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ABSTRACT
CONTEXT AND OBJECTIVES: Early detection of reduced insulin sensitivity (IS) and insulin resistance (IR) is desirable. The aim here was to evaluate 

correlations of anthropometric indicators for identifying IR or IS and determine the cutoff points of the most effective indicators.

DESIGN AND SETTING: Cross-sectional study in the city of São Paulo.

METHODS: Sixty-one individuals with normal fasting plasma glucose (NFPG) and 43 overweight women were analyzed. Body mass index (BMI), 

waist circumference (WC), waist-to-hip ratio, waist-to-height ratio (WHtR), conicity index and the HOMA-IS and HOMA-IR indices were determined. 

The correlations between the anthropometric indices and IS and IR were determined. ROC analysis was used to determine the areas under the curve 

(AUC) and cutoff points.

RESULTS: Among the NFPG individuals, BMI (r = -0.50; P = 0.002) and WHtR (r = -0.45; P = 0.007) showed correlations with HOMA-IS (homeostasis 

model assessment of insulin sensitivity). The ROC curve demonstrated statistical significance for BMI (AUC = 0.769; P = 0.005), WHtR (AUC = 0.764; P 

= 0.01) and WC (AUC = 0.702; P = 0.04), and the best cutoff points were 33.3 kg/m2, 0.67 and 100 cm, respectively. Among the overweight women, the 

best correlation with HOMA-IR was demonstrated by WHtR (r = 0.37; P = 0.01), and the best cutoff point was 0.70 (AUC = 0.61; P = 0.25).

CONCLUSION: The most promising indicators for showing IS among the NFPG individuals were BMI, WHtR and WC. Among the overweight women, 

WHtR demonstrated greater correlation with IR. 

RESUMO 
CONTEXTO E OBJETIVOS: A detecção precoce da redução na sensibilidade à insulina (SI) e resistência insulínica (RI) é desejável. O objetivo foi avaliar 

a correlação dos indicadores antropométricos em identificar a SI e RI, determinando os pontos de corte dos mais eficazes.

TIPO DE ESTUDO E LOCAL: Estudo transversal na cidade de São Paulo.

MÉTODOS: Analisou-se 61 indivíduos com glicemia de jejum normal (GJN) e 43 mulheres com sobrepeso. Determinou-se: índice de massa corporal 

(IMC), circunferência abdominal (CA), relação cintura quadril, relação cintura estatura (RCE), índice de conicidade e os índices HOMA-IS e HOMA-IR. 

As correlações entre os indicadores antropométricos e SI e RI foram determinadas. Análise ROC foi empregada com determinação das áreas abaixo 

da curva (AUC) e pontos de corte.

RESULTADOS: No grupo de indivíduos com GJN, demonstraram correlação com o HOMA-IS (homeostasis model assessment of insulin sensitivity), o 

IMC (r = -0,50; P = 0,002) e RCE (= -0,45; P = 0,007). A curva ROC demonstrou significância estatística para IMC (AUC = 0,769; P = 0,005), RCE 

(AUC = 0,764; P = 0,01) e CA (AUC = 0,702; P = 0,04); os melhores pontos de corte foram 33,3 kg/m2, 0,67 e 100 cm, respectivamente. Entre 

mulheres com sobrepeso, as melhores correlações com o HOMA-IR foram demonstradas pela RCE (r = 0,37; P = 0,01), e o melhor ponto de corte 

foi 0,70 (AUC = 0,61; P = 0,25).

CONCLUSÃO: Os indicadores mais promissores para indicar SI em indivíduos com GJN foram IMC, RCE e CA. Entre mulheres com sobrepeso, RCE 

demonstrou maior correlação com a RI.
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INTRODUCTION
Over recent decades, it has come to be considered that there is a 

worldwide pandemic of diabetes mellitus (DM). Data from the World 
Health Organization (WHO) indicate that the prevalence of DM is 
2.8% among the worldwide population over 20 years of age.1 Predia-
betes, characterized by abnormal fasting plasma glucose, glucose intol-
erance, or both, is often asymptomatic and the time that elapses be-
tween the early stages of these conditions and the diagnosing of DM 

ranges from four to seven years.2 Over this period, the complications 
relating to inadequate glucose metabolism progress and tissue damage 
becomes established before DM is diagnosed.3-6 Within this context, 
early detection of alterations in glucose metabolism is desirable, such 
that prophylactic interventions can be implemented.7-9

