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Abstract

AIM: To evaluate the potential interference of trunk fat
(TF) mass on metabolic and skeletal metabolism.

METHODS: In this cross-sectional study, 340 obese
women (mean age: 44.8 + 14 years; body mass index:
36.0 £ 5.9 kg/m*) were included. Patients were evalu-
ated for serum vitamin D, osteocalcin (OSCA), inflam-
matory markers, lipids, glucose and insulin (homeosta-
sis model assessment of insulin resistance, HOMA-IR)
levels, and hormones profile. Moreover, all patients un-
derwent measurements of bone mineral density (BMD;
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at lumbar and hip site) and body composition (lean
mass, total and trunk fat mass) by dual-energy X-ray
absorptiometry.

RESULTS: Data showed that: (1) high TF mass was
inversely correlated with low BMD both at lumbar (P <
0.001) and hip (P < 0.01) sites and with serum vitamin
D (P < 0.0005), OSCA (P < 0.0001) and insulin-like
growth factor-1 (IGF-1; £ < 0.0001) levels; (2) a posi-
tive correlation was found between TF and HOMA-IR (P
< 0.01), fibrinogen (P < 0.0001) and erythrocyte sedi-
mentation rate (P < 0.0001); (3) vitamin D levels were
directly correlated with IGF-1 (P < 0.0005), lumbar (P
< 0.006) and hip (P < 0.01) BMD; and (4) inversely
with HOMA-IR (P < 0.001) and fibrinogen (P < 0.0005).
Multivariate analysis demonstrated that only vitamin D
was independent of TF variable.

CONCLUSION: In obese women, TF negatively cor-
relates with BMD independently from vitamin D levels.
Reduced IGF-1 and increased inflammatory markers
might be some important determinants that account
for this relationship.

© 2013 Baishideng. All rights reserved.
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Core tip: Recent studies have shown that high fat mass
content might be a risk factor for osteoporosis and
fragility fractures. We evaluated obese women for vi-
tamin D, osteocalcin, inflammatory markers, metabolic
and hormones profile, bone mineral density (BMD) and
body composition by dual-energy X-ray absorptiometry.
Our results show that in obese women trunk fat nega-
tively correlates with BMD independently from vitamin
D levels, likely as consequence of reduced insulin-like
growth factor-1 and increased inflammatory markers.
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These data indicate that obesity cannot be considered
a protective factor for osteoporosis and suggest that
obese postmenopausal women should be investigated
for possible alterations of skeletal metabolism.
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INTRODUCTION

Obesity and osteoporosis ate two important global health
problems with an increasing prevalence and high impact
on both mortality and morbidity" . Interestingly, dur-
ing the last decades both diseases have become a major
health threat around the world, with age and female
status increasing the risk of developing both obesity and
osteoporosis”’ﬂ.

Obesity has been considered a protection factor
against the development of bone loss and osteoporosis,

likely for increased androgen aromatization to estrogens
in postmenopausal obese women™. Additionally, me-
chanical loading appears to stimulate bone formation by
decreasing apoptosis and increasing proliferation and dif-
ferentiation of both osteoblasts and osteocytes'”! by an
activation of the intracellular signalling Wnt/p-catenin"".
Therefore, the mechanical loading conferred by body
weight justified the assumption of a protective role of
obesity in the prevention of osteoporosis[s‘.

Morte recently, however, the belief that obesity is pro-
tective against osteoporosis has been questioned. In fact,
epidemiologic and clinical studies have suggested that
high level of fat mass might be a risk factor for osteo-
porosis and fragility fractures'' . Indeed, adipose tissue
not only stores excess triacylglycerols, but functions as an
endocrine organ by releasing several adipokines, which
appear to modulate glucose and lipid metabolism, inflam-
mation, appetite and insulin resistance . Additionally,
the physiological relevance of adipose tissue for skeletal
health likely resides in the role that some of these adi-
pokines, such as interleukin (IL)-6 and tumor necrosis
factor-a (TNF-q), might play by interfering with bone
cells homeostasis' . Moreover, bone has started to be
considered an endocrine organ itself affecting both body
weight control and glucose homeostasis through the
action of bone-derived factors such as osteocalcin and
osteopontin®"??, This cross-talk between fat and bone
seems to play an important role as homeostatic feedback
system in which adipokines and molecules secreted by
bone cells might represent the link of an active and func-
tional bone—adipose—glucoseaxislzs’zs], by mechanism(s)
not fully clarified yet.
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Recent evidences suggest that obesity is also associ-
ated with a chronic low-grade inflammation as depicted
by increased plasma levels of C-reactive protein (CRP),
pro-inflammatory cytokines such as TNF-q, IL-6, and

26-30 . oL
[ ]. Few reports also delCt an assoclation

osteopontin
between obesity and circulating low levels of vitamin
DP'"™ Nevertheless to date, few and conflicting data ex-
ist about possible correlation among vitamin D, total in-
tact osteocalcin (OSCA), inflammatory markers” )
bone mineral density (BMD) in obese women.

