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Introduction: Early life under- and overnutrition (jointly termed malnutrition) is increasingly recognized as an important risk factor for adult obesity and metabolic syndrome, a diet-related cluster of conditions including high blood sugar, fat and cholesterol. Nevertheless, the exact factors linking early life malnutrition with metabolic syndrome remain poorly characterized. We hypothesize that the microbiota plays a crucial role in this trajectory and that the pathophysiological mechanisms underlying under- and overnutrition are, to some extent, shared. We further hypothesize that a “dysbiotic seed microbiota” is transmitted to children during the birth process, altering the children’s microbiota composition and metabolic health. The overall objective of this project is to understand the precise causes and biological mechanisms linking prenatal or early life under- or overnutrition with the predisposition to develop overnutrition and/or metabolic disease in later life, as well as to investigate the possibility of a dysbiotic seed microbiota inheritance in the context of maternal malnutrition.

Methods/design: VITERBI GUT is a prospective birth cohort allowing to study the link between early life malnutrition, the microbiota and metabolic health. VITERBI GUT will include 100 undernourished, 100 normally nourished and 100 overnourished pregnant women living in Vientiane, Lao People’s Democratic Republic (PDR). Women will be recruited during their third trimester of pregnancy and followed with their child until its second birthday. Anthropometric, clinical, metabolic and nutritional data are collected from both the mother and the child. The microbiota composition of maternal and child’s fecal and oral samples as well as maternal vaginal and breast milk samples will be determined using amplicon and shotgun metagenomic sequencing. Epigenetic modifications and lipid profiles will be assessed in the child’s blood at 2 years of age. We will investigate for possible associations between metabolic health, epigenetics, and microbial changes.

Discussion: We expect the VITERBI GUT project to contribute to the emerging literature linking the early life microbiota, epigenetic changes and growth/metabolic health. We also expect this project to give new (molecular) insights into the mechanisms linking malnutrition-induced early life dysbiosis and metabolic health in later life, opening new avenues for microbiota-engineering using microbiota-targeted interventions.
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1. Introduction


1.1. Epidemiology of undernutrition, overnutrition and diet-related non-communicable diseases

Metabolic syndrome (MetS) is a diet-related cluster of conditions that frequently co-occur and increase a person’s risk of heart disease, stroke, and type 2 diabetes (T2D), which are among the leading causes of death worldwide (1). These conditions include increased blood pressure, high blood sugar, excess visceral body fat and abnormal cholesterol or triglyceride levels in the blood (2). It is now well-established that overweight and obesity can lead to MetS (3), which is problematic given the prevalence of obesity and overweight worldwide. According to the World Health Organization, in 2016, approximately 1.9 billion adults were overweight or obese (4). Numbers are also rapidly rising among children under the age of five with 39 million children considered overweight and obese in 2020 (5).

There is increasing evidence that caloric restriction and undernutrition is also associated with the development of diet-related non-communicable diseases (DR-NCD) such as MetS or T2D (6–8), especially when undernutrition occurs in the first years of life and is followed by a rapid weight gain after infancy (9). Latest estimates suggest that there are 144 million stunted children, 47 million wasted children and 340 million micronutrient-deficient children worldwide (10); and these numbers are unlikely to improve in the short run given the COVID-19-related increase in poverty and food insecurities across the world (11). It is hypothesized that the unexpected association between undernutrition and DR-NCD is due to the exposure to nutrient-dense food following former undernutrition, thus imposing a high metabolic load on a given subject (12). The co-occurrence of undernutrition and overnutrition within the same countries, families and even individuals is termed double burden of malnutrition.



1.2. Situation in Asia/Laos

In Asia, MetS prevalence ranges from 10 to 50%, similar to other parts of the world, and has steadily increased since the nineties (13). Further, in Asia, T2D has developed over a much shorter time, in a younger age group, and in people with much lower body mass indexes compared to other parts of the world (14). Indeed, Asian countries have experienced a recent increase in economic growth with easier access to and over-compensation with nutrient-rich food, which could lead to an explosion of metabolic diseases in the decades to come. In 2019, Asia was home to about half of the world’s overweight or obese children under 5 years of age (5). Further, in Laos, 33% of all children under 5 year of age are stunted, many of them even before weaning [Vientiane: Lao Statistics Bureau and UNICEF (15)].



