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Abstract  Nutrition  is  a  key  factor  in  the  development  of  non-communicable  chronic  diseases
(NCCDs), especially  cardiovascular  diseases  (CVD)  and  their  risk  factors.  The  ‘‘double  burden  of
malnutrition’’  (DBM)  is  the  coexistence  of  undernutrition  and  overnutrition  in  the  same  popula-
tion across  the  life-course.  In  Latin  America,  the  transition  from  a  predominantly  underweight
to an  overweight  and  obese  population  has  increased  more  rapidly  than  in  other  regions  in  the
world.

Undernutrition  and  the  micronutrient  deficiencies  particularly  iron,  zinc,  and  vitamins  A  and
D, present  high  heterogeneity  in  Latin  American  countries,  and  are  currently  considered  impor-
tant public  health  problems.  In  this  region,  NCCDs  account  for  50%  of  the  disability-adjusted
life-years,  led  by  CVD.  The  most  prevalent  cardiovascular  risk  factors  are  overweight,  obesity,
hypertension,  dyslipidemia  and  type  2  diabetes  mellitus.  Because  of  the  cost  of  treatment  and
the potential  years  of  life  lost  due  to  premature  death,  CVD  is  known  to  affect  the  poorest
segments  of  the  population,  affecting  communities,  and  governments.  More  than  80%  of  CVD

deaths occur  in  low-  and  middle-income  countries.  The  persistence  of  damage  in  some  cells  due
to undernutrition  may  explain  certain  findings  regarding  the  increase  in  NCCD.  These  aspects
together  with  epigenetic  changes  have  highlighted  the  importance  of  a  lifelong  approach  to
nutritional  policy  development.
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Reducing  DBM  requires  major  societal  interventions  in  public  health  and  nutrition  to  achieve
holistic change  that  can  be  sustained  over  the  long  term  and  spread  throughout  the  global
food system.  The  implementation  of  effective  state  policies  of  double  impact  actions  should
influence both  sides  of  the  burden  and  be  considered  an  urgent  priority,  considering  country-
specific inequalities  and  socio-demographic  differences  in  the  Latin  American  region,  using
diverse and  multidisciplinary  strategies.
©  2021  Sociedad  Española  de  Arteriosclerosis.  Published  by  Elsevier  España,  S.L.U.  All  rights
reserved.
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Desafíos  y  perspectivas  de  la  doble  carga  de  la  malnutrición  en  América  Latina

Resumen  La  nutrición  es  un  factor  clave  en  el  desarrollo  de  las  enfermedades  crónicas  no
transmisibles  (ECNT),  especialmente  las  enfermedades  cardiovasculares  (ECV)  y  sus  factores
de riesgo.  La  ‘‘doble  carga  de  la  malnutrición’’  (DCM)  es  la  coexistencia  de  desnutrición  por
defecto y  por  exceso  de  nutrientes  en  la  misma  población  a  lo  largo  del  curso  de  vida.  En  América
Latina, la  transición  de  una  población  predominantemente  desnutrida  a  otra  con  sobrepeso  y
obesidad ha  aumentado  más  rápidamente  que  en  otras  regiones  del  mundo.

La desnutrición  y  las  deficiencias  de  micronutrientes,  especialmente  de  hierro,  zinc  y  vitam-
inas A  y  D,  presentan  una  gran  heterogeneidad  en  los  países  latinoamericanos  y  se  consideran
actualmente  importantes  problemas  de  salud  pública.  En  esta  región,  las  ECNT  representan
el 50%  de  los  años  de  vida  ajustados  por  discapacidad,  encabezados  por  las  ECV.  Los  factores
de riesgo  cardiovasculares  más  prevalentes  son  el  sobrepeso,  la  obesidad,  la  hipertensión,  la
dislipidemia  y  la  diabetes  mellitus  tipo  2.  Debido  al  coste  del  tratamiento  y  a  los  años  de  vida
potencialmente  perdidos  debido  a  la  muerte  prematura,  se  sabe  que  las  ECV  afectan  a  los  seg-
mentos  más  pobres  de  la  población,  implicando  a  las  comunidades  y  a  los  gobiernos.  Más  del  80%
de las  muertes  por  ECV  se  producen  en  países  de  ingresos  bajos  y  medios.  La  persistencia  del
daño en  algunas  células  debido  a  la  desnutrición  puede  explicar  ciertos  hallazgos  relacionados
con el  aumento  de  las  ECNT.  Estos  aspectos,  junto  con  los  cambios  epigenéticos,  han  puesto  de
manifiesto  la  importancia  de  un  enfoque  permanente  en  el  desarrollo  de  políticas  nutricionales.

La reducción  de  la  DCM  requiere  importantes  intervenciones  sociales  en  materia  de  salud
pública y  nutrición  para  lograr  un  cambio  holístico  que  pueda  mantenerse  a  largo  plazo  y
extenderse  a  todo  el  sistema  alimentario  mundial.  La  implementación  de  políticas  estatales
efectivas  de  acciones  de  doble  impacto  debe  influir  en  ambos  lados  de  la  carga  y  ser  consid-
erada una  prioridad  urgente,  teniendo  en  cuenta  las  desigualdades  específicas  de  cada  país  y
las diferencias  sociodemográficas  en  la  región  latinoamericana,  utilizando  estrategias  diversas
y multidisciplinarias.
©  2021  Sociedad  Española  de  Arteriosclerosis.  Publicado  por  Elsevier  España,  S.L.U.  Todos  los
derechos reservados.
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t  all  stages  of  the  life  cycle,  diet  and  nutrition,  are
ey  factors  associated  with  the  development  of  numerous
on-communicable  chronic  diseases  (NCCDs),  including  car-
iovascular  diseases  (CVD),  hypertension,  type  2  diabetes
ellitus  (T2DM),  and  cancer.1

International  public  health  has  been  successful  in  over-
oming  major  deficiencies  with  health  consequences.  In
atin-American  countries,  there  is  a  continuing  struggle
o  fight  the  issues  of  undernutrition.2 These  countries  are

tarting  to  have  an  even  greater  burden  due  to  overnutri-
ion.  This  situation  is  due  to  the  nutrition  transition  and
hanges  in  dietary  habits  and  lifestyles,  which  have  resulted
n  new  conditions  with  notable  consequences  on  health.

