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Abstract

Introduction  and  Objective:  Obesity  is  a  major  risk  factor  for  cardiovascular  disease.  This  study

was designed  to  assess  whether  the  conicity  index  (CI),  body  mass  index  (BMI)  and  waist  cir-

cumference  (WC)  can be used  as predictors  of  coronary  artery  disease  (CAD)  and  mortality  in a

middle-aged population  of  the  north-western  region  of  Rio  Grande  do  Sul,  Brazil.

Methods:  This  was  a retrospective,  longitudinal  cohort  study,  based  on  the  medical  records

of patients  seen  in  a  cardiology  institution  in a  rural  area  of  Rio  Grande  do  Sul.  The  sample

consisted  of  2396  individuals.  The  primary  endpoint  was  diagnosis  of  CAD,  with  mortality  as  the

secondary endpoint.  CI,  BMI  and WC  were  assessed  using  logistic  regression,  Cox  regression  and

receiver operating  characteristic  curve  analysis.

Results:  The  study  showed  that  none  of  the  anthropometric  measures  could  be considered

independent  factors  for  either  a  diagnosis  of  CAD  or  mortality.  Female  gender  was  associated

with a  significantly  lower  risk  of CAD  (odds  ratio  [OR]:  0.31;  95%  confidence  interval  [CI]:  0.22-

0.44), as was  absence  of  diabetes  (OR:  0.52;  95%  CI:  0.33-0.82),  while  there  was  a  significantly

higher risk of  mortality  associated  with  the presence  of  CAD  (OR:  3.56;  95%  CI: 2.00-6.32)  and

alcohol consumption  (OR:  3.55;  95%  CI: 1.60-7.90).
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Conclusions:  These  anthropometric  measures  were  not  independent  predictive  factors  for  CAD

diagnosis  or  mortality  in a  population  in southern  Brazil.  Our  results  support  the  conclusion  that

determination  of  CI, BMI and  WC  alone  is insufficient  to  assess  the  risk  of  CAD  and  mortality  in

the general  population.

© 2017  Sociedade  Portuguesa  de Cardiologia.  Published  by  Elsevier  España, S.L.U.  All  rights

reserved.
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Estudo  do  índice  de  conicidade,  índice  de  massa  corporal  e  circunferência  abdominal

como  preditores  de doença arterial  coronariana

Resumo

Introdução  e  objetivo:  A obesidade  é  um  importante  fator  de risco  para  doenças cardiovascu-

lares. O objetivo  deste  estudo  foi  avaliar  se  o  índice  de conicidade  (IC),  índice  de  massa  corporal

(IMC) e  circunferência  abdominal  (CA)  podem  ser  usados  como  preditores  de doença  arterial

coronariana  (DAC)  e mortalidade  em  uma  população  de  meia-idade  da  região  noroeste  do  Rio

Grande do  Sul,  Brasil.

Métodos:  Estudo  de coorte  retrospectiva,  longitudinal,  realizado  com  o  registro  dos  prontuários

de indivíduos  atendidos  em  uma  instituição  cardiológica  do  interior  do  Rio  Grande  do  Sul,  Brasil.

A amostra  constou  de 2396  indivíduos.  Foram  consideradas  como  variáveis  de desfecho  primário

o diagnóstico  de  DAC  e  secundário  a  mortalidade.  O  IC, IMC  e CA  foram  analisados  através  de

regressão logística,  regressão  de  Cox  e curva  ROC.

Resultados:  O  estudo  mostrou  que  nenhuma  das  medidas  antropométricas  pôde  ser  considerada

como fatores  independentes,  tanto  para  o  diagnóstico  de DAC,  quanto  para  a mortalidade.

Houve uma redução  significativa  do risco  para  DAC  associada  com  o sexo  feminino  (odds  ratio

[OR]: 0,31;  intervalo  de confiança  [IC95%]:  0,22-0,44)  e  ausência  de  diabetes  mellitus  (OR:  0,52;

IC95%: 0,33-0,82)  e um  aumento  significativo  do  risco  de  mortalidade  associada  à  presença  de

DAC (OR:  3,56;  IC95%:  2,00-6,32)  e etilismo  (OR:  3,55;  IC95%:  1,60-7,90).

Conclusão:  As  medidas  antropométricas  não  se  mostraram  importantes  como  fator  preditivo

independente  para  o diagnóstico  de  DAC  e  mortalidade  em  uma  população  estudada  no sul  do

Brasil.  Nossos  resultados  suportam  o conceito  de que  a  mensuração  isolada  do  IC,  IMC  e  CA  não

são suficientes  na  avaliação  do  risco  de DAC  e mortalidade  na  população  geral.

© 2017  Sociedade  Portuguesa  de  Cardiologia.  Publicado  por  Elsevier  España,  S.L.U.  Todos  os

direitos reservados.

