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Abstract 

Background: With an estimated number of 1.2 billion in the world, adolescents represent a 

major transformative force in global health. Optimum adolescent nutrition is increasingly 

important for scaling up population health gains in low- and middle-income countries (LMICs) 

of South Asia. Nevertheless, little is known about the gender and socio-economic stratification 

of diets consumed by rural adolescents in these countries. The aim of this project was to 

understand the gender and socio-economic stratification of their diet with a dual, descriptive-

analytic focus on dietary diversity (DD) and consumption of ultra-processed and deep-fried 

foods. 

Methods: This thesis builds upon cross-sectional analyses of data collected during 15-year 

follow-up of the MINIMat (Maternal and Infant Nutrition Interventions in Matlab) trial, from 

September 2017 to June 2019. Data on dietary and socio-demographic variables were collected 

through household survey; using a pre-tested, structured questionnaire. A single, 24-hour recall 

was employed to assess consumption of staples and non-staples arranged in 10 groups, ultra-

processed foods (UPF) in four groups, and of one group of deep-fried foods. Data were 

analyzed using logistic regression models. The analytic sample comprised 2463 adolescents.  

Results: The prevalence of inadequate DD was 42.3% (40.3-44.2). Consumption of dark green 

leafy vegetables, vitamin A-rich fruits and vegetables, and animal-source foods–except fish–

appeared low. The proportions of adolescents consuming meat, egg and dairy were higher 

among those from the richest households than those from the poorest households, and among 

boys than girls. Belonging to the poorest households (adjusted odds ratio (aOR): 1.59; 95% 

confidence interval (CI): 1.27-2.00) and the food insecure households (aOR: 1.34; 95% CI: 

1.13-1.59), and attaining secondary education (aOR: 1.38; 95% CI: 1.11-1.71) were positively 

associated with inadequate DD. Adolescents having mothers with secondary education or 

above had lower odds of inadequate DD (aOR: 0.76; 95% CI: 0.60-0.96). Gender was not an 

independent predictor of inadequate DD. 

Approximately 83% (81.5-84.4) adolescents reportedly consumed at least one ultra-processed 

or deep-fried food in the 24 hours preceding the survey. Packaged confectioneries were the 

most consumed and sugar-sweetened beverages (SSB) the least consumed UPF group. Boys 

had greater odds of consumption than girls for all UPF groups and deep-fried foods. The 

association was strongest for SSB (aOR: 2.57; 95% CI: 1.97, 3.37), followed by deep-fried 

foods (aOR 1.96; 95% CI: 1.66, 2.32). Belonging to the richest households was associated with 

consumption of ready-to-eat foods (aOR 1.55; 95% CI: 1.12-2.16) and of SSB (aOR: 1.44; 

95% CI: 1.02-2.03). Adolescents with higher educational attainment had lower odds of 

consuming SSB (aOR 0.73; 95% CI: 0.54-0.98). 

Conclusion: The studies presented compelling evidence of limited DD concurrent with 

emergent consumption of ultra-processed and deep-fried foods in a rural cohort of adolescents. 

Inadequate DD was more likely among those from the poorest and the food insecure 

households. For ultra-processed and deep-fried foods, gender association persisted across the 

food groups with boys having a greater likelihood of consumption than girls. Wealth status 

influenced consumption of “instant” foods and SSB only. This suboptimal dietary pattern may 

place the adolescents at heightened risk of different forms of malnutrition. 
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1. Introduction 

Human capital is important for sustainable development. Human capital is conceptualized as a 

combination of knowledge, skills, health and resilience that enables people to realize their 

potential as productive members of the society (1). Nutrition impacts health and resilience 

dimensions of human capital, and strengthens various development mechanisms. Therefore, 

nutrition is intricately linked with the Sustainable Development Goals (SDGs)–either as a 

requisite for attaining certain SDGs, or as a demonstrable outcome of achieving a number of 

SDGs (2). Nevertheless, The State of Food Security and Nutrition in the World 2020 (3), a 

report prepared by the Food and Agriculture Organization of the United Nations (FAO), puts 

the estimated global prevalence of undernourishment (PoU) at 690 million. This implies nearly 

9% of the world’s population being unable to meet dietary energy needs with their habitual 

food consumption. Approximately 381 million of these undernourished people live in Asia. 

The PoU in Africa is 19.1%–more than twice the global PoU. On top of that, COVID-19 is 

projected to add another 83-132 million to the global PoU in 2020. Nearly one in ten people in 

the world experienced severe levels of food insecurity in 2019. Additionally, 144 million 

(21.3%) under-five children were stunted, 47 million (6.9%) wasted, and 38.3 million (5.6%) 

overweight in the world in 2019. Simultaneously, 1.9 billion adults aged 18 or above were 

overweight or obese. The global prevalence of adult obesity almost tripled between 1975 and 

2016, reaching 13.1% in 2016. The prevalence estimates of adult overweight among females 

and males are 39.2% and 38.5%, respectively (3). Mean body mass index (BMI) among 

children and adolescents has plateaued at high levels in high-income countries (HICs); but 

escalated markedly in parts of Asia (4). Simply put, the world is not on track for achieving the 

nutrition targets integral to the SDGs and the 2015-2025 United Nations Decade of Action on 

Nutrition (3). Global nutrition is facing two distinct, yet concurrent challenges: eliminating the 

remaining undernutrition that has concentrated in Africa and South Asia, and tackling the 

escalation of overweight and obesity. A healthy, diversified diet is pivotal in this regard (5). 

Initiatives for ensuring such diets need to be informed by context-specific understanding of the 

socio-economic and demographic dimensions of population diets, and prevalent dietary 

patterns of specific sub-populations like children, adolescents and women of reproductive age. 

This thesis draws upon two scientific articles that sought to understand socio-economic and 

gender stratification of diet among rural adolescents in Bangladesh. The next section will put 

into perspective the importance of adolescent nutrition in achieving the Global Goals. 
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1.1 Importance of adolescent nutrition: vulnerability and opportunity 

The World Health Organization (WHO) defines those aged 10-19 years as adolescents (6). The 

global adolescent population is estimated to be 1.2 billion, representing 16% of the world’s 

population. The current global adolescent population is the largest in recorded history. While 

Asia and Africa are home to three quarters of the global adolescents, South Asia hosts the 

highest number of adolescents of any global region–an estimated  350 million (7). Therefore, 

adolescent nutrition is increasingly important for scaling up population health gains in South 

Asian countries. There is a growing consensus that adolescents are a major driving force in 

global health in the SDG era (8). It is well recognized that investing in adolescent health and 

nutrition will yield a “triple dividend” of health benefits and socio-economic development in 

adolescence, adulthood and the next generation (9). Understanding this perspective requires a 

closer look at the unique vulnerability and opportunity associated with this transformational 

phase of life.  

The range of physical growth, physiological and cognitive development, and sexual maturation 

during adolescence is remarkable. The changes in reproductive, musculoskeletal, endocrine 

and cardio-metabolic systems initiated by puberty often extend into the third decade of life. 

Attainment of 40-60% of the peak bone mass and up to 50% of adult body weight along with 

a 15-20% increase in height occur during adolescence (10). This leads to a significantly higher 

nutritional requirement. The accelerated physiological demand for both macro- and 

micronutrients (11) underlies the nutritional vulnerability of adolescents, and necessitates 

consumption of nutrient-dense diets. This nutritional vulnerability is more profound among 

adolescents in LMICs, including Bangladesh, as unacceptably high proportion of children enter 

adolescence being stunted or underweight in these countries (3,12). Besides, adolescence 

presents an additional “window of opportunity” to mitigate and reverse nutritional deficiencies 

and growth faltering acquired during the first decade of life (6,13,14). Optimal social and 

nutritional environments during this sensitive phase can favorably alter trajectories of health 

into later life (9), and allow LMICs to capitalize on the demographic dividend (15) from large 

cohorts of healthy adolescents contributing to the future workforce (16). Although marriage 

and giving first birth within adolescent years has been decreasing worldwide, the rate remains 

considerably high in LMICs (16). For instance, median age at first marriage among 20-49 years 

old Bangladeshi women is 16.3 years, and 70.6% of the women in this age bracket were first 

married by the age of 18 years (17). Considering such trends of early marriage and pregnancy 
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in LMICs, the additional “window of opportunity” is also vital for interrupting the 

intergenerational propagation of malnutrition (18). 

Moreover, adolescence is unique with regard to the socio-behavioral transitions that 

adolescents undergo as they engage increasingly with familial, socio-economic and food 

environments. Growing autonomy in thoughts and behaviors, identity formation, peer 

influence, development of skills and social networks shape theses transitions. It is during 

adolescence that attitudes, preferences and habits are established; including those that 

consolidate lifelong dietary practices, food choices, and other health-related behaviors. 

Consequently, adolescence provides a unique opportunity to optimize dietary patterns and 

promote healthy diets (9,19).  

Nevertheless, adolescent nutrition received less attention during the Millennium Development 

Goal (MDG) period as LMICs prioritized and focused more on maternal and child health (9). 

The perception of adolescence being a disease-free period of life reinforced this. The need for 

broadening the paradigm of adolescent health beyond the traditional focus on sexual and 

reproductive health has not been emphasized enough.  Consequently, adolescents across 

LMICs benefitted less than younger children from the epidemiological transition from 

communicable to NCDs (8). Adolescents across the world are suffering from multiple forms 

of malnutrition (19). The global prevalence of thinness among adolescents is well below 10%, 

but it exceeds 10% in many LMICs. The prevalence of stunting among 15-19 years old girls 

exceeds 30% in some LMICs, including Bangladesh. The prevalence of overweight and obesity 

among adolescent girls exceeds 35% in some middle-income countries: Costa Rica (38%), 

Egypt (40%), Libya (42%) (12,20). The rising prevalence of overweight and obesity in LMICs 

of South Asia and Africa is driving the double burden of malnutrition (21). Micronutrient 

deficiencies affect adolescents to a significant extent. Deficiencies of iron, iodine, vitamin A 

and calcium are common among adolescents (12,20). Iron deficiency with associated anemia 

and iodine deficiency contributed to 50-600 disability-adjusted life years (DALYs) per 100,000 

adolescents in 2017 (22). The prevalences of iron deficiency anemia among adolescent girls in 

many LMICs are higher than 25% (19,20). This is worrisome given the negative impact of 

anemia on pregnancy and birth outcomes. Micronutrient deficiencies reflect poor dietary intake 

largely due to lack of diversity in adolescents’ diet. Evidence suggests that adolescents 

consume an excess of refined carbohydrates and empty-calorie foods with limited amounts of 

fruits and vegetables globally (23,24). Adoption of health-compromising dietary practices, 

such as snacking, frequent consumption of “fast food” and sugar-sweetened beverage (SSB), 
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and tendency to skip breakfast has been observed among adolescents worldwide (24–26). There 

is a growing recognition of gender as a pivotal correlate of dietary practices adopted by 

adolescents (19). Consumption of nutrient-rich foods, animal-source foods (ASF) in particular, 

appears low among adolescent girls than boys. A systematic review shows that the proportion 

of adolescent girls skipping breakfast in Africa and South Asia can be as high as 47% and 27%, 

respectively (24). Gender norms (27), intra-household dynamics that disfavor girls (28), and 

adoption of restrictive diets in line with Western body image ideals (29) may drive 

consumption of poor-quality diets by adolescent girls across LMICs. 

The Developmental Origin of Health and Disease (DOHaD) hypothesis contextualizes how 

early-life exposure to energy and nutrient restrictions may increase the risk of NCDs later in 

life (30,31). One inference from this is particularly applicable for LMICs: children who begin 

adolescence being stunted or with early-life exposure to poor nutritional environment, and 

continue as stunted or thin adolescents into adulthood are likely to have a higher biological 

susceptibility to develop NCDs (32–34). It has been shown that adverse changes in cardio-

metabolic profile that commence during adolescence track into adulthood (35). Obesity and 

elevated blood glucose during adolescence have been linked to early onset of hypertension, 

diabetes, coronary artery disease, and premature mortality (36,37). The Global Strategy for 

Women's, Children's and Adolescents Health (2016-2030) summed up aptly that 70% of 

preventable adult deaths from NCDs are linked to risk factors that start in adolescence (38). 

In a nutshell, adolescent nutrition occupies an important position in the era of SDGs. 

Addressing the different forms of malnutrition among adolescents is challenging and requires 

improved understanding of the pattern and socio-demographic stratification of diets consumed 

by adolescents. This will play a fundamental role in formulating and implementing targeted 

programmes and policies to galvanize progress in adolescent nutrition worldwide. 

1.2 The burden of suboptimal diet 

Suboptimal diet plays a major role in driving global morbidity and mortality (39). 

