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tial vitamins and minerals. In this review paper, we aim to provide a compre-
hensive overview of hidden hunger, including its causes, consequences, and

interventions, as well as identify research gaps and future directions. We hope
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focus has historically been on addressing undernutrition, which is character-
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Scientific Research Publishing Inc. successful programs and interventions such as food supplementation and for-
This workis licensed under the Creative tification, which have helped to reduce the prevalence of undernutrition.
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/ ~ Which requires a different approach focused on increasing access to nutrient-

rich foods and promoting healthy dietary habits. Addressing hidden hunger

requires a multifaceted approach that includes improving access to nutritious

However, these programs have not necessarily addressed hidden hunger,

foods, promoting healthy dietary habits, and increasing awareness of the im-
portance of micronutrients for health. The prevalence of hidden hunger high-
lights the need for targeted interventions to improve nutrition and increase
access to nutritious foods, particularly in vulnerable populations. Hidden hun-
ger can affect populations, and addressing it requires a comprehensive ap-
proach that takes into account factors such as food access, health status, soci-
oeconomic conditions, and the unique nutritional needs and challenges faced
by each population. While each intervention (supplementation or Biofortifi-
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cation) has its strengths and limitations, a combination of approaches that ad-
dress the underlying causes of hidden hunger can be effective in reducing mi-
cronutrient deficiencies and improving nutritional status. Additionally, inter-
ventions that are sustainable and integrated into existing systems and pro-
grams can have a more lasting impact on addressing hidden hunger. Address-
ing the gaps in our knowledge on hidden hunger will require involving re-
searchers, policymakers, and community stakeholders working together to de-
velop and implement effective strategies to improve nutrition and health out-
comes. It is essential to prioritize and invest in interventions aimed at address-
ing hidden hunger, including food-based approaches, fortification, supple-
mentation, and biofortification. Moreover, research and monitoring efforts
should be enhanced to improve our understanding of the effectiveness of these
interventions and to identify areas for improvement. Ultimately, addressing
hidden hunger is critical for achieving health and development goals, includ-
ing the Sustainable Development Goals.

Keywords

Fortification, Supplementation, Biofortification, Micronutrient Deficiencies,
Vitamins and Minerals

1. Introduction

Hidden hunger, also known as micronutrient deficiency, is a form of malnutrition
that occurs when individuals consume an inadequate amount of essential vitamins
and minerals [1]-[5]. Despite the prevalence of hidden hunger, it remains a ne-
glected public health issue, particularly in developing countries [6] [7]. This is
alarming given that hidden hunger can lead to a range of negative health out-
comes, including impaired growth and development, weakened immune systems,
and decreased productivity [8]-[10]. In this review paper, we aim to provide a
comprehensive overview of hidden hunger, including its causes, consequences,
and interventions, as well as identify research gaps and future directions. Specifi-
cally, we will examine the prevalence and distribution of hidden hunger, the var-
ious causes and consequences of this condition, and the interventions that have
been used to address it. By doing so, we hope to raise awareness of hidden hunger
as a health issue and contribute to the development of effective strategies for ad-
dressing this problem in South Kivu Province, Eastern DRC.

While many people may consume enough calories to meet their energy needs,
they may not be getting enough of the micronutrients required for proper growth
and development, immune function, and overall health [11]-[14].

According to the World Health Organization (WHO), hidden hunger affects
approximately two billion people worldwide, with the highest rates found in de-
veloping countries (United Nations, 2020). In these regions, hidden hunger is of-

ten linked to poverty, food insecurity, and inadequate access to nutritious foods
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[15] [16]. However, hidden hunger can also affect individuals in wealthier coun-
tries who may have limited access to fresh, healthy foods or who consume diets
that are low in essential micronutrients [15] [16].

In many developing countries, people rely heavily on staple foods such as rice,
wheat, and maize, which are often deficient in essential micronutrients [17] [18].
For example, polished rice is a common staple food in many parts of Asia, but it
is low in iron and vitamin A. Similarly, corn-based diets in Africa are often low in
protein and essential amino acids [17] [18]. Inadequate access to fresh fruits and
vegetables, which are rich sources of vitamins and minerals, also contributes to
hidden hunger in developing countries [19] [20].

In wealthier countries, hidden hunger can affect for example, people who rely
on highly processed foods or fast food may consume diets that are high in calories
but low in nutrients [21] [22]. Similarly, people who follow restrictive diets, such
as vegans or vegetarians, may be at risk of micronutrient deficiencies if they do
not carefully plan their diets [23]-[25].

The consequences of hidden hunger can be severe and long-lasting [26]. For
example, children who experience hidden hunger may experience stunted growth,
delayed cognitive development, and impaired immune function, all of which can
have lifelong impacts on their health and well-being [26]. Hidden hunger can also
lead to increased susceptibility to infectious diseases and chronic conditions such
as anemia and blindness [26].

Children who experience hidden hunger are especially vulnerable to these con-
sequences. When children do not receive adequate nutrition during critical peri-
ods of growth and development, it can lead to stunted growth and developmental
delays [26]. Children who experience hidden hunger may also be more susceptible
to infectious diseases such as diarrhea, respiratory infections, and malaria [26].

In addition to the short-term consequences, hidden hunger can have long-last-
ing impacts on health and well-being. For example, iron deficiency anemia, which
is a common consequence of hidden hunger, can lead to fatigue, weakness, and
decreased productivity, and can also increase the risk of complications during
pregnancy and childbirth [17] [27]. Vitamin A deficiency can cause blindness and
increase the risk of infectious diseases, while iodine deficiency can lead to goiter
and impaired cognitive development [6].

Furthermore, the impacts of hidden hunger can have a ripple effect on entire
communities and even countries. Hidden hunger can limit educational attain-
ment, decrease productivity, and increase healthcare costs [28]-[31]. These effects
can, in turn, contribute to a cycle of poverty and malnutrition, making it even
more difficult to break the cycle of hidden hunger [28]-[31].

Despite the significant impact of hidden hunger on global health, this issue re-
mains relatively unknown and under-prioritized [32]. This is particularly true in
developing countries, where resources and attention are often directed towards
addressing other forms of malnutrition, such as undernutrition and overnutrition,
which are more visible and have more immediate consequences [32].

In many developing countries, D.R. Congo in particular, the focus has histori-
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cally been on addressing undernutrition, which is characterized by a lack of suffi-
cient calories and protein [33]. This focus on undernutrition has led to successful
programs and interventions, such as food supplementation and fortification,
which have helped to reduce the prevalence of undernutrition [34] [35]. However,
these programs have not necessarily addressed hidden hunger, which requires a
different approach focused on increasing access to nutrient-rich foods and pro-
moting healthy dietary habits [35] [36].

Similarly, in developed countries, the focus on nutrition has often been on ad-
dressing overnutrition, which is characterized by excessive calorie intake and can
lead to obesity and related health problems [37] [38]. While overnutrition is a
significant public health issue, it has led to a relative lack of attention and re-
sources directed towards hidden hunger, which is less visible and less well-under-
stood.

Micronutrients are essential vitamins and minerals that our bodies need in
small quantities to function properly. These include vitamins A, C, D, E, K, and
B-complex vitamins, as well as minerals such as iron, zinc, iodine, and calcium
(WHO, 2022; CDC, 2022; NHS, 2020). These micronutrients play critical roles in
a wide range of bodily functions, including metabolism, immune function, bone
health, and cognitive development (WHO, 2022; CDC, 2022; NHS, 2020).

When individuals do not consume enough of these micronutrients, it can lead
to hidden hunger, which can have serious health consequences (NHS, 2020). For
example, vitamin A deficiency can cause blindness and weaken the immune sys-
tem, while iron deficiency can lead to anemia and impaired cognitive development
[39]. Zinc deficiency can impair growth and increase the risk of infections, while
iodine deficiency can cause goiter and impaired cognitive development [40]-[42].

Hidden hunger is prevalent in DRC, where access to nutritious foods can be
limited, and diets may be heavily reliant on staple foods that are low in micronu-
trients [43] [44]. However, hidden hunger can also occur in wealthier countries,
particularly among vulnerable populations such as children, pregnant and breast-
feeding women, and the elderly.

Hidden hunger is a health issue that requires attention and action from policy-
makers, health professionals, and communities to ensure that everyone has access
to the nutrients they need to live healthy and productive lives [45].

