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OBESIDAD ABDOMINAL DETERMINADA
POR DEXA COMO PREDICTOR DE SÍNDOME

METABÓLICO EN MUJERES POSTMENOPÁUSICAS

Resumen
Introducción: En la actualidad se acepta la importan-

cia de la masa grasa abdominal en la fisiopatología del
síndrome metabólico tal y como reconocen las diferentes
clasificaciones diagnósticas disponibles. Nuestro objetivo
fue analizar la utilidad como predictores de síndrome
metabólico de marcadores de grasa abdominal obtenidos
por DEXA en mujeres postmenopausicas aprovechando
su participación en screening rutinarios para el estudio
de la densidad mineral ósea.

Material y método: El presente estudio de cohortes his-
tórico incluyó a un total de 1.326 mujeres post-menopau-
sicas con edad > 45 años que se habían sometido rutina-
riamente a DEXA para conocer su densidad mineral ósea
entre enero de 2006 y enero de 2011. Además del DEXA,
se obtuvo de cada participante la correspondiente anam-
nesis, bioquímica, tensión arterial e índices de distribu-
ción de masa grasa mediante técnicas antropométricas
convencionales. Se utilizó la clasificación NCEP-ATP-III
para el diagnóstico de síndrome metabólico. Este proto-
colo fue aprobado por un Comité de Ética Institucional.

Resultados: Durante el periodo de observación, 537
mujeres, el 40,5% del total de las estudiadas, cumplió los
criterios diagnósticos de síndrome metabólico. Los pará-
metros de masa grasa abdominal obtenidos mediante
DEXA fueron significativamente mayores en mujeres
postmenopáusicas con síndrome metabólico. Finalmente,
la masa grasa abdominal de regiones de interés L1-L4 y
L3-L4 obtenidas por DEXA se relacionaron con el desa-
rrollo de síndrome metabólico en los modelos de regre-
sión ensayados.

Conclusión: La masa grasa abdominal determinada
por DEXA, especialmente la región L1-L4, podría reco-
mendarse como predictor de síndrome metabólico en este
grupo.
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Abstract

Introduction: The various diagnostic classifications in
the literature concur as regards the important role of
abdominal obesity in the onset and progression of meta-
bolic syndrome. Accordingly, this study was aimed at
clarifying whether central obesity measurements assessed
by dual X-ray absorptiometry (DXA) may predict meta-
bolic syndrome in Spanish postmenopausal women.

Material and methods: This historical cohort study
included a total of 1326 postmenopausal women aged > 45
years old who had routinely undergone DXA to measure
their bone mineral density between january 2006 and
january 2011. The regions of interest (ROI) envisaged in
our study by using DXA were the lumbar regions L1-L4
and L4-L5. At the same time, they underwent a complete
medical examination including personal medical history
assessment, biochemical blood analysis, blood pressure
measurement and anthropometrical evaluation. Meta-
bolic syndrome was diagnosed attending to the criteria
established by National Cholesterol Education Program
Adult Treatment Panel III (NECP-ATP-III).

Results: During the observation period, 537 women,
representing 40.5% of the total studied, met the diag-
nostic criteria for metabolic syndrome. L1-L4 and L4-L5
abdominal fat mass determinations were associated with
the development of metabolic syndrome in all regression
models tested, showing an increasing gradient from the
lowest to highest quintile.

Conclusion: Central adiposity measurements assessed
by DXA, especially L1-L4 region of interest, could be
considered a powerful predictor of metabolic syndrome
in postmenopausal women.
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Introduction

Metabolic syndrome is receiving increasing atten-
tion in the specialist literature, partly because of the
high morbidity, mortality and health care costs associ-
ated with this condition1. Furthermore, prevalence of
the syndrome is increasing, especially among women,
reaching 45.2% in a stratified random sample of 3915
adult women from different Spanish regions2.

Although there is unanimous agreement on the
importance of early diagnosis in order to implement
early interventions and prevent complications, there is
still no consensus in the literature regarding the prefer-
ential use of any of the different diagnostic criteria for
metabolic syndrome3. A recent study concluded that
these definitions performed better in women than in
men4.

It should be also emphasized the determination of
abdominal fat mass forms part of all diagnostic classifi-
cations due to its importance in the origin and progres-
sion of the syndrome5-6. 

