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Abstract 
This study investigates the combined impacts of malnutrition and unsafe drinking water 

on the cognitive and physical development of children aged six to twelve. A comprehensive 

literature review was conducted to examine studies on nutrition, hydration, waterborne diseases, 

and their effect on middle childhood development. Findings in this literature review indicate that 

chronic malnutrition impairs physical growth, weakens the immune system, and disrupts 

cognitive processes such as memory, attention, and emotional regulation. Constant exposure to 

contaminated water exacerbates these effects by increasing susceptibility to infections, reducing 

nutrient absorption in children's bodies, and contributing to conditions such as environmental 

enteric dysfunction. The interaction between malnutrition and unsafe water forms a cycle that 

diminishes academic performance, limits cognitive functions, and affects long-term health. 

Intervention strategies such as school meal programs, micronutrient supplements, safe water 

infrastructure, and hygiene education are possible ways to mitigate these risks and improve 

developmental outcomes. This study underscores the importance of access to clean water and 

how adequate nutrition is crucial for human development, positive educational outcomes, and 

future economic productivity. Addressing these challenges through integrated public health 

initiatives is essential to breaking the cycle of malnutrition and waterborne disease, promoting 

resilience, and reducing global inequalities among vulnerable children.  
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Introduction  
Childhood, defined as the period from birth to age 12, is a crucial period for body 

development. Thus, access to proper nutrients, clean water, and a safe environment is critical 

throughout childhood. However, in many parts of our world today, these needs are not fully met. 

Limited safe drinking water and malnutrition continue to threaten children’s health and 

development (Shinwari, 2022).  

 

Access to safe drinking water is not only essential for hydration, but it is also vital for 

preventing diseases, absorbing nutrients, and maintaining your overall health (WHO, 2023; 

Shinwari et al., 2022). Yet, approximately 2 billion people reside in low-income and rural regions 

with contaminated water (Daba et al., 2025). Poor drinking water sources contribute to 

dehydration, diarrhea, infections, and other health issues, all of which weaken a child’s immune 

system over time (Morales, 2023).  

 

Although the effects of malnutrition on children have been widely studied among children 

under the age of five, there is limited research on the effect of malnutrition and limited safe 

water on the latter part of childhood, extending to age twelve (Zerga, 2022). It is particularly in 

this age group where there is rapid brain development and increasing educational demands, 

which is an overall very critical period of growth (Georgieff, 2018). Unlike younger children, 

children between the ages of six and twelve rely greatly on consistent nutrition and hydration to 

sustain energy for learning and physical activity, making malnutrition and poor water more likely 

to affect their overall health (Maria Elena Capra, 2024). Therefore, this paper focuses on how 

prolonged exposure to poor water quality and malnutrition impacts the cognitive and physical 

development of children aged six and twelve.  

 

Findings from this literature review contribute to the development and improvement of 

intervention strategies aimed at improving the health and development of children aged six to 

twelve. This research can further inform public health officials in designing and implementing 

targeted nutrition and safe water initiatives, assist policymakers in integrating child head 

considerations into national and regional development, and guide educators in implementing 

school-based programs that address the cognitive and physical effects of malnutrition and poor 

3 



water quality. All of which seek to enhance the well-being and resilience of vulnerable children 

around the world.  

 

Background Knowledge  
Malnutrition is a strong predictor of poorer cognitive function and brain development  (Liu 

et al., 2014). For example, prior research has revealed that malnutrition compromises memory, 

decreases attention span, and undermines academic performance (Kenney et al., 2015). 

Additional research demonstrates that unsafe drinking water leads to various infections and 

diseases, such as typhoid fever, Cholera, Shigellosis, etc. (Lauer et al., 2018). Moreover, 

exposure to both malnutrition and unsafe drinking water at a young age can cause 

developmental delays in children, which may be irreversible (Soliman et al., 2021). 

 

Literature Review  

Causes of Malnutrition 

Malnutrition is an issue that arises from a combination of social, economic, educational, 

and environmental factors. Malnutrition is not merely the lack of food, but rather, it’s a lack of 

proper access to a balanced diet, which provides the necessary nutrients for development. 

 

Malnutrition has many interconnected causes: One of the highest contributors to 

malnutrition is poverty. Low-income families can struggle to afford and access nutritious food for 

themselves, often resorting to cheaper, unhealthier food (Yin et al., 2025). They are also less 

likely to eat well-balanced meals every day, which prevents them from meeting their daily dietary 

needs (Diaz et al., 2021). A well-balanced meal for middle-aged children should consist of a 

balance of nutrient-dense foods, such as lean protein, whole grains, fruits and vegetables, and 

low-fat dairy products. While it can also include added sugars, saturated fats, and salt, these 

should be limited when obtaining a fresh, well-balanced meal (Mayo Clinic, 2025).  

