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The  convergence  of  nutrition,  technology,  and  sports  has  gained  prominence  in  the  contemporary  scientific  landscape.  

The  application  of  artificial  intelligence  (AI)  in  sports  nutrition  has  revolutionized  clinical  practices,  research,  and  

personalized  nutrition  strategies.  This  article  analyzes  the  fundamentals  of  AI  applied  to  nutrition,  focusing  on  athletes  

and  physical  activity  practitioners,  considering  everything  from  dietary  personalization  algorithms  to  the  use  of  smart  

sensors  and  real-time  data  analysis.  The  article  also  discusses  the  ethical  and  regulatory  challenges  involved,  as  well  

as  future  prospects  for  the  integration  of  AI,  nutrition,  and  sports  performance.  Based  on  references  updated  to  June  

2024,  the  work  uses  accessible  scientific  language  and  is  structured  into  six  sections  and  an  extended  conclusion,  in  

accordance  with  ABNT  standards.
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The  convergence  of  nutrition,  technology,  and  sports  has  gained  prominence  in  contemporary  scientific  discourse.  The  

application  of  artificial  intelligence  (AI)  in  sports  nutrition  is  revolutionizing  clinical  practices,  research,  and  personalized  

dietary  strategies.  This  article  analyzes  the  fundamentals  of  AI  applied  to  nutrition,  focusing  on  athletes  and  physically  

active  individuals,  encompassing  personalized  algorithmic  diets,  smart  sensors,  and  real-time  data  analysis.  Ethical  

and  regulatory  challenges  are  also  addressed,  as  well  as  future  prospects  of  integrating  AI,  nutrition,  and  sports  

performance.  Based  on  up-to-date  references  until  June  2024,  the  work  adopts  accessible  scientific  language,  structured  

into  six  sections  and  an  expanded  conclusion,  in  accordance  with  ABNT  standards.
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Therefore,  the  inclusion  of  AI  in  sports  nutrition  is  not  a  mere  trend,  but  a  promising  structural  
transformation.  Understanding  its  fundamentals,  limitations,  and  potential  is  crucial  for  healthcare  
professionals,  researchers,  and  athletes  seeking  a  competitive  edge  based  on  science  and  
innovation.

2-  Fundamentals  of  Artificial  Intelligence  Applied  to  Nutrition

It's  also  important  to  highlight  that  the  nutrition  technology  market  has  grown  exponentially.  
According  to  a  report  by  Global  Market  Insights  (2023),  the  nutrition  technology  sector  is  
estimated  to  reach  over  $50  billion  by  2030.  This  growth  is  driven  by  the  demand  for  personalized  
solutions,  the  rise  of  wearable  devices,  and  the  popularity  of  apps  that  use  AI  to  suggest  meals,  
adjust  macros,  and  analyze  physical  performance  in  real  time.

Artificial  intelligence,  in  its  broadest  sense,  refers  to  the  ability  of  machines  or  computer  systems  
to  perform  tasks  that  traditionally  require  human  intelligence.

Sports  nutrition  is  characterized  by  rigorous  protocols  that  consider  body  composition,  training  
intensity,  athletic  goals,  and  the  individual  characteristics  of  athletes.  Traditionally,  these  
approaches  were  built  on  clinical  observations  and  generic  protocols.  With  the  advent  of  AI,  it  
has  become  possible  to  identify  hidden  patterns  in  performance  and  metabolic  response  data,  
increasing  the  accuracy  of  nutritional  plans.  This  creates  a  new  paradigm  for  nutritionists  and  
coaches.

Studies  such  as  that  by  Liu  et  al.  (2022),  conducted  in  China,  demonstrate  how  machine  learning  
algorithms  can  predict  nutritional  deficiencies  based  on  laboratory  tests  and  lifestyle  information.  
This  predictive  capability  contributes  significantly  to  injury  prevention  and  maintaining  athletes'  
overall  health.  Furthermore,  AI  can  detect  inadequate  intake  patterns  even  when  imperceptible  
to  human  experts.

