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ABSTRACT

Background: A single method is not suitable for obesity and body fat evaluation in type 2 diabetic patients. An 
observational analytical case control study was performed in Caucasian type 2 diabetic and non-diabetic subjects 
to compare body fatness, obesity prevalence and to evaluate type 2 diabetes (DT2) and angiopathy contribution to 
obesity prevalence.

Methodology: A total of 293 adults were studied in three groups: GI - 75 type 2 diabetic subjects with angiopathy; 
GII - 75 type 2 diabetic subjects without angiopathy; GIII - 143 controls. Body composition was assessed by bioelectrical 
impedance analysis and body fatness estimated by nine anthropometric equations. Obesity prevalence was calculated 
using three criteria: BMI, waist circumference and body fat percentage.

Results: According to BMI, the obesity prevalence was (GI: 57.3%; GII: 45.4%; GIII: 16.8%). The abdominal obesity 
prevalence was similar in diabetics (70.7%) and significantly higher than in non-diabetic subjects (51.0%). The obesity 
prevalence calculated by bioelectrical impedance analysis was higher than 70% in all groups. According to BF%, the 
DT2 and angiopathy presence did not increase the probability to have obesity. Deurenberg equation from 1998 was 
the most accurate and showed the lowest variability when compared to bioelectrical impedance. It was found that the 
prevalence of dehydration in the studied population was very high (>55%).

Conclusion: Body composition assessment is an important tool to evaluate the nutritional status of diabetic 
patients. The anthropometric equations based on direct measurements of skinfold thickness underestimate BF% and 
demonstrate a weak agreement with BIA method. Some of the equations based on BMI, age and gender agreed with 
all validation criteria and are suitable to predict body fatness in epidemiological studies or clinical settings. For body 
fat assessment, in Caucasian diabetic patients, the application of the Deurenberg equation seems to be the best choice 
when other more accurate methods cannot be used.
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INTRODUCTION

Diabetes mellitus, obesity and cardiovascular diseases are 
the major public health problems in the world [1,2]. According 
to a diabetes prevalence study in Portugal, one millions of people 
have diabetes mellitus and around one million and eight hundred 
thousand of Portuguese have prediabetes [3]. Anthropometry is an 
important tool for nutritional status assessment. BMI is a common 
marker for fatness [4] and is useful to identify overweight and 
obesity in clinical practice [5,6]. BMI does not directly assess how 
much fat a person has but it is an indirect assessment based on the 
principle that a higher body mass is due to an increasing percentage 
of the body fat mass. There are several methods to assess whole-
body fat [6]. Skinfolds measurement is the most popular method 
because of the low cost and practicality, but many researchers 
and clinicians have questioned the results of body composition 
assessments performed using skinfold fat measurements [7].

Bioelectrical impedance analysis (BIA) was developed to 
study the body composition, with the advantage of being precise, 
reproducible, safe, non-invasive, portable and rapid [8]. This 
method has been used in a wide range of groups including the 
obese, diabetic, heart failure and cancer patients [9]. BIA could 
represent the ideal method for clinical and epidemiological studies 
in replacement of common reference methods (eg. dual-energy 
x-ray absorptiometry - DEXA) that cannot be used routinely in 
clinical practice because of its limited availability, cost and lack of 
mobility [10]. Data on the validity of body composition measured 
by BIA method in diabetic patients was previously reported(11,12). 
These studies reported that body fat percentage assessed by BIA 
method was not significantly different from DEXA in type 2 diabetic 
patients. Despite of that, the lack of validity of the BIA method to 
evaluate changes on body composition after weight loss has been 
previously described, although it can be an excellent tool to assess 
body composition in cross-sectional studies or routine assessment 
of body composition among people with type 2 diabetes mellitus 
[12,13].

It is now accepted that a single method is not sufficient to 
provide accurate and precise information for obesity and body fat 
evaluation [14]. Indeed, the comparison of simple methods such as 
BMI, skinfolds measurements and BIA can be an excellent tool to 
evaluate nutritional status. As far as we know, no data is available 
regarding the comparison of different methods to assess body 
fatness and obesity in Portuguese type 2 diabetic subjects with and 
without angiopathy. In the present work, a comparison of different 
criteria to evaluate the obesity prevalence and to assess body 
composition differences in Portuguese type 2 diabetic patients 
(with and without angiopathy) and non-diabetic subjects was 
performed.

METHODS

Study population

An observational cross-sectional study was performed in 150 
type 2 diabetic patients from the Portuguese Diabetes Association 
and 143 healthy adults from the International University for 
Seniors. All the participants were recruited by phone and personal 
invitation. The study population was categorized in three groups: 
group I (n = 75) was formed by type 2 diabetic patients with 
angiopathy, group II (n = 75) by type 2 diabetic patients without 
angiopathy and group III (n = 143) by non-diabetic subjects. 
Previous sample size calculations were performed with Power and 
Sample Size Calculation software program, version 2.1, and the 

estimation showed that a minimum of 31 subjects were satisfactory 
in groups I and II, for an alpha value of 5% and a power of 90%. The 
sample size calculation has also taken into account the adjustment 
for the potential confounders.

