compared to primary analysis (any 234 

IBD, OR=1.57, 95%CI=1.28 to 1.93, p<0.001; UC, OR=1.7, 95%CI=1.36 to 2.12, p<0.001; CD, 235 

OR=1.37, 95%CI=1.12 to 1.69, p=0.003) (Figure 3, Table 1). Heterogeneity was high in both primary 236 

(I2 = 93%, τ2 = 0.122) and secondary analysis (I2 = 87%, τ2 = 0.066). However, the high I2 means that a 237 

large proportion (93% and 87% in primary and secondary analysis, respectively) of the variability in 238 

effect sizes is due to true effect size variation across the studies, not that the effect sizes are particularly 239 

spread out (Borenstein, Higgins, Hedges, & Rothstein, 2017), as can be observed in Figure 2 and 3. The 240 

high I2 reflects little random error due to big sample size of an individual study, namely the Aetna 241 
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dataset reported by Doshi-Velez and colleagues (Doshi-Velez et al., 2015) consisting of more than 7 242 

million patients, which reported effect estimates large and precise compared to other datasets (HR=2.77, 243 

95%CI=2.44 to 3.14 in the primary analysis; OR=2.40, 95%CI=2.11 to 2.73 in the secondary analysis). 244 

Surely, when we excluded the Aetna dataset during our sensitivity analysis, I2 and decreased to 0% in 245 

both primary and secondary analyses while retaining statistical significance with similar summary effect 246 

sizes (OR=1.42, 95%CI=1.31 to 1.53, p<0.001 in primary analysis; OR=1.41, 95%CI=1.31 to 1.51, 247 

p<0.001 in secondary analysis) (Table 2). Statistical significance was retained in all types of subset 248 

analyses (Table 2). Some subset analyses reported large heterogeneity (I2 > 50%). However, all these 249 

subsets included the Aetna dataset reported by Doshi-Velez and colleagues (Doshi-Velez et al., 2015), 250 

and when we excluded the dataset from the analyses, I2 decreased to below 50% (Appendix, page 27). 251 

Forest plots of all analyses are provided in Appendix, page 11–27. There was no evidence of publication 252 

bias (Appendix, page 9–10), and meta-regression by mean age, female percentage, and NOS score did 253 

not show significant results (Appendix, page 8). However, Egger’s test and meta-regression analysis 254 

should be interpreted with caution because ten or more study estimates are typically required for these 255 

tests to be meaningful (Borenstein, Hedges, Higgins, & Rothstein, 2009). 256 

Discussion 257 

Whilst many studies on the relationship between ASD and IBD have been reported, to our knowledge, 258 

this is the first systematic review and meta-analysis to investigate the association between ASD and 259 

IBD. In our primary analysis, which assumed temporal order of ASD diagnosis to IBD diagnosis, we 260 

found that individuals diagnosed with ASD had a 1.66-fold increased risk of being diagnosed with IBD 261 

later in life, and in our secondary analysis, which estimated the association regardless of the order of 262 

diagnoses, ASD diagnosis and IBD diagnosis was positively associated. The associations were also 263 

statistically significant when restricted to UC or CD, with the magnitude of the association being larger 264 

in UC than in CD. Our findings sum up to the paramount literature mapping the association between 265 

mental disorders and physical comorbidities, informing clinical practice.(Cortese et al., 2020) 266 
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Our primary analysis suggests that screening for IBD in children with ASD is warranted. Difficulties in 267 

IBD diagnosis have been reported due to the long prodromal period of abdominal symptoms which are 268 

nonspecific and could be mistakenly labelled as functional or benign (Burgmann et al., 2006). 269 

Diagnostic overshadowing of mental disorders over medical conditions is a well-known indirect burden 270 

affecting people with other mental conditions as well, that leads to poor physical healthcare, beyond 271 

any age or diagnostic boundaries (Firth et al., 2019). For instance, individuals with schizophrenia or 272 

mood disorders receive less frequent screening or treatment for cancer or cardiovascular disease (Solmi 273 

et al., 2020). For this reason, in the case of ASD and IBD, there are significant time delays between first 274 

IBD symptoms and IBD diagnosis, consisting of the patient-dependent period (from first symptoms to 275 

physician visit) and physician-dependent period (from physician visit to IBD diagnosis) (Vavricka et 276 

al., 2012), which can lead to poor prognosis (Nguyen et al., 2017; Zaharie et al., 2016). In particular, 277 

diagnostic delay of CD was significantly correlated with increased complications including intestinal 278 

strictures, bowel stenosis, and IBD-related intestinal surgeries (Nguyen et al., 2017; Zaharie et al., 279 

2016). These reports highlight the clinical need to identify patients at high risk of IBD in whom more 280 

rigorous screening for IBD may be beneficial. Additionally, more than 20% of IBD patients develop 281 

IBD in childhood, and IBD can affect children's physiological and emotional development (Abramson 282 

et al., 2010; Mamula, Markowitz, & Baldassano, 2003). According to the American Academy of 283 

Pediatrics, there are many co-occurring medical comorbidities in ASD, including GI disorders like IBD, 284 

and these comorbidities have a significant effect on the quality of life of children with ASD and their 285 

families (Hyman, Levy, & Myers, 2020). In particular, children with ASD may have more severe 286 

phenotypes of IBD, as Lee and colleagues suggested through the fact that the rate of prescription of 287 

second-tier biologics was higher in the ASD group than in the non-ASD group among IBD patients 288 

(Lee et al., 2018). As greater severity of IBD symptoms is generally associated with lower quality of 289 

life patients with IBD (Habibi et al., 2017), we can expect that patients with both ASD and IBD will 290 

have even lower quality of life than patients with only IBD.  291 
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Despite these importance of early diagnosis of IBD, currently there is no guideline highlighting the need 292 

for early screening and treatment of IBD in patients with ASD (Hyman et al., 2020), nor there is 293 

universally accepted method for screening IBD in high-risk groups. Screening for typical symptoms of 294 