Introduction

The  incidence  of  many  chronic  diseases  is  high  among  obese
individuals  and  the  distribution  of  body  fat  has  been  the
subject  of  research  on  obesity,  since  the metabolic  and
cardiovascular  repercussions  tend  to  be  more  severe  when
body  fat  is  centralized,  i.e.  concentrated  in the abdominal
region.1,2

There  is  consensus  that  abdominal  obesity  is  in turn
related  to the amount  of visceral  adipose  tissue,  and is  an
independent  risk  factor  for  cardiovascular  disease.3---5 Vis-
ceral  fat  is metabolically  more  active  than subcutaneous
fat6 and  correlates  closely  with  insulin  resistance.6---8 Exces-
sive  abdominal  fat  is  associated  with  various  metabolic
disorders  and  with  higher  morbidity  and  mortality  from
atherosclerotic  conditions  such as coronary  artery  disease
(CAD).9,10

The  best  anthropometric  measure  to  assess  the risk  asso-
ciated  with  obesity  has  not  been  established.  Body  mass
index  (BMI),  obtained  by  dividing  a person’s  weight  in kg
by  the  square  of  their  height  in m,  is  the  measure  of general
obesity  most  commonly  used in epidemiological  studies,11

but  it  has  been  suggested  that  fat  mass  distribution  is  a
better  predictor  of  disease  than  general  obesity.11,12

Waist  circumference  (WC),  a  measure  of  both  subcuta-
neous  and visceral  fat,  is  easily  determined  and  is  frequently
used  as  a  measure  of  abdominal  adiposity  in epidemiological
studies.13,14 WC is  a more  effective  measure  of body  fat  than
BMI,11 since  it  correlates  strongly  with  visceral  fat, which  is
harmful  to  health.12

In  1991  Valdez15 proposed  the conicity  index  (CI)  as  a
model  to  assess  obesity  and  body  fat  distribution.  This
includes  the variables  of weight,  height and  WC,  thus
weakening  the  correlation  between  WC and  height,  on  the
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grounds  that  central  rather  than  general  obesity  is  associ-
ated  with  risk  for  cardiovascular  disease.  This  model  is  based
on  the  idea  that  the body  shape  of  people  who  accumulate
fat  in  the  abdominal  region  resembles  a double  cone  with  a
common  base,  while  the shape  of  those  with  less  fat in this
central  region  resembles  a  cylinder.16

Pitanga  and  Lessa16 reported  that  CI  had  high  sensitiv-
ity  and  specificity  in  assessing  CAD  risk  in a  cross-sectional
study  of  adults  in Salvador,  Brazil.  However,  there  are no
studies  demonstrating  the same  results  in other  Brazilian
populations,  or  longitudinal  studies  confirming  that  CI  can
routinely  be  used as  a  predictor  of  CAD.

The  present  study  was  thus  designed  to  determine
whether  the  findings  of  Pitanga  and  Lessa  could  be
reproduced,16 as  well  as  to  assess  whether  BMI  and  WC  can
be  used  as  predictors  of  CAD  and  mortality  in a middle-aged
population  of  the north-western  region  of  Rio  Grande  do  Sul,
Brazil.

Methods

The  study  was  approved  by  the ethics  committee  of Uni-
versidade  de  Cruz  Alta  (UNICRUZ)  (0068.0.417.000-09)  in
accordance  with  the  Declaration  of  Helsinki.

This  was  a  retrospective  longitudinal  cohort  study  based
on  the  medical  records  of  patients  seen  in a  cardiology  insti-
tution  in  a  rural  area  of Rio  Grande  do  Sul,  Brazil  between
2001  and  2012.  The  study’s  endpoints  were diagnosis  of  coro-
nary  events,  presence  of  myocardial  ischemia,  and  diagnosis
of  CAD,  in  a mean  follow-up  of 7.70±1.95  years.

Data  collection

The  data  were  collected  from  the  general  patient  registry
of  the  Cruz  Alta  Cardiology  Institute  (ICCA),  maintained
by  a  cardiologist  since  2001,  on  6050  consecutive  patients
between  2001  and  2012.  The  population  consisted  of
individuals  seen  at  the Institute,  which  provides  local
and  regional  cardiological  consultations  for  the preven-
tion,  diagnosis  and treatment  of cardiovascular  disease.
The  ICCA  has  a  research  partnership  with  the  Multidisci-
plinary  Health  Group  at UNICRUZ  and  is registered  with
the  Brazilian  National  Council  for  Scientific  and  Technologi-
cal  Development  as  a private  institution  engaged  in clinical
research.

