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Abstract
Food systems encompass the full spectrum of activities and actors involved in the production, processing, distribution, consumption, and disposal of food. Their structure and functioning exert profound influences on dietary patterns, nutritional status, and population health outcomes. In recent decades, global food systems have undergone rapid transformation driven by urbanization, economic growth, technological advancement, and globalization. While these changes have improved food availability and reduced hunger in many regions, they have also contributed to new challenges, including the rising prevalence of obesity, diet-related non-communicable diseases (NCDs), environmental degradation, and persistent inequities in access to nutritious foods. This review provides a comprehensive and integrated analysis of the relationships between food systems, nutrition, and public health outcomes. It examines how different components of food systems shape dietary behaviors and nutritional quality, highlighting both positive contributions and adverse consequences. The paper explores key issues such as the dual burden of malnutrition, the environmental impacts of food production, the role of ultra-processed foods, and the implications of globalization and market dynamics. Particular attention is given to vulnerable populations, whose nutritional outcomes are disproportionately affected by systemic inefficiencies and inequities. The review further discusses policy frameworks and intervention strategies aimed at transforming food systems to support healthier and more sustainable diets. Approaches such as the One Health framework, sustainable dietary guidelines, and multisectoral governance are emphasized as critical for addressing complex and interrelated challenges. Innovations in food technology, supply chain management, and agricultural practices are also examined for their potential to improve both nutritional and environmental outcomes. The paper concludes that achieving optimal public health outcomes requires a holistic transformation of food systems that integrates nutritional goals with environmental sustainability, economic resilience, and social equity. Coordinated action across sectors, supported by evidence-based policies and informed consumer behavior, is essential to ensure that food systems contribute positively to human health and well-being in the long term.
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Foodsecurity;Ultra-processedfoods 1.Introduction 2.ComponentsofFoodSystemsandTheirNu- tritionalImplications Food systems represent a complex network of pro- cessesthatlinkagriculturalproductiontohumancon- Foodsystemsarecomposedofinterconnectedcompo- sumptionandhealthoutcomes[1].Thesesystemsin- nents,eachofwhichplaysadistinctroleindetermin- cludemultiplestages—primaryproduction,process- ingdietarypatternsandnutritionaloutcomes.Primary ing,distribution,retail,consumption,andwasteman- production,includingagriculture,livestock,andfish- agement—eachofwhichinfluencestheavailability,af- eries,establishesthefoundationbydeterminingthe fordability,andqualityoffood.Overthepastseveral diversityandquantityofavailablefoods.Agricultural decades,foodsystemshaveexperiencedsignificant policiesandpracticesoftenprioritizestaplecropssuch structural transformations, largely driven by global- aswheat,rice,andmaize,whichcanleadtoincreased ization,urbanization,populationgrowth,andtechno- caloricavailabilitybutmaylimitdietarydiversityifnot logical innovation. While these developments have complementedbytheproductionoffruits,vegetables, contributedtoincreasedfoodproductionandreduced andnutrient-richfoods.Foodprocessingandmanufac- global hunger rates, they have also introduced new turingsignificantlyinfluencethenutritionalqualityof publichealthandenvironmentalchallenges[2].One diets.Whileprocessingcanenhancefoodsafety,shelf ofthemostsignificantshiftshasbeentheglobalnu- life, and accessibility, excessive processing often re- tritiontransition,characterizedbyamoveawayfrom