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Abstract. The increased prevalence of overweight and obesity has
become a major factor in public spending in countries around the world.
The diagnosis of overweight and obesity is based on body mass index
(BMI) and body fat percentage (BFP). The World Health Organization
proposed BMI cut-off points to define overweight and obesity. Recently
epidemiological studies established as normal BFP a BFP < 25 for men
and BFP < 30 for women. A high correlation between a high BMI, abnor-
mal BFP and skin thinness have been found in numerous studies. The
aim of this work is to evaluate the k-means clustering algorithm using
anthropometric measurements for the classification of subjects with over-
weight/obesity and abnormal BFP. Precision (P), accuracy (Acc) and
recall (R) were calculated to evaluate the efficiency of the method to
classify overweight /obesity and abnormal BFP. Results of this research
suggest that the k-means method applied to anthropometric measure-
ments can make an acceptable classification of overweight/obesity and
abnormal BFP. The arm circumferences values show the best Acc, P
and R (0.79, 0.84 and 0.71) compared to all other measurements for
overweight /obesity diagnosis, otherwise, suprailiac and abdominal skin-
folds values show the best Acc, P and R (0.73, 0.73 and 0.64) compared
to all other measurements for abnormal BFP diagnosis. Results that are
supported by studies asserting a strong relationship between arm circum-
ferences, abdominal skinfold, suprailiac skinfold, BFP and BMI. Other
machine learning techniques, such as neural networks and the support
vector machine, will be studied in the future to assess the relationship
between BMI, BFP and anthropometric measurements.
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1 Introduction

The increased prevalence of overweight and obesity has become a major factor in
public spending in countries around the world [6]. Studies estimate that 57.8%
of the world population will be overweight or obese by 2030 if current trends
continue [6]. The obesity is commonly associated with several metabolic dysfunc-
tions, such as insulin resistance [2,36], metabolic syndrome [29,35], increased
blood glucose [1], dyslipidemia, hypertension and the development of other dis-
eases such as type 2 diabetes, cardiovascular diseases [11,20] and atherosclero-
sis [1].

World Health Organization (WHO) has defined obesity as “an abnormal or
excessive fat accumulation that presents a risk to health” [13]. Currently the
diagnosis of overweight and obesity is based on body mass index (BMI). The
WHO (2004) [37] proposed the cut-off points for defining underweight, normal
weight, overweight and obesity in their different degrees. Among the limitations
of BMI is the impossibility of discriminating between fatty tissue and muscle
tissue, tending to produce false negatives in people with a high percentage of
body fat but a normal BMI, and false positives in people with high BMI and
high muscle tissue [3,23], because of this the use in concomitant of the body fat
percentage (BFP) and BMI is recommended for a obesity diagnosis.

The BFP is calculated from several methods, among them are the bioelec-
tric impedance and formula of Siri [33] that uses two, four and seven different
skinfolds as variables, in these research the Siri formula with two skinfolds were
used to compute the BFP [10]. Currently, there are no established limits for
the abnormal BFP, mainly due to the limitation of the existing data around the
world. Numerous studies have evaluated the relationship between overweight and
obesity with BMI through skinfold thinness, finding a high directly proportional
correlation between BMI, BFP and skinfold thinness [4,26].

Machine learning techniques to classify overweight and obesity have been
already used [7]. Certain studies have used k-means to differentiate overweight
and obesity from normal subjects using biochemical variables [21]. Some other
studies use the k-means to detect overweight populations, based on anthropo-
metric measures such as waist and hip circumference [9] and indicators of comor-
bidity such as diabetes, depression and atherosclerosis.

The aim of this work is to evaluate the k-means clustering algorithm using
anthropometric measures to classify subjects with obesity and abnormal BFP.
A database of 1053 subjects with anthropometric measurement (weight, height,
arm circumferences, flexed arm circumferences, waist circumference, hip circum-
ference, thigh circumferences, calf circumferences, triceps skinfolds, subscapular
skinfolds, suprailiac skinfolds, abdominal skinfolds, thigh skinfolds, calf skinfolds,
diameter of humerus and diameter of femur) values was used. In the follow-
ing section the database and k-means method used in this investigation will be
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explained. In the Sects. 3 and 4 the results and discussion will be presented. And
finally, in Sect. 5, conclusions and proposals for future work will be presented.