The following inclusion criteria were applied for all groups: 
a) written informed consent; b) age 40-75 years; and c) caucasian 
origin. Additional, inclusion criterion for groups I and II was type 2 
diabetes diagnosis for at least 1 year. Furthermore, for group I the 
presence of at least one of the following angiopathic complications: 
macroangiopathy (coronary heart disease, stroke, peripheral 
vascular disease) and/or microangiopathy (retinopathy), was also 
required. The presence of angiopathic complications was confirmed 
by the access to the patient medical records. Exclusion criteria for 
BIA measurements in all groups were the presence of pacemakers 
or body metal screws.

Ethical statement

This study was conducted according to the guidelines laid down 
in the Declaration of Helsinki [15] and all procedures involving 
human subjects/patients were approved by the Ethics Committees 
of National Institute of Health Dr. Ricardo Jorge, Faculty of Medicine 
from University of Lisbon and Portuguese Diabetes Association. 
Written and informed consent was obtained from all subjects/
patients.

General, clinical and physiological data

A general questionnaire was developed according to the 
4th National Health Survey 2005-2006 [16] and applied to all 
participants. Information on smoking habits, medical history of 
personal and family history of cardiovascular disease was obtained. 
The access to medical records of diabetic participants provided 
information on duration of diabetes, presence of angiopathy and 
insulin dependence. A short form of the International Physical 
Activity Questionnaire was applied by interview [17]. Blood 
pressure and heart rate were measured two times on the left 
arm after at least 10 min rest in the seated position using an R6 
(HEM-6052-E) wrist blood pressure monitor from Omron® 
(OMRON Management Center of America, Inc., Schaumburg, USA). 
Hypertension was defined for all groups by the presence of a systolic 
blood pressure ≥140 mmHg and/or a diastolic blood pressure 
≥80mmHg [18]. Dyslipidemia was considered to be present when 
one of the following situations occurred: triglycerides (TG) ≥150 
mg/dl, high-density lipoprotein cholesterol (HDL-C) less than 
≤40 in men and ≤50 mg/dl in women, low-density lipoprotein 
cholesterol (LDL-C) at ≥100 mg/dl and previously diagnosed 
dyslipidemia [18]. Metabolic control of diabetes was classified 
unsatisfactory when glycosylated haemoglobin (HbA1c) level was 
greater than 7% [18].

Anthropometric measurements

A nutritionist was trained to collect all anthropometric 
measurements in a standardized way following international 
procedures [19]. The following anthropometric variables were 
collected: weight, height, waist circumference, triceps, subscapular, 
suprailiac and abdominal skin folders. Body weight was measured 
in kilograms to the nearest 100 g using a BF552 TANITA® scale 
(Tanita Corporation of America, Inc., Illinois, USA). Height was 
measured using an ADE® ultrasonic stadiometer (ADE GmbH & 
Co., Hamburg, Germany). The BMI was defined as weight/height2 
(kg/m2). Abdominal obesity, pre-obesity and obesity were defined 
according to WHO criteria [20,21]. The skin folders thickness was 
measured on the left side of the body to the nearest 0.1 mm with a 
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Harpenden skinfold caliper (John Bull British Indicators Ltd., Herts, 
England) [19].

Body fat assessment by skinfold thickness

Three groups of equations were used to calculate body fat 
percentage (BF%). The first group predicts BF% directly from 
skinfold thicknesses, as the equations published by Lohman [22], 
Boileau [23] and Faulkner [24]. The second type of equations 
predict BF% by calculating first the body density using the log 
sum of four skinfold thicknesses [25] and then, another equation 
to calculate the BF% for a given density [26]. The third group of 
equations estimates BF% directly from BMI, age and gender [27-
31].

Bioelectrical impedance analysis

Whole-body bioelectrical impedance was measured by using 
a tetrapolar and single-frequency (50 kHz) analyzer from Maltron 
(BF-907, Maltron International Ltd, UK). All measurements were 
made by the same person according to manufacture instructions 

and the European Society for Clinical Nutrition and Metabolism 
guidelines [9]. Data on BF, free fat mass (FFM) and total body water 
(TBW) were also obtained by BIA application.

Statistical analysis 

All statistical analysis was performed in SPSS for Windows, 
version 20.0 (SPSS Inc, Chicago). Results are expressed as mean ± 
standard deviation (SD) or as percentage. The variables normality 
was evaluated by the Kolmogorov-Smirnov test. Categorical 
variables were compared with the Chi-square test or z-test for 
proportions. Comparison between groups of numeric variables 
normally distributed means was performed by one-way analysis 
of variance. Post hoc tests Bonferroni multiple comparisons were 
used to determine which means are significantly different from 
the others. Bivariate associations between numeric variables were 
assessed using Pearson correlation coefficients. The odd ratio and 
(95% confidence interval) were used to studied associations of 
body fat with type 2 diabetes and angiopathy. Statistical significance 
was considered for P<0.05.

RESULTS

Characteristics of the study population

Table 1: Baseline clinical and laboratory characteristics of the study population.

