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Introduction

The World Health Organization (WHO) and the United Nation’s Food and
Agriculture Organization established food system sustainability as a critical goal
for improving nutritional and health outcomes (1). However, present industrialized
agricultural practices are exacerbating environmental degradation and public health
outcomes globally.

In Paraguay, industrial agriculture is eroding biodiversity and contaminating surface
water and aquifers (2), particularly in peasant and indigenous communities (3). Peasants
are also being displaced to urban areas where the proportion of urban residents in
Paraguay has nearly doubled between 1970 (37.4%) and 2021 (62.5%), and anticipated
to continue rising (4). Lastly, industrial agriculture has accelerated a dietary shift to
processed foods laden with sugars, fats, and preservatives (5).

Achieving food system sustainability requires a major shift in agricultural practices
to ensure access to diverse and healthy foods, particularly for maternal and child
health. Transitioning from industrial to sustainable agriculture systems also reduces
early life exposure to synthetic chemical pesticides and fertilizers in early life. According
to the International Agency for Research on Cancer, numerous pesticides have been
categorized as being potentially carcinogenic for increasing genotoxic, endocrine, and

chromosomal anomalies.

Environmental toxins and child health

The developing nervous system during early childhood is especially vulnerable
to environmental toxins. A positive dose-response relationship to pesticide exposure,
including endocrine disrupting chemicals, and neurodevelopmental outcomes have been
observed, ranging from cognitive deficits (e.g., reduced working memory), behavioral
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deficits (e.g., reduced attention), motor deficits (e.g., abnormal
reflexes), and psychiatric outcomes (e.g., depression, suicide) (6).

Maternal pesticide exposure is especially hazardous due to
its negative impact on the mother, among children exposed
during breastfeeding, and its teratogenic effect on gamete
and embryo development, which undergo reprogramming in
humans between weeks 4 and 12 of gestation (7). The multitude
of chemical compounds and proteins naturally modifying the
DNA, also known as the epigenome, are also at risk of
being modified following chemical exposures. Such epigenetic
alterations include changes to the DNA, histone protein damage,
that serve as the scaffolding for the genome, and non-coding
RNA modifications that regulate gene expression. As a result,
variations to the epigenome can result in changes to the
phenotype without a change in the genotype (7, 8).

Generational toxic exposures have been shown to promote
transgenerational  epigenetic inheritance of adult-onset
diseases. For instance, in rat models exposed to glyphosate,
transgenerational pathologies consisted of obesity, diseases
of the prostate, kidney, and ovaries, and birth abnormalities,
particularly among the offspring generation (F2) and in
transgenerational great-grandchildren (F3); (9). More recent
human studies exploring glyphosate exposure suggest potential
cytotoxic and genotoxic effects, and impaired immune system
and cognitive functioning (10).

Among rural peasant children in Paraguay, scientific
evidence suggests greater exposure to intensive fumigation due
to industrial agriculture that may be associated with increased
genotoxic and cytotoxic effects compared to other populations
without pesticide exposure (11). As a result, our team and others
throughout Latin America have noted increased prevalence
of cancer, diabetes, respiratory diseases, neurodegenerative
and neurodevelopmental disorders among children that may
possibly be associated with chronic pesticide exposure (11-
13). Childhood exposure may result from pesticide drift due
to residing in proximity to industrial soybean farms and/or
excessive fumigation by family members with little training
in the use and effects of such chemicals in home cultivations
(14, 15).

Improving the nutritional status of
rural children

Scaling of sustainable and equitable agricultural practices
remains a critical source of diverse and nutritious food
and is directly linked with improvements in the nutritional
status of rural children in Paraguay (16). In a study of
rural peasant children, our team observed no evidence
of chronic malnutrition, hypoproteinemia, or anemia, and
most demonstrated adequate height for age [93%; (11)].
However, nationwide findings presented by the Paraguayan
National Institute of Food and Nutrition (INAN) in 2020
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revealed a high percentage of children experiencing chronic
malnutrition (12.7%), acute malnutrition (5.6%), and obesity
(7.2%) highlighting the need to increase access to nutritious
foods (17).