 

Second, a lack of proper knowledge about nutrition, hygiene, and food safety contributes 

to malnutrition (Prasetyo et al., 2023). In many areas, older individuals might be well-educated 

to understand the importance of proper nutrients and daily dietary needs (Institute of Medicine 

(US) Food Forum, 2010). However, children ages six to twelve can be less likely to understand 
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the importance of proper hygiene due to the environment and area in which they grow up (Save 

the Children Somalia Study, 2019).   

 

Lastly, geographic and environmental factors also play a role in child malnutrition. This is 

because in remote, rural, and underserved areas, there is often food insecurity (the condition of 

not having access to sufficient food, or food of an adequate quality to meet one's dietary needs). 

Such as poor infrastructure, food shortages, and limited access to transportation 

(Benassai-Dalmau et al., 2025). This causes many children to have limited access to safe 

drinking water and to have to walk long distances to obtain proper food and water.  

 

Effects of Malnutrition 

Limited access to nutrients can impact children’s health, including suppression of the 

immune response (Silbergeld, 2016). Over time, children face delayed physical development, 

stunted growth, and greater vulnerability to illness as previously mentioned (Lauer et al., 2018). 

These are not the only outcomes since having chronic malnutrition can also disrupt brain 

development, impair memory, attention, and emotional challenges (Kenney et al., 2015).  

 

Additionally, another commonly found consequence of malnutrition in children ages six to 

twelve is stunted growth. This occurs when children do not receive adequate calories, proteins, 

and micronutrients, which are essential for bone development and cell growth (de Onis et al., 

2016). Specifically, protein-energy malnutrition, which is a serious nutritional deficiency caused 

by insufficient intake of proteins and calories, and the lack of insulin-like growth factor 1 (IGF-1), 

which reduces bone growth in children, resulting in slower growth and weaker bones (Laron, 

2001). Therefore, protein-energy malnutrition aids in impairing skeletal development during 

middle childhood (Prendergast et al., 2014). Deficiencies in micronutrients, such as zinc, have 

been found to result in decreased cartilage formation and bone mineralization, further slowing 

height progression in children (Ramakrishnana et al., 2004). As a result, children with stunted 

growth not only remain shorter than others but also face long-term consequences. 

 

Children who do not receive proper nutrition can experience delayed physical 

development, making it harder for them to build strength, stamina, and coordination during the 

5 



important years when their bodies are still growing (Prendergast et al., 2014). Furthermore, 

malnourished children are increasingly prone to fatigue and low energy expenditure, which 

restricts their physical activity, playtime, and exercise (Black et al., 2013). Furthermore, 

recurrent infection, more common in malnourished people, diverts nutrients away from growth 

processes and towards immune defense (Victoria et al., 2008). Over time, this delayed physical 

development has long-term consequences, such as poor muscle coordination and limited 

physical productivity during adulthood.  

 

There are also cognitive consequences of malnutrition. Children are at risk of impaired 

brain development, which can lead to lasting cognitive delays for a lifetime (Khan, 2023). 

Obtaining proper nutrition during middle childhood is essential for synapse formation and 

myelination (Grantham-McGregor et al., 2007). Specifically, deprivation of iron reduced oxygen 

delivery to the brain, impaired attention, memory, and the learning capacity of children (Lozoff et 

al., 2006). Similarly, insufficient iodine intake can interfere with thyroid hormone production, 

which is critical for neuronal growth and cognitive performance (Zimmermann, 2012). As a 

result, malnourished children frequently struggle with lower academic achievement, reduced 

problem-solving skills, and long-term deficits in intellectual potential.  

 

Impaired memory and reduced attention span are both critical for academic success. 

However, malnutrition can cause deficiencies in processes vital for attention and consolidating 

memory, including fatty acids, especially docosahexaenoic acid (DHA), interfering with neuronal 

membrane fluidity and neurotransmission (Innis, 2007). Moreover, malnutrition can also 

contribute to lapses in concentration, which is the failure to maintain focus, attention, or mental 

clarity (Pollitt, 1997). Therefore, when combined with malnutrition and micronutrient deficiencies, 

these factors create cumulative cognitive challenges, making it difficult for malnourished children 

to maintain focus, retain knowledge, and process new information (Grantham-McGregor et al., 

2007).  

