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Abstract
This study’s objective was to identify the cut-off point for waist-to-height
ratio (WHtR) with the best sensitivity, specificity, and accuracy for the elderly Brazilian population, using body mass index (BMI) as the anthropometric reference. A representative sample of the Brazilian population consisted
of 5,428 elderly individuals participating in an epidemiological survey. The
variables were weight, height, and waist circumference (WC). WHtR was assessed with BMI as the gold standard, using two proposals for classification of
the elderly population’s nutritional status. The ideal cut-off point for WHtR
simultaneously showing the highest sensitivity and specificity was determined
using the receiver operating characteristic (ROC) curve. Sensitivity from
94.9% to 98.4%, specificity from 43% to 55.4%, and values for area under the
ROC curve from 0.878 to 0.883 were identified with a cut-off point of 0.55.
We recommend use of WHtR in clinical practice due to its simplicity and good
power to detect overweight in the elderly.
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Introduction
According to forecasts, by 2025 Brazil will have more than 35 million elderly individuals, the world’s
sixth largest elderly population in absolute terms 1.
The World Health Organization (WHO) 2 has defined active aging, highlighting equitable access
to health care and continuing development of health promotion and disease prevention actions. The
identification of groups with increased vulnerability is thus extremely important for targeting public
health policies in the elderly population.
Aging involves numerous physiological, morphological, functional, psychological, and social
changes that can have direct repercussions on individuals’ nutritional status 3, since both malnutrition
and overweight contribute greatly to increased morbidity and mortality 4.
Various methods for nutritional assessment have been described in the literature 5, and use of conventional methods has been recommended due to their practicality, low cost, and diagnostic precision 6.
Such methods feature anthropometry, and body mass index (BMI), waist circumference (WC), and
waist-to-hip ratio (WHR) have been widely used 7,8,9. Recently, waist circumference to height ratio
(WHtR) has been proposed as an anthropometric measure to assess central adiposity, since it is closely
associated with cardiometabolic risk factors and mortality, independently of body weight 10,11,12.
The correlation between variables that measure obesity in the elderly individual is still not well
established, due to the distribution of adiposity in the aging process, especially in the abdominal
region 13. WHtR is thus an alternative anthropometric index of central obesity that avoids the limitations of WC due to the inclusion of height in the index, averting potential confounding from height
in cardiometabolic risk 14.
The definition of cut-off points for anthropometric indicators with operational simplicity and good
accuracy in the detection of individuals at risk can be highly useful in health services, allowing early
identification of specific at-risk population groups, as well as for use in epidemiological research 15.
Various studies have found similar cut-off points for WHtR for increased cardiometabolic risk, comparing different populations 16,17,18, as well as men and women, independently of age bracket 19,20. In
fact, a WHtR cutoff of 0.5 for has been proposed as a predictor of cardiometabolic risk according to
other anthropometric indices, e.g. BMI, WC, and WHR 21.
Brazil has no population-based study establishing the cut-off for WHtR as an anthropometric
indicator of overweight and predictor of non-communicable diseases in the general population, or
among the elderly in particular. To fill this gap, the current study aims to identify the cut-off point
for WHtR with the best sensitivity, specificity, and accuracy for the elderly Brazilian population using
BMI as the anthropometric reference.

