Chapter One
Introduction
1.1 Background to the Study.

Nigeria is currently experiencing a rapid urbanization process, accompanied by a quickly
growing population !. This phenomenon has given rise to distinct food systems @en and
rural areas, leading to varying nutritional challenges and the need for targgte erventions.
For example, the urban poor heavily rely on purchasing food, result@more diverse diets
compared to their rural counterparts. While this may provide bet@ess to quality food and
nutrients, their vulnerability to market fluctuations and pr'@gotably higher. Additionally,
urban households tend to consume a higher propor‘u}@processed foods and eat out more
frequently, which exposes them to health i associated with such dietary habits.
Furthermore, the urbanization of Nigeri h\&td to the emergence of urban health crises,
including inadequate water supply, é&%ﬁ tation, and an increase in diseases. These factors

I The intricate nature of food

compromise food safety Witl'@se urban environments
systems arising from u@%on necessitates a holistic approach to addressing the multiple
nutritional challen\*l"his approach should take into account spatial and socio-cultural

factors Whe%de igning policies and interventions aimed at improving the nutritional well-
being o@opulation I

Previous studies in Nigeria attempted to establish a statistical association between food and
nutrition security (mainly using anthropometric indicators, total calorie intake, or household
dietary diversity) and potential determinants 2. Yet, these studies did so without examining

the magnitude of nutrient and dietary gaps and not necessarily using the food system



perspective (for example, these studies did not link nutrient and dietary gaps and components
of food systems such as access to/use of irrigation, mobile phone, electricity, water, health
care, and markets). Further, these studies were drawn from samples which were not
nationally representative. On the other hand, based on the rural subset of the 2010-2011
Nigeria General Living Standards Measurement Surveys (LSMS-ISA), dietary profiles and
statistical association between household dietary diversity and the likelihood of adequate
consumption of nutrients were established . Relatedly, based on a country-wide sample
survey from 2003/2004, evidence suggests that greater burden of nutritional deficiencies was
borne by low-income household cohorts, and deficiency of micronutrients was diffused
across urban-rural divides with deficiency of calcium, vitamin A, and vitamin C appearing to
be more pronounced in rural areas while phosphorous, vitamin B,, vitamin B,, and vitamin

B; deficiencies seem to be higher in urban settings *.

Malnutrition is still a problem that is prevailing globally with the relationship of both
over-nutrition and under-nutrition in developing countries affecting people of all ages'.
Adolescents are particularly at risk of malnutrition due to rapid growth and development and
changes in dietary habits that may have influenced their nutrient intake °. Being overweight

and obesity are the main contributors to non-communicable diseases 2.

“he change in the food systems is likely to create new nutritional challenges while
opening opportunities. To unravel this complexity and identify entry points for interventions,
this study adapts the conceptual framework of food systems for diets and nutrition by the
High-Level Panel of Experts for Food Security and Nutrition HLPE ©. Diets are shaped by

the interactions of food supply chains, food environments, and consumer behavior .



Production, storage, distribution, processing and packaging, retail, and markets are activities
that comprise the food supply chain. Many actors are involved along the supply chains, and
their involvement may improve the nutritional value of food (e.g., fortification) and in some
cases reduce the nutritional value of food due to losses or contamination. The actions of these
actors may also affect the food environment. which comprises food availability and physical

X

and economic access to food, promotion, advertising and information, and fon y and

,\(,

As noted before, the food environment in turn affects cons oices and decisions

safety 8.

including what food to acquire, store, prepare, cook, an@. his is because, besides
personal preferences, food prices, income, knowledge a@dlls, time and equipment, and
social and cultural norms are some of the determi%ﬁbof food choices with implications on
nutrient acquisition °. The differences in n@%cquisition corresponding to three cultural
food customs from southwest, eaq@ and northern Nigeria. Interactions between
components of the food system%étar\nine diets—quantity, quality, diversity, and safety.
Nonetheless, dietary pattel@r also act as drivers of change for future food systems '°.
This is because diets QQ nutrition and health outcomes and have social, economic, and
environmental (;113@ . This and the growing demand for food would necessitate

sustainabi!]"téproduction, consumption, and enabling conditions such as future behavior by

the ﬁ%%stems actors 2.

The change in the food systems is likely to create new nutritional challenges while
opening opportunities. To unravel this complexity and identify entry points for interventions,
this study adapts the conceptual framework of food systems for diets and nutrition by the

High Level Panel of Experts for Food Security and Nutrition 2.



Diets are shaped by the interactions of food supply chains, food environments, and
consumer behavior. Production, storage, distribution, processing and packaging, retail, and
markets are activities that comprise the food supply chain. Many personnels are involved
along the supply chains, and their involvement may improve nutritional value of food (e.g.,
fortification) and in some cases reduce nutritional value of food due to losses or
contamination '*. The actions of these actors may also affect the food enviro ﬁwhich
comprises of food availability and physical and economic access to {food;” promotion,
advertising and information, and food quality and safety. As @\before, the food
environment in turn affects consumer choices and decisions including what food to acquire,
store, prepare, cook, and eat. This is because, beside@o al preferences, food prices,
income, knowledge and skills, time and equipme t,g&%ocial and cultural norms are some
of the determinants of food choices with implic on nutrient acquisition. In this regard, it

was discussed that differences in nutri@quisition corresponding to three cultural food

customs from southwest, eastern, a@%em Nigeria .
1.2 Statement of the Prob@

The food environme;%lu rient adequacy, and physical activities of young adults are critical
factors that im@heir health and well-being. However, there are several challenges in

promotin y dietary habits and physical activity levels in this population.

Firstly, ‘the food environment plays a crucial role in shaping dietary practices and food
choices. However, the food environment in LMICs is often characterized by an abundance of
energy-dense foods which can lead to unhealthy dietary patterns and a gap between nutrient

intake and requirements '>16,



Secondly, nutrient adequacy is a concern among adolescents and young adults due to higher
nutrient requirements for their developing bodies. However, the current gap between nutrient
intake and requirements is a significant issue, and studies have shown that obesity in

adolescents and young adults is the phenotypic expression of the interaction between

3

Thirdly, physical activity plays a vital role in keeping young adults healthy, an@ ohydrate

polygenic inheritance with food intake and physical activity habits !”-

is an important energy source during exercise. However, the beneﬁtg&f carbohydrate
diets for athletic performance are not yet fully understood, and search is needed to

determine the optimal carbohydrate intake for different types@(e cise '8,
1.3 Justification of the Study Q :

» The food environment plays a significa in shaping dietary patterns and physical
activity levels, which in turn k\gnutrient adequacy and health outcomes.
According to the British Nué%sq\%
young adults healthy, a@bohydrate is an essential energy source during exercise
1 QQ\

e A recenc.tiéy.%amining the contribution of food to nutrient intake, meal and dietary

oundation, physical activity is vital for keeping

patt among children aged 4-13 years in Ibadan highlights the importance of this

O
\%arch.

* The study found that the majority of children in Ibadan did not meet the
recommended daily intake for several key nutrients, including calcium, iron, and
vitamin A. This suggests that young adults in Ibadan may also be at risk for nutrient

inadequacy, which can lead to negative health outcomes.



* Additionally, a study on the relationship between dietary habits and nutritional status
among adolescents in Abuja, Nigeria, found that low intake of vegetables and fruits

was associated with higher risk of developing cardiovascular diseases (CVDs) 2.

* This highlights the importance of understanding dietary patterns and nutrient

adequacy among young adults in Ibadan, as low intake of vegetables and &ts can

also lead to negative health outcomes. OQ

1.4 Aim and Objectives of the Study ’\
The aim of this study is to investigate the food environm rient Adequacy and
Nutritional Status of the young adults living in Ibadan ocal Government, Ibadan.
The objectives were to:
e Determine the nutritional status of the gdults living in Ibadan North Local
Government ®
e Assess the proportion of .%?\&gg dults’ food environment living in Ibadan North
Local Governmer.lt AQ\
e Determine I%@c\nvironment has affected their nutritional status
1.5 Research Q st%ns
1. Wh i&hﬁls\e\r:utritional status of the young adults living in Ibadan North Local
ment, Ibadan. Oyo State?
2. "\What proportion of young adults living in Ibadan North Local Government has the
food environment affected

3. How has the environment affected their health?



1.6 Hypothesis
(Null)
1. There is no relationship between Food Environment and Nutrient Intake in young
adults living in Ibadan North Local Government.
2. There is no relationship between Food Environment and Nutritional Status in young
adults living in Ibadan North Local Government {

3. There is no relationship between Nutrient Intake and Nutritional Sta<us0

1.7 Significance of the Study %Q

The food environment, nutrient adequacy, and nutrition@ us are all interconnected and

play a crucial role in the overall health and well-b 'nga%oung adults.

Food Environment: A healthy food envi(@a makes it easier for young adults to make
healthy choices by providing access t@iety of nutritious foods at affordable prices. The

food environment refers to the@n of factors that influence people's eating habits and

choices, including: QQ\

e Availabj @e types of food available in the local area, such as grocery stores,
resta@lts, and vending machines.

x@sibility: The ease with which healthy foods can be obtained, including factors
like cost, transportation, and time.

e Affordability: The price of healthy foods compared to unhealthy options.

e Marketing: The promotion and advertising of food products, which can influence

consumer choices '°.



Nutrient Adequacy: Nutrient adequacy refers to the consumption of enough nutrients to
meet the body's needs for growth, development, and overall health. Essential nutrients

include:

e Protein: Builds and repairs tissues

o Carbohydrates: Provides energy Q*

o Fats: Provides energy and helps absorb vitamins : 0

e Vitamins and minerals: Regulate various bodily functions /\

Nutrient adequacy is important for young adults because it su6$

e Physical growth and development: Adequ ;dtrition is essential for bones,
muscles, and organ development. b’b

o Cognitive function: Nutrients hk and B vitamins support brain function and
memory. ’\%
e Immune function: V1tan®&md minerals help the body fight off infections.
e Reproductive an\Adequate nutrition is essential for healthy fertility and
N

pregnancy out
° \\'

Nutritional&tus: Nutritional status refers to the body's overall health as a result of its

nutr@ake. It can be assessed through:

e Anthropometric measurements: Height, weight, and body mass index (BMI).
o Biochemical tests: Blood tests to measure levels of nutrients like iron, vitamin D,

and protein.



e Clinical assessment: Physical examination for signs of malnutrition, such as poor

skin condition, muscle wasting, or edema.
Good nutritional status is associated with:

Reduced risk of chronic diseases: Such as heart disease, stroke, diabetes, and

certain cancers Q

e Improved mental health: Adequate nutrition supports brain fu cti; and mood
regulation 6\
e Increased energy levels and physical performance OS '

o Enhanced overall quality of life Q

Q

The food environment, nutrient adequacy, and nu@ll status are closely linked. A healthy

food environment promotes nutrient adequ@gich in turn leads to good nutritional status.
Conversely, a poor food environment @snit access to nutritious foods, leading to nutrient

deficiencies and poor nutritional @Ns.

By addressing the foo&@%mment, nutrient adequacy, and nutritional status, It can help

improve young @%ieve optimal health and well-being.

1.8 Scopﬂ@e Study

This study aims to investigate the relationship between the food environment and the
nutritional adequacy of young adults. It will explore how factors within the food environment,
such as the availability and accessibility of healthy food options, influence dietary choices

and overall nutritional status in this population.



Specific areas of focus within this scope may include:

e Food Environment Assessment:

o

o

o

Mapping the availability and density of various food outlets (supermarkets,
convenience stores, fast-food restaurants) in residential areas and near

institutions frequented visited by young adults. \

Assessing the affordability and quality of food options ai in these

outlets. /\

Evaluating the presence of food marketing and ing targeting young

adults, particularly for unhealthy foods and be @ pes 20,

o Dietary Intake and Nutritional Status: Q

Collecting dietary intake data throué idated food frequency questionnaires

O

Assessing nutritional & cy using dietary analysis software to calculate

or 24-hour dietary recalls. \

nutrient intakes ar@smpare them to recommended dietary allowances.

Measuri@opometric indicators (e.g., BMI, waist circumference) to

assess&d composition and potential nutritional deficiencies ?'.

. Socio-@raphic and Behavioral Factors:

N

,b ollecting information on socio-demographic characteristics (age, sex,

education, income, ethnicity) to identify potential disparities in food
environment access and dietary behaviors.
Investigating factors influencing food choices, such as food preferences,

cooking skills, time constraints, and social norms.

10



1.9 Limitations of the Study

Several limitations can be identified in the study examining the relationship between food

environment, nutritional adequacy among young adults and also generally.

1. Measurement of Food Environment:

3

Data Sources: Reliance on self-reported data or limited data sour&’ introduce
biases and inaccuracies in assessing the food environment. /\
Temporal Variation: Food environments are dynamic change over time,

making it difficult to capture long-term effects on nutal adequacy.

2. Measurement of Nutritional Adequacy: ; ’b

Dietary Assessment Methods: Se@rted dietary assessment tools, such as food
frequency questionnaires or” @ur recalls, can be prone to recall bias and
underreporting, potenuall@@restlmatmg dietary intake and nutritional adequacy.
Sample Selecti Q{\dy focused on specific population or geographic region
limiting the e &mabmty of findings to broader populations.

Cultur@ Socioeconomic Context: Food environments and dietary patterns vary

ac Itures and socioeconomic contexts, potentially impacting the applicability of

\tudy results to diverse populations.

Multiple Dimensions: The food environment is a complex interplay of various
factors, including the availability, affordability, and accessibility of healthy foods, as

well as social and cultural influences on food choices.

11



e Individual-Level Factors: Individual-level factors, such as personal preferences,
beliefs, and knowledge, can significantly influence dietary choices, even in the

presence of a healthy food environment 22,

12
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1.

Chapter Two
Literature Review

2.1 Conceptual Review

Food environment refers to the physical, economic, political, and socio-cultural context
in which consumers engage with the food system to make their decisions about acquiring,
preparing, and consuming food !. It is also a context that creates everyday prompts, shaping
people’s dietary preferences and choices as well as nutritional status It serves as an interface
that mediates the acquisition of foods by people within the wider food system 2. For many
communities, the food environment consists of the foods they produce and those they
purchase from their local markets. For others, the food environment is more global, with
increasingly interconnected  local, regional, and international markets*

The food environment consists of:

IO

“Food Entry Points™ or the physical spaces where food is purchased or obtained 3.

Features and infrastructures of the built environment that allow consumers to access these
spaces

Personal determinants of consumer food choices (including income, education, values, skills,

etc.); and surrounding political, social, and cultural norms that underlie these interactions.

¢

2.1.1 Elements that Influence Food Choices

The key elements of the food environment that influence consumer food choices, food

acceptability and diets are:

Physical and Economic Access to Food (Proximity and Affordability)
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2. Food Promotion, Advertising, and Information

3.

Food Quality and Safety 4>

2.1.2 Availability and Physical Access (Proximity)

Food availability which means the adequate supply of food at the national or international
levels, does not in itself guarantee FSN at community or household levels. Lack of access to
food — in the dual sense of physical as well as economic access — can increase the risk of
undernourishment as well as of obesity and diet-related NCDs, depending on the context 7%
Physical access to food depends first on the built environment (presence of food entry points

and adequate infrastructures to access them).

2.1.3 Economic Access (Affordability)

Economic access to food (food affordability) reflects the relative cost of food compared with
a household’s income and purchasing power. People in LMICs tend to spend a greater
proportion of their household budget on food, with people in Cameroon and Kenya spending

almost half their budgets and people in Nigeria spending even more %.

2.1.4 Promotion, Advertising and Information

Retail outlets and markets promote foods to consumers through various means, including
advertising, branding, and social marketing. Simple signage, product placement, billboards,
and radio and television advertisements all serve to impact food acceptability, consumer

preferences, purchasing behavior, and consumption patterns, both negatively and positively.

16



2.1.5 Food Quality and Safety

Food quality describes the attributes of food that influence its value and that make it
acceptable or desirable for the consumer °. This includes size, shape, color, texture, flavor,
food composition (ingredients and nutrients), as well as the way food is produced or
processed (i.e. “organic”, “cage-free”, and “without antibiotics™). This includes negative
attributes such as spoilage, contamination with filth, discoloration, and off-odors, and
positive attributes such as the origin, color, flavor, texture, and processing method of the food.
Food safety describes the impact of food on human health and refers to “all those hazards,
whether chronic or acute, that may make food injurious to the health of the consumer. It
refers to ways to prevent food-borne diseases, arising from food contamination with
pathogens or chemicals, during the production, processing, storage, transport, and
distribution of food, as well as in the household. It also refers to the standards and controls
that are in place to protect consumers from unsafe foods. Food safety is inextricably linked,
with unsafe food creating a vicious circle of diseases (such as diarrhea) and malnutrition,

affecting particularly the more vulnerable (including children, the elderly, and the sick) '°.

2.1.6 Improve the Quality of Food Environments to Enhance Good Nutrition
Cash and Food Security Advisors should consider the opportunity to elaborate voluntary
guidelines on improved food environments for healthy diets.
States, Intergovernmental Organizations, the private sector, and Civil Society Organizations
should!!:

a) Make nutritious foods more accessible and convenient in public places (schools, hospitals,
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etc.), as well as in home and school gardens, and rural marketplaces to provide greater

dietary diversity and quality.

b) Design and implement policies and regulations that improve the built environment to
promote nutritious food, including zoning regulations and tax regimes to minimize food

deserts and swamps.

c¢) Regulate health claims on food packaging and adopt a front-labeling system that is easy to

interpret 2,

d) Strengthen national food safety standards and quality assurance and develop better global

surveillance systems for real-time information.

e) Phase out advertising and promotion of unhealthy foods, especially to children and

adolescents 13.