IBD such as abdominal pain, diarrhea, rectal bleeding, and weight loss may serve as a simple but useful 295 

screening method, however with somewhat low sensitivity ranging from 48% to 82% according to a 296 

meta-analysis (Holtman, Lisman-van Leeuwen, Reitsma, & Berger, 2016). Fecal calprotectin has been 297 

suggested as a non-invasive and highly sensitive biomarker, with meta-analyses reporting pooled 298 

sensitivity ranging from 85% to 99% (Henderson, Anderson, & Wilson, 2014; Holtman et al., 2016; 299 

Rokkas, Portincasa, & Koutroubakis, 2018), but consensus should be reached on the optimal cutoff 300 

value of calprotectin, where studies have suggested cutoffs of > 200ug/g, 100ug/g, and 50ug/g. 301 

(Degraeuwe et al., 2015; Henderson et al., 2014; Kostakis et al., 2013). Out of serologic marker 302 

candidates, C-reactive protein and albumin had best performance, but had low sensitivity, respectively 303 

63% and 48% according to a meta-analysis (Holtman et al., 2016), to be appropriate for screening 304 

method. While esophagogastroduodenoscopy and colonoscopy and consequent pathology may confirm 305 

diagnosis of IBD in suspected patients, these tests are often difficult for children (Henderson et al., 306 

2014). Intestinal ultrasound to detect increased bowel wall thickening and other signs of IBD is an 307 

alternative non-invasive method of diagnosis with relatively high sensitivity and specificity (Dilillo et 308 

al., 2019; Nardo et al., 2020). Clinicians should acknowledge the high possibility of IBD in patients 309 

with ASD who report GI symptoms, and future guidelines for early screening of IBD with non-invasive 310 

tests and vigilant monitoring of GI symptoms in patients with ASD must be established, which can 311 

serve as important strategies to improve prognosis and quality of life for patients with ASD.  312 

Our secondary analysis showed that ASD and IBD were positively associated with an OR of 1.57 313 

(95%CI=1.28–1.93). This result provides further evidence for the possibility that ASD and IBD have 314 

a common etiological mechanism. Since the pathological mechanisms of disease for both ASD and 315 

IBD have not been clearly elucidated so far, it is difficult to establish a common mechanism between 316 

them, but several possible mechanisms have been suggested. First of all, there are commonalities at 317 
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the genetic and molecular level. Somekh and colleagues found genes involving autophagy 318 

dysregulation whose loss of function mutations affect susceptibility to both ASD and IBD (Somekh et 319 

al., 2016). Walker and colleagues also found a significant overlapping GI mucosal molecular profiles 320 

between patients with ASD and IBD (Walker, Fortunato, Gonzalez, & Krigsman, 2013). It also has 321 

been suggested that the decrease in gene expression associated with disaccharidase expression and 322 

hexose transporters found in children with ASD possibly induce GI symptoms observed in ASD 323 

children (Williams et al., 2011). Second, immune dysfunction may be linked to both conditions. 324 

Various immune abnormalities including imbalanced cytokine response, differences in the number 325 

and distribution of immune cells and neuroinflammation have been reported in ASD patients, which 326 

were also consistently found in patients with IBD (Hughes, Ko, Rose, & Ashwood, 2018; Sanchez-327 

Munoz, Dominguez-Lopez, & Yamamoto-Furusho, 2008). Third, alterations in gut microbiota may 328 

influence both the inflammatory state of the GI tract potentially associated with IBD (Khan et al., 329 

2019). Truly, alterations in gut microbiota in both ASD group (Adams et al., 2011) and IBD group 330 

(Sartor & Wu, 2017) have been reported in multiple previous studies. Although the cause-and-effect 331 

relationship between the gut microbiota and the two disorders is not yet clear, results from recent 332 

trials that faecal microbiota transplant therapy was associated with improvements in autism-related 333 

symptoms in individuals with ASD (Kang et al., 2019) and disease remission in individuals with UC 334 

(Moayyedi et al., 2015) support the hypothesis that alterations in gut microbiota is at least partially 335 

causative of the two disorders. Lastly, increasing evidence suggests role of microbiota-immune 336 

interactions as an important regulator of the gut-brain axis in central nervous system and related 337 

disorder. It has been reported that the gut microbiota not only modulates host’s immune system, but 338 

also regulates the brain development and function and behavior (Fung, 2020; Fung, Olson, & Hsiao, 339 

2017). This is supported by findings from pre-clinical studies where transplantation of gut microbiota 340 

from individuals with ASD to germ-free mice induced autistic behaviours (Sharon et al., 2019), while 341 

treating maternal immune activation mouse model, known to display features of ASD, with human 342 

commensal bacterium resulted in altered microbial composition and improvements in behavioural and 343 
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neuropathological features of ASD (Hsiao et al., 2013). Although more studies are needed to elucidate 344 

the common mechanisms of ASD and IBD, changes in the intestinal environment such as microbiome 345 

dysbiosis and the resulting imbalance in the immune system seem to be contributing significantly to 346 

the pathogenesis of these two diseases. 347 

There are several potential limitations to this study. First, heterogeneity was high in both primary and 348 

secondary analyses (I2 > 50%). However, the high I2 decreased to 0% when we excluded the Aetna 349 

dataset (Doshi-Velez et al., 2015) from the analysis, which reported a significantly larger effect size 350 

than the other datasets. Although we could not identify why the Aetna dataset reported an effect size 351 