Researchers and health professionals may benefit
from technological advances that have increased avail-
able options for estimating fat mass. For some years,
DXA has been used to measure bone mineral density,
especially in postmenopausal women, with the aim of
preventing and/or monitoring osteoporosis7. More
recently, it has proven useful in the evaluation of
abdominal or central fat mass thanks to the systemati-
sation and standardisation of regions of interest (ROI)
such as upper back fat (between the 1st and 4th lumbar
vertebrae) and lower back fat (between the 4th and 5th
lumbar vertebrae)8.

This is of particular interest due to their relevance in
the pathophysiology of processes such as type 2
diabetes, metabolic syndrome, etc.9,10. In fact, Leslie et
al.10 obtained excellent results using abdominal fat
mass parameters derived from DXA as predictors of
type 2 diabetes.

Given the above, our working hypothesis was that it
would be possible to obtain kineanthropometric parame-
ters by DXA, which could be used as predictors of meta-
bolic syndrome in postmenopausal women who routinely
participate in osteoporosis screening programmes. 

Materials and methods

Study population

This was a historical cohort study which included a
total of 1326 postmenopausal women aged ≥ 45 years
old who had routinely undergone DXA to measure
their bone mineral density between january 2006 and
january 2011. At the same time, they underwent a
complete medical examination including personal
medical history assessment, biochemical blood
analysis, blood pressure measurement and anthropo-
metrical evaluation.

Inclusion criteria were defined as follows: woman,
postmenopausal, aged ≥ 45 years old at the time of
undergoing DXA examination. Where multiple DXA
records existed for the same patient, the oldest one was
used. Exclusion criteria were defined as the coexis-
tence of uncorrected thyroid diseases, due to their
impact on the body composition of these patients,
diabetes, ischemic heart disease, rheumatoid arthritis,
chronic obstructive pulmonary disease (COPD),
dementia and corticosteroid treatment for more than 90
days during the year prior to DXA examination. Meta-
bolic syndrome was diagnosed attending to the criteria
established by NCEP ATP-III11. Lastly, it should be
pointed out medical records of patients were studied
from an administrative healthcare database using a
case record form.

Biochemical outcomes

Blood samples were collected from the antecubital
vein puncture and collected by using an evacuated tube
containing EDTA. The whole blood was centrifuged at
3000 rpm for 10 minutes in a clinical centrifuge. The
plasma was separated and stored at -80º C until further
analysis. Lipid profile (Cholesterol-LDL; Cholesterol-
HDL; Triglycerides) and fasting glucose were assessed
by conventional enzymatic assay method (Boehringer,
Mannheim, Germany) using the Hitachi 902 Autoana-
lyzer (Roche Diagnostics, Germany).

Body composition

Abdominal fat mass was determined using a Lunar
DPX-L type DXA. This device has been widely used in
the literature because the software it uses greatly facili-
tates the radiologist's task of defining ROI for the study
of body fat mass. The ROI envisaged in our study were
the lumbar regions L1-L4 and L4-L5. To these we
added the standard parameters facilitated by the soft-
ware, such as the percentages of total and trunk fat
mass. It is worth emphasising that the trunk includes
the trunk itself and the abdomen, but excludes the
pelvis. Meanwhile, the lower member includes the hip,
thigh and leg. To avoid bias when delineating ROI, it is
crucial that the patient is positioned correctly in
parallel to the scanner table. This procedure exposes
subjects to a minimum radiation of between 0.015 to
0.06 mrem, depending on the antero-posterior diameter
of the person undergoing the examination, equivalent
to between 1% and 10% of a chest radiograph. The
following equation was used to calculate the Body
Mass Index (BMI = weight (kg) / height (m)2), that was
expressed as kg/m2. Height was determined with an
accuracy of 0.1 cm by precision stadiometer. Body
weight was assessed with an accuracy of 0.1 kg using
an electronic balance. To determine waist to hip ratio
(WHR), waist and hip circumferences were measured
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with an anthropometric tape (Holtain Ltd). Waist was
measured as halfway between the costal edge and the
crista. Hip was measured as the greatest circumference
around the nates. It sould be pointed out these parame-
ters were assessed according to the International
Society for the Advancement of Kineanthropometry
(ISAK) guidelines by a long experienced investigator
who was not involved in any other aspect of the trial.

Ethics and Statistics

This research has been conducted in full accordance
with ethical principles, including the World Medical
Association Declaration of Helsinki (version, 2007).
Further this protocol was approved by an Institutional
Ethics Committee (University of Seville, Spain).

