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Abstract
Objective:  To  estimate  the  accuracy  of  neck  circumference  measurement  as  a  method  of  diag-
nosing excess  weight  of  six  and  seven-year-old  children.
Methods:  1026  six  and  seven-year-old  children  were  included  and  anthropometric  data  were
collected using  cut-off  points  for  the  Body  Mass  Index  (BMI)  Z-score,  in  addition  to  the  measure-
ment of  their  neck  circumference  in  centimeters.  Pearson’s  correlation  coefficient  was  used  to
assess the  correlation  between  neck  circumference  and  BMI.  Sensitivity,  specificity,  positive  and
negative predictive  values  were  calculated.  The  Receiver  Operating  Characteristic  curve  was
used to  measure  the  accuracy  of  neck  circumference  as  a  diagnostic  method  for  excess  weight.
Results: A  positive  linear  correlation  value  was  observed  between  neck  circumference  and  BMI
0.572 (p  <  0.001).  The  accuracy  value  of  the  global  ROC  curve  was  0.772  (p  <  0.001).  Sensitivity
and specificity  showed  low  values,  but  high  positive  predictive  values  were  observed,  especially
between measures  of  30  and  31  cm.
Conclusion:  Neck  circumference  showed  accuracy  of  77.2%  as  a  diagnostic  method  for  over-
weightness  in  six  and  seven-year-old  children.

© 2020  Published  by  Elsevier  Editora  Ltda.  on  behalf  of  Sociedade  Brasileira  de  Pediatria.  This  is
an open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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verweight  and  obesity  are  considered  a  public  health  issue

orldwide.  According  to  data  from  the  World  Health  Orga-
ization  (WHO),  the  prevalence  of  overweight  or  obese
ndividuals  in  the  world  almost  tripled  between  1975  and
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E.  Mucelin,  J.  Traeb

016.1 In  Latin  America,  the  estimated  number  of  over-
eight  children  is  42.5---51.8  million,  representing  20---25%
f  this  population.2 According  to  the  Brazilian  Family  Bud-
et  Survey,  43.8%  of  girls  and  51.4%  of  boys  aged  5---9  years
howed  overweight.3 In  a  study  made  in  southern  Brazil,  the
revalence  of  overweight  was  21.2%  and  obesity  was  12.0%
n  six-year-old  schoolchildren.4

Parameters  used  in  clinical  practice  for  measuring
isceral  fat  are  diverse  and  almost  always  have  some  limita-
ions.  Gold  standard  exams,  such  as  computed  tomography
nd  magnetic  resonance  imaging5 have  a  high  cost  and  would
ake  large-scale  use  unfeasible.6 Abdominal  circumference

an  be  difficult  to  perform  or  suffer  interference  from  sev-
ral  factors.7 The  Body  Mass  Index  (BMI)  is  considered  the
ost  useful  measure  to  be  used  in  the  general  population,8

ut  its  value  does  not  fully  reflect  visceral  adiposity  since  it
oes  not  distinguish  between  lean  mass  and  fat,  especially  in
hildren.9 For  children,  curves  developed  by  WHO9 are  used,
ith  percentiles  and  Z  scores  for  BMI  values.  Tracing  the
esign  and  placing  the  individual  between  the  curves  allows
his  assessment  and  in  addition  to  the  diagnosis  of  obesity,
he  follow-up  and  evolution  of  a  potential  treatment.9

The  fat  deposited  in  the  upper  body  segment,  as  in
he  neck,  seems  to  release  a  greater  amount  of  free  fatty
cids  in  the  plasma  and  is  more  similar  to  visceral  fat,
eing  related  to  insulin  resistance  and  a  greater  cardiovas-
ular  risk.10 In  this  scenario,  the  neck  circumference  can
erve  as  a  very  useful  anthropometric  value  with  few  limi-
ations,  being  easy  to  perform  and  low  cost,  although  it  is
till  not  used  much.10 Some  studies  in  adults  have  demon-
trated  a  relationship  between  the  measurement  of  neck
ircumference  and  anthropometric  indexes  used  to  mea-
ure  obesity.11,12 This  relationship  has  also  been  observed  in
esearch  involving  children.13---15 The  theme  has  been  gain-
ng  greater  importance  in  recent  years,  but  literature  is  still
carce.  More  research  is  needed  to  study  this  relationship
nd  to  confirm  its  importance  that  will  corroborate  in  an
ncreased  value  of  neck  circumference  in  obese  or  over-
eight  children.  This  investigation  contributes  to  identify

he  value  of  a  complementary  measure  to  assess  children
verweight.  Therefore,  the  objective  of  this  investigation
as  to  estimate  the  accuracy  of  the  measurement  of  neck
ircumference  as  a  method  of  diagnosing  excess  weight  in
ix  and  seven-year-old  children.

