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Abstract
Objective. To estimate anthropometric parameters’ (APs) 
cut-off points and association for metabolic syndrome (MetS). 
Materials and methods. A cross-sectional study was car-
ried out with a total of 434 adult women from Cartagena 
de Indias, Colombia, in 2012. APs measured were waist 
circumference (WC), body mass index (BMI), body adiposity 
index (BAI), waist-hip ratio (WHR) and waist-height ratio 
(WHtR). Cut-off points were estimated by a receiver op-
erating characteristic curve (ROC). Logistic regression was 
applied to estimate possible associations. Results. Cut-off 
points for WC, BMI, BAI, WHR and WHtR were 85 cm, 
28 kg/m2, 39%, 0.80 and 56, respectively. Only WHtR was 
associated to MetS (OR=1.11, CI95% [1.07-1.15]). Conclu-
sion. WC cut-off point was higher than those proposed for 
Latin-American women by the Joint Interim Statement (JIS). 
WHtR had a low predictive value for MetS.
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Resumen
Objetivo. Estimar los puntos de corte y asociación de las 
medidas antropométricas para obesidad con el síndrome 
metabólico (SMet). Material y métodos. Se realizó un 
estudio de corte transversal con 434 mujeres adultas, en 
Cartagena de Indias, Colombia, durante 2012. Se midieron 
la circunferencia abdominal (CA),  el índice de masa corporal 
(IMC), el índice de adiposidad corporal (IAC) y las razones 
cintura-cadera (RCC) y cintura-talla (RCT). Los puntos de 
corte fueron determinados mediante la curva ROC. La fuerza 
de asociación se estimó por regresión logística. Resultados. 
Los puntos de corte para CA, IMC, IAC, RCC y RCT fueron, 
respectivamente, 85 cm, 28 kg/m2, 39%, 0.80 y 56. De los pa-
rámetros evaluados sólo RCT se asoció con SMet (OR=1.11, 
IC95% [1.07-1.15]). Conclusión. El punto de corte para cir-
cunferencia abdominal fue superior al reportado en América 
Latina, según el criterio de declaración provisional conjunta 
(JIS). La asociación de RCT con SMet fue baja.

Palabras clave: obesidad; obesidad abdominal; índice de 
masa corporal; síndrome X metabólico; región del Caribe; 
Colombia
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Metabolic syndrome (MetS) was initially described 
in 1988 as a hyperinsulinemic status associated 

to glucose intolerance, elevated plasma levels of free 
fatty acids and high blood pressure (HBP).1 Since then, 
continuous efforts have been carried out in order to 
develop a useful definition that allows a feasible assess-
ment of the syndrome in a clinical context.2-4 A common 
key criteria in all definitions has been obesity, mainly 
defined as central and abdominal obesity.5
	 Assessment of obesity and its relation to insulin 
resistance has been controversial due to ethnic and envi-
ronmental influences in metabolic responses to risk fac-
tors.6 In this regard, different waist circumference (WC) 
cut-off points for abdominal obesity were proposed, 
and only the International Diabetes Federation (IDF) 
considered ethnic differences in its MetS definition.4 
	 A recent international consensus has proposed a 
unified MetS definition referred to as the Joint Interim 
Statement (JIS), which emphasizes the ethnic char-
acteristics of the population, proposing to determine 
the cutoff points of waist circumference (WC) for each 
region and population.7
	 Asian and Latin American groups have suggested 
their particular WC cut-off points for abdominal obesity 
assessment in MetS.8,9 Although the Latin American 
study included Andean population from Colombia, it is 
still lacking of a cut-off value applied to the Colombian 
Caribbean region, a population with different ethnic and 
socio-demographic characteristics and a high prevalence 
of MetS.10,11 Also, due to the fact that measures for ab-
dominal obesity vary between women and men, as it 
has been largely observed,2-5 it is necessary to estimate 
sex-specific cut-off points for WC in Caribbean coast 
population.
	 Even though WC has been widely applied as a 
practical definition for abdominal obesity, other an-
thropometric parameters (APs) such as body mass 
index (BMI), waist-hip ratio (WHR) and waist-height 
ratio (WHtR) have been employed to estimate body fat 
distribution and to predict disorders associated with 
MetS;12,13 moreover, a new body adiposity index (BAI) 
was recently developed in an attempt to rely on a bet-
ter clinical tool for body percent adiposity estimation,14 
but its significance for the diagnosis of obesity-related 
disorders remains unclear.15 In this regard, APs utility 
as indicators for insulin resistance and MetS remain a 
controversial issue; thus, to determinate their relevance 
on MetS approach it would be helpful to understand 
interactions between cardiovascular risks and their 
manifestations.16,17