All  individuals  were  included  who  had  complete  data
on  the  variables  in the endpoints,  namely  anthropometric
data  for  the  calculation  of  CI,  BMI  and WC  and  records
of  myocardial  ischemia  or  coronary  events,  as  well  as  his-
tory  of  conventional  cardiovascular  risk  factors  and  survival
data.  Individuals  with  other  cardiomyopathies,  valve  dis-
ease  or  conduction  system  disorders  were  excluded,  as  were
those  aged  <30 years  since  these  have  a  low prevalence  of
atherosclerotic  disease.  This  resulted  in  a  sample  of  2396
patients.

The  primary  endpoint  was  a diagnosis  of  CAD  and/or
the  presence  of  myocardial  ischemia.  A  diagnosis of  CAD
was  based  on  a  history  of  hospitalization  for  acute  coronary
syndrome,  percutaneous  or  surgical  myocardial  revasculari-
zation  documented  by  procedure  reports,  discharge  notes
or  specialist  reports.  A  diagnosis  of  myocardial  ischemia

Conicity index =
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Figure  1 The  conicity  index  proposed  by Valdez15 to  assess

obesity  and body  fat  distribution.

was  based  on  characteristic  findings  on  functional  tests  and
imaging  exams.17,18 The  secondary  endpoint  was  all-cause
mortality.

CI,  BMI  and  WC were  assessed  as  predictors,  together
with  CAD  risk  factors  including  smoking,  alcohol  con-
sumption,  sedentary  lifestyle,  history  or  diagnosis  of
systemic  hypertension,  diabetes,  hypercholesterolemia,
hypertriglyceridemia,  and  family history  of premature
myocardial  infarction.17

The  data  used to  calculate  CI,  BMI  and  WC were  recorded
during  anthropometric  assessment  at the  ICCA.  Body  weight
was  measured  in  kg on  a Toledo

®
scale,  with  the subject

wearing  light  clothing  and no  shoes.19 Height  was  measured
in  m  using a scale  with  1-cm  divisions,  with  the subject
standing  barefoot  and facing  forward.  WC was  measured
at normal end-expiration  at the midpoint  between  the  last
floating  rib  and  the iliac  crest,  with  the subject  standing
and  wearing  light clothing,  using  a  flexible  non-stretch  tape
measure  with  1-mm divisions.19

CI was  calculated  using  the Valdez  equation15 (Figure 1)
based  on  the  values  for  body  weight,  height  and
WC.

Epidemiological  data  were  considered  to  be covari-
ables,  and  included  a history  of diabetes,  smoking,  alcohol
consumption,  hypercholesterolemia,  hypertriglyceridemia,
systemic  hypertension,  sedentary  lifestyle  and metabolic
syndrome.20 All  individuals  who  said  they  smoked  at the
time  of  assessment  were  considered  smokers,  irrespective  of
the  level  of  consumption,  and  those  who  reported  excessive
alcohol  consumption  around  the time  of  the  interview,  irre-
spective  of  frequency,  were  considered  to  consume  alcohol.
A sedentary  lifestyle  was  defined  as  less  than  30  minutes’
exercise  three  times  a  week.  The  other  variables  were  deter-
mined  according  to  standard  criteria.20---22

Statistical  analysis

To  check  reliability,  the records  of  50  random  individuals
were  examined  by  a different  investigator  and compared
with  the  initially  collected  data.  Inter-investigator  agree-
ment  was  tested  using  Cohen’s  kappa  coefficient23 for
categorical  variables  and  the intraclass  correlation  coeffi-
cient  for  continuous  variables.

Data  were  expressed  as  means  ±  standard  deviation
for  continuous  variables  and  as  percentages  for  categorical
variables.  Individuals  with  and without CAD  were  com-
pared  using  the Student’s  t  test  for  parametric  data  and
the  Mann-Whitney  test  for  non-parametric  data  for con-
tinuous  variables,  and  the chi-square  test  for  categorical
variables.  Multivariate  linear  logistic  regression  analysis  was
performed  to  determine  changes  in variables  according  to
the  presence  or  absence  of  a diagnosis  of  CAD. A Cox
regression  model  which  included  duration  of  follow-up  and
adjusted  for  other  variables  was  used  to  analyze  mortality.
Receiver  operating  characteristic  (ROC)  curve  analysis  was
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used  to determine  the  specificity  and sensitivity  of  CI and WC
for  the  presence  of  CAD. A value  of  p<0.05  was  considered
significant.

Results

On  analysis  of  data  reliability,  categorical  variables  pre-
sented  kappa  coefficients  between  0.62  and  0.92  (p<0.001).
Intraclass  correlation  coefficients  for continuous  variables
ranged  between  0.83  and 0.99  (p<0.001),  confirming  the
reliability  of the  data  obtained,  since  all  variables  were
tested.

