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A  B  S  T  R  A  C  T 

Background:  Physical  fitness  (PF)  is  a  crucial  indicator  of  long-term  health  in  children,  influencing  risks  for  cardiovascular  disease,  obesity,  and

 overall  mortality.  Despite  its  significance,  Italy  lacks  a  national  surveillance  system  able  to  track  PF  trends  in  children,  hindering  efforts  to  combat

 rising  obesity  rates.  This  study  aims  to  evaluate  temporal  trends  in  PF  through  a  possible  surveillance  system  in  elementary school  children.

 Methods:  A  repeated  cross-sectional  study  was  performed  and  consisted  of  assessing  five  PF  domains:  balance,  upper  and  lower  limb

 strength,  cardiorespiratory  fitness  (CRF),  and,  speed-agility,  along  with  BMI  z-scores.  PF  trends  were  analyzed  by  age  and  sex,  with  logistic

 regression  assessing  the  link  between  PF  and  obesity  risk.  Effects  sizes  (ES,  Cohen’s  d)  were  computed  to  describe  the  trend’s  magnitude.

 Results:  CRF  improved  across  all  ages,  especially  in  10–11-year-olds  (ES  >  1.00).  Younger  children  (6–9  years)  showed  gains  in  speed-agility,

 upper  and  lower  limb  strength,  but  these  plateaued  in  older  groups.  We  observed  a  decline  in  balance  in  10-year-old  boys.

 Conclusions:  Overall,  PF  levels  increased  over  time,  with  the  most  notable  improvements  observed  in  CRF.  Implementing  a  nationwide  PF

 surveillance  system  would  facilitate  continuous  tracking  of  fitness  trends,  enabling  policymakers  to  identify  declines  and  develop  targeted

 interventions.  
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Introduction  

Physical  fitness  (PF)  involves  different  domains,  including
 health-related  and  skill-related  components,  and refers  to  the
 ability  to  perfor  m  physical  activity  and  movements  efficiently
 and  effectively.  Health-related  PF  includes  several  key  com-
 ponents  such  as  cardiorespirator  y  fitness  (CRF),  muscular
 strength  (MS),  and flexibility,  which  are  closely  linked  to
 all-cause  mor  tality  and  associated  with  various  health  out-
 comes. 1  ,  2 For  instance,  both  CRF  and  MS  are  associated  with
 cardiovascular  health  and  lipid  metabolism. 1  ,  2

CRF  levels  are  better  predictors  of  all-cause  mor  tality  than
 conventional  risk  factors  such  as  smoking,  hyper  tension,  high
 

cholesterol,  and  diabetes. 3 Skill-related  PF  instead  refers  to
 a  wide  rang  e  of  domains  (i.e.  muscular  power,  speed-agility,
 balance)  implied  in  spor  ts  or  activities  and  related  to  motor
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competencies. 4 Although  this  categ  orization  appears  to  divide
 PF  into  distinct  domains,  in  reality,  skill-related  factors  influ-
 ence  health-related  perfor  mance  and  vice  versa. 5 Although
 overall  PF  is  a  significant  deter  minant  of  health,  it  is  fre-
 quently  evaluated  exclusively  within  the  context  of  the  health-
 related  domain,  with  the  skill-related  domain  receiving  com-
 paratively  limited  research  attention.  Only  a  few  studies  with
 re  presentative  samples  were  found  to  evaluate  skill-related 6  ,  7

and  most  of  the  studies  are focused  especially  on  CRF.  6  ,  8

In  addition,  due  to  the  rising  obesity  rates  in  children, 9

evaluating  the  PF  temporal  trends  in  children  and  adolescents
 has  become  a  topic  of  interest  for  many  researchers  in  past
 decades.  Analyzing  temporal  trends  in  youth  can  reveal  the
 impact  of  social  chang  e  and  population-based  inter  ventions,
 presenting  insights  into  the  future  health  of  young  g  enera-
 tions. 6 Moreover,  monitoring  PF  should  be  considered  cr  ucial
 since  it  could  help  monitor  the  spread  of  obesity  and  predict
 the  risk  for  future  health  problems.  10 Due  to  the  relevance  of
 PF  for  health, 5 many  nations  6  ,  8 star  ted  promoting  national
 sur  veillance  systems  to  track  PF  levels  of  the  youth.  For
 example,  in  2008,  Japan  implemented  the  National  Sur  vey  of
 Physical  Fitness,  Athletic  Perfor  mance,  and  Exercise  Habits
 (hereafter  called  the  JP  Fit). 8 Even  if  this  sur  veillance  system
 was  limited  to  5 th  and  8 th  g  rade  students,  it  allowed  testing
 97%  of  the  students  from  2013  at  the  school  level.  Moreover,
 in  Slovenia,  a  national  monitoring  system  to  evaluate  chang  es
 in  PF  of  children  and  adolescents  was  developed  in  1969,
 and  par  tially  thanks  to  this  system,  Slovenian  schoolchildren
 and  adolescents  are  among  the  most  active  in  the  world.  11

Unfor  tunately  while  there  is  a  sur  veillance  system  to  assess
 and  track  physical  activity  levels  in  the  Italian  population,  12

a  monitoring  system  to  evaluate  chang  es  in  PF  levels,  even  if
 critical,  has  not  been  implemented.  Since  reductions  in  PF  lev-
 els  were  frequently  obser  ved, 13  ,

 

14 this  g  ap  is  concer  ning  and
 could be  attributed  to  a  decline  in  physical  activity  levels  and
 chang  es  in  body  composition.  9  ,  15 Considering  the  re  por  ted
 falling  trends, 16 some  researchers  foresee  the  potential  neg  a-
 tive  effect  of  poor  PF  for  significant  public  health  issues. 15

Given  these  downward  trends,  some  Italian  regions  tried
 to  implement  new  monitoring  assessments  for  PF  levels.  In
 line  with  these  effor  ts,  we  introduced  a  PF  sur  veillance  system
 to  monitor  the  PF  and  anthropometric  characteristics  of  ele-
 mentar  y  schoolchildren. 17 For  this  reason,  the  primar  y  aim  of
 this  study  is  to  deter  mine  the  temporal  trends  of  the  PF  levels
 of  6-  to  11-year-old  schoolchildren  between  2014  and  2019. 