Understanding the various facets of suboptimal diet is necessary for gaining insights into diet-

health relationship. However, there is no unifying definition of suboptimal diet. The approach 

to conceptualizing suboptimal diet, thus, involves identifying healthful and health-

compromising characteristics of dietary patterns in terms of their association with chronic 

disease endpoints and mortality. The Global Burden of Diseases, Injuries, and Risk Factors 

Study (GBD) adopts a nuanced approach in identifying dietary risks based on an 
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epidemiological data-driven construct called theoretical minimum risk exposure level 

(TMREL). TMREL is a theoretically possible level of exposure that minimizes the risk of 

mortality at the population level, or captures the maximum attributable burden. Mathematical 

and computational aspects of TMREL are beyond the scope of this thesis, but have been 

reported in detail (40). The latest GBD 2019 study evaluated the burden of 15 dietary risks 

(among 87 risk factors in total) across 204 countries and territories (40). Box 1 demonstrates 

some of the dietary risks included in the GBD framework. These can be assumed as common 

features of suboptimal diet. Broadly, suboptimal diets are low in whole grains; fruits and 

vegetables; nuts, seeds and legumes; with a concurrent higher share of refined sugar, added 

salt, and trans fatty acids. With this brief introduction to what may constitute suboptimal diet, 

we focus on its health impact next. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In 2019, suboptimal diet accounted for an estimated 7.95 million deaths globally. Out of this, 

3.48 million were female deaths, and 4.47 million were male deaths. Suboptimal diet was the 

second leading risk for attributable deaths among females–following high systolic blood 

pressure (SBP)–and the third leading risk for attributable deaths among males–following 

Box 1. Selected dietary risks evaluated in GBD with 

respective theoretical minimum risk exposure level (7). 

 Diet low in whole grains (<140-160 gm/day) 

 Diet low in fruit (<310-340 gm/day) 

 Diet low in vegetable (<280-320 gm/day) 

 Diet low in nuts and seeds (<10-19 gm/day) 

 Diet low in legumes (<90-100 gm/day) 

 Diet low in fiber (<21-22 gm/day) 

 Diet high in processed meat (any level of intake) 

 Diet high in sugar-sweetened beverage (any level of intake 

of beverages with ≥50 kcal per 226.8 gram serving) 

 Diet high in trans fatty acids (any level of intake) 

 Diet high in sodium (level of intake leading to 24-hour 

urinary sodium excretion >1-5 grams) 
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tobacco and high SBP (40). A diet-focused analysis of the GBD 2017 data shows that 

consumption of almost all healthy foods was suboptimal in all world regions. The three dietary 

components with the highest differences between estimated and optimal consumption were: i. 

nuts and seeds, ii. milk, and iii. whole grains. Approximately 50% of the mortality and 66% of 

the DALYs attributable to suboptimal diet in 2017 were due to inadequate intake of these three 

foods (39). The GBD 2017 Diet Collaborators concluded that tackling suboptimal diet “could 

potentially prevent one in every five deaths globally”. 

Another layer of complexity is associated with the marked socio-economic differential in the 

global burden of suboptimal diet. The deaths and DALYs attributable to suboptimal diet are 

appreciably higher in low- and middle-income countries (LMICs). The contribution of dietary 

risks to cardiovascular mortality is also higher in LMICs than high-income countries (HICs) 

(39). To a certain extent, the greater burden in LMICs is linked with their diets lacking 

diversity–consisting predominantly of starchy staples with a negligible share of nutrient-dense 

foods (3). For instance, dietary energy availability in lower-middle-income countries in 2017 

was 2488 kcal/capita/day, slightly lower than the global estimate of 2743 kcal/capita/day. 

Nevertheless, 61.5% of those came from starchy staples, while fruits and vegetables; pulses, 

seeds and nuts; fish and meat contributed 4.5%, 6.5%, and 3.8% of those, respectively (3). 

According to the Prospective Urban Rural Epidemiology (PURE) study involving 143,305 

participants from 18 countries, the mean daily consumption of fruits and vegetables in LMICs 

ranges from 2.14-3.17 servings; much lower than that of 5.42 servings in HICs (41). The greater 

contribution in the diet from energy-dense, nutrient-poor foods parallels the prohibitive cost of 

nutrient-rich foods in LMICs. Healthy diet is unaffordable for approximately 57% of the 

population in the Global South (3). It has been shown that two servings of fruits and three 

servings of vegetables per day per individual would cost about 52% of the household income 

in low-income countries (LICs), a proportion that is 28 times higher than that in HICs (41).  

Suboptimal diets impose diet-related health cost and environmental cost as well. The cost 

related to suboptimal diet-related non-communicable diseases (NCDs) and mortality is 

projected to surpass 1.3 trillion US dollars (USD) by 2030 (3). Suboptimal diets also 

compromise the environmental sustainability of food systems globally (42). The hidden cost 

of the environmental impact of suboptimal dietary patterns–including greenhouse gas 

emission–could reach 1.7 trillion USD per year by 2030 (3). 
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1.3 Nutrition transition and dietary pattern of adolescents in LMICs 

The double burden of malnutrition (DBM) is defined as the co-existence of undernutrition with 

manifestations of overnutrition–in the form of overweight, obesity and diet-related NCDs–

observable at country-, household- and individual-level as well as across the life course (21,43). 

Over the past couple of decades, DBM has shifted from HICs to LMICs (21). Among the 126 

LMICs with data available from the 2010s, 48 (38%). Severe levels of DBM have concentrated 

in the LMICs situated in the lowest income quartile. This shift has been dubbed a “new nutrition 

reality” for LMICs in the 2020 Lancet Series on DBM (21). The children and adolescents in 

LMICs are at the forefront of this “new nutrition reality”. While reductions in their physical 

activity is a major factor in this, changing food environments in LMICs and its impact on their 

dietary pattern play a critical role. LMICs have undergone nutrition transition at an 

unprecedented pace and this has driven drastic changes in their food environments (44). 

Nutrition transition refers to large, predictable shifts in dietary and physical activity patterns at 

population level that coincide with demographic and epidemiological transitions (45). It 

transforms the way people eat, drink, stay physically active (or inactive) at home, work or in 

leisure, and thus, affect the nutritional status and body composition (21). 

Integral to nutrition transition is a shift away from traditional dietary patterns–based on local 

produce and home-cooked dishes–toward diets largely made up of mass-produced, convenient 

and processed foods (46). These foods infiltrate food environments through complex supply 

chains controlled by food agribusinesses, hyper- and super-markets, and transnational 

companies (21). With advancing nutrition transition, there occur major increases in production, 

availability and consumption of vegetable oils, animal fats, refined carbohydrates and caloric 

sweeteners. The food environments undergo changes that make empty-calorie foods and drinks 

markedly cheaper (44). Consequently, children and adolescents in LMICs become exposed to 

an overwhelming access to inexpensive calories. Accordingly, energy intake among 

adolescents in LMICs has escalated, although their diet remained limited in diversity. This lack 

of dietary diversity is driven largely by a lower share of ASFs, fruits and vegetables (47,48). 

These changes have serious implication for rural adolescents in the LMICs. The rural settings 

across LMICs have traditionally suffered from undernutrition and food insecurity. Adolescents 

in these settings are burdened with stunting, thinness, micronutrient deficiencies and adverse 

early-life nutritional environment (12). Greater energy intake coupled with limited dietary 

diversity could predispose them to a disproportionately high risk of overweight, obesity and 

diet-related NCDs (44). Improving quality and diversity of  diets has, therefore, been identified 
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as a key measure for LMICs experiencing the “new nutrition reality” (21). This measure needs 

to be guided by evidence on socio-demographic factors that shape the diets consumed by 

adolescents. 

1.4 Dietary diversity: conceptual and operational dimensions 

The concept of diet quality has evolved over the past century. More recently, the conceptual 

emphasis has shifted on balance and diversity in the “whole of diet”, nutrient density, and level 

of processing. This is reflected in the WHO-endorsed “Five keys to a healthy diet”: i. give your 

baby only breast milk for the first six months of life, ii. eat a variety of foods, iii. eat plenty of 

vegetables and fruits, iv. eat moderate amounts of fats and oils, and v. eat less salt and sugars 

(49). Nevertheless, much alike the lack of a unifying definition of suboptimal diet, there is no 

universal agreement on a succinct definition of diet quality. Therefore, conceptual 

understanding of diet quality relies on understanding its dimensions: adequacy of nutrients 

relative to requirements; nutrient density; macronutrient balance; diversity and proportionality; 

moderation, and avoidance; safety; and sustainability (49). Dietary diversity (DD) is a food 

group-level indicator of diet quality. It captures the consumption of diverse foods across and 

within a number of food groups over a given reference period, and thus, reflects the likelihood 

of achieving nutrient adequacy. One core proposition is that a diversified diet reduces the 

likelihood of developing deficiency or excess of any particular nutrient, and bridges the 

dimensions of proportionality and adequacy (50,51). 

DD can be measured at individual or household level through a simple score, namely dietary 

diversity score (DDS). DDS is calculated by summing the number of foods–belonging to pre-

specified food groups–consumed over a reference period, typically the preceding 24-hours or 

3-7 days. Owing to simplicity, low respondent burden and cost-effectiveness, survey 

instruments for assessing DD have been widely used in LMICs. The calculation of DDS varies 

slightly based on whether the aim is to estimate household or individual DD. While the former 

serves as a proxy for household food security and economic ability of the household to access 

a variety of foods, the latter reflects nutrient adequacy of the diets consumed by nutritionally 

vulnerable populations: young children, adolescents, and women of reproductive age (50,52). 

The 2011 FAO guidelines for measuring household and women’s DDS did not put forward any 

cut-off for distinguishing adequate from inadequate DD (52). In 2016, the FAO and Food and 

Nutrition Technical Assistance (FANTA) III Project published a guideline on measuring 

Minimum Dietary Diversity for Women of Reproductive Age (MDD-W), with a cut-off (i.e., 

consumption of 5 out of 10 suggested food groups) to indicate minimum DD that would 
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represent nutrient adequacy (53). This has been recently updated (available at: 

https://doi.org/10.4060/cb3434en). 

Studies validating DD against nutrient adequacy in LMICs countries demonstrate a positive 

association between higher DD and nutrient adequacy among non-breastfed children, 

adolescents, and adults (54–58). Socio-economic and demographic factors associated with DD 

include, among others, household wealth, level of education and gender of the household head, 

maternal education, schooling, knowledge of nutrition, food security, place of residence (urban 

versus rural), household size, seasonality, ownership of livestock and vegetable garden (59–

66). From the perspective of health outcomes, observational studies link dietary diversity with 

improvements in offspring birth weight and anthropometric indices (67–69), higher 

hemoglobin concentration (70), lower risk of hypertension and type 2 diabetes, and reduced 

mortality from cancer, cardiovascular and other chronic diseases (71–73). However,  

There are methodological caveats that need to be carefully considered. As existing studies 

employed different, often context-specific, food groupings to elicit DDS, comparability of 

findings across studies is an issue (50). The scores from two studies using different number of 

food groups in the survey instrument are not directly comparable. A meta-analysis that did not 

find any significant association between DDS and BMI status underscored the between-study 

heterogeneity and variation in methods for capturing DD (74). The cut-off for MDD-W has 

been shown to reflect micronutrient adequacy at population level for non-pregnant women of 

reproductive age (53). Therefore, application of this five-food-group cut-off for ascertaining 

micronutrient adequacy in other age groups or among men would be erroneous. In a sample of 

600 Bangladeshi, pregnant adolescent girls and pregnant women, Nguyen and colleagues have 

documented that a six-food-group cut-off more accurately identifies those with adequate intake 

of 11 key micronutrients (including vitamin A, folate, iron, calcium and zinc) (75). Other 

critical aspects include consideration of portion sizes, what would be an optimal recall period 

when administering the questionnaires, and ideal time of the year to assess DD in rural, agrarian 

settings versus urban settings (50). 

1.5 Public health impact of ultra-processed and deep-fried foods  

The majority of the foods that we consume now-a-days are processed in one way or the other. 

Primitive forms of food processing (e.g., drying) can even be traced back to the time of hunter-

gatherers (76). Advancements in food processing paralleled human transition from hunter-

gatherer to pastoral-migrant to peasant-agricultural societies (77). Following the Industrial 
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Revolution, food processing began emerging as a global industry, and its technological 

transformation was rapid in the second half of the last century. Consequently, mass-produced, 

industrially processed food products started dominating the food systems of HICs, and then, of 

wealthier, urban settings of LMICs. Industrially processed food products have also started 

infiltrating the rural food environments in LMICs to various extent. Thus, industrial food 

processing has become an important determinant of pattern and quality of diet, and more 

importantly, of the impact of diet on health (77,78). 