sultsintheadditionofsugars,salts,andunhealthyfats. traditionaldietsrichinwholegrains,fruits,andvegeta- Theproliferationofultra-processedfoodshasbeenas- blestowarddietshighinrefinedcarbohydrates,fats, sociatedwithpoordietaryqualityandincreasedriskof sugars,andultra-processedfoods.Thistransitionhas NCDs[5].Theseproductsaretypicallyenergy-dense, beenaccompaniedbyariseinobesityanddiet-related lowinessentialnutrients,andheavilymarketed,par- NCDs,includingcardiovasculardiseases,diabetes,and ticularlyinurbansettings.Distributionandretailsys- certaincancers.Atthesametime,undernutritionand temsdeterminetheaccessibilityandaffordabilityof micronutrientdeficienciespersistinmanylow-and foods.Modernsupplychains,includingsupermarkets middle-incomecountries,resultinginadualburdenof andglobaltradenetworks,haveimprovedfoodavail- malnutritionwithinandacrosspopulations.Thestruc- ability but can also contribute to the displacement tureandfunctioningoffoodsystemsplayacriticalrole oflocalfoodsystemsandtraditionaldiets. Inmany inshapingtheseoutcomes[3].Agriculturalpractices low-incomesettings,limitedinfrastructureandmarket determinethetypesoffoodsproduced,whilesupply accessrestricttheavailabilityoffreshandnutritious chainsandmarketdynamicsinfluencefoodavailability foods,leadingtorelianceoninexpensive,processed andpricing.Foodprocessingandmarketingstrategies alternatives[6].Consumptionpatternsareshapedby affectdietarychoices,oftenpromotingenergy-dense, culturalpreferences,socioeconomicstatus,education, nutrient-poorfoods.Socioeconomicfactors,including and marketing influences. Urbanization and chang- income,education,andurbanization,furthermediate inglifestyleshaveledtoincreaseddemandforconve- accesstohealthydiets.Inadditiontotheirimpacton niencefoods,oftenattheexpenseofnutritionalqual- nutrition,foodsystemsarecloselylinkedtoenviron- ity.Finally,foodwasteandlossrepresentinefficiencies mentalsustainability[4]. Agricultureisamajorcon- withinthesystemthatreduceoverallfoodavailability tributortogreenhousegasemissions,landusechange, andcontributetoenvironmentaldegradation. waterconsumption,andbiodiversityloss.Unsustain- ablepracticesnotonlythreatenecologicalbalancebut alsounderminethelong-termcapacityoffoodsystems 3.NutritionandPublicHealthOutcomes toprovideadequatenutrition.Therefore,addressing The relationship between food systems and public public health challenges requires an integrated per- health is mediated through dietary intake and nu- spectivethatconsidersbothnutritionalandenviron- tritional status. Adequate nutrition is essential for mentaldimensions. Thispaperaimstoexaminethe growth, development, immune function, and over- interconnectionsbetweenfoodsystems,nutrition,and all well-being. However, imbalances in dietary in- publichealthoutcomes. Itprovidesacriticalreview take—whetherduetodeficiencyorexcess—canlead ofcurrentevidence,identifieskeychallenges,andex- toadversehealthoutcomes.Undernutritionremains ploresstrategiesfortransformingfoodsystemstosup- asignificantglobalchallenge,particularlyinlow-and porthealthierandmoresustainablediets. middle-incomecountries.Itincludesconditionssuch asstunting,wasting,andmicronutrientdeficiencies, whichhavelong-termconsequencesforphysicaland cognitive development. Food systems that fail to Environmental KeyDriversinFood Environmental PublicHealth Component Systems Impact Implications Livestockemissions, Increasedgreenhouse Heatstress, ClimateChange fertilizeruse, gases foodinsecurity, deforestation (CH4,N2O,CO2) diseasespread Deforestation, Agriculturalexpansion, Reducedfood LandUse biodiversityloss, monocropping diversity,malnutrition soildegradation Irrigation,l Waterdepletion, Limitedaccessto WaterUse ivestockproduction scarcity safewater,sanitationissues Fertilizers,pesticides, Eutrophication, Waterbornediseases, WaterPollution animalwaste contamination toxicexposure Post-harvestlosses, Resourceinefficiency, Reducedfood FoodWaste consumerwaste emissions availability,economicloss

