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ARTICLE INFO SUMMARY
Article history: Background: Aging is the main factor in the eventual development of cardiovascular disease (CVD) the
Received 2 May 2023 prevalence of which is increasing progressively along with life expectancy. Therefore, it is essential to
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indices provide useful information for CVD risk evaluation. These are widely used for the simplicity of
KEJ’""_‘W’S-' their estimates and their high correlation in the positive identification of CVD. The most used in the
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esity (WHtR), body adiposity index (BAI) and conicity index (CI). However, the behavior and association of
Anthropometric measures g ! . . . .

such indices in physically active people over 65 years of age is not well established.
Purpose: To analyze the behavior and association of the BMI, WHR, WHtR, BAI and CI in a group of active
people over 65 years of age.
Methods: A group of 608 European participants with a mean age of 68.05 + 5.43yrs, composed of 74.2%
female and 28.5% male, was randomly selected and evaluated for anthropometric parameters and body
composition by a bio-impedance measuring device with four electrode sensor systems. A descriptive
analysis was completed via measures of central tendency (mean and standard deviation) and percentage
analysis. As the distribution of the sample was normal (parametric), an association analysis was carried
out through the Pearson correlation coefficient (r), in order to determine the relationship between
anthropometric and body composition indices. A P value of <0.05 was considered to indicate statistical
significance.
Results: The results show that BMI, BAI and WHtR are significantly related to % body fat (Fat %), with BMI
reaching the highest correlation (r = 0.612), followed by BAI (r = 0.556) and WHtR (r = 0.521). When the
association between indices is considered, the WHtR and BAI and WHtR and BMI are those with the
highest significant correlation (r = 0.981 and r = 0,789, respectively). As for the effects of gender, good to
strong correlations were found between the BMI and the WHtR (r = 0.731 for female, r = 0.568 for male)
and between the WHtR and the BAI (r = 0.989 for female, r = 0.985 for male).
Conclusion: The most accurate anthropometric index for indicating the level of body fat present in an
active population of 65 years of age or over seems to be the BMI, followed by the BAI and WHtR.
However, the degree of association between body fat and anthropometric parameters seems to be
conditioned by gender.
© 2023 The Authors. Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).

1. Introduction

Currently, the aging population is a social phenomenon with
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undergoing a demographic transformation, with the number of
people over 60 years of age expected to increase from 600 million
to almost 2 billion by 2050, from 10% to 21% [1]. There are
numerous definitions of aging [2—4] which label it, amongst other
things, as a complex, dynamic, multi-factorial process inherent to
all human beings. Aging is the main factor in the occurrence of
cardiovascular disease (CVD), the prevalence of which is progres-
sively rising due in large part to the increase in life expectancy
worldwide. CVD is one of the main causes of mortality and
morbidity, and is the most frequent reason for hospitalization; it is
also the third leading cause of death and the main cause of
disability in the adult population around the world [5]. CVD is
generally related to the excessive accumulation of body fat, the
presence of which can be assessed through anthropometric mea-
surements and/or body composition analysis [6,7].

The prevalence of obesity in the world today has reached
epidemic proportions [8] and this is a major problem since excess
adiposity is strongly associated with CVD risk factors such as hy-
pertension, diabetes mellitus, and dyslipidemia [9,10] Early detec-
tion and the identification of groups at risk is key in the fight to
reduce the consequences of these health problems. In this context,
therefore, adiposity must be measured, and it is essential to
establish the anthropometric indices that allow us to detect with
greater accuracy the possible development of CVD, with the aim of
reducing its incidence. Anthropometric indices are values of body
dimension and composition, commonly used for the nutritional
diagnosis of an individual, though they also offer useful information
for the evaluation of the risk of CVD [11] due to the existence and
distribution of excess fat. The ease of calculation of these indices,
and their high correlation in the identification of CVD has gener-
alized their use in this area.

Currently the most widely used anthropometric indices in the
general population are the body mass index (BMI), the waist to hip
ratio (WHR) and waist to height ratio (WHR), body adiposity index
(BAI) and conicity index (CI).

