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Abstract Previous researches demonstrate uncertainty
about the effect of metabolic syndrome (MS) on bone. We
performed a meta-analysis to investigate the association of
MS with bone mineral density (BMD) of spine and femoral
neck (FN). In this meta-analysis, searches of Medline,
Embase, Cochrane Library, Chinese biological medical
database and China national knowledge infrastructure were
undertaken to identify studies in humans of the association
between MS and BMD. Random effects model was used
for this meta-analysis. The results of our research were
reported using the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines. A total of 11
studies (including an outlier study) with 13,122 subjects
were included in our research. We detected a significant
overall association of MS with increased BMD of spine
(weighted mean difference, WMD = 0.027, 95 % confi-
dence interval, CI [0.011, 0.042]) and no significant overall
association of MS with BMD of FN (WMD = 0.008, CI
[—0.011, 0.026]). Subgroup analyses indicated significant
association between MS and increased BMD of spine in
subjects whose BMD was measured by dual-energy X-ray
absorptiometry (DXA) scanner manufactured by Hologic
Inc., subjects diagnosed by International Diabetes Federa-
tion criteria and subjects diagnosed by National Choles-
terol Education Program’s Adult Treatment Panel III
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(NCEP-ATP 1III) criteria. And significant association
between MS and increased BMD of FN in Caucasian
subjects, subjects whose BMD was measured by DXA
scanner manufactured by Hologic Inc. and subjects diag-
nosed by NCEP-ATP III criteria was also found. Our meta-
analysis suggests that MS has no clear influence on BMD,
or its influence maybe beneficial.

Keywords Metabolic syndrome - Bone mineral density -
Meta-analysis - Osteoporosis

Introduction

Osteoporosis is a skeletal disorder characterized by com-
promised bone strength that predisposes affected persons to
an increased risk of fracture [1]. Traditionally, the defini-
tion of osteoporosis is based on bone mineral density
(BMD) measurements at the spine and proximal femur [2].
It is an important public health problem worldwide due to
its high morbidity and mortality and its significant eco-
nomic costs [3, 4]. The economic burden of osteoporosis is
likely to increase in the future due to increased life
expectancy and a growing population of elderly people
with a high risk of fractures.

Metabolic syndrome (MS) is characterized by abdomi-
nal obesity, insulin resistance, hypertension, and dyslipi-
demia [5] (i.e., elevated levels of triglycerides and low
levels of high-density lipoprotein cholesterol [HDL-C]).
The dominant underlying risk factors for this syndrome
appear to be abdominal obesity and insulin resistance.
There are several similar clusters of criteria for diagnosing
MS, such as International Diabetes Federation (IDF) cri-
teria, National Cholesterol Education Program’s Adult
Treatment Panel III (NCEP-ATP III) criteria and American
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Heart Association/National Heart, Lung and Blood Insti-
tute (AHA/NHLBI) criteria. MS 1is associated with an
increased risk for developing cardiovascular diseases and
diabetes mellitus [6, 7]. Furthermore, coexistence of the
components of MS increases the cardiovascular risk more
than the sum of the influence of individual component.
However, they may show different associations with bone
metabolism.

The components of MS may have a protective or a
negative effect on bone. For instance, obesity may lead to
increased BMD because it is associated with higher 17p-
estradiol level and higher mechanical load, which may
protect bone [8, 9]. However, visceral fat accumulation is
associated with higher levels of pro-inflammatory cyto-
kines, which may up-regulate receptor activators of nuclear
factor-xB ligand, leading to increased bone resorption and
decreased BMD [10-12]. The effects of other components
of MS (i.e., blood pressure, serum concentrations of glu-
cose, triglyceride and HDL-C) on BMD are also contra-
dictory. Moreover, the association between MS and BMD
may be influenced by ethnic or other factors. Thus, in some
studies, the combined effect of the MS risk factors on bone
health has not yet been consistent.

We therefore undertook a meta-analysis between MS
and BMD, as a measure of osteoporosis, based on available
studies.