Addressing hidden hunger requires a multifaceted approach that includes im-
proving access to nutritious foods, promoting healthy dietary habits, and increas-
ing awareness of the importance of micronutrients for health [46]. Addressing
hidden hunger is essential for improving health outcomes and breaking the cycle

of poverty and malnutrition [47].

2. Causes and Consequences of Hidden Hunger

2.1. Various Causes of Hidden Hunger

Hidden hunger, or micronutrient deficiency, can have multiple causes, including

insufficient nutrient intake, poor dietary diversity, and low bioavailability of nu-
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trients [1] [45].

Insufficient nutrient intake occurs when individuals do not consume enough
essential vitamins and minerals in their diet [48]. This can be due to a variety of
factors, including poverty and limited access to nutritious foods, which is partic-
ularly common in DRC [43] [49]. It can also be due to dietary choices, such as a
preference for processed or refined foods that are low in essential nutrients [50].

Poor dietary diversity can also contribute to hidden hunger. When individuals
consume a limited range of foods, they are more likely to miss out on essential
micronutrients [51]. This is particularly true for those who rely on a small number
of staple foods for the majority of their calorie intake [52].

Dietary diversity refers to the variety of different foods and food groups con-
sumed in a diet [53] [54]. A diverse diet is important for ensuring that the body
receives all the essential vitamins and minerals required for optimal health and
well-being. When individuals consume a limited range of foods, they are more
likely to miss out on key micronutrients [55].

Poor dietary diversity is often linked to poverty and limited access to nutritious
foods [56]. Many people may rely on a small number of staple foods, such as rice
or maize, for the majority of their calorie intake. While these foods may provide
energy, they may not provide all the essential micronutrients required for optimal
health [57].

In addition to poverty and limited access to nutritious foods, poor dietary di-
versity can also be linked to cultural and social factors [21]. For example, certain
cultures or regions may have dietary restrictions or preferences that limit the va-
riety of foods consumed (C. Nfundiko, 2018).

Addressing poor dietary diversity requires a multi-faceted approach, including
increasing access to a diverse range of nutritious foods, promoting education and
awareness of the importance of dietary diversity, and addressing the root causes
of poverty and food insecurity [58]. This may involve interventions such as pro-
moting home gardens, diversifying crops and food systems, and encouraging the
consumption of a wider range of foods.

Low bioavailability of nutrients is another contributing factor to hidden hun-
ger. Even when individuals consume sufficient quantities of essential nutrients,
their bodies may not be able to absorb and utilize these nutrients effectively [59].
This can be due to factors such as chronic infections or inflammation, which can
interfere with nutrient absorption, or to the presence of anti-nutrients in certain
foods, such as phytates in legumes, which can bind to minerals and make them
less available for absorption [60]-[62].

The bioavailability of a nutrient refers to the degree to which it can be absorbed
and utilized by the body [60]-[62]. Nutrient bioavailability is influenced by a range
of factors, including the form of the nutrient (e.g. heme iron vs non-heme iron),
the presence of other nutrients (e.g. vitamin C can enhance iron absorption), and
the presence of anti-nutrients (e.g. phytates, tannins) or enhancers (e.g. citric
acid) in foods.

In some cases, chronic infections or inflammation can interfere with nutrient
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absorption, leading to low bioavailability of certain nutrients [63]. For example,
chronic diarrhea or intestinal infections can impair the absorption of nutrients
such as zinc and vitamin A. Similarly, inflammation caused by conditions such as
Crohn’s disease or celiac disease can reduce the absorption of nutrients from the
diet [64] [65].

Anti-nutrients are compounds found in certain foods that can reduce the bioa-
vailability of nutrients [66] [67]. For example, phytates are found in legumes, nuts,
and whole grains and can bind to minerals such as iron and zinc, making them
less available for absorption. Similarly, tannins in tea and coffee can reduce the
absorption of iron [68] [69].

Addressing low bioavailability of nutrients requires a multi-faceted approach.
Strategies may include promoting the consumption of nutrient-rich foods that are
easily absorbed and utilized by the body, such as animal source foods, as well as
promoting food processing techniques that can reduce the levels of anti-nutrients
in foods, such as soaking, fermenting, and sprouting [66] [70]. In addition, ad-
dressing chronic infections or inflammation through improved sanitation and ac-
cess to healthcare can also improve nutrient absorption and utilization [71] [72].

Other factors that can contribute to hidden hunger include poor sanitation and
hygiene, which can increase the risk of infections that can lead to nutrient loss or
impaired absorption, and limited access to healthcare and education, which can
limit knowledge and awareness of the importance of proper nutrition [73].

Poor sanitation and hygiene can increase the risk of infections, such as diarrhea,
which can lead to nutrient loss or impaired nutrient absorption [74]. This is be-
cause diarrhea can cause the body to lose essential nutrients such as zinc and vit-
amin A, which are important for maintaining a healthy immune system and
growth and development [75]. In addition, repeated episodes of diarrhea can lead
to malabsorption of nutrients and chronic nutrient deficiencies [76].

Limited access to healthcare and education can also contribute to hidden hun-
ger by limiting knowledge and awareness of the importance of proper nutrition
[77]. For example, in some communities, there may be traditional beliefs or prac-
tices that lead to inadequate dietary intake of essential nutrients [78] [79]. Addi-
tionally, lack of access to healthcare services may result in missed opportunities
for nutrition counseling, testing for nutrient deficiencies, and treatment of infec-
tions or conditions that can affect nutrient absorption [80].

Furthermore, factors such as climate change, urbanization, and food insecurity
can also contribute to hidden hunger. Climate change can affect agricultural
productivity, leading to decreased availability and diversity of nutritious foods
[81] [82]. Urbanization can result in a shift towards processed and convenience
foods, which may be low in essential nutrients [83] [84]. Food insecurity, which
is defined as limited access to sufficient, safe, and nutritious food, can lead to in-
adequate nutrient intake and increased risk of micronutrient deficiencies [85].

Insufficient nutrient intake is a major cause of hidden hunger, particularly in

South-Kivu province, where poverty and limited access to nutritious foods are
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common. Many people in this region may rely on a limited range of staple foods
for the majority of their calorie intake, which can result in a lack of essential mi-

cronutrients in their diet [86].

2.2. Consequences of Hidden Hunger

Hidden hunger, or micronutrient deficiency, can have several consequences on
human health and well-being [87]-[89]. These consequences can vary depending
on the specific nutrients that are deficient and the severity and duration of the
deficiency [90]-[92]. Some of the most common consequences of hidden hunger
include:

Malnutrition: Hidden hunger can lead to malnutrition, which occurs when the
body does not receive enough essential nutrients to support normal growth, de-
velopment, and function. Malnutrition can result in a weakened immune system,
delayed wound healing, and increased risk of infections and diseases [93]-[95]
[71].

In addition to the weakened immune system, delayed wound healing, and in-
creased risk of infections and diseases that result from malnutrition, hidden hun-
ger can also lead to other forms of malnutrition [96]. For example, hidden hunger
can contribute to undernutrition, which occurs when individuals do not consume
enough calories to meet their energy needs. Undernutrition can lead to a range of
health problems, including stunted growth, weight loss, and muscle wasting [97]
[98].

Hidden hunger can also contribute to overnutrition, which occurs when indi-
viduals consume more calories than they need, often in the form of unhealthy
foods that are high in fat, sugar, and salt but low in essential nutrients [99] [100].
Overnutrition can lead to obesity, which is a major risk factor for a range of
chronic diseases, including heart disease, diabetes, and certain types of cancer
[100].

Moreover, hidden hunger can have particularly severe consequences for preg-
nant women and young children. Pregnant women who experience hidden hun-
ger may be at increased risk of complications during pregnancy and childbirth,
and their infants may be born with low birth weight and a higher risk of mortality
[101]. Children who experience hidden hunger are at risk of stunted growth, im-
paired cognitive development, and reduced school performance, which can have
lifelong impacts on their health and well-being [102] [103].

Stunted growth: Micronutrient deficiencies during early childhood can lead to
stunted growth, which is characterized by low height-for-age. Stunted growth can
have long-lasting effects on physical and cognitive development, leading to re-
duced adult height, lower cognitive abilities, and reduced earning potential in
adulthood [103].

