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Abstract
Background: Excessive body fat is associated with disorders defined as 
Metabolic Syndrome (MetS). The study sets out to uncover the underlying 
mechanisms of MetS pathogenesis comparing metabolic and inflammatory 
variables with increasing amounts of fat mass. Aiming to solve this issue, 
the study refers to an anthropometric model named Dahlmann-Body-
Analysis (DBA) to define the percentage of fat mass (%FM).

Methods: A data set of 61 severely obese women were analysed. All 
subjects had a BMI ≥29.7 kg/m². Body weight (W), body height (Ht), hand 
circumference (HdC) and the circumference of the abdomen (AC) were 
measured and processed by the DBA model. The result is the percentage 
of fat mass (%FM), which is compared to data, produced by a bioelectrical 
impedance analysis (BIA) device. Anthropometric data are statistically 
compared with systolic blood pressure (SBP) and the MetS risk factors 
triglyceride (TG), HDL cholesterol (HDL-C), fasting plasma glucose 
(FPG) and the parameters C-reactive protein (CRP) and low-density 
lipoprotein (LDL-C) using receiver operating curves (ROC) based on 
sensitivity and specificity, area under curve (AUC), correlation coefficients 
and regression analysis.

Results: The average %FM was about 50%, meaning that 44% of subjects 
suffered from MetS. The overall pattern of correlation coefficients revealed 
that none of the adiposity indices like BMI, AC, AC/Ht and %FM (BIA or 
DBA) is of crucial advantage to detect metabolic risk factors. AUC values 
of the different obesity indices detecting MetS reached values between 0.63 
and 0.75 representing a low discrimination power in the diagnose of MetS. 
Associations between body fat mass measured by the DBA system (%FM-
DBA) and the systolic blood pressure and seven metabolic risk factors 
showed a significantly rising linear relationship for the parameters Insulin, 
HOMA-IR, HDL-C and CRP. The corresponding correlation coefficients 
are r > 0.30. The parameters Glucose, TG, LDL-C and SBP had correlation 
coefficients r < 0.12.

Conclusions: To our knowledge, it is the first time that biochemical 
parameters and blood pressure are associated with increasing amounts of 
fat mass in human adults. The waist circumference (WC) as part of the 
MetS definition should be replaced by direct or indirect measurements of 
body fat estimation to give reliable information on individuals.

Keywords: Body composition analysis; Dahlmann-Body-Analysis (DBA); 
Body fat mass; Metabolic syndrome; ROC curve analysis
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Materials and Methods
Subjects

For this cross-sectional study subjects were recruited 
in the obesity consultation-hour of the endocrinological 
department in the University Hospital Bonn, Germany from 
January 2019 to May 2021. All patients were candidates 
for bariatric surgery and each of whom had a BMI ≥30 
kg/m2 with one exception (29.7 kg/m²). All participants 
were females of European descendent ranging in age from 
18-65 years. Exclusion criteria were pregnancy, oedema, 
skeletal malformation, and acute diseases (i.e. overt organ 
failure) and patients with known essential hypertension, 
diabetes Type I or genetic verified dyslipidemia. All study 
procedures were performed according to the ethical standards 
of the World Medical Association’s Declaration of Helsinki, 
approved by the institutional ethics review board. Written 
informed consent was obtained from each patient prior to trial 
participation. 

Measurements 
Body composition was assessed by single-frequency 

BIA device (Omron BF511, Kyoto, Japan). Body weight 
was measured to the nearest ±0,1 kg using the body weight 
scale of the BIA device with the patient standing in the centre 
of the scale platform, bare foot, wearing underwear. Body 
height (Ht) was obtained with a stadiometer (seca, Hamburg, 
Germany) with the patient standing, barefoot with the heels 
together, back upright, and arms stretched next to the body. 
Hand circumference (HdC) was measured by positioning a 
non-stretchable measuring tape in the horizontal plane over 
the base joints of the 2nd to 5th finger. The hand should be 
strained and the thumb splayed. The left hand is chosen for 
right-handed people, the right hand for left-handed people. 
The circumference of the abdomen (AC) was measured at 
the level of the iliac crest passing it along the umbilical level 
with the patients lying supine. Measurements were taken by 
fitting the tape snugly without compressing the underlying 
soft tissue. Readings of all measurements were taken to the 
nearest mm (±0.1 cm). BMI was calculated as weight divided 
by height in square meters (kg/m²). AC/Ht is calculated as 
the abdomen circumference divided by the height (cm/cm). 
The data of weight, height, HdC and AC are processed by 
the DBA model, based on a couple of algorithms, which 
were described in part previously [11,12].  One result is the 
percentage of fat mass (%FM). 