2.1.7 Home Food Environment

The dietary guidelines for Americans recommend all Americans have a role in creating and
supporting healthy eating patterns and consuming varied, well-balanced diets to promote
well-being and healthy weight and prevent disease !'. Portion control and limiting added
sugars are particularly important !. Yet, only 25% of children aged 6 to 11 years meet daily
fruit recommendations and 20% meet recommendations for vegetable intake 2. Consumption
of sugar-sweetened beverages (SSBs) and foods prepared away from home, which are often
less nutritious, have increasingly contributed to children’s total energy intake over the past

several decades 3. Thus, efforts to decrease SSB consumption and increase healthful meals
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prepared at home are needed. Children’s dietary intake is influenced by both physical and
social home environments (e.g home food environment) . Parents and other caregivers
contribute to children’s eating habits and diet quality through physical environments by
making healthful foods available in the home and serving them at meals and snacks ®’.
Almost 70% of calories and 80% of snacks consumed by children are eaten at home %1011,
Similarly, the mealtime setting is also important concerning dietary intake. For example,
eating meals while watching television is associated with poorer dietary quality among youth
12, Moreover, family meals in the home provide an opportunity for parents to support healthy
eating through role modeling, which is important for children’s development '*!4. Yet,
research has shown parents often report barriers to healthful eating due to lack of time for

meal preparation, children’s characteristics and preferences %1617,

Conlflicts associated with children’s food likes and dislikes are therefore, programs
promoting healthful home food environments and social interactions may be useful to
support children’s dietary quality '®!°. To support parents and caregivers in overcoming
barriers to meal preparation and address children’s food preferences, engaging families to
work together to develop healthful home food environments and prepare healthful meals is
critical. In particular, interactive, engaging nutrition education sessions focused on awareness
and identification of appropriate portion sizes, meal planning, and preparation skills that
build self-efficacy may help parents establish and/ or maintain healthful home food
environments 22!- 22, These experiential activities may also foster healthful food preferences
and eating behaviors in their children 2. Consensus building is effective for empowerment
and cooperation 24, Thus, involving all children and adults in the household in activities and

family goal setting may make behavior change easier and more effective 2. Furthermore,
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children may be more likely to accept more healthful foods at meals and snacks when they
assist in food preparation®®?72%, Meal preparation training could also provide children with
life skills to sustain healthful behaviors 2%, Efforts to reduce eating family dinners while
watching television (i.e, reducing screen time by improving the mealtime setting) may also

improve children’s dietary quality 3'-32,

2.1.8 School Food Environment

Diets of most children and adolescents (hereafter referred to as children) remain poor,
with tremendous consequences for metabolic diseases, overweight and obesity, and other
nutrition-related illnesses ***. Childhood is also a critical period to establish lifelong eating
habits which influence the future risk of obesity and cardio-metabolic diseases >%’. Youth
consume between one-third to one-half of meals at school, making this a crucial setting for
interventions that alter the food environment &. Considering that almost all children obtain
some years of schooling, and of diverse ethnic and socio-economic groups, health promotion

efforts in schools could have a broader impact on eating behaviors and future disease risk °.

2.2 Empirical Review

Promising school food environment policies include direct provision of healthful
foods/beverages such as fruits and vegetables (F&V), quality standards for competitive foods
and beverages (foods and beverages sold outside of school meal programs), and quality
standards (targets for foods, nutrients/energy) for school meals (lunch, breakfast) *°. For
example, in 2008, a US Fresh Fruit and Vegetable Program (FFVP) was expanded nationally

for elementary schools with the highest low-income enrolments to provide free F&V to
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students outside usual school meals and in 2007, a similar free school fruit program was
implemented in Norway to provide daily a free piece of fruit or vegetable to all secondary
school students. The Healthy, Hunger-Free Kids Act in 2010 introduced Smart Snack
Standards for competitive foods and beverages in schools receiving federal meal funding,
including restriction of sugar-sweetened beverages (SSBs) to be fully implemented by 2014—
2015. In 2012, US National School Lunch and School Breakfast Programs nutrition standards
were significantly updated to be more consistent with US Dietary Guidelines and in 2015 the

UK Department of Education mandated revised standards for all food served in schools 3°.

Yet, the effectiveness of these food environment policies for improving children’s
habitual dietary habits, adiposity, or metabolic risk is not well-established. Understanding
these effects is critical to estimate the benefits of existing programs as well as the need for
their expansion; to elucidate potential harms from their elimination as suggested by potential
new federal priorities in the US 7. Prior studies have reviewed whether a range of school
dietary interventions increases F&V consumption but often without focusing on
environmental policies while other systematic reviews have been qualitative assessed the
efficacy of competitive food/beverage standards informed mainly by the cross-sectional
studies or focused on educational (rather than environmental) interventions 3%, Other reviews
have grouped highly varied programs, e.g., teacher training, child education, family
components, labeling, pricing changes, behavioral techniques, and school gardens 3°. Thus,
the effectiveness of school food environment policies remains unclear, including potential
differences in in-school vs. habitual (within and outside school) intakes. To address these
gaps in knowledge, we systematically investigated and quantified the effects of school food

environment interventions -carefully exploring sources of heterogeneity, including provision
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of healthful foods/beverages, competitive food/beverage standards, and school meal
standards, on habitual and in-school dietary consumption, adiposity, and metabolic risk

factors in children 40,

2.2.1 Improving School Food Environment

Making healthful food choices is an essential part of a healthy lifestyle *'. However,
diets that were consumed by most American children are not consistent with the Dietary
Guidelines for Americans #?. Children’s consumption of vegetables, fruits, and whole grains
is substantially less than recommendations, and consumption of discretionary calories from
solid fats and added sugars exceeds recommendations by a wide margin 4. Poor dietary
habits, coupled with low levels of physical activity, have contributed to a dramatic increase
in the prevalence of childhood obesity over the last 4 decades. In 2007-2008, the prevalence
of obesity among children aged 6 to 11 years was five times what it was in 1971-1974 (20%
and 4%), and the prevalence among adolescents aged 12 to 19 years was approximately 3.5
times higher (18% and 5%) 3°. Schools are in a unique position to influence children’s food
choices daily and to potentially contribute to the development of healthful dietary habits and
preferences 4. Indeed, schools have been identified as an important setting for implementing
strategies to prevent and reduce childhood obesity. Given that the average child obtains more
than one-fourth (26%) of total energy intake from foods that were both obtained and
consumed at school, schools have the potential to promote substantial change in children’s
dietary intakes: There are two primary avenues through which schools can influence

children’s diets +°.
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One is the federally sponsored school meal programs (the National School Lunch

Program [NSLP] and the School Breakfast Program [SBP]).

The other is “competitive” foods, which are foods that are sold, served, or given to students
in schools but are not part of the school meal. Ninety-four percent of all schools, both public
and private, participate in the NSLP, and approximately 85% of all public schools that offer

the NSLP also offer the SBP 4.

Every child in a participating school can obtain a school lunch or breakfast, and
children from low-income families are eligible to receive meals for free or to purchase them
at a reduced price. These programs serve meals to millions of children every school day (an
average of 31.3 million lunches and 11.1 million breakfasts per day in fiscal year 2009), and
a majority (62.5% of lunches and 82.1% of breakfasts) are served to children from low-
income families, who are at greatest risk of obesity *’. Using data from the third School
Nutrition Dietary Assessment Study (SNDA-III), it was found that students who participated
in the NSLP obtained 35% of their daily dietary energy from foods obtained and consumed at
school, and those who participated in both the NSLP and SBP obtained 47% of their energy
from such foods '*. Since the mid-1990s, when findings from the first SNDA study (SNDA-I)
indicated that school meals were high in total fat, saturated fat, and sodium relative to the
Dietary Guidelines for Americans the US Department of Agriculture (USDA), which
administers the school meal programs, has launched several initiatives to improve the quality
of school meals. These included establishing new nutrition standards that require that meals
meet the 1995 Dietary Guidelines’ recommendations for total fat and saturated fat, providing
training and technical assistance to help school food service personnel prepare healthier

meals and promote healthy eating behaviors among children, and improving the healthfulness
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of commodity foods offered to schools *®. It was showed that meals were lower in total fat

and saturated fat, relative to SNDA-I, but there was still substantial room for improvement

13,25

Most recently, the USDA implemented the Healthier US Schools Challenge, a
program that recognizes schools that provide healthy school environments through the
promotion of good nutrition and physical activity 26?7, In addition, the USDA commissioned
the Institute of Medicine (IOM) to recommend revised meal requirements and nutrition
standards for school meals '2. The IOM report was released in early 2010 and the USDA is
currently assessing the recommendations and developing new regulations. It was also
demonstrated that a strong commitment to improving the nutritional quality of school meals,
calling for increased funding of $10 billion over the next 10 years to ensure that schools have
the resources they need to make necessary changes, including adequate kitchen equipment
and federal reimbursement !® The IOM report suggested that the USDA increase the
frequency with which states monitor the nutritional quality of meals offered by schools 2%.
Such a change would increase the likelihood that schools will meet standards by providing
needed support and technical assistance on a more timely basis. The SNDA studies, which
USDA conducts approximately every 5 years, are an important tool in monitoring progress in
improving the nutritional quality of school meals #°. Currently, the USDA has little control
over competitive foods. It has no authority over foods that are sold outside of the school
cafeteria, and can only restrict sales of so-called “foods of minimal nutritional value” within

school cafeterias during mealtimes.

The standards used to define foods of minimal nutritional value are conservative,

from a nutrition point of view, and exclude a limited number of foods, including soft drinks,
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water ices, gum, and some candy. Competitive foods may be sold on an a la carte basis in
cafeteria lines or other locations on school campuses; purchased through vending machines,
school stores, or fundraising events; or provided to children as rewards or snacks or through

classroom parties, school celebrations, or other activities #°.

Research has shown that competitive foods are widely available in schools and tend
to be high in energy from fat and/or sugar and low in nutrients 7. On average, children
who consume competitive foods take in more than 150 calories from such foods in a day. In
addition, the availability of competitive foods has been shown to have a negative influence
on the quality of children’s dietary intake. For example, It was found that the availability of
competitive foods was associated with decreased intakes of fruits and vegetables and
increased intakes of total fat and saturated fat . It was also found that fifth-grade students
who had access to snack bars in middle schools consumed less fruit, non-fried vegetables,
and milk and more sweetened beverages than they had as fourth graders in elementary school,
where snack bars were not available. Congress required that school districts participating in
the school meal programs develop school wellness policies 8. These policies must include
goals for nutrition education, physical activity, and other school-based activities, and
nutrition guidelines for all foods available on school campuses during the school day. In
addition, state legislatures across the country have been actively engaged in considering and
enacting legislation designed to influence school food policies and environments. Despite
widespread interest in leveraging school environments and policies to address the problem of
childhood obesity, there is little information available about whether such policies are

effective and, if they are, which ones have the greatest potential to affect children’s diets and
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thereby prevent or reduce obesity. school food practices that “supported frequent snacking

and the consumption of foods and beverages high in calories and low in nutrients™ >!.

These practices included allowing students to have food in the classroom, allowing
students to have beverages in the classroom, allowing students to have snacks in the hallways,
allowing students to have beverages in the hallways, using foods or food coupons as rewards
or incentives, allowing classroom fundraising that included food sales, and having school-
wide fundraising that included food sales. Data was combined on school food policies from
the 2000 School Health Policies and Programs Study, aggregated to the county level, with
student-level data from the National Longitudinal Study of Youth 1997 to examine the
relationship between the availability of “junk food” (chocolate, candy, cakes, ice cream, or
salty snacks available for purchase from a machine or school store), pouring rights contracts
(a pouring rights contract grants exclusive permission to a beverage manufacturer or bottler
to control beverage distribution in a school district or school), and soda or snack food
advertisements and children’s BMI 3! 4. They found that a 10—percentage point increase in
the proportion of schools in a county that allowed children access to “junk foods” was
associated with a 1% increase in the average BMI among all children in the county. The
effect was entirely driven by students who had an overweight parent; there was no effect
among students with normal-weight parents. Children who attended middle schools that did
not have school stores or snack bars, did not have pouring rights contracts, or did not have a
la carte offerings in the school cafeteria consumed considerably fewer calories from
sweetened beverages obtained at school than children who attended schools with these

characteristics *2.
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The relationship between the availability of school stores and snack bars and calories
from sweetened beverages was also observed among high school students. The authors also
found that children in elementary schools that did not offer French fries or similar potato
products in school lunches consumed fewer total calories at school from low-nutrient,
energy-dense foods extended this analysis to examine the relationship between school food
environments and BMI %, They found that among elementary school children, offering
french fries and similar potato products in subsidized school meals more than once per week
and offering dessert more than once per week were each associated with a significantly
higher likelihood of obesity. Among middle school children, the availability of low-nutrient,
energy-dense foods in vending machines in or near the food service area was associated with
a higher BMI z score, and the availability of such foods for a la carte purchase in the
cafeteria was associated with a lower BMI z score. The impact of any policy directed at the
school food environment is likely to be affected by how well the policy is written. The
federal requirement for school wellness policies provides directives about the issues these
policies must address but does not provide specific standards that must be met *2. As pointed
out, there are pros and cons to this inherent flexibility. On the positive side, local
development of policies provides an opportunity for involvement and buy-in of key
stakeholders, including parents, students, teachers, school food service staff, school and
district administrators, and the broader community. On the negative side, the lack of
minimum national standards creates wide variation across districts and has led to the creation
of some extremely weak policies. Several tools have been developed to assess the relative
strength and comprehensiveness of school wellness policies, including policies that target the

availability and nutritional quality of competitive foods 4. Researchers and other nutrition
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professionals interested in assessing the effectiveness of policies targeting competitive foods
should carefully examine the rigor of these policies to draw sound conclusions. The
association between policy rigor and the availability of “junk” food in vending machines and

school stores #°.

In the issue of the Journal, Bullock and colleagues describe the Food and Beverage
Environment Analysis and Monitoring System (Food BEAMS), a Web-based tool can be

used to conduct a comprehensive inventory of competitive foods available in schools *°.

The National Collaborative for Childhood Obesity Research (NCCOR) is working toward
promoting the consistent use of common measures and methods across childhood obesity
prevention and research at the individual, community, and population levels. As the first step
in this process, NCCOR is developing a registry of existing measures and documenting
information about their reliability and validity as well as information about cultural
sensitivity and administration requirements. This will include information about tools used to
assess food environments in a variety of settings, including schools. Making positive changes
in the types of foods types of foods available would enhance this important area of research

and should be encouraged °'.

2.2.2 Importance of Food Systems and the Environment for Nutrition

For clinical nutrition to be impactful, it is essential to consider how the broader food

32 There is

system affects the diets, nutrition, and health outcomes of populations
considerable debate on how food systems can be better positioned to provide safe and healthy

diets and support human health in a way that is environmentally sustainable and resilient to

climate change, as well as other disruptions and shocks ! As The American Journal of
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Clinical Nutrition (AJCN) embarks on new territories, it is only fitting that the Journal delves
into the relationship between food systems and dietary, nutritional, and environmental
outcomes. Food systems involve the production, processing, packaging, distribution,
marketing, purchasing, consumption, and waste of food 2> 3. There remain many research
questions and gaps in evidence on how to transform food systems so that they benefit both
human nutrition and health while protecting ecological resources, supporting livelihoods and

affordable foods, and upholding social, cultural, and ethical values >*.

2.2.3 Impacts of Climate and Environmental Change on Health and Nutrition

Climate and environmental change are and will continue to affect human health on a
grand scale. As climate change progresses, the environmental conditions needed for optimal
human health will come under threat, including clean air, drinkable water, low pathogen
exposure, and the ability to produce, raise, harvest, and gather crops, animals, seafood, and
wild foods in sufficient and safe quantities and/or qualities. Climate change introduces
instability into the food supply, raises prices of food, and ultimately reduces access to
nutrient-dense and healthy foods for certain populations *. E.g: rising sea temperatures are
affecting marine life and threatening fish populations, a major source of protein, essential
fatty acids, and micronutrients for many around the world. The impacts of lost biomass from
the oceans are expected to disproportionally affect countries in the global South 6. Some
models suggest that changes in food availability due to climate change, specifically reduced
availability of fruit and vegetables, are estimated to result in an additional 529,000 deaths by
2050 '6, Climate change will likely affect the nutritional status of all populations, but it will

continue to have a disproportionate impact on poor and marginalized populations, widening
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existing equity gaps in nutrition and health outcomes. Climate change has the potential to
increase the prevalence of under nutrition by affecting the immediate, underlying, and basic
causes outlined in UNICEF’s conceptual framework for maternal and child nutrition '°.
Examples at each level include facilitating optimal conditions for infectious diseases;
reducing household food security; and altering livelihoods, particularly of those in the
agricultural sector 7. Nutritionally vulnerable populations, including pregnant and lactating
women, infants, and small children, are likely to be the most affected by these trends; the
International Food Policy Research Institute’s IMPACT model predicts that under conditions
with limited intervention to mitigate climate change, there will be an additional 4.8 million

undernourished children by 2050 3.

2.2.4 Role of Food Systems, Agriculture, and Diet on the Climate and Environment

The relationship between food systems and the environment is complex because
environmental changes are both a driver and an outcome of food systems 3°. Environmental
inputs such as soil and water quality, weather patterns, and temperature influence food
systems through their impact on the production, storage, and transportation of food. This, in
turn, affects localized food environments—the place or places where consumers interact with
the food system to buy and consume food (including markets, restaurants, and cafeterias, for
example; by influencing food availability, quality, safety, and affordability °°. Proximal
outcomes of food systems include increased or minimized exposure to contaminants, diet
quality, and food loss and waste. Each of these proximal outcomes affects both human and
environmental health outcomes. Food systems exemplify the characteristics of complex

systems, including the existence of feedback loops. One important feedback loop in the food
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system is that environmental outcomes affect environmental inputs; for example, GHG
emissions from food production and waste affect temperatures, and eutrophication from
agricultural runoff affects water quality ©'. In the context of food systems, resilience has been
characterized as the ability to provide safe and sufficient food to all, not only in times of
normalcy but also in times of disturbance and shocks to the system 2. Although shocks to the
food system can include natural disasters, pandemics, economic instability, and political or
social unrest, shocks can also include environmental stressors that push beyond the

boundaries of the system.

