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Abstract
Summary Insulin resistance may be linked to bone health in young people. This study is the first on adolescents that jointly
examined the association of bone health with insulin resistance and body composition. Our results revealed significant negative
association between bone parameters and insulin resistance, even after adjustment for confounding factors.
Purpose Previous studies are suggestive of the protective role of insulin on bone in adults. Whether this association exists in
younger individuals is not clear, yet. This investigation aimed to evaluate the association between insulin resistance, bone
parameters, and body composition amongst Iranian adolescents᾽ population.
Methods A cross-sectional study was conducted on 423 participants (224 girls and 199 boys) aged 9–19 years old. Insulin
resistance was assessed, using a homeostatic model assessment of insulin resistance (HOMA-IR) and quantitative insulin
sensitivity check index (QUICKI). Bone mineral density (BMD), bone mineral content (BMC), total body fat mass (TBFM),
and total body lean mass (TBLM) were measured, using dual energy X-ray absorptiometry (DXA), and bone mineral apparent
density (BMAD) was calculated.
Results In multiple regression analyses adjusted for potential confounders, the HOMA-IR showed statistically significant neg-
ative association with most of the bone parameters (β = − 1.1 to − 0.002, P = 0.004 to 0.036). On the subject of QUICKI index,
this relationship was detected only for lumbar spine (LS) parameters (β = 0.062 to 37.21, P = 0.0001 to 0.026) and femoral neck
bone mineral content (FNBMC) (β = 1.297, P = 0.013).
Conclusion Our results suggest that insulin resistance may be inversely and independently associated with the bone indices in
younger individuals.Whether high insulin levels have detrimental effects on growing bone is still unclear and has to be answered.

Keywords Adolescent . Bone mineral content . Bone mineral density . Insulin resistance . Total body fat mass . Total body lean
mass

Introduction

Adolescence is a critical period for reaching peak bone mass,
and 90% of bone mass is gained by the age of 18. Hence, to
prevent future bone loss, it is imperative to identify the factors
that affect bone acquisition in adolescents as well as adults [1].
In the last few years, bone has been recognized as an endo-
crine organ that modulates the glucose and lipid metabolism
[2]. It is suggested that physiological levels of insulin exert
anabolic effects on the bone [3, 4]. Also, insulin might have
synergistic influence on other anabolic hormones, such as

insulin-like growth factor I (IGF-I) and parathyroid hormone
(PTH) [5, 6]. In this regard, the increased bone mass in pa-
tients with type 2 diabetes mellitus (T2DM) and obese indi-
viduals is attributed to insulin resistance and hyperinsulinemia
[7]. On the other hand, recent studies reported an inverse as-
sociation between insulin resistance and bone density, and
hyperinsulinemia was related to the inhibition of cortical bone
development in adolescents [8]. Furthermore, other studies
have demonstrated that the positive relationship between in-
sulin resistance and bone density was not observed after ad-
justment for confounding factors such as BMI and lean mass.
Hence, it was suggested that insulin resistance may affect the
bone density indirectly [7, 9].

However, the skeletal impacts of high circulating insulin
concentrations are not clear, and previous studies reached con-
tradictory results. Meanwhile, there are only few reports with
respect to younger individuals. Therefore, the present study
was designed to investigate the association between bone
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indices and insulin resistance amongst Iranian children and
adolescents. We hypothesized that (1) insulin resistance
would be inversely associated with bone density and that (2)
this association would be independent of the components of
body composition.

Materials and methods

This cross-sectional study was conducted in Kawar, a com-
munity with an urban structure located 50 km south of Shiraz,
Iran, 2010–2011. The data used in this analysis were from the
baseline phase of the study with the aim to provide the first
reference values for BMC and BMD amongst Iranian children
and adolescents [10].

Subjects

The baseline phase of the study included 478 participants, and
ultimately the data from 423 individuals (224 girls and 199
boys) aged 9–19 years were used in this research. Exclusion
criteria were having any disease or using medications which
could have affected bone density or serum insulin level, such
as renal failure, endocrine, rheumatologic and musculoskele-
tal disorders, or consumption of glucocorticoids, anticonvul-
sant drugs, and contraceptives. The study protocol was ap-
proved by the local Ethics Committee of Shiraz University
of Medical Sciences. After explaining the research objectives,
written informed consents were obtained from the partici-
pants’ parents/guardians.

Anthropometric measurements and Tanner stage

Body weight was measured, using a standard scale (Seca,
Germany), while the participants wore light clothes and no
shoes. Height was measured while standing in the upright
position and barefooted, using a wall-mounted meter. The
weight and height values were rounded to the nearest 0.1 kg
and 0.5 cm, respectively. Body mass index (BMI) was calcu-
lated for each person as body weight in kilogram divided by
height in squared meter. Our subjects were divided into two
groups based on their calculated BMI centile values, which
were determined based on their own BMI cut-off points [11]
and also age- and sex-specific cut-off points, as defined by the
IOTF [12]. Group 1 was considered as normal (BMI ≤ 85th
percentile), and group 2 consisted of overweight or obese
individuals (BMI > 85th percentile). We also stratified the
participants according to the recommendation of the
American College of Sports Medicine into those with fewer
and those with more than three times physical activity per
week [13]. The 5-stage puberty classification of Tanner was
determined by an endocrinologist, also, in order to determine
the effect of pubertal status on bone parameters, we divided

the participants at stages I and II as pre-early puberty and those
at stages III to V as post-puberty.