a
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2

he  variables  associated  with  the  nutrition  transition  and
he  obesity  epidemics  can  be  grouped  into  approaches,
hich  include  the  following  domains  with  respect  to
ifferent  environments:  health/biological,  economic/food,
hysical/built,  and  socio-cultural.3

In  relation  to  ‘‘severe  acute  undernutrition’’  the  World
ealth  Organization  (WHO)  defines  it  as  a  weight-for-

ength/height  below  −3  z-scores  of  the  median  WHO  growth
tandards  or  severe  wasting;  ‘‘moderate  to  acute  under-
utrition’’  is  characterized  by  weight-for-age  between  −2
nd  −3 z-scores  below  the  median  growth  standards  and
ay  refer  to  low  weight-for-height  or  low  height-for-
ge,  or  a  combination.  The  term  ‘‘chronic  undernutrition’’
efers  to  linear  growth  failure,  failure  to  thrive  or  stunt-
ng.  This  type  of  malnutrition  is  based  on  the  child  being



 IN+Model
A

erio

b
a
t
g

i
p
t
l
h
g
t
i
i

i
t
b
i
j
t
a

b
p
t
s
t
t
d
m
m
p
p

U

O

S
w
o
e
a
h
I
t
n
c
i
r

a
i
i
p
t
i

o
t

U
a
v
a
i

P
d

W
m
u
i
u

f
H
a
v
B
i
B
c
i
d

i
a
A
r
p
n
i

E

E
e
T
b
j
b
t
t
L
i
f
e
p
q
i
m
a
b

1

ARTICLERTERI-621; No. of Pages 14

Clinica  e  Investigacion  en  Art

elow  −2  standard  deviations  for  the  length/height-for-
ge  growth  indicator.  The  term  ‘‘hidden  hunger’’  refers
o  lack  of  compliance  with  micronutrient  intake  tar-
ets.

The  ‘‘double  burden  of  malnutrition’’  (DBM)  is  the  coex-
stence  of  undernutrition  and  overnutrition  in  the  same
opulation  across  the  life-course.4 DBM  concerns  all  coun-
ries  and  is  particularly  worrying  in  regions  with  high
evels  of  stunting.  The  consequences  of  DBM  are  huge  and
ave  important  repercussions  associated  with  impaired  child
rowth  and  development,  increased  susceptibility  to  infec-
ious  diseases,  and  increased  risk  of  overweight,  especially
n  terms  of  increased  risk  of  visceral  fat  and  of  NCCDs,  later
n  life.

Solutions  to  fight  the  effects  of  DBM  are  well  recognized
n  each  of  its  aspects,  both  undernutrition  and  overnutri-
ion.  However,  at  the  present  time  the  solutions  have  not
een  combined  with  each  other  and  with  the  overall  pol-
cy  and  programmatic  frameworks.5 Awareness  raising,  and
oint  study  and  research  in  each  approach  is  therefore  essen-
ial  to  avoid  serious  future  consequences,  especially  for  low-
nd  middle-income  countries.

Although  malnutrition  in  all  its  forms  and  the  DBM  have
een  studied  for  decades,  they  continue  to  be  public  health
roblems  of  great  importance  that  affect  different  coun-
ries  of  Latin  America  in  widely  differing  levels.  Indeed,  it
eems  necessary  to  update  the  main  issues  and  solutions  to
hese  problems  in  the  region.  Therefore,  the  objective  of
he  present  perspective  study  is  to  compile  the  latest  evi-
ence  on  undernutrition  in  all  its  forms  and  the  DBM  in  the
ain  countries  of  Latin  America,  as  well  as  to  describe  the
ain  lines  of  action  and  opportunities  to  intervene  com-
rehensively  on  these  issues,  with  a  special  focus  in  the
revention  of  NCCDs.

ndernutrition

rigin  and  causes

ince  1980  the  United  Nations  system,  guided  by  the  frame-
ork  created  by  UNICEF,  has  described  the  manifestations
f  undernutrition.  The  basic  causes  include  the  lack  or  inad-
quate  distribution  of  resources.  Lack  of  resources  impairs
ccess  to  food,  the  provision  of  care,  and  the  availability  of
ealth  services,  which  are  referred  to  as  underlying  causes.
mmediate  causes  include  insufficient  food  consumption  and
he  occurrence  of  disease.  The  six  possible  causes  of  all
utrient  deficiencies  have  been  defined  globally:  insuffi-
ient  intake,  reduced  absorption,  increased  expenditure,
ncreased  destruction,  inadequate  utilization,  and  increased
equirements.

The  issue  is  extremely  complex  because  of  the  synergistic
nd  adverse  interactions  between  nutrient  limitations  and
nflammation-infection  stress,  e.g.,  energy  intake  during
nfections  could  decrease  due  to  insufficient  caloric  intake,
oor  appetite  or  to  impaired  nutrient  absorption;  in  addi-
ion,  malnourished  children  are  more  likely  to  suffer  from

nfections  which,  in  turn,  lead  to  increased  malnutrition.6,7

The  research  approaches  to  malnutrition  have  focused
n  undernutrition  in  terms  of  insufficient  energy  or  pro-
ein  intake,  micronutrient  deficiencies  or  food  insecurity.4
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ndernutrition  in  the  first  years  of  life  is  an  underlying  cause
ssociated  with  one  third  of  young  child  deaths.  Among  sur-
ivors  who  are  stunted  in  the  first  two  years  of  life,  their
bility  to  resist  disease,  perform  physical  labor,  and  progress
n  school  is  impaired  throughout  life.3

revalence  of  undernutrition  and  micronutrient
eficiencies

ith  regard  to  stunting,  it  is  notable  that  children  in
arginalized  areas  are  most  affected  by  linear  growth  fail-

re,  starting  from  pregnancy  until  24  months  of  age.  Living
n  a  poor  community  increases  the  risk  of  stunting  in  children
nder  5  years  of  age.