which is significantly larger than other cohorts, we found that both primary and secondary analyses 352 

remained statistically significant even after the exclusion of the Aetna dataset, which is why we believe 353 

that the association between ASD and IBD is robust nevertheless. Second, Egger’s test found no 354 

evidence of publication bias, but this must be interpreted with caution as the test typically requires at 355 

least ten study estimates to have sufficient power, while our meta-analyses only included eight (Sterne 356 

et al., 2011). However, the funnel plot did not show asymmetry when visually inspected. Third, most 357 

included data in this study were from hospital or medical centre settings, which can be biased toward 358 

patients of higher morbidity. Fourth, most eligible datasets did not provide the method of diagnosis and 359 

qualification of diagnosis of ASD and IBD, leading to potential bias in our findings. Fifth, the datasets 360 

did not provide potentially useful information, including effect estimates specific to sex or presence of 361 

intellectual disability, quantifications of severity of ASD and IBD, or change of severity with age. 362 

Future studies reporting such effect estimates or dose-response association between severity of the two 363 

conditions will provide more robust evidence and add to clinical significance of the association. Also, 364 

a possible referral bias should be considered, whereby participants with a history of GI symptoms may 365 

be more likely to be recruited in research. Future studies will be needed to validate these findings in 366 

prospective studies of other populations with low referral bias such as community cohorts. 367 

 368 
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Conclusion 369 

Despite some limitations, this systematic review and meta-analysis found a consistent and significant 370 

associations between ASD and IBD, providing comprehensive evidence for their potential association. 371 

Our findings may be useful evidence for early diagnosis and treatment of IBD among ASD patients 372 

with GI symptoms and may guide future molecular studies to elucidate the shared biological 373 

mechanisms between ASD and IBD.  374 
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Tables and Figures 

Table 1. Characteristics of included databases 

Author, year Country Data source Study design Population Number of 
total IBD 
cases 

Number of 
total ASD 
cases 

Mean age 
(years) 

Female 
percentage (%) 

Diagnosis of ASD Diagnosis of IBD Types of 
IBD 
reported 

NOS 
score 

Butwicka, et 
al. 2019 

Sweden Swedish 
pediatric 
health care 

Cohort 6,464 individuals with a 
diagnosis of childhood-onset 
IBD and 323,200 reference 
individuals from the general 
population matched by sex, 
birth year, and county of birth 

6,464  NR 13 44 At least one relevant ICD code:  
ICD-9: 299A 
ICD-10: F84.0, F84.1, F84.5, 
F84.8, F84.9 

At least two ICD codes 
representing IBD: 
ICD-8: 563.10, 563.99, 569.02, 
563.00 
ICD-9: 555, 556 
ICD-10: K50, K51 

Any IBD, 
UC, CD, 
and 
unclassified 
IBD 

9 

Lee, et al. 
2018 

U.S. TRICARE 
Management 
Activity 
Military 
Health 
System 

Case-control 48,762 children with ASD 
and 243,810 controls 
matched by sex and date of 
birth 

344  48,762  NR 20 ICD-9-CM codes at two 
separate clinical encounters 

At least one encounter with 
ICD-9-CM codes for CD or UC 
plus having at least one 
outpatient prescription 
medication used to treat IBD 
* Diagnosis was validated in a 
subgroup available with 
pathology reports. 

Any IBD, 
UC, and 
CD 

8 

Alexeeff, et 
al. 2017 

U.S. Kaiser 
Permanente 
members 

Case-control 3,911 ASD patients and 
38,609 controls matched by 
birth year and site 

5,221  3,911  NR 46 ICD-9 codes 
Diagnosis from a pediatric ASD 
specialist, or two or more ASD 
diagnoses from non-specialists, 
separated in time 

Two or more diagnoses with 
same ICD-9 code 

Any IBD 8 

Doshi-Velez, 
et al. 2015, 
Aetna 
database 

U.S. Aetna 
database 

Cohort 52,270 ASD patients and 
7,151,925 non-ASD 
population 

14,319  52,270  12.9 NR At least two primary or 
secondary diagnoses of ASD 
(ICD-9-CM codes: 299.00, 
299.01, 299.80, 299.81, 299.90, 
299.91) on at least two different 
dates 

At least one ICD-9-CM code Any IBD 6 

Doshi-Velez, 
et al. 2015, 
BCH database 

U.S. The Boston 
Children’s 
Hospital 

Cohort 7,201 ASD patients and 
594,684 non-ASD population 

2,918  7,201  14.2 NR At least two primary or 
secondary diagnoses of ASD 
(ICD-9-CM codes 299.00, 
299.01, 299.80, 299.81, 299.90, 
299.91) on at least two different 
dates 

At least one ICD-9-CM code Any IBD 5 

Doshi-Velez, 
et al. 2015, 

U.S. Wake Forest 
Baptist 

Cohort 1,555 ASD patients and 
203,084 non-ASD population 

609  1,555  12.9 NR At least two primary or 
secondary diagnoses of ASD 
(ICD-9-CM codes 299.00, 

At least one ICD-9-CM code Any IBD 5 
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WFBMC 
database 

Medical 
center 

299.01, 299.80, 299.81, 299.90, 
299.91) on at least two different 
dates 

Chen, et al. 
2013 

Taiwan National 
Health 
Insurance 
program 
database 

Case-control 1,598 patients with ASD and 
6,392 control group matched 
by age and gender 

95  1,598  17.5 20 ICD-9-CM code: 299, 299.0, 
299.1, 299.8, 299.9 
Diagnosis was given by board-
certificated psychiatrists 

CD (ICD-9-CD code: 555) and 
UC (ICD-9-CM code: 556) 
diagnosed by rheumatologists, 
gastro-intestinalists, or 
pediatricians 

