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Abstract
Objectives: To examine the accuracy of waist circumference to predict two or more 
metabolic syndrome (MS) components among the elderly and to compare it with the 
recommendations of the Joint Interim Statement ( JIS) for adults. Method: The study was 
conducted among participants of the baseline of the Bambuí (Minas Gerais) Cohort 
Study. The best waist circumference cut-off point for the outcome was determined by the 
Younden Index. The accuracy of such cut-off points was assessed by the area under the 
ROC curve (AUROC) and the sensitivity, specificity and positive and negative predictive 
values. Results: The prevalence of MS was 63.8% among women and 43.4% among men. 
Of these, the waist circumference cut-off that best predicted two or more components 
of MS (≥88 cm) was similar to that recommended by JIS (≥90 cm) (AUROC=0.673 and 
0.672, respectively). Among women, the corresponding value was higher (≥92 cm) than 
recommended by the JIS (≥80 cm) (AUROC=0.605 and 0.560, respectively). Conclusion: 
The overall accuracy of waist circumference (AUROC) for the outcome was low for both 
genders, indicating that this measure is not an effective predictor of other components 
of MS in the study population.
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INTRODUC TION

Metabolic Syndrome (MS) is a complex 
disorder represented by a set of factors related to 
central fat deposition and insulin resistance. The 
progressive increase in the occurrence of diabetes 
and cardiovascular events with advancing age makes 
MS particularly relevant among older age groups1,2. 

There are different diagnostic criteria for MS. 
More recently, a Joint Interim Statement ( JIS)³ 
was issued, which adopted cutoff points for the 
circumference of more sensitive waists, which is 
not essential for the diagnosis of the syndrome. 
While these criteria are recommended for the adult 
population, there is no specific recommendation for 
the elderly population. 

As it is an easily obtainable measure, waist 
circumference can be used for tracking other factors 
that make up MS, the assessment of which depends 
on biochemical and blood pressure measurements. 
However, to our knowledge, few studies have 
examined the accuracy of waist circumference in 
the prediction of other factors that comprise MS 
among the elderly4-7. Considering the different values 
found in these studies, new investigations among 
different populations are required to determine 
cutoff points that may be useful in predicting the 
other components of MS among elderly individuals.

The present study aimed to determine the waist 
circumference cut-off points for the prediction of 
two or more components of MS in a large population 
base of elderly men and women, and to compare 
them with the corresponding values of the JIS³ 
recommendations for adults. 

METHOD

The present analysis used baseline data from the 
Bambuí elderly cohort study, conducted in the city of 
the same name, which has around 15,000 inhabitants 
and is located in the state of Minas Gerais, Brazil. 
Among the 1,742 residents aged 60 and over, 1,606 
participated in the baseline survey procedures. More 
details can be found in a previous publication8. The 
Bambuí elderly cohort study was approved by the 
Fiocruz Ethics Committee, Rio de Janeiro, in 1996. 

Participants signed an Informed Consent Term for 
all the study procedures. 

The JIS³ defines MS by the presence of at least 
three of the following five components: (1) waist 
circumference ≥90 cm for men and ≥80 cm for 
women; (2) triglycerides > 150 mg/dL for both 
genders; (3) HDL-cholesterol <40 mg/dL for men 
and <50 mg/dL for women; (4) glycemia >100 
mg/dL or history of medical diagnosis of diabetes 
and/or use of hypoglycemic agents; and (5) systolic 
pressure >130 mmHg and/or diastolic pressure 
>85 mmHg and/or use of antihypertensives. The 
outcome was defined by the presence of two or 
more of the components mentioned, excluding waist 
circumference.

Waist circumference measurement was performed 
in triplicate at the midpoint between the lower edge 
of the last rib and the iliac crest. The average of 
three measures was considered. The evaluators were 
trained by a nutritionist, and reliability analysis was 
performed for a sample of 10% of those evaluated. 
No significant differences were found among the 
evaluators9. Pressure levels were measured after 
30 minutes or more of the last intake of caffeine 
or cigarette smoked. Three measurements were 
performed after five minutes of initial rest and then 
at two-minute intervals, and the mean of the second 
and third measurements were considered. Blood 
collection was performed after a recommended 12 
hours of fasting. The dosages of glycemia, HDL 
cholesterol and triglycerides were determined 
by traditional enzymatic methods8. The use of 
medications was evaluated through a face-to-face 
interview, and the prescriptions and/or packaging 
of drugs consumed were requested. 

Initially, the best cut-off point for waist 
circumference for the prediction of two or more 
other components of MS in the study population 
was based on the cut-off points proposed by Wang 
et al.6. Each waist circumference value between 75 
cm and 95 cm was evaluated in a stratified analysis 
by gender. The best cut point was determined by 
the highest Youden Index (YI), 88 cm for men 
(YI=0.346) and 92 cm for women (YI=0.209). Next, 
the accuracy of the waist circumference cut-off point 
obtained in the analysis described was determined, 
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as well as the cut-off points recommended by the 
JIS2. Accuracy was assessed using the area under the 
Receiver Operating Characteristic (AUROC) curve, 
sensitivity, specificity, and positive and negative 
predictive values. 