ethods

his  was  a  cross-sectional  epidemiological  study  nested  in
 cohort  called  Coorte  Brasil  Sul.16 The  population  of  this
ohort  was  composed  of  children  born  in  2009,  living  in
alhoça/SC  and  enrolled  in  urban  and  rural  public  (n  =  37)
nd  private  (n  =  19)  schools  in  2015.  Therefore,  the  pop-
lation  consisted  of  six  and  seven-year-old  children.  The
ollowing  parameters  were  used  to  calculate  the  sample:
opulation  of  1756  children,  expected  prevalence  of  the
utcome  unknown  (p  =  50%),  confidence  level  of  95%  and  rel-

tive  error  of  2%,  which  generated  a  minimum  sample  of
015  children.  Thus,  all  children  registered  in  the  database
f  the  Coorte  Brasil  Sul,16 with  the  necessary  information
or  the  present  study  were  included  (n  =  1.026).
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Data  collection  was  performed  directly  at  the  school  by
 trained  nutritionist  from  the  Coorte  Brasil  Sul.16

Weight  and  height  data  were  collected  according  to
he  methodology  proposed  by  the  Ministry  of  Health.17

he  anthropometric  assessment  was  performed  using  BMI
btained  by  dividing  weight  over  squared  height,  according
o  the  criteria  established  by  the  WHO.  The  cut-off  points
n  the  z-score  of  the  BMI  were:  eutrophy  (≥  −2  and  <+1),
verweight  (≥  +1  and  <+2)  and  obesity  (≥  +2).  Therefore,
verweight  was  considered  when  the  BMI  was  located  in  the
MI  z-score  curves  between  the  values  of  1  and  2  (or  per-
entile  between  85  and  97)  and  obesity  corresponding  to
he  BMI  located  on  the  curve  that  was  above  the  value  2  (or
bove  the  percentile  of  97).17

Neck  circumference  was  measured  in  centimeters  using
 one  millimeter  division  measuring  tape,  205  cm  long.18,19

he  child  remained  upright  with  their  head  positioned  in  the
orizontal  Frankfurt  plane.  The  upper  edge  of  the  measuring
ape  was  positioned  just  below  the  cricothyroid  cartilage
nd  applied  perpendicularly  along  the  neck  axis.

Data  collected  was  inserted  into  Excel  spreadsheets  and
xported  to  the  Statistical  Package  for  Social  Sciences  (SPSS)
8.0  software,  where  data  was  analyzed.  Sociodemographic
ariables  were  described  using  proportions.  The  study
f  the  correlation  between  neck  circumference  and  BMI
as  performed  using  Pearson’s  Correlation  Coefficient.  P-
alues  <  0.05  were  considered  statistically  significant.  Neck
ircumference  sensitivity  and  specificity  were  calculated,  in
ddition  to  positive  and  negative  predictive  values.  The  use
f  the  Receiver  Operating  Characteristic  curve  (ROC  curve)
ade  it  possible  to  measure  the  accuracy  of  the  neck  cir-

umference  as  a  diagnostic  method  for  excess  weight.
The  research  project  was  submitted  to  and  approved

y  the  University  of  Southern  Santa  Catarina  Human
esearch  Ethics  Committee  under  the  opinion  number
8240114.0.0000.5369.  Data  were  collected  after  parents
igned  the  consent  form  provided  and  children  also  gave
heir  consent.

esults

ut  of  the  total  of  1026  children  included  in  the  study,
2.3%  (n  =  844)  studied  in  public  schools  and  17.7%  (n  =  182)
n  private  schools.  Males  showed  a  slight  predominance
ver  females,  with  51.6%  (n  =  529)  male  children  and  48.4%
n  =  497)  female.  More  than  half  of  the  participants  (64.5%,

 =  662)  were  eutrophic,  while  the  rest  were  distributed  in
8.6%  (n  =  191)  in  the  overweight  range,  9.7%  (n  =  99)  obese
nd  7.2%  (n  =  74)  seriously  obese.

