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SUMMARY. Visceral adipose tissue (VAT) is linked with the meta-
bolic consequences of obesity, being necessary the use alternative
methods of predicting this type of fat, like anthropometry. The ob-
jective of this study was assess the performance of anthropometry in
predicting visceral fat measured with computerized tomography in
adults and older adults. Study transversal with 197 individuals un-
derwent computerized tomography (CT) and anthropometry. The
variables analized were: visceral adipose tissue area by CT, Sagittal
Abdominal Diameter (SAD), Waist Circumference (WC) and Waist-
Hip Ratio (WHR). A descriptive analysis, Pearson correlation and
ROC curve were carried out. We observed Correlations higher than
0.7 (p=0.000) between the SAD, WC and the VAT area were found
in adult men and older men and in adult women. WHR displayed the
least correlations. The most sensitive and specific SAD cut-off points
were equal for all the men (Adults: 20.2 cm /Older adults: 20.2 cm)
but different for the women (Adults: 21.0 cm; sens.: 83.3; spec.:
79.1 /Older adults: 19.9 cm; sens.: 81.0; spec.:79.3). The WC cut-
off points that identified a VAT area =130cm² were 90.2 cm and 92.2
cm for men (adult men – sens.: 86.7; spec.: 86.1 – and older men–
sens.: 79.3; spec.: 77.8 –respectively), while for women the recorded
values were 92.3 cm (adult women– sens.: 83.3; spec: 81.4) and
88.2 cm (older women – sens.:76.2; spec.: 69.0).This study showed
that WC and SAD achieved the best performance in the identifica-
tion of visceral fat considered at risk for the development of
cardiometabolic diseases in adults and older adults.
Key words: Anthropometry, sagittal abdominal diameter,
computerized tomography, visceral fat.

RESUMEN. Métodos de predicción de la grasa visceral en
brasileños adultos y los ancianos: una comparación entre la
antropometría y la tomografía computarizada. Tejido adiposo
visceral (TAV) está vinculado con las consecuencias metabólicas de
la obesidad, siendo necesario el uso de métodos alternativos de
predicción de este tipo de grasa, como la antropometría. El objetivo
de este estudio fue evaluar el desempeño de la antropometría en la
predicción de la grasa visceral medido con tomografía computarizada
en adultos y adultos mayores. Estudio transversal con 197 individuos
sometidos a tomografía computarizada y la antropometría. Las
variables fueron: área de TAV, diámetro abdominal sagital (DAS),
circunferencia de cintura (CC) y el índice cintura-cadera (RCC).
Análisis descriptivo, de correlación de Pearson y la Curva ROC se
llevaron a cabo. Hemos observado correlaciones superiores a 0,7
(p=0,000) entre el DAS, CC  y TAV en los hombres adultos y adultos
mayores y en mujeres adultas. RCC muestren la mínima correlación.
Los puntos de corte de DAS más sensible y específico son iguales
para los hombres (adultos y  adultos mayores: 20,2cm), pero diferente
para las mujeres (Adultos: 21,0cm – sens.:83.3; espec.:79.1 /adultos
mayores: 19,9cm – sens.: 81.0; espec.: 79.3). El CC de los puntos de
corte fueron de 90,2cm  y 92,2cm para los hombres (Hombres
adultos– sens.: 86.7; espec.: 86.1– y los hombres mayores – sens.:
79.3; espec.: 77.8, respectivamente), mientras que para las mujeres
los valores registrados fueron de 92.3cm (mujeres adultas– sens.:
83.3; espec.:81.4) y 88.2cm (mujeres mayores– sens.: 76.2;
espec.:69.0). Este estudio mostró que la CC y el DAS lograr el mejor
rendimiento en la identificación de la grasa visceral considerados de
riesgo para el desarrollo de enfermedades cardiometabólicas en los
adultos y adultos mayores.
Palabras clave: Antropometría, diámetro abdominal sagital,
tomografía computarizada, la grasa visceral.