Subjects, materials and methods
Search strategy and inclusion criteria

We systematically searched Medline, Embase and Coch-
rane Library for studies written in English and Chinese
biological medical database and China national knowledge
infrastructure for studies written in Chinese (from their
commencements to Jan 2012). The search used the fol-
lowing terms: “metabolic syndrome”, “MS”, “bone”,
“bone mineral density”, “BMD”, “osteoporosis”, “OP”
and “osteopenia”. The following two sites of BMD were
included in this meta-analysis: spine and femoral neck
(FN).

Studies in humans of the association between MS and
BMD, regardless of sample size, were included if they met
the following criteria: (1) the study was written in English
or Chinese; (2) data were reported on at least one of the
two sites (spine and FN) of BMD; (3) BMD was measured
by dual-energy X-ray absorptiometry (DXA) and expressed
by g/em?; (4) we only included studies in which mean
BMD and standard deviations (SDs) or standard errors
(SEs) were available; (5) subjects were adults who were at
least 18 years old. The excluded studies included reviews,
editorials, comments, letters, and abstracts.

Data extraction

Two investigators independently reviewed the articles and
selected eligible studies according to the inclusion criteria
for eligible studies. Irrelevant studies were excluded. For
studies with same population resources or overlapping
datasets, the most complete one was included. Study details
and data were extracted independently to a standardized
electronic form by two investigators, and discrepancies
were adjudicated by a third reviewer until consensus was
achieved on every item. The following information was
extracted from each study: last name of first author, year of
publication, country, subject population, definition of MS,
mean BMD and SDs (or SEs) of subjects with or without
MS. We used unadjusted BMD in our meta-analysis.

Statistical analysis

For this meta-analysis, all data should be given as mean
and SDs. In those studies where values of SEs were orig-
inally reported, the values of SDs were calculated. When
information was reported for more than one subpopulation
(for example, male subjects or female subjects) in one
study, each subpopulation was treated as a separate com-
parison in our meta-analysis. BMD in the two sites (spine
and FN) were continuous outcomes presented on the same
scale (g/cmz), so we used a WMD with 95 % confidence
intervals (CIs) calculated using the final follow-up P values
provided for the MS (+) and MS (—) groups to analyze the
strength of the association between MS and BMD. All data
were initially analyzed with a fixed effects model. If het-
erogeneity was found, the analysis should be redone using
a random effects model. A P value of 0.05 was considered
statistically significant.

Heterogeneity of the effect across studies was assessed
by Q statistics, which is distributed as y* statistics. I* sta-
tistics were provided to quantify the percentage of total
variation across studies that was attributable to heteroge-
neity rather than to chance. An I* value >50 % represented
substantial variability. In the presence of heterogeneity,
sensitivity analyses were performed to indentify the outlier
studies. The influence of outliers was also assessed to
evaluate the impact of their removal. Moreover, there
might be effect modification caused by study-level char-
acteristics including gender, ethnicity, manufacturer of
DXA scanner and MS definition. These were identified by
performing a meta-regression for each study-level variable.
We considered heterogeneity and meta-regression to be
significant at P < 0.10, a conservative standard for meta-
analyses. After the predefinition of each study-level vari-
able by meta-regression, subgroup analyses were con-
ducted. Gender subgroups were defined as male and
female. Ethnic subgroups were defined as Caucasians or
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Asians. Manufacturer of DXA scanner subgroups were
defined as GE-Lunar and Hologic Inc. MS definition sub-
groups were defined as IDF criteria or NCEP-ATP III
criteria, since the studies using other national criteria
(AHA/NHLBI criteria and Chinese diabetes society [CDS]
criteria) are too few.

We performed a visual inspection of the funnel plot for
publication bias. The funnel plot should be asymmetric
when there is publication bias and symmetric in the case of
no publication bias. We performed Egger and Begg tests to
measure the funnel plot asymmetry using a significance
level of P < 0.05. The trim and fill computation was used
to estimate the effect of publication bias.

All statistical analyses were performed by using STATA
11.0 (Stata Corporation, College Station, TX). The results
of our research were reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses guidelines.

Results
Studies included in the meta-analysis

Our literature search produced 503 citations (411 written in
English and 92 written in Chinese), of which we selected
21 for further review of the full text. A total of 10 studies
were excluded for unavailable or incomplete data [13-22].
Finally, 11 unique studies were available for this meta-
analysis [23-33]. Of these, 10 studies (included 14 com-
parisons) and 7 studies (included 11 comparisons)

separately presented data on BMD of spine and FN.
Table 1 summarizes the characteristics of the included
studies.