Bone densitometry

The Hologic system (Discovery QDR, USA) was used to
measure bone mineral density (g/cm2) and bone mineral con-
tent (g) in the whole body (with head), lumbar spine (LS), and
left femoral neck (FN). Also, we measured total body lean
mass (TBLM) and total body fat mass (TBFM) in grams.
Coefficients of variation based on preliminary measurements
in 10 participants were 2.4% for bone mineral density (BMD)
of the FN, 0.51% for the LS, and 1% for the whole body. The
measurements were in accordance with international stan-
dards. In order to overcome the effect of bone size on BMD
and bone mineral content (BMC) interpretation, bone mineral
apparent density (BMAD) for the LS and the FN was calcu-
lated to estimate the bone density per unit volume according to
the following equations [14]:

LSBMAD g=cm3
� � ¼ BMC of L2−L4=area1:5

FNBMAD g=cm3
� � ¼ BMC of femoral neck=area2

Laboratory data

Blood samples were collected in the early morning after an
overnight fast. Serum separation was performed immediately
and kept frozen at – 70 °C until assayed. All the tests were
performed at Endocrinology andMetabolismResearch Center
of Shiraz University of Medical Sciences. Serum glucose was
measured enzymatically using a Dirui autoanalyzer (Dirui,
CS-T240, China). Serum insulin concentration was deter-
mined by immunoradiometric assay (RK-400CT, Hungary).
Insulin resistance was evaluated, using the homeostasis model
assessment–estimated insulin resistance index (HOMA-IR)
according to the following formula: HOMA-IR = [fasting
plasma glucose (mg/dL) × fasting plasma insulin (μU/mL]/
405. Also, quantitative insulin sensitivity check index
(QUICKI) was calculated, using the formula: 1 / (log (fasting
insulin) + log (fasting glucose)). Serum level of 25-hydroxy
vitamin D was measured, using high performance liquid chro-
matography (Young Lee 9100, South Korea).

Statistical analysis

For statistical analysis, Student’s t-test was used to compare
the mean levels of anthropometric, body composition, and
bone density parameters. In addition, if the desired variable
did not have normal distribution, the Mann-Whitney test was
used. A Chi-square test was used to compare categorical var-
iables. Pearson’s linear correlations were used for the analysis
of correlation. Multiple stepwise linear regression analysis
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was used to evaluate the influence of different factors on bone
parameters at different sites. Data were analyzed using SPSS
v. 18 software (Chicago, IL, USA). A P value of < 0.05 was
considered to be statistically significant. The corresponding
unstandardized regression coefficient (β), standard error, and
adjusted coefficient of determination (R2) were determined.

Results

This cross-sectional study included 423 participants, 199
(47%) boys, and 224 (53%) girls, aged 9–19 years with a
mean age of 13.93 ± 2.64 years. Baseline characteristics of
all the subjects, including their anthropometric measurements,
serum insulin, glucose, vitamin D, TBFM, TBLM, and bone
parameters, are presented in Table 1.

Our results showed that HOMA-IR and QUICKI index
were well correlated (r = − 1; P = 0.0001).

There was no significant difference between girls and boys
regarding their age, BMI, LSBMC, and LSZ-score. Males had
higher levels of fasting insulin and glucose concentrations,

and females had higher LS BMD, TBFM, and lower TBLM
compared to males (Table 1). In total, 84.2% of the subjects
had normal BMI (≤ 85th percentile), and 15.8% were over-
weight or obese (> 85th percentile). Severe vitamin D defi-
ciency (< 8 ng/mL) was observed in 5.6% of the individuals,
while insufficient and sufficient levels were detected in 78.2
and 16.2%, respectively. We found no correlation between
vitamin D and insulin concentrations (P = 0.1) or insulin re-
sistance indices (P = 0.3).

Pubertal status was appropriate for age in all subjects; all
girls over 14 years of age had experienced menarche, and all
boys over 14 years had Tanner Stage of 3 or more. None of the
participants had diabetes or was a smoker.

The Pearson’s correlation test showed a significant corre-
lation between HOMA-IR and bone parameters at all sites,
except for LSBMAD, FNBMAD, and Z -scores. On univari-
ate analysis, a significant relationship between bone parame-
ters and gender, age, BMI, puberty category, TBFM, TBLM,
and exercise status of the participants was identified.
However, serum vitamin D levels had no significant associa-
tion with the bone parameters in either skeletal site. In