Characteristics
Group I (n= 75) Group II (n= 75) Group III (n=143)

Mean SD Mean SD Mean SD

Age (years) 62.9a 7.17 62.8a 7.01 65.6b 5.75

Diabetes duration (years) 19.4a 9.33 13.5b 7.95 NA NA

Hb (g/dl) 13.4a 1.72 13.7a 1.42 13.8a 1.17

HbA1c (%) 8.70a 1.42 8.27a 1.39 NA NA

Hematocrit (%) 39.3a 4.74 40.3a 4.03 40.7a 3.3

Erythrocytes (millions/µl) 4.58a 0.59 4.64a 0.44 4.52a 0.43

Total cholesterol (mmol/l) 5.24a 1.22 5.18a 0.97 5.35a 0.96

HDL-Cholesterol (mmol/l) 1.27a 0.38 1.34a 0.35 1.48b 0.32

LDL-Cholesterol (mmol/l) 3.34a 0.96 3.27a 0.85 3.59a 0.9

Triglycerides (mmol/l) 2.19a 1.07 1.94a 1.21 1.19b 0.52

Systolic blood pressure (mmHg) 154a 20.3 146b 25.9 136c 19.8

Diastolic blood pressure (mmHg) 79.2a 13.1 82.0b 12.7 76.3a 11.5

Resting heart rate (beats/min) 73.2a 12 77.6a 12.9 68.8b 10.8

NA: not applicable; Hb: haemoglobin; HbA1c: Glycosylated haemoglobin; HDL: High-density lipoprotein; LDL: low-density 
lipoprotein. Means in a row with different superscript letters are significantly different by post hoc Bonferroni test (P<0.05).

The baseline clinical and laboratory characteristics according to 
the study population are summarized in Table 1. In groups I and II, 
the mean value of HbA1c was higher than the recommended value 
(7%) for an adequate metabolic control of type 2 diabetes mellitus 
[18]. Plasma levels of HDL-C were higher in group III compared 
to both groups of diabetic subjects. The mean triglycerides levels 
were significantly lower in group III (1.19 ± 0.52 mM) compared 
to the other two groups (I: 2.19 ± 1.07 mM vs. II: 1.94 ± 1.21 mM). 
The duration of diabetes was also significantly higher in group I 
(19.4 ± 9.33 years) in relation to group II (13.5 ± 7.95 years). The 
average systolic blood pressure was statistically different in the 
three groups (I: 154 ± 20.3 mmHg vs. II:. 146 ± 25.9 mmHg vs. III: 
136 ± 19.8 mmHg).

Angiopathy and cardiovascular risk factors

Table 2 shows the prevalence of several angiopathic 
complications of diabetes and conventional cardiovascular risk 
factors. For group I, macroangiopathy was present in 44.1% of the 
patients; microangiopathy in 82.6% and 34% of them had macro- 
and microangiopathy. The prevalence of stroke, coronary heart 
disease and peripheral vascular disease among group I was 10.7%, 
10.7% and 22.7%, respectively. Retinopathy was the most prevalent 
angiopathic complication. Subjects in group I were more frequently 
insulin-dependent and had a poorer metabolic control of diabetes 
(HbA1c >7%) than subjects from group II. Family antecedents of 
cardiovascular disease were high in all groups, but especially in 
group I (61.3%). The subjects of group III were more active than 
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diabetic subjects, although the percentage of sedentarism in this 
group was high (64.3%). The three levels of physical activity were 
related to the percentage of body fat. In group I, the prevalence of 
sedentary subjects with a high percentage of body fat was 65.7%, in 

group II was 60.3% and in group III 20.1%. These results indicate 
that a sedentary lifestyle is associated with the prevalence of high 
body fat.

Table 2: Prevalence of angiopathic complications and cardiovascular risk factors.

Variables Group I
n (%)

Group II 
n (%)

Group III 
n (%)

Stroke 8 (10.7) NA NA

Coronary heart disease 8 (10.7) NA NA

Peripheral vascular disease 17 (22.7) NA NA

Retinopathy 62 (82.6) NA NA

Smokers 11a (14.7) 11a (14.7) 9b (6.30)

Alcohol consumption 34a (45.3) 43a (57.3) 66a (46.2)

Insulin-dependent diabetics patient intake 46a,1 33b (44.6) NA

Adequate metabolic control of diabetes 9a,2 (12.5) 18b,1 (24.3) NA

Family antecedents of CVD 46a (61.3) 40a (53.3) 78a (54.6)

High level of physical activity 2a (2.70) 0a,b (0.00) 0b (0.00)

Moderate level of physical activity 18a (24.0) 22a (29.3) 51a (35.7)

Low level of physical activity 55a (73.3) 53a (70.7) 92a (64.3)

High blood pressure 57a,1 (47.8) 48a (64.0) 56b (39.2)

Low HDL-Cholesterol 33a,3 (47.8) 26a,1 (35.1) 12b,7 (17.1)

High LDL-Cholesterol 54a,4 (76.1) 57a,1 (77.0) 62b,3 (89.9)

High triglycerides 41a,5 (61.2) 32b,6 (43.8) 13c,2 (18.1)

Dyslipidaemia 65a,3 (94.2) 69a,1 (93.2) 65b,8 (95.6)