Since our group has recently demonstrated that a sub-

and

population of adult obese subjects had significant skeletal
alterations, and that different levels of adiposity could
differently affect skeletal health"”, the aim of the present
study was to evaluate potential detrimental correlations
between obesity, vitamin D levels, inflammation and
BMD in obese female subjects.

MATERIALS AND METHODS

Patients

In this study, 340 women [mean age: 44.8 + 14 years;
mean body mass index (BMI): 36.0 5.9 kg/m’| were
selected from a cohort of patients admitted to the day
hospital of Department of Experimental Medicine, Sec-
tion of Medical Pathophysiology, Endocrinology and
Nutrition, Policlinico Umberto I, Sapienza University of
Rome, for the diagnosis and therapy of obesity.

The study received the approval of the Internal Re-
view Board of our Institution. Exclusion criteria were
chronic medical conditions or the use of medications
affecting bone metabolism, hormonal and nutritional sta-
tus, vitamin D supplementation, recent weight loss, and
prior bariatric surgery interventions. Patients underwent
complete medical history and clinical examination. An-
thropomettic measurements included weight and height;
body weight was measured as the subjects were fasting
overnight and wearing underwear. BMI was calculated as

weight (kg)/height (m?).

Biochemical analysis

Hormones, lipid profile, glucose, insulin levels, fibrino-
gen, CRP, calciotropic hormones were evaluated. Ad-
ditionally, OSCA, the well known most abundant non-
collagenicbone matrix protein, marker of bone turnover,
was measured by standard methods. Measurements of
glucose, total cholesterol, high-density lipoprotein cho-
lesterol, low-density lipoprotein cholesterol, triglycerides
and fibrinogen concentrations were assessed by standard
immune-enzymatic methods, while insulin and vitamin D
levels were measured by radioimmunoassay. Serum para-
thyroid hormone was measured by a two-site immunora-
diometric assay, and CRP circulating levels were measured
by latex agglutination. Homeostasis model assessment of
insulin resistance (HOMA-IR) was calculated from fast-
ing plasma insulin and glucose levels using the formula:
insulin X glucose/22.5 (mU/L X mmol/L).
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Table 1 Baseline demographics of the study population (mean

+ SD)

Characteristics n = 340
Mean age (yr) 448 +14
BMI (kg/m’) 36+5.9
Total cholesterol (mg/dL) 196 + 41
HDL-cholesterol (mg/dL) 49+11
Triglycerides (mg/dL) 120 + 68
HOMA-IR 47+3
SHBG (nmol/L) 42 +58.5
PTH (pg/mL) 45+21
Leptin (nmol/L) 75+ 30
Vitamin D 20.5+9.8
17B-estradiol 70 + 54

BMI: Body mass index; HOMA-IR: Homeostasis model assessment of
insulin resistance; Vitamin D: 25-hydroxyvitamin D; PTH: Parathyroid
hormone; HDL: High-density lipoprotein; SHBG: Sex hormone binding
globulin.

Dual-energy-X-ray absorptiometry measurement

Body fat mass, fat-free mass (kg) and both lumbar and
femoral BMD were measured by dual-energy-X-ray
absorptiometry (DEXA) (Hologic 4500 RDR), with
coefficient of variation of < 1% for bone density and
< 1.5% for fat mass"”. Amount of trunk fat mass was
distinguished from peripheral and appendicular fat mass
as a measure of abdominal adiposity. In particular, trunk
fat was defined as the adipose tissue localized within the
region below the chin, delineated by vertical lines within
the left and right glenoid fossae bordering laterally to the
ribs, and by the oblique lines that cross the femoral necks
and converge below the pubic symphysis.

