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Background: Reliable obesity assessment is essential in evaluating the risk of cardiovas-
cular risk factors (CRFs). Non-availability of clearly defined cut-offs for body fat percentage
(BF%), as well as a widespread application of surrogate measures for obesity assessment,
may result in incorrect prediction of cardio-metabolic risk.

Purpose: The study aimed to determine optimal cut-off points for BF%, with a view of
predicting the CRFs related to obesity.

Patients and Methods: The study involved 4735 (33.6% of men) individuals, the Polish-
Norwegian Study (PONS) participants, aged 45-64. BF% was measured with the aid of
bioelectrical impedance analysis (BIA) method. The gender-specific cut-offs of BF% were
found with respect to at least one CRF. A P-value approach, and receiver operating
characteristic curve analyses were pursued for BF% cut-offs, which optimally differentiated
normal from the risk groups. The associations between BF% and CRFs were determined by
logistic regression models.

Results: The cut-offs for BF% were established as 25.8% for men and 37.1% for women. With
the exception of dyslipidemia, in men and women whose BF% was above the cut-offs, the odds
for developing CRFs ranged 2—4 times higher than those whose BF% was below the cut-offs.
Conclusion: Controlling BF% below the thresholds indicating an increased health hazard
may be instrumental in appreciably reducing overall exposure to developing cardio-
metabolic risk.
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Introduction

Being overweight and obesity are commonly acknowledged key risk factors for non-
communicable diseases (NCDs)."? Obesity is deemed an independent cardiovascular
risk factor (CRF).? Other CRFs: age, gender, hypertension, dyslipidemia, diabetes
mellitus, smoking, unhealthy diet, physical inactivity, and family history.>® In 2016,
11% of men and 15% of women in the world population were obese.” According to the
World Health Organization (WHO), prevalence of obesity in the world population is an
epidemic and causes more deaths than underweight.”* Based on the prognosis, obesity
is expected to affect 18% of men, and 21% of women in 2025.° In line with WHO
definition, overweight and obesity are construed as an excessive or abnormal accumu-
lation of fat in the body creating a health hazard.” Adipose tissue biology is an essential
factor affecting CVDs,'® while obesity — a generally acknowledged social phenom-

enon, as well as one of the key public health issues.'""'?
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One of the most commonly applied, severe measures of
obesity is body mass index (BMI). Given the scale of the
problem, the determination of overweight and obesity
thresholds based on BMI was deemed essential in terms
of public health considerations."® In 1998, WHO proposed
the standards for international assessment of BMI classify-
ing overweight >25 kg/m 2, and obesity >30.0 kg/m 2.'*!>
In 2004, WHO experts initiated consultations on the revi-
sion of the existing BMI cut-off thresholds for Asian
populations. No attempt has been made, however, to
have the cut-offs for each population redefined separately,
and consequently the existing international classification
guidelines have been retained.'®

BMI is not an exact measure in obesity assessment,'”

as
it fails to take into account the differences in body composition
related to, eg, age, gender, ethnicity and race.'®'” Other com-
monly applied measures in obesity assessment, especially
central obesity, are waist circumference (WC), and waist-to-
hip ratio (WHR). Like BMI, they are based on simple anthro-
pometric measurements and easy to calculate.”**' They also
have clearly defined gender-specific cut-offs for obesity, and
according to some authors are more sensitive in predicting
overall risk of CVDs.***?

Some investigators believe the body fat content (BF)
rather than BMI to be a more effective indicator of actual
obesity.” In line with the clinical definition of obesity, its
assessment should preferably be based on fat content per-
centage (BF%) which can be measured, while making use
of the presently available methods (inter alia, dual energy
X-ray absorptiometry — DXA and bioelectrical impedance
analysis — BIA).** Although DXA has long been consid-
ered the gold standard in accurate body composition
assessment, it is also an expensive, time-consuming, high-
tech, and difficult to apply in clinical practice.”* An alter-
native to DXA is BIA, relatively cheap and simple to
apply, which may be used for inpatients, as well as in
field trials, especially when there is a shortage of both
specialist diagnostic equipment and qualified medical per-
sonnel on site.”> BIA has been used in assessing body
composition in large epidemiological studies (ie,
MONICA, NHANES).?® Although the studies indicate
that BIA and DXA methods are interchangeable at
a population level, a reported lack of compatibility at an
individual level, regardless of the BMI value, may be
rather hard to accommodate by clinicians.?’