The COVID-19 pandemic is demonstrating the fragility of certain parts of current
food systems and underscoring the interconnectedness of each component of the food system
34 Numerous reports have measured the impact of food systems on the environment.
Globally, agriculture and livestock production utilize ~40% of arable land, account for
~T70% of freshwater withdrawn for human purposes and are responsible for ~11% of GHG
emissions (although some estimates range from 11% to 24% depending on what is counted).
Of all GHG emissions from the food system, 80%— 86% come from agriculture (with the
remaining food systems— related emissions coming from food processing, packaging,
transportation, or retail) %>**12 Expanding agricultural land use is a major contributor to
rising carbon dioxide concentrations in the atmosphere, biodiversity loss due to deforestation,
and draining of wetlands. Furthermore, the use of synthetic fertilizers—which contain high
concentrations of nitrogen and phosphorus—is a significant source of eutrophication globally
6 Climate change puts the quantity, quality, stability, and safety of the global food supply at
risk '*. Changes such as rising temperatures, increasing atmospheric carbon dioxide, rising

sea levels, and changing weather patterns all affect the functionality and efficiency of food
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supply chains 8. Because optimal food production requires specific conditions (for example,
certain crops or pests may thrive in a narrow band of temperatures), disruptions to
environmental conditions can negatively affect crop yields, the nutrient content of crops, and
the broader ecosystems that support food production and livelihoods 2°. Climate forecasting
models estimate that average land temperatures will increase in the next 100 years ?°. As land
temperatures increase, certain areas of the globe, particularly tropical low-latitude areas, will
experience decreased crop yields, whereas higher-latitude areas may experience increased
yields in the short term. Lower yields and instability of production, in turn, threaten food
security and nutrition by increasing food prices, which can affect the dietary diversity of poor
households. In addition, geospatial differences in crop yields may result in greater reliance on
a global rather than on a local food supply, which in turn may affect the equity of food
distribution, food sovereignty, and the sustainability of food systems. Although rising
atmospheric carbon dioxide may stimulate photosynthesis and improve the water efficiency
of crops simulation models suggest that potential gains in crop yields from rising carbon
dioxide will not fully offset diminished crop yields due to rising temperatures and other

environmental consequences of climate change 4463,

The increased climate disruption, the protected purchasing power of wealthier
populations could leave those who are poor more food insecure because of their inability to
access and afford food. The impact of floods and heat stress will affect the health and welfare
of animals as well 46, In addition to affecting the quantity of food, rising atmospheric carbon
dioxide concentrations may also diminish the quality of food. Certain staple crops such as
rice and wheat have decreased protein, iron, and zinc content when grown under high carbon

dioxide conditions . Even if the decrements in micronutrient content are minor, they may
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disproportionately affect populations of lower socioeconomic status whose diets rely
predominantly on nutrient-poor staple grains. When combined with rising food prices,
particularly for more nutrient-dense foods that are already out of reach, this may worsen the
risk of micronutrient deficiencies among more vulnerable populations ¢’. The effects of
climate change on human health are not limited to impacts on crop yields and the nutrient
content of those crops. Temperature increases will also result in the proliferation of pests and
pathogens in ways that may harm both crop production and human health. For example,
aflatoxins— carcinogenic and immunosuppressive pathogens produced by certain molds—
afflict crops such as maize and peanuts in tropical regions of the world and their consumption
may be associated with increased risk of morbidity and mortality, poor pregnancy outcomes,
and child growth 8. Researchers predict that aflatoxins may become a more prevalent food
safety issue even in temperate regions where aflatoxin exposure has typically not been a

%  Finally, warmer weather and increased

concern, e.g for maize grown in Europe
atmospheric carbon dioxide facilitate harmful algal blooms that produce toxins, which can

have negative impacts on the ability to access blue (aquatic) foods for diets, human and

marine health, and significant economic consequences 7.

2.2.5 Impact of Climate Change Control on Food Environment

National governments have been negotiating a response to climate change for nearly
3 decades, since the adoption of the UN Framework Convention on Climate Change 7!. Yet
states have still not reached a binding international agreement with provisions to avert
environmental disaster >*. At the Paris climate conference in 2015, 196 states agreed on a

goal to keep average global warming but national pledges added up to only one-third of the
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emissions reductions required to meet the Paris deal’s goal. However, over the years, it has
been discovered that increased attention from both nutrition and environmental scientists on
the relationship between food systems and the environment. Landmark reports on the causes
and consequences of climate change have highlighted the importance of food systems and
human diets for planetary health 72. The cyclical nature of the relationship between the
environment and nutrition demands that nutrition scientists engage in food systems
transformation to improve the diets of the current population while conserving natural
resources for the diets of future generations 7°. Nutrition scientists are in a unique position to
contribute to collaborative efforts that support both human and planetary health. Nutrition is
inherently a multidisciplinary science with a wide umbrella that includes expertise ranging
from molecular biology to community-level behavior change communication. In addition to
encouraging dietary shifts that support both human and planetary health, nutrition scientists
can collaborate with other disciplines to connect the dots between human health and efforts
to promote sustainable agricultural practices, reduce food loss and waste, improve food
processing or packaging, and conserve resources in foodservice settings and food

environments %7,

Nutrition scientists have been traditionally silted into those who study under-nutrition
and food insecurity and those who study overweight, obesity, and diet-related non-
communicable diseases (NCDs) 74. There is a disconnection between those who work on
nutrition within a humanitarian context and those who focus on prevention or long-term
development issues related to under-nutrition *. Given that many of the challenges we face
are global, and with rapid convergence in the type of diets being consumed and growing

commonality in the type of disease burdens faced in both low- and middle-income countries
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(LMICs) and high-income countries (HICs), these traditional boundaries may adversely
affect our ability to identify and implement public health interventions relevant to the field 7.
Because of the nature of food systems complex and interconnected with multiple drivers,
outcomes, and stakeholders, we cannot gain a better understanding of interventions and
policies that will reduce all forms of malnutrition and mitigate environmental consequences
without a systems approach that facilitates collaboration between experts in under-nutrition,
overweight and NCDs, environment, climate, and agriculture. Many gaps in our knowledge
persist on the relation between environmental factors, food systems, and nutritional outcomes
76 Evidence is just beginning to gather as nutrition research embraces a more inter-and trans-

disciplinary approach to improve diet quality and reduce all forms of malnutrition 7.

2.2.6 Environmental Inputs and Food System Processes

Thus far, most research on the connection between food systems and nutrition has
focused on the “ends” of food systems: agricultural production and consumer dietary intake.
However, a host of other activities exist between the farm and the fork that affect nutrition
and health, which some have referred to as the “missing middle” of the food supply chain 278,
Issues such as food processing and packaging, postharvest loss along the supply chain, and
food distribution mechanisms all have an important bearing on nutrition and health outcomes
7% Most research on the impact of climate change on the nutrient content of crops has focused
on staple crops; to date, very few studies have examined how climate change may influence
changes in the production and consumption of non-staple food groups 8. More research is
needed on how different kinds of crops particularly those that are nutrient-dense such as

fruits, vegetables, and legumes will fare in a +2°C environment. Understanding how nutrient
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content may differ in food grown under various climate change conditions will be vitally
important for policies and interventions designed to promote diet quality and reduce the
prevalence of micronutrient deficiencies. Similarly, there is a need to better understand the
relationships between climate and food production more broadly. For example, how is
climate resilience in agriculture affected by the scale of food production, the extent of trade,
or the amount of bio-diversity. In addition, further research is needed to identify and measure
sustainability within food environments. An individual’s food environment influences the

food they choose to purchase and consume !

Sustainability has not been incorporated within traditional food environment
frameworks 74 But as more research and policies consider the sustainability of dietary
patterns, so therefore is a need to understand how food environments should be designed to
address both health and sustainability. These measures include the ecological footprint of
foods available within an environment (with metrics including water, land, and GHG
emission footprints), the amount and type of packaging companies and retailers use, the
availability of combined eco- and health labeling on food packages, the availability of
consumer-facing information on food sourcing and origins, food safety labels and checks,
and minimization of food waste in food environments #>. Governments may also prioritize
the importance of sustainability relative to the food security of their populations very
differently depending on the dominant problem they are trying to solve, leading to different
policy choices #. A growing area of research is how climate change may affect food
purchasing behaviors and whether environmental sustainability is a motivation for behavior
change among food systems stakeholders, including consumers. For stakeholders involved in

food production and supply chains, how might economic incentives or other measures
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increase the adoption of practices that benefit human health while stewarding ecological
resources. For consumers, how environments can motivate behaviors differ between various

age groups, socioeconomic classes, and in different country contexts 4.

2.3 Proximal Outcomes of the Food System

2.3.1 Diet.

Shifting dietary intake at the population level is a formidable challenge, regardless of
whether it is motivated by health, environmental, or other reasons. In the United States, for
example, diets do not align with the Dietary Guidelines for Americans, as illustrated by the
nationwide average Healthy Eating Index-2015 score of 56.6 out of 100 %. Human dietary
behavior is complex, and the extent to which it is driven by social norms related to
environmental impact compared with health or other motivations is uncertain and an
important topic for further research. One environmental motivation for dietary change is
related to a question of resource use: even if the food system can produce adequate calories
for a growing global population, can food production systems keep up with the demand for
more resource-intensive foods? Rising incomes worldwide may increase the demand for
animal-source foods by 70%, which tends to have the highest environmental impact
depending on where and how food is grown and raised 7. To effectively change dietary intake,
we need a comprehensive understanding of what people consume. Global dietary intake data
that are nationally and sub-nationally representative remain sparse 6. Most countries doesn’t
consistently and systematically collect individual dietary intake data, and the data that do
exist are often based on models relying on household expenditure and consumption survey

data, food balance sheet data, and/or data from subpopulation nutrition surveys 7%,
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Although these modeled estimates may give us a sense of dietary intake and patterns of
consumption, they are an uncertain substitute for robust, representative individual dietary
intake data reflecting recent consumption patterns at a national level. The collection of robust
longitudinal dietary data will also allow researchers and policymakers to better understand
how diets are changing over time and why. Since the early 1990s, researchers have been
notified that diets are rapidly changing globally 8!. But surprisingly little evidence has been
collected to document this change and identify the primary drivers of change. Given that
dietary factors are a leading cause of the global burden of disease ®’. The time for a
systematic global effort to understand how diets are changing is overdue. There is a long,
tangled history of discussions, definitions, and metrics around sustainable diets 8. It was
highlighted the human footprint on the environment, and Diet for a Small Planet politicized
the impact of large-scale animal production on natural resources. Joan Dye Gussow’s work
on “ecological nutrition” in the 1970s stressed the unsustainable nature of the United States
food systems #. Since that time, a growing body of literature has bridged the disciplines of
public health, environmental sciences, and ecology. The terms may have changed eco-
nutrition, sustainable diets, public health ecology but the topic continues to be in the spotlight
owing to the growing severity of climate change in the last 20 years and increased public
awareness of the contribution of food systems to environmental degradation. Notably, the
UN has not reached a consensus on an agreed definition of sustainable diets, although draft
definitions have been developed. The definition drafted by the FAO in 2010 did not provide
substantive guidance on what specifically constitutes a sustainable diet from an
environmental, biological, cultural, and health standpoint 3°. A second attempt was made in

2019 when the FAO and WHO established guiding principles for sustainable and healthy
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diets 8. These guiding principles are a set of broad qualitative recommendations but may not
be useful for quantitively assessing if a diet is sustainable. At the same time, Food in the
Anthropocene: The EAT-Lancet Commission on Healthy Diets from Sustainable Food
Systems published in 2019 *°. It was proposed a healthy reference diet that could meet both
human and planetary health needs. Although the Commission report had serious limitations
ol It was called for a grand food system transformation and laid out a roadmap for this
transformation, starting with significant changes to what is currently consumed around the
world. One of the shortcomings of the EAT-Lancet Commission report was that it provided a
single healthy reference diet for the world, and did not take into account that healthy and
sustainable diets may differ in their availability, accessibility, and cost at the global, regional,
and individual levels °!. Even more so, what is considered healthy is not always sustainable,
and what is considered a sustainable diet is not always a healthy one °2. Moving forward,
nutrition scientists need a better understanding of how diets are changing, more scientific
consensus on definitions and metrics to assess the sustainability of dietary patterns, and
methods to test the effectiveness of interventions to promote diets that are both healthy and

sustainable 3.

2.3.2 Food Safety in the Food System.

Human exposure to harmful chemical and biological agents occurs throughout
multiple stages of food supply chains. In food production, agricultural workers may be
exposed to high amounts of pesticides or other agrochemicals, which are associated with

increased risk of poisoning, decreased fertility, and potential increased risk of cancer and
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diabetes 329091, More research is needed on the nutrition and health effects of pesticide usage

92

Most particularly in LMICs, where a significant proportion of the population depends on
agriculture for their livelihoods. Currently, few studies have explored the relationship

between pesticide exposure and adverse maternal and nutritional outcomes in LMIC settings

91,93

Because pesticide and chemical regulation varies from country to country, it is important to
have representative data regarding the health and nutritional risks associated with pesticide
and chemical use and exposure within the food system °*%. It is also critical to assess the
extent to which consumer perceptions of pesticide, chemical, and antimicrobial exposure
may influence food purchasing decisions °¢. Information regarding food safety and its
impacts on producer behavior, consumer awareness, and consumer behavior is limited,

particularly in Sub-Saharan Africa and Asia °7

. The world’s reliance on plastics for
production, manufacturing, and packaging has made plastics ubiquitous in the environment
and, in turn, in food systems. Plastics enter food systems directly through food packaging or
indirectly through the environment. As countries develop longer supply chains, packaging
becomes necessary to preserve shelf life. Plastic packaging can lead to exposure to chemicals
such as Bisphenol A and phthalates, which have been linked to increased risk of obesity,
cancer, and diabetes %919 Although some governments in HICs have mandated more
regulation over these chemicals, in many instances they are replaced by structurally similar

chemicals that may have similar or worse health effects !°!. On the other hand, little is known

about the use of these chemicals in food packaging in LMICs, and more research is needed to
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assess the prevalence of exposure, and potential health outcomes, and to find solutions to
reduce these exposures !92. More distal sources of plastic enter the food supply when
discarded plastic breaks down into particles known as micro-plastics and these are released
into the surrounding environment. The prevalence of micro-plastics has been documented in
oceans and marine life, but currently, little evidence is available on how micro-plastic

consumption affects human health 193,

2.3.3 Food Loss and Waste

Food loss typically refers to losses that occur earlier in the supply chain between the farm
and the retail market. Food waste typically refers to food discarded at the retail or
consumption phase of the food supply chain. Food loss and waste increase the environmental
footprint of food systems owing to methane emissions from the breakdown of organic
materials in landfills and owing to the natural resources embedded in the production of
wasted food. Food loss and waste also expose inequities in access to safe and healthy foods
and represent a missed opportunity for nutrition. Food waste is nutrient waste. In the United
States, nutrient-rich foods such as animal-source foods, fruits, and vegetables account
for >70% of food loss and waste '®. Food waste at the retail and consumer levels alone
averages 1217 calories, 33 g protein, 6 g fiber, and 286 g Ca per person per day. What does
nutrient waste look like in other countries, especially those with a higher prevalence of
micronutrient deficiencies? There is a need for more accurate data on the scale of food loss
and waste globally and sub-nationally, and a need for research to identify cost-effective
policies and interventions to reduce food loss and waste. The FAO has established 2 new

indexes to measure food loss and waste. The food loss index estimates that 14% of the
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world’s food produced is lost up to the retail level, with South and Central Asia experiencing

the most significant losses of <20%. The food waste index will be published later this year 9.

2.4. Distal Outcomes of Food Systems

2.4.1 Nutrition and Health Outcomes.

The Global Syndemic Commission recently published a report in The Lancet in which they
defined the “syndemic” the consequences of under-nutrition, overweight/obesity, and climate
change as being related, interactive, and bound. The authors make a strong case with the
support of other studies that climate change will diminish projected reductions in under-
nutrition *. Policymakers and researchers have noted that many policies and interventions to
address obesity may also have simultaneous positive effects on climate change progression,
but more evidence is needed on how climate change may affect obesity prevalence and how
the rising prevalence of obesity affects climate change. Furthermore, there are uncertainties
about the impacts of environmental degradation and climate change on micronutrient
deficiencies. Plenty of research is emerging on the micronutrient content of foods with
increased temperature changes and the carbon dioxide fertilization effect earlier described,
but much less so on the impacts that climate change may have on the micronutrient status of

populations 60106,

2.4.2 Environmental Outcomes.

The effects of food systems on environmental outcomes may vary by region and by method
of food production. Many data gaps and methodological gaps remain in our understanding of

how different foods, food groups, and dietary patterns affect a suite of environmental
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outcomes, including GHG emissions blue and green water use, land-use change and
deforestation, eutrophication, and acidification. These effects, of course, depend on how food
is grown, where, and by whom. For example, the livestock animal systems of Brazil have
very different water and land use footprints than a pastoralist system in Northern Kenya '?’.
Tomatoes grown in hothouses have a different GHG profile than tomatoes grown in Southern
California. Our current knowledge of the environmental footprint of food is limited by the
fact that most data to date focus on a few specific foods (livestock and staple grains), on a
few specific environmental stressors (namely GHG emissions), and mostly on HIC settings.
There is a need for the nutrition community to work with climate and environmental
scientists to go beyond global and regional averages and understand how healthy and
unhealthy dietary patterns and the foods that comprise those diets affect the environment in
more localized contexts. For example, a given dietary pattern may have a low average
environmental impact at the global level; but what is the environmental impact of that dietary
pattern in a specific region, and how might that dietary pattern align with the nutritional
needs of specific subpopulations such as hospital patients or university students? A higher
resolution of data is required before dietitians and other nutrition professionals are equipped
to make menu planning or nutrition education decisions that appropriately reflect both health

and environmental considerations 97,

2.5 Food Environment In Low and Middle-Income Countries

Food environment research is gaining prominence in low and middle-income countries
(LMICs) at the start of the UN Decade of Action on Nutrition 2016-2025. Policymakers

seeking to tackle global food and nutrition security and the double burden of malnutrition are
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increasingly turning their attention to the role that food environments play in shaping diets,
nutrition, and health in these settings. Food environments have been described as the
interface where people interact with the wider food system to acquire and consume foods.
Recent conceptual work has sought to define external and personal food environment
domains applicable to global settings. The external domain features exogenous dimensions
such as food availability, prices, vendor and product properties, and marketing and regulation,
whereas the personal domain consists of individual-level dimensions, including food
accessibility, affordability, convenience, and desirability. Improved knowledge and
understanding of the interactions between these domains and dimensions are needed to
address the double burden of malnutrition in LMICs, characterized by persistent under-
nutrition amongst women and children, as well as the increasing prevalence of overweight,
obesity, and nutrition-related chronic diseases (NRCDs). Food environment research has
improved over recent decades within high-income countries (HICs) in response to the high
prevalence of overweight, obesity, and NRCDs. Several systematic reviews have
documented research methods and measures from HICs, as well as findings related to diet

and nutrition outcomes '8

. However, in the absence of a systematic review of the literature
from LMICs, little is known about the state of science and the emerging body of evidence
from these settings. This is a significant research gap given the fundamental differences

between HICs and LMICs concerning food systems, food environments, food acquisition and

consumption practices, and public health nutrition challenges.
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2.6 Nutritional Adequacy

Poor eating behaviors can be defined as eating behaviors that lead to increased
consumption of foods high in calories, sugar, salt, and fat, which are important determinants
of health among young people. Consumption of these foods is associated with the onset of
several adverse health outcomes including obesity and early indicators of cardiovascular
disease and type 2 diabetes. Young people who frequently eat at fast food restaurants have
poorer diets than those who eat at these restaurants less frequently. Although there is a lack
of analogous research on food purchases at convenience stores or coffee/donut shops, the

increased consumption of sugar-sweetened beverages and snack foods .

