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Intraindividual double burden of malnutrition:
The contribution of the infant gut microbiome

Shruti R Pai MSc!, Anura V Kurpad MD, PhD, FRCP?, Rebecca Kuriyan PhD!,
Arpita Mukhopadhyay PhD!

!Division of Nutrition, St. John's Research Institute, Sarjapur Road, Bengaluru, India
’Department of Physiology, St. John’s Medical College, Sarjapur Road, Bengaluru, India

The prevalence of the double burden of malnutrition in society is well known with the coexistence of undernutri-
tion with an increase in overweight/obesity; this has been increasing globally with nutritional imbalances and in-
fectious diseases being the major etiological factors. However, there is also the coexistence of inappropriate adi-
posity or metabolic dysfunction in an individual who appears currently undernourished by anthropometric stand-
ards (stunted or underweight); this is the intraindividual double burden of malnutrition. It could also occur in
temporal sequence, as anthropometric overweight in an individual who has previously endured childhood under-
nutrition. [IDBM has increased the risk for diet-related non-communicable diseases over the past few decades, as
it tracks into adulthood, warranting an urgent need for intervention and prevention. While gut dysbiosis has been
associated with various forms of malnutrition, the early life gut microbiome composition and its related metabo-
lites and regulatory factors, are possibly linked to the development of inflammatory and metabolic conditions in
[IDBM. The possible underlying physiological mechanisms are reviewed here, working through host dietary in-
fluences, gut microbial metabolites, host inflammation and metabolic dysregulation. When validated experimen-
tally and tested through appropriately designed randomised, controlled trials, these mechanistic insights will like-

ly lead to development of preventive strategies.
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THE DOUBLE BURDEN OF MALNUTRITION
(DBM) IN CHILDHOOD

The Double Burden of Malnutrition (DBM) is now rec-
ognised as a global challenge, characterised by the coex-
istence of undernutrition along with overweight/obesity
(OW/OB) or diet-related Non-Communicable Diseases
(NCDs) (diabetes, cardiovascular disease, stroke) within
individuals, households and populations and across the
lifecourse.!* Globally, the rates of undernutrition have
been gradually declining in many countries; however,
there has been a sudden increase in OW/OB and associat-
ed NCDs.! In India, the Comprehensive National Nutri-
tion Survey (CNNS, 2016-2018) of children and the Na-
tional Family Health Survey-5 (NFHS) definitively
showed the presence of DBM (stunting and overweight)
in Indian children and adolescents, which is now a public
health concern.*?

Intraindividual DBM (IIDBM) is the co-occurrence of
two or more types of malnutrition in an individual, which
can occur across the life-course.! It represents the erosion
of a comfortable clinical binary of evaluating an individ-
ual as either overfed or underfed based on anthropometric
indices. With IIDBM, an apparently thin or stunted indi-
vidual could also have high fat mass or metabolic bi-
omarkers of NCD. Thus, in the CNNS,* an analysis of
thin or stunted children showed a high (>50%) prevalence
of at least one biomarker of dysglycaemia and dyslipi-
daemia which would otherwise indicate a positive energy
balance.® This is perplexing yet evocative of the thin-yet-

fat phenotype that is observed in adult Indians and South
Asians and is probably an early manifestation of this phe-
notype.” Nevertheless, this is a unique paradox in children
where undernutrition could reduce their physical and
mental capacity while the adiposity would increase their
risk for several NCDs. In a temporal frame, [IDBM could
also manifest as the presence of later life OW/OB in an
individual who was previously stunted from chronic un-
dernutrition during childhood, although it cannot be ruled
out if IIDBM was not already present during childhood
stunting as either excess adiposity or metabolic overnutri-
tion.! Since NCDs are the major cause of mortality in
India with the majority of premature NCD deaths being
preventable, along with alarming findings from CNNS
data on IIDBM in Indian children, there is a critical need
to develop new nutrition strategies to address IIDBM.%%?
Interestingly, IIDBM is not a problem unique to the 21st
century. Waterlow reported his findings of fatty liver in
children with kwashiorkor as far back as the 1940s.'°
However, metabolic and mechanistic underpinnings of
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I[IDBM remain fairly under-investigated even now.