The BMI is a widely used parameter in obesity assessment, and
is used by the WHO as a simple and practical epidemiological
measure to identify overweight or obese people in different pop-
ulations and of different ages [12]. The WHR is an important
anthropometric index in the assessment of cardiovascular and
endocrine risks in young populations [13]. The WHtR is a parameter
that reflects the distribution of body fat and analyses the presence
of abdominal fat in relation to other parts of the body. It is used as a
predictor of obesity-related CVD. Higher values of WHtR indicate an
increased risk of CVD [14]. In 2011, the BAI was proposed [15]. This
is an index based on hip circumference and height, and was
developed with a view to providing an estimate of the percentage
(%) of body adiposity. Last but not least is the CI, which indicates
adiposity in relation to height, weight and waist circumference [16].

Issues around obesity are more closely related to visceral
adiposity than to general adiposity [9]. The BMI is currently the
most widely used measure of obesity. However, the BMI is unable to
differentiate between lean mass and fat mass, and hence it is
limited by differences in body adiposity for a given BMI across age,
gender and ethnicity [17,18]. In addition, the BMI does not consider
body fat distribution, which is a major limitation as there are
suggestions that the metabolism is affected by this [18].

The waist circumference (WC) has been proposed as the most
accurate of the anthropometric measurements, with an excellent
correlation between abdominal imaging and a high association
with CVD risk factors, mainly diabetes [9,19,20]. WC does not take
height differences into account, however, so the risk of potential
over or under-evaluation for tall and short individuals must be
considered [21]. Research proposed the WHtR as a valid alternative
to WC. In fact, this ratio has shown to be a good indicator of
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abdominal adiposity [22] and a better predictor of CVD risk factors
[21,23—25].

All of the above indices are strongly related to body adiposity,
despite being different concepts [26,27]. Therefore, determining
which index is the most suitable as a predictor of CVD risk factor in
older adults remains controversial despite years of research.
Therefore, since there is currently no consensus on which is the
best anthropometric indicator for measuring adiposity, the aim of
this study is to analyze the behavior and degree of association of
BMI, WHR, WHtR, BAI and CI with body fat in a group of active
people over 65 years of age.

2. Methods
2.1. Participants

This was a retrospective study based on existing data, which
were provided from a health screening conducted in 2021 and
2022. 608 European older adults [86 Portuguese (men = 47.3%;
women = 52.7%), 78 Bulgarians (men = 11.8%; women = 88.2%),
122 Italians (men 25.6%; women 74.4%),25 Slovenians
(men = 18.9%; women = 81.1%), 94 Hungarians (men = 23.3%;
women = 76.7%), and 122 Spanish (men = 23.5%; women = 76.5%)]
with a mean age of 68.05 + 5.43; 74.2% being women, who were
enrolled in the In Common Sport Plus project, participated in these
research. All the subjects were evaluated four times during a two-
year period, obtaining a total of 2432 evaluations of cinean-
thropometric parameters and body composition. Incomplete data
were excluded (n = 222), resulting in a final sample of 2210 as-
sessments. Because no new data was collected, there was no
informed consent process for this study. Data was collected and
analyzed in such a way that subjects cannot be identified, directly
or through subject-linked identifiers. In this study, the ethical
standards contained in the Declaration of Helsinki were followed,
and this study was approved by the Ethics Committee of the
Polytechnic Institute of Viana do Castelo (IPVC-ESDL180417).

2.2. Health screening measurements

The examiners were experts in measuring anthropometric
indices and body composition parameters using bioelectrical
impedance (BIA). During the measurements, participants stood
barefoot, wore minimal clothing along with strictly standardized
conditions as set by the manufacture and previous research. BIA
was performed with a multi-frequency segmented body mass
composition analyzer (TANITA MC-780 S MA). The analysis of all
body mass composition components took approximately 20s and
also measure body mass with a precision of 0.1 kg. In the present
research, the percent of fat was considered the gold standard as
such measurement comes directly from BIA. Age, sex, and height
without a decimal number were considered into the analyzer.
Height was measured with the subject standing using a portable
stadiometer (SECA, 213) accurate to within 1 mm. Waist and hip
circumference were measured with a inextensible tape measure
[28]. Waist circumference (WC) was measured midway between
the lowest rib and the pelvis in position of expiration and hip
circumference (HC) was measured at the widest circumference of
the hip.

