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Introduction: Ulcerative colitis (UC) differs across geography and ethnic groups. Gut microbial diversity plays a pivotal role in 
disease pathogenesis and differs across ethnic groups. The functional diversity in microbial-driven metabolites may have 
a pathophysiologic role and offer new therapeutic avenues.
Methods: Demographics and clinical data were recorded from newly diagnosed UC patients. Blood, urine and faecal samples were 
collected at three time points over one year. Bacterial content was analysed by 16S rRNA sequencing. Bile acid profiles and polar molecules 
in three biofluids were measured using liquid-chromatography mass spectrometry (HILIC) and nuclear magnetic resonance spectroscopy.
Results: We studied 42 patients with a new diagnosis of UC (27 South Asians; 15 Caucasians) with 261 biosamples. There were 
significant differences in relative abundance of bacteria at the phylum, genus and species level. Relative concentrations of urinary 
metabolites in South Asians were significantly lower for hippurate (positive correlation for Ruminococcus) and 4-cresol sulfate 
(Clostridia) (p<0.001) with higher concentrations of lactate (negative correlation for Bifidobacteriaceae). Faecal conjugated and 
primary conjugated bile acids concentrations were significantly higher in South Asians (p=0.02 and p=0.03 respectively). Results were 
unaffected by diet, phenotype, disease severity and ongoing therapy. Comparison of time points at diagnosis and at 1 year did not 
reveal changes in microbial and metabolic profile.
Conclusion: Ethnic-related microbial metabolite associations were observed in South Asians with UC. This suggests a predisposition 
to UC may be influenced by environmental factors reflected in a distinct gene-environment interaction. The variations may serve as 
markers to identify risk factors for UC and modified to enhance therapeutic response.
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Introduction
Inflammatory bowel disease (IBD) encompasses Crohn’s disease and ulcerative colitis (UC) as chronic relapsing and remitting 
inflammatory conditions.1 They share a common pathophysiologic process mediated as an aberrant immune response to 
environmental factors and altered microbial composition in genetically predisposed individuals.2 The global incidence of IBD, 
previously recognised as highest in western industrialised countries, has shifted with an increasing rate in previous low- 
incidence countries.3 Migrants from low to high incidence countries show a high risk of IBD, sometimes exceeding local 
population, with ethnic related differences in disease phenotypes.4 South Asian migrants to Canada and United Kingdom 
showed a higher risk of ulcerative colitis (UC) and pan-colonic phenotype compared with the Caucasian population.5–7 In 
Europe, non-Caucasians with IBD presented with more severe disease behaviour than Caucasians.8 That such health 
disparities are evident in first generation migrants, suggests an immediate environmental factor related to geography. The 
earlier age of disease presentation noted in second generation migrants of several ethnic groups lends further support to an 
underlying gene-environmental interaction related to shared dietary, cultural or lifestyle practices within ethnic communities.7
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Ethnic-associated microbiota variations are also well recognised, from recent studies on healthy South Asians in 
Canada and migrants from Thailand to the US.9,10 Likewise, preliminary studies on adults with UC revealed distinct 
microbial community patterns for Europeans and South Asians, wherein Europeans showed a predominance in 
Bacteroidaceae family, and South Asians showed all four identified patterns.11 How such differences relate to health 
disparities for IBD is not so clear, reflected in an evolving field of research that may offer further insight into 
pathophysiology of IBD and reveal modifiable risk factors for disease prevention and/or therapy personalisation.

Bacterial-derived metabolites mediate some microbial-host immune-modulatory effects.12 Of the several bacterial- 
associated metabolites associated with IBD, short-chain fatty acids and bile acids are the most extensively 
investigated.13,14 Short chain fatty acids such as butyrate are characterized by anti-inflammatory properties,15–17 other 
metabolites such as high p-cresol sulphate have pro-inflammatory actions, whereas the immunomodulatory effects of bile 
acids are dependent on concentrations and conjugation. Primary conjugated bile acids and conjugated bile acids exhibit 
pro-inflammatory effects as they modify luminal bile acid pool composition with resulting bacterial fluctuations that 
modulate the anti-inflammatory influence of secondary bile acids.18,19 There are no studies describing ethnic-associated 
metabonomic variations in South Asians.

