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Background and aims: Latin American populations remain underrepresented in genetic studies of inflammatory bowel diseases (IBDs). Most genetic association studies of IBD rely on Caucasian, African, and Asian individuals. These associations have yet to be evaluated in detail in the Andean region of South America. We explored the contribution of IBD-reported genetic risk variants to a Chilean cohort and the ancestry contribution to IBD in this cohort.

Methods: A total of 192 Chilean IBD patients were genotyped using Illumina's Global Screening Array. Genotype data were combined with similar information from 3,147 Chilean controls. The proportions of Aymara, African, European, and Mapuche ancestries were estimated using the software ADMIXTURE. We calculated the odds ratios (ORs) and 95% confidence intervals (CIs) for gender, age, and ancestry proportions. We also explored associations with previously reported IBD-risk variants independently and in conjunction with genetic ancestry.

Results: The first and third quartiles of the proportion of Mapuche ancestry in IBD patients were 24.7 and 34.2%, respectively, and the corresponding OR was 2.30 (95%CI 1.52–3.48) for the lowest vs. the highest group. Only one variant (rs7210086) of the 180 reported IBD-risk SNPs was associated with IBD risk in the Chilean cohort (adjusted P = 0.01). This variant is related to myeloid cells.

Conclusion: The type and proportion of Native American ancestry in Chileans seem to be associated with IBD risk. Variants associated with IBD risk in this Andean region were related to myeloid cells and the innate immune response.
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Introduction

Inflammatory bowel disease (IBD), including Crohn's disease (CD) and ulcerative colitis (UC), is a complex and heterogeneous disease driven by the confluence of multiple environmental and genetic variables that alter the immune–microbiome axis (1).

Although it was previously considered a disorder that affects individuals of European ancestry, IBD has emerged as a global disease (2). Moreover, IBD epidemiology is changing with an increased incidence in previously low-incidence areas, such as Latin America and Africa (3, 4). The current rise in IBD incidence is parallel to industrialization, westernization, and urbanization, which might reflect the influence of changes in environmental exposure to IBD development (3). In fact, early-life events such as childbirth mode, breastfeeding, antibiotics exposure, and later childhood events have been considered potential IBD risk factors (5). Despite this knowledge, the mechanisms through which environmental factors may be causally related to IBD are not well-elucidated. Impairment in immune tolerance, increased stress levels, westernized diet, lifestyle, and exposure to pollutants may be some potential contributors (3, 6).

On the other hand, it has been established that genetic factors play a role in IBD risk, and SNP heritability has been estimated to be 25% for overall IBD, 27% for UC, and 21% for CD (7). The results from genome-wide association studies (GWAS) point to an association with over 240 distinct single-nucleotide polymorphisms (SNPs) that explain a sizeable fraction of the genetic variability in the occurrence of IBD (8, 9).

Despite the increasing recognition of the IBD global relevance, genetic research on IBD has focused on Europeans, and most IBD susceptibility loci have been identified in this group (10). Even the non-European studies are mainly limited to the East and South Asian populations, including Korea, Japan, and north India, contributing a finite number of loci due to their small sample sizes (11–13).

The increase in incidence and prevalence of IBD has also been observed in the Chilean population classified as Latin Americans (14). Currently, no registered epidemiological information is available on the prevalence of IBD in Chile. However, the reported prevalence rate in Brazil is 38.2 per 100,000 persons (15, 16).

Interestingly, Latin Americans are highly heterogeneous regarding Native American ancestry, with differences in the admixture proportions of European, African, and Amerindian between and within countries (17, 18).

Currently, there is a lack of knowledge of the contribution of ancestry to IBD in the Andean region of the South American population. Ongoing genetic studies are focused on Hispanics, both foreign-born and US-born Hispanic-Americans living in the US, and Puerto Rican IBD patients (19).

We conducted our study specifically on a population from Chile, which is the result of genetic admixture between Native Americans, Spaniards who arrived in Chile mostly in the mid-sixteenth century, enslaved Africans who reached Chile in the seventeenth century, and migrations from Europeans in the nineteenth and twentieth centuries (20, 21). Furthermore, two large groups are present in indigenous (aboriginal) people (Mapuche and Aymara), and the Amerindian ancestry proportion is higher in the north and the south of Chile. In contrast, European ancestry is highest in the central area (22, 23). On average, Chileans are 53% European and 42% Amerindian (disaggregated into 18% Aymara and 25% Mapuche) (22).