Any IBD, 
UC, and 
CD 

7 

Kohane, et al. 
2012 

U.S. Four hospitals 
in Boston, 
Massachusetts 

Cross-sectional 14,381 ASD patients and 
2,379,397 non-ASD hospital 
population 

12,940  14,381  NR NR ICD-9 codes: 299.00, 299.01, 
299.10, 299.11, 299.80, 299.81, 
299.90, 299.91 

ICD 9 codes: 555.0, 555.1, 
555.2, 555.9, 556.0, 556.1, 
556.2, 556.3, 556.4, 556.5, 
556.6, 556.8, 556.9 

Any IBD 4 

Total U.S (6), 
Sweden 
(1), 
Taiwan 
(1)  

- Cohort (4), 
case-control (3), 
cross-sectional 
(1) 

Total population: 11,077,243 42,910  129,678  13 33 ICD-9 (7),  
ICD-9/10 (1) 

ICD-9 (7),  
ICD-8/9/10 (1) 

Any IBD 
(5), any 
IBD/UC/ 
CD (3) 

High (4),  
Medium 
(4) 

Abbreviations: ASD, autism spectrum disorder; CD, Crohn's disease; IBD, inflammatory bower disease; ICD; Internal Classification of Diseases; NOS, Newcastle-Ottawa Scale; UC, ulcerative colitis 
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Table 2. Meta-analysis of the association between autism spectrum disorders and inflammatory bowel disease  

  Primary analysis (effect estimates assuming temporal order of ASD 
diagnosis to IBD diagnosis) 

Secondary analysis (effect estimates regardless of the temporal 
sequence of diagnoses of the two conditions) 

Effect estimate and 
95% CI 

P value Number of 
study estimates 

I2 (p value) τ2 Effect estimate and 
95% CI 

P value Number of 
study estimates 

I2 (p value) τ2 

Main analysis 1.66 (1.25 to 2.21) < 0.001 7 93% (< 0.001) 0.122 1.57 (1.28 to 1.93) < 0.001 8 87% (< 0.001) 0.066 

Subgroup analyses 
by IBD type 

UC only 1.91 (1.41 to 2.6) < 0.001 2 0% (0.65) 0 1.7 (1.36 to 2.12) < 0.001 3 0% (0.50) 0 

CD only 1.47 (1.15 to 1.88) 0.002 2 0% (0.98) 0 1.37 (1.12 to 1.69) 0.003 3 0% (0.66) 0 

Subgroup analyses 
by type of dataset 

Longitudinal 
datasets 

1.94 (1.13 to 3.33) 0.016 3 89% (< 0.001) 0.181 NA NA NA NA NA 

Cross-sectional 
datasets 

1.44 (1.3 to 1.6) < 0.001 4 22% (0.28) 0.003 1.57 (1.28 to 1.93) < 0.001 8 87% (< 0.001) 0.066 

Subgroup analyses 
by study quality 

High quality 
studies only  
(NOS ≥ 7) 

1.43 (1.24 to 1.64) < 0.001 3 28% (0.25) 0.005 1.38 (1.27 to 1.49) < 0.001 4 0% (0.44) 0 

Moderate quality 
studies only 
(NOS 4-6) 

1.82 (1.21 to 2.76) 0.004 4 92% (< 0.001) 0.145 1.72 (1.24 to 2.37) 0.001 4 86% (< 0.001) 0.08 

Subgroup analyses 
by sex variable 
adjustment 

Effect estimates 
adjusted for sex 

1.43 (1.24 to 1.64) < 0.001 3 28% (0.25) 0.005 1.38 (1.27 to 1.49) < 0.001 4 0% (0.44) 0 

Effect estimates 
not adjusted for 
sex 

1.82 (1.21 to 2.76) 0.004 4 92% (< 0.001) 0.145 1.72 (1.24 to 2.37) 0.001 4 86% (< 0.001) 0.08 

Leave-one-out 
analysis 

Analysis after 
excluding Aetna 
dataset from 
Doshi-Velez, et al. 
2015 

1.42 (1.31 to 1.53) < 0.001 6 0% (0.54) 0 1.41 (1.31 to 1.51) < 0.001 7 0% (0.67) 0 

All p values are two-sided. 
Random-effects model, which allows the true effect size to differ among cohorts, was applied for all meta-analyses. Metrics used were odds ratio an all analyses. Heterogeneity was 
quantified using I2, which represents percentage of the variability in effect estimates that is due to heterogeneity between studies rather than sampling error, and τ2 represents variance of the 
true effects.  
Abbreviations: ASD, autism spectrum disorder; CD, Crohn’s Disease; IBD, inflammatory bowel disease; NOS, Newcastle-Ottawa scale; UC, ulcerative colitis 
  



 

23 

 

Figure Legends 

Figure 1. Flow chart of literature screening and study selection 
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Figure 2. Forest plot of risk of inflammatory bowel diseases in those with versus without autism spectrum disorders 
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Figure 3. Forest plot of association between autism spectrum disorders and inflammatory bowel diseases, any temporal sequence 
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Appendix 

Association between autism spectrum disorder and inflammatory bowel disease: a 
systematic review and meta-analysis 
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eTable 1. PRISMA 2020 for Abstracts Checklist 

Section and 
Topic  

Item 
# Checklist item  Reported 

(Yes/No)  
TITLE   
Title  1 Identify the report as a systematic review. Yes 
BACKGROUND   
Objectives  2 Provide an explicit statement of the main objective(s) or question(s) the review addresses. Yes 
METHODS   
Eligibility 
criteria  

3 Specify the inclusion and exclusion criteria for the review. Yes 

Information 
sources  

4 Specify the information sources (e.g. databases, registers) used to identify studies and the date when each was last searched. Yes 

Risk of bias 5 Specify the methods used to assess risk of bias in the included studies. Yes 

Synthesis of 
results  

6 Specify the methods used to present and synthesise results. Yes 

RESULTS   
Included studies  7 Give the total number of included studies and participants and summarise relevant characteristics of studies. Yes 

Synthesis of 
results  

8 Present results for main outcomes, preferably indicating the number of included studies and participants for each. If meta-
analysis was done, report the summary estimate and confidence/credible interval. If comparing groups, indicate the direction 
of the effect (i.e. which group is favoured). 