Descriptive  statistics  were  used  to  characterize  the
sample,  which  consisted  of  2396  individuals,  1440  female
(60.1%)  and  956 male  (39.9%);  161  (6.7%)  were  diagnosed
with  CAD  and  103 (4.3%)  died, 2293  (95.7%)  surviving  to
the  end  of  follow-up.  Most  did  not have  diabetes  (n=2127;
88.8%),  hypercholesterolemia  (n=1542;  64.4%)  or  hyper-
triglyceridemia  (n=1751;  73.1%)  or  smoke  (n=2040;  85.1%).
Hypertension  was  observed  in 1091  (45.5%)  and  most  had  a
sedentary  lifestyle  (n=1745;  72.8%).

Analysis  of  the  study  population  according  to  the  pres-
ence  of CAD  (Table  1)  showed  that  those  with  CAD  were on
average  older,  more  often  male,  and  with  higher  prevalences
of  diabetes,  hypercholesterolemia,  hypertriglyceridemia
and  hypertension.  CI was  significantly  lower  in the  group
with  CAD.  Levels  of very  low  density  lipoprotein  cholesterol,
triglycerides  and  blood  glucose  were higher,  and  high  den-
sity  lipoprotein  cholesterol  levels  were  lower,  in  those  with
CAD.  The  CAD  group  had  higher  mortality  during follow-up.

Table  2 shows  the  logistic  regression  models  used  to
determine  the variables  that were  predictors  of  a diagno-
sis  of  CAD  and  mortality.  For  the  former,  conventional  risk
factors  such  male  gender,  history  of diabetes  and  advanced
age  remained  significant  in the  final  regression  model  and
were  shown  to  be  associated  with  CAD  in  this  sample.  The
data  show  that  female  gender  and absence  of  diabetes  are
significant  predictors  for  the  absence  of  CAD.  The  likeli-
hood  of  women  in this  population  being  diagnosed  with  CAD
was  69.0%  lower  than  in men,  and the likelihood  of CAD  in
those  without  diabetes  was  48.0%  lower  than in those  with
diabetes.

Analysis  of  predictors  of  mortality,  after adjustments  in
the  Cox  regression  model  to  take  account  of  duration of
follow-up,  showed  that  the  presence  of  CAD  increased  the
likelihood  of death  by  3.56  times,  as  did alcohol  consump-
tion.  Age  and  blood  pressure  levels  had less  of  an effect.

CI,  BMI and  WC  were  not  included  in the regression
model  and  could  not therefore  be  considered  independent
predictors  of  CAD or  mortality  in  the study  population.
Furthermore,  supporting  these  findings,  the  results  of  ROC
analysis  revealed  low  specificity  and  sensitivity,  as  shown  in
Figure  2. The areas  under  the ROC  curve  for  WC  and  CI  were
0.57  (0.49-0.59;  p=0.007)  and  0.59  (0.54-0.63;  p=0.001),
respectively.

Discussion

The  present  study  is  the first  longitudinal  study  of  a  popu-
lation  from  the south  of  Brazil  to  show that  BMI,  WC  and  CI
are  not  predictors  of CAD  or  mortality  in a sample  including
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both  sexes,  with  and  without  CAD.  Anthropometric  measures
are  widely  recommended  to  stratify  cardiovascular  disease
risk,  probably  due  to  their ease of  measurement.  How-
ever,  in  this  study  population,  based  on  different  regression
models  for  two  endpoints,  these  anthropometric  measures
were  not  associated  in  the final logistic  regression  model
with  either  CAD  or  mortality.  Our  results  support  the  idea
that  determination  of  IC,  BMI  and  WC  alone  is insufficient
to  assess  the risk  of CAD  and  mortality  in the  general
population.

Conflicting  findings  concerning  associations  between
measures  of  central  obesity  and  CAD and  mortality  were
the  rationale  for the  present  study.  Pitanga  and  Lessa,16

assessing  the sensitivity  and  specificity  of  CI  as  a  predictor
of  coronary  risk  in Brazilian  adults,  calculated  areas  under
the ROC  curve  of 0.80  and 0.75  for men  and  women,  respec-
tively,  and  suggested  that this  index  should  be  compared
with  other  anthropometric  indicators  of  obesity.  The  present
study  compared  CI  with  BMI  and  WC,  but  found  that  none
of  the measures  was  associated  with  a  diagnosis  of  CAD  or
mortality  in a cohort  of the  general  population.  Further-
more,  the  area  under  the  ROC  curve  for  CI  was  less  than
that  reported  by  Pitanga  and  Lessa.16

In  specific  populations,  such  as  women,  longitudinal
studies14,24 conducted  in subgroups  of  the  1976  Nurses’
Health  Study  cohort  consisting  of  nurses  aged 30-55  years,
with  no  history  of  CAD,  stroke  or  cancer,  resident  in eleven
US  states,  demonstrated  that  measures  of  abdominal  adi-
posity  were  predictive  of  CAD irrespective  of BMI.  Some
cross-sectional  studies25,26 have  suggested  that  waist-to-
height  ratio may  be superior  to  BMI  and  waist-to-hip  ratio  in
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Table  1  Characterization  of  the  study  population  (n=2396)  according  to  the  presence  of  coronary  artery  disease.