There are several possible mechanisms related to
IIDBM. Childhood stunting has been associated with im-
pairment in fat oxidation with a net positive energy bal-
ance that is linked to adult obesity.!! As stated above for
Indian children, in low-and-middle-income countries
(LMICs), metabolic obesity biomarker(s) have been ob-
served to occur in more than half of anthropometrically
undernourished and normal-weight Indian children and
adolescents.® The long-term effects of early life malnutri-
tion can be due to various interconnected biological
pathways that involve metabolic dysregulation, impaired
insulin function and gut microbiome (GM) imbalance.
The appearance of NCDs in individuals who have en-
dured childhood undernutrition could also be due to an
increase in metabolic load on a depleted metabolic capac-
ity (for example, a lower glucose disposal due to a lower
skeletal muscle mass) for homoeostasis.>

The diagnosis of IIDBM must therefore advance from
the sole use of anthropometry to the additional use of
blood and other biomarkers. Specifically, although obesi-
ty can be assessed anthropometrically, metabolic obesity
biomarkers such as abnormal blood sugar (fasting glucose,
HblAc), blood lipids (total cholesterol, triglycerides,
LDL and HDL), altered body composition (increased
body fat, lowered skeletal muscle) and fatty liver could be
present well before the child becomes OW/OB. These
biomarkers can be useful evaluation tools to help in the
early detection and prevention of NCDs in children with
undernutrition.

THE GUT MICROBIOME IN
CHILDHOOD
The association between a human being and their GM is
symbiotic whereby the human host provides nutrition for
the microbial community and the microbial population
assists with essential functions for the human.'? These
functions could be aiding in immune system development,
defence against enteric infection, assisting in energy me-
tabolism and homeostasis.!> Obesity and inflammatory
bowel disease have been extensively studied in relation to
GM in humans and animals.!* GM alterations have been
noted in both childhood undernutrition and obesity.'+!®
The establishment of the GM occurs early in life and is
featured by a rapid patterned progression from birth to an
adult-like state at around 2.5 years.!® Several factors af-
fect the GM composition during this period; though post-
natal factors such as mode of delivery, feeding type and
antibiotic exposure can affect the infant GM development,
prenatal factors that influence GM development are the
least understood.!” Early-life nutrition is a major influenc-
ing factor in the development of the infant GM, and in
that sense, infancy represents a critical window of oppor-
tunity for programming of future metabolic and immune
health.!”18

INFANCY AND

Metabolites that are produced/transformed by the GM

Metabolites are small molecules which are involved in
the crosstalk between the GM and human host. They are
intermediate/end products of GM metabolism and any
changes, an increase or decrease, in specific obesity-
related GM metabolites can affect various metabolic

pathways in the host predisposing to the development of
obesity."”

Short chain fatty acids (SCFAs)

A GM population that has a low abundance of species
producing short chain fatty acids (SCFAs), in particular
acetate and lactate, has been reported to retard the
“beiging” process (browning of white adipose tissue),
thus bringing about a reduction in thermogenesis and
causing metabolic inflammation with an increase in white
adipose tissue (WAT) and bringing about a rise in adipos-
ity (Figure 1).2° Faecal analyses in obese children show
significantly higher concentrations of acetate, propionate
and butyrate as well as total SCFAs compared to normal-
weight children; the concentration of total SCFAs was
significantly associated with obesity and the BML?! In-
creased microbial production, shifts in microbial cross-
feeding patterns or low mucosal absorption may be the
reasons for the increased concentrations of faecal
SCFAs.?? GM derived microbial metabolite butyrate was
reported to regulate thermogenesis in BAT and WAT
through the activation of lysine-specific demethylase
(LSD1) and Uncoupling protein (UCP) in BAT and
WAT.? Further, dietary supplementation with SCFAs
(acetate, propionate, butyrate or their combination) signif-
icantly inhibited body weight gain in high-fat diet-
induced obese mice. SCFAs regulated adipose lipid me-
tabolism, promoted beige adipogenesis and altered the
GM composition (specifically the Firmicutes to Bac-
teroidetes ratio). This additionally caused reduction in
body weight by increasing triglyceride hydrolysis and
free fatty acid (FFA) oxidation in the adipose tissue (Fig-
ure 1).2> SCFAs such as butyrate, acetate, and propionate,
produced by the fermentation of carbohydrates, can act in
the liver and adipose tissue to decrease expression of pe-
roxisome proliferator-activated receptor gamma (PPARG)
which in turn increases fatty acid oxidation.?*