Yes 

DISCUSSION   
Limitations of 
evidence 

9 Provide a brief summary of the limitations of the evidence included in the review (e.g. study risk of bias, inconsistency and 
imprecision). 

Yes 

Interpretation 10 Provide a general interpretation of the results and important implications. Yes 
OTHER   
Funding 11 Specify the primary source of funding for the review. Yes 

Registration 12 Provide the register name and registration number. Yes 
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eTable 2. PRISMA 2020 Checklist 

Section and Topic  Item 
# Checklist item  Location where item 

is reported  
TITLE   
Title  1 Identify the report as a systematic review. Page 1 
ABSTRACT   
Abstract  2 See the PRISMA 2020 for Abstracts checklist. Page 3 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of existing knowledge. Page 4 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 4 
METHODS   
Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Page 5 

Information sources  6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or 
consulted to identify studies. Specify the date when each source was last searched or consulted. 

Page 5, Appendix page 
6 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits 
used. 

Appendix page 6 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how 
many reviewers screened each record and each report retrieved, whether they worked independently, and if 
applicable, details of automation tools used in the process. 

 
Page 5 

Data collection process  9 Specify the methods used to collect data from reports, including how many reviewers collected data from 
each report, whether they worked independently, any processes for obtaining or confirming data from study 
investigators, and if applicable, details of automation tools used in the process. 

Page 5-6 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible 
with each outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if 
not, the methods used to decide which results to collect. 

Page 5-6 

10b List and define all other variables for which data were sought (e.g. participant and intervention 
characteristics, funding sources). Describe any assumptions made about any missing or unclear information. 

Page 5-6 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, 
how many reviewers assessed each study and whether they worked independently, and if applicable, details 
of automation tools used in the process. 

Page 5 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or 
presentation of results. 

Page 6 

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study 
intervention characteristics and comparing against the planned groups for each synthesis (item #5)). 

Page 6 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing 
summary statistics, or data conversions. 

Page 6 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. Page 6 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis 
was performed, describe the model(s), method(s) to identify the presence and extent of statistical 
heterogeneity, and software package(s) used. 

Page 6-7 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup 
analysis, meta-regression). 

Page 6-7 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Page 6 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting 
biases). 

Page 6 

Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Page 6 
RESULTS   
Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search 

to the number of studies included in the review, ideally using a flow diagram. 
Page 7, Figure 1 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they 
were excluded. 

Page 7, Appendix page 
7 

Study characteristics  17 Cite each included study and present its characteristics. Page 7 

Risk of bias in studies  18 Present assessments of risk of bias for each included study. Page 7, Table 1, 
Appendix page 28-35 

Results of individual 19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) Page 7-8, Table 1, 
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Section and Topic  Item 
# Checklist item  Location where item 

is reported  
studies  an effect estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots. Figure 2,3 

Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Page 8-9 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary 
estimate and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If 
comparing groups, describe the direction of the effect. 

Page 8-9, Table 2, 
Figure 2,3, Appendix 
page 11-27 

20c Present results of all investigations of possible causes of heterogeneity among study results. Page 8-9, Appendix 
page 8, 11-27 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. Page 8-9, Appendix 
page 11-27 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis 
assessed. 

Page 8-9, Appendix 
page 9-10 

Certainty of evidence  22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Page 8-9 
DISCUSSION   
Discussion  23a Provide a general interpretation of the results in the context of other evidence. Page 9-12 

23b Discuss any limitations of the evidence included in the review. Page 12-13 

23c Discuss any limitations of the review processes used. Page 12-13 

23d Discuss implications of the results for practice, policy, and future research. Page 9-10, 13 
OTHER INFORMATION  
Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that 
the review was not registered. 

Page 5 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Page 5 

24c Describe and explain any amendments to information provided at registration or in the protocol. NA 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors 
in the review. 

Page 14 

Competing interests 26 Declare any competing interests of review authors. Page 14 

Availability of data, 
code and other 
materials 

27 Report which of the following are publicly available and where they can be found: template data collection 
forms; data extracted from included studies; data used for all analyses; analytic code; any other materials 
used in the review. 

Page 13 
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eTable 3. Full search strategy 

PubMed/MEDLINE 
(Inflammatory Bowel Diseases[Mesh] OR Inflammatory Bowel Disease*[Title/Abstract] OR inflammatory bowel 
disorder*[Title/Abstract] OR IBD[Title/Abstract] OR ulcerative colitis[Title/Abstract] OR Ulcerative rectocolitis[Title/abstract] OR 
Proctocolitis[Mesh] OR Proctocolitis[Title/Abstract] OR Colitis Gravis[Title/Abstract] OR Crohn*[Title/Abstract])  
AND 
(Autism Spectrum Disorder[Mesh] OR Autis*[Title/Abstract] OR Asperger[Title/Abstract])  
 
Results: 238 
Embase 
("inflammatory bowel disease"/exp OR "inflammatory bowel disease*":ti,ab,kw OR "inflammatory bowel disorder*":ti,ab,kw OR 
"ibd":ti,ab,kw OR "ulcerative colitis":ti,ab,kw OR "ulcerative rectocolitis":ti,ab,kw OR "proctocolitis"/exp OR "proctocolitis":ti,ab,kw OR 
"colitis gravis":ti,ab,kw OR "crohn*":ti,ab,kw)  
AND 
("autism"/exp OR "autis*":ti,ab,kw OR "asperger":ti,ab,kw)  
 