Nutritional/ Practice Description EnvironmentalBenefit PublicHealthBenefit Diversified,ecological Improvedsoilhealth, Increaseddietary Agroecology farmingsystems biodiversityconservation diversity Reducedemissions, Climate-Smart Adaptationand resiliencetoclimate Stablefoodsupply Agriculture mitigationstrategies change Nutrientrecycling, Improvedfood IntegratedFarming Crop-livestockintegration reducedwaste availability Conservation Minimalsoildisturbance, Soilconservation, Sustainablecropyields Agriculture croprotation waterefficiency Wastereuse Reducedpollution, Cleanerenvironment, CircularEconomy (e.g.,composting,biogas) resourceefficiency saferfood providediverseandnutrient-richfoodscontributeto activities such as crop cultivation, livestock rearing, theseconditions.Conversely,overnutritionandobe- fertilizerapplication,andland-usechange.Methane sityhavebecomeincreasinglyprevalent,drivenbythe emissionsfromruminantlivestock,nitrousoxideemis- widespreadavailabilityofenergy-dense,nutrient-poor sions from fertilized soils, and carbon dioxide emis- foods[7]. Thesedietarypatternsarestronglyassoci- sionsfromdeforestationcollectivelyintensifyclimate atedwithNCDs,whicharenowtheleadingcauseof change,therebycreatingfeedbackloopsthatfurther mortalityworldwide. Thecoexistenceofundernutri- threatenfoodproductionandpublichealth.Theenvi- tionandovernutritionwithinthesamepopulations ronmentalsustainabilityoffoodsystemsistherefore highlightsthecomplexityoffoodsystem-relatedhealth notonlyanecologicalconcernbutalsoacriticaldeter- challenges[8].Foodbornediseasesrepresentanother minantoflong-termnutritionalsecurity.Landuserep- importantpublichealthconcern. Contaminationof resentsamajordimensionofthischallenge[9].Expan- foodatvariousstagesofthesupplychaincanleadto sionofagriculturalland,particularlyformonoculture outbreaksofillness,particularlyinsettingswithinad- croppingandlivestockgrazing,hasledtowidespread equatefoodsafetyinfrastructure. Addressingthese deforestationandhabitatloss.Thistransformationre- risksrequirescomprehensivemonitoringandregula- ducesbiodiversity,disruptsecosystemservices,and tionacrosstheentirefoodsystem.

contributestosoildegradation.Intensivefarmingprac- tices often result in soil erosion, nutrient depletion, andreducedorganicmatter,underminingtheproduc- 4.EnvironmentalSustainabilityandFoodSys- tivityandresilienceofagriculturalsystems. Sustain- tems ablelandmanagementpractices,includingagroecol- Foodsystemsareamongthemostsignificantdrivers ogy,cropdiversification,andconservationagriculture, ofenvironmentalchange,exertingpressureonclimate areessentialforrestoringsoilhealthandmaintaining systems,landresources,wateravailability,andbiodi- ecosystem balance. Water resources are equally af- versity.Agriculturalproductionalonecontributessub- fectedbyfoodsystemactivities.Agricultureaccounts stantiallytoglobalgreenhousegasemissionsthrough forasubstantialproportionofglobalfreshwateruse, PolicyInstrument Description TargetArea ExpectedOutcome AgriculturalSubsidies Shiftsupportto Improveddietary Production Reform nutrient-richcrops diversity Front-of-packnutrition Healthierfood FoodLabeling Consumption information choices Taxesonsugar, ReducedNCD FiscalPolicies subsidiesonhealthy Marketbehavior prevalence foods Restrictunhealthy Improvedchild MarketingRegulations Consumerprotection foodadvertising nutrition Monitoringcontaminants Reducedfoodborne FoodSafetyStandards Supplychain andhygiene diseases

GovernanceApproach KeyFeatures Strengths Challenges Multisectoral Coordinationacross Institutional Holisticpolicyintegration Governance sectors complexity Integrationofhuman, Comprehensiverisk Requiresstrong OneHealthApproach animal,environmental management coordination health Community-Based Localparticipation Context-specificsolutions Limitedscalability Governance anddecision-making Internationalguidelines Standardization, GlobalGovernance Implementationgaps andagreements resourcemobilization Public-Private Collaborationwith Conflictof Innovation,investment Partnerships industry interestrisks particularlyinirrigatedcroppingsystems.Unsustain- achievingtheseobjectives.Byaligningenvironmental ablewaterextractioncanleadtodepletionofaquifers, sustainabilitywithnutritionaloutcomes,foodsystems reducedriverflows,andincreasedcompetitionamong canbetransformedintoenginesofbothecologicaland sectors. Additionally, agricultural runoff containing humanwell-being.