2 Methodology

2.1 Database

Between 2004 and 2012 [16], 1053 (male = 308) adult men and women from the
district capital of Venezuela were recruited into the Nutritional Assessment Lab-
oratory of the Simén Bolivar University. Anthropometric measurements such as:
height, weight, height, arm circumferences, flexed arm cicumferences, waist cir-
cumference, hip circumference, thigh circumferences, calf circumferences, triceps
skinfolds, subscapular skinfolds, suprailiac skinfolds, abdominal skinfolds, thigh
skinfolds, calf skinfolds, humerus diameters and femur diameters were performed
on each subject.

The diagnosis of overweight was made using the WHO guidelines which state
that an overweight person has a BMI greater than or equal to 25. From the group
of overweight subjects, 23 participants had a BMI greater than or equal to 30,
indicating that they suffer from obesity [28]. Both overweight and obese subjects
were placed in the same group for this study since we wanted to classify subjects
with dysfunctional weight values.

Since there are no established limits for the abnormal BFP, the diagnosis of
abnormal BFP were made according to [8,18,27] that established a cut off points
of BFP < 25% for men and BFP < 30% for women as the limit of normality,
above these limits are considered abnormal BFP.

All the procedures carried out in the study were in accordance with the eth-
ical standards of the Bioethics Committee of the Simén Bolivar University and
the 1964 Declaration of Helsinki and its subsequent amendments or comparable
ethical standards. All subjects accepted the study by signing an informed consent
form. Table 1 shows the characteristics of the dataset used, describing the values
of each of the anthropometric variables by their mean and standard deviation of
both normal and overweight subjects. While Table 2 shows the characteristics
of normal and abnormal BFP subjects of the dataset used.

2.2 k-means Implemented

k-means [15] is a method that divide n observations into k clusters. In the k-
means algorithm each observation is allocated to a cluster with the nearest cen-
troid using a distance function, then, the centroids in each cluster are calculated
again. This process is repeated until the centroids are the same between each
step, and the final clusters are established.

In this study k-means were applied to each anthropometric measurement
as separate variables (except height and weight because the BMI use them as
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Table 1. Anthropometrics variables characteristics for obesity and overweight.

Anthropometrics variables Normal weight Overweight /obesity®

Male = 246, n = 883|Male = 62, n = 170

Age [years] 20.940 + 2.773% 21.130 + 2.919
Weighta [Kg] 56.125 + 8.304 73.582 + 10.174
Height [cm] 162.831 =+ 8.521 163.274 £9.171

Right arm circumference® [cm]

25.762 £ 2.493

30.461 £ 2.373

Left arm circumference® [cm)]

25.650 £ 2.425

30.432 £+ 2.427

Right flexed arm circumference® [cm)]

26.818 £ 2.717

31.381 £ 2.642

Left flexed arm circumference® [cm]

26.581 £ 3.109

31.119 £ 2.679

Waist circumference® [cm]

70.301 £ 7.095

84.824 £9.271

Hip circumference® [cm]

91.806 £ 5.471

103.539 £ 6.237

Right thigh circumference® [cm)]

45.236 +2.370

49.594 £ 2.532

Left thigh circumference® [cm]

44.699 £ 2.565

49.093 £+ 2.536

Right calf circumference® [cm]

33.736 £ 2.370

38.094 £ 2.532

Left calf circumference® [cm]

33.699 £ 2.565

38.093 £+ 2.536

Right triceps skinfold® [mm)]

13.593 + 4.852

19.012 £ 5.634

Left triceps skinfold® [mm)]

13.384 £ 4.788

18.861 + 5.664

Right subscapular skinfold® [mm]

12.657 £ 3.991

20.512 £ 5.616

Left subscapular skinfold® [mm]

12.768 £ 4.005

20.658 £ 5.595

Right suprailiac skinfold® [mm)]

11.837 £5.073

20.151 £6.451

Left suprailiac skinfold® [mm)]