Statistical analysis

Results are expressed as mean = SD and compared by
means of analysis of variance for repeated measures.
Pearson correlations were used to examine associations
between variables, and multiple regression analyses were
used to determine the influence of TF and vitamin D on
the different variables. P < 0.05 defined differences sta-
tistically significant as described elsewhere"”. Multivariate
linear regression analysis was carried out to identify the
independent relations of TF by including the parameters
which were related with TF on bivariate analysis by using
SPSS/4.0 (SPSS, Chicago, IL, United States) and SAS/6.4
(SAS Institute, Cary, NC, United States).

RESULTS

A total of 340 obese women were observed and clinical

characteristics are shown in Table 1, which shows the
presence of obesity.

Initial analysis of the obese subjects showed a positive
correlation between body weight and lumbar and femo-
ral BMD (data not shown) as previously reported in the
literature™. However, further evaluation to charactetize
potential relationship between fat tissue distribution and
skeleton alteration showed a significant inverse relation-
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Figure 1 Correlation between trunk fat and bone mineral density at both
lumbar and femoral sites. A: Trunk fat (TF) percentage and bone mineral den-
sity at the lumbar (BMD L; r = -0.22, P < 0.001); B: Bone mineral density at the
hip (BMD H, r=-0.22, P< 0.01).

ship between TF and BMD at both lumbar and femoral
sites (Figure 1), suggesting a detrimental role of abdomi-
nal fat on skeletal mass.

Further evaluation of these obese women demon-
strated that vitamin D levels were significant lower than
normal range, and these values were inversely correlated
to either BMI (data not shown) and trunk adiposity
(Figure 2A). Additionally, to correlate obesity with altera-
tion of bone markers, OSCA levels were evaluated in
these female subjects and correlated to adipose tissue.
As shown in Figure 2B, OSCA levels were inversely cor-
related with TF mass suggesting that adipose tissue might
have a detrimental effect on this specific osteoblast-spe-
cific hormone. Also insulin-like growth factor-1 (IGF-1)
serum levels were inversely correlated with TF (Figure
2C). Moreover a strong direct correlation was found
between vitamin D and OSCA levels (data not shown).
Further, a direct relationship between TF and HOMA-
IR index (Figure 3A), and inflammatory markers such
as fibrinogen (Figure 3B) and erythrocyte sedimentation
rate (Figure 3C) was found in these obese adult female
subjects indicating, as suggested by others™ 2 potential
role of TF in glucose homeostasis. Analysis carried out
to investigate possible relationship between IGF-1 levels
and vitamin D status showed a strong direct relationship
(Figure 4A). Also, vitamin D levels were directly corre-
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Figure 2 Inverse relationship between trunk fat percentage and vitamin D
(A; r=-0.27, P < 0.0005), osteocalcin (B; r = -0.49, P < 0.0001) and insulin-
like growth factor-1 (C; r =-0.31, P < 0.0001) plasma levels in obese wom-
en. VITD: Vitamin D; OSCA: Osteocalcin; IGF-1: Insulin-like growth factor-1;
TF: Trunk fat.

lated with BMD at the femoral (Figure 4B) and lumbar
(Figure 4C) sites and inversely correlated with HOMA-IR
(Figure 5A) and fibrinogen levels (Figure 5B). Since it is
known that obesity is associated with a low-grade inflam-
mation””, specific markers were also investigated. As ex-
pected, inflammatory markers were significantly elevated
in obese women (Table 2) with a strong correlation with
degree of obesity. Multivariate analysis demonstrated that
only vitamin D was the only parameter that resulted to be

independent from TF (Table 3).
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Figure 3 Direct relationship between trunk fat percentage, homeostasis
model assessment index (A; r = 0.18, P < 0.01), fibrinogen (B; r = 0.44, P
< 0.0001) and erythrocyte sedimentation rate (C; r = 0.29, P < 0.0001) in
obese women. HOMA: Homeostasis model assessment; FBN: Fibrinogen;
ESR: Erythrocyte sedimentation rate; TF: Trunk fat.