In 2015,  a  study  on  the  prevalence  of  stunting  using  data
rom  Latin  American  countries  was  published.2 Haiti  and
onduras  had  a  high  prevalence  (30---39%)  and  Guatemala

 very  high  prevalence  (>40%)  of  stunting.  Peru,  El  Sal-
ador,  Belize,  Nicaragua,  Saint  Vincent  and  the  Grenadines,
olivia,  and  Ecuador  had  a  medium  prevalence  of  stunt-

ng  (20---29%).  In  a review  published  in  2017,8 comparing
razilian  regions.  The  northern  region  had  the  worst  living
onditions,  and  children  under  five  years  of  age  had  signif-
cant  height-for-age,  weight-for-age,  and  weight-for-height
eficits.

According  to  the  publication  of  López  de  Romaña  et  al.
n  20159 micronutrient  deficiencies,  especially  iron,  zinc,
nd  vitamins  A  and  D  are  of  enormous  importance  in  Latin
merican  countries  and  are  issues  of  great  public  health
elevance.  More  details  of  the  specific  deficiencies  are
rovided  in  different  studies  and  reviews.9---15 Data  of  under-
utrition  and  the  main  micronutrient  deficiencies  observed
n  Latin  America  is  shown  in  Table  1.

arly  life  programming

xposure  to  undernutrition  early  in  life,  with  subsequent
xcess  weight  gain,  increases  the  risk  of  developing  NCCDs.
his  situation  is  due  to  the  establishment  of  a  high  metabolic
urden  based  on  a depleted  homeostasis  capacity.  These  tra-
ectories  through  the  stages  of  the  life  cycle  are  defined
y  social  factors,  including  rapid  changes  in  dietary  pat-
erns  and  physical  activity.4 In  2015,  it  was  suggested  that
he  higher  prevalence  of  CVD  and  metabolic  diseases  in
atin  American  countries  may  be  the  result  of  the  dispar-
ty  between  a restrictive  nutritional  environment  during
etal  development  and  infancy,  and  a  nutritionally  abundant
nvironment  later  in  life.16 Consequently,  Latin  American
opulations  may  be  more  vulnerable  to  the  health  conse-
uences  of  obesity  than  individuals  with  similar  lifestyles
n  high-income  countries.  These  negative  effects  may  be
ediated  by  an  increase  in  pro-inflammatory  markers  and

 decrease  in  muscle  mass  and  strength,  conditions  that  can
e  observed  in  subjects  with  low  birth  weight.

In  a  study  that  followed  7.3  years  (642,552  person-years),
372  incident  cases  of  T2DM  were  identified.17 Participants

xposed  during  childhood  to  hunger  showed  an  increased  risk
f  developing  T2DM  later  in  life.  The  coexistence  of  prenatal
ndernutrition  and  abdominal  obesity  in  adulthood  has  been
ssociated  with  an  increased  risk  of  T2DM.
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Table  1  Prevalence  of  stunting  and  micronutrient  deficiency  in  different  Latin  American  countries  by  age  group.

Country  Total  population
%

Children
(<6  y)  %

Adolescent
(11  y)  %

Women
(12---51  y)  %

Women
(20---49  y)  %

Stunting Anemia  Zinc  Anemia  Zinc

Argentina2,10 8  16.5  ---  18.7  ---
Bolivia2,10 27  61.3  ---  38.3  ---
Brazil2,10,11 7  20.9

23.1---80.6
---  29.4

16.1---81.8
---

Chile2,10 2  4.0---14.0  ---  5.1  ---
Colombia2,10 13  27.5  41.4---56.3  7.6  ---
Costa Rica2,10 6  4.0  ---  10.2  ---
Cuba2,10 4.6 26.0  --- ---  ---
Dom Republic2,10 10  28.0  --- 34.0  ---
Ecuador2,10 29  25.7  19.1---44.4  15.0  56.1a

El  Salvador2,10 21  26.0  ---  10.0  ---
Guatemala2,10 48  47.7  24.8---41.8  21.4  ---
Haiti2,10 30  60.6  ---  45.5  ---
Honduras2,10 30  37.3  ---  18.7  ---
Mexicob,2 14  19.9---23.7  25.4---29.2  15.5  28.1
Nicaragua2,10 23  20.1  ---  11.2  ---
Panama2,10 19  36.0  ---  40.0  ---
Peru2,10 20  32.9  ---  17.7  ---
Uruguay2 15  ---  ---  ---  ---
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y: years old.
a 12---46 y old women.

In  a  study  published  in  2020,  underweight  was  found  to
e  negatively  associated  with  systolic  and  diastolic  blood
ressure.18 In  this  research,  stunting  was  associated  with
ower  systolic  blood  pressure  levels  and  underweight  was
ssociated  with  increased  diastolic  blood  pressure.  Stunting
nd  underweight  were  associated  with  lower  school  perfor-
ance.
Epigenetic  modifications  are  a  mechanism  leading  to

arly  disease  programming.  Recent  research  has  examined
nvironmental  factors  that  interact  during  critical  windows
n  early  life  and  would  indicate  epigenetic  signals  related
o  hypertension.19 These  mechanisms  include  malnutrition,
xidative  stress,  inflammation,  and  microbiota  modification.
ome  epigenetic  keys  are  related  to  DNA  methylation,  his-
one  covalent  modifications  and  the  potential  relationship
f  microRNAs  in  blood  vessels.