The  relationship  between  nutrition  and  physical  performance  is  widely  recognized  as  essential  
for  promoting  health  and  improving  athletic  performance.  Recently,  the  introduction  of  artificial  
intelligence  (AI)  in  this  context  has  led  to  substantial  changes  in  the  way  diets  are  planned,  
monitored,  and  adjusted.  By  enabling  the  analysis  of  large  volumes  of  biometric  and  behavioral  
data,  AI  represents  an  innovative  tool  for  nutritional  personalization.  Furthermore,  new  
technologies  expand  the  possibilities  for  integrating  nutrition  science,  sports,  and  technological  
development.  The  objective  of  this  section  is  to  contextualize  the  importance  of  this  topic  and  
present  the  relevance  of  AI  in  sports  nutrition.

1-  Introduction
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Integrating  these  systems  with  wearable  devices,  such  as  smartwatches  and  glucose  sensors,  
further  expands  their  analytical  capabilities.  These  devices  provide  continuous,  real-time  data  
on  heart  rate,  glucose  levels,  calorie  expenditure,  and  even  sleep  quality.
With  this  information,  AI  systems  dynamically  adjust  nutritional  recommendations,  increasing  
the  effectiveness  of  the  intervention.

Natural  language  processing,  in  turn,  enables  algorithms  to  understand  and  analyze  textual  
descriptions  about  food.  This  technology  is  essential  for  food  tracking  apps  and  virtual  
assistants,  which  offer  suggestions  in  understandable  language,  interpreting  user  commands.  
Thus,  NLP  significantly  contributes  to  practitioners'  engagement  and  adherence  to  proposed  
nutritional  strategies.

Another  emerging  technology  is  deep  learning,  a  subfield  of  machine  learning,  which  uses  
deep  neural  networks  to  analyze  complex  data.  Studies  such  as  that  by  Kwon  et  al.  (2023),  
conducted  in  South  Korea,  demonstrate  how  these  networks  can  associate  images  of  meals  
with  accurate  nutritional  information,  promoting  automation  in  dietary  assessment.
This  makes  nutritional  monitoring  more  agile  and  less  prone  to  human  error.

Machine  learning  allows  systems  to  learn  from  data  and  improve  their  performance  over  time,  
without  the  need  for  explicit  programming.  In  the  context  of  nutrition,  this  means  that,  by  
receiving  information  about  food  consumption,  biochemical  tests,  and  lifestyle  habits,  the  
algorithm  can  predict  energy  needs,  suggest  dietary  adjustments,  and  detect  potential  
nutritional  risks.  A  practical  example  is  the  use  of  artificial  neural  networks  to  analyze  digital  
food  diaries,  identifying  nutritional  deficiencies  even  before  they  become  clinically  evident.

In  nutrition,  these  tasks  range  from  recognizing  dietary  patterns  to  developing  personalized  
data-driven  nutritional  intervention  strategies.  This  section  discusses  the  AI  principles  most  
commonly  used  in  this  field,  such  as  machine  learning,  deep  learning,  and  natural  language  
processing  (NLP).

3-  Artificial  Intelligence  Applied  to  Sports  Performance

In  the  sports  field,  Artificial  Intelligence  has  established  itself  as  a  fundamental  tool  for  improving  
athletic  performance  and  supporting  athletes'  functional  nutrition.  With  the  help  of  advanced  
computer  systems,  it  becomes  possible  to  perform  biomechanical  analyses,  predict  injury  risks,  
optimize  muscle  recovery,  and  individualize  nutritional  intake  based  on  the  physical  exertion  of  
each  training  session  or  competition.

Therefore,  the  fundamentals  of  AI  applied  to  nutrition  form  a  solid  foundation  for  transforming  
sports  nutrition  practice.  The  personalization,  agility,  and  predictive  capabilities  of  these  
systems  represent  a  new  era  in  nutrition  science,  offering  direct  benefits  for  individual  health  
and  performance.
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The  use  of  AI  in  sports  nutrition  goes  beyond  high-performance  sports  and  is  already  reaching  
gyms,  functional  training  programs,  and  recreational  clubs.  Apps  like  Asensei,  Whoop,  and  
Zone  leverage  artificial  intelligence  to  provide  nutritional  and  fitness  feedback,  making  access  
to  technical  guidance  more  accessible  and  accurate.

Thus,  AI  applied  to  sports  and  nutrition  represents  a  new  standard  of  excellence,  capable  of  
uniting  science,  data,  and  performance  in  an  integrated  athlete  care  strategy.  Although  it  lacks  
broader  regulation,  it  already  demonstrates  scientific  robustness  and  promising  practical  
applicability.