A prospective study demonstrated that reduced insulin sensitivity 
(IS), evaluated through the homeostasis model assessment of insulin sen-
sitivity (HOMA-IS) index,10 was present five years before the appearance 
of abnormal fasting plasma glucose, glucose intolerance, or both, in pre-
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viously normal individuals from the point of view of glucose metabolism. 
Moreover, during the transition from normal to abnormal metabolism, IS 
presented an additional decrease.11 Another index, called the homeostasis 
model assessment of insulin resistance (HOMA-IR), provides an indirect 
assessment of glucose metabolism, through evaluating endogenous insulin 
and plasma glucose homeostasis, as well as fasting plasma glucose.12,13

Obesity is a condition that involves a risk of such metabolic 
alterations.14,15 Therefore, anthropometric indicators among obese indi-
viduals are associated with a greater possibility of developing DM and 
metabolic syndrome. The indicators include body mass index (BMI),16 
waist circumference (WC),17 waist-to-hip ratio (WHR),18 waist-to-
height ratio (WHtR)19 and the conicity index (CI).20 However, such as-
sociations have been described both in normal healthy populations and 
in nutritionally heterogeneous populations.

OBJECTIVE
The objective of the present study was to evaluate the correlation 

of anthropometric indicators for identifying abnormalities of glucose 
metabolism in a group of non-diabetic females who were overweight or 
presented abdominal and generalized obesity (evaluated through BMI 
and WC) and among individuals who were at risk of developing DM, 
but with normal fasting plasma glucose.

MATERIALS AND METHODS

Subjects and data collection
This was a cross-sectional study with a convenience sample, with analy-

sis on prospectively collected data from individuals treated at the outpatient 
medical clinics of the Hospital do Servidor Público Estadual de São Paulo 
“Francisco Morato de Oliveira” between January and December 2009.

The study was approved by the research ethics committee of this 
hospital and the study subjects gave written informed consent (proce-
dural number 0010.338.000-08).

The study included individuals with fasting plasma glucose ≤ 99 
mg/dl and at least one of the following conditions that constitute a risk 
of developing DM: hypertension; BMI ≥ 25 kg/m2; high WC; first-de-
gree kinship with diabetics; mothers of large-for-gestational age new-
borns or who presented gestational DM; fasting serum high-density li-
poprotein cholesterol (HDL) levels < 35 mg/dl and triglycerides > 250 
mg/dl.17 Non-diabetic females with BMI ≥ 25 kg/m2 and WC ≥ 80 cm 
were also assessed separately. The exclusion criteria were a prior diagno-
sis of DM and use of oral hypoglycemic agents or insulin.

The study sample comprised 61 individuals with normal fasting 
plasma glucose levels and, in parallel, 43 females with BMI ≥ 25 kg/m2 
and WC ≥ 80 cm. Most of these 43 women were undergoing outpatient 
follow-up treatment for hypertension and/or dyslipidemia. 

Measurements
We evaluated weight, height, WC, hip circumference, blood pres-

sure (BP), presence of hypertension and dyslipidemia, along with the 

use of hypolipidemic drugs and hypotensors among the individuals 
included. BMI, WHR, WHtR and CI were calculated. The formulas 
used to calculate the indices studied are shown in Table 1.

All the data were evaluated by physicians with training on measure-
ments of weight and height using standard techniques.18 WC was evalu-
ated with the patient standing, at the end of exhalation, at the midpoint 
between the lower costal border and top of the iliac crest, using an inelas-
tic tape horizontally.19 Hip circumference was measured at the level of the 
greater trochanter,20,21 in order to calculate WHR.19,20,22 BP was measured 
in accordance with the Seventh Report of the Joint National Commit-
tee on Prevention, Detection, Evaluation and Treatment of High Blood 
Pressure.20 Hypertension was defined as BP levels ≥ 140 x 90 mmHg on 
two different occasions, or situations of hypotensor use, regardless of BP 
levels.20 Diagnoses of dyslipidemia were evaluated in accordance with the 
laboratory criteria established in the Third Report of the National Choles-
terol Education Program (NCEP) Expert Panel on Detection, Evaluation 
and Treatment of High Blood Cholesterol in Adults,19 or were defined 
as situations of hypolipidemic drug use, regardless of serum lipoprotein 
cholesterol levels and triglyceride levels.19 The study subjects underwent 
determinations of serum glucose levels and insulin levels after an 8 to 12-
hour nocturnal fast. Plasma glucose was determined using the enzymatic 
method and insulin was determined using the immunometric method in 
a two-sided solid-phase chemiluminescence assay (Immulite 2000, Sie-
mens). The HOMA-IS and HOMA-IR indices were determined through 
the formula shown in Table 1. Insulin sensitivity were considered to be 
preserved when HOMA-IS ≤ 0.37 and insulin resistance was considered 
to be present when HOMA-IR > 2.7, in accordance with a study on prev-
alence carried out among a Brazilian population.23

