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Resumo 
Objective: To identify cut-off points for waist circumference (WC) and waist-to-height ratio (WHtR) with better sensitivity, 

specificity and accuracy to distinguish overweight elderly people by sex, using three body mass index criteria as anthropometric 
references. Methods: This was a cross-sectional study that analyzed weight, height and WC measurements of 3,477 elderly 
people (2008-2009); receiver operating characteristic (ROC) curves were used to define the cut-off points. Results: WC cut- 
off points were 86.5cm, 88.7cm and 91.5cm in women, and 93.0cm, 96.0cm and 97.5cm in men, according to World Health 
Organization/WHO, Nutrition Screening Initiative/NSI and Pan American Health Organization/PAHO criteria, respectively; WHtR 
cut-off points corresponded to 0.57, 0.58, 0.59 in the female sex, and 0.56, 0.58 and 0.59 in the male sex; highest absolute 
overall accuracy values: PAHO (men) and WHO (women). Conclusion: WC and WHtR cut-off points were similar, regardless 
of the BMI criterion adopted.
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Introduction 

Aging is associated with changes in body composition, 
revealed by reduction in lean mass, increase in fat mass 
and redistribution of these tissues in the body, with greater 
accumulation of intra-abdominal and intramuscular 
fat.1,2 Data from the Framingham Heart Study (2002-
2005) show that both subcutaneous adipose tissue 
and intra-abdominal/visceral tissue are correlated with 
cardiometabolic risk factors, especially among women; 
when considering subcutaneous fat, the study found 
a strong correlation with waist circumference (WC) 
(r=0.87 and r=0.88) and with body mass index (BMI) 
(r=0.88 and r=0.83) in women and men, respectively.3

Different anthropometric measurements are used 
in clinical practice and in epidemiological studies to 
assess body adiposity, owing to their practicality and 
low cost, such as WC, BMI and waist-to-height ratio 
(WHtR). Some characteristics of these measurements 
will be dealt with in the next paragraph. 

BMI does not differentiate between lean and fat body 
mass, nor does it assess body fat distribution; in addition, 
loss of muscle tissue affects its validity as an indicator 
of adiposity in elderly people, regardless of changes in 
weight.4,5 WC represents accumulated abdominal fat and 
is strongly correlated with visceral adipose tissue. This fat 
is assessed by imaging methods, such as computerized 
tomography.4,5 WHtR has been proposed as a more robust 
indicator of central adiposity than WC, since it results 
in an estimate that is not biased by height.6

Use of these measurements in elderly people 
requires definition of cut-off points (COPs) that take 
into consideration changes in body composition 
due to aging. Diverse criteria are used to classify the 
nutritional status of elderly people based on BMI, 
but there is no consensus in the literature as to the 
COPs adopted.7-10 With regard to WC, the Ministry of 

Health does not provide specific COPs for the elderly, 
but only for adults in general.8 In relation to WHtR, a 
COP was proposed in 2017 as a marker of overweight 
in elderly Brazilian people (age ≥60 years), using two 
BMI classifications as anthropometric references.11 
Based on information from a cohort study which 
began in 2008, researchers proposed a WC COP for 
diagnosing obesity in elderly people (≥60 years) who 
used Brazilian National Health System (SUS) services 
in Goiânia/GO.12 Despite their relevance, studies in the 
literature that define specific COPs for the elderly  in 
relation to overweight are rare.  

Considering changes in body composition, the objective 
of this study was to identify cut-off points for WC and 
WHtR with greater sensitivity, specificity and accuracy to 
distinguish elderly people by sex, using three body mass 
index criteria as anthropometric references.   

Methods

This was a cross-sectional multi-center study of 
Frailty in Elderly Brazilians (FIBRA Study, 2008/2009). 
The FIBRA Study was conducted with elderly community 
members resident in the urban areas of seven Brazilian 
cities, namely: Campinas/SP, Belém/PA, Poços de Caldas/
MG, Ermelino Matarazzo/SP, Campina Grande/PB, 
Parnaíba/PI and Ivoti/RS.

The cities were selected by convenience. In each city 
the samples were obtained by means of clusters and in 
two stages: census tract and household. The eligibility 
criteria were: being ≥65 years old; being a permanent 
resident of the household/census tract; and not having 
serious impairment of cognition, physical health, 
communication or mobility (such as the bedridden and 
those with severe stroke sequelae). The description of 
sampling and further information about it, the quotas 
estimated and obtained by age and sex in each city and 
field research have already been published.13 

The variables of interest were sex (male; female) 
and weight, height and WC measurements, measured 
in accordance with classic protocols.14 

When measuring their weight, the elderly wore light 
clothing, with no objects in their pockets, took their shoes 
off and were positioned standing on platform scales, 
facing the scale, upright, looking straight ahead, with their 
feet parallel and slightly apart. When measuring their 
height, the elderly took their shoes off, stood upright, 
with their back to the scales, with their feet together 
and with their head in the Frankfurt Plane position.