The results were expressed as a mean (SD) and 95%
confidence intervals (95%CI). To compare the mean
values of fat mass in women with and without metabolic
syndrome, Student’s t-test for unpaired data was used.
Finally, hazard ratios and 95%CI were estimated using
a Cox proportional hazard model for time to metabolic
syndrome diagnosis, based on abdominal fat measure-
ments, adjusted for BMI and age. The significance of
the changes observed was ascertained to be p < 0.05.

Results

The anthropometric, biochemical and clinical charac-
teristics of the cohort studied are summarised in table I.

During the observation period, 537 women, repre-
senting 40.5% of the total studied, met the diagnostic

criteria for metabolic syndrome. Data concerning the
group of women with metabolic syndrome are listed in
table II, while data on the group of women without
metabolic syndrome who participated in our study are
shown in table III.

As expected, we found significant differences
between the abdominal fat mass parameters obtained

Table I
Anthropometric, biochemical and clinical characteristics

of postmenopausal women enrolled in the historical
cohort study (n = 1,326)

Mean ± SD 95% CI

Age (years) 52.1 ± 6.5 46.0-59.8
BMI (kg/m2) 28.9 ± 4.1 26.3-30.1
WC (cm) 89.8 ± 4.6 86.7-93.4
WHR 0.83 ± 0.09 0.79-0.85
DXA

Body fat mass (%) 30.8 ± 5.5 29.1-32.3
Trunk fat mass (%) 26.0 ± 5.8 22.8-27.9
L1-L4 fat mass (%) 32.2 ± 5.2 30.5-35.1
L4-L5 fat mass (%) 33.8 ± 5.6 31.4-37.1

c-LDL (mg/dl) 108.4 ± 15.1 91.7-132.4
c-HDL (mg/dl) 59.2 ± 7.1 51.5-68.7
Triglycerides (mg/dl) 131.8 ± 16.4 118.6-144.2
Glycaemia (mg/dl) 94.7 ± 8.3 88.2-100.5
SBP (mm Hg) 122.6 ± 12.6 116.4-128.0
DBP (mm Hg) 75.8 ± 9.3 70.7-81.6

Note: WC: Waist circumference. WHR: Waist to hip ratio. DXA: Dual en-

ergy X-ray absorptiometry. c-LDL: Low density lipoprotein cholesterol. c-

HDL: High density lipoprotein cholesterol. SBP: Systolic blood pressure.

DBP: Diastolic blood pressure.

Table II
Anthropometric, biochemical and clinical characteristics

of postmenopausal women enrolled in the historical
cohort that met the diagnostic criteria for metabolic

syndrome at the end of the study (n = 537)

Mean ± SD 95% CI

Age (years) 53.7 ± 4.4 48.2-60.4
BMI (kg/m2) 33.8 ± 3.8 29.4-35.9
WC (cm) 100.2 ± 4.1 94.2-104.3
WHR 0.86 ± 0.07 0.83-0.91
DXA

Body fat mass (%) 37.0 ± 3.9 34.8-38.6
Trunk fat mass (%) 30.6 ± 3.7 28.9-32.0
L1-L4 fat mass (%) 39.3 ± 3.8 37.8-40.7
L4-L5 fat mass (%) 41.2 ± 4.0 38.6-42.9

c-LDL (mg/dl) 132.2 ± 14.4 110.4-156.8
c-HDL (mg/dl) 47.7 ± 6.8 42.4-53.2
Triglycerides (mg/dl) 170.9 ± 15.1 126.3-201.7
Glycaemia (mg/dl) 112.6 ± 8.7 98.2-125.8
SBP (mm Hg) 138.6 ± 11.9 126.2-150.1
DBP (mm Hg) 86.8 ± 8.8 76.4-95.2

Note: WC: Waist circumference. WHR: Waist to hip ratio. DXA: Dual en-

ergy X-ray absorptiometry. c-LDL: Low density lipoprotein cholesterol. c-

HDL: High density lipoprotein cholesterol. SBP: Systolic blood pressure.

DBP: Diastolic blood pressure.