Expanding sustainable agricultural practices in rural regions
is especially difficult in Paraguay as it remains one of the
most inequitable countries in Latin America with respect to
land ownership (18). Although the national government has
committed to the 2030 United Nations Sustainable Development
Goals, the likelihood of mitigating pesticide use and improving
the nutritional status of children seems unlikely. Concerns
for food security, particularly among indigenous communities,
children, women, and older adults, have been exacerbated in the
context of a worsening health, climatic and social crisis (19).

In addition, unregulated industrial farming practices
centered on transgenic soybean exports has resulted in
mass deforestation, excessive use of hazardous agrochemicals,
disruptions to sustainable family farming practices, and
displacement of rural communities to urban settings, which
has further deteriorated the nutritional status of rural children
(20, 21). Between 2002 and 2017, peasant family farming
decreased by 33% nationally. However, regions with a higher
percentage of industrial agriculture experienced more dramatic
reductions in peasant family farming (64%) (22). For instance,
in the state of Caazapd, which experienced a dramatic shift
to industrial agriculture, crop yields for tomatoes, carrots, and
other vegetables decreased by 98% between 2002 and 2017 (23).

Improving access to affordable and
nutritious food among urban
children

The homogenization of dietary preferences in mostly
urban regions in Paraguay has contributed to the increased
consumption of ingredients that exceed recommended limits
on sugar, saturated fat, and sodium intake established by the
Pan American Health Organization (24). Such dietary trends are
concerning and associated with increases in obesity, diabetes,
and other chronic diseases that the existing health system is
unable to manage (25). A recent survey of Paraguayan residents
revealed that roughly 17% of food consumed in Paraguayan
cities by the urban poor are produced by local subsistence
farming compared to 48% of foods consumed by low-income
rural residents. While 27% of consumed foods in Paraguay are
categorized as processed foods, urban residents consume 10%
more processed foods relative to their rural counterparts.

Lastly, Paraguay imports nearly half of its consumed
fruits and vegetables and highlights the need for scaling
peasant subsistence farming to improve the nutritional status
of both urban and rural residents (21). Not surprisingly,
a key recommendation to the Paraguayan State by the
United Nations Special Rapporteur for the Right to Food
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emphasizes the need to “protect and promote family farming
as a productive model” and “supporting small-scale food
producers, in particular women, indigenous peoples and youth
to ensure equitable access to land and other productive
resources” (19, 26).

Conclusion and recommendations

The impact of chronic pesticide exposure and poor access
to affordable and nutritious food remains a global public health
challenge. Findings in Paraguay highlight the importance of
ensuring nutritious food access derived from sustainable peasant
family farming practices, particularly for children exposed to
pesticides. Multi-pronged approaches to improving rural child
health should include: (1) supporting peasant family farming
to offset the ecological and public health collapse associated
with industrial agriculture; (2) establishing and monitoring
worldwide standard values for pesticides in soil, air, and drinking
water; (3) expanding studies on the immediate and longitudinal
hazards of chronic pesticide exposure as the unregulated use
of carcinogenic and endocrine-disrupting compounds increases,
particularly in low- to middle-income countries; (4) improving
peasant education to improve pesticide management and safety;
and (5) increasing access to affordable and nutritional foods in

References

1. FAO and WHO. (2014). Rome Declaration on Nutrition. Second International
Conference on Nutrition. Rome. Available online at: http://www.fao.org/3/a-
ml542e.pdf (accessed November 21, 2014).

2. Benitez Leite, S., and Franco, F. (2020). Scientific articles related to imported
pesticides in Paraguay, BASE-IS. Available online at: https://www.baseis.org.
py/wp-content/uploads/2021/06/2020_Dic- Art%C3%ADculos- cientificos_
compressed- 1.pdf (accessed November 8, 2022).

3. Pedrozo ME, Ocampos S, Galeano R, Ojeda A, Cabello A, De Assis
D. Cases of acute pesticide poisoning in Colonia Puerto Pirap¢, Itapua,
Paraguay.  Biomedica. (2017) 37:158-63. doi: 10.7705/biomedica.v37i3.
3264

4. Direccién General de Estadistica, Encuestas y Censos. Proyeccién de la
poblacion por sexo y edad, segin distrito, 2000-2025. (2015). Available online
at: https://www.ine.gov.py/Publicaciones/Biblioteca/documento/7132_Proyeccion
%20Distrital.pdf (accessed November 8, 2022).