DISCUSSION

The results presented herein show for the first time that
in obese women, the amount of TF is negatively corre-
lated with BMD, vitamin D, osteocalcin and IGF-1 levels,
whereas it is directly correlated with insulin insensitivity
and inflammation markers. Also, vitamin D status was
directly correlated with IGF-1 levels and multivariate
analysis showed that it was the only parameter that was
independently associated with TE This represents a novel
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Figure 4 Direct relationship between vitamin D, insulin-like growth fac-
tor-1 (A; r = 0.32, P < 0.0005), hip (B; r = 0.23, P < 0.01) and lumbar bone
mineral density (C; r = 0.19, P < 0.005) in obese women. VITD: Vitamin D;
IGF-1: Insulin-like growth factor-1; BMD H: Bone mineral density at the hip;
BMD L: Bone mineral density at the lumbar; TF: Trunk fat.

finding in obese women, suggesting that vitamin D and
IGF-1 levels might be considered a sensitive predictor
and indicator of skeletal health, as bone mineral density
alteration itself.

Fat tissue is present throughout the body and, in
cases of obesity, can cover up to 50% or more of the
entire body mass. White adipose tissue (WAT) is the most
abundant form, found in both subcutaneous and intra-
abdominal regions. WAT was first regarded only as an
energy reservoir, however it is now well recognized as an
endocrine organ due to its secretion of circulating adipo-
kines and pro-inflammatory factors'"*. Obesity, defined
as an abundance of WAT, has always been depicted as a
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Figure 5 Inverse relationship between vitamin D levels with homeostasis
model assessment (A; r = -0.27, P < 0.001) and with fibrinogen (B; r =
-0.28, P < 0.0005). VITD: Vitamin D; HOMA: Homeostasis model assessment;
FBN: Fibrinogen.

protective factor against the development of bone loss
and osteoporosislS’()J, nevertheless several groups, including
ours" ™ have recently demonstrated that high amounts
of adipose tissue accumulation might not be considered a
protective factor against the development of osteoporosis
and fracture risk.

Thus, the main objective of our study was to evaluate
the relationship between obesity (BMI > 30 kg/m?) and
BMD modifications. Interestingly, while BMD was cotre-
lated to BMI, body weight appeared to be a protective fac-
tor against low bone mass (data not shown), as previously
reported in the literature™”, which led to claim a protective
role of obesity against bone loss and osteoporosis. How-
ever, data were re-analyzed to evaluate potential detrimen-
tal role of body fat distribution on skeletal health. This
evaluation demonstrated that higher level of TF correlated
with lower bone mass, strongly suggesting that BMI might
not be considered the unique parameter to evaluate po-
tential detrimental effect of fat tissue as risk factors for
cardiovascular, metabolic or skeletal disorders! ",
Indeed, recent data indicate that TF might correlate with
skeletal damages in young population as well ™,

Moreover, although obese subjects have greater calo-
ries intake than subjects with normal body weight, they of-
ten show nutritional deficiencies or alterations in hormon-
al or metabolic parameters. For instance, obese women
show very low concentrations of vitamin D, as descirbed

April 15,2013 | Volume 4 | Issue?2 |



Greco EA et a/. Trunk fat mass and skeletal alterations

Table 2 Biochemical and hormonal characteristics of the study population according to different

body mass index

BMI < 30 kg/m> BMI 30-35 kg/m’

BMI 35-40 kg/m’

BMI > 40 kg/m”

(n = 80) (n = 100) (n = 80) (n = 80)
BMI 27+12 325+1° 37+15° 44 +2°
Mean age (yr) 46.5+15 45+ 14 46+£13 4314
Total-cholesterol (mg/dL) 199 + 54 198 + 41 204 + 40 190 + 32
HDL-cholesterol (mg/dL) 52+13 50 +£11 50+10 46 +10
Triglycerides (mg/dL) 114+79 117 + 61 130+ 72 122+ 68
Fibrinogen (mg/dL) 346 + 102 341+ 63 368+ 85 421 + 86"
C-reactive protein (ng/mL) 2409 28+09 50+14° 55+2.1°
HOMA-IR 28+09 31+08 5.0+26° 6.4+22°
PTH (pg/mL) 40+15 42 +20 46+23 48+19
Vitamin D 26+9 20 +10° 16+8° 15 +10°

*P < 0.01 vs BMI < 30 kg/ m% BML: Body mass index; HOMA-IR: Homeostasis model assessment of insulin resistance;
Vitamin D: 25-hydroxyvitamin D; PTH: Parathyroid hormone; HDL: High-density lipoprotein.