Tryptophan metabolites

GM-derived tryptophan metabolites (indole and indoxyl
sulphate) in mice attenuated progression of fat mass gain
and diet-induced obesity by downregulating expression of
miR-181 cluster microRNAs in WAT. One of these tryp-
tophan metabolites (indole) was also found to be reduced
in the blood of obese children, pointing to the likelihood
of these metabolites playing similar role in regulating
adiposity in children (Figure 1).%

Trimethylamine N-oxide (TMAO)

TMAO, a gut microbiota-derived metabolite, has been
recently linked to increased atherosclerosis and cardio-
vascular risk.?® Increase in circulating TMAO concentra-
tions have been observed after the gut microbial metabo-
lism of dietary L-carnitine and phosphatidylcholine-rich
foods such as red meat, eggs and dairy products.?’” The
TMAO concentrations in adults stratified according to
BMI increased with BMI and were positively associated
with visceral adiposity index and fatty liver index inde-
pendently suggesting the potential role of TMAO as an
early biomarker of adipose dysfunction and NAFLD
which might help in identifying subjects at high risk of
NAFLD.?” Although there is no identifiable mechanistic
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Figure 1. A compact overview of possible etiologies of IDBM in relation to GM. Numbers in the superscript are references. GM:
Gut microbiome; IIDBM: Intra-individual double burden of malnutrition; SCFAs: Short-chain-fatty-acids; EDNP: Energy dense
nutrient poor; EED: Environmental enteric dysfunction; GIP: Glucose dependent insulinotropic polypeptide; GLP-1: Glucagon-
like peptide 1; WAT: White adipose tissue; BAT: Brown adipose tissue; DNL: De novo lipogenesis; YMAO: Trimethylamine N-
oxide; CRP: C-reactive peptide; REE: Resting energy expenditure; LSP1: Lysine specific demethylase 1; UCP: Uncoupling pro-

tein; FFA: Free fatty acid.

pathway linking increased TMAO concentrations with
obesity, it is probable that flavin-containing monooxy-
genase 3 (FMO3), the enzyme that produces TMAO,
could play a role in regulating obesity and “beiging” of
white adipose tissue, and this in addition to increased
hepatic insulin resistance due to higher TMAO concentra-
tions can lead to obesity.?® Increased chronic inflamma-
tion could be an additional contributor as a recent dose-
response meta-analysis concluded that in humans, circu-
lating TMAO and C-reactive peptide (CRP, an indicator
of inflammation) exhibited a non-linear, positive associa-
tion (Figure 1).%

AN ETIOLOGICAL FRAMEWORK FOR IIDBM

There are many factors such as adverse early life expo-
sures, poor nutrition, metabolic dysfunction and GM im-
balances that can be attributed to the development of
[IDBM. In terms of dietary influences, harking back to
the historical report of the occurrence of fatty liver in
children with kwashiorkor, these children were mostly

subsisting on sugarcane juice that was amply available to
their mothers working in sugarcane fields.!” Current
knowledge on hepatic de novo lipogenesis (DNL) helps
explain this finding as fructose (from sugarcane juice
containing sucrose: a glucose-fructose disaccharide), but
not glucose, has recently been reported to potently induce
basal hepatic DNL rates, albeit in healthy adult men,
thereby providing a basis for hepatic fat deposition.*® Die-
tary glucose and fructose also have different effects on fat
metabolism with a greater reduction in fatty acid oxida-
tion and greater lipid synthesis in response to an extra
fructose diet compared with an extra glucose diet.’!

