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Abstract

Summary
Link between obesity and bone health is controversial. It
seems that maybe the difference in metabolic status leads to
this difference. We studied relation between metabolically
healthy/unhealthy components with bone mineral density.
Results showed metabolically unhealthy obesity (MUHO)
phenotypes have better bone status at hip site than metaboli-
cally healthy obesity (MHO). Also, component metabolic can
effect on BMD in different sites.

Purpose/Introduction
This cross-sectional study aimed to compare total BMD and
L-L4 BMD in MHO and MUHO base on Karelis criteria.

Methods
We enrolled 272 Iranian obese women and men (BMI ≥ 30).
According to Karelis criteria, the participants were grouped
base to MHO and MUHO. The body composition and BMD
were assessed for all cases. Serum HDL-C, LDL-C, total cho-
lesterol, triglyceride (TG), fasting blood glucose, homeostatic

model assessment-insulin resistance (HOMA-IR), and hyper-
sensitive C-reactive protein (hs-CRP) levels were quantified
by ELISA method.

Results
Our results demonstrate MUHO phenotype have high total
BMD more than MHO (P = 0.01, CI = 0.12 to 0.21). Also,
the results of logistic regression analysis showedMUHO have
strongly associated with total BMD (β = −0.42, CI = − 0.31 to
− 0.04, P = 0.009), but did not affected L2-L4 BMD
(β = − 0.09, CI = − 0.14 to 0.08, P = 0.578); this represents
that there was discordance in MUHO subjects. Our evidence
implicated that HOMA-IR, high level serum TG, hs-CRP, and
low level serum HDL had mediatory effect on relationship
between obesity and high BMD at the hip region in MUHO
subjects (P < 0.05).

Conclusion
Present evidence indicates that, could be a novel link between
difference in MUH phenotype and MH phenotype with bone
status. Also, component metabolic can effect on BMD in dif-
ferent sites.
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BW Body weight
DXA Dual-energy X-ray absorptiometry
FBS Fasting blood glucose
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FFM Fat-free mass
FM Fat mass
HOMA-
IR

Homeostatic model assessment-insulin
resistance

HDL High-density lipoprotein cholesterol
LDL Low-density lipoprotein cholesterol
LRM Linear regression models
L2-L4
BMD

Lumbar spine (vertebrae L2-L4) bone mineral
density

hs-CRP Hypersensitive C-reactive protein
IL-6 Interleukin-6
IGF-I Insulin-like growth factor 1
MH Metabolically healthy
MUH Metabolically unhealthy
MHO Metabolically healthy obesity
MUHO Metabolically unhealthy obesity
TBW Total body water
Total-Chol Total cholesterol
Total
BMD

Hip bone mineral density

TG Triglyceride

Introduction

Obesity prevalence is increasing worldwide, with the condi-
tion predicted to affect more than one billion people by 2030
[1–3].Obesity is a chronic disease whose origin is determined
by genetic factors as well as environmental influences [4]. It is
associated with increased risk of developing co-morbidities
including type 2 diabetes mellitus (T2DM) and cardiovascular
disease (CVD) and is associated with many other conditions,
including certain types of cancer, mental health, and increased
mortality [5–7].

However, these cardio-metabolic abnormalities are not
found in all obese people. Recent interest has focused on an
obese subgroup with a healthy metabolic profile despite in-
creased adiposity and has been investigated by several re-
searchers [8–10]. Metabolically healthy obesity (MHO) de-
scribes the absence of any overt cardio-metabolic disease
and the absence of the metabolic syndrome and favorable
metabolic profile and inflammation profile, characterized by
high levels of insulin sensitivity, low prevalence of hyperten-
sion, and components in an individual with a BMI ≥30 kg/m2.
Evidence suggests that MHO individuals may account for as
much as 20–30% of the obese population. [1, 5, 6].In longi-
tudinal studies, this phenotype was associated with reduced
risks of developing T2DM and CVD [7]. However, it is gen-
erally agreed that there is no evidence that these subjects are
permanently protected from the risk of obesity-related co-
morbidities [11]. Metabolically unhealthy obesity (MUHO),
in contrast to the MHO group, displays the typical obesity-
related metabolic disturbances of hyperinsulinemia, insulin

resistance, hypertriglyceridemia, and possibly elevated risk
of developing T2DM and CVD [12].