In all eligible studies, there were five studies separately
providing the information on more than one subpopulation.
Each subpopulation was treated as a separate comparison.
A total of 13,122 subjects were included in this meta-
analysis. Among them, 2,779 were with MS, and 10,343
were without MS.

Association between MS and BMD of spine

We initially performed the meta-analysis on all 10 studies
(including 14 comparisons) with a fixed effects model. For
the presence of significant heterogeneity (I* = 90.8 %), the
analysis was redone using a random effects model. The
results did not suggest the significant association between
MS and BMD of spine (weighted mean difference,
WMD = 0.021, 95 % CI [-0.003, 0.044], P = 0.081;
P =90.8 %, P < 0.001 for Q test). Since the value of I*
was very high, the results above were unavailable.

Thus, there might be outlier studies which should be
identified by sensitivity analyses and then be omitted.
Sensitivity analyses showed that there was an outlier study
(study ID: Hwang and Choi [27]). When the outlier study
was omitted, 9 studies (including 13 comparisons) were
included in the meta-analysis. The heterogeneity was
decreased and the results suggested the significant associ-
ation between the MS and increased BMD of spine
(WMD = 0.027, 95 % CI [0.011, 0.042], P = 0.001;
P =743 %, P < 0.001 for Q test) (Fig. 1).

Table 1 Characteristics of included studies on the association between MS and BMD

References Countries Study subjects MS definitions BMD sites DXA scanner
manufacturers
Pasco et al. [61] Australia 641 Men aged 50-93 IDF Spine and FN GE-Lunar
Jeon et al. [23] Korea 2165 Women aged >45 AHA/NHLBI Spine and FN GE-Lunar
Szulc et al. [24] France 762 Men aged 50-85 NCEP-ATP 111 Spine and FN Hologic Inc.
Park et al. [25] Korea 399 Postmenopausal women aged NCEP-ATP 1II Spine and FN GE-Lunar
594 £ 6.7
Muhlen et al. [26] United States 417 Men and 671 postmenopausal NCEP-ATP 111 Spine and FN Hologic Inc.
women aged 38-97
Hwang and Choi [27] Korea 2475 Women aged 21-94 NCEP-ATP 1II Spine Hologic Inc.
Boyanov et al. [28] Bulgaria 172 Men aged 51.9 + 9.0 IDF Spine Hologic Inc.
Hernandez et al. [29] Spain 1508 Men and women aged >50 NCEP-ATP 1II Spine and FN Hologic Inc.
Zhang et al. [32, 33] China 247 Men (aged 53.71 £ 10.36) CDS Spine GE-Lunar
and 227 women (aged
58.75 £ 10.93)
Yaturu et al. [30] United States 550 Men aged 50-76 NCEP-ATP 1II Spine GE-Lunar
Kim et al. [31]* Korea 1108 Postmenopausal women and IDF FN GE-Lunar

1780 men aged >40

 In this study, MS was defined by IDF and AHA/NHLBI respectively. We choose the former to avoid overlapping

@ Springer



Endocrine (2012) 42:546-554 549
Study %
D | WMD (35% CI) Weight
Pasco (2007) S 0.05 (0.02, 0.09) 6.93
Jeon1 (2011) —_— E -0.01 (-0.04, 0.01) 8.1
Jeon2 (2011) —_— 10,03 (0.05,-0.00) 8.89
Saule (2010) —_— 0.04 (0,01, 0.07) 7,66
Park (2010) — 0.04 (0.00, 0.08) 6.99
Muhlent (2007) — 0.06 (0.02, 0.09) 7.55
Muhlen2 (2007) ——— 0.03 (0.01, 0.06) 8.35
Boyanov (2009) 0.05 ¢0.01,0.11) 427
Heréndez1 (2010) — - 0.02 (0,01, 0.05) 757
Herméndez2 (2010) — 0.02 (0.00, 0.04) 952
Zhang1 2010) e 007(003,019) 7.02
Zhang2 2010) — 0.03 0,00, 0.06) 7.40
Yaturu (2009) —_— 0.00 ¢0.01,0.02) 075
Overall (-squared = 74.3%, p= 0.000) i 0.03 (0.01, 0.04) 100.00
NOTE: Weights are from random effects analysis E
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Fig. 1 Forest plot of the association between MS and BMD of spine using a random effects model

Meta-regression did not show a significant difference in
effect estimates among studies focus on male subjects
versus those focus on female subjects (meta-regression
P = 0.425). Likewise, meta-regression results indicated a
lack of effect measure modification by ethnicity
(P = 0.118). However, meta-regression results indicated
significant effect measure modification by Manufacturer of
DXA scanner (P = 0.053) and MS definition (P = 0.087).