11.869 £ 5.102

20.216 4 6.522

Right abdominal skinfold® [mm]

22.037 £5.073

30.351 +6.451

Left abdominal skinfold® [mm]

22.869 £ 5.102

31.216 £+ 6.522

Right thigh skinfold® [mm)]

19.899 £ 5.136

25.660 £+ 6.019

Left thigh skinfold® [mm)]

20.705 £ 5.219

26.282 £ 5.799

Right calf skinfold® [mm)]

13.099 £ 5.136

18.860 + 6.019

Left calf skinfold® [mm)]

13.505 £ 5.219

19.082 £ 5.799

Right humerus diameter epicondylar® [cm]| 5.973 £ 0.640 6.296 + 0.634
Left humerus diameter epicondylar® [cm)] 5.976 + 0.635 6.301 4+ 0.635
Right femur diameter epicondylar® [cm)] 8.831 £+ 0.661 9.588 £+ 0.703
Left femur diameter epicondylar® [cm)] 8.828 £ 0.660 9.595 £ 0.720

Body mass index [Kg/m?]®

21.106 £ 2.092

27.525 +2.349

@Statistically significant difference (p-value < 0.05) between control and overweight/obesity.

bAverage and standard deviation.
¢The database has 23 subjects with obesity.

variables in the case of obesity and overweight diagnosis; and triceps and sub-
scapularis skinfolds in the case of abnormal BFP because Siri formula used them
as variables); the number of groups was set to two (k = 2), to assess the ability
of each variable to classify between obese/overweight and normal weight sub-
jects, and between normal and abnormal BFP subjects. The Euclidean squared
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Table 2. Anthropometrics variables characteristics for body fat percentage.

181

Anthropometrics variables

Normal BFP

Male = 392, n = 949

Abnormal BFP

Male = 16, n = 104

Age [years] 20.970 + 2.790° 20.960 £ 2.840
Weight® [Kg] 57.770 £ 9.950 69.640 £+ 11.950
Height [cm)] 163.210 4+ 8.610 160.130 + 8.280

Right arm circumference® [cm]

26.161 £ 2.820

29.840 £ 2.760

Left arm circumference® [cm]

26.050 £ 2.770

29.840 =+ 2.800

Right flexed arm circumference® [cm]

27.220 £ 3.040

30.570 £ 2.870

Left flexed arm circumference® [cm]

26.930 £ 3.000

30.360 £ 2.800

Waist circumference® [cm]

71.570 £ 8.410

82.440 £ 10.250

Hip circumference® [cm)]

92.730 £ 6.290

102.550 £ 7.690

Right thigh circumference® [cm]

45.630 £ 2.680

48.770 £ 3.120

Left thigh circumference® [cm]

45.100 £ 2.850

48.230 £ 3.180

Right calf circumference® [cm]

34.130 £ 2.680

37.270 £ 3.120

Left calf circumference® [cm]

34.100 £ 2.850

37.230 £ 3.180

Right triceps skinfold® [mm)]

13.550 + 4.680

22.880 =+ 3.740

Left triceps skinfold® [mm)]

13.330 + 4.610

22.800 £ 3.610

Right subscapular skinfold® [mm]

12.790 + 3.870

24.250 £ 4.040

Left subscapular skinfold [mm]

12.900 + 3.880

24.420 £ 3.930

Right suprailiac skinfold® [mm]

12.110 + 5.220

22.900 =+ 5.240

Left suprailiac skinfold [mm)]

12.140 + 5.250

23.010 £ 5.260

Right abdominal skinfold® [mm]

22.310 £ 5.220

33.100 £ 5.240

Left abdominal skinfold® [mm]

23.140 £ 5.250

34.010 £ 5.260

Right thigh skinfold® [mm)]

19.990 + 5.070

28.490 £ 5.400

Left thigh skinfold® [mm]

20.790 £ 5.130

29.050 £ 5.190

Right calf skinfold” [mm]

13.190 + 5.070

21.690 £ 5.400

Left calf skinfold® [mm)]