Traditional food classifications are insensitive to the interplay between industrial food 

processing, shift in dietary patterns and health impact of increasing dietary share of highly 

processed foods (46). As traditional food classification systems place emphasis on botanical or 

animal origin, or chemical composition, industrial food processing received little attention. 

Fresh meat and fish were put together with processed products like “nuggets” and “fish fingers” 

under the umbrella of “meat and meat products”; or whole, fresh fruits were placed with canned 

fruits and reconstituted fruit drinks in the category of “fruits”. Monteiro and collaborators 

proposed the NOVA (non-acronym) classification in 2010, a system that classifies foods and 

drinks according to the complexity and purpose of industrial food processing (46,79). NOVA 

distinguishes industrial food processing as a constellation of physical, chemical and biological 

processes employed by industries after separation of foods from nature; in order to make them 

less perishable, convenient and suitable for mass production. NOVA categorizes foods and 

drinks into four groups (46,79): 

Group 1. Unprocessed or minimally processed foods: natural foods available as edible parts of 

plants, or originating from animal, and fungi, algae, and water. These are usually prepared or 

cooked along with processed culinary ingredients. 

Group 2. Processed culinary ingredients: substances that are extracted and purified industrially 

from group 1 foods or from nature; e.g., oil, butter, sugar, salt, spices, etcetera. These are not 

meant to be consumed by themselves, rather to be combined with group 1 foods to make dishes 

and meals. 

Group 3. Processed foods: these are manufactured by adding oil, sugar, salt, or any other 

substances from Group 2 to Group 1 foods with the aim of increasing the durability or 

enhancing the sensory qualities of the latter. Typical examples are simple breads, cheese, 

canned fish, cured meat, fruits or legumes preserved in syrup or brine. 
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Group 4. Ultra-processed foods and drinks (UPF): these are multi-ingredient (≥ 5), industrial 

formulations composed of such food-derived substances as starch, fat, oil, sugar, casein, 

etcetera or synthesized through complex processing of food constituents like whey, gluten, 

soya protein isolate, maltodextrin, and corn syrup. The word “ultra-processed” signifies the 

multitude of industrial processes required to generate these hyper-palatable, highly profitable, 

packaged products containing little to no whole food. UPF is a heterogenous category and a 

comprehensive listing of food products and drinks included can be found elsewhere (80,81). 

Common examples are carbonated beverages and energy drinks, chocolate, cookies (biscuits), 

ice cream, potato chips, packaged sweet and savory snacks, mass-produced loaves, sweetened 

breakfast cereals and flavored yougurts, spreadable oils and fats, sausages and meat-based 

frozen meals, processed cheese (that contain emulsifiers), ready-to-heat and ready-to-eat meals 

available in the supermarkets, etcetera.   

The NOVA classification has gained recognition in global nutrition community. Its application 

is uncovering the complex challenge that UPFs pose to public health. Drastic increase in 

consumption of UPFs has been reported in the USA (80), Brazil (82), Canada (83), Sweden 

(84), and globally (78); and contributed to the decline in dietary share of minimally processed 

or unprocessed foods and meals cooked “from the scratch” in population diets. Observational 

studies persistently link the increasing share of UPFs in diet with lowering of overall diet 

quality (85), failure to meet the WHO dietary recommendations (86), overweight and obesity 

(87–90), metabolic syndrome in adolescents (91), cardiovascular diseases (92), and certain 

cancers (93). Prospective associations of UPF consumption with hypertension (94), worsening 

lipid profile (95), and all-cause mortality (96) have also been found. The association of UPFs 

with increased energy intake and increased intake of added sugar, salt and trans fats appears 

consistent across settings (46). A recent, cross-sectional study from Nepal shows consumption 

of ultra-processed snacks and beverages to be negatively associated with length-for-age Z-

score among 12-23 months old children (97). One randomized controlled trial put normal-

weight adults on diet comprising “real” foods and diet comprising UPFs in a crossover design 

of two weeks in each arm, and allowed them to eat as much or as often as desired (ad libitum). 

The diets provided to both arms were matched for fiber, protein, carbohydrates, fat, and total 

energy. The results reveal that the same participants consumed ~500 kcal more per day as part 

of the UPF diet arm compared to the normal food arm. Besides, the participants gained, on 

average, 900 grams in weight when fed UPF diet; and lost the same weight, on average, when 

given normal diet (98). 
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Deep-fried foods represent another category of “problem” foods. As mentioned in Section 1.3, 

nutrition transition is accompanied by a large increase in vegetable oil production in the 

developing world (44). This makes deep-fried foods cheaper and widely available in the food 

environments of resource-limited settings. Clustering of fast food restaurants near schools is 

observed in HICs (99), whereas mobile food vendors take up this space in LMICs (27,100). 

These vendors commonly sell deep-fried foods. Deep frying involves immersion of the food in 

oil at high temperatures, often 180 degree Celsius or higher. In the process both the food and 

the frying oil undergo modifications. Deep-fried foods can absorb oil as much as 20% or higher 

of their weights. Such absorption of fat lowers the satiety index of deep-fried foods (101). Oil 

frying increases energy density and improves flavor profile of foods (102). Owing to 

palatability and affordability, deep-fried foods are popular among adolescents and often 

consumed together with ultra-processed products like sugar-sweetened beverage (SSB). 

Energy density of deep-fried foods drives increased energy intake. Accordingly, prospective 

studies capture a positive association of frequent consumption of deep-fried foods with obesity 

and type 2 diabetes (103). Deep frying also leads to formation of oil degradation products that 

have been linked to NCDs including cancer (104). Thus, deep-fried foods form an important 

group of energy-dense foods in the pattern of low-quality diets consumed by adolescents in 

LMICs. 

1.6 Bangladesh perspective 

Bangladesh is a lower-middle-income country (105) in the WHO South-East Asia Region. Its 

per capita gross domestic product (GDP) stood at 1855.74 USD in 2019. Bangladesh is 

celebrating the 50th anniversary of its independence in 2021. Bangladesh has achieved 

impressive reductions in poverty and childhood undernutrition over the past two decades (106). 

The national prevalence of stunting among under-five children declined from 60% in 1997 to 

30.8% in 2018, and that of wasting declined from 21% to 8.4% in the same period (17). Despite 

this progress, other country-level nutrition metrics indicate significant levels of the different 

forms of malnutrition. The PoU in the total population is 8.4%, that translates into nearly 21 

million people. The prevalence of anemia among women of reproductive age (15-49 years) is 

39.9%. The latest Bangladesh Demographic and Heath Survey (17) also pinpoints the “new 

nutrition reality” in Bangladesh. Among ever-married women aged 15-49 years, the nationwide 

prevalences of underweight (BMI < 18.5 kg/m2) and overweight or obesity (BMI ≥ 25 kg/m2) 

are 11.9% and 32.4%, respectively. Among Bangladeshi men aged 18 years and above, 19.7% 

are underweight and 17.6% are overweight or obese. These prevalence estimates show notable 
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urban-rural variation too. On top of this, the burden of diet-related NCDs appears considerable: 

the prevalence of diabetes being 9.5% and 10.5%, respectively, among women and men aged 

≥18; and that of hypertension being 28.4% and 26.2%, respectively, among women and men 

aged ≥18 (17).  

The role of suboptimal diet contingent on a lack of DD is key to understanding this scenario. 

A typical Bangladeshi diet is characterized by a heavy reliance on rice. Estimates show that 

consumption of starchy staples in an average Bangladeshi household is 137% of the intake 

recommended in the national food-based dietary guideline, whereas that of fruits and dairy are 

23% and 13% of the recommended intake, respectively (107). Table 1 below presents the 

population-level estimates of intake of selected dietary components in Bangladesh available 

from the Global Nutrition Report (108). It clearly shows that consumption of healthy foods–

vegetables, legumes, nuts and seeds–are lower in Bangladesh compared to global and sub-

regional levels. 

Table 1. Estimated average intake of key dietary components among Bangladeshi adults aged 

≥25 years compared against regional and global averages (108). 

Food/nutrient Bangladesh Sub-regional* Global 

Grains (g/day) 57.3 34.0 27.6 

Vegetables (g/day) 46.0 109.7 215.0 

Legumes (g/day) 21.5 32.4 37.6 

Nuts and seeds (g/day) 1.6 3.5 7.6 

Milk (g/day) 31.6 40.3 81.9 

Sugar-sweetened beverage (g/day) 5.4 33.7 65.3 

Trans fat (% of daily energy intake) 0.8 0.8 0.6 
*Represents population-weighted means from 9 countries: Afghanistan, Bangladesh, Bhutan, India, Iran, 

Maldives, Nepal, Pakistan and Sri Lanka (i.e., the sub-region labelled Southern Asia). 

It has been reported that Bangladesh produces approximately a quarter of the fruits and 

vegetables required for meeting dietary guidelines at population level (109). Another challenge 

is related to the prohibitive cost of nutrient-rich foods. According to the FAO analyses, an 

energy- and nutrient-adequate healthy diet costs 3.54 USD per person in Bangladesh, an 

amount that represents nearly 80% of the average household expenditure. Accordingly, healthy 

diet remains unaffordable for 74.6% of the population (3). 

1.7 Rationale for the studies 

There are approximately 36 million adolescents in Bangladesh, accounting for 21% of the total 

population (110). Optimum adolescent nutrition is crucial for Bangladesh to benefit from this 

demographic dividend and to accelerate progress toward the Global Goals. It is imperative that 
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research and policy initiatives prioritize adolescent nutrition in Bangladesh. Bangladesh 

Adolescent Health and Wellbeing Survey 2019-20, based on a nationally representative sample 

of 15-19 years old adolescents (n=8599), shows the prevalence of overweight or obesity to be 

15.9% among ever-married adolescent girls, 10.1% among unmarried adolescent girls, and 

8.9% among unmarried adolescent boys. On the other hand, the prevalence of stunting in these 

three sub-categories are 35.7%, 31.5%, and 22.3%, respectively. Thinness affects more than 

one in 10 adolescent boys (111). Widespread micronutrient deficiencies have also been 

captured among Bangladeshi adolescents (112,113). As these findings are suggestive of 

broader shifts typical of rapidly evolving nutrition transition, empirical evidence on socio-

economic and gender stratification of diets consumed by adolescents becomes much warranted. 

There is a paucity of studies exploring dietary patterns among rural adolescents in Bangladesh. 

Moreover, the limited number of published studies incorporated adolescent girls as a part of 

the larger group of women of reproductive age (59,66,75,114,115). Consequently, dietary data 

on adolescent boys are scarce, and thereby, the influence of gender in shaping consumption of 

staple and non-staple food groups remains largely unexplored. Furthermore, these studies 

approached dietary practices among rural adolescents exclusively from an undernutrition 

perspective, and did not examine the emergence of ultra-processed and deep-fried food 

consumption. Improved understanding of consumption of these unhealthy foods is important 

in a country with escalating double burden of malnutrition (21). With growth of UPF sales 

stalling in HICs, Asian LMICs are observing marked increase in UPF availability; and 

Bangladesh is no exception (116). Adolescents are also susceptible to highly charged ideas and 

images employed in pervasive marketing of UPFs through electronic and social media 

(117,118). Consumption of ultra-processed and deep-fried foods could drive excessive energy 

intake in the backdrop of poor diet quality in a segment of the population that is nutritionally 

vulnerable and has experienced adverse early-life nutritional environment. Nonetheless, little 

is known about the gender and socio-economic stratification of ultra-processed and deep-fried 

food consumption among rural adolescents. A descriptive-analytic exploration of adolescents’ 

dietary pattern with a dual focus on DD and ultra-processed and deep-fried food consumption 

would generate evidence for formulating targeted interventions and informing policies on 

adolescent nutrition. 
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1.8 Aim and objectives 

The overarching aim of this project was to understand the socio-economic and gender 

stratification of diets consumed by rural adolescents with a dual focus on diversity in their diet 

and consumption of unhealthy foods. The specific objectives were: 

Study I Exploring rural adolescents’ dietary diversity and its socioeconomic correlates: a 

cross-sectional study from Matlab, Bangladesh 

 To describe and analyze DD and consumption pattern of staple and non-staple foods from 

different food groups by gender and socio-economic factors, and 

 To isolate socio-economic and demographic predictors of inadequate DD among rural 

adolescents from Matlab. 

Study II Consumption of ultra-processed and deep-fried foods among rural adolescents: a 

cross-sectional study from Matlab, Bangladesh 

 To describe ultra-processed and deep-fried food consumption by gender and socio-

economic factors, and 

 To explore the relative importance of gender and socio-economic factors in shaping 

consumption of these unhealthy foods among rural adolescents from Matlab. 

2. Methods 

2.1 Study design, participants and data collection 

The component studies of this thesis were cross-sectional in design. The studies were nested in 

the larger project of 15-year follow-up of the MINIMat trial (identifier #ISRCTN16581394). 