We therefore carried subgroup analyses to examine whe-
ther the results for the association between MS and BMD of
spine were different with the Manufacturer of DXA scanner
and MS definition. Significant association between the MS
and increased BMD of spine was detected in subjects whose
BMD was measured by DXA scanner manufactured by Ho-
logic Inc. (WMD = 0.033, 95 % CI [0.021, 0.044],
P < 0.001, P =00 %, P =0.489 for Q test), subjects
diagnosed by IDF criteria (WMD = 0.052, 95 % CI [0.021,
0.083], P = 0.001, I = 0.0 %, P = 1.000 for Q test) and
subjects diagnosed by NCEP-ATP III criteria (WMD =
0.028, 95 % CI [0.014, 0.042], P < 0.001, F* = 52.2 %,
P = 0.051 for Q test). The remaining results from these
subgroup analyses were not significant (P > 0.05).

Association between MS and BMD of FN

Similarly, we performed the meta-analysis on all 7 studies
(including 11 comparisons) with a random effects model

(Fig. 2), and the results did not suggest the significant
association between MS and BMD of FN (WMD = 0.008,
95 % CI [—0.011, 0.026], P = 0427, I =86.0 %,
P < 0.001 for Q test).

Sensitivity analyses showed that there was no outlier
study. Meta-regression did not show a significant differ-
ence in effect estimates among studies focus on male
subjects versus those focus on female subjects (meta-
regression P = 0.431). However, meta-regression results
indicated significant effect measure modification by eth-
nicity (P = 0.014), Manufacturer of DXA scanner
(P = 0.027) and MS definition (P = 0.009).

We therefore carried subgroup analyses to examine
whether the results for the association between MS and
BMD of spine were different with ethnicity, Manufacturer
of DXA scanner and MS definition. The results suggested
significant association between the MS and increased BMD
of FN in Caucasian subjects (WMD = 0.029, 95 % CI
[0.020, 0.038], P <0.001, I =0.0 %, P = 0.465 for
Q test), subjects whose BMD was measured by DXA
scanner manufactured by Hologic Inc. (WMD = 0.029,
95 % CI [0.018, 0.040], P <0.001, I*=129 %,
P = 0.332 for Q test) and subjects diagnosed by NCEP-
ATP III criteria (WMD = 0.029, 95 % CI [0.020, 0.038],
P <0.001, P=0.0%, P=0467 for Q test). The
remaining results from these subgroup analyses were not
significant (P > 0.05).
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Fig. 2 Forest plot of the association between MS and BMD of FN using a random effects model

Heterogeneity and publication bias

Significant heterogeneity was separately observed among
the available studies on BMD of spine and FN. To detect
the source of heterogeneity, we performed meta-regression
and subgroup analyses stratified by the characteristics of
the subjects. Significant heterogeneity was removed or
decreased in some subgroups, but still existed in other
subgroups (Table 2).

The number of studies included in the analysis was
relatively small, so it was difficult to correlate the funnel
plot. For the 9 studies (with an outlier study excluded)
focus on BMD of spine, both Egger’s regression
(P = 0.041) and Begg’s methods (P = 0.044) showed

Table 2 Heterogeneity in subgroups

publication bias. Trim and fill analysis results showed five
studies might have been missing. When they were added to
the meta-analysis, a WMD value was 0.010 (95 % CI
[0.003, 0.017]), which suggested the significant association
between the MS and increased BMD of spine either. For
the seven studies focus on BMD of FN, both Egger’s
regression (P = 0.523) and Begg’s methods (P = 0.436)
did not indicate publication bias.

