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Abstract
Purpose: To investigate the correlation of serum 25-hydroxy vitamin D [25(OH)D] with leptin (LEP) and
visceral fat area (VFA) in type 2 diabetes mellitus (T2DM) patients with osteoporosis (OP).
Methods: A total of 135 T2DM patients with newly diagnosed admitted to the Department of
Endocrinology, Affiliated Hospital of Zunyi Medical College. The patients were divided into three
groups according to BMD status: (1) DMNB group, n=45; (2) DMLB group, n=45; and (3) DMOP
group, n=45. The control group consisted of 50 age and gender matched subjects recruited from the
Physical Examination Center (NC group). All patients were examined for general biochemical indicators
and QCT was used to measure VFA. Electrochemiluminescence (ECL) and enzyme linked
immunosorbent assay (ELISA) were used to evaluate the serum levels of 25 (OH)D and LEP,
respectively.
Results: Compared with NC group, the levels of 25 (OH)D, L1-L4 lumbar vertebrae and left femoral
neck BMD in DMNB group, DMLB group and DMOP group were significantly lower (P<0.05), the LEP
and VFA levels were significantly increased (P<0.05).
Conclusions: Our data showed a strong correlation between decreased 25 (OH)D and increased LEP
serum levels in T2DM patients presenting with comorbid OP. This patient cohort also exhibited
significantly higher VFA, which is symptomatic of imbalanced glucose and lipid metabolism.
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Introduction
Type 2 diabetes mellitus (T2DM) and osteoporosis (OP) are
metabolic diseases which, with rising living standards and
aging populations, now commonly present in the same patients.
Given their chronic nature, these disorders threaten to erase the
gains to health and longevity that have accrued from medical
advances during the past half century. Identification of risk
factors that predispose for T2DM combined with OP is
therefore important for early clinical control. The bone
microenvironment and rate of bone formation in patients with
diabetes and OP have undergone systemic changes due to the
long-term effects of high insulin and hyperglycemia, which
decreases bone formation by osteoblast (OB) and increases
bone resorption by osteoclasts (OC), thus resulting in
decreased BMD and subsequent OP [1]. Increased visceral fat
area (VFA) leads to abnormal secretion of adipokines that
adversely affect glucose, fat, and bone metabolism [2,3], as
well as insulin sensitivity [4]. Adipokines are closely linked to
T2DM but also affect the balance of bone metabolism through
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multiple pathways. Vitamin D is a fat-soluble vitamin which,
in addition to its classical role of regulating the calcium and
phosphorus metabolism, is closely linked to glucose and lipid
metabolism [5]. Patients with T2DM have a higher prevalence
of OP and low serum 25-hydroxy vitamin D [25 (OH)D] which
affect the bone turnover by increasing bone resorption and
impede bone formation in T2DM patients [6]. LEP is a small
peptide hormone secreted by fat cells with bone being one of
its target tissues [7]. Whereas LEP is a cytokine intrinsically
associated with fat cells, serum 25 (OH)D is representative of
the level of vitamin D in the body and both molecules are
closely related to bone metabolism [8,9]. Besides their roles in
the metabolism of sugar, lipids and bone homeostasis, LEP and
vitamin D have also been associated with the occurrence and
development of T2DM, dyslipidemia and OP [5,10]. To date,
there are no reported studies looking at the relationship
between OP and LEP in T2DM patients. Therefore, in this
study we investigated a cohort of patients presenting with both
T2DM and OP to assess the correlation of serum levels of 25
(OH)D with LEP and VFA. Our data showed a correlation of
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elevated LEP in T2DM patients with low BMD and may point
to new ideas for the early prevention and treatment of T2DM
and OP.

Materials and Methods
Subjects
A total of 135 T2DM patients with newly diagnosed were
recruited for this study, between February 2017 and March
2018, having been diagnosed at the Department of
Endocrinology, Affiliated Hospital of Zunyi Medical College.
Each patient ’ s BMD was assessed by Dual energy X-ray
absorptiometry (DXA) and, referring to the Diagnosis and
Treatment Criteria of Primary Osteoporosis issued in 2017 by
the Osteoporosis and Bone Mineral Disease Branch of Chinese
Medical Association, were allocated into one of three groups
according to BMD: The normal bone mass group (DMNB,
n=45, age 60.26 ± 7.12 years old, 26 males and 19 females);
the bone mass reduction group (DMLB, n=45, age 61.53 ±
9.86 years old, 27 males and 18 females), and the osteoporosis
group (DMOP, n=45, age 61.94 ± 9.23 years old, 25 males and
20 females). Fifty healthy age and sex matched subjects were
recruited from the Physical Examination Center and served as
the normal control group (NC, age 60.06 ± 6.96 years old, 30
males and 20 females). Signed informed consent was given by
every study subjects and the study was approved by the Ethics
Committee of Zunyi Medical College.