This study aimed to explore the contribution of genetic ancestry to IBD risk in Chileans and to test for previously reported IBD-risk variants, both independently and in conjunction with genetic ancestry. We estimated European, African, Mapuche, and Aymara ancestry proportions. Then, we calculated the odds ratios (ORs) and 95% confidence intervals (CIs) according to ancestry proportion. We used a case–control univariate and multiple regression analysis for the additive model and three genotypes to test associations between IBD and susceptibility-reported risk variants.



Methods


Recruitment of IBD patients

The design is a prospective, observational study. Chilean patients attending Hospital San Borja Arriarán (HSBA) with IBD diagnoses for at least three months were invited to participate. The IBD diagnosis was supported by clinical, endoscopic, histologic, and imaging findings according to the International Disease Classification Criteria (24–27). Ethics approval was obtained from the Institutional Review Boards of the Pontificia Universidad Católica de Chile (IRB:220228001) and the Servicio de Salud Metropolitano Central/HSBA (IRB:43/2022). All individuals provided written informed consent. IBD standard clinical information and medical history were collected.

The HSBA, placed in Santiago, the central zone of Chile, belongs to the Chilean Public Health System, has 56 medical specialties, 549 beds (available for the public health network), and an IBD center care for more than 500 IBD patients. The patients have similar socioeconomic levels, according to the scale of the Association of Market Researchers and Public Opinion, Chile (lower middle class and working class, C3 and D, respectively) (28, 29).



Genotyping

In total, 5 ml of blood was collected from each participant and stored in plastic vacutainer tubes containing ethylenediaminetetraacetic (EDTA). DNA from peripheral blood was extracted using an Invisorb Blood Universal Purification Kit (Invitek, # ref 1031150200), following the manufacturer's instructions. Samples were stored at −80°C until genotyped at Erasmus MC-Netherlands using Illumina's Infinium Global Screening Array, and 725.497 SNPs were investigated.



Genotyping QC

Genetic variants were filtered to exclude non-autosomal polymorphisms, variants with a missing call rate of 5%, and variants with a minor allele frequency of <5%. Linkage-disequilibrium (LD) pruning was performed for variants at r2 > 0.1.

The sample QC process for cases and controls involves multiple steps. First, samples with relatedness or duplication were excluded. The identity by descent (IBD) measurement was used to assess relatedness. Samples with an IBD value close to 1 were considered duplicates and removed from the analysis. Individuals with an IBD value exceeding 0.185 were regarded as first or second degree related and thus excluded from the analysis. The X chromosome homozygosity rate was estimated to detect sex discrepancies. Men were expected to have a homozygosity rate above 0.8, while women were expected to have a rate below 0.2.

The sample call rate was determined by calculating the proportion of missingness across SNPs. It measures the amount of missing data by counting missing genotype calls and dividing it by the total possible calls. In this study, variants with missing call rates above 5% were excluded, considering the sample size and the focus on variants with a significant effect or relevance to the phenotype.

LD pruning was performed using an r2 > 0.1 to avoid redundancy, improve computational efficiency, and select independent markers.



Control samples

Genotypic information from 3,147 individuals of Chilean descent was included in the study. Controls were genotyped using Illumina's Human 610-Quad BeadChip. Genotypes, as well as sociodemographic information, were obtained as part of a case–control study, designed to investigate causative factors of gallbladder cancer in Chileans. Recruitment criteria, as well as ethical certifications obtained for the original study, which were led by Dr. Justo Lorenzo-Bermejo, have been previously described (30).