Use of these measurements in 
elderly people requires definition 
of cut-off points (COPs) that take 
into consideration changes in body 
composition due to aging. Diverse 
criteria are used to classify the 
nutritional status of elderly people 
based on BMI, but there is no consensus 
in the literature as to the COPs adopted.
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Weight and height were used to calculate BMI 
[weight (kg)/height2 (m)]. In order to assess overweight 
(overweight/obesity), the BMI values were dichotomized 
according to the criteria COPs: NSI (BMI >27kg/m2),7 
recommended by the Ministry of Health/Food and 
Nutrition Surveillance System (SISVAN);8 PAHO (BMI 
≥28kg/m2);9 and WHO (BMI ≥25kg/m2).10

In order to measure WC, the participant had to be 
standing up. Positioned facing the elderly person, the 
interviewer passed a measuring tape around their body, 
at the midpoint between the lower edge of the lowest 
rib and the iliac crest.14 

WHtR was determined by dividing WC by height, in 
centimeters. A systematic review detected a 0.5 WHtR 
COP as a marker of cardiometabolic risk for adults 
in general.15 Our study intended to establish specific 
WHtR COPs for the elderly of both sexes, taking into 
consideration the alterations that occur in body composition 
owing to physiological, metabolic, socio-economic and 
psychological factors.16,17  

For the purpose of analysis, ROC curve graphs were 
used to define WC and WHtR COPs corresponding to 
the condition of being overweight, according to three 
BMI classification criteria. Sensitivity (proportion of 
positive diagnostic tests among individuals having the 
condition of interest), specificity (proportion of negative 
diagnostic tests among individuals who did not have 
the condition) and accuracy (proportion of correct 
results of a diagnostic test) were obtained using Stata 
software. Overweight/obesity was considered to be the 
condition of interest. Comparisons were made between 
proportions by means of Pearson’s chi-square test, taking 
a 5% significance level and 95% confidence intervals 
(95%CI). The statistical analyses were performed using 
Stata, version 14.0.

The FIBRA Study was approved by the Campinas 
State University Faculty of Medical Sciences Research 
Ethics Committee on May 22nd 2007 and registered 
on the Plataforma Brasil (Opinion: 208/2007; 
Certification of Submission for Ethical Appraisal – 
CAAE: 39547014.0.1001.5404). The elderly participants 
signed a Free and Informed Consent form.

Results

The data refer to 3,477 elderly people, 67.7% of 
whom were women (n=2,353). Among men, age varied 
between 65 and 97 years and average age was 73.3 

years, while among women age varied between 65 and 
101 years and average age was 72.8 years. Average BMI 
among men was 26.2kg/m2 (95%CI 26.0; 26.5), while 
among women it was 27.4kg/m2 (95%CI 27.2; 27.6). In 
relation to proportion of overweight, significant difference 
was found between the sexes: the proportions among 
women were 51.4%, 42.9% and 67.7%, while among 
men they were 40.0%, 31.0% and 60.3%, according to 
the NSI, PAHO and WHO criteria, respectively (p<0.001).   

The COPs obtained for WC, using the WHO, NSI and 
PAHO criteria, were equal to 86.5cm, 88.7cm and 91.5cm 
for women, and equal to 93.0cm, 96.0cm and 97.5cm for 
men. For both sexes, the NSI criterion resulted in higher 
score estimates for sensitivity, corresponding to a COP 
of 88.7cm for women and 96.0cm for men (Table 1), 
with no statistically significant difference and overlapping 
95%CIs. With regard to WHtR, the COPs were 0.57, 0.58 
and 0.59 for females, and 0.56, 0.58 and 0.59 for males, 
considering the WHO, NSI and PAHO criteria. Specificity 
and positive predictive value (PPV) were higher among 
women according to the WHO classification. Among 
men, the PAHO criterion had greater sensitivity, while 
the WHO criteria had greater PPV (Table 1).

Although they were substantial for both sexes, the 
values of the areas under the ROC curves (overall 
accuracy) were not statistically different and the 95% 
CIs overlapped (Table 1, Figure 1). With regard to WHtR, 
overall accuracy was 0.87 for the three BMI classification 
criteria among the women, while among the men it varied 
between 0.90 (WHO) and 0.92 (PAHO). In relation to 
WC, overall accuracy was 0.87 for women and around 
0.90 for men. No significant differences were detected 
for the results of the area under the curve for either 
sex, given the overlapping 95%CIs (Table 1, Figure 2).  

Discussion

The main findings were: verifying WC and WHtR COPs 
for diagnosing overweight among the elderly according 
to three BMI classification criteria; the cut-off values 
obtained using NSI and PAHO criteria were found to be 
higher when compared to the WHO criterion, although 
with no significant differences. 