An argument for research to study migration and ethnicity as a risk determinant of IBD was recently presented in 
a commentary.20 Deeper insight into gene-environment interaction by examining ethnic variations in host microbiome- 
metabonome axis may fill gaps in our understanding of disease pathogenesis. This has therapeutic implications since 
microbiome may alter response to biologic therapy and metabolites namely butyrate enhance response to 
azathioprine.21,22 We comprehensively examined the microbiome and metabolome longitudinally within a newly diag-
nosed ethnic UC cohort living in a prespecified geographic region.

Materials and Methods
Study Population
All newly diagnosed patients with UC in Brent and Harrow, London over a one-year period were identified through 
searching endoscopy, pathology and radiology reports for key words: ulcerative colitis, colitis and proctitis. Patients of 
South Asian and Caucasian ethnicity over the age of 16 years with a diagnosis confirmed by Copenhagen criteria were 
included.23 Consent, baseline data and samples collection were completed at first clinic visit (timepoint 1). Age, gender 
and demographic data, including ethnicity were recorded. Some patients received therapy immediately after diagnostic 
test and therapy was registered at the first visit. At follow up, timepoint 2 (months 4–8) and timepoint 3 (months 8–12), 
further samples were collected and disease activity measured by the Simple Clinical Colitis Activity index (SCCAI)24 

classified as remission (score 0–2), mild (score 3–5), moderate (score 5–8), or severe (score >8). Where patients were on 
multiple treatments, the strongest treatment at each time point was recorded.

Sample Collection
Urine (taken after the first void of the day), faecal and blood samples were collected at the first visit. Blood samples were 
centrifuged immediately after collection and the supernatant immediately separated for analysis. Samples were frozen at 
−20°C within a maximum of four hours and subsequently transferred to −80°C storage within 24 hours. The number and 
timing of samples are shown in Supplementary Table 1.

Sample Collection from Healthy Controls
Healthy controls (HC) provided urine, blood and stool samples at two time points, one month apart to provide a measure 
of interindividual variation in metabolic profiling.

Diet Questionnaire
A food frequency questionnaire (FFQ) was administered at first visit to obtain a snapshot of dietary intake at 3 months 
prior to diagnosis. The FFQ included questions on the habitual daily consumption of 150 food items during a 3-month 
period. Food intakes (g/day) of each food group were computed by multiplying frequency of consumption by specified 
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portion. To assess the impact of dietary interactions and the microbiota at timepoint 1, food intake was categorised into 
the following groups: Vegetarian/Non-Vegetarian, fibre, fats and protein. These groups were chosen as they have been 
proven to alter the colonic microbiota.19,25,26 The group median value was calculated, and food intake assigned to either 
low or high compared to the median. This categorisation is a common approach adopted in defining diet quality.27

Ethical Approval
The study was approved by the London Northwest NHS trust and National Research Ethics Service (REC number14/EM/ 
1290). Informed consent was obtained from all study participants prior to study commencement. The study complies with 
the ethical principles of the Declaration of Helsinki.

Experimental Procedure
qPCR
Analysis was completed using the protocol designed by Mcdonald et al.28

Metataxonomic Analysis (16S rRNA Gene Sequencing)
DNA was extracted from 200 mg of stool and DNA was stored at −80°C until ready to use. DNA was extracted from 
stool using the PowerLyzer PowerSoil DNA Isolation Kit (Mo Bio, Carlsbad, CA, USA) following manufacturer’s 
instructions, with the modification that samples were bead beaten for three mins at speed 8 in a Bullet Blender Storm 
(Chembio Ltd, St. Albans, UK) and stored at −80°C until ready to use.

Sample libraries were prepared following Illumina’s 16S Metagenomic Sequencing Library Preparation Protocol29 

with the following modifications. The V1-V2 regions of the 16S rRNA gene were amplified using specific primers.28 The 
index PCR reactions were cleaned up and normalised using the SequalPrep Normalization Plate Kit (Life Technologies, 
Paisley, UK).