Stunted growth is a serious consequence of hidden hunger, particularly among
children. The lack of essential micronutrients such as vitamin A, zinc, and iron

can significantly affect the growth and development of children. Inadequate in-
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take of these nutrients can lead to a failure in the production of new tissue and cell
division, which results in stunted growth [104] [105].

Stunted growth can have several long-term effects on an individual’s health and
well-being. Children who experience stunted growth may be at a higher risk of
developing chronic diseases later in life, such as diabetes and heart disease [106]-
[108]. Additionally, stunted growth can negatively impact cognitive development
and academic performance, leading to reduced earning potential and economic
productivity in adulthood [103]. In developing countries, stunted growth is often
associated with poverty and limited access to nutritious foods, which can perpet-
uate a cycle of poor health and reduced economic opportunities.

Impaired cognitive development: Hidden hunger can also impair cognitive
development, particularly in young children. Deficiencies in iron, zinc, and iodine
have been linked to impaired cognitive function, including reduced attention
span, memory, and learning ability [26].

Iron is essential for the production of hemoglobin, which carries oxygen to the
brain [109]. Iron deficiency in children can lead to decreased oxygen supply to the
brain, resulting in impaired cognitive function [110]. Zinc is important for brain
development and function, and deficiency in this micronutrient can lead to im-
paired memory and attention, as well as delayed motor development [111] [112].
Iodine is essential for the production of thyroid hormones, which play a crucial
role in brain development and function [113] [114]. Iodine deficiency during
pregnancy and early childhood can lead to irreversible brain damage and impaired
cognitive function, including reduced IQ and learning ability. [115].

These cognitive impairments can have long-lasting effects on individuals and
their communities, as reduced cognitive abilities can lead to lower academic
achievement, reduced earning potential, and decreased economic growth [107]
[116]. Additionally, impaired cognitive function can lead to increased risk-taking
behaviors, poor decision-making skills, and reduced mental health. Overall, hid-
den hunger can have significant negative impacts on individuals and societies,
highlighting the need for greater attention and action to address this issue [117].

Increased risk of chronic diseases: Micronutrient deficiencies can increase the
risk of several chronic diseases, including anemia, blindness, and impaired im-
mune function. For example, iron deficiency can lead to anemia, which is charac-
terized by a decrease in the number of red blood cells in the body and can result
in fatigue, weakness, and impaired physical performance [118].

In addition to anemia, hidden hunger can also increase the risk of other chronic
diseases [119]. For instance, vitamin A deficiency can lead to blindness, particu-
larly in children, and is a leading cause of preventable blindness worldwide [120]
[121]. Zinc deficiency is associated with impaired immune function and increased
susceptibility to infectious diseases [122]. Iodine deficiency can result in goiter, a
condition characterized by the enlargement of the thyroid gland, as well as im-
paired cognitive development and increased risk of infant mortality [123].

Furthermore, hidden hunger can also increase the risk of non-communicable
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diseases (NCDs) such as cardiovascular disease, cancer, and diabetes [124] [125].
For example, deficiencies in micronutrients such as vitamin D, magnesium, and
calcium have been linked to an increased risk of cardiovascular disease, while low
intake of antioxidants such as vitamins C and E have been associated with an in-
creased risk of cancer [126]. These chronic diseases have a significant impact on
global health and can result in increased morbidity and mortality rates [127].

Maternal and child health: Micronutrient deficiencies during pregnancy can
increase the risk of adverse outcomes such as preterm birth, low birth weight, and
infant mortality. Additionally, deficiencies in certain micronutrients, such as vit-
amin A and zinc can increase the risk of maternal mortality [128].

Maternal and child health is another area where hidden hunger can have severe
consequences. Micronutrient deficiencies during pregnancy can lead to adverse
outcomes such as preterm birth, low birth weight, and infant mortality [129]. For
example, inadequate intake of iron, folic acid, and other micronutrients during
pregnancy can increase the risk of maternal anemia, which can lead to low birth
weight and preterm birth, and increases the risk of infant mortality [129]. Simi-
larly, deficiencies in vitamin A and zinc during pregnancy can lead to complica-
tions such as night blindness and increased risk of infections, which can increase
the risk of maternal mortality [130].

In addition to the risks during pregnancy, children who experience hidden hun-
ger may experience stunted growth, delayed cognitive development, and impaired
immune function, which can have lifelong impacts on their health and well-being
[131]. These consequences can further perpetuate the cycle of poverty, as poor
health outcomes can limit educational attainment and reduce earning potential in
adulthood.

3. Prevalence and Distribution of Hidden Hunger

3.1. Prevalence of Hidden Hunger at Global and Regional Levels

Hidden hunger is a significant issue that affects millions of people worldwide, with
the highest rates found in developing countries [45]. According to the World
Health Organization (WHO), approximately two billion people worldwide suffer
from hidden hunger, with the majority of cases occurring in Africa, Asia, and
Latin America (WHO, Accessed on 2 May 2022).

The prevalence of hidden hunger varies across different regions and popula-
tions. In many developing countries, hidden hunger is a pervasive and chronic
issue, affecting large segments of population [45]. In sub-Saharan Africa, it is es-
timated that up to 40% of children under the age of five suffer from vitamin A
deficiency, while up to 50% of women of reproductive age are anemic [132]. In
South Asia, more than half of children under the age of five are estimated to be
affected by one or more micronutrient deficiencies [132].

In Africa, hidden hunger is particularly widespread, with many countries expe-
riencing high rates of malnutrition and micronutrient deficiencies [133]. In sub-

Saharan Africa, more than 30% of children under the age of five suffer from
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stunted growth due to malnutrition [116].

In addition to stunted growth, many African countries also have high rates of
anemia, which is often caused by iron deficiency. According to the WHO, an es-
timated 50% of children and 40% of women in sub-Saharan Africa are anemic.
This can have significant implications for maternal and child health, as anemia
during pregnancy increases the risk of preterm birth, low birth weight, and ma-
ternal mortality [129].

In Asia, the prevalence of hidden hunger varies depending on the region and
country. In South Asia, approximately 39% of children under the age of five suffer
from stunted growth due to malnutrition, while in East Asia, the prevalence is
lower, at around 17%. Micronutrient deficiencies are also common in many parts
of Asia, particularly deficiencies in iron, vitamin A, and iodine [134].

Latin America is another region where hidden hunger is a significant issue. In
many countries in the region, particularly in Central America and the Andean
region, stunted growth is a major problem, affecting up to 25% of children under
the age of five [135]. Micronutrient deficiencies are also common, particularly de-
ficiencies in iron and vitamin A.

The prevalence of hidden hunger varies widely across regions and countries,
but it is clear that it remains a significant global health challenge, particularly in
developing countries.

In Asia, hidden hunger is also a significant problem, with many countries ex-
periencing high rates of micronutrient deficiencies [136]. For example, in India,
more than half of all children under the age of five are anemic due to iron defi-
ciency [137].

In addition to Guatemala, many other countries in Latin America also experi-
ence high rates of hidden hunger. For example, in Bolivia, about one-third of chil-
dren under the age of five suffer from stunted growth due to malnutrition, while
in Haiti, about one in five children suffer from acute malnutrition [138]. In Brazil,
while overall hunger rates have decreased in recent years, there are still pockets of
population, particularly in rural areas and among indigenous communities, that
experience high rates of hidden hunger and malnutrition [139]. Additionally, in
some countries in the region, such as Mexico and Peru, obesity rates are also in-
creasing, highlighting the importance of addressing both undernutrition and
overnutrition in the fight against hidden hunger [140].

In developed countries, hidden hunger may not be as widespread as in devel-
oping countries, but it can still be a significant issue for certain populations. For
example, low-income families in developed countries may have limited access to
nutritious foods due to financial constraints, which can lead to micronutrient de-
ficiencies and hidden hunger [141]. In addition, the elderly may be at increased
risk of hidden hunger due to factors such as limited mobility, social isolation, and
changes in appetite and digestion that can occur with aging [142].

Furthermore, certain health conditions and medications can interfere with nu-

trient absorption and increase the risk of hidden hunger [88]. For example, indi-
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viduals with gastrointestinal disorders such as Crohn’s disease or celiac disease
may have impaired nutrient absorption, and those taking medications such as
proton pump inhibitors for acid reflux may have reduced absorption of certain

micronutrients like magnesium and vitamin B12 [143].

