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Objective: To compare the clinical classification of the body mass index (BMI) and percentage
body fat (PBF) for the prediction of inflammatory and atherogenic lipid profile risk in older
women.

Method: Cross-sectional analytical study with 277 elderly women from a local community
in the Federal District, Brazil. PBF and fat-free mass (FFM) were determined by dual energy
X-ray absorptiometry. The investigated inflammatory parameters were interleukin 6 and
C-reactive protein.

Results: Twenty-five percent of the elderly women were classified as normal weight, 50%
overweight, and 25% obese by the BMI. The obese group had higher levels of triglycerides
and very low-density lipoproteins than did the normal weight group (P=0.05) and lower levels
of high-density lipoproteins (HDL) than did the overweight group (P=0.05). According to the
PBF, 49% of the elderly women were classified as eutrophic, 28% overweight, and 23% obese.
In the binomial logistic regression analyses including age, FFM, and lipid profile, only FFM
(odds ratio [OR]=0.809, 95% confidence interval [CI]: 0.739-0.886; P<<0.0005) proved to be a
predictor of reaching the eutrophic state by the BMI. When the cutoff points of PBF were used
for the classification, FFM (OR=0.903, CI=0.884—0.965; P=0.003) and the total cholesterol/
HDL ratio (OR=0.113, CI=0.023-0.546; P=0.007) proved to be predictors of reaching the
eutrophic state.

Conclusion: Accurate identification of obesity, systemic inflammation, and atherogenic lipid
profile is key to assessing the risk of cardiometabolic diseases. Classification based on dual
energy X-ray absorptiometry measures, along with biochemical and inflammatory parameters,
seems to have a great clinical importance, since it allows the lipid profile eutrophic distinction
in elderly overweight women.
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Introduction

Obesity is emerging as a major public health problem worldwide. The main reasons for
this include its high prevalence and associated comorbidities such as type 2 diabetes,
cardiovascular disease, cancer, metabolic syndrome, among others.!? Alterations in
women’s biophysical profile over the years, particularly during the menopausal and
postmenopausal periods, may result in weight gain and increased body fat as well as
in changes in the fat composition and distribution. These changes can lead to obesity
and thereby contribute to the development of metabolic abnormalities involved in the
genesis and progression of several inflammatory disturbances associated with aging,
as well as to the development of cardiovascular diseases.*
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For many years, obesity was considered the consequence
of a positive caloric balance alone, triggered by excessive
food intake and lack of exercise (sedentary behavior).’ How-
ever, recent investigations have shown that this clinical
event is also related to chronic inflammation denoted by
increased inflammatory markers (eg, in elderly and obese
women serum levels of several cytokines are elevated).®’
Interleukin 6 (IL-6), interleukin 1§ (IL-1p), and C-reactive
protein (CRP) are some examples of serum proinflamma-
tory markers that are altered in the elderly and obese.® '
Other equally important parameters in the clinical evalu-
ation of elderly women are the increase in levels of total
cholesterol (TC) and its subfractions in the blood, as well as
the low concentration of high-density lipoproteins (HDL),
considered risk factors for the occurrence of coronary
events.'!

Several methods have been developed to determine
body composition (BC). However, there is still hesitation
regarding the best technique to be used. Well-known meth-
ods include assessments that might be more or less com-
plex, such as the skinfolds, bioelectrical impedance, dual
energy X-ray absorptiometry (DEXA), hydrodensitometry,
neutron activation analysis in vivo, total body potassium,
nuclear magnetic resonance, and, more recently, computed
tomography.'* 'S Moreover, simple anthropometric
measures, for example, body mass index (BMI) associated
with inflammatory and biochemical parameters, could be
helpful to diagnose and monitor the health status of elderly
people.!”18

Although BMlI is the most widely used method to evaluate
the nutritional status of populations in clinical practice, it
might have some fragility to accurately determine the nutri-
tional status and body fat in elderly subjects.!” In contrast,
DEXA allows direct noninvasive measurement of the three
major components of BC: fat-free mass (FFM), percentage
body fat (PBF), and bone mass.?® Thus, it has been commonly
used in scientific studies.?!*?