Even though the BMI thresholds for overweight and
obesity, as established by WHO, are well defined, it is far
from obvious what the actual cut-offs for BF% are. It is

commonly believed that BF>25% for men and BF>35%
for women put the individuals in the obese category.”®*’
On the other hand, this position is not reflected in the
official WHO reports, thus opening the way for addressing
the issue of the actual cut-off thresholds for obesity based
on BF%, as well as on the impact of excessive accumula-
tion of body fat on overall risk of developing cardiovas-
cular diseases (CVDs).>* The study aimed to determine
optimal cut-off points for body fat content in seniors and
younger individuals, with a view to predicting the obesity-
related cardiovascular risk factors.

Patients and Methods
The Polish-Norwegian Study (PONS)

The PONS Project, ie, “Establishment of infrastructure for
population health research in Poland”, pursued in colla-
boration with Norwegian researchers, aimed at collecting
population data, with a view to assessing the main deter-
minants of individual health, and generally addressing the
causes of morbidity and mortality in Poland. Within the
period spanning Sept. 2010 - Dec. 2011, all men and
women aged 45-64 (n=110,000), residents of both urban
and rural districts were invited to attend the PONS study.
Ultimately, within 16 months, 12% (n=13,172) of the
target population were recruited to the PONS study,
including 4799 Kielce residents. The study protocol
embraced an individual Health Status Questionnaire, med-
ical examination, basic anthropometric measurements, and
biological blood and urine sampling. More detailed infor-
mation on the recruitment for the PONS study may be
found in our previously published paper, i.e.*!

Data Verification

In pursuance of the statutory right to access personal data, the
present study made use of pertinent data on PONS partici-
pants, ie, permanent Kielce residents. The verification cov-
ered the representative sample of 4799 (33.7% of men)
survey participants. Based on the assessment of the data
completeness, all cases (n=64) of missing information neces-
sary to define the established study endpoints (Figure S1:
Supplementary Materials) were removed from the database.

Ultimately, 4735 (33.6% of men) participants, mean age 55.1
years, were pronounced eligible for a detailed assessment.

Anthropometric Measurements
Body weight with an accuracy of up to 0.1 kg, and per-
centage of body fat was assessed by BIA method using
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Tanita S.C.-240 MA tetra polar body composition analy-
ser. The analyser complies with NAWI CLASS III stan-
dards for the scales in use for medical measurements,
boasts European Union CE0122 certification, and meets
the requirements of Medical Device Directive (MDD 93/
42/EEC. Measurements frequency was 50 kHz, measure-
90 puA,
150-1200Q2). All measurements were taken using the

ments current and measurements range
standard settings. The prior-measured body height, age,
and gender were manually entered into the analyser.
During the actual measuring procedure, the subjects
were minimally dressed, barefoot, and instructed to main-
tain a stable posture by keeping contact with all four
electrodes of the analyser with their feet. BF% was
assessed with the aid of the device’s built-in equations.
Growth was measured with the accuracy of up to 0.1 cm in
an upright position with a Seca height measure. BMI was
calculated as the quotient of body weight in kilograms
divided by the body height in meters squared (kg/m ).
Anthropometric measurements of body circumferences
were made with a metric tape with an accuracy of
0.1cm. WC was measured at the navel or at the waistline.
Hip circumference was measured at the widest part of the
hips. WHR and WHTR were calculated as the ratio of the
circumference of the waist to the circumference of the hips
and the circumference of the waist to the height of the
body, respectively. Systolic (SBP) and diastolic (DBP)
blood pressure was measured by a blood pressure monitor
Omron (Model M3 Intellisense) and calculated as an
average of two consecutive readings taken by medical
personnel.

Laboratory Measurements

Serum measurements were completed in an onsite labora-
tory against applicable reference standards. Fasting blood
glucose (FBG), total cholesterol (TC), high-density lipo-
proteins (HDL-C) and triglycerides (TG) concentrations
were determined using enzymatic methods. The estimation
of low-density lipoprotein cholesterol (LDL-C) level was
performed using Friedewald’s equation for TG level less
than 400 mg/dl. Laboratory tests were performed with CB
350iWiener Lab (Table S1: Supplementary Materials).