The study was performed in a double-blind form. 
Measurements were taken in Bonn, send to the first author, 
processed by the Dahlmann-Body-Analysis (DBA) system 
and send back. 

Metabolic variables
Blood pressure was measured in seated position with a 

Circumference; ADP: Air-displacement Plethysmography; 
BIA: Bioelectrical Impedance Analysis; BMI: Body Mass 
Index; BRI: Body Roundness Index; CRP: C-reactive 
Protein; CVD: Cardiovascular Disease; CUN-BAE: 
Clinica Universidad de Navarra-body Adiposity Estimator; 
DBA: Dahlmann-Body-Analysis; %FM: Percentage Fat 
Mass; HDL: High-density Lipoprotein; Ht: height; Hd: 
hand; HOMA-IR: Homeostasis Model Assessment of 
Insulin Resistance; LDL: Low-density Lipoprotein; MetS: 
Metabolic Syndrome; MHO: Metabolic Health Obesity; 
Ref-W: Reference Weight; SBP: Systolic Blood Pressure; 
TG: Triglycerides; W: weight; WC: Waist Circumference

Introduction
The prevalence of obesity has increased globally during 

the past few decades as an established risk factor for 
cardiovascular disease[1] and is associated with significantly 
higher all-cause mortality[2]. Notably, excessive body fat is 
associated with the occurrence of clinical complications that 
compromise the quality of life and survival of individuals, 
based on metabolic disorders[3]. The complex of these 
metabolic abnormalities is defined as Metabolic Syndrome 
(MetS), which is a complex disorder defined by a cluster of 
interconnected factors that increase the risk of hyperglycemia, 
dyslipidemia and elevated blood pressure, indicating a high-
risk condition for type 2 diabetes and cardiovascular disease. 
The diagnostic criteria have been modified several times. 
The most widely used definitions are critically discussed 
with particular focus on waist circumference as a proxy for 
abdominal obesity[4]. Beside waist circumference, different 
obesity indices are used to define MetS and it is still an 
ongoing debate, which anthropometric indices best reflect the 
risk potential[5-8].

Although research has been carried out in recent decades 
on MetS, the exact underlying etiology is still not completely 
understood. Many contributing factors and mechanisms have 
been proposed, including insulin resistance, adipose tissue 
dysfunction, chronic inflammation, etc.[9]. For that purpose, 
the study sets out to uncover the underlying mechanisms of 
MetS pathogenesis comparing metabolic and inflammatory 
variables with increasing amounts of fat mass (kg), which is 
given as percentage of body weight.

Aiming to solve this issue, the study refers to an 
anthropometric model named Dahlmann-Body-Analysis 
(DBA) involving simple anthropometric parameters to 
define a reference weight (Ref-W). It is based on the hand 
circumference as a proxy for skeleton frame[10,11] and 
the circumference of the abdomen as a proxy for central 
obesity[12]. The processed data of the DBA model represent 
the percentage of fat mass (%FM). The association of 
biochemical traits with individual fat mass offers the 
opportunity to identify risk factors rather than to focus on the 
diagnosis of MetS. 
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standard manual sphygmomanometer. Blood samples were 
obtained after overnight-fasting and analysed by standard 
procedures: C-reactive protein (CRP) was measured by 
a particle-enhanced immunoturbidimetric assay with a 
limit of quantitation = 0,6 mg/l (CRP4, cobas c702, Roche 
Diagnostics). Elevated levels were defined as ≥3,0 mg/l 
[13,14].  Fasting plasma glucose (FPG) was assayed by 
hexokinase enzymatic method (GLUC3, cobas c702, Roche 
Diagnostics) and plasma insulin by electrochemiluminescence 
immunoassay (ECLIA) (Elecsys Insulin, cobas e801, Roche 
Diagnostics). After complete hydrolysis, triglycerides (TG) 
were measured by an enzymatic colorimetric assay (TRIGL, 
cobas c702). High-density lipoprotein cholesterol (HDL-C) 
and low-density lipoprotein cholesterol (LDL-C) were 
measured on the basis of a cholesterol enzymatic method 
(LDL-CC3, HDLC4, cobas c702, Roche Diagnostics), setting 
the limit for LDL-C to a borderline high level in terms of risk 
for coronary heart disease as ≥130 mg/dl.