Methods
This study with a cross-sectional design used data from a household-based epidemiological survey
with a representative sample of the Brazilian population in 2008-2009, the aim of which was to assess
access and quality of care in health services. The study included individuals 60 years and older living
in urban areas in 100 small, medium, and large municipalities in 23 Brazilian states in the country’s
five major geographic regions.
The sample size was calculated a posteriori to establish the power of the sample obtained in the
principal study in relation to the current analyses’ objectives. The survey identified 7,015 elderly, of
which 275 (3.9%) were not located (losses) and 116 (1.7%) refused to participate. Among the 6,624
remaining elderly, 1,196 interviews were held through key informants, finally leaving anthropometric measures for 5,428 individuals. This sample was sufficient to detect sensitivity and specificity
between 80 and 90% (±4%) for the WHtR cut-off, with a 95% confidence level.
Elderly subjects were considered eligible if they were able to answer the questionnaire themselves
or had persons responsible for them that could answer the questions, when they were unable to do so.
Hospitalized individuals, those deprived of freedom due to court sentences, or those living in longterm institutions were considered ineligible for the study.
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The study used data from the 2000 Brazilian Population Census conducted by the Brazilian Institute
of Geography and Statistics (IBGE. http://www.ibge.gov.br) to select the municipalities and urban
census tracts. The standard module for territorial and population reference for the sampling estimates
was the urban census tract, defined as a cluster of approximately 300 households and 1,000 inhabitants. Municipalities with fewer than 10 thousand inhabitants were called “very small”; those with 10
thousand to fewer than 20 thousand inhabitants, “small”; those with 20 thousand to fewer than 100
thousand inhabitants, “medium”; 100 thousand to fewer than 1.1 million, “large”; 1.1 million or more,
“very large”. Using the random numbers table, we selected the sample of municipalities with each size
and proceeded to pick the census tract. In each household, all eligible individuals were included, even
if the pre-defined quota had already been met.
The data were collected electronically using a PDA (personal digital assistant) palmtop computer
from August 2008 to April 2009, by 55 duly trained research assistants in 11 teams, each consisting of
four interviewers and a supervisor.
The questionnaire in the PDA contained questions structured in five blocks: identification, health
promotion and preventive care, health problems, access and use of health services, and anthropometric measures.
At the end of a work day, 5% of the completed questionnaires were selected for quality control by
the supervisor.
At the end of the data collection in each very small and small municipality, or weekly in the medium and large municipalities, the data files were e-mailed to three different members of the study’s
coordinating committee.
The anthropometric variables collected were weight, height, and waist circumference, measured
according to the techniques proposed by Lohman et al. 23. The elderly had their weight measured on
a digital scale with a capacity of 150kg and accurate to 100g (Geratherm Perfect Fitness Digital. Geratherm Medical AG, Geschwenda, Germany), with the individual positioned barefoot on the previously
calibrated scale. The clothing worn by the elderly at the time of the measurement were recorded for
subsequent subtraction, according to a reference table constructed by the research team. Height and
WC were measured with a T87-2WISO (Wiso, São José, Brazil) anthropometric tape measure. For
height, the tape measure was attached to a flat wall, with the floor as point zero. Measurement was done
according to established techniques 22, and was performed after the elderly had breathed deeply, standing completely straight. WC was measured between the iliac crest and the lower rib margin (midway
between the hip and last rib), accurate to 0.1cm. Weight, height, and waist circumference were measured twice for each individual, and the final values were obtained by calculating the arithmetic means.
Weight and height were used to calculate BMI, or body weight (kg) divided by height (m) squared
(W/Ht2).
The Brazilian Ministry of Health recommends the cut-off points proposed by Lipschitz 23 as the
reference for assessing BMI in the elderly 24, although most studies on nutritional status in the elderly
use the World Health Organization (WHO) criteria 25. The nutritional status of the elderly was thus
assessed in this study according to both the classification proposed by Lipschitz 23 (underweight, BMI
< 22kg/m2; normal weight, BMI 22 to 27kg/m2; and overweight, BMI > 27kg/m2), and the WHO reference 25 (underweight, BMI < 18.5kg/m2; normal weight, BMI 18.5 to 24.9kg/m2; overweight, BMI
25 to 29.9kg/m2, and obesity, BMI ≥ 30kg/m2). Overweight was defined as BMI > 27kg/m2 with the
Lipschitz criterion 23 and > 25kg/m2 with the WHO criterion 25.
WHtR was calculated as WC divided by height – both in centimeters (cm) – with the result varying
from close to zero (0) to one (1).
Blood pressure (BP) was measured with an automatic digital wrist device (Geratherm). Two BP
measurements were taken with a minimum interval of 15 minutes, the first of which taken 15 minutes after the start of the interview. The measurement was taken on the left wrist as proposed by the
National Program for the Control of Arterial Hypertension 26. The second measurement was used
for the calculations. Hypertension was defined as systolic blood pressure (SBP) ≥ 140mmHg and/or
diastolic blood pressure (DBP) ≥ 90mmHg 26.
Anthropometric measurements used in individual health assessment aim to identify early health
risk. However, other complementary factors in this assessment should include socio-demographic
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and behavioral variables and population morbidity. Thus, the covariables used in these analyses were:
age in years (< 65; 65 to 69; 70 to 79; and ≥ 80); gender (male; female); family income in minimum
wages (< 1; 1 to 1.9; 2 to 4.9; and ≥ 5); years of schooling (0; 1 to 4; ≥ 5); conjugal status (married/civil
union; single/widowed); smoking (smoker; former smoker; and never smoked); arterial hypertension
(no – < 140/90mmHg; yes – ≥ 140/90mmHg); and self-report of a medical diagnosis of diabetes (yes;
no). Sedentary leisure-time lifestyle was assessed using the section on leisure from the long version
of the International Physical Activity Questionnaire 27, and a score was constructed as the sum of low,
moderate, and high-intensity leisure-time physical activities. Sedentary lifestyle was defined as less
than 150 minutes a week of leisure-time physical activity 28.
The analysis according to these variables allowed investigating differences in the proposed measurement’s validity in order to identify groups with the greatest risk and provide the basis for health
recommendations.
Stata 13.1 (StataCorp LP, College Station, USA) was used for the data analysis. Statistical significance for the differences in WHtR according to gender, conjugal status, sedentary leisure-time
lifestyle, hypertension, and self-reported diabetes was verified with the Student’s t-test. Analysis of
variance (ANOVA) was used to verify differences in WHtR according to age, family income, schooling,
smoking, and BMI. Statistical significance was set at 5% for all the associations.
The ideal cut-off for WHtR, showing both the highest sensitivity and specificity, was determined
using the ROC (receiver operating characteristic) curve. After establishing the cut-off point, we calculated the sensitivity (proportion of elderly with overweight according to BMI that were correctly
identified by WHtR) and specificity (proportion of elderly without overweight correctly identified as
such by WHtR). Based on the sensitivity and specificity using the best cut-off for WHtR, we calculated
the positive predictive value (proportion of elderly with overweight according to BMI among those
with overweight identified by WHtR). The area under the ROC curve (AUROC) was used to assess and
compare the capacity of WHtR to identify overweight using BMI as the anthropometric reference 15.
AUROC furnishes the overall probability of WHtR correctly classifying presence or absence of overweight, and the estimated area under the curve varies from 0.5 (absence of accuracy) to 1.0 (maximum
accuracy). Curves with areas > 0.5 are considered useful in the identification of target situations and
curves with areas whose confidence interval includes 0.5 indicate that the predictive capacity of the
overweight indicator may be due to chance, while a perfect test has an area under the curve equal to
1.0 29. 95% confidence intervals (95%CI) were determined for each of the measurements.
The study protocol was approved by the Institutional Review Board of the School of Medicine,
Federal University in Pelotas, Brazil, case review n. 152/2007. Since this study was nested in a larger
project conducted in 2008-2009 and did not entail any additional risk to the elderly subjects, the
informed consent was the same as that requested for participation in the main study. The principal
project’s coordinator authorized use of the databank.