Table 1 Baseline characteristics
of all of the participants and in
two genders

Sex F: 224

M: 199

Girls (n = 224) Boys (n = 199) P value

Age (year) 13.93 ± 2.64 13.78 ± 2.76 14.11 ± 2.5 0.2

Weight (kg) 43.85 ± 13.41 41.54 ± 11.85 46.45 ± 14.57 0.001

Height (cm) 154.92 ± 14.04 150.9 ± 11.5 159.45 ± 15.24 0.0001

BMI (kg/m2) 17.87 ± 3.28 17.92 ± 3.30 17.81 ± 3.27 0.7

WCF (cm) 69.17 ± 10.4 69.67 ± 10.19 68.61 ± 10.74 0.3

Vitamin D (ng/mL) 15.3 ± 5.66 14.73 ± 5.35 15.95 ± 5.95 0.03

Insulin (μU/mL) 8.68 ± 5.13 8.02 ± 3.6 9.41 ± 6.36 0.005

Glucose (mg/dL) 78.5 ± 12.33 75.96 ± 10.88 81.3 ± 13.24 0.0001

Exercise Yes: 142

No: 281

Yes: 24

No: 200

Yes: 118

No: 81

0.0001

Total BFM (g) 10297.4±5528.81 12051.1±5459.36 8323.37±4917.9 0.0001

Total BLM (g) 32612.67 ± 9922.07 28924.14 ± 6648.56 36746.05 ± 11281.4 0.0001

Total BMD (g/cm2) 0.88 ± 0.12 0.87 ± 0.12 0.90 ± 0.11 0.016

LS BMD(g/cm2) 0.85 ± 0.17 0.87 ± 0.17 0.83 ± 0.16 0.013

FN BMD (g/cm2) 0.72 ± 0.13 0.67 ± 0.11 0.77 ± 0.13 0.0001

Total BMC (g) 1479.9 7 ± 444.95 1384.57 ± 371.41 1587.35 ± 494.68 0.0001

LS BMC (g) 41.77 ± 16.39 41.39 ± 15.43 42.2 ± 17.43 0.6

FN BMC (g) 3.46 ± 0.88 3.1 ± 0.64 3.86 ± 0.95 0.0001

Total Z-score − 0.82 ± 0.93 − 0.98 ± 0.9 − 0.63 ± 0.93 0.0001

LS Z-score − 1.00±1.04 − 1.02 ± 1.1 − 0.97 ± 0.97 0.6

FN Z-score − 1.13±1.1 − 1.4 ± 1.18 − 0.85 ± 0.93 0.0001

Total BMAD (g/cm3) 0.88 ± 0.12 0.87 ± 0.12 0.89 ± 0.12 0.022

LS BMAD (g/cm3) 0.21 ± 0.03 0.21 ± 0.03 0.20 ± 0.03 0.0001

FN BMAD (g/cm3) 0.15 ± 0.02 0.14 ± 0.02 0.15 ± 0.02 0.004

Data are given as mean ± SD

F female, M male, BMI body mass index, WCF waist circumference, LS lumbar spine, FN femoral neck
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multiple stepwise linear regression analysis after adjustment
for gender, age, BMI, puberty category, exercise status,
TBFM, and TBLM of the subjects (model 1), HOMA-IR re-
vealed significant negative correlation with skeletal parame-
ters at all sites, except for total BMC, FN Z-score, total
BMAD, and FNBMAD (Tables 2, 3, 4). Moreover, multiple
regression analysis using the same confounding factors as
those for HOMA-IR (model 2), showed significant positive
association between QUICKI index and lumbar spine related
parameters (i.e. LSBMD, LSBMC, and LSBMAD) and
FNBMC (Tables 2, 3, 4).

Discussion

This is the first cross-sectional study amongst adolescents that
jointly examined the relationship between bone parameters
with insulin resistance and body composition. Insulin resis-
tance was evaluated by HOMA-IR and QUICKI indices,
while TBFM and TBLM were considered as the two major

components of body composition. Our results revealed in-
verse relationship between bone parameters and insulin resis-
tance, even after adjustment for TBFM and TBLM. These
associations were significant for HOMA-IR at most skeletal
sites, but QUICKI index showed significant association with
lumbar spine indices and FNBMC.

The impact of insulin resistance on bone turnover was re-
cently investigated, and bone was recognized as a target organ
for insulin [7, 15]. Hyperinsulinemia may account for a part of
the observed association of both diabetes and obesity with
BMD [5, 16]. Studies in this regard reported inconsistent re-
sults [17, 18]. Several studies have reported that insulin exerts
anabolic effects on the bone, and this positive association has
been used to explain the higher BMD seen in patients with
T2DM [4, 7]. The idea that obesity-related metabolic alter-
ations might adversely influence bone health in young indi-
viduals was introduced by Afghani et al. In a cohort study of
overweight children and adolescents with family history of
T2DM, it was shown that there was a negative relationship
between the total BMC and markers of insulin resistance [19].

Table 2 Multiple stepwise linear regression analysis for the association between HOMA-IR and QUICKI index (independent variables) and LS bone
parameters (dependent variables) in two models, adjusted for age, gender, BMI, TBLM, TBFM, exercise, and puberty category

Model 1 Model 2

Dependent variable Independent variables βa Std. error P Independent variables βa Std. error P

LSBMC Age
Sex
TBLM
HOMA-IR

2.21
− 7.2
0.001
− 1.1

0.25
1.05
0.000
0.41

0.0001
0.0001
0.0001
0.008

Age
Sex
TBLM
Puberty
QUICKI

1.68
− 6.7
0.001
2.47
37.21

0.35
0.12
0.000
1.23
10.37

0.0001
0.0001
0.0001
0.046
0.0001

R2 = 0.68 R2 = 0.69

LSBMD Age
Sex
BMI
TBLM
Puberty
HOMA-IR

0.026
− 0.083
0.007
6.1
0.026
− 0.01

0.003
0.012
0.002
0.000
0.012
0.004

0.0001
0.0001
0.0001
0.0001
0.035
0.011

Age
Sex
BMI
TBLM
Puberty
QUICKI

0.025
− 0.086
0.007
6.12
0.027
0.277

0.003
0.012
0.002
0.000
0.012
0.102

0.0001
0.0001
0.0001
0.0001
0.026
0.007

R2 = 0.72 R2 = 0.72

LSBMAD Age
Sex
BMI
HOMA-IR

0.007
− 0.02
0.003
− 0.002

0.001
0.003
0.000
0.001

0.0001
0.0001
0.0001
0.029

Age
Sex
BMI
QUICKI

0.007
− 0.021
0.003
0.062

0.001
0.003
0.000
0.028

0.0001
0.0001
0.0001
0.026

R2 = 0.53 R2 = 0.53

LS Z-score Age
BMI
TBLM
HOMA-IR

− 0.082
0.106
3.12
− 0.105

0.024
0.018
0.000
0.040

0.001
0.0001
0.0001
0.009

Age
Sex
BMI
TBLM
QUICKI

− 0.10
− 0.24
0.09
4.1
2.63

0.025
0.11
0.02
0.000
1.01

0.0001
0.029
0.0001
0.0001
0.009

R2 = 0.20 R2 = 0.21

Model 1 included age, sex, body mass index (BMI), TBLM, TBFM, exercise, puberty category, HOMA-IR

Model 2 included age, sex, BMI, TBLM, TBFM, exercise, puberty category, QUICKI index

Std. error standard error, LS, lumbar spine
a Unstandardized β coefficient
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Thereafter, Pollock et al. reported similar results in overweight
pre-pubertal children who had prediabetes [20]. Our findings,
also, did not support the hypothesized protective role of insu-
lin for bone health in young people.