Results: 579 
PsycInfo  
(Inflammatory Bowel Disease* OR inflammatory bowel disorder* OR IBD OR ulcerative colitis OR Ulcerative rectocolitis OR 
Proctocolitis OR Colitis Gravis OR Crohn*) 
AND 
(Autis* OR Asperger)  
 
Results: 50 

Search was done on January 25, 2021 
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eTable 4. The list of excluded studies by full text screening with reasons for exclusion 

Studies excluded in full text screening Reason for exclusion 

Spann et al., 2019 Did not have non-ASD control group 

Supekar, Iyer, & Menon, 2017 Did not report sufficient data to calculate effect estimate 

Scott, Shi, Andriashek, Clark, & Goez, 2017 Did not report IBD outcome 

Gupta & Rubin, 2016 Did not have non-ASD control group 

Somekh et al., 2016 Did not have non-ASD control group 

Kushak et al., 2016 Did not have non-ASD control group 

Chen et al., 2016 Did not report IBD outcome 

Andersen, Ehrenstein, Erichsen, Frøslev, & Sørensen, 
2014 Did not report IBD outcome 

Mouridsen, Rich, & Isager, 2010 Did not have sufficient number of IBD cases 

Valicenti-McDermott, McVicar, Cohen, Wershil, & 
Shinnar, 2008 Did not report IBD outcome 

Mouridsen, Rich, Isager, & Nedergaard, 2007 Did not report IBD outcome 

Black, Kaye, & Jick, 2002 Did not have sufficient number of IBD cases 
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eTable 5. Results of meta-regression analysis 

Covariates Primary analysis (effect estimates assuming 
temporal order of ASD diagnosis to IBD 
diagnosis) 

Secondary analysis (effect estimates regardless of the 
temporal sequence of diagnoses of the two conditions) 

Effect P value Number of 
study estimates 

Effect P value Number of  
study estimates 

Mean age 0.9 0.28 4 0.952 0.58 5 

Female percentage 0.9928 0.12 3 0.9929 0.12 4 

NOS score 0.98 0.81 7 0.972 0.59 8 

All p values are two-sided. 
Abbreviations: ASD, autism spectrum disorder; IBD, inflammatory bowel disease; NOS, Newcastle-Ottawa scale 
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Funnel plots of primary and secondary analysis 

eFigure 1. funnel plot of primary analysis, all types of IBD 
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eFigure 2. funnel plot of secondary analysis, all types of IBD 
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Forest plots of meta-analyses 

eFigure 3. Primary analysis, ulcerative colitis  
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eFigure 4. Primary analysis, Crohn’s disease 
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eFigure 5. Primary analysis, any inflammatory bowel disease, longitudinal data only 
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eFigure 6. Primary analysis, any inflammatory bowel disease, cross-sectional data only 

 
  



 

40 

 

eFigure 7. Primary analysis, any inflammatory bowel disease, high quality studies only 
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eFigure 8. Primary analysis, any inflammatory bowel disease, moderate quality studies only 
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eFigure 9. Primary analysis, any inflammatory bowel disease, effect estimates adjusted for sex 
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eFigure 10. Primary analysis, any inflammatory bowel disease, effect estimates not adjusted for sex 
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eFigure 11. Primary analysis, any inflammatory bowel disease, after excluding Aetna dataset from Doshi-Velez, 
et al. 2015  
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eFigure 12. Secondary analysis, ulcerative colitis 
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eFigure 13. Secondary analysis, Crohn’s disease 
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eFigure 14. Secondary analysis, any inflammatory bowel disease, cross-sectional data only 
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eFigure 15. Secondary analysis, any inflammatory bowel disease, high quality studies only 
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eFigure 16. Secondary analysis, any inflammatory bowel disease, moderate quality studies only 
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eFigure 17. Secondary analysis, any inflammatory bowel disease, effect estimates adjusted for sex 
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eFigure 18. Secondary analysis, any inflammatory bowel disease, effect estimates not adjusted for sex 
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eFigure 19. Secondary analysis, any inflammatory bowel disease, after excluding Aetna dataset from Doshi-Velez, 
et al. 2015  
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Rating for each item of the Newcastle-Ottawa Scale (NOS) for each of the included studies 

Butwicka, et al. (2019) 
 

NOS item Star Explanation 
SELECTION  
 
1. Representativeness of the exposed 
cohort 

* “This population-based cohort study encompasses all children born in Sweden 
between 1973 and 2013.” (page E2) 

2. Selection of the non exposed cohort  * "Each patient with IBD was matched with 50 reference individuals from the 
Swedish Population Register." (page E2) 

3. Ascertainment of exposure  * “From the Patient Register, we identified individuals with at least 2 
International Classification of Diseases (ICD) codes representing IBD.” (page 
E2) 

4. Demonstration that outcome of interest 
was not present at start of study 

* “Individuals with IBD and their reference individuals with a diagnosis of any 
psychiatric disorder and those who emigrated from Sweden prior to cohort 
entry (date of the first IBD diagnosis for patients with IBD and the 
corresponding date for matched individuals) were excluded from the 
analyses.” (page E3) 

COMPARABILITY 
 
1. Comparability of cohorts on the basis of 
the design or analysis 

** “Matching variables consisted of sex, birthyear, and county of birth.” (page 
E2) 

EXPOSURE  
 
1. Assessment of outcome * “Psychiatric disorders were identified from the National Patient Register and 

the clinical databases for Child and Adolescent Mental Health Services and 
habilitation in Stockholm county and ascertained using relevant ICD codes; 1 
code was require for a positive event.” (page E3) 