1.3. Underlying mechanisms of the double burden of malnutrition and the thrifty phenotype hypothesis

A meta-analysis of 14 studies including 132,180 subjects found a U-shaped pattern between birth weight and the occurrence of T2D in adulthood: both birth weight below 2,500 g and over 4,000 g were associated with high risk of T2D compared with normal birth weight (16). One of the proposed mechanisms is that catch-up growth is characterized by hyperinsulinemia and a higher rate of body fat recovery compared to lean tissue (preferential “catch-up fat”). Energy conservation (thrifty) mechanisms can direct glucose preferentially toward de novo lipogenesis and storage in white adipose tissue (“thrifty phenotype hypothesis”). The body can further adapt to the changed nutrient availability through epigenetic mechanisms, which include histone modifications or DNA methylation, and lead to alterations in gene expression. Epigenetic developmental plasticity is especially pronounced during fetal life, therefore increasing the adaptability of the newborn to its environment (17). In recent years, mostly through work using animal models, a clear link between prenatal and early life under- and overnutrition and epigenetic changes was described (18–20). In addition, an association between early life epigenetic changes and later metabolic risk was unraveled (21).



1.4. Prenatal and early life developmental window

The association between birth weight and chronic diseases, such as obesity, T2D, cardiovascular disease, stroke and hypertension, was originally proposed by David Barker, who first formulated the hypothesis that insults in fetal or early life are linked to adult chronic diseases (22–24). This hypothesis was later extended to the developmental origin of health and disease (DOHaD) theory (25), which states that the period from conception to the second birthday (“first 1,000 days”) is the most important developmental window to ensure healthy growth and prevent disease later in life [reviewed in Popkin et al. (26)]. These first 1,000 days also correspond to the critical window for nutritional interventions (27) as they are very important for organ development and are a crucial time when the microbiota establishes and experiences an ecological succession (28). The intestinal microbiota comprises pro- and eukaryotic microorganisms as well as viruses and phages, which altogether encode 100 times more genes than we harbor in our own genome (29). The intestinal microbiota is acquired at birth through exposure to the vaginal and fecal microbiome of the mother and gradually changes in the first years of life until it reaches stability when the child is about 3 years old [reviewed in (30)]. It has been postulated that the maternal microbial intrauterine environment and early microbial colonization of the child could play an important role as mediators in the DOHaD (31) hypothesis. However, to date, there is only little data to support this hypothesis (32).



1.5. Fecal microbiota changes and implication in metabolic health and diet-related non-communicable diseases

A growing body of evidence has highlighted the central role of the intestinal microbiota in understanding physiological responses to nutritional intake. Fecal microbiota transplant experiments in animals have shown that the fecal microbiota is causally implicated in weight gain (33) as well as in undernutrition (34, 35). Further, it has been demonstrated that microbiota transfer from lean human donors into patients suffering from MetS improves insulin sensitivity (36), suggesting that the microbiota plays a causal role in MetS. Overall, in obese patients, a decreased bacterial diversity with lower relative abundance of several bacterial groups such as Clostridiales, Akkermansia, Bifidobacterium, and Methanobrevibacter, and a higher relative abundance of Streptococcus, Blautia, Bilophila wadsworthia, and Enterobacteriaceae have been observed [reviewed in Tilg et al. (37)]. Interestingly, similar effects, including a decrease in microbial diversity and butyrate production, have been observed in subjects displaying a pre-metabolic state (38) and/or MetS (39).