The different anthropometric measures were calculated: body
mass index (BMI = weight in kg divided by the square of height in
meters) [29] waist-hip ratio (WHR=WC in cm divided by HC in cm)
[30], waist-height ratio (WHtR =WC in cm divided by height in cm)
[31], body adiposity index (BAI = HC in cm/{[height in m]'>-18})
[15] and conicity index (CI=WC in m/[0.109 X 4/ {Bodyweight in
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kg/Height in m}]) where 0.109 is a constant that results from the
conversion of units of volume and mass into units of length [32].

2.3. Statistical analysis

In this study, descriptive statistics were used to obtain the
metrics of central tendency, deviation, and percentages. The
descriptive analysis was carried out globally and the sample was
separated by gender and country. Continuous variables were tested
for normality using the Kolmogorov—Smirnov test. The relationship
between the different anthropometrics indices was examined using
Pearson's correlation analysis, based on Taylor correlation levels
[33] - weak correlation (r < 0.35), moderate correlation
(0.35 <1 < 0.68) and strong correlation (0.68 < r > 1.0). To predict
continuous outcomes, linear regression analysis (method: enter)
were performed to investigate the association between physical
activity level (dependent variable) and independent variables
(anthropometric indices, body composition and age). All statistical
analyses were performed using SPSS version 25 (SPSS Inc., Chicago,
IL, USA). P value was set at <0.05.

3. Results

The basic characteristics of the study population, divided into
country of residence, are shown in Table 1. 608 participants were
analyzed four times over two years, resulting in a total of 2210
complete evaluations, with women being in the majority in all
countries (74.2%). The mean age of the study population was
68.05 + 5.43 years, with Spain being the country with longest lived
participants (70.45 + 6.30 years). Spain is also the country where
the study group do more physical exercise per week on average
(5.27 + 1.91 days per week) than participants from other countries,
who average only 2.81—3.85 days per week. A high percentage of
the total sample (74.2%) reported a lower educational level (non-
university). Spain has the highest percentage (97.2%) of non-
university students while Hungary has the highest percentage of
people who have studied for a Masters or a PhD (19.3%).

Regarding the anthropometric variables, Spain's participants
have the smallest Height (155.17 + 6.62 cm) while Slovenia's have
the greatest (164.87 + 7.85 cm). In turn, Slovenia's subjects have
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higher Weight (78.37 + 14.50 kg) than other countries, while Italy's
have the lowest (70.62 + 13.23 kg).

As regards Fat (%), WC (cm) and HC (cm), Bulgaria presents the
highest percentages and data (37.84%), (97.30 + 11.55 cm) and
(113.12 + 10.39 cm) respectively, whereas Italy is the country with
the lowest Fat % (29.62%) and WC (90.93 + 12.42 cm). Bulgaria's
participants also present the highest BMI (30.38 + 5.13kg/m2) and
Italy's the lowest (26.56 + 4.14kg/m2). The mean BMI (kg/m?) of the
total sample is 28.21 + 4.48 kg/m?. With respect to the anthropo-
metric indices of WHR, WHtR, BAI and CI we should indicate that
Spain presents the highest data (0.99 + 0.72), (0.62 + 0.09), (31.67%)
and (1.30 + 0.15) respectively, while Italy has the lowest data of
WHItR (0.56 + 0.07), BAI (25.88%) and CI (1.27 + 0.11). However, for
WHR, Bulgaria is the country with the lowest metrics in this data
group. (0.86 + 0.07).

The Pearson's correlation coefficients between the various
anthropometric measures, disaggregated by gender, are shown in
Table 2. All the anthropometric measures correlated significantly
with each other, with men having the lowest correlation coefficients,
except in the case of BMI (kg/m2) with WHR, WHtR, BAI and CL

When analyzing the total sample, we observed that the Fat %
parameter has a moderate correlation with the BMI parameter
(r=0.612; p < 0.001), WHtR (r = 0.521; p < 0.001), BAI (r = 0.556;
p < 0.001), presenting a significantly weak correlation with WHR
(r=-0.156; p < 0.001) and CI (r = 0.144; p < 0.001). If we stratify
the analysis according to the sex of the participants, the results
show that the Fat % parameter for men (Fig. 1) has a moderate
correlation with the BMI parameter (r = 0. 617; p < 0.001), WHtR
(r =0.526; p < 0.001) and BAI (r = 0.497; p < 0.001), presenting a
significant and weak correlation with the parameters WHR
(r=-0.084; p <0.001) and CI (r = 0.272; p < 0.001). The results for
women show that while the Fat % parameter (Fig. 1) presents a
strong correlation with the BMI parameter (r = 0.734; p < 0.001),
and a moderate correlation with the WHtR (r = 0.647; p < 0.001)
and BAI (r = 0.613; p < 0.001) parameters, it presents a significantly
weak correlation with the WHR (r = —0.174; p < 0.001) and CI
(r = 0.354; p < 0.001) parameters, however.