Sample libraries were quantified using the NEBNext Library Quant Kit for Illumina (New England Biolabs, Hitchin, 
UK). Sequencing was performed on an Illumina MiSeq platform (Illumina Inc., Saffron Walden, UK) using the MiSeq 
Reagent Kit v3 (Illumina) and paired-end 300bp chemistry.

The raw fastq data was processed using the QIME pipeline. Statistical analysis was performed using STAMP 2.1.3 
software with White’s non-parametric for comparing two groups and Benjamini-Hochberg to adjust for false discovery 
rate.30 Alpha diversity indices in faecal samples were analysed by investigating species richness (using Chao1 index) 
where diversity and stability is directly associated with number of sequences per sample. Brays Curtis dissimilarity and 
PERMANOVA analysis were performed to test statistical differences between the two groups.

Methods of sample preparation including urine for proton nuclear magnetic resonance (1H NMR) analysis and ultra 
performance liquid chromatography-mass spectroscopy (UPLC-MS) are detailed in the Supplementary Material together 
with UPLC-MS hydrophilic interaction chromatography (HILIC) and UPLC-MS bile acid profiling methods 
(Supplementary Data Section Methods).

Univariate and Multivariate Analysis for Metabolite and Dietary Data
Multivariate data analysis was performed using the SIMCA software (v.14.0.2, Umetrics, Umeå, Sweden). Principal 
components analysis (PCA) and supervised orthogonal partial least squares discriminant analysis (OPLS-DA) were 
carried out on all spectral datasets individually. Robust OPLS-DA models were validated by CV-ANOVA p-value. Two- 
tailed t-tests assuming unequal variance, and coefficient of variation % (CV%) were calculated in Microsoft Office Excel 
2016. Statistical analysis of food intake in g/day was compared between Caucasian and South Asian groups using the 
Students t-test. PCA scores and loadings plots were generated using SIMCA software (v.14.0.2, Umetrics, Umeå, 
Sweden) for comparison of food intake categorised by food groups.

Biomarker Assignment
Metabolite Identification for 1H NMR Profiling
The 1H NMR spectral regions related to the discrimination between two sample classes were identified using supervised 
multivariate discriminant analysis, followed by statistical total correlation spectroscopy (STOCSY) for metabolite 
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assignment.31 Metabolite assignment was performed by comparing chemical shifts, JRes coupling, and peaks multiplicity 
with information in in-house and open access databases (such as Human Metabolome DataBase, HMDB) and 
literature.32,33

Metabolite Structural Identification for UPLC-MS Profiling
Metabolite identification was conducted by matching accurate m/z measurements of detected chromatographic features to 
theoretical values from in-house databases and on-line databases such as the human metabolite database (HMDB, http:// 
www.hmdb.ca/) KEGG (http://www.genome.jp/kegg/ligand.html), METLIN (http://metlin.scripps.edu/) and previous 
publications. Tandem MS fragmentation patterns were obtained for further structural elucidation and confirmed with 
authentic standards matching for retention time and m/z.

Results
Demographics
A total of 48 patients were diagnosed with UC over one year. South Asians and Caucasians constituted the main ethnic 
groups (n=42) with the remaining six of mixed ethnicity. Details of the main ethnic groups, South Asians and Caucasians, 
are shown in Table 1. South Asians had a lower median age at diagnosis, male predominance (16 males and 5 females) 
and higher median SCCAI score. Seven South Asian (26%) patients were receiving steroid treatment compared with 
none for Caucasians at the first visit. There were significantly more male subjects in the South Asian UC and control 
groups (p<0.0001, chi squared test). Seventy-eight blood, 98 urine and 85 faecal samples were collected from this 
population (Supplementary Table 1).