3.2. Distribution of Hidden Hunger across Different Populations

Hidden hunger affects different populations in different ways, with children,
women, and elderly individuals being particularly vulnerable [144].

Children are one of the most affected populations by hidden hunger, as they
require adequate nutrition for proper growth and development [88]. According
to UNICEF, approximately 149 million children under the age of five in develop-
ing countries suffer from stunted growth due to malnutrition. Micronutrient de-
ficiencies can also impair cognitive development in children, leading to reduced
learning abilities and decreased future earning potential.

Children are particularly vulnerable to hidden hunger because they have high
nutrient needs during growth and development, and their diets may not always
meet these needs [88]. In addition, young children may have limited access to di-
verse and nutritious foods, particularly in low-income households.

According to the World Health Organization (WHO), around 45% of child
deaths globally are linked to malnutrition, which includes hidden hunger [145].
Micronutrient deficiencies during early childhood can lead to stunted growth and
impaired cognitive development, as previously mentioned.

It is worth noting that even in high-income countries, children can still be af-
fected by hidden hunger. For example, in the United States, approximately one in
six children experiences food insecurity, which can lead to inadequate nutrient
intake and micronutrient deficiencies [146]. This highlights the need for compre-
hensive and equitable nutrition interventions for all children, regardless of socio-
economic status.

Furthermore, women often face higher rates of micronutrient deficiencies due
to social and cultural factors [147]. In many cultures, women are expected to pri-
oritize the nutritional needs of their families over their own, leading to maternal
malnutrition and micronutrient deficiencies [29]. In addition, women may expe-
rience menstrual blood loss, which can lead to iron deficiency anemia if not
properly addressed [118] [148]. Women who breastfeed also require increased
amounts of certain micronutrients to support the growth and development of
their infants, further increasing their risk of hidden hunger [149].

Elderly individuals are also vulnerable to hidden hunger due to a variety of fac-
tors, such as reduced appetite, decreased ability to absorb nutrients, and limited
access to nutritious foods [150] [151]. Micronutrient deficiencies in elderly indi-
viduals can lead to a weakened immune system, decreased bone density, and im-
paired cognitive function [152].

As individuals age, their nutritional needs may change due to changes in me-

tabolism, health status, and physical activity levels. Elderly individuals may expe-
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rience reduced appetite, dental problems, or difficulty chewing and swallowing,
which can contribute to inadequate nutrient intake [151]. Additionally, older
adults may have reduced ability to absorb nutrients due to changes in the digestive
system.

Micronutrient deficiencies in elderly individuals can have significant health
consequences. For example, vitamin D deficiency can increase the risk of osteo-
porosis and fractures, while inadequate intake of calcium and vitamin K can also
contribute to reduced bone density [153]. Deficiencies in vitamin B12 and folate
can lead to anemia and impaired cognitive function, while deficiencies in vitamin
C and zinc can impair immune function and increase the risk of infections [92].

In some cases, elderly individuals may also face barriers to accessing nutritious
foods, such as limited mobility, transportation, or financial constraints. These fac-
tors can exacerbate the risk of hidden hunger in this population. It is important
for healthcare professionals to be aware of the unique nutritional needs of elderly
individuals and to work with them to ensure that they are receiving adequate nu-
trition to support their health and well-being.

3.3. Prevalence of Hidden Hunger in DRC and South Kivu Province

3.3.1. Prevalence of Hidden Hunger in DRC

Hidden hunger, is a widespread issue in DRC, as it is in many sub-Saharan African
countries. Several factors contribute to the prevalence of hidden hunger in DRC
[45]:

Dietary Patterns: The typical diet in many parts of the DRC is often character-
ized by limited diversity and access to nutrient-rich foods [154]. A diet primarily
based on staple crops such as cassava, maize, and rice can lack essential nutrients,
contributing to hidden hunger [155]. This can result in inadequate intake of es-
sential micronutrients like vitamins and minerals.

Poverty: High levels of poverty in the DRC can limit access to a balanced and
diverse diet, making individuals and communities more vulnerable to hidden
hunger [154].

Inadequate Healthcare: Limited access to healthcare, including antenatal and
postnatal care, contribute to micronutrient deficiencies, particularly among preg-
nant women and children [156].

Conflict and Displacement: Ongoing conflicts and displacement in certain re-
gions of the DRC disrupt food security and access to essential healthcare services,
exacerbating hidden hunger [157].

3.3.2. Prevalence of Hidden Hunger in South Kivu Province
South Kivu province, located in eastern DRC, has been particularly affected by
conflict and displacement [158]. This has made the situation more complex re-
garding hidden hunger:

Conflict and Displacement: The region has experienced long-standing con-
flicts and population displacement, which have disrupted food supply chains and

access to healthcare, increasing the risk of hidden hunger [159].
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Vulnerable Populations: Vulnerable populations, such as internally displaced
persons (IDPs) and refugees, are at heightened risk of hidden hunger due to lim-
ited access to nutritious food and healthcare [159].

Data Gaps: Data on the prevalence of hidden hunger in South Kivu is limited
due to the challenging security situation and the difficulties in conducting com-
prehensive surveys. This is the reason for carrying out this research to fill the gap
and direct interventions to combat hidden hunger in the South-Kivu province.

It’s important to note that efforts are being made by international organiza-
tions, NGOs, and the government of the DRC to address hidden hunger through
various interventions, including food fortification, nutrition education, and sup-
port for vulnerable populations [159]. However, the situation is complex, and on-
going conflict and instability have hindered progress in combatting hidden hun-
ger.

Addressing hidden hunger in DRC, particularly in South Kivu, requires a mul-
tifaceted approach. This includes improving dietary diversity, fortifying staple
foods with essential micronutrients, expanding access to healthcare services, and
addressing the underlying causes of food insecurity and conflict. Additionally,
raising awareness about proper nutrition and implementing targeted interven-
tions for vulnerable populations is crucial to reducing the prevalence of hidden

hunger in both the DRC and South Kivu province.

3.4. Distribution of Hidden Hunger Across DRC and South-Kuvu
Province

The distribution of hidden hunger, or micronutrient deficiencies, across the Dem-
ocratic Republic of Congo (DRC) and its specific region, South Kivu province, is
a complex and multifaceted issue influenced by various factors. Understanding
how hidden hunger is distributed across these areas is crucial for designing effec-
tive interventions and addressing the specific needs of different populations.

1) Distribution of Hidden Hunger in the DRC

Regional Disparities: Hidden hunger is not evenly distributed across the DRC.
There are notable regional disparities due to differences in geography, climate,
access to resources, and socio-economic conditions. Generally, areas with limited
access to diverse, nutrient-rich foods tend to have higher prevalence rates.

Urban vs. Rural Disparities: Within the DRC, urban areas often have better
access to a variety of foods and improved healthcare services. Rural areas, on the
other hand, face challenges related to agricultural productivity, food access, and
healthcare infrastructure, which contribute to higher rates of hidden hunger
[159].

Conflict and Displacement: Ongoing conflicts in some regions of the DRC,
particularly in the eastern part of the country, have exacerbated hidden hunger.
Displacement, insecurity, and disruptions to food supply chains have lead to in-
creased vulnerability to malnutrition, including hidden hunger [159].

Vulnerable Populations:
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The distribution of hidden hunger also varies based on the vulnerability of spe-
cific populations. For instance, pregnant women, infants, and young children are
particularly susceptible due to their increased nutritional needs.

Conflict-affected areas, which have experienced displacement and disruption
of food supply chains, exhibit higher rates of hidden hunger compared to stable
regions.

Dietary Habits and Cultural Practices: Dietary habits and cultural practices
influence the distribution of hidden hunger. Regions with traditional diets that
lack diversity are at greater risk.

Some cultural practices, such as food taboos or restrictions, limit the intake of
certain nutrient-rich foods, contributing to deficiencies [160].

Nutrient-Specific Variations: Different regions may have varying prevalence
rates of specific micronutrient deficiencies. For example, regions with limited ac-
cess to iodized salt experience higher rates of iodine deficiency disorders, while
areas with dietary restrictions see higher rates of Vitamin B12 deficiency.

2) Distribution of Hidden Hunger in South Kivu Province

Geographical Diversity: South Kivu province, located in the eastern part of the
DRC, encompasses diverse geographical features, including hills, plateaus, and
lowlands. These varying terrains affect agricultural practices and dietary diversity
[161], leading to differences in the distribution of hidden hunger within the prov-
ince.