Results
The majority of the participants were female (62%), and 45% were younger than 70 years. Most had
a family income of 1 to 4.9 times the minimum wage (79%), and only one-fourth had five years of
schooling or more. 56% of the sample were married or in civil unions, 86% showed sedentary leisuretime lifestyle, and 15% smoked (Table 1). Approximately one in four elderly had hypertension, and
17% reported a medical diagnosis of diabetes (Table 2).
Regardless of the criterion for anthropometric classification of nutritional status, Lipschitz 23 or
WHO 25, there was a predominance of overweight, with 39% and 57%, respectively.
For the elderly as a whole, mean WHtR was 0.60 ± 0.075, with no difference by age or family
income. Higher mean WHtR was associated with female gender (p < 0.001), lower schooling (p <
0.001), single conjugal status (p = 0.004), non-smoking (p < 0.001), sedentary leisure-time lifestyle
(p < 0.001), and hypertension and diabetes (p < 0.001) (Table 2). Statistically significant differences
were also seen in mean WHtR for nutritional status classification variables (p < 0.001).
For both curves, the best cut-off point for WHtR in the identification of overweight in the elderly
was 0.55 (Figure 1). The curve using the Lipschitz classification 23 showed a higher percentage of
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Table 1
Description of the sample and mean values for waist-to-height ratio (WHtR) in elderly Brazilians according to sociodemographic and behavioral characteristics. Brazil, 2009.
Variables

n (%)

Mean WHtR ± SD

p-value *

0.699

Age (years)
< 65

1,351 (25.0)

0.60 ± 0.082

65-69

1,373 (25.3)

0.60 ± 0.079

70-79

1,916 (35.4)

0.60 ± 0.080

776 (14.3)

0.60 ± 0.085

Male

2,093 (38.4)

0.57 ± 0.072

Female

3,329 (61.6)

0.61 ± 0.083

≥ 80
Sex

< 0.001

Family income (minimum wage)
191 (3.6)

0.59 ± 0.072

1-1.9

<1

1,376 (26.0)

0.60 ± 0.085

2-4.9

2,777 (52.5)

0.60 ± 0.082

948 (17.9)

0.60 ± 0.076

≥5

0.595

Schooling (years)
0

2,035 (37.8)

0.60 ± 0.084

1-4

1,999 (37.1)

0.60 ± 0.082

≥5

1,352 (25.1)

0.59 ± 0.074

Marrued/Cibil union

3,087 (56.9)

0.60 ± 0.082

Single/Widowed

2,334 (43.1)

0.60 ± 0.082

< 0.001

Conjugal status
0.004

Smoking
Never smoked

2,683 (49.5)

0.60 ± 0.078

Former smoker

1,943 (35.8)

0.60 ± 0.082

Current smoker

801 (14.7)

0.57 ± 0.085

Yes

4,661 (86.0)

0.60 ± 0.075

No

758 (14.0)

0.59 ± 0.071

5,428 (100.0)

0.60 ± 0.075

< 0.001

Sedentary leisure-time lifestyle

Total

< 0.001
-

SD: standard deviation.
* Student’s t-test or ANOVA, when indicated; signoficat ate p < 0.05.