 

Many micronutrients, such as iron, zinc, and vitamin B, can disrupt neurotransmitter 

synthesis, which plays a role in mood regulation and emotional stability (Benton,2008). 

Therefore, children who are undernourished are more susceptible to irritability, anxiety, and 
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depressive symptoms (Walker et al., 2011). Furthermore, stress about malnourishment and food 

insecurity can cause an increase in cortisol levels, which weakens the immune system and 

increases emotional reactivity and behavioral issues (Lupien et al., 2009). Gradually, these 

combined effects of malnutrition and psychosocial stress cause long-term mental health 

difficulties, making behavioral and emotional regulation a challenge for malnourished children.  

 

Drinking Water Quality in relation to Children's Health  

Beyond malnutrition, unsafe drinking water poses an additional threat to child 

development. For example, in Ethiopia, a meta-analysis found that  50% of drinking water 

samples contained bacterial contamination with fecal coliform, which was present in about 45% 

of the cases (Daba et al., 2025). The risk of contamination remains high today, largely due to the 

increased use of unsafe storage products and areas without water treatment (UN-Water, 2021).  

 

Similarly, in Uganda, environmental enteric dysfunction was strongly linked with unsafe 

drinking water (Lauer et al., 2018). Environmental enteric dysfunction is a condition that causes 

damage to the small intestine lining due to exposure to poor sanitation and hygiene conditions. 

It is also linked to nutrient malabsorption and poor growth among children (Lauer et al., 2018). 

These findings show that access to unsafe drinking water contributes to short-term illnesses, but 

also has long-term consequences on development.  

 

Safe Water and Its Role in Children's Health  

Safe water is defined as water that is free of contaminants, such as pathogens, 

chemicals, and other impurities, and is suitable for drinking, cooking, and personal hygiene 

without posing a risk to human health (WHO). Safe water contributes to overall well-being by 

promoting hydration, hygiene, and sanitation, which are vital predictors of growth, cognitive 

development, and disease prevention in children (Pruss-Ustun et al., 2014).  

 

Unsafe drinking water is linked to several negative outcomes for health and development. 

Waterborne diseases, such as cholera and diarrhea, are major health threats for children ages 

six to twelve in communities without reliable, safe water access (WHO). Contaminated water 

often contains pathogens like Vibrio cholerae and Escherichia coli, which cause gastrointestinal 
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infections leading to dehydration, nutrient loss, diarrhea, and other major health effects (WHO). 

Constantly suffering from diarrhea weakens a child's immune system and impairs the body's 

ability to absorb nutrients, impacting their physical and cognitive development (Guerrant et al., 

2013). Children who are exposed to multiple waterborne diseases in a short period of time are 

also 2.3% likely to experience fatigue, stunting, and difficulty concentrating since their bodies 

start to divert their energy to constantly thinking about various things and their recovery rather 

than growth and learning at their young ages (Pruss-Ustan et al., 2014). Access to safe water 

plays a crucial role in preventing waterborne diseases in children and ensures they are able to 

thrive both mentally and physically.  

 

Dehydration is very common in children ages 6-12, with studies showing that over 60% of 

children in this age group may be inadequately hydrated. Dehydration is often caused by limited 

access to safe water and has direct impacts on cognitive performance in children ages six to 

twelve (Kenney, 2015). These impacts can start from mild dehydration, defined as “a loss of 

1-2% of body weight in fluids, causing short-term memory loss, decreased attention, and 

executive functioning” (Bar-David et al., 2005). An investigation conducted by Roberta Fadda, in 

168 children aged between nine and eleven years living in Sardinia, Italy, shows that children 

who were not adequately hydrated struggled with tasks that required concentration and 

problem-solving, resulting in lower test scores and lower participation in school (Fadda et al., 

2012). Therefore, for school-aged children, it is crucial to ensure proper hydration as it can 

support and improve children's learning, memory, and overall academic success.  

 

Unsafe Water Results in Cognitive Consequences  

In contrast, unsafe drinking water, along with short-term and long-term effects on 

children's health, unsafe drinking water also impacts the cognitive function of children. Notably, 

a study in Afghanistan found that children, ages seven to fifteen, who consume tap water that is 

contaminated with toxic trace metals, bacteria, and other chemicals, have significantly lower IQ 

levels compared to children who have been drinking safe water. The study compared children 

who used different water sources, and it found that children who used tap water had lower IQ 

scores than those who used other sources. (Shinwari et al., 2022). Likewise, research has 

shown that children who have inadequate hydration have lower levels of pass rates on school 
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assignments. 16.3% of the 245 children were in the low IQ group. (Drozdowska et al., 2020). 

