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Anthropometric indicators and their relationship with body fat in obese women.
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ABSTRACT

To determine the anthropometric indicator of best correlation with body fat in women with obesity aged 20 to
59 years. A correlational cross-sectional study was conducted. The percentage of body fat was determined (%
GC) and lipid profile (LDL, TG, CT), Body Mass Index (BMI), Hip Waist Index (ICC), Waist Height Index
(ICE), Conicity Index (CI), Body Adiposity Index (BSI), Hip Height Index (HSI) and Body Weight by Height
Index (BWI). Seven hundred and eighty obese women were selected by random cluster sampling. The
correlation of the mean % GC with anthropometric indicators was: BMI:0.697, ICC: 0.661, ECI: 0.910, CI:
0.587, ICadE: 0.323, CAI: 0.578, EICP: 0.549. The lipid profile correlation with anthropometric variables and
indices was: LDL (BMI: 0.615, ICC: 0.765, ECI: 0.881, CSI: 0.535, ICadE: 0.588, ECDI: 0.492), TG (BMI:
0.690,

ICC: 0.776, ICE: 0.855, CI:0.625, CI: 0.572, CladE: 0.632, EICP: 0.631) Y TC (BMI: 0.699, ICC: 0.715, ECI:
0.829, CI: 0.601, ACI: 0.609, CIadE: 0.709, EICP: 0.500) High correlation between % GC and Waist
Circumference. Waist Height Index had a better correlation with Body Fat.
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INTRODUCTION

A country's entire production and service capacity rests on working-age adults. That is why the nutritional
evaluation of this group, whose social importance is indisputable, acquires excellent relevance in the study of
any population from the point of view of their health status. Anthropometry, an easy-to-apply, inexpensive
and non-invasive procedure, has been widely used to estimate nutritional status from a clinical and
epidemiological point of view.

The incorporation of women into work, their participation in the economic development of the country and
their leading role in the support and development of the family mean that, from a social and financial point of
view, their medical attention should be ensured so that the biological changes produced by the decrease in
estrogen production in their organism do not turn this transition stage into a disease, for which these women
should receive comprehensive medical attention.

Obesity in women has peculiar nuances that are beginning to be understood. The higher prevalence of obesity
in women is a product of biological and psychological characteristics, as well as social situations. Pregnancy
and menopause favor obesity. Women have a higher prevalence of eating disorders. In addition, the
"obesogenic" environment may have a more significant effect on women because the portions they eat are
usually greater than their needs .

According to the World Health Organization (WHO) 2, obesity is the most prevalent chronic non-
communicable disease in the world, which is why it is called "The Epidemic of the 21st Century". Over 3
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billion adults were overweight in 2016, 39% of persons (39% of males and 40% of women). In total, 11% of
men and 15% of women in the adult population of the world were obese in 2016 2.

According to the latest concept issued by WHO, obesity is defined as an abnormal or excessive accumulation
of fat 2, i.e., describing this as a body weight above values considered normal for height would be incorrect
and would depart from the genuine concept of obesity, as body fat is only one component of total body weight.

The indicator used and validated to evaluate obesity in adults is the Body Mass Index (BMI). However, this
has several difficulties in the sense that what it considers is overweight and not obesity. On the other hand,
other indicators such as waist circumference (WC) and waist height index (WHI) 3 have been less studied in
these populations. The EWI in Asian studies (in adults from China) *is a better indicator of coronary risk
factors, dyslipidemia and type 2 diabetes than other anthropometric indicators such as BMI, WC and waist-
hip index in some epidemiological studies * . The results indicated that the EWI could be an optimal
anthropometric predictor of metabolic syndrome risk factors. Other less-used indexes at the international level,
such as the Conicity index 10 or the Body Adiposity Index 11, have reported good results.

Therefore, this study aimed to determine the anthropometric indicator with the best correlation with body
fatness in obese women aged 20 to 59.