Statistical analysis
Statistical analyses were performed using the MedCalc program, ver-

sion 11.2. The level of statistical significance was set at P < 0.05. In or-
der to evaluate the correlations of anthropometric data with HOMA-IS 
and HOMA-IR among the continuous variables, Pearson’s coefficient was 
used on continuous variables with normal distribution and Spearman’s 
coefficient was used on continuous variables that did not follow normal 
distribution. Fisher’s exact test was used for categorical variables.

ROC (receiver operating characteristic) curves were constructed 
and the areas under the curve (AUC) were calculated, with a 95% con-
fidence interval (CI).16 The Z test was used for comparisons of AUCs. 
Sensitivity (Sn) and specificity (Sp) values relating to detection of lower 
IS or higher IR were calculated for each cutoff point present in the sam-
ple. The cutoff value that presented the highest sum of Sn and Sp was 
chosen since it optimized the ratio between these two parameters.24

RESULTS
The mean age of the 61 individuals with normal fasting plasma glucose 

was 59.7 ± 14.3 years, and 16 of them were males. The general character-
istics of the sample studied are shown in Table 2, and it is noteworthy that 
the great majority reported hypertension and dyslipidemia, with mean sys-
tolic blood pressure of 132.5 ± 22.2 mmHg and diastolic arterial pressure of 
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WC = waist circumference; Q = hip circumference; HOMA-IS = homeostasis model assessment of insulin sensitivity, HOMA-IR = homeostasis model assessment of insulin resistance.

Variable Formula References

Body mass index weight (kg)/height (m)² 12

Waist-to-hip ratio WC (cm)/Q (cm) 14

Waist-to-height ratio WC (cm)/height (cm) 15

Conicity index WC (m)/0.109 x √[weight (kg)/height (m)] 16

HOMA-IS 1/[insulin (mU/l) x glucose (mmol/l)/22.5] 10

HOMA-IR insulin (mU/l) x glucose (mmol/l)/22.5 21 

Table 1. Formulas used in calculating the variables analyzed

Categorical variables % n

Male gender 26.2% 16

Hypertension 62.2% 38

Dyslipidemia 67.2% 41

Continuous variables Mean ± SD Median (min-max)

Age (years) 59.7 ± 14.3 60 (18-83)

Weight (kg) 73.4 ± 13.3 71.2 (45.5-114.0)

Height (m) 1.5 ± 0.1 1.5 (1.42-1.96)

Body mass index (kg/m²) 29.5 ± 5.6 28.9 (19.43-43.44)

Systolic blood pressure (mmHg) 132.5 ± 22.2 130 (88-186)

Diastolic blood pressure (mmHg) 80.9 ± 11.8 80 (58-118)

Waist circumference (cm) 97.7 ± 13.8 98 (60-130)

Hip circumference (cm) 103.7 ± 15.8 103.5 (60-136)

Waist-to-hip ratio 0.9 ± 0.1 0.9 (0.7-1.7)

Waist-to-height ratio 0.6 ± 0.1 0.6 (0.3-0.8)

Conicity index 1.3 ± 0.1 1.3 (0.9-1.5)

Fasting plasma glucose (mg/dl) 91.7 ± 5.6 93 (77-99)

Fasting insulinemia (mUI/ml) 12.2 ± 19.4 5.0 (2-100)

HOMA-IS 1.0 ± 0.7 0.8 (0.04-2.44)

Table 2. Characterization of the individuals with normal fasting plasma glucose evaluated according to clinical, anthropometric and laboratory data

SD = standard deviation; min = minimum value; max = maximum value; HOMA-IS = homeostasis model assessment of insulin sensitivity.

HOMA-IR = homeostasis model assessment of insulin resistance.