MINIMat stands for Maternal and Infant Nutrition Interventions in Matlab. It was a 

community-based, randomized trial with a factorial design that tested the effects of prenatal 

food and micronutrient supplementation on maternal hemoglobin level at gestational week 30, 

birth weight, and infant mortality. The recruitment of pregnant women took place from 

November 2001 to October 2003. Any woman in Matlab who reported overdue last menstrual 

period (LMP) or being pregnant to a Community Health Worker during this period was 

assessed for recruitment. A total of 5880 pregnant women were assessed, and 4436 were finally 

randomized into 6 arms. The trial and its findings have been reported elsewhere (119). There 

were 3625 live births, and valid data on birth anthropometry were available for 3267 singletons. 

These children formed the MINIMat cohort, and have been repeatedly followed up: monthly 

from birth to 12 months, then, three-monthly up to 24 months; thereafter, once at 4.5 and 10 
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years, and twice between the ages of 12.3-14.5 years (120). These systematic, repeated follow-

ups resulted in a substantial database with high-quality data on a wide range of socio-economic, 

demographic and biological factors. The mothers and the children were assigned unique 

identification (ID) numbers during the trial that allowed tracking and invitation into the follow-

ups. It has been observed that children of mothers having higher educational attainment and 

those belonging to wealthier households were less likely to take part in the subsequent follow-

ups (120). These differences, nonetheless, were trivial and unlikely to distort the pattern of 

findings. 

The 15-year follow-up was the latest follow-up. It was conducted from September 2017 to June 

2019. The data collection was divided into three phases: an initial preparatory, formative phase; 

household survey; and clinic visit. The component studies of this thesis availed the data 

collected during the household survey. The adolescents who were born as singletons to mothers 

participating in the trial, and have valid birth anthropometrics available in the database were 

eligible for the 15-year follow-up. Out of the 3267 eligible adolescents, 2465 (75.5%) 

completed the household survey. However, over the long period of 15 years, some loss to 

follow-up was inevitable. The reasons for loss to follow-up were: outmigration (n = 656), child 

death (n = 94), and refusal to participate (n = 52). Data were missing on dietary and food 

security variables for a couple of participants, and these two were excluded from the analysis. 

The final analytic sample comprised 2463 adolescents. Figure 1 at the beginning of the Results 

section illustrates the participant flow. 

Interviewers involved in the 15-year follow-up had a minimum of 12 years’ formal education, 

and were extensively trained for the fieldwork. The eligible adolescents were identified using 

the unique ID numbers. The mother/guardian-adolescent dyads were interviewed at their 

residences using a pre-tested, pre-coded, structured questionnaire. Insights from the previous 

follow-ups and qualitative exploration (27) during the formative phase guided questionnaire 

preparation and context-specific adaptation of standard instruments. 

The questionnaire was constructed in English, and later translated into Bengali. It was 

administered using Samsung tablet computer devices. The questionnaire had six sections: A-

F, with sections E and F not utilized in this thesis project. Section A was used for particulars 

of the participants and interviewers, and sections B-D for eliciting information on socio-

economic status, household wealth and food security, and diet. Field Supervisors carried out 
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random visits to check data collection procedure in real-time. A web portal enabled off-site 

monitoring of data quality and progress in data collection. 

2.2 Study area 

Matlab is a rural sub-district in the southern part of Bangladesh, some 55 km to the southeast 

of the capital city of Dhaka. Administratively, Matlab is a part of Chandpur District. The 

International Center for Diarrheal Disease Research, Bangladesh (icddr,b), formerly known as 

the South-East Asia Treaty Organization (SEATO) Cholera Research Laboratory, has been 

running a Health and Demographic Surveillance System (HDSS) in Matlab since 1966. The 

HDSS currently covers more than 230,000 people in 142 villages (121). The topography of 

Matlab is characteristic of a low-lying, deltaic plain crisscrossed by the river Gumti and its 

numerous small branches. Rice farming has traditionally been the main occupation in Matlab, 

except for a few villages that depend on fishing as a means of income. A three-month long 

agricultural lean period usually occurs between September and November (121). The adult 

literacy rate is about 60% (national data portal, data.gov.bd). Selected demographic attributes 

of the Matlab study area are presented in Table 2 alongside corresponding national estimates. 

Table 2. Selected demographic attributes of the study area and corresponding national 

estimates (122,123). 

Demographic characteristics Matlab (2018) Bangladesh (2019) 

Crude birth rate (per 1000 population) 22.3 18.1 

Total fertility rate (per woman of reproductive age) 2.7 2.04 

Neonatal mortality rate (per 1000 live births) 21.8 15 

Under-5 mortality rate (per 1000 live births) 35.8 28 

                      Life expectancy at birth (years): 

Female 74.2 74.2 

Male 71.0 71.1 

 

2.3 Dietary assessment 

The method for collecting dietary data was identical in Study I and II. The only difference was 

Study I utilized data on consumption of foods from 10 groups of staple and non-staple foods, 

whereas Study II availed data on consumption of ultra-processed and deep-fried foods arranged 

in five food groups (four UPF groups and one deep-fried group). 

Study I 
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DD was assessed at individual level through a single, interactive, 24-hour recall of foods 

consumed, using an adapted version of a standard instrument endorsed by the FAO/FANTA 

(53). This 10-food-group instrument has been applied widely (124,125), and validated for 

adolescents (60,75). The following context-appropriate adaptations were made: we separated 

“Fish” from “Meat, poultry, and fish” to avoid masking of the plausibly lower consumption of 

meat by an anticipated higher consumption of fish. Of note, families in Matlab mostly buy meat 

from the market (27), while fish remains more accessible due to its abundant natural availability 

in Matlab. Listing fish in the same food group with meat and poultry may, therefore, obscure 

affordability issues and potential association with household wealth. It is noteworthy that such 

a separate grouping of fish from other meats of animal source was prescribed in the 2011 FAO 

guideline (52). Additionally, we collapsed “Pulses” with “Nuts and seeds” into the food group 

called “Legumes, nuts, and seeds” to suit the culinary norms of the setting. This grouping is 

also supported by the 2011 FAO guideline (52). Table 3 demonstrates the grouping of foods 

into the 10 context-sensitive groups. 

Table 3. Food grouping used for assessment of consumption in Study I and Study II. The 10 

food groups under the Study I panel were used for calculating dietary diversity score. The 

five food groups under the Study II panel contain ultra-processed and deep-fried foods for 

which consumption was assessed. Bengali names are italicized. 
Food group Individual food items in the group 

Study I 

Grains, white roots and tubers, 

and plantains 

Rice- cooked (bhat) and fried, puffed rice (muri), panta, wheat bread, 

paratha, chapatti, luchi, other items made from milled grains, maize, 

cassava, taro (kochu mukhi), green banana. 

Vitamin A-rich vegetables, 

tubers and fruits1 

Carrot, pumpkin, orange-fleshed sweet potato, mango (ripe), papaya 

(ripe), hog plum, watermelon. 

Dark green leafy vegetables 

(DGLV) 

Red amaranth, taro leaves, spinach, bottle guard leaves, mustard leaves, 

other locally available shaak. 

Other vegetables 
Tomato, gourd, brinjal, zhinga, long bean, cucumber, teasle gourd, wax 

gourd, green papaya, cabbage, cauliflower, radish. 

Other fruits 
Guava, banana, orange, apple, boroi, grapes, jackfruit, other fruits that 

are not vitamin A-rich. 

Flesh and organ meat 
Chicken, duck, beef, sheep, goat, pigeon, and liver, kidney or any other 

organ meat. 

Egg Chicken, duck, or quail eggs. 

Fish 
Rohu (Rui), chitol, mrigal, shing, gojar, taki, puti, tilapia, pangasius, 

hilsa, kajuli, bashpata, koi, rani, bou, dry fish, prawn etcetera. 

Legumes, nuts and seeds Beans, peas, lentils, hyacinth beans, pea seeds, groundnuts, peanuts. 
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Milk products 
Milk, yogurt, shemai, shuji, payesh, khir, paneer, or other foods made 

with milk. 

Study II 

Ready-to-eat or “instant” foods 

(UPF) 

Instant noodles (Maggi noodles), burgers, industrially mass-produced 

breads/loaves and buns. 

Confectionery, sweets, and 

similar packaged products 

(UPF) 

Biscuits or cookies, chocolates, candies; industrially mass-produced, 

packaged muffins and cakes, ice cream 

Savory snacks (UPF) Potato chips, crisps, chanachur, other salty/spicy packaged snacks, such 

as roasted peanuts, jhalmuri. 

Sugar-sweetened beverages 

(UPF) 

Soft drinks (Coca-Cola, Pepsi, Mirinda, Fanta), Jeera Pani (bottled, 

sweetened cumin water), energy drinks (Tiger, Shark, Speed, Power, 

etcetera), mix-and-drink sachet (such as Tang). 

Deep-fried foods Shingara, samosa, puri, fuchka, lentil fritters, french fries. 

1Definition of Vitamin A-rich vegetables, tubers, and fruits was based on the FAO guideline (52). 

Any participant consuming at least one tablespoonful (~15 grams) of one or more items 

belonging to one of the 10 food groups during the reference period received one point for that 

food group. In case of no reported consumption, the participant received zero for that food 

group. Enumerators carried tablespoons with them that they showed while ascertaining 

approximate consumption. This requirement of minimum consumption of roughly one 

tablespoonful for scoring a point was employed to avoid foods eaten in trivial amounts from 

inflating the dietary diversity score (DDS) (54). 

Individual DDS was calculated by summing up the points for all 10 food groups, and possible 

values ranged from 0-10. Applying a five-food-group cut-off (53), participants with DDS less 

than five were categorized as having inadequate DD, and those with DDS equal to or greater 

than five were considered having adequate DD. While the five-food-group cut-off was 

originally prescribed for women of reproductive age (i.e., 15-49 years), it is likely to suffice 

for boys during mid-adolescence (10). Nguyen et al. have documented that this cut-off may not 

correspond well to dietary adequacy of key micronutrients among pregnant adolescents (75), 

but none of the girls were pregnant during the household survey. Moreover, we did not intend 

to quantify or draw inferences regarding micronutrient intake or status by applying this cut-off. 

Instead, we posit that this cut-off indicates a certain degree of diversity in the diets at population 

level with a high likelihood of better diet quality (49). 

Rigorous attempts were made to minimize the recall bias in reporting consumption. The initial 

qualitative recall was followed by a careful probing for any unreported consumption. During 



23 

 

this probing, the enumerators used the list of food groups and pictorial aid. The pictorial aid 

displayed charted photographs of staple and non-staple foods (as well as ultra-processed and 

deep-fried foods) available and commonly consumed in Matlab. The pictorial aid was prepared 

during the extensive formative phase of the 15-year follow-up. This two-pronged or double-

pass approach to minimizing recall bias has previously been recommended (126). 

Study II 

The consumption of ultra-processed and deep-fried foods was assessed at the same occasion 

during household survey, following the protocol described above. UPFs available in Matlab 

were identified and listed during the formative phase in light of the principles laid down in 

NOVA classification. Operationalization of this classification and identifying characteristics 

of UPFs have been published extensively (46,79,80,127,128). As Monteiro et al. recommended 

(128), we considered industrial formulation and presence of multiple ingredients (typically >5) 

to identify the UPFs. The locally available UPFs were grouped as follows: (i) ready-to-eat or 

“instant” foods, (ii) confectionery, sweets and similar packaged products, (iii) savory snacks, 

and (iv) SSB (including energy drinks). Foods that were submerged in extremely hot oil during 

the cooking process were considered deep-fried. A thorough understanding of the local culinary 

practices, acquired during the formative phase, helped in identification of deep-fried foods 

consumed in Matlab. Table 3 shows the grouping of ultra-processed and deep-fried foods. 

2.4 Explanatory variables of interest 

These variables were selected from a mapping exercise of the concepts, assumptions and  inter-

relationships between socio-demographic variables relevant to meet the objectives of the 

studies. The resulting directed acyclic graph (DAG) is attached in the Appendix at the end of 

the thesis. 

Household wealth (socio-economic status) 

There are a number of ways for evaluating relative socio-economic position in epidemiological 

studies (129). We conceptualized socio-economic status or household wealth as a constellation 

of socially derived material and economic characteristics that shape what position the 

household and its members enjoy in a particular setting (130). It is a relative indicator, and 

therefore, cannot be compared across settings. We adopted an asset-based approach for this 

purpose. An asset score was calculated for each household from principal component analysis 

(PCA) of data on ownership of a set of durables (e.g., mobile phone, radio, television, 

refrigerator, bicycle, etcetera), access to electricity and sanitary latrine, and nature of fuel used. 
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PCA is a “data reduction” method that generates “principal components”–clusters of 

combinations of the component variables–which explain the variance in asset ownership (131). 