Definitions of the Outcomes

Hypertension was defined as SBP>140 and DBP>90 mm/Hg,
or self-reported hypertension under treatment. Dyslipidemia
was defined as TC>190 mg/dl and/or HDL-C<40 mg/dl for
men (HDL-C<45 mg/dl for women) and/or LDL-C>115 mg/

dl and/or TG=>150 mg/dl, or self-reported dyslipidemia under
treatment. Diabetes mellitus was defined as FBG>126 mg/dl,
or self-reported diabetes mellitus under treatment. Clustered
CRF’s >1, >2, and 3 were defined as at least one, two, or

exactly three risk factors, respectively.

The Individual Health Status

Questionnaire

Smoking status, alcohol consumption, and physical activ-
ity were established in line with the Health Status ques-
status
consumption were categorised in much the same way, ie,

tionnaire constraints. Smoking and alcohol
never (never or former), and current smoker or drinker.
Moderate to vigorous physical activity at leisure (MVPA)
was calculated against International Physical Activity
Questionnaire (long version). MVPA was calculated
based on the number of days and duration of physical

activity in leisure time.

Statistical Analysis
Basic characteristics of the variables under study are presented
as means =+ standard deviations, as well as numbers and
percentages. The significance of the differences encountered
in the groups of men and women, respectively, was estab-
lished by an independent #-test (continuous variables), or chi-
square test (categorized variables). The homogeneity of
variance was examined by the F-test. Within both gender
groups separately, the cut-offs of BF% variable were estab-
lished with respect to variable >1 CRF (at least one of CRF).
This was implemented on the basis of series of chi-square
independence tests, duly evaluated for the contingency tables
crated each time for the following pair of variables: >1 CRF
and dichotomised BF% for particular gender.>* The above-
referenced dichotomizations were accomplished for every
consecutive unique value of a particular sample (ie, percen-
tage of body fat within a gender group), whilst discarding the
four lowest and the four highest unique values (due to some
computational factors). Consequently, the cut-offs for BF%
were established as 25.8% for men, and 37.1% for women
(Figure 1).
Receiver Operating Characteristics (ROC) Curve
Analyses were applied to have the so obtained estimates
subsequently verified. The same sex-specific cut-offs were
noted for the predictive variable BF% (>1 CRF was a binary
classifier). The ROC analysis was applied to determine the
discriminatory power of BF% in differentiating adults with at

least 1 CRF (hypertension, dyslipidemia, diabetes mellitus).
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Figure | Percentage body fat cut-off by at least one of CRF, separately for men and
women.

Optimal cut-off values were determined as a specific point on
the curve whereupon Youden index (defined as sensitivity +
specificity-1) was at the maximum. The area under the curve
(AUQ), ranging between 0 and 1 (a worthless and a perfect
test, respectively), was used to predict cardio-metabolic risk
based on BF%. Sex-specific correlation of BF% and BMI (as
continuous variables) was examined with the aid of
Spearman’s rank correlation coefficients. Distributions of
study variables were determined by Shapiro—Wilk test.
Association between BF% and BMI (as categorical vari-
ables) was examined by chi-square test. Unadjusted and
adjusted odds ratios (ORs) and 95% confidence intervals
(ClIs) were determined in line with the logistic regression
models. Covariates for adjusted ORs were age, smoking
history, alcohol drinking, and MVPA status. Confidence
intervals were based on the profiled function of the credibility
logarithm. Population attributable risk (PAR%) due to a risk
factor, which could be reduced, should this risk factor be
eliminated, was calculated whilst making use of the gender-
specific cut-offs for BF% for each single and clustered CRFs

separately, in compliance with the following formula:**3

PAR(%) =100« P(OR — 1)/[P(OR - 1)+ 1]% (1)
where:

P was a percentage of persons with BF% above gen-
der-specific cut-offs

OR was the age-adjusted ORs for CRFs in the subjects,
whilst making use of the gender-specific cut-offs for BF%.

P values <0.05 were deemed statistically significant.
All statistical analyses were completed with the aid of
Rv. 3.53.

Sensitivity Analysis
Two separate sensitivity analyses were carried out at two
different stages of the main analysis.