Over the years it has been suggested that these food retailers may also influence eating
behaviors. Since young people spend a large portion of their day at school, the school food
environment may impact their eating behaviors and diets. Most research on the school food
environment has focused directly on the school itself (e.g., cafeterias, vending machines).
However, many students are permitted to leave school grounds during the school day and
have access to nearby food retailers. There is sometimes a preponderance of fast food

restaurants near schools, and these types of food retailers sell primarily unhealthy foods.

A few studies have considered whether the presence of food retailers near schools
negatively influences young people’s eating behaviors and diets. A major limitation of
existing studies is that they measured the overall consumption of specific food items (e.g.,
fruits and vegetables), and did not consider where or when the food items were obtained.
This makes it impossible to distinguish between the contribution of the school food retail

environment, the home environment, and other environments to overall consumption. There
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is a need for studies to examine how the presence of food retailers, both within schools and in
the surrounding area, influences students’ eating behaviors during the school day. It is also
important to note that although young people spend a large portion of their day at school,
there are other locations such as the home food environment where context-specific eating
behaviours are also important. To measure the local food retail environment, previous studies
have used different types of geographic boundaries, with most relying on either circular
buffers or road network buffers. Circular buffers capture all land within a set distance from a
location of interest “as the crow flies”, while road network buffers extend outwards from a
location of interest by following road networks, and therefore capture what is accessible to a
person by road. Circular buffers, while easy to create, do not necessarily reflect how people

travel.

Road network-based buffers address this limitation, but the creation of road network
buffers requires more time and expertise in geographic information system (GIS)
technologies. Furthermore, students who walk to food retailers near their school may take
pathways and shortcuts which would not be captured by the road network buffers. Measures
of the built environment captured using road network buffers are more strongly and

consistently related to physical activity behaviors than circular buffer measures in adults '%°.

2.6.1 Dietary Patterns Associated With NCDs

Hypertension is a leading modifiable risk factor for stroke and cardiovascular disease
(CVD) worldwide, and recent data suggest that nearly one in every two adults lives with
hypertension in sub-Saharan Africa (SSA). Several reports have itemized lifestyle factors in

the epidemiology of risk of hypertension, with limited information on food and dietary intake
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implications. Diet plays an essential role in health and disease outcomes. Still, information on
the overall significance of diet is limited among indigenous Africans from SSA, where the
burden of hypertension is high. Assessing dietary exposure is complex, but a dependable and
efficient approach for evaluating dietary exposure is the dietary pattern. Several studies have
evaluated the significance of dietary interventions in hypertension management, but dietary
factors associated with hypertension are yet to be clearly understood, particularly among
indigenous Africans. Discerning dietary factors associated with hypertension among
Indigenous Africans is vital to strengthening public health efforts and interventions to
prevent hypertension and its related disorders. Examining the implication of diet in the
epidemiology of hypertension among indigenous Africans is critical to designing context-
specific approaches, including dietary guidelines for curbing the growing burden of
hypertension among indigenous Africans. Previously, dietary patterns related to stroke have
been reported among indigenous West Africans from Nigeria and Ghana recruited into the
Stroke Investigative Research and Educational Network (SIREN) study %1%, The SIREN
study was designed to characterize risk factors and the burden of stroke among indigenous
Africans, and evidence from that study demonstrated that hypertension is the prime risk
factor for stroke among Africans. In light of these findings, interventions to mitigate
hypertension risk are likely to impact the risk of stroke significantly. Identifying and
modifying dietary factors related to hypertension risk is expected to be a cost-effective
approach for community prevention of hypertension and stroke, particularly in SSA with a
disproportionately high CVD burden. In this study, we randomly identified participants with

hypertension, matched them for age, sex, and ethnicity with participants without
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hypertension from the stroke-free population in the SIREN dataset, and evaluated the

association between dietary patterns and hypertension ''°,

2.7 Definition of Hypertension

Hypertension was defined according to the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.
Trained personnel (being guided by standard operating procedures) measured the SBP and
DBP of participants three times seated in a resting position. A 5-minute rest period was
allowed between measurements. The average of the last two measurements was estimated as
the participant’s blood pressure (in mmHg), and hypertension was defined as one of the

following conditions:

SBP at least 140 mmHg and/or DBP 90 mmHg,

a self-reported prior diagnosis of hypertension by medical personnel or current use of blood
pressure-lowering medications. Participants with hypertension were matched 1: 1 by age (5
years), sex, and ethnicity with normo-tensives to minimize the confounding effect of these

factors 19,

2.8 Physical Activity

Physical activity has a major impact on health. Some effects are well established; as a
major component of energy expenditure, physical activity has a great influence on energy
balance and body composition. It is also recognized that physical activity is a major

independent modifiable risk factor that has a protective effect on cardiovascular disease
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(CVD), stroke, type 2 diabetes, and colon and breast cancers, and is also associated with

other important health outcomes such as mental health, injuries and falls.

Physical inactivity remains a public health problem in many areas of the world,
including the UK. Activity levels are low in the UK; about two-thirds of men and three-
quarters of women do not meet the national recommendations for physical activityslt is only
recently that energy expenditure has not been inextricably linked to energy i the past,
food was less readily available and energy expenditure was needed“to obtain food. But
advances in technology and industrialization now mean that ther Q mismatch between
food availability and the energy required to obtain food@ go about our daily lives.

Consequently, we now have a pandemic of obesity a as;ciated chronic diseases such as

type 2 diabetes. b(b
NG

This challenging situation is now &e}fecognized by international and national health
bodies. The World Health Organi@ has a global strategy for physical activity, and in
England, the Department of@/has a ‘Choosing Activity’ physical activity action plan.
The economic burden“Qf sical inactivity is immense and the estimated direct cost of
physical inactivj @Y National Health Service in the UK is £1.06 billion !, The indirect
costs of physi ac/{lactivity such as days lost to sickness absence and premature mortality,
private @}tcare costs, and home care, increase these estimates further. It has been

estimated that the total (direct and indirect) cost of physical inactivity in England is £8.2

billion a year by the Department of Health.

So improving physical activity levels (PALs) is crucial. However, the best methods to

achieve this are not yet known and further research is needed to ascertain the effectiveness of
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initiatives already underway. A greater understanding of the psychological and
environmental barriers to increasing physical activity is likely to help inform and direct

campaigns to promote physical activity.

It was highlighted that the importance of physical activity for health and to provide an
effective overview by assimilating the latest evidence in this area. Issues related w%ﬁning
\J

and measuring physical activity are described first, and this is followed by a @ anation of

the physiological impact of physical activity. It focuses on the role of physical activity in the
prevention of disease but also discusses the effects of physical ac @ in high-risk groups
(e.g. the obese and those with impaired glucose tolerance) ious sections. The evidence
linking physical activity to disease prevention is critica%%ssed in sections on weight gain
and obesity, CVD, cancer, diabetes, osteoporosi&ntal health, and psychological well-
being. The importance of physical activit @SS the life course is discussed and national
recommendations for physical activigs\&%(esented. Finally, the challenges of public health

interventions to improve PALS@& considered and an assessment is made of the risks

associated with physical§®. This research aspires to help those working in public health

and so focuses on the health effects of physical activity in the general population, rather than
[ ]

the implication§, of physical activity in the elite athlete '

&
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2.8.1 Definition and Measurement of Physical Activity

Physical activity is defined as ‘bodily movement that is produced by the contraction

112 This term therefore

of skeletal muscle and that substantially increases energy expenditure
includes the full range of human movement from competitive sport and exercise to hobbies

or activities involved in daily living. Conversely, physical inactivity can be described as a

state in which bodily movement is minimal and energy expenditure approxin@%e resting

metabolic rate ''%. /\

Physical activity affects total energy expenditure, which is the of the basal metabolic
rate (the amount of energy expended while at rest in a ne mperate environment and a
state of fasting), the thermal effect of food (otherwi nown as dietary-induced thermo

genesis) and the energy expended in physical ac@

O

A substantial amount of total energy expenditure is accounted for by BMR, which is
determined principally by body mass and composition, both of which vary with age and sex.

The TEF is the energy cost of digesting food and is rarely assessed separately.

Physical activity is a complex, multi-dimensional behavior. Many different modes of activity
contribute to total physical activity; these include occupational, household (e.g. caregiving,
domestic cleaning), transport (e.g. walking or cycling to work), and leisure-time activities
(e.g. dancing, swimming). Exercise is a subcategory of leisure-time physical activity and is
defined as ‘physical activity in which planned, structured and repetitive bodily movements

are performed to improve or maintain one or more components of physical fitness.
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Physical activity can be further categorized in terms of the frequency, duration, and intensity
of the activity. Frequency and duration refer to how often and how long an activity is
performed. Intensity refers to how hard a person is working or the rate of energy expenditure

that an activity demands ''°.

2.8.2 Intensity of Physical Activity

Millitre of oxygen consumed per kilogram of body mass per minute (The absolute intensity
of an activity is the rate of energy expenditure associated with that activity; this is usually
measured in kcal/kg/min or METs (which stands for metabolic equivalents). The MET is a
unit used to estimate the metabolic cost (energy expenditure or oxygen consumption) of
physical activity. One MET is a person's metabolic rate when at rest; this is set as a resting
metabolic rate (RMR) of 3.5 MET values are given in multiples of RMR and are assigned to
activities to denote their intensity. METs are often used to define categories such as light,

moderate, and heavy-intensity physical activity ''4.

2.8.3 Physical Fitness

Physical activity that stimulates the body's cardio-respiratory, musculoskeletal, and
metabolic systems can, over time, cause them to adapt and become more efficient. In other
words, the body gets fitter. Fitness is defined as a set of attributes that people have or achieve
that relates to the ability to perform physical activity ''5. While there is often a focus on
cardio-respiratory fitness, this is only one element of fitness that can be enhanced through
appropriate activity. Other elements include strength, flexibility, speed, and power. Optimum

levels of body fat are also considered to be an element of fitness 'S,
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Cardio-respiratory fitness relates to the ability of the circulatory and respiratory systems to
supply oxygen during sustained physical activity. It is sometimes used as a surrogate for
physical activity, but because both genetic factors and responses to physical activity dictate
cardio-respiratory fitness, and because fitness is also affected by age, gender, and other

health habits, it is regarded by some as an inadequate measure of physical activity '

A person's fitness will determine the intensity felt during a specific activity. For example, it
was defined moderate-intensity physical activity as that which will usually cause an increase
in breathing rate, an increase in HR to the level where the pulse can be felt, and a feeling of
increased warmth, possibly accompanied by sweating on hot or humid days. The amount of
activity needed to experience these feelings will vary from person to person, and this depends

on fitness. A fitter body will cope with a specific task more comfortably !'8,

The term health-related fitness deseribes a dimension of fitness that goes beyond pure
physical function. It encompasses siftficient functional capacity to perform activities of daily
living without undue discomfoxty 6ptimal weight control, low levels of risk factors for major
diseases, and optimal psychological and social well-being. The main determinants of these
attributes are the® physieal condition of the cardio-respiratory and musculoskeletal systems,
regular physseal activity, a healthy diet, normal levels of body fat, blood pressure, lipids and

insulin §ehsitivity, and good mental health ' .

Fitness measurements usually focus on CRF (or endurance), muscular fitness, and body
composition. The best way to measure cardio-respiratory fitness is by assessing maximal
oxygen uptake (VO2max). This is the maximal capacity for oxygen consumption by the body

during maximal exertion; it is also known as aerobic power, maximal oxygen consumption,
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and cardio-respiratory endurance capacity. Maximal oxygen uptake decreases with age so an
activity of a given MET value (an absolute intensity) requires a greater percentage of their

maximal oxygen uptake in older people '%.

Common features of muscular fitness are strength, endurance, and flexibility. Muscle
strength and endurance are specific to the muscle group so, for completeness, seveﬂknuscle
groups need to be tested. Flexibility is difficult to assess reliably and is sp %the joint
being tested. Balance, agility, and coordination are also regarded as sﬁ&gﬁed aspects of
fitness. These aspects of fitness are especially important amon eople who are more
prone to fall and suffer fractures. Balance stands are som@s used in assessments and
agility and coordination are most commonly detemh@@ using a field test such as an
agility walk or run. Hydrostatic or underwater@uing are the preferred methods for
measuring body composition but these a\ icult in some populations, for example,
children. Other measures include biok&' al impedance, magnetic resonance imaging, skin

folds, body electrical conductivit® dual-energy x-ray absorptiometry 2!,

Physical activity@Q\ery complex behavior that can be measured in many ways. A
range of inst @e available for measuring energy expenditure and also physical
activity spe@a y, including objective methods and those based on self-reports. These
mea ur@fg be used to measure both physical activity and inactivity (sedentary behavior
such as sitting or television viewing), both of which are used for surveillance and research

purposes 22,
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Choosing an Appropriate Measurement Instrument

Ideally, physical activity should be assessed objectively, with minimum disruption to
subjects so that it is representative of daily life. To inform practical recommendations, it is
also important to assess physical activity patterns (i.e. frequency, intensity, and duration) as
well as total energy expenditure. Nevertheless, questionnaires and surveys% most
commonly used in epidemiological studies because of their low cost and C@%restricted

S

Various methods of physical activity assessment have their \ﬁges and disadvantages,

administration to many people '%.

and so are more or less suitable for different study obje@. onetheless, it is difficult to
compare measures of physical activity from di f@f@ssessment methods. It has been
showed that motion sensors, physical activity l%l§nd surveys reflect physical activity, but
they do not always provide similar estimates“of the time spent in resting/light, moderate, or
hard/very hard activities. compare(&é\' methods of physical activity measurement over 21.

The major factors that requir\gk)zﬁideration when choosing a physical activity assessment

method are presented bb@:Q

scope of the @ and outcome of interest, e.g. energy expenditure or time spent in
moderate- ity physical activity

natuw details of the physical activity to be recorded, e.g. duration, frequency, and
intensity.

The accuracy required of the outcome measurement, e.g. absolute measures or ranking to be

used
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The summary estimate or score is to be used to rank or categorize individuals according to
their physical activity levels.

validity/reliability

time frame and reference period

mode of data collection, e.g. interview or self-administered
number of subjects vs. cost Q\
compliance < :

characteristics of the study subjects, e.g. age, socioeconomic status. 6\

Some special considerations are needed for assessin@uysical activity in children.
Children's activity is highly intermittent and transn%glature and so a measurement
instrument needs to be sensitive enough to pick@’goﬁ bursts of activity '?*. Numerous
studies have examined the reliability and @y of motion sensors in children under both
lab and field conditions, but the gen@nsensus is that they provide valid measures of
physical activity, but underest@&s of energy expenditure associated with children's
intermittent activities. lso concern about the use of self-report measures in children.
The consensus fro §l reviews is that previous day recall instruments offer the most
promise for u %ﬂldren but they are limited by the lack of information on intra-
individua ility in activity patterns. Moreover, METs (a measure of intensity) are not

Wellgt%ished for various activities in children %

Similarly, measuring physical activity in older adults can present a challenge. Any
activity is likely to be more challenging and therefore will be of greater intensity for an older

person, than for a younger person doing the same activity.
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Validation of Physical Activity Assessment Methods

The multitude of difficulties associated with measuring physical activity emphasizes
the need for validation studies. Validity is defined as the extent to which a measurement
instrument assesses the true exposure of interest, which is different to repeatability at the
extent to which an instrument gives the same result on different occasions. Both V&L&ity and
repeatability are important. The ideal validation instrument would objecti @%sure the
true exposure without correlated error (systematic error in the sa@gﬁon) with the
method being validated '2°. An assessment method should be vali Qagainst another tool
that measures exactly the same exposure. So if a questionns designed to measure total

energy expenditure then the validation tool should also gagre total energy expenditure '?7.

(e

It was discovered the dose response rel ip between physical activity and cardio-

respiratory fitness disappeared in those classified most active by IPAQ, but put this down to
.

over-reporting of physical activity\ﬁgNSfes using questionnaires which focus on vigorous
physical activity may ﬁnd'@%correlations with VOmax than those that attempt to
measure total daily physic 9ctivity, because vigorous activities, which are related to fitness,
are more reliab ﬁ@ in questionnaires. This does not imply that these questionnaires can
be used to r@sure the totality of physical activity '?8. In addition, it is important to ensure
that V@lon study uses the same time frame of reference, subjects representative of the
population to whom the physical activity instrument will be administered and appropriate
statistical techniques. There is no ideal measurement instrument or validation study design
that is suitable for all situations, but a checklist for use when choosing a validation tool is

available %9,
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2.8.4 Physical Activity and Fitness

Some studies have measured fitness, rather than physical activity, for investigating effects on
health outcomes. It is clear that well-established methods used to measure fitness
(e.g. VOmax) do not have the same inherent problems as those associated with physical
activity. It was attempted to determine whether physical activity or fitness i better
predictor of health '3°. They observed a stronger inverse relationship betwe @% and all-
cause mortality, than for physical activity and all-cause mortality. In ition, an analysis of
results from the Aerobics Center Longitudinal Study showed tha est death rates were
in the unfit sedentary groups and the lowest death rates we@the highly fit, highly active
group. Analyses from this study showed that ﬁtnesb&er than physical activity, was

inversely associated with mortality 3!, b’b

Nonetheless, it is not possible to determi %m these results whether one exposure is better
. \

than another as a predictor of he@Bot physical activity and fitness relate strongly to

health outcomes and act ﬂ@ dently; both are very important independent health

dimensions. It is likely‘@se results have been found because fitness has been measured

objectively, but @ activity is usually measured by self-report. This inevitably leads to

misclassiﬁc@l, and stronger associations for fitness than physical activity. However, a

focu (@’g}ysical activity, rather than fitness, is more practical for public health

recommendations !32.

Key points

Physical activity levels in the UK are low. Only 35% of men and 24% of women reach the

recommended rate.
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There is a marked decline in physical activity with age in both men and women.