5. Villamar Solano VS. Andlisis de las propiedades y efectos toxicos que
pueden causar los aditivos alimentarios consumidos por los seres humanos.
Ecuador: UTMACH, Facultad de Ciencias Quimicas y de la Salud, Machala,
Ecuador. (2021).

6. Munoz-Quezada MT, Lucero BA, Barr DB, Steenland K, Levy K, Ryan
PB, et al. Neurodevelopmental effects in children associated with exposure to
organophosphate pesticides: a systematic review. Neurotoxicology. (2013) 39:158-
68. doi: 10.1016/j.neuro.2013.09.003

7. Angrish MM, Allard P, McCullough SD, Druwe IL, Chadwick LH, Hines E,
et al. Epigenetic applications in adverse outcome pathways and environmental
risk evaluation. Environ Health Perspect. (2018) 126:045001. doi: 10.1289/EHP
2322

8. Breton CV, Marsit CJ, Faustman E, Nadeau K, Goodrich JM, Dolinoy DC, et al.
Small-magnitude effect sizes in epigenetic end points are important in Children’s
Environmental Health studies: The Children’s Environmental Health and Disease
prevention research center’s epigenetics working group. Environ Health Perspect.
(2017) 125:511-26. doi: 10.1289/EHP595

Frontiers in Epidemiology

03

10.3389/fepid.2022.954081

urban settings to offset the risks of obesity, diabetes, and other
chronic diseases among children.

Author contributions

Both authors listed have made a substantial, direct,

and intellectual contribution to the work and approved it
for publication.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

9. Kubsad D, Nilsson EE, King SE, Sadler-Riggleman I, Beck D, Skinner MK.
Assessment of glyphosate induced epigenetic transgenerational inheritance of
pathologies and sperm epimutations: generational toxicology. Sci Rep. (2019)
9:1-17. doi: 10.1038/s41598-019-42860-0

10. Peillex C, Pelletier M. The impact and toxicity of glyphosate and glyphosate-
based herbicides on health and immunity. J Immunotoxicol. (2020) 17:163-74.
doi: 10.1080/1547691X.2020.1804492

11. Leite SB, de Diana DM, Abreu JA, Avalos DS, Denis MA, Ovelar CC, et al.
DNA damage induced by exposure to pesticides in children of rural areas in
Paraguay. Indian. ] Med Res. (2019) 150:290-296. doi: 10.4103/ijmr.JJMR_1497_17

12. Rozas ME. Revision de estudios epidemioldgicos sobre efectos de los
plaguicidas en nifias, nifios e infantes de Ameérica Latina. Retos para la
salud publica. RAP-AL. (2021). Available online at: https://reduas.com.ar/
wp-content/uploads/2021/12/Revision-de- Estudios- epidemiologicos_ni%C3
%Blos_plaguicidas_Maria- Elena-Rozas-071221.doc- 1.pdf (accessed November 8,
2022).

13. Martinez M, Talavera G, Benitez ML, Noguera J, Mesquita M. Factores
de riesgo ambientales y perinatales en pacientes pedidtricos con Leucemia
Linfobldstica aguda, de una poblacién hospitalaria. Estudio Caso-Control Pediatr.
(2022) 49:67-76. doi: 10.31698/ped.49022022002

14. Galeano LA. Transformacion del modelo agricola y cambios en la
estructura de clases. In: Desigualdad y clases sociales. Estudios sobre la estructura
social paraguaya, coord. (Asuncién, Paraguay: CLACSO), (2016). p. 167-
92. Available online at: http://biblioteca.clacso.edu.ar/clacso/se/20161114051656/
DESIGUALDAD_Y_CLASES_SOCIALES.pdf (accessed November 8, 2022).