Validation of Metataxonomic Data Analysis Assessed by Quantitative PCR Analysis
The lack of information on 16S rRNA copy numbers and genome sizes make the relative abundance estimates in 
complex bacterial populations difficult to interpret.34 We performed qPCR to quantify the overall bacterial load in both 
groups. The average copy number of South Asian samples was 20,001 (±2SD, 29,196) and 9785 (±2SD, 14,029) in 
Caucasians. There was no statistical difference between the two ethnic cohorts (p=0.21, t-test).

Table 1 Demographics and Clinical Characteristics of Recruited Ulcerative Colitis (UC) and Healthy 
Control (HC) Participants

Ethnicity (n) Ulcerative Colitis Healthy Controls

SA (27) Cauc (15) SA (7) Cauc (11)

Median age years (IQR) 35 (30–51) 44 (40–63) 33 (32–35) 28 (29–32)

Sex (M/F) 19/8 8/7 6/1 5/6
Mean SCCAI score (±2SD) 6.2 (0.7) 4.3 (1.9) – –

Smoking (C/F/N)* 3/7/17 3/6/6 1/0/6 2/2/7
Disease extent (E1/E2/E3) 10/6/11 3/7/5

Antibiotic use in preceding 3 months 0 1

Strongest treatment at each time point**

Time point (months) 0–3 4–8 9–12 0–3 4–8 9–12 – –

None 12 4 5 6 3 4 – –
5-ASA 8 8 6 9 6 5 - -

Azathioprine 0 0 2 0 0 1 - -

Steroids 7 2 2 0 1 0 - -
Total 27 14 15 15 10 9 - -

Note: **Strongest treatment in ascending order None>5-ASA>Azathioprine>Steroids. 
Abbreviations: *C, Current; F, Former; N, Never.
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Reduced Species Richness Observed in Metataxonomic Profile
The Chao 1 index demonstrated a trend towards lower bacterial diversity in South Asians although overlap of the error 
bars demonstrated no significant difference (Figure 1). A significant PERMANOVA result based on Brays Curtis 
dissimilarity confirmed compositional differences between the two groups.

A

B

Figure 1 (A) Rarefaction curves plotting the alpha-diversity (number of species, chao 1) found within a given number of observations (DNA sequences) from 16S rRNA 
gene sequences of South Asian and Caucasian UC faecal samples. (B) Beta diversity plot showing clear separation of South Asian and Caucasian samples (Brays Curtis, 
PERMANOVA, p value= 0.001). 
Abbreviations: SA, South Asian; Cauc, Caucasian.
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Differences in Relative Abundance at Metataxonomic Levels
At the phylum level (Figure 2A), the relative abundance of Bacteroidetes and Firmicutes was reduced whereas 
Actinobacteria was increased in the South Asian group. Significant taxonomic differences at family and genus level 
are shown in Figure 2B and C. Clostridia was significantly reduced at the Clostridiales order level in South Asians 
although there was no difference at deeper taxonomic levels in this group. There were significant relative increases in 
Bifidobacterium, Rikenellaceae, Lactobacillus and Streptococcus with significantly decreased relative abundance in 
Barnessiellacae, Anaerostipes and Ruminococcus.

We examined the relative abundance of Bifidobacterium in each subject (Supplementary Figure 1). Analysis of 
yoghurt intake showed no difference in relative abundance according to high and low intake.

Identification of Metabolites
1H NMR group analysis revealed significant differences in UC patients between South Asians and Caucasians 
(Supplementary Table 2). A robust model was obtained by OPLS-DA (R2Y 0.847, Q2Y 0.52, CV ANOVA p<0.0001) 
(Supplementary Figure 2). The coefficients plot demonstrated annotated compounds which differed significantly between 
South Asian and Caucasian groups: South Asians had higher concentration of isobutyrate, lactate and alanine whilst 
hippurate, 4-cresol sulphate, lysine and citrate were lower (Supplementary Figure 3A and B). Box plots demonstrating 
the variation in concentration of each metabolite are shown in Figure 3A. The South Asian group (Figure 3B) showed 
strong positive correlations of hippurate with Ruminococcus, Rikenellaceae and Mogibacteria. Rikenellaceae and 
Mogibacteriaceae are both correlated with hippurate and 4-cresol sulphate.

