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link global aquatic food production systems with fish consumption and nutritional
status, with a special focus on adolescent girls in Bangladesh. The writing of this narrative perspective was undertaken within the framework of the Aquatic Food for
Health and Nutrition (AQN) project that aimed to develop a metric for assessing the
impacts on nutrition and health of agroecosystems producing farmed seafood. Previous studies evaluating links between agricultural ecosystems, aquaculture, food secu-
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rity and human health have systemically ignored the importance of diet and nutrition.
Such studies have also ignored the importance of local communities, cultural norms
and household composition and behaviours to identify vulnerable groups such as
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adolescent girls. This narrative review presents our current understanding of the rela-
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tional status, health and socioeconomic prosperity, which would help to develop

tionships between aquaculture, fish production and consumption patterns, food
security, optimal nutrition and health. It also highlights the importance of research
into aquaculture food systems, linking aquatic food production systems with nutrimore integrated and relevant food policies.
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I N T RO DU CT I O N

Research Institute Global Nutrition Report, 2016). Increasingly, cardiometabolic risk factors such as high blood pressure, blood glucose,

Diet plays a significant role in the maintenance of health worldwide,

serum cholesterol and overweight add to the mortality burden in low-

and improvement of diets could potentially prevent one in every five

and middle-income countries, and prevalence of maternal overweight

deaths globally (GBD 2017 Diet Collaborators, 2019). Malnutrition

now exceeds that of underweight in all those regions (Black

affects one in three people globally and presents one of the main

et al., 2013). The double burden of undernutrition and increasing

health challenges we are currently facing (International Food Policy

problems with overweight, obesity and chronic diseases contribute to
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maternal and child malnutrition and mortality in low- and middleincome countries (Black et al., 2013; Global Burden of Metabolic Risk

Key messages

Factors for Chronic Diseases Collaboration, 2014).
Although many observational and intervention studies have sig-

• Aquaculture plays a key role in food security and protein

nificantly enhanced our understanding of associations between nutri-

intake, especially in low- and middle-income countries.

ents, diets, nutrition and health outcomes, it has been argued that

• Previous studies evaluating links between agricultural

sustainable strategies to tackle malnutrition and food inequalities

ecosystems, aquaculture, food security and human health

should consider the entire food system. Thus, the link between diet

have systemically ignored the importance of diet and

and health should be considered in parallel to food production,

nutrition, local communities, cultural norms and house-

processing and marketing, purchasing and eating behaviours as well as

hold composition and behaviours.

environmental impact of diets. Furthermore, we should also consider

• We are in need of more integrated and relevant aquacul-

socioeconomic, societal and political contexts (Dangour, Mace, &

ture food policies that link aquatic food production sys-

Shankarbd, 2017). Indeed, scholars have been aware for some time

tems with nutritional status, health and socioeconomic

that increasing incomes and urbanisation, as well as population

prosperity.

growth, are important factors that affect lifestyles, food consumption

• Polices aiming to improve nutrition and health outcomes

patterns and agri-food systems. Increased disposable incomes have

in adolescent girls are of particular importance, as an

already caused a shift towards purchase and consumption not only of

improvement in nutritional status will affect not only

higher value items such as fish, meat, dairy products and fruits
(Gerbens-Leenes,

Nonhebel,

&

Krol,

2010;

Mottaleb,

their own current and future health but also that of the

Rahut,

next generation of children.

Kruseman, & Erenstein, 2017) but also towards highly processed convenience foods favoured particularly by the young (Pries, Filteau, &
Ferguson, 2019) in Bangladesh and in a range of other countries.
Access to fish plays a key role in food security and population

systems and government investments, on fish production and con-

health, and global fish supply is increasingly dependent on aquaculture

sumption patterns and on maintaining food security and overall popu-

production systems (Food and Agriculture Organization of the United

lation health. We will introduce arguments as to why a better

Nations [FAO], 2018). Although global capture production has been

understanding of access to aquatic foods, nutritional status and well-

relatively static since the 1980s, the supply of fish for human con-

being should consider intrahousehold distribution and consumption.

sumption from aquaculture has grown significantly from 7% in 1974

This review will focus specifically on fish consumption in adolescent

to providing 53% of fish for direct human consumption in 2016

girls, a recognised vulnerable group in low- and middle-income coun-

(FAO, 2018). In low- and middle-income countries, the contribution of

tries such as Bangladesh (World Health Organization, 2017).

aquaculture to national GDP varies from almost 0% in countries
where the sector is emerging, like India, Kenya and Zambia, up to 5%
or more in countries where the sector is very dynamic, such as
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METHODS

Bangladesh and Vietnam (Aquaculture for Food Security, Poverty Alleviation and Nutrition, 2015). However, studies evaluating the role of

Here, we present a narrative review discussing evidence obtained

aquaculture on population health in Asia, Africa and South America

from academic papers and reports, and from the most up-to-date gov-

have systemically ignored the importance of diet and nutrition (Burns,

ernment and nongovernment organisation (NGO) reports, published

Wade, Stephen, & Toews, 2014), as well as other drivers of food con-

in interdisciplinary research fields including agroecosystems producing

sumption such as the importance of local communities, cultural norms

farmed seafood, food security and nutrition published in the past

and household composition (de Roos et al., 2019). The contribution of

20 years (2000 to February 2020). The review was conducted by an

fish and seafood to the intake of energy from animal-based food is

interdisciplinary group of authors who were involved in the Immana-

significantly higher in Bangladesh than in four South East Asian coun-

funded Aquatic Food for Health and Nutrition (AQN) project

tries known for significant consumption (China, India, Philippines and

(December 2017 to December 2019) that aimed to develop an inte-

Vietnam). Moreover, the contribution of fish and seafood, and particu-

grated metric for assessing the impacts on nutrition and health of

larly fresh water fish, to dietary energy, fat and protein intakes across

agroecosystems producing farmed seafood in adolescent girls in

these South East Asian countries is also among the highest in

Bangladesh, based on the best predictors, including social and geo-

Bangladesh (de Roos et al., 2019). In this context, the contribution of

graphical factors contained within specific farmed seafood-producing

fish and seafood to nutritional status in the Bangladeshi population is

agroecosystems, of nutritional status and the omega-3 index. This

significant, and changes to the supply and accessibility of aquatic

review explores relationships between aquaculture, agricultural eco-

foods are therefore likely to impact on dietary quality.