Hepatic de novo lipogenesis and lipogenic diets

Mechanistically, chronic fructose consumption-induced
intestinal barrier deterioration and associated inflamma-
tion have recently been implicated as a driver for fructose
stimulated hepatic DNL.>?> A mouse model showed that
prolonged high fructose feeding caused intestinal barrier
deterioration, increased circulating endotoxin concentra-
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tions, liver inflammation, associated upregulation of the
hepatic DNL pathway genes and liver steatosis. GM pro-
file could aid in the maintenance of whereas GM dysbio-
sis could lead to deterioration of the intestinal barrier
function.®® Extending this line of reasoning, it seems
plausible that apart from chronic fructose consumption,
multiple other ways of damaging the intestinal barrier
(either dietary through low fibre foods or pathogen-
induced) and consequent endotoxemia may similarly lead
to hepatic inflammation and an associated increase in
hepatic DNL. On the other hand, dietary factors that ei-
ther improve the intestinal barrier or reduce the inflam-
matory impact of the resultant low-grade endotoxemia
should reduce hepatic inflammation and DNL. Evidence
to that effect exists for omega-3 polyunsaturated fatty
acid (n-3 PUFA). Supplementation with n-3 PUFA, for 8
weeks in healthy adults, resulted in an attenuated inflam-
matory response to a low-dose endotoxin challenge.’*
Additionally, adults with non-alcoholic fatty liver disease
(NAFLD) have been reported to have low intakes of n-3
PUFA and n-3 PUFA has also been recommended as a
nutrient supplement for improving NAFLD due to its
beneficial effect on hepatic lipid metabolism and inflam-
mation.® In children, intervention with modified PUFA
has shown to be a safe and efficacious for the treatment of
NAFLD.3637

Hepatic de novo lipogenesis, hepatic Insulin-like
Growth Factor-I (IGF-I) production and linear growth
The liver is the primary site for the production of IGF-I.3
NAFLD may further lead to low hepatic production of
IGF-I in humans. This forms a conceptual basis for the
impairment of linear growth in undernourished children
with abnormally high liver fat. Though low circulating
IGF-I concentrations have been reported with NAFLD,
both in adults and in children, it should be noted that
NAFLD patients are usually OW/OB.3*° Future longitu-
dinal studies on stunted children as well as children at
high risk of developing NAFLD, with in-depth measure-
ments of dietary, metabolic and GM associated parame-
ters related to both over- and under-nutrition, are needed
to test this etiological framework for IDBM.

GM, overnutrition and adiposity

The simple, less diverse GM of young infants shifts to a
more mature anaerobic microbiota high in Bifidobacte-
rium and Collinsella by 6 months of age. A delayed ac-
quisition, noted in C-section born infants and infants with
shorter gestational duration, is linked with lower adiposi-
ty at 18 months of age.! GM may contribute to over-
nutrition by enabling hydrolysis of indigestible polysac-
charides to more absorbable monosaccharides and activa-
tion of lipoprotein lipase through direct action of the vil-
lous epithelium causing glucose to be rapidly adsorbed
and excess fatty acid stored.*> GM in the first two years of
life, as observed in a Norwegian birth cohort study, is
highly predictive of later childhood BMI at age 12 when
compared to BMI at two years of age underscoring the
importance of GM being an early indicator of obesity.*
The subset of IGM taxa associated with later childhood
BMI was also linked with maternal obesity and excessive
gestational weight gain. Abundance of Bacteroides posi-

tively correlated with BMI in the 1- and 2-year GM
which are known to be influenced by environmental fac-
tors such as diet.*** Hence, dietary and other interven-
tions can be targeted at high-risk children at an early
stage to prevent later obesity.