INTRODUCTION

Obesity is a condition of excessive accumulation of fat
which compromises the health of the individual and is
considered to be a feature of Food and Nutrition Insecurity
across the world.  The consequences of obesity on health are
innumerable and varied, even to the extent of causing disability
and thus having an adverse effect on quality of life (1).

A number of studies have reported that identification of
the way fat is distributed across the body and of the type of
excessive fat is more important than the quantification of total
body fat (2).

Evidence has been found of an important association
between abdominal adiposity and the development of
morbidity (2-5). Abdominal fat is composed of subcutaneous
and visceral fat. The latter is the principal fat to have been
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associated with metabolic disturbances and with the consequent
development of morbidities, particularly with cardiovascular
diseases (6-8).

The most appropriate methods for the identification of vis-
ceral fat are medical imaging techniques, such as computer-
ized tomography (CT), which is considered the “gold stan-
dard” method, being the most precise, with the greatest accu-
racy and reproducibility. On the other hand, high cost and ra-
diation exposure limit its use in clinical practice and in epide-
miological studies (10, 11).

The study of alternative methods which are practical, low
cost, non-invasive and offer accuracy and precision in the
estimation of visceral fat are thus crucial.

Anthropometry is one of the methods whose validity in
estimating this type of fat has been tested (2). However, few
studies compare relationships between age groups, particularly
in older adults, or primarily utilize a robust classification that
guarantees representative equivalence in terms of quantity of
visceral fat. The present study aimed to contribute to the

identification of accurate and low cost methods which enable
risk assessment and the prevention of cardiovascular diseases
by assessing the sensitivity and specificity of waist
circumference (WC), sagittal abdominal diameter (SAD) and
waist-hip ratio (WHR) in predicting visceral fat in adults and
older adults. This study thus extends and enriches the range
of activities related to the food and nutrition security of
populations.

MATERIALS AND METHODS

Patient recruitment
The study was carried out at the School of Nutrition of

the Federal University of Bahia (UFBA) during the first
trimester of 2009. One hundred and ninety-seven individual
volunteers classified by sex, age and body mass (as per Figure
1) were recruited from the University Health Complex of the
Federal University of Bahia and from the general community
in the city of Salvador, Bahia, Brazil.

FIGURE 1
Sample Composition

BMI: Body Mass Index
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Ethical aspects
All participants signed the Free and Informed Consent

Form.  The study did not involve procedures of high risk for
the individuals involved and all received the test results, were
seen at nutrition clinics and referred for health follow-ups,
where necessary.  The study was approved by the Committee
for Ethics in Research of the School of Nutrition of UFBA
(Judgement no. 01/09).

Data collection
A trained team collected the demographic and

anthropometric data and a radiologist carried out the
tomography test on all the individuals. For each individual
the assessments (anthropometric and tomography) were
undertaken on the same day, thus preventing oscillations in
weight from interfering in the results.

Anthropometric assessment
Each individual’s measurements were taken by a trained

anthropometric technician. Measuring techniques were stan-
dardized.  Portable, digital scales (brand name Filizola, with a
capacity of 150Kg at intervals of 100g) were used to measure
weight with the individuals wearing light clothes and no shoes.
Height was measured with a portable stadiometer (brand name
SECA, TBW Importing Ltda.). Circumferences were measured
with a metric tape made of inelastic synthetic material (TBW
Importing Ltda.). Waist circumference was taken to be the
minimum circumference between the costal margin and the
iliac crest. Hip circumference was measured at the maximum
protuberance of the buttocks, with the individuals wearing
light clothes.  The reading was taken to the nearest millimetre.
BMI was calculated in kg/m2 and WHR by dividing each
subject’s waist circumference by their hip circumference.

Sagittal Abdominal Diameter was verified with the help
of a portable abdominal calibrator (Sliding-beam – Holtain,
Ltd., Dyfed, Wales, U.K.) and measured with the individual
lying down, with arms relaxed along the body and legs
extended.  The fixed caliper of the calibrator was placed under
the individual’s back and the sliding caliper was brought up
to the abdominal point between the iliac crests, at the level of
the umbilicus. The reading was carried out to the nearest
millimetre, at the end of expiration, according to the technique
proposed by Kahn (15). The interclass coefficient was greater
than 0.97.