systems, access to food in local communities and in households and

This narrative review presents our current understanding of the

optimal nutrition and health (Figure 1). The paper focusses on adoles-

role of aquaculture food systems, which includes smallholders, larger

cent girls in Bangladesh, a large and vulnerable cohort within the

farmers, domestic and international supply, production and processing

Bangladeshi population with a high prevalence of poor nutritional
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F I G U R E 1 Conceptual framework
outlining the global, local and household
determinants of nutritional status and its
link to individual health, intergenerational
health and socioeconomic prospects. The
Results and Discussion part of this review
is based on the three major layers of the
conceptual framework, that is, (1) linking
fish consumption, nutritional status and
health, (2) linking access to fish in local
communities and in households to optimal
nutrition and health, and (3) linking
agricultural ecosystems to nutritional
status

status because of poor diets and early childbearing (World Bank

Brouwer, 2017). Two meta-analyses of fish intervention studies have

Group, 2019).

confirmed that compared with very low fish intake (i.e., less than one
serving per month), low fish intake (one serving per week) reduces risk
for coronary heart disease and stroke by 16% and 14%, respectively,

3
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RESULTS AND DISCUSSION

and moderate fish intake (two to four servings per week) reduces risk
for coronary heart disease and stroke by 21% and 9%, respectively

The link between fish consumption and health outcomes is becoming

(Xun et al., 2012; Zheng et al., 2012).

increasingly clear (Abdelhamid et al., 2018; Food and Agriculture

The importance of fish consumption for nutritional status and

Organization of the United Nations & World Health Organization

health outcomes appears to be of higher significance in low- and

[FAO/WHO], 2010). Furthermore, the role of fisheries and aquacul-

middle-income countries. In 2010, of the 30 countries where fish con-

ture supply and value chains in the provision of employment, and in

tribute more than one third of the total animal protein intake, 22 were

securing livelihoods of poor households, is well established

in low- and middle-income countries (Kawarazuka & Béné, 2010). In

(Allison, 2011; Béne et al., 2016). However, the actual contribution of

these countries, fish are an important and often exclusive source of

the national aquaculture and fishery industries to food security, fish

micronutrients, vitamins and LC n-3 PUFA (Golden et al., 2016). Sev-

consumption and the nutritional status of its inhabitants is largely

eral studies indicate that fish consumption plays an important role in

unknown. We will discuss our knowledge of global, local and house-

child development and growth. Indeed, the role of dietary LC n-3

hold determinants of nutritional status and its link to individual health,

PUFA in the development of brain and retina of infants and children is

intergenerational health and socioeconomic prospects based on the

well documented (Lauritzen, Hansen, Jørgensen, & Michaelsen, 2001),

conceptual framework presented in Figure 1.

and maternal seafood consumption has been positively associated
with weight and head circumference of babies at birth in the Norwegian Mother and Child Cohort Study (Brantsæter et al., 2012). Increas-

3.1 | Linking fish consumption, nutritional status
and health

ing access to high-quality proteins from fish, and also from meat, pork
and milk products, in addition to generally higher standards of living,
better healthcare, lower children's mortality, lower fertility rates,

The beneficial effects of seafood consumption on health, which

higher levels of urbanisation and higher social equality, has been asso-

includes a lowering in the risk of mortality from coronary heart dis-

ciated with the height of young men across 45 countries as a health

ease in Western populations, have traditionally been attributed to its

outcome (Grasgruber, Cacek, Kalina, & Sebera, 2014).

content of long chain n-3 polyunsaturated fatty acids (LC n-3 PUFA;

Fish is also a valuable contributor to the reference nutrient

FAO/WHO, 2010). However, a recent systematic assessment of the

intakes for a range of micronutrients, and therefore, fish consumption

effects of LC n-3 PUFA, mostly provided as fixed-dose supplements,

may contribute to alleviating highly prevalent micronutrient deficien-

on cardiovascular health outcomes indicated that increasing consump-

cies (Bogard, Marks, Mamun, & Thilsted, 2017b; Roos, Wahab,

tion had little or no effect on mortality or cardiovascular health. It was

Chamnan, & Thilsted, 2007). In Bangladesh, for example, the mean

hypothesised that previous suggestions of benefits from LC n-3 PUFA

intake per adult male equivalent per day from fish was 1.6 mg for iron,

supplements appear to arise from trials with a higher risk of bias

1.0 mg for zinc, 279 mg for calcium, 47.8-μg retinol activity equivalent

(Abdelhamid et al., 2018). Nevertheless, the review reiterated the

(RAE) for vitamin A and 1.3 μg for vitamin B12 in 2010 (Bogard

health benefits of fish consumption, and indeed, the health effects of

et al., 2017a), representing a significant contribution towards the RNI

fish consumption would be greater than the sum of its individual con-

(FAO/WHO, 2004): up to 15% for iron, 14% for zinc, 28% for calcium,

stituents such as LC n-3 PUFA (de Roos, Sneddon, Sprague, Horgan, &

8% for vitamin A and 54% for vitamin B12. In this respect, it is
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important to highlight that the promotion of the consumption of mola