MATERIAL AND METHODS

Cross-sectional correlational study to determine the relationship between body fat percentile (using three ant-
hropometric methods in isolation and the mean of these) and lipid profile (LDL, TC, TAG) and other existing
anthropometric indicators such as Body Mass Index, Waist Circumference, Hip Circumference, Body Weight,
Waist Hip Index, Hip Height Index, Taper Index, Conicity Index, Body Weight, Hip Hip Height Index, Hip
Height Index, Hip Height Index, Hip Taper Index, Hip Conicity Index and Body Weight, Waist
Circumference, Hip Circumference, Body Weight, Waist Hip Index, Hip Height Index, Conicity Index, Body
Adiposity Index, based on the correct WHO definition of obesity.

For this purpose, 780 women with obesity were selected using random sampling by clusters. The first conglo-
merate was the 320 clinics in the 10 health areas of Holguin, Cuba. From there, 20% of these (64 clinics) were
selected by simple random sampling. From each clinic, one out of every ten patients with these research
characteristics was determined by systematic random sampling. Of these 780 patients, 55 did not present
themsel- ves, for a 7 % loss, and another 35 were no longer obese or pre-obese when they introduced themselves
or did not want to donate their data to the study, for a 4.4 % loss, which represented a total loss of 11.4 % (90
patients). The final sample consisted of 690 female patients between 20 and 59 years of age with obesity from
the 10 health areas of the municipality of Holguin, Cuba. In the consultation of health promotion and physical
development of the Provincial Center of Sports Medicine of Holguin, 30 patients were attended weekly, two
days per week for 26 weeks.

Anthropometric measurements were performed by an anthropometric technician level II of the International
Society for the Advancement of Kineanthropometry (ISAK). Body weight was determined using a previously
calibrated electronic scale with a sensitivity of up to 0.1 kg, and height was measured utilizing a stadiometer
with a sensitivity of 0.1 cm. A Harpenden caliper with a sensitivity of 0.1 mm and a pressure of 10 mm2 was
always used for the triplicate evaluation of the 4 skinfolds (tricipital, bicipital, subscapular and suprailiac
muscles). The percent body fat was assessed by first estimating the Body Density using the Durnin-Womersley
formula for women between 16 and 72 years of age (measurement of the bicipital, tricipital, subscapular and
suprascapular skinfolds) and then taking this result to the Siri equation to determine the fat percentages. All
Measurements were performed in triplicate in a non-consecutive manner using the median as the final value
12 The lipid profile was found in the clinical area of the Center in conjunction with the Department of Clinical
Bioanalysis of the University of Medical Sciences of Holguin. The author of the research carried out the
surveys.

3clinicalBiotec


https://clinicalbiotec.com/

Bionatura Journal 2024, 10.70099/BJ/2024.01.01.19

Measurements were taken for both studies (according to the methodology of the International Society for the
Development of Cineanthropometry, ISAK) !°:

The sequence of measurements used:

1. Body weight (BW) in kg.

2. Height (E) in meters

3. Waist circumference (WC) in cm.

4.  Circumference of the hip (CCad) in cm.
5. Biceps crease (Pb) in mm.

6. Triceps crease (Pt) in mm.

7. Subscapularis crease (Pse) in mm.

8.  Suprailiac crease (Psi) in mm.
Other variables considered:
1- Age in years

2- Associated pathologies

To determine the type of causal obesity (exogenous or endogenous), we used the determination of the possible
associated pathologies that could have caused the obesity in the clinical consultation of the Center using the
methodology of the SEEDO %15,

It was essential to identify the medications taken by the patient, with particular emphasis on determining the
intake of drugs associated with an increase in weight, such as insulin, sulfonylureas, methyglinides, thiazoli-
dinediones, phenothiazines, tricyclic antidepressants, certain antipsychotics, glucocorticoids, megestrol ace-
tate, estrogens, antiepileptics such as valproate and carbamazepine, cyproheptadine and beta-blockers. This
suggested the presence of endogenous obesity 1% 1°.

From the results of these variables, the following indexes were found:

1- Percent body fat (%BF).