The results also identified other significant relationships: The
WHItR parameter showed a significant and strong correlation with
BAI (r = 0.981; p < 0.001) and also with CI (r = 0.744; p < 0.001).

Table 1

Characteristics of study subjects.
Total Spain Portugal
n=2210 n = 436 n =315

Slovenia
n =401

Bulgaria
n =299

Hungary
n = 350

Italy
n = 409

Mean + SD/% Mean + SD/% Mean + SD/%

Mean + SD/% Mean + SD/% Mean + SD/% Mean + SD/%

Age (years) 68.05 + 5.43 7045 + 6.32 68.85 + 5.36

Days/week do you 344 £ 1.78 527 £ 191 3.85+1.69
physical exercise?

Gender (female) 74.2 % 76.5 % 52.7 %

Educacional level
No university 79.5 % 97.2 % 80.3 %
Degree/Bacherol 159 % 28% 182 %
Master/PhD. 46 % 0.0% 1.5%

Anthropometric indices
Height 160.97 + 8.55 155.17 + 6.62 161.67 + 9.38
Weight (kg) 72.96 + 12.92 71.22 + 11.85 71.96 + 12.03
Fat % 33.18 + 8.14 33.21 £ 6.87 31.11 + 8.47
BMI (kg/m?) 28.21 + 448 29.43 + 3.79 27.51 + 3.89
WC (cm) 94.25 + 12.34 96.07 + 13.13 93.51 + 11.78
HC (cm) 106.01 + 17.34 104.21 + 12.08 102.31 + 7.69
WHR 092 +0.31 0.99 +0.72 0.98 + 0.14
WHtR 0.59 + 0.08 0.62 + 0.09 0.58 + 0.07
BAI (%) 28.28 + 6.75 31.67 + 7.51 27.64 + 630
CI 1.29 + 0.11 1.30 + 0.15 1.29 + 0.11

68.11 + 6.75 69.23 + 4.48 67.09 + 4.59 66.38 + 4.65
3.69 + 1.85 281 +1.79 295+ 131 298 +1.33
81.1% 88.2% 76.7 % 74.4 %

81.7% 83.1% 54.6 % 83.6%

156 % 12.1% 26.1% 154 %

28% 4.8 % 193 % 0.9 %

164.87 + 7.85 15942 + 7.15 163.40 + 7.76 162.81 + 8.64
78.37 + 14.50 75.85 + 11.39 74.50 + 14.23 70.62 + 13.23
32.15 + 8.89 37.84 + 6.63 36.49 + 7.12 29.62 + 7.64
28.73 + 4.58 30.38 +5.13 27.71 + 3.90 26.56 + 4.14
96.80 + 11.79 97.30 + 11.55 94.33 + 11.68 90.93 + 12.42
106.78 + 10.62 113.12 + 10.39 106.64 + 9.94 103.92 + 28.03
0.91 + 0.09 0.86 + 0.07 0.89 + 0.08 0.89 +0.12
0.59 + 0.07 0.61 + 0.08 0.58 + 0.07 0.56 + 0.07
27.72 + 5.64 30.53 + 6.77 27.26 + 5.81 25.88 + 6.00
1.29 + 0.09 1.30 + 0.10 1.29 + 0.11 1.27 £ 0.11

Abbreviations: BAI, body adiposity index; BMI, body max index; CI, conicity index; Fat%, body fat percentage; HC, hip circumference; WC, waist circumference; WHtR, waist to

height ratio; WHR, the waist to hip ratio.
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Table 2
Pearson Correlation Coefficient between different anthropometric indices and Physical Activity level.
Fat % BMI (kg/m?) WHR WH(R BAI (%) Cl PA Level (Days/week)

Overall (n = 2221)

Fat % Pearson Coefficient (r) - 0.612** —0.156%* 0.521*x* 0.556%* 0.144** —0.179**
Sig. - 0.001 0.001 0.001 0.001 0.001 0.001

