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Abstract

critical period of complementary feeding.

Diarrhea is the second leading cause of mortality. Diarrhea and malnutrition form a vicious cycle culminating in
faltering growth, compromised gut immunity, delayed catch-up growth, and cognitive impairment. The physiological
events associated with Diarrhea eventually warrant specific nutritional interventions beyond rehydration. The World
Health Organization guidelines for selecting appropriate foods suggest using staples such as rice, which can be easily
digested. This review outlines the role and benefits of a rice-based diet during and beyond diarrhea. In addition, we
also highlight the importance of fortified rice-based cereals in reducing the risk of micronutrient deficiencies during the
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Introduction

The Millenium Development Goal-4 (MDG-4) was to reduce the
mortality in children less than five years by two-thirds between 1990
and 2015. [1] India’s under-five mortalities declined from 125 per
1,000 live births in 1990 to 43.5 per 1,000 live births in 2015 and 34.3
per 1,000 live births in 2019. [2-3] child mortality remains a severe
concern, specifically in developing countries, as the MDG-4 was not
achieved globally. Diarrheal diseases are the second most cause of
mortality among children following acute respiratory tract infections,
especially pneumonia. [4-5] In India, the incidence of diarrhea in
children aged <5 years has increased from 9% in 2016 to 9.5% in 2020.6
Region-specific and cohort studies also substantiate the heavy burden
of diarrhea in India. Further, diarrhea is a leading cause of malnutrition
in children aged < 5 years [4-7].

The vicious cycle of diarrhea and malnutrition: The impact
during and after diarrhea

Malnutrition and diarrhea are a double-edged sword—malnutrition
predisposes children to a higher risk of diarrhea, specifically recurrent
or prolonged diarrhea that might aggravate malnutrition in children.
[8] Malnutrition augments the severity, duration, and incidence of
diarrhea. [9] There was a 37% and 73% increase in frequency and the
duration of diarrhea, respectively, owing to malnutrition. Increased
diarrhea frequency and span of diarrhea ultimately doubled the burden
of diarrhea in malnourished children [10].

In the acute phase of diarrhea, the food intake and absorption
decline by 30-40% and 10-30%, respectively, [11-12] thus setting
the stage for malnutrition. In the face of sustained exposure to under
nutrition, the prevailing maleficent cycle of infectious diarrhea and
malnutrition leads to environmental enteropathy and hyper stimulation
of the mucosal immune system. [11,13] Compared to normal children,
children with persistent diarrhea showed a reduction in absorption of
nutrients (Figure 1)[14].

Evidence suggests that diarrhea could induce a transient lactase
deficiency due to intestinal inflammation or mucosal injury. Secondary
lactose intolerance is a common complication of diarrhea in the milieu
of malnutrition. As the mucosal injury heals, the lactase activity returns
to normal and reverses the lactose intolerance [15-16].

A cumulative assessment of diarrhea and growth from seven
longitudinal studies substantiates a 13% increase in stunting due to
diarrhea. [17] Although it has been possible to establish the energy
required for catch-up growth, no definitive value is pinned for the
energy necessary for catch-up growth after diarrhea. On average, a two-
year-old child would need 2% of the recommended energy for growth.
The catch-up growth after the diarrheal disease is estimated to be seven
times the normal daily growth [12].

Consequently, a child would require 14% more energy to attain
catch-up growth after the diarrheal illness. Therefore, 12% and 84%
of daily protein energy are necessary for normal and catch-up growth,
respectively [12].

Further evidence suggests that early childhood diarrhea and
malnutrition (stunting) independently affect intellectual functioning
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Figure 1: Median coefficients of absorption of nutrients in persistent diarrhea were
lower than in controls [14].
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during later childhood. Reduced food intake during acute diarrhea
is associated with 55% and 85% reductions in calorie and protein
intake in children. In the formidable first two years of life, the energy
deprivation and diversion towards managing diarrhea could deprive
the brain of the critical energy required for brain and neurological
development [11].

Overall, it is evident that recurrent or persistent diarrhea has
impending effects in later childhood. The intricate relationship
between diarrhea and malnutrition results in nutritional deficiencies
(micronutrient and macronutrient deficiencies), mucosal injury,
compromised gut immunity, and growth and cognitive deficits. Hence,
good nutrition before, during, and after diarrhea can interrupt the
maleficent cycle of malnutrition and diarrhea [18].