A  systematic  review  and  meta-analysis  concluded  that
etal  and  childhood  exposure  to  famine  (respectively)  were
ositively  associated  with  the  risk  of  diabetes  (RR  1.37,
R  1.33),  metabolic  syndrome  (MS)  (RR  1.26,  RR  1.24),
ypertension  (RR  1.30;  RR  1.33),  hyperglycemia  (RR  1.27;
R  1.25),  dyslipidemia  (RR  1.48;  RR  1.27),  obesity  (RR
.19;  RR  1.13),  overweight  (RR  1.17;  RR  1.07),  coronary
eart  disease  (RR  1.22;  RR  1.21)  and  moderate  to  severe
on-alcoholic  fatty  liver  disease  (RR  1.66;  RR  1.68).20

A  review  has  recently  been  published  on  the  effects  of
icronutrient  deficiencies  in  relation  to  metabolic  health.21

he  stress  response  due  to  amino  acid  deprivation  and  dys-
ipidemia  and  how  these  conditions  modulate  diseases  such

s  atherosclerosis  have  been  described.  Metabolic  starvation
nd  inflammation  are  strongly  regulated  by  environmental
nutrition  of  the  gut  microbiome)  and  non-environmental
genetics)  factors.  The  relationship  between  nutritional

a
A
c
(

4

tatus  and  the  risk  of  atrial  fibrillation  has  also  been  shown
o  be  U-shaped.22 Individuals  who  are  obese  or  underweight
r  who  had  a  low  birth  weight  may  have  an  increased  risk
ssociated  with  atrial  fibrillation.

verweight and obesity

n  adults,  the  WHO  defines  overweight  as  BMI  ≥  25  kg/m2

nd  obesity  as  BMI  ≥  30  kg/m2. For  children  under  5  years
f  age,  overweight  is  defined  as  being  more  than  two  stan-
ard  deviations  above  the  median  weight-for-height  WHO
hild  growth  indicator  and  obesity  is  defined  as  being  more
han  three  standard  deviations  above  the  median  weight-
or-height  WHO  indicator.  For  children  aged  5---19  years,
verweight  is  defined  as  being  more  than  one  standard  devi-
tion  above  the  median  BMI-for-age  growth  indicator  and
besity  is  defined  as  greater  than  two  standard  deviations
bove  the  median  BMI-for-age  WHO  child  growth  standard.

In  the  last  two  decades,  the  prevalence  of  obesity  has
ncreased  drastically  worldwide,  being  one  of  the  main
auses  of  disability  and  mortality  in  the  world.23 In  Latin
merica,  the  transition  from  a  predominantly  underweight
o  an  overweight  and  obese  population  has  increased  more
apidly  than  other  regions  in  the  world  and  even  more  in
ower-income  individuals  (prevalence  >  60%  overweight  and
besity  has  been  reported).  In  a  2016  consensus  state-
ent,  the  Latin  American  Federation  of  Obesity  Societies

FLASO)  reported  that  Bolivia,  Mexico,  and  Guatemala  were

t  the  highest  point  of  obesity  prevalence  of  all  the  Latin
merican  countries,  each  with  prevalence  above  30%.  In
ontrast,  Ecuador  had  the  lowest  prevalence  of  obesity
14.2%),  although  recent  reports  indicate  higher  levels  in
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his  country.  Overweight  and  obesity  affected  three  out  of
our  adults  in  the  Southern  Cone  of  Latin  America.24,25

In  addition,  data  presented  by  the  Non-Communicable
iseases  Risk  Factor  Collaboration  show  a  more  rapid

ncrease  in  childhood  and  adolescent  obesity  than  in
dulthood.26 However,  the  rise  in  prevalence  in  recent
ecades  has  affected  all  age  groups.  The  prevalence  of  over-
eight  in  children  under  five  years  in  Latin  American  and  the
aribbean  is  currently  at  7.5%,  while  globally,  it  is  5.9%.26,27

oreover,  two  out  of  every  three  overweight  children  in
atin  America  live  in  a  South  American  country.26

This  high  prevalence  is  probably  associated  with  changes
n  food  systems  and  living  environments,  characterized
y  increased  availability,  accessibility,  and  affordability  of
ltra-processed  foods,  which  have  led  to  changing  dietary
atterns  and  diet  quality,  promoting  excessive  energy  and
ritical  nutrients  intake  (sugar,  salt,  and  saturated  and  trans
at)  across  all  age  groups  and  socioeconomic  levels.

Moreover,  obesity  is  a  major  risk  factor  for  several  NCCDs,
uch  as  hypertension,  MS,  T2DM,  CVD,  and  other  health
utcomes  that  affect  adult’s  health  but  now  are  emerging
ithin  children  and  adolescents.  In  terms  of  disease  burden

n  Latin  American  countries,  NCCDs  account  for  50%  of  the
isability-adjusted  life-years  (DALYs),  led  by  CVD.23,28

arly  life  programming

besity  during  pregnancy  has  been  proposed  as  a  condition
hat  impacts  on  the  developing  child  through  early  life  pro-
ramming.  Maternal  obesity  has  been  associated  with  the
isk  of  obesity,  metabolic  dysregulation,  hypertension,  and
yslipidemia  in  child.29 A  review  has  indicated  that  undernu-
rition  in  utero  alters  the  structure,  and  metabolism  of  the
rganism,  increasing  the  risk  of  developing  atherosclerosis
nd  insulin  resistance  at  later  stages  of  life.30 Disturbances
etween  prenatal  and  postnatal  environments  have  effects
n  body  fat  and  insulin  resistance.  Insulin-like  growth  factor

 mass  concentrations  and  plasma  lipoprotein  levels  in  the
eonatal  period  would  be  related  to  fat  accumulation.

besity  and  Non-Communicable  Chronic  Diseases

ypertension
pidemiological  data,  show  that  obesity  or  overweight  is
ighly  prevalent  among  hypertensive  populations,  and  that
besity  could  predispose  people  to  hypertension  and  CVD,31

he  second  being  the  main  risk  factor  of  death  in  Latin  Amer-
can  countries.32 By  2025,  according  to  current  projections,
t  is  estimated  that  80---90%  of  the  Latin  American  urban
opulation  will  be  affected  by  hypertension  and  obesity.32

ompared  with  other  populations,  Latin  Americans  seem  to
ave  a  prevalence  of  clustering  of  hypertension  with  T2DM
nd  lipid  abnormalities.  The  prevalence  of  the  MS  in  Latin
merica  ranges  from  25%  to  45%  and  it  is  increasing.  Finally,  a
ystematic  review 31suggests  that  hypertension  may  be  asso-
iated  with  socio-economic  inequalities  in  Latin  America  and
aribbean  populations.
ype  2  Diabetes  Mellitus
mong  the  NCCDs,  T2DM  has  become  a  global  health
hallenge  with  particular  effects  in  Latin  America.  T2DM

c
h
r
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revalence  has  been  steadily  increasing  in  all  Latin  America
nd  the  Caribbean  for  the  past  three  decades  with  spe-
ial  emphasis  in  the  Caribbean  region  where  it  reaches  15%,
ausing  it  to  become  one  of  the  most  urgent  public  health
roblems  to  undertake  in  the  region.33 In  2019,  it  was  esti-
ated  that  the  number  of  persons  with  diabetes  in  Latin
merica  was  31.6  million  and  is  predicted  that  by  2030,  the
umber  will  increase  to  40.2  million,  and  to  49.1  million  by
045.34