	 With that in mind, the aim of this study was to 
estimate APs, cut-off points and predictive value for 

MetS in a population from Cartagena, on the Colombian 
Caribbean coast.

Materials and methods
A cross-sectional study was carried out on women from 
urban areas of Cartagena de Indias, Colombia, in 2012. 
Individuals aged 20-80 years were randomly selected 
through a cluster sampling, and invited to participate 
in our study by completing a medical examination by 
trained physicians, as it has been described in a previ-
ous report.10 According to the last national census, 
Cartagena accounts for 895 400 inhabitants, where 
women represent 50% of the population.18 With a 25% 
MetS prevalence,11 and a study error determined at 4.1, 
confidence interval at 95%, a minimum sample size was 
calculated to be 430 individuals, where sample size is 
the product of p*q*Z2 divided by d (p=0.25;(11) q=(1-p); 
Z=1.96; d=study  error).19

	 Anamnesis and physical examination were em-
ployed to register sociodemographic and biophysical 
variables. APs catalogued as indicators for body fat 
distribution were WC, BMI, WHR, WHtR and BAI. 
Procedures for examination were performed according 
to IDF and JIS guidelines.4,7 Blood samples were drawn 
after a fasting period of 8-12 hours, and processed in 
our laboratory at Universidad de Cartagena within 
the first 2 hours. Serum biochemical parameters (gly-
cemia, triglyceridemia and HDLc) were determined 
by colorimetric assays with appropriated reagent kits 
(Biosystems, Barcelona, Spain).
	 JIS criteria were followed to define MetS compo-
nents.7 For analytical procedures, MetS was defined 
as the presence of two or more components, excluding 
central obesity criteria. Central tendency measurements 
were employed to describe data. A receiver operating 
characteristic curve (ROC) was applied to determine the 
cut-off point of APs for MetS and each of its associated 
disorders; also, area under the curve (AUC) comparisons 
were performed following the method described by De-
Long and colleagues.20 Procedures were carried out with 
R 2.13.0 (Vienna, Austria),21 employing pROC 1.4.3 pack-
age for AUC calculation and comparisons, and Epi 1.1.20 
package for plotting.22,23 A logistic regression model, 
fitted by age, using multivariable fractional polynomials 
(MFP) and reporting odds ratios (OR) was performed to 
estimate predictive values of APs on MetS and each of 
its associated disorders.24 MFP 1.4.9 package for R was 
employed for regression coefficients calculation.25 Cali-
bration was assessed employing the Hosmer-Lemeshow 
test (HL), and a p>0.05 was interpreted as a statistically 
significant calibration of the model.26
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	 This study was approved by the Universidad de 
Cartagena Bioethics Committee, and all participants 
gave their written informed consent.