Figure 2 Comparison between relative abundance at phylum (A), family (B) and genus (C) level between South Asians and Caucasian groups with Benjamini-Hochberg 
correction. Mean relative abundance of samples in each group with 95% CI is shown. 
Abbreviation: SA, South Asian.
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A

B

Figure 3 (A) Urinary 1HNMR analysis showing seven metabolic variations between South Asian (blue) and Caucasian (red) groups by non-parametric Mann U-Whitney test 
(p<0.001 for all compounds). (B) Microbial- urinary 1HNMR Spearman’s rank correlations in SA UC patients. The colour palette gradient symbolises positive (purple) to 
negative associations (brown).
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Metabolic Profiles
Two analytical platforms were implemented to achieve broad metabolome coverage: HILIC and bile acid profiling. 
A comprehensive analysis of metabolites was performed on serum, urine and faeces from 32 patients (21 South Asian, 11 
Caucasian), and 18 healthy controls (7 South Asian, 11 Caucasian). The robustness of the analytical runs was assured 
using features with repeatability in their measurement (coefficient of variation <30%) and the stability of measurement 
was accessed from the clustering in the PCA plot of the QC samples.

The predictive OPLS-DA models were built, and their validity was assessed using model characteristics (R2, Q2 and 
CV-ANOVA generated p-values). Both HILIC (urine and faeces) and bile acid profiling (serum and faeces) assays 
demonstrated significant differences between South Asian and Caucasian UC groups (Supplementary Table 3). There 
were significant differences in metabolic profile between healthy South Asians and Caucasians for the faecal HILIC and 
faecal BA assays. Metabolic variations were less apparent between timepoint analysis (timepoint 1 vs time point 3) and 
between patients on different drug treatments (Supplementary Table 4). No assays showed statistically significant 
differences comparing time point 1 (months 0–3) and time point 3 (months 9–12). Faecal HILIC and faecal BA assays 
differentiated between patients taking steroids and azathioprine compared with those not on treatment. UC patients not on 
treatment of South Asian and Caucasian origin also had significantly different profiles. Group analysis demonstrated 
a consistent difference across biofluids and assays.

HILIC Profiling
The faecal HILIC plots show a highly predictive model identifying significant differences between South Asian and 
Caucasian UC patients (Supplementary Figure 4A). In total 1800 features were identified as potential markers. Tentative 
structural identifiers were assigned to leucylproline (higher in South Asians) and pantothenic acid, phenylalanine, 
creatinine and tryptophan.

The compound was spiked into the QC and the spectra were examined to discover whether the featured compound 
was eluting at the same retention time. Finally, the compound was further characterised by specific fragmentation pattern. 
Pantothenic acid was validated with higher concentration in South Asians (Supplementary Table 5).

Bile Acid Profiling
A robust OPLS-DA model for faecal bile acids assay was observed (Supplementary Figure 4B). The South Asian vs 
Caucasian model discriminated between the groups (Q2Y=0.277). Six discriminatory metabolites were present in higher 
relative group concentrations in South Asians, two secondary bile acids (5 β-cholanic acid-3α,6α-diol-7-one) and five 
unassigned compounds, one of which was sulfated (Supplementary Table 5). Nine metabolites were lower in the South 
Asian group, four secondary bile acids (3-ketocholanic acid, lithocholic acid, isolithocholic acid, 3α-hydroxy-12- 
ketolithocholic acid) and four unassigned compounds (Figure 4A). There was no difference in the primary bile acids 
(cholic acid and chenodeoxycholic acid) but primary conjugated bile acids were significantly higher in South Asians 
(p=0.03) (Figures 4B). Significant differences in bile acid concentrations persisted after Bonferroni correction 
(Supplementary Table 6).

For serum bile acids analysis, models for South Asian vs Caucasian for assigned and unassigned discriminant 
compounds were not significant after multiple correction testing. Ruminococcus positively correlates with isolithocholic 
and 3-ketocholanic acid and 3 unassigned compounds. Bifidobacterium in contrast demonstrates a negative correlation of 
the same compounds (Figure 4C).