13.590 + 5.130

21.850 £ 5.190

Right humerus diameter epicondylar [cm]| 6.020 £ 0.650 6.090 + 0.610
Left humerus diameter epicondylar [cm] 6.020 + 0.650 6.100 + 0.590
Right femur diameter epicondylar® [cm] 8.900 £ 0.700 9.400 £ 0.780
Left femur diameter epicondylar® [cm] 8.900 + 0.700 9.410 + 0.790

Body mass index [Kg/m?]*

21.600 £ 2.660

27.050 £ 3.360

Fat body percentage [%]*

22.610 £ 6.090

33.000 =+ 3.220

“Statistically significant difference (p-value < 0.05) between normal BFP and abnormal BFP.

bAverage and standard deviation.

distance were used to calculate the distance between each variable of data set
with centroids and the process were replayed 10 times to prevent local minima.
The silhouette coefficient (SC) was used to assess the assignment of the data
set in the respective cluster [32].
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2.3 Metrics Calculation

The confusion matrix [12,31] is a table that contrasts the real classification with
the classification made by the clustering model. In the Table 3 an example of
confusion matrix is showed, the columns (Classi, ..., Class,) represent the k-
means classification and the rows represent the real classification. The numbers
in the main diagonal (Ai1, ..., Ay, ) are the right k-means method classification
and n is the amount of the total classes. In this study, the objective is to classify
obese subjects from normal weight subjects, and normal BFP subjects from
abnormal BFP subjects, as a consequence of that, the number of classes is two
(n=2).

Table 3. Confusion Matrix.

True/predicted | Classi | Classz | ... | Classy
ClCLSSl All A12 P Aln
Cla332 A21 A22 . Agn
Classn An Ano o Ann

The accuracy (Acc) [31] represents the rate between the correctly classified
instances and the total. Equation 1 shows the expression of accuracy, where A;;
are the instances for ¢ = 1,...,n and j = 1,...,n, and n is the number of total
classes. " 4

Acc = —nzizln v (1)

Zi:l Zj:l Ay
The precision (P;) [31] of a Class; (see Eq. 2) represents the rate between of
correctly classified instances of the Class; (A;;) (true positives) and the total
classifications of the Class; (Aj;). In this study the precision reported is the
class precision average.
_ Au (2)
n

Zj:l Aji

The recall (R;) [12] of a Class; (see Eq. 3) is the rate between the Class; (A;;)
correctly classified instances and the total number of instances that have the
Class; as the true label (A;;). The recall reported in this study is the average
of the entire class recall.

Pi:

Aj

R; = 0
> i1 Aij

3)

2.4 Statistical Analysis

To determine the differences between groups of two, the Wilcoxon non-
parametric paired pair statistical test was used and a p-value < 5% was con-
sidered to be statistically significant [22].
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3 Results

Table 1 reports the anthropometric measurements of the normal weight and over-
weight /obese subjects. The database consists of 1053 subjects, 83.86% belong to
the normal weight subjects group and 16.14% are overweight/obese. The classifi-
cation of overweight/obesity was made according to the WHO, all subjects with
BMTI > 25 were classified as overweight. The 13,5% of the subjects who belong to
the overweight /obesity group have BMI > 30 indicating that endurance obesity.
Table 2 reports the anthropometric measurements of the normal and abnormal
BEP subjects. The classification of abnormal BFP group were made according
to [18,27], that established as abnormal BFP > 25 in men and BFP > 30 in
woman. The 9.88% of the subjects of the database presents an abnormal BFP
and the 90.12% have a normal BFP; the subjects with abnormal BFP has a
BM1 > 25 indicating that they also belongs to the overweight/obesity group.

Table 4 and Table 5 show the confusion matrix of the variables with the best
performance in the k-means non-supervising clustering for overweight/obesity
and abnormal BFP classifications, respectively. In addition, the silhouette coef-
ficient (SC), accuracy (Acc), precision (P) and recall (R) coefficient for over-
weight /obesity and abnormal BFP diagnosis was reported for k = 2 as it is shown
in Table 6 and Table 7, respectively. Figure 1 shows the assignment of individu-
als to cumulus clusters for k£ = 2, using the anthropometric measurements. The
character X represents the centroids of each cluster.