The homeostasis model assessment (HOMA-IR) was used 
to calculate insulin resistance (IR) according to the equation: 
HOMA-IR = fasting plasma glucose (mg/dl) x fasting insulin 
(mU/l)/405. Subjects were classified as having IR if the 
calculated value was ≥2.61[15].

MetS was defined according to the Joint Scientific 
Statement with waist circumference as a measure for central 
obesity being an obligatory component [9,16]. Persons are 
qualified for metabolic syndrome, if further two abnormal 
findings out of four are present: (1) high TG concentration, 
≥150 mg/dl (≥1.69 mmol/l), (2) low HDL cholesterol: <50 
mg/dl (<1.29 mmol/l) in women, (3) high fasting plasma 
glucose: ≥100 mg/dl (≥5.5 mmol/l) and (4) elevated systolic 
blood pressure ≥130 mmHg and/or ≥85 mmHg diastolic blood 
pressure, according to the National Expert Panel on Detection, 
Evaluation, and Treatment of High Blood Cholesterol in 
Adults (NCEP-ATP-III) update from 2005[17].

Statistical analyses
The characteristics of the study population were presented 

as means ± standard deviations (SD) for continuous variables 
or percentages for categorical variables. Outliers are identified 
by calculating the trimmed mean on the 5% level and then 
were checked to be significant on the 5% level by t-test 
according to the formula (xi-µ)/σ, where µ and σ are replaced 
by the mean and the standard deviation, respectively. If 
significant they were taken out. The remaining observations 
were controlled to be normal distributed by the Jarque-Bera 
test based on skewness and kurtosis[18]. Non-normalised 
parameters were logarithmic transformed (CRP, Insulin, 
HOMA-IR, TG and LDL-C). 

Differences between parameters of body composition 
assessed by different methods were tested by paired samples 
t-test. Association between the metabolic variables and 

%FM-DBA were analysed by linear regression analysis. The 
slope of the regression line was tested to be significant by 
t-test. Relationships between variables were examined using 
Pearson`s product-moment correlation coefficients (r). Means 
of correlation coefficients of each anthropometric index were 
compared using the Friedman test[19]. The Friedman test is 
a non-parametric test to repeated measures. Here, it is used 
to determine whether or not there is a statistical difference 
between the means of all groups of obesity indices in which 
the same subjects show up in each group. The Q statistic of the 
Friedman test gives an answer, whether paired samples (here 
correlation coefficients) come from the same population. The 
p-value associated with a given Q-value is approximated by 
a Chi² distribution.

Observed correlation coefficients were analysed to be 
different to zero using Fisher t-distribution. Prevalence was 
calculated according to the border values described above. To 
examine diagnostic ability of obesity indices for assessment 
of metabolic risk, we calculated sensitivity and specificity of 
obesity indices for creation of receiver operating characteristic 
(ROC) curves. Sensitivity was defined as the percentage of 
true positives meeting the proportion of individuals, fulfilling 
the criteria of MetS definition. Specificity is calculated as the 
number of true-negative test results divided by the number of 
persons without MetS. It is to emphasize that both parameters 
depend on the selected cut-off values of the metabolic 
risk factors, as pointed out in “Metabolic variables”. The 
corresponding Youden index is calculated as the sum of 
sensitivity and specificity in percentage points minus 100. 
Here, the index is weighting false-positive and false-negative 
test results of blood pressure and metabolic risk factors on the 
basis of the described cut-off thresholds. The diagnostic odds 
ratio (DOR) is the ratio of odds of a positive test result in an 
individual with MetS to the odds of a positive test result in an 
individual without MetS. A DOR of 1 is uninformative[20]. 
Values are calculated according to the formula: DOR = (Se/
(100-Se))/((100-Sp)/Sp). Based on the same assumption of 
thresholds, the false-positive test (FP) represents the false-
positive test result in a target population defined as MetS-
negative.

The area under the ROC curve (AUC) is computed as a 
single measure of overall accuracy that is not dependent upon 
a particular threshold. It indicates the probability that a person 
with MetS has a higher test value than a person without MetS, 
providing the means to compare the discriminative power of 
each anthropometric index. AUC values are usually used as 
criteria to compare overall performance of different screening 
tests. To compare the overall performance of AUC values 
we paraphrased the rules of Hosmer and Lemeshow[21], 
indicating that values between 0.8-0.7 are considered 
acceptable, values between 0.7-0.6 are considered poor and a 
value of 0.5 has no discriminative power at all.
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Cut-offs of obesity indices to calculate ROC curves were 
chosen as follows: for BMI in steps of 2 kg/m² in the range of 
30-50 kg/m², resulting in 10 steps, for AC in steps of 5 cm in 
the range of 94 to 147 cm, resulting in 10 steps, for AC/Ht in 
steps of 0,05 cm/cm in the range of 0,5-0,9 cm/cm, resulting 
in 7 steps, for %FM-DBA and %FM-BIA in steps of 3% in 
the range of 35-60 %, resulting in 7 steps each.