Three methods found this:

A) The above four skinfolds were measured to estimate body density (D) and from there, the percent body fat
(%BF) with the Durnin-Womersley and Siri equation, respectively, for the female population of working age
(18 to 59 years) for adult Cuban population 16:

D =1.1567-0.0717 * log10 (Pt + Pb + Pse + Psi) (1)

% GC=(5.03 / D) - 4.59

B) Weltman's formula for obese women aged 20 to 60 years ' !¢

% GC=0.11077 * CC - 0.17666 * E + 0.14354 * PC + 51.033.
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C) Lean's more accurate formula for women aged 18 to 83 years !* 16

% GC=10.232 * CC+ 0.657 * Pt + 0.215 * Age - 5.5

In addition to the individual result of each one, the average of the three values was also found to determine
the fat percentages and their correlation with the anthropometric indexes that are exposed below much more
efficiently:

1- Body Mass Index (BMI)
BMI=WC/E2

2- Waist Hip Index (ICC)
ICC=CC/CCad

3- Height Waist Height Index (ICE)
ICE=CC/E

4- Conicity Index (CI) !’
CI=CC/(0.109 V PC / E)

5- Body Adiposity Index (BAI) '8
BCI= ([CCad]/[E]1.5-18)

6- Hip Height Index (ICadE)
ICadE=CCad/E

Index proposed by the author

The venous blood samples to determine the laboratory variables were taken after an overnight fast of 12-14
hours, and low-lipid diets were processed in duplicate, not exceeding 5% of the variation coefficient. The
reagents of national production (Finlay laboratories): total cholesterol (TC): Colestest reagent; triglycerides
(TG): Triglitest reagent and low-density lipoproteins (LDL) according to Friedewald's formula (LDL= CT-
(HDL + TG * 5).

The results of PC, CC, CCad, BMI, ICC, IAC, IC, ICadE and ICE were correlated with the %GC in their three
results, the mean of these three values, and the lipid profile.

The mean (X) and standard deviation (SD) were used for the parametric statistical analysis. The Spearman
correlation coefficient was employed to study the level of correlation between variables. A 95% confidence
interval was used.

The objectives and procedures of the study were explained in detail to all the participants, and they were
provided with the necessary information for their knowledge. In addition, so that they could answer correctly,
the interview was carried out as long as the patients expressed their informed consent to participate in the
research and also agreed to answer questions involving the sexuality of the couple. This was a research project
cited in the no-risk research category.

RESULTS
The final sample of 690 women diagnosed with obesity in all health areas of Holguin municipality, aged
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between 20 and 59 years, is shown in Table 1.

X SD
Age 41.7 +19.66
% GC 40.3 +5.93
BMI 36.6 +4.81
ICC 0.91 +0.14
ICE 0.57 +0.11
Cl 1.49 +0.19
IAC 33.1 +3.44
ICadE 0.64 +0.13

P <0.05
Table 1. Descriptive statistics of the study variables.
In women with obesity, there is a high correlation between Body Fat and Waist Circumference, with a

somewhat lower correlation between the former and Body Weight and Height. On the other hand, there is
a low correlation with Hip Circumference and Age (Table 2).

PC E CC CCad Age

% GC Pc .612* S596*  B15%* .390 284
% GC L .634* S570%  895%* 335 .280
% GC W .626* 618*  874%* 410 305
X %GC .624* S595*  .861%** 378 290

P <0.05
Table 2. Correlation of the variables with the % CG. Total sample (n= 690).

Legend: %BF Pc: percent body fat calculated using skinfolds; %BF L: percent body fat using the Lean
equation (21); %BF W: percent body fat calculated using the Weltman equation(5); X %BF: mean of the
three results; BW: body weight (kg); E: height (meters); WC: waist circumference or circumference (cm);
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HC: waist circumference or circumference (cm); HCad: hip circumference or circumference (cm). Degrees
of correlation: **: highly significant (.750 - 1); *: significant (.500 - .749).

The Height-Waist Index was the best correlated with Body Fat in the whole population studied, much higher
than other validated and much more used indexes (Table 3).

BMI ICC ICE IC BAC ICadE  IPCE
% GCPc .715*%  .618*  .896** 560%* ST72% 315 556%*
% GCL = .685*  .680* = .928** .605%* S70%* 320 545%
%GCW  .690*  .685*%  .905%* 595%* 592%* 335 553
X% GC .697* .661* .910**  .587* S578* 323 549*

P <0.05
Table 3. Correlations between anthropometric indices and %GC. Total sample (n= 690).