NA: not applicable; CVD: cardiovascular disease; HDL: high-density lipoprotein; LDL: low-density lipoprotein.
The number of subjects in a row with different superscript letters are significantly different by z-test for proportions (P<0.05). n1 = 74; n2= 
72; n3 = 69; n4 = 71; n5 = 67; n6 = 73; n7 = 70; n8 = 68

The frequency of hypertension in group I was 77.0%, almost 
two times higher than in group III (39.2%). The prevalence of 
dyslipidemia was very high in all groups (group I: 94.2% vs. group 
II: 93.2% vs. group III: 95.6%), especially due to the frequent high 
levels of plasmatic LDL-C. It was also demonstrated by applying 
the Z test for comparison of proportions that the prevalence of 
hypertension was significantly higher in groups I and II compared 
to group III and that the prevalence of hypertriglyceridemia was 
significantly higher in group I when compared with the other two 
groups. No statistical differences were observed in the prevalence 
of dyslipidemia in the three groups (P=0.725). The prevalence of 
low concentrations of HDL-C and high LDL-C concentrations is 
statistically different in both diabetic groups in comparison to 
group III.

Nutritional assessment

The results of anthropometric and body composition 
measurements are shown in Table 3. There were significant 
differences in the mean values of weight, waist circumference, 
BMI and subscapular skinfold thickness between group III and 
groups I and II (P<0.001), but no statistical differences were 
observed between diabetic patients with and without angiopathy. 
The mean value for BMI, was lower in men than women for 
groups I and III. When the mean values of BF% were obtained 
by application of Boileau, Deurenberg (1998), Gallagher, Jackson 
& Pollock and Heritage equations, statistical differences were 

achieved when groups were compared. The comparison of BF% 
mean values achieved by the anthropometric equations and by BIA 
was performed. For group I, the mean value for BF% calculated by 
application of the Jackson & Pollock equation (38.3 ± 11.1) was 
the nearest to BIA mean value, followed by the Gallagher equation 
(38.4 ± 10.2). For group II, the BF% mean value obtained using 
the Gallagher equation (37.6 ± 7.7) was the most similar to BIA, 
and the Jackson & Pollock equation (37.3 ± 8.3) was the second 
closest. For group III, the equations of Deurenberg (1991) (38.4 
± 6.9%) and from 1998 (36.0 ± 7.3%) gave more similar mean 
values to the BIA result. The three equations that predict BF% 
directly from skinfolds gave very low mean values (mean value was 
at least -8.5%) compared to BIA values. The SD of BF% measured 
using BIA ranged from 7.4% in group II to 8.4% in group I. This 
variation was similar to Deurenberg (1991) (from 6.8% to 8.9%), 
Deurenberg (1998) (from 7.2% to 9.4%) and Heritage study (from 
7.1% to 9.5%) equations. The body compositions assessed by 
BIA also allowed obtain results for FFM and TBW. With respect to 
the FFM, significant differences between group III (41.9 kg) and 
other groups (I: 48.7 kg vs. II: 47.4 kg) were observed. In relation 
to TBW measurement volume significant differences between 
group III (30.6 litres) and the other groups (I: 35.6 litres vs. II: 
34.7 litres) were also observed. The prevalence of dehydration in 
each group was also evaluated comparing the TBW value of each 
participant with a reference range presented in the BIA equipment. 
The prevalence of dehydration was very high for all groups (I: 
67.1% vs. II: 61.6% vs. III: 58.4%). For diabetic subjects, it should 
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be taken into account that osmolarity changing is characteristic 
of this chronic disease. Despite of that for non-diabetic subjects 
a high prevalence of an inadequate hydration was also found. In 
addition, the daily water intake was also assessed by applying a 
semi-quantitative food frequency questionnaire. The mean results 

showed that the average daily water intake was significant higher 
in diabetic subjects (group I: 1244 ± 443 litres vs. group II: 1235 
± 280 litres) than in non-diabetic (1024 ± 228 litres), but for all 
groups it was lower than the recommended value by the European 
Food Safety Authority [32, 33].

Table 3: Anthropometric and bioelectrical impedance data in the three study groups.

Variables

Group I (n=75) Group II (n=75) Group III (n=143)

Male Female Combined Male Female Combined Male Female Combined

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Weight (kg) 85.5 14 74.1 17 79.6a 16 84.7 14 70.7 12 76.5a 14 74.3 9.3 65.3 12 67.4b 12

Height (m) 168 6.6 153 6.2 160a 9.7 169 8.9 155 7.3 160a 11 169 7.2 158 6.2 161a 8

Waist 
circumference 

(cm)
105 10 102 14 101a 11 104 11 96.9 11 98.3a 11 95.4 6.3 92.4 11 92.8b 9.7

BMI (kg/m2) 30.4 4.4 31.5 6.3 31.0a 5.5 29.7 3.3 29.4 4.2 29.5a 3.9 26 2.6 26.2 4.4 26.2b 4

Skinfold 
thickness (mm)  

Triceps 7.1 2.3 15.2 6.8 11.3a 6.5 8.9 5.7 14.4 4.4 12.1a 5.7 6.7 2.5 13.6 6.2 12.0a 6.3