Obesity-related studies have identified abundance of
Faecalibacterium prausnitzii at 2 years as predictor of
low childhood BMI; a higher abundance of Streptococcus
in the first months of life with increased BMI and adi-
posity; and possibly a higher Lactobacillus and lower
Bacteroides abundance in the first 3 months of age with
higher risk for infant and child overweight, though studies
on the latter shows mixed results.** High abundance of
Bacteroides fragilis and low abundance of Staphylococ-
cus in GM between the age of 3 weeks and 1 year were
associated with higher risk of obesity in later life.*> Fur-
thermore, it was observed that obese children had a high-
er Firmicutes-to-Bacteroidetes ratio compared to lean
children and lower B. vulgatus and high concentrations of
Lactobacillus spp."® Changes in Firmicutes and Bac-
teroidetes may be a significant indicator of childhood
obesity and hence modification of GM using dietary ma-
nipulation and pre/probiotic formulations targeting these
species could be a new strategy to prevent obesity. How-
ever, there is a lack of adequate definitive data on asso-
ciation of GM composition with adiposity; thus, addition-
al studies involving heterogeneous populations are re-
quired to identify the exact bacterial taxa involved with
adiposity and the effects of diet/dietary interventions on
these obesity-related bacterial taxa.

Metabolic disorders such as obesity, type 2 diabetes
(T2D) and NAFLD are characterised by alterations in the
GM composition and its metabolites, which translocate
across a disrupted intestinal barrier to affect various met-
abolic organs, such as the liver and adipose tissue, there-
by contributing to metabolic inflammation, which in turn
increases adiposity. The GM has recently been recognised
as one of the contributing factors affecting insulin re-
sistance. Inflammation, lipotoxicity, insulin sensitivity
and gut dysbiosis are noted in individuals with NAFLD.*

Interestingly, a recent systematic review on environ-
mental enteric dysfunction (EED: a disease associated
with child stunting, involving small intestine lining dam-
age) and child stunting concluded that of the 5 domains of
EED analysed by the authors (intestinal damage and re-
pair, intestinal permeability and absorption, microbial
translocation, intestinal inflammation and systemic in-
flammation), evidence for the link between intestinal in-
flammation, systemic inflammation and stunting was the
strongest.’ Similarly, in animal studies, consumption of
high-fat diet has been reported to cause gut dysbiosis,
increased epithelial permeability of the small intestines
that facilitates leak of bacterial compounds and metabo-
lites into the circulation (leaky gut) promoting inflamma-
tion and subsequently development of obesity, adiposity,
insulin resistance and glucose intolerance preceding hy-
perglycemia.*

Germ free (GF) mice are resistant to high-fat diet
(HFD)-induced obesity despite a higher food intake.*
This protection from diet-induced obesity is based on
both increased fatty acid oxidation via upregulation of
phosphorylated AMP-activated protein kinase (AMPK)
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and its downstream regulators in skeletal muscle and liver
and elevated expression of fasting-induced adipose factor
(Fiaf), that inhibits lipoprotein lipase (LPL), thereby at-
tenuating storage of liver-derived triglycerides in WAT.*
From these observations, it seems plausible that gut
dysbiosis-associated low-grade intestinal and systemic
inflammation, experienced by undernourished children,
could lead to later development of increased adiposity
when energy-dense foods become available to these chil-
dren.

The gut-brain axis

Dysbiosis in the GM is debated to contribute to Central
Nervous System (CNS) disorders through the microbiota-
gut-brain axis, which modulates various direct and indi-
rect mechanistic pathways; endocrine pathways via corti-
sol secretion, immune pathways via cytokines production
and neural pathways via the vagus and enteric nervous
system signalling. GM dysbiosis (during stress) can inter-
fere with the hypothalamus-pituitary-adrenal (HPA) axis
signalling to increase secretion of cortisol which can alter
gut permeability and barrier function. This could further
contribute to GM dysbiosis and activate immune path-
ways leading to an increase in circulating cytokine con-
centrations levels that activate the vagus nerve signalling
to modulate tryptophan metabolism by GM for synthesis
of microbial neuroactive metabolites; indole, serotonin
and melatonin thereby limiting the availability for the
host and bacterial sugars.>® Dysbiosis can affect serotonin
concentrations levels and satiety leading to hunger, in-
creased energy intake and fat storage.’! An unbalanced
diet causing gut dysbiosis can trigger altered production
of neurotransmitters, leading to overeating and weight
gain.”? Gut microbiota plays a key regulatory role in both
host metabolism and central appetite, which can modify
host eating behaviour in metabolic and eating disorders
such as obesity and malnutrition (Figure 1).3