AI  is  also  used  to  analyze  athletes'  behavior,  allowing  us  to  understand  how  emotional  and  
stress  factors  affect  nutritional  and  physical  performance.  The  correlation  between  emotional  
states,  salivary  cortisol,  and  food  choices  can  be  monitored  with  non-invasive  sensors,  guiding  
multidimensional  adjustments  in  athlete  support  strategies.

Studies  such  as  that  by  Thomas  et  al.  (2021),  published  in  the  Journal  of  the  International  
Society  of  Sports  Nutrition,  demonstrate  that  AI  applied  to  sports  significantly  improves  the  
effectiveness  of  nutritional  interventions.  Precision  in  macronutrient  distribution,  optimal  timing  
of  intake,  and  supplement  selection  are  improved  by  dietary  recommendation  models  based  
on  physiological  and  metabolic  data.

Football  clubs  like  Barcelona  FC  and  institutions  like  the  International  Olympic  Committee  have  adopted  artificial  

intelligence  systems  to  adapt  nutritional  plans  and  predict  the  physiological  impacts  of  different  training  routines.  This  

approach  increases  athletic  longevity  and  reduces  injury  rates.

High-performance  athletes  have  benefited  from  this  integration  with  consistent  results.

AI-based  platforms  can  integrate  data  from  devices  such  as  GPS,  accelerometers,  heart  rate  
monitors,  and  bioimpedance  scales,  cross-processing  this  information  with  machine  learning  
algorithms.  This  allows  for  the  creation  of  personalized  performance  and  nutritional  needs  
profiles  in  real  time.

The  incorporation  of  wearable  devices  and  smart  sensors  has  profoundly  reshaped  the  practice  
of  sports  nutrition.  Such  technologies  enable  continuous  monitoring  of  physiological  and  
behavioral  variables,  providing  valuable  data  for  real-time  nutritional  decisions.  This  represents  
a  significant  advance  in  the  individualization  of  nutritional  practices  in  high-performance  
contexts.

Wearables,  such  as  smartwatches,  chest  straps,  smart  clothing,  and  skin  sensors,  allow  the  
recording  of  parameters  such  as  heart  rate,  calorie  expenditure,  and  temperature.

4-  Wearable  Devices  and  Smart  Sensors  in  Sports  Nutrition
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In  short,  wearables  and  smart  sensors  expand  the  frontier  of  personalization  in  sports  nutrition,  
bringing  clinical  and  performance  benefits.  When  combined  with  qualified  professional  support,  
they  become  indispensable  tools  for  promoting  health  and  optimized  performance.

5-  THE  INFLUENCE  OF  TECHNOLOGIES  ON  SPORTS  NUTRITION

However,  challenges  remain  associated  with  the  cost  of  the  devices,  sensor  calibration,  and  the  ability  to  accurately  

interpret  the  data.  Furthermore,  continued  use  of  these  devices  requires  training  athletes  to  understand  and  engage  

with  automated  feedback.

Equipment  such  as  the  Gatorade  GX  Biosensor,  Lumen,  and  Nix  Hydration  Biosensor  exemplify  
the  new  generation  of  technologies  that  noninvasively  assess  the  body's  metabolic  responses  
and  provide  instant  nutritional  feedback.  This  automation  enables  more  accurate  decisions  about  
meal  timing,  muscle  recovery,  and  the  prevention  of  cramps  or  exhaustion.

Research  by  Dunne  et  al.  (2022),  from  the  University  of  Limerick,  shows  that  the  use  of  sensors  
integrated  into  sports  nutrition  improves  the  accuracy  of  energy  intake  and  reduces  post-activity  
recovery  time.  This  directly  translates  into  performance  gains  and  the  prevention  of  overtraining  
syndromes.

In  clinical  sports  practice,  nutritionists  have  used  these  tools  to  prescribe  dynamic  diets  that  
adjust  to  the  actual  effort  recorded  by  sensors,  overcoming  the  limitations  of  static  prescriptions.  
This  approach  is  especially  relevant  in  sports  with  high  load  variability,  such  as  triathlon,  CrossFit,  
and  team  sports.

body  mass  index,  hydration,  sweating,  and  heart  rate  variability  (HRV).  This  data  is  processed  
by  AI  algorithms,  which  recommend  adjustments  to  fluid,  electrolyte,  and  macronutrient  intake  
based  on  the  intensity  and  duration  of  physical  exertion.