In brief, all control individuals provided written informed consent under the supervision of all the Chilean institutions involved. Neither IBD nor other immune-mediated illnesses were explored while collecting this sample. The proportions of Chilean controls affected by these should be representative of the corresponding proportions in the general population that gave rise to the cases. Thus, only a small number of individuals could be expected to be affected among the control sample. Based on their income and occupation, all individuals belonged to the C2, C3, D, or E socioeconomic strata (lower middle and lower classes) (28, 29). Although the control sample was recruited from all regions of Chile, their socioeconomic status and demographic characteristics are similar to those of the cases. According to previous reports, their ancestry components (see Results) represent the whole country and are similar to those from health centers in Santiago (22). To comply with data-agreement policies from the original study, the authors of the present study did not receive access to individualized data; aggregated data and analysis results were provided by the principal investigator of the original study as part of an academic collaboration (see Acknowledgment Section).

All samples were genotyped using SNP arrays of a similar coverage as the one used for patients (approximately 700,000 SNPs).



Estimation of genetic ancestry

Ancestry was estimated using ADMIXTURE software (31) for supervised estimation of individual European, African, Mapuche, and Aymara ancestries. Because the authors of the present study did not have access to individualized data from control subjects, ancestry estimates were carried out by the collaborating researchers (see Acknowledgment section).

Reference individuals were used for inferring the individual ancestry ratios of Chileans. European ancestry surrogates were 99 Utah residents of Northern and Western European ancestry (CEU) and 107 individuals from the Iberian population in Spain (IBS). African ancestry surrogates were 108 Yorubans in Ibadan, Nigeria (YRI). The CEU, IBS, and YRI populations belong to the 1,000 Genomes Project (32). The most numerous indigenous people in Chile are Mapuche in the south and Aymara in the north, represented in this study by 28 and 63 reference subjects, respectively (33–35). These individual ancestry references correspond to the same subjects used to estimate ancestry controls. To determine the optimal number of ancestral populations or clusters for a supervised analysis with a known reference ancestry panel, an embedded cross-validation (CV) algorithm was employed to identify the number of ancestral populations that yielded the lowest cross-validation error (K). Both 5-fold and 10-fold cross-validation approaches were utilized. The cross-validation error for each K-value was calculated and plotted, with K represented on the x-axis and the cross-validation error represented on the y-axis. The lower cross-validation error was 0.55438 for cases and 0.55973 for controls for K = 4.

We conducted a genetic principal component analysis using the EIGENSTRAT function to analyze the population structure, and all the data ran simultaneously (36).



Statistical methods

Using the statistical software R version 4.2.1, we calculated the odds ratios (ORs) and 95% confidence intervals (CIs) for gender, as well as age, and ancestry proportions grouped into quartiles using the library “Epitools.”

We investigated 200 SNPs previously associated with IBD (83 of them had pGWAS value < 5 × 10−8) (8, 9) in our Chilean IBD group (Supplementary material 1). Associations between identified IBD susceptibility variants were tested using a case–control univariate and multiple regression analysis for the additive model. Since cases and controls had not been matched by age, sex, and ancestry proportion, covariates such as age, sex, and ancestry were included to account for stratification and avoid confounding effects from demographic factors in multiple regression models. Then, we estimated the OR and 95% CI for IBD in the Chilean Cohort. In addition, we also tested the three-genotype model.

The same models were repeated to evaluate the association between IBD-risk SNPs and the proportion of Mapuche (PMA). We stratified the ancestry ratio into two categories (low vs. high) based on the quartile 1 (24.7%) of the ancestry ratios.

A chi-square association test was performed to calculate p-values for each model and SNP, and Bonferroni correction was used to calculate the adjusted p-values. For the analysis mentioned above, we used R version 4.2.1 and the libraries “readxl,” “rapportools,” and “dplyr”.




Results

A total of 192 IBD Chilean patients were genotyped using Illumina's Infinium Global Screening Array, and data from 186 were used for ancestry analysis. In this group, 75% of the patients had diagnoses of UC, whereas 25% had CD. The median age was 49 years (17–81), with a median age at diagnosis of 36 years (7–73), and the median of the duration of disease was 8 years (range 1–47 years). In this IBD patient cohort, 36% had extra intestinal manifestations, more than 50% had a history of hospitalization caused by IBD, and only 15% had a history of bowel resection surgery. More than 50% of the IBD patients were under treatment with thiopurines, and only 17% were under anti-TNF therapy. According to the Montreal Classification, 35% of UC had extensive colitis, 31% had left colitis, 25% had proctitis, and in 9%, this information was not available. In the CD group, only 4% had a diagnosis before the age of 17 years. The colonic extension (L2) was most frequent (46%), followed by the ileocolonic (L3) extension. Only 5% of CD cases had an upper digestive tract compromise (L4), and 54% had perianal involvement. The most frequent CD phenotype was structuring (B2 = 37%), followed by 33% inflammatory (B1). The complete clinical characterization of the investigated IBD patients is presented in Table 1.