Population growth, rising incomes, urbanisation and a strong

carplet (Amblypharyngodon mola), a small indigenous fish high in

expansion of global production and distribution of fish and fish prod-

vitamin A, appeared a cost-effective approach to increase vitamin A

ucts have led to a significant increase in the total supply of fish for

intake, reduce the prevalence of inadequate vitamin A intake and gen-

food consumption in the past five decades (FAO, 2018). The demand

erally reduce the burden of micronutrient malnutrition in Bangladesh

for fish is projected to grow further in the next two decades and will

(Fiedler, Lividini, Drummond, & Thilsted, 2016). It was recently calcu-

be increasingly dependent on aquaculture (World Bank, 2013). Fish

lated that 1.39 billion people worldwide (equivalent to 19% of the

and products derived from international and local systems play an

global population) would be vulnerable to deficiencies in certain nutri-

important role in providing a variety of important nutrients such as

ents if fish stocks are insufficient to feed populations in the future

protein, LC n-3 PUFA, vitamins and minerals (de Roos et al., 2017; de

(Golden et al., 2016). This global model was limited to marine fisheries,

Roos et al., 2019). The way fish consumption may contribute to nutri-

but with rising pressures on this sector, demand for fish is increasingly

tional security for households engaged in small-scale fisheries in low-

being met from aquaculture. It is interesting to see that the current

and middle-income countries is hypothesised to include the provision

Bangladeshi policy setting out strategies to improve the overall health,

of important nutrients such as vitamin A, calcium, iron and zinc from

nutritional status, growth and development by preventing and allevi-

consuming some of the fish they capture or farm, increase purchasing

ating micronutrient deficiencies actually addresses the impact

power through the sale of fish and enhance economic status and bud-

nutrition-sensitive agriculture and food systems for promoting food

get control for women through their involvement in aquaculture and

security (National Strategy on the Prevention and Control of Micronu-

fisheries-related activities, such as fish processing and trading. How-

trient Deficiencies Bangladesh, [2015-2024], 2015).

ever, it has already been noted that evidence for such pathways is

While all fish are important sources of nutritiously high-quality
protein and fat, access to small fish species specifically are important

often anecdotal and more research is required in this area
(Kawarazuka & Béné, 2010).

as these contribute important minerals and vitamins to the diets. Small

Societal and cultural factors are important in household and indi-

fish are consumed mostly as a whole, with bones, guts and intestines,

vidual food security and nutritional deficiency issues. For example,

and edible portions therefore include bones rich in bioavailable cal-

there are substantial inequities in intrahousehold distribution of calo-

cium and phosphate and tissues rich in iron and potentially vitamin A

ries and nutrients in Bangladesh. Although in lower economic well-

(Bogard et al., 2017a; Roos et al., 2007; Roos, Islam, & Thilsted, 2003).

being households, male heads consume disproportionately large

In that respect, the nutritional equivalency of larger stocked fish in

shares of calories and nutrients, women's disempowerment is associ-

diets, lacking in key micronutrients, compared with that of small indig-

ated with lower calorie and nutrient intake, which may have direct

enous species, which they have to some extent replaced, has been

consequences for their nutritional status (D'Souza & Tandon, 2019). It

challenged (Bogard et al., 2017a; Bogard et al., 2017b).

has been argued that female autonomy plays an important role in food
access and food choice, nutritional status and health in Ghana
(Amugsi, Lartey, Kimani, & Mberu, 2016), and schooling and voice

3.2 | Linking access to fish in local communities
and in households to optimal nutrition and health

with husband was correlated with dietary diversity in a study in
Bangladesh (Sinharoy et al., 2018). Improving female decision-making
autonomy could therefore have a positive impact on dietary intake in

It is unclear exactly how aquaculture production systems contribute

females and in their families. With Bangladesh already having signifi-

to the population and individual health and well-being and how this

cant rates of malnutrition, mainly resulting from inadequate dietary

relationship can be affected by food availability, dietary intakes and

intake of animal foods, as well as fruit and vegetables (Black

nutritional status on the local, household and individual level. We cur-

et al., 2013; Icddr,b, UNICEF, GAIN, IPHN, 2013), the group of adoles-

rently lack food system approaches that are necessary to create a bet-

cent girls may be particularly vulnerable to dietary deficiencies

ter understanding of impacts of access to aquatic foods on health and

(National Strategy for Adolescent Health 2017–2030, 2016). Such

nutrition, as well as product attributes, that underpin purchasing

deficiencies will not only impact on their own health but also on their

behaviours of especially poorer consumers. Research on metrics for

children's health, as well as their countries' economic and social pros-

the linkages between aquaculture and terrestrial agroecosystems and

pects (Patton et al., 2016). Indeed, adolescence is increasingly being

nutritional and health outcomes in Bangladesh have already

recognised as a crucial life stage where individuals are especially vul-

highlighted the need for more research on in-country-specific settings,

nerable to nutrition-related health threats such as infections,

including dietary diversity and the role of women in food production

diarrhoeal diseases and iron-deficiency anaemia (WHO, 2017).

and distribution (de Roos et al., 2019). Evidence for improved access

The health of adolescents has improved far less than that of

to fish and other sources of micronutrients on nutritional and health

younger children over the past 50 years, and information on adoles-

outcomes has been limited and contradictory. One recent randomised

cent nutrition and health in Bangladesh is limited (World Bank

controlled trial in Cambodia did find positive impacts of enhanced

Group, 2019). The overall dietary knowledge in this age group is low,

homestead food production including a fish pond to improve iron,

with more than a third not being aware of the importance of taking

vitamin A and riboflavin among women, but not among children, for

extra nutrients during adolescence for growth spurt (Alam, Roy,

example (Michaux et al., 2019).