However, the inverse association of insulin resistance
and bone can be explained by several mechanisms. For
example, it is possible that insulin has direct effects on the
bone. Indeed, insulin through its receptors in osteoblasts
is important for survival of osteoblasts and stimulates
osteocalcin production [21]. Also, it was shown that
osteocalcin is essential in bone remodeling [22] and dele-
tion of the osteoblast insulin receptors in animals leads to
lower bone mass [15]. In this regard, previous studies
reported lower levels of bone formation markers in chil-
dren with prediabetes and in a murine model of early
onset T2DM [23, 24]. Besides, in recent years, lipocalin-
2 as another osteokine secreted from osteoblasts has
shown to influence energy metabolism and insulin sensi-
tivity [25]. Nevertheless, it should be noted that most of
the information about the metabolic role of bone-derived
osteokines was derived from studies on mice models and
the experimental evidence has been only in part confirmed
in humans and the results remain conflicting.

Furthermore, the contradictory results of prior studies
about the effect of insulin resistance on the bone may suggest
a threshold for insulin resistance in promoting healthy bone.
Consistent with this hypothesis, Shin et al. showed that the
association between fasting insulin level and whole body
BMD differed by the degree of insulin resistance. They ob-
served a positive association between fasting insulin level and
BMD in the lowest quartile of HOMA-IR. However, in the
higher quartiles of HOMA-IR, the fasting insulin level was
inversely associated with the bone mass, and this relationship
became more significant as the degree of insulin resistance
increased [26].

Additionally, it has been suggested that the effect of insulin
resistance on the bone acquisition is age dependent.
Consistent with this idea, Kindler et al. observed age-
dependent differences in BMD in youth-onset T2DM and
concluded that T2DM might be detrimental to growing skel-
eton [27]. Recent studies also suggested that conditions relat-
ed to insulin resistance, such as metabolic syndrome and pre-
diabetes, could be possible disadvantages to childhood bone
health [18].

Indirect factors might also contribute to the effects of insu-
lin resistance on the bone mass. In fact, recent investigations

Table 3 Multiple stepwise linear regression analysis for the association between HOMA-IR and QUICKI index (independent variables) and FN bone
parameters (dependent variables) in two models, adjusted for age, gender, BMI, TBLM, TBFM, exercise, and puberty category

Model 1 Model 2

Dependent variable Independent variables βa Std. error P Independent variables βa Std. error P

FNBMC Age
Sex
BMI
TBLM
HOMA-IR

0.045
0.309
0.024
5.72
− 0.060

0.013
0.057
0.010
0.000
0.021

0.0001
0.0001
0.018
0.0001
0.004

Age
Sex
BMI
TBLM
QUICKI

0.044
0.292
0.024
5.7
1.297

0.013
0.057
0.010
0.000
0.520

0.001
0.0001
0.020
0.0001
0.013

R2 = 0.73 R2 = 0.73

FNBMD Age
Sex
BMI
TBLM
HOMA-IR

0.010
0.047
0.008
5.89
− 0.010

0.002
0.010
0.002
0.000
0.004

0.0001
0.0001
0.0001
0.0000
0.010

Age
Sex
BMI
TBLM

0.010
0.045
0.008
5.5

0.002
0.010
0.002
0.000

0.0001
0.0001
0.0001
0.0001

R2 = 0.60 R2 = 0.59

FNBMAD Age
Sex
BMI

0.002
0.006
0.002

0.001
0.002
0.000

0.0001
0.008
0.0001

Age
Sex
BMI

0.002
0.006
0.002

0.001
0.002
0.000

0.0001
0.008
0.0001

R2 = 0.20 R2 = 0.20

FN Z-score Age
Sex
BMI
TBLM

− 0.076
0.316
0.098
2.82

0.028
0.123
0.022
0.000

0.006
0.011
0.0001
0.004

Age
Sex
BMI
TBLM

− 0.07
0.316
0.1
2.82

0.028
0.123
0.022
0.000

0.006
0.011
0.0001
0.004

R2 = 0.20 R2 = 0.20

Model 1 included age, sex, body mass index (BMI), TBLM, TBFM, exercise, puberty category, HOMA-IR

Model 2 included age, sex, BMI, TBLM, TBFM, exercise, puberty category, QUICKI index

Std. error standard Error, FN femoral neck
a Unstandardized β coefficient
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have identified an increasing number of conditions, which
might potentially affect bone density in young people [15].
For instance, increased proinflammatory cytokines such as
IL-6 and TNF-alpha was defined in insulin-resistant individ-
uals, which may induce bone loss by stimulating osteoclast
activity [28, 29]. Furthermore, increased fat mass (FM) as a
major component of body weight was reported to stimulate
the bone acquisition in children [30]. It should be noted that
visceral fat was also considered as an endocrine organ by
releasing adipokines and proinflammatory cytokines [31].
Conversely, it was suggested that osteocalcin, a bone-
derived hormone, might induce insulin sensitivity through
stimulating the secretion of adiponectin by the adipose tissue
[22]. However, the influence of obesity on the bone density is
still inconclusive. Although some reports showed a protective
role of obesity against osteoporosis, other reports indicated a
reverse relationship between adiposity and bone metabolism
[30, 32]. For example, Mosca et al. showed a negative asso-
ciation between the percentage of FM and BMD or BMC in
overweight, obese, and morbidly obese adolescents [33]. In
the current study, to evaluate the possible role of FM in the
relationship between insulin level and bone density, we com-
pared the obtained results before and after adjustment for
TBFM in the participants. Our data revealed a significant

inverse association between insulin resistance and bone pa-
rameters, even after adjustment for TBFM. Therefore, it seems
that increased FM in insulin resistant subjects could not
completely explain the relation between the bone health and
insulin resistance. However, the relationship between bone
parameters and insulin resistance has been shown in both
obese and non-obese subjects [34].