Nutritional management in diarrhea

The Ministry of Health and Family Welfare, Government of
India, recommends low osmolality oral rehydration salt solution
(ORS), zinc, and continued feeding of energy-dense feeds in addition
to breastfeeding as the nutritional strategy for managing diarrhea in
infants and ORS in young children. [19] Energy-and nutrient-dense
diets are recommended during convalescence to compensate for
decreased food intake and nutrient/fluid loss during acute diarrhea.
[20-21] the increased energy-protein requirements during acute
diarrhea can be compensated by supplementing an energy-dense diet
[21].

The foremost principle of nutritional intervention is not to
withhold food following the episode of diarrhea. Oral or intravenous
rehydration therapy is initiated to replenish water and electrolytes
lost in the feces. Nevertheless, children should be offered an age-
appropriate diet, regardless of the fluid used for oral rehydration
or maintenance of hydration. [22] During diarrhea, breastfeeding
should not be reduced or stopped. Infants must additionally receive
oral rehydration to replace the fluid lost in the stool. The European
Society of Paediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN) advocates against withholding food longer than 4-6
hours after commencing rehydration. [23] Zinc supplementation as an
adjunct to oral rehydration therapy (ORT) is recommended [22].

The daily energy requirement in infants and young children is
usually more than the recommended energy owing to the weight loss
due to diarrhea and the duration of the recovery period. [24] Hence,
children should be offered food frequently but in small portions
after correcting mild-to-moderate dehydration. An energy-dense
and micronutrient-rich food comprising grains, eggs/meat, fruits,
and vegetables should be offered. Energy intake should be increased
following better tolerance.[22][25] The World Health Organization
(WHO) guidelines for selecting appropriate foods suggest using staples
such as rice which can be easily digested.[25] Infants above six months

should be given staple food in a soft, mashed form. Tender coconut
water, fresh fruit juices, and smashed plantain can also be included in
the diet as a source of potassium.

Physiological considerations in the nutritional management
of diarrhea

Abnormalities in food absorption during diarrhea are associated
with certain pathophysiological changes that can be reversed through
nutritional interventions (Table 1).The intestinal surface covered by
the villi is usually renewed every three days. The renewal is prompted
by diet and pancreatic secretions. The mucosal cell turnover and the
production of intestinal hydrolytic enzymes are compromised during
diarrhea if food is withheld or a child is subjected to starvation.
Consequently, mucosal abnormalities prevail, and reintroduction
of food after diarrheal episodes worsens malabsorption as well as
diarrhea. [12] Early feeding accelerates mucosal repair and triggers
early recovery of pancreatic function and production of brush-border
hydrolytic enzymes. Thus, early feeding enables the resumption of
normal digestion and improves the absorption of nutrients [25].

Bile acids are critical for the absorption of fats. Bile acid excretion
in the milieu of diarrhea is augmented, perhaps due to bacterial
overgrowth in the small intestine and impaired ileal bile acid transport.
Hence the low concentration of bile acids in the intestine results in fat
malabsorption.12 Vegetable oil/ Ghee/ Butter (5-10 mL) may be mixed
with staple food to augment the energy of the diet offered to compensate
for the consequence of fat malabsorption. The rapid intestinal transit of
food is associated with maldigestion and malabsorption, which can be
compensated by frequently consuming easily digestible food [12].

The goal of feeding after the resolution of diarrhea is to correct
malnutrition and minimize or correct any growth deficits. The
nutritional deficit can be corrected by providing a regular diet with
sufficient energy and other required nutrients. [25] The diet provided
during diarrhea should not aggravate or irritate the gut. It should be
easily digestible.

Digestibility of rice starch

In infants, the a-amylase activity in the intestine is not optimized,
so starch digestion is slow. On the contrary, active maltase’s (sucrose
and isomaltase) are fully developed at birth. Despite low levels of
o-amylase, starch digestion appears to be sufficient in infants and also
perhaps due to additional glucamylase activity of the maltase, which
breaks down starch and dextrin’s directly into glucose [26].

The digestibility of starch is associated with the degree of branching
and proportion of short chains in amylopectin, starch granule size,
starch crystallinity, amylose content, and structural properties of
starch granule-associated proteins. Rice contains Type-A starches with

Table 1: Physiological considerations in the nutritional management of diarrhea [12] [25].