Results
A total of 500 women were invited to participate in our 
study; 51 of them were excluded because they did not 
fulfill the minimal fasting time for biochemical serum 
assays (12 h); 15 additional patients reported missing 
values in their sociodemographic or biophysical data 
and they were also excluded. Finally, a total of 434 
women participated in the present study. Age average 
was 47.2 ± 14.1 y, while means ± standard deviations 
for APs were: WC 88.2 ± 13.0 cm, BMI 26.9 ± 5.4 kg/
m2, BAI 34.3 ± 7.3%, WHR 0.85 ± 0.08, WHtR 55.9 ± 8.8. 
Prevalence of MetS and its related disorders were: HBP 
32.7% (CI95% [29.1 - 36.2]), high serum triglycerides 
levels 38.2% (CI95% [34.5 – 41.9]), low serum HDLc 
44.2% (CI95% [40.4 – 47.9]), High serum glucose levels 
18.6% (CI95% [15.6 – 21.5]), and MetS 33.4% (CI95% 
[29.8 – 36.9]).
	 ROC curves with MetS as the outcome and APs as 
variables are represented in figure 1. WC cut-off points 
for HBP, high serum triglycerides, low HDLc, high 
serum glucose and MetS were 83, 83, 92, 85 and 85 cm, 
respectively. BMI cut-off points for HBP, high serum 
triglycerides, low HDLc, high serum glucose and MetS 
were 28, 24, 26, 28 and 28 kg/m2, respectively. BAI cut-
off points for HBP, high serum triglycerides, low HDLc, 
high serum glucose and MetS were 34, 32, 39, 40 and 39%, 
respectively. WHR cut-off points for HBP, high serum 
triglycerides, low HDLc, high serum glucose and MetS 
were 0.83, 0.80, 0.76, 0.85 and 0.80, respectively. WHtR 
cut-off points for HBP, high serum triglycerides, low 
HDLc, high serum glucose and MetS were 52, 52, 46, 56 
and 56, respectively (table I and figure 1). AUCs and their 
respective confidence intervals are represented in table 
I, while AUCs comparisons are illustrated in figure 2. 
	 Concerning the APs as predictors of MetS and its 
disorders, we observed that ORs reported through lo-
gistic regression oscillated between 0.98 and 1.11, where 
MetS and its components were dependent variables 
while age and APs were independent variables. Instead 
of a unique predictor for the four MetS components, 
a heterogeneous behavior of APs was found in the 
regression model. In this regard, age was found as a 
predictor only for HBP (OR=1.04) and low serum HDLc; 
BAI was a predictor exclusively for HBP (OR=1.07); 
WC was a predictor solely for high serum triglycerides 
(OR=1.02); while BMI was a predictor for low serum 
HDLc (OR=1.08). In this sense, WHtR was the only AP 
correlated to two dependent variables, being predictor 

for high serum glucose (OR=1.07) and for MetS as a 
cluster (OR=1.11, table II).

Discussion
WC has been described as the best parameter to assess 
abdominal obesity in clinical practice. IDF proposed 
ethnic-specific WC thresholds as obligatory criteria in 
its MetS definition, and suggested a cut-off point ≥80 cm 
for South American women based on Asian studies until 
more specific data were available; in the same way, the 
JIS definition adopted IDF thresholds and recognized 
the need for ethnic-specific WC cut-offs.4,7

	 The WC cut-off point estimated here for MetS in 
women (85 cm) is higher than the point proposed previ-
ously in JIS guidelines for Latin American population 
(80 cm),7 however it is lower than the WC threshold for 
abdominal obesity (90-92 cm) recently found by Ashner 
and colleagues in South American women.9 Considering 
that Colombia is a country with ethnic variations and a 
diverse set of population phenotypes between regions, 
in particular between the Caribbean region and people 
from Andean cities (Bogotá, Bucaramanga, Medellín, 
among others),18 such differences in WC cut-off points 
could be attributed to ethnic influences on body fat 
distribution, as it has been also suggested by other 
authors.6 
	 Additionally, WC cut-off points found here differ 
from those observed in a Brazilian cohort, where 80 cm 
(women) and 87 cm (men) were reported as the most 
sensible and specific points for HBP prediction;27 our 
results also diverge from a Mexican National Health 
survey where WC cut-off points for diabetes and 
HBP were 94-99 cm and 93-96 cm in women and men, 
respectively,28 showing a high diversity of cut-off points 
within Latin American population.
	 According to our results, WC AUC for MetS showed 
an acceptable discriminatory capacity (table I), even bet-
ter than WHR ROC plot performance; moreover, none 
of the other APs here studied have shown a significantly 
larger AUC than WC when MetS was the classification 
variable (figure 2). These findings agree with JIS and 
WHO suggestion to employ WC as the criteria for ab-
dominal obesity assessment in MetS approach.7,29