In the present investigation, it was hypothesized that
older women with a lower PBF will have lower inflammatory
markers and atherogenic risk factors. Therefore, the purpose
of this study was to compare the clinical classification of BMI
and PBF for the prediction of inflammatory and atherogenic
lipid risk profile in elderly women.

Materials and methods
Subjects

Participant screening is presented in Figure 1. This transversal
and analytical study selected 277 elderly women from a local
community at the Federal District, Brazil. Participants were
not specifically representative of the Brazilian population and
were recruited on a voluntary basis from the local community
through posters and lectures about the study. On the first visit,
they completed an anamnesis form and a physical activity
questionnaire and underwent anthropometric measures.
The following day they underwent BC analysis by DEXA.
Selection criteria included sedentary women aged 60 years
or more and the completion of all anthropometric testing.
Sedentary women were chosen in view of the higher risk of

Recruited from posters and
lectures and assessed for
eligibility
(n=342)

Excluded (n=65)
Based on medication (n=38)
Based on nonmedication (n=27)

Randomized based on BMI (n=277)

—

Eutrophic (n=70)

Overweight (n=138)

Obese (n=69)

Figure | Consort diagram from initial respondents to study completion.
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metabolic complications in this population.' The sedentary
status was determined by the International Physical Activity
Questionnaire.?* Individuals diagnosed with inflammatory,
rheumatic, or autoimmune conditions that could modulate
BC, as well as those under medications (B-blockers and
metformin), were excluded. Enrollment was voluntary, and
written consent was obtained from each participant. The
methodology of the present study was approved by the local
Ethics Committee for Human Research (protocol 035/2011),
and the procedures were conducted in accordance with guide-
lines for experimentation with human participants.

Anthropometric measures

Anthropometric status was investigated by the following
measures: height (to the nearest 0.1 cm) and body mass (to
the nearest 0.1 kg). BMI was then calculated (body mass/
height?). PBF and FFM were determined by DEXA (General
Electric-GE model 8548 BX1L, Lunar DPX type, software
Encore 2005, Rommelsdorf, Germany). PBF values were
distributed according to the recommendations of Gallagher
et al* classification, assuming the following cutoff points
for elderly women: normal, 25.0%-37.9%, overweight,
38.0%—42.9%, obese, =43.0%. Obesity levels determined
by BMI followed the classification of the World Health
Organization.”

Biochemical measurements

Blood samples were collected from the subjects’ peripheral
vein in the morning after a fasting period of 10—12 hours. The
samples were immediately centrifuged at 4°C. The plasma
was then used for analysis of lipid profile (including TC, trig-
lycerides [TGs], low-density-lipoprotein [LDL] cholesterol,
very-low-density-lipoprotein [ VLDL] cholesterol, and HDL
cholesterol). Briefly, TGs, cholesterol, and its subfractions
were measured using an automated analyzer (Olympus
AU5400, Tokyo, Japan).

Inflammatory parameters

The inflammatory parameters investigated were IL-6 and
CRP. IL-6 was assessed by commercial enzyme-linked
immunosorbent assay kits (Quantikine or Quantikine High
Sensitivity, R&D Systems, Minneapolis, MN, USA). The
intra-assay coefficient of variation of the kits was 1.5%-5.6%,
while the interassay coefficient of variation was 4.3%—6.4%.
Plasma CRP was determined using high-sensitivity turbidi-
metry according to the manufacturer’s protocol (Boehringer
Mannheim GmbH, Mannheim, Germany). All measures were
performed in triplicate.

Statistical analysis

The results of anthropometric, lipid, and inflammatory
parameters are presented as means (95% confidence interval
[CT]). The subjects were divided into three groups: eutrophic,
overweight, and obesity, according to the BMI and PBF
classifications. Differences between groups were checked
by the nonparametric independent-samples Kruskal-Wallis
test. The assumption of normality for lipid and inflammatory
data was not satisfied, as assessed by Kolmogorov—Smirnov
test (P<<0.05). Binomial logistic regressions were used to
check the association of lipid and inflammatory profiles
(continuous variables) with the eutrophic/noneutrophic status
of'the subjects, according to the BMI and PBF classifications.
Binomial logistic regression is suitable for predicting the
outcome of a categorical criterion variable that can take on
only two possible outcomes, in this case, the eutrophic or
noneutrophic status. Adjusted odds ratios (ORs) were derived
from logistic regression models. OR greater than 1 indicates
that the independent variable is positively associated with
the eutrophic state, and OR less than 1 indicates negative
association. Finally, the sensitivity is the percentage of cases
that had the observed characteristic (eutrophic or noneutro-
phic) which were correctly predicted by the model, and the
specificity is the percentage of cases that did not have the
observed characteristic and were also correctly predicted as
not having the observed characteristic (eutrophic or noneu-
trophic). The level of significance was P=0.05, and SPSS
version 20.0 software was used.