Methods  

Study  protocol 

T  he  data  described  in  this  study  follows  the  STrengthening
 the  Re  por  ting  of  OBser  vational  studies  in  Epidemiolog  y
 

(STROBE)  for  re  por  ting  cross-sectional  results  were  obtained
 from  the  sur  veillance  system  star  ted  in  a  nor  ther  n  region
 of  Italy  called  ‘MOVIMENTO  in  3S:  promozione  della
 SALUTE  nelle  SCUOLE  attraverso  lo  SPORT’  (MOVI-
 MENTO  in  3S:  promoting  Health  in  Schools  through  Spor  t).
 T  hrough  the  collection  of  PF  tests  and  anthropometric  data,
 the  project  aimed  at  monitoring  how  the  PF  chang  ed  over
 time.  T  he  University  of  Udine  Ethics  Committee  on  Human
 Research  for  Medical  Sciences  approved  the  experimental
 protocol  (N.  74/2010),  and  the  study  was  conducted
 following  the  guidelines  provided  by  the  Declaration  of
 Helsinki. 18 Before  giving  consent  to  par  ticipate  in  the  study,
 pur  pose,  and  objectives  were  thoroughly  explained  to  each
 child  and  their  parents.  T  hen,  verbal  consent  was  obtained
 from  the  children,  and  their  parents  or  leg  al  tutor  provided
 written  infor  med  consent.
 

Participants  

We  recr  uited  a  total  of  150  545  children  (ag  ed  from  6  to
 11  years  old;  girls  72  200  (48.0%)  from  2014  to  2019  (see
 Fig.  1)  and  they  were  considered  eligible  if  they  fulfilled  the
 following  criteria:  attending  elementar  y  school,  par  ticipating
 in  the  regular  school  physical  education  prog  ram,  being
 in  g  ood  health,  and  not  being  involved  in  other  studies.
 Exclusion  criteria  included  or  thopedic  injuries  that  occur  red
 in  the  past  six  months,  any  condition  preventing  par  ticipation
 in  physical  education  classes,  and  any  medical  condition  that
 restricted  the  ability  to  eng  ag  e  in  exercise.  All  measurements
 were  conducted  during  school  hours  at  the  school  spor  ts
 facilities,  assessing  both  anthropometric  measurements  and
 physical  fitness  parameters.  All  the  schools  par  ticipating  in  the
 project  were  contacted  via  email  by  the  University  of  Udine,
 and  they  were  all  located  in  urban  areas.  In  order  to  reduce  the
 risk  of  bias  in  perfor  ming  the  evaluations  and  collecting  the
 data,  all  the  evaluators  were  carefully  instr  ucted  by  the  study
 personnel  on  how  cor  rectly  perfor  m  and  collect  the  PF  tests’
 data.  Fig.  S1  re  por  ts  the  study  design  and  the  timeline  of  the
 study.
 

Anthropometric  characteristics 

T  he  sur  veillance  system  collected  data annually  at  the  school
 level,  from  mid-Se  ptember  to  mid-October.  Although  some
 children  may  have  been  assessed  in  more  than  one  year,
 individual  longitudinal  follow-up  was  not  considered.  T  here-
 fore,  each  annual  assessment  was  treated  as  an  inde  pendent
 obser  vation  cor  responding  to  a  child-year.  Measurements  of
 body  mass  and  height  were  conducted  following  the  standards
 set  by  the  Inter  national  Society  for  the  Advancement  of
 Kinanthropometr  y. 19 During  these  assessments,  par  ticipants
 were  barefoot  and  dressed  in  lightweight  exercise  clothing
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Figure  1  Temporal  trends  in  different  PF  domains  for  6  to  11  years  old  girls  (from  left  to  right)  from  2014  to  2019.  The  values  in  the  graph  are  estimates
 obtained  in  the  regression,  adjusted  for  BMI  z-score  and  peak  height  velocity.  The  fitness  components  measured  included  balance  (single  leg  standing,  1,  2,
 3,  4,  5,  6)  in  seconds  (s),  lower-limb  strength  (standing  broad  jump—SBJ,  7,  8,  9,  10,  11,  12)  in  centimeters  (cm),  cardiorespiratory  fitness  (multistage  fitness
 test,  13,  14,  15,  16,  17,  18)  in  milliliters  per  minute  per  kilogram  (ml/min/kg),  upper-limb  strength  (medicine  ball  throw—MBT,  19,  20,  21,  22,  23,  24)  in
 centimeters  (cm),  and  speed-agility  (10x5m  shuttle  run,  25,  26,  27,  28,  29,  30)  in  seconds  (s).  

(shor  ts  and  T-shir  t).  Body  weight  was  measured  with  a  balance
 scale  (Seca  864,  Seca  GmbH  and Co.,  Hamburg,  Ger  many),
 accurate  to  0.1  kg.  Height  was  recorded  using  a  stadiometer
 (Seca  216,  Seca  GmbH  and  Co.,  Hamburg,  Ger  many),  with
 a  precision  of  1  cm,  while  par  ticipants  stood  upright  with
 their  heads  aligned  in  the  Frankfor  t  plane.  T  he  collected
 data  were  used  to  calculate  the  BMIz-score  according  to
 the  World  Health  Org  anization  Growth  (WHO)  char  t  and
 equation.  20 Children  were  classified  as  with  obesity  if  they
 

had  a  BMI  z-score  higher  than  >  2  SD,  as  classified  by  the
 WHO.  Additionally,  using  a  modified  equation  by  Kozieł
 et  al.,  21 height  and  ag  e  were  used  to  predict  Maturity  offset:
 

For  girls:
 

Maturity  offset  (years)  =  − 7.709133  +  (0.0042232  ×
 (ag  e  ×  height)).
 

For  boys:
 

Maturity  offset  (years)  =  − 7.999994  +  (0.0036124  ×
 (ag  e  ×  height)).
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T  he  difference  between  the  chronological  ag  e  at  prediction
 and  the  maturity  offset  provided  an  estimate  of  the  ag  e  at  peak
 height  velocity  (PHV).  T  his  for  mula  was  chosen  because  it
 allows  for  an  accurate  estimation  of  PHV  using  only  simple
 anthropometric  measures,  comparable  to  the  accuracy  of
 more  complex  equations. 21

Physical  fitness  test  battery 
Pr  otocol  assessments  

T  he  evaluation  process  included  a  series  of  comprehensive
 PF  assessments  commonly  perfor  med  in  educational  settings.
 T  he  practical  tests  used  in  this  evaluation  are  reliable  and
 valid  tools  for  measuring  the  PF  of  young  people  and  ado-
 lescents.  Fur  ther  more,  these  assessments  are standardized,
 affordable  in  ter  ms  of  necessar  y  equipment,  and  simple  to
 conduct. 22 To  guarantee  that  all  spor  ts  scientists  executed
 the  tests  systematically,  a  seminar  was  held  to  thoroughly
 explain  the  procedures  for  conducting  and  documenting  the
 evaluations.  Additionally,  the  spor  ts  scientists  were  instr  ucted
 to  administer  the  PF  tests  in  a  consistent  order to  reduce
 potential  inter-rater  reliability  issues  among  the  evaluators.
 