Undernutrition and obesity share several microbiota-associated characteristics (Figure 1). Changes in the pool of bile acids occur in both under- and overnutrition (40, 41) and both conditions also lead to significant changes in the fecal microbiota. Some of these changes are specific to a given form of malnutrition, while others, such as the decrease of butyrate-producing Clostridia, are observed in both undernutrition and MetS (37, 42, 43). Of note, supplementation with butyrate has been shown to be beneficial in the context of MetS as reviewed in van Deuren et al. (44), Bridgeman et al. (45) and Coppola et al. (46). Further, Bilophila wadsworthia is overrepresented in both acutely undernourished subjects (35) and subjects suffering from MetS (47). B. wadsworthia induces inflammation, contributes to gut permeability, and aggravates the metabolic phenotype in MetS patients. Moreover, ectopic colonization by Streptococci and/or other taxa normally residing in the oro-pharyngeal tract has been observed in the context of T2D (48), liver disease (49), inflammation-related chronic diseases (50–52), as well as chronic undernutrition (42). Under- and overnutrition also share additional patterns which are not related to the microbiota, of which several are related with a higher risk for metabolic syndrome: both are associated with carbohydrate-rich diets, micronutrient deficiencies, increased oxidative stress and altered bile acid profiles as reviewed in (53). Therefore, it seems plausible that the etiological pathway from early life under- and overnutrition to MetS is at least in part shared and can thus be addressed with joint intervention and prevention strategies.
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FIGURE 1
Observed changes to the gut ecosystem and shared characteristics between chronic undernutrition and overnutrition/obesity. References can be found in Supplementary Table 1.




1.6. Objectives


1.6.1. Overall objective and hypotheses of this study

The overarching goal of the VITERBI GUT project is to identify the causes and biological mechanisms that link prenatal or early life under- or overnutrition with pre-disposition to develop obesity and metabolic disease in later life. To this purpose, we will evaluate the contribution of the maternal and child’s nutritional status (both under- and overnutrition) as well as their microbiome composition during pregnancy/fetal life and the first months of life, encompassing the first 1,000 days of life. We hypothesize that the double burden of malnutrition is due to the inheritance of a dysbiotic microbiota at birth, making the children vulnerable to obesity and MetS in later life. We further hypothesize that under- or overnourished pregnant mothers display a dysbiotic oral, vaginal, and/or fecal microbiota, which is the source of a “dysbiotic vertical transmission.” Further, we hypothesize that similar taxa and functions may be affected in children from both chronically undernourished and obese mothers and that the link between early life exposures and the child’s metabolic development are mediated at least in part by epigenetic changes. Finally, we postulate that the trajectory of the child’s microbiota is influenced by breastfeeding initiation, exclusivity and length, which may, at least partially, overcome the dysbiotic seeding at birth.



1.6.2. Specific objectives/research questions

VITERBI GUT has the following objectives (Figure 2): First, we will investigate the association between nutritional/metabolic status and the oral, vaginal, fecal, and breast milk microbiome in (pregnant) mothers. Second, we will investigate for an inheritance of a dysbiotic microbiota at birth by assessing for the association between the maternal nutritional status and the fecal (seed) microbiota of the newborn infant. We will also evaluate the contribution of other seeding sources including the maternal oral and vaginal microbiota as well as breast milk microbiota to the infant’s microbiota. Third, we will assess for bacterial succession of the child’s fecal microbiota over the first 2 years of life in the context of maternal over- and undernutrition and assess for a potential modulating effect of breastfeeding. Fourth, we will evaluate the association between the metabolic profile of the child at 2 years of age and the child’s early life microbiota succession, as well as other prenatal and early life exposures. Last, we will investigate for a potential association between prenatal exposures, the metabolic health of the child at 2 years of age and changes to the blood DNA methylome. Metabolic health of the child will be based on the definition of MetS provided by the International Diabetes Federation. For children above 10 years of age, MetS is defined as a combination of obesity (defined through waist circumference) and at least 2 of the following 4 criteria: high blood triglyceride levels, low HDL-Cholesterol levels, high blood pressure and high fasting glucose based on age-specific thresholds. In children below the age of 10 years, there is no official definition for MetS. To get an estimation of the child’s metabolic health, we will evaluate each of these five criteria individually and in combination when the children are 2 years old. Further, we will assess for birth weight, skinfold thickness and BMI as additional secondary and intermediate outcomes.
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FIGURE 2
Conceptual framework and objectives of the VITERBI GUT prospective birth cohort. Created using BioRender.com.