TABLE 1 Clinical data of the Chilean IBD patients.
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Table 2 shows the demographic and genetic ancestry characteristics of the study population and their associations with IBD risk. As shown in Table 1, our findings suggest that Chilean individuals aged 25–35 years old and those older than 50 years may have a higher risk of developing IBD with OR = 1.74, CI = 1.14–2.63, and OR = 1.87, CI = 1.23–2.84 (p = 6 × 10–6), respectively. These results agree with the reported in the literature since IBD has two incidence peaks: the first occurs between the ages of 20 and 39 years, while the second is observed between the ages of 50 and 70 years (37). In our study group, men had a higher IBD risk, but the sample size of men in the cases group was smaller than the number of women.


TABLE 2 Demographic and genetic ancestry data.

[image: Table 2]

The first and third quartiles of PMA in IBD patients were 24.7 and 34.2%, respectively, and the corresponding OR was 2.30 (95% CI 1.52–3.48) for the lowest PMA vs. the highest group. Significant differences in risk were also observed for Aymara and European ancestries. In our study, the first and third quartiles of Proportion of European Ancestry (PEA) were 52.1 and 62.5%, respectively, and the corresponding OR was 0.18 (95%, CI 0.12–0.28) for the highest PEA vs. the lower group. Thus, a higher proportion of European ancestry was associated with lower IBD risk (Table 2).

In Figure 1, the genetic principal component analysis (PCA) shows the distribution of ancestry informative markers (AIMs) in the sample, affected individuals indicated in red for CD cases and blue for UC cases. The first principal component (PC1) distinguished Native American (light blue crosses for Aymara, and orange crosses for Mapuche) and European (green crosses) from African (yellow crosses) ancestry. The second principal component (PC2) separated Native American from European ancestry components. CD (red dots) and UC (dark blue dots) patients revealed greater European and Mapuche ancestry influences in our study population. The third principal component (PC3) distinguished Mapuche from European and Aymara ancestries. Interestingly in PC3, the Aymara group is closer to European than Mapuche. In the IBD group, the average Mapuche proportion was 30%, Aymara proportion was 11%, European proportion was 57%, and African proportion was 2%, whereas in the control group, the average proportions were 34, 9, 52, and 2%, respectively (30).


[image: Figure 1]
FIGURE 1
 Genetic principal component analyses of study individuals and Mapuche, European, African, and Aymara reference individuals. This figure shows the distribution of ancestry informative markers (ATMs) in the sample. PC1 distinguished Native American and European from Africans. The PC2 separated Native American from European ancestry components. CD and UC patients revealed greater European and Mapuche ancestry influences in our study population. The PC3 distinguished Mapuche from European and Aymara. Crosses represent reference populations, orange = Mapuche, blue = Aymara, green = European, yellow = African. Dark blue dots represent Ulcerative Colitis patients, and red dots Crohn's disease patients. PC = Principal Component.


From the initial selection of 200 candidate SNPs (Supplementary material 1), 180 ibd-risk SNPs were available for case–control regression analysis for the additive model. Only rs7210086-A (OR = 0.56, CI 0.41–0.74, adjusted P = 0.01) was associated significantly after adjusting p-value in the multivariate analysis (Table 3, Figure 2), and the same SNP was associated with IBD in three-genotype model (Supplementary Table 1). When stratifying by ancestry, considering a PMA higher than 24.1%, we do not find a significant association with IBD, as shown in Table 4 (Supplementary materials 2–4). Table 5A describes the representative frequency of the rs7210086 in the Chilean Cohort compared with others. The frequency allele of rs7219986-A was 0.839 for Chilean IBD, 0.746 for Chilean controls, and 0.832 in the global population (Ensembl genome data set), respectively. The comparison of the rs7219986 genotypes of Chilean control with other populations was also significantly different (Table 5B).