Overweight and obesity can strengthen the bone, which may
decrease osteoporotic fracture risk by increasing bone mineral
density (BMD), a well-known indicator for osteoporosis [13].

This protective effect of obesity is called the Bobesity
paradox^ or Breverse epidemiology^ and has been controver-
sial, while some studies have shown that obesity is positively
associated with high BMD as a result of the obesity-related
increased levels of leptin, insulin, and estrogen that stimulate
growth of bone and inhibit bone remodeling. The studies of
National Osteoporosis Foundation and others suggested that
low BMI should be included in the risk assessment tools for
evaluation of osteoporosis and osteoporotic fracture risk.
Several studies have reported that obesity was negatively as-
sociated with BMD [14–18].

In the present study, we tested the hypothesis that differ-
ence in metabolic status in MUHO and MHO leads to differ-
ence in bone status.

Materials and methods

Study population

The study was conducted as a cross-sectional method on 272
obese adults aged 17–69 years old who fulfilled the study
criteria. All participants were recruited from a nutrition clinic
of the Shariati Hospital’s outpatient clinic. The registered pa-
tients in the clinic were enrolled in our study according to
inclusion and exclusion criteria. Eight hundred participants
were invited to a screening visit between November 2013
and December 2014. Individuals were included if they met
the following criteria: having a BMI ≥ 30, absence of any
acute or chronic inflammatory disease, no medical history of
hypertension, no alcohol or drug abuse, not being pregnant, no
medical history of any condition affecting inflammatory
markers, absence of thyroid diseases, no malignancies, no
current smoking, absence of diabetes mellitus, absence of
any cardiovascular disease including heart failure, no acute
or chronic infections, and absence of hepatic or renal diseases.
Finally, we enrolled 272 obese Tehrani men and women (BMI
≥ 30) in this study. All participants provided written and in-
formed consent forms (approved by TUMS Ethics
Committee, with the following identification (91-02-27-
18041-69439). The study protocol was approved by the local
ethical committee of Endocrinology and Metabolism
Research Institute of Tehran University of Medical Sciences.

Anthropometric measurements

Height and weight were measured. The BMI was calculated
by dividing the weight (kg) by the square of the height (cm).
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Blood pressure was measured using a standardized sphygmo-
manometer after 5 minutes of rest. The waist circumference
was measured in the standing position, at the middle point
between the anterior iliac crest and lower border of rib by a
single examiner.

Measurement of biochemical parameters

Serum was prepared from blood sample after having 10–12 h
fasting state from each subject. Serum samples were aliquot
into 1 ml tubes and stored at − 80 C. All baseline blood sam-
ples were obtained between 8:00 and 10:00 a.m. Serum was
centrifuged, aliquoted, and stored at a temperature of − 80 C.
All samples were analyzed by means of a single assay.
Glucose Oxidase Phenol 4-Aminoantipyrine Peroxidase
(GOD/PAP) method was used for the measurement of fasting
serum glucose, and triglyceride levels were measured by
Glycerol-3-phosphate oxidase Phenol 4-Aminoantipyrine
Peroxidase (GPOPAP) method. Total cholesterol levels were
measured by enzymatic endpoint method, and direct high- and
low-density lipoproteins were measured by enzymatic clear-
ance assay. Serum hypersensitive C-reactive protein (hs-
CRP), a pro-inflammatory biomarker, was determined using
a high-sensitivity immunoturbidimetric assay (Hitachi 902
Analyzer; Hitachi LTD, Tokyo, Japan). All inter-assay calcu-
lated coefficients of variation were within the normal range of
enzymatic kits data sheets. Serum insulin concentrations were
analyzed through enzyme-linked immunosorbent assay
(ELISA) method (Human insulin ELISA kit, DRG
Pharmaceuticals, GmbH, Germany). Minimum detectable
concentration was 1.76 mIU/ml, intra CV was 2.19%, and
inter CV was 4.4%.