In women with android obesity, the variable that correlated best with Body Fat was Waist Circumference.
The index was Waist Height (Table 4).

BMI ICC ICE IC IAC ICadE  IPCE
% GCPc  .715*  .590* 950** . 585* 410 320 490
% GC L 685%  .612* 965%*  508%* 425 312 S505%
%GCW  712*  .631* 958**  599* 432 355 510%*

X %GC .706*  .611*  .961** .594* 422 329 S502*

P<0.05
Table 4. Index correlations with %GC in obese android women (n=587).

In women with gynecoid obesity, on the other hand, the variable with the best correlation with Body Fat was
Hip Circumference, and the index was Hip Height, as proposed by the author. (Table 5).

BMI ICC ICE IC IAC ICadE  IPCE
% GCPc  .634*  .605* 332 538* 715% .890** 498
% GCL 642*%  .622% 318 556* 733%* 912%*%  514*
%GCW  .649*  .612%* 327 565% 7138%* 919**%  508*

X %GC .42  .615%  .326 S553* J7129% 907**  507*

P<0.05

Table 5. Index correlations with %GC in obese gynaecoid women (n=103).

As for the lipid profile, the highest correlations with this were found in the Waist Hip Index, Waist
Circumference, Waist Hip Index, Body Mass Index, Hip Height Index and Taper Index in that order (Table
6).

3clinicalBiotec


https://clinicalbiotec.com/

Bionatura Journal 2024, 10.70099/BJ/2024.01.01.19

PC CC CCad BMI ICC ICE IC IAC ICAdE IPCE
LDL 306  .815** 344 615%  765%  881**  509*  .535%  588* 492
TG 430  .840** 390 690* | 776%  855%*%  .625%  .572%  .632%* 631*
CT 422 787**% 410 699%  715*  829**  .601*  .609*  .709* .500%*

P<0.05
Table 6. Correlation of lipid profile with anthropometric variables and indices. Total sample (n= 690)

DISCUSSION

The main objective of this study was to determine the anthropometric indicator with the best correlation with
body fat in obese women aged 20 to 59 years. Skinfolds, present in most studies on body composition as a
comparison technique, show a high concordance or correlation with %BF obtained through various techniques
such as densitometry, dilutional methods and bioelectrical impedance, which, together with its cost and ac-
cessibility, justifies its wide use in this type of studies and can be considered as the gold standard among
anthropometric measurements. The Spanish Society for the Study of Obesity (SEEDO) recommends the use
of skinfolds and the Siri equation for the assessment of body fat percentage, considering both the global and
the specific way of calculating body density with the Durnin-Womersley equation to be valid '°.

This can be seen in a critical study in Brazil where the relationship between anthropometric markers of fat
distribution and body fat as measured by bioelectrical impedance or the total number of skinfolds was assessed
in 262 women. The body fat determined by skinfold summation and bioelectrical impedance were comparable.
The thicknesses of body fat measured by bioelectrical impedance and those calculated by the sum of skinfolds,
waist circumference, and waist-to-height ratio were strongly correlated. As for the taper index, a weak
correlation was observed among women; the results were similar to those of our study 2°.

Regarding the current research, similar results have been observed in other studies, as shown in Oliveira et
al.! men had higher BMI, WC, and WHR, whereas women had higher %BF (p 0.001). Males had a greater
proportion of changed RCC and %GC for LDL-c and TC. There was a link between BMI and CC(r

= 0.97 for men and 0.95 for women; p 0.001). The best association (p 0.001) in men was between CC and
CCR (r = 0.82), and in women, it was %GC as well as CC (r = 0.80). Triglycerides (TG) were found to be
connected to CC (male: r = 0.992; female: r = 0.95; p 0.001), as well as to CC (male: r = 0.82; female: r =
0.79; p 0.001). In several analyses, BMI was associated with total cholesterol (p = 0.051) in males and weakly
associated with TG/HDL-cholesterol (p = 0.062) in females.