TABLE 3 Single nucleotide polymorphisms associated with IBD in the studied group: additive models.
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FIGURE 2
 Variant rs7210086 associated with risk of IBD in Chilean Population. Only one variant of the 180 reported IBD-risk related SNPs was associated with IBD in Chilean cohort multivariant multiple regression models. A x2 association test was performed to calculate p-values for each SNP and adjusted by post-hoc Bonferroni correction. Only SNPs with an adjusted p < 0.05 were plotted.



TABLE 4 Influence of proportion Mapuche genetic ancestry on the association of rs7210086 SNPs and IBD.
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Table 5A. Characterization of rs7210086 variant in the Chilean cohort.
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Table 5B. Comparison of allele and genotype frequencies for rs7210086 among Chileans and other populations reported in Ensembl genome data set.
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We performed linkage disequilibrium (LD) analyses for rs7210086 because associations between genetic variants and traits are usually in non-coding regions with strong LD, where a single causal variant is assumed to underlie the association. Among the variants in LD with rs7210086, there is rs17780256, which previously has been related to chronic inflammatory diseases such as IBD, among others. Supplementary material 5 displays the variants in LD with rs7210086 and their location, consequences, r2, and phenotypes. The marker rs7210086 is located on chromosome 17, as shown in Figure 3. The variants in linkage disequilibrium with rs7210086 are plotted and associated with phenotypic traits by GWAS, such as digestive disorders or others.


[image: Figure 3]
FIGURE 3
 Variants in linkage disequilibrium with SNPs significantly associated with IBD in Chilean patients. The red line marks the region of interest on chromosome. Genetic context of rs7210086 on chromosome 17 of hg19. Genes found in this region are plotted in yellow. Variants in linkage disequilibrium with rs7210086 are plotted below indicating r2 values with rs7210086 for each one. Variants that have been previously associated with phenotypical traits by GWAS and are indicated in either blue for digestive disorders, or violet for others. The rs17780256 is represented by blue dots.




Discussion

Our data explore the risk of known genetic variants associated with IBD in the Chilean population, a previously unstudied population from the Andean Region. Most studies are focused on Mexicans, Puerto Ricans, and Latinos living in the US, with few reports analyzing SNPs related to IBD in South American populations (19, 38–40). The present study is the first to report the contribution of genetic ancestry and IBD risk in a South American cohort, analyzing a population characterized by a unique ancestry admixture. Latin Americans have been considered homogenous in most GWAS, ignoring the difference in admixture variation between Latin American countries. For example, Puerto Ricans and Colombians have higher percentages of African ancestry than Chileans and Mexicans, potentially translating into differential disease risk, according to the proportion of ancestries (33). Furthermore, Latin Americans are highly heterogeneous regarding their Native American Ancestry. For example, Aymara and Mapuche are common for Chileans and Aztec and Maya for Mexicans (33).

In our study, a higher PMA was related to higher IBD risk; on the other hand, after stratifying for PMA, we only found 1 out of 180 known risk SNPs to be significantly associated with disease. Post-hoc power calculation shows that our study has a power of more than 90% for variants with a relative risk of 1.7 or more and 60% for variants with a relative risk of 1.3 (41).

From the previously reported risk variants, in this study, we found only the rs7210086-A, OR 0.56 (CI 0.41–0.74, P-value adjusted multivariate analysis < 0.01). This result suggests that genetic risk factors may be specific to the Chilean population, including both the population results from admixture between Spaniards and Native Americans, as well as pure Native Americans such as the Mapuche, have thus not been captured by previous studies, but this requires increasing sample size to evaluate adequately. This underscores the relevance of expanding the available genetic information since an important limitation of the first and second waves of genetic studies in IBD is that they were carried out in white populations of European ancestry (42). Subsequently, studies including Iranian, Asian, Indian, and African American descent revealed broad similarities with that observed in the initial GWAS but with ethnicity-specific differences in direction and size effect (9, 42, 43). Known genetic factors predict a smaller IBD fraction in Hispanics and probably even a lower fraction in Latin Americans (42). GWAS are required in these populations, including Mapuche and others.