This is because the children perform worse on memory tasks, attention tasks, and their overall 

attention span also decreases, underscoring the connection between proper hydration and 

cognition (Chard et al., 2019).  

 

More specifically, studies highlight how neurotoxic elements in water, such as lead, have 

impaired brain function. For instance, early exposure to lead has been linked with long-term 

lower cognitive performance (Lee et al., 2022). Illnesses caused by unsafe drinking water 

significantly impair the body’s ability to absorb essential nutrients, increasing the risk of 

malnutrition in children ages six to twelve. Moreover, frequently experiencing diarrheal episodes 

can damage the intestinal lining, leading to a condition called environmental enteric dysfunction 

(EED). EED reduces the ability of the gut to absorb vitamins, minerals, and macronutrients from 

food, which is essential to prevent malnutrition (Humphrey et al., 2009). Furthermore, 

waterborne infections like Giardia lamblia or Cryptosporidium further increase the rate of 

malabsorption by causing inflammation of the intestines, leaving children malnourished 

(Checkley et al., 1998). Ensuring safe drinking water is therefore essential to preventing 

diseases and enabling proper nutrient utilization, growth, and long-term cognitive and physical 

development during middle childhood.  

 

The combination of poor nutrients and waterborne diseases can create a life-threatening 

cycle of effects in children ages six to twelve. Malnutrition begins by weakening the immune 

system, leaving children susceptible to repeated waterborne infections, which can in turn 

damage the intestinal lining and reduce nutrient absorption (Humphrey et al., 2009). Over time, 

the repeated cycles of illness and malnutrition start to produce long-term deficits in educational 

achievements, social development, and cognitive development (Pruss-Usten et al., 2014). This 

interplay between malnutrition and unsafe water demonstrates why child health requires both 

proper nutrition and access to safe water to break the cycle of malnutrition and waterborne 

diseases in children ages six to twelve.  

 

The combined effects of malnutrition and unsafe water create immediate health problems 

and lead to long-term consequences that shape a child’s future. Due to children suffering from 
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chronic undernutrition and frequent waterborne illnesses during the ages of six to twelve, they 

often experience lower academic performance due to impaired memory, reduced attention span, 

and frequent school absences (Walker et al., 2007). Besides individual outcomes, there are also 

economic and societal impacts. This is because with a lower number of individuals receiving 

higher education and retaining information, there will be lower productivity, which will hinder 

national development (Black et al., 2013). Furthermore, the effects of malnutrition and unsafe 

water are very likely to grow into bigger consequences, with the malnourished children growing 

into malnourished adults, who may face consequences such as complications in pregnancy and 

pass on poor health outcomes to their own children (Grantham-McGregor et al., 2007). Breaking 

this cycle and its consequences will require nutrition adequacy and safe water access, which 

safeguard not only child development but also future generations.  

 

Advances 

To combat malnutrition in children, there could be nutrition programs, such as school 

meal initiatives and micronutrient supplementation. These programs have proven to be effective 

strategies in addressing malnutrition and reducing children’s reliance on unsafe water (Alan, 

2021). School meal programs ensure that their students, encompassing the age range from six 

to twelve, receive at least one balanced meal per day, to support their physical growth and 

improve concentration in class (Kristjansson et al., 2015). Another possible solution to combat 

malnutrition and unsafe drinking water is fortified foods and targeted supplements, such as 

vitamin A, iron, and zinc, which can impair immunity and cognitive development (Bhutta et al., 

2013). Beyond only providing direct nutritional benefits for children, these programs will also 

promote the use of safe drinking water within schools, reducing children’s vulnerability to 

waterborne diseases (Jukes et al., 2008). By integrating both food security and safe water 

access, these nutrition programs break the cycle of malnutrition and illness but also strengthen 

long-term educational outcomes and community health.  

 

To improve water quality, we can also implement safe water initiatives in areas that do not 

have access to safe water. The construction of community wells and implementation of 

purification systems will play a vital role in protecting children ages six to twelve from the health 

and development risks that come with unsafe water. Moreover, in areas where piped water 

10 



infrastructure is unavailable, these community wells will provide a sustainable source of 

groundwater, reducing exposure to contaminated surface water (Howard et al., 2003).  