Table III
Anthropometric, biochemical and clinical characteristics

of postmenopausal women enrolled in the historical
cohort that did not meet the diaagnostic criteria for

metabolic syndrome at the end of the study (n = 789)

Mean ± SD 95% CI

Age (years) 51.5 ± 4.1 45.6-59.7
BMI (kg/m2) 28.4 ± 3.3 26.1-29.6
WC (cm) 89.3 ± 3.7 86.2-93.1
WHR 0.81 ± 0.08 0.78-0.84
DXA

Body fat mass (%) 30.5 ± 4.9 28.9-32.0
Trunk fat mass (%) 25.8 ± 5.3 22.6-27.8
L1-L4 fat mass (%) 32.1 ± 5.0 30.3-35.0
L4-L5 fat mass (%) 33.7 ± 5.5 31.2-36.9

c-LDL (mg/dl) 108.8 ± 16.3 91.9-134.6
c-HDL (mg/dl) 58.6 ± 7.7 51.7-68.1
Triglycerides (mg/dl) 132.2 ± 17.3 118.9-144.8
Glycaemia (mg/dl) 95.0 ± 8.5 88.6-101.2
SBP (mm Hg) 123.8 ± 13.1 116.7-128.5
DBP (mm Hg) 76.0 ± 9.9 71.0-81.8

Note: WC: Waist circumference. WHR: Waist to hip ratio. DXA: Dual en-

ergy X-ray absorptiometry. c-LDL: Low density lipoprotein cholesterol. c-

HDL: High density lipoprotein cholesterol. SBP: Systolic blood pressure.

DBP: Diastolic blood pressure.
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by DXA in postmenopausal women with and without
metabolic syndrome according to the NCEP-ATP-III
criteria (Table IV).

L1-L4 and L4-L5 abdominal fat mass determina-
tions obtained by DXA were associated with the devel-
opment of metabolic syndrome in all regression mod-
els tested, showing an increasing gradient from the
lowest to highest quintile. 

With respect to the percentage of L1-L4 fat mass,
and more specifically, in models adjusted for age,
women who were in the highest quintile presented a
risk of developing metabolic syndrome that was 7.18
times higher (95% CI = 5.66-9.28) than women in the
lowest quintile. In models adjusted for BMI, this risk
was attenuated. Thus, those women who were in the
highest quintile showed a risk of metabolic syndrome,
which was 3.92 times higher (95% CI = 2.88-5.16) than
those who were in the lowest quintile.

Similar results were obtained for L4-L5 fat mass. In
models adjusted for age, the risk for women in the
highest quintile was 6.92 times higher than for those in
the lowest quintile (95% CI = 5.35-8.76). Meanwhile,
in models adjusted for BMI, the risk for women in the
highest quintile fell again, being only 3.66 times higher
than that for those located in the lowest quintile (95%
CI = 2.51-4.98).

Discussion

The novel contribution of this study is that by taking
advantage of a routine bone mineral density screening
campaign, widely accepted by professionals and
patients alike12, it was possible to predict which women
were predisposed to developing metabolic syndrome
on the basis of their abdominal fat mass. Thus, it would
be possible to take preventive measures and even
implement early treatment in order to avoid complica-
tions and reduce associated health care costs. Conse-
quently, in addition to fulfilling the criterion of origi-
nality, this study also reflects contemporary criteria
insofar as it may contribute to the sustainability of the
health system in the present times of budgetary con-
straints. 

The various diagnostic classifications in the litera-
ture concur as regards the important role of abdominal
obesity in the onset and progression of metabolic syn-
drome5. In a multicenter study carried out in 12 Latin
American cities to determine metabolic syndrome risk
factors according to the NCEP-ATP-III criteria, the
results indicated that the greatest risk factor for post-
menopausal women was obesity (OR 13.01, 95% CI,
10.93-15.49) followed at a greater distance by age (OR
1.22, 95% CI, 1.03-1.43), time since menopause
(OR1.18, 95% CI, 1.00-1.38) and smoking (OR1.40,
95% CI, 1.19-1.65)13. 

Abdominal fat mass is not only important in the
diagnosis of metabolic syndrome but has also been pro-
posed as a therapeutic target14. Hence, in recent years
many techniques have emerged for identifying and
monitoring abdominal fat mass.

Conventional kineanthropometric parameters are
still used to determine abdominal fat mass due to their
low cost and wide availability in any clinical setting15.
However, these parameters do not differentiate
between visceral and subcutaneous fat mass16.

They also present a very limited capacity for detect-
ing small changes attributable to the implementation of
weight-loss strategies such as exercise and/or low-
calorie diets17. It should be pointed out that information
about improvements induced intervention programs
may be of particular interest for participants in order to
increase their motivation and adherence to the pro-
gram. Consequently, an increasing number of studies
recommend the use of imaging techniques since these
are more accurate and reproducible although also more
costly and complex18.