The HOMA-IR calculation

Insulin resistance was calculated by the homeostatic model
assessment (HOMA) according to the following equation:
HOMA-IR = [fasting plasma glucose (mmol/l) × fasting plas-
ma insulin (mIU/l)]/22.5 [19].

Determination of metabolic health status

Metabolic health status was defined using a MH definition
based on Karelis criteria. According to Karelis criteria, met-
abolically healthy phenotype requires four or more of the fol-
lowing five components: TG ≤ 150 mg/dl, HDL-C ≥ 50 mg/dl
and no treatment, LDL-C ≤ 100 mg/dl and no treatment, hs-
CRP ≤ 3.0 mg/l, and HOMA-IR ≤ 1.95 [20]. We for examined
the results from BMD and metabolic statues and effect blood
parameter base on Karelis criteria and divided the participants
into two groups, normal and abnormal, in terms of HDL-C,
LDL-C, TG, HOMA, and hs-CRP.

Complete body composition analysis

The researchers assessed the body composition of all cases
with the use of Body Composition Analyzer BC-418MA-
Tanita (UK) by strictly following the techniques, procedure,
and precaution of the manufacturer’s protocol. The device
calculates body fat percentage, fat mass, and fat-free mass
and predicts muscle mass on the basis of data obtained by dual
energy X-ray absorptiometry (DXA) using bioelectrical im-
pedance analysis (BIA) as described completely in previous
study [19].

Bone mineral density measurement

All the subjects had undergone BMD measurements by dual
energy X-ray absorptiometry (DEXA) of the lumbar spine
(vertebrae L2-L4) and hip. The coefficient of variation for
longitudinal BMD measurements in the DEXA machine av-
eraged at 1.04%. Normal bone mass was defined as BMD
measurements at or above one standard deviation (S.D.) from
the optimal peak BMD (T score) of healthy young adults of
the same sex. BMDmeasurement at or below − 2.5 S.D. from
the optimal peak BMD of healthy young adults of the same
sex was osteoporotic, as per World Health Organization stan-
dard definitions. The results are presented as absolute values
in g/cm2 and as standard deviation units (Z score) based on
comparison with age- and sex-matched BMD [21].

Statistical analyses

Data on quantitative characteristics were reported as the mean +
SD and data on qualitative characteristics were expressed as
percentage. We compare qualitative variables with analysis of
variance (ANOVA) and independent t test to compare the quan-
titative variables. The linear regression model (LRM) analysis
was used for finding the relationship of metabolic status on total
BMD and L2-L4 BMD. In this model, BMD measurements
including total BMD, total T score, total Z score, BMD L2-L4,
L2-L4 T score, and L2-L4 Z score were entered as dependent
variable, and metabolic status were entered as covariates. For
finding the role of metabolic status in this model, we next added
the metabolic status in crude and adjusted for age, sex, and
BMI. The level of significance was set at a probability of
≤ 0.05 for all tests. Statistical analysis was performed using
SPSS version 22.0 (SPSS, Chicago, IL, USA).

Result

Anthropometric measures and clinical characteristics

A total 272 subjects (19.1%male, 80.9%female) including 79
metabolically healthy (29.05%) and 193 metabolically
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unhealthy individuals (70.95%) were included in this study,
and 68.8% female and 82.69% men were in MHO group. The
mean age, weight, height, and BMI of the study participants
were 39.12 years (SD 11.90), 93.68 kg (14.75), 162.42 cm
(8.80), and 47.70 kg/m2 (3.98), respectively (Table 1). MHO
ratio in different age groups < 20, 20–39, 40–59, and > 60
was respectively 50, 73.64, 71.13, and 57.89%. Clinical and
anthropometric characteristics of the study population accord-
ing toMH andMUH status are presented in Table 2.We found
that 3.30% met 5/5 criteria, 25.73% met 4/5 criteria, 22.79%
met 3/5 criteria; 22.05% met 2/5 criteria, 20.58% met 1/5
criteria, and 5.51% met 0/5 criteria.