Subscapular 22 5.6 26 6.4 24.0a 6.3 22.3 5.1 24.7 6.3 23.7a 5.9 19.6 4.8 20.3 6.9 20.1b 6.4

Suprailiac 13 5.5 19 6.7 16.1a 6.8 13.5 4.2 18.4 6.5 16.4a 6.2 12.9 4.7 18.3 6.9 17.1a 6.9

Abdominal 20.6 5.5 26.3 7 23.6a 6.9 21 6.1 24.1 6.8 22.8a 6.6 19.2 6.3 24.7 6.7 23.5a 7

Body fat (%) 
anthropometric 

equations
 

Lohman 18.1 2.8 20.8 3.6 19.5a 3.5 18.8 3.1 21.1 3 20.2a 3.2 18.1 2.9 19.8 4.1 19.4a 3.9

Boileau 26.9 6.5 31.5 4.1 29.2a 5.9 27.9 7 31.3 3.5 29.9a 5.5 24 6.7 28.2 6 27.2b 6.4

Faulkner 15.4 2.2 18.7 3 17.1a 3.1 15.7 2.5 18.3 2.4 17.3a 2.7 14.7 2.1 17.5 3.2 16.9a 3.2

Deurenberg 
(1991) 35.2 5.3 46.4 8.1 41.0a 8.9 35 4.8 44.3 5.2 40.5a 6.8 30.6 3.2 40.8 5.9 38.4a 6.9

Deurenberg 
(1998) 32.9 5.7 44.7 8.6 39.0a 9.4 32.7 5.1 42.4 5.5 38.4a,b 7.2 27.7 3.3 38.6 6.3 36.0b 7.3

Gallagher 32 6.4 44.3 9.6 38.4a 10 31.7 5.6 41.7 6.2 37.6a 7.7 25.8 3.7 37.1 7.1 34.5b 8

Jackson & 
Pollock 31.6 7.1 44.5 11 38.3a 11 31.2 6.1 41.6 4.8 37.3a 8.3 24.6 4.1 36.4 7.8 33.7b 8.7

Heritage study 33.4 6.1 44.4 9.1 39.1a 9.5 33.1 5.2 41.9 5.9 38.2a 7.1 27.6 3.6 37.6 6.8 35.3b 7.5

Siri 29.4 3.6 33.9 4.1 31.7a 4.5 30 4.1 33.6 3.5 32.2a 4.1 28.4 4 32.4 5 31.4a 5.1

Bioelectrical 
impedance data  

Body fat (%) 32.6 6 42.2 7.6 37.7a 8.4 33 5.4 41.2 6.8 37.7a 7.4 29 7 39.6 7.1 37.2a 8.2

Body fat (kg) 28.3 8.5 31.7 12 30.1a 11 29.1 9.8 29.6 9 29.4a 9.3 23 7 26.7 9.5 25.8b 9.1

Free fat mass 
(%) 67.4 6 57.8 7.6 62.4a 8.4 66.9 5.4 58.8 6.8 62.3a 7.4 70 6.9 60.1 7.4 62.4a 8.4

Free fat mass 
(kg) 57 7 41.3 6.4 48.7a 10 56.1 7.4 40.9 4.8 47.4a 9.6 51.3 4.7 38.9 3.7 41.9b 6.6

Total body water 
(%) 49.3 4.4 42.3 5.6 45.6a 6.1 49 3.9 43 4.9 45.6a 5.4 51.1 5.1 44.1 5.2 45.8a 5.9

Total body water 
(l) 41.7 5.1 30.2 4.7 35.6a 7.5 41.1 5.4 30 3.7 34.7a 7.1 37.5 3.4 28.5 2.7 30.6b 4.8

Note: BMI, body mass index
Means in a row with different superscript letters are significantly different by post hoc Bonferroni test (P<0.05).
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Obesity evaluation

Table 4: Obesity evaluation by different methods (BMI, waist circumference and body fat percentage).

 Methods

  Group I (n=75) Group II (n=75) Group III (n=143)

Male Female Combined Male Female Combined Male Female Combined

n (%) n (%) n (%)

BMI  

Normal 
weight 6 (16.7) 6 (15.4) 12a (16.0) 3 (9.7) 6 (13.6) 9a (12.0) 12 (36.4) 47 (42.7) 59b (41.3)

Preobesity 9 (25.0) 11 (28.2) 20a (26.7) 13 (41.9) 19 (43.2) 32b (42.6) 18 (54.5) 40 (36.4) 58b (40.5)

Obesity: 21 (58.3) 22 (56.4) 43a (57.3) 15 (48.4) 19 (43.2) 34a (45.4) 3 (9.1) 21 (19.0) 24b (16.8)

Class I 18 (50.0) 14 (35.8) 32a (42.6) 14 (45.2) 15 (34.1) 29a (38.7) 3 (9.1) 17 (15.4) 20b (14.0)

Class II 2 (5.6) 4 (10.3) 6a (8.0) 1 (3.2) 4 (9.1) 5a,b (6.7) 0 (0.0) 3 (2.7) 3b (2.1)