Static  balance 

Children  perfor  med  the  standing  balance  test  to  assess  their
 static  balance  level. 23 T  hey  balanced  on  their  dominant  leg,
 kee  ping  the  other  leg  flexed  at  the  knee.  Each  child  had  1
 minute  to  practice  before  the  actual  test,  during  which  they
 stood  on  their  dominant  leg.  At  the  signal,  the  child  lifted  the
 dominant  heel  from  the  floor,  tr  ying  to  maintain  balance  for
 up  to  30  seconds.  T  he  trial  concluded  if  the  child  moved  their
 hands  from  the  hips,  shifted  the  suppor  ting  foot,  or  if  the
 non-suppor  ting  foot  moved  from  its  position.  A  stopwatch
 recorded  the  total  time  in  seconds  as  the  heel  was  raised  from
 the  floor,  up  to  a  maximum  of  30  seconds.
 

Upper  body  str  ength  

T  he  assessment  of  upper  body  explosive  strength  involved  a
 backward  throw  of  a  1  or  2  kg  medicine  ball  (1  kg  for  children
 in  ag  e  classes  I  and  II,  and  2  kg  for  those  in  classes  III,  IV,
 and  V).  Par  ticipants  were  instr  ucted  to  throw  the  ball  as  far  as
 possible  using  both  hands,  sitting  on  the  g  round  with  their  legs
 apar  t  and  their  back  leaning  ag  ainst  the  wall. 22  ,

 

24 Each  child
 perfor  med  the  test  twice,  and  the  long  est  throw,  measured  in
 centimeters,  was  recorded.
 

Lower  limb  str  ength  

Lower  limb  explosive  strength  was  assessed  using  a  standing
 broad  jump  test. 22 In  this  test,  each  child  star  ted  from  a
 

standing  position  and jumped  as  far  as  possible.  To  execute
 the  jump,  the  children  were  instr  ucted  to  bend  their  knees,
 extend  their  ar  ms  forward  parallel  to  the  g  round,  and  then
 swing  their  ar  ms  back  and  for  th  while  pushing  off  forcefully
 to  achieve  maximum  distance.  T  hey  were  instr  ucted  to  land
 with  their  feet  tog  ether  and  maintain  their  balance.  Each  child
 perfor  med  the  jump  twice,  with  the  g  reatest  distance  recorded
 in  centimeters.
 

Cardior  espirator  y  fitness 

T  he  20-meter  shuttle  r  un  test,  or  ‘Multistag  e  fitness  test,’  is
 one  of  the  most  used  field  assessments  for  evaluating  CRF.  25

T  his  test  is  straightforward,  easy  to  administer,  and  not  time-
 consuming.  It  requires  minimal  equipment,  and  it  allows  test-
 ing  many  individuals  at  once.  T  he  test  involves  r  unning  back
 and  for  th  between  two  20-meter lines  in  synchronization  with
 pre-recorded  audio  cues.  It  begins  at  a  speed  of  8.5  km/h,
 increasing by  0.5  km/h  ever  y  minute. 26 T  he  test  concludes
 when  a  par  ticipant  fails  to  reach  the  lines  in  sync  with  the
 audio  cues  twice  in  a  row.
 

T  hen  after  the  test  was  concluded  the  VO
 2  max  was  esti-

 mated  through  the  following  equation  26:
 

VO
 2  max  =  31.025  +  3.238  ∗  Speed  (km/h)—3.248  ∗

 Ag  e  +  0.1536  ∗  Ag  e  ∗  Speed  (km/h).
 

Speed-a  gility  

Speed-agility  was  evaluated  using  a  10  ×  5-meter  shuttle  r  un
 test. 27 For  this  test,  two  parallel  lines  were  marked  on  the
 floor  5  meters  apar  t.  T  he  par  ticipant  was  instr  ucted  to  r  un
 as  quickly  as  possible  from  the  star  ting  line  to  the  second
 line  and  back,  ensuring  at  least  one  foot  crossed  each  line  on
 ever  y  lap.  T  his  process  was  re  peated  five  times,  resulting  in  a
 total  distance  of  50  meters  (10  ×  5  meters).  T  he  timing  ended
 when  the  par  ticipant  crossed  the  finish  line  with  one  foot.  T  he
 duration  was  measured  with  a  standard  stopwatch.
 

Statistical  analysis 

All  data  were  manually  entered  into  a  spreadsheet  and  checked
 for  transcription  er  rors.  Our  analysis  was  stratified  into  g  roups
 based  on  test,  sex  and  ag  e  (e.g.  11-year-old  boys  underg  oing
 the  standing  broad  jump  test).  As  underlined  by  recent
 literature, 28  ,

 

29 maturity  and  BMIz-score  significantly  impact
 PF  test  perfor  mance,  therefore,  analyses  were  adjusted  for
 anthropometric  characteristics  and  maturity  offset.  BMIz-
 score-maturity-adjusted  temporal  trends  in  PF  tests  were
 deter  mined  using  an  analysis  of  covariance  (ANCOVA,  based
 on  a  linear  reg  ression  model)  or  a  weighted  least  squares
 reg  ression  for  each  test-sex-ag  e  g  roup,  with  cor  respond-
 ing  95%  confidence  inter  val  (CI  30).  Model  selection  was
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infor  med  by  the  Breusch-Pag  an  test  for  heteroskedasticity.
 T  hese  trends  were  then  expressed  per  5-years  in  absolute
 ter  ms  (reg  ression  coefficient),  percent  trends  (reg  ression
 coefficient  as  a  percentag  e  of  the  mean),  and  standardized
 Cohen’s  ES  (reg  ression  coefficient  divided  by  the  SD,  with  ES
 thresholds  of  0.2,  0.5,  and  0.8  for  small,  moderate,  and  larg  e,
 respectively,  and  ES  <  0.2  considered  negligible).  Population-
 weighted  mean  trends  were  calculated  for  boys,  girls,  and
 the  total  sample  using  post-stratification  weights  based  on
 ISTAT  sex-  and  ag  e-specific  population  estimates  for  Italy.
 As  a  sensitivity  analysis,  g  eneralized  linear  mixed  models
 (GLMM)  were  fitted  to  account  for  potential  within-child
 clustering  due  to  re  peated  measurements  in  a  subset  of
 par  ticipants,  including  fixed  effects  (BMI  z-score  and  maturity
 offset)  and random  interce  pts  for  individuals.  Annual  trends
 were  summarized  using  unstandardized year  coefficients
 with  95%  confidence  inter  vals  (  Supplementar  y  Figs  S2– S11;
 Tables  S1– S5).  To  fur  ther  explain  the  model’s  explanator  y
 power,  we  included  the  R-squared  (R  2)  values,  which  indicate
 the  propor  tion  of  variance  explained  by  the  model.  Higher
 R  2  values  indicate  a  better  model  fit. Additionally,  we
 created  g  raphical  re  presentations  based on  the  model’s
 estimates  to  visually  illustrate  the  trends  and  relationships
 over  time.  For  these  analyses,  a  p-value  of  <  0.05  was  used  to
 deter  mine  statistical  significance.  All  analyses  were  conducted
 using  R  software,  version  4.4  (R  Foundation  for  Statistical
 Computing),  the  ‘zscorer’  packag  e  was  used  to  compute  the
 BMIz-score  and  the  ‘lme4’  packag  e  to  perfor  m  the  GLMM.
 