Computerized tomography to assess the visceral tissue area
The computerized tomography was obtained using the

Siemens Spirit Tomography of the Radiology Service at the
University Hospital and analysed by an examiner.  The test
was carried out after 04 hours of complete fasting with the
patient lying dorsal recumbent and with arms extended above
the head.  A lateral topogram was taken for precise

identification of the location of the L4-L5, followed by a single
axial tomography slice in this location, with slice thickness at
10 mm and time of exposure 3 seconds. Once the slice was
obtained the external limits of the abdomen were characterised
using a light pen cursor which measured the outer edges of
the abdominal circumference and then calculated the total
abdominal area (16).

After measuring the total abdominal area, the area of the
visceral abdominal corresponding to the area of visceral fat
was also outlined with a light pen cursor. This was determined
by the demarcation of the abdominal cavity, taking as its limits
the internal borders of the rectus abdominal, internal oblique
and quadratus lumborum muscles, excluding the vertebral
body and including the retroperitoneal, mesenteric and
omental fat.  The areas of fat were described in centimetres
squared.  The subcutaneous abdominal areas were calculated
by subtracting the visceral abdominal fat from the total
abdominal area (16).

Barite or organo-iodized contrasts were not used in the
CT administration. A topography programme with
radiographic parameters of 140 kV and 45mA was utilized
for the abdomen examination. A density of -50 to -150
Hounsfield Units was used to identify the adipose tissue.  An
area of visceral tissue > 130 cm² was taken to signify an excess
of visceral adipose tissue and to present risk for the
development of cardiovascular diseases (17).

Statitical analysis
The Statistical Package for Social Sciences (SPSS) Version

11.5 was used for data processing. A descriptive analysis and
a correlation test were undertaken, adopting a significance
level of 5%. The coefficient of variation was calculated to
assess the inter and intra examiner variability of the
anthropometric measures. The distribution of continuous
variables was verified by the Kolmogorov-Smirnov non
parametric test. Pearson correlation was performed to assess
the correlation of a normal distribution, and Spearman
correlation for a non-normal distribution between the variables.

A Receiver Operating Characteristic Curve (ROC Curve)
was constructed using a cut-off point for the reference test,
that is, the area of visceral adipose tissue (VAT) measured by
the CT. A 130 cm2 value (positive reference test) was selected
as the threshold for excess VAT. In order to assess the
performance of the anthropometric indicators, the sensitivity
(probability of correctly detecting true positives) and the
specificity (probability of correctly detecting true negatives)
of each cut-off point were estimated and the cut-off point which
produced the best combination of sensitivity and specificity
was selected as the most appropriate value for indicator(s) of
best prediction of a level of visceral adipose tissue area of 130
cm2, for each sex and each age group.
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RESULTS

Of the 197 individuals between 21 and 95 years old, there
were a hundred adults with the mean age of men being 39.37
years (±13.08) and of women 39.93 years (±11.35). Of the
ninety-seven older adults, the mean age of men was 72.19 years
(±8.39) and of women 73.7 years old (±8.11).

As is seen in Table 1, the mean of waist circumference
was higher in the older adults when compared to adults of the
same sex. In relation to the SAD, we noted that the mean was
higher in the group of older men (21.29 cm) while the lowest
mean was seen amongst adult women (19.44 cm). The mean
WHR was higher for men in both age groups.