Metataxonomic Profile by Disease Timepoint and Treatment Analysis
There was no significant difference in relative abundance of bacteria between treatment groups at all time points (5-ASA, 
Azathioprine, Steroids, None) and time points 1 vs 3 (0–3 months and 9–12 months). To consider an effect unrelated to 
UC, healthy controls at baseline were also analysed. We integrated dietary data and compared baseline differences 
between the two groups by, disease phenotype and severity to examine whether the differences in bacterial and metabolic 
profile, could be due to diet, disease phenotype and disease activity as confounders.
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A

B

C

Figure 4 (A) Faecal BAs and error bars with significantly higher relative concentration (ppm) in Caucasians compared with Asians *p<0.05, **p<0.01, *** p<0.001. (B) 
Concentration of primary conjugated faecal bile acids and conjugated and unconjugated faecal bile acids with standard error of the mean. *p<0.05. (C) Microbiota- Bile acids 
Spearman's rank correlations in South Asians. The colour palette gradient symbolises positive (purple) to negative associations (brown).
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Metataxonomic results of Control Groups at Baseline
The PCA plot for healthy Caucasians compared with South Asians, is shown in Supplementary Figure 5. On multivariate 
analysis there was no significant difference in relative abundance of bacteria at phylum, family and genus levels.

Metabolic Profiling at Diagnosis Analysis
Group comparisons at Timepoint 1 of relative concentration of compounds by urinary 1H NMR analysis are shown in 
Supplementary Table 7. There were no baseline differences between the groups. At timepoint 1 the metabolic variation 
between South Asians and Caucasians persists across HILIC (p=0.015) and bile acid (p=0.01) platforms (Table 2 and Figure 5).

Disease Severity, Disease Phenotype and Diet at Baseline
Neither disease phenotype nor activity affected bacterial relative abundance (Supplementary Figure 6). Dietary intake at 
diagnosis for broad food groups were analysed with metataxonomic data at phylum, family and genus levels. No 
differences were noted in bacterial relative abundance at diagnosis (Timepoint 1) in high or low intake of fibre, fat, 
protein and Vegetarian or Non-vegetarian groups (Supplementary Table 8). The PCA plots for fat and protein at the 
family level are shown in Supplementary Figure 7.

Disease severity and phenotype were studied in all biological compartments at Timepoint 1 (Supplementary Table 9). 
Supervised analysis of faecal bile acids showed separation of mild disease, whilst HILIC shows separation of severe 
disease although neither model is predictive (p=1.00 and p=1.00) (Figure Supplementary Figure 8). Disease phenotype 
shows separation of pan-colonic disease without a significant relationship on multivariate analysis (p=1.00).

Table 2 Metabolic Variation Between Asians and Caucasian UC Groups at Diagnosis 
(Timepoint 1) (TP1)

HILIC Bile Acid 1H NMR

Urine Serum Faecal Urine Serum Faecal

SA vs 
Cauc

R2X 0.176 0.291 0.165 0.254 0.188 0.320 0.184

Q2Y 0.34 −0.196 0.422 0.0855 0.837 0.400 0.274

p value 0.006 1.000 0.015 0.566 0.016 0.010 0.620

Note: Significant models are highlighted in bold. 
Abbreviations: SA, South Asian; Cauc, Caucasian.

A B

Figure 5 Orthogonal-projection to latent structure- discriminant analysis model of ethnicity in Faecal BA (A) and HILIC (B) assay at diagnosis (Timepoint 1). 
Abbreviations: SA, South Asian; Cauc, Caucasian.
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Discussion
In this cohort study of newly diagnosed ulcerative colitis, we found significant microbial and metabonomic differences 
between South Asians and Caucasian across three biofluids (serum, urine and faeces) through both metataxonomic and 
metabonomic platforms. This is the first study to describe ethnic associated metabonomic profiles in UC to gain deeper 
insight into complex host-microbiome-metabolome interaction.