In our cohort, only the rs7210086 was associated with IBD risk. The A-allele has been related to IBD risk with an OR = 1.11 (1.06–1.16, pGWAS = 2 × 10−9) (8, 44). Interestingly, in our study, the alternative allele (C) conferred higher risk (adjusted P = 0.01). This variant falls in an intergenic area—the closest 5′ and 3′ genes are the SCL39A11 and LINC00511, respectively (44). As mentioned above, we performed an LD analysis for this variant. LD is a phenomenon that describes SNPs located nearby on a chromosome segregating together more often than expected by chance. The findings from association studies and functional effects attributed to SNPs could be thus confounded by LD, with one or a few SNPs responsible for the functional effect, whereas the others could only serve as markers (45). Among the variants in LD with this variant is rs17780256 (Figure 3, blue dots, Supplementary material), which also maps to the SLC39A11 gene. The rs17780256 has been related to chronic inflammatory diseases such as ankylosing spondylitis, CD, psoriasis, primary sclerosing cholangitis, and UC (46).

SLC39A11 encodes a zinc transporter that plays a crucial role in Zn homeostasis, which is necessary for the innate immune system, especially for maintaining the function of macrophages (47). SLC39A11 also regulates the expression of calprotectin in myeloid cells, controlling the expression levels of S100A8 and S100A9, the two subunits of calprotectin, an important IBD biomarker for monitoring disease activity (48). Calprotectin modulates the inflammatory response by stimulating leukocyte recruitment and inducing cytokine secretion (48).

The underlying mechanism by which SLC39A11 is related to calprotectin levels is not known. The SLC39A11 IBD gene has been shown to lead to increased expression of prostaglandin E2 receptor subtype 2 (PTGER2). (49). It is speculated that upon activation of PTGER2 by prostaglandin E2, adenyl cyclase is activated, which converts adenosine triphosphate (ATP) to cyclic adenosine monophosphate (cAMP). cAMP activates protein kinase A (PKA), which activates signal transducer and activator of transcription 3 (STAT3) by phosphorylation (49). STAT3 binds to the S100A8 and S100A9 promoters, inducing their expression. Since SLC39A11 encodes a relatively poorly characterized metal ion transporter, which is believed to transport zinc ions, its role may be related to its control of zinc, which is required to stabilize S100A8 and S100A9 promoters, such as ZBTB40 and other zinc finger proteins. Then, ZBTB40 can act as a transcriptional modulator of S100A8 and S100A9, and its association with myeloid leukocyte activation, neutrophil activation, toll-like receptor binding, and immune activation has been described (49). In addition, SLC39A11 expression throughout the intestinal mucosa regulated by zinc intake may implicate its role in these tissues, helping to maintain mucosal integrity and function (50, 51).

Our results encourage us to evaluate the impact of Mapuche ancestry on the immune response, which might translate into different phenotypes and therapy responses to IBD Chilean patients in comparison to Europeans. Individuals from different populations have differences in their susceptibility to chronic inflammatory disorders, infectious diseases, and autoimmune disorders. For systemic sclerosis, tuberculosis, systemic lupus erythematosus, septicemia, and psoriasis, Europeans and African Americans exhibit an up to 3-fold difference in prevalence (52).

Ethnic differences in the immune response show that descendants of Africans respond more strongly to infection than European descendants. Nédélec et al. (52) showed that differences in the transcriptional response to human infection are under strong genetic influence, determined by their ancestry and recent natural selection events.

Integration of population genetics with functional genomics in different populations might reveal the changes in immune functions related to the effect of natural selection on the evolution of the immune system and the history of past epidemics (53). Recently, Barreiro et al. proposed a plausible model for the prevalence of specific alleles involved in immune function. They demonstrated the effect of the rs2549794 variant of the ERAP2 gene on macrophage function and response to Yersinia pestis infection. As Yersinia pestis caused one of the most significant pandemics recorded to date (Black Death), it is suspected that these allelic frequencies are strongly influenced by selection. Furthermore, variants of this gene have been linked to IBD (54). The authors conclude that retaining the alleles that became advantageous during the Black Death confers an increased risk of autoimmune disorders in the current population (54). Thus, the difference in epidemiological history in a population could explain differences in people from different geographies exposed to various environmental factors where IBD is emerging, such as Latin Americans.