fertilizers, pesticides, and animal waste contributes towaterpollution,causingeutrophicationanddegra- 5.PolicyandGovernance dationofaquaticecosystems[10-11].Theseenviron- mentalimpactshavedirectandindirectconsequences Policyandgovernanceframeworksplayacentralrole forhumanhealth,includingreducedaccesstoclean inshapingfoodsystemsanddeterminingtheirimpact drinking water and increased exposure to contami- onnutritionandpublichealth.Governmentsinfluence nants.Anotherconcernisfoodlossandwaste,which food systems through a wide range of mechanisms, representsinefficiencyacrossthefoodsystem.Asig- includingagriculturalsubsidies,tradepolicies,food nificant proportion of food produced is lost during safetyregulations,andpublichealthinterventions[14- production,storage,transportation,andconsumption 15]. The effectiveness of these policies depends on stages.Thisnotonlyreducesfoodavailabilitybutalso theirabilitytoaddresstheinterconnectednatureof resultsinunnecessaryuseofnaturalresourcesandin- foodsystemswhilebalancingcompetingobjectives creasedgreenhousegasemissions. Addressingfood suchaseconomicgrowth,environmentalsustainabil- wastethroughimprovedinfrastructure,storagetech- ity,andpopulationhealth.Agriculturalpolicieshave nologies,andconsumerawarenessisakeystrategyfor historicallyprioritizedtheproductionofstaplecropsto enhancingsustainability[12-13].Theconceptofsus- ensurefoodsecurity,oftenattheexpenseofdietarydi- tainablefoodsystemsemphasizestheneedtobalance versityandnutritionalquality.Whilesuchapproaches environmental integrity with food production goals. have been successful in increasing caloric availabil- Thisinvolvesadoptingpracticesthatreduceemissions, ity, theyhavenotadequatelyaddressedmicronutri- conservenaturalresources,andenhanceresilienceto entdeficienciesortherisingprevalenceofdiet-related climate change. Approaches such as climate-smart non-communicablediseases.Thereisgrowingrecogni- agriculture,integratedfarmingsystems,andcircular tionoftheneedfornutrition-sensitiveagriculturalpoli- resourcemanagementofferpromisingpathwaysfor ciesthatpromotetheproductionofdiverse,nutrient- richfoods,includingfruits,vegetables,legumes,and animal-sourceproducts.Regulatorymeasurestarget- sensors,satelliteimagery,anddataanalyticstoopti- ingthefoodindustryarealsocritical. Policiessuch mizeresourceuseandincreaseproductivity.Precision asfront-of-packnutritionlabeling,taxationofsugar- farmingenablesfarmerstoapplyinputssuchaswa- sweetenedbeverages,restrictionsontransfats,and ter,fertilizers,andpesticidesmoreefficiently,reducing limitsonmarketingofunhealthyfoods—particularlyto wasteandenvironmentalharm.Inlivestocksystems, children—havebeenimplementedinvariouscountries precisiontechnologiesfacilitatereal-timemonitoring toimprovedietarypatterns.Theseinterventionsaim ofanimalhealthandproductivity,contributingtoim- tocreatehealthierfoodenvironmentsbyinfluencing provedwelfareandreduceddiseaserisks.Biotechno- bothconsumerbehaviorandindustrypractices[16- logicaladvancementsarealsoplayingaroleinenhanc- 17].However,theireffectivenessdependsonstrongen- ingfoodsystemresilience. Geneticimprovementof forcementmechanismsandpublicacceptance.Food cropsandlivestockcanincreaseresistancetodiseases, safetygovernanceisanotheressentialcomponent.En- pests,andenvironmentalstressors,therebyimproving suringthesafetyandqualityoffoodacrossthesup- yieldsandreducingrelianceonchemicalinputs.Bio- plychainrequiresrobustregulatorysystems,effective fortificationofstaplecropswithessentialmicronutri- monitoring,andadherencetointernationalstandards. entsoffersapromisingstrategyforaddressinghidden Foodbornediseasesremainasignificantpublichealth hungerinpopulationswithlimiteddietarydiversity. burden,particularlyinlow-resourcesettingswherein- Thedevelopmentofalternativeproteinsourcesrepre- frastructureandregulatorycapacitymaybelimited. sentsanotherinfoodsysteminnovation.Plant-based