Variable  With  CAD  (n=161)  Without  CAD  (n=2235)  p

Age  (years)  62.90±11.48  54.71±12.25  <0.001*

Male  (%)  62.5  37.5  <0.001*

Smoking  (%)  12.8  11.8  <0.001*

Alcohol  consumption  (%)  9.0  5.8  0.296

Sedentary lifestyle  (%)  77.4  74.7  0.430

Diabetes (%) 14.4  5.8  <0.001*

Hypertension  (%) 52.3  45.1  0.029*

Hypercholesterolemia  (%) 43.6  30.8  0.003*

Hypertriglyceridemia  (%) 28.6  21.3  0.029*

Metabolic  syndrome  (%)  54.7  51.8  0.377

Weight (kg)  76.38±15.79  75.24±15.83  0.376

Height (m)  1.67±0.89  1.66±0.90  0.012*

WC  (cm)  99.21±11.35  97.27±12.79  0.086

Conicity index 1.32±0.09 1.35±0.08 0.001*

BMI  (kg/m2) 26.76±5.70 27.03±5.48 0.591

Systolic  BP  (mmHg) 138.61±24.88 136.60±21.18 0.301

Diastolic  BP  (mmHg) 83.24±11.36 84.44±9.88 0.126

Total  cholesterol  (mg/dl)  211.62±47.54  210.31±44.01  0.705

LDL cholesterol  (mg/dl)  128.98±39.26  129.51±39.39  0.868

HDL cholesterol  (mg/dl)  48.05±11.91  50.32±13.80  0.034*

VLDL  cholesterol  (mg/dl)  34.60±17.03  31.29±18.28  0.025*

Triglycerides  (mg/dl)  169.58±90.13  154.82±94.88  0.046*

Fasting  glucose  (mg/dl)  103.41±32.28  97.66±25.84  0.023*

Deaths  (n/%)  25/15.5  78/3.5  <0.001*

BMI: body mass index; BP: blood pressure; CAD: coronary artery disease; HDL: high density lipoprotein; LDL: low density lipoprotein;
VLDL: very low density lipoprotein; WC: waist circumference. Data expressed as means ±  standard deviation or percentages; Student’s
t test and Mann-Whitney test for continuous and chi-square test for categorical variables.
* Statistically significant.

Table  2  Results  of  multivariate  logistic  regression  for  coronary  artery  disease  and Cox regression  for  mortality.

Predictors  Odds  ratio  CI p

CAD

Age  (years)  1.06  1.04-1.07  <0.001

Diabetes 0.52  0.33-0.82  0.005

Female gender  0.31  0.22-0.44  <0.001

Mortality

Age (years)  1.09  1.07-1.12  <0.001

Alcohol consumption  3.55  1.60-7.90  0.002

CAD 3.56  2.00-6.32  <0.001

Systolic BP  1.02  1.00-1.03  0.005

Diastolic BP 0.96  0.93-0.99  0.008

Waist circumference, body mass index, conicity index, hypercholesterolemia, hypertriglyceridemia, hypertension, sedentary lifestyle,
metabolic syndrome, total, LDL, HDL and VLDL cholesterol, and smoking did not remain in the model due to p>0.05.
BP: blood pressure; CAD: coronary artery disease; CI: confidence interval.

predicting  cardiovascular  risk.  These  studies  demonstrated
that  waist-to-height  ratio  was  better  at  predicting  hyperten-
sion  and  diabetes  than  BMI  and  waist-to-hip  ratio  in a sample
of  4923  individuals  aged  ≥20  years  living  in  a rural  area,25

and  was  a  better  predictor  of  multiple  CAD risk  factors  than
waist-to-hip  ratio  in a sample  of  3131  men.26

A case-control  study  of  myocardial  infarction  in  India27

with  100  participants  (50  cases  and 50  controls)  showed
a  significantly  increased  risk  for  CAD  associated  with  vis-
ceral  fat  area  (OR:  5.67;  95%  CI: 1.96-16.95),  waist-to-hip
ratio  (OR: 7.07;  95%  CI: 2.19-24.27),  WC  (OR:  2.63;  95%
CI:  1.05-6.66)  and  BMI  (OR:  2.53;  95% CI: 1.03-6.26).
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However,  the small sample  size  and  extremely  wide  confi-
dence  intervals  were  a  major  limiting  factor  of  this
series;  in  addition,  the study  was  conducted  in a  foreign
population.