All statistics were performed in Excel (Office 2019, 
Microsoft Corporation, USA). Tests not available in Excel 
were calculated by hand. A p-value < 0.05 was considered 
statistically significant.

Results 
A data set of 63 severely obese Europid women were 

analysed and a group of 17 were identified as outliers by 
trimmed means on the 5% level. Of these, 10 proved to be 
significant. A set of two subjects with FPG values >230 mg/dl 
were completely taken out (n=61). Two had CRP values >24 
mg/dl and were excluded, three data of CRP were missing 
(n=56). TG, LDL and HDL each had two values >310 mg/
dl, >240 mg/dl, >100 mg/dl, respectively and were excluded 
(n=59). The remaining cases are summarized in Table 1.

Age ranged between 18 and 65 years. All subjects had a 
BMI ≥29.7 kg/m², an abdomen circumference ≥ 94 cm and 
a relationship AC/Ht ≥0.55 cm/cm. The mean of %FM was 
about 50%, measured by the two methods BIA and DBA, 
respectively. With the exception of Insulin, HOMA-IR, 

CRP and SBP the mean values of all the other metabolic risk 
factors are lying within the recommended normal range. The 
HOMA-IR value 4.6 is in the same order of magnitude (4.7) 
compared to a Brazilian study of obese women (BMI = 40.5 
kg/m²) [22].

We furthermore performed correlation analyses to 
elucidate associations between obesity indices and age. The 
results are presented in Table 2.

The correlation coefficients between age and %FM are 
negative for the BIA as well as the DBA measurement, 
indicating that younger women are more obese than older 
ones. All obesity indices were highly correlated with each 
other. The correlations between BMI and the indices of 
central adiposity AC (r=0.75) and AC/Ht (r=0.71) were lower 
than the one between BMI and the general adiposity marker 
(%FM). The highest correlation coefficient was found between 
BMI and %FM-DBA (r=0.91). Fat mass measurement, either 
performed by a BIA device or the DBA model, showed an 
excellent agreement expressed by a correlation coefficient of 
0.85 as a sign that both methods are equal to calculate the 
%FM. 

Associations between body fat mass measured by the 
DBA system (%FM-DBA) and the systolic blood pressure 
and seven metabolic risk factors are plotted in Figs. 1a – 1h.

The graphical representation shows a linear relationship. 
The equations of the corresponding regression lines are given 

  n Mean ±SD Median Min Max
 Age (years) 61 41.6 12.1 42 18 65

 Height (cm) 61 166.5 6.3 166.1 153.7 179.2

 Weight (kg) 61 108.1 16.5 105.4 80.6 147

 HdC (cm) 61 19.4 1 19.5 16.5 21.4

 AC (cm) 61 118.3 12.2 118.7 94 147

 AC/Ht (cm/cm) 61 0.71 0.07 0.71 0.55 0.89

 BMI (kg/m²) 61 38.9 4.9 38.2 29.7 51.7

 %FM-BIA (%) 61 49.8 4.5 49.6 36.9 59.2

 %FM-DBA (%) 61 49.1 4.8 49.4 35.9 57.9

 Glucose (mg/dl) 61 96.4 14.5 93 76 149

 Insulin (mU/l) 61 19.1 9.8 18.2 3.8 56.9

 HOMA-IR (mU/l, mg/dl) 61 4.6 2.8 3.9 0.7 18.6

 TG (mg/dl) 59 141.7 55.9 134 43 286

 HDL-C (mg/dl) 59 52.6 13.1 51 32 85

 LDL-C (mg/dl) 59 126.7 25.9 127 76 190

 CRP (mg/l) 56 5.9 4.1 4.6 0.9 19

 SBP (mmHg) 61 131.4 17.2 130 100 179

AC: Abdomen circumference; BIA: Bioimpedance analysis; BMI: Body mass index; CRP: C-reactive protein; DBA: Dahlmann-Body-Analysis; 
HdC: Hand circumference; Ht: Height; %FM: Percentage fat mass; HDL: High-density lipoproteins; HOMA-IR: Homeostasis model assessment of 
insulin resistance; LDL: Low-density lipoproteins; TG: Triglycerides; SBP: Systolic blood pressure

Table 1: Anthropometric and metabolic risk factors of obese German women
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in Table 3. The indicated regression coefficient represents the 
slope ß, which is a measure of the contribution of body fat 
volume toward the depending metabolic variables. A positive 
relationship is represented by a rising (ß > 0) or falling (ß < 
0) regression line. The t-test (null hypothesis ß = 0) revealed 
significant rising slopes for the parameters Insulin, HOMA-
IR, and CRP and HDL-C showing an inverse relation. The 
corresponding correlation coefficients are all I > 0,30 I. 
The traits Glucose, TG, LDL-C and SBP have correlation 
coefficients r < 0.12.