Alongwith the possible indirect mechanisms, we examined
the correlation of TBLM as another major component of body
composition with bone density. In fact, lean mass (LM) is
suggested as the best predictor of BMC and BMD in adoles-
cents, and its changes seems to be highly associated with the
bone health [35]. In this regard, El Hage et al. reported LM as
a strong positive determinant of BMD in boys and FM in girls
[36]. Soininen et al. also showed both FM and LM as inde-
pendent positive correlates for BMD in both genders [37].

Although the relationship between LM and insulin has
been investigated extensively, only a few studies have exam-
ined the effects of insulin and LM on the bone health simul-
taneously [34, 37]. For example, Costoso et al. reported a
positive influence by LM on the bone but an inverse relation-
ship between LM and insulin levels [38].

Our study, in contrast, revealed a direct relationship be-
tween insulin concentrations and TBLM. Nevertheless, the

Table 4 Multiple stepwise linear regression analysis for the association between HOMA-IR and QUICKI index (independent variables) and whole
body bone parameters (dependent variables) in two models, adjusted for age, gender, BMI, TBLM, TBFM, exercise, and puberty category

Model 1 Model 2

Dependent variable Independent variables βa Std. error P Independent variables βa Std. error P

Total BMC Age
Sex
BMI
TBLM

49.36
− 43.4
14.78
0.029

4.22
18.88
3.38
0.001

0.0001
0.022
0.0001
0.0001

Age
Sex
BMI
TBLM

49.36
− 43.4
14.78
0.029

4.22
18.88
3.38
0.001

0.0001
0.022
0.0001
0.0001

R2 = 0.88 R2 = 0.88

Total BMD Age
BMI
TBLM
HOMA-IR

0.021
0.008
4.14
− 0.005

0.001
0.001
0.000
0.002

0.0001
0.0001
0.0001
0.029

Age
BMI
TBLM

0.021
0.008
3.88

0.001
0.001
0.000

0.0001
0.0001
0.0001

R2 = 0.77 R2 = 0.77

Total BMAD Age
BMI
TBLM

0.021
0.008
3.64

0.002
0.001
0.000

0.0001
0.0001
0.0001

Age
BMI
TBLM

0.021
0.008
3.64

0.002
0.001
0.000

0.0001
0.0001
0.0001

R2 = 0.69 R2=0.69

Total Z-score Age
Sex
BMI
TBLM
HOMA-IR

− 0.16
0.21
0.112
2.48
− 0.076

0.022
0.10
0.018
0.000
0.036

0.0001
0.033
0.0001
0.002
0.036

Age
Sex
BMI
TBLM

− 0.16
0.20
0.111
2.16

0.022
0.10
0.018
0.000

0.0001
0.047
0.0001
0.006

R2 = 0.23 R2 = 0.23

Model 1 included age, sex, body mass index (BMI), TBLM, TBFM, exercise, puberty category, HOMA-IR

Model 2 included age, sex, BMI, TBLM, TBFM, exercise, puberty category, QUICKI index

Std. error standard error
a Unstandardized β coefficient
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importance of LM as a mediator or confounder in the relation-
ship between insulin and bone is uncertain. Insulin through
stimulation of protein synthesis and inhibition of proteolysis
in the skeletal muscle is linked to LM [39]. On the other hand,
skeletal muscle has recently been considered as a secretory
organ able to release myokines [40]. In this regard, irisin, a
newly discovered myokine, has been shown to improve insu-
lin sensitivity [41]. Moreover, dynamic loading resulting from
physical activity and muscle contraction promotes bone min-
eralization and improves bone strength [42]. In the present
study, the significant negative association between insulin re-
sistance and bone parameters was remained almost unchanged
after further adjustment for TBLM and physical activity.

Furthermore, another reason for the observed diversity
in the results of the published studies might be the differ-
ences in the adjustment for confounding factors. In line
with this idea, several studies revealed a loss of positive
association between BMD and insulin after adjustment for
BMI [7, 17]. Lawlor et al. also found no significant asso-
ciation between fasting insulin and BMD after adjustment
for confounding factors, such as age and pubertal status
[3]. However, in the current study, the negative associa-
tion between the insulin resistance indices and bone pa-
rameters was observed even after adjustment for multiple
confounding factors.

Finally, previous studies suggested that the rate and
magnitude of bone mass accrual during pubertal years
might differ amongst skeletal sites and individuals [43].
On the other hand, sex hormones might also be related to
differences in bone mass gain between genders [43].
Therefore, other potential causes for the discrepancies in
previous studies might be attributed to differences in age,
race, and ethnicity of the participants or differences in
bone mass gain between genders [43–45]. Genetic factors
also play an important role in the peak bone mass
achievement and account for about 60–80% of its vari-
ance [1, 44]. However, further studies in a variety of pop-
ulations are warranted to confirm the insulin-bone associ-
ation and reveal the underlying mechanisms before
reaching a conclusive result.

The strength of this study is adjustment for several possible
confounding factors, such as age, gender, BMI, TBFM,
TBLM, puberty category, and exercise status in multivariate
regression analyses. These adjustments helped to reduce
biases in the obtained results. Also, due to lack of standardized
levels for insulin and HOMA-IR in children and adolescents,
we also used QUICKI as another index of insulin sensitivity
for better evaluation of the relation between bone health and
insulin resistance. Our study had some limitations including
its cross-sectional design, which limits the inferences regard-
ing causation and temporality. We also did not measure the
biochemical markers of bone resorption and formation or pro-
inflammatory cytokines.

Conclusion

This research showed significant inverse association between
insulin resistance and bone parameters. Moreover, the associ-
ations remained significant even after adjustment for whole
body fat mass and lean mass. Nonetheless, there are many
unanswered questions regarding the relationship between glu-
cose metabolism and bone homeostasis. For example, it is not
yet clear whether the bone is another site for peripheral insulin
resistance or insulin resistance might be detrimental for bone
growth during puberty. Therefore, further basic and clinical
studies should be performed to elucidate this issue by not only
evaluating the biochemical markers of the bone formation and
resorption but also by measuring insulin signaling in
osteoblasts.