The ability to determine regions of interest using
DXA makes this a particularly attractive option for the
early detection of abdominal fat mass before being
diagnosed as obese19, especially among women20.

Previous studies have reported that the L4–L5
region or umbilicus region may not be the most predic-
tive of morbidity21. Further, a recent study reported that
the L3 or L2 region correlate as well or better than the
L4-L5 region with total visceral adiposity and markers
of metabolic syndrome22. Accordingly, in the present
study, the L1-L4 region was more predictive of meta-
bolic syndrome when compared to L4-L5 region in
postmenopausal women.

Although other imaging techniques were not
employed in this study, previous studies have found a
strong correlation between levels of abdominal fat
mass obtained by DXA and those recorded by com-
puted tomography22 and magnetic resonance imaging19.

This is of great interest since DXA involves signifi-
cantly less radiation than computed tomography,
besides being simpler, faster and more accessible in
clinical practice than magnetic resonance8,23,24. Further-
more, considering the current budget constraints, exam-
ining a patient using DXA is no more expensive than
the determination of insulin resistance recommended in
the WHO criteria for diagnosis of metabolic syndrome8.
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Table IV
Comparative study of fat mass percentages assessed
by DXA in postmenopausal women with (n = 537)

and without (n = 789) metabolic syndrome according to
NCEP-ATP-III criteria

MetS No-MetS p

Body fat mass (%) 37.0 ± 3.9 30.5 ± 4.9 0.041
Trunk fat mass (%) 30.6 ± 3.7 25.8 ± 5.3 0.036
L1-L4 fat mass (%) 39.3 ± 3.8 32.1 ± 5.0 0.001
L4-L5 fat mass (%) 41.2 ± 4.0 33.7 ± 5.5 0.017

Note: MetS: Participants with metabolic syndrome. No-MetS: Participants

without metabolic syndrome. 
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Similar results have been reported for a cohort of
30.252 women over 40 years old. Specifically, the risk
of developing type II diabetes in this cohort was 3.56
times higher among those who presented more abdom-
inal fat mass than among those who were in the lowest
quintile, adjusted for age, BMI and comorbidity10. 

The rationale for focusing this study on post-
menopausal women was that there is a higher preva-
lence of metabolic syndrome among this group13,25. For
example, significant differences were found in the
prevalence of metabolic syndrome among Spanish
adults when comparing females (45.2%, 95%-CI, 43.7-
46.8%) and males (33.8%, 95%-CI, 32.3-35.4%)2.
Consequently, the prevalence of metabolic syndrome
in this historical cohort of postmenopausal women was
similar to that reported in previous studies in Spain2.

One limitation of this study was that the cohort par-
ticipants were women who took part in a population-
based osteoporosis screening program, and thus cau-
tion should be exercised when extrapolating the results
to the general population. Nonetheless, it should be
pointed out the presence of metabolic syndrome does
not worsen the levels of bone mineral density in post-
menopausal women. In fact, there seems to be a bal-
ance between factors that reduce bone mineral absorp-
tion (e.g. obesity) and others that increase it (low-grade
chronic inflammation, hypertension)26. Furthermore,
recent studies have emphasised the importance of
screening for metabolic syndrome in normal weight
individuals27.

Another minor limitation of this study was that the
population did not include women under the age of 45
years and premenopausal. Further studies are required
to determine whether age and menopause may affect
these results.

Lastly, a major limitation was that DXA is a two-
dimensional projection method, so within the abdomi-
nal cavity, DXA measures both the visceral adipose tis-
sue (VAT) and the subcutaneous adipose tissue (SAT).
Visceral adipose tissue (VAT) is considered to be more
closely associated with obesity related diseases, such
as type 2 diabetes, metabolic syndrome, etc. than other
indexes of obesity28. Fortunately, Micklesfield et al.22

have already reported a more sophisticated DXA mea-
surement of VAT. It showed a stronger correlation with
VAT determined by computed tomography (CT) than
could be obtained with the best anthropomorphic and
demographic model. If these findings are supported by
similar results in other populations, DXA may become
a useful alternative to CT and magnetic resonance
imaging (MRI) for the estimation of VAT in both clini-
cal and research settings22.

It was concluded that abdominal fat mass in the L1-
L4 region of interest could be considered a powerful
predictor of metabolic syndrome in postmenopausal
women undergoing mineral density examination by
DXA. Future studies are still required to consolidate
this approach, not only in the field of research but also
in clinical application.
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