Regarding  the  neck  circumference,  the  range  of  values
aried  between  22.0  cm  and  36.5  cm,  with  an  average  of
6.7  cm  (standard  deviation  ---  SD  =  2.0).  The  median  and
ode  values  were  of  26.5  cm  and  26.0  cm,  respectively.
Distribution  of  neck  circumference  measurements  found

ccording  to  BMI  values  are  shown  in  Fig.  1.  A  positive  cor-
elation  was  observed  between  neck  circumference  and  BMI
f  r  =  0.572  (p  <  0.001)  and  the  coefficient  of  determination

f  R2 =  0.327.

The  different  values  of  the  neck  circumference  as  well  as
he  sensitivity,  specificity,  positive  and  negative  general  and
ender  predictive  values  are  described  in  Tables  1  and  2.
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Table  1  Sensitivity,  specificity  and  predictive  values  of  neck  circumference  as  a  diagnostic  method  for  overweight  six-  and
seven-year-old children  in  Palhoça/SC  (n  =  1,026).

NC  (cm)  Se  Sp  PPV  NPP

22.0  0.00  0.99  0.00  0.64
23.0 0.00  0.96  0.00  0.64
24.0 0.02  0.88  0.09  0.62
25.0 0.09  0.75  0.17  0.60
26.0 0.17  0.73  0.26  0.62
27.0 0.23  0.82  0.41  0.66
28.0 0.18  0.90  0.51  0.67
29.0 0.08  0.98  0.69  0.66
30.0 0.07  0.99  0.82  0.66
31.0 0.05  0.99  0.91  0.66
32.0 0.03  1.00  1.00  0.64
33.0 0.01  1.00  1.00  0.35
34.0 0.01  1.00  1.00  0.65
35.0 0.01  1.00  1.00  0.64
36.0 0.01  1.00  1.00  0.64

NC, neck circumference; Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPP, negative predictive value.

Table  2  Sensitivity,  specificity  and  predictive  values  of  neck  circumference  as  a  diagnostic  method  of  overweight  by  gender  in
six and  seven-year-old  children  in  Palhoça/SC  (n  =  1,026).

Accuracy  measures  for  the  male  Accuracy  measures  for  the  female

NC  (cm) Se  Sp  PPV  NPP  NC  (cm)  Se  Sp  PPV  NPP

22.0  0.00  0.99  0.00  0.62  22.0  0.00  0.98  0.00  0.66
23.0 0.00  0.98  0.00  0.60  23.0  0.00  0.93  0.00  0.65
24.0 0.01  0.93  0.11  0.60  24.0  0.03  0.82  0.08  0.63
25.0 0.09  0.78  0.20  0.58  25.0  0.09  0.71  0.13  0.61
26.0 0.13  0.73  0.22  0.58  26.0  0.22  0.72  0.28  0.65
27.0 0.23  0.75  0.36  0.61  27.0  0.23  0.88  0.49  0.70
28.0 0.20  0.86  0.47  0.64  28.0  0.15  0.94  0.56  0.69
29.0 0.11  0.97  0.70  0.64  29.0  0.12  0.98  0.83  0.69
30.0 0.08  0.99  0.85  0.64  30.0  0.06  0.99  0.77  0.68
31.0 0.07  0.99  0.93  0.63  31.0  0.03  0.99  0.85  0.67
32.0 0.03  1.00  1.00  0.63  32.0  0.02  1.00  1.00  0.67
33.0 0.01  1.00  1.00  0.62  33.0  0.01  1.00  1.00  0.67
34.0 0.01  1.00  1.00  0.62  34.0  0.01  1.00  1.00  0.67
35.0 0.01  1.00  1.00  0.62  35.0  0.00  0.00  0.00  0.00
36.0 0.01  1.00  1.00  0.62  36.0  0.00  0.00  0.00  0.00

NC, neck circumference; Se, sensitivity; Sp, specificity; PPV, positive p

Figure  1  Distribution  of  neck  circumference  measurements
according  to  BMI  values.
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redictive value; NPP, negative predictive value.

The  ROC  curves  are  shown  in  Fig.  2.  Areas  under  the
urves  represent  the  accuracy  of  the  neck  circumference
s  a  method  of  diagnosing  overweight.  The  accuracy  value
f  the  global  ROC  curve  was  0.772  (95%  Confidence  Intervals

 CI  0.742;  0.800),  p  <  0.001  (Fig.  2A).  The  accuracy  for  males
as  0.746  (95%  CI  0.702;  0.790),  p  <  0.001  (Fig.  2B)  and  0.802

95%  CI  0.761;  0.842),  p  <  0.001  in  females  (Fig.  2C).

iscussion
he  present  study  sought  to  assess  whether  neck  circumfer-
nce  would  be  a  good  method  of  diagnosing  excess  weight  in

 pediatric  population.  Other  Brazilian  studies  have  shown
hat  neck  circumference  can  be  used  as  a  diagnostic  method