The  American  Heart  Association’s  scientific  statement
on  assessing  adiposity28 stressed  that while  BMI  gener-
ally  correlates  well  with  body  fat  in the  population  as  a
whole,  there  are  significant  individual  differences  that are
related  to  various  factors,  including  age,  gender,  genet-
ics  and  ethnicity  and  race,  but  also  arise  from  differences
in  body  fat  distribution  and  composition.  Thus,  while  BMI
is  a  good  initial  measure,  it is  certainly  not  sufficient
in  clinical  terms,  and  so it is  important  to  consider  the
use  of  other  simple  clinical  tools  than  can  help  identify
high-risk  individuals  with  excess  visceral  fat  by  providing
additional  information  on  adiposity  and  risk  of  associated
comorbidities.28 It  therefore  appears  there  is  no  single
anthropometric  measure  that  is  able  to  predict  a  diagno-
sis  of  CAD,  which  may  explain  why we  found no  association
between  CI,  BMI  or WC  with  CAD  in the general  popula-
tion.

Central  obesity  has  been  shown  to  predict  mortality  in
longitudinal  studies  in the  general  population29,30 and  in
patients  with  CAD.31,32 In the  case  of  the general  popu-
lation,  BMI values  in the  overweight  and  obese  bands are
associated  with  higher  overall  mortality,  as  demonstrated
in  collaborative  analyses33 of  57  prospective  studies  in
894  576  individuals  with  no  history  of  heart  disease,  mainly
in  Western  Europe  and  North  America.  However,  in a sys-
tematic  review  and  meta-analysis34 of  40  cohort  studies
with  a  total  of  250 152  individuals  with  CAD, the highest
BMI  band  (30-35)  was  associated  with  lower  total  mortality
(OR:  0.93;  95%  CI:  0.85-1.03)  and  cardiovascular  mortality
(OR:  0.97;  95%  CI:  0.82-1.15).  This  has  been  termed  the
obesity  paradox;  these  findings  may  be  explained  by the
inability  of  BMI  to  differentiate  between  body  fat  and  lean
mass,  since  the  analyses  were  adjusted  for  confounding  fac-
tors.

A  recent  study35 of  15  547  individuals  with  CAD  using
Cox  proportional  hazard  models  that  adjusted  for  potential
confounders  to  assess  mortality  risk  according  to  different
patterns  of  adiposity  and that  combined  BMI  with  mea-
sures  of  central  obesity  showed  that  individuals  with  CAD
with  normal  BMI  but  central  obesity  as  assessed  by  WC
and  waist-to-hip  ratio  have worse  survival  compared  with
subjects  with  other  adiposity  patterns.  In  a retrospective
study  of  285  patients  with  myocardial  infarction  or  unsta-
ble  angina  in Portugal,36 introducing  WC  into  the GRACE
risk  score  did not add  prognostic  information  on  mortality
or  reinfarction  at six-month  follow-up,  and  thus  abdom-
inal  obesity  was  not shown  to  have  prognostic  value  in
acute  coronary  syndrome.  The  population  in the Portuguese
study  presented  a rate  of  abdominal  obesity  of  44.6%,
lower  than  found  in the  present  study (57.2%),  defined  in
both  studies  according  to  the National  Cholesterol  Edu-
cation  Program  Adult  Treatment  Panel  III cut-offs  of >88
cm  for  women  and  >102  cm  for  men.21 In the present
study,  the  measures  were applied  separately  rather  than
in  combinations,  which  may  explain  why  no  measure  was
associated  with  mortality  as  each  measure  has  its  limita-
tions,  and  combining  such  measures  is  not  appropriate  due
to  the  multicollinearity  between  BMI,  WC  and  CI, which

are  based  on  the same  variables  and therefore  cannot
be used  in combination  to  predict  risk  of  CAD  or  mortal-
ity.

The main  limitation  of  the  present  study  is  its  retro-
spective  and  single-center  nature,  although  the robustness
of  the database,  together  with  the  length  of  follow-up
and  longitudinal  design,  would  tend to  reduce  this  limita-
tion.  Moreover,  male  gender,  diabetes  and  advanced  age
were  shown  to  be risk  factors  for CAD,  an  association  that
has  been  thoroughly  corroborated  by longitudinal  studies
on  the Framingham  Heart  Study  cohort,37---40 as  has  the
association  between  CAD  and  alcohol  consumption  and  mor-
tality.