Several studies in both Crohn’s disease and UC populations have consistently reported lower diversity or species 
richness compared with controls.35,36 In contrast, there is a recognised inconsistency for bacterial abundance in IBD vs 
controls across studies that highlights the need to consolidate the diverse methodology tools. Likewise, ethnic, migrant 
and racial differences in microbial composition are recognised in healthy African American, Hispanics, Cubans, Thai 
migrants and South Asians living in Europe and North America.10,37 Few studies extended examination to compare 
populations with ethnic IBD. Mar et al, found less bacterial diversity in stool samples from 12 South Asian UC patients 
compared with three healthy matched controls, a difference that persisted when comparing with Caucasian UC patients 
consistent with the findings in our study.11 Our observed South Asians lower relative bacterial diversity persisted even 
after analysis was adjusted for the higher observed disease activity, suggesting that changes occur independent of flares 
and the qPCR results deflected the possibility that the significantly higher bacterial loads in one group, may have arisen 
because of difference in relative abundance. The similar pattern observed in other ethnic groups further implicates 
ethnicity in microbial diversity such as East Asians (Chinese) living in Hong Kong and Australia with Australians.38

At a phylum level, higher relative abundance of Actinobacteria in South Asians and higher relative abundance of 
Firmicutes and Bacteroidetes in Caucasians have been shown in previous studies. A similar pattern for Firmicutes was 
observed in Indians living in India, whereas Bacteroidetes levels did not differ between in Indians and Europeans.39 

Deeper taxonomic analysis in our population also revealed differences at family and genus levels, with increased 
Lactobacillus, Bifidobacterium and reduced Ruminococcus in South Asians. In contrast, a population living in India 
showed significantly lower Lactobacillus, Bifidobacterium, Ruminococcus and Bacteroides in UC compared with healthy 
people.40 Marked reduction of Bifidobacteria reported in 14 UC patients compared to healthy controls, further incrimi-
nates loss of protective Bifidobacteria in disease presentation either driving active UC or a consequence of active UC.41 

Country of residence, nature of sample (biopsy or stool) and disease activity (remission) may explain divergence between 
studies.39

The most relevant metabonomic findings are urine discriminatory metabolites and bile acids. 1H NMR profiling in UC 
patients revealed differences in hippurate, 4-cresol sulfate and lactate between ethnic groups. Hippurate is predominantly 
formed by hepatic glycine conjugation of dietary and gut microbial-derived benzoate, and hippurate excretion dependent 
on gut bacteria.42,43 A strong positive correlation with Ruminococcus, a member of the Firmicutes phylum, and 
Rikenellaceae (Bacteroidetes phylum), suggesting a role of these organisms in hippurate metabolism. Anaerobic bacteria 
in the distal gut, particularly Clostridium spp are responsible for catabolism of tyrosine, a protein-derived aromatic amino 
acid, to 4-cresol sulfate.44,45 The significantly lower 4-cresol sulfate levels observed in South Asians may be due to co- 
existing lower Clostridiales levels. The association between significantly higher levels of lactate and Bifidobacterium in 
our South Asian cohort, is similar to other studies reporting lactate production by Bifidobacterium.46 Higher lactate levels 
have previously also been associated with disease activity in UC.17 We found higher SCCAI scores in our South Asian 
group and a significantly higher proportion on steroids (18.5% vs 0.4%, p<0.0001). Comparison of paired samples in 
remission and flare, failed to demonstrate any discernible differences. Likewise, previous study of 15 Crohn’s disease 
patients and four UC in remission and relapse, found no significant differences in urine samples targeted at hippurate, 
formate and 4-cresol sulfate supporting the lack of association between active disease and these metabolites levels.47 We 
deduced that differential lactate and Bifidobacterium observations are associated with South Asian ethnicity.