Strengtheningfoodsafetysystemsnotonlyprotects proteins,culturedmeat,andinsect-basedfoodsare consumerhealthbutalsoenhancesconfidenceinfood gainingattentionassustainablealternativestocon- marketsandfacilitatestrade.Multisectoralgovernance ventional animal-source foods. These options have isforaddressingthecomplexchallengesassociated thepotentialtoreducegreenhousegasemissions,land with food systems. Nutrition and public health out- use,andwaterconsumptionwhilemeetinggrowing comesareinfluencedbypoliciesacrossmultiplesec- globalproteindemand[20]. However,theirscalabil- tors,includingagriculture,health,environment,edu- ity,affordability,andconsumeracceptanceremainkey cation,andtrade.Coordinatedactionamongthesesec- challenges.Supplychaininnovationsareequallyim- torsisnecessarytoensurepolicycoherenceandavoid portant.Improvementsinstorage,transportation,and unintendedconsequences.TheOneHealthapproach logisticscansignificantlyreducefoodlossandwaste, providesavaluableframeworkforintegratinghuman, enhancingoverallsystemefficiency.Coldchaintech- animal,andenvironmentalhealthconsiderationsinto nologies,digitalmarketplaces,andblockchain-based policydevelopmentandimplementation.Inaddition traceabilitysystemscontributetobetterfoodquality, tonationalpolicies,globalgovernancemechanisms safety,andtransparency.Thesedevelopmentsarepar- play an important role. International organizations ticularlyrelevantinlow-andmiddle-incomecountries, andagreementsinfluencefoodsystemsthroughguide- whereinfrastructurelimitationsoftenhinderaccessto lines,standards,andfundinginitiatives[18]. Achiev- freshandnutritiousfoods.Consumer-focusedinnova- ingmeaningfultransformationrequiresalignmentbe- tions,includingdigitalhealthtools,nutritioneduca- tweenglobalandlocalpriorities,aswellasactivepar- tionplatforms,andbehavioralinterventions,arealso ticipationfromdiversestakeholders,includinggovern- shapingdietarypatterns[21-23].Increasingawareness ments,privatesectoractors,civilsociety,andcommu- of the links between diet, health, and sustainability nities.

caninfluenceconsumerchoicesanddrivedemandfor healthierandmoresustainablefoodoptions. Atthe sametime,policysupportandmarketincentivesare 6.InnovationsandFutureDirections necessarytoensurethatsuchinnovationsareaccessi- Innovation is a key driver of transformation in food bleandequitable,thesuccessfulintegrationofthese systems,offeringopportunitiestoaddresstheinter- innovationsintofoodsystemswilldependonsupport- twinedchallengesofnutrition,publichealth,andenvi- ivepolicyenvironments,investmentinresearchand ronmentalsustainability.Advancesinagriculturaltech- development,andeffectiveknowledgetransfer. Col- nologies,foodprocessing,andsupplychainmanage- laborationamonggovernments,academia,industry, mentarereshapinghowfoodisproduced,distributed, andcivilsocietyisessentialtoscaleuppromisingso- andconsumed.Theseinnovationshavethepotential lutionsandensurethattheycontributetoimproved toenhanceefficiency,reduceenvironmentalimpacts, nutritionandpublichealthoutcomes.

andimproveaccesstonutritiousfoods[19]. Oneof themostsignificantareasofinnovationisprecision agriculture,whichutilizesdigitaltechnologiessuchas InnovationType Example KeyBenefits Limitations Sensors, Resourceefficiency, PrecisionAgriculture Highinitialcost AI-basedfarming higheryields Improvednutritional Biotechnology Biofortifiedcrops Regulatoryconcerns value Plant-based, Lowerenvironmental AlternativeProteins Consumeracceptance culturedmeat footprint SupplyChain Coldchains, Reducedfoodloss, Infrastructure Technology blockchain improvedsafety requirements Apps,e-health Behaviorchange, DigitalNutritionTools Digitaldivide platforms awareness