All of the study participants were obese, independent of 
the obesity index measured (Table 4). Consequently, there 
was an alarming high prevalence of morbidity given that 
more than 80% of subjects were insulin resistant, about 
40% had dyslipidemia, three quarters showed signs of 
inflammation and nearly half of them (44.3%) suffered from 
MetS (Table 4). Comparing subjects with MetS to subjects 
without MetS, there were no significant differences in age and 
obesity indices except AC and AC/Ht, who were different on 
a weak significant level. Mean values of FPG, TG, HDL-C 
and SBP were significantly impaired compared to subjects 
without MetS.

The associations between different obesity indices and 
the logarithmically transformed metabolic risk factors are 
shown in Table 5 as a matrix of absolute values of correlation 
coefficients. The HOMA variable is excluded as a non-
independent variable calculated out of Glucose and Insulin. 
The correlation coefficients were tested to be different to zero 
as a proof of a significant relationship. This holds true for 
all obesity indices and the parameters Insulin, HDL-C and 
CRP. There are two exceptions, namely the relationship TG 
vs. AC/Ht and SBP vs. AC. The overall pattern of correlation 
coefficients reveals that none of the adiposity indices is of 
crucial advantage to detect metabolic risk factors. Notably, 
BMI and the %FM measurements (BIA and DBA) spread 
out a homogeneous picture. This impression is confirmed 
by the Friedman test. The test statistic is Q = 1.60 and the 

corresponding p-value is p = 0.81 and with that exceeds 
the critical level of 0.05 by far. The result gives sufficient 
evidence to conclude that there is no significant difference 
between the means of all obesity indices calculated out of all 
metabolic parameters.

HOMA-IR showed good sensitivity but poor specificity 
resulting in a Youden Index of 22.0%. The Youden Index of 
Glucose, TG, HDL and SBP were all above 45% (printed in 
bold). This corresponds to DOR values about 9 and greater, 
meaning that the chance of a positive result in individuals 
with MetS is 10 times greater than in individuals without 
MetS. The values of all other risk factors like Insulin, LDL-C 
and CRP were below 22% corresponding to DOR values 
<5.2.

Based on the same assumption of thresholds, the false-
positive tests (FP) represent the false-positive test results in a 
cohort of individuals defined as MetS-negative. As depicted 
in Figure 2, almost 95% of MetS-negative subjects had a 
positive test result of at least one parameter, in the average 
1.9. The candidates with the highest values >40% were CRP, 
HOMA and LDL-C, which are the parameters not being 
involved in the definition of MetS. Compared to results based 
on the MetS definition that is, based on the traits Glucose, 
TG, HDL, and SBP, the FP-rate was still 67.7% with an 
average of 1.0 parameter.

In Figure 3, the accuracy of adiposity indices with respect 
to the prediction of ≥2 component traits of MetS (elevated 
blood pressure, TG or glucose level) is compared by using 
plots of receiver operating curves (ROC). AUC values for 
the obesity indices BMI, AC/Ht and %FM-DBA are shown 
(0.63; 0.75; 0.65). The AUC values for AC and %FM-BIA 
were calculated as 0.70 for both parameters each.

AUC values of the different obesity indices were all in 
a similar range and reached values between 0.63 and 0.75. 
Furthermore, with the exception of AC/Ht (AUC = 0.75), all 
given AUC values fall below the discrimination level of 0.7

  Age Height Weight HdC AC AC/Ht BMI %FM-BIA %FM-DBA

Age 1                

Height -0.17 1              

Weight -0.13 0.56 1            

HdC 0.12 0.23 0.36 1          

AC -0.05 0.15 0.7 0.39 1        

AC/Ht 0.02 -0.21 0.49 0.3 0.93 1      

BMI -0.06 0.07 0.86 0.28 0.75 0.71 1    

%FM-BIA -0.28 0.05 0.72 0.14 0.7 0.67 0.83 1  

%FM-DBA -0.13 0.11 0.82 0.12 0.74 0.69 0.91 0.85 1

AC: Abdomen circumference; BMI: Body mass index; BIA: Bioimpedance analysis; DBA: Dahlmann-Body-Analysis; HdC: Hand circumference; 
Ht: Height; %FM: Percentage fat mass