In comparison with their MUHO participant, MHO indi-
viduals had 18% lower fasting blood glucose. Moreover,
MHO subjects showed more favorable lipid profile, specifi-
cally they had respectively 50, 17, and 17% lower mean se-
rum triglyceride, total cholesterol, and LDL-C, as well as 10%
higher mean serum HDL-C compared to MUHO participants.
There was statistically significant difference between two
groups serum triglyceride (P < 0.0001), total cholesterol
(P = 0.0002), LDL-C (P < 0.0001), HDL (P < 0.0001),
FBS (P < 0.0001), and hs-CRP (P < 0.0001). As far as body
composition is concerned, our result demonstrated that there
was statistically significant difference regarding fat percentage
(P < 0.0001), fat spine (P < 0.0001), and trunk fat
(P < 0.0001) between two groups. In particular, MUHO sub-
jects had respectively 1 and 2.83% higher total fat percentage
and fat mass in comparison with MHO participant.

However, MUHO individuals showed 17% higher mean
total BMD compared to MHO participants and there was sta-
tistically significant difference between two groups
(P < 0.0001), but there was no statistically significant differ-
ence in L2-L4 BMD among the two groups (P > 0.05).

Also, there was no statistically significant difference be-
tween two sexes (P = 0.057) and between different age groups
(P = 0.38).

Metabolic status and BMD relationship

We examine the association of BMD andmetabolic features in
MHO and MUHO subjects after controlling age, sex, and
BMI effect (Table 3). The results of independent sample t test
analysis for comparing the mean of characteristics between
MH and MUHO groups showed that MUHO subjects have
better BMD than MHO subjects (P ≤ 0.05). In the other
words, a significant positive correlation was seen between
unfavorable metabolic profile including high level serum
TG, high level serum hs-CRP, low level serum HDL, high
level serumHOMA-IR and LDL inMUHO subjects, and total
BMD (β = −0.39, CI = − 0.30 to − 0.02, P = 0.020), total T
score (β = − 0.43, CI = − 1.98 to − 0.30, P = 0.009), total Z
score (β = − 0.48, CI = − 1.92 to − 0.40, P = 0.004); even after
adjusting for age, sex, and BMI, this association was observed

total BMD (β = − 0.42,CI = − 0.31 to − 0.04, P = 0.009), total
T score (β = − 0.45, CI = − 1.89 to − 0.48, P = 0.002), total Z
score (β = − 0.48, CI = − 1.89 to − 0.45, P = 0.002). But this
positive association was only seen at the hip region (Table 3).
In the other words, there was no statistically significant corre-
lation between unfavorable metabolic profile in MUHO sub-
jects and L2-L4 BMD (β = − 0.09, CI = − 0.14 to 0.08,