Acknowledgements The authors would like to thank the staff of the
Endocrinology and Metabolism Research Center of Shiraz University
ofMedical Sciences, for their cooperation. The authors also wish to thank
Mr. H. Argasi at the Research Consultation Center (RCC) of Shiraz
University of Medical Sciences for his assistance in editing this
manuscript.

Funding This work was financially supported by the research Vice
Chancellor of Shiraz University of Medical Sciences (grant number
9591).

Declarations

Ethics approval This study involving humans have been approved by
the local Ethics Committee of Shiraz University of Medical Sciences. All
procedures have been performed in accordance with the ethical standards
as laid down in the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards.

Conflict of interest None.

References

1. Rizzoli R, Bianchi ML, Garabédian M, McKay HA, Moreno LA
(2010) Maximizing bone mineral mass gain during growth for the
prevention of fractures in the adolescents and the elderly. Bone 46:
294–305. https://doi.org/10.1016/j.bone.2009.10.005

2. Zoch ML, Clemens TL, Riddle RC (2016) New insights into the
biology of osteocalcin. Bone 82:42–49. https://doi.org/10.1016/j.
bone.2015.05.046

3. Lawlor DA, Sattar N, Sayers A, Tobias JH (2012) The association
of fasting insulin, glucose, and lipids with bone mass in adoles-
cents: findings from a cross-sectional study. J Clin Endocrinol
Metab 97:2068–2076. https://doi.org/10.1210/jc.2011-2721

4. Klein GL (2014) Insulin and bone: recent developments. World J
Diabetes 5:14–16. https://doi.org/10.4239/wjd.v5.i1.14

5. Thrailkill KM, Lumpkin CK, Bunn RC, Kemp SF, Fowlkes JL
(2005) Is insulin an anabolic agent in bone? Dissecting the diabetic
bone for clues. Am J Physiol Endocrinol Metab 289:E735–E745.
https://doi.org/10.1152/ajpendo.00159.2005

Arch Osteoporos           (2021) 16:66 Page 7 of 9    66 

https://doi.org/10.1016/j.bone.2009.10.005
https://doi.org/10.1016/j.bone.2015.05.046
https://doi.org/10.1016/j.bone.2015.05.046
https://doi.org/10.1210/jc.2011-2721
https://doi.org/10.4239/wjd.v5.i1.14
https://doi.org/10.1152/ajpendo.00159.2005


6. Hickman J, McElduff A (1990) Insulin sensitizes a cultured rat
osteogenic sarcoma cell line to hormones which activate adenylate
cyclase. Calcif Tissue Int 46:401–405. https://doi.org/10.1007/
bf02554971

7. Dennison EM, Syddall HE, Sayer AA, Craighead S, Phillips DIW,
Cooper C (2004) Type 2 diabetes mellitus is associated with in-
creased axial bone density in men and women from the
Hertfordshire Cohort Study: evidence for an indirect effect of insu-
lin resistance? Diabetologia 47:1963–1968. https://doi.org/10.
1007/s00125-004-1560-y

8. Sayers A, Lawlor DA, Sattar N, Tobias JH (2012) The association
between insulin levels and cortical bone: findings from a cross-
sectional analysis of pQCT parameters in adolescents. J Bone
Miner Res 27(3):610–618. https://doi.org/10.1002/jbmr.1467

9. Avnet S, Perut F, Salerno M, Sciacca L, Baldini N (2012) Insulin
receptor isoforms are differently expressed during human osteo-
blastogenesis. Differentiation 83:242–248. https://doi.org/10.
1016/j.diff.2012.02.002

10. Jeddi M, Roosta MJ, Dabbaghmanesh MH, Ranjbar Omrani G,
Ayatollahi SM, Bagheri Z et al (2013) Normative data and percen-
tile curves of bone mineral density in healthy Iranian children aged
9–18 years. Arch Osteoporos 8:114. https://doi.org/10.1007/
s11657-012-0114-z

11. Jeddi M, DabbaghmaneshMH, Ranjbar Omrani G, Ayatollahi SM,
Bagheri Z, Bakhshayeshkaram M (2014) Body composition refer-
ence percentiles of healthy Iranian children and adolescents in
southern Iran. Arch Iran Med 17(10):661–669 0141710/AIM.005

12. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH (2000) Establishing a
standard definition for child overweight and obesity worldwide:
international survey. B M J 320(7244):1240–1243. https://doi.org/
10.1136/bmj.320.7244.1240

13. Kohrt WM, Bloomfield SA, Little KD, Nelson ME, Yingling VR
(2004) American College of Sports Medicine, American College of
Sports Medicine Position Stand: physical activity and bone health.
Med Sci Sports Exerc 36(11):1985–1996. https://doi.org/10.1249/
01.mss.0000142662.21767.58

14. Carte DR, Bouxsein ML, Marcus R (1992) New approaches for
interpreting projected bone densitometry data. J Bone Miner Res
7(2):137–145. https://doi.org/10.1002/jbmr.5650070204

15. FerronM,Wei J, Yoshizawa T, Del Fattore A, DePinho RA, Teti A
et al (2010) Insulin signaling in osteoblasts integrates bone remod-
eling and energy metabolism. Cell 142(2):296–308. https://doi.org/
10.1016/j.cell.2010.06.003

16. Abrahamsen B, Rohold A, Henriksen JE, Beck-Nielsen H (2000)
Correlations between insulin sensitivity and bonemineral density in
non-diabetic men. Diabet Med 17:124–129. https://doi.org/10.
1046/j.1464-5491.2000.00234.x