The weights derived from the first “principal component” was used to compute the asset score–

a continuous, numerical variable. Asset scores arranged in ascending order were divided into 

tertiles: the lowest representing the poorest, the middle representing the middle-status, and the 

highest representing the richest households in Matlab. Thus, household wealth was 

operationalized as a categorical variable with three categories. 

Gender 

Gender was a dichotomous variable (girl/boy). 

Household food security 

Food security refers to a condition that exists when all people, at all times, have physical and 

economic access to sufficient, safe and nutritious food that meets their dietary needs and food 

preferences for an active and healthy life. The concept of food security has six dimensions: 

availability, access, utilization, stability, agency and sustainability–the latter two being recently 

added (132). We used the Household Food Insecurity Access Scale (HFIAS) to distinguish 

food insecure households from food secure ones (133). This is a 9-item, experience-based scale 

with a four-week recall period; and mothers (or guardians) are the designated respondents. It 

has been validated for LMICs (134). The core assumption of HFIAS is that food insecurity 

induces predictable reactions and responses that can be captured through graded answers to a 

set of questions in a survey. Food secure households were those that did not endure any food 

insecurity experiences or rarely worried about running out of food. This was ascertained 

through the HFIAS score that can range from 0-27. Food secure households were those that 

scored zero, or one, only if that one point comes from the answer to the first question in the 

scale–asking about worrying over food running out–being “rarely” (i.e., 1-3 times in the past 

four weeks). The food security variable, however, was not used in the analysis of Study II. 

Educational status of mothers and adolescents 

The level of education was assessed in terms of completed years of formal education. This 

excludes schooling in an unregistered madrasa or evening school. Thus, mothers and 

adolescents with this type of informal schooling, regardless of the duration, were considered 

having no formal education. Maternal education was categorized into: no education, primary 

(1–5 years), and secondary and above (≥6 years). Educational attainment was better among the 

adolescents, as there were few of them without any form of schooling and the majority were 
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studying at secondary schools. Rural children in Bangladesh who enrol at public primary 

schools receive a monetary incentive, and this continues up to the completion of secondary 

education. As a result, most of the children proceed to secondary education once they have 

enrolled into the primary schools. Adolescents’ education was categorized into: primary (1-5 

years) or non-formal education or uneducated, and secondary education (6-12 years). Because 

of the low number of adolescents in the category of primary education (n = 62), we combined 

this category with that of no education during analysis. 

Others 

Data on source of drinking water, electricity coverage and ownership of farming land and 

livestock were also collected to better understand the setting. While anthropometric data for 

the adolescents were collected during the 15-year follow-up, we only used the summary 

measures of height and weight in this thesis for descriptive purpose.  In Study I, the data on 

ownership of farming land and livestock (categorical variables: yes/no) were used at bivariate 

level to explore potential role of agricultural production or livestock farming in diversifying 

diets.  

2.5 Statistical analyses 

Statistical analyses were performed using the R statistical software (The R Foundation, Vienna, 

Austria): versions 3.6.2 (Study I) and 3.6.3 (Study II). Data were compiled in a standard 

Microsoft Excel workbook, cleaned and checked for missing values. Sample descriptives are 

reported as frequency and percentage for categorical variables, and as mean with standard 

deviation (SD) for numerical variables. 

Study I 

Analyses proceeded with visualization of data by constructing histogram, boxplot and quantile-

quantile plot. These were examined for assessing normality of DDS data and presence of 

disturbing outliers. We standardized DDS by subtracting the mean from individual DDS and 

then dividing the result by SD. Only three participants (0.1% of the analytic sample) had DDS 

above +2.5 SD, and only one participant had DDS below −2.5 SD. Their removal did not 

influence the analysis. 

The proportion of reported consumption for all 10 food groups and mean DDS were calculated. 

Bivariate analyses involved comparison of proportions and means across categories of 

household wealth and gender. Proportions were compared with Pearson’s Chi-squared Test. 

Differences in means between two and more than two groups were tested by student’s t-test 
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and one-way analysis of variance (ANOVA), respectively. All tests were two-tailed, and level 

of statistical significance was set at p-values < 0.05. 

A binary logistic regression model was fitted to isolate factors associated with inadequate DD. 

The adjusted model accounted for gender, household wealth and food security, and maternal 

and adolescents’ simultaneously. Crude and adjusted odds ratios (OR) with 95% confidence 

intervals (CI) are reported. Goodness of fit was assessed with analysis of residuals, visual 

examination of the plot of quantile residuals and Hosmer–Lemeshow test. The potential role 

of gender as an effect modifier in the relationship between the explanatory variables and 

inadequate DD was examined by incorporating interaction terms in the model. 

Collinearity between categorical variables was assessed by cross-tabulating them and 

performing Chi-squared test. If found dependent (p < 0.05), Goodman–Kruskal’s gamma (G-

K gamma) value was computed to evaluate the strength of association. Land ownership was 

strongly associated with SES (p < 0.05, G-K gamma > 0.6); hence, not included in the final 

model. Strength of association of adolescents’ education with food security and SES was also 

within limit (G-K gamma values: −0.13 and 0.31, respectively). Finally, variance inflation 

factor (VIF) was also checked, and values were lower than 2.1 for all variables in the adjusted 

model. 

Study II 

The second study followed the same outline of statistical analysis. The proportion of reported 

consumption was compared across categories of household wealth and gender with Pearson’s 

Chi-squared Test. The associations of socio-economic factors and gender with consumption of 

the four groups of UPF and of deep-fried foods were explored with five binary logistic 

regression models. The adjusted models accounted for gender, household wealth, maternal and 

adolescents’ education simultaneously. Crude and adjusted ORs with 95% CIs are reported. 

Food security was not included in Study II. Adequacy of the models was evaluated in the same 

way as in Study I. We checked for multicollinearity with values of VIF, and none exceeded 

2.5.  

2.6 Ethics statement 

The Ethical Review Committee at icddr,b in Dhaka, Bangladesh, approved the 15-year follow-

up of MINIMat trial. The component studies of this thesis adhered to the guidelines laid down 

in the Declaration of Helsinki (135). Participation in the 15-year follow-up was entirely 

voluntary. The participants also retained the right to withdraw at any stage of the follow-up 

without any consequences. Written informed consent and assent were obtained from the 
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mothers and adolescents, respectively, after full disclosure of the purpose, methods, risks, and 

benefits of the study. Confidentiality and anonymous handling of personal information were 

strictly maintained. 

3. Results 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 above illustrates the flow of participants into the studies. Out of 3267 eligible and 

invited adolescents, 2465 completed the household survey. Two participants were excluded 

from the analysis due to missing data. The analytic sample consisted of 2463 adolescents. 

3.1 Description of the study sample 

The mean age of the participants was 15.03 years (SD 0.16). Their mean height and weight 

were 156.52 cm (SD 7.61) and 45.25 kg (SD 8.99), respectively. The gender distribution in the 

sample was uniform with girls representing 51.2%. Approximately 80% of the adolescents had 

secondary education. Among the mothers, slightly less than 45% attained secondary education, 

while one-fifth had no formal education. About 54% of the adolescents came from food 

insecure households. The vast majority of the households had access to safe drinking water 

3267 singleton live births with valid 

birth anthropometrics available 

2465 completed the household 

survey at 15-year follow-up  

2463 included in the final 

analysis 

Outmigration (n = 656) 

Child death (n = 94) 

Refusal to participate (n = 52) 

Missing dietary data (n = 1) 

Missing food security data (n = 1) 

 

Figure 1. Flowchart illustrating inclusion of MINIMat adolescents into the present studies. 
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from tubewells and electricity. Table 4 presents the socio-demographic, household and basic 

anthropometric characteristics of the study sample. 

Table 4. Socio-demographic, household and basic anthropometric characteristics of the 

participating adolescents (N = 2463). 

Characteristics 
n (%) or mean 

(SD) 

Age in years 15.03 (0.16) 

Height in centimeters 156.52 (7.61) 

Weight in kilograms 45.25 (8.99) 

Gender: 

Girls 
Boys 

 
1261 (51.2) 

1202 (48.8) 

 

Adolescents´ education (years of formal education): 

None 

Primary (≤ 5 y) 

Secondary (6-12 y) 

 

428 (17.4) 

62 (2.5) 

1973 (80.1) 

Maternal education (years of formal education): 

None 

Primary (1-5 y) 
Secondary and above (≥ 6y) 

 

491 (19.9) 

873 (35.4) 
1099 (44.6) 

Household food security: 

Food insecure 

Food secure 

 

1327 (53.9) 

1136 (46.1) 

Household source of drinking water: 

Piped water 

Tube-well water 
Others (rain or surface water) 

 

147 (5.9) 

2287 (92.9) 
29 (1.2) 

Household electricity coverage 2166 (87.9) 

Farming land ownership 1290 (52.3) 

Livestock ownership 1753 (71.2) 

 

3.2 DDS and prevalences of inadequate DD by socio-demographic variables 

Table 5 presents the mean DDS and prevalences of inadequate DD across categories of socio-

demographic variables. The mean DDS was 4.84 (SD 1.51). Small but statistically significant 

differences in mean DDS were observed by gender (p < 0.01) and household wealth (p < 

0.0001). The diet was limited in diversity among 42.3%. Inadequate DD was present in all 

socio-demographic strata. 
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Table 5. Mean dietary diversity score and prevalences of inadequate DD across categories of 

socio-demographic variables. 

Dietary diversity score (DDS) Mean ± SD p-value
1
 

Overall 4.84 ± 1.51 -- 

By gender: 

Boys 
Girls 

 

4.92 ± 1.56 
4.76 ± 1.46 

 

< 0.01* 

By household wealth (SES): 

Poorest 
Middle-status 

Richest 

 

4.55 ± 1.48 
4.84 ± 1.44 

5.13 ± 1.56 

 

< 0.0001* 

Proportion of inadequate DD (DDS < 5) 

 n (Row %, 95% CI) p-value
2
 

Overall 1042 (42.31, 40.36-44.26) - 

Gender: 
Boy (n = 1202) 

Girl (n = 1261) 

 

480 (39.9, 37.2-42.7) 

562 (44.6, 41.8-47.3) 

 

0.019* 

SES: 

Poorest (n = 822) 

Middle-status (n = 819) 
Richest (n = 822) 

 

418 (50.9, 47.4-54.3) 

333 (40.7, 37.3-44.0) 
291 (35.4, 32.1-38.7) 

 

< 0.0001* 

Household food security: 

Food insecure (n = 1327) 

Food secure (n = 1136) 

 

625 (47.1, 44.4-49.8) 

417 (36.7, 33.9-39.5) 

 

< 0.0001* 

Adolescents’ education: 

Primary, non-formal, illiterate (n = 490) 

Secondary (n = 1973) 

 

189 (38.6, 34.3-42.9) 

853 (43.2, 41.0-45.4) 

 

0.062 

Maternal education: 

No education (n = 493) 
Primary (n = 868) 

Secondary and above (n = 1102) 

 

246 (49.9, 45.5-54.3) 
380 (43.8, 40.5-47.1) 

416 (37.7, 34.8-40.6) 

 

< 0.001* 

1Means between two groups were tested by independent sample t-test and between three groups by one-way 

ANOVA. 2From Pearson’s Chi-squared Test. 3Asterisk indicates statistical significance at p < 0.05. 