Table 1 Study population characteristics

Min Max Mean SD

Demography

Age (year) 17.00 69.00 39.12 11.90

Weight (kg) 66.00 133.10 93.68 14.75

Height (cm) 146.00 187.00 162.42 8.80

Body composition

BMI (kg/m2) 30.00 47.70 35.32 3.98

Fat percentage (%) 20.30 52.00 40.04 6.73

FFM (kg) 40.90 94.80 56.25 11.85

Fat mass (kg) 16.00 61.90 37.42 8.47

Visceral fat 5.00 26.00 10.81 3.29

Trunk fat 1.30 28.50 19.18 4.49

Fat spine 17.90 40.20 31.46 4.76

TBW 29.90 69.40 41.18 8.68

Waist (m) 80.00 125.00 102.26 10.50

Abdominal (m) 89.00 139.00 116.79 10.53

Hip (m) 102.00 142.00 118.16 8.52

Blood parameters

FBS (mmol/l) 71.00 331.00 104.48 38.31

TG (mmol/l) 38.00 384.00 135.24 57.55

T-Chol (mmo/l) 99.00 270.00 189.43 34.45

HDL-C (mg/dl) 27.00 97.00 48.94 11.90

LDL-C (mg/dl) 44.00 168.00 104.71 23.38

hs-CRP (mg/l) 0 .40 39.30 4.53 5.66

Insulin (mIU/ml) 3.20 36.10 14.33 6.16

Blood pressure

Systolic 77.00 205.00 124.92 22.64

Diastolic 56.00 116.00 85.92 13.01

Bone characteristics

L2-L4 BMD 0.917 1.650 1.20 0.16

L-L4 Z score − 2.90 2.20 − 0.63 1.23

L2-L4 T score − 2.40 2.90 − 0.04 1.29

Total BMD 0.84 1.89 1.10 0.17

Total Z score − 1.60 4.20 0.23 1.05

Total T score − 1.30 5.10 0.62 1.13

FBS fast blood sugar, TG triglyceride, T-Chol total cholesterol, HDL-C
high-density lipoprotein cholesterol, LDL low-density lipoprotein, hs-
CRP high sensitivity C-reactive protein, BMI body mass index, FFM free
fat mass, TBW total body water, Hip Hip circumference, Waist waist
circumference, Abdominal abdominal circumference, BMD bone mineral
density, Total BMD bone mineral density hip, L2-L4 BMD bone mineral
density lumbar, SD standard deviation
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P = 0.578), L2-L4 T score (β = − 0.10, CI = − 1.18 to 0.66,
P = 0.570), L2-L4 Z score (β = − 0.11, CI = − 1.21 to 0.64,
P = 0.531). MHO individuals have favorable metabolic and
inflammation profile but increase the risk of osteoporosis be-
cause they have lower total BMD than MUHO, mean total
BMD in MHO and MUHO subjects 0.98 vs 1.15, respective-
ly, P < 0.0001 (Table 2).

Possible correlation between normal and abnormal
components of Karelis criteria on BMD in different sites

We found positive association between total BMD with ab-
normal components of Karelis criteria including serum TG
(P = 0.003, CI = − 0.11 to − 0.02), hs-CRP (P = 0.001,
CI = − 0.11 to − .03), HOMA-IR (P = 0.0001, CI = − 0.16

Table 2 Metabolic feature and bone status in MHO and MUHO subjects

MHO
Mean ± SD
(n = 79)

MUHO
Mean ± SD
(n = 193)