17. Srikanthan P, Crandall CJ, Miller-Martinez D, Seeman TE,
Greendale GA, Binkley N, Karlamangla AS (2014) Insulin resis-
tance and bone strength: findings from the study of midlife in the
United States. J BoneMiner Res 29(4):796–803. https://doi.org/10.
1002/jbmr.2083

18. Nóbrega da Silva V, Goldberg TB, Mosca LN, Bisi Rizzo Ada C,
Teixeira Ados S, Corrente JE (2014) Metabolic syndrome reduces
bone mineral density in overweight adolescents. Bone 66:1–7.
https://doi.org/10.1016/j.bone.2014.05.011

19. Afghani A, Cruz ML, Goran MI (2005) Impaired glucose tolerance
and bone mineral content in overweight Latino children with a
family history of type 2 diabetes. Diabetes Care 28(2):372–378.
https://doi.org/10.2337/diacare.28.2.372

20. Pollock NK, Bernard PJ, Wenger K, Misra S, Gower BA, Allison
JD, Zhu H, Davis CL (2010) Lower bone mass in prepubertal over-
weight children with prediabetes. J Bone Miner Res 25(12):2760–
2769. https://doi.org/10.1002/jbmr.184

21. Mizokami A, Kawakubo-Yasukochi T, Hirata M (2017)
Osteocalcin and its endocrine functions. Biochem Pharmacol
132:1–8. https://doi.org/10.1016/j.bcp.2017.02.001

22. de Paula FJA, Horowitz MC, Rosen CJ (2010) Novel insights into
the relationship between diabetes and osteoporosis. Diabetes Metab
Res Rev 26(8):622–630. https://doi.org/10.1002/dmrr.1135

23. Lucey AJ, Paschos GK, Thorsdottir I, Martinez JA, Cashman KD,
Kiely M (2013) Young overweight and obese women with lower
circulating osteocalcin concentrations exhibit higher insulin resis-
tance and concentrations of C-reactive protein. Nutr Res 33(1):67–
75. https://doi.org/10.1016/j.nutres.2012.11.011

24. Devlin MJ, Van Vliet M, Motyl K, Karim L, Brooks DJ, Louis L
et al (2014) Early onset type 2 diabetes impairs skeletal acquisition
in the male TALLYHO/Jng J mouse. Endocrinology 155(10):
3806–3816. https://doi.org/10.1210/en.2014-1041

25. Mosialou I, Shikhel S, Liu JM,Maurizi A, Luo N, He Z et al (2017)
MC4R-dependent suppression of appetite by bone-derived
lipocalin 2. Nature 543(7645):385–390. https://doi.org/10.1038/
nature21697

26. Shin D, Kim S, Kim KH, Lee K, Park SM (2014) Association
between insulin resistance and bone mass in men. J Clin
Endocrinol Metab 99:988–995. https://doi.org/10.1210/jc.2013-
3338

27. Kindler JM, Kelly A, Khoury PR, Levitt Katz LE, Urbina EM,
Zemel BS (2020) Bone mass and density in youth with type 2
diabetes, obesity, and healthy weight. Diabetes Care 43(10):
2544–2552. https://doi.org/10.2337/dc19-2164

28. Cao JJ (2011) Effects of obesity on bonemetabolism. J Orthop Surg
Res 6:30. https://doi.org/10.1186/1749-799X-6-30

29. Roodman GD (1993) Role of cytokines in the regulation of bone
resorption. Calcif Tissue Int 53:S94–S98. https://doi.org/10.1007/
bf01673412

30. Clark EM, Ness AR, Tobias JH (2006) Adipose tissue stimulates
bone growth in prepubertal children. J Clin Endocrinol Metab
91(7):2534–2541. https://doi.org/10.1210/jc.2006-0332

31. Magni P, Dozio E, Galliera E, Ruscica M, Corsi MM (2010)
Molecular aspects of adipokine-bone. Curr Mol Med 10(6):522–
532. https://doi.org/10.2174/1566524011009060522

32. Janicka A, Wren TAL, Sanchez MM, Dorey F, Kim PS, Mittelman
SD et al (2007) Fat mass is not beneficial to bone in adolescents and
young adults. J Clin Endocrinol Metab 92(1):143–147. https://doi.
org/10.1210/jc.2006-0794

33. Mosca LN, Goldberg LTB, Nóbrega VS, da Silva CC, Kurokawa
CS, Bisi Rizzo AC et al (2014) Excess body fat negatively affects
bone mass in adolescents. Nutrition 30(7-8):847–852. https://doi.
org/10.1016/j.nut.2013.12.003

34. Lee K (2013) Sex-specific relationships between insulin resistance
and bone mineral content in Korean adolescents. J Bone Miner
Metab 31(2):177–182. https://doi.org/10.1007/s00774-012-0396-7

35. Gracia-Marco L, Ortega FB, Jimenez-Pavon D, Rodriguez G,
Castillo MJ, Vicente-Rodriguez G et al (2012) Adiposity and bone
health in Spanish adolescents. The HELENA study. Osteoporos Int
23(3):937–947. https://doi.org/10.1007/s00198-011-1649-3

36. El Hage RP, Courteix D, Benhamou CL, Jacob C, Jaffre C (2009)
Relative importance of lean and fat mass on bone mineral density in
a group of adolescent girls and boys. Eur J Appl Physiol 105(5):
759–764. https://doi.org/10.1007/s00421-008-0959-4

37. Soininen S, Sidoroff V, Lindi V, Mahonen A, Kröger L, Kröger H,
Jääskeläinen J, Atalay M, Laaksonen DE, Laitinen T, Lakka TA
(2018) Body fat mass, lean bodymass and associated biomarkers as
determinants of bone mineral density in children 6-8 years of age -
the physical activity and nutrition in children (PANIC) study. Bone
108:106–114. https://doi.org/10.1016/j.bone.2018.01.003