Results 

T  he  descriptive  characteristics  of  the  total  sample,  divided  by
 sex,  are  presented  in  Table  1.
 

T  he  adjusted  temporal  trends  for  PF  perfor  mance  are
 detailed  in  Table  2.
 

T  hese  trends  varied  based  on  the  children’s  ag  es.  CRF
 was  the  only  domain  that  consistently  improved  across  all
 ag  e  g  roups.  For  children  ag  ed  6  to  9,  there  was  a  notable
 improvement  in  speed-agility,  as  well  as  upper  and  lower  limb
 MS  for  both  boys  and  girls  (Effect  Size,  ES,  >  0.20).  How-
 ever,  for  those  ag  ed  10  and  11,  perfor  mance  in  these  areas
 remained  stable  (  − 0.20  <  ES  <  0.20).  Notably,  balance  per-
 for  mance  for  10-  and  11-year-olds  declined  from  2014  to  2019
 (ES  <  − 0.20).  To  facilitate  the  visualization  of  these  trends,
 we  provided  also  a  g  raphical  re  presentation  of  the  reg  ression
 estimates  g  rouped  by  sex  (  Fig.  1  girls,  and  Fig.  2  boys).
 

Specifically,  estimated  VO 2  max  for  boys  increased  by  2.07–
 3.54  ml  ·kg − 1  ·min  − 1  between  ag  es  6  and  9  (ES  =  0.42–0.63),
 with  markedly  larg  er  g  ains  obser  ved  at  ag  es  10  and  11  (6.70
 

[95%  CI:  6.55,  6.86]  and  6.35  [6.25,  6.45]  ml  ·kg  − 1  ·min  − 1  ,
 cor  responding  to  ES  =  1.07  and  0.97,  respectively).  Similar
 patter  ns  were  obser  ved  in  girls,  with  VO 2  max  increases  rang-
 ing  from  2.35  to  3.90  ml  ·kg  − 1  ·min  − 1  at  ag  es  6–9  (ES  =  0.49–
 0.76)  and  peaking  at  ag  es  10–11  (8.64  [8.46,  8.81]  and  6.33
 [6.22,  6.44]  ml  ·kg − 1  ·min  − 1  ;  ES  =  1.56  and  1.14,  respectively).
 

Lower-limb  muscular  strength,  assessed  by  the  SBJ,  had
 small  improvement  primarily  in  young  er  children.  Among
 boys  ag  ed  7–9  years,  jump  distance  increased  by  5.52–
 7.69  cm  (ES  =  0.26–0.37), while  girls  of  the  same  ag  e
 showed  comparable  g  ains  (5.22–7.85  cm;  ES  =  0.26–0.43).
 In  contrast,  chang  es  in  older  children  were  smaller,  with
 effect  sizes  approaching  negligible  magnitude  at  ag  e  11  (boys:
 2.68  cm,  ES  =  0.12;  girls:  4.88  cm,  ES  =  0.23).
 

Upper-limb  muscular  strength,  measured  by  the  medicine
 ball  throw,  exhibited  moderate  improvements  in  young  er  ag  e
 g  roups.  In  boys  ag  ed  6–8  years,  throwing  distance  increased
 by  13.41–26.68  cm  (ES  =  0.24–0.43),  whereas  minimal
 or  negligible  chang  es  were  obser  ved  at  ag  e  11  (0.01  cm;
 ES  =  0.00).  A  similar  ag  e-related  attenuation  was  obser  ved
 in  girls,  with  moderate  improvements  at  ag  es  6–8  (11.86–
 25.08  cm;  ES  =  0.24–0.46)  and  small  effects  thereafter.  Speed-
 agility  perfor  mance  improved  mainly  in  children  ag  ed  6–
 9  years.  Shuttle  r  un  time  decreased  by  1.16–1.70 s  in  boys
 (ES  =  − 0.26  to  − 0.38)  and  by  1.31–1.98  s  in  girls  (ES  =  − 0.29
 to  − 0.46),  indicating  faster  perfor  mance.  In  contrast,  chang  es
 in  older  children  were  minimal,  with  effect  sizes  close  to
 zero  at  ag  es  10–11.  Balance  perfor  mance  showed  diverg  ent
 ag  e-specific  trends.  W  hile  young  er  children  exhibited  small
 improvements  (e.g.  boys  ag  ed  6:  +2.14  s,  ES  =  0.22;  girls  ag  ed
 6:  +3.72  s,  ES  =  0.37),  older  children  experienced  declines.  In
 boys  ag  ed  10  years,  balance  time  decreased  by  4.85  s  (95%  CI:
 − 5.03,  − 4.67;  ES  =  − 0.67),  with  a  smaller  decline  at  ag  e  11
 (  − 1.19  s;  ES  =  − 0.19).  Girls  showed  more  modest  reductions
 or  stabilization  at  older  ag  es  (ES  ≤  |0.20|).  Concur  rently,
 maturity-adjusted  BMI  z-scores  remained  stable  over  time
 across  most  ag  e  g  roups  in  both  sexes,  with  absolute  chang  es
 ranging  from  0.01  to  0.12  z-score  units  and  consistently  small
 effect  sizes  (ES  <  0.20,  Fig.  S12). 

Discussion  

Main  findings  of  the  study 

Based  on  the  findings  of  the  ‘Movement  in  3S’  study,  the
 present  research  aimed  to  assess  the  temporal  trends  of
 PF  on  elementar  y  school  children  in  Nor  ther  n  Italy.  T  he
 study  focused  on  evaluating  the  PF  levels  and  anthropometric
 characteristics  of  children  ag  ed  6  to  11.  T  he  results  revealed
 that  while  CRF  consistently  improved  across  all  ag  e  g  roups,
 notable  differences  were  obser  ved  in  other  fitness  domains.
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Table  1  Descriptive  characteristics  of  the  study  sample.  