Results
The elderly women (n=277) had a mean age of 68.6
(67.9-69.3) years, BMI27.2 (26.7-27.7) kg/m?, PBF 38.5%
(37.7%-39.2%), and FFM 36.8 (36.3-37.3) kg. Table 1 pres-
ents the anthropometric, lipid, and inflammatory profiles of
the eutrophic, overweight, and obese subjects according to the
BMI classification. Twenty five percent of the elderly women
were classified as eutrophic, 50% as overweight, and 25%
as obese. Regarding the lipid profile, the obese group had
higher levels of TGs and VLDL than did the eutrophic group
(P=0.05), and lower levels of HDL than did the overweight
group (P=0.05). No differences were observed (P>0.05)
in the TC, LDL, non-LDL, and lipid ratios between groups.
As for the inflammatory profile, only IL-6 was increased
(P=0.05) in the obesity and overweight groups (Table 1).
Table 2 presents the anthropometric, lipid, and inflam-
matory profiles considering the PBF according to the cutoff
points published by Gallagher et al.** According to the PBF
cutoff points, 49% of the elderly women were classified as
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Table | Anthropometric, lipid, and inflammatory profiles of the eutrophic, overweight, and obesity subjects according to the body

mass index classification

Parameters

Eutrophic (n=70)

Overweight (n=138)

Obesity (n=69)

Age (years)

69.9 (68.4-71.4)

BMI (kg/m?) 22.7 (22.2-23.1)
Body fat (%) 32.8 (31.5-34.1)
Fat-free mass (kg) 34.5 (33.5-354)
TC (mg/dL) 220 (211-229)
Triglycerides (mg/dL) 128 (114-143)
HDL (mg/dL) 56 (54-59)

LDL (mg/dL) 138 (130-146)
VLDL (mg/dL) 25 (23-28)
Non-HDL (mg/dL) 164 (155-173)
Ratio TC/HDL 4.0 (2.84.3)
Ratio non-HDL/HDL 3.0 (2.8-3.3)
CRP (mg/dL) 1.7 (1.0-2.4)
IL-6 (pg/mL) 1.1 (0.5-1.7)

68.6 (67.6-69.6)
27.3 (27.0-27.5)*
39.0 (38.3-39.7)*
36.9 (36.2-37.5)*
226 (219-233)
149 (137-161)
58 (56-60)

137 (131-143)
30 (27-32)

168 (161-174)
4.0 (3.942)

3.0 (2.9-32)

2.0 (1.3-2.7)

2.0 (1.4-2.6)*

67.1 (65.8-68.3)*
33.1 (32.4-33.7)%*
44.0 (42.9-452)%*
39.0 (37.9-40.0)*
225 (214-235)
170 (151-189)*
53 (50-56)*

137 (127-147)

33 (30-36)*

171 (161-182)
44 (4.147)

34 (3.1-3.7)

1.9 (0.9-2.9)

2.1 (0.8-3.4)*

Notes: *Statistical difference as compared with the eutrophic group; *Statistical difference as compared with overweight group (P<0.05). Values are: mean (95% ClI).
Abbreviations: Cl, confidence interval; BMI, body mass index; TC, total cholesterol; HDL, high-density lipoproteins; LDL, low-density lipoproteins; VLDL, very low-density

lipoproteins; CRP, C-reactive protein; IL-6, interleukin-6.

eutrophic, 28% as overweight, and 23% as obese. The TGs
and lipid ratios were increased (P=0.05) in the obesity and
overweight PBF groups and the HDL levels were decreased
(P=0.05) as compared with those in the normal weight
group. There were no differences (P>0.05) in TC, LDL,
VLDL, and non-LDL between PBF groups. Regarding the
inflammatory profile, the CRP was decreased (P=0.05) in
obesity PBF group and the IL-6 was increased (P=0.05) in
overweight and obesity PBF groups as compared with those
in the normal weight group (Table 2).