Category Barriers Opportunities Economic Highcostofsustainabletechnologies Greeninvestments,subsidies Social Culturalresistancetodietarychange Nutritioneducation,awareness Environmental Climatevariability Climate-resilientagriculture Technological Limitedaccessinlow-incomeregions Digitalinnovationexpansion Policy Fragmentedgovernance Integratedpolicyframeworks 7.Discussion constraintscontributetodietarypatternsthataresub- optimal in both quality and diversity [26]. Address- The interrelationships between food systems, nu- ingtheseinequitiesrequirestargetedinterventions,in- trition, and public health outcomes are complex, cludingsocialprotectionprograms,improvedmarket dynamic, and context-specific, requiring a systems- access,andinvestmentsinlocalfoodsystems.Another orientedanalyticalframework. Foodsystemssimul- criticaldimensionistheenvironmentalsustainability taneouslyfunctionasdeterminantsofdietaryintake, of food systems. Current production practices, par- driversofenvironmentalchange,andenginesofeco- ticularlythoseassociatedwithintensiveagriculture nomic activity. Consequently, interventions target- andlivestocksystems,contributetogreenhousegas ingasinglecomponentoftengeneraterippleeffects emissions,landdegradation,andwaterscarcity.These acrossmultipledomains.Thisinterconnectednessun- environmentalpressuresnotonlythreatenecosystem derscoresthenecessityofintegratedapproachesthat healthbutalsocompromisethelong-termcapacityof accountfortrade-offs,synergies,andfeedbackmecha- foodsystemstoprovideadequatenutrition.Climate nismswithinthesystem[24].Acentralissueinthisdis- change further amplifies these challenges by affect- courseisthecoexistenceofundernutritionandovernu- ingcropyields, foodprices, andthestabilityofsup- trition,commonlyreferredtoasthedualburdenofmal- plychains.Therefore,aligningnutritionalobjectives nutrition.Inmanylow-andmiddle-incomecountries, withenvironmentalsustainabilityisessentialforen- rapidurbanizationandeconomictransitionshaveled suring resilience and long-term food security. Con- toincreasedavailabilityofinexpensive,energy-dense sumerbehavioranddietarychoicesrepresentanim- foods,whileaccesstodiverseandnutrient-richfoods portantleveragepointfortransformation.Foodpref- remainslimited. Asaresult,populationsexperience erencesareshapedbyculturalnorms,marketingin- persistentmicronutrientdeficienciesalongsiderising fluences,andsocioeconomicfactors.Thewidespread ratesofobesityanddiet-relatednon-communicable availabilityandaffordabilityofultra-processedfoods diseases(NCDs)[25].Thisparadoxreflectsstructural haveshiftedconsumptionpatternstowarddietsthat inefficiencies within food systems, including imbal- arehighinsugars,fats,andsalt. Publichealthinter- ancedagriculturalpriorities,inequitabledistribution ventionsaimedatmodifyingconsumerbehavior—such networks,andaggressivemarketingofultra-processed asnutritioneducation,front-of-packlabeling,andfis- foods.Socioeconomicinequalitiesfurtherexacerbate calpolicies—canplayasignificantroleinpromoting disparitiesinnutritionaloutcomes.Income,education, healthierdiets[27].However,suchinterventionsmust andgeographiclocationsignificantlyinfluenceaccess be complemented by structural changes within the tohealthydiets.Vulnerablepopulations,particularly food system to ensure that healthy choices are ac- thoseinruralormarginalizedurbansettings,oftenface cessible, affordable, andculturallyacceptable. Gov- barrierssuchashighfoodprices,limitedavailabilityof ernanceandinstitutionalframeworksareequallyin freshproduce,andinadequateinfrastructure.These shapingfoodsystems. Effectivepoliciesmustbeco- FoodSystemFactor DietaryImpact HealthOutcome Increasedultra-processedfoods Highsugar,fat,saltintake Obesity,diabetes,CVDs Limitedfooddiversity Nutrientdeficiencies Stunting,anemia Highanimal-sourcefoodintake(excess) Saturatedfatconsumption Cardiovasculardiseases Improvedfoodaccess Balanceddiets Betteroverallhealth Foodcontamination