4 Discussion

Table 1 shows the descriptive and anthropometric measurements of the normal
weight and the overweight/obese subjects. All parameters showed significant
differences between the groups, except for age and height. All skinfolds showed
higher values in overweight /obese subjects compared to normal weight subjects.
On the other hand, Table 2 shows the descriptive and anthropometric measure-
ments of the normal and abnormal BFP subjects. All parameters showed sig-
nificant differences between the groups, except for age, height and epicondylar
humerus diameter. All skinfolds showed higher values in abnormal BFP subjects
compared to normal BFP subjects. All those facts are expected since obese and
higher BFP subjects tend to have a thicker adipose panicle than normal weight
and BFP subjects [17,34].

The k-means clustering method (Table 4) is capable of classifying obese
subjects from normal weight subjects with the following anthropometric mea-
sures: right arm circumference, left arm circumference, right subscapular skin-
fold, left subscapular skinfold, waist circumference and hip circumference, with a
Ace > 0.78,a P > 0.78, and a R > 0.68. On the other hand, k-means clustering
demonstrated that is capable of classifying subjects with normal and abnormal
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Table 4. Confusion matrix of k-means non-supervised classification of the variables
with the best performance in the prediction of obesity and overweight

Anthropometrics measures | Confusion matrix

True/predicted | Normal weight | Overweight/obesity
n = 883 n = 170
Right arm circumference | Cluster 1 680% (77.01%)" | 14° (8.24%)¢
Cluster 2 203 (22.99%) | 156 (91.76%)
Left arm circumference Cluster 1 681 (77.12%) 15 (8.82%)
Cluster 2 202 (22.88%) 155 (91.18%)
Waist circumference Cluster 1 677 (76.67%) 26 (15.29%)
Cluster 2 206 (23.33%) 144 (84.71%)
Hip circumference Cluster 1 659 (74.63%) 8 (4.71%)
Cluster 2 224 (25.37%) 162 (95.29%)
Right subscapular skinfold | Cluster 1 698 (79.05%) 37 (21.76%)
Cluster 2 185 (20.95%) | 133 (78.24%)
Left subscapular skinfold | Cluster 1 695 (78.71%) 38 (22.35%)
Cluster 2 188 (21.20%) | 132 (77.65%)

“Number of subjects in the control group and classified in a respective cluster.
bPercentage of subjects in the control group and classified in a respective cluster.
“Number of subjects in the overweight/obesity group and classified in a respective cluster.

dPercentage of subjects in the overweight/obesity group and classified in a respective cluster.

BFP (Table 5) with the following anthropometric measures: right arm circumfer-
ence, left arm circumference, waist circumference, hip circumference, suprailiac
and abdominal skinfolds, with a Acc > 0.73, a P > 0.73, and a R > 0.64.
Acceptable levels of accuracy and precision indicate that the method is capa-
ble of classifying subjects with the two pathologies. Slightly lower recall values
indicate that the method is able to classify cases with the disease but gives a
series of false negatives. It can also be seen that the silhouette coefficient (SC)
is greater than 0.5 in all cases, indicating that all subjects were classified into a
group for each of the parameters. In the parameters with the best Acc, P and
R values, SC' > 0.55 (Table 6 and Table 7).

Figure 1 shows that subjects with high skinfold values were located in cluster
2 (red) and subjects with lower skinfold values in cluster 1 (blue). Furthermore,
the cluster 1 is where the highest percentage of normal weight and BFP subjects
are found and the cluster 2 is where the highest percentage of overweight/obese
and abnormal BFP subjects are found. This may be due to the fact that over-
weight subjects have a thicker adipose panicle and higher BFP than normal
weight and BFP subjects [19,34]. The same fact is observed in the case of waist
and hip circumference, where the method places the subjects with the largest
hip and waist circumference in cluster 2, which is the group with the highest
percentage of overweight/obese and abnormal BFP subjects. It should be noted
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that waist circumference is strongly related to abdominal obesity and, in partic-
ular, it is used today as a risk factor for diseases such as cardiovascular disease

parameters. Red circles belong to cluster 1 and blue circles to cluster 2. Character
and diabetes [5,39].