0.95 CI of the difference P value P value*

Demography

Age (years) 42.12 ± 12.47 38.26 ± 11.67 − 6.99 to − 0.72 0.01 0.32**

Height (cm) 161.45 ± 8.48 158.31 ± 5.62 − 4.86 to − 1.41 0.0004 0.78a

Weight (kg) 85.61 ± 13.69 91.48 ± 13.44 2.31 to 9.42 0.001 0.45a

Body composition

BMI (kg/m2) 34.03 ± 3.89 35.27 ± 4.35 0.12 to 2.35 0.02 0.25a

Fat percentage (%) 40.38 ± 6.48 41.35 ± 6.24 − 0.68 to 2.62 0.25 0.01a

Fat mass 35.01 ± 9.916 37.85 ± 8.64 4.37 to 8.30 < 0.0001 0.07a

FFM 50.61 ± 6.49 53.61 ± 9.83 0.63 to 5.36 0.63 0.16a

TBW 37.03 ± 4.75 39.24 ± 7.20 0.47 to 3.94 0.01 0.17

Visceral fat 9.25 ± 2.54 10.29 ± 2.84 0.31 to 1.76 0.005 0.06a

Fat spine 29.87 ± 5.51 32.55 ± 4.586 1.40 to 3.96 < 0.0001 0.37a

Trunk fat 16.13 ± 6.48 19.33 ± 3.986 1.92 to 4.47 < 0.0001 0.04a

Blood parameters

FBS (mmol/l) 88.18 ± 10.30 107.08 ± 34.44 11.12 to 26.67 < 0.0001 0.05

TG (mmol/l) 93.56 ± 28.88 144.19 ± 53.54 38.07 to 63.18 < 0.0001 0.009

Insulin (IU/ml) 10.73 ± 5.10 15.00 ± 6.02 2.75 to 5.78 < 0.0001 0.05

LDL-C (mmol/l) 89.31 ± 21.956 106.96 ± 23.27 11.62 to 23.67 < 0.0001 0.11

HDL-C (mmol/l) 56.25 ± 14.08 45.54 ± 9.86 − 13.66 to − 7.75 < 0.0001 0.02

T-Chol 172.31 ± 37.63 189.43 ± 32.91 8.09 to 26.15 0.0002 0.27

Blood pressure

Systolic 115.16 ± 11.02 120.15 ± 26.48 − 1.08 to 11.06 0.10 0.86

Diastolic 84.16 ± 9.89 81.03 ± 13.03 − 6.34 to 0.07 0.055 0.14

Inflammatory cytokine

hs-CRP (mg/l) 1.96 ± 2.618 5.68 ± 6.43 2.24 to 5.19 < 0.0001 0.01

Bone characteristics

L2-L4 BMD 1.17 ± 0.145 1.17 ± 0.14 − 0.03 to 0.04 0.75 0.64

L2-L4 T score − 0.22 ± 1.23 − 0.20 ± 1.22 − 0.30 to 0.33 0.92 0.63

L2-L4 Z score − 0.79 ± 1.09 − 0.70 ± 1.22 − 0.22 to 0.40 0.57 0.57

Total BMD 0.98 ± 0.078 1.15 ± 0.20 0.12 to 0.21 < 0.0001 0.01

Total T score − 0.12 ± 0.65 1.02 ± 1.22 0.85 to 1.42 < 0.0001 0.002

Total Z score − 0.50 ± 0.53 0.66 ± 1.11 0.90 to 1.42 < 0.0001 0.002

MHO metabolically healthy obesity, MUHO metabolically unhealthy obesity, BMI body mass index, FFM fat-free mass, TBW total body water, FBS
fasting blood sugar, TG triglyceride, T-Chol total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol,
hs-CRP high-sensitivity C-reactive protein, BMD bone mineral density, Total BMD bone mineral density hip, L2-L4 BMD bone mineral density lumbar,
SD standard deviation, GLM general linear model
* After adjustment for age, sex, BMI, and physical activity
** Put out the collinear variable from the GLM as confounders
a BMI considered as collinear and this variable adjusted for age, sex, and PA
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to − 0.07), and HDL (P = 0.0001, CI = − 0.14 to − 0.05), and
this represented that there was discordance in MUHO sub-
jects. Also, high level serum LDL has no statistically signifi-
cant correlation with total BMD (P = 0.06, CI − 0.08 to 0.002)
(Fig. 1).

Discussion

Many studies have investigated the relation between BMD
and BMI; the results were inconsistent. Unique feature of this
study is the comparison between total BMD and L2-L4 BMD
in MHO and MUHO ones base on Karelis criteria and asso-
ciation between metabolic status of healthy and unhealthy on
BMD of hip site and lumbar. We observed that MUHO was
positively associated with total BMD more than MHO, while
no association with L2-L4 BMD.

Generally, in this study, the obesity reduced the risk for
osteoporosis, osteopenia, and low BMD in Iranian people.
The previous results of studies on the link between obesity
and bone health are controversial. Cui et al. [22] studied
men and women in rural Korea and reported that fat mass
may positively contribute to BMD only in postmenopausal
women and older men. These findings correlated with the
results of Salamat et al. [23] which found that both BMI and
weight are associated with BMD of the hip and vertebrae.
Other authors have also confirmed the existence of the obe-
sity paradox in so osteoporosis. The studies of National
Osteoporosis Foundation and others suggested that low
BMI should be included in the risk assessment tools for
evaluation of osteoporosis and osteoporotic fracture risk
[24]. Overall, obesity has a protective effect on osteoporosis
because weight-bearing can cause a rise in bone density,
especially at the hip and proximal femur regions. In addi-
tion, obesity provides cushioning for the hip in the event of a
fall [14]. While some authors have reported that the increase
in adipose tissue was not beneficial for BMD [25]. The
inconsistencies between these results could be attributable

to the specific study populations, specific gender, age, or
site of measurement, genetic backgrounds, research de-
signs, sampling methods, sample size, and methodological
differences.