Bivariate analyses revealed that the prevalence of inadequate DD varied significantly by gender 

(p = 0.019), household wealth (p < 0.0001), household food security (p < 0.0001), and maternal 

education (p < 0.001). While 44.6% of the girls consumed foods from less than five groups, 

this proportion declined to 39.9% among the boys. There was a socio-economic gradient in 

inadequate DD with the prevalence surpassing 50% among adolescents from the least affluent 

households. Approximately 47% adolescents from food insecure households reportedly 

consumed foods from less than five groups. 
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3.3 Pattern of reported consumption of food(s) from the 10 food groups 

Table 6. Bivariate analyses of reported consumption of food(s) from the 10 food groups 

among the participants by gender and household wealth 
Food group  Adolescents who consumed food(s) from the 10 food groups 

n (% of total in that gender or wealth category, 95% CI) 

Overall 

(n = 2463) 

Boy 

(n = 1202) 

Girl 

(n = 1261) 

p-value1 Poorest 

(n = 822) 

Middle-

status 

(n = 819) 

Richest 

(n = 822) 

p-value1 

Grains, white 

roots and 

tubers, and 

plantains 

2461 (99.9, 
99.8-100) 

1200 (99.8, 
99.6-100) 

1261 
(100) 

0.147 822 (100) 818 (99.9, 
99.6-100) 

821 (99.9, 
99.6-100) 

0.606 

Vitamin A-

rich 

vegetables, 

tubers and 

fruits 

774 (31.4, 
29.6-33.2) 

372 (30.9, 
28.3-33.6) 

402 (31.9, 
29.3-34.5) 

0.619 236 (28.7, 
25.6-31.8) 

262 (31.9, 
28.8-35.2) 

276 (33.6, 
30.3-36.8) 

0.095 

DGLV2 660 (26.8, 
25.0-28.5) 

294 (24.5, 
22.0-26.9) 

366 (29.0, 
26.5-31.5) 

0.011* 218 (26.5, 
23.5-29.5) 

236 (28.8, 
25.7-31.9) 

206 (25.1, 
22.1-28.0) 

0.224 

Other 

vegetables 

1496 (60.7, 
58.8-62.7) 

724 (60.2, 
57.5-62.9) 

772 (61.2, 
58.5-63.9) 

0.616 491 (59.7, 
56.4-63.1) 

497 (60.7, 
57.3-64.0) 

508 (61.8, 
58.5-65.1) 

0.691 

Other fruits 1112 (45.1, 
43.2-47.1) 

550 (45.8, 
42.9-48.6) 

562 (44.6, 
41.8-47.3) 

0.553 319 (38.8, 
35.5-42.1) 

391 (47.7, 
44.3-51.2) 

402 (48.9, 
45.5-52.3) 

<0.0001* 

Flesh and 

organ meat 

868 (35.2, 
33.3-37.1) 

457 (38.0, 
35.3-40.8) 

411 (32.6, 
30.0-35.2) 

0.005* 226 (27.5, 
24.4-30.5) 

290 (35.4, 
32.1-38.7) 

352 (42.8, 
39.4-46.2) 

<0.0001* 

Egg 860 (34.9, 
33.0-36.8) 

457 (38.0, 
35.3-40.8) 

403 (31.9, 
29.4-34.5) 

0.002* 246 (29.9, 
26.8-33.1) 

267 (32.6, 
29.4-35.8) 

347 (42.2, 
38.8-45.6) 

<0.0001* 

Fish 1802 (73.2, 
71.4-74.9) 

872 (72.5, 
70.0-75.1) 

930 (73.8, 
71.3-76.2) 

0.499 611 (74.3, 
71.3-77.3) 

564 (68.9, 
65.7-72.0) 

627 (76.3, 
73.4-79.2) 

0.002* 

Legumes, 

nuts and 

seeds 

1138 (46.2, 
44.2-48.2) 

581 (48.3, 
45.5-51.2) 

557 (44.2, 
41.4-46.9) 

0.038* 363 (44.2, 
40.8-47.6) 

383 (46.8, 
43.3-50.2) 

392 (47.7, 
44.3-51.1) 

0.331 

Milk 

products 

751 (30.5, 
28.7-32.3) 

409 (34.0, 
31.3-36.7) 

342 (27.1, 
24.7-29.6) 

<0.001* 207 (25.2, 
22.2-28.1) 

260 (31.7, 
28.6-34.9) 

284 (34.5, 
31.3-37.8) 

<0.001* 

1Based on Pearson’s Chi-squared Test. 2Dark green leafy vegetables. 3Asterisk indicates statistical significance 

at p < 0.05. 

Table 6 demonstrates the gender and socio-economic stratification of reported consumption of 

staple and non-staple foods. Reported consumption varied by gender for five food groups: dark 

green leafy vegetables (p = 0.011), meat (p = 0.005), egg (p = 0.002), milk products (p < 0.001), 

and legumes, nuts and seeds (p = 0.038). Consumption of dark green leafy vegetables was 

higher among the girls than the boys. For the other four food groups, reported consumption 

was higher among boys. Reported consumption varied by household wealth for five food 

groups as well: meat (p < 0.0001), egg (p < 0.0001), other fruits (p < 0.0001), milk products (p 

< 0.001), and fish (p = 0.002). For these food groups, apart from fish, reported consumption 

was higher among the adolescents from the richest households than those from the poorest 

households. The highest difference was observed for meat–consumption being 15.3 percentage 
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points higher among participants from the richest households, followed by egg (12.3 

percentage points). 

3.4 Factors associated with inadequate DD 

Table 7. Logistic regression model analyzing association of gender and socio-economic 

variables with inadequate dietary diversity. 
Variables Inadequate DD (DDS < 5) 

Crude model1 Adjusted model2,3 

Crude OR (95% CI) Adjusted OR (95% CI) 

Gender: 

Boy (Ref.) 

Girl 

 

 

1.21 (1.03-1.42)* 

 

 

1.10 (0.93-1.29) 

Household wealth: 

Richest (Ref.) 

Middle-status 
Poorest 

 

 

1.25 (1.02-1.53)* 
1.89 (1.55-2.30)* 

 

 

1.13 (0.92-1.40) 
1.59 (1.27-2.00)* 

Household food security: 

Food secure (Ref.) 

Food insecure 

 

 

1.54 (1.31-1.81)* 

 

 

1.34 (1.13-1.59)* 

Adolescents’ education: 

Primary, non-formal, illiterate 

(Ref.) 

Secondary 

 

 

 

1.21 (0.99-1.49) 

 

 

 

1.38 (1.11-1.71)* 

Maternal education: 

No education (Ref.) 

Primary 

Secondary and above 

 

 

0.78 (0.63-0.98)* 

0.61 (0.49-0.75)* 

 

 

0.85 (0.67-1.06) 

0.76 (0.60-0.96)* 

Stratified analysis: by gender 

 Crude ORboy 

(95% CI) 

Adjusted4 ORboy 

(95% CI) 

Crude ORgirl 

(95% CI) 

Adjusted4 ORgirl 

(95% CI) 

Household wealth: 

Richest (Ref.) 

Middle-status 

Poorest 

 

 

1.33 (1.01-1.76)* 

1.77 (1.32-2.37)* 

 

 

1.19 (0.89-1.60) 

1.53 (1.09-2.14)* 

 

 

1.17 (0.88-1.56) 

1.93 (1.47-2.54)* 

 

 

1.07 (0.79-1.44) 

1.63 (1.20-2.22)* 

Household food security: 

Food secure (Ref.) 

Food insecure 

 

 

1.41 (1.12-1.78)* 

 

 

1.26 (0.99-1.61) 

 

 

1.63 (1.30-2.05)* 

 

 

1.42 (1.12-1.81)* 

Adolescents’ education: 

Primary, non-formal, illiterate 

(Ref.) 

Secondary 

 

 

 

1.08 (0.83-1.40) 

 

 

 

1.32 (1.00-1.75) 

 

 

 

1.34 (0.96-1.87) 

 

 

 

1.44 (1.03-2.03)* 

Maternal education: 

No education (Ref.) 
Primary 

Secondary and above 

 

 
0.85 (0.61-1.17) 

0.61 (0.45-0.83)* 

 

 
0.91 (0.65-1.27) 

0.72 (0.51-1.02) 

 

 
0.72 (0.53-0.98)* 

0.61 (0.45-0.83)* 

 

 
0.79 (0.58-1.09) 

0.79 (0.57-1.10) 
1Bivariable analysis of each row characteristic against outcome separately. 2Adjusted for gender, household 

wealth and food security, adolescents’ and maternal education. 3Nagelkerke´s pseudo-R2 = 0.037, and p-value 

from Hosmer-Lemeshow Test was 0.17 (χ2 = 11.6, df = 8). 4Adjusted for household wealth and food security, 

adolescents’ and maternal education. 5OR = odds ratio, CI = confidence interval, and asterisk indicates statistical 

significance as CI excluded 1. 

The logistic regression analysis showed inadequate DD to be significantly associated with 

household wealth, household food security, and educational status of the mothers and 

adolescents (Table 7). The strongest independent association was observed with household 
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wealth. In comparison to participants from the richest households, the odds of inadequate DD 

were nearly 1.6 times higher among those from the poorest households (adjusted odds ratio 

(aOR) 1.59; 95% CI: 1.27, 2.00). The adolescents from food insecure households had 

significantly higher odds of inadequate DD than their peers from food secure households (aOR 

1.34; 95% CI: 1.13, 1.59). There was a positive association between adolescents’ education 

and inadequate DD. In comparison to adolescents with lower educational attainment, those 

with secondary education had nearly 1.4 times higher odds of inadequate DD (aOR 1.38; 95% 

CI: 1.11, 1.71). The odds of inadequate DD were significantly lower among participants whose 

mothers had secondary or higher education than participants whose mothers had no formal 

education (aOR 0.76; 95% CI: 0.60, 0.96). Gender was not independently associated with 

inadequate DD (aOR 1.10; 95% CI: 0.93, 1.29). 

Interaction terms incorporating gender were not statistically significant; thus, no effect 

modification by gender was observed. Nevertheless, we presented stratum-specific ORs in 

Table 7. Although not significant, a greater than 10% difference between adjusted ORs for 

boys and girls was observed for household food security. After adjusting for household wealth 

and educational status of mothers and adolescents, the girls from food insecure households had 

1.4 times higher odds of inadequate DD than the girls from food secure households (aORgirl 

1.42; 95% CI: 1.12, 1.81). 

3.5 Pattern of ultra-processed and deep-fried food consumption 

Table 8 shows the proportion of adolescents who reported to have consumed ultra-processed 

and/or deep-fried foods by categories of gender and household wealth. About 83% of the 

adolescents reportedly consumed at least one ultra-processed or deep-fried food. The 

proportion of adolescents who reported consumption of ultra-processed foods from one, two, 

three and all four groups were:   Confectionery, sweets and similar packaged products was the 

most consumed UPF group (53.5%), while SSB was the least consumed (12%). Deep-fried 

foods were consumed by 41.3% adolescents. Reported consumption was higher among boys 

than girls for all five food groups with the highest difference observed for deep-fried food (49.7 

versus 33.4%, p < 0.001), followed by SSB (17.1 versus 7.0%, p < 0.001). While 10.8% of 

those from the poorest households consumed ready-to-eat or “instant” foods, this increased to 

13.1% and 15.1% among their peers from the middle-status and richest households, 

respectively (p = 0.037). Proportion of adolescents consuming at least one item from any of 
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the five groups increased along household wealth: from 78.1% among those from the poorest 

to 86.6% among those from the richest households 

Table 8. Prevalence of consumption of ultra-processed and deep-fried foods among the 

participating adolescents by gender and wealth strata. 
Categories Ready-to-

eat or 

“instant” 

foods 

Confectionery, 

sweets, and 

similar 

packaged 

products 

Savory 

snacks 

Sugar-

sweetened 

beverages 

Deep-fried 

foods 

One item 

from any 

of the five 

groups 

n (% of total in that gender or wealth category, 95% CI) 

Overall 

(n = 2463) 

320 (13.0, 

11.7-14.3) 

1317 (53.5, 

51.5-55.4) 

872 (35.4, 

33.5-37.3) 

295 (12.0, 

10.7-13.2) 

1018 (41.3, 

39.4-43.3) 

2043 (82.9, 

81.5-84.4) 

Gender:  

Girl (n = 1261) 118 (9.4, 

7.8-10.9) 

644 (51.1, 

48.3-53.8) 

421 (33.4, 

30.8-35.9) 

89 (7.0, 

5.6-8.4) 

421 (33.4, 

30.8-36.0) 

1005 (79.7, 

77.5-81.9) 

Boy (n = 1202) 202 (16.8, 

14.7-18.9) 

673 (55.9, 

53.2-58.8) 

451 (37.5, 

34.8-40.3) 

206 (17.1, 

15.0-19.3) 

597 (49.7, 

46.8-52.5) 

1038 (86.3, 

84.4-88.3) 

p-value1 < 0.001* 0.014* 0.032* <0.001* <0.001* < 0.001* 

Household 

wealth: 

 

Poorest (n = 822) 89 (10.8, 

8.7-12.9) 

416 (50.6, 

47.2-54.0) 

289 (35.2, 

31.9-38.4) 

82 (9.9, 

7.9-12.0) 

324 (39.4, 

36.1-42.7) 

642 (78.1, 

75.3-80.9) 

Middle-status (n = 

819) 

107 (13.1, 

10.8-15.4) 

438 (53.5, 

50.1-56.9) 

270 (32.9, 

29.7-36.2) 

100 (12.2, 

9.9-14.4) 

340 (41.5, 

38.1-44.9) 

689 (84.1, 

81.6-86.6) 

Richest (n = 822) 124 (15.1, 

12.6-17.5) 

463 (56.3, 

52.9-59.7) 

313 (38.1, 

34.8-41.4) 

113 (13.7, 

11.3-16.1) 

354 (43.1, 

39.7-46.4) 

712 (86.6, 

84.3-88.9) 

p-value1 0.037* 0.067 0.095 0.061 0.321 < 0.001* 
1Based on Pearson´s Chi-squared Test. *Asterisk indicates statistical significance at p < 0.05. CI = confidence 

interval. 