All

 (n  =  150,545)  

Boys

 (n  =  78,345)  

Girls

 (n  =  72,200)  

Age  (years)  8.48  (8.47–8.49)  8.50  (8.48–8.51)  8.46  (8.45–8.47)  

Height  (m)  1.31  (1.31–1.31)  1.32  (1.31–1.32)  1.31  (1.31–1.31)  

Weight  (kg)  30.51  (30.46–30.55)  30.78  (30.72–30.84)  30.21  (30.15–30.27)  

Body  mass  index  z-score  0.56  (0.56–0.57)  0.54  (0.53–0.55)  0.59  (0.58–0.60)  

Peak  Height Velocity − 3.48  (  − 3.49— − 3.47)  − 3.93  (  − 3.93— − 3.92)  − 3.00  (  − 3.01— − 2.99)  

Physical  fitness  tests  

Balance  (s)  22.31  (22.27–22.36)  21.01  (20.95–21.07)  23.72  (23.66–23.78)  

Lower-limb  explosive  strength  (cm)  117.37  (117.25–117.49)  120.94  (120.77–121.11)  113.51  (113.35–113.68)  

Upper-limb  explosive  strength  (cm)  332.84  (332.38–333.31)  347.68  (347.01–348.35)  316.88  (316.25–317.51)  

Speed-agility  (s)  24.35  (24.33–24.38)  24.00  (23.97–24.03)  24.74  (24.71–24.78)  

Maximal-speed  CRF  (km/h)  9.74  (9.73–9.74)  9.88  (9.87–9.89)  9.58  (9.57–9.59)  

VO
 2  Max  CRF  (ml/kg/min)  48.15  (48.12–48.18)  48.78  (48.74–48.82)  47.46  (47.42–47.50)  

Data  are  presented  as  mean  (95%  CI).  CRF  =  Cardiorespiratory  fitness.
 

For  young  er  children,  ag  ed  6  to  9, there  was  significant
 improvement  in  speed-agility  and  both  upper  and  lower  limb
 strength  for  both  boys  and  girls.  However,  the  perfor  mance
 in  these  areas  remained  stable  for  children  ag  ed  10  and
 11.  Additionally,  a  decline  in  balance  perfor  mance  was
 noted  for  older  children.  T  hese  findings  highlight  the
 critical  role  of  ag  e  and  fitness  components  in  designing
 effective  inter  ventions  aimed  at  improving  PF.  Conventional
 standardized  effect  size  thresholds  guided  the  inter  pretation
 of  the  obser  ved  trends,  with  values  of  at  least  0.20  considered
 indicative  of  non-negligible  chang  es.  In  the  present  study,
 this  threshold  cor  responded  to  inter  pretable  differences  in
 raw  perfor  mance.  For  instance,  effect  sizes  g  reater  than
 0.80  in  CRF  were  associated  with  increases  of  6–9  ml
 ·kg − 1  ·min  − 1  in  estimated  VO 2   max  among  10–11-year-old
 children.  Meanwhile,  small-to-moderate  effects  (ES  from
 0.22  to  0.43)  in  lower-limb  power  were  associated  with
 g  ains  of  ∼5–8  cm  in  standing  broad  jump  perfor  mance  in
 children  ag  ed  7–10  years.  Conversely,  effect  sizes  below  0.20
 cor  responded  to  minimal  absolute  chang  es  (e.g.  ≤  2  cm  in
 jump  distance  or  ≤  0.5  s  in  balance  time),  suppor  ting  their
 classification  as  negligible  in  this  population.  T  he  diverg  ence
 obser  ved  between  the  substantial  improvements  in  CRF  and
 the  stabilization  or  decline  of  neuromuscular  components  in
 older  children  indicates  exposure  to  activity  stimuli  specific
 to  each  domain.  School-based  physical  education  prog  rams
 often  prioritize  aerobic  and  endurance-based  activities,  which
 effectively  improve  CRF  but  offer  limited  oppor  tunities  for
 balance-  and  strength-oriented  tasks. 31 Additionally,  the
 modest  but  consistent  increases  in  BMI  z-scores  obser  ved
 across  several  ag  e  g  roups  may  have  counteracted  some  of  the
 

g  ains  in  perfor  mance  in  weight-bearing  and  coordination-
 de  pendent  tasks.  T  his  may  contribute  to  the  ag  e-related
 reduction  in  improvements  in  balance  and  muscular  strength. 

What  is  already  known  on  this  topic 

Over  the  past  decade,  CRF  has  significantly  improved  across
 all  child  ag  e  g  roups  (6–11  years),  which  contrasts  with  recent
 studies.  For  instance,  Li  et  al. 32 re  por  ted  that  from  1985
 to  2019,  the  CRF  of  Chinese  adolescents  declined  shar  ply.
 T  hese  neg  ative  trends  were  also  obser  ved  in  Hong  Kong  and
 Croatia,  and  similarly  documented  in  the  Italian  population
 from  1984  to  2010. 33  ,

 

34 Despite  this,  only  continuous  r  unning
 tests  were  used  in  these  studies  to  assess  CRF,  while  we
 employed  an  incremental  r  unning  test.  As  in  our  study,  the
 JP  Fit  Sur  vey  for  Youth  8 examined  aerobic  capacity  using  the
 20-meter  shuttle  r  un  test  in  Japan.  According  to  the  sur  vey’s
 findings,  par  ticipants’  perfor  mance  in  the  20-meter  shuttle
 r  un  test  remained relatively  stable  from  2013  to  2019,  indi-
 cating  consistent  fitness  levels  among  adolescents  during  this
 period.  Moreover,  the  results  from  the  SLOfit  showed  how
 from  2003  to  2013  the  CRF  levels  of  10–13-year-old  children
 improved  inde  pendently  of  ag  e  and  sex. 6 T  his  improvement
 in  CRF  could  potentially  reflect  a  reduction  in  the  risk  of  car-
 diovascular  and  metabolic  diseases  in  children, 3 emphasizing
 the  relevance  of  monitoring  PF  trends  over  time.
 

Our  results  outlined  upward  trends  in  balance,  speed-agility,
 and  lower  and  upper  limb  strength  among  children  ag  ed  6
 to  9  years,  whereas  the  perfor  mance  of  children  ag  ed  10  to
 11 years  remained  stable  across  these  domains,  exce  pt  for a
 decline  in  balance  obser  ved  only  in  10-year-old  boys.  For  both
 balance  and  speed  agility  our  results  are  in  accordance  with  the
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Table  2  Temporal  trends  in  means  for BMI-maturity-adjusted  physical  fitness  among  norther  n  Italian  children  aged  6–11  years  between  2014–2019  for

 boys  and  girls.
 