Stage 1 — Identification of the cut-off points for BF%.
Due to potential changes in the subjects’ body composition
resulting from specific types of cancer, clinical stage, and
the actual method of oncological treatment applied, all
cases (n=191) with confirmed cancer in medical history
were excluded from the study database. Subsequently,
much as in the main analysis, the gender-specific cut-offs
for BF% were established with respect to at least one CRF.
Consequently, BF% cut-offs for men changed slightly
(25.6% as per the sensitivity analysis, and 25.8% as per
the main analysis), while for women they remained unal-
tered (Figure S2: Supplementary Materials). Therefore, all

the analyses at issue were based on the gender-specific cut-
offs estimated against the results yielded by the main
analysis.

Stage 2 — assessment of the associations of single and
clustered CRFs under study with respective BF% cate-
gories. All subjects (n=679) with self-reported CVDs
(Figure S1: Supplementary Materials) were excluded

from the study database. Subsequently, the adjusted logis-
tic regression models were fitted with the same set of
CRFs and covariates, as in the main analysis.

Results

The study protocol covered 4735 individuals from differ-
ent age groups (age range 45-64 years); men accounting
for 33.6% of the population sample (Table 1). The mean
values of body height, weight, BMI, WC, WHR, WHTR,
SBP, DBP, FBG, TG and hypertension, diabetes mellitus,
>2 and 3 CRFs were significantly higher in men than in
women. Men were also found to consume alcohol more
frequently. Despite higher mean values of BF% indexes
and higher incidence of obesity in men, women had sig-
nificantly higher mean values of BF%. The mean BF%,
concentrations of HDL-C, LDL-C and TC, were signifi-
cantly higher in women than in men.

With the exception of dyslipidemia, the prevalence of
other single and clustered CRFs under study was higher in
men than in women (Figure 2). The prevalence of >1 CRF
in men with 20-25% BF was 87.7%, which was equivalent
to that of women with 30-35% BF (87.2%). Dynamic
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Table | Basic Characteristics of the Study Group Total, and
Stratified by Gender

Variables Men Women Total
(n=1590) (n=3145) (n=4735)
Age (years) 55.045.6 55.1+£5.3 55.1+5.4
Height (cm) 173.8+6.4 159.9+5.8° 164.6+8.9
Weight (kg) 85.5+12.7 70.3%12.17 75.4£14.3
BMI (kg/m ) 28.3+3.8 27.5+4.7° 27.8+4.4
WC (cm) 98.5£10.3 86.5+11.3% 90.5+12.3
WHR 1.00.1 0.8+0.1* 0.9+0.1
WHTR 0.6£0.1 0.5+0.1% 0.6£0.1
Body fat (%) 26.7+6.2 35.6+6.4* 32.6x7.6
SBP (mm/Hg) 142.4+18.2 134.7+18.8° 137.3+19.0
DBP (mm/Hg) 84.31£10.2 80.0+9.9° 81.4£10.2
FBG (mg/dl) 101.4£19.7 | 95.4+17.2° 97.4£18.3
HDL-C (mg/dl) 52.3%12.4 62.6+14.9° 59.1£14.9
LDL-C (mg/dl) 125.4+33.6 128.5+33.5° 127.5+£33.5
TC (mg/dl) 203.2+38.1 213.0£37.2% 209.7+£37.8
TG (mg/dl) 127.5+64.9 110.1£53.6° 115.9+£58.2
Hypertension, 803 (50.5) 1345 (42.8)* 2148 (45.4)
n (%)
Dyslipidemia, 1244 (78.2) | 2525 (80.3) 3769 (79.6)
n (%)
Diabetes mellitus, 166 (10.4) 176 (5.6)* 342 (7.2)
n (%)
2| risk factor, 1444 (90.8) | 2818 (89.6) 4262 (90.0)
n (%)
22 risk factors, 683 (43.0) 1132 (36.0)* 1815 (38.3)
n (%)
3 risk factors, 86 (5.4) 96 (3.1)* 182 (3.8)
n (%)
BMI=25, n (%) 1298 (81.6) | 2125 (67.6)* 3423 (72.3)
BMI=30, n (%) 461 (29.0) 801 (25.5)° 1262 (26.7)
Smoker, n (%) 296 (18.6) 537 (17.1) 833 (17.6)
Drinker, n (%) 1445 (90.9) | 2659 (84.6)° 4104 (86.7)
MVPA, n (%) 534 (33.6) 1043 (33.2) 1577 (33.3)

Notes: Data are presented as mean * standard deviation unless stated otherwise.
3p< 0.001; °P<0.01 significantly different from men.

Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-
hip ratio; WHTR, waist-to-height ratio; SBP, systolic blood pressure; DBP, diastolic
blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein; LDL-
C, low-density lipoprotein; TG, triglyceride; TC, total cholesterol; MVPA, moderate
to vigorous physical activity in leisure.

increase of hypertension and >2 CRFs prevalence was
observed in men with 20% BF, and in women with more
than 30% BF. The prevalence >2 CRFs in men with
30-35% BF was 56.4%, which corresponded to women
with 40—45% BF (51.6%). The prevalence of >3 CRFs in
women who had 25-30% BF was over 5 times lower than
in men with similar BF% (Table S2: Supplementary
Materials).

The percentage of men and women in particular BF%

categories (different body fat groups) was highly differentiated

(Figure 3). The cumulative percentage of observations in the
groups of up to 30% of BF was 4 times higher in men (73.7%)
than in women (18.4%). The BF content ranging 20-30%
pertained to 62.6% of men and only 16.9% of women. In
more than half of the women (56.2%) the BF content ranged
30-40%.

Sex-specific correlations of BF%, and BMI were
highly significant. Spearman’s rank correlation coefficients
were 0.8 and 0.9 for men, and women, respectively. The
association between the estimated BF% categories, and the
commonly accepted BMI categories was also significant
(Table S3: Supplementary Materials). In both genders,
more than 90% of individuals with BF% below the cut-
off threshold were usually of normal weight. Similarly,

over 90% of men and women with BF% above the cut-
offs were obese.

Based on the ROC analysis, in both men and women, the
classification of cases into risk groups with and without >1
CRF proved to pertain more to specificity than sensitivity
(Table 2). Based on the estimated cut-offs for BF%, almost
72% of men and 73% of women could then be correctly
classified into the groups without >1 CRF. The probability of
>1 CRF increased almost twofold in men, and more than
1.5-fold in women with the BF% exceeding the cut-offs.

The odds for CRFs were strongly related to BF% content
(Table S4: Supplementary Materials). Based on the adjusted

regression models (Figure 4), with the exception of dyslipi-
demia in the men with BF>25.8%, the odds for developing
hypertension and diabetes mellitus was more than 2.5 times
higher in men with BF>25.8%, and about 3 times higher in
men with clustered CRFs, than in the men with BF<25.8%.
In the women with BF>37.1% the odds for developing
hypertension, diabetes mellitus, and >2 CRFs was about 2.5
times higher, while in the women with 3 CRFs about 3 times
higher than in the women with BF<37.1%. The chance for >1
CREF in the women with BF>37.1% was about twice as high
as in the women with BF% below the cut-off threshold. The
sensitivity analysis (Table S5: Supplementary Materials) did

not deviate considerably from the principal results. The ORs
values were similar and, with the exception of 3 CRFs,
generally differed about 0.1 from the adjusted ORs.

Table 3 presents the age-adjusted ORs (95% Cls) and
PAR (%) for single and clustered CRFs by gender-specific
cut-offs for BF%. The percentage of men and women with
BF% above the cut-off thresholds was 50.8% and 42.7%,
respectively. Based on PAR analysis (%), controlling BF%
below the gender-specific cut-offs would prevent (except
for dyslipidemia) about 50% of single and clustered CRFs

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13
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Figure 2 The association between BF% and prevalence of CRFs, stratified by gender in different BF fat groups.

cases in men, and 30-40% of cases in women. Controlling
BF% below the cut-off thresholds would prevent 18.6% of
dyslipidemia in men and 4.1% in women.

Discussion

Based on the presence of at least >1 CRF, the cut-offs for BF
% were established, ie, 25.8% and 37.1% for men and
women, respectively. In line with respective BF thresholds,
obesity was encountered in half of the men, and in over 40%
women. Also, the prevalence of CRFs was higher in men
than in women, being far more common in men with a lower
BF%. BF% relationships with single and clustered CRFs
proved strong and, except for dyslipidemia, regardless of
gender, BF% above the established cut-offs increased the
chance of cardio-metabolic disorders by 2-3.5 times. As
evidenced by our study, controlling BF% below the

established thresholds may effectively prevent approx.
half of CRF cases in men, and approx. one-third in women.