Conflict Dynamics: Like other parts of eastern DRC, South Kivu has faced con-
flict and displacement. These factors have disrupted food production, access to
healthcare, and the overall nutritional status of the population, contributing to
hidden hunger.

Ethnic and Cultural Diversity: South Kivu is known for its ethnic and cultural
diversity. Different communities have unique dietary practices and nutritional
habits influencing the prevalence of specific micronutrient deficiencies.

Access to Healthcare: Disparities in healthcare infrastructure and access to ser-
vices affect the distribution of hidden hunger. Some areas have better access to
healthcare facilities that provide essential nutrition services, while others lack such
resources.

Seasonal Variability: Agricultural productivity in South Kivu have been af-
fected by seasonal variations, which have impacted the availability and diversity
of foods [161]. This has led to seasonal fluctuations in the prevalence of hidden
hunger.

To effectively address hidden hunger in both the DRC and South Kivu province,
tailored interventions are essential. These interventions should take into account
the specific nutritional needs of different regions, consider the impact of conflicts
and displacement, and aim to improve food security, dietary diversity, and access
to essential healthcare services. Additionally, raising awareness about proper nu-
trition and implementing sustainable agricultural practices can contribute to re-

ducing the distribution of hidden hunger in these areas.
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3.5. Factors That Contribute to the Uneven Distribution of Hidden
Hunger

The uneven distribution of hidden hunger can be attributed to a variety of factors,
including:

Poverty: Poverty is one of the most significant contributing factors to hidden
hunger, as individuals living in poverty often have limited access to nutritious
foods. Poverty can also limit access to healthcare and education, which can further
exacerbate the problem of hidden hunger [141].

Limited access to healthcare: Individuals who do not have access to healthcare
may not receive adequate nutrition education or may not be diagnosed and treated
for micronutrient deficiencies. This is particularly true in rural areas where
healthcare infrastructure may be limited [162].

Climate and environmental factors: Climate and environmental factors such
as drought, floods, water quality and soil degradation can impact the quality and
availability of food [36] [163].

Food insecurity: Food insecurity, which is the lack of access to adequate
amounts of nutritious food, can contribute to hidden hunger. This can be caused
by a variety of factors, such as poverty, natural disasters, conflict, and climate
change [164].

Dietary patterns: Certain dietary patterns, such as those that rely heavily on
staple foods such as rice, maize, and wheat, may not provide adequate amounts of
essential micronutrients [165].

Gender inequality: Gender inequality can also contribute to hidden hunger, as
women and girls may have limited access to education and healthcare, leading to
poorer nutritional outcomes [166].

Lack of agricultural diversity: The focus on monoculture farming, where only
one type of crop is grown on a large scale, can limit the diversity of nutrients in
the food system, leading to micronutrient deficiencies [36].

Addressing these contributing factors and implementing interventions such as
improving access to nutritious foods, increasing nutrition education and
healthcare, promoting agricultural diversity, and addressing poverty and inequal-

ity can help to reduce the prevalence of hidden hunger.

4. Interventions to Address Hidden Hunger

4.1. Various Interventions That Have Been Used to Address
Hidden Hunger

There are several interventions that have been used to address hidden hunger,
including food-based approaches, supplementation programs, and biofortifica-
tion [167].

Food-based approaches aim to increase the availability and accessibility of nu-
tritious foods through a variety of methods, such as agricultural development,
food fortification, and food diversification. For example, promoting the cultiva-

tion of nutrient-rich crops such as legumes and vegetables can increase the avail-
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ability of nutritious foods in communities [35]. Fortifying staple foods such as
flour, salt, and oil with essential vitamins and minerals also helps address micro-
nutrient deficiencies [168]. Additionally, promoting the consumption of a diverse
range of foods improve overall nutritional intake and reduce the risk of hidden
hunger.

Food-based approaches are effective in addressing hidden hunger because they
focus on addressing the underlying cause of micronutrient deficiencies, which is
often inadequate access to nutritious foods. Here are some specific examples of
food-based approaches:

Agricultural development: Encouraging the cultivation of nutrient-rich crops
such as vegetables, fruits, legumes, and grains can increase the availability of nu-
tritious foods in communities [35]. This approach can be particularly effective in
rural areas where access to a diverse range of foods is limited [169]. Agricultural
development can also provide income opportunities for farmers, which can im-
prove food security and overall health outcomes [170].

Food fortification: Fortifying staple foods such as flour, salt, and oil with es-
sential vitamins and minerals helps address micronutrient deficiencies [168]. This
approach is often cost-effective and can be easily implemented through existing
food production and distribution channels [168]. For example, the fortification of
salt with iodine has been successful in preventing iodine deficiency disorders such
as goiter and cretinism [171].

Food diversification: Promoting the consumption of a diverse range of foods
can improve overall nutritional intake and reduce the risk of hidden hunger [172].
This approach involves encouraging the consumption of locally available, nutri-
ent-dense foods or introducing new foods that are rich in essential vitamins and
minerals [173]. For example, promoting the consumption of vitamin A-rich fruits
and vegetables helps prevent vitamin A deficiency.

Nutrition education: Providing education on healthy eating habits and the im-
portance of a balanced diet can help individuals and communities make informed
decisions about their food choices [174]. This approach involves providing nutri-
tion education through schools, health clinics, community centers, and media
campaigns. Nutrition education can also help address cultural and social barriers
to healthy eating, such as traditional beliefs about food or gender roles [175].

Food-based approaches are often sustainable and can lead to long-term im-
provements in health outcomes [35]. However, they may require significant in-
vestments in infrastructure, education, and policy change to be effective [176].
Additionally, food-based approaches may not be feasible in areas with limited re-
sources or those facing environmental or political challenges [176].

Therefore, in addition to food-based approaches, other interventions such as
supplementation programs and biofortification may be necessary to address hid-
den hunger in certain populations.

Supplementation programs involve providing individuals with dietary supple-

ments such as vitamins and minerals to address micronutrient deficiencies [177].
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This approach is often used in emergency situations or in areas where food-based
approaches are not feasible [178]. For example, providing children with vitamin
A supplements reduces the risk of blindness and improve immune function [179].
Supplementation programs can also be targeted towards specific populations such
as pregnant women or individuals with certain medical conditions [92].

Supplementation programs can be an effective way to quickly address micro-
nutrient deficiencies in specific populations. For example, iron supplements can
be provided to pregnant women to prevent anemia and reduce the risk of preterm
birth and low birth weight [180]. In areas with high rates of vitamin D deficiency,
supplements can be provided to improve bone health.

Supplementation programs can be delivered through various channels, includ-
ing health clinics, schools, and community-based programs [181]. They can also
be integrated with other interventions, such as food fortification and education
programs to promote healthy eating practices [182].

However, there are some limitations to supplementation programs. First, the
effectiveness of the program depends on compliance, which can be affected by
factors such as taste, availability, and cultural beliefs [183]. Second, supplementa-
tion programs may not address the underlying causes of malnutrition, such as
poverty and limited access to nutritious foods [99]. Finally, excessive intake of
certain micronutrients can be harmful, leading to toxicities and adverse health
effects [184]. Therefore, careful monitoring and evaluation of supplementation
programs are necessary to ensure that they are safe and effective.

Supplementation programs have been successful in addressing micronutrient
deficiencies in many settings. In some cases, such programs have been imple-
mented through routine health services or mass campaigns. For example, iron and
folic acid supplements are provided to pregnant women to prevent anemia and
reduce the risk of adverse pregnancy outcomes. Similarly, vitamin A supplements
are often distributed to children under the age of five in high-risk areas to prevent
deficiency and associated health problems [179].

One of the advantages of supplementation programs is that they can be rela-
tively easy and cost-effective to implement compared to other interventions.
However, there are also potential challenges and limitations to this approach
[185]. For example, compliance with supplement regimens can be an issue, espe-
cially in situations where access to health services is limited or where there is low
awareness of the importance of supplementation [186]. In addition, over-reliance
on supplements can lead to alack of emphasis on improving dietary intake, which
is the most sustainable long-term solution to addressing hidden hunger [187]
[188].