AUROC and higher sensitivity; the based on the WHO classification 24 showed higher specificity and
higher positive predictive value (Table 3).
Tables 4 and 5 describe the validity indicators, i.e.: sensitivity, specificity, area under the ROC
curve, and positive predictive value for the 0.55 cut-off of WHtR using the Lipschitz 23 and WHO
criteria 25 for BMI classification, stratified according to the elderly population’s socio-demographic,
behavioral, and morbidity characteristics. For all the covariables analyzed, for both BMI classification
criteria, AUROC exceeded 0.8, and the proportion of elderly with overweight correctly identified by
WHtR (sensitivity) exceeded 92%, confirming the cut-off point of 0.55 for WHtR as the best for diagnosis of overweight in the elderly.

Discussion
This study in a representative sample of the elderly Brazilian population proposes a cut-off point of
0.55 for weight-to-height ratio as an anthropometric marker of overweight. It was also possible to
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Table 2
Description of sample and mean values for waist-to-height ratio (WHtR) of elderly Brazilians according to anthropometric
characteristics and morbidity. Brazil, 2009.
Variables

n (%)

Mean WHtR ± SD

p-value *

< 0.001

BMI (Lipschitz 23)
Underweight

1,036 (19.7)

0.51 ± 0.049

Normal weight

2,170 (41.1)

0.58 ± 0.047

Overweight

2,070 (39.2)

0.66 ± 0.055

BMI (WHO 25)
Underweight

210 (4.0)

0.47 ± 0.049

Normal weight

2,068 (39.2)

0.55 ± 0.049

Overweight

1,983 (37.6)

0.62 ± 0.048

Obese

1,015 (19.2)

0.69 ± 0.051

< 140/90

4,064 (76.5)

0.59 ± 0.075

≥ 140/90

1,250 (23.5)

0.61 ± 0.073

No

4,529 (83.1)

0.59 ± 0.074

Yes

892 (16.9)

0.61 ± 0.071

5,428 (100.0)

0.60 ± 0.075

< 0.001

Arterial hypertension (mm/Hg)
< 0.001

Diabetes

Total

< 0.001
-

BMI: body mass index; SD: standard deviation; WHO: World Health Organization.
* Student’s t-test or ANOVA, when indicated; signoficat ate p < 0.05.

Figure 1
ROC (receiver operating characteristic) curve for waist-to-height ratio (WHtR) as an anthropometric indicator of overweight according to the body mass
index (BMI) classification criteria proposed by Lipschitz 23 (a) and the World Health Organization (WHO) 25 (b). Brazil, 2009.

Note: the seven cut-off points represented in the graph are from bottom to top: 0.70; 0.65; 0.60; 0.55; 0.50; 0.45 and 0.40.

Cad. Saúde Pública 2017; 33(5):e00195315

WAIST-TO-HEIGHT RATIO IN ELDERLY

Table 3
Indicators of validity of the 0.55 cutoff for waist-to-height ratio (WHtR) according to two criteria for body mass index (BMI) classification. Brazil, 2009.
Classification
criterion

Indicators of validity
Sensitivity

Specificity

AUROC

Positive predictive value

(95%CI)

(95%CI)

(95%CI)

(95%CI)

Lipschitz 23

98.4 (97.7-98.9)

43.0 (41.3-44.7)

0.883 (0.874-0.891)

52.7 (51.1-54.3)

WHO 25

94.4 (94.1-95.7)

55.4 (53.3-57.4)

0.878 (0.869-0.887)

73.7 (72.3-75.1)

95%CI: 95% confidence interval; AUROC: area under ROC (receiver operating characteristic) curve; WHO: World Health Organization.