1
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igure  2  ROC  curves  of  the  neck  circumference  as  a  predicto

or  obesity  in  both  genders  and  at  different  ages  in  the  pedi-
tric  group.15,19,20

The  data  showed  that  there  was  a  moderate  positive  cor-
elation  between  the  neck  circumference  and  the  BMI  result
orroborated  by  the  literature.15,20,21

When  comparing  the  results  of  sensitivity  and  specificity,
he  present  study  had  a  low  sensitivity,  with  the  highest
alue  being  23%  when  NC  =  27  cm  for  both  genders.  For  the
ame  age,  a  study  found  sensitivity  values  of  68.8%  for  males
nd  62.9%  for  females,15 while  another  study21 reached  a
ensitivity  of  80%  for  males  and  83.3%  for  females.  Regarding
pecificity,  the  values  are  high  for  all  the  studies  analyzed.

A  systematic  review22 concluded  that  neck  circumfer-
nce  is  an  accurate  measurement  to  identify  overweight  and
besity  at  different  ages  and  genders,  especially  in  adults,
omen  and  obese  people.  However,  the  age  group  with  less
ccuracy  corresponds  to  children  under  6  years  of  age,  which
an  be  explained  by  the  variability  in  reliability  between
valuators  and  the  rapid  growth  and  development  that  occur
uring  the  first  years  of  life.

Evaluating  each  neck  circumference  measured  in  cen-
imeters,  as  a  diagnostic  method  of  overweight  alone
esulted  in  tests  demonstrating  an  accuracy  between  74.6%
n  males  and  80.2%  in  females.  This  outcome  demonstrates
he  performance  of  the  test  to  discriminate  the  presence  or
ot  of  the  result,  should  the  excess  weight  be  determined
y  neck  circumference.  The  values  found  in  this  study  corre-
pond  to  those  in  the  same  age  group  and  for  both  genders  in

 study  performed  in  Iran,  suggesting  that  NC  can  accurately
dentify  children  with  a  high  BMI.23

The  predictive  values  found  were  higher  than  sensitiv-
ty  and  specificity.  In  fact,  predictive  values  are  considered
ore  useful  in  practice24 as  they  indicate  the  probability

f  the  event  studied,  given  the  results  of  a  diagnostic  test.
hus,  the  proportion  of  students  with  a  positive  test  result
ho  were  overweight  was  83%  and  85%  with  neck  circum-

erence  measurements  of  29  cm  and  31  cm,  respectively,  in
emales.  In  males,  positive  predictive  values  of  85%  and  93%

ere  obtained  at  30  cm  and  31  cm  of  neck  circumference,

espectively.  Hence,  it  can  be  said  that  the  higher  the  BMI,
he  higher  the  predictive  values  found,  which  is  corrobo-
ated  by  the  Iranian  study.23 However,  it  is  emphasized  that

R

56
besity  for  the  general  population  (A),  male  (B)  and  female  (C).

or  the  same  test,  the  higher  the  prevalence  of  the  event,
he  greater  the  positive  predictive  value  and  the  lower  the
egative  predictive  value.24

However,  through  the  correlation  analysis  a  determina-
ion  coefficient  of  32.7%  was  attained,  which  means  that
nly  about  one  third  of  excess  weight  could  be  determined
y  neck  circumference.  There  are  still  no  guidelines  in  the
iterature  suggesting  reference  values  for  this  relationship,
hich  makes  it  difficult  to  establish  parameters.

Some  limitations  of  the  present  study  should  be
ddressed,  such  as  not  all  students  having  participated  and
he  fact  that  measurements  were  not  taken  on  the  same
ay,  which  could  cause  bias.  However,  a  large  sample  was
nvolved  and  all  care  was  taken  through  standardization  of
ollection  methods  which  could  minimize  any  bias.

It  can  be  concluded  that,  in  the  population  studied,  neck
ircumference  proved  to  be  77.2%  accurate  as  a  diagnostic
ethod  of  overweight  in  six  and  seven-year-old  children.

ensitivity  and  specificity  showed  low  values,  but  high  posi-
ive  predictive  values  were  observed,  especially  within  the
easures  of  30  and  31  cm.  When  compared  to  other  meth-

ds,  neck  circumference  proved  to  be  a practical  and  easy
o  perform  low  cost  method.  This  work  confirmed  the  results
f  studies  already  published  on  the  usefulness  of  neck  cir-
umference  for  identifying  overweight/obesity  in  children.
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