Taken together, these objectives will allow us to delineate the microbiota trajectory in mother-child dyads in detail and to assess the early life factors shaping metabolic health in early childhood.





2. Materials and methods


2.1. Study design/setting

The VITERBI GUT project is a longitudinal prospective birth cohort of children born to undernourished, overnourished and normally nourished mothers. The project is nested in the VIentiane mulTi gEneRational BIrth Cohort (VITERBI), jointly led by the Lao Tropical and Public Health Institute (Lao TPHI) and the Swiss Tropical and Public Health Institute (Swiss TPH). VITERBI aims at quantifying key health challenges and gaps in Vientiane Capital to later develop interventions and programs to improve population health. VITERBI is designed to be representative of the population of Vientiane, Lao People’s Democratic Republic (PDR), and enrolls participants in four districts, which are selected based on their socioeconomic status and the urban/rural setting: Chanthabuly and Sikhottabong as two urban districts with high socioeconomic status, and Sangthong and Parkngum as rural districts with low socio-economic status (Figure 3).
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FIGURE 3
Map of the study districts in Vientiane capital province. The selected districts for VITERBI GUT are Chanthabuly (1-01), Sikhottabong (1-02), Sangthong (1-08), and Parkngum (1-09). The maps were generated with GADM data (gadm.org, version 4.0.4) and the magrit application (magrit.cnrs.fr, version 0.8.14).




2.2. Participants

In total, 300 mother-child dyads will be recruited from the pool of VITERBI participants, of which 100 mothers are undernourished, 100 are overnourished and 100 are normally nourished. Pregnant mothers will be classified as under-, over- or normally nourished based on their mid-upper arm circumference (MUAC). According to the cut-off suggested by Ververs (54), undernourished women will be defined as having a MUAC < 23 cm, and overnourished women will be defined as having a MUAC > 27 cm. Women with a MUAC between 23 and 27 cm will be considered as normally nourished. Mothers eligible for VITERBI GUT have to be previously included in the multigenerational cohort VITERBI, thus living in Chanthabuly, Sikhottabong, Sangthong, or Parkngum and should not plan to move out of these four districts. Further, they should be older than 18 years of age and provide written consent to participate in the study. Mothers that are self-declared HIV positive will be excluded from the study.



2.3. Recruitment, follow-up, and data collection


2.3.1. Recruitment procedures

Recruitment started in March 2022 and is expected to last for 1 year. Women are recruited during the third trimester of pregnancy (inclusion visit) and are followed-up together with their child at five timespoints until the child reaches the age of 2 years. Completion of the study is planned for May 2025.

Pregnant women from the pool of VITERBI participants are screened based on their age, expected date of delivery, and MUAC values to establish a list of eligible women. Pregnant women who potentially fit the inclusion criteria are contacted and a pre-inclusion visit is scheduled for the last trimester of their pregnancy, ideally around the 8st month of pregnancy. During the pre-inclusion visit, the mothers are informed about the study, the inclusion criteria are checked, and, if eligible, the pregnant women are invited to participate to the study and sign an informed consent form.



2.3.2. Inclusion and follow-up visits

The inclusion visit takes place in the third trimester of pregnancy, shortly after the pre-inclusion visit. A clinical team composed of a nurse and a lab technician visits the pregnant women at home or in the village office, fills out a digital questionnaire and collects all needed biological specimens. An appointment is made for the 1-week post-partum visit based on the expected date of delivery. Follow-up visits are planned at 1-week, 3, 6, 12, and 24 months post-partum. At each follow-up visit clinical, nutritional and anthropometric information about the mothers and the children is collected (Figure 4). The dates of the follow-up visits are re-adjusted once the child is born.
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FIGURE 4
Set-up of the longitudinal birth cohort study in Lao PDR. Mother-child dyads will be followed for 2 years post-partum. BMI, body mass index; MUAC, middle-upper arm circumference; Hb, hemoglobin measurement; Vit. A, Vitamin A; BIA, bioimpedance analysis. Created using BioRender.com.