Our  results  may  help  to  refine  practice  in terms  of  obe-
sity  in the  general  population,  since  they  highlight  the
fact  that  anthropometric  measures  alone  are insufficient
to  predict  a  diagnosis  of  CAD  or  mortality.  Identifying  indi-
viduals  with  greater  abdominal  adiposity  does  not appear
to  be of  major  importance  in efforts  to  prevent  cardiovas-
cular  disease,  although  it is  still  necessary  for monitoring
and  controlling  other  conditions  such as  metabolic  syn-
drome  and  its  components.  None  of  the measures  assessed
was  able  to  predict  CAD or  mortality  in  this study  pop-
ulation.  Nevertheless,  our  results  should  be considered
exploratory  and  need  to  be  confirmed  in future  stud-
ies.

Conclusion

The  anthropometric  measures  assessed  in  this study  were
not  independent  predictive  factors  for  a  diagnosis  of CAD
or  mortality  in  a  population  in southern  Brazil.  Our  results
support  the conclusion  that determination  of  IC,  BMI  and WC
alone  is  insufficient  to  assess  the  risk  of  CAD  and  mortality
in the  general  population.

Ethical disclosures

Protection  of  human  and  animal  subjects.  The  authors
declare  that  the  procedures  followed  were  in accordance
with  the  regulations  of  the  relevant  clinical  research  ethics
committee  and  with  those  of  the  Code  of  Ethics  of  the World
Medical  Association  (Declaration  of  Helsinki).

Confidentiality  of  data. The  authors  declare  that  they  have
followed  the protocols  of their  work  center  on  the publica-
tion  of  patient  data.

Right  to  privacy  and  informed  consent.  The  authors  have
obtained  the  written  informed  consent  of  the patients  or
subjects  mentioned  in the article.  The  corresponding  author
is  in possession  of this  document.

Conflicts of  interest

The  authors  have no  conflicts  of interest  to  declare.



Anthropometric  measures  as  predictors  of  coronary  artery  disease  363

References

1. Koning L, Merchant AT,  Pogue J, et al. Waist circumference
and waist-to-hip ratio as predictors of  cardiovascular events:
meta-regression analysis of prospective studies. Eur Heart J.
2007;28:850---6.

2. Pitanga FJG. Antropometria na avaliação  da obesidade abdom-
inal e risco coronariano. Rev Bras Cineantropom Desempenho
Hum. 2011;13:238---41.

3. Poirier P, Thomas D, Bray G,  et al. Obesity and cardiovascu-
lar disease: pathophysiology, evaluation and effect of weight
loss: an update of  the 1997 American Heart Association Scien-
tific Statement on Obesity and Heart Disease from the Obesity
Committee of the Council on Nutrition, Physical Activity, and
Metabolism. Circulation. 2006;113:898---918.

4. Pinto MVM, Araújo AS, Pimenta FHR, et al. Análise dos riscos
coronarianos através da relação cintura quadril em taxistas
residentes na  cidade de Caratinga --- MG. Rev Digit. 2007;12:
114.

5. Kuk JL, Katzmarzyk PT, Nichaman MZ, et al. Visceral fat is an
independent predictor of all-cause mortality in men. Obesity.
2006;14:336---41.

6. Einstein FH, Atzmon G,  Yang XM, et al. Differential responses
of visceral and subcutaneous fat depots to nutrients. Diabetes.
2005;54:672---8.

7. Barzilai N, She L, Liu BQ,  et  al. Surgical removal of  visceral fat
reverses hepatic insulin resistance. Diabetes. 1999;48:94---8.

8. Gabriely I, Ma XH, Yang XM, et  al.  Removal of visceral
fat prevents insulin resistance and glucose intolerance of
aging: an adipokine mediated process? Diabetes. 2002;51:
2951---8.

9. Mosca L, Banka CL, Benjamin EJ, et al. Evidence-based guide-
lines for cardiovascular disease prevention in women: 2007
update. Circulation. 2007;115:1481---501.

10. Silva JLT, Barbosa DS, Oliveira JA, et al. Distribuição
centrípeta da gordura corporal, sobrepeso e  aptidão car-
diorrespiratória: associação  com sensibilidade insulínica e
alterações metabólicas. Arq Bras Endocrinol Metab. 2006;50:
1034---40.

11. Keys A, Fidanza F,  Karvonen MJ, et al. Indices of  relative weight
and obesity. J Chronic Dis. 1972;25:329---43.

12. Kraemer-Aguiar LG,  Maranhão PA, Sicuro FL, et al. Microvascular
dysfunction: a direct link among BMI, waist circumference and
glucose homeostasis in young overweight/obese normoglycemic
women? Int J  Obes (Lond). 2010;34:111---7.

13. Folsom AR, Kushi LH, Anderson KE, et al. Associations of  gen-
eral and abdominal obesity with multiple health outcomes in
older women: the Iowa Women’s Health Study. Arch Intern Med.
2000;160:2117---28.

14. Rexrode KM, Carey VJ, Hennekens CH, et al. Abdomi-
nal adiposity and coronary heart disease in women. JAMA.
1998;280:1843---8.