Inclusion criteria
a) Diagnosed as T2DM according to the Diagnostic Criteria of
Diabetes by 1999 WHO; b) postmenopausal females
(menopause time ≥ 1 year); c) male aged ≥ 60 years; d. no
history of smoking or long-term heavy alcohol consumption; d)
Has not received any diabetes treatment including diet, drug
intervention and exercise therapy.

Exclusion criteria
a) Individuals with severe organic diseases or acute and
chronic complications of diabetes; b) with severe heart, liver,
kidney, or other organ diseases; c) with rheumatoid arthritis,
thyroid, bone tumours, pituitary, parathyroid, adrenal gland,
gonad, or other diseases that may affect the bone metabolism;
d) having taken drugs that may affect the bone metabolism 6
months before the examination, such as high-dose calcium,
oestrogen, androgen, diphosphate, or glucocorticoids; e)
having received hormone replacement therapy in the past 3
months; f) used contraceptive pills within 6 months; g) females
in pregnancy, breast-feeding, or pregnancy preparation period;
h) having taken oral or injected vitamin D within 8 months; i)
with malignant tumours.

Diagnostic criteria for osteoporosis
The diagnostic criteria for osteoporosis as outlined in the
Diagnosis and Treatment criteria of Primary Osteoporosis
(2017). BMD measurements by DXA is the current general
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diagnostic indicator of osteoporosis: a BMD within 1 standard
deviation (sd) of the peak BMD in healthy adults of the same
sex and ethnicity is defined as normal; BMD reduced by 1 to
2.5 sd is defined as low bone mass; whereas BMD reduced by
more than 2.5 sd is defined as osteoporosis; the degree of BMD
reduction meeting the diagnostic criteria for osteoporosis,
together with one or more brittle fractures, is defined as severe
osteoporosis. The BMD is usually expressed as a T-Score,
which is equal to (actual value–peak BMD in healthy adults of
the same sex and ethnicity) / (sd of the peak BMD in healthy
adults of the same sex and ethnicity). The diagnostic criterion
for osteoporosis based on DXA-measured axial bone density
(L1-4, femoral neck, or total hip), or distal 1/3 radial bone, is
T-score ≤ 2.5.

Detection methods
General information: The study subjects’ gender, age, course
of disease, body height, body weight, waist circumference, and
hip circumference were collected and used to calculate the
waist to hip ratio (WHR) and BMI.
Detection of biochemical indices: After an overnight fast, 5
ml of venous blood was collected from each study subject early
the following morning. The blood samples were allowed to
settle for 20 min at room temperature, followed by 10 min
centrifugation at 3800 rpm for biochemical testing (one
sample) and further tests (storing a backup sample at -80). LEP
serum levels were measured by ELISA; the level of 25(OH)D
was measured by ECL using a Roche E160 kit (Roche
Diagnostics GmbH); the HbA1c was measured by HPLC using
D-10 reagents (BioRad, USA); the levels of HDL-C, LDL-C,
TG, and TC were tested using an Olympus automatic analyzer
(AU2700); the Fasting plasma glucose (FPG) and postprandial
blood glucose (2hPG) were tested using the hexose oxidase
method; the levels of β-collagen degradation products (βCTX), type I-collagen amino end lengthening peptide (PINP),
and Fasting insulin (FINS) were assayed using the Roche E160
ECL kit; the HOMA-IR=FBG×FINS/22.5; the QUICKI=1/Log
(I0)+Log (G0) [I0: fasting insulin content (μU/ml); G0: fasting
blood glucose concentration (mg/dl)].
Measurement of BMD: BMDs (unit: g/cm2) of the
orthotopical L1-4, proximal left femur (including the femoral
neck), Ward's trigone, and total hip were measured using the
Medix90 DMS (MEDILINK, France).
Assessing abdominal fat distribution: Quantitative CT was
used for abdominal fat measurements using a GE Discovery
CT750 HD. The scanning parameters were: 120 kV 150-400
Ma, 0.6 S, scanning layer thickness 5 mm, interlayer spacing 5
mm, pitch 0.984:1, matrix 512×512, and AsiR as SS30 slice
30% standard algorithm. The reconstructed layer thickness was
0.625 mm, and the reconstructed layer spacing was 0.625 mm.
Each patient was placed in a supine position and scanned at the
umbilical L2~3 in a breathless state. The reconstructed thinlayer data were transmitted to the GE AW4.5 workstation for
analysis. The subcutaneous fat area of interest was drawn along
the abdominal skin contour and the outer edge of abdominal
wall muscles. The peripheral and retroperitoneal fat area of
Biomed Res2019 Volume 30 Issue 4
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interest was drawn along the inner edge of abdominal wall
muscles and the anterior spine. After having set up the fat
density range, the measurements of all fat areas and
percentages were completed on one computer by the same
operator from the Department of Imaging.