Men tend to be more active than women at all ages.

In the UK, changes in survey methods have hindered the monitoring of long-term physical
activity patterns but it is clear that the percentage of adults that meet the UK physical activity
recommendations has increased from 1997 to 2004 (with the exception of older women).
There has been a decline in occupational physical activity from the 1990s onwards, but an
upward trend in sports participation, e.g. joining fitness clubs, over the same time period.
minutes of moderate-intensity physical activity per day.

Children are more active than adults. Seventy per cent of boys and 61% of girls reach the
recommended 60.

Boys tend to be more active than girls and there is a decline in physical activity as children
reach adolescence, which is more marked in girls.

Overall, physical activity levels in children have been relatively stable in recent years. But
there is some evidence to suggest a decrease in active transport to school and time spent in
school physical education lessons.

Lower-income groups have particularly low physical activity levels and there is some

evidence that physical activity is lower in some ethnic minority groups '*3.

59



2.8.5 Physiological Effects of Physical Activity

As discussed in METs. Different activities lead to a large variability in physical activity;
physical activity levels ranging from 1.2 to 2.2-2.5 have been reported in healthy adults.
Although an increase in total energy expenditure is expected from physical activity, it has
been shown that there is an additional increase in total energy expenditure that is not directly
due to the activity-induced energy expenditure from physical activity (PAEEY*%, Physical
activity is an important component of total energy expenditure. Th¢ amednt of energy
expended performing a particular activity depends on the muscle\mass involved and the

intensity at which the activity is performed; specific activities'tehd t6 range from 2 to 18.

Body Composition

Physical activity can increase lean body mass; this is done by increasing the mass of
skeletal muscles used performing the physical activity. Furthermore, structural changes take
place in the muscles whereby they increase in capillary density and also potential for

glycogen storage '%.

Physical activity can also modify body composition favorably by reducing fat mass.
Even when an exercise programme produces no loss in bodyweight, substantial reductions in
abdominal subcutaneous and visceral fat can be achieved which translates to a loss of 2.1%
or 1.8% body fat for men and women respectively (minutes of moderate physical activity per
day is equivalent to approximately 1500 weeks of both resistance and endurance training
can produce significant decreases in fat mass and percentage body fat. Nevertheless,
epidemiological studies that have examined the relationship between physical activity and

percentage body fat have not produced as strong an evidence base as might be expected. A
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number of studies have reported unexplained gender differences in the relationship between
physical activity and body fat. It was reported that total energy expenditure was related to
percentage body fat in women but not men, but that physical activity energy expenditure was
significantly related to percentage body fat in men but not women 3¢, It was reported a
stronger association in women and proposed that the steeper slope in the relationship
between exercise and body fat in women is due to highly active women having greater
concern about their body fat, which leads them to practise other behaviours that influence

energy regulation.

Similarly, different relationships between physical activity and percentage body fat
have been reported for different age groups. Using accelerometer as a measure of physical
activity in young adult showed a strong graded inverse association between moderate and
vigorous physical activity and fat mass. Also, in adolescents, physical activity was
independently inversely associated with fat mass, percentage fat mass and body mass index
(BMI) in boys but not girls. In a prospective study of middle-aged healthy whites, baseline
physical activity energy expenditure predicted a change in fat mass in younger adults, who as
a group gained weight in this study. Yet in the same study, baseline physical activity energy
expenditure in older adults (who were on average weight stable) was associated with a gain

in bodyweight, which was explained by an increase in fat mass and fat-free mass '*”

It is likely that the variation in methodology used for measurement of physical activity,
energy expenditure and body composition, and in particular the major reliance on self-
reported measures of physical activity, limits the research in this area and contributes to the

inconsistency. In addition, body composition is also affected by energy intake, and it is
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possible that interactions between physical activity and energy intake, via changes in appetite
or food choice, might explain why there is some variation in the effectiveness of physical

activity in changing body composition '8,
Interaction With Food Intake

Physically active individuals are able to consume a greater amount of en hieve
energy balance, compared with those who are sedentary. Such greater e@kes have
consequences in terms of the nutrient density of the diet. In effect, @ ing the amount of
food needed to match energy expenditure may lessen an%ential problems with

micronutrient deficiencies; achievement of adequate mi ents is more difficult in an

3
2.8.6 Macronutrient Intake ®%

Although difficult to asse s\}'h s been reviewed the effects of exercise on

energy-restricted diet '%.

macronutrient intake. Altho,%%several studies found a significant difference in
macronutrient intake b@ctive and inactive subjects, overall there was inconsistency in
the results '3%. The %re some slight trends observed: active men tended to consume more
carbohydrat%g&‘fess fat and protein than inactive men, but the trend was not significant;

active V@ tend to consume more fat than inactive women but again the trend was non-
signM‘[. Very short-term intervention trials examining the acute effects of a single bout of
exercise on macronutrient intake also show mixed results. There was a conclusion that there
is no evidence to suggest that long-term exercise training influences macronutrient intake.
However, the highlight was that there are a few studies that show an increase in carbohydrate

intake in response to exercise. These results could be explained by physiologically induced
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factors as a result of glycogen depletion, or it might be because more carbohydrate-rich fluids

and foods are consumed during and after exercise '4.

Cardiovascular Effects: Blood Pressure

It is well known that during exercise, blood pressure increases, particularly when the
exercise activates a large muscle mass and requires a relatively great muthr in 141,
Exercising the body's large muscles increases cardiac output several fold. Masodiation of the
arterioles in the exercising muscles causes a decrease in peripheral @ce which, in turn,
attenuates the rise in blood pressure which would otherwise ow from the increase in
cardiac output. When exercise ceases, cardiac output qui back to pre-exercise levels,

post-exercise response can last for up to 12

but the vasodilation and decrease in peripheral res'st@ersists for hours. This hypotensive
@n this way, individuals who exercise

regularly spend a substantial amount of their time in a state of post-exercise hypotension.
.\\
It is therefore not surprising tI“%&E?a meta-analysis of 72 trials, The effect was more
pronounced in those wit g@er baseline blood pressure. Mechanisms involved a reduction
in vascular resistanc described above), but in addition, it was thought that the
. \’
sympathetic netvous and rennin-angiotensin systems are involved because it was observed
that plasmb@r adrenaline decreased by 29% ( mmHg and 3.3/3.5 weeks induced

signm&net reductions of resting and daytime ambulatory blood pressure of 3.0/2.4 )

showed that endurance training for >4p <0.001), and plasma rennin by 20% ( p <0.05)

143
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Coronary Vascular Transport and Endothelial Function

It has been described how aerobic exercise training induces an increase in the
capacity to carry blood in the coronary arteries. This is the result of an increase in the size of
coronary arteries and thus increases in blood flow capacity and capillary exchange capacity.
Structurally, physical activity causes increases in the cross-sectional area of theproximal
coronary arteries and the formation of new blood capillaries (angiogenet@ physical
activity has also been shown to alter coronary vascular control 44, /\

O
Endothelial function refers to the ability of the endothelium in%yer of cells lining blood
vessels) to interact with vascular smooth muscle and ind 6odilation or vasoconstriction.
Nitric oxide is a major vasodilator that is release l@othelial cells. Thus, nitric oxide is
important for increasing blood flow when r d, and its release is increased during
exercise. Physical activity induces im@nts in endothelial function by increasing the
.
activity of nitric oxide synthase, &@ produces nitric oxide, and increasing extracellular
superoxide dismutase, whidw\p&%nts breakdown of nitric oxide. These processes are all
crucial for directing @)ropriate distribution of blood in the body. Furthermore,

endothelial dys K{%is thought to occur in the early stages of atherosclerosis and is a

trigger for is@emla 145,
Imm\&esponse

Physical exertion has both positive and negative effects on the immune response,
depending on the intensity and workload of the activity. Evidence from randomised
controlled trials and epidemiological studies supports the view that near-daily physical

activity reduces the number of days sickness, and also suggests that risk of upper respiratory
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tract infection (URT]I) is reduced in people who engage in regular vigorous physical activity.
it was proposed that stress hormones, which can suppress immunity, and pro- and anti-
inflammatory cytokines, indicative of intense metabolic activity, are not elevated during
moderate physical activity. It is thought that although the immune system returns to pre-
exercise levels rather quickly at the end of a session, each session is thought to boost immune
surveillance, thus reducing risk of infection in the long-term. Similarly, Mode Qﬁhrance
exercise causes either no change or an enhancement of a number of immunolggical indices

such as T-cell count and serum immunoglobulin (antibody) levels 146Q

However, exhaustive exercise tends to lead to@verse changes in several
immunological indices, particularly if the activity 1% mpanied by environmental or
competitive stress. This can lead to an increase i&risk of URTIs, especially in athletes
who take part in competitive endurance e@g who overtrain. Many components of the
immune system exhibit adverse chaﬁ@ er prolonged heavy exertion lasting longer than
90 i.e. hours after exertion whe%&uses and bacteria may gain a foothold, increasing the
risk of infection, partic a@f the upper respiratory tract. skin, upper respiratory tract,
lung, blood and mu le most of these changes reflect physiologic stress and immune
suppression. It @ught that an ‘open window’ of impaired immunity occurs between 3 and
72.

O
\/?J
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2.8.7 Physical Activity In Health And Disease
Physical Activity, Weight Gain and Obesity

In 2005, the proportion of English men and women classified as obese was 23.1% and 24.8%
respectively. Obesity is a major risk factor for several chronic diseases including type 2
diabetes, CVD and some cancers. The direct cost of treating obesity in 2002 w. Q&ted at
£45.8-49.0 million, and this increased to £945-1075 million when the\indifect costs of
obesity were included. As an increase in physical activity in@s overall energy
expenditure and thus can contribute towards maintaining ene ance, it is not surprising
that physical inactivity has been linked to an increase of weight gain and obesity.
Indeed, many reports have linked the rising o e%%ldemlc to increasingly sedentary

lifestyles. The decrease in energy 1ntake th taken place alongside the increase in

prevalence of obesity lends further supg& is concept 'Y,

Observational Studies of Phys1 (alwty and Weight Change

There was assomatm@% improved weight maintenance. kJ/week (1500-2000 )

conducted a sys:e@ev1ew to investigate the effects of physical activity on weight gain.
c

Sixteen pro%

activity%fgssociated with less weight gain, if the level of activity was assessed at the end

¢ studies were identified and results were consistent. Greater physical

of the follow-up period, or as a change from baseline to follow-up. This was seen both in
subjects who had and had not previously lost weight. But the association between baseline
physical activity and later weight change was uncertain. The prospective observational

studies suggested that an increase in PAEE of approximately 6300-8400 4%
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2.9 Physical Activity Needed to Maintain a Healthy Weight

The World Health Organization has assessed the observational and trial evidence and
concluded that there is convincing evidence that regular physical activity decreases risk, and
sedentary lifestyles increase the risk of weight gain and obesity. WHO recognises that studies
that measure physical activity only at baseline, and exercise intervention studwo not
provide entirely consistent results. Thus, it is thought that current patterns of ical activity,

rather than past physical activity or enrolment in an exercise programm&m relevant 14,

O

Although there is some uncertainty around the amount of physic%vity needed to prevent
weight gain, it is probably significantly greater than the@ t of physical activity that is
needed for the prevention of chronic disease. It is li@at the amount of physical activity
required to prevent weight gain varies betw@pulations, and between life stages of
individuals. However, consensus on th }ho\Qunt of physical activity needed to prevent
unhealthy weight gain was achievwéas %ASO Ist Stock conference minutes per day or a
PAL of 1.7 is required to pm\\qﬁgﬁe transition to overweight or obesity. For children, even
more activity time is m@%ended. Consequently, this has been the basis for national and
international re o@aﬁons since then. This group concluded that, although definitive
data are lacking,*it seems likely that moderate-intensity physical activity of approximately
45-60 rae minutes of moderate-intensity physical activity a day to prevent obesity. It has

been now recommended 45 minutes a day in children because this is associated with lower

BML. also recommend reducing television viewing times by about 30 minutes ',

Considering the relationship between physical activity and weight gain at the population

level, kcal) per day must be expended to restore energy balance and thus eliminate weight
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gain in Western populations. High levels of physical activity are needed to achieve this so the

public health implications need to be considered. '°.

2.9.1 The Effects of Physical Activity on Maintenance of Weight Loss

Although evidence from exercise intervention trials suggests that physical activity is
not always significantly effective as an initial means of weight loss. It have b@pr posed
that physical activity is crucial for maintenance of weight loss. In some, @/ all studies,
physical activity appears to favourably alter the composition of WG@SS so that a higher
proportion of weight loss comes from fat mass and less from fat—%mss. Weight loss itself
causes a reduction in TEE (partly because of a drop in% ergy cost of weight-bearing
physical activity), and so any increase in physical C% hat occurs with weight loss serves
to counteract this effect. Otherwise, during wei s, food intake needs to be progressively
lowered to maintain negative energy bala %sical activity serves to counteract this effect,

.
by increasing its direct and indirec@h\ts' (Such as an increase in lean body mass) on energy
expenditure. It is also though\t.@%hysical activity could be a strong predictor of success in

weight loss maintenanm@lse it is a marker for compliance. Those who maintain a high

level of physicaf a%' may also be better at maintaining their target energy intake '35,

Physical @Ty and Type 2 Diabetes Risk

Q
\ﬁis estimated that the prevalence of type 2 diabetes in England is 3.3% for men and
1.5% for women. The cost of type 2 diabetes to the National Health Service is huge, and has
been estimated at £5.2 billion a year. As obesity is the major risk factor for type 2 diabetes it
is clear that physical activity has a major role to play via the prevention of obesity. In

addition, there is substantial evidence that physical activity has an independent protective
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effect on risk of type 2 diabetes. Prospective studies indicate that physically active people
have a 33-50% lower risk of developing type 2 diabetes compared with inactive people. For
example, the lowa Women's Health Study showed that women who had a high vs. low

physical activity index had a 42% (95% CI 34-49%) reduced risk of type 2 diabetes '**.

kcal of energy expenditure in weekly leisure-time physical activity were<associated
with 6% decreases in the risk of type 2 diabetes. In a prospective study in @1 reases of
500kcal increase in energy expenditure, the risk of type 2 diabetes w egéd by 24%. In
the Alumni Health Study, incidence rates declined as energ diture increased. In
addition to the prospective evidence, non-randomised and raised intervention trials also
show that physical activity can help to reduce the risk &loping type 2 diabetes. minutes

of moderate-intensity activity per week. For exa&esults from the Diabetes Prevention

Program study showed a 46% reduction i@fges incidence for participants who met the

physical activity goal of 150. N @

Physical Activity and Type»Lm%etes

There is evidence tha%&le at high risk of type 2 diabetes can benefit even further from
physical activi@o e at high risk, physical activity can reduce risk by up to 64% . For

example, ise can improve insulin sensitivity and glucose tolerance in those with

impa\&ucose tolerance (state of pre-diabetes where sugar is not processed properly ',

2.9.2 Physical Activity, Bone Health and Osteoporosis Risk

Osteoporosis is a degenerative bone disease that is characterised by low bone mass or

low bone mineral density (BMD). Bones become brittle and there is a greater tendency for
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fractures as a result of minor falls osteoporotic hip fractures in the UK each year, and the

health and social care costs of osteoporosis in the UK amount to £1.7-1.8 billion a year 1.

Physical activity is known to affect risk of osteoporosis via its effects on bone turnover. The
greatest effects on bone turnover take place during growth, because the bone matrix is in a
dynamic state which allows the bone tissue to re-organise and grow to withstand new
mechanical tensions and load conditions. Mechanical stimuli on the skeleton include
intermittent mechanical stress caused by body movements, and vibrations exerted on the
bone by muscle fibre contractions and by other vibrations such as induced by racket sports.
Physical activity also exerts metabolic stimuli on the skeleton by increasing blood supply and
thus nutrients, hormones and oxygen supply to bones. Furthermore, the rhythmic nature of
physical activity amplifies the volume of pulsatile growth hormone delivery, which is
essential for cellular proliferation in bone . Skeletal tissue is responsive to these mechanical
and metabolic stimuli, which govern bone turnover. There is a continuous balance between
the mechanical drive towards the formation of bone and the metabolic drive towards
reabsorption of bone month periods whereby bones go through stages of resorption,
formation and mineralisation and a remodelling process takes place over 3—4. Physical
activity is unique in that it can activate the bone multicellular unit via both mechanical and

metabolic stimuli to promote the retention of bone mass 7.

In addition to these direct effects on bone, the increase in muscle mass associated with
physical activity increases the forces generated on the bones where the muscles attach, so

further adding to the mechanical stimuli on the bones.

2.9.3 Physical Activity in Childhood and Young Adult
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Weight-bearing physical activity has beneficial effects on bone health across the age
spectrum. It is generally accepted that maximising the increase in BMD in younger life, and
minimising its age and endocrine-associated decline in later years, is a suitable strategy to
reduce the risk of osteoporosis and associated fractures. There is some evidence that
exercise-induced increases in bone mass in children are maintained into adulthood,
suggesting that physical activity habits during childhood may have long-lasting effects on
bone health. Bone mass increases throughout adolescence and reaches a peak at the end of
this period. The peak bone mass (PBM) also reflects skeletal size, and is achieved in early
adulthood, a few years after growth in height has ceased. Maximising PBM elevates the

starting point from which bone mass declines with age '8,

It is not necessary to perform a high volume of exercise to achieve the benefits from
physical activity, as notable effects on bone may be achieved with just three hours of
participation in sports. It has been observed that bone mass and BMD are both higher in
children who are physically active compared with those who are less active. It is also clear
that PBM is higher in children who participate in sports that have high impact forces such as
gymnastics or football, rather than low impact activities such as walking or activities that are

not weight-bearing such as swimming '2!.

Puberty is an important time period during which the effects of physical activity can
maximise PBM. Starting physical activity prior to the pubertal growth spurt stimulates both
an increase in bone and skeletal muscle size to a greater degree than is observed with normal
growth in children years in boys). In boys, BMD continues to increase through late

adolescence, while in girls BMD ceases to increase earlier (see years in girls and 12—14.
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who are not physically active. Again, high impact and weight-bearing sports are thought to
be most effective; such sports participation during this growth period seem to increase PBM
by 10-20%. Furthermore, it is clear that at least 25% of adult total bone mineral content is
attained during a two year period of fast bone mineral accrual during growth (age 11-13.
Based on evidence from multiple small randomised controlled trials, the American College
of Sports Medicine has developed an exercise prescription that will augment bone mineral

accrual in children and adolescents !°.