2.3.3. Collection of primary (clinical, nutritional, and household data) and secondary data (analyses of biospecimens)

During each visit, a clinical assessment of the mother’s and child’s general health status is performed. Clinical data such as anthropometric measurements, body composition and anemia are collected at different time points during the follow-up visits as specified in Figure 4. Non-clinical data regarding nutrition and household characteristics is collected through the administration of custom-made questionnaires. The questionnaires are separated in six parts: “General information,” “Mother’s health,” “Child’s health,” “Mother’s nutrition,” “Breastfeeding and child’s nutrition,” and “Water and sanitation.” The questionnaire regarding nutrition is based on the 24 h recall, the other questionnaires were custom made and aim at reflecting the most likely factors influencing microbiota composition and maternal and child health outcomes. Data is entered in an open-source app [Open Data Kit (55)]. In addition, to assess the mother’s and child’s metabolic health and microbiome, biospecimens are collected at each time point for further analyses, generating secondary data such as blood lipid profiles, vitamin levels, inflammation biomarkers, information on infestation by parasites, microbiome composition and blood methylome profile (Figure 4). All the primary and secondary data generated is stored on encrypted hardwares or on fileservers with customizable access rights.




2.4. Materials/laboratory methods


2.4.1. Biospecimen collection

Fresh stool samples for parasitic analysis are kept at 4°C. One aliquot is used for immediate analysis using the Kato-Katz and direct smear techniques and another one is stored in a Sodium Acetate-Acetic Acid-Formaline solution (back-up). Additional stool samples are stored for DNA extraction, metabolite analysis and bacterial isolation (glycerol stocks). Saliva and vaginal samples are self-collected using Salimetrics saliva collection swabs (Salimetrics, Carlsbad, USA) and COPAN eSwab collection kits (COPAN Diagnostics, Murrieta, CA, USA), respectively. Vaginal samples are collected using a dry swab and stored in 1 ml of DNA/RNA shield stabilization solution (Zymoresearch, Irvine, CA, USA). Breast milk is hand expressed by the mother directly into a sterile collection tube without additive. The milk is collected from a single breast and the latter is entirely emptied to collect the full feed. The milk is thoroughly mixed and an aliquot of up to 50 ml is stored for later analysis. The collection is performed at least 2 h after the mother reports to have breastfed her baby for the last time. Once collected, the milk is immediately stored in a portable −20°C freezer and transferred to −80°C within 6 h. The sample collection is accompanied with a tracking sheet recording the time the sample spent at −20°C as well as the overall volume of milk collected. Blood collection is performed by a trained nurse using a Vacutainer (BD Vacutainer® Safety-Lok™) both for mothers and children. Serum samples are obtained by centrifugation (directly in the field) and used to measure metabolic, nutritional and inflammation biomarkers. An additional blood sample will be collected from the children at 2 years of age using EDTA tubes and will be used for a general blood count and epigenetic analyses. Blood samples will be stored immediately at 4°C (whole blood) or −20°C (serum) in a portable freezer/fridge and transferred to the laboratory for further processing or storage at −80°C within 6 h. All samples are accompanied with a tracking sheet recording the time the sample spent at 4°C/−20°C as well as the number of tubes/overall volume collected.



2.4.2. DNA extraction and sequencing methods

DNA extraction will be performed on stool, saliva, breast milk and vaginal samples according to previously established and standardized protocols. Characterization of the microbiota will be performed using amplicon sequencing of the hypervariable region of the 16S rRNA gene. Shotgun metagenomic sequencing will be performed on a subset of fecal samples to allow strain inference as well as determination of the metabolic potential of a given microbial community.



2.4.3. Characterization of the microbiome

Bioinformatic analyses will be performed according to standard procedures in the field and adapted to new tools widely used at the time of data analysis, i.e., using the Dada2 package (56) and the Silva Reference Database (57) for amplicon sequences, the KneadData Tool for pre-cleaning of the shotgun metagenomics data, HUMAnN (58) for inferring gene and pathway abundance and MetaPhlAn (59, 60) and PhyloPhlAn (61) for abundance of specific bacterial species and strains.