15. Benitez-Leite S, Corvaldn R, Avalos D, Almada M, Corvalan A. Violated rights
in rural populations exposed to transgenic soybean crop (preliminary study). Br J
Med Med Res. (2016) 16:1-8. doi: 10.9734/BJMMR/2016/25485

16. Setrini G, Borda D, Gonzilez C, Servin B. Transicién agraria en
Paraguay. In: Evidencias empiricas y explicaciones tedricas. Asuncién: CADEP.
(2020). Available online at: https://www.conacyt.gov.py/sites/default/files/upload_
editores/u454/Transicio_agraria_paraguay.pdf (accessed November 8, 2022).

frontiersin.org


https://doi.org/10.3389/fepid.2022.954081
http://www.fao.org/3/a-ml542e.pdf
http://www.fao.org/3/a-ml542e.pdf
https://www.baseis.org.py/wp-content/uploads/2021/06/2020_Dic-Art%C3%ADculos-cientificos_compressed-1.pdf
https://www.baseis.org.py/wp-content/uploads/2021/06/2020_Dic-Art%C3%ADculos-cientificos_compressed-1.pdf
https://www.baseis.org.py/wp-content/uploads/2021/06/2020_Dic-Art%C3%ADculos-cientificos_compressed-1.pdf
https://doi.org/10.7705/biomedica.v37i3.3264
https://www.ine.gov.py/Publicaciones/Biblioteca/documento/7132_Proyeccion%20Distrital.pdf
https://www.ine.gov.py/Publicaciones/Biblioteca/documento/7132_Proyeccion%20Distrital.pdf
https://doi.org/10.1016/j.neuro.2013.09.003
https://doi.org/10.1289/EHP2322
https://doi.org/10.1289/EHP595
https://doi.org/10.1038/s41598-019-42860-0
https://doi.org/10.1080/1547691X.2020.1804492
https://doi.org/10.4103/ijmr.IJMR_1497_17
https://reduas.com.ar/wp-content/uploads/2021/12/Revision-de-Estudios-epidemiologicos_ni%C3%B1os_plaguicidas_Maria-Elena-Rozas-071221.doc-1.pdf
https://reduas.com.ar/wp-content/uploads/2021/12/Revision-de-Estudios-epidemiologicos_ni%C3%B1os_plaguicidas_Maria-Elena-Rozas-071221.doc-1.pdf
https://reduas.com.ar/wp-content/uploads/2021/12/Revision-de-Estudios-epidemiologicos_ni%C3%B1os_plaguicidas_Maria-Elena-Rozas-071221.doc-1.pdf
https://doi.org/10.31698/ped.49022022002
http://biblioteca.clacso.edu.ar/clacso/se/20161114051656/DESIGUALDAD_Y_CLASES_SOCIALES.pdf
http://biblioteca.clacso.edu.ar/clacso/se/20161114051656/DESIGUALDAD_Y_CLASES_SOCIALES.pdf
https://doi.org/10.9734/BJMMR/2016/25485
https://www.conacyt.gov.py/sites/default/files/upload_editores/u454/Transicio_agraria_paraguay.pdf
https://www.conacyt.gov.py/sites/default/files/upload_editores/u454/Transicio_agraria_paraguay.pdf
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org

Leite and Tofighi

17. INAN. Situacién nutricional de nifios menores de 5 afios que acuden a
servicios publicos de salud en el Paraguay. (2020). Available online at: https://www.
inan.gov.py/site/p=4820 (accessed January 25, 2022).

18. Borda D, Caballero M. Crecimiento y desarrollo econémico en Paraguay.
Asuncién: CADEP. (2020). Available online at: https://www.conacyt.gov.py/
sites/default/files/upload_editores/u454/Crecimiento_desarrollo_econoomico_
Paraguay.pdf (accessed November 8, 2022).

19. Montiel S. Camino al 2023: sin alimentos y sin esperanzas. In: Derechos
humanos en Paraguay 2021, eds. (Asuncion, Paraguay: Codehupy), (2021). p. 195-
209. Available online at: https://codehupy.org.py/ddhh2021/wp- content/uploads/
2021/12/Informe- DDHH-2021_web.pdf (accessed November 8, 2022).