Trends  in  means  (95%  CI)  

Sex Age  N  Absolute  Percent Standardized  ES  

BMIzscore-maturity-adjusted  balance  test

 (s)  

Boys 6 5630 2.14  (2.02,  2.27)  14.39  (14.06,  14.72)  0.22  (0.18,  0.26)  

Boys 7 17  771 0.72  (0.54,  0.89)  4.08  (3.66,  4.50)  0.08  (0.02,  0.14)  

Boys 8 17  241 1.11  (0.89,  1.32)  5.81  (5.32,  6.30)  0.13  (0.05,  0.20)  

Boys 9 14  424 0.71  (0.57,  0.85)  3.12  (2.82,  3.42)  0.09  (0.04,  0.14)  

Boys 10 11  376 − 4.85  (  − 5.03,  − 4.67)  − 19.89  (  − 20.26,  − 19.52)  − 0.67  (  −  0.75,  − 0.60)  

Boys 11 7904 − 1.19  (  − 1.25,  − 1.14)  − 4.75  (  − 4.86,  − 4.64)  − 0.19  (  −  0.21,  − 0.16)  

Girls  6 5168 3.72  (3.55,  3.89)  19.89  (19.49,  20.28)  0.37  (0.32,  0.43)  

Girls  7 16  929 2.54  (2.20,  2.87)  12.13  (11.40,  12.86)  0.30  (0.18,  0.41)  

Girls  8 16  177 2.74  (2.41,  3.08)  11.52  (10.83,  12.22)  0.36  (0.24,  0.49)  

Girls  9 13  262 1.79  (1.57,  2.02)  7.07  (6.63,  7.52)  0.27  (0.18,  0.36)  

Girls  10 10  622 1.10  (1.01,  1.19)  4.16  (3.99,  4.34)  0.19  (0.15,  0.23)  

Girls  11 6939 0.31  (0.28,  0.34)  1.16  (1.10,  1.22)  0.06  (0.05,  0.07)  

BMIzscore-maturity-adjusted  SBJ  test

 (cm)  

Boys 6 5597 − 0.52  (  − 0.58,  − 0.46)  − 0.51  (  − 0.57,  − 0.44)  − 0.03  (  −  0.04,  − 0.01)  

Boys 7 17  774 7.15  (6.59,  7.70)  8.53  (7.93,  9.14)  0.35  (0.23,  0.48)  

Boys 8 17  305 7.69  (7.12,  8.25)  6.47  (5.95,  6.99)  0.37  (0.25,  0.50)  

Boys 9 14  419 5.52  (5.12,  5.92)  4.40  (4.04,  4.75)  0.26  (0.17,  0.35)  

Boys 10 11  455 4.82  (4.63,  5.00)  3.60  (3.44,  3.76)  0.22  (0.18,  0.26)  

Boys 11 7833 2.68  (2.59,  2.76)  1.91  (1.84,  1.98)  0.12  (0.10,  0.14)  

Girls  6 5168 0.71  (0.63,  0.78)  0.73  (0.66,  0.81)  0.04  (0.02,  0.05)  

Girls  7 16  945 7.85  (7.27,  8.44)  7.69  (7.11,  8.28)  0.43  (0.29,  0.57)  

Girls  8 14  419 7.59  (7.03,  8.14)  6.84  (6.31,  7.36)  0.39  (0.26,  0.52)  

Girls  9 13  209 5.22  (4.85,  5.60)  4.43  (4.08,  4.78)  0.26  (0.17,  0.35)  

Girls  10 10  658 7.56  (7.33,  7.79)  6.00  (5.79,  6.21)  0.36  (0.30,  0.41)  

Girls  11 6989 4.88  (4.76,  5.01)  3.69  (3.58,  3.80)  0.23  (0.20,  0.25)  

BMIzscore-PHV-adjusted  medicine  ball

 throw  test

 (cm)  

Boys 6 5541 13.41  (13.09,  13.73)  5.31  (5.11,  5.51)  0.24  (0.20,  0.28)  

Boys 7 17  492 26.68  (25.61,  27.74)  9.64  (9.00,  10.28)  0.43  (0.29,  0.56)  

Boys 8 17  024 20.12  (19.21,  21.02)  6.11  (5.61,  6.61)  0.30  (0.19,  0.41)  

Boys 9 14  183 12.04  (11.46,  12.63)  3.21  (2.91,  3.51)  0.16  (0.09,  0.23)  

Boys 10 11  196 6.49  (6.28,  6.71)  1.54  (1.43,  1.64)  0.09  (0.06,  0.11)  

Boys 11 7721 0.01  (0.01,  0.02)  0.00  (0.00,  0.01)  0.00  (0.00,  0.00)  

Girls  6 5138 11.86  (11.55,  12.16)  5.10  (4.90,  5.30)  0.24  (0.20,  0.29)  

Girls  7 16  687 25.08  (24.04,  26.12)  9.84  (9.19,  10.50)  0.46  (0.31,  0.60)  

Girls  8 14  183 21.78  (20.84,  22.71)  7.24  (6.70,  7.78)  0.37  (0.24,  0.49)  

Girls  9 13  046 11.63  (11.07,  12.18)  3.41  (3.10,  3.71)  0.18  (0.11,  0.25)  

Girls  10 10  471 17.13  (16.78,  17.48)  4.47  (4.29,  4.65)  0.24  (0.20,  0.29)  

Girls  11 6920 3.21  (3.10,  3.31)  0.76  (0.71,  0.81)  0.04  (0.03,  0.06)  

BMIzscore-maturity-adjusted  VO
 2  max

 (Leger  test,  ml  /min/kg)  

Boys 6 1661 2.07  (1.96,  2.17)  4.10  (3.96,  4.25)  0.42  (0.37,  0.47)  

Boys 7 3088 2.27  (2.13,  2.42)  4.60  (4.40,  4.80)  0.44  (0.38,  0.50)  

Boys 8 3670 2.37  (2.20,  2.54)  4.81  (4.57,  5.06)  0.42  (0.35,  0.49)  

Boys 9 2882 3.54  (3.36,  3.73)  7.31  (7.04,  7.58)  0.63  (0.55,  0.71)  

Boys 10 1962 6.70  (6.55,  6.86)  14.02  (13.80,  14.25)  1.07  (1.00,  1.13)  

Boys 11 950 6.35  (6.25,  6.45)  13.88  (13.73,  14.02)  0.97  (0.93,  1.01)  

Girls  6 1255 2.35  (2.24,  2.45)  4.74  (4.59,  4.88)  0.63  (0.58,  0.68)  

Girls  7 2886 2.26  (2.12,  2.41)  4.66  (4.45,  4.86)  0.49  (0.42,  0.55)  

Girls  8 2882 2.91  (2.72,  3.10)  6.09  (5.82,  6.37)  0.61  (0.52,  0.69)  

Girls  9 2695 3.90  (3.71,  4.10)  8.35  (8.46,  8.81)  0.76  (0.68,  0.85)  

Girls  10 1729 8.64  (8.46,  8.81)  18.80  (18.54,  19.06)  1.56  (1.49,  1.64)  

Girls  11 787 6.33  (6.22,  6.44)  14.29  (14.13,  14.45)  1.14  (1.10,  1.19)  

 (continued)
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Table  2  Continued.  