Ahmed, & Ahmed, 2010). Data from the Food Security and Nutrition
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Surveillance Project in Bangladesh have highlighted a decrease in die-

weather patterns and rising sea levels because of climate change have

tary diversity in adolescent girls between 2012 and 2014, with over

already led to increased sea/freshwater flooding and saline contami-

60% of these girls falling into the poor dietary diversity group. And

nation of soils, especially in coastal regions in Bangladesh. Although

whereas levels of stunting decreased from 17% to 11% in young ado-

inundation has had negligible effects on migration and agricultural

lescent girls, rates of overweight and obesity in older adolescent girls

production per se, it has actually increased diversification into aqua-

increased from 13% to 23% during this period, indicating substantial

culture (Chen & Mueller, 2018). In Bangladesh, the growth in aquacul-

nutritional deficits relative to healthy norms in the adolescent period

ture has been coined a ‘quiet revolution’, largely based on

(World Bank Group, 2019). The shift in dietary intake in adolescent

commercially orientated family enterprises that focus on fish produc-

girls in low- and middle-income countries from traditional to more

tion and the fish value chain as a whole (Hernandez et al., 2018),

Westernised diets will have a major impact on the double burden of

thereby responding to the demand of a rapidly urbanising population

malnutrition, as well as the rising prevalence of noncommunicable dis-

(World Bank, 2018). Although globally, over 50% of global seafood

eases. Although nutrient requirements for adolescent girls are high

production is internationally traded, with flows of high-value fresh

because of their development and growth, or to support the fetus in

and frozen products predominantly from poorer to richer nations

case of pregnancy, less than half of the girls in low- and middle-

(Troell et al., 2014), most production in the leading aquaculture coun-

income countries consume dairy products or meats/fish, whereas in

tries, almost all low- and middle-income countries, is consumed

those that do consume fruits and vegetables, they are not meeting

domestically (Belton, Bush, & Little, 2018). Production of both

their dietary guidelines for dairy, meat and fish and fruits and vegeta-

hatchery-derived and self-recruiting species, including small indige-

bles (Keats et al., 2018). An added problem is that there are very few

nous species, by smallholders in ponds and rice fields in rural

guidelines that specifically target adolescent girls (Lassi et al., 2017),

Bangladesh is a key part of the harvest directed to both local markets

partly because of a lack of good-quality, nationally representative data

and household subsistence, improving local food security (Haque, Lit-

on which to base recommendations for adolescent nutrition in low-

tle, Barman, Wahab, & Telfer, 2014; Karim et al., 2011).

and middle-income countries (Keats et al., 2018).

In Bangladesh, the dynamics of aquaculture ecosystems in coastal

Strategies that place the adolescent years centre stage should be

zones are complex, ranging from saline to freshwater aquatic environ-

more prominent within future global public health policies and pro-

ments, with seasonal and annual fluctuations in freshwater availability

gramming (GBD 2017 Diet Collaborators, 2019). The promotion of

(de Roos et al., 2019). Dependency on salinisation and changes in

fish consumption as a main dietary source for protein, micronutrients

market access and the acceleration of the introduction of new tech-

and vitamins could play a key role in nutritional security in this vulner-

nologies have made the aquatic farming systems highly dynamic,

able group. Fish consumption has been associated with improved aca-

characterised by the integration of varying combinations of freshwa-

demic and cognitive performance in adolescent boys in Sweden

ter prawns, rice, fish, vegetables and brackish water shrimp (Faruque

(Äberg et al., 2009; Kim et al., 2010), and with vocabulary and end-

et al., 2017). Whereas salinisation have stimulated these diverse inte-

term grades in adolescent boys and girls in the Netherlands (de Groot,

grated systems, thereby reducing the risk and vulnerability of farming

Ouwehand, & Jolles, 2012) in observational studies. Furthermore,

households, the agrobiodiversity is actually decreased at higher salin-

higher levels of eicosapentaenoic acid (EPA), a key LC n-3 PUFA, in

ity levels (Faruque et al., 2017).

adipose tissue have been linked to fewer depressive symptoms in

How exactly these agricultural ecosystems link to the nutritional

adolescent participants in Crete (Mamalakis et al., 2006). Therefore,

status of its (local) population is unknown. What we do know is that

any changes to the supply and accessibility of aquatic foods are likely

aquaculture systems are designed to maximise productivity, with cur-

to impact on the dietary quality of this population group, as well as on

rently little consideration for the nutritional quality of fish produced

population malnutrition, cardiovascular and mental disease outcomes

(de Roos et al., 2019). Indeed, policies that address the importance of

(de Roos et al., 2019).

increasing production and processing in the fisheries subsectors in an
environment-friendly and sustainable manner often fail to address its
impact on human diet and health outcomes (Bangladesh Country

3.3 |
status

Linking agricultural ecosystems to nutritional

Investment Plan, 2011; Bangladesh Delta Plan 2100, 2017; National
Food Policy, 2006). We are aware of silent physical threats, such as
soil and river salinity and arsenic contamination, having direct and