Fig. 1. Instance assignment (circles) to clusters for k = 2, using anthropometrics
X represents the cluster centroids. (Color figure online)
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Table 5. Confusion matrix of k-means non-supervised classification of the variables
with the best performance in the prediction of abnormal BFP

Anthropometrics measures | Confusion matrix
True/predicted | Normal BFP | Abnormal BFP
n = 949 n = 104
Right arm circumference | Cluster 1 6732 (71.00%)° | 21° (20.20%)?
Cluster 2 276 (20.00%) | 83 (79.80%)
Left arm circumference Cluster 1 674 (71.00%) |22 (21.20%)
Cluster 2 275 (20.00%) | 82 (78.80%)
Waist circumference Cluster 1 675 (71.10%) | 28 (27.00%)
Cluster 2 274 (28.90%) | 76 (73.00%)
Hip circumference Cluster 1 652 (68.70%) | 15 (14.40%)
Cluster 2 207 (31.30%) | 89 (85.6%)
Right suprailiac skinfold Cluster 1 717 (75.60%) 10 (9.60%)
Cluster 2 232 (24.40%) | 94 (90.40%)
Left suprailiac skinfold Cluster 1 670 (70.60%) 7 (6.70%)
Cluster 2 279 (29.40%) | 97 (93.30%)
Right abdominal skinfold | Cluster 1 717 (75.60%) 10 (9.60%)
Cluster 2 232 (24.40%) | 94 (90.40%)
Left abdominal skinfold Cluster 1 670 (70.60%) |7 (6.70%)
Cluster 2 279 (29.40%) | 97 (93.30%)

*Number of subjects in the normal BFP group and classified in a respective cluster.
bPercentage of subjects in the normal BFP group and classified in a respective cluster.
¢Number of subjects in the abnormal BFP cluster.

dPercentage of subjects in the abnormal BFP group and classified in a respective cluster.

In the case of overweight /obesity diagnosis the arm circumference values show
the best Ace, P and R (0.79, 0.84 and 0.71) compared to the all other measures.
The subjects with the largest arm circumference were placed in cluster 2, which
is the group with the highest percentage of overweight/obese subjects (91.76%).
This result indicates a strong relationship between high arm circumferences and
high BMI values, corroborating some studies [5,24]. On the other hand, in the
case of abnormal BFP diagnosis, the right abdominal and suprailiac skinfolds
show the best Acc, P and R (0.77, 0.68 and 0.64) compared to the all other mea-
sures. The subjects with largest suprailiac and abdominal skinfold were placed
in the cluster 2 (right skinfold 90.40% and left skinfold 93.30%). This results are
in concordance with studies that correlate high body fat percentage with high
abdominal fat accumulation [25,30], especially in subjects with insulin resistance
and high risk of develop type 2 diabetes [14,38].
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Table 6. Silhouette coefficient (SC), accuracy (Acc), precision (P) and recall (R) from
k-means algorithm for overweight/obesity classification.

Anthropometrics variables Silhouette | Metrics
Coefficient | Accuracy | Precision | Recall