BMI (kg/m2) Pearson Coefficient (r) 0.612%* - 0.171* 0.789%** 0.770%* 0.295%* —0.093*
Sig. 0.001 - 0.001 0.001 0.001 0.001 0.013

WHR Pearson Coefficient (r) —0.156** 0.171%* - 0.512%x* 0.359%* 0.606** 0.067
Sig. 0.001 0.001 - 0.001 0.001 0.001 0.072

WHtR Correlation coefficient (r) 0.521%* 0.789%* 0.426%* - 0.981%* 0.744** —0.083*
Sig. 0.001 0.001 0.001 - 0.001 0.001 0.026

BAI (%) Correlation coefficient (r) 0.556%* 0.770 0.359%x* 0.981** - 0.673** —0.082*
Sig. 0.001 0.001 0.001 0.001 - 0.001 0-029

Cl Correlation coefficient (r) 0.144*x* 0.295%* 0.606** 0.744%x* 0.673** - —0.034*
Sig. 0.001 0.001 0.001 0.001 0.001 - 0.370

PA Level (Days/week) Correlation coefficient (r) —0.179%* —0.093* —0.067* —0.083* —0.082* —0.034* -
Sig. 0.001 0.013 0.042 0.026 0-029 0.370 -

Male (n = 578)

Fat % Pearson Coefficient (r) - 0.617** 0.084* 0.526** 0.497** 0.272%* —0.189*
Sig. - 0.001 0.033 0.001 0.001 0.001 0.012

BMI (kg/m?) Pearson Coefficient (r) 0.617** - 0.298** 0.815** 0.786** 0.358** —-0,035
Sig. 0.001 - 0.001 0.001 0.001 0.001 0.646

WHR Pearson Coefficient (r) 0.084* 0.298** - 0.487*x* 0.467** 0.493** —0.020
Sig. 0.033 0.001 - 0.001 0.001 0.001 0.791

WHtR Pearson Coefficient (r) 0.526%* 0.815%* 0.487** - 0.985** 0.770** —0.046
Sig. 0.001 0.001 0.001 - 0.001 0.001 0.541

BAI (%) Pearson Coefficient (r) 0.497** 0.786** 0.467** 0.985** - 0.727** -0.027
Sig. 0.001 0.001 0.001 0.001 - 0.001 0.722

Cl Pearson Coefficient (r) 0.272%x* 0.358%** 0.493** 0.770%* 0.727*x* - -0.070
Sig. 0.001 0.001 0.001 0.001 0.001 - —0.352

PA Level (Days/week) Pearson Coefficient (r) —0.189* —-0,035 —-0.020 —0.046 -0.027 -0.070 -
Sig. 0.012 0.646 0.791 0.541 0.722 —0.352 -

Female (n = 1643)

Fat % Pearson Coefficient (r) - 0.734** 0.174%x* 0.647** 0.613*x* 0.354** —0.153**
Sig. - 0.001 0.001 0.001 0.001 0.001 0.001

BMI (kg/m?) Pearson Coefficient (r) 0.734%* - 0.214%* 0.784** 0.768%* 0.313** —0.101*
Sig. 0.001 - 0.001 0.001 0.001 0.001 0.020

WHR Pearson Coefficient (r) 174 0.214** - 0.524*x* 0.514*x* 0.635** 0.033
Sig. 0.001 0.001 - 0.001 0.001 0.001 0.453

WHtR Pearson Coefficient (r) 0.647%* 0.784%** 0.524%x* - 0.989%* 0.774%* —0.084*
Sig. 0.001 0.001 0.001 - 0.001 0.001 0.044

BAI (%) Pearson Coefficient (r) 0.613*x* 0.768%** 0.514%x* 0.989** - 0.736%* —0.075*
Sig. 0.001 0.001 0.001 0.001 - 0.001 0.044

Cl Pearson Coefficient (r) 0.354*x* 0.313** 0.635%* 0.774%* 0.736%* - —0.043
Sig. 0.001 0.001 0.001 0.001 0.001 - 0.318

PA Level (Days/week) Pearson Coefficient (r) —0.153** —0.101* 0.033 —0.084* —0.075* —0.043 -
Sig. 0.001 0.020 0.453 0.044 0.044 0318 -

Abbreviations: BAI, body adiposity index; BMI, body max index; CI, conicity index; Fat%, body fat percentage; PA, Physical Activity; WHtR, waist to height ratio; WHR, the waist

to hip ratio.