Table 2: Results of the correlation analyses between obesity indices and age
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Figure 1: Association of metabolic risk factors with %FM detected by the DBA method. Insulin, HOMA-IR, HDL-C and CRP correlated 
positively with %FM-DBA (1b-d, 1g). In contrast, Glucose, TG, LDL and SBP showed no significant correlation (1a, 1e-f, 1h). The 
corresponding regression equations, R², r and p values are displayed in Table 3. Trend lines were calculated as linear regressions. ß > 0, slope 
is significant to zero
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Metabolic Parameters Linear Regr. Equation R² r Slope p-value
Glucose (mg/dl)   y = 0,20x + 86,4 0,005 0,07      ß 0,604

Insulin (mU/l)   y = 0,95x - 27,5 0,217 0,47      ß* 0,001

HOMA-IR (mU/l, mg/dl)   y = 0,24x - 6,9 0,162 0,40      ß* 0,001

TG (mg/dl)   y = 1,20x + 79,6 0,012 0,11      ß 0,411

HDL-C (mg/dl)   y = -0,82x + 92,8 0,094   -0,31      ß* 0,018

LDL (mg/dl)   y = 0,08x + 122,7 0,000 0,02      ß 0,909

CRP (mg/l)   y = 0,33x - 10,1 0,153 0,39      ß* 0,003

SBP (mmHg)   y = 0,42x + 111,1 0,013 0,12      ß 0,376

* a p-value < 0,05 was considered significant

Table 3: Regression analysis of metabolic parameters vs. %FM-DBA

  All Prevalence MetS Without-MetS  

  n n % n mean ±SD n mean ±SD p

Age, years       27 42.2 11.6 34 41.1 12.6  

AC, >88 cm 61 61 100 27 122.4 13.1 34 115 10.7 *

AC/Ht, ≥0,5 cm/cm 61 61 100 27 0.74 0.08 34 0.69 0.06 *

BMI, ≥30 kg/m² 61 61 100 27 40.1 5.8 34 38 4.1  

%FM-BIA, ≥30% 61 61 100 27 50.7 4.5 34 48.9 4.4  

%FM-DBA, ≥30% 61 61 100 27 49.8 4.7 34 48.5 4.9  

Glucose ≥100 mg/dl 61 16 26.2 27 104.6 15.6 34 89.9 9.5 *

Insulin ≥25 (mU/l) 61 14 23 27 21.6 8 34 17.2 10.8  

HOMA-IR ≥2,61 61 49 80.3 27 5.5 2.1 34 3.9 3.1  

TG, ≥150 (mg/dl) 59 21 35.6 26 177.5 51.3 33 113.5 38.6 *

HDL-C < 50 (mg/dl) 59 28 47.5 27 47.1 11.4 33 57.3 12.7 *

LDL-C ≥130 mg/dl 59 26 44.1 25 126.7 25.9 34 126.7 26.2  

CRP ≥3,0 (mg/l) 56 39 69.6 27 6.4 3.6 29 5.3 4.5  

SBP ≥130 (mmHg) 61 33 54.1 27 140.7 14.9 34 124.1 15.2 *

MetS 61 27 44.3              

AC: Abdomen circumference; BIA; Bioimpedance analysis; BMI: Body mass index DBA: Dahlmann-Body-Analysis; CRP, C-reactive protein; 
HC, Hand circumference; Ht, Height; HOMA-IR. Homeostasis model assessment of insulin resistance; HDL, High-density lipoproteins; LDL: 
Low-density lipoproteins; %FM: Percentage fat mass; TG: Triglycerides; SBP: Systolic blood pressure. * p > 0.05

Table 4: Prevalence and descriptive characteristics of metabolic risk factors in the study population with and without MetS

  BMI AC AC/Ht %FM-BIA %FM-DBA

CRP, log *0.41 *0.45 *0.41 *0.51 *0.41

Glucose 0.1 0.18 0.26 0.07 0.07

Insulin, log *0.44 *0.35 *0.33 *0.48 *0.48

TG, log 0.13 0.24 *0.34 0.19 0.14

HDL *-0.43 *-0.37 *-0.44 *-0.36 *-0.31

LDL, log 0 -0.04 0.01 -0.07 0.04

SBP 0.17 *0.27 0.25 0.18 0.12

Mean 0.12 0.15 0.17 0.14 0.14

AC: Abdomen circumference; BMI: Body mass index; BIA, Bioimpedance analysis; DBA, Dahlmann-Body-Analysis; Ht, Height; %FM: 
Percentage fat mass; log: Values are logarithmic transformed; * p < 0.05