From  2005  to  2020,  the  prevalence  of  T2DM  across  Latin
merica  has  been  assessed  within  individual  countries  and
hrough  multinational  studies  and  ranged  between  3  and
6.3%.34 The  International  Diabetes  Federation  estimates
hat  Brazil  (with  16  million)  and  Mexico  (with  12  million)
ontribute  the  highest  volume  of  adults  living  with  T2DM,
ollowed  by  Colombia,  Argentina,  Venezuela,  and  Chile  that
ontribute  the  second-highest  amount  of  prevalent  diabetes
ases.33

Observational  studies  have  characterized  a  higher  preva-
ence  of  T2DM  in  women  compared  to  men,  although  the
nderlying  mechanisms  are  not  fully  understood.35 T2DM  risk
ncreases  significantly  with  age,  especially  in  Latin  Amer-
ca  and  the  Caribbean.  Also,  obesity  has  a  highly  suggestive
ssociation  with  T2DM33;  for  instance,  the  increasing  preva-
ence  of  overweight  and  obesity  documented  across  Latin
merica  has  paralleled  the  rising  prevalence  of  diabetes

n  the  region.  It  is  important  to  emphasize  that  childhood
besity,  in  turn,  predicts  the  long-term  risks  of  T2DM  inde-
endently  of  adult  obesity.

yslipidemia

everal  studies  have  shown  that  lipid  metabolism  disor-
ers  are  significantly  associated  with  the  pathogenesis  of
therosclerosis,  a  key  process  for  the  development  of  CVD.
ne  third  of  coronary  artery  disease  cases  are  attributable
o  elevated  serum  low-density  lipoprotein  (LDL)  cholesterol
evels.36

The  INTERHEART  study  (n  =  29,972)  showed  that  obesity,
yslipidemia  and  smoking  together  account  for  78%  of  the
opulation  attributable  risk  in  Latin  American  countries.24

ata  from  the  CARMELA  study  (n  =  11,550)  reinforces  the
oncept,  showing  the  high  prevalence  of  these  risk  fac-
ors  in  Latin  American  cities  (Barquisimeto,  Bogota,  Buenos
ires,  Lima,  Mexico  City,  Quito,  and  Santiago).  These  studies
nd  other  local  research  also  suggested  that  low  high-
ensity  lipoprotein  (HDL)  cholesterol  was  the  most  common
yslipidemia.37

Carrillo-Larco  et  al.  reviewed  about  200  previous  studies
rom  across  Latin  America  and  the  Caribbean.  They  found
hat,  since  2005,  the  most  frequent  and  common  dyslipi-
emia  trait  was  low  HDL-cholesterol  in  this  region,  followed
y  elevated  triacylglycerols,  and  in  third  place,  high  LDL-
holesterol.38

Lipid  biomarkers  are  key  cardio-metabolic  risk  factors
nd  successful  improvement  of  these  at  the  patient  and
opulation  level  could  benefit  reduced  cardiovascular  out-

omes.  Therefore,  lipid  profiles  are  relevant  for  public
ealth  and  for  clinical  practice.39 Indeed,  they  are  a  major
isk  factor  for  cardiovascular  events,  including  ischemic
eart  disease  and  stroke.40,41
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Table  2  Data  of  overweight/obesity  and  the  main  NCCDs  observed  in  Latin  America.

Author  (reference)  Total  population/adults
(>18  y)  %

Children
(<5  y)  %

Overweight  and  obesity
Worldwide26 ---  5.9
Latin America45 30.5

27.  7  (M)
33.1  (W)

---

Latin America26,46 62.5
28.6  (OB)

7.2---7.5

Latin American  countries  (Argentina,  Brazil,  Chile,  Colombia,
Dominican  Republic,  Ecuador,  Guatemala,  Jamaica,  México,
Peru,  Trinidad  and  Tobago,  Venezuela)47

70a ---

México, Argentina,  and  Brazil48 45.6  ---
Argentina37,49,50 19.7  (OB)

23.1  (OB;  M)
16.8  (OB;  W)

33---42b

Bolivia50 ---  8.2---12.0
Brazil50 ---  31.4  (OW)a

7.3---22.2  (OB)
Chile37 26.6  (OB)

23.6  (OB;  M)
29.4  (OB;  W)

---

Colombia37,50,51 18.0  (OB)
12.8  (OB;  M)
22.0  (OB;  W)

16.7  (OW)b

3.4  (OB)b

4.3---18.9  (OW)c

0.5---5.2  (OB)c

Ecuador37,50 16.3  (OB)
10.3  (OB;  M)
22.4  (OB;  W)

29c

Guatemala50 ---  4.9  (OB)d

Haiti51 25.3  (M)
7.8  (W)

---

Mexico37,50,51 ---  21  (OW)d

10---31  (OB)
31.0  (OB;  M)
30.4  (OB;  W)
43.9  (OW)b

13.3  (OB)b

13.3---33.5  (OW)e

3.9---14.6  (OB)e

Peru37,50 22.3  (OB)
21.1  (OB;  M)
23.4  (OB;  W)

4.8---5.8
1.3  (OB)
19.8

Venezuela37 25.1  (OB)
23.5  (OB;  M)
26.1  (OB;  W)

---

Hypertension  Total  population/adults
(>18  y)  %

Children
(<5  y)  %

Latin  America24,45 20.2---29.1
21.1  (M)
19.4  (W)

---

Mexico,  Argentina,  and  Brazil48 53.2  ---
Argentina37,44,52,53 29.0---50.8

37.7  (M)
21.7  (W)

1.9  (pre-hypertension)
4.3---14.9b

Brazil44,52 52.5---52.6  8.5e

6
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Table  2  (Continued)