The effect of excessive fat accumulation within the body
on the incidence of CRFs had been a principal focus of
several studies.’>® Investigators were equally keen on
determining the optimal cut-off points for BF%.*”** Some
confusion was caused by the authors referring to WHO
report pertaining to the cut-offs for BF%, indicative of
prevalence of obesity above 25% for men, and 35% for
women.>” In point of fact, the cut-offs values published by
WHO were not meant as the strict guidelines to be followed
in diagnosing obesity, as is the case with BMI, nor were
they intended to be construed as the CRFs risk predictors.
A question might then arise as to why seek out any new
methods when there is already a number of well established,

verified and generally acknowledged ways for measuring
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Figure 3 Percentage frequency by gender in the different body fat groups.

the cut-off points for obesity? First of all, because the
presently available obesity measures very often fail to take
into account the biological variability resulting, from eg,
age, gender, and ethnic origin. Also because with regard to
some of the measuring methods, there are legitimate doubts
as to whether they really measure what they are meant to be
measuring. As per the WHO definition, obesity is to be
construed an excessive and health-hazardous accumulation

This gives rise to yet another question. If it is the fat that
defines obesity, while BMI defines body weight, is BMI
really the most fitting measure for defining obesity?
Apparently, the answer is not all that simple. BMI, taking
into account body weight in its calculation formula, does not
distinguish between its main components, ie, fat mass and
lean mass.***! Therefore, individuals with an atypical body
build (high muscle mass and low height or vice versa) may be

of adipose tissue within the body.” classified in the wrong categories of this indicator.”*** It
Table 2 Optimal BF% Cut-Offs for Screening Single and Clustered Cardiovascular Risk Factors
AUC (95% CI) Optimal Cut-Off | Sensitivity (%) | Specificity (%) | Youden (%) | DLR (+) | DLR ()
Men
Hypertension 0.665 (0.638, 0.691) | 26.1 61.5 64.3 258 1.7 0.6
Dyslipidemia 0.540 (0.506, 0.574) | 26.4 48.6 60.4 9.0 1.2 0.9
Diabetes mellitus | 0.674 (0.632, 0.715) | 25.5 789 49.7 287 1.6 0.4
2| CRF 0.646 (0.601, 0.690) | 25.8 53.1 719 25.0 1.9 0.7
Women
Hypertension 0.680 (0.661, 0.699) | 36.8 61.3 67.0 28.3 1.9 0.6
Dyslipidemia 0.505 (0.480, 0.530) | 41.7 17.8 84.5 23 1.2 0.9
Diabetes mellitus | 0.670 (0.626, 0.713) | 40.0 51.7 76.2 279 22 0.6
2| CRF 0.613 (0.582, 0.644) | 37.1 44.6 73.1 17.7 1.7 0.8
Abbreviations: AUC, area under the curve, DLR (+), positive diagnostic likelihood ratio; DLR (-), negative diagnostic likelihood ratio.
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Figure 4 Adjusted ORs (95% Cls) of BF% categories for single and clustered CRFs, stratified by gender.

Notes: **P<0.01; ***P<0.00| vs BF<25.8 for men and BF<37.| for women.

should also be highlighted at this juncture that BMI is not
applied in children under 14 years of age, as it is not indica-
tive of the age-related physiological changes within body
composition, physiological differences in fat cover between
men and women, and genetic and environmental determi-
nants of differences in body composition between different
ethnic groups/races.'®!%43:44

Despite those widely acknowledged diagnostic doubts,
BMI is a commonly accepted measure, extremely simple and

convenient to use in clinical practice and research, indicates

strong and stable relationships with BF%, and death from all
causes.”>*>* The use of BMI in combination with other
anthropometric measures is recommended as a more effec-
tive way of assessing obesity.*’ Frequently, indicators of WC
and WHR adipose tissue distribution within the body are
recommended with regard to detecting obesity and determin-
ing overall health hazard, in view of the strong links between
abdominal obesity and CVDs.*>47-4°

The results of our study were based on adipose tissue
measurement using the BIA method. To date, no clear

Table 3 Population-Attributable Risks [PAR (%)] of Single and Clustered CRFs, Stratified by Gender-Specific Cut-Offs for BF%

CRFs Men (BF% >25.8) Women (BF% >37.1)
OR?* 95% ClI PAR (%) OR* 95% ClI PAR (%)