This  is  enhanced  by  wearable  sensors,  which  collect  information  in  real  time,  such  as  calorie  
expenditure,  sweat  rate  and  hydration  levels,  elements  that  were  previously  estimated  in  a  
generalized  way.

The  application  of  advanced  technologies  in  the  field  of  sports  nutrition  has  proven  to  be  a  
strategic  differentiator  for  the  individualization  of  nutritional  monitoring.  Artificial  intelligence  (AI),  
combined  with  food  tracking  and  body  composition  analysis  software,  enables  the  creation  of  
highly  personalized  meal  plans.  According  to  studies  by  Sousa  et  al.  (2020),  data-driven  
personalization  offers  athletes  competitive  advantages  through  the  precise  identification  of  their  
metabolic  and  nutritional  needs.
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Additionally,  the  combination  of  sports  nutrition  and  nutritional  genomics  has  been  gaining  
ground,  allowing  dietary  plans  to  be  adjusted  based  on  the  individual's  genetic  profile.
This  approach,  known  as  nutrigenomics,  allows  for  the  identification  of  predispositions  to  
micronutrient  deficiencies,  food  intolerances,  and  specific  inflammatory  responses.  Studies  
such  as  those  by  Almeida  et  al.  (2023)  reveal  that  the  integration  of  AI  and  genetic  data  enables  
even  more  assertive  and  preventive  nutritional  interventions.

It's  important  to  highlight  that  adherence  to  technology-mediated  sports  nutrition  is  also  
influenced  by  athletes'  behavioral  and  sociocultural  profiles.  Tools  that  utilize  gamification,  
visual  feedback,  and  intuitive  reports  increase  engagement,  especially  among  young  people.  
According  to  Santos  and  Oliveira  (2021),  the  usability  and  visual  language  of  these  platforms  
are  crucial  to  the  success  of  personalized  nutritional  interventions,  promoting  greater  individual  
accountability  in  following  the  guidelines.

However,  the  use  of  these  technologies  demands  ethical  care  and  responsibility  when  handling  
athletes'  sensitive  data.  The  General  Data  Protection  Law  (LGPD),  in  effect  in  Brazil  since  
2020,  regulates  the  collection  and  storage  of  this  information,  requiring  explicit  user  consent  
and  transparency  in  data  processing  (BRASIL,  2020).  Therefore,  sports  nutritionists  must  work  
in  partnership  with  technology  and  legal  professionals,  ensuring  the  security  and  integrity  of  the  
collected  information.

Another  relevant  aspect  is  the  integration  of  these  technological  solutions  with  healthcare  
systems  and  sports  institutions.  Clubs,  training  centers,  and  Olympic  committees  have  been  
adopting  digital  platforms  that  interconnect  data  on  athletes'  nutrition,  physical  performance,  
clinical  health,  and  psychological  well-being.  This  provides  an  interdisciplinary  and  collaborative  
approach,  aligning  nutrition  with  other  aspects  of  sports  performance.  Research  such  as  that  by  
Costa  et  al.  (2022)  shows  that  athletes  monitored  with  integrated  technological  support  have  
higher  rates  of  improvement  and  shorter  recovery  times  after  intense  competitions.

According  to  Pereira  and  Lima  (2021),  these  tools  are  essential  for  predicting  nutritional  
deficiencies,  overtraining  risks,  and  supplementation  needs  at  specific  stages  of  the  training  
cycle.  This  personalized  prediction  capability  contributes  to  injury  reduction,  improved  
performance,  and  adherence  to  the  nutritional  plan,  and  is  also  relevant  for  weight  and  body  
composition  management.

At  the  same  time,  machine  learning  algorithms  enable  predictive  analysis  of  performance  and  
recovery,  helping  nutritionists  adjust  interventions  with  greater  precision.

Finally,  there's  a  growing  trend  of  startups  and  biotechnology  companies  focused  on  developing  
personalized  nutritional  solutions  based  on  AI  and  biometric  data  collection.  This  points  to  a  
promising  and  constantly  innovative  scenario.  In  this  context,  sports  nutrition  is  transforming  not  
just  a  clinical  field,  but  a  multidisciplinary  technological  ecosystem,  where  precision  and  
personalization  become  the  pillars  of  health  and  athletic  performance.
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Another  important  point  concerns  professional  autonomy.  Nutritionists  must  be  prepared  to  use  technology  

critically,  knowing  how  to  interpret  and  validate  AI  suggestions  without  sacrificing  their  clinical  judgment.  