Unsafeconsumption Foodborneillnesses herent, evidence-based, andalignedacrosssectors, ultra-processedandenvironmentallyintensiveprod- includingagriculture,health,trade,andenvironment. ucts.Thisinvolvesreorientingagriculturalpoliciesto Fragmented or inconsistent policies can undermine supportdiversifiedproductionsystems, strengthen- effortstoimprovenutritionandsustainability.Multi- ingfoodsupplychainstoimproveaccesstohealthy sectoralcoordination,supportedbyrobustmonitoring foods, and implementing regulatory measures that andevaluationmechanisms,isessentialforachieving promotehealthierconsumerchoices.Theroleofgov- policycoherenceandaccountability[28-31].Theinte- ernanceiscentraltothistransformation. Policymak- grationoftheOneHealthapproachprovidesavalu- ersmustadoptmultisectoralstrategiesthatalignob- able framework for addressing cross-cutting issues jectivesacrossagriculture,health,environment,and suchasfoodsafety,zoonoticdiseases,andantimicro- tradesectors. Evidence-basedinterventions,includ- bialresistance.Despiteincreasingrecognitionofthese ingfiscalpolicies,foodlabelingregulations,andpub- challenges,severalbarrierstotransformationpersist. lic awareness campaigns, are essential for influenc- Theseincludelimitedfinancialresources,technologi- ingbothsupplyanddemanddynamics. Atthesame calconstraints,resistancefromvestedinterests,and time,investmentsinresearch,innovation,andinfras- gapsindataandresearch.Smallholderfarmers,who tructurearenecessarytosupportsustainableproduc- playacrucialroleinfoodproductioninmanyregions, tionpracticesandefficientdistributionsystems. Eq- oftenlackaccesstomoderntechnologies,credit,and uity considerations must remain at the forefront of extensionservices.Bridgingthesegapsrequiressus- foodsystemtransformationefforts.Ensuringthatall tained investment, capacity building, and inclusive populations—particularlyvulnerableandmarginalized policiesthatempowerallstakeholderswithinthefood groups—haveaccesstosafe,affordable,andnutritious system,thediscussionhighlightstheneedforaholis- food is a fundamental public health priority. Social tic and coordinated approach to food system trans- protectionprograms,targetednutritioninterventions, formation.Addressingthemultifacetedchallengesof andsupportforsmallholderfarmerscanhelpaddress nutritionandpublichealthrequiresinterventionsthat disparitiesandpromoteinclusivedevelopment,thein- operateacrosstheentiresystem,fromproductionto tegrationofsustainabilityprinciplesintofoodsystems consumption,whilesimultaneouslyconsideringenvi- offersapathwaytowardachievingmultipleglobalob- ronmentalsustainabilityandsocialequity. jectives,includingimprovedhealthoutcomes,environ- mentalconservation,andeconomicresilience.Inno- vationsintechnology,alternativeproteinsources,and 8.Conclusion circulareconomymodelsholdpromiseforreducing Foodsystemsarefundamentaldeterminantsofpop- theenvironmentalfootprintoffoodproductionwhile ulationhealth, shapingdietarypatterns, nutritional maintainingnutritionaladequacy,anintegratedper- status,andtheprevalenceofbothcommunicableand spectivethatrecognizestheinterdependenceoffood non-communicablediseases.Theevidencereviewed systems,nutrition,andpublichealthisessentialfor in this paper demonstrates that while modern food addressingcurrentandfuturechallenges.Coordinated systems have significantly improved food availabil- actionamonggovernments,industry,academia,and ity, they have also contributed to a range of public civilsocietyisrequiredtocreatefoodsystemsthatare healthandenvironmentalchallenges.Theseinclude notonlyproductivebutalsohealth-promoting, sus- thepersistenceofundernutrition,theriseofobesity tainable,andequitable.Suchtransformationiscritical anddiet-relatedNCDs,andthedegradationofnatural forensuringthewell-beingofpresentandfuturegen- resourcesessentialforfoodproduction. Transform- erations.