38. Torres-Costoso A, Pozuelo-Carrascosa DP, Álvarez-Bueno C,
Ferri-Morales A, Miota Ibarra M, Notario-Pacheco B et al (2017)
Insulin and bone health in young adults: the mediator role of lean

   66 Page 8 of 9 Arch Osteoporos           (2021) 16:66 

https://doi.org/10.1007/bf02554971
https://doi.org/10.1007/bf02554971
https://doi.org/10.1007/s00125-004-1560-y
https://doi.org/10.1007/s00125-004-1560-y
https://doi.org/10.1002/jbmr.1467
https://doi.org/10.1016/j.diff.2012.02.002
https://doi.org/10.1016/j.diff.2012.02.002
https://doi.org/10.1007/s11657-012-0114-z
https://doi.org/10.1007/s11657-012-0114-z
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1249/01.mss.0000142662.21767.58
https://doi.org/10.1249/01.mss.0000142662.21767.58
https://doi.org/10.1002/jbmr.5650070204
https://doi.org/10.1016/j.cell.2010.06.003
https://doi.org/10.1016/j.cell.2010.06.003
https://doi.org/10.1046/j.1464-5491.2000.00234.x
https://doi.org/10.1046/j.1464-5491.2000.00234.x
https://doi.org/10.1002/jbmr.2083
https://doi.org/10.1002/jbmr.2083
https://doi.org/10.1016/j.bone.2014.05.011
https://doi.org/10.2337/diacare.28.2.372
https://doi.org/10.1002/jbmr.184
https://doi.org/10.1016/j.bcp.2017.02.001
https://doi.org/10.1002/dmrr.1135
https://doi.org/10.1016/j.nutres.2012.11.011
https://doi.org/10.1210/en.2014-1041
https://doi.org/10.1038/nature21697
https://doi.org/10.1038/nature21697
https://doi.org/10.1210/jc.2013-3338
https://doi.org/10.1210/jc.2013-3338
https://doi.org/10.2337/dc19-2164
https://doi.org/10.1186/1749-799X-6-30
https://doi.org/10.1007/bf01673412
https://doi.org/10.1007/bf01673412
https://doi.org/10.1210/jc.2006-0332
https://doi.org/10.2174/1566524011009060522
https://doi.org/10.1210/jc.2006-0794
https://doi.org/10.1210/jc.2006-0794
https://doi.org/10.1016/j.nut.2013.12.003
https://doi.org/10.1016/j.nut.2013.12.003
https://doi.org/10.1007/s00774-012-0396-7
https://doi.org/10.1007/s00198-011-1649-3
https://doi.org/10.1007/s00421-008-0959-4
https://doi.org/10.1016/j.bone.2018.01.003


mass. PLoS One 12(3):e0173874. https://doi.org/10.1371/journal.
pone.0173874

39. Velloso CP (2008) Regulation of muscle mass by growth hormone
and IGF-I. Br J Pharmacol 154:557–568. https://doi.org/10.1038/
bjp.2008.153

40. Natalicchio A, Marrano N, Biondi G, Spagnuolo R, Labarbuta R,
Porreca I, Cignarelli A, Bugliani M, Marchetti P, Perrini S, Laviola
L, Giorgino F (2017) The myokine irisin is released in response to
saturated fatty acids and promotes pancreatic β-cell survival and
insulin secretion. Diabetes 66(11):2849–2856. https://doi.org/10.
2337/db17-0002

41. Lee HJ, Lee JO, Kim N, Kim JK, Kim HI, Lee YW, Kim SJ, Choi
JI, Oh Y, Kim JH, Hwang S, Park SH, Kim HS (2015) Irisin, a
novel myokine, regulates glucose uptake in skeletal muscle cells via
AMPK. Mol Endocrinol 29(6):873–881. https://doi.org/10.1210/
me.2014-1353

42. Daly RM, Duckham RL, Gianoudis J (2014) Evidence for an inter-
action between exercise and nutrition for improving bone and

muscle health. Curr Osteoporos Rep 12(2):219–226. https://doi.
org/10.1007/s11914-014-0207-2

43. Stagi S, Cavalli L, Iurato C, Seminara S, Brandi ML, de Martino M
(2013) Bone metabolism in children and adolescents: main charac-
teristics of the determinants of peak bone mass. Clin Cases Miner
Bone Metab 10(3):172–179

44. Ralston SH, de Crombrugghe B (2006) Genetic regulation of bone
mass and susceptibility to osteoporosis. Genes Dev 20(18):2492–
2506. https://doi.org/10.1101/gad.1449506

45. Ashraf AP, Alvarez J, Huisingh C, Casazza K, Gower B (2013)
Higher serum insulin concentrations positively influence the bone
mineral density in African American adolescents. Br J Med Med
Res 3(4):1050–1061. https://doi.org/10.9734/BJMMR/2013/2720#
sthash.xsm9PVK7.dpuf

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Arch Osteoporos           (2021) 16:66 Page 9 of 9    66 

https://doi.org/10.1371/journal.pone.0173874
https://doi.org/10.1371/journal.pone.0173874
https://doi.org/10.1038/bjp.2008.153
https://doi.org/10.1038/bjp.2008.153
https://doi.org/10.2337/db17-0002
https://doi.org/10.2337/db17-0002
https://doi.org/10.1210/me.2014-1353
https://doi.org/10.1210/me.2014-1353
https://doi.org/10.1007/s11914-014-0207-2
https://doi.org/10.1007/s11914-014-0207-2
https://doi.org/10.1101/gad.1449506
https://doi.org/10.9734/BJMMR/2013/2720#sthash.xsm9PVK7.dpuf
https://doi.org/10.9734/BJMMR/2013/2720#sthash.xsm9PVK7.dpuf

	Insulin resistance and bone health in adolescents
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Subjects
	Anthropometric measurements and Tanner stage
	Bone densitometry
	Laboratory data
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