Aquaculture already contributes significantly to fish production and to

indirect effects on agricultural production and households' access to

gross domestic product in many South Asian countries, such as

food in Bangladesh (Ayers et al., 2017). Furthermore, from a produc-

Bangladesh (Cai, Huang, & Leung, 2019; Little, Newton, &

tion perspective, farmed species that are most affordable or desired,

Beveridge, 2016). Bangladesh is considered as one of the most suit-

such as carp, are often lower in levels of LC n-3 PUFA (Thilsted

able regions for aquaculture and fisheries in the world, playing an

et al., 2016). The lower overall nutritional quality of farmed fish is

important role in the economy and the diet of the population. This

illustrated by the fact that in Bangladesh, intake of iron and calcium

country has the world's largest area of flooded wetland suitable for

from fish has significantly decreased in the past two decades, despite

aquaculture production systems and the third largest aquatic biodiver-

a 30% increase in fish consumption (Bogard et al., 2017a). Indeed,

sity in Asia behind only China and India (Ghose, 2014). Altered

nonfarmed fish currently contribute to greater micronutrient intakes
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than farmed fish in rural Bangladesh (Bogard et al., 2017b). These
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improving nutrition and health, and in particular micronutrient
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C O N CL U S I O N

Aquaculture food systems that consider and integrate factors, such
as food production, processing and marketing systems, purchasing
and eating behaviours, nutritional requirements, access to foods, cultural norms and household composition and behaviours, will enhance
our understanding of the role of fish production and distribution on
nutritional status and health outcomes of individuals and populations.
Although policies that address the importance of increasing production and processing in the fisheries subsectors in an environmentfriendly and sustainable manner mostly fail to address its impact on
human diet and health outcomes, the current National Strategy on
the Prevention and Control of Micronutrient Deficiencies Bangladesh
does acknowledge the impact of nutrition-sensitive agriculture and
food systems on food security. A wider food systems approach that
considers the impact of national fish production policies on nutritional status and human health, and the implications of food and
health policies for local and national food production systems, will be
necessary to develop sustainable strategies that aim to tackle malnutrition and food inequalities. Such an approach will be of special
importance for polices that tackle nutrition and health outcomes of
vulnerable groups, such as adolescent girls, for whom long-term
improvement in nutritional status will affect not only their own current and future health but also that of the next generation of
children.
ACKNOWLEDGMENTS
We wish to acknowledge funding from Innovative Methods and Metrics for Agriculture and Nutrition Actions (IMMANA) to write this
review. The research of BdR and AAS is supported by the Scottish
Government's Rural and Environment Science and Analytical Services
Division (RESAS). NR is funded by the University of Copenhagen, AG
and TA are funded by the International Centre for Diarrhoeal Disease
Research Bangladesh, AAM is funded by Noakhali Science and Technology University Bangladesh and FM and DL are funded by the University of Stirling.

RE FE RE NCE S
Abdelhamid, A. S., Brown, T. J., Brainard, J. S., Biswas, P., Thorpe, G. C.,
Moore, H. J., … Hooper, L. (2018). Omega-3 fatty acids for the primary
and secondary prevention of cardiovascular disease. Cochrane Database of Systematic Reviews, 30(11), CD003177. https://doi.org/10.
1002/14651858
Äberg, M., Aberg, N., Brisman, J., Sundberg, R., Winkvist, A., & Torén, K.
(2009). Fish intake of Swedish male adolescents is a predictor of cognitive performance. Acta Paediatrica, 98, 555–560. https://doi.org/10.
1111/j.1651-2227.2008.01103.x
Alam, N., Roy, S. K., Ahmed, T., & Ahmed, A. M. (2010). Nutritional status,
dietary intake, and relevant knowledge of adolescent girls in rural
Bangladesh. Journal of Health, Population, and Nutrition, 28, 86–94.
https://doi.org/10.3329/jhpn.v28i1.4527
Allison, E.H. (2011). Aquaculture, fisheries, poverty and food security.
Penang, Malaysia. The WorldFish Center, 60pp. WorldFish Center
Working Paper. p2011–2065.
Allison, E. H., Delaporte, A., & Hellebrandt de Silva, D. (2013). Integrating
fisheries management and aquaculture development with food security
and livelihoods for the poor. Norwich: School of International Development, University of East Anglia.
Amugsi, D. A., Lartey, A., Kimani, E., & Mberu, B. U. (2016). Women's participation in household decision-making and higher dietary diversity:
Findings from nationally representative data from Ghana. Journal of
Health, Population, and Nutrition, 35, 16. https://doi.org/10.1186/
s41043-016-0053-1
Aquaculture for Food Security, Poverty Alleviation and Nutrition. (2015).
Final Technical Report. https://cordis.europa.eu/docs/results/289/
289760/final1-afspan-final-technical-report.pdf
Ayers, J. C., George, G., Fry, D., Benneyworth, L., Wilson, C., Auerbach, L.,
… Goodbred, S. (2017). Salinization and arsenic contamination of surface water in southwest Bangladesh. Geochemical Transactions, 18,
no. 4, 1–23. https://doi.org/10.1186/s12932-017-0042-3
Bangladesh Country Investment Plan. (2011). A road map towards investment in agriculture, food security and nutrition. Government of
the People's Republic of Bangladesh. https://extranet.who.int/
nutrition/gina/sites/default/files/BGD%202011%20Bangladesh%20
Country%20Investment%20Plan.pdf
Bangladesh Delta Plan 2100. (2017).Draft. Government of the People's
Republic of Bangladesh, Bangladesh Planning Commission, General
Economics Division. http://www.lged.gov.bd/UploadedDocument/
UnitPublication/17/624/Bangladesh%20Delta%20Plan%202100%
20Draft%20Report.pdf
Belton, B., Bush, S. R., & Little, D. C. (2018). Not just for the wealthy:
Rethinking farmed fish consumption in the Global South. Global Food
Security, 16, 85–92. https://doi.org/10.1016/j.gfs.2017.10.005
Béne, C., Arthur, R., Norbury, H., Allison, E. H., Beveridge, M., Bush, S., …
Williams, M. (2016). Contribution of fisheries and aquaculture to food
security and poverty reduction: Assessing the current evidence. World
Development, 79, 177–196. https://doi.org/10.1016/j.worlddev.2015.
11.007