Discussion

In our meta-analysis, we used unadjusted BMD. Although
in general, the adjusted BMD were more accurate and

Subgroups BMD of spine BMD of FN
P (%) P P P 7 P

Ethnicity

Caucasian - - - 0.0 4.62 0.465

Asian - - - 82.2 22.52 0.000
Manufacturer of DXA scanner

GE-Lunar 82.1 33.60 0.000 85.7 34.92 0.000

Hologic Inc. 0.0 443 0.489 12.9 4.59 0.332
MS definition

IDF 0.0 0.00 1.000 90.6 21.37 0.000

NCEP-ATP III 52.2 12.56 0.051 0.0 4.60 0.467
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deeper considered, it was not appropriate to our research.
In the studies in which BMD were adjusted, one of the
adjusting factors was BMI or body weight. Such an
adjustment distorted the clinical profile of MS, which by
definition included high body weight, waist perimeter or
BMI. When adjusting for these, the clinical sense of MS
just disappeared, or was at least essentially modified.
Therefore, we choose the unadjusted BMD for our meta-
analysis.

Through sensitivity analyses, we detected an outlier
study when we performed the meta-analysis on the asso-
ciation of MS with BMD of spine. In this study, mean
vertebral BMD was significantly lower in women with MS
than women without. The subjects of this outlier study
were aged 21-94, but the subjects of the other nine studies
were mainly middle-aged or older people. This might be
the main reason for the detection of the outlier study.
Therefore, we could assume that the association of MS
with BMD of spine might be different in young and old
people.

A significant overall association of MS with increased
BMD of spine and no significant overall association of MS
with BMD of FN was detected in our meta-analysis. Since
MS is a cluster of conditions interacting with each other,
the mechanism behind the effects of MS on BMD is
complicated and has not yet been investigated in detail.
The associations between individual components of the MS
and BMD have been extensively studied, but results are
inconclusive. (1) Obesity: abdominal obesity is not only a
key component of MS but also a cause of MS inducing
insulin resistance. High BMI is considered to be a pro-
tecting factor against excessive bone loss in several studies
[34-37]. In addition, Edelstein and Barrett-Connor [38]
reported a positive association of central obesity and higher
BMD levels at all sites in both genders. However, some
other studies indicated that central obesity was significantly
associated with low bone mass [39-42]. (2) Impaired glu-
cose tolerance: in several different studies, impaired glu-
cose tolerance was associated with lower, higher, or similar
BMD compared with the control individuals [17, 43-46].
(3) Hypertension: some studies reported that hypertension
is related with low bone mass due to the changes of serum
intact PTH concentration or urinary calcium excretion [47,
48]. But the results are inconsistent. Hanley et al. [49]
found an independent association of hypertension with
higher BMD for both genders. Mussolino and Gillum [50]
found no significant association between blood pressure
and BMD at any bone site. (4) Triglyceride: Edelstein and
Barrett-Connor [38] found that triglyceride positively cor-
relates with BMD. Moreover, experimental data suggest
that apolar lipids, including TG, form a layer between
collagen fibers and mineral crystals. So, TG may mediate
the interaction between protein matrix and bone mineral

and contribute to the improvement of qualitative properties
of bone [51]. But Kim et al. [31] found that triglyceride
levels were negatively associated with BMD of FN in
postmenopausal women. (5) HDL-C: Adami et al. [52]
found that hip BMD was negatively associated with HDL-
C in both genders. But another two studies showed that
HDL-C positively correlates with BMD in the lumbar spine
in postmenopausal women [53, 54]. Therefore, the com-
bined effect of the MS components on BMD could be
positive or insignificant.