calculate mean WHtR according to socio-demographic, behavioral, anthropometric, and morbidity
characteristics.
The elderly showed high prevalence of overweight, namely 39% and 57% according to the Lipschitz 23 and WHO 25 criteria, respectively. This finding is worrisome since overweight is an important risk factor for various health problems. The findings have direct implications for the health system and for quality of life in this population group. Measures to deal with overweight are thus needed
to back appropriate health policies, programs, and services for health promotion, disease prevention,
and recovery in the elderly population.
The Telephone Surveillance System for Risk and Preventive Factors for Chronic Diseases (VIGITEL), covering all 26 Brazilian state capitals and the Federal District, showed a mean annual variation
of 1.08% in the prevalence of overweight in the elderly, assessed by the WHO criteria for BMI 25, with
prevalence rates of 53.4% in 2006 and 58.5% in 2012 30.
International 31,32 and Brazilian studies 33,34 have proven the high prevalence of overweight in the
elderly population, in contrast with underweight, a phenomenon known worldwide as the nutritional
transition, with unhealthy eating patterns and physical inactivity as determinant factors 35. Considered a worldwide epidemic, affecting practically all ages, socioeconomic groups, and countries 36,
the association between overweight and countless diseases makes overweight a serious public health
problem 37,38.
Studies in different age brackets have shown that aging leads to the redistribution of adipose tissue
and internalization of abdominal fat, especially in women 39,40. Accumulation of fat tissue, especially
in the abdominal region, predisposes to a series of risk factors through a highly frequent association
with outcomes that favor the occurrence of cardiometabolic disorders 41,42.
Given that such changes in body composition with aging could alter the cut-off points for other
anthropometric measures such as WC and WHR, WHtR becomes a potentially advantageous measure
due to its adjustment by height 43, thus justifying a single reference value independently of age and
gender 21. The current study corroborated such evidence, and no significant changes were detected
in the cut-off point for WHtR according to the different variables.
The construction of ROC curves and sensitivity and specificity analysis have been recommended
in epidemiological studies to assess the validity of anthropometric measures 15. In this study, the
cut-off point of 0.55 showed good predictive capacity for the diagnosis of overweight, regardless of
the BMI classification criterion used, with AUROC values of 0.883 for the reference proposed by
Lipschitz 23 and 0.878 for the WHO criterion 25.
The findings recommend the use of WHtR as an anthropometric indicator of adiposity in the
elderly population, supplanting persistent controversies on the most appropriate cut-off point for
BMI for classification of overweight/obesity for this particular group. WHtR was capable of predicting overweight with a single value (0.55), using two different classification references, thus evidencing
the indicator’s simplicity for use in clinical practice. Another advantage to the use of WHtR is that
BMI does not correlate completely with body fat distribution (especially that of abdominal fat), thus
making WHtR more advantageous due to the use of WC in its calculation.
Although BMI does not measure body composition, it does have good diagnostic potential for
nutritional status in epidemiological studies, with a weak correlation with height and strong cor-
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Table 4
Indicators of validity of the 0.55 cutoff for waist-to-height ratio (WHtR) according to the Lipschitz criteria 23 for body mass index (BMI) classification
according to socio-demographic, behavioral, and morbidity characteristics in the elderly population. Brazil, 2009.
Variables

Lipschitz 23
Sensitivity

Specificity

AUROC

Positive predictive value

(95%CI)

(95%CI)

(95%CI)

(95%CI)

Age (years)
< 65

98.6 (97.3-99.4)

47.4 (43.7-51.1)

0.897 (0.879-0.912)

59.7 (56.5-62.8)

65-69

98.6 (97.3-99.4)

47.1 (43.5-50.8)

0.900 (0.883-0.916)

59.2 (56.1-62.3)

70-79

98.0 (96.6-98.9)

41.2 (38.5-44.2)

0.880 (0.865-0.895)

49.2 (46.5-51.9)

> 80

98.6 (96.0-99.7)

34.6 (30.6-38.8)

0.877 (0.851-0.899)

37.7 (33.7-41.8)

Sex
Male

97.6 (96.1-98.7)

52.0 (49.3-54.6)

0.896 (0.882-0.909)

47.7 (45.0-50.5)

Female

98.7 (97.9-99.2)

35.9 (33.7-38.2)

0.871 (0.859-0.882)

55.2 (53.2-57.1)

Familiar income (minimum wage)
<1
1-1.9

100.0 (95.1-100.0)

47.7 (38.1-57.5)

0.937 (0.887-0.965)

56.2 (47.2-64.8)

98.4 (96.9-99.3)

41.0 (37.6-44.1)

0.872 (0.853-0.890)

50.2 (47.0-53.3)

2-4.9

98.1 (97.1-98.8)

43.0 (40.6-45.5)

0.888 (0.875-0.899)

52.1 (49.8-54.3)

≥5

98.8 (97.1-99.6)

44.7 (40.4-49.1)

0.885 (0.862-0.904)

57.5 (53.7-61.2)

Schooling (years)
0

98.4 (97.1-99.2)

41.3 (38.6-44.0)

0.892 (0.878-0.906)

47.4 (44.7-50.0)

1-4

98.9 (98.0-99.5)

42.2 (39.3-45.2)

0.887 (0.872-0.900)

55.9 (53.3-58.4)

≥5

97.4 (95.47-98.6)

47.4 (43.8-50.9)

0.877 (0.857-0.894)

56.1 (52.8-59.3)

Conjugal status
Married/Civil union

98.3 (97.4-99.0)

45.2 (42.9-47.6)