Pathophysiology Effect

Villous atrophy
poor absorption of nutrient

Epithelial cell damage
production of enzymes

Reduced intestinal concentrations of bile
acids

Intestinal permeability
Rapid transit of food through the gut
Gut health beyond diarrhea

Affects fat absorption

Leaky gut, osmotic fluid loss

Recovery beyond diarrhea

Disaccharides deficiency, owing to impaired

Insufficient time for digestion and absorption

Nutritional management

Reduction in the total absorptive surface —leading to | Initiate early re-feeding with micronutrient fortified food

No-milk containing foods can help overcome the initial lactase
deficiency

Provide energy-dense foods (fortified foods)

Food with low osmolality
Use of easy to digest, staple foods
Rice-based fortified feeds to support microbial regeneration
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optimized digestibility. [27-29] among staples, the protein digestibility
was highest with rice (Table 2) [30].

Table 2: Calculated true digestibility by adults and children of various cereals as
compared to animal protein [30].

Source Mean Digestibility relative to reference
proteins
Rice, milled 88+4 93
Wheat, whole 86 +5 90
Wheat endosperm (farina) 96 +4 101
Maize, whole 85+6 89
Millet 79 83
Sorghum 74 78
Oatmeal 86 +7 90
Egg 97 +3 1002
Milk 95+ 3
Meat, fish 94 +3

Sriva a Mean true digestibility of 95%.

However, it is also important to note that protein and amino acids
hamper the digestion of rice starch because they form a physical barrier
between starch and enzymes [31].

Role of Vitamin A, Zinc, and Selenium in diarrhea

Clinical trials have supported the beneficial role of certain
micronutrients such as vitamin A, zinc, and selenium in diarrhea
management. One of zinc’s biological actions is maintaining the
structure and function of the intestine. Experimental studies have
confirmed mild villous atrophy in a zinc deficiency state. [32] Zinc
deficiency led to a reduced intestinal weight with associated mucosal
cell population and cell size reduction.33 Zinc deficiency also decreased
brush border disaccharides’ activity besides inducing morphological
changes in the intestine. [34] Further, faecal zinc loss diarrhea is also
observed in acute or persistent diarrhea [18-35].

Zinc supplementation mitigates the duration and severity of acute
and persistent diarrhea. On any given day, zinc supplementation
lowered the probability of continuing diarrhea by 15% and 24% in
children with acute or persistent diarrhea. There was a 42% reduction
in treatment failure or death rate in children with persistent diarrhea
[36].

Vitamin A plays a key role in the development and functioning of
the visual system, immune system, reproduction, and maintenance of
epithelial cell integrity. [37-38] Vitamin A’s latter effect helps maintain
epithelial tissue’s physical and functional integrity against bacterial
infections. [39] Vitamin A decreases the incidence and severity of
diarrhea supposedly by preventing dehydration and persistence of
diarrhea. In the intestine, vitamin A is linked to the production of
cell glycoprotein and regulation of cell division, which enables the
renewal of intestinal epithelial cells following acute enteric infections.
Consequently, vitamin A also enables the absorption of water,
electrolytes, and other nutrients.

Vitamin A supplementation during acute diarrhea, specifically
in non-breastfed infants, is likely to alleviate the severity of diarrheal
episodes and the risk of persistent diarrhea. Vitamin A significantly
lowered the odds of risk of persistent diarrhea by 30% in children (1 to
5 years of age) with acute diarrhea (<7 days) [40].

Selenium could play a role in gastrointestinal dysfunction, perhaps
by mediating the adverse effect of oxidative stress in diarrhea. Selenium
deficiency in the milieu of diarrhea augments oxidative stress and

reduces the differentiation and proliferation of T cells.41 consequently,
selenium might aid in the healing process of acute diarrhea. Further,
diarrhea-induced lesions in the epithelial cells of the intestine can
induce selenium deficiency [41-42].

Selenium supplementation in children (6 months to two years old)
with acute watery diarrhea significantly reduced the diarrhea frequency
compared with placebo. Further, the median time to recovery was
lower among selenium-treated children [41].

Nutritional support beyond diarrhea

Young children should be given additional nutritious food
during diarrheal episodes to prevent growth faltering and in the
convalescence period for catch-up growth. Micronutrient malnutrition
as a consequence of diarrhea is associated with impaired immune
functioning. [43-44] Thus, infants and young children are predisposed
to infections, delay in total recovery, and an increased likelihood of
developing severe illness.

The gut microbiota has a critical role in developing immune and
metabolic functions and growth. Altered gut microbiota is reported
before, during, and after diarrheal episodes.45 Decreases in fecal
bacterial diversity correlate with diarrheal frequency, duration, and
severity. [45] According to the Global Enterics Multicenter Study
(GEMS), moderate-to-severe diarrhea is associated with bacterial
diversity and altered microbiota composition in children. [46] Hence,
recurrent diarrheal disease is likely to impair the gut microbiota and
affect the growth and immunity in children. Rice-based nutrition
improves the growth of gut-beneficial microbiota. Therefore, for
gut health beyond diarrhea, rice-based fortified foods could support
microbial regeneration and restore normal functioning of the gut.