Academic  training  needs  to  evolve,  incorporating  courses  on  data  analysis  and  bioinformatics  into  the  nutrition  

curriculum  (BRANDÃO;  COSTA,  2021).

Finally,  trust  in  AI  depends  on  the  transparency  of  the  algorithms  used.  Many  systems  operate  as  "black  

boxes,"  making  it  difficult  to  understand  the  proposed  decisions.  Data  science  applied  to  sports  nutrition  should  

prioritize  explainable  AI  models  to  allow  for  human  audits  and  review  (BARROS;  MATTOS,  2023).

Furthermore,  there  is  a  risk  of  elitizing  access  to  AI-based  nutrition,  which  could  increase  inequalities  in  sports.  

Clubs  and  athletes  with  greater  purchasing  power  would  have  significant  advantages  over  others,  compromising  

the  principle  of  equality  in  competitions.  The  ethical  and  legal  debate  on  equitable  access  to  these  technologies  

must  therefore  be  expanded  (SANTOS;  ALMEIDA,  2022).

The  future  of  sports  nutrition  is  intrinsically  linked  to  technology.  But  for  this  future  to  be  ethical,  inclusive,  and  

effective,  ongoing  dialogue  between  science,  legislation,  professionals,  and  athletes  is  necessary.  Only  then  

will  it  be  possible  to  extract  the  best  from  these  tools  without  compromising  the  fundamental  values  of  sport  

and  public  health.

Future  projections  indicate  that  the  integration  between  technology  and  nutrition  will  become  increasingly  

sophisticated,  incorporating  concepts  of  predictive  nutrition  and  nutrigenomics.  The  expectation  is  that,  with  

the  advancement  of  omics  sciences  (genomics,  metabolomics,  proteomics),  AI  systems  will  begin  to  

recommend  diets  based  on  individual  genetic  profiles,  which  could  revolutionize  sports  nutrition  monitoring  

(FONSECA;  MORAES,  2023).

However,  the  advancement  of  these  technologies  brings  with  it  significant  ethical  challenges.  Issues  such  as  

the  privacy  of  nutritional  data,  consent  for  the  use  of  genetic  information,  and  the  risk  of  nutritional  discrimination  

based  on  algorithms  are  relevant  concerns.  Data  protection  legislation  needs  to  keep  pace  with  these  

innovations,  ensuring  that  athletes'  rights  are  preserved  (MOURA;  REZENDE,  2022).

Another  anticipated  advancement  is  food  personalization  through  3D  food  printers,  which,  combined  with  AI,  

will  be  able  to  produce  tailored  meals  with  precise  nutritional  composition  for  each  athlete,  based  on  real-time  

data.  Studies  from  Maastricht  University  indicate  that  this  type  of  personalized  nutrition  could  reduce  the  risk  

of  cross-contamination  in  athletes  with  dietary  restrictions  (GOMES  et  al.,  2023).

6-  Future  Perspectives  and  Ethical  Challenges  of  Technology  in  Sports  Nutrition
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In  this  scenario,  interprofessional  collaboration  is  essential.  Nutritionists,  data  scientists,  biomedical  engineers,  and  

physical  educators  need  to  engage  in  integrated  dialogue,  promoting  holistic  solutions  to  the  nutritional  challenges  of  

today's  athletes.  Universities  and  research  centers  must  also  take  a  leading  role,  fostering  studies  on  the  effectiveness  

and  risks  of  these  emerging  technologies.

Therefore,  it  can  be  concluded  that  AI-assisted  sports  nutrition  is  not  a  passing  trend,  but  a  structural  transformation  

with  lasting  impacts.  When  used  responsibly  and  critically,  this  technology  has  the  potential  to  broaden  horizons,  

preserve  health,  and  maximize  athletic  performance,  contributing  to  a  smarter,  more  sustainable,  and  human-centered  

sports  practice.

Despite  advances,  significant  barriers  remain.  Unequal  access  to  technology,  the  lack  of  robust  legislation  on  the  use  

of  nutritional  data,  and  the  need  for  greater  algorithmic  transparency  pose  urgent  challenges.  Science  must  not  only  

produce  innovation  but  also  ensure  that  it  is  accessible  and  ethically  guided,  ensuring  that  progress  does  not  reinforce  

historical  inequalities  in  sport.
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