Hypertension 2.62 2.14,3.22 45.1 2.70 232, 3.14 42.1
Dyslipidemia 1.45 1.14, 1.85 18.6 1.00 0.83, 1.20 4.1
Diabetes mellitus 2.83 1.98, 4.11 48.2 2.52 1.82, 3.53 394

2| risk factor 2.94 2.03, 433 49.6 1.92 1.48, 2.50 28.2

22 risk factors 274 2.23,3.38 46.9 2.40 2.06, 2.79 374

3 risk factors 3.62 2.17, 6.34 57.1 2.77 1.78, 4.40 43.0

Abbreviations: CRFs, cardiovascular risk factors; *age-adjusted ORs.
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cut-offs for BF% have been established for both obesity
diagnosis, and CRFs risk prediction.>® Most of the pub-
lished results are derived from the cross-sectional studies.
The most prudent approach would consist in determining
the obesity thresholds for BF% in a population-based
prospective study with a “hard” outcome, ie,
mortality.”® As the cut-offs for BE% proposed by differ-
ent investigators differ between themselves, there is
plenty of resultant confusion.

Besides, it would appear that the proposed thresholds for
BF% are applicable only with regard to the groups for which
they have been estimated, or to very similar groups in terms
of age, gender and ethnic origin. Despite the differences, at
least two regularities are clearly discernible in the results
under study. Firstly, the cut-off threshold for men is about
10% lower than the one for women. Secondly, the cut-offs
for BF% indicate a variation of £5% around the 25% thresh-
old for men, and the 35% threshold for women.

Cardio-metabolic risk is not determined exclusively by
a single CREF, ie, obesity. Regretfully enough, many of the
remaining CRFs are causally linked to obesity.” It follows that
reliable fat assessment is essential, and, paradoxically, the
simplest method in assessing the risk of CVDs. Lack of gen-
eral consensus on which specific fat measure is the best pre-
dictor of health hazard may make clinicians reluctant to make
any use of it, or regularly monitor adipose tissue body content
in their routine clinical practice.>® Misclassification of obesity
implies misclassification of attendant health risks. This in turn
implies certain clinical consequences, especially in the case of
false-negative results.>® Making no attempts at therapeutic
intervention in the patients burdened with excessive adipose
tissue, yet boasting normal BMI value, appreciably increases
the absolute risk of fatal and non-fatal CVDs events.

It should also be highlighted at this juncture that the cut-
offs for BF% proposed by ourselves should by no means be
construed as the applicable thresholds in diagnosing obesity.
The applied methods merely allowed us to make use of the
referenced cut-offs to assess the risk of CRFs related to
obesity in men and women aged 45-64 years. We would
recommend, however, to assess obesity (also in the cohort
under study) by way of using commonly recommended
anthropometric measures with the verified cut-off points,
out of which BMI appears the principal one.

Admittedly, the present study is also burdened by certain
limitations. Firstly, its cross-sectional character precluded
establishing the cause-effect relationships between BF%
and the risk of CVDs. Secondly, the method used to assess
BF% was an indirect measurement and therefore prone to

underrating. Thirdly, the results of this study may be extra-
polated onto the individuals of similar age only. Age also
happens to be a confounding factor which effectively dis-
rupts the BF% association with CVDs risk. Much younger,
or much older individuals are characterised by physiological
differences in body composition, and therefore predicting
the obesity-related CRFs in such individuals on the basis of
the proposed cut-offs for BF% would clearly be an impru-
dent approach to this complex issue.

Conclusion

The percentage of adipose tissue is essentially indicative of
the associations with the risk factors for CVDs related to
obesity. Controlling adipose tissue below the cut-off thresh-
olds indicating an increased health risks may be instrumental
in appreciably reducing overall cardio-metabolic risk. Non-
availability of clearly defined cut-offs for BF in seniors and
younger patients, as well as a widespread application of
surrogate measures for its assessment, may well result in
incorrect prediction of cardio-metabolic risk in some
patients. As it is particularly undesirable in clinical practice,
this assessment requires that alternative criteria for BF con-
tent be applied rather than merely BMI. In terms of general
public health concerns, identification of the cut-offs for BF
in seniors and other age groups is essential for developing
specifically target-oriented, health-promoting programmes,
aimed at overall prevention of cardiovascular diseases.
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