The bile acid assay results indicate altered luminal bile acid metabolism, and we correlated these findings with 
bacterial enzymatic activity. Conjugated bile acids were significantly increased in South Asian faecal samples. 
A biologically plausible explanation is a loss of bacterial bile salt hydrolases to deconjugate bile acid prior to production 
of secondary bile acids. Bile salt hydrolase activity has previously been reported in Bacteroidetes, which were reduced in 
our South Asian population.48 Imbalance between primary and conjugated bile acids with pro-inflammatory actions and 
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secondary bile acids with anti-inflammatory effect exemplifies the importance of correlating microbial functional activity 
with clinical outcomes, which in this context may reflect the disease activity in South Asians.49 The overall secondary 
bile acid concentration did not differ between Caucasian and South Asian UC patients, instead there were differences for 
specific secondary bile acids: lithocholic acid, isolithocholic acid and 3a-hydroxy-12 ketolithocholic levels were all 
significantly lower in South Asian UC patients. This is also likely to reflect the bacterial enzyme pool of hydroxysteroid 
dehydrogenase (HSDH) enzymes catalyse lithocholic acid to isolithocholic acid and 3a-hydroxy-12 ketolithocholic acid. 
HSDH enzymes are widespread among members of the Clostridia class including Ruminococcus.50 Our correlation 
matrix showed positive correlation with Ruminococcus and Lachnospiraceae both members of the phylum Firmicutes 
and order Clostridiales.

HILIC and bile acids UPLC-MS assays analysis demonstrated significant changes in metabonomic profile according 
to ethnicity. Only the faecal samples provided consistent discrimination across HILIC and bile acid assays. HILIC 
profiling identified over 1800 metabolic features which were significantly different across all sample types however only 
a few were tentatively assigned. Pantothenic acid (Vitamin B5) was successfully validated against standards with a higher 
concentration in faeces from Caucasian than SA patients with UC. Most Fusobacterium (Fusobacteria) and 
Bifidobacterium spp. (Actinobacteria) lack the vitamin B5 biosynthesis pathway, and as predominant organisms in 
South Asians may explain the lower concentrations.

The strengths of our study are recruitment of a newly diagnosed cohort living within the same geographic region, 
controlling for two known confounders namely disease duration and geographic influences. Our study is the first to show 
ethnic metabonomic diversity in UC, corrected for dietary factors, highlighting the role of differential gut microbial 
metabolism between ethnic populations. The role of ethnicity is supported by extension of differences in faecal HILIC 
and bile acid analysis in the healthy South Asians and Caucasians.

This was a pilot study therefore the small size of the UC cohort and healthy non-IBD control population risk an 
underpowered analysis. The data was corrected for diet, disease distribution severity but not for age and sex which we 
recognise as a limitation. The application of 16S RNA techniques instead of more sophisticated metagenomic shotgun 
techniques, may be construed as a weakness. However, we argue that most of the previous research on ethnic populations 
for comparison used these techniques and we were interested in advancing knowledge by correlating the findings 
metabolomic alterations to show extension to functional diversity. FFQs were only completed at diagnosis an approach 
that may have failed to capture effects of dietary changes incurred by a diagnosis of IBD.51

The microbiome-metabolomic axis confers therapeutic implications with relevance to ethnicity. Detrimental effects of 
high concentrations of primary conjugated bile acids and conjugated bile acids may be counterbalanced by binding 
primary conjugated bile acids with cholestyramine, whilst benefits of anti-inflammatory secondary bile acids enhanced by 
direct bile acid replacement or their bacterial synthetic enzymes.14 Microbial butyrate synthesis has been shown to 
predict response to azathioprine in Crohn’s disease.22 Such findings may be relevant for South Asians where genetic 
allele polymorphisms determine safety of azathioprine.52 Others have shown that anti-TNF responses in Crohn’s disease 
are determined by microbial status21 which may explain recent findings of poor response to anti-TNF therapy in a South 
Asian sub-group.53

In this study, we support previous findings of microbial differences in ethnic groups and describe new metabonomic 
findings in South Asians with ulcerative colitis. The majority of South Asians were second generation residents living in 
the same area as their Caucasian counterparts with similar diets on FFQs. Yet South Asians with UC presented with more 
severe disease suggesting a more complex gene-environment interaction that warrants further research to identify risk 
determinants. Such studies should examine microbe-metabolites across time points correlated for disease activity to 
investigate whether the profiles reflect a cause or effect of disease activity.
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