TABLE 1
Descriptive analysis characteristics of the anthropometric indicators in adults and the older

adults, Salvador, 2009

Adults Older adults
Mean (SD) Range Mean (SD) Range

Men (n=98)
VAT

 (cm²)*
96,55 (58,76) 13,40 – 295,85 157,14 (88,65) 9,92 – 379,65

BMI
(Kg/m²)

25,23 (3,53) 16,39 – 34,38 26,21 (4,42) 17,73 – 36,64
WC

(cm)**
88,3 (9,77) 64,7 – 111,9 93,66 (12,57) 69,1 – 124,9

SAD
(cm)**

19,7 (2,78) 13,2 – 28,1 21,29 (3,99) 14,6 – 31,0
WHR

*
0,90 (0,07) 0,77 – 1,05 0,97 (0,06) 0,83 – 1,09

Women (n=99)
VAT

(cm²)*
71,84 (43,49) 11,24 – 202,78 120,26 (51,02) 9,15 – 231,23

BMI
 (Kg/m²)

26,23 (4,91) 20,61 – 40,07 26,68 (4,19) 15,29 – 36,66
WC

 (cm)
84,7 (11,51) 65,6 – 109, 0 88,88 (10,95) 55,6 – 115,8

SAD
(cm)

19,44 (3,12) 14 – 25,6 20,08 (3,15) 11,0 – 26,1
WHR

*
0,84 (0,07) 0,68 – 1,00 0,89 (0,07) 0,70 – 1,07

*p=0,000   ** p<0,05  SD: Standard Deviation; VAT: Visceral Adipose Tissue Area; BMI: Body Mass
Index; WC: Waist Circumference; SAD: Sagittal Abdominal Diameter; WHR: Waist-Hip Ratio.

In relation to the visceral adipose tissue (VAT) area
identified by CT, the mean was much higher in the older adults
(157.14 cm2 for men and 120.26 cm2 for women).  The lowest
VAT area mean was found in adult women (71.81 cm2).

Although the mean BMI for adult men was similar to that
seen in the older adults, a statistically significant difference
between these two groups was found in the mean values for
distribution of corporal fat and for VAT area. In the group of
women, however, only the WHR and the VAT area presented
statistical significance.

Table 2 shows the correlation between the anthropometric
indicators and the CT-identified VAT area in both sexes in the
adult and older adults. A highly significant correlation
coefficient (p<0.001) was found between the SAD and WC
anthropometric indicators and the abdominal visceral adipose
tissue area in adult men and older men, and in adult women. For
older women the correlation coefficient of these variables was
slightly less, although highly significant. The SAD showed a
highest correlation with the VAT area between the adults and
older adults, similar to the correlation found between the WC
and the VAT area. We noted that the WHR presented correlations
of less than 0.70, except in the group of older men.

TABLE 2
Correlation coefficient between the anthropometric

indicators and the CT-identified VAT area in the adult
and older adults

Visceral Adipose Tissue Area
Adults Older adults

Men
WC 0.759* 0.771*
SAD 0.700* 0.786*
WHR 0.690* 0.722*
Women
WC 0.752* 0.647*
SAD 0.747* 0.657*
WHR 0.695* 0.499*

*p=0,000
WC: Waist Circumference; SAD: Sagittal Abdominal Diameter;
WHR: Waist-Hip Ratio

Table 3 presents the cut-off points, sensitivity and
specificity of the SAD, WC and WHR that identified a visceral
adipose tissue area of >130 cm2 and the areas below the ROC
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curve for adults and the older adults of both sexes. We observed
that the SAD cut-off points with the optimal combination of
greatest sensitivity and greatest specificity were equal amongst
male individuals (Adults – 20.2 cm; Older adults – 20.2 cm)
and different amongst women (Adults – 21.0 cm; Older adults

– 19.9 cm).  The sensitivity and specificity for these cut-off
points reach values that are considered high and are greatest
for adults. The areas below the ROC curve were higher than
0.80 with values of p = 0.0000 (Figure 2).