Variables Population studied (n = 43)

Age (years) 57.2 ± 13.0

HOMA-IR 3.8 ± 4.7

Body mass index (kg/m2) 32.5 ± 5.7

Waist circumference (cm) 103.6 ± 10.1

Waist-to-hip ratio 0.93 ± 0.06

Waist-to-height ratio 0.66 ± 0.06

Conicity index 1.33 ± 0.05

Table 3. General characteristics of the group of obese non-diabetic females

80.9 ± 11.8 mmHg. Reduced insulin sensitivity was found in 25.6% of the 
patients, and the mean HOMA-IS for all patients was 1.0 ± 0.7, a value that 
was well above the level that is considered appropriate (≤ 0.37).

In parallel, we evaluated 43 non-diabetic females, of mean age 57.2 ± 
12.9 years, who were either overweight or presented abdominal and gen-
eralized obesity. The prevalence of insulin resistance in the sample studied 
was 39.53%, with mean HOMA-IR of 3.8 ± 4.7, which were also above-
normal values (≤ 2.7). The general characteristics of the population stud-
ied are shown in Table 3. Regarding nutritional status, according to BMI 
data, 44.19% were overweight and 55.81% were obese. The correlation 
with HOMA-IS in the group of patients with normal fasting plasma glu-
cose was demonstrated using BMI (r = -0.50; 95% CI: -0.72 to -0.19; P 
= 0.002) (Figure 1) and WHtR (r = -0.45; 95% CI: -0.684 to -0.132; P = 
0.007) (Figure 2). A ROC curve was constructed for the anthropometric 
indicators evaluated and HOMA-IS was calculated in order to assess IS 

(Figure 3). Data on AUC, standard error (SE), 95% CI, cutoff points and 
the respective Sn and Sp demonstrated statistical significance in relation 
to BMI (AUC = 0.769; P = 0.005), WHtR (AUC = 0.764; P = 0.01) and 
WC (AUC = 0.702; P = 0.04), and the best cutoff points found were 33.3 
kg/m2, 0.67 and 100 cm, respectively (Table 4).

In the group of obese females, the most statistically significant cor-
relation with the HOMA-IR index was demonstrated by the waist-to-
height ratio (WHtR) (r = 0.37; P = 0.01; 95% CI: -0.6058 to -0.0822). 
The remaining anthropometric indicators of obesity and body compo-
sition that were evaluated did not demonstrate any significant correla-
tions with the HOMA-IR index (P > 0.05). A ROC curve was construct-
ed for WHtR, in order to assess IR, through HOMA-IR (Figure 4). In 
assessing the cutoff point with the greatest accuracy, WHtR reached 
the greatest sum between Sn and Sp values for the cutoff point 0.70 
(AUC = 0.61 ± 0.09; P = 0.25) (Table 5).
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Figure 1. Spearman’s correlation coefficient, after logarithmic 
transformation, between HOMA-IS (homeostasis model assessment of 
insulin sensitivity) and BMI (body mass index).
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Figure 2. Spearman’s correlation coefficient, after logarithmic 
transformation, between HOMA-IS (homeostasis model assessment of 
insulin sensitivity) and WHtR (waist-to-height ratio).

Figure 3. ROC (receiver operating characteristic) curve for 
the anthropometric indicators evaluated for assessing insulin 
sensitivity.
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Figure 4. ROC (receiver operating characteristic) curve for waist-to-height 
ratio for assessing insulin resistance through the HOMA-IR (homeostasis 
model assessment of insulin resistance) index.
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Variables Area ± SE (95% CI) Cutoff point Sensitivity (95% CI) Specificity (95% CI) Sn + Sp P value

Body mass index 0.769 ± 0.096 (0.593 to 0.896) 30.33 80.00 (59.3 to 93.2) 77.78 (40.0 to 97.2) 157.78 0.005

Waist-to-height ratio 0.764 ± 0.107 (0.588 to 0.892) 0.67 84.00 (63.9 to 95.5) 77.78 (40.0 to 97.2) 161.78 0.01

Waist circumference 0.702 ± 0.101 (0.521 to 0.846) 100 68.00 (46.5 to 85.1) 77.78 (40.0 to 97.2) 145.78 0.04

Waist-to-hip ratio 0.584 ± 0.116 (0.403 to 0.750) 0.89 68.00 (46.5 to 86.1) 55.56 (21.2 to 86.3) 123.56 > 0.05

Conicity index 0.540 ± 0.125 (0.361 to 0.712) 1.355 56.00 (34.9 to 75.6) 77.78 (40.0 to 97.2) 133.78 > 0.05

Fasting plasma glucose 0.513 ± 0.122 (0.336 to 0.688) 89 80.00 (59.3 to 93.2) 44.44 (13.7 to 78.8) 124.44 > 0.05

Table 4. Efficacy of the anthropometric indicators evaluated and fasting plasma glucose in assessing insulin sensitivity

SE = standard error; CI = confidence interval; Sn = sensitivity; Sp = specificity.