2. Was follow-up long enough for 
outcomes to occur 

* “Patients were followed up for a median of 9 years (IQR, 4-15years).” (page 
E4) 

3. Adequacy of follow up of cohorts * “Patients were followed up for a median of 9 years (IQR, 4-15years).” (page 
E4) 
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Lee, et al. (2018) 
NOS item Star Explanation 
SELECTION  
 
1. Representativeness of the exposed 
cohort 

* “The database includes outpatient and inpatient encounters and prescriptions 
of all eligible United States military members and their dependents treated in 
both military and civilian healthcare facilities” (page 1524) 

2. Selection of the non exposed cohort  * "We designed a retrospective case-cohort study … " (page 1524) 
3. Ascertainment of exposure  * “… given ICD-9-CM codes for the diagnosis of ASD at two separate clinical 

encounters …” (page 1524) 
4. Demonstration that outcome of interest 
was not present at start of study 

 No information 

COMPARABILITY 
 
1. Comparability of cohorts on the basis of 
the design or analysis 

** “Each case was matched to five controls without replacement by age, sex, and 
enrollment time frame.” (page 1524) 

EXPOSURE  
 
1. Assessment of outcome * “IBD diagnoses of CD and UC were initially identified by at least one 

encounter with ICD-9-CM codes for CD or UC from the identified cases and 
controls in MHS database …” (page 1524) 

2. Was follow-up long enough for 
outcomes to occur 

* “… 95% of the participants were followed for at least 3 years.” (page 1526) 

3. Adequacy of follow up of cohorts * “… 95% of the participants were followed for at least 3 years.” (page 1526) 
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Alexeeff, et al. (2017) 
NOS item Star Explanation 
SELECTION  
 
1. Is the case definition adequate?  * “ASD cases were defined as children with either (a) an ASD diagnosis from 

an ASD specialist or (b) two or more ASD 
diagnoses from non-specialists, separated in time.”(page 2068) 

2. Representativeness of the cases  * “The study population was drawn from the population of all children who were 
Kaiser Permanente (KP) members in Northern California, Georgia, and the 
Northwest born 
from January 1, 2000 through December 31, 2009.  KP Northern California 
(KPNC) is the largest and oldest group-model, pre-paid, integrated health care 
delivery organization in the United States, providing health care to over 3.8 
million people; KP Northwest (KPNW) serves over 500,000 members in 
Oregon and Washington; KP Georgia (KPGA) 
has over 250,000 members”(page 2068) 

3. Selection of controls  * “Controls were matched to cases at a 10:1 ratio on site, year and month of 
birth, and length of membership in the 12 months before and after the case’s 
first ASD diagnosis.”(page 2068) 

4. Definition of controls  * “Controls were required to never have had an ASD diagnosis as of June 
2012.”(page 2068) 

COMPARABILITY 
 
1. Comparability of cases and controls on 
the basis of the design or analysis  

** “Controls were matched to cases at a 10:1 ratio on site, year and month of 
birth, and length of membership in the 12 months before and after the case’s 
first ASD diagnosis…”(page 2068) “Adjusted models accounted for the 
matching by site and age and adjusting for sex, maternal race, maternal 
education, and household income.”(page 2069) 

EXPOSURE  
 
1. Ascertainment of Exposure * “Medical conditions were identified by ICD-9 codes. Over 1000 ICD-9 codes 

were grouped into 79 medical conditions (e.g., constipation) within 19 
domains (e.g., gastrointestinal).”(page 2068) 

2. Same method of ascertainment for 
cases and controls 

* “We restricted our analysis to medical conditions recorded in the EMR during 
the “pre-diagnostic period,” defined for ASD cases as the time period prior to 
the first ASD diagnosis, and for matched controls as the time period prior to 
the age of first ASD diagnosis of the matched ASD case.  Medical conditions 
were identified by ICD-9 codes.”(page 2068) 

3. Non-response rate  No information 
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Doshi-Velez, et al. (2015), Aetna database 
NOS item Star Explanation 
SELECTION  
 
1. Representativeness of the exposed 
cohort 

* “Aetna study population was a nationwide sample without the morbidity bias 
of a hospital population. However, patient data were only available from 2009 
to 2013.”(page 2286) 

2. Selection of the non exposed cohort  * “We first compared patients with and without ASD within each study 
population…” (page 2282) 

3. Ascertainment of exposure  * “We defined our ASD cohort as patients with at least 2 primary or secondary 
diagnoses of ASD (ICD-9-CM codes 299.00, 299.01, 299.80, 299.81, 299.90, 
or 299.91) on at least 2 different dates.” (page 2282) 

4. Demonstration that outcome of interest 
was not present at start of study 

* “The control sample was defined to be the set of individuals who had no ICD-
9-CM diagnosis codes for ASD.” (page 2282) 

COMPARABILITY 
 
1. Comparability of cohorts on the basis of 
the design or analysis 

* “The prevalence of IBD (as determined by ICD-9-CM codes) by age is 
summarized in Figure 2, and age-adjusted prevalences are listed in Table 
2.”(page 2283) 

EXPOSURE  
 
1. Assessment of outcome * “we required at least 1 ICD-9-CM code for IBD in the patient record.” (page 

2282) 
2. Was follow-up long enough for 
outcomes to occur 

 No information 

3. Adequacy of follow up of cohorts  No information 
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Doshi-Velez, et al. (2015), BCH database 
NOS item Star Explanation 
SELECTION  
 
1. Representativeness of the exposed 
cohort 

 “BCH and WFBMC were biased toward higher morbidity patients and limited 
to particular regions of the country.”(page 2286) 