3.6 Association of gender and socio-economic variables with ultra-processed and deep-

fried food consumption 

Table 9 demonstrates the crude and adjusted odds ratios from binary logistic regression 

analyses. The adjusted models accounted for gender, household wealth, maternal and 

adolescents’ education simultaneously. Gender was invariably associated with ultra-processed 

and deep-fried food consumption. The odds of reported consumption of all four groups of UPF 

and of deep-fried food were higher among boys compared to girls. The most pronounced 

gender difference was observed for SSB (aOR for boys = 2.57; 95% CI: 1.97, 3.37). Boys also 

had 1.85 times higher odds of consuming ready-to-eat or “instant” foods (aOR = 1.85; 95% CI: 

1.45-2.38). The odds of deep-fried food consumption among the boys were nearly twice that 

among girls (aOR = 1.96; 95% CI: 1.66, 2.32). 
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Table 9. Logistic regression analyses of associations between socio-demographic variables 

and consumption of ultra-processed and deep-fried foods. 
Variables Ready-to-eat or 

“instant” foods 

Confectioneries, 

sweets, similar 

packaged products 

Savory snacks Sugar-sweetened 

beverage 

Deep-fried 

foods 

Crude 

OR 

(95% 

CI) 

Adj. 

OR1 

(95% 

CI) 

Crude 

OR 

(95% 

CI) 

Adj. 

OR1 

(95% 

CI) 

Crude 

OR 

(95% 

CI) 

Adj. 

OR1 

(95% 

CI) 

Crude 

OR 

(95% 

CI) 

Adj. 

OR1 

(95% 

CI) 

Crude 

OR 

(95% 

CI) 

Adj. 

OR1 

(95% 

CI) 

Gender: 
Girl (Ref.) 

          

Boy 1.96 

(1.54-

2.50)* 

1.85 

(1.45-

2.38)* 

1.22 

(1.04-

1.43)* 

1.22 

(1.04-

1.44)* 

1.20 

(1.02-

1.41)* 

1.19 

(1.01-

1.41)* 

2.72 

(2.10-

3.55)* 

2.57 

(1.97-

3.37)* 

1.97 

(1.67-

2.32)* 

1.96 

(1.66-

2.32)* 

Household 

wealth: 

Poorest 

(Ref.) 

          

Middle-

status 

1.24 

(0.92- 

1.67) 

1.25 

(0.92-

1.72) 

1.12 

(0.92-

1.36) 

1.08 

(0.89-

1.33) 

0.91 

(0.74-

1.11) 

0.91 

(0.74-

1.13) 

1.25 

(0.92-

1.71) 

1.21 

(0.88-

1.68) 

1.09 

(0.89-

1.33) 

1.08 

(0.88-

1.33) 

Richest 1.46 

(1.09-

1.96)* 

1.55 

(1.12-

2.16)* 

1.26 

(1.04-

1.53)* 

1.19 

(0.96-

1.48) 

1.13 

(0.93-

1.39) 

1.17 

(0.93-

1.46) 

1.43 

(1.06-

1.95)* 

1.44 

(1.02-

2.03)* 

1.16 

(0.95-

1.41) 

1.21 

(0.97-

1.51) 

Maternal 

education: 

No 

education 

(Ref.) 

          

Primary 1.00 

(0.72-

1.40) 

0.96 

(0.68-

1.35) 

0.94 

(0.76-

1.18) 

0.91 

(0.72-

1.14) 

0.95 

(0.75-

1.20) 

0.94 

(0.75-

1.19) 

1.14 

(0.81-

1.63) 

1.13 

(0.79-

1.63) 

0.93 

(0.75-

1.17) 

0.92 

(0.73-

1.16) 

Secondary 

and above 

0.99 

(0.73-

1.38) 

0.85 

(0.60-

1.21) 

1.08 

(0.87-

1.33) 

0.96 

(0.76-

1.22) 

0.95 

(0.76-

1.19) 

0.89 

(0.70-

1.14) 

1.12 

(0.81-

1.58) 

0.99 

(0.69-

1.45) 

0.87 

(0.70-

1.08) 

0.79 

(0.62-

1.00) 

Adol. 

education 

Primary 

and below 

(Ref.) 

          

Secondary 0.72 

(0.55-

0.96)* 

0.78 

(0.58-

1.04) 

1.12 

(0.92-

1.36) 

1.13 

(0.92-

1.39) 

0.94 

(0.77-

1.16) 

0.97 

(0.79-

1.21) 

0.65 

(0.49-

0.87)* 

0.73 

(0.54-

0.98)* 

0.85 

(0.70-

1.04) 

0.99 

(0.80-

1.22) 
1Adjusted for gender, household wealth, maternal and adolescents’ education simultaneously. 2OR = odds ratio, 

Adj. OR = adjusted odds ratio, CI = confidence interval, Ref. = reference category, Adol. = adolescents’.  

*Asterisk indicates statistical significance as CI excluded 1. 

Household wealth was associated with the consumption of ready-to-eat or “instant” foods and 

SSB, but not with consumption of the other three groups. Compared to adolescents from the 

poorest households, those from the richest households had significantly higher odds of 

consuming ready-to-eat or “instant” foods (aOR = 1.55; 95% CI: 1.12-2.16) and of consuming 

SSB (aOR = 1.44; 95% CI: 1.02-2.03). Maternal education was not independently associated 

with consumption of any of the five food groups. Educational status of the adolescents was 
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inversely associated with SSB consumption with the odds being lower among those with 

secondary education compared to those with lower educational attainment (aOR = 0.73; 95% 

CI: 0.54-0.98). All p-values from Hosmer-Lemeshow Test were >0.05, excluding inadequate 

fit (Table 9). 

4. Discussion 

4.1 Plain summary of the principal findings 

Study I 

The findings indicated that the diet consumed by MINIMat adolescents was limited in diversity 

from a heavy reliance on starchy staple and low consumption of micronutrient-rich vegetables 

and fruits, and ASFs. However, about 73% of the adolescents consumed some type of fish. The 

prevalence of inadequate DD surpassed 40% in the sample. Inadequate DD was observed in all 

socio-demographic strata as well. Although reported consumption of foods from four groups 

(i.e., dairy, egg, meat, and legumes, nuts and seeds) as well as mean DDS were lower among 

girls than boys, gender did not emerge as an independent predictor of inadequate DD. 

Adolescents from the poorest households, the food insecure households, and adolescents who 

had secondary education were more likely to have limited diversity in the diet. Adolescents of 

mothers with secondary education or above were less likely to have limited diversity in the 

diet. 

Study II 

The proportion of adolescents consuming the four groups of UPF and the deep-fried foods 

ranged from 12-53.5%. However, when consumption of at least one ultra-processed or deep-

fried food was considered, the prevalence rose to 83%. Packaged confectioneries were the most 

consumed UPF group. Reported consumption of deep-fried foods exceeded 40%. Consumption 

of SSB and ready-to-eat or “instant” foods was fairly low. Gender difference in consumption 

was clearly evident: boys having a greater likelihood of consumption than girls for all five food 

groups. Household wealth was positively associated with consumption of ready-to-eat or 

“instant” foods and SSB, whereas educational status of adolescents was inversely associated 

with SSB consumption. 

4.2 Interpretive appraisal 

Overall pattern of diet 

We observed a nearly universal consumption of rice (only two participants did not report rice 

consumption in the recall period). This finding is consistent with previous studies from rural 
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Bangladesh, and reflects the dominant role of staples in the monotonous diet consumed in these 

settings (136,137). Since gaining independence, Bangladesh has pursued a policy of promoting 

rice production as a key measure to tackle hunger. This policy emphasis may have contributed 

to the over-reliance on rice in Bangladeshi diets (138). Evidence suggests fruit and vegetable 

intake declines following the transition from childhood to adolescence in South-East Asia 

(139). Accordingly, consumption of these healthy foods was low among MINIMat adolescents, 

potentially increasing the risk of micronutrient deficiencies. This may also deprive them of the 

benefit of lowered cardiovascular risk associated with diets rich in fruits and vegetables (140). 

However, we could not explore whether the low consumption resulted from affordability 

issues, lack of nutritional knowledge, or taste preferences. Consumption of dairy products 

appeared low too. This was unanticipated given the high percentage of livestock ownership 

among the families in Matlab. We also observed low consumption of meat and egg. 

Interestingly, the vast majority of the participants consumed fish. This could be an indication 

of greater access, as Matlab is a low-lying area traversed by numerous waterways naturally rich 

in indigenous fishes. Although we could not compare, rural adolescents have been shown more 

likely to consume fish than their urban peers in previous research (114). 

Along with limited diversity in diet–an indication of poor diet quality–we observed 

considerable consumption of ultra-processed confectioneries and snacks, and deep-fried foods. 

Matlab does not have super-markets or transnational fast food chains. Instead, small-scale, 

independent retailers act as the distribution channel for UPFs in Matlab. They operate from 

small stores–rural equivalent of “corner stores” found in high-income, urban settings (141)–

mostly selling cheap UPFs in small, attractive packets. Price of these products suit the 

affordability of rural consumers or scant pocket money that these rural adolescents receive 

from parents. These mass-produced, packaged confectioneries are loaded with refined 

carbohydrate, added sugar and salt, saturated fat, and additives, and serve as important source 

of inexpensive, empty calories (46). Deep frying is also considered a health-compromising 

culinary practice (142), and greater consumption of deep-fried foods has been linked to diet-

related NCDs. Palm and soybean oils are the two most common frying media in Bangladesh, 

and repeated use of oil for deep-frying is also commonplace. Palm oil contains 45-50% 

saturated fatty acids, and concentration of trans fat in partially hydrogenated soybean oil can 

reach up to 20% (103,104,143). 

These findings pinpointed a dietary pattern characterized by low overall quality concurrent 

with emergent consumption of energy-dense, nutrient-poor, ultra-processed foods and drinks. 
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This pattern of suboptimal diet has previously been described in rural settings of Nicaragua, 

another lower-middle-income country (144). Contreras and colleagues termed this pattern 

“double burden of suboptimal diet”, drawing a conceptual parallel with the notion of “double 

burden of malnutrition”. Poor diet quality combined with ultra-processed and deep-fried food 

consumption during a phase of life marked by heightened nutritional requirements could fuel 

the double burden of malnutrition in LMICs (21). Nonetheless, how this pattern relates to 

cardio-metabolic profile and its health implication among adolescents remains to be explored. 

Gender dimension 

We observed a gendered consumption pattern for certain groups of non-staple foods. The 

proportions of participants who reported consumption of milk, egg, milk products, and 

legumes, nuts and seeds were significantly lower among the girls. Interestingly, consumption 

of dark green leafy vegetables was higher among the girls. There are a couple of plausible 

explanations. This could be an indication of underlying inequality in intra-household allocation 

of foods that allows boys differential access to foods perceived as capable of giving more 

energy or bodily strength (e.g., meat, eggs, and milk) (28,145). Alternatively, intentional 

avoidance by the girls of foods that they consider “fattening” could have contributed to the 

gendered consumption (146). It has been shown that adolescent girls may adopt restrictive 

dietary practices, even in LMIC settings, because of body image concerns (29,147). 

Examination of these themes, however, was beyond the scope of the study. 

Gender did not independently predict inadequate DD among MINIMat adolescents. This agrees 

with a cross-cohort comparison of dietary data from adolescents in Ethiopia, India, Peru, and 

Vietnam that did not find significant gender-based difference in diversity (148). Aurino 

conducted a prospective study in Andhra Pradesh, India. She found higher mean DDS among 

boys at ages 5, 8, and 15; driven by a significantly lower consumption of ASF, legumes, root 

vegetables, and fruits by the girls. This pro-boy disparity reached maximum level at 15 years 

of age, and the mean age of our sample was approximately 15 years. Nonetheless, Aurino 

grouped the foods into 7 groups to assess DD, used linear regression, and did not adjust for 

food security (149). 

We could not detect any interaction between gender and socio-economic variables in Study I. 

There is a concern that adolescent girls from food insecure households in Bangladesh are more 

likely to restrict consumption, as a coping response to food insecurity, than men and under-five 

children in the family (150). It has also been reported that gender norms limit consumption of 
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nutrient-rich foods among adolescent girls belonging to low-income, food insecure households 

in Bangladesh (151). Nevertheless, our analysis could not capture a significant difference in 

the odds of inadequate DD between boys and girls from the food insecure households in 

Matlab. Further research is needed to determine if the potential role of gender in limiting DD 

among girls is amplified by household food insecurity. 