2.4.4. Analysis of the DNA methylome

The blood whole genome DNA methylome of the child at 2 years of age will be characterized using an Illumina MethylationEPIC BeadChip in peripheral blood mononuclear cells (PBMCs). PBMCs are an easily accessible surrogate tissue and, as many metabolites circulate through the blood, good “sensors” for metabolites reaching systemic sites. The analysis will be performed as outlined in Jeong et al. (62) and Imboden et al. (63). Briefly, DNA/RNA will be isolated, quality controlled, bisulfite converted, amplified, fragmented and hybridized to an Illumina MethylationEPIC BeadChip. The obtained data will then be quality controlled and annotated. Data will be normalized using the R package R minfi (64) and background corrected using Noob (normal-exponential out-of-band) (65). PBMCs are a heterogeneous mixture of epigenetically distinct cell types, with varying cell counts between individuals. We will therefore adjust the results for the basic cell-count using multivariate regression and specialized statistical modeling approaches (66–69).




2.5. Statistical considerations


2.5.1. Statistical methods

Statistical analyses will be performed in the R statistical environment. Associations between microbiome features (taxa or genes) and clinical outcomes (such as the nutritional status of the mother, her metabolic status, the nutritional and metabolic status of the child) will be explored using measures of microbial diversity (α-diversity and β-diversity scores), community analyses (i.e., through ecotypes or guilds) and differential abundance testing of specific features and bacteria. Compositional differences in terms of bacterial taxa will be visualized using principal coordinates analysis (PCoA) and tested with multivariate PERMANOVA analysis as well as different modeling approaches. Differences in the bacterial composition and abundance between children born to under-, normally or over-nourished mothers will be evaluated using differential abundance testing. Microbial signatures will be confirmed by performing targeted qPCR for the respective bacterial taxa. All models will account for confounding factors, such as sequencing batch and depth or host variables (sex, age, BMI, food intake, …) (70).

The transmission of given bacterial species from the mothers to their children will be assessed by comparing the mother’s fecal microbiota shortly before birth to the child’s fecal microbiota at 1 week of age. Bacterial strains associated with or shared between the child’s fecal microbiota and the mother’s microbiota from different body sites (stool, saliva, vaginal sample, and breast milk) will be evaluated at each time point and compared to unrelated mother-child dyads, as previously described (71–73).

For DNA methylation analyses, the association of single CpG markers with the child’s metabolic status as well as other factors such as maternal nutritional and metabolic status (blood glucose, lipid profile, and blood pressure) and mode of delivery will be assessed through epigenome-wide covariate-adjusted linear regression and region-based analysis. We will further statistically account for correlations between adjacent probes. The correlation between given CpG markers and microbial taxa in the fecal or vaginal microbiota of the mothers will be analyzed through canonical correlation analyses, network-based statistical methods and other advanced modeling approaches.



2.5.2. Sample size estimation

For sample size calculation, we used the expected proportions of pre-MetS found in children born to undernourished, normally nourished and overnourished women at the age of 2 years. We define pre-MetS as a combination of obesity (defined through waist circumference) and at least two of the following four criteria: high blood triglyceride levels, low HDL-Cholesterol levels, high blood pressure and high fasting glucose based on age-specific thresholds. Prevalences for pre-MetS are not published/available. We thus estimated that children born to normally-nourished women would have a similar proportion of pre-MetS to non-obese/non-overweight children, i.e., approximately 1%, based on a systematic review of the literature by Friend et al. (74). For children born to undernourished and overnourished mothers, we hypothesized that the proportion developing pre-MetS would be lower than what is found in the literature for children that are overweight or obese themselves, i.e., about 12% for overweight and 29% for obese children. Specifically, we anticipate a pre-MetS prevalence of 10% for children born to under- or overnourished mothers. With an alpha of 5%, 100 mother/child pairs are needed to reach power 0.8. In a previous study by Vonaesch et al. (42), the microbiota of 400 children, stratified into subgroups consisting of at least 36 samples was assessed. The group was able to demonstrate statistical significant changes in given taxa, which are conserved in the two study sites in all subgroups even when adjusting for multiple testing and correcting for different confounding factors. Based on these data, a sample size of 300 mother-infant dyads should be sufficient to assess microbiota changes in the three different groups.