Similarly, BMI also has a significant and strong correlation with
BAI (r = 0.770; p < 0.001). Both the parameters of WHtR and BMI
(kg/m2) present a significant and strong correlation with each
other (r = 0.789; p < 0.001). When considering the analysis by
gender, both men and women present significant and strong
correlations of the WHtR parameter with the BAI parameters
(Male: r = 0.985; p < 0.001; Female: r = 0.989; p < 0.001) and IQ
(Male: r = 0.770; p < 0.001; Female: r = 0.774; p < 0.001). The
same behavior was observed in BMI, showing a significant and
strong correlation with BAI (Male: r = 0.786; p < 0.001; Female:
r = 0.768; p < 0.001) and WHtR (Male: r = 0.815; p < 0.001;
Female: r = 0.768; p < 0.001).

Table 3 shows a linear regression analysis predicting the level of
physical activity of active older adults. The results show that high
values in the variables: age, Fat %, BMI and WHtR negatively in-
fluence physical activity levels, while the rest of the variables
analysed influence positively. The calculation equation would be:
Physical activity level = 6.209 - 0.018*age (years) - 0.038*Fat(%) -
0.222*(BMI) + 1.402*(WHR) - 14.9880*(WHtR) + 0.171*BAI (%).
This equation represents 47% of the sample analysed.
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4. Discussion

Aging is the main risk factor in the development of CVD, the
pathologies of which are related to excessive fat accumulation [18].
Early detection, as well as the identification of groups at risk, is
essential to reduce the incidence of CVD and related health con-
sequences. Therefore, establishing the most accurate anthropo-
metric indices in old age, and their degree of association with CVD,
will allow us to detect with greater accuracy the possible devel-
opment of this illness, and reduce its incidence.

In the present study, more than 2200 evaluations were carried
out on a study group of 608 elderly European people (Spain,
Bulgaria, Hungary, Portugal and Italy), and the results have re-
ported BMI, BAI and WHtR as the being the most accurate
anthropometric measures in this group, both for men and women,
which concurs with the data presented by other studies [34,35].

The major finding of this research is the significant correlation of
the anthropometric indicators with the fat percentage parameter
(Fat %; Gold Standard), in which men presented a Fat % [36] and
lower correlation coefficient with respect to women, and where the
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Gender: Male

R* Cubico =0.323
60.00 ()

5000 —n L~

40.00

Fat %

30.00

20.00

10.00

20.00 25.00 30.00 35.00 40.00 45.00

BMI (kg/m2)

Gender: Female

R? Ciibico =0.535
70.00

60.00

50.00

Fat %

40.00

30.00

20.00

10.00

10.00 20.00 30.00 40.00 50.00

BMI (kg/m2)

Fig. 1. Analysis of the relationship between % Fat and BMI according to gender.

BMI, BAI, WHtR and WHR were the parameters with the highest
degree of correlation [37].

The studies by Van Hubbar [38] and Kuczmarski [39] ratify the
results obtained in the present study, indicating that the calculation
of BMI is considered more accurate than just a weight measure-
ment in the estimation of total body fat. Another study suggests
that a lack of differentiation between fat and non-fat weight may
lead to the misinterpretation of high BMI values, and thus in-
dividuals being wrongly considered to be overweight or at risk of
obesity [40]. Despite these considerations, in the present study BMI
shows the highest degree of correlation with Fat %, so it should be
taken as the best anthropometric index for the identification of CVD
risk factors in old age. In fact, the detailed analysis of the association
between BMI and Fat % has shown that although they are moder-
ately correlated in the overall sample, this correlation is stronger in
women and only moderate in men. Kuk [18] conducted a review on
the changes and distribution of fat % in older adults, indicating that
the peak fat % is between 64 and 70 years old, experiencing a
redistribution of body fat towards the abdominal region and

Clinical Nutrition ESPEN 58 (2023) 335—341

visceral during aging. These changes cannot be detected with
simple anthropometric measurements alone, and the influence of
gender, race/ethnicity, and physical activity patterns on these
changes is unclear. Another study carried out by Ramires-Vélez [41]
in non-active elderly has revealed how the waist-height ratio
(WtHR) seems to be a good discriminator to detect the risk of CVD.
The results of our study are characterized by being obtained in a
sample of active older people, a difference from the studies by Kuk
[18] and Ramires-Vélez [41], coinciding in the age interval in which
older adults reach peak body fat. The results obtained in our study
in relation to the best indicator of CVD risk based on sex, reflect
how the BMI and WHtR have obtained the best results; these re-
sults may be due to physical activity patterns as indicated by Kuk
[18].