Chile37,44,52 23.8---  46.7
27.3  (M)
20.7  (W)

---

Colombia37,52,54 13.4---57
14.6  (M)
12.4  (W)

---

Ecuador37 8.6
7.2  (M)
10.1  (W)

---

Mexico37 11.7
11.2  (M)
12.1  (W)

---

Peru37,44 12.6---19.3
14.4  (M)
10.7  (W)

---

Uruguay44 51.6  ---
Venezuela37 24.7

27.5  (M)
22.9  (W)

---

Diabetes  mellitus  Total  population/adults
(>18  y)  %

Children
(<5  y)  %

Latin  America45 5.0
5.1  (M)
4.8  (W)

---

Latin American  countries  (Argentina,  Brazil,
Chile,  Colombia,  Dominican  Republic,
Ecuador,  Guatemala,  Jamaica,  Mexico,  Peru,
Trinidad  and  Tobago,  Venezuela)47

12  (M)
10 (W)

---

Argentina34,37,55 6.2---12.7
7.9  (M)
4.8  (W)

---

Brazil34,55 7.4---8.7  ---
Bolivia55 6.2  ---
Chile34,37,55 7.2---12.3

6.8  (M)
7.6  (W)

---

Colombia34,37,55 8.1---11.2
7.4  (M)
8.7  (W)

---

Costa Rica34,55 9.5---10.8  ---

Dominican  Republic34 3.5  ---
Ecuador34,37,55 2.7---5.9

4.6  (M)
7.3  (W)

---

El Salvador34,55 8.7---12.5  ---
Guatemala34,55 8.4---11  ---
Haiti34 14.1(W)

8.2  (M)
---

Honduras55 6.0  ---
Mexico34,37,55 8.9---13.7

8.0  (M)
9.7  (W)

---

Nicaragua55 10.0  ---
Paraguay34,55 7.4---9.7  ---
Peru37 4.4

4.3  (M)
4.6  (W)

---

7
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Table  2  (Continued)

Puerto  Rico34 26.8f ---
Uruguay34,55 6.0---6.6 ---
Venezuela34,37,55 6.0---8.0

5.6  (M)
6.3  (W)

---

Dyslipidemia  Total  population/adults
(>18  y)  %

Children
(<5)  %

Latin  America24,38,45,48 26.5---42  (High  TG)
29.9  (High  TG;  M)
23.3  (High  TG;  W)
8.9---40.5  (High  TC)
8.2  (High  TC;  M)
9.6 (High  TC;  W)
8.5---20  (High  LDL-C)
7.6  (High  LDL-C;  M)
9.3  (High  LDL-C;  W)
48---53.3  (Low  HDL-C)
32.8  (Low  HDL-C;  M)
32.8  (Low  HDL-C;  W)

---

Argentina37 18.7  (High  TC)
19.6  (High  TC;  M)
17.8  (High  TC;  W)

---

Chile37 15.3  (High  TC)
15.9  (High  TC;  M)
14.8  (High  TC;  W)

---

Colombia37 12.0  (High  TC)
12.4  (High  TC;  M)
11.7  (High  TC;  W)

---

Ecuador37 20.2  (High  TC)
21.6  (High  TC;  M)
18.8  (High  TC;  W)

---

Mexico37 16.4  (High  TC)
17.5  (High  TC;  M)
15.4  (High  TC;  W)

Peru37 11.6  (High  TC)
10.1  (High  TC;  M)
13.0  (High  TC;  W)

---

Venezuela37 5.7  (High  TC)
4.5  (High  TC;  M)
6.5 (High  TC;  W)

---

CVD Total  population/adults
(>18  y)  %

Children
(<5  y)  %

Worldwide47 16  (M)
13 (W)

---

Latin American  countries  (Argentina,  Brazil,  Chile,  Colombia,
Dominican  Republic,  Ecuador,  Guatemala,  Jamaica,  Mexico,
Peru,  Trinidad  and  Tobago,  Venezuela)47

10  (M)
18 (W)

---

Latin America43 13.8  (Macro)
15.2  (Micro)

---

Central  America  (Costa  Rica  and  Panama)43 9.6  (Macro)
4.1  (Micro)

---
8
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Table  2  (Continued)

Argentina43 13.0  (Macro)
10.0  (Micro)

---

Brazil43 15.3  (Macro)
19.2  (Micro)

---

Colombia43 18.0  (Macro)
21.4  (Micro)

---

Mexico43 13.0  (Macro)
17.1  (Micro)

---

Abbreviations.  CVD: cardiovascular disease; M: men; W:  woman; OB: obesity; OW: overweight; y: years old. Macro: Macrovascular Disease
(Coronary Artery Disease, Myocardial Infarction, Percutaneous Coronary Intervention, Heart Failure, Angina, Stroke, Diabetic Foot, and
Peripheral Artery Disease. Micro: Microvascular Disease (Peripheral Neuropathy, Retinopathy).

a <12 m.
b Adolescents.
c 5---14 y.
d 5---11 y.
e
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School-age children.
f >45 y.

ardiovascular  disease

he  CVD  and  diabetes  mellitus  are  the  leading  cause  of  mor-
idity  and  mortality  worldwide  and  in  Latin  America  and
he  Caribbean,  with  ischemic  heart  disease  and  stroke  being
he  leading  cause  of  premature  mortality  and  DALYs.28,42 In
erms  of  CVD,  first  myocardial  infarction  is  the  most  common
ause  of  death  among  all  CVD  deaths  in  Latin  America  and
ccurs  5---10  years  earlier  than  in  higher-income  countries,
uch  as  the  U.S.28

In  Latin  America,  the  most  prevalent  cardiovascular  risk
actors  are  overweight,  obesity,  hypertension,  dyslipidemia,
nd  T2DM.  Multiple  studies  have  identified  the  same  risk
actors  for  myocardial  infarction  or  stroke  in  different  pop-
lations,  although  other  regions  have  different  prevalence
nd  burden  of  disease.42