Trends  in  means  (95%  CI)  

BMIzscore-maturity-adjusted  shuttle  run

 test

 (s)  

Boys 6 5052 − 1.16  (  − 1.30,  − 1.02)  − 4.49  (  − 4.77,  − 4.20)  − 0.26  (  − 0.33,  − 0.19)  

Boys 7 10  751 − 1.70  (  − 1.95,  − 1.44)  − 6.83  (  − 7.33,  − 6.32)  − 0.38  (  − 0.50,  − 0.26)  

Boys 8 10  532 − 1.43  (  − 1.65,  − 1.20)  − 5.99  (  − 6.46,  − 5.52)  − 0.33  (  − 0.44,  − 0.22)  

Boys 9 7313 − 1.31  (  − 1.49,  − 1.13)  − 5.62  (  − 5.99,  − 5.24)  − 0.28  (  − 0.36,  − 0.20)  

Boys 10 5111 − 0.05  (  − 0.07,  − 0.03)  − 0.23  (  − 0.27,  − 0.19)  − 0.01  (  − 0.02,  0.00)  

Boys 11 2415 − 0.14  (  − 0.16,  − 0.12)  − 0.62  (  − 0.66,  − 0.58)  − 0.04  (  − 0.05,  − 0.03)  

Girls  6 4637 − 1.31  (  − 1.46,  − 1.15)  − 4.90  (  − 5.20,  − 4.60)  − 0.29  (  − 0.37,  − 0.22)  

Girls  7 9917 − 1.32  (  − 1.54,  − 1.10)  − 5.18  (  − 5.61,  − 4.74)  − 0.31  (  − 0.42,  − 0.21)  

Girls  8 7313 − 1.98  (  − 2.24,  − 1.72)  − 8.06  (  − 8.59,  − 7.53)  − 0.46  (  − 0.58,  − 0.33)  

Girls  9 6824 − 0.39  (  − 0.49,  − 0.29)  − 1.63  (  − 1.82,  − 1.43)  − 0.09  (  − 0.14,  − 0.04)  

Girls  10 4661 − 0.19  (  − 0.23,  0.15)  − 0.82  (  − 0.89,  0.74)  − 0.05  (  − 0.07,  − 0.03)  

Girls  11 1995 − 0.83  (  − 0.88,  − 0.78)  − 3.66  (  − 3.77,  − 3.56)  − 0.24(  − 0.27,  − 0.21)  

Maturity-adjusted BMI  z-score  Boys 6 5581 − 0.13  (  − 0.17,  − 0.10)  − 23.32  (  − 23.75,  − 22.89)  − 0.12  (  − 0.15,  − 0.09)  

Boys 7 17  855 0.03  (0.01,  0.07)  5.69  (5.19,  6.18)  0.03  (  − 0.01,  0.06)  

Boys 8 17  307 0.05  (0.00,  0.09)  9.01  (8.40,  9.62)  0.05  (0.00,  0.09)  

Boys 9 14  545 0.10  (0.05,  0.16)  17.73  (17.03,  18.44)  0.10  (0.04,  0.15)  

Boys 10 11  609 0.05  (0.03,  0.06)  8.42  (8.18,  8.66)  0.04  (0.03,  0.06)  

Boys 11 7991 0.01  (0.00,  0.01)  1.93  (1.86,  2.00)  0.01  (0.00,  0.01)  

Girls  6 5137 0.05  (0.03,  0.07)  7.88  (7.63,  8.14)  0.03  (0.02,  0.05)  

Girls  7 16  936 0.05  (0.00,  0.09)  8.35  (7.75,  8.95)  0.03  (0.00,  0.07)  

Girls  8 16  140 0.01  (  − 0.01,  0.03)  1.81  (1.54,  2.08)  0.01  (  − 0.01,  0.03)  

Girls  9 13  307 0.08  (0.04,  0.13)  12.44  (11.86,  13.02)  0.06  (0.02,  0.10)  

Girls  10 10  803 0.12  (0.09,  0.15)  19.39  (19.02,  19.76)  0.09  (0.06,  0.12)  

Girls  11 7084 0.06  (0.05,  0.08)  10.95  (10.76,  11.75)  0.05  (0.04,  0.06)  

Notes:  Positive  trends  indicated  increases  in  performance  and  negative  trends  indicated  declines  in  performance.  Only  for  speed-agility  negative  trends

 indicated  increases  in  performance  and  positive  trends  indicated  declines  in  performance.
 

results  obtained  by  the  sur  veillance  system  implemented  in
 Japan  8 but  are  in  contrast  with  what  was  found  by  the  SLOfit, 6

which  re  por  ted  a  descending  trend  in  both  speed  and  balance
 for  6–10  children.  T  hese  results  reflect  also  the  contrasting  lit-
 erature  about  these  two  tests.  For  instance,  while  some  studies
 re  por  t  a  downward  trend, 35  ,

 

36 other  re  por  ts  a  stagnation 37 or
 even  a  rise 7  ,  38 in  the  perfor  mance  of  these  PF  domains  over
 the  years.  Despite  this,  the  stabilization  in  balance  and  speed-
 agility can  be  attributed  to  the  fact  that  coordination  tends  to
 stabilize  between  the  ag  es  of  10  and  13. 39

T  he  trends  in  MS  perfor  mance  contrast  with  most  of  the
 existing  literature.  For  example,  studies  in  UK,  Spain,  and
 Lithuania,  as  well  as  a  larg  e  meta-analysis  on  European  chil-
 dren,  reveal  a  downward  trend  in  MS  test  perfor  mance. 7  ,  38  ,

 

40

Considering  that  even  the  JP  Fit  Sur  vey  for  Youth  8 re  por  ted
 a  stable  trend  in  MS  perfor  mance  before  the  COVID-19
 outbreak.  Since  MS  levels  in  childhood  often  reflect  those
 in  adulthood  and  are  closely  linked  to  long-ter  m  health  out-
 comes, 41 there  is  a  need  of  fur  ther  investig  ation  on  MS  for
 reducing  future  health  risks  and  enhancing  overall  well-being.
 