Biofortification is a process of breeding crops to increase their nutrient content
[189]. This approach involves selecting and breeding crops with naturally higher
levels of key micronutrients such as iron, zinc, and vitamin A [190] [191]. Biofor-
tification can be an effective and sustainable approach to addressing hidden hun-

ger as it involves improving the nutrient content of the food itself, rather than
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relying on external interventions such as supplementation or fortification [192].

Biofortification is a promising strategy to address hidden hunger because it can
provide a long-term solution to micronutrient deficiencies [189]. Unlike food for-
tification or supplementation, biofortification focuses on increasing the nutrient
content of crops at the source, rather than adding nutrients to processed foods or
providing supplements [192]. This approach can be particularly effective in areas
where access to diverse diets or supplements is limited.

There are two types of biofortification: agronomic biofortification and genetic
biofortification [193]. Agronomic biofortification involves modifying soil nutri-
ents and fertilization techniques to enhance the uptake of micronutrients by crops
[194]. This approach can be effective for increasing the content of some micronu-
trients, such as selenium and zinc, in crops. Genetic

One example of successful biofortification is the development of orange-fleshed
sweet potatoes (OFSP) in South-Kivu [195]. Sweet potatoes are a staple food in
many territories, but traditional white-fleshed varieties have low levels of vitamin
A. Through breeding, researchers developed OFSP, which contain up to 10 times
more vitamin A than white-fleshed varieties [196] [197]. The development and
promotion of OFSP has been successful in reducing vitamin A deficiency in sev-
eral African countries [196].

While biofortification has shown promise in addressing hidden hunger, there
are still challenges to implementing this approach on a large scale [198]. One of
the main challenges is developing crops that are both biofortified and have high
yields, as farmers may be hesitant to switch to crops that do not produce as much
as their current varieties [198]. Additionally, genetic biofortification raises con-
cerns about potential unintended consequences and the safety of genetically mod-
ified crops [199].

In addition to these approaches, education and awareness-raising programs can
also be effective in addressing hidden hunger [200]. These programs aim to in-
crease knowledge and awareness of the importance of proper nutrition and the
risks associated with micronutrient deficiencies. Community-based initiatives
and partnerships between governments, non-governmental organizations, and

private sector actors can also be effective in addressing hidden hunger [201].

4.2. Effectiveness of These Interventions in Addressing Hidden
Hunger

The effectiveness of interventions to address hidden hunger can vary depending
on the specific approach and context. However, several studies have shown that
food-based approaches, supplementation programs, and biofortification can be
effective in reducing micronutrient deficiencies and improving nutritional status
[202].

Food-based approaches have been found to be effective in increasing the avail-
ability and consumption of nutritious foods [55]. For example, a study conducted

in Bangladesh found that a food-based approach that promoted the cultivation of
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home gardens and the consumption of diverse nutrient-rich foods resulted in a
significant reduction in anemia and vitamin A deficiency in women and children
[203]. Similarly, a program in Uganda that promoted the consumption of nutri-
ent-rich foods such as beans, vegetables, and fruits was found to significantly im-
prove the nutritional status of pregnant and lactating women [204].

In addition to the examples mentioned above, other food-based interventions
have also been found to be effective in addressing hidden hunger. For instance, a
study in India found that providing school meals that included fortified biscuits
led to a significant increase in the intake of micronutrients such as iron, vitamin
A, and folate among children [205]. Similarly, a program in Mozambique that
promoted the cultivation and consumption of orange-fleshed sweet potatoes,
which are rich in vitamin A, was found to significantly reduce the prevalence of
vitamin A deficiency among children and women [206].

Supplementation programs have also been found to be effective in addressing
hidden hunger, particularly in emergency situations where food-based ap-
proaches are not feasible [48]. For example, a study in Kenya found that providing
vitamin A supplements to children under the age of five resulted in a significant
reduction in the incidence of blindness and improved immune function [207].
Similarly, a program in Nepal that provided iron supplements to pregnant women
was found to reduce the risk of anemia and improve birth outcomes [133] [208].

Several studies have shown the effectiveness of iron and folic acid supplemen-
tation programs in reducing the prevalence of anemia in pregnant women [209]
[210]. A review of randomized controlled trials conducted in low- and middle-
income countries found that iron and folic acid supplementation during preg-
nancy reduced the risk of anemia by 70% and significantly improved birth out-
comes such as birth weight and gestational age [211] [212]. Another study con-
ducted in India found that weekly iron and folic acid supplementation during
pregnancy significantly reduced the incidence of low birth weight and preterm
delivery [213].

However, supplementation programs can be challenging to implement on a
large scale due to issues such as distribution, compliance, and sustainability [201].
Additionally, there is a risk of overdose with certain micronutrients, which can
have adverse health effects. Therefore, careful monitoring and evaluation are nec-
essary to ensure the safety and effectiveness of supplementation programs [214].

Biofortification has shown promising results in increasing the nutrient content
of crops and improving nutritional status [189]. For example, a study conducted
in India found that consuming iron-biofortified pearl millet resulted in a signifi-
cant reduction in anemia in adolescent girls [215]. Similarly, a study in Rwanda
found that consuming vitamin A-biofortified orange-fleshed sweet potatoes re-
sulted in improved vitamin A status in children [197].

Furthermore, biofortification has the potential to be a sustainable and cost-ef-
fective approach to addressing hidden hunger, as it involves improving the nutri-

ent content of the food itself and does not require external interventions such as
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supplementation or fortification [216]. Biofortification can also help to improve
food security by increasing the availability of nutrient-rich crops in areas where
access to diverse foods is limited.

However, there are also challenges to the implementation of biofortification
programs. Developing biofortified crop varieties can be a long and expensive pro-
cess, and there may be resistance to adopting new crop varieties among farmers
and consumers [217]. Additionally, the effectiveness of biofortification may de-
pend on factors such as soil conditions and crop management practices, which
can vary across different regions and may limit the impact of biofortified crops in
certain areas [216].

Biofortification is a relatively new approach to addressing hidden hunger, and
its effectiveness is still being evaluated [218] [219]. However, several studies have
shown promising results. For example, a study in India found that consuming
iron-biofortified pearl millet resulted in a significant increase in blood hemoglo-
bin levels among women [215]. Similarly, a study in Zambia found that consum-
ing provitamin A-biofortified maize led to a significant increase in serum retinol
levels among children [220].

While each intervention has its strengths and limitations, a combination of ap-
proaches that address the underlying causes of hidden hunger can be effective in
reducing micronutrient deficiencies and improving nutritional status. Addition-
ally, interventions that are sustainable and integrated into existing systems and

programs can have a more lasting impact on addressing hidden hunger.

4.3. Challenges Associated with Implementing These Interventions

While food-based approaches, supplementation programs, and biofortification
have shown promise in addressing hidden hunger, there are several challenges
associated with implementing these interventions. Some of the challenges include:

Cost: Many interventions can be expensive to implement and may require sig-
nificant financial resources. For example, fortifying staple foods with micronutri-
ents can be costly, particularly in areas where the infrastructure for food fortifica-
tion is not well established [221].

Cost is a major challenge associated with implementing interventions to ad-
dress hidden hunger. Many of these interventions can be expensive and require
significant financial resources, making them difficult to implement in areas with
limited funding [222]. The costs associated with developing and implementing
biofortification programs can also be significant [223].

Another cost-related challenge is the sustainability of interventions. Many in-
terventions require ongoing resources and support to be effective, which can be
difficult to sustain in the long term [224]. This is particularly true for supplemen-
tation programs, which require a consistent supply of supplements to be effective.

Infrastructure and logistics are also major challenges associated with imple-
menting interventions to address hidden hunger [96]. For example, distributing

supplements to remote or hard-to-reach areas can be challenging due to transpor-
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tation issues and the need for specialized storage and handling. Similarly, estab-
lishing food fortification programs requires a well-developed infrastructure to en-
sure that the fortified foods are widely available and accessible [225].

Cultural and social factors can also pose challenges to implementing interven-
tions. For example, promoting the consumption of certain foods or dietary sup-
plements may be met with resistance in some communities due to cultural beliefs
or preferences [226]. In addition, reaching certain vulnerable populations, such as
women and children, may require overcoming social barriers such as gender roles
and access to education [226].

Finally, ensuring the quality and safety of interventions is crucial to their effec-
tiveness. For example, food fortification requires careful monitoring to ensure that
the fortification levels are accurate and that the fortified foods are safe for con-
sumption [227] [228]. Similarly, supplementation programs require rigorous
quality control to ensure that the supplements are of high quality and free from
contamination [229].