The  results  of  the  CESCAS  (Centro  de  Excelencia  en  Salud
ardiovascular  para  el  Cono  Sur)  I  study  (n  =  7524),  indicate
hat  behavioral  and  metabolic  risk  factors  for  CVD  are  high
n  the  general  adult  population  of  the  Southern  Cone  of  Latin
merica  (Argentina,  Chile,  Uruguay).  Only  0.1%  of  the  popu-

ation  met  the  seven  criteria  (no  smoking,  body  mass  index,
hysical  activity,  blood  pressure,  total  cholesterol,  glucose)
hat  define  the  Ideal  Cardiovascular  Health.42 In  the  DIS-
OVER  study  (n  =  1616),  developed  in  Mexico,  Costa  Rica,
anama,  Colombia,  Argentina,  and  Brazil,  the  prevalence
f  hyperlipidemia  and  hypertension  was  45.9%  and  55.55%,
espectively,  and  the  overweight  or  obesity  was  reported  in
3.8%  of  the  cases.43

Finally,  CVD  disproportionately  affects  the  poorest  seg-
ents  of  the  population,  affecting  families,  communities,

nd  governments  because  of  the  costs  of  treatment  and  the
otential  years  of  life  and  productivity  lost  due  to  prema-
ure  death  and  disability.  More  than  80%  of  CVD  deaths  occur
n  low-  and  middle-income.44

A  detailed  description  of  obesity  and  the  main  NCCDs
bserved  in  Latin  America  is  shown  in  Table  2.
9

he double burden of malnutrition

alnutrition  has  historically  been  investigated  through  two
ifferent  approaches:  focusing  on  undernutrition,  food  inse-
urity  and  micronutrient  deficiencies,  or  on  overweight,
besity  and  dietary  excesses.  Due  to  the  rapid  global  nutri-
ion  transition,  an  increasing  proportion  of  people  are  at  risk
f  different  forms  of  malnutrition  throughout  life.4

Although  research  on  DBM  is  a  leading  area  of  interest,
here  is  no  global  consensus  on  definitions.  The  DBM,  defined
s  the  coexistence  of  overnutrition  (overweight/obesity)
nd  undernutrition  (stunting  and  wasting),  needs  to  be
pproached  at  all  levels:  population-country,  city,  commu-
ity,  household,  and  individual.  In  addition,  it  is  noteworthy
hat  many  Latin  American  countries  indicate  that  multi-
le  forms  of  malnutrition  can  coexist  in  the  same  country,
ousehold  or  individual.56 Recently,  a  review  of  operational
efinitions  proposed  to  organize  DBM  by  three  dimen-
ions:  level  of  assessment,  target  population,  and  forms
f  malnutrition.  The  most  frequent  definitions  included
oexistence  of  overweight/obesity  and  thinness,  wasting
r  underweight  (n  =  289);  overweight/obesity  and  stunt-
ng  (n  =  161);  overweight/obesity  and  anemia  (n  =  74);  and
verweight/obesity  and  micronutrient  deficiency  (n  =  73).
he  authors  concluded  that  structuring  these  definitions
ould  facilitate  the  selection  of  the  most  appropriate
ndicators  to  intervene  on  public  health  priorities  more
ffectively.

Biological  and  social  pathways  are  highly  complex  and
nteract  with  all  forms  of  malnutrition.57 The  health
mpacts  of  DBM  include  remarkably  those  associated  with
ndernutrition,  impaired  child  development,  and  increased
usceptibility  to  infectious  diseases  and  those  related  to
xcess  weight  and  an  increased  risk  of  developing  NCCD.56

reventing  malnutrition,  especially  in  the  first  1000  days  of
ife,  has  health  and  economic  benefits  that  impact  all  stages
f  life.4
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Table  3  Double  Burden  of  Malnutrition  in  different  Latin  American  countries  by  age  groups.

Age  groups

Country  Children  (<5  y)  %  Adolescent  girls  (11---19  y)  %  Women  (20---49  y)  %

Overnutrition  Undernutrition  Overnutrition  Undernutrition  Overnutrition  Undernutrition

Overweight
/obesity

Wasting-
underweight

Stunting/
short
stature

Anaemia  Overweight/
obesity

Wasting-
underweight

Stunting/
short  stature

Anaemia  Overweight/
obesity

Wasting-
underweight

Stunting/
short  stature

Anaemia

Argentina59 9.9  1.6  7.4  15.2  22  1.2  6.2  15.2  43.8  0.4  10.5  19.8
Bolivia62 10.8  1.7  23.2  63.1  29.5  0.20  22.8  36.6  56.9  1.2  31.1  37.4
Brazil68 17.3  2.8  6.0  ---  18.4  (W)

20.5  (M)
2.8  (W)
3.7  (M)

5.5  (W)
7.3  (M)

---  42.2  (W)
47.9  (M)

3.9  (W)
1.7  (M)

5.7  (W)
0.2  (M)

---

Chile64 ---  ---  ---  ---  ---  ---  ---  ---  75.5  1.2  12.4  7.2
Colombia67 5.2  1.2  13.8  27.4  16.2  1.8  11.0  7.8  45.2  2.9  11.3  12.4
Ecuador60 8.6  2.4  25.3  23.3  29.2  1.0  20.6  9.3  63.8  1.4  27.6  16.7
Guatemala66 4.9  0.7  46.7  ---  28.4  0.3  52.4  ---  56.6  1.3  ---  ---
Mexico63 9.7  2.8  13.6  23.3  36.0  1.6  13.1  7.7  70.6  1.5  ---  ---
Peru61 9.1  0.9  14.7  32.0  31.3  0.5  22.5  18.8  65.1  0.9  34.3  20.3
Uruguay69 9.8  1.0  4.6  ---  ---  ---  ---  ---  54.8  2.1  2.11  ---

Abbreviations. M: men; W: women; y: years old. Overweight/obesity: BMIZ > þ2 for children aged < 5 years; BMIZ > þ1 for girls/boys aged 11---19 years; and BMI ≥ 25.0 kg/m2 for women/men
aged 20---49 years. Wasting: WHZ < −2 for children aged < 5 years. Underweight: BMIZ < −2 for girls/boys aged 11---19 years; and BMI < 18.5 kg/m2 for women/men aged 20---49 years. Stunting:
HAZ < −2 for children aged < 5 years; HAZ < −2 for girls/boys aged 11---19 years. Short stature: height < 1.49 m for women/men aged 20---49 years.
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ituation  of  the  double  burden  of  malnutrition  in
atin  American  countries

n  update  on  data  in  Latin  American  countries  in  the
BM  (overnutrition,  and  undernutrition)  has  recently  been
ublished.58 In  these  studies,  national  health,  and  nutri-
ion  surveys,  it  has  been  possible  to  evaluate  the  situation
hrough  cross-sectional  analyses.  Detailed  data  can  be  found
n  a  number  of  studies  and  reviews.59---66 A  description  of  all
orms  of  malnutrition  in  different  Latin  American  countries
y  age  groups  is  shown  in  Table  3.