Infections and antibiotic usage

Dysbiosis due to the administration of subtherapeutic
antibiotic therapy (STAT) during diarrhoea increased
adiposity in young mice by amplifying concentration of
glucose-dependent insulinotropic polypeptide (GIP), a
metabolically active hormone involved in growth.>* Anti-
biotic usage can cause long-term changes to the temporal
maturation of GM and host responses to specific microbi-
al signals with taxonomic changes that alter key genes
functions involved in the metabolism of carbohydrates to
SCFAs resulting in an increase in SCFAs causing altera-
tions in the regulation of hepatic metabolism of lipids and
cholesterol affecting host health and disease, typically
long-term metabolic consequences affecting adiposity and
bone development.** Several hypotheses exist for the
mechanisms by which antibiotics modulate weight gain;
increased ability of gut bacteria to extract energy from
indigestible polysaccharides, decrease in the quantity of
bacteria that are metabolically protective against obesity,
altered hepatic lipogenesis and decrease in intestinal de-
fence and immunity.3> While well controlled animal stud-
ies support the role of antibiotics in the development of
obesity, evidence from human studies are inconclusive.
Epidemiological studies in healthy children have suggest-

ed that antibiotic usage in early life was associated with
increased BMI and greater prevalence of obesity in
healthy children, with the adverse events being more evi-
dent in males.*® This sexual dimorphism may be due to
the difference in adaptive response to diet, physical ac-
tivity and physiological stress. Contradictorily, few stud-
ies did not observe any effect of antibiotics on weight
gain in children.” More studies are therefore needed to
establish and confirm the role of antibiotics in develop-
ment of obesity in children.

GM and energy-dense, nutrient and fibre poor diets
The GM partially impacts the ability to extract and store
calories from food. The GM composition could affect
weight gain independent of calorie intake and other fac-
tors such as physical activity, use of proton pump inhibi-
tors or antibiotics.”® A low GM diversity is associated
with higher weight gain over a period of time. High-fibre
diet is positively associated with GM diversity and nega-
tively associated with high weight gain. SCFAs, produced
by fermentation of dietary fibre, have been known to im-
prove insulin sensitivity and fatty acid oxidation (Figure
1).58

Availability and consumption of energy-dense but fi-
bre- and nutrient-poor foods have become exacerbated
because of rural to urban migration, which is also respon-
sible for the rise in obesity and diabetes outcomes in India
with the transition from fibre-rich foods (in rural areas) to
easily available calorie-dense, nutrient-poor foods (in
urban areas).”® Though not yet studied in a systematic
manner, it is highly likely that such migration of already
undernourished children is leading to GM dysbiosis-
resultant inflammation altering their metabolism to an
adiposity-prone mode.

CAN THE GM IMPROVE INFANT GROWTH AND
REDUCE IIDBM?

Early childhood years is an important period for growth
and development; any disturbances during this period can
have short-term as well as long-term effects on health and
development of the child.? Diet is one of the major causes
of malnutrition. The GM is heavily influenced by the
quality and composition of diet (fibre, fat, carbohydrates,
proteins and vitamins).!” An apparent gut dysbiosis char-
acterised by depletion of healthy bacteria has been noted
in children with malnutrition.> Hence, modifying the GM
in early life through dietary interventions to improve
health and development of the child can be beneficial in
the prevention of IIDBM (Figure 2).