	 Given that MetS is a cluster of several alterations, 
we were concerned about the APs’ performance in the 
diagnosis of every alteration included in the syndrome. 
In this regard, utility of APs to diagnose these altera-
tions separately could provide a clinical tool in order to 
anticipate their clustering. However, APs’ AUC showed 
small values when HBP, high serum triglycerides, low 
serum HDLc and high serum glucose were classificatory 
variables; although these observations discard their use 
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Cut-off was estimated as the point where sensitivity and specificity reach their maximum values in the curve

Figure 1. Receiver operating characteristic curve (ROC) of anthropometric parameters for metabolic syndrome
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for a single-alteration diagnosis in our population, ROC 
curve results allow us to conclude that APs would be 
useful for MetS assessment (table I, figure 2).
	 In 2011, Bergman and colleagues published the BAI 
as a new indicator of body percent adiposity. This index 
had a high concordance with x-ray based methods to 
estimate the proportion of body adiposity in men and 
women with Hispanic and Afro-American features.14 
BAI has considerable advantages for its application in 
clinical practice, and possibly it will be a useful tool in 
regions where imaging devices are not easily available. 
However, in the present study the ROC curve analysis 
evidenced that BAI’s AUC was not significantly superior 
to any other AP for MetS diagnosis (figure 2); this prob-
ably reflects the fact that this index is not specifically 
designed for abdominal obesity assessment. From this 
point of view, BAI would not be more appropriate than 
WC as the parameter for abdominal obesity definition 
in MetS. To our knowledge, this is the first evaluation 
of this index in Colombian population, and it would 
be hasty to make a definitive conclusion based on our 
results. Further studies are needed to evaluate its use-
fulness on obesity related disorders in order to clarify 
BAI’s clinical meaning.
	 Concerning APs’ predictive value for MetS, inde-
pendent variables showed a heterogeneous behavior, 
and a unique predictor was not found in every alteration 
included in MetS cluster (table II). This phenomenon 

has been observed previously in Asians and in North 
Americans,16,17 where APs were suggested as predictors 
for peripheral vascular disease and insulin resistance in 
large case-control studies, but their usefulness was not 
constant to every MetS criteria. Similar findings were 
also reported in Peruvian population where no single 
AP was identified as the best MetS predictor.30 
	 Although WHtR had a statistically significant result 
for MetS prediction, confidence interval values are close 
to the unit, indicating that only 7-15% of MetS cases 
would be predicted by WHtR. 
	 Although findings in this study might suggest 
a higher WC cut-off point for MetS in women from 
Cartagena de Indias, application of new criteria should 
be confirmed by an external validation on an inde-
pendent and comparable sample. Our results are only 
valid for adult women from Cartagena de Indias due 
to the nature of our sample. Currently, a larger study 
is being made by sampling people from three major 
cities of Colombia’s Caribbean coast. According to our 
findings, a higher cut-off point for WC applicable to 
women in the entire region is expected to be observed. 
As a matter of fact, cut-off points based on ROC curve 
might diverge when different statistical approaches are 
applied in the same population; to avoid bias related to 
this, some authors suggest to employ Youden index to 
determine optimal cut-off points,31 as it was applied in 
this study. Although MetS has been the focus of a large 

Table I

Anthropometric parameters’ cut-off points for metabolic syndrome and associated alterations in women from 
Cartagena de Indias, Colombia, 2012

High blood pressure   High serum
triglycerides   Low serum HDLc   High serum glucose   Metabolic syndrome  