The current increase in inflammatory bowel disease in newly industrialized countries, such as Chile, supports the role of major lifestyle transitions, among other factors might modulate the immune system through genetic adaptation. Therefore, investigating populations, such as the Chilean population, can bring essential insights into revealing the mechanisms underlying the development of IBD. Our study was designed to specifically address the role of genetic variation rather than environmental factors. Because a correlation between the percentage of Amerindian ancestry and socioeconomic conditions has been observed in Chile (22) we included only individuals belonging to the same socioeconomic strata.

The major drawback of our study is the small sample size, which must be considered while interpreting the results. While we acknowledge that the limited sample size of our study may impact the generalizability of our results, it is important to note that we obtained information from a significant proportion of individuals with inflammatory bowel disease (IBD) within the studied Metropolitan region. Although the precise prevalence of IBD in Chile is unknown, our sample size represents approximately 35% of the total number of individuals with IBD that are expected to be found in the central part of the Metropolitan region, based on estimates from the Brazilian population (16). Despite this limitation, our findings provide valuable insights into IBD's clinical and epidemiological characteristics in this population. They can motivate future research efforts to better understand this disease in Chile and other similar regions.

Due to the small sample size, we could not analyze Crohn's disease and ulcerative colitis separately, which would have limited our statistical power. While we acknowledge that this approach may have resulted in the loss of important information regarding the discrimination between these two phenotypes, we chose to focus on identifying common risk factors for all types of IBD. By doing so, we aimed to provide a comprehensive understanding of the disease that could apply to the broader IBD population.

It is important to note that smoking status was not considered in our regression model analysis due to the unavailability of data from controls. Smoking status may have influenced the observed results. However, it is worth mentioning that the prevalence of smoking among individuals with IBD in our study population was 16.3% (as shown in Table 1), which is lower than the prevalence of smoking in the general Chilean population, which is 33.4% (55).

However, based on our design, our results suggest that a higher PMA is associated with IBD risk. In contrast, higher PEA is associated with a lower IBD risk in our Chilean cohort. Only 1 of the 200 variants reported in Caucasians was associated with IBD risk in our population. Then, GWAS, which includes our population, is needed to identify risk variants specific to Mapuche ancestry. Interestingly, the rs7210086 variant associated with IBD is related to innate immune responses. Our workflow and main results are presented in Figure 4.
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FIGURE 4
 Summary workflow of the study. 192 IBD Chilean patients were genotyped for 725497 SNP using Illumina GSA Infinium. Genotype data were combined with similar information from 3,147 Chilean controls **(30). (1) Proportions of Aymara, African, European, and Mapuche ancestry were estimated. (2) We calculated the odds ratios (OR) and 95% confidence intervals (CI) for gender, as well as age, and ancestry proportions. (3) We also explored associations with previously reported IBD-risk variants (8, 9) independently and in conjunction with genetic ancestry. Main results. The first and third quartiles of the proportion of Mapuche ancestry in IBD patients were 24.7 and 34.2%, respectively, and the corresponding OR was 2.30 (95% CI 1.52–3.48) for the lowest vs. the highest group. The risk variant rs7210086 related to myeloid cells was associated with IBD in the Chilean cohort (rs7210086-C, risk allele). IBD, Inflammatory bowel disease; SNPs, Single nucleotide polymorphism; GWAS, Genome wide analysis sequence; Q1, Quartile 1; Q2, Quartile 2.


Our results encourage expanding the characterization of the immune response to an enormous array of the population- especially neglected human groups historically exposed to different environmental factors to fully understand the contribution of genetic, epigenetic, and environmental factors to immune response variants in humans.
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Type model 2.5% Adjusted
P-value

Univariate 157210086 0.56 042 074 0.00006 001
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SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval; PVal, p-value.
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Type model 2.5% Adjusted
P-value

Univariate 157210086 0.58 0.41 0.79 0.001 0.38

Multivariate 0.55 0.39 0.76 0.0004 0.17

*High Mapuche corresponds with proportion of Mapuche ancestry higher than 24.79% as shown in Table 1. SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval;
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