Right arm circumference 0.60 +£0.16 | 0.79 0.84 0.71
Left arm circumference 0.60 £0.17{0.79 0.84 0.71
Right flexed arm circumference 0.58 £0.18 | 0.75 0.82 0.68
Left flexed arm circumference 0.58 £0.19|0.77 0.81 0.68
Waist circumference 0.59 +0.190.78 0.81 0.69
Hip circumference 0.56 +0.18 | 0.78 0.84 0.70
Right thigh circumference 0.56 +0.17 | 0.77 0.81 0.69
Left thigh circumference 0.55+0.180.73 0.80 0.67
Right calf circumference 0.56 £0.170.77 0.81 0.69
Left calf circumference 0.55+0.18|0.73 0.80 0.67
Right triceps skinfold 0.56 £0.17 | 0.62 0.69 0.60
Left triceps skinfold 0.56 +0.18 | 0.62 0.68 0.60
Right subscapular skinfold 0.64 £0.19/0.79 0.79 0.68
Left subscapular skinfold 0.63 +0.180.79 0.78 0.68
Right suprailiac skinfold 0.60+0.19|0.75 0.73 0.65
Left suprailiac skinfold 0.59 +0.190.73 0.74 0.64
Right abdominal skinfold 0.60£0.19 | 0.75 0.73 0.65
Left abdominal skinfold 0.59+0.19/0.73 0.74 0.64
Right thigh skinfold 0.58 +0.18 | 0.62 0.69 0.60
Left thigh skinfold 0.58 +0.18 | 0.62 0.70 0.61
Right calf skinfold 0.58 +0.18 | 0.62 0.69 0.60
Left calf skinfold 0.58 £0.18 | 0.62 0.70 0.61
Right humerus diameter epicondylar | 0.62 £ 0.17 | 0.65 0.62 0.57
Left humerus diameter epicondylar |0.62 £ 0.17|0.68 0.60 0.56
Right femur diameter epicondylar 0.56 +£0.17 | 0.67 0.71 0.62
Left femur diameter epicondylar 0.56 £ 0.18 | 0.66 0.71 0.61
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Table 7. Silhouette coefficient (SC), accuracy (Acc), precision (P) and recall (R) from
k-means algorithm for abnormal BFP classification.

Anthropometrics variables Silhouette | Metrics
Coefficient | Accuracy | Precision | Recall

Right arm circumference 0.60 £0.16 | 0.72 0.63 0.60
Left arm circumference 0.60 £0.17/0.72 0.62 0.60
Right flexed arm circumference 0.58 +0.18 | 0.67 0.60 0.59
Left flexed arm circumference 0.58 £0.19 | 0.67 0.60 0.59
Waist circumference 0.59£0.19 0.71 0.61 0.59
Hip circumference 0.56 = 0.18 | 0.70 0.63 0.60
Right thigh circumference 0.56 £0.17{0.69 0.59 0.58
Left thigh circumference 0.55 +0.18 | 0.64 0.57 0.57
Right calf circumference 0.56 £0.17{0.69 0.59 0.58
Left calf circumference 0.55 £0.18|0.64 0.57 0.57
Right suprailiac skinfold 0.60 +£0.19 | 0.77 0.68 0.64
Left suprailiac skinfold 0.594+0.19/0.73 0.66 0.62
Right abdominal skinfold 0.60 £0.19|0.77 0.68 0.64
Left abdominal skinfold 0.59 +0.190.73 0.66 0.62
Right thigh skinfold 0.58 £0.18 | 0.62 0.69 0.60
Left thigh skinfold 0.58 £0.18 | 0.61 0.59 0.59
Right calf skinfold 0.58 £0.18 | 0.61 0.59 0.59
Left calf skinfold 0.58 £0.18 | 0.61 0.59 0.59
Right humerus diameter epicondylar | 0.62 £+ 0.17 | 0.62 0.47 0.51
Left humerus diameter epicondylar | 0.62 £ 0.17|0.65 0.48 0.51
Right femur diameter epicondylar 0.56 £0.17 | 0.61 0.53 0.55
Left femur diameter epicondylar 0.56 £ 0.18 1 0.61 0.52 0.55

5 Conclusions

The findings of this research suggest that the k-means method applied on anthro-
pometric measurements can classify overweight /obese subjects and subjects with
abnormal body fat percentage. The best anthropometric measurements to clas-
sify overweight and obesity on this research were: Arm circumferences, subscapu-
lar skinfolds, waist circumference and hip circumference. On the other hand,
the best anthropometric measurements to classify abnormal BFP subjects in
this research were: Arm circumferences, waist circumference, hip circumference,
suprailiac and abdominal skinfolds.

Machine learning techniques, such as fully connected neural networks and
the support vector machine, will be studied in the future to assess the relation-
ship between BMI, BFP and anthropometric measurements. A machine learning
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technique would allow to evaluate how much influence have every antropometric
variables over the classification, and would be possible to extract a spectrum to
see which groups of subject are more vulnerable of suffering abnormal BFP.

Acknowledgment. This work was funded by the Research and Development Dean-
ery of the Simén Bolivar University (DID) and the Research Direction of the Ibagué
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