Anthropometric 
parameter Cut-off AUC

CI95% HL Cut-off AUC
CI95% HL Cut-off AUC

CI95% HL Cut-off AUC
CI95% HL Cut-off AUC

CI95% HL

Waist circumfe-
rence (cm) 83 65.9%

[60.5-71.3] 0.250 83 57.2%
[51.7-62.7] 0.851 92 56.7%

[51.3-62.1] 0.427 85 64.1%
[57.5-70.7] 0.584 85 73.4%

[67.3-79.5] 0.541

Body mass index 
(kg/m2) 28 62.8%

[57.1-68.5] 0.504 24 57.8%
[52.2-63.3] 0.884 26 59.9%

[54.6-65.3] 0.654 28 59.7%
[52.5-67.0] 0.035 28 71.7%

[65.3-78.2] 0.334

Body adiposity 
index (cm/m1.5) 34 64.4%

[58.9-69.9] 0.537 32 55.9%
[50.3-61.4] 0.649 39 54.7%

[49.2-60.2] 0.363 40 62.2%
[54.7-69.7] 0.007 39 68.9%

[62.1-75.7] 0.342

Waist to hip ratio 
(cm/cm) 0.83 64.5%

[59.2-69.9] 0.065 0.80 53.7%
[48.2-59.2] 0.134 0.76 51.9%

[46.4-57.3] 0.507 0.85 61.8%
[55.2-68.4] 0.259 0.80 63.5%

[56.9-70.1] 0.120

Waist to height 
ratio (cm/cm) 52 69.3%

[64.1-74.6] 0.451 52 57.2%
[51.7-62.8] 0.967 46 55.8%

[50.3-61.2] 0.553 56 65.0%
[58.5-71.5] 0.296 56 74.2%

[68.3-80.1] 0.349

Cut-off point, AUC and CI95% were estimated by DeLong method.20 Body adiposity index was calculated according to Bergman et al.10 P-values in HL test 
were employed as a calibration measure
Abbrevations: AUC (area under the ROC curve), CI95% (confidence interval 95%), HL (Hosmer-Lemeshow test)
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Panels represent AUCs comparisons where each anthropometric parameter (AP) was matched with metabolic syndrome or its alterations
A.	 High blood pressure (HBP): Significant differences were found when waist to height ratio (WHtR) AUC was compared to all other APs. WHtR AUC was 

larger than AUCs of waist circumference (WC) (p<0.001), body mass index (BMI) (p<0.001), body adiposity index (BAI) (p<0.01) and waist to hip ratio 
(WHR) (p<0.05). Differences between others APs were not significant

B.	 High serum triglycerides: No significant differences were found for APs’ AUC comparisons
C.	 Low serum HDLc: Heterogeneous differences were found. WC was larger than WHR’s AUC (p<0.05). BMI’s AUC was larger than AUCs of BAI (p<0.01), 

WHR (p<0.05) and WHtR (p<0.05)
D.	 High serum glucose: Only differences between BMI and WHtR were found. According to this, WHtR’s AUC was larger than BMI area (p<0.05).
E.	 Metabolic syndrome: Only three matched comparisons showed significant differences. WC’s AUC was larger than WHR area (p<0.01); also, WHtR’s 

AUC was larger than AUC of BAI (p<0.05) and WHR (p<0.001)

Figure 2. Area under the Receiver operating characteristic curve comparisons
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discussion, in part due to the fact that the syndrome is 
based on categorical criterion created from continuous 
variables (i.e. glicemia, blood pressure), Royston and 
colleagues (2006) have pointed out that MFP applied 
to regression models would reduce bias attributable to 
dichotomization of continuous variables.24,32   
	 In conclusion, APs’ cut-off points in the Carib-
bean population from Cartagena are different to those 
proposed by IDF guidelines and JIS criteria, and also 
different from other Latin American groups.(7,9,28) 
Given that a single MetS predictor was not found, 
further studies focused on prevention of MetS and its 
alterations should be developed.
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