Rice-based feeds for diarrhea and beyond diarrhea

Easily digestible staple food, such as rice, is included in the WHO
guidelines for selecting appropriate foods. Rice water is a conventional
therapeutic food in diarrhea and is widely used as a substitute for
glucose in ORS. Rice also shortens the duration of diarrheal episodes.
The starch in rice delivers low glucose but higher energy density than
glucose with a similar osmolality. The minor quantity of amino acids
and proteins in rice helps repair diarrhea-associated mucosal damage.
[47] Amylase-resistant starch is not well-digested in the small intestine
but is fermented in the colon to short-chain fatty acids, which stimulate
sodium and water absorption and prevent water loss [47-48].

Further, [49] rice has also been shown to inhibit intestinal secretions
by inhibiting chloride channel secretion. Experimental studies have
confirmed that the water secretory rates could be reduced by 45% in
the jejunum and 38% in the ileum when 2.5% glucose is replaced with
2.5% rice glucose polymers. Hence, rice-based ORS is potentially more
effective than glucose-based ORS in reducing the stool output and
enabling greater absorption and retention of fluid and electrolytes [49].

Rice-based ORS contains long- and short-chain glucose polymers,
and the latter’s osmolality is one-fourth of glucose. Thus, the benefits
of rice-based ORS are related to its lower osmotic load and higher
carbohydrate content.[50] conducted a meta-analysis of 13 randomized
clinical trials comparing a rice oral rehydration salts solution (n=198)
with a glucose-ORS in children (n=218) with infectious and non-
infectious diarrhea.[50] Rice-based ORS was able to reduce the stool
output by 32% (95% confidence interval [CI], 19-45%) and the rate of
stool loss by 18% (95% CI, 6-30%).50 However, no such benefit was
evident in the case of non-infectious diarrhea. Such a variation in the
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outcome could be attributed to variations in the quality of rice across
geography. [47] Reported that the frequency of diarrheal episodes
is related to the viscosity of the rice, which is linked to the amylose
content. The amylose content of rice ranges from 3% to 25%, and
the rice variety with the highest amylose content effectively reduced
diarrhea. The rice variety that is usually rich in amylose content
contains amylase-resistant starch.

Ragupathy randomly treated children (aged 6 months to 3 years;
n=180) with acute watery diarrhea with glucose-ORS or amylase-
resistant starch plus ORS.48 The study reported that by adding resistant
starch to glucose-ORS, the duration of diarrhea could be significantly
shortened compared with standard treatment. Compared to the
standard treatment, the time to first formed stool was significantly
shorter in children receiving additional amylase-resistant starch and
ORS (median, 21.5 hours [95% CI, 17.26-25.74] vs.18.25 hours, [95%
CL,13.09-23.41]; p=0.04). Also, the median time from enrolment into
the study to the last unformed stool was shorter in children treated
with amylase-resistant starch plus ORS vs. glucose-ORS (6.75 [95% CI,
4.27-9.23] vs. 12.7 [95% CI, 8.69-16.91]; p=0.03). Compared to the
standard glucose-ORS group, the stool weight in the initial 24 h was
lower in the group that received amylase-resistant starch plus ORS [48].

Roy recruited 26 infants (age: 4 to 18 months) suffering from
persistent diarrhea and 25 age-matched healthy controls without
diarrhea.14 All the infants were given a rice powder, egg white,
glucose, and soya oil diet. The rice-based diet enabled 81% (n=21) of
the children to recover from diarrhea seven days after initiating the
diet. Nine of these patients (43%) had recovered as early as three days
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after the onset of diarrhea. Rapid recovery in 21 infants was attributed
to the inexpensive and locally prepared rice-based diet [14].

Kianmehr [51] evaluated the combined effect of glucose-ORS and
rice soup in children (aged 8-24 months) with acute diarrhea (n=40).
Children were randomized to glucose-ORS plus rice soup or glucose-
ORS (control group). Glucose-ORS and rice soup significantly reduced
the duration of diarrhea in children than glucose-ORS only (Figure 2;
p<0.001).51 Further, the fecal output during the first 24 h (p< 0.001)
and the second 24 h was significantly lower (p=0.03) in the glucose-
ORS plus rice soup group than that of the exclusive glucose-ORS group
(Figure 3)[51].