Significant heterogeneity was found in our meta-analy-
sis. Several study-level variables leading to heterogeneity
were defined by meta-regression and subgroup analyses,
such as ethnicity, DXA scanner manufacturer and MS
definition. First, we detected positively association
between MS and BMD of FN in Caucasian subjects rather
than Asian subjects. Visceral adiposity has been linked to
reduced bone mass, and Asians have more visceral adi-
posity than do Caucasians, despite a similar rate of general
obesity. Therefore, Asians with MS may be more influ-
enced by visceral adiposity [55, 56]. Second, we detected
positively association between MS and BMD of spine and
FN in the subjects whose BMD was measured by DXA
scanner manufactured by Hologic Inc. rather than GE-
Lunar. Absolute values of BMD, using DXA, might differ
between instruments from different manufacturers. Previ-
ous study performed a comparison of longitudinal mea-
surements in the spine and proximal femur using Lunar and
Hologic instruments [57]. Despite the significant correla-
tions, the agreement between the two densitometers was
not high and there might be significant errors in individual
subjects if one uses measurements from one densitometer
to predict the change in BMD using the scanner of the other
manufacturer. Third, we detected positively association
between MS and BMD of FN in the subjects diagnosed by
NCEP-ATP III criteria rather than IDF criteria. According
to NCEP-ATP III or IDF criteria, participants were clas-
sified as having MS when any three or more of the fol-
lowing items were present: (1) abdominal obesity, (2) high
triglycerides, (3) low HDL-C levels, (4) high fasting glu-
cose or (5) high blood pressure. Although each criterion
was similar between the two clusters of criteria, there was
still obvious difference. For instance, abdominal obesity
was a necessary criterion in IDF criteria rather than NCEP-
ATP III criteria.

Heterogeneity was removed or decreased in some sub-
groups but still existed in other subgroups. Thus, in addi-
tion to ethnicity, Manufacturer of DXA scanner and MS
definition, there might be other factors leading to hetero-
geneity, such as different sample size. Moreover, previous
study indicated that gender might influence the association
between MS and BMD [58]. It could be hypothesized that,
because of the partially different type of fat deposition in
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women and in men, the conditions of mechanical effect,
adipocyte estrogen synthesis and chronic low-grade
inflammation may be also different in genders. But gender
was not defined as an variable leading to heterogeneity by
meta-regression in our research.

For the studies focus on BMD of spine, Egger’s
regression and Begg’s methods showed publication bias.
Usually, publication bias appeared for only significant
results were published. But in our research, that might not
be the main reason because no significant effect was
present in some studies included in our meta-analysis. In
the process of our literature search, we retrieved some
abstracts (written in English) reporting the association
between MS and BMD, but the full texts of the papers were
published in other languages (Japanese, Russian, et al.).
We could not get the full papers, which might lead to
publication bias. Publication bias was adjusted by trim and
fill analysis in our research, and the results of meta-analysis
were similar with those before the adjustment. Thus, the
publication bias had no great impact on our meta-analysis.
For the studies focus on BMD of FN, both Egger’s
regression and Begg’s methods did not indicate publication
bias.

Considered together, these studies seem to indicate that
MS either has no clear influence on BMD, or its influence
maybe beneficial.

The present study has some limitations that should be
considered. First, several sites for BMD measurement (i.e.
hip, spine and FN) have been researched. We only included
BMD of spine and FN in this meta-analysis because these
two sites were most extensively studied. Second, since we
used unadjusted BMD in our meta-analysis, the results
might be influenced by confounders. For example, body
size might influence BMD measurements. So it was
seemingly necessary to adjust BMD by BMI. However, as
we all know, BMI was an element of MS, and, hence,
adjusting for it implies an essential modification in the
situation studied, which would be different from MS itself.
Therefore, despite the presence of confounders, we had to
choose the unadjusted BMD. Third, the number of studies
included in our meta-analysis was limited. Thus, when we
performed subgroup analyses, the statistical power could
be inadequate. Fourth, we only included the studies pub-
lished in English or Chinese because it was very difficult to
get the full papers published in various languages, which
might affect our final conclusions. Fifth, osteoporosis was
due to alteration of both bone density and quality, leading
to increased risk of fragility fractures. But we only evalu-
ated the effects of MS on BMD, which was one-sided. For
example, BMD of the diabetes might not truly reflect bone
biomechanical competence, and their fracture risk might be
increased despite normal or increased BMD [59]. Fur-
thermore, the mechanism of bone metabolism differed in

@ Springer

diabetes and non-diabetes. For instance, Hamada et al. [60]
found that receptor for advanced glycation end products
(RAGE) played a crucial role in bone metabolism under
physiological conditions, but AGEs-RAGE interaction may
not be involved in the bone metabolism in diabetes. Thus,
we should pay more attention to bone quality than bone
mass of the patients with MS if they had diabetes.
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