Class III 1 (2.7) 4 (10.3) 5a (6.7) 0 (0.0) 0 (0.0) 0b (0.0) 0 (0.0) 1 (0.9) 1b (0.7)

Abdominal 
obesitya 22 (61.1) 31 (79.5) 53a (70.7) 19 (61.3) 34 (77.3) 53a (70.7) 6 (18.3) 67 (61.0) 73b (51.0)

Subjects 
with 

normal 
body fatb

 

Boileau 
equation 11 (33.3) 27 (79.4) 38a (56.7) 10(35.7) 37(90.2) 47a (68.1) 19(57.6) 97(89.8) 116b (82.3)

Deurenberg 
equation 3 (8.30) 6 (15.4) 9a (12.0) 3 (9.70) 1(2.30) 4a (5.30) 7 (21.2) 34(30.9) 41b (28.7)

Gallagher 
equation 7 (19.4) 6 (15.4) 13a (17.3) 3 (9.70) 7(15.9) 10a (13.3) 15(45.5) 47(42.7) 62b (43.4)

Siri equation 4 (13.8) 18 (60.0) 22a (37.3) 1 (4.00) 22(57.9) 23a (36.5) 5 (15.2) 69(64.5) 74b (52.9)

BIA 4 (12.1) 5 (13.5) 9a (12.9) 3 (9.70) 9 (21.4) 12a (16.4) 9 (27.3) 24(22.9) 33a (23.9)

Subjects 
with high 
body fatc

 

Boileau 
equation 22 (66.7) 7 (20.6) 29a (43.3) 18(64.3) 4 (9.80) 22a (31.9) 14(42.4) 11(10.2) 25b (17.7)

Deurenberg 
equation 33 (91.7) 33 (84.6) 66a (88.0) 28(90.3) 43(97.7) 71a (94.7) 26(78.8) 76(69.1) 102b (71.3)

Gallagher 
equation 29 (80.6) 33 (84.6) 62a (82.7) 28(90.3) 37(84.1) 65a (86.7) 18(54.5) 63(57.3) 81b (56.6)

Siri equation 25 (86.2) 12 (40.0) 37a (62.7) 24(96.0) 16(42.1) 40a (63.5) 28(84.8) 38(35.5) 66b (47.1)

BIA 29 (87.9) 32 (86.5) 61a (87.1) 28(90.3) 33(78.6) 61a (83.6) 24(72.7) 81(77.1) 105a (76.1)

BMI; Body mass index BIA, bioelectrical impedance.
aAbdominal obesity was defined as a waist circumference >102 cm in men and >88 cm in women.
bBody fat% ≤25% in males and ≤35% in females.
cBody fat% >25% in males and >35% in females
The number of subjects in a row with different superscript letters are significantly different by z-test for proportions (P<0.05).

Obesity evaluation using BMI, waist circumference and BF% 
criteria in study population is described in Table 4. The prevalence 
of preobesity in group I (26.7%) was significantly lower than in 
groups II (42.6%) and III (40.5%). The prevalence of obesity was 
higher in diabetic subjects with angiopathy (57.3%) than those 
without angiopathy (45.4%) and more than three times higher 
than in non- diabetic subjects (16.8%). The frequency of abdominal 
obesity was high in all groups (more than>50%) but significantly 
higher in diabetic patients than in non-diabetic subjects. The BF% 

was evaluated by the results obtained with four anthropometric 
equations and by BIA. The equations used in this evaluation were 
chosen according to the following criteria: type of anthropometric 
equation and those with the closest mean value compared to the 
BIA result. The application of the Boileau equation showed the 
lowest prevalence of high BF% for all groups when compared to 
the results obtained by BIA. The equations of Deurenberg (1998) 
and Gallagher gave similar results to those obtained by BIA method. 
According to BIA method the prevalence of subjects with BF% 
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above the recommended value [34] was very high for all the study 
groups (group I: 87.1% vs. group II: 83.6% vs. group III: 76.1%). 
The effect of the type 2 diabetes presence in the prevalence of 
obesity was evaluated. According to the BMI criterion, the diabetic 
patients had a higher probability to have obesity (OR: 4.11; 
CI95%: 2.18-7.73; P<0.001). When the criterion was the waist 
circumference evaluation, the probability of diabetic patients to 
have obesity was 2.31 times higher when compared with non-
diabetic subjects (CI95%: 1.27-4.19; P=0.006). According to BF% 
criterion, the OR showed a trend for association but the obtained 
was not statistically significant (OR: 2.13; CI95%: 0.96-4.75; 
P<0.065). The effect of the angiopathy presence in the prevalence 

of obesity was also evaluated, although the obtained OR for all the 
criteria was not statistically different. The combined effect of the 
type 2 diabetes and angiopathy presence in the obesity prevalence 
were evaluated. According to the BMI, the probability of diabetic 
patients with angiopathy to have obesity was 6.66 higher when 
compared with non-diabetic subjects (CI95%: 3.56-12.6; P<0.001). 
For abdominal obesity, the combined effect of type 2 diabetes 
and angiopathy presence did not increase the probability to have 
obesity (OR = 2.31; CI95%: 1.27-4.19; P=0.006). The OR obtained 
with the BF% criterion was 1.6 but it was not significant (CI95%: 
0.77-3.32; P=0.21).