With the regard to the high number of individuals
classified as eutrophic considering the PBF when compared

to the classification of BMI, the lipid and inflammatory
profiles of the individuals who were overweight by BMI but
eutrophic by PBF were analyzed. Those individuals were
within the normal limits of lipid and inflammatory profiles
(TC: 225 [215-247] mg/dL; TGs: 155 [137-173] mg/dL;
HDL: 62 [59-65] mg/dL; LDL: 134 [124-144] mg/dL;
VLDL: 31 [28-35] mg/dL; PCR: 2.6 [1.4-3.8] mg/dL; IL-6:
1.0 [0.7-1.3] pg/mL) and with no statistically significant
difference for eutrophic by PBF (P=0.05).

In the binomial logistic regression analyses including age,
FFM, and lipid profile as continuous independent variables,
only FFM (OR=0.809, 95% CI=0.739-0.886; P<<0.0005)

Table 2 Anthropometric, lipid, and inflammatory profiles regarding percentage of body fat

Parameters Eutrophic (FM<38.0%)

Overweight (38.0%=FM=43%) Obesity (FM>43%)

(n=137)

(n=77)

(n=63)

Age (years)

BMI (kg/m?)

Body fat (%)

Fat-free mass (kg)
TC (mg/dL)
Triglycerides (mg/dL)
HDL (mg/dL)

LDL (mg/dL)

VLDL (mg/dL)
Non-HDL (mg/dL)
Ratio TC/HDL

Ratio non-HDL/HDL
CRP (mg/dL)

IL-6 (pg/mL)

69.6 (68.5-70.6)
24.7 (24.1-25.3)
33.6 (32.8-34.4)
36.0 (35.3-36.7)
224 (217-231)
138 (126-150)
60 (58-62)

135 (129-141)
27 (25-30)

164 (157-170)
3.8 (3.6-3.9)
2.8 (2.6-2.9)

2.3 (1.6-2.9)

1.1 (0.8-1.4)

68.6 (67.2-69.9)
28.0 (27.3-28.7)*
40.5 (40.2-40.8)*
37.6 (36.6-387)
223 (215-232)
162 (144-180)*
54 (51-57)*

138 (130-146)

31 (28-34)

170 (162-178)
44 (4.1-4.7)%

3.4 (3.1-3.7)*

1.5 (0.8-2.1)

2.2 (1.2-3.2)*

66.9 (65.6-68.2)*
31.7 (30.7-32.6)%*
463 (45.6-47.0)*
37.4 (36.5-38.4)*
224 (214-234)

152 (137—166)*
52 (49-54)*

140 (131-150)

31 (28-34)

172 (162-182)

45 (4.2-4.8)*

3.5 (3.2-38)*

1.6 (0.5-2.7)*

2.7 (1.3-4.1)%

Notes: *Statistical difference as compared with the eutrophic group; *Statistical difference as compared with overweight group (P<0.05). Values are: mean (95% Cl). The
cutoff points from Gallagher et al** for percentage of body fat were used to classify the persons.
Abbreviations: FM, fat mass; BMI, body mass index; TC, total cholesterol; HDL, high-density lipoproteins; LDL, low-density lipoproteins; VLDL, very low-density
lipoproteins; CRP, C-reactive protein; IL-6, interleukin-6.
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proved to be a predictor of reaching the eutrophic state,
according to the BMI nutritional status classification. On
the other hand, when the cutoff points of PBF were used
for the nutritional status classification, FFM (OR=0.903,
CI=0.884—-0.965; P=0.003) and specially the TC/HDL ratio
(OR=0.113, CI=0.023-0.546; P=0.007) proved to be predic-
tors (negatively associated) of reaching the eutrophic state
(Table 3).