The benefits of a rice-based diet beyond diarrhea could be related to
its positive impact on intestinal microbiome growth. A study evaluating
the effects of four cereal products compared to rice-based cereal has
shown that the latter potentially supports the growth of probiotic
bacteria. Rice-based cereal significantly increased Bacteroidaceae
spp., Bifidobacteriaceae spp., and Lactobacillaceae spp. in the gut but
reduced the abundance of the family Enterobacteriaceae spp. Rice-
based cereal was associated with significantly lower (p<0.001) pH
levels than samples with oats, wheat, and sorghum-based cereals.
[52] Studies have shown that the growth of a major group of gram-
negative bacteria can be inhibited at a mildly acidic pH of 5.5.[53]
Hence, by lowering the pH, rice-based cereal could inhibit the growth
of pathogenic Escherichia coli.

Importance of rice-fortification

The double burden of chronic or persistent diarrhea and
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Figure 2: Glucose-oral rehydration solution (G-ORS) plus rice-based diet was associated with reduced duration of diarrhea [51].
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Figure 3: Glucose-oral rehydration solution (G-ORS) plus rice soup was significantly effective in decreasing the stool output frequency [51].
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malnutrition leads to growth and developmental failures, micronutrient
deficiencies, and recurrent gut infections. Micronutrient deficiencies
are associated with an increased risk of morbidity and perhaps
mortality too. Food-based interventions include dietary diversification,
mass food fortification or point-of-use food fortification. [54-55]
nearly 90% of the world’s rice is produced and consumed in Asia.
More than 50% of the world’s population consumes rice as a staple
food, but there is a concern that rice is deficient in minerals. Rice is
the main source of carbohydrates, a moderate source of protein, and
a good source of vitamins but with a limited mineral profile. [55-56]
unfortunately, vitamins (thiamine and riboflavin) and minerals (such
as iron, phosphorus, zinc, magnesium, and copper) are lost during rice
de-hulling and polishing. Rice processing also affects the distribution
of nutrients within the kernel. Rice polishing (frictional) leads to
a 60-80% reduction in the concentration of minerals such as iron,
magnesium, phosphorus, potassium, and manganese. Irrespective of
the type of polishing, zinc, sulphur, calcium, copper, molybdenum,
and cadmium concentration in rice decreased by less than 30%. [57]
Prolonged parboiling also causes the loss of essential constituents in
paddy rice.

In the background of a micronutrient deficiency state, rice
fortification with vitamins and minerals could improve the nutritive
value of rice and meet the optimal micronutrient requirements esp.
during the critical phase of growth & development (6 months- 2 years).
[54-56] Fortification increases the micronutrient density of rice and
hence improving the daily intake of essential vitamins and minerals.
Micronutrient fortification is a cost-effective strategy for increasing
the nutrient density of foods. A country-based experience showed
that fortification of rice with iron, zinc, and vitamins B1 (thiamine),
B3 (niacin), B6 (pyridoxine), B9 (folic acid), and B12 (cobalamin)
significantly improved the recommended nutritional intake of the
family [58].

Summary

Diarrhea in children is a significant problem in terms of mortality
and morbidity. The intricate link between diarrhea and malnutrition
affects the immune and nutritional status of children. Growth
faltering is a significant consequence of diarrhea augmented in the
milieu of malnutrition. Children with diarrhea are also predisposed
to micronutrient deficiency due to inadequate nutrient intake and/
or malabsorption of nutrients. Oral rehydration solution is the
cornerstone of managing dehydration in diarrhea. Nutritional
management is warranted to address issues that prevail beyond
dehydration. The diet provided during diarrhea should not aggravate
or irritate the gut and should be gentle on developing gut. It should
be easily digestible. Rice-based feeds during the diarrheal episodes and
in the convalescence period is beneficial as rice contains starches that
are easy to digest; provides a high energy density diet with minimal
increase in osmolality; can furnish amino acids vital for mucosal
repair; is nutrient dense which can replenish essential micronutrients
lost during illness, and positively modulates gut microbiota. These
benefits of a rice-based diet during and beyond diarrhea supports
catch-up growth, improve children’s immune function, and eventually
improve nutritional status. Clinical trials have supported the beneficial
role of certain micronutrients such as vitamin A, zinc, and selenium
in diarrhea management. Micronutrient fortification is a cost-effective
strategy for increasing the nutrient density of these rice based feeds
which support faster recovery during and beyond diarrhea.
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