RESULTS

Among the cohort baseline participants, there 
was complete information for all the study variables 
for 1,383 individuals included in this analysis. The 
mean age of participants was 68.9 (+7.0) years, with 
a predominance of women (60.9%). The overall 
prevalence of MS based on the JIS definition was 
55.8%. This prevalence was higher among women 
(63.8%) than men (43.4%). The cut-off points that 
best predicted two or more MS components in the 
study population were 88 cm and 92 cm for men 
and women, respectively. 

Table 1 shows the results of the waist 
circumference accuracy analysis, using the cut-off 
point that presented the best prediction for MS in 
the present analysis and that recommended by the 
JIS. Among men, the AUROC was similar for the 
two cut-off points. The sensitivity and specificity of 
the first measurement of waist circumference were 
the same, as were the corresponding values for the 
cut-off point recommended by JIS. The positive 
and negative predictive values using each of these 
measures were similar. In contrast, the use of the 
two cut-off points among women produced different 
results, with the AUROC found to be higher using the 
first measurement. The sensitivity for the prediction 
of two or more components of MS, meanwhile, 
was higher using the second measurement. The 
corresponding values for specificity of the first 
measurement were higher than those of the second. 
The positive and negative predictive values were 
similar for each of the two cut-off points. 

Table 1. Accuracy of waist circumference for the prediction of two or more of four components of metabolic 
syndrome (Baseline of the Bambuí Elderly Cohort Study). 

Waist 
circumference

Prevalence of 
two or more 
components*

AUROC 
(CI 95%)

Sensitivity Specificity Positive 
Predictive 
Value

Negative 
Predictive 
Value

Men 0.577
≥88 cm** 0.673

(0.633-0.713)
0.721 0.624 0.723 0.622

≥90 cm*** 0.672
(0.632-0.712)

0.641 0.703 0.746 0.589

P value 0.948
Women 0.680
≥92 cm** 0.605

(0.569-0.639)
0.565 0.645 0.720 0.485

≥80 cm*** 0.560
(0.533-0.588)

0.906 0.215 0.709 0.518

P value   0.014        
*Two or more of the following components: Triglycerides ≥150 mg/dL; HDL-cholesterol ≤40 mg/dL among men and ≤50 mg/dL among 
women; systolic blood pressure ≥135 mm/Hg and/or diastolic blood pressure ≥85 mm/Hg; fasting blood sugar level ≥100 mg/dL; ** Cut-off 
point that best discriminates two or more components in the study population; *** Cut-off point recommended by the Joint Interim Statement - 
JIS; AUC = area under the ROC curve (receiver operating characteristic); AUROC = area under the ROC curve; p value = Z test for comparison 
between areas under the curve; sensitivity: proportion of increased waist circumference (positive) among those with two or more components 
(true positives); specificity: proportion of negatives among those who did not have two or more components (true negatives); positive predictive 
value: proportion of people with two or more components among individuals with increased waist circumference; negative predictive value: 
proportion of people who did not have two or more components among individuals with adequate waist circumference.
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DISCUSSION

The main results of this study were as follows: 
(1) the waist circumference cut-off point which best 
predicted two or more components of MS among 
the men in the study population was similar to that 
recommended by the JIS for the adult population (2) 
the best waist circumference cut-off point for women 
was higher than that recommended by the JIS. 

Among men, the adoption of the cut-off point 
that best predicted the other components of MS in 
the study population and that recommended by the 
JIS resulted in similar sensitivity and specificity. The 
results differed among women, however, with higher 
sensitivity for the cut-off point recommended by the 
JIS than the measured cut-off point. In contrast, 
as expected, the specificities for the cut-off points 
were lower for the former measure than the latter.                      

Positive and negative predictive values were also 
used in this analysis. These are important measures 
from a public health perspective, since, in addition 
to sensitivity and specificity, they also consider the 
prevalence of the disease in the population. Our 
results found similar predictive values for both 
genders for both the cut-off point which best 
predicted the other components of MS in the study 
population and that recommended by the JIS.  

The main measure used in this analysis to examine 
the accuracy of different waist circumference cut-off 
points for the prediction of two or more components 
of MS was the area under the ROC curve. This 

area represents the overall performance of the test, 
combining the sensitivity and specificity of the 
measure for the outcome. The better the test, the 
more the area under the curve approaches the value 
of 1, while values equal to 0.50 represent an accuracy 
due to chance. Values of 0.90 can be interpreted as 
high, those from 0.7 to 0.89 as moderate and those 
from 0.51 to 0.69 as low10. Although the AUROC 
was higher than the cut-off point defined in this 
study among women, our results show low overall 
accuracy for all the waist circumference cut-off 
points analyzed. 

The main advantage of this study is its large 
population base. Although all precautions were 
taken to ensure the standardization and quality of 
the measurements performed, there is always the 
possibility of regression to the mean, which may 
have attenuated the validity measures used in this 
analysis. In any case, however, this factor could not 
explain the low accuracy found. As the study was 
conducted in a single population, it is not known 
whether the results can be generalized to other elderly 
populations. 

CONCLUSION

The overal l val idity of the use of waist 
circumference for the prediction of two or more 
components of Metabolic Syndrome was low for 
both genders, indicating that this measure does 
not adequately predict other components of this 
syndrome in the study population. 
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