DE ROOS ET AL.

bs_bs_banner

Black, R. E., Victora, C. G., Walker, S. P., Bhutta, Z. A., Christian, P., de
Onis, M., … Maternal and Child Nutrition Study Group. (2013). Maternal and child undernutrition and overweight in low-income and
middle-income countries. Lancet, 382, 427–451. https://doi.org/10.
1016/S0140-6736(13)60937-X
Bogard, J. R., Farook, S., Marks, G. C., Waid, J., Belton, B., Ali, M., …
Thilsted, S. H. (2017). Higher fish but lower micronutrient intakes:
Temporal changes in fish consumption from capture fisheries and
aquaculture in Bangladesh. PLoS ONE, 12, e0175098. https://doi.org/
10.1371/journal.pone.0175098
Bogard, J. R., Marks, G. C., Mamun, A., & Thilsted, S. H. (2017). Nonfarmed fish contribute to greater micronutrient intakes than farmed
fish: Results from an intra-household survey in rural Bangladesh. Public
Health
Nutrition,
20,
702–711.
https://doi.org/10.1017/
S1368980016002615
Brantsæter, A. L., Birgisdottir, B. E., Meltzer, H. M., Kvalem, H. E.,
Alexander, J., Magnus, P., & Haugen, M. (2012). Maternal seafood consumption and infant birth weight, length and head circumference in
the Norwegian Mother and Child Cohort Study. The British Journal of
Nutrition, 107, 436–444. https://doi.org/10.1017/S000711451
1003047
Burns, T. E., Wade, J., Stephen, C., & Toews, L. (2014). A scoping analysis
of peer-reviewed literature about linkages between aquaculture and
determinants of human health. EcoHealth, 11, 227–240. https://doi.
org/10.1007/s10393-013-0875-x
Cai, J.N., Huang, H. & Leung, P.S. (2019). Understanding and measuring
the contribution of aquaculture and fisheries to gross domestic product (GDP). FAO Fisheries and Aquaculture Technical Paper No. 606.
Rome, FAO. http://www.fao.org/3/CA3200EN/ca3200en.pdf
Chen, J., & Mueller, V. (2018). Coastal climate change, soil salinity and
human migration in Bangladesh. Nature Climate Change, 8, 981–985.
https://doi.org/10.1038/s41558-018-0313-8
Dangour, A., Mace, G., & Shankarbd, B. (2017). Food systems, nutrition,
health and the environment. The Lancet Planetary Health, 1, e8–e9.
https://doi.org/10.1016/S2542-5196(17)30004-9
de Groot, R. H., Ouwehand, C., & Jolles, J. (2012). Eating the right amount
of fish: Inverted U-shape association between fish consumption and
cognitive performance and academic achievement in Dutch adolescents. Prostaglandins, Leukotrienes, and Essential Fatty Acids, 86,
113–117. https://doi.org/10.1016/j.plefa.2012.01.002
de Roos, B., Roos, N., Mamun, A.-A., Ahmed, T., Sneddon, A. A., Murray, F.,
… Little, D. C. (2019). Linking agroecosystems producing farmed seafood with food security and health status to better address the nutritional challenges in Bangladesh. Public Health Nutr. Epub Ahead of
Print.,
22(16),
2941–2949.
https://doi.org/10.1017/
S1368980019002295
de Roos, B., Sneddon, A. A., Sprague, M., Horgan, G. W., & Brouwer, I. A.
(2017). The potential impact of compositional changes in farmed fish
on its health-giving properties: Is it time to reconsider current dietary
recommendations? Public Health Nutrition, 20, 2042–2049. https://
doi.org/10.1017/S1368980017000696
D'Souza, A., & Tandon, S. (2019). Intrahousehold nutritional inequities in
rural Bangladesh. Economic Development and Cultural Change, 67,
625–657.
Faruque, G., Sarwer, R. H., Karim, M., Phillips, M., Collis, W. J., Belton, B., &
Kassam, L. (2017). The evolution of aquatic agricultural systems in
Southwest Bangladesh in response to salinity and other drivers of
change. International Journal of Agricultural Sustainability, 15, 185–207.
https://doi.org/10.1080/14735903.2016.1193424
Fiedler, J. L., Lividini, K., Drummond, E., & Thilsted, S. H. (2016). Strengthening the contribution of aquaculture to food and nutrition security:
The potential of vitamin A-rich, small fish in Bangladesh. Aquaculture,
452, 291–303. https://doi.org/10.1016/j.aquaculture.2015.11.004
Food and Agriculture Organization of the United Nations. (2018). The
state of world fisheries and aquaculture. Contributing to food security