O\

mode: impact activities, such as gymnastics and jumping, and moderate—intensity resistance
training, participation in sport that involves running and jumping (likely to be of benefit, but
scientific evidence is lacking);

intensity: high, in terms of bone loading forces; for safety reasons resistance training should
be <60% of one repetition maximum;days per week;

frequency: at least 3 minutes

duration: 10-20 (two times per day or more may be more effective).

\‘

Psychological Wellbeing

There is great variation in the perception of psychological wellbeing; it is a term that is not
well defined. It has been described psychological wellbeing as a phenomenon that comprises

both emotional functioning and satisfaction with life. Mood, self-esteem, sleep and cognitive
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performance are all often considered important aspects of psychological wellbeing. The lack
of a precise definition of psychological wellbeing means that its measurement differs among

researchers, and so this is a limitation to research in this area %28,

In relation to mood and wellbeing, a positive association between physical activity and
indices of subjective wellbeing has been reported by large-scale surveys in severa&&mtries
using different methods and criteria 233348, The evidence is fairly consis ss meta-
analytic or narrative reviews and these large-scale epidemiological su&qs, nd points to a
convincing relationship between physical activity and improved posi mood .Furthermore,
experimental trials support a positive effect on mood f@mderate—intensity exercise;

effective benefits are more likely to be experienced if paiticipants focus on personal goals.

(e

Additionally, physical activity can improye al self-esteem. many researchers have
established a relationship between h&é} activity and self-esteem, self-efficacy and
psychological functioning. The pos@ffects are likely to be greater for those with initially
low self-esteem and can be e@%{ced by all age groups, but there is strongest evidence for

change in children and@aged adults. The impact of exercise on self-esteem in children
and young adulﬁ']\ﬁéyn reviewed.

Sleep quz@ sometimes associated with psychological wellbeing, and daylight exercise is
clos&})&lated to sleep quality. A meta-analysis of 38 studies showed that exercise had no
effect on the time it took to fall asleep, but it produced small increases in the amount of sleep

and slow wave sleep achieved.
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In terms of cognitive performance, studies that have considered reaction time and memory in
older people have been reviewed. Cross-sectional data show that fitter, older adults display
better cognitive functioning but experimental evidence is equivocal.. Results from
intervention studies are inconclusive but findings from meta-analyses indicate a small but
significant improvement in cognitive functioning of older adults who experience an, increase
in aerobic fitness 2433862 Furthermore, there is some evidence from clinical tr'@Qlat hows

exercise can help reduce the risk of dementia and Alzheimer's disease . <

M\
2.9.4 Psychological Barriers to Physical Activity

Achieving an increase in physical activity in the population is a great challenge. There are a
number of psychological barriers to increasing physical activity levels and an understanding
of how these operate is crucial to developing effective ways to promote physical activity. The
challenge is often to translate short-term gains into the adoption and maintenance of

physically active behaviours across the lifespan.

2.9.5 Environmental Dete@nts of Physical Activity

Physical ma\QNy is a major public health problem and is linked to a huge burden of
chronic dise@g'efs crucial to tackle this issue at the policy level and therefore consider the

environéal factors contributing to low levels of physical activity.

v

transport system dominated by cars
use of lifts and escalators and inaccessible stairs
TV, computer games, internet and other sedentary entertainment

household appliances and labour-saving devices.
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An increase in the number of physical activity facilities was associated with decreased
overweight and increased relative odds of achieving >5 bouts per week of moderate to
vigorous-intensity physical activity. These findings emphasise the connection between the

built environment and physical activity.

Local authorities and town planners have an important role to play in helping pe to gain

the benefits of being more active, both in terms of providing appropriate d leisure
arc

facilities, but also by ensuring that pavements and recreational ar of a suitable
standard and that walking areas are well lit and maintained. there appears to be
limited scope for increasing energy expenditure at work o@ domestic activities, active
transport initiatives offer some scope. The journey s¢hool is a potentially important
opportunity for establishing daily physical activi@ childhood, and many schemes have
been introduced at governmental, nationa@fgcal levels to promote active transport to
school. This is supported by evidenc@chﬂdren who walk or cycle to school are more
physically active and have bette@ . The benefits of active transport are not limited to

children. There is an en: otential to increase walking and cycling over short trips, but

perceived danger am%:o venience are barriers to achieving this.

Effectivene$s of Thterventions to Promote Physical Activity

O

\I} s of course critical to use an evidence-based approach to designing community-
based interventions which aim to increase physical activity levels. The National Institute for
Clinical Excellence (NICE) has issued guidance on the promotion of physical activity among

adults 4%

KEY POINTS
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The current recommendations for physical activity are:

Children and young people should achieve a total of at least 60minutes of at least moderate-
intensity physical activity each day. At least twice a week this should include activities to
improve bone health, muscle strength and flexibility.

All movement contributes to energy expenditure and is important for weight mam@%ent. It
is likely that for many people, 45—60 minutes of at least moderateintensit}@l activity
a day, on five or more days a week. For general health benefit, adultssShould"achieve a total
of at least 30 minutes of moderate-intensity physical activity a.da Qﬁecessary to prevent
obesity. For bone health, activities that produce high ph @ stresses on the bones are
necessary.

A number of psychological barriers to physical a@ave been identified, especially for
those who are obese and need to lose we ese include issues related to body image,
poor confidence and lack of immedia‘t@(ds from physical activity.

A number of behaviour change @e(g have been used to identify personal factors that can

help change physical a@ehaviour. It is also proposed that change in physical activity

behaviour is more likely t6"be effective when promotion strategies take into account the stage
.

at which an individyal is considering or achieving a change in lifestyle.

There arefb mber of environmental factors which contribute to low levels of physical

acti\hx%d these should be tackled if significant changes to population level physical

activity are to be achieved. Policies which support active transport initiatives have proved to

be effective in other countries and thus have greater potential in the UK.
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NICE offers a range of guidance on the effectiveness of different methods of promoting
physical activity. However, current research is limited and ongoing work may provide
additional guidance in the coming years.

There are a small number of risks associated with physical activity, many of which are only
linked to contact sports or physical activity at very high intensities. Many of the, risks of

physical activity can be avoided by building up physical activity levels gradualifQ
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Chapter Three

Methodology

3.1 Research Design
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A community-based descriptive Cross-sectional was used for the interest of this study in the
assessment of the food environment, dietary diversity, physical activity and nutrient
adequacy and nutritional status of 18-29 year old young adults living in Ibadan North Local

Government, Ibadan, Oyo State, Southwestern region, Nigeria.

3.2 Population of the study \

The study population consists of 368 young adults living in Ibadan North L, vernment,

Ibadan. Oyo State. /\
3.3 Study Location %

The study was carried out in Agbowo-UI, Ibadan No@;cal Government. Ibadan is the
capital and most populous city in Oyo Sta '@Wia. It is the third-largest city by
population in Nigeria after Lagos and ’b‘is the largest city by geographical area in
Nigeria. Ibadan is located in sou.tls&[em Nigeria. Although, the major inhabitants of
Ibadan are Yoruba People, ot F‘;bes also live peacefully within the city. Ibadan is a
commercial center With@iving economic activities such as agriculture, trading,

handicrafts, manu@ing and service industries, malls, cinemas, train stations and

booming ef@nt sector .

E{g/&y of Study Population
The study participants were selected based on the following criteria
Inclusion Criteria

e Participants should be between the age of 18-29 years

e Participants who gave consent to partake in the study
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e Apparently healthy participants
Exclusion Criteria

e Participants who were too ill

e Participants who were unwilling to participate

3.4 Sample and Sampling Technique Q\

This study was carried out between the month of April to June 2024. The ‘utrl adequacy,
food environment, nutritional status was determined. Eligible partici@’\vere selected from

the designated local government on randomized sampling met[:o .
All participants were counseled based on their nutritional status after it was obtained.

3.5 Sample Size Determination bfb
O

Sample size was determined using Leslie ﬁ\& Formular
n=z’pq \E;\\'
d2 [ ] Q
N
where: g
n= the desi@@e size of the population

z= the s@ard normal deviate, it was set at 1.96, which corresponds to 95% confidence
RO

p= prevalence of malnourished young adults. A prevalence rate of 32% . i.e 32% was

used as the prevalence of the malnourished young adults derived from the recent previous

studies in Nigeria?

g= proportion not expected to have food secured 1-p=(1-0.32=0.68)
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d=degree of accuracy desire, which was set at 0.05

n=(1.96%)(0.32)(0.68)

(0.05?)

=334
34% of the value of the sample size was added to replace the loss Q%nplete
questionnaires. However a total of 368 questionnaires of eligible partiCipants were

realized among the young adults in the selected Local Governme@
3.6 Research Instruments 0

e The research instrument for this study was a@&iministered questionnaire. The
questionnaire was adapted from previous 1@%res on the food environment, nutrient
adequacy among young adults. The\i@ionnaire was used to collect information on
the accessibility to healthy foq its and vegetables, and the consumption among
young adults. . Q\

e Anthropometric ments were taken to calculate their BMI.

e 24 Hour l?ig&Recall was used to know their nutrient adequacy

o HOHE&%MMY Diversity Score was used to know their Food availability in their

N

ood Environment

Questionnaire for participants

The questionnaire was made up of five sections as follows:
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SECTION A; Socio-Demographic and Economic Data of Participants
SECTION B; Dietary Diversity and Its Consumption

SECTION C; Home/Work Food Environment

SECTION D; Anthropometry Measurements of the Participants

SECTION E; Nutrient Adequacy (24 Hour Dietary Recall) OQ
3.7 Data Collection /\(/

A letter of introduction was obtained from the Un1vers1ty ment and A letter of
Consent was taken to the community. The researcher als ed to the authorities of the
community for approval to carry out the research in th mmunity. The procedure used was

in three sections which include; questionnaire @stermg, anthropometric measurements
and counseling sessions. &

Questionnaire Administration \

Participants were educate Q%e purpose on the study and their consent were obtained
before the questionna re s administered. The questionnaire contained socio-demographic
and economic Q}}&: stics of the respondents which includes age, sex, ethnicity, marital
status, stu% mployed and their income/allowance level to determine characteristics of
stud?@dndents, home/work food environment to determine the proximity of health foods,
lifestyle habit of the respondent which include dietary consumption and pattern of the food

around.

Anthropometric measurements
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Anthropometric data include height in metres, weight in kilograms and body mass
index(BMI). The height and weight of each respondent was measured using a validated

stadiometer weighing scale.
Height

The height was measured with the respondent standing erect with back straight, S%gainst

the scale, without shoes, caps and scarves and approximated to the nearest O@
Weight 6\

Weight was taken with the respondent standing upright, @i light clothing, without
heavy accessories and barefooted. Zero-mark calibration@w weighing scale was ensured

before measurement was taken and weight was a;%ﬁ@ted to the nearest 0.01 kilogram.

Body Mass Index ®%

It was calculated using the formulféoéﬂl weight(kg)/ Height (m2). BMI findings are in

categories which are; (<18,5 %’&BMI, 18.5-24.9 Normal BMI, 25.0-29.9 Overweight,

and >30.0 obesity). QQ\
R
O
\/QJ

3.8 Data Analysis: Statistical Analysis
Data obtained on socio-demographic and economic characteristics, home food
environment, income and resource allocation towards food purchase, frequency of

food purchase, anthropometric measurements (height and weight), nutrient intake,
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and adequacy, were processed and summarized using measures such as frequencies
and percentages, means and standard deviations.

Independent t-test was used to test for mean difference of anthropometric
measurements, nutrient intake between gender, while correlation analysis was used to
assess the relationship between food environment, food purchase frequency and
selected variables. The level of significance was set at 5%. All statié@a alyses
were carried out using the IBM SPSS Statistics, Version 25. Q/

3.9 Ethical Approval 6\

The proposal was submitted to the Ethics and Research Com 'tte: of Lead City University,

Ibadan and was obtained with the project number LCU-R 48.
3
P
)

M
i
O
\/Q Chapter Four

Results

4.1 Socio-demographic Characteristics
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More females (66.8%) participated in this study than males (33.2%). The respondents were
aged between twenty-four and twenty-seven years (33.7%), between twenty and twenty-three
years (31.3%), less than twenty years (23.6%), and more than twenty-seven years (11.4%).
The mean age was 22.86+3.55years. Most of the respondents were Yoruba (76.9%), some
were Igbo (13.6%), or Hausa (3.3%), while few of them (6.2%) belonged to another gthnicity.

Most of them (85.1%) practiced Christianity, were mostly single (84.2%) anc@ﬁs!dents

(86.1%). Q/
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Table 4.1 Socio-demographic Characteristics

Characteristics Frequency (%)
Gender
Male 122 (33.2)
Female 246 (66.8)
X
Age Q/Q
<20 years 87 (23.6) 6\
20 — 23 years 115 (31.3) Q$
24 — 27 years 124 (33.7Q
28 — 30 years 42@?
Mean+S.D 6+3.55
-
)
N
Ethnicity ’&c)
W
Yoruba N\ 283 (76.9)
Igbo QQ 50 (13.6)

Hausa

Others %6

\%
Religion
Islam

Christianity

12 (3.3)

23 (6.2)

55 (14.9)

313 (85.1)
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Marital status
Single 310 (84.2)

Married 58 (15.8)

S

Yes 317 (86.1)

,\L
O

No 51 (13.9)

Studentship status

Source: Author’s Findings O N
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Table 4.2 Socio-economic Characteristics

About two-thirds of the respondents (66.3%) were not employed, and for the employed, their
occupation comprised self-employment (61.3%), civil servant (31.5%), artisan (3.2%) and
others (4.0%). Respondents lived with parents (27.4%), in flats (24.5%), in hostels (16.8%),

in self-contained apartment (15.5%), in single room apartment (10.6%), while oth&rs squat

with a friend or relative (5.2%). QQ

100



Table 4.2 Socio-economic Characteristics

Characteristics Frequency (%)
Employment status
Yes 124 (33.7)
No 244 (66.3) Q\
O
N
Occupation %0
Self-employed 76 (61.3) 0
Q
Artisan

Full housewife

\db.

4 %%Q

Civil servant . \% 39 (31.5)

o
Teacher . Aé

Private sector employe Q

R

Type of I\@

\/QJ

Single room with shared kitchen
Self-contained with private kitchen

Flat house system

2 (1.6)

2 (1.6)

39 (10.6)

57 (15.5)

90 (24.5)
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Squatting with a friend or relative 19 (5.2)
Living with parents 101 (27.4)

Hostel 62 (16.8)

Source: Author’s Findings
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Table 4.3 Income and Resource Allocation Towards Food Purchase

More than one-third of the respondents (38.9%) received a monthly allowance less than fifty
thousand naira, some received between fifty thousand naira and one hundred thousand naira
(23.4%), while others received above one hundred thousand naira (10.6%). About one-third
of the respondents spent less than twenty-five thousand naira on food (37.0%), so& spent
between twenty-five thousand naira and fifty thousand naira (19.6%) while ot@ent more
than fifty thousand naira on food (14.4%). The respondents earned a qyjllowance less
than fifty thousand naira, between fifty thousand naira and one thousand naira, and
above one hundred thousand naira monthly (5.7%, 10.3% %8%, respectively). They
spent less than twenty-five thousand naira on food (5.4%)y\some spent between twenty-five

thousand naira and fifty thousand naira (11.7%) \%ﬁb? hers spent more than fifty thousand

naira on food (13.0%). \Q,b
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Table 4.3Income and Resource Allocation on Food Purchase

Characteristics Frequency (%)

Monthly Allowance

<N50,000 143 (38.9)

N50,000 — N100,000 86 (23.4)

>N100,000 39 (10.6) Q\
Undisclosed

Amount spent on food from monthly allowance

<q25,000
N25,000 — N50,000
>N50,000

Undisclosed

Amount spent on food from monthly income

<A25,000

100 (27.2) Q
,\(J

O
N

136 (3

@

@%3 (14.4)

107 (29.1)

21(5.7)
38 (10.3)
58 (15.8)

251 (68.2)

20 (5.4)




N25,000 — N50,000 43 (11.7)
>N50,000 48 (13.0)

Undisclosed 257 (69.8)

Source: Author’s Findings
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Fig. 4.4 Access to a Full Kitchen.

Most of the respondents (95.4%) had access to a full kitchen where respondents prepare

meals most of the time, meanwhile, others did not (4.6%).
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Fig. 4.4 Access to a Full Kitchen.
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Table 4.5 Home Food Availability

The respondents had cereals (91.0%), white roots and tubers (52.7%), vitamin A-rich
vegetables (50.0%), other vegetables (84.0%), vitamin A-rich fruits (55.2%), flesh meat
(61.7%), eggs (77.7%), fish and seafoods (64.9%), legumes, nuts, and seeds (80.4%), milk,
and milk products (78.3%), oils and fats (95.7%), sweets (82.1%), spices, condiménts, and
beverages (67.4%) at home, meanwhile, they did not have dark-green 1 egetables

(56.0%), other fruits (53.5%), and organ meats (51.6%) at home.
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Table 4.5SHome Food Availability

Food Group Yes No
n (%) n (%)
Cereals 335(91.0) 33 (9.0)

White roots and tubers
Vitamin A-rich vegetables
Dark green-leafy vegetables
Other vegetables

Vitamin A-rich fruits
Other fruits

Organ meat

5\
&
Flesh meat . Q

3

Eggs QQ
Fish and seafo@

Legumes'@: and seeds

N

Milk and milk products
QOils and fats

Sweets

N

N

194 (52.7) 174 (47.3) Q\
184 (50.0) 181{@0

162 (44.0) @56-0)

309 (84.0) Q 59 (16.0)
203 (55.% ’8*0 165 (44.8)

1 \7{@) 197 (53.5)
8 (48.4

) 190 (51.6)

227 (61.7) 141 (38.3)
286 (77.7) 82 (22.3)
239 (64.9) 129 (35.1)
296 (80.4) 72 (19.6)
288 (78.3) 80 (21.7)
352 (95.7) 16 (4.3)
302 (82.1) 66 (17.9)
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Spices, condiments and beverages

248 (67.4)

120 (32.6)

Source: Author’s Findings
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Table 4.6 Food Environment — Frequency of Purchase from Point of Sale.