3. Discussion

Under- and overnutrition have both been associated with MetS and T2D later in life. As there is still a large proportion of women across the world suffering from these syndromes, it is of utmost scientific and public health importance to better understand the biological factors that affect the risk of developing MetS and T2D. Further, despite the well-known fact that the microbiota composition differs on a global scale (75–80) most data to date comes from high income countries and we lack data on low-and-middle income countries (LMIC), including in African and South-East Asia (80–83). In December 2019, The Lancet launched a special series dedicated to the double burden of malnutrition, highlighting the growing interest in this subject (26, 84, 85). Historically, interventions addressing undernutrition and obesity have been developed and delivered separately from one another. Recognizing the interconnections between these two forms of malnutrition might reveal new, shared opportunities to improve metabolic health. This is of major importance as evidence shows that programs addressing undernutrition have unintentionally increased risks for obesity and diet-related non-communicable diseases (DR-NCDs) in LMICs (86) where food environments are changing rapidly (85).

VITERBI GUT will be the first study to look at early life microbiota and metabolic health in Lao PDR, a country still largely affected by undernutrition and where increasing numbers of mothers are suffering from overweight and obesity. Overall, VITERBI GUT will establish a comprehensive framework of prenatal and early life determinants of metabolic health by investigating the relative contribution of the mother’s nutritional and metabolic status as well as the maternal and child’s microbiota.

In children and adults, the microbiota is to some extent correlated across body sites (87), in particular in the context of undernutrition, where previous studies have shown an homogenization of the bacterial communities between the oral cavity and the intestinal environment (42, 88). At birth, the microbiome of children is immature and will progressively adapt to its niche to reach a mature state at around 2 years of age. However, in malnourished children, the microbiome remains immature for prolonged periods of time (89). It has been shown that the maternal microbiota is associated with postnatal growth (90). Further, previous studies have established strain sharing between the healthy mothers and their children (71). VITERBI GUT expands on this work by taking into consideration the maternal nutritional and metabolic status prior to birth and by following children until the age of 2 years to assess the long-term influence on the child’s metabolic and epigenetic profile. As DR-NCDs show an intergenerational pattern, successful interventions might need to begin before conception, most likely in all women of childbearing age, and continue throughout the pregnancy and lactation period. By delineating the direct and indirect effects of the mother’s nutritional status, the mother’s microbiome, the child’s early life microbiome, as well as DNA methylation and other important determinants, the study represents an important step toward developing efficient, evidence-based intervention strategies.

VITERBI GUT builds on an existing multi-generational cohort including pregnant women in four districts of the Vientiane Prefecture (VITERBI project). The districts were chosen based on their socioeconomic level, the two poorest and the two richest districts of the Vientiane Prefecture, while staying fairly accessible for logistic reasons. The representativeness and hence the generalizability of our results might be affected by this choice. To validate part of our results on a different population, we will compare the results from the Laotian cohort with the GENEIDA (Genetics, Early Life Environmental Exposures and Child Development in Andalucìa) prospective birth cohort, launched in 2014 in Almeria, Spain and led by Prof. Marina Lacasaña of the Andalusian School of Public Health. The GENEIDA cohort follows pregnant women and their children for up to 4 years post-partum, with oral, vaginal and fecal samples collected during pregnancy, and when the child is 12 and 24 months old. Clinical, anthropometric and nutritional data were collected for the mothers and the children. We will assess for the effect of maternal metabolic status and the maternal fecal and vaginal microbiota on the child’s metabolic health at 2 years of age in 100 normally nourished and 100 overnourished women. We will assess for shared associations to identify universal pathophysiological mechanisms underlying the trajectory from prenatal/early-life overnutrition to metabolic disease, which are independent of geography as well as the genetic or social background of the subjects.

Overall, the VITERBI GUT project will contribute important new insights into the role of prenatal/early life exposures in shaping the epigenetic and metabolic development of children, which are known to be crucial factors to ensure lifelong health.
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