7 of 8

and nutrition for all. Rome. http://www.fao.org/state-of-fisheriesaquaculture
Food and Agriculture Organization of the United Nations & World Health
Organization. (2004). Vitamin and mineral requirements in human nutrition: Report of a joint FAO/WHO expert consultation. Geneva: Food and
Agriculture Organisation, World Health Organization.
Food and Agriculture Organization of the United Nations & World Health
Organization. (2010). Joint FAO/WHO expert consultation on the risks
and benefits of fish consumption. FAO Fisheries and Aquaculture Report
no. 978. Rome: FAO.
GBD 2017 Diet Collaborators. (2019). Health effects of dietary risks in
195 countries, 1990–2017: A systematic analysis for the Global Burden of Disease Study 2017. The Lancet, 393, 10184. https://doi.org/
10.1016/S0140-6736(19)30041-8
Gerbens-Leenes, P. W., Nonhebel, S., & Krol, M. S. (2010). Food consumption patterns and economic growth. Increasing affluence and the use
of natural resources. Appetite, 55(3), 597–608. https://doi.org/10.
1016/j.appet.2010.09.013
Ghose, B. (2014). Fisheries and aquaculture in Bangladesh: Challenges and
opportunities. Ann Aquac Res, 1, 1001.
Global Burden of Metabolic Risk Factors for Chronic Diseases Collaboration. (2014). Cardiovascular disease, chronic kidney disease, and diabetes mortality burden of cardiometabolic risk factors from 1980
to 2010: A comparative risk assessment. The Lancet Diabetes and
Endocrinology, 2, 634–447. https://doi.org/10.1016/S2213-8587(14)
70102-0
Golden, C. D., Allison, E. H., Cheung, W. W., Dey, M. M., Halpern, B. S.,
McCauley, D. J., … Myers, S. S. (2016). Nutrition: Fall in fish catch
threatens human health. Nature, 534, 317–320. https://doi.org/10.
1038/534317a
Grasgruber, P., Cacek, J., Kalina, T., & Sebera, M. (2014). The role of nutrition and genetics as key determinants of the positive height trend.
Economics and Human Biology, 15, 81–100. https://doi.org/10.1016/j.
ehb.2014.07.002
Haque, M. M., Little, D. C., Barman, B. K., Wahab, M. A., & Telfer, T. C.
(2014). Impacts of decentralized fish fingerling production in irrigated
rice fields in Northwest Bangladesh. Aquaculture Research, 45,
655–674. https://doi.org/10.1111/are.12000
Hernandez, R., Belton, B., Reardon, T., Hu, C., Zhang, X., & Ahmeda, A.
(2018). The “quiet revolution” in the aquaculture value chain in
Bangladesh. Aquaculture, 493, 1456–1468. https://doi.org/10.1016/j.
aquaculture.2017.06.006
Icddr,b, UNICEF, GAIN, IPHN. National micronutrient status survey
2011-2012. Dhaka, Icddr b 2013.
International Food Policy Research Institute Global Nutrition Report
2016. : From promise to impact: Ending malnutrition by 2030. (2016).
http://www.ifpri.org/publication/global-nutrition-report-2016promise-impact-ending-malnutrition-2030 (accessed on 30 August
2019)
Karim, M., Little, D. C., Kabir, M. S., Verdegem, M. J. C., Telfer, T., &
Wahabe, M. A. (2011). Enhancing benefits from polycultures including
tilapia (Oreochromis niloticus) within integrated pond-dike systems: A
participatory trial with households of varying socio-economic level in
rural and peri-urban areas of Bangladesh. Aquaculture, 314, 225–235.
https://doi.org/10.1016/j.aquaculture.2011.01.027
Kawarazuka, N., & Béné, C. (2010). Linking small-scale fisheries and
aquaculture to household nutritional security: An overview. Food
Security, 2, 343–357. https://doi.org/10.1007/s12571-010-0079-y
Keats, E. C., Rappaport, A. I., Shah, S., Oh, C., Jain, R., & Bhutta, Z. A.
(2018). The dietary intake and practices of adolescent girls in low- and
middle-income countries. A Systematic Review. Nutrients, 10, pii:
E1978. https://doi.org/10.3390/nu10121978
Kim, J. L., Winkvist, A., Aberg, M. A., Aberg, N., Sundberg, R., Torén, K., &
Brisman, J. (2010). Fish consumption and school grades in Swedish
adolescents: A study of the large general population. Acta Paediatr Int

8 of 8

DE ROOS ET AL.