Garcia [41] also demonstrates in his study how this parameter is
an effective predictor of CVD risk factors, data which follows on
from that of other studies, such as that by Gonzalez-Ruiz [42] in
which the research indicates that the BAI can be a useful tool for
predicting Fat % in adults. Both Garcia and Gonzalez-Ruiz's results
agree with those presented in this study. In addition, other studies
of individuals from different countries have validated and used this
index as an anthropometric assessment parameter both in the
obese population [43] and in individuals without CVD [44,45]. In
the present study the results reflect a moderate correlation be-
tween Fat % and BAI for both sexes.

The study carried out by Gharakhanlou [35] lists results similar
to those presented here, with WHtR being considered the best
anthropometric indicator for predicting CVD risk in men aged
15—74 years, results that agree with those obtained in the present
study, in which WHtR is found to be the third best anthropometric
measure in this group for both men and women. In general, it is
suggested that anthropometric measures which incorporate waist
measurement and body shape, as the WHtR does, would have a
greater ability to predict obesity-related risk factors [14,46]. Simi-
larly, the study by Koch [47], determines that the WHtR anthro-
pometric index is a more accurate predictor of overall mortality
than BMI and WHR. Considering the total sample of this study, it
can be seen that Fat % has a moderate correlation with the WHtR
parameter for both men and women. However, according to the
results of our study BMI is the best anthropometric index, followed
by BAI and WHItR.

Finally, with reference to CI and considering the total sample of
the study, we can observe that this anthropometric index has the
lowest correlation with Fat %, although it maintains the same
behavior as the other indexes, in that women have a higher cor-
relation coefficient between Fat % and CI than men.

Previous studies have revealed the influence of the practice of
physical activity on anthropometric indices in different groups
[48—50], however few of them have been analysed focused on
studying this influence in active older adults [51], despite the fact
that these indices are a reference to the physical state of people
[52].

Table 3

Linear regression analysis to predict the Physical Activity Level.
Parameter Desv. Error t Sig.

Predicted Physical Activity Level Constant 6.209 1.594 3.895 0.001

Age (years) -0.018 0.013 1.420 0.046
Fat % —0.038 0.011 —3.496 0.001
BMI (kg/m?) -0.222 0.073 1.522 0.042
WHR 1.402 0.732 1.915 0.043
WHtR -14.988 9.409 -1.593 0.042
BAI 0.171 0.080 2.145 0.032
Cl —0.451 1.762 -0.282 0.778
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Our results have shown that high levels of physical activity
(days/week) contribute to reducing % Fat in active older adults.
These same results were shown by Chen et al. [48] after carrying
out a study on the association of anthropometric indices and the
physical condition of the adult population, in which they concluded
that % FAT is a marker that may indicate the decrease in physical
activity due to central obesity. We should also highlight that IQ is
the only index that is not associated with physical activity levels.

Among the limitations of the study, its cross-sectional nature
should be highlighted, which prevents an understanding of the
development, and changes to, the anthropometric indices
throughout old age. As the study involved participants from five
different countries, it would also have been interesting to know
something about the dietary patterns followed in each, so as to
identify possible adverse effects of diet on the anthropometric
indices. The low percentage of men who participated in the study
should also be highlighted as a weak point. Finally, not having an
objective marker of the level of muscle mass in active older adults
has prevented us from analyzing the association with physical ac-
tivity levels and knowing the influence of this parameter on the
different indices analysed. As strengths, however, the high number
of evaluations carried out on the sample should be stressed, which
has resulted in stable data; also, the age homogeneity of the sample
regardless of which country they come from. As a final conclusion,
it has been shown that the best anthropometric index to use with
physically active older adults of both sexes is the BMI. Therefore,
based on the results obtained in this study;, its use is recommended
as an indicator of cardiovascular risk.
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