Table 3 Multivariate analysis showing that vitamin D is the

only parameter that is independently associated with trunk fat
percentage

Unstandardized coefficients' Standardized coefficients'

Model B SE Beta t P value
1 (constant) 52.054 8.498 6.125 0.000
Lumbar BMD  6.570 8.121 0.167 0.809 0.437
Hip BMD -9.971 7.687 -0.259 -1.029 0.224
Vitamin D -0.359 0.077 -1.029 -4.666 0.001
Osteocalcin 0.134 0.111 0.255 1.208 0.255
IGF-1 -0.002 0.014 -0.022 -0.114 0.916

1Dependent variable of trunk fat. IGF-1: Insulin-like growth factor-1; BMD:
Bone mineral density.

3-35]

by others™ ™, as well as the osteoblast-produced OSCA,
which were inversely correlated to TF mass, suggesting
that alteration of biochemical and hormonal parameters
might be an indicator of skeletal damage and decreased
density as diagnosed by DEXA. As previously shown by
others, we also observed an inverse relationship between
vitamin D and BMI, likely due to the amount of adipose
tissue, which, in individuals who are not obese, is inversely
associated with its blood concentrations”™*’, As described
in the literature,we confirmed a positive correlation be-
tween low vitamin D circulating levels and low BMD also
in obese women, but we found a new direct relationship
between vitamin D, IGF-1 and TT; this highlights the fact
that bone tissue might indeed play a pivotal role in the
recently described feedback among fat, bone and glucose
metabolism®***",

In the last years, potential association between obesity,
cardiovascular and metabolic diseases such osteoporosis,
has been actively investigated and common pathogenic
links have been proposed since all are influenced by ge-
netic and environmental factors, or by the interaction
of such factors. Aging is associated with these chronic
diseases and with a high incidence of bone loss and bone
marrow adiposity; in turn, bone remodeling and adipos-
ity are regulated through a complex concert of adipo-
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kines and hormone interactions. Indeed, adipocytes and
osteoblasts derive from a common progenitor cell, that
is the mesenchymal stem cell™* and several potential
mechanisms have been proposed to explain the complex
relationship between adipose and bone tissues'*™",

Adipose tissue was long viewed as a passive energy
reservoir, but since the discovery of leptin, and other
adipose tissue-derived factors™*™" fat has been consid-
ered an active endocrine organ. Indeed, it (IT) secretes
inflammatory cytokines, such as IL-6 and TNF-a",
which appear to play a pivotal role in the maintenance of
the low-grade inflammatory status of obesity, leading to
the development of adverse metabolic and cardiovascular
consequences and, likely, contributing to the detrimental
effect of fat tissue on the skeleton®

Evidences suggest that an inflammatory status might
be involved in the pathogenesis of osteoporosis promot-
ing osteoclasts differentiation and activity and maintain-
ing an altered bone remodeling™", Recently, CRP, an
inflammatory marker, has been identified as an indepen-
dent risk factor for cardiovascular events in healthy post-
menopausal women”" and high serum levels of CRP
are also associated with lower BMD, higher levels of
bone turnover markers and, more recently, greater risk of
fracture™”", further suggesting a role of inflammation in
bone loss pathogenesis. At the present time it is unknown
whether CRP plays a pivotal role as mediator of bone
loss similarly to its role in atherosclerosis”” or whether
is only a marker of systemic inflammation, linked to
bone health alterations”. In the present study we found
an association between inflammatory markers, z.e., of
erythrocyte sedimentation rate and fibrinogen, vitamin D
levels and insulin resistance, thus suggesting that a higher
degree of inflammation might be in part responsible for
deterioration of bone health.

Finally, we also found a negative correlation between
high degree of obesity and IGF-1 level (inversely related
to lean mass, data not shown) which also correlated with
lower BMD in obese women. The importance of this
factor in bone tissue homeostasis is well known"” both
during infancy and adulthood, but our data further in-
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dicate that a complex metabolic and hormonal pattern
alteration exist in obesity which is linked to bone homeo-
stasis alteration.

In conclusion, our data show that TF plays a detri-
mental role in skeletal metabolism both in term of low
BMD, bone markers and systemic factors influencing
skeletal tissue. Finally, alteration of vitamin D levels,
and inflammation status, in association with low OSCA,
altered insulin sensitivity might indicate the existence
of an important interplay between bone tissue, energy
metabolism and inflammations, which might suggest a
common pathogenic mechanism in the development of
metabolic, cardiovascular and skeletal diseases. Further
studies ate however needed to fully clarify and charactet-
ize the mechanism(s) underlying the role of trunk fat in
the development effect of chronic diseases, such diabe-
tes, cardiovascular disease and osteoporosis.
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