All  forms  of  malnutrition  have  shown  a  strong  relationship
ith  socio-economic  and  educational  inequalities.59 Malnu-

rition  disproportionately  affects  individuals  at  the  lowest
evels  of  income,  ethnic  minorities,  women,  and  those  with
ower  levels  of  education.60,62---64,66,67

ublic health challenges, policies, and future
esearch

BM  is  a  major  cause  of  disability  and  premature  death,
hich  could  be  targeted  by  comprehensive  policies  such
s  the  Action  Plan  for  the  Prevention  of  Obesity  in
hildren  and  Adolescents.46 The  current  epidemiological
ituation  and  major  policy  developments  provide  an  oppor-
unity  for  all  agencies  involved  to  engage  in  collaborative
fforts.  This  situation  encourages  the  development  of
omprehensive,  intersectoral  policies  to  address  DBM  by
trengthening  national  nutrition  surveillance  systems,  incor-
orating  detailed  monitoring,  evaluating  the  guidelines
eveloped  and  encouraging  increased  investments  in  nutri-
ion.  Subsequently,  the  effectiveness  of  these  actions  should
e  evaluated  with  the  aim  of  promoting  robust  long-term
olitical  commitment.70

The  Sustainable  Development  Goals  have  as  a  global  pri-
rity  the  goal  of  combating  malnutrition  in  all  its  forms  by
030.57 The  UN  Decade  of  Action  on  Nutrition  (2016---2025)
ims  to  accelerate  these  actions.  Food  systems  must  provide
ealthy,  safe,  accessible,  and  sustainable  diets.  The  nec-
ssary  changes  require  several  actions:  production,  trade
nd  distribution  processing,  price  policy,  marketing,  front-
f-package  labeling  and  waste  management.

Research  is  very  limited  in  the  Latin  American  region  and
ack  of  funding  severely  hampers  tackling  complicated  nutri-
ional  problems.  Some  institutions  have  strengthened  their
ommitment  to  improve  research  capacity,  as  well  as  to  fur-
her  identify  opportunities  for  action  to  eliminate  health
isparities.71 To  evaluate  the  nutrition  landscape  in  Latin
merican  countries  and  to  guide  future  efforts,  the  Pan
merican  Health  Organization  and  the  Micronutrient  Initia-
ive  identified  knowledge  gaps.  Even  though  Latin  American
ountries  have  made  progress  and  have  policies  in  place
o  address  undernutrition  and  micronutrient  deficiencies,
omprehensive  and  intersectoral  policies  to  address  obe-
ity  are  lacking.  The  support  programs  in  some  countries
uch  as  Brazil,  Colombia  and  Mexico  offer  an  opportunity
o  integrate  nutrition  actions  into  intersectoral  platforms  to

mprove  health.70

It  seems  that  T2DM  is  the  cause  and  result  of  a  risk
ycle  that  is  not  interrupted  and  healthcare  systems  of  the
egion  will  be  overwhelmed  by  the  combined  snowballing
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f  risk  factors  and  complications.33 While  obesity  and  T2DM
ave  a  negative  correlation  with  HDL-cholesterol,  exercise
ositively  affects  this  lipid  fraction72;  to  successfully
ncrease  HDL-cholesterol  in  Latin  American  countries,  it
s  also  necessary  to  reduce  obesity  and  diabetes  while
roviding  opportunities  for  physical  activity.55

The  economic,  social,  and  environmental  costs  of  hunger
inder  the  growth  and  development  of  individuals  and
ocieties.  It  is  suggested  that  nutritional  interventions
hould  consider  economic  evaluation  to  target  dual-function
nterventions  as  an  alternative  to  separate  stunting  and
verweight  programming.56

Several  countries  are  implementing  the  Caribbean  Public
ealth  Agency’s  Plan  of  Action,  which  is  supported  by  the
inistries  of  Health,  Education  and  Sport  to  develop  nutri-

ion  policies  and  strategies.  Examples  include  ‘‘Chile  Crece
ontigo’’,  which  integrates  health,  social  development,
nd  education  activities  to  optimize  children’s  growth  and
ognitive-motor  development.  Brazil  is  implementing  poli-
ies  to  engage  with  international  targets  on  food  security,
utrition  and  risk  factors  and  chronic  diseases.46 Eighteen
ountries  have  policies  to  address  undernutrition  and  few
ations  maintain  specific  policies  for  overweight  and  obesity.
utrition  actions  must  be  incorporated  into  food  security
olicies  and  should  be  part  of  education,  environment,
griculture,  development,  and  employment  policies.  Inte-
rated  and  specific  nutrition  promotion  and  chronic  disease
revention  policies  need  to  be  developed  in  each  country
hrough  intersectoral  engagement.73

onclusions

.  The  DBM  represents  a  major  risk  factor  for  the  occur-
rence  of  NCCDs  in  Latin  America  and  the  presence  of
those  diseases  represents  a  major  public  health  burden.

.  Latin  America  is  making  progress  in  reducing  undernutri-
tion  and  micronutrient  deficiencies.  However,  progress
in  the  reduction  of  overnutrition  is  lacking  overall.

.  There  is  a  need  of  policies  that  integrate  social,  health,
developmental,  and  educational  aspects  to  impact  both
sides  of  the  malnutrition  burden  with  the  determina-
tion  that  these  actions  can  be  sustainable,  applicable  to
region-specific  environments,  and  maintained  over  time.
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