2. Selection of the non exposed cohort  * “We first compared patients with and without ASD within each study 
population…” (page 2282) 

3. Ascertainment of exposure  * “We defined our ASD cohort as patients with at least 2 primary or secondary 
diagnoses of ASD (ICD-9-CM codes 299.00, 299.01, 299.80, 299.81, 299.90, 
or 299.91) on at least 2 different dates.” (page 2282) 

4. Demonstration that outcome of interest 
was not present at start of study 

* “The control sample was defined to be the set of individuals who had no ICD-
9-CM diagnosis codes for ASD.” (page 2282) 

COMPARABILITY 
 
1. Comparability of cohorts on the basis of 
the design or analysis 

* “The prevalence of IBD (as determined by ICD-9-CM codes) by age is 
summarized in Figure 2, and age-adjusted prevalences are listed in Table 
2.”(page 2283) 

EXPOSURE  
 
1. Assessment of outcome * “we required at least 1 ICD-9-CM code for IBD in the patient record.” (page 

2282) 
2. Was follow-up long enough for 
outcomes to occur 

 No information 

3. Adequacy of follow up of cohorts  No information 
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Doshi-Velez, et al. (2015), WFBMC database 
NOS item Star Explanation 
SELECTION  
 
1. Representativeness of the exposed 
cohort 

 “BCH and WFBMC were biased toward higher morbidity patients and limited 
to particular regions of the country.”(page 2286) 

2. Selection of the non exposed cohort  * “We first compared patients with and without ASD within each study 
population…” (page 2282) 

3. Ascertainment of exposure  * “We defined our ASD cohort as patients with at least 2 primary or secondary 
diagnoses of ASD (ICD-9-CM codes 299.00, 299.01, 299.80, 299.81, 299.90, 
or 299.91) on at least 2 different dates.” (page 2282) 

4. Demonstration that outcome of interest 
was not present at start of study 

* “The control sample was defined to be the set of individuals who had no ICD-
9-CM diagnosis codes for ASD.” (page 2282) 

COMPARABILITY 
 
1. Comparability of cohorts on the basis of 
the design or analysis 

* “The prevalence of IBD (as determined by ICD-9-CM codes) by age is 
summarized in Figure 2, and age-adjusted prevalences are listed in Table 
2.”(page 2283) 

EXPOSURE  
 
1. Assessment of outcome * “we required at least 1 ICD-9-CM code for IBD in the patient record.” (page 

2282) 
2. Was follow-up long enough for 
outcomes to occur 

 No information 

3. Adequacy of follow up of cohorts  No information 
 
  



 

59 

 

Chen, et al. (2013)  
NOS item Star Explanation 
SELECTION  
 
1. Is the case definition adequate?  * “ The study group comprised all persons who were identified by the diagnostic 

code of ‘‘autism spectrum disorder’’ (ICD-9-CM code: 299; 299.0x for autistic 
disorder, 299.1x for childhood disintegrative disorder, 299.8x for Asperger 
disorder and other specified pervasive developmental disorder, and 299.9x for 
unspecified pervasive developmental disorder) between January 1, 1996 and 
December 31, 2010. The diagnosis was given by board-certificated 
psychiatrists.”(page 207) 

2. Representativeness of the cases  * “In this study, 1,000,000 persons, approximately 4.3% of the population of 
Taiwan, were randomly selected from the NHIRD.”(page 207) 

3. Selection of controls  * “The age- and gender-matched control group (4 for every patient in the study 
cohort) was randomly identified from the persons after eliminating patients 
who had been given a diagnosis of ASDs.”(page 207) 

4. Definition of controls  * “The age- and gender-matched control group (4 for every patient in the study 
cohort) was randomly identified from the persons after eliminating patients 
who had been given a diagnosis of ASDs.”(page 207) 

COMPARABILITY 
 
1. Comparability of cases and controls on 
the basis of the design or analysis  

** “The age- and gender-matched control group (4 for every patient in the study 
cohort) was randomly identified from the persons after eliminating patients 
who had been given a diagnosis of ASDs.”(page 207) 

EXPOSURE  
 
1. Ascertainment of Exposure * “Coexistent autoimmune diseases were identified as… crohn’s disease (ICD-

9-CD code: 555) and ulcerative colitis (ICD-9-CM code: 556) diagnosed by 
rheumatologists, gastrointestinalists, or pediatricians”(page 207) 

2. Same method of ascertainment for 
cases and controls 

 No information 

3. Non-response rate  No information 
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Kohane, et al. (2012) 

 
 
 
  

NOS item Star Explanation 
SELECTION  
 
1. Is the case definition adequate?  * “For the purpose of this study we only analyzed diagnoses encoded in the ICD-

9 system…”(page 2) 
2. Representativeness of the cases  * “We have sought to leverage recent developments in informatics technologies 

for distributed queries across the electronic medical records (EMR) systems 
data of multiple health care systems to provide a snapshot of this comorbidity 
landscape across four hospitals in the Boston area, one a pediatric hospital and 
three general hospitals with significant pediatric services.” (page 1-2) 

3. Selection of controls   No information 
4. Definition of controls   No information 
COMPARABILITY 
 
1. Comparability of cases and controls on 
the basis of the design or analysis  

* “We further subcategorized the analyses into age groups 0–17 and 18–34 to 
see how the co-morbidity prevalence changed across those two age groups.” 
(page 2) 

EXPOSURE  
 
1. Ascertainment of Exposure * “For the purpose of this study we only analyzed diagnoses encoded in the ICD-

9 system…” (page 2) 
2. Same method of ascertainment for 
cases and controls 

 No information 

3. Non-response rate  No information 
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