There was a rare patronage of fast-food restaurants (44.6%), Supermarkets (32.9%), roadside
street food vendors (37.8%), and open markets (30.2%), meanwhile, there was a frequent

patronage of local canteens (24.5%), snack shops (33.4%), fruit sellers (32.1%), and street

vendors (35.6%). \
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Table 4.6 Food Environment — Frequency of Purchase from Point of Sale

How often respondents purchase food and Daily 4- 6 times 1-3 times/ 1 —(3 times Never

beverages from; /week week @th

n (%) n (%) n (%) ,\Q‘ﬁ. (%) n (%)

\
Fast food restaurants (e.g., Chicken Republic, 20 (5.4) 61 (16.6) 58 (W 164 (44.6) 65 (17.7)

Kilimanjaro, etc.) QQ

Local Canteens (Sell local foods) 23 (6.3) 65 (17 )fb 90 (24.5) 108 (29.3) 82 (22.3)
Supermarkets (High Class that sell pastries, 25 (6.8) @) 98 (26.6) 121 (32.9) 46 (12.5)
biscuits, and Fruit flavored drinks) . ,\%

Snack shops (sells meat pie, puff-puff, 54@& ) 101 (27.4) 123 (33.4) 73 (19.8) 17 (4.6)

doughnuts, and Fruit flavored drinks) QQ\

Roadside street food vendors @sted 22 (6.0) 50 (13.6) 79 (21.5) 139 (37.8) 78 (21.2)

corn/plantain, akara,boli, friedgl s, etc.)

Fruits Sellers (mango, @ 41 (11.1) 104 (28.3) 118 (32.1) 79 (21.5) 26 (7.1)
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Street Vendors (pepper, groceries,etc.) 29 (7.9) 89 (24.2) 131 (35.6) 71 (19.3) 48 (13.0)

Open Markets (orita, oja-oba, Ojee.t.c) 22(6.0) 77 (20.9) 87 (23.6) 1 @Qz) 71 (19.3)

(@
Source: Author’s Findings < \J
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Table 4.7 Food Environment — Access

There was the presence of food canteens, and snack shops within the workplace/school of
most of the respondents (92.9% and 93.5%, respectively). Similarly, respondents had access
to fresh drinking water (83.2%), adequate dining facility (63.0%), and fruit and vegetables
(66.6%). Meanwhile, no time was set aside for eating at the respondent's workplw{/school

(56.8%), nor was the sale of unhealthy foods and beverages permitted (63.9%0Q
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Table 4.7Food Environment —Access

Access to food around the workplace/school Yes No

n (%) n (%)

Are there time(s) allocated for eating at the work/school 159 (43.2) 209 (56.8)
Is there presence of food canteens within the work/school 342 (92.9) 26 @\

Is there presence of snack shops within the work/school 344 (93.5) 24 (6.5)

Is there access to fresh drinking water 306 %@ 62 (16.8)

Is there access to fruits and vegetables in school/wor]be 245 (66.6) 123 (33.4)

Is there access to an adequate dining facility 63.0) 136 (37.0)

Do they allow the sales of unhealthy foods z@(s 133 (36.1) 235 (63.9)

Source: Author’s Findings ° 5\“

&
Qﬂ\
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Fig. 4.8 Food Environment — Availability of Food Point of Sales within 1km of

Respondent’s Community.

In respect to the availability of the food sales points within 1km of the community, fast food
restaurants (93.2%), local canteens (96.2%), supermarkets (95.9%), snack shops (98.4%),
roadside street food vendors (93.5%), fruit sellers (94.3%), street vendors (90.8%)&1 open

markets (87.0%), were available to the respondents. OQ
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Snack shops (sell pastries, biscuits, and sugar-sweetened _ 98.4
beverages) ’
Supermarkets (High-Class that sell pastries, biscuits, and _ 959
sugar-sweetened beverages) ’
Roadside street food vendors (roasted corn/plantain, akara, _ 935
etc.) ’
Fast food restaurants (e.g., Chicken Republic, Kilimanjaro, etc.) _ 93.2
Street Vendors (pepper, groceries, etc.) _ 90.8
Open Markets (orita, oja-oba, Oje.t.c) _ 87
80 82 84 8 88 90 92 94 96 98 100
Fig. 4.8 Food Environment — Availability of Food Point ithin 1km of Respondent’s

Community Q
(&)
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Fig. 4.9 Body Mass Index (BMI).

The prevalence of underweight, overweight and obesity among the respondents was 8.2%,
22.6% and 11.4%, respectively, meanwhile, more than half of the respondents (57.9%) had a

normal Body Mass Index.
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Obese (>30kg/m2), Underweight (<
11.4 8.5kg/m2), 8.2

Fig. 4.9 Body Mass Index (BMI) 6{§ )
O
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Table 4.10 Body Mass Index (BMI) by Gender

There were more females that were underweight (9.3%) and obese (15.0%), while there were
more males with a normal Body Mass Index (61.5%) and that were overweight (28.7%). It
was revealed in this study that there was a significant association between Body Mass Index
and gender (p=0.004). Contrastingly, the mean BMI of female respondents (24.11+533kg/m?)

was not significantly higher than males’ (23.53+3.81kg/m?) (p=0.285). OQ
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Table 4.10 Body Mass Index (BMI) by Gender

Variable Gender

Male Female Both p-value

n (%) n (%) n (%)

\
BMI Category Q\\
Underweight (< 18.5kg/m?) 7(5.7) 23(9.3) 30 (8.2) Q
N
Normal (18.5 — 24.9kg/m?) 75 (61.5) 138 (56.1) @9) 0.004*
Overweight (25 — 29.9kg/m?) 35(28.7) 48 (19% 3(22.6)
Obese (> 30kg/m?) 5(4.1) 37 ) 42 (11.4)
O
\S)

BMI Scores (Mean=S.D) (—)@\.81 24.11£5.33  23.92+4.88 0.285

* Significant at the p<0.05 IQVQ%‘

Source: Author’s Fin@
i
O
\/QJ
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Table 4.11 Nutrient Intake; Calorie and Macronutrients.

The mean calorie intake of male respondents (1530.16+1037.49kcal) was not significantly
lower that females’ (1676.57+958.70kcal) (p=0.193). The mean carbohydrate intake of
female respondents (316.41+106.77g) was significantly higher that males’ (242.53+141.30g)
(p=0.035). The mean cholesterol intake of male respondents (44.53+16.69thg) was
significantly higher that females’ (23.13+16.84mg) (p=0.013). The mean pro@Q@tal fibre,

total fat, saturated fat, and monosaturated fat did not differ signiﬁcan&gﬂken male and

female genders (p>0.05). EQ
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Table 4.11 Nutrient Intake; Calorie and Macronutrients

Nutrient Male Female Both p-value
Mean+S.D Mean+S.D Mean+S.D
Calories (kcal) 1530.16+£1037.49 1676.57+958.70 1628.32+986.27 0.193

Macro-nutrients < ,:

Protein (g) 45.54+32.79 50.26+36.15 % 2435.11 0.239
Carbohydrate (g) 242.53+141.30 316.41@ 292.48+109.82  0.035*
Total Fibre (g) 11.16x2.74 12@.05 11.87+4.05 0.515
Total Fat (g) 27.77+£22.97 \beS .64+25.78 33.10+17.82 0.149
Saturated Fat (g) 4. o4¢1-® 4.8243.39 4.57+1.46 0.553
Monosaturated Fat (g) & 73 6.79+4.88 6.67+3.84 0.705
Cholesterol (mg) QQM 53+16.69 23.13+16.84 30.07+15.48 0.013*

. 3\

* Significant at{the'}p=0.05 level
Source: Au@(’s Findings

&
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Table 4.12 Nutrient Intake; Vitamins.

The mean vitamin A intake of male respondents (3891.83+842.94mcg) was not significantly
lower that females’ (4267.214+887.73mcg) (p=0.577). The other B-vitamins and Folates were

not significantly different between male and female genders (p>0.05).
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Table 4.12 Nutrient Intake; Vitamins

Nutrient Male Female Both p-value
Mean=S.D Mean+S.D Mean=S.D

Vitamins

Vitamin A (mcg) 3891.834+842.94  4267.21+887.73 4147.091867@\ 0.577
Vitamin C(mg) 11.89+5.27 39.414+9.92 30.591@ 0.154

N
Thiamin Bi(mg) 1.14£1.12 122.90+37.87 @117.47 0.299
Riboflavin B2 (mg) 0.73+0.68 0.79+0.39 0.77+0.16 0.607
Q
Niacin B3(mg) 10.58+8.61 1 I.SOW 11.40+6.11 0.362
O
Vitamin B¢ (mg) 0.43+0.19 @ 0.11 0.54+0.09 0.150
Folate (mcg) 190.24+44s \% 219.64+20.54 210.18+17.52 0.176
Vitamin B2 (mcg) 0.28 Kc’ 0.33+£0.19 0.32+0.16 0.779
QO

Source: Author’s Fin&@\

¢
x‘?:bb
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Table 4.13 Nutrient Intake; Minerals

The mean calcium intake of male respondents (372.16+67.44mg) was not significantly lower
that females’ (390.52+47.64mg) (p=0.682). The mean phosphorus intake of male respondents
(458.63+52.11mg) was not significantly higher that females’ (387.15+75.80mg) (p=0.218).
The mean sodium intake of male respondents (835.36+52.11mg) was not significantly lower
that females’ (861.92+42.98mg) (p=0.805). The mean zinc intake of fem onndents
(58.70+£17.92mg) was not significantly higher that males’ (7.14i5.éﬁ&g£4r0.145). The

mean iron intake of female respondents (39.09+14.78mg) was % ificantly higher that

males’ (15.01+14.31mg) (p=0.149). Q
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Table 4.13 Nutrient Intake; Minerals

Nutrient Male Female Both p-value
Mean=£S.D Mean£S.D Mean£S.D

Minerals

Calcium (mg) 372.16+67.44 390.52+47.64 384.57+94. (Q\ 0.682
Phosphorus (mg) 458.63+52.11 387.15+75.80 410. 28@ 0.218
Sodium (mg) 835.36+52.11 861.92+42.98 % 4+42.98 0.805
Potassium (mg) 706.14+187.79 636.81ﬂ:% 658.81+345.95 0.411
Zinc (mg) 7.14£5.48 58.7@92 42.29+10.68 0.145
Iron (mg) 15.01£14.31 \Q%O%:M 78 31.38+16.49 0.122
Magnesium (mg) 148. 874_-1-0\2(& 125.15+13.33 132.724+43.37 0.149

Source: Author’s Findings, 4‘6
Qﬂ\
i
O
\/QJ
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Table 4.14-16 Respondent’s Nutrient Adequacy.

There was a severe inadequacy of Calories (51.1%), Protein (51.9%), Total fibre (75.0%),
although, Carbohydrate was adequate in about one-quarter of the respondents (27.2%).
Although, there was a severe inadequacy of Vitamin C (94.3%), Vitamin B; (41.8%),
Vitamin B; (58.4%), Vitamin B3 (51.4%), Vitamin Be (81.5%), Folates (69.3%) awtamin
B2 (97.0%), yet, about half of the respondents consumed excess Vitaw@(47.3%).
Similarly, there was a severe inadequacy of Calcium (81.3%), %&hﬁms (67.9%),
Potassium (94.3%), Zinc (61.1) and Magnesium (85.9%), althou n consumption was

adequate and excess in 24.2% and 35.1%, respectively. Q
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Table 4.14 Nutrient Adequacy; Calorie and Macronutrients

Nutrient Severe Inadequate Adequate Excess
(<60%) (<80%) (80 - 120%) (>120%)
n (%) n (%) n (%) n (%)
\
Calories (kcal) 188 (51.1) 61 (16.6) 92 (25.0) Q\\27 (7.3)

Macro-nutrients

59 (16. Q

Protein (g) 191 (51.9)

Carbohydrate (g) 161 (43.8) g&@)

Total Fibre (g) 276 (75.0) @%9 (13.3)

Total Fat (g) 318 (86.@ 30(8.2)

Saturated Fat (g) . @.9) 4 (1.1)
\)

Monosaturated Fat (g) Q 341 (92.7) 14 (3.8)

Cholesterol (m@ 339 (92.1) 21 (5.7)

O
6\(J
Q

76 (20.7)

100 (27.2)

23 (6.3)

10 (2.7)

9 (2.4)

9(2.4)

4(1.1)

42 (11.4)

42 (11.4)

20 (5.4)

10 (2.7)

2(0.5)

4(1.1)

4(1.1)

Source:é@di"s Findings
\/
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Table 4.15 Nutrient Adequacy; Vitamins

Nutrient Severe Inadequate Adequate Excess
(<60%) (<80%) (80 — 120%) >120%)
n (%) n (%) n (%) n (%)
Viamies X
Vitamin A (mcg) 144 (39.1) 21 (5.7) 29 (7.9&/QQ 174 (47.3)
Vitamin C(mg) 347 (94.3) 6 (1.6) @) 9(2.4)
Thiamin Bi(mg) 154 (41.8) 38 (10.3) Q 66 (17.9) 110 (29.9)
Riboflavin B, (mg) 215 (58.4) 53 1% 43 (11.7) 57 (15.5)
Niacin B3(mg) 189 (51.4) \6% 2) 66 (17.9) 79 (21.5)
Vitamin Bs (mg) 300 (81.5)° \% 20 (5.4) 23 (6.3) 25 (6.8)
Folate (mcg) 255 @ 32 (8.7) 52 (14.1) 29 (7.9)
Vitamin Bi> (mcg) @‘Q(w 0) 5(1.4) 3(0.8) 3(0.8)

Source: Auth@’fl’d}ngs

x‘?:bb
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Table 4.16 Nutrient Adequacy; Minerals

Nutrient Severe Inadequate Adequate Excess
(<60%) (<80%) (80 — 120%) (>120%)
n (%) n (%) n (%) n (%)

Minerals Q\\\

Calcium (mg) 299 (81.3) 35(9.5) 20 (5. Q 14 (3.8)

Phosphorus (mg) 250 (67.9) 44 (12.0) % 3.0) 26 (7.1)

Sodium (mg) 285 (77.4) 45 (12.2) 29 (7.9) 924

Q

Potassium (mg) 347 (94.3) 10 %Q 7(1.9) 4(1.1)

Zinc (mg) 225 (61.1) \Q%(U.l) 61 (16.6) 19 (5.2)

Iron (mg) 112 (30.4 5& 38 (10.3) 89 (24.2) 129 (35.1)

Magnesium (mg) 16 S) 25 (6.8) 14 (3.8) 13 (3.5)
3

Source: Author’s Fm&@\
¢

x@b
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Table 4.17 Correlation Analysis between Point of Food Purchase, Nutrient Intake and

Body Mass Index (BMI).

There was a weak negative correlation between Body Mass Index and Calorie intake (r=-
0.110; p=0.040). There was a weak positive correlation between Sodium intake and
patronizing local canteens (r= 0.131; p=0.014), and Body Mass Index (r= -0.118; p=0.026).
There was also a weak negative correlation between Body Mass Index and p@ing street

food vendors (r=-0.111; p=0.034).
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Table 4.17 Correlation Analysis between Point of Food Purchase, Nutrient Intake and Body Ma

R

&dex (BMI)

Correlates Frequency of Purchasing Food from; (}\)
Fast food Local Supermarkets Snack Road—sié\Fruit Street  Open BMI
Restaurants Canteens shops s ﬁ sellers vendors market
Q@ors
Calories (kcal) -0.087 -0.020 -0.064 Bm -0.02 0.023 -0.016  0.056 -0.110*
Protein (g) 0.020 0.035 -0.004 \Q 0.015 0.072 0.093 0.054 0.091 -0.083
Carbohydrates (g) -0.062 0.021 Gis\% 0.003  0.003 -0.038 -0.055  -0.020 -0.075
Total fat (g) -0.020 0. 093Q 016 -0.004 0.032 -0.056 -0.081 -0.005 -0.095
Dietary fibre (g) -0.025 Q 0.020 -0.015 0.053 -0.049 -0.007  0.017 -0.049
Vitamin C (mg) -0.0156 0 058 0.028 -0.033  -0.001 -0.059 -0.055  -0.021 -0.022
Sodium (mg) 0.056  0.039 -0.060 0.022 0.042 -0.118*

\0/@ 0.131%  0.022
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BMI Scores (kg/m?)  0.041 0.079 0.043 0.051 -0.016 0.108* -0.111* -0.016

1
* Significant at the p<0.05 level (2-tailed) Q\
Source: Author’s Findings &Q/
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Table 4.18 Correlation Analysis between Point of Food Environment; Access and

Availability within 1km Distance, Nutrient Intake and Body Mass Index (BMI).

There was a weak positive correlation between dietary fibre intake and the availability of
fast-food restaurants within 1km distance (r= 0.106; p=0.048). A weak positive correlation
was found between Sodium intake and the availability of local canteens within lk%stance
(r=10.109; p=0.041). Additionally, there was a weak positive correlation betw@dy Mass

Index and the availability of street food vendors within 1km distance (r&&l(@)p0.0ZZ).
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Table 4.18 Correlation Analysis between Point of Food Environment; Access and Availability within 1km Distance,

Nutrient Intake and Body Mass Index (BMI)

< C

A
S

Correlates Availability of Food Vendor within 1km Distance; Q\
Fast food Local Supermarkets Snacl@%—side street Fruit  Street Open
Restaurants  Canteens sh@ food vendors sellers vendors market
AN
Calories (kcal) -0.053 0.045 0.015 6@.012 -0.007 0.005  0.009 0.000
Protein (g) 0.021 0.029 0.03%@ 0.035 0.060 0.060  0.028 0.080
Carbohydrates (g) 0.041 0.046 @\1 -0.001  0.049 0.021  0.043 0.058
Total fat (g) 0.011 0.04E® 0.030 0.017 0.025 0.024  0.040 -0.004
Dietary fibre (g) 0.106* \9 0.047 0.050 0.100 0.048  0.064 0.077
Vitamin C (mg) 0.029 b('/ 0.028 0.020 0.014 0.032 0.026  0.035 0.047
Sodium (mg) @b 0.109* -0.009 0.067 0.083 0.036  0.039 0.070
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BMI Scores (kg/m?) 0.061 -0.011 -0.011 -0.057  0.020 -0.011  0.119* -0.033

1
* Significant at the p<0.05 level (2-tailed) Q\
Source: Author’s Findings &Q/
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Discussion of Findings

Malnutrition is as yet an issue that is winning worldwide with the relationship of both over-
nutrition and under-nutrition in emerging nations influencing individuals of any age !. Young
people are especially in danger of malnutrition because of quick development and
advancement and works on in dietary propensities that might have impacted their s%ement
consumption. Being overweight and heftiness are the principal supp@ of non-

transmittable sicknesses 2. Q/

Food conditions have been portrayed as the connection point w@ividuals collaborate
with the more extensive food framework to procure and ¢ s. Ongoing calculated work
has tried to characterize outside and individual food@gﬁe areas relevant to worldwide
settings. The outer area highlights exogenous as e food accessibility, costs, seller and
item properties, and advertising and gui&@, while the individual space comprises of
individual-level aspects, including fo'o@ ness, moderateness, comfort, and attractiveness.
Further developed information @\comprehension of the communications between these
spaces and aspects are ex &@to address the twofold weight of malnutrition in Low-Middle
Income Countries, Wibed by tireless under-nourishment among ladies and youngsters, as
.
well as the risﬁ&}ervasiveness of overweight, stoutness, and sustenance related ongoing
sicknesses" d climate research has worked on over late a very long time inside top level
salary\vtions because of the great pervasiveness of overweight, stoutness, and NRCDs. A

few orderly surveys have recorded research strategies and measures from HICs, as well as

discoveries connected with diet and nourishment results 3.
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4.2.1 Socio-Demographic Characteristics of the Study Respondents

This study demographic data showed that there were more female (66.8%) respondents who
participated compare with male (33.2%) respondents. This is similar to the recent study
carried out among the young adults with gender50.4% and 49.6% female and male
respectively . Another previous study demonstrated a contrary result showing 39.9%\ females
and 60.1% males®. The age range of this study respondents is between 18—2@Q{s, with a
mean age of 22.86+3.55years having the 24 to 27 years most participat&gl%), then 20 to
23 (31.3%),<20 years (23.6%), and >27 years (11.4%) as the leas ipated in this study.
Other socio-demographic characteristics includes: ethnicity, @io and marital status. Most

of the respondents were Yoruba (76.9%) and this is similz@a recent study?®.