Table 5: Pearson correlation coefficients between anthropometric and metabolic risk factors, tested different to zero
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Discussion 
The present study reports on the relationship of increasing 

amounts of overweight, estimated by different anthropometric 
indices in a cohort of hundred percent obese individuals and 
is focused on the investigative work into the proximal origins 
of the MetS. One main finding of our study is that %FM, 
either measured by the DBA system or a BIA device, had no 
advantage over indirect indices of obesity (BMI, AC, AC/Ht) 

in the assessment of obesity-related metabolic risk, at least at 
the population level and with that the study comes to the same 
result as shown before[25]. The significant difference of AC 
and AC/Ht between MetS positive and negative populations 
is not a contradiction as they are different by definition. This 
observation is in line with previous studies [23,24]. This 
holds true, independent of the inaccuracies of impedance 
measurements, since similar results were produced by the use 
of densitometry (ADP) for body composition analysis[25] 
or by underwater-weighing to assess fat mass, adding little 
additional information to BMI with respect to cardiovascular 
disease risk factors in females[26]. 

Comparing the accuracy of MetS prediction by %FM 
(DBA or BIA), BMI, AC, or AC/Ht, the analysis of ROC 
curves revealed similar AUC values for different obesity 
indices lying in a range between 0.63 and 0.75, suggesting an 
equivalent value of methods. Measurements taken from Han 
Chinese confirm these findings. The pairwise comparison 
indicated that the differences between the AUCs for waist 
circumference, waist-to-height ratio, and BMI - all lying 
below a value of 0.75 - were not statistically different for a 
comparable group of women [27,28]. Furthermore, the values 
are so low that they are considered to deliver no sustainable 
information. This is the second result, which agrees with the 
data of Bosy-Westphal [25] and two other studies, including 
the indices ABSI, BRI and CUN-BAE [7, 29]. Of all indices, 
AC/Ht was the main predictor of metabolic risk, a result 
which is conform to our study. However, at the end, they 
were all equivalent in their non-ability to predict MetS and 
no AUC analysis exceeded a value ≥0.75 in women, which is 
at the low end of acceptable discrimination[21]. These data, 
derived from Europid descendants, match with female Malay, 
Chinese and Indian results not exceeding AUC values ≥ 0.7 
for the anthropometric indices BMI, waist circumference and 
waist-to-hip ratio, respectively[28]. In addition, the results 
are consistent with findings that waist indices do not perform 
better than BMI in the prediction of hypertension with AUCs 
lying in a range of 0.64 – 0.72[30]. The interpretation of AUC 
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Figure 3: Receiver operating characteristic curve of anthropometric 
indices (BMI, AC/Ht, %FM-DBA) for predicting MetS.

Classsification based on: Sensitivity (%) Specificity (%) Youden-Index (%) DOR
Glucose ≥100 (mg/dl) 51.9 94.1 46 17.2

Insulin ≥25 (mU/l) 33.3 85.3 18.6 2.9

HOMA-IR ≥2,61 92.6 29.4 22 5.2

TG ≥150 (mg/dl) 69.2 90.9 60.1 22.5
HDL-C < 50 (mg/dl) 77.8 78.1 55.9 12.5
LDL-C ≥130 mg/dl 48 58.8 6.8 1.3

CRP ≥3,0 (mg/l) 77.8 37.9 15.7 2.1

SBP ≥130 (mmHg) 81.5 67.6 49.1 9.2

DOR: Diagnostic odds ratio

Table 6: The sensitivity, specificity, Youden-Index and the diagnostic odds ratio of metabolic risk factors classifying individuals as MetS 
positive

Figure 2: Depicted are the positive test results in percent of a cohort 
of MetS-negative subjects (n = 34), defined as false positive (FP) 
rate for the systolic blood pressure (SBP) and a couple of metabolic 
risk factors. All: is the sum of all positive test results in percent.
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values according to the Hosmer-Lemeshow classification 
found entrance in clinical studies like the classification 
of breast lesions as benign versus malignant[31] and the 
association of adiposity with the risk of death[32].