What  this  study  adds 

T  his  study  contributes  valuable  insights  into  the  trends  of
 physical  fitness  among  Italian  elementar  y  school  children  by
 utilizing  a  re  peated  cross-sectional  design  across  five  annual
 assessments.  With  a  larg  e  sample  size  of  150  545  par  ticipants
 from  a  single  region,  the  findings  offer  a  robust  foundation  for
 understanding PF  trends  and  potentially  applying  these  obser-
 vations  nationwide.  Unlike  previous  studies,  this  research
 adjusted  for  critical  confounders  such  as  weight  and  maturity
 status,  enhancing  the  reliability  of  the  results.  By  examin-
 ing  multiple  fitness  components,  including  CRF,  muscular
 strength,  speed-agility,  and  balance,  the  study  provides  a  com-
 prehensive  over  view  rather  than  focusing  solely  on  aerobic
 capacity.  Impor  tantly,  the  study  underscores  the  relevance  of
 ong  oing  fitness  sur  veillance  in  childhood,  as  PF  during  these
 years  is  closely  linked  to  physical,  cognitive,  and  mental  health
 outcomes  later  in  life. 10 Overall,  these  findings  underscore
 the  relevance  of  str  uctured  PF  sur  veillance  systems  that  can
 capture  ag  e-  and  domain-specific  trends,  rather  than  relying
 solely  on  CRF.  T  he  coexistence  of  substantial  improvements
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Figure  2  Temporal  trends  in  different  PF  domains  for  6  to  11  years  old  boys  (from  left  to  right)  from  2014  to  2019.  The  values  in  the  graph  are  estimates
 obtained  in  the  regression,  adjusted  for  BMI  z-score  and  peak  height  velocity.  The  fitness  components  measured  included  balance  (single  leg  standing,  1,  2,
 3,  4,  5,  6)  in  seconds  (s),  lower-limb  strength  (standing  broad  jump—SBJ,  7,  8,  9,  10,  11,  12)  in  centimeters  (cm),  cardiorespiratory  fitness  (multistage  fitness
 test,  13,  14,  15,  16,  17,  18)  in  milliliters  per  minute  per  kilogram  (ml/min/kg),  upper-limb  strength  (medicine  ball  throw—MBT,  19,  20,  21,  22,  23,  24)  in
 centimeters  (cm),  and  speed-agility  (10x5m  shuttle  run,  25,  26,  27,  28,  29,  30)  in  seconds  (s).  

in  aerobic  capacity  alongside  stagnation  or  decline  in  bal-
 ance  and  muscular  strength  sug  g  ests  that  cur  rent  physical
 activity  strategies  may  be  insufficient  for  targ  eting  neuro-
 muscular  development,  especially  in  older  children.  From  a
 health  policy  perspective,  integ  rating  ag  e-appropriate  strength
 and  motor  competence  activities  into  school-based  physical
 education  cur  ricula,  alongside  continued  aerobic  promotion,
 may  be  essential  to  suppor  ting  balanced physical  development
 and  reducing  long-ter  m  cardiometabolic  and  musculoskeletal
 

risk.  T  hese  findings  sug  g  est  that  a  national  physical  fitness
 sur  veillance  system  should  be  based  on  a  concise  batter  y  of
 low-cost  and  easily  administered  field  tests  once  per  year.
 T  hese  tests  should  include  the  20-meter  shuttle  r  un  for  CRF,
 the  SBJ,  the  medicine  ball  throw  and  the  handg  rip  strength
 test  for  lower-  and  upper-limb  muscular  strength;  the  10  ×  5-
 meter  shuttle  r  un  for  speed-agility;  and  a  static  balance  test.
 In  the  present  study,  this  batter  y  of  tests  captured distinct
 ag  e-specific  patter  ns  of  improvement,  stagnation  or  decline
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across  fitness  domains.  Additionally,  including  simple  motor
 competence  assessments  (i.e.  KTK  test  39 or  the  MOBAK
 test  42)  may  be  beneficial,  as  motor  competence  is  strongly
 associated  with  physical  activity  par  ticipation  43 and  can  help
 identify  early  deficits  in  movement  proficiency  that  fitness
 measures  alone  do  not  capture.
 

Limitations  of  this  study 

It  is  impor  tant  to  acknowledg  e  several  limitations  of  this
 study.  Firstly,  while  we  categ  orized  par  ticipants  into  ag  e
 g  roups  for  our  analysis,  we  did  not  g  ather  data  on  other
 potential  confounding  factors  that  could  influence  weight-
 related  PF  disparities,  such  as  socioeconomic  status.  However,
 we  have  adjusted  the  models  for  maturity  offset  to  account  for
 differences  in  maturation.  Although  the  study  was  analyzed
 as  re  peated  cross-sectional,  the  lack  of  individual  identifiers
 prevented  for  mal  longitudinal  tracking;  however,  sensitivity
 analyses  using  mixed-effects  models  sug  g  ested  that  potential
 within-child  clustering  did  not  affect  the  results.  Additionally,
 we  did  not  collect  any  clinical  outcomes,  such  as  systolic  and
 diastolic  blood  pressure,  which  could  have  strengthened  our
 findings  related  to  health.  Lastly,  we  are  unable  to  deter  mine
 the  causes  behind  the  obser  ved  chang  es  in  PF,  as  we  lack  data
 on  possible  mediators  like  concur  rent  chang  es  in  diet,  slee  p,
 sedentar  y  behavior,  or  psychological  factors  related  to  the
 pandemic  (e.g.  stress,  anxiety,  or  de  pression).
 

Conclusions 

This  study  demonstrates  the  temporal  trends  in  PF  of  primar  y
 school  children  in  Nor  ther  n  Italy.  T  he  notable  improvements
 in  CRF,  balance,  speed-agility  and  lower  limb  MS  underscore
 a  chang  e  in  PF  trends  among  Italian  children.  However,  no
 improvements  were  noted  in  upper-limb  MS,  highlighting  the
 need  for  targ  eted  inter  ventions  for  this  domain.  For  these  rea-
 sons,  we  recommend  implementing  a  nationwide  sur  veillance
 system  to  monitor  PF  levels  in  children,  to  accurate  evaluate
 the  PF  levels.  Moreover,  a  future  national  system  and future
 studies should  include  clinical  data  (i.e.  systolic  and  diastolic
 blood  pressure  and  waist  circumference)  providing  a  com-
 prehensive  and  cost-effective  assessment  of  children’s  health.
 Future  studies  are  needed  to  understand  long-ter  m  trends
 in  children’s  PF  and  to  confir  m  our  results.  A  nationwide
 PF  sur  veillance  system  would  enable  the  continuous  tracking
 of  fitness  trends,  helping  policymakers  identify  periods  of
 decline  and  develop  timely  inter  ventions.
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