0.893 (0.882-0.904)

54.3 (52.2-56.4)

Single/Widowed

98.4 (97.3-99.1)

40.0 (37.4-42.6)

0.872 (0.857-0.885)

50.6 (48.2-53.0)

Smoking
Never smoked

98.0 (97.0-98.7)

40.0 (37.4-42.5)

0.871 (0.858-0.884)

56.0 (53.8-58.2)

Former smoker

98.8 (97.7-99.4)

41.1 (38.2-44.0)

0.878 (0.862-892)

52.3 (49.6-54.9)

Current smoker

98.9 (96.1-99.9)

54.1 (50.0-58.1)

0.927 (0.906-0.944)

39.6 (35.1-44.3)

Sedentary leisure-time lifestyle
Yes

98.5 (97.9-99.0)

41.7 (39.8-43.6)

0.883 (0.873-0.892)

52.1 (50.4-53.8)

No

97.3 (94.8-98.8)

50.7 (46.0-55.4)

0.894 (0.868-0.914)

56.4 (52.0-60.8)

Arterial hypertension (mm/Hg)
< 140/90

98.4 (97.6-98.9)

44.6 (42.6-46.6)

0.883 (0.872-0.892)

51.1 (49.3-53.0)

≥ 140/90

98.2 (96.7-99.1)

38.5 (34.8-42.4)

0.878 (0.859-0.896)

57.5 (54.3-60.6)

Diabetes
No

98.2 (97.4-98.8)

44.7 (42.9-46.6)

0.883 (0.873-0.892)

50.6 (48.8-52.3)

Yes

99.1 (97.8-99.8)

31.2 (26.8-35.9)

0.869 (0.845-0.891)

61.8 (58.2-65.3)

95%CI: 95% confidence interval; AUROC: area under ROC (receiver operating characteristic) curve.

relation with absolute fat mass. High BMI is positively associated with morbidity and mortality from
various chronic non-communicable diseases 24,25,44,45.
However, for better diagnosis of overweight, studies recommend that BMI values be combined
with other measures of adiposity such as WC or WHR, in individual and collective assessments,
aimed at better prediction of health problems by these adiposity indicators 36,46. Health professionals
should thus look beyond BMI, which is not sufficient by itself to assess early risk, failing to classify
a considerable portion of the population at imminent risk 47. In the current study, 48% to 74% of the
population classified as normal weight according to the WHO 25 and Lipschitz 23 criteria, respectively
(data not shown), showed WHtR values that indicated increased cardiometabolic risk, which was also
found in other studies 48,49.
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Table 5
Indicators of validity of the 0.55 cutoff for waist-to-height ratio (WHtR) according to WHO criteria 25 for body mass index (BMI) classification according to
socio-demographic, behavioral, and morbidity characteristics in the elderly population. Brazil, 2009.
Variables

OMS 25
Sensitivity

Specificity

AUROC

Positive predictive value

(95%CI)

(95%CI)

(95%CI)

(95%CI)

Age (years)
< 65

94.6 (92.8-96.1)

62.8 (58.4-67.1)

0.895 (0.877-0.911)

80.7 (78.1-83.2)

65-69

94.5 (92.7-96.0)

59.0 (54.1-63.1)

0.898 (0.880-0.941)

77.3 (74.5-79.8)

70-79

95.2 (93.7-96.4)

55.0 (51.5-58.5)

0.878 (0.862-0.893)

73.0 (70.5-75.3)

> 80

96.4 (93.8-98.1)

42.1 (37.4-47.0)

0.862 (0.835-0.885)

57.0 (52.8-61.1)

Sex
Male

92.6 (90.8-94.1)

66.0 (63.0-69.0)

0.889 (0.875-0.903)

73.4 (70.9-75.8)

Female

96.1 (95.2-96.9)

46.7 (43.9-49.5)

0.870 (0.858-0.881)

73.8 (72.0-75.5)

Familiar income (minimum wage)
<1

91.3 (84.1-95.9)

54.4 (42.8-65.7)

0.850 (0.791-0.899)

72.3 (63.8-79.8)

1-1.9

95.9 (94.2-97.2)

53.5 (49.4-57.6)

0.877 (0.859-0.895)

71.9 (68.9-74.7)

2-4.9

94.8 (93.5-95.8)

55.6 (52.7-58.5)

0.879 (0.866-0.891)

73.5 (71.5-75.4)

≥5

95.2 (93.1-96.8)

58.1 (52.9-63.2)

0.889 (0.867-0.908)

77.5 (74.2-80.6)

Schooling (years)
0

95.14 (93.6-96.4)

51.4 (48.1-54.6)

0.880 (0.865-0.894)

67.5 (65.0-69.9)

1-4

96.0 (94.7-97.1)