The key findings of the study identify that t@ an interplay of where young adults
consume their food, their nutrient adequac@ng pattern and nutritional status. According
to World Health Organization (WI—@\Q e for BMI were used to create the categories:
underweight (< 18.5 kg/m?), n@ eight (18.5- < 25 kg/m?), overweight (25- < 30 kg/m?)
and obesity (> 30 kg/rr@e\@revalence of the malnourished young adults living in Ibadan
North Local Goxge@t was underweight (8.2%), Underweight (22.6%), Obesity (11.4%)
and (57.9‘;§‘®mal BML. as a recent study also demonstrated a contrary result . Higher
percent%
o0

the location setting of the study location. Majority of the respondents also reported to be

e respondents were single (84.2%), also reported in a study °.This is due to

practicing Christianity (85.1%). This aligns to the study which reported (100%) Christian

participants in Calabar South Eastern region of Nigeria. The studentship status also took the

higher percentage of the participants (86.1%) because of the of the study location setting.
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A majority of the study participants (95.4%) had access to a full kitchen. This shows access
to a place for meal preparation. This reflects in the frequency of purchase of meals and
snacks from assessed point of sales by respondents. Respondents mainly purchased meals

from fast food restaurants and roadside food vendors 1-3times a month (44.6% and 37.8%

3

It was discovered that respondents had cereals, white roots and tubers, @n A-rich

respectively) 7.

vegetables, vitamin A-rich fruits, flesh meat, eggs, fish and sea—food,xlegdmes, nuts, and
seeds, milk, and milk products, oils and fats, sweets, spices, con s, and beverages at
home, meanwhile, they did not have dark-green leafy Veges , other fruits, and organ
meats at home. This is likely due to the perishable nature of fruits, vegetables, and organ

meats which mainly require preservation due to @helf—life. This is corroborated by the

low consumption of fruits and dark—gree@'egetables as well as organ meats. This

doesn’t align with the study carried oub@ously 8,

This study also shows the p ge of fast food restaurants (44.6 %) compared to
patronizing from Vend§®sells snacks (4.6%) because of individual preferences and
environment it is sit\&i. his was also shown in study carried out previously °.

This study 8emomnsStrated high presence of snack shops (98.4%) within 1km of the study
locatior@pared to open markets (87.0%). This is logical because of the dominance of the

resp%nts (young adults) compared to other groups in the community who do not have

time to eat at their workplace/school.
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4.2.2 Nutrient Intake; Calorie and macronutrients

In this study, the mean calorie intake of male respondents (1530.16+£1037.49kcal) was not
significantly lower than that of the females (1676.57+958.70kcal) where the (p=0.193).
Contrary to the previous study which states that men tend to eat more calories than females
as a result of their larger mass '°. The mean carbohydrate intake of the female reshondents
(316.41£106.77g) was significantly higher than that of the ma onndents
(242.53+141.30g) (p=0.035) in contrast to the study '°.The mean Ch&gﬁayintake of the

male respondents (44.53+16.69mg) were significantly highe@at of the females
11

(23.13+16.84mg), in which a study demonstrates the same re@

The mean vitamin A intake of male respondents (389 &2.94mcg) was not significantly

lower that females’ (4267.21+£887.73mcg) whe (p=0.577). A study demonstrated

contrary result which states that male co d higher Vitamin A than female '2. The

mineral consumption of both gende’r@f not significantly different from each other as

contrarily shown in a prevjo&@dy carried out among young adults which states that
Q

females tend to be mor@id\equate in their diet than men. 2
4.2.3 Respondent\’\]’ikgrient Adequacy.

This study s@ys that there were severe nutrient inadequacy consumption among the young
adul %:b (51.1%),(51.9%).(75.0%) Calories, protein and Total Fibre respectively as
similarly demonstrated in the previous study '2. In one quarter of the respondents, there were
adequacy in carbohydrates consumption (27.2%), A previous study showed a contrary result

which states there were no significant percentage of Carbohydrate consumption that is

considered optimal for the respondents to prevent or treat type 2 diabetes 3.
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And severe inadequate consumption of Vitamin C (94.3%). It was contrarily reported in a
recent study that there is high consumption of Vitamin C ' , Also about half of them
consumed Vitamin A in excess amount (47.3%) in contrast to a recent study which shows the

prevalence of VAD as a result of inadequacy of Vitamin A 6,

There were also severe inadequacy in Calcium, Phosphorus, Potassium, Zinc and l\%esium

(81.3%),(67.9),(94.3),(61.1%) and (85.9%) respectively similarly to a previou@% 12,
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Chapter Five
Conclusion
5.1 Summary of Findings

This study was carried out to assess the prevalence of the malnourished young adults, the
proportion of their knowledge about individuals’ food environment and how itQ&fected
their nutritional status. A community-based descriptive Cross-sectional @Qed for the
interest of this study in the assessment of the food environment, dj iversity, physical
activity and nutrient adequacy and nutritional status of 18-29 e@ young adults living in
Ibadan North Local Government, Ibadan, Oyo State, S ern region, Nigeria. A total
number of 368 respondents participated using a rand;%d controlled sampling method but

®%

The study showed the mean age ot; articipants as 22.86+3.55years, demonstrating a

within the age range of 18-29 years.

larger percentage of female (66.8‘3&%11 male (33.2%). Majority of the participants were

Yoruba (76.9%), single (84.29®Nere students (86.1%) and practicing Christianity (85.1%).

It was found that fro &study that the prevalence of underweight, overweight and obesity
among the pa@s were 8.2 %, 22.6% and 11.4% respectively while more than half
(57.9%) ir weight in normal BMI range since the percentage of unhealthy foods were
not ;\gl'(ted within their premises as (63.9%) was shown. Findings from this study also
showed that there were more females who were underweight and obese (8.3%, 15.0%)
respectively while there were more males with normal BMI and overweight (61.5%, 28.7%)
respectively. This is associated to the relationship between BMI, carbohydrate and

cholesterol as the study showed that the mean carbohydrate intake of the females respondent
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(316.41£106.77g) was significantly higher than the males (242.53+141.30g) (p=0.035),
while the mean cholesterol consumption of the male respondents (44.53£16.69mg) was

significantly higher than that of the females participants (23.13+16.84mg) (p=0.013).

However, One-quarter of the respondents consumed carbohydrate in adequate amount

(27.2%) and severe inadequacy of calories, protein and Total fibre. And about hdlf of the

respondents consumed Vitamin A in excess. 02

This study was conducted among young adults, majority o$ were students. The

5.2 Conclusion

prevalence of underweight, overweight and obesity is ¢ e with recent studies which

have shown an increasing trend of these malnutriti?@mains among the young adults in

®%

There was a somewhat sub—optimal g@mption of carbohydrate, protein, dietary fibre,

developing nations of the world.

vitamin C, and calcium, which a@ntial nutrients for growth and development of the

study population. * \A%

Young adults who @ed fast foods restaurants, snack shops and consume SSB have
inadequate nu@

sodium iu@as slightly high among respondents who had access to and patronized local

tatus than those who patronized the restaurant less. Meanwhile,

cant?st/ imilarly, the BMI of respondents who had access to street vendors was slightly

higher than who did not.

There was a high patronage of local canteens and street food vendors due to perceived

affordability by the population; thus, these food outlets could serve as a viable option for
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respondents if the operators are trained and empowered to provide a diverse range of healthy

food options.
5.3 Recommendations

Based on the result of this study, the prevention, management and intervention method

should be introduced: Q*

e Public Health strategies that targets this group should emphasize ((h/grd the junk
foods can cause as well as the energy dense foods from @%sd restaurants and
snack shops, while encourage the consumption of food$ low=glycaemic index
such as high fiber diets, fruits and vegetabl scriminate proliferation of
unhealthy foods and drinks should be checke%Q

e All healthcare personnel should note ﬂ%Qd environment, dietary pattern affects
nutritional status and also advo<%e\\\9 healthy fat food sources, vitamins, proteins

[ ]
consumption because they @B

e Screening for anthrop iC measurements should be strengthened as early detection

will help to lesﬁ@?prevalence of malnutrition.
5.4 Contributio @w]edge

1 is one of the few community based cross-sectional surveys in the

lding immune system.

be Southwestern region in Nigeria that has estimated prevalence of estimated

essential nutrients amongst young adults. This could provide way of
monitoring the effectiveness of public health concern related to malnutrition.

2. This research was able to determine the measure of malnourished young

adults which could be a cause of inaccessibility of healthy diets within 1km in

the community.
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3. This study is likely to be one of the few studies in Nigeria to determine the

relationship the Body Mass Index, Dietary consumption pattern and food

environment on individuals between 18-29 young adults.

. There have been studies that has determined the food environment and

Dietary consumption pattern in the Africa but this study happens t(&ﬂ)ne of

the very few studies that measured Food accessibility withf in the

i
community and covers school/work food environment and hgme €hvironment.

5.5 Suggested Area of Research Q

1. Further research on the major cause behind the high e@ge of low Vitamin C

2.

favourable topography. &Q

A general survey of Micronutrients and%

consumption despite being in a tropical regio unded with fertile soil and

onutrients prevalence among the young

adults will be of great value beca e\i their vulnerability and prone to diesases and

RN
N\
Q»}")

&
O
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Appendix
LEAD CITY UNIVERSITY, IBADAN.
DEPARTMENT OF HUMAN NUTRITION AND DIETETICS
QUESTIONNAIRE ON

FOOD ENVIRONMENT, NUTRIENT ADEQUACY AND NUTRITTIONAL STATUS
AMONG YOUNG ADULTS AGED 18-29 IN IBADAN-NORTH LOCAL
GOVERNMENT.

Dear Respondent,

I am a final semester master's student of the above-named department and university, I
am currently carrying out a survey on Food Environment, Nutritional Status, Nutrient
Adequacy, and Physical Activities among Young ‘Adults Aged 18-29 in Ibadan-North
Local Government, Ibadan, Oyo State. Thé /xesearch is for academic purposes and
sincere responses to the questionnaire. Thanks.

Do you agree to participate in this res€arch? Yes ( ) No ( )

Signature..........

QUESTIONNAIRE NO;

Instruction; Tick ( ) yourappropriate response and fill in empty options as required.
Section A: SOCIQ-DEMOGRAPHIC CHARACTERISTICS INFORMATION

Gender 'of respondent: (a) Male [ ] (b) Female [ ]
Age gf respondent (years):
Etlmieity: (a) Yoruba [ ] (b) Igbo[ ] (c) Hausa [](d) Others specify...........

=

5. Marital Status of Respondent: (a) Single [ ] (b) Married [ ] (c)
Divorced/Separated][ ] (d)Widowed| ]

6. Student: (a)Yes[ ](b) No[ ]
If Yes,

7. Monthly Allowance:

How much do you spend on food from your allowance:

9. Employed; Yes[ ] No[ ]
If Yes,

*®
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10. Occupation: (a) Self-employed [ ] (b) Artisan [ ] (c) Full-house wife[ ] (d) Civil

servant [ ]

11. Average Monthly Income:
12. How much do you spend on food from your monthly income:

Section B; HOME FOOD ENVIRONMENT

1.

What type of house do you live in? (a)Single room with shared kitchen [ ] (b) Self-

contained with private Kitchen [
friend or relative [ ] (e) Living with parents [ ] (f) others specify:
Do you have access to a full kitchen where you can prepare meals

Yes () No

] (c) Flat house system [

] (d) squatting with a

most oiéime? )

. Which of the following foods do you currently have in your house? Q{

Food Group Yes | No Food Group ,\'\ Yes | No
All Starchy Staple Drinks Q )
foods &
Bread Soda drifiks,
Rice AlcolohBuinks
Cereals i
Spaghetti
Potatoes E
Beans and Peas
Beans \\gsb
Soybean \ N
Nuts and Seeds X Meat, Fish and Poultry
Groundnut N Crayfish
Cashew nuts Sé!) Alaran
Dairy and its prodmj\ﬁi Crab
Evaporated Milk . /NN Cow meat
Butter \\\ ) Chicken
~ Turkey
Egg
Goat meat
Snail
TR« Ponmo
\Watermelon Catfish

4. How often do you consume food and beverages from the following locations?

Daily

4— 6 times | 1-3  times/ |1 —
/week week times
/month

3

Never

Fast
Republic, Kilimanjaro, etc.)

food restaurants (e.g.,

Chicken
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Local Canteens (e.g Amala sky, Buka,
vendors that sell local foods)

Supermarkets (High Class that sell
pastries, biscuits, and Fruit flavored
drinks)

Snack shops (sells meat pie, puff-puff,
doughnuts etc)

Roadside street food vendors (roasted
corn/plantain, akara, boli, fried potatoes,
etc.)

Fruits Sellers (mango, apple)

Street Vendors (pepper, groceries,etc.)

Open Markets (orita, oja-oba, Oje.t.c)

WORK/SCHOOL FOOD ENVIRONMENT %

Proximity of Food within the work/school 0
P =\

Access to food around the work/school

Yes No

Are there time(s) allocated for eating at the work/ sgl1¢§\

Is there presence of food canteens within the wo’ga@ol

Is there presence of snack shops within the @s'chool

Is there access to fresh drinking water
g ’\\.\

Is there access to an adequate dini Elhty

Is there access to fruits and \7@ es in school/work

N e\
Do they allow the sale@‘ealthy foods and drinks

0\

How many OXf l@_s;\do ’you find around your community?

1km around your community

Fast food @ants (e.g., Chicken Republic, Kilimanjaro, etc.)

Loc C%eens ((e.g Amala sky, Buka, vendors that sell local foods)
%\ g y

Supermarkets (High-Class that sell pastries, biscuits, and sugar-
sweetened beverages)

Snack shops (sell pastries, biscuits, and sugar-sweetened beverages)

Roadside street food vendors (roasted corn/plantain, akara, fried
potatoes, etc.)

Fruits Sellers

Street Vendors (pepper, groceries, etc.)
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Open Markets (orita, oja-oba, Oje.t.c)

Section C: NUTRITIONAL STATUS

. Weight(kg);
2. Height (m);

Section D: NUTRIENT ADEQUACY

TWENTY-FOUR-HOUR DIETARY RECALL
Please kindly describe all that you ate or drank whether at home or outside the home from
when you first woke up yesterday morning.

Date Day of the week---------- 0 ------------
Questionnaire Number............... Name............... «Q/ ................
Item | Food/Drink | Description of Food or | Time | Pla uzmtity Weight
No. Drink use volume, | equivalent
size, or (gram)
price)

O
NJ~
@
A

1. Was food intake usual? Y/N
If No, how was it unusual?

168

4. Probe for iron supplements,

vitamins antimalaria, etc. consumed




2. Was it a feast or a fast day? Y/N in the last week

Y/N

If Yes, specify
3. Probe for sickness (Y/N) 5. Probe for fermented beverages
If yes, did sickness affect appetite? Y/N consumed

If Yes, how? Increase or decrease

Bio- data

A. Personal Data
1. Full Name: Mayowa Fortune Alade
Email: mayowafortune@gmail.com
Phone Number: 07062654095

2. Date and Place of Birth: 11" February and Osogbo, Osun State(l:

3. Nationality: Nigerian

X

4. Name and Address of Next of Kin: Alade Blessing an a Polytechnic Ede.
B. Educational Background with Dates:
e Lead City University, Ibadan. Oyo Stat Human Nutrition and
Dietetics) : 2022- in view
e Lead City University, Ibadan. Oyo State (BSc Human Nutrition and Dietetics
2018-2021
e Federal Polytechnic Ede. Osun State
2016-2018
A W
C. Working Experiences with Dates:
Part- Time Lecturer at Federal Pg %@Bﬁc Ede, Osun State- 2021-2023
Graduate Assistant at Lead @&ﬁversity, Ibadan. Oyo State 2023- till Date
D. Award and Fellov@q with Dates:
e Outstanding Leadetrship as a Treasurer, Federal Polytechnic Ede
018-2019
e Outstandi Dedicated Service to the University Community, 2019-2021

Lead C iversity, Ibadan
e Outstanding Member in Charity Community Outreach, National
Y ervice Corps, Ogbomosho North 2022

Membership of Academics
e Nutrition Society of Nigeria
e American Society of Nigeria
F. Publications
e Aderonke O. Mosuro, Ifeoluwa O. Bodunde, Mayowa F. Alade,

Adeola A. Akinyele, Abisola O. Fawole (2023). The Functional

Properties and Nutritional Profile of Flour made from Two Selected
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Plantain Varieties (Musa balbisiana and Musa accuminata)

G. Major Conferences with Dates
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H. References
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Lead City University , \
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Balogun.olanike@lcu.edu.ng < Q
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