Comparison between BIA and BF anthropometric equations

Figure 1: Bland-Altman analysis to compare body fat percentage estimated by anthropometric equations and 
bioimpedance analysis (BIA) method. Bland-Altman plots show comparisons of BIA method with Lohman (a), 
Boileau (b), Faulkner (c), Deurenberg (1991) (d), Deurenberg (1998) (e), Gallagher (f), Jackson & Pollock (g), 
Heritage study (h) and Siri (i) anthropometric equations. Central lines represent mean difference between
methods. Dashed lines correspond to upper and lower limits of agreement at 95% confidence interval calculated 
by mean of total error ± 1.96 x. standard deviation of the total error.

The BF% estimated by anthropometric equations were 
evaluated and compared with the BIA method by the Bland-
Altman analysis (Figure 1). All the anthropometric equations 
(except for Jackson & Pollock) showed a good agreement with BIA 
method, because the limits of agreement included at least 95% 
of differences between the two measurement methods. The best 
three agreements were obtained for Siri equation (97.6%), Boileau 
equation (97.4%) and Lohman equation (96.6%). According to 
Lohman [35] to confirm the validity of anthropometric equations, 
the similarity of mean and SD values were compared, calculating 

Pearson correlation coefficient to check bivariate associations. The 
total error (TE) was also calculated because it reflects the total 
difference between the two measuring methods. The correlation 
coefficients and TE between the BF% measured with BIA method 
and those estimated with the anthropometric equations are 
presented in Table 5. Significant correlations ranged from 0.531 for 
Lohman equation vs. BIA to 0.831 for Deurenberg (1998) equation 
vs. BIA. In the overall evaluation, the TE values ranged from -19.9% 
for Faulkner equation to 2.14% for Deurenberg (1991) equation.
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Table 5: Comparison between anthropometric equations and BIA to evaluate validity of body fat percentage 
measurements.

Methods
Correlation coefficient Total Error

Male Female Combined Male Female Combined

Lohman vs. BIA r = 0.294* r = 0.569* r = 0.531* -17.2 -17.8 -17.6

Boileau vs. BIA r = 0.332* r = 0.640* r = 0.547* -8.43 -8.83 -8.69

Faulkner vs. BIA r = 0.396* r = 0.701* r = 0.683* -19.7 -20 -19.9

Deurenberg (1991) vs. BIA r = 0.643* r = 0.850* r = 0.829* 2.53 1.94 2.14

Deurenberg (1998) vs. BIA r = 0.648* r = 0.855* r = 0.831* 0.41 -0.28 -0.04

Gallagher vs. BIA r = 0.657* r = 0.858* r = 0.829* -0.52 -1.48 -1.15

Jackson & Pollock vs. BIA r = 0.659* r = 0.857* r = 0.826* -0.86 -2.02 -1.62

Heritage study vs. BIA r = 0.659* r = 0.855* r = 0.825* 0.22 -0.77 -0.43

Siri vs. BIA r = 0.404* r = 0.700* r = 0.658* -5.66 -5.23 -5.37

Note: BIA, bioelectrical impedance.
*Correlation is significant at P<0.001.

DISCUSSION

Body fat percentage is strongly related with the risk of chronic 
diseases such as, hypertension, dyslipidemia, diabetes mellitus, 
and coronary heart disease. In epidemiological studies, surrogate 
measures of body fatness such as BMI, waist circumference and 
skinfold thickness have been used extensively. However, these 
techniques do not accurately characterize persons by body 
composition (%BF or FFM), and there is substantial variation 
across age, gender and ethnic groups [36]. Several techniques have 
been used to assess BF% in controlled laboratory conditions. These 
include densitometry, DEXA and magnetic resonance imaging [6]. 
Nevertheless, these techniques are expensive and not feasible 
to conduct in the field because they require large specialized 
equipment. For these reasons, their use in epidemiological studies 
is limited. BIA method shows to be relatively simple (portable 
equipment), quick (takes only a few minutes), non-invasive 
and gives reliable and immediately available results of body 
composition with an excellent reproducibility (less than 1% error) 
in repeated measurements [37]. All these characteristics make this 
technique an appealing alternative to assess body composition in 
epidemiological studies.

As far as we know, limited data are available regarding the 
comparison between different methods for the assessment of body 
fatness in diabetic vs. non-diabetic subjects. Therefore, a study in 
healthy adults and in diabetic patients with and without angiopathy 
has been performed to assess differences in body fat applying several 
methods. Comparison of three types of equations with BIA method 
was performed and their suitability and validity in epidemiological 
studies was tested. The variability of the bioimpedance equipment 
was in accordance with the literature [38]. According to BF% means, 
SD values and correlation coefficient comparison between BIA and 
other methods, Deurenberg (1998) and Gallagher equations were 
the most accurate equations and showed the lowest variability. 
The BIA application is based on the principle that hydration of 
FFM is constant in all patients, but this is not always true. Some 
authors described [12,13] significant differences between BIA and 
reference methods in diabetic subjects during weight loss programs 
or training sessions, although BIA guidelines for clinical practice, 
don’t report special recommendations for type 2 diabetic subjects. 