The model correctly classified 77.2% of cases using BMI
and 69.2% using PBF (being eutrophic or being noneutrophic).
However, the BMI classification had low sensitivity (28.4%).
Differently, for the PBF classification, sensitivity was 73.6%
and specificity was 65.2%. Regarding the inflammatory pro-
file, the binomial logistic regression analysis revealed that
the eutrophic state was significantly and positively associated
with age and significantly and negatively associated with FFM
in both BMI and PBF classifications (Table 4).

Meanwhile, IL-6 proved to be a predictor (negatively
associated) of reaching the eutrophic state only for the PBF
classification. Although the model correctly classified 78.5%
of the nutritional status using BMI and 60.5% using PBF,
BMI classification had low sensitivity (27.3% for BMI versus
54.0% for PBF classification).

Discussion
The aim of the present study was to compare the clinical clas-
sifications of BMI and PBF for the prediction of inflammatory

Table 3 Comparison of binomial logistic regression analysis
of eutrophic/noneutrophic status by body mass index and
percentage of body fat in relation to atherogenic lipid profile

Parameters Odds ratio 95% CI P-value
Dependent variable: body mass index

Age (years) 1.036 0.984-1.092 0.178
Fat-free mass (kg) 0.809 0.739-0.886 <0.0005
TC (mg/dL) 0.971 0.905-1.042 0415
Triglycerides (mg/dL) 0.999 0.986-1.013 0.937
HDL (mg/dL) 1.023 0.908—-1.153 0.705
LDL (mg/dL) 1.027 0.960-1.098 0.441
Ratio TC/HDL I.141 0.351-3.707 0.826
Dependent variable: percentage of body fat

Age (years) 1.039 0.991-1.090 0.114
Fat-free mass (kg) 0.903 0.884-0.965 0.003
TC (mg/dL) 1.047 0.996—1.100 0.069
Triglycerides (mg/dL) 0.998 0.990-1.007 0.709
HDL (mg/dL) 0.902 0.801-1.016 0.089
LDL (mg/dL) 0.985 0.946-1.025 0.459
Ratio TC/HDL 0.113 0.023-0.546 0.007

Notes: »*(7)=40.175, P<0.0005, Nagelkerke R>=0.211; #*(7)=53.954, P<<0.0005,
Nagelkerke R>=0.247.

Abbreviations: Cl, confidence interval; TC, total cholesterol; HDL, high-density
lipoproteins; LDL, low-density lipoproteins.

Table 4 Comparison of binomial logistic regression analysis of
eutrophic/noneutrophic status by body mass index and percentage
of body fat in relation to inflammatory profile

Parameters Odds ratio 95% CI P-value
Dependent variable: body mass index

Age (years) 1.059 1.005-1.116 0.031
Fat-free mass (kg) 0.799 0.728-0.877 <0.0005
CRP (mg/dL) 0.971 0.887-1.064 0.533
IL-6 (pg/mL) 0.835 0.683-1.020 0.077
Dependent variable: percentage of body fat

Age (years) 1.047 1.002-1.094 0.039
Fat-free mass (kg) 0919 0.863-0.978 0.008
CRP (mg/dL) 1.045 0.974-1.120 0.220
IL-6 (pg/mL) 0.849 0.737-0.978 0.024

Notes: »?(4)=41.088, P<<0.0005, Nagelkerke R’=0.218; y*(4)=23.392, P<<0.0005,
Nagelkerke R*=0.114.
Abbreviations: Cl, confidence interval; CRP, C-reactive protein; IL-6, interleukin-6.

and atherogenic lipid risk profiles in elderly women. The
main finding of the present study was that the classification
of PBF by DEXA, along with biochemical tests, are more
reliable predictors for identifying obesity, systemic inflam-
mation, and atherogenic lipid profile in elderly women,
compared with BMI.

The percentage of obese individuals was very similar
between the classifications adopted (BMI and PBF). How-
ever, the BMI method tends to classify a greater number of
individuals as overweight, compared with the PBF, which
classifies them as normal. Moreover, for both classifica-
tions, obese individuals exhibit a higher atherogenic lipid
risk profile than do normal weight individuals. On the other
hand, CRP was elevated in normal individuals when the
classification followed the PBF. This fact can be explained
in part by the high levels of insulin, which notoriously inhibit
the production of CRP induced by IL-6 and tumor necrosis
factor o..?® It is noteworthy that insulin was not measured in
our study, but it is postulated that it may be increased in the
circulation because of metabolic disorders involving carbo-
hydrates often found in elderly and obese.