Overweight was greater in women for all BMI references. 
The same result has been widely described in the literature,18-20 
and is explained by physiological differences that determine 
fat accumulation and redistribution as part of aging.1,2 
The BMI criteria produced similar WC and WHtR values 
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Table 1 –  Sensitivity and specificity of cut-off points for waist circumference (WC) and waist-to-height ratio 
(WHtR) in relation to three gold standard body mass index (BMI) criteria among elderly people of 
both sexes, FIBRA Study, 2008/2009

Sex Cut-off point Sensitivity
(%)

Specificity
(%)

Area under the curve 
(95%CI)

Positive predictive value 
(%)

Waist circumference (WC)

Female

≥86.5a 79.39 79.02 0.87
(0.86;0.89) 88.82

≥88.7b 83.00 76.69 0.87
(0.85;0.88) 79.03

≥91.5c 75.71 82.12 0.87
(0.85;0.88) 76.10

Masculino

≥93.0a 80.42 82.39 0.89
(0.87;0.91) 87.41

≥96.0b 83.72 83.16 0.90
(0.88;0.92) 76.85

≥97.5c 81.55 84.05 0.90
(0.88;0.92) 69.72

Waist-to-height ratio (WHtR)

Female

≥0.57a 79.03 81.54 0.87
(0.85;0.88) 89.99

≥0.58b 80.42 78.28 0.87
(0.86;0.89) 79.67

≥0.59c 79.49 79.06 0.87
(0.86;0.87) 74.06

Masculino

≥0.56a 82.63 81.94 0.90
(0.88;0.92) 87.43

≥0.58b 82.26 85.84 0.91
(0.89;0.93) 79.50

≥0.59c 88.02 83.66 0.92
(0.91;0.94) 70.81

a) Cut-off point considering the overweight/obesity category proposed by WHO (BMI ≥25 Kg/m2).

b) Cut-off point considering the overweight category proposed by NSI/Lipschitz (BMI >27 Kg/m2).

c) Cut-off point considering the overweight/obesity category proposed by PAHO (BMI ≥28 Kg/m2).

for both sexes. The COPs detected for WC were higher 
than those established by WHO for the adult population 
(males ≥94cm; females ≥80cm).10 When analyzing a 
sample of elderly (≥60 years old) SUS service users in 
Goiânia/GO, Silveira et al.12 proposed a WC COP of 98.8cm 
for males and 90.5cm for females. The COPs obtained in 
this study were between 6.5cm and 11.5cm greater than 
that recommended by WHO for adult women, and between 
1cm less and 3.5cm more than its COP established for 
adult men, in general. In relation to the COP proposed by 
Silveira et al.,12 our study identified differences of around 
1cm for both men and women, when considering the WC 
COP resulting from the PAHO criterion.

With regard to WHtR, COPs were identified close to 
the 0.55 found by Corrêa et al.11 in 2008/2009, in a 
sample that was representative of the Brazilian population 
(≥60 years), with sociodemographic characteristics 
similar to those of the elderly people included in our 

study. The study conducted by Corrêa et al.11 was the 
first in Brazil to detect a WHtR COP for identifying 
overweight among the elderly using the NSI and WHO 
BMI classifications as anthropometric references. Our 
study has added information to the literature and can 
contribute to scientific discussion on the use of these 
anthropometric measurements with the elderly.

Compared to BMI, WC is a more robust predictor 
of mortality and risk of cardiovascular disease.2,4,11,21 
Prospective cohort study data have detected greater 
incidence of heart disease in overweight individuals 
(BMI ≥25kg/m2) and with increased WC (≥94cm; 
≥80cm),4 and with greater risk of overall mortality 
and mortality  due to specific causes when WC and 
BMI increase.21 Use of WHtR has been recommended 
instead of WC and BMI measurements (on their own 
or together), because it provides better prediction of 
cardiometabolic risk factors.5,6,11 
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Figure 1 –  Receiver operating characteristic (ROC) curves for waist circumference (WC), by sex and according to 
three gold standard body mass index (BMI) criteria, FIBRA Study, 2008/2009
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Figure 2 –  Receiver operating characteristic (ROC) curves for waist-to-height ratio (WHtR), by sex and according 
to three gold standard body mass index (BMI) criteria, FIBRA Study, 2008/2009
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A possible selection bias should be considered as a 
limitation. The FIBRA Study opted for elderly people who 
attended data collection sites by their own means, so that 
it is likely that most of the participants belonged to the 
stratum with greater physical ability, while excluding elderly 
people who were bedridden or had severe stroke sequelae.

The conclusion is reached that regardless of the BMI 
criterion used to define overweight, the WC and WHtR 
COPs were similar. When undertaking anthropometric 

assessment of the elderly, consideration should be 
given to the COPS most appropriate for their nutritional 
profile. Progress in this field of science can contribute 
to improved diagnosis of chronic diseases related to 
obesity both in specific populations and in outpatient 
service contexts. Standing out among the implications 
for health services is the use of COPs that are more 
accurate for diagnosis and surveillance of elderly people 
with cardiometabolic risk.
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