Formula feeding (FF), attributable to limited oligosac-
charides and high protein concentrations, causes changes
in GM that are associated with OW/OB.®° Early comple-
mentary feeding (CF) introduction, at or before 3 months,
causes high gut diversity, alters GM composition at 3 and
12 months and increases faecal butyrate and total SCFA
concentrations at 12 months.! Hence early introduction
of CF can lead to obesity and immune disorders through
changes in GM and SCFA concentrations.

Brief supplementation of neonates with formula has
been associated with decrease in Bifidobacteriaceae and
increase in Enterobacteriaceae at 3 to 4 months. At 12
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months, the GM profile differed according to type of
feeding observed at 6 months of age; both partially
breastfed and formula fed infants had profiles similar to
non-breastfed infants while infants who had CF introduc-
tion without formula showed profiles similar to exclusive
breastfed infants. This study observed that GM profiles at
3 months were more indicative of risk of overweight than
GM profiles at 12 months and that FF is associated with
OW/OB.%

Antibiotic exposure in early life increases risk of child-
hood obesity and the GM may play a causal role in this.
During the first month of life, antibiotic exposure is asso-
ciated with a significant increase in BMI and body fat
percentage in infants between 6 to 24 months of age.%
Environmental factors such as maternal smoking causes
increase in Enterobacteriaceae in neonates; increase in
Lachnospiraceae, Bacteroides and Staphylococcus at 6
months of age and an increase in Firmicutes and Rumino-
coccus at 3 months of age which can increase the risk of
childhood OW/OB at 1 and 3 years of age.®

Studies have supported the findings that breastfeeding
is protective against overweight and that GM may con-
tribute to this effect. A prospective birth cohort provided
evidence that concentrations of SCFAs butyrate, formic
acid, and acetate in human milk are negatively associated
with infant adiposity and thus it provides early protection
against excess weight gain.®*

Microbiota-directed complementary food (MDCF)
studies have been shown to help children with undernutri-
tion. A randomised, double-blind controlled feeding
study that observed effects of MDCFs in gnotobiotic an-
imals and undernourished children identified a lead
MDCEF that changes the abundances of targeted bacteria
and helps in growth and development in children with
moderate acute malnutrition (MAM).%® Another RCT that
studied effects of a MDCF in children with MAM ob-
served that MDCF was positively correlated with weight-
for-length Z-score and the targeted modulation of GM by
MDCF may be linked to growth.%> Addition of common
bean to complementary feed, in a study on rural African
children where chronic malnutrition is pervasive, im-
proved gut health.%” The fibre from common bean may
alter GM positively and reduce chronic inflammation thus
improving gut health. A clinical trial in Nicaragua and
Mali observed that dietary rice bran supplementation dur-
ing infant weaning period, 6 to 12 months of age, modu-
lated and supported metabolism by GM and improved
growth outcomes.®®

Probiotic supplementation (Lactobacillus rhamnosus
GG and Bifidobacterium animalis subsp. lactis BB-12)
reduced cumulative incidence of diarrhoea in a RCT
study involving Ugandan children with SAM.® In another
RCT, probiotic supplementation had no effect on diar-
rhoea in children with SAM during the hospital stay;
however, it reduced the number of diarrhoeal days by
26% in outpatient treatment.”” No difference in weight
gain was observed between the probiotic and placebo
groups during the 8 to 12 weeks of treatment.”

CONCLUSION
The increase in DBM and IIDBM globally over the years
is a pressing public health concern. The GM and its me-

tabolites represent an important focus area here, and a
better understanding of their role in host metabolism
might help in preventing risk of obesity and supporting
healthy infant growth. The effect of the GM response, to
specific diets in children with malnutrition, needs further
research to understand how dietary modifica-
tion/intervention can influence GM, to optimise feeding
strategies and to prevent undernutrition and overnutrition,
while promoting healthy infant growth. Early differences
in GM composition pave the way to the onset of child-
hood obesity; thus, early modification of GM to prevent
later obesity can provide a novel preventive strategy to
prevent long-term risk of NCDs.
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