In a study conducted in Pernambuco, Brazil,** the diagnosis of MS was found in 65.3% of the patients. There
were 81.3% who were inactive and 37.4% who were overweight in 28% of the patients. HOMA-IR and sagittal
abdominal diameter (SAD) (p = 0.016), body mass index (p = 0.040), and body fat % (p = 0.016) were found
to be correlated. The DAS was the anthropometric indicator that presented the best correlation with IR in
hospitalized patients with coronary artery disease.

Another study included a sample of 105 workers. The following were operationalized as clinical variables:
abdominal waist measurement, body mass index, skin fold, blood pressure and lipid profile. Pearson's
correlation coefficient was calculated using a 95% confidence interval. The results showed a slight increase
in total cholesterol in males at the expense of HDL cholesterol, with no changes in the other variables. A
higher susceptibility to cardiometabolic risk was seen in non-obese people. There was insufficient concordance
with our investigation since the fat mass index did not significantly correlate with the

other anthropometric measures. Individuals with a changed abdominal circumference and the metabolic
syndrome diagnostic crite- ria are closely related. .
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Dominguez-Reyes et al.?* evaluated anthropometric measures in a Mexican adult; after abdominal obesity in

women, hypertriglyceridemia was the metabolic risk factor with the highest prevalence, followed by
hyperglycemia, hypercholesterolemia and high blood pressure, which were more common in men, even
though abdominal obesity was more common in women. Waist circumference was the best predictor for
presenting one or more metabolic risk factors [area under the curve ABC = 0.85 (95% CI, 0.78-0.92)], followed
by BMI [ABC = 0.79 (95% CI, 0.72-0.88)] and finally ICC [ABC = 0.63 (95% CI, 0.52-0.74)]. In addition, it
was

observed that abdominal obesity doubles the risk of presenting metabolic syndrome. In a different study, the
waist-to-height ratio (WHI) was the predictor variable with the highest adjusted OR (7.1 [4.3-11.6]) and the
highest area under the curve (0.954 [0.928-0.979]); from an overall cut-off value for discriminating obesity of
0.507, it achieved a sensitivity of 90% and a specificity of 90%, has been an excellent predictor of obesity in
children .

In other studies, the correlations were: BMI: body fat (0.70) very coincident with our study (0.697), waist
(0.70), ICCad (0.48), ICT (0.72); ICCad: body fat (0.38), waist (0.69), endomorphy (0.39), mesomorphy
(0.38); ICT: body fat (0.50) slightly different with ours (0.661) and waist (0.96); taper: waist (0.85), ICCad
(0.58), ICT (0.85). The indicator with the poorest relationship between obesity and body mass index does not
distinguish between different body parts. The waist-hip index presents a high prevalence but a weak relationship
with body composition at risk. The waist-height index reflects a distribution of body volume. It suggests the
best correlations with the body components at risk, being the most prevalent and adequate index to explain the
biological risk associated with myocardial infarction °.

The main strength of the present study is the quality of its methodology: the use of measurement protocols
that were carried out according to the methods of the International Society for the Development of Kineanth-
ropometry (ISAK) and SEEDO to perform the measurements and hence the realization of the respective
anthropometric indicators. An ISAK level II anthropometric technician performed the anthropometric
measurements. In addition, the sample used was probabilistic, using random cluster sampling, and was
representative of the population.

Despite its strengths, some issues related to our studies deserve attention. It was impossible to measure body
fat percentages using the international gold standard measures that would have given greater accuracy in
correlation levels with the double indirect anthropometric indicators used. Furthermore, it was not possible to
work with populations from other provinces of the country.

CONCLUSIONS

Therefore, it can be concluded that, in women with obesity, in general, there is a high correlation between
Body Fat and Waist Circumference. The Waist Height Index was the one that correlated best with Body Fat
over the other most commonly used indexes. In women with android obesity, the variable that best correlated
with Body Fat was Waist Circumference, and the index was the Waist Height Index. In women with gynecoid
obesity, the variable with the best correlation with Body Fat was Hip Circumference, and the index was Hip
Height, as proposed by the author. With lipid profile, the highest correlations were found in the Waist Hip
Index, Waist Circumference, Waist Hip Index, Body Mass Index, Hip Height Index and Conicity Index.
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