The gender difference in consumption of ultra-processed and deep-fried foods was clearly 

evident in Study II. Existing studies from elsewhere show a varied relationship between gender 

and UPF consumption: some reporting higher consumption among men and boys (152,153), 

some documenting the opposite (154,155), and others finding no association (156–158). 

Although observed prevalence of SSB consumption was fairly low among MINIMat 

adolescents, the gender association was most pronounced for SSB. Our qualitative work in 

Matlab also captured the popularity of SSB among boys (27). The predominance of boys in 

SSB consumption has been found in earlier studies too (159–161). Gender association in the 

present study may have resulted from taste preference (162), gender norms allowing boys 

greater access than girls to retailers or vendors as boys stay outdoors more (27), or wilful 

avoidance of UPFs by girls. Again, the underlying drivers of such gendered pattern of ultra-

processed and deep-fried food consumption, and whether this pattern disproportionately 

exposes the boys to health risks remain to be explored. 

Socio-economic dimensions 

The prohibitive cost of balanced, diverse diets across LMICs is well known (41). Our findings 

also revealed a clear socio-economic gradient, as adolescents from relatively poorer households 

were less likely to achieve satisfactory diversity in diet. Meta-analytical evidence shows that 

diets with a higher share of nutrient-rich foods cost more than diets dominated by starchy 

staples and empty-calorie foods (163,164). While such factors as education, nutritional 

knowledge, taste and cultural preferences impact the diversity in diet; affordability issues 

appear to be the most significant limiting factor in resource-constrained settings of LMICs 

(165). In our qualitative study, mothers clearly conveyed how the perceived high cost of meat, 

egg, milk and certain fruits–that are not homegrown, and therefore, need to be bought–restrict 

their options for diversifying adolescents’ diet (27). 

When it comes to ultra-processed and deep-fried foods, positive association of household 

wealth with consumption was evident for “instant” foods and SSB, but not for deep-fried foods 

or packaged confectioneries and snacks. This indicated that relatively wealthier families could 
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afford UPFs like “instant” noodles. Previously, we found that mothers in Matlab consider UPFs 

like “instant” noodles, biscuits and muffins–available in sealed packets– healthier alternatives 

to unhygienic street foods (27). Without knowing the inherently unbalanced nutrient profile of 

UPFs (46), mothers from the wealthier households may opt to buy these UPFs allowing 

adolescents access to empty calories. Contrarily, lower socio-economic status aligns with 

higher UPF consumption in some settings (152,166–168). A couple of nation-wide surveys 

from high-income countries, however, reveals no association of wealth status with UPF 

consumption (153,169). 

Food insecurity remains entrenched to a considerable extent in rural Bangladesh. This results 

from a complex interplay between poverty, vulnerability of traditional agriculture to extreme 

weather events, and escalating food prices (170,171). Total food expenditure of food insecure 

households remains significantly lower than that of food secure households. Consequently, a 

lack of household food security translates into reduced consumption among its members of 

ASF, fruits, and vegetables, and thus, lower DD (62,172,173). In agreement with findings from 

a number of studies (62,66,137,172), we found food insecurity to increase the likelihood of 

inadequate DD substantially. 

Maternal education was negatively associated with inadequate DD. Similar associations have 

been reported by a couple of previous studies from Bangladesh (59,174). Educated mothers are 

usually empowered, more likely to engage in income-generating activities and to understand 

and act upon nutrition-related information (59,175). Thus, maternal education may promote a 

family’s ability to afford and consume diversified diet. However, we did not find any 

association between maternal education and consumption of ultra-processed and deep-fried 

foods. Whether this is an indication of adolescents’ autonomy in making food choices that may 

have diminished the role of maternal education could not be examined. 

On the other hand, we observed a positive association between educational status of 

adolescents and inadequate DD. This seems counter-intuitive to the common assumption that 

schooling may inform adolescents of the importance of consuming healthy diets. Nevertheless, 

street food vendors, selling inexpensive, unhealthy foods near the school–mostly deep-fried or 

ultra-processed–that primarily attract adolescents, are important actors in the food environment 

of Matlab (27). Recent studies suggest that low-quality food environment with clustering of 

vendors or outlets adjacent to schools diminishes diversity and quality of adolescents’ diet 

(100,176,177). We also captured an inverse association between adolescent education and 
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consumption of SSB, but no other UPF or deep-fried food. How adolescents with different 

educational attainment interact with the food environment in Matlab needs to be examined to 

understand these discrepant associations. 

In a nutshell, the dietary pattern among adolescents from socio-economically disadvantaged 

households appeared suboptimal in terms of DD. Such a dietary pattern is likely to deprive 

them of essential nutrients during a life phase with increased physiological demands. At the 

same time, adolescents from relatively well-off families were more likely to consume some of 

the UPFs. These findings need to be appraised from a life course perspective as well. A high 

proportion of MINIMat adolescents weighed less than 2500 grams at birth (31%), were born 

small-for-gestational-age (59%), and were stunted at 2 years of age (50%) (119,178); 

suggesting early-life exposure to adverse nutritional environments. Observational studies have 

shown potential links between such early-life exposures and higher susceptibility to NCDs. 

The socio-economic disparity in diet quality may further potentiate this risk among adolescents 

from the poorest households.  

4.3 Methodological considerations 

This sub-section provides a brief account of the strengths, limitations and methodological 

implications relevant to this thesis. Owing to the long-established Health and Demographic 

Surveillance System (HDSS), maintained by icddr,b (121), Matlab offers an excellent 

atmosphere for population-based research that has been equated with a “population laboratory” 

(179). MINIMat trial and the follow-up studies leveraged this to an exemplary extent (120). 

The formative phase preceding the 15-year follow-up of MINIMat trial has been extensive. As 

a part of this, six focus group discussions on adolescents’ dietary practices and food choices 

were conducted with a purposive sample of mothers and adolescent girls and boys. This 

qualitative study has been published (27), and the findings−explanatory and often convergent 

to the quantitative findings presented here−led to an improved understanding of the dietary 

pattern among MINIMat adolescents. Insights gained from the previous follow-ups guided the 

context-sensitive adaptations of survey instruments. The interviewers received intensive 

training on survey techniques and administration of structured questionnaires, following which 

they carried out the pre-testing of questionnaire. Feedback sessions were organized after pre-

testing, and adjustments made to finalize the questionnaire. The household survey spanned two 

calendar years, and is expected to have captured the seasonal variation in consumption. The 

findings are generalizable to rural adolescents in Matlab, given the area-wide recruitment 



41 

 

protocol adopted in the initial trial. Generalizability can also be extended to adolescents in other 

rural, agrarian settings in Bangladesh and parts of India and Nepal taking into account the 

similarity in socio-cultural context. Additional strengths of the studies include: a moderately 

large, population-based sample; use of reliable data from a well-defined, rural birth cohort; 

high retention rate in the 15-year follow-up (75%); rigor in maintaining internal validity; and 

use of simple, validated tools that minimized inter-rater and instrumental biases. Besides, the 

second study is novel in its focus on describing ultra-processed and deep-fried foods among 

rural adolescents in Bangladesh. Considering the changes in rural food systems in the LMICs, 

brought about by nutrition transition (44), this is a timely contribution to the emerging evidence 

concerning these “problem” foods. 

There are four traditional, subjective methods of dietary assessment employed in nutritional 

epidemiology: 24-hour recall, food-frequency questionnaire, dietary record, and dietary history 

(180). A single, interactive 24-hour dietary recall was used in the 15-year follow-up of 

MINIMat trial. This method offers the advantages of simplicity, cost-effectiveness and low 

respondent burden. In order to minimize the recall bias, interviewers followed a structured 

approach–initial qualitative recall, followed by probing with pictorial charts, followed by 

interactive summarization. This is similar to multiple-pass approaches successfully used in 

large-scale surveys including the National Health and Nutrition Examination Survey 

(NHANES) in the USA (97,181). However, there are limitations inherent to 24-hour dietary 

recall. First, the single recall may have not captured the habitual consumption entirely, 

particularly of non-staple foods. Second, under-reporting of sweet and savory snacks and 

beverages in 24-hour recall has been documented among adolescents in LMICs. Nevertheless, 

a recent validation study shows the degree of under-estimation to be acceptable (182). 

Additionally, social desirability bias is unavoidable to some extent in self-reported dietary 

consumption (183). Portion estimation is also difficult in settings like Matlab where family 

members often share food from a common bowl (184). 

Furthermore, drawing causal inferences would be erroneous because of the cross-sectional 

design of the studies. Cross-sectional design cannot eliminate the plausibility of reverse 

causality as well. A wide range of factors influences the diets consumed by adolescents. Our 

analyses would have been more comprehensive if data on nutrition-related knowledge among 

adolescents and retail food environment around the schools were available (unobserved 

variables in Additional Figure 1 in Appendix). Although multivariable regression models 
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accounted for potential confounders deemed relevant to the study objectives, residual 

confounding could not be entirely ruled out. 

4.4 Avenues for further research 

Cross-sectional studies are well-suited to generating hypotheses and identifying avenues for 

further research. The present studies also identified areas of research interest. A limited number 

of studies sheds light on the relationship between suboptimal diet and cardio-metabolic risk 

profile among adolescents (185), and there remain critical knowledge gaps. The findings are 

varied, particularly when it comes to subgroup analyses based on gender. Most of these studies 

are from HICs or urban settings of upper-middle-income countries (185). Therefore, the 

findings cannot be generalized to rural, LMIC settings where adolescents plausibly have a 

higher biological susceptibility from poor nutritional exposure during intra-uterine life, 

childhood and early adolescence. Food insecurity is highly prevalent in these resource-

constrained settings, which itself influences cardio-metabolic risk profile (186). Whether the 

gender differential in suboptimal diet, that we observed, is linked to a gender-based difference 

in cardio-metabolic risk profile needs to be explored. These gaps can be addressed by taking 

advantage of the wide array of data on cardio-metabolic indicators (including, among others, 

adiposity indices, blood pressure, lipid profile, serum insulin, C-reactive protein) collected 

during the 15-year follow-up of MINIMat trial. 

The role of changing rural food environment in accelerating UPF consumption merits further 

exploration too. Adopting a “foodscape” approach (187) to map the retail food environment 

would generate a nuanced account of how increasing UPF availability shapes consumption 

among rural adolescents. In the absence of school meal programs–typical for resource-

constrained, rural settings–it is essential to explore how Matlab adolescents interact with the 

food environment surrounding the schools. As we documented fairly high prevalence of 

consumption of ultra-processed confectioneries, savory snacks and deep-fried foods; the 

caloric contribution of these foods in overall energy intake among these adolescents needs to 

be quantified in future studies.   

5. Conclusion 

This thesis presented compelling evidence of limited diversity in diet accompanied by 

emergent consumption of ultra-processed and deep-fried foods among rural adolescents. The 

findings point toward the presence of a dietary pattern marked by low overall quality 
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concurrent with considerable consumption of energy-dense, nutrient-poor foods and drinks. 

This pattern, dubbed “double burden of suboptimal diet”, has been documented in resource-

constrained, rural settings previously (144). This suboptimal dietary pattern may place the 

participants at heightened risk of different forms of malnutrition as well as diet-related NCDs. 

The socio-economic disparity in diet quality plays a major role in maintaining socio-economic 

gradient in the burden of NCDs. Likewise, health consequences of consuming monotonous 

diets may disproportionately affect the MINIMat adolescents from poorer, disadvantaged 

households. For ultra-processed and deep-fried foods, we observed a greater likelihood of 

consumption among the boys. This may lead to a gender differential in intake of empty calories 

that predisposes the boys to adverse health outcomes.   

Nutrition among under-five children has dominated the research and policy agenda in the past 

decades across LMICs. It is high time we realized the transformative potential of adolescent 

nutrition in global health. Our findings highlighted the urgent need to invest in formulating and 

implementing targeted interventions to diversify the diets consumed by adolescents in rural 

settings. There is a marked paucity of intervention studies addressing DD among adolescents. 

One quasi-experimental study from Ethiopia coupled school-based, peer-led behavior change 

communication with provision of seeds for home gardening. This resulted in a significant 

improvement in adolescents’ DD (188). Promoting homestead production by harnessing the 

intrinsic capacity of rural households in Bangladesh (174) and targeted food value chain 

analysis (189) could prove useful. Strategies to improve knowledge among adolescents of the 

health-compromising features of ultra-processed and deep-fried foods merit prioritization too. 

Investing in these measures would galvanize the progress toward the Global Goals. 
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7. Appendices 

 

 

 

Additional Figure 1. Directed acyclic graph (DAG) for guiding variable selection in Study I. 

The light gray circles represent unobserved variables for which we did not have data. The 

green and magenta lines indicate “causal” and “biasing” paths, respectively. SES = socio-

economic status, DD = dietary diversity, Nut. = nutritional. Drawn online using dagitty.net. 
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