56.4 (52.8-59.9)

0.885 (0.873-0.902)

77.1 (74.9-79.2)

≥5

92.9 (90.8-94.6)

61.3 (57.0-65.4)

0.876 (0.857-0.894)

77.8 (75.0-80.4)

Conjugal status
Married/Civil union

94.5 (93.3-95.5)

58.6 (55.8-61.3)

0.887 (0.876-0.899)

75.7 (73.9-77.5)

Single/Widowed

95.5 (94.2-96.6)

51.2 (48.1-54.3)

0.868 (0.854-0.882)

71.0 (68.7-73.1)

Smoking
Never smoked

94.2 (93.0-95.3)

51.8 (48.7-55.0)

0.865 (0.851-0.878)

76.0 (74.1-77.9)

Former smoker

96.2 (94.9-97.3)

54.3 (50.8-57.8)

0.878 (0.863-0.893)

73.9 (71.6-76.2)

Current smoker

94.1 (90.8-96.5)

64.4 (59.9-68.7)

0.903 (0.880-0.922)

62.6 (58.0-67.0)

Yes

95.6 (94.7-96.3)

53.8 (51.5-56.0)

0.880 (0.870-0.889)

72.8 (71.2-74.3)

No

91.7 (88.7-94.1)

65.6 (59.9-70.9)

0.885 (0.860-0.907)

79.5 (75.7-82.9)

< 140/90

94.6 (93.5-95.5)

56.6 (54.3-58.9)

0.875 (0.864-0.885)

72.4 (70.7-74.0)

≥ 140/90

95.6 (93.9-96.9)

51.9 (47.2-56.7)

0.882 (0.862-0.899)

77.7 (74.9-80.3)

No

94.3 (93.3-95.2)

56.6 (54.4-58.7)

0.875 (0.865-0.884)

71.9 (70.2-73.4)

Yes

97.4 (95.8-98.5)

45.7 (39.5-52.0)

0.882 (0.859-0.903)

81.3 (78.3-84.1)

Sedentary leisure-time lifestyle

Arterial hypertension (mm/Hg)

Diabetes

95%CI: 95% confidence interval; AUROC: area under ROC (receiver operating characteristic) curve.

According to a systematic review 50, WHtR is a valid anthropometric index for diagnosis of
obesity in the elderly, having been assessed as a good indicator in the prediction of risk factors and
cardiovascular diseases, metabolic syndrome, and diabetes, compared to BMI, WC, and WHR, among
other parameters. Studies 43,51,52 have also proven that WHtR has high precision in the discrimination
of visceral obesity and is more effective than WC and WHR in cardiovascular risk assessment and
follow-up in individual and collective clinical practice.
WHtR has been viewed as a simple primary risk assessment tool that identifies more persons at
“cardiometabolic risk” than the combination of BMI and WC. Thus, researchers have recommended
that the combination of BMI and WC be replaced by the routine use of WHtR, since individuals
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with high WC are being classified in the healthy BMI range, thus overlooking a large group at potential risk 48.
Importantly, the majority of studies in the elderly population that aim to set cut-off points for
WHtR or other anthropometric measures do so on the basis of detecting increased cardiometabolic
risk and used the WHO classification criteria 25 for BMI, WC, and WHR.
A prospective study 11 resulting from a 13-year follow-up with a total sample of 5,488 individuals
ranging in age from 30 to 83 years, with a specific sample of 1,763 elderly, concluded that WHtR was
the best index to predict cardiovascular disease, compared to BMI and WC. The suggested cut-off
point in the study was 0.56 for men and women 50 to 69 years of age (close to the value found in our
study, i.e., 0.55) and 0.64 for women 70 years or older. The authors concluded that a possible explanation for the findings is that high WHtR can be an independent risk factor, separate from classical
cardiometabolic risks.
A strong association between WHtR as a measure of adiposity and cardiometabolic risk factors
was reported by Jayawardana et al. 53, corroborated by other studies 10,11,54,55,56 conducted specifically
in the elderly population, reporting WHtR cut-off points from 0.50 to 0.60.
Use of the 0.55 cut-off point for WHtR in the diagnosis of overweight should correctly classify
95% to 98% of the elderly (2% to 5% false-negatives) diagnosed with overweight based on BMI, considering, respectively, the cut-off points of > 27kg/m2 according to Lipschitz 23 and > 25kg/m2 according
to the WHO 25.
The use of more sensitive or specific instruments depends on the target outcome and context in
which they are applied. In this sense, in both clinical practice and the epidemiological context, since
overweight is an important risk factor that predisposes to the causal chain of non-communicable
conditions and diseases, instruments with more sensitive cut-off points allow early identification of
individuals at risk, serving as valuable tools for clinical practice and health services administration.
A systematic review 21 aimed at defining the cut-off point for WHtR in diverse populations proposed 0.50 as the best value for both genders, different age groups (children, adolescents, and adults),
and different ethnic groups. The authors suggested that a population-based approach to health can be
much simpler if the same public health message can be addressed to all population groups. Therefore,
considering that the same cut-off point for WHtR found in various populations is close to 0.50, the
most appropriate message to the general population would be that a person’s waist circumference
should be less than half their height 43.
Ashwell 57 proposed WHtR values below 0.50 as low-risk to health, 0.5 to 0.6 as suggestive of risk,
and greater than 0.60 as high-risk, and that disease prevention and health recovery measures should
be recommend for values above 0.50. The current study found that mean WHtR of 0.60 was indicative
of increased risk to health. This could be explained by the high percentages of overweight, assessed
by BMI with different classification criteria. Higher mean WHtR values were found in elderly with
hypertension and diabetes, diseases in which obesity, and especially abdominal obesity, is a precursor.
This corroborates Haun et al. 58, who found WHtR cut-off points of 0.52 for men and 0.53 for women
in a sample of young adults and elderly participating in the program entitled Monitoring Cardiovascular Diseases and Diabetes in Brazil (MONIT) in Salvador, Bahia State.
Thus, identification of anthropometric indicators suggestive of risk for chronic diseases in the
elderly allows adequately targeting interventions, with great public health benefit, especially considering the possibility of preventing highly prevalent diseases.
One of the study’s limitations was that it only measured the elderly’s height in the standing position,
not confirmed by the so-called knee height technique. Elderly persons’ height is known to be potentially underestimated due to the decrease resulting from thoracic kyphosis, scoliosis, osteoporosis, and
compression of the intervertebral discs 59, common in aging. The study’s strong points feature the use
of data from a large recent survey in a representative sample of the elderly Brazilian population, in
addition to the methodological quality employed in the study’s development, allowing data reliability.
The results suggest the use of WHtR in clinical practice since it is a simple measure, with good
predictive power as an anthropometric marker of overweight and a cut-off point very close to the
points obtained in diverse populations. Thus, timely studies in Brazil should compare WHtR with
different outcomes in both genders and other age groups in order to expand its use in the detection
of overweight in the general population and thereby guarantee its use in the safe replacement of BMI.
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Resumo