SE = standard error; CI = confidence interval; Sn = sensitivity; Sp = specificity.

Variable Area ± SE (95% CI) Cutoff point Sensitivity (95% CI) Specificity (95% CI) Sn + Sp P

Waist-to-height ratio 0.61 ± 0.09 (0.44-0.75) 0.7 41.18 (18.4-67.1) 84.00 (63.9-95.5) 125.18 0.25

Table 5. Efficacy of waist-to-height ratio for evaluating insulin resistance in the group of obese females
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DISCUSSION
In the present study, BMI and WHtR demonstrated relevant nega-

tive correlations with HOMA-IS in individuals with normal fasting 
plasma glucose but presenting conditions that indicated that they were 
at risk of developing DM. The most promising anthropometric indi-
cators for assessing IS were BMI, WHtR and WC. BMI and WC are 
widely used in clinical practice. However, WHtR still has not been 
incorporated into routine anthropometric assessment. Other research 
groups have already reported associations between WHtR and condi-
tions such as left ventricular hypertrophy,25 hypertension,26-28 DM27 
and insulin resistance in males classified as normal.29 Another impor-
tant finding from the present study was the correlation between IR, 
evaluated through the HOMA-IR index, and WHtR among over-
weight females.

Several studies have associated abdominal obesity with metabolic al-
terations and high cardiovascular risk, regardless of generalized obesity 
indicators.30-32 Imaging techniques such as nuclear magnetic resonance 
and computed tomography make it possible to observe different adipose 
tissue deposits at waist level. Among these are visceral and subcutaneous 
adiposity: the first of these is highly correlated with IS reduction and in-
creased IR.30-35 In turn, WC has demonstrated a strong correlation with 
visceral adiposity and was therefore suggested by Lean et al. to be a cost-
effective tool for such assessments.36

However, Hsieh and Yoshinaga demonstrated that individuals 
with similar WC values and lower height presented a worse metabol-
ic and cardiovascular profile, demonstrated by greater hyperglycemia 
prevalence, hepatic steatosis and hypertension, compared with indi-
viduals with greater height, even after adjustment for age, smoking 
and lipid profile. This suggested that WHtR would be a more accu-
rate tool in screening for the metabolic consequences of visceral de-
posits of adipose tissue.37 IS reduction and increased IR are subclini-
cal conditions that have been considered to be precursor alterations 
of pre-diabetic status,11 which justifies active surveillance to diagnose 
such conditions. However, the laboratory analyses involved in this are 
expensive.

Therefore, every effort should be made towards determining cost-
effective and easily interpreted criteria to identify such conditions. To 
this end, further studies should be encouraged in different populations, 
with the aim of validating the use of anthropometric indicators that 
were shown to be effective in the present study.

One limitation of this study was inherent to its cross-sectional de-
sign. Thus, it was not possible to determine cause-and-effect relation-
ships, but only to report associations. Another limitation lay in the lim-
ited number of individuals included in this study. This was mainly be-
cause of the large number of individuals with diabetes or with abnormal 
fasting plasma glucose who were being treated at the outpatient medical 
clinics of Hospital do Servidor Público Estadual de São Paulo, or the 
high number of non-diabetic individuals who were using oral hypogly-
cemic agents, under clinical conditions such as non-alcoholic steato-
hepatitis or metabolic syndrome, which constituted exclusion criteria 
in the present study.

CONCLUSION
The most promising anthropometric indicators for assessing IS were 

BMI, WHtR and WC, and the best cutoff points were 33.3 kg/m2, 0.67 
and 100 cm, respectively. We also observed an important correlation be-
tween WHtR and IR, evaluated through the HOMA-IR index, among 
overweight or obese females and in non-diabetic females as well, and the 
best cutoff point was 0.70. These indicators involve simple, fast and eas-
ily interpreted anthropometric assessments, which may form an alterna-
tive to the HOMA-IS and HOMA-IR indices in clinical practice.
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