TABLE 3
Cut-off points, sensitivity and specificity of SAD, WC and WHR that correspond to a VAT

area of >130 cm2 and areas below the ROC curve for adults and older adults

Visceral Adipose Tissue Area
Adults Older adults

Cut-off pt Sensitivity Specificity Cut-off pt Sensitivity Specificity

Men
WC 90.2 86.7 86.1 82.2 79.3 77.8
SAD 20.2 80.0 75.0 20.2 75.9 72.2
WHR 0.93 86.7 83.3 0.96 86.2 83.3
Women
WC 92.3 83.3 81.4 88.2 76.2 69.0
SAD 21.0 83.3 79.1 19.9 81.0 79.3
WHR 0.87 83.3 72.1 0.88 66.7 51.7

WC: Waist Circumference; SAD: Sagittal Abdominal Diameter; WHR: Waist-Hip Ratio; VAT: Visceral
Adipose Tissue Area

FIGURE 2
ROC Curve to identify cut-off points for SAD, WC and WHR with a VATA of > 130cm², by sex and age – Salvador, 2009.
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Regarding WC, we observed that the cut-off point of 90.2
cm and 92.2 cm for men (adults and older adults, respectively),
identified a VAT area of >130 cm2, while the values found for
the women were 92.3 cm and 88.2 cm.  The sensitivity and
specificity were higher in adults when compared to the older
adults of both sexes. The WHR presented less sensitivity and
specificity in identifying a visceral adipose tissue area of >
130cm2 in older women in relation to the other indicators.

DISCUSSION

Over the years anthropometry has been shown to be an
important indicator of total body mass and of body composition
and has been tested as a method of estimating visceral fat
because of the strict relationship between this type of fat and
the development of cardiovascular events and other health risks.
However, there are only a few research studies that assess the
performance of anthropometric indicators in the identification
of visceral fat area when compared to computerized
tomography (2). This study not only carried out such a
comparison but also investigated the differences between adults
and older adults.

A classification by sex, age and body mass [using values
of the cut-off points of BMI appropriate for each age group
(11-14)] was undertaken to determine the inclusion of
participants in the study.  This guaranteed equivalence in the
number of individuals in each group, enabling a better
comparison of the results between these variables.

Our study demonstrated the high reliability of the
anthropometric measures collected, with an interclass correlation
coefficient greater than 0.97, which corroborates other studies
(2,18). The collection of reliable data in studies which involve
the use of anthropometry demand rigour in the standardisation
of measuring techniques and in the training of the team.

All the means for the anthropometric measurements and
for the visceral adipose tissue area observed in this study were
greater in older adults. This may be explained by the BMI cut-
off points adopted for the classification of body mass in older
adults being higher than those for the adults. Moreover, the
older adults are expected to have more abdominal fat,
principally of the visceral type (19).

Most studies consider an area of >130 cm² of visceral
adipose tissue as excessive, since it is associated with the
development of cardiovascular diseases and other morbidities
(17,20). A VAT area higher than this value was only found in
older men.  Sampaio et al (2), when studying a population
between 20 and 83 years old, established an mean VAT area of
102.5 cm2 for men and 84.1 cm2 for women. Kim et al (21)
studied individuals aged from 18 to 70 years old and found a
VAT area mean of 159.8 cm2 in men and 127.4 cm2 in women.

Sagittal abdominal diameter is a new anthropometric
measure and is practical, non-invasive, easy to execute, low

cost and regarded as an important anthropometric indicator
in estimating visceral adipose tissue (VAT) (2,4,10,22-25). In
Brazil, there are few studies about SAD. We do not know the
population values of this measurement and there is it still no
consensus regarding the SAD cut-off point that evidences risk
for the development of diseases. Some studies have found
varied SAD mean in assessed groups. Sampaio et al (2)
observed greater SAD mean in men (20.9 cm), as did Ohrvall
(5) who, when assessing 845 individuals of both sexes aged
between 19 and 66 years old, also noted a higher SAD mean
in men (23.5 cm). This value was similar to that found by
Turcato et al (35) in an assessment carried out on the older
adults (23.0 cm).

Iribarren et al (23) measured SAD with the individual
standing up and also found higher mean values in women
(20.6 cm). The present study recorded mean SAD values
according to sex and age which made it impossible to compare
our findings with those of studies that carried out a more
generalised analysis.