Resumen

O objetivo deste estudo foi identificar o ponto de
corte da razão cintura-estatura (RCE) com melhor sensibilidade, especificidade e acurácia para
a população idosa brasileira utilizando o índice
de massa corporal (IMC) como referência antropométrica. A amostra representativa da população brasileira foi composta por 5.428 indivíduos
idosos, participantes de um inquérito epidemiológico. As variáveis avaliadas foram peso, altura e
circunferência da cintura (CC). A RCE foi avaliada tendo como padrão-ouro o IMC utilizando
duas propostas de classificação do estado nutricional para a população idosa. O ponto de corte
ideal da RCE mostrando simultaneamente a mais
alta sensibilidade e especificidade foi determinado
utilizando a curva ROC (receiver operating characteristic). Sensibilidade entre 94,9% e 98,4%, especificidade variando de 43% a 55,4% e valores da
área sob a curva ROC entre 0, 878 e 0,883 foram
identificados para o ponto de corte de 0,55. Recomenda-se a utilização da RCE na prática clínica
por sua simplicidade e pelo bom poder de detecção
de excesso de peso em idosos.

El objetivo de este estudio fue identificar el punto
de corte de la razón cintura-estatura (RCE) con
mejor sensibilidad, especificidad y precisión para la población anciana brasileña, utilizando el
índice de masa corporal (IMC) como referencia
antropométrica. La muestra representativa de la
población brasileña estuvo compuesta por 5.428
individuos ancianos, participantes en una encuesta epidemiológica. Las variables evaluadas fueron
peso, altura y circunferencia de la cintura (CC). La
RCE se evaluó teniendo como patrón-oro el IMC,
utilizando dos propuestas de clasificación del estado nutricional para la población anciana. El punto
de corte ideal de la RCE, mostrando simultáneamente la más alta sensibilidad y especificidad, fue
determinado utilizando la curva ROC (receiver
operating characteristic). Sensibilidad entre 94,9%
y 98,4%, especificidad variando de 43% a 55,4% y
valores del área bajo la curva ROC entre 0,878 y
0,883 fueron identificados para el punto de corte
de 0,55. Se recomienda la utilización de la RCE en
la práctica clínica por su simplicidad y por el buen
poder de detección de exceso de peso en ancianos.

Sobrepeso; Idoso; Índice de Massa Corporal;
Razão Cintura-Estatura

Sobrepeso; Anciano; Índice de Masa Corporal;
Relación Cintura-Estatura
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