In present study, we found that MUHO phenotype was
strongly associated with total BMD, total T score, and total
Z score; even after adjusting for age, sex, and BMI, this asso-
ciation was maintained. Subjects with MUHO status have
higher BMD more than MHO subjects. However, only total
BMDwas positively associated withMUHO and there was no
statistically significant correlation betweenMUHO and L2-L4
BMD. In other words, just the metabolic unhealthy status had
links with high BMD at hip site.

In our study, HOMA-IR and fasting plasma insulin concen-
tration were positively associated with total BMD. Obesity
was associated with elevated oxidative stress and increased
production of proinflammatory cytokines that lead to insulin
resistant [26]. In an insulin-resistant state, the plasma insulin
level increased to compensate for the reduced responsiveness
of target cells to insulin action. Bone is now recognized as an
insulin target organ, and insulin receptor signaling in osteo-
blasts has been found to be important for proliferation, differ-
entiation, and survival of osteoblasts [27, 28]. Furthermore,
hyperinsulinemia may also have a negative impact on sex
hormone-binding globulin, hence increasing free andro-
gens and estrogens hormone which may protect against
bone loss [29, 30]. The thesis that insulin increases BMD
is biologically plausible. Insulin is structurally similar to
IGF-I, to be regulator of bone formation [31]. In in vitro
studies, IGF-I has been shown to enhance the replication of
pre-osteoblastic cells, stimulate the differentiated function
of osteoblasts, and increase bone collagen synthesis and
matrix apposition [32, 33]. Also, controlling for various
confounding factors, including age, sex, and BMI, is nec-
essary for the assessment of the association between insulin
resistance and bone mass, even after adjustment confound-
ing factors seen high total BMD in MUHO. Thus, insulin
resistance had directly affected on total BMD.

Table 3 Metabolic status and BMD relationship

Bone parameter Crude models Adjusted models*

β (T value) 0.95% CI P value β (T value) 0.95% CI P value

L2-L4 BMD − 0.007(− 0.042) − 0.11 to 0.10 0.967 − 0.09 (− 0.56) − 0.14 to 0.08 0.578

L2-L4 T score − 0.006 (− 0.034) − 0.95 to 0.92 0.973 − 0.10 (− 0.57) − 1.18 to 0.66 0.570

L2-L4 Z score − 0.035 (− 0.201) − 1.00 to 0.82 0.842 − 0.11 (− 0.63) − 1.21 to 0.64 0.531

Total BMD − 0.39 (− 2.455) − 0.30 to − 0.02 0.020 − 0.42 (− 2.78) −0.31 to − 0.04 0.009

Total T score − 0.43 (− 2.763) − 1.98 to − 0.30 0.009 − 0.45 (− 3.44) − 1.89 to − 0.48 0.002

Total Z score − 0.48 (− 3.138) − 1.92 to − 0.40 0.004 − 0.48 (− 3.35) − 1.89 to − 0.45 0.002

BMD bone mineral density, Total BMD bone mineral density hip, L2-L4 BMD bone mineral density lumbar
* Adjusted for age, sex, and BMI
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Several studies have suggested that favorable serum lipid
profiles and reduced osteoporosis were closely related [34,
35]. Our analysis showed higher LDL level was not statisti-
cally significantly associated with high total BMD and lumbar
BMD. Hypercholesterolemia had been associated with low
BMD in some but not all studies. Recent reports by Parhami
et al. indicated that cholesterol and its metabolites influence
the functional activity of osteoblasts in vitro and in vivo con-
ditions [36, 37]. However, studies evaluating a direct associa-
tion between serum lipid profiles and BMD have reported
inconsistent findings. Some reported that higher LDL-C is
associated with lower BMD and suggested that hyperlipid-
emia could be associated with osteoporosis [38].