Pairing these initiatives with low-cost purification technologies will significantly lower the 

risk of waterborne diseases that impair nutrient absorption and hinder child development 

(Clasen et al., 2015). Through the construction of these initiatives, these programs can reduce 

the time children spend having to fetch water, allowing them to attend school more regularly and 

benefit from educational opportunities (UNICEF, 2022). Most importantly, integrating safe water 

access with hygiene education will maximize health outcomes as children can learn about the 

consumption of clean water along with safe practices that protect the long-term well-being of 

individuals (Pruss-Ustun et al., 2014). Together, the community wells and purification system will 

form a critical foundation for breaking the cycle of unsafe water, malnutrition, and lost potential 

in vulnerable communities.  

 

Discussion 

Research consistently shows that malnutrition and unsafe drinking water each pose 

serious threats to children's health and development. Malnutrition in middle childhood impairs 

physical growth, resulting in stunted height, weakening muscle and bone development, and 

disrupts cognitive functions such as memory, attention, and emotional regulation 

(Grantham-McGregor et al., 2007). Similarly, exposure to contaminated water leads to infections 

and intestinal damage, including environmental enteric dysfunction, which further impairs brain 

function and academic performance. (Lauer et al., 2018) 

 

The interaction between malnutrition and unsafe water creates a compounding cycle of 

harm. Nutrient deficiencies weaken immune defenses, increasing susceptibility to waterborne 

illnesses (Humphrey et al., 2009). This cycle exacerbates deficits in physical growth, cognitive 

development, and school performance, ultimately affecting lifetime productivity and economic 

potential (Prüss-Ustün et al., 2014). 

 

Children exposed to these dual risks during middle childhood face long-term 

disadvantages. These early deficits contribute to persistent inequalities, reinforcing cycles of 

poverty and limiting human capital development (Walker et al., 2011). The literature underscores 
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that access to clean water and adequate nutrition is not only a health issue but a foundational 

requirement for equitable development. 

 

Outlook 

Several studies advocate for integrated approaches to break this cycle. Effective 

strategies include combining safe water infrastructure, hygiene education, and school nutrition 

programs (Piper et al., 2024; Kumar et al., 2021). Evidence suggests that such interventions 

yield long-term benefits in cognitive performance, reduced healthcare costs, and improved 

societal outcomes (Humphrey et al., 2009). 

 

Early nutritional and environmental disadvantages can become lifelong inequalities for 

children who experience chronic malnutrition and consume unsafe drinking water during middle 

childhood. Children exposed to chronic malnutrition and unsafe water face reduced economic 

potential and perpetuate cycles of poverty into adulthood (Walker et al., 2011). Thus, access to 

clean water and nutritious food is not just a health issue; it’s a human development imperative.  

 

Conclusion 

Malnutrition and unsafe drinking water during middle childhood have profound and lasting 

effects on physical and cognitive development. Together, they form a destructive cycle that 

undermines health, learning, and future economic potential. Addressing these issues requires 

coordinated efforts from governments, NGOs, educators, and public health officials to implement 

integrated interventions that ensure access to clean water and nutritious food (Kumar et al., 

2021). 

 

The literature highlights the urgent need for interdisciplinary, longitudinal research 

focused on children ages 6–12 to better understand the long-term consequences of early 

nutritional and environmental disadvantages. Bridging these gaps will not only improve child 

health but also strengthen human capital and reduce global inequalities (Humphrey et al., 2009. 

 

Access to clean water and adequate nutrition is a fundamental human right. Investing in 

these areas during childhood offers one of the most effective strategies for improving global 
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health and development (Zavala., 2021). To truly make a change, the involvement of the 

government, NGOs, educators, and public health officials is necessary to immediately integrate 

safe water infrastructure, sanitation, and school nutrition programs, ensuring that everyone is 

supported by the needed policies and framework to obtain the needed resources (Kumar et al., 

2021).  

 

Despite growing awareness, significant gaps remain. Most studies focus on children 

under five, leaving ages 6–12 underrepresented. Few longitudinal studies track how early 

exposure to malnutrition and unsafe water affects cognitive and economic outcomes in 

adulthood (Prado et al., 2014). Moreover, research often isolates nutrition and water quality, 

limiting understanding of their combined effects (Georgieff et al., 2018). Methodological 

inconsistencies and challenges in isolating variables further complicate findings (Walker et al., 

2011). 

​  

Reliable data collection in underserved regions is hindered by poor infrastructure, limited 

funding, and political instability (Victora et al., 2008; Black et al., 2013). Cultural and linguistic 

barriers complicate standardized cognitive assessments, while inadequate monitoring systems 

obscure the true scale of exposure to pathogens and nutrient deficiencies (Prüss-Ustün et al., 

2014). 
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