15. Valdez R.  A simple model-based index of  abdominal adiposity.
J Clin Epidemiol. 1991;44:955---6.

16. Pitanga FJG, Lessa I.  Sensibilidade e  especificidade do índice de
conicidade como discriminador do risco coronariano de adultos
em Salvador, Brasil. Rev Bras Epidemiol. 2004;7:259---69.

17. Nicolau JC. Diretrizes da  Sociedade Brasileira de Cardiolo-
gia sobre angina instável e  infarto agudo do miocárdio
sem supradesnível do segmento ST. Arq Bras Cardiol.
2007;89:89---131.

18. Chatterjee K, Daley J,  Deedwania PC, et  al. ACC/AHA 2002
guideline update for the management of  patients with chronic
stable angina --- summary article. J Am Coll Cardiol. 2003;4636.

19. Heyward VH,  Stolarczyk LM. Avaliação  da composição corporal
aplicada. São Paulo: Phorte Editora; 2000.

20. Expert Panel on Detection, Evaluation and Treatment of High
Blood Cholesterol in Adults. Executive summary of  the third
report of the National Cholesterol Education Program (NCEP)
expert panel on detection, evaluation and treatment of  high
cholesterol. JAMA. 2001;285:2486---97.

21. National Cholesterol Education Program (NCEP) Expert Panel
on  Detection, Evaluation, and Treatment of High Blood Choles-
terol in Adults (Adult Treatment Panel III). Third report of  the
National Cholesterol Education Program (NCEP) expert panel on
detection, evaluation, and treatment of high blood cholesterol
in adults (adult treatment panel III) final report. Circulation.
2002;106:3143---421.

22. Chobanian AV,  Bakris GL, Black HR, et al. Seventh report of
the Joint National Committee on  prevention, detection, evalu-
ation and treatment of high blood pressure. Am Heart Assoc.
2003:1206---52. Available from: http://hyper.ahajournals.org/
content/42/6/1206.short

23. Landis JR, Koch GG. The measurement of observer agreement
for categorical data. Biometrics. 1977;33:159---74. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/843571

24. Page JH, Rexrode KM, Hu F,  et  al. Waist-to-height ratio as a  pre-
dictor of coronary heart disease among women. Epidemiology.
2009;20:361---6.

25. Sayeed MA, Mahtab H, Latif ZA,  et  al. Waist-to-height ratio is a
better obesity index than body mass index and waist-to-hip ratio
for predicting diabetes, hypertension and lipidemia. Bangladesh
Med Res Counc Bull. 2003;29:1---10.

26. Hsieh SD, Yoshinaga H.  Abdominal fat distribution and coro-
nary heart disease risk factors in men-waist/height ratio as
a simple and useful predictor. Int J  Obes Relat Metab Disord.
1995;19:585---9.

27. Singh R, Prakash M,  Dubey R,  et al. Body composition parame-
ters as correlates of coronary artery disease. Indian J Med Res.
2013;138:1016---9.

28. Cornier MA, Despres JP,  Davis N. Assessing adiposity: a scientific
statement from the American Heart Association. Circulation.
2011;124:1996---2019.

29. Petursson H, Sigurdsson JA, Bengtsson C, et  al. Body con-
figuration as a predictor of  mortality: comparison of  five
anthropometric measures in a 12 year follow-up of  the Nor-
wegian HUNT 2 study. PLoS ONE. 2011;6:26621.

30. Boggs DA, Rosenberg L,  Cozier YC. General and abdominal obe-
sity and risk of death among black women. N  Engl J  Med.
2011;365:901---8.

31. Kragelund C, Hassager C, Hildebrandt P, et  al. Impact of  obesity
on long-term prognosis following acute myocardial infarction.
Int J  Cardiol. 2005;98:123---31.

32. Lee SH, Park JS, Kim W. Impact of body  mass index and waist-
to-hip ratio on clinical outcomes in patients with ST-segment
elevation acute myocardial infarction (from the Korean Acute
Myocardial Infarction Registry). Am J  Cardiol. 2008;102:957---65.

33. Whitlock G, Lewington S, Sherliker P. Body-mass index and
cause-specific mortality in 900 000 adults: collaborative anal-
yses of 57 prospective studies. Lancet. 2009;373:1083---96.

34. Romero-Corral A, Montori VM, Somers VK. Association of  body-
weight with total mortality and with cardiovascular events in
coronary artery disease: a systematic review of  cohort studies.
Lancet. 2006;368:666---78.

35. Coutinho T, Goel K,  de Sá DC,  et  al. Combining body mass
index with measures of central obesity in the assessment of
mortality in subjects with coronary disease. J Am Coll Cardiol.
2013;61:553---60.
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