When analysing the correlation of the SAD with the
visceral adipose tissue area, we noted that, as in other studies
(2,4,5,22-25,27), the SAD measurement presented a high
correlation with visceral adipose tissue measured by CT, which
indicates that it is a strong predictor for this type of fat. We
emphasise that this correlation was highest amongst older men.

In regards to the SAD cut-off points that identified a VAT
area considered to present risk, this study encountered values
close to those found in the literature. These SAD values have
varied between 19 and 24 cm (2,3,15).

Waist circumference is a measurement that assesses
cardiovascular risk and is also one of the criteria for defining
metabolic syndrome.  Its importance in the identification of
obesity, as well as in the estimation of visceral fat, has been
highlighted in the literature (21,28,29).

When analysing an individual’s WC in this study, we noted
that this measurement’s mean values for adult women and
older women already indicated risk for the development of
metabolic complications associated with obesity, unlike the
values found for men, who had WC values lower than the
cut-off points defined as risk factors by the WHO (11). This
last result was similar to that of a study carried out on older
Brazilians which also found that WC values for both sexes
were lower than the cut-off points that had been, until that
point, considered to determine risk for this group (30).

For a given WC, abdominal adipose tissue distribution
differs between the sexes.  Furthermore, Kuk et al (28) showed
that VAT accumulation for a given WC is also influenced by
age and menopausal status.

WC measurement correlated very well with the VAT area
in all the age and sex groups; the correlation was strongest in
the group of older men. The study of Janssen et al (29),
utilizing magnetic resonancing, found r=0.76 for women.
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Similar findings were found in a study undertaken by Després
et al (31) which recorded a correlation of r=0.82 between WC
and CT-assessed VAT area in a study carried out on adult men.
Kanda et al  (32) noted a significant correlation both for men
(r=0.78, p< 0.001) and for women (r=0.82. p< 0.0001).

In relation to the WC cut-off points that identified a VAT
area defined as risk, we recorded values lower than those
advised by the WHO (11) in men of both age groups (Adult=
90.2 cm and Older adults= 82.2 cm).  The values presented by
the women in both groups, however, were above those of the
WHO (Adult= 92.3 cm and Older adults= 88.2 cm).  It is also
important to stress that the cut-off points utilized to estimate a
VAT area of > 130cm2 in the older adults of both sexes were
lower. In other words, the present study proved that the cut-
off points to assess WC as a predictor of the accumulation of
visceral tissue in an older adults are lower than those of adults.

WHR, despite being considered one of the most common
anthropometric indices for the assessment of body fat
distribution, is not capable of differentiating between a deposit
of visceral and subcutaneous fat (19). This may be explained
by the increase in waist circumference and reduction in hip
circumference that occurs with ageing.

When assessing the correlation between the WHR and the
VAT area it was possible to observe that, compared to the other
anthropometric measures previously cited (WC and SAD),
the WHR presented the lowest correlation with this tissue, in
each sex and age group. Others studies have found similar
results, despite using different methodologies (33,34).

The WHR cut-off points of greatest sensitivity and
specificity were higher in men from both age groups.
Scheineider et al (35) assessed cardiovascular risk in
individuals between 20 and 79 years old and encountered
results similar to those found in our study, with WHR cut-off
points of 0.95 and 0.85 for men and women respectively.

The classification by sex, age group and body mass, as
well as the rigorous methodology applied, allowed us to
robustly compare the findings for this population, guaranteeing
equity between age groups in regards to classification
characteristics and the greater reliability of the results. In
summary, the anthropometric measures analysed here have
good correlations with the visceral adipose tissue area for both
sexes and age groups; of the three indicators, WHR had the
lowest correlation; SAD showed the best correlation with the
quantity of visceral fat amongst the older adults and WC
demonstrated the best correlation for adults. Thus WC and
SAD achieved the best performance in the identification of
visceral fat considered at risk for the development of
cardiometabolic diseases in adults and older adults.

These anthropometric indicators are therefore important
tools in the professional health arena and may be included in
health care protocols, both for individual assessment and
population-based studies.
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