Sustainability: The sustainability of interventions can be a challenge, particu-
larly in areas with limited resources. For example, food-based approaches such as
home gardening require ongoing support and resources to maintain [230].

Sustainability is a critical challenge associated with implementing interventions
to address hidden hunger. Many interventions require ongoing resources and
support to be effective in the long term [185]. For example, food-based approaches
such as promoting the cultivation of nutrient-rich crops and home gardening re-
quire ongoing support and resources to maintain [231]. Communities need access
to resources such as seeds, fertilizers, and irrigation systems to continue to grow
nutrient-rich crops. Additionally, they need education and support on how to
grow and prepare these crops to ensure they are consumed in ways that maximize
their nutritional value [232].

Similarly, biofortification requires ongoing support to ensure that nutrient-rich
crops continue to be developed and made available to communities [233]. This
involves ongoing research to identify crops with higher nutrient content, as well
as breeding programs to develop these crops. It also requires ongoing efforts to
promote the consumption of these crops and to ensure that they are integrated
into local food systems.

Supplementation programs can also face sustainability challenges. These pro-
grams require ongoing resources to ensure that supplements are available and dis-
tributed to the target population [234]. Additionally, they require ongoing moni-
toring to ensure that supplements are being used appropriately and that they are
having the desired impact on micronutrient status [235].

Sustainability is a critical factor to consider when implementing interven-
tions to address hidden hunger. Without ongoing support and resources, in-
terventions may be effective in the short term but may not have a lasting im-
pact on improving the nutritional status of communities.

Access: Limited access to nutritious foods and supplements can hinder the ef-
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fectiveness of interventions. This is particularly true in areas with limited infra-
structure and transportation, which can make it difficult to distribute food and
supplements to those who need them [236].

Limited access to nutritious foods and supplements is a major challenge in ad-
dressing hidden hunger, especially in remote and underprivileged areas. Access to
markets, transportation, and storage facilities can significantly impact the availa-
bility and affordability of nutritious foods [236]. In some cases, people may not
have access to fresh fruits, vegetables, and animal-source foods due to limited
availability or high cost [237]. This can be compounded by poor road infrastruc-
ture, which makes it difficult to transport food to remote areas, and poor storage
facilities, which can lead to spoilage and loss of nutrients.

In the case of supplementation programs, limited access to health services and
trained health workers can pose a challenge. In areas where health services are
limited or under-resourced, individuals may not have access to supplements or
may not be aware of their importance. Additionally, individuals may not have the
financial resources to purchase supplements, particularly if they are not subsi-
dized or provided free of charge [238].

Addressing the issue of access requires a multi-faceted approach, including im-
proving infrastructure and transportation, promoting local production and pro-
cessing of nutritious foods, and strengthening health systems to improve access to
supplements and other interventions. It also requires a focus on the needs of vul-
nerable populations, such as women, children, and individuals living in remote
areas.

Cultural barriers: Cultural beliefs and practices also pose a challenge to imple-
menting interventions. In some cultures, certain foods may be considered taboo
or may not be consumed by certain groups of people [239].

Cultural barriers can be a significant challenge in implementing interventions
to address hidden hunger. Dietary habits and preferences are often deeply rooted
in cultural traditions and beliefs, which can affect the acceptability and effective-
ness of interventions [240] [241]. For example, some cultures may have taboos on
certain foods, such as pork or beef, which can limit the availability of key nutri-
ents. Additionally, in some cultures, certain foods may be considered more desir-
able than others, which limit the consumption of other nutritious foods.

Cultural beliefs and practices also affect the acceptability of supplementation
programs. Some cultures may be hesitant to accept dietary supplements or may
have misconceptions about their use [242]. For example, in some cultures, there
may be a belief that supplements are only needed for the sick or weak, which can
limit their use among healthy individuals.

It is important to consider cultural barriers when designing and implementing
interventions to address hidden hunger. Involving community members in the
planning and implementation of interventions can help ensure that they are cul-
turally appropriate and acceptable. Additionally, education and awareness-raising

efforts can help address misconceptions and promote the importance of a diverse
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and nutritious diet.

Coordination: Coordinating interventions across multiple sectors and organi-
zations can be challenging, particularly in areas with weak health systems and lim-
ited resources [243] [244].

Coordination is crucial for effective implementation of interventions to address
hidden hunger. However, it can be challenging to coordinate interventions across
multiple sectors and organizations. Different sectors such as health, agriculture,
and education may have different priorities and objectives, which can make coor-
dination difficult. Additionally, limited resources and weak health systems can
make it challenging to effectively coordinate interventions.

For example, if a food-based approach is being implemented, it may require
coordination between the agriculture and health sectors. The agriculture sector
may need to promote the cultivation of specific crops, while the health sector may
need to promote the consumption of these crops to address hidden hunger [245]
[246]. However, if these sectors are not effectively coordinated, the promotion of
the crops may not result in increased consumption by the target population.

Similarly, coordination may be necessary between government agencies, non-
governmental organizations (NGOs), and international organizations to effec-
tively implement supplementation or fortification programs [247]. If these organ-
izations are not effectively coordinated, there may be duplication of efforts, or
certain populations may be missed due to incomplete coverage.

Monitoring and evaluation: Monitoring and evaluating the effectiveness of in-
terventions can be challenging, particularly in areas with limited resources and
weak health systems. This can make it difficult to assess the impact of interven-
tions and make adjustments as needed [248].

Proper monitoring and evaluation are essential to determine the effectiveness
of interventions and ensure that resources are being used appropriately [249].
However, this can be challenging in areas with limited resources and weak health
systems, where monitoring and evaluation capacity may be limited. Some of the
specific challenges associated with monitoring and evaluation of interventions to
address hidden hunger include:

Lack of baseline data: Many areas with high rates of hidden hunger lack basic
data on the prevalence of micronutrient deficiencies, making it difficult to estab-
lish a baseline for monitoring and evaluation [96].

Limited resources: Monitoring and evaluation require significant resources,
including trained personnel, equipment, and funding. In areas with limited re-
sources, it may be difficult to establish a robust monitoring and evaluation system.

Limited health system capacity: In areas with weak health systems, there may
be limited capacity to conduct monitoring and evaluation, particularly at the com-
munity level [250].

Data quality: Even when monitoring and evaluation is conducted, there may
be concerns about the quality of the data collected, particularly in areas with lim-

ited resources and weak health systems [250].
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Long-term monitoring: Many interventions to address hidden hunger require
long-term monitoring to assess their impact over time. However, this can be chal-
lenging in areas with limited resources and weak health systems, where sustained
monitoring may be difficult to maintain [208].

To address these challenges, it is important to invest in monitoring and evalu-
ation capacity building, particularly at the community level. This can involve
training community health workers to collect data and monitor the effectiveness
of interventions, as well as investing in infrastructure and equipment to support
monitoring and evaluation activities [251]. Additionally, partnerships between
governments, NGOs, and other stakeholders can help to coordinate monitoring

and evaluation efforts and ensure that resources are being used effectively [252].

5. Future Research Directions

5.1. Gaps in the Current Knowledge on Hidden Hunger

Despite the progress made in addressing hidden hunger, there are still several gaps
in the current knowledge. Some of these gaps include:

Data: There is alack of comprehensive and accurate data on the prevalence and
distribution of hidden hunger. This makes it difficult to identify the populations
that are most affected and to develop targeted interventions [136] [192] [253]
[254].

Impact of interventions: While several interventions have been implemented
to address hidden hunger, there is limited information on the long-term impact
of these interventions. It is important to evaluate the effectiveness of interventions
to determine their sustainability and to identify areas where improvements can be
made.

Micronutrient interactions: There is a lack of understanding of the interac-
tions between different micronutrients and how these interactions can affect nu-
tritional status. For example, consuming high levels of one micronutrient may in-
terfere with the absorption of another [255].

Bioavailability: The bioavailability of micronutrients, or the amount that can
be absorbed and utilized by the body, can vary depending on factors such as the
form in which the nutrient is consumed and the presence of other nutrients. More
research is needed to better understand these factors and how they can affect nu-
tritional status [256].

Nutrient requirements: There is still much to learn about the nutrient require-
ments of different populations, particularly in developing countries where dietary
patterns may differ from those in developed countries [257].