It is relevant to mention that the CRP values presented
by the subjects of this study, regardless of the classifica-
tion, are below the cutoff value of 2.78 mg/dL proposed
by Harris et al*’ with respect to cardiovascular risk. The
binomial regression model for both classifications has
shown that, despite normal individuals having been older
and presented less FFM, their overweight and obese coun-
terparts were prone to present changes in lipid profile when
considering the PBF classification. In addition, FFM proved
to be a predictive factor for noneutrophic nutritional status
in both classifications (BMI and PBF). Despite the fact that
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older obese women in the present investigation presented a
high PBF, they also presented greater FFM. So, FFM is a
parameter to be monitored during the aging process, as it is
related to functional capacity and the development of obesity,
sarcopenia, and sarcopenic obesity.!

With regard to the atherogenic factors, the obese elderly
presented higher levels of TGs and lower levels of VLDL
and HDL than did the normal weight group when classified
by the BMI. Other studies have also found high levels of
TGs among overweight elderly people and a strong cor-
relation between the concentration of TGs and measures of
abdominal obesity."¢ In addition, when the classification of
nutritional status was done by PBF, not only the concentra-
tion of TGs in obese individuals was increased, but also
lipid ratios were found to be negatively altered. Previous
studies demonstrated that the use of TC/HDL and non-HDL/
HDL ratios are more efficient parameters for the stratifica-
tion of cardiovascular risk than the isolated usage of serum
lipids.'®*® Moreover, the classification based on DEXA mea-
sure of PBF was able to differentiate the atherogenic status
of eutrophic individuals as compared with those classified
as overweight and obese. Thus, we can state that the PBF
classification through DEXA associated with biochemical
tests allows the distinction of cardiovascular risk factors
with greater accuracy, since differences between normal
weight and overweight are observed. On the other hand,
BMI classification allows only the identification of differ-
ences between normal weight and obese. Reinforcing the
data discussed earlier, the PBF classification of the elderly
revealed that the TC/HDL ratio is also a predictor of the
eutrophic state. Previous studies have already shown the
clinical importance of the lipid profile as regards the health
disorders in the elderly population.?-3° The results presented
here also allow inferring that the lipid profile presents an
intimate relationship with nutritional status. This associa-
tion appears to be more reliable when the nutritional status
is assessed by DEXA measures of PBF and FFM.

Both overweight and obese subjects presented increased
serum levels of IL-6 when compared with those in the
normal weight individuals regardless of the classification
method. In addition, participants classified as obese pre-
sented serum IL-6 values at the upper limit (=2.08 pg/mL)
according to the recommendation of Harris et al.”” To note,
this cutoff has an association with mortality of approxi-
mately 50 per 1,000 per year in the elderly. However, only
in PBF classification, overweight and obesity were predic-
tive of elevated serum IL-6 levels. This fact may be linked
to the sensitivity and specificity evidenced by the binomial

regression model for the two methods of classification. BMI
had a low sensitivity, indicating that when the levels of IL-6
are low, this method considers only 27.3% of individuals
as actually eutrophic.

On the other hand, when using the PBF defined by DEXA,
there was a higher accuracy in terms of nutritional status
classification according to the levels of IL-6. Augmented
levels of inflammatory cytokines in the serum during aging,
particularly IL-6, may reflect underlying inflammation,
which can trigger a series of immunological and metabolic
changes related to chronic diseases, such as diabetes and
cardiovascular disease.*!*

In summary, the classification of obesity based on DEXA
measures, along with biochemical and inflammatory param-
eters, appears to be a more accurate method and to have a
major clinical importance as compared with BMI, as it allows
the differentiation of the lipid profile between eutrophic and
overweight older women. Thus, in the elderly women studied,
the usage of BMI as a method to determine the nutritional
status classification fails to precisely detect a negatively
altered lipid or inflammatory profile. Accurate identification
of obesity, systemic inflammation, and atherogenic lipid
profile is key for risk assessment of cardiometabolic diseases,
which may assist health professionals in the prevention and
management of this cluster of diseases.
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