bs_bs_banner

J Paediatr, 99, 72–77. https://doi.org/10.1111/j.1651-2227.2009.
01545.x
Lassi, Z. S., Mansoor, T., Salam, R. A., Bhutta, S. Z., Das, J. K., &
Bhutta, Z. A. (2017). Review of nutrition guidelines relevant for adolescents in low- and middle-income countries. Annals of the New York
Academy of Sciences, 1393, 51–60. https://doi.org/10.1111/nyas.
13332
Lauritzen, L., Hansen, H. S., Jørgensen, M. H., & Michaelsen, K. F. (2001).
The essentiality of long chain n-3 fatty acids in relation to development and function of the brain and retina. Progress in Lipid Research,
40, 1–94. https://doi.org/10.1016/s0163-7827(00)00017-5
Little, D. C., Newton, R. W., & Beveridge, M. C. M. (2016). Aquaculture: A
rapidly growing and significant source of sustainable food? Status,
transitions and potential. Proceedings of the Nutrition Society, 75,
274–286. https://doi.org/10.1017/S0029665116000665
Mamalakis, G., Kiriakakis, M., Tsibinos, G., Hatzis, C., Flouri, S.,
Mantzoros, C., & Kafatos, A. (2006). Depression and serum
adiponectin and adipose omega-3 and omega-6 fatty acids in adolescents. Pharmacology, Biochemistry, and Behavior, 85, 474–479. https://
doi.org/10.1016/j.pbb.2006.10.008
Michaux, K. D., Hou, K., Karakochuk, C. D., Whitfield, K. C., Ly, S.,
Verbowski, V., … Green, T. J. (2019). Effect of enhanced homestead
food production on anaemia among Cambodian women and children:
A cluster randomized controlled trial. Maternal & Child Nutrition, 15
(Suppl 3), e12757. https://doi.org/10.1111/mcn.12757
Mottaleb, K. A., Rahut, D. B., Kruseman, G., & Erenstein, O. (2017). Changing food consumption of households in developing countries: A
Bangladesh case. Journal of International Food & Agribusiness Marketing,
30(2), 156–174. https://doi.org/10.1080/08974438.2017.1402727
National Food Policy. (2006). Ministry of Food and Disaster Management.
Bangladesh.
[https://extranet.who.int/nutrition/gina/sites/default/
files/BGD%202006%20National%20food%20policy.pdf].
National Strategy for Adolescent Health 2017–2030. (2016). MCH Services Unit, Directorate General of Family Planning, Ministry of Health
and Family Welfare Government of the People's Republic of
Bangladesh. UNFPA
and UNICEF. https://www.unicef.org/
bangladesh/sites/unicef.org.bangladesh/files/2018-10/NationalStrategy-for-Adolescent-Health-2017-2030.pdf.
National Strategy on the Prevention and Control of Micronutrient Deficiencies Bangladesh (2015–2024). (2015). Institute of Public Health
Nutrition. Directorate General of Health Services, Ministry of Health
and Family Welfare, Government of the People's Republic of
Bangladesh.
https://extranet.who.int/nutrition/gina/sites/default/
files/BGD%202015%20National%20Strategy%20on%20prevention%
20and%20control%20of%20micronutrient%20deficiency.pdf.
Patton, G. C., Sawyer, S. M., Santelli, J. S., Ross, D. A., Afifi, R., Allen, N. B.,
… Viner, R. M. (2016). Our future: A Lancet commission on adolescent
health and wellbeing. Lancet, 387, 2423–2478. https://doi.org/10.
1016/S0140-6736(16)00579-1
Pries, A. M., Filteau, S., & Ferguson, E. L. (2019). Snack food and beverage
consumption and young child nutrition in low- and middle-income
countries: A systematic review. Maternal & Child Nutrition, 15(Suppl 4),
e12729. https://doi.org/10.1111/mcn.12729

Roos, N., Islam, M., & Thilsted, S. H. (2003). Small fish is an important dietary source of vitamin A and calcium in rural Bangladesh. International
Journal of Food Sciences and Nutrition, 54, 329–339. https://doi.org/
10.1080/09637480120092125
Roos, N., Wahab, M., Chamnan, C., & Thilsted, S. H. (2007). The role of fish
in food-based strategies to combat vitamin A and mineral deficiencies
in developing countries. The Journal of Nutrition, 137, 1106–1109.
https://doi.org/10.1093/jn/137.4.1106
Sinharoy, S. S., Waid, J. L., Haardörfer, R., Wendt, A., Gabrysch, S., &
Yount, K. M. (2018). Women's dietary diversity in rural Bangladesh:
Pathways through women's empowerment. Maternal & Child Nutrition,
14(1), e12489. https://doi.org/10.1111/mcn.12489
Thilsted, S. H., Thorne-Lyman, A., Webb, P., Bogard, J. R., Subasinghe, R.,
Phillips, M. J., & Allison, E. H. (2016). Sustaining healthy diets: The role
of capture fisheries and aquaculture for improving nutrition in the
post-2015 era. Food Policy, 61, 126–131. https://doi.org/10.1016/j.
foodpol.2016.02.005
Troell, M., Naylor, R. L., Metian, M., Beveridge, M., Tyedmers, P. H.,
Folke, C., … de Zeeuw, A. (2014). Does aquaculture add resilience to
the global food system? PNAS, 111, 13257–13263. https://doi.org/
10.1073/pnas.1404067111
World Health Organization. (2017). Global Accelerated Action for the
Health of Adolescents (AA-HA!) - Guidance to Support Country Implementation.
https://apps.who.int/iris/bitstream/handle/10665/
255415/9789241512343-eng.pdf?sequence=1]
World Bank. (2013). Fish to 2030: Prospects for fisheries and aquaculture,
World Bank Report no. 83177. Washington, DC: World Bank.
World Bank. (2018). World development indicators: GDP per capita (current US$). Washington, DC: World Bank. United Nations Population
Division. World Urbanization Prospects: 2018 Revision.
World Bank Group. (2019). Investing in adolescent girls' nutrition in
Bangladesh: Situation analysis of trends and ways forward. http://
documents.worldbank.org/curated/en/305841566453472455/
Investing-in-Adolescent-Girls-Nutrition-in-Bangladesh-SituationAnalysis-of-Trends-and-Ways-Forward.pdf
Xun, P., Qin, B., Song, Y., Nakamura, Y., Kurth, T., Yaemsiri, S., … He, K.
(2012). Fish consumption and risk of stroke and its subtypes: Accumulative evidence from a meta-analysis of prospective cohort studies.
European Journal of Clinical Nutrition, 66, 1199–1207. https://doi.org/
10.1038/ejcn.2012.133
Zheng, J., Huang, T., Yu, Y., Hu, X., Yang, B., & Li, D. (2012). Fish consumption and CHD mortality: An updated meta-analysis of seventeen
cohort studies. Public Health Nutrition, 15, 725–737. https://doi.org/
10.1017/S1368980011002254

How to cite this article: de Roos B, Roos N, Ara G, et al.
Linkages of agroecosystems producing farmed seafood on
food security, nutritional status and adolescent health in
Bangladesh. Matern Child Nutr. 2020;16(S3):e13017. https://
doi.org/10.1111/mcn.13017