Environmental factors: Environmental factors such as soil quality and climate
change can affect the nutrient content of crops, but more research is needed to
understand these relationships and to develop strategies to mitigate their impact
on nutritional status [258].

Economic and social factors: The economic and social factors that contribute

to hidden hunger, such as poverty and inequality, are complex and interrelated.
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More research is needed to better understand these factors and to develop effective

interventions to address them [259].

5.2. Future Research Directions to Address These Gaps

There are several key research directions that could help address the current gaps
in the knowledge on hidden hunger:

Understanding the underlying causes of hidden hunger: More research is
needed to better understand the underlying causes of hidden hunger, particularly
in specific populations or geographic regions [260]. This could involve conduct-
ing surveys and interviews with affected communities to gain insights into their
food habits, dietary patterns, and nutritional status.

Developing more effective interventions: Future research could focus on de-
veloping and testing new interventions to address hidden hunger, particularly
those that are cost-effective, sustainable, and culturally appropriate [261]. For ex-
ample, research could explore the use of innovative technologies, such as mobile
apps or SMS messaging, to deliver nutrition education and promote healthy die-
tary practices.

Assessing the impact of interventions: Evaluating the impact of interventions
is critical to determining their effectiveness and identifying areas for improve-
ment. Future research could focus on developing and testing evaluation methods
that are practical, reliable, and valid, particularly in resource-limited settings.

Identifying the most vulnerable populations: More research is needed to
identify the most vulnerable populations affected by hidden hunger, including
those who may be at increased risk due to socioeconomic factors, health status, or
geographic location [9]. This could involve using data from existing surveys and
studies, as well as conducting new research to identify populations at risk.

Understanding the long-term health consequences of hidden hunger: There
is a need for more research on the long-term health consequences of hidden hun-
ger, particularly in children and pregnant women. This could involve conducting
longitudinal studies to track the health outcomes of individuals who have experi-

enced hidden hunger over time.

5.3. Potential Impact of this Research on Addressing Hidden
Hunger

Addressing the gaps in knowledge related to hidden hunger through future re-
search can have significant impacts on improving the nutritional status of popu-
lations affected by this issue. Here are some potential impacts:

Development of targeted interventions: By gaining a better understanding of
the causes and underlying factors contributing to hidden hunger in different pop-
ulations, researchers can develop more targeted and effective interventions to ad-
dress this issue.

Identification of high-risk populations: Through research, it may be possible

to identify populations that are particularly vulnerable to hidden hunger, such as
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children, pregnant women, and individuals with certain medical conditions. This
can help in targeting interventions towards these populations.

Improved nutrition policies: Research on hidden hunger can inform the de-
velopment of nutrition policies at the national and international levels. This can
lead to the implementation of more effective and sustainable interventions, in-
cluding food-based approaches, fortification, and supplementation.

Health benefits: Addressing hidden hunger can have significant health bene-
fits, including reducing the prevalence of micronutrient deficiencies and related
health conditions, such as anemia, blindness, and stunted growth.

Economic benefits: Addressing hidden hunger can have economic benefits,
such as increased productivity, reduced healthcare costs, and improved overall
well-being of populations. This can lead to long-term improvements in economic

development and poverty reduction.

6. Conclusion
6.1. Key Findings of the Review Paper

Hidden hunger, also known as micronutrient deficiency, is a form of malnutrition
characterized by inadequate intake of essential vitamins and minerals, even when
caloric intake is sufficient.

The World Health Organization (WHO) estimates that approximately two bil-
lion people worldwide suffer from hidden hunger, with the highest prevalence in
developing countries. It is often associated with poverty, food insecurity, and lim-
ited access to nutritious foods.

Hidden hunger can have severe and long-lasting consequences, including
stunted growth, delayed cognitive development, impaired immune function, sus-
ceptibility to infectious diseases, and the risk of chronic conditions such as anemia
and blindness.

Despite its significant impact on global health, hidden hunger remains rela-
tively unknown and under-prioritized, especially in developing countries where
resources are often directed toward other forms of malnutrition.

The causes of hidden hunger include insufficient nutrient intake, poor dietary
diversity, and low bioavailability of nutrients. These factors can be attributed to
poverty, dietary choices, and chronic infections or the presence of anti-nutrients
in certain foods.

Other contributing factors to hidden hunger include poor sanitation and hy-
giene, which increase the risk of infections, and limited access to healthcare and
education, which can limit nutrition knowledge and awareness.

Hidden hunger affects a wide range of populations, including children, women
(especially during pregnancy and lactation), and elderly individuals, all of whom
have unique vulnerabilities to micronutrient deficiencies.

The consequences of hidden hunger encompass malnutrition, stunted growth,
impaired cognitive development, increased risk of chronic diseases, and adverse

maternal and child health outcomes, including preterm birth and low birth
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weight.

While hidden hunger is most prevalent in developing countries, it is not limited
to them. Vulnerable populations in wealthier countries, such as low-income fam-
ilies and the elderly, may also experience hidden hunger due to limited access to
nutritious foods.

Addressing hidden hunger requires a multi-faceted approach, including food-
based approaches (promoting nutrient-rich crops and dietary diversity), supple-
mentation programs, and biofortification (breeding crops with higher nutrient
content).

The effectiveness of these interventions varies but has shown promise in im-
proving the nutritional status of affected populations. Challenges in implementa-
tion include cost, sustainability, access, cultural barriers, coordination, and mon-
itoring and evaluation.

Future research should focus on better understanding the causes of hidden hun-
ger, developing more effective interventions, assessing the impact of interven-
tions, identifying vulnerable populations, and exploring the long-term health con-

sequences of hidden hunger.

6.2. Recommendations for Future Action to Address Hidden
Hunger

Based on the key findings of the review paper, the following recommendations
can be made for future action to address hidden hunger:

Improve access to diverse, nutrient-rich foods: Strategies to improve access
to diverse, nutrient-rich foods, particularly in rural and low-income areas, should
be prioritized. This can include promoting local food production, increasing mar-
ket availability of nutritious foods, and improving transportation infrastructure
to ensure that nutritious foods are accessible to all.

Implement food-based approaches: Food-based approaches, such as promot-
ing home gardening and diversification of crops, have been found to be effective
in addressing hidden hunger. Such interventions should be prioritized, particu-
larly in areas where external interventions such as supplementation and fortifica-
tion are not feasible.

Strengthen health systems: Strengthening health systems is essential for the
successful implementation of interventions to address hidden hunger. This in-
cludes increasing access to health services, improving health education and aware-
ness, and promoting community participation in health initiatives.

Increase research: Research is needed to further understand the extent of hid-
den hunger, particularly in vulnerable populations such as children and pregnant
women. Additionally, research is needed to evaluate the effectiveness of interven-
tions and identify best practices for addressing hidden hunger in different con-
texts.

Foster partnerships: Partnerships between governments, NGOs, and other

stakeholders are essential for the successful implementation of interventions to
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address hidden hunger. Such partnerships can facilitate the sharing of resources,
expertise, and best practices, and can help to ensure that interventions are sus-
tainable and have a lasting impact.

By implementing these recommendations, it is possible to make significant pro-
gress in addressing hidden hunger and improving the nutritional status of vulner-

able populations.

6.3. Importance of Addressing Hidden Hunger for Good Health
and Development

Addressing hidden hunger is crucial for good health and development. Malnutri-
tion, including micronutrient deficiencies, is a leading cause of morbidity and
mortality worldwide, particularly in low- and middle-income countries. It not
only affects individuals’ health and well-being but also has long-term conse-
quences for economic development, social stability, and environmental sustaina-
bility.

By addressing hidden hunger through various interventions, we can improve
the health and well-being of individuals, particularly women and children, and
reduce the burden of disease and mortality associated with malnutrition. Moreo-
ver, improving the nutritional status of individuals can have long-term positive
effects on cognitive development, educational attainment, and economic produc-
tivity, leading to sustainable economic growth and development.

Therefore, it is essential to prioritize and invest in interventions aimed at ad-
dressing hidden hunger, including food-based approaches, fortification, supple-
mentation, and biofortification. Additionally, research and monitoring efforts
should be enhanced to improve our understanding of the effectiveness of these
interventions and to identify areas for improvement. Ultimately, addressing hid-
den hunger is critical for achieving global health and development goals, including

the Sustainable Development Goals.
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