ingfoodsystemstosupportoptimalhealthoutcomes requiresaparadigmshifttowardintegrated,sustain-
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7. Discussion

The interrelationships between food systems, nu-
trition, and public health outcomes are complex,
dynamic, and context-specific, requiring a systems-
oriented analytical framework. Food systems simul-
taneously function as determinants of dietary intake,
drivers of environmental change, and engines of eco-
nomic activity. Consequently, interventions target-
ing a single component often generate ripple effects
across multiple domains. This interconnectedness un-
derscores the necessity of integrated approaches that
account for trade-offs, synergies, and feedback mecha-
nisms within the system [24]. A central issue in this dis-
course is the coexistence of undernutrition and overnu-
trition, commonly referred to as the dual burden of mal-
nutrition. In many low- and middle-income countries,
rapid urbanization and economic transitions have led
to increased availability of inexpensive, energy-dense
foods, while access to diverse and nutrient-rich foods
remains limited. As a result, populations experience
persistent micronutrient deficiencies alongside rising
rates of obesity and diet-related non-communicable
diseases (NCDs) [25]. This paradox reflects structural
inefficiencies within food systems, including imbal-
anced agricultural priorities, inequitable distribution
networks, and aggressive marketing of ultra-processed
foods. Socioeconomic inequalities further exacerbate
disparities in nutritional outcomes. Income, education,
and geographic location significantly influence access
to healthy diets. Vulnerable populations, particularly
those in rural or marginalized urban settings, often face
barriers such as high food prices, limited availability of
fresh produce, and inadequate infrastructure. These

constraints contribute to dietary patterns that are sub-
optimal in both quality and diversity [26]. Address-
ing these inequities requires targeted interventions, in-
cluding social protection programs, improved market
access, and investments in local food systems. Another
critical dimension is the environmental sustainability
of food systems. Current production practices, par-
ticularly those associated with intensive agriculture
and livestock systems, contribute to greenhouse gas
emissions, land degradation, and water scarcity. These
environmental pressures not only threaten ecosystem
health but also compromise the long-term capacity of
food systems to provide adequate nutrition. Climate
change further amplifies these challenges by affect-
ing crop yields, food prices, and the stability of sup-
ply chains. Therefore, aligning nutritional objectives
with environmental sustainability is essential for en-
suring resilience and long-term food security. Con-
sumer behavior and dietary choices represent an im-
portant leverage point for transformation. Food pref-
erences are shaped by cultural norms, marketing in-
fluences, and socioeconomic factors. The widespread
availability and affordability of ultra-processed foods
have shifted consumption patterns toward diets that
are high in sugars, fats, and salt. Public health inter-
ventions aimed at modifying consumer behavior—such
as nutrition education, front-of-pack labeling, and fis-
cal policies—can play a significant role in promoting
healthier diets [27]. However, such interventions must
be complemented by structural changes within the
food system to ensure that healthy choices are ac-
cessible, affordable, and culturally acceptable. Gov-
ernance and institutional frameworks are equally in
shaping food systems. Effective policies must be co-
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particularly in irrigated cropping systems. Unsustain-
able water extraction can lead to depletion of aquifers,
reduced river flows, and increased competition among
sectors. Additionally, agricultural runoff containing
fertilizers, pesticides, and animal waste contributes
to water pollution, causing eutrophication and degra-
dation of aquatic ecosystems [10-11]. These environ-
mental impacts have direct and indirect consequences
for human health, including reduced access to clean
drinking water and increased exposure to contami-
nants. Another concern is food loss and waste, which
represents inefficiency across the food system. A sig-
nificant proportion of food produced is lost during
production, storage, transportation, and consumption
stages. This not only reduces food availability but also
results in unnecessary use of natural resources and in-
creased greenhouse gas emissions. Addressing food
waste through improved infrastructure, storage tech-
nologies, and consumer awareness is a key strategy for
enhancing sustainability [12-13]. The concept of sus-
tainable food systems emphasizes the need to balance
environmental integrity with food production goals.
This involves adopting practices that reduce emissions,
conserve natural resources, and enhance resilience to
climate change. Approaches such as climate-smart
agriculture, integrated farming systems, and circular
resource management offer promising pathways for
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provide diverse and nutrient-rich foods contribute to
these conditions. Conversely, overnutrition and obe-
sity have become increasingly prevalent, driven by the
widespread availability of energy-dense, nutrient-poor
foods [7]. These dietary patterns are strongly associ-
ated with NCDs, which are now the leading cause of
mortality worldwide. The coexistence of undernutri-
tion and overnutrition within the same populations
highlights the complexity of food system-related health
challenges [8]. Foodborne diseases represent another
important public health concern. Contamination of
food at various stages of the supply chain can lead to
outbreaks of illness, particularly in settings with inad-
equate food safety infrastructure. Addressing these
risks requires comprehensive monitoring and regula-
tion across the entire food system.

nvironmental Sustainability and Food Sys-
tems

Food systems are among the most significant drivers
of environmental change, exerting pressure on climate
systems, land resources, water availability, and biodi-
versity. Agricultural production alone contributes sub-
stantially to global greenhouse gas emissions through