In this study, our analyses show abnormal serum HDL in
MUHO phenotype statistically significantly associated with
high total BMD. Previous studies have suggested biological
pathways to explain the association between bone mineral den-
sity and high-density lipoprotein [39]. In order to explain the
negative correlation between BMD and HDL, differentiation of
mesenchymal stem cells (MSC) is highly regarded because

those cells induce metabolic pathways of osteocytes [40]. It is
likely that HDL may affect BMD through their positive influ-
ence on bone biomarkers such as osteocalcin [41]. Genetic
diversity may be another reason which could explain this chal-
lenging correlation [39]. Therefore, further investigation in
studies of more advanced design seems necessary in order to
clarify the causal association between HDL-C and BMD.

However, subjects with higher serum TG levels showed
lower lumbar BMD values, but had high total BMD. These
findings suggested that there was a difference in the effect of
TG levels on BMD at various skeletal sites in MUHO subjects.
Numbers of studies have reported a positive relationship be-
tween BMD and TG levels [42, 43].However, it was difficult
to illustrate the role of TG serum level on total BMD through a
cross-sectional study, such as the present study. Moreover, the
references in the effect of serum TG on BMD are scarce.

In the present study, total BMD in MUHO subjects was
higher more than lumbar BMD of ones. Even, after adjusted for
age, sex, and BMI, this correlation was maintained. Several
possible explanations for discordance in this study could be

Fig. 1 Possible correlation between normal and abnormal components of
Karelis criteria on bone status in different sites. a Total BMD and L2-L4
BMD level between normal and abnormal TG, normal (n%): 85 (31%). b
Total BMD and L2-L4 BMD level between normal and abnormal LDL,
normal (n %): 113 (41%). c Total BMD and L2-L4 BMD level between

normal and abnormal hs-CRP, normal (n %): 156 (57%). d Total BMD
and L2-L4 BMD level between normal and abnormal HOMA, normal (n
%): 94 (34%). e Total BMD and L2-L4 BMD level between normal and
abnormal HDL, normal (n %): 94 (34%)

Fig. 2 Possible mechanism of MUHO phenotype with bone health status
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proposed [44]. Generally, the impact of BMI on BMD differs
depending on the skeletal site. Weight-bearing can cause a rise
in BMD, especially in the hip and proximal femur. Non-
uniform weight-bearing is also a well-known cause of physio-
logic dissimilarity in the hip and femurs [45]. Kyeong et al.
showed that reduced overall weight-bearing due to low BMI
may increase the risk of low BMD in the femur but not in the
spine and can be the cause of the discordance [46]. Also, ge-
netic differences, physiology between individuals and bone cell
[47], and relationship between BMD at each site and genetic
polymorphisms, such as the estrogen receptor-alpha and
collagen-type I alpha 1 genes [48] or the sex hormone-
binding globulin gene could be the other reasons for this dis-
cordance [49] .

In this study, MHO and MUHO subjects have same BMI,
but MUHO subjects have higher fat percentage, fat spine, vis-
ceral fat, and trunk fat than MHO subjects and could be reason
for higher total BMD inMUHO ones. The effect of fat mass on
BMD may be due to the effect of adipokines and secretion
adipokines impact on BMD in different sites, for example, lep-
tin contributes to the positive association between adipose and
bone tissue [50]. Also, higher HOMA-IR inMUHO phenotype
led to increased total BMD more than MHO (Fig. 2).

To our knowledge, the strength of this study is the first study
that evaluates possible link between metabolic unhealthy phe-
notype with total BMD and L2-L4 BMD in obese subjects.
Studies in that possible relationship between BMD and meta-
bolic feature in obese subjects require more clinical trial and
cohort researches. The main limitation of the present study was
the relatively small number of subjects. Also the cross-sectional
design of our study, in which we could not determine the cau-
sality or mechanism of the relationship metabolic statues and
BMD, could be considered as the study’s limitations.

Conclusion

In summary, specific skeletal sites (e.g., weight-bearing versus
non-weight-bearing) as well as skeletal compartments (e.g.,
cortical versus trabecular) may also be differentially affected
by obesity. Also, genetic differences and physiology between
individuals can be the other reasons for this obesity paradox
and BMD. Present evidence indicates that could be a novel
link between difference in MUHO phenotype and MHO phe-
notype in BMD.
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