In the present study the percentage of FFM was very similar among 
the three groups (group I: 62.4% vs. group II: 62.3 % vs. group III: 
62.4 %) and in diabetic subjects similar to those observed (64.8%) 
by Ritz et al. [13]. The application of BIA method also showed that 
there was a very high prevalence of dehydration in all groups (>55 
%).

According to the results of Bland-Altman analysis, the equations 
of Deurenberg [27, 28]; Gallagher and Heritage study were 
considered the most appropriate for use in future epidemiological 
studies in patients with type 2 diabetis or non-diabetic patients when 
the use of gold standard methods or BIA are not possible. Despite 
of that, the results of this analysis should be evaluated carefully, 
because in some cases although 95% of the results were between 
the limits of agreement, the TE of the anthropometric method was 
very high. According to Lohman criteria, the following equations: 
Deurenberg (1991), Deurenberg (1998), Gallagher, Jackson & 
Pollock and Heritage showed high correlations (r ≥0.8) with BIA 
method and were considered accurate because the TE were below 
2% and lower than the standard error of estimate. To confirm the 
validity of anthropometric equations, the Lohman criteria are more 
suitable to compare these equations with BIA method than those 
established by Bland-Altman analysis. According to the Bland-
Altman analysis and Lohman criteria, the anthropometric equation 
of Deurenberg (1998) proved to be the most suitable to evaluate 
the BF% in Caucasian adults with or without type 2 diabetes, 
because this equation showed an agreement with all the criteria 
and allowed to obtain a TE mean of 0.04 when compared with BIA.

Prevalence of obesity was evaluated by three methodologies: 
BMI, waist circumference and BF%. According to the BMI, the 
prevalence of obesity in diabetic patients was more than two 
times higher when compared with non-diabetic subjects. This 
result agrees with other studies reported in the literature [39-
41]. Despite of that, non-diabetic participants had a prevalence of 
preobesity of 41%. Abdominal obesity was high in all groups, but 
20% higher in groups I and II in relation to group III. Prevalence 
of obesity evaluated by BF% was compared between BIA method 
and anthropometric equations of each type that showed a greater 
agreement with BIA results. For all groups and both genders, the 
obesity prevalence calculated by BIA method was higher than 70%. 
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For groups I and III, the results from Deurenberg (1998) equation 
(88.0% vs. 71.3%) was the closest to BIA results (87.1% vs. 76.1%). 
It is also important to refer that, although the obesity prevalence 
obtained by the BMI evaluation in healthy subjects was around 17%, 
the frequency of obesity assessed by the BF% was huge (76.1%). 
In relation to diabetic patients’ significant differences were also 
observed between the obesity prevalence achieved by BMI or BF% 
evaluations. The possible explanation for this fact is that there is a 
weak relationship between BMI and BF%(14), because a significant 
percentage of subjects (8.1% vs. 2.7% vs. 20%) that were normal 
weight or pre-obese (30% vs. 41% vs. 59%) had excess of body fat 
[34]. Our results for BF% were in agreement with the results for 
diabetic patients or Caucasian adults published by other authors 
[13,14,41,42], but according to our knowledge, this is the first study 
that compares and evaluates BF% by several methods in Caucasian 
diabetic patients with and without angiopathy vs. non-diabetic 
subjects.

CONCLUSION

The changes in the nutritional status contribute to increase 
the morbidity and mortality in diabetic patients. Diabetic subjects 
with poor nutritional status can have a higher risk of cardiovascular 
complications. Body composition assessment is an important 
tool to evaluate the nutritional status of diabetic patients. Our 
study has found that BF% obtained by BIA method was similar in 
diabetic and non-diabetic subjects, showing that the presence of 
diabetes and angiopathy is not related with body fatness. Despite 
of that, the prevalence of high BF% was higher than 70% in all 
groups but the BMI and the prevalence of abdominal obesity were 
significantly lower in non-diabetic subjects compared to diabetic 
patients. This indicates that a high percentage of non-diabetic 
subjects are non-obese but have high BF%. In the present work, 
BF% estimated by nine anthropometric equations and by BIA 
method was also compared. The anthropometric equations based 
on direct measurements of skinfold thickness underestimate BF% 
and demonstrate a weak agreement with BIA method. Our results 
show that only some of the equations based on BMI, age and gender 
agreed with all validation criteria and are suitable to predict body 
fatness in epidemiological studies or clinical settings. For body fat 
assessment, in Caucasian diabetic patients, the application of the 
Deurenberg (1998) equation seems to be the best choice when 
other more accurate methods cannot be used, since it matches all 
the validation criteria and estimates BF% with a mean total error 
of 0.04. The presence of mild dehydration plays an important role 
in the development of various diseases, namely diabetes, which by 
changing the osmolarity promotes hyperglycaemia. It was found 
that the prevalence of dehydration in the studied population was 
very high (>55%). According to our results, it is important to 
educate diabetic and non-diabetic participants to maintain an 
adequate daily fluid intake to ensure a proper hydration.
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