20. Dias de Sousa RA, Borges da Silva I Os commodities
agricolas e a (in) seguranga alimentar. OKARA  Geografia em
Debate. (2020) 14:4-20. doi: 10.22478/ufpb.1982-3878.0vn0.
41083

21. Zevaco S. Agroindustria o Agricultura Campesina: ‘de Dénde Viene lo que
Comemos? Asuncion: BASE-IS. (2021). Available online at: https://www.baseis.
org.py/wp-content/uploads/2021/07/boceto- final- color.pdf (accessed November
8,2022).

Frontiersin Epidemiology

04

10.3389/fepid.2022.954081

22. Palau T, Cabello D, Maeyens A, Rulli ], Segovia D. Los refugiados del
modelo Agroexpotador. (2007). Available online at: https://www.baseis.org.py/
publicaciones/los-refugiados- del-modelo-agroexportador-2/ (accessed November
8,2022).

23. Schmalko CA, Sarta AM. Mapeando el Agronegocio en Paraguay. Asuncion:
BASE-IS, Fundaciéon Rosa Luxemburgo. (2018).

24. Doughman R. La chipa y la soja: la pugna gastro-politica en la frontera
agroexportadora del este paraguayo. Asuncion: BASE-IS. (2011). Available
online at: http://biblioteca.clacso.edu.ar/Paraguay/base-is/20170331031439/pdf_
73.pdf (accessed November 8, 2022).

25. Meza Miranda E, Nufiez BE, Maldonado O. Evaluacién de la
composicién nutricional de alimentos procesados y ultraprocesados de
acuerdo al perfil de alimentos de la Organizacién Panamericana de la Salud,
con énfasis en nutrientes criticos. Mem Inst Investig Cienc Salud. (2018)
16:54-63. doi: 10.18004/mem.iics/1812-9528/2018.016(01)54-063

26. Naciones Unidas. Informe de la Relatora Especial sobre el derecho a la
alimentacion acerca de su mision en Paraguay. Naciones Unidas: Asamblea General
A/HRC/34/48/Add.2. (2017). Available online at: https://acnudh.org/load/2018/
03/G1701976.pdf (accessed November 8, 2022).

frontiersin.org


https://doi.org/10.3389/fepid.2022.954081
https://www.inan.gov.py/site/p=4820
https://www.inan.gov.py/site/p=4820
https://www.conacyt.gov.py/sites/default/files/upload_editores/u454/Crecimiento_desarrollo_econoomico_Paraguay.pdf
https://www.conacyt.gov.py/sites/default/files/upload_editores/u454/Crecimiento_desarrollo_econoomico_Paraguay.pdf
https://www.conacyt.gov.py/sites/default/files/upload_editores/u454/Crecimiento_desarrollo_econoomico_Paraguay.pdf
https://codehupy.org.py/ddhh2021/wp-content/uploads/2021/12/Informe-DDHH-2021_web.pdf
https://codehupy.org.py/ddhh2021/wp-content/uploads/2021/12/Informe-DDHH-2021_web.pdf
https://doi.org/10.22478/ufpb.1982-3878.0vn0.41083
https://www.baseis.org.py/wp-content/uploads/2021/07/boceto-final-color.pdf
https://www.baseis.org.py/wp-content/uploads/2021/07/boceto-final-color.pdf
https://www.baseis.org.py/publicaciones/los-refugiados-del-modelo-agroexportador-2/
https://www.baseis.org.py/publicaciones/los-refugiados-del-modelo-agroexportador-2/
http://biblioteca.clacso.edu.ar/Paraguay/base-is/20170331031439/pdf_73.pdf
http://biblioteca.clacso.edu.ar/Paraguay/base-is/20170331031439/pdf_73.pdf
https://doi.org/10.18004/mem.iics/1812-9528/2018.016(01)54-063
https://acnudh.org/load/2018/03/G1701976.pdf
https://acnudh.org/load/2018/03/G1701976.pdf
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org

	Peasant family farming as an alternative to industrial agriculture: Implications for maternal and child health in Paraguay
	Introduction
	Environmental toxins and child health
	Improving the nutritional status of rural children
	Improving access to affordable and nutritious food among urban children
	Conclusion and recommendations
	Author contributions
	Conflict of interest
	Publisher's note
	References