Taken together, these results suggest that, at least at the 
basis of mass statistic, none of the discussed anthropometric 
indices was of superior diagnostic power compared with each 
other and was able to contribute significant information to the 
diagnosis of MetS. Furthermore, the data show that MetS is 
a composite of individual component traits, where each trait 
is differently associated with obesity indices. However, this 
result does not challenge the issue that the knowledge of body 
fat at the level of individuals is of minor interest.

To give an answer to this question, we compared the 
metabolic risk factors SBP, Glucose, TG and HDL-C and, 
in addition, the biochemical parameters Insulin, LDL-C and 
CRP, respectively, with increasing amounts of fat mass, 
expressed in percent. Insulin was measured as part of the 
HOMA index. CRP was included to the investigation as 
recent studies have shown that CRP is elevated in subjects 
with MetS and predicts the development of MetS[33]. LDL-C 
is part of the study as the primary driver of atherogenesis and 
the endpoint of MetS development leading to a transformation 
of macrophages to an inflammatory phenotype[34].

To our knowledge, it is the first time that biochemical 
parameters and blood pressure are associated with increasing 
amounts of fat mass in human adults. The third result is that a 
significant relationship could be proven for Insulin, HOMA-
IR, HDL-C and CRP. These results are in accordance with 
data showing HOMA-IR and CRP increasing monotonously 
against the number of MetS components and HDL-C as 
a variable that contributes most to the level of CRP [33]. 
Elevated CRP levels reflect the macrophage activity, either in 
adipose tissue[35] or in the intima of arterial vessels [36] as 
an expression of an obesity induced low-grade inflammatory 
status. 

In contrast to these results, the variables Glucose, 
TG, LDL-C and SBP had no significant association to 
the increasing amount of body fat, indicating that the 
atherosclerotic process is not yet as severe to result in an 
elevated blood pressure. Obviously, they don’t represent 
the patho-biochemical process, at least at this point of time 
axis as the metabolic health is a dynamic and continuous 
process with a metabolic deterioration over time[37]. Taken 
together, the data enrol the picture of a group that is, despite 
the seriousness of obesity, still in the state of a prediabetes. 
This interpretation is in conflict with the results of Table 6. 
The highest diagnostic values for MetS detection, calculated 
as Youden Index or DOR, are found for the traits Glucose, 
TG, HDL-C and SBP. But one has to keep in mind that these 
are exactly the parameters reflecting the MetS definition.

Usually, the false-positive rate is of minor interest. Here, 
it may contribute to a long-lasting, still open debate based on 
observations that a proportion of individuals with obesity has 
a significantly lower risk for cardiometabolic abnormalities. 
This led to the concept of metabolically healthy obesity 
(MHO). The actual harmonized definition of MHO is based 
on obesity (BMI ≥30 kg/m²), Glucose, TG, HDL-C and 
SBP with thresholds to be identical with MetS definition 
(for review see [38]). For the present cohort of obese MetS-
negative individuals our data reveal a FP-rate of about 68% 
which ramps up to about 95% if the parameters Insulin, CRP 
and LDL are included into consideration. This leads to the 
conclusion that the concept of MHO is not supported by our 
data and adds to the evidence base that the majority of obese 
are metabolically not healthy. 

As the whole patho-biochemical process takes decades 
from a prediabetic status to T2DM, atherosclerosis and 
cardiovascular disease, the MetS definition should be thought 
over with regard to a damage score including the variables 
Insulin, LDL-C and CRP to identify patients at risk. In 
any case, the field methods for body composition analysis, 
notably BMI[39] and AC, are of low advantage as an index 
of obesity related health risk. As a surrogate for abdominal 
obesity they lag behind direct assessment of adiposity and 
should be replaced by direct or indirect measurements of 
body fat estimation like DXA, ADP, BIA devices or the DBA 
model to give reliable information on individuals.

Study weakness includes possible limited generalization 
of the results to populations other than those included in 
this study. Future research, notably in men, should involve 
individuals with a wider weight range and other ethnicities.

Conclusion
To our knowledge, it is the first time that a linear 

relationship between biochemical parameters and blood 
pressure is associated with increasing amounts of fat mass 
in human adults. Significant relationship could be proven for 
Insulin, HOMA-IR, HDL-C and CRP. The MetS definition 
should be thought over with regard to a damage score 
including the variables Insulin, LDL-C and CRP. In any 
case, the waist circumference as part of the MetS definition 
is a surrogate for abdominal obesity and should be replaced 
by direct or indirect measurements of body fat estimation 
like DXA, BIA devices, or the DBA model to give reliable 
information on individuals.
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