Of note was a significant decrease in BMD of L1-L4 and left
femoral neck in the DMOP group when compared with the NC
group (P<0.05). There was no significant difference Ward's
trigone and total hip density across the four test groups
(P>0.05) (Table 2).

Statistical methods: Statistical analysis was performed using
the SPSS17.0 software. The measurement data were expressed
as (x̄ ± sd). Analysis of variance was used for the intergroup
comparison. The correlation among variables was analysed
using the Pearson test. The multivariate logistic regression
analysis was used to analyse the influencing factors, with
P<0.05 considered statistically significant.

VFA levels reached the highest values in the DMOP group at
136.62 ± 28.64 cm2, compared to 90.46 ± 17.32 in NC, 95.87 ±
20.36 in DMNB, and 130.89 ± 22.79 in DMLB (P<0.05)
(Figure 1).
The level of 25(OH)D was significantly reduced in the DMOP
group to 10.54 ± 2.77 ng/mL, compared to 28.16 ± 4.17 in the
NC group, 21.12 ± 3.38 in the DMNB group, and 15.68 ± 3.52
in the DMLB group (P<0.05) (Figure 2).

Results

LEP levels showed a 3-fold increase in DMOP (11.26 ± 3.27
ug/L) group compared to NC group (4.23 ± 2.18), whereas
there was a 1.5-fold (6.37 ± 2.26) and ~2-fold (11.26 ± 3.27)
increase, respectively, in the DMNB and DMLB groups
(P<0.05) (Figure 3).

Comparison of general information and clinical
biochemical indices among groups
General patient data and a comparison of biochemical
indicators between the four groups are shown in Table 1.

Table 1: Comparison of general information and biochemical indices among the four groups (x̄ ± sd).
Group

N (M/F)

Age (years)

Disease
duration
(years)

BMI (Kg/m2)

WHR

HbA1c (%)

FPG (mmol/L)

FINS (uIU/mL)

HOMA-IR

QUICKI

NC

50(30/20)

60.06 ± 6.96

-

22.97 ± 2.17

0.71 ± 0.04

5.47 ± 0.59

6.18 ± 0.54

15.58 ± 6.74

4.27 ± 1.32

0.50 ± 0.04

DMNB

45(26/19)

60.26 ± 7.12

7.34 ± 4.52

25.05 ± 1.89*

0.81 ± 0.06*

7.56 ± 0.48*

9.52 ± 0.76*

25.64 ± 5.89*

7.25 ± 1.17*

0.41 ± 0.02*

DMLB

45(27/18)

61.53 ± 9.86

7.98 ± 4.78

27.96 ± 1.6*#

0.98
0.09*#

11.19 ± 0.57*

26.07 ± 5.26*

9.97 ± 1.06*#

0.34
0.05*#

DMOP

45(25/20)

61.94 ± 9.23

7.56 ± 3.98

27.34
1.90*#

± 11.87 ± 0.65*

26.32 ± 6.57*

11.94
1.83*#∆

Group

TG
(mmol/L)

TC (mmol/L)

HDL-C
(mmol/L)

LDL-C
(mmol/L)

β-CTX
(ng/mL)

PINP (ng/mL)

VFA (cm2)

25(OH)D
(ng/mL)

Leptin (ug/L)

NC

0.93 ± 0.41

4.27 ± 0.37

1.88 ± 0.06

2.09 ± 0.37

0.68 ± 0.10

51.89 ± 12.12

90.46 ± 17.32

28.16 ± 4.17

4.23 ± 2.18

DMNB

2.74 ± 0.26*

5.63 ± 0.89*

0.94 ± 0.05*

3.88 ± 0.41*

1.34 ± 0.12*

21.25 ± 10.15*

95.87 ± 20.36

21.12 ± 3.38*

6.37 ± 2.26*

DMLB

2.96 ± 0.35*

6.41 ± 0.91*

0.73
0.04*#

± 3.93 ± 0.32*

1.89
0.26*#

± 15.63 ± 7.01*#

130.89
22.79*#

± 15.68 ± 3.52*#

DMOP

2.73 ± 0.27*

6.90 ± 0.54*

0.61
0.07*#∆

± 4.17 ± 0.40*

2.14
0.34*#∆

± 5.12 ± 2.15*#∆

136.62
28.64*#

± 10.54
2.77*#∆

± 0.95
0.07*#

± 8.97 ± 0.67*#

± 10.18
0.52*#∆

± 0.23
0.06*#∆

±

±

8.79 ± 2.37*#

± 11.26
3.27*#∆

±

vs Group NC, *P0.05;vs Group DMNB, #P0.05;vs Group DMLB, ∆P0.05.

Table 2: Comparison of bone mineral density in four groups (x̄ ± sd).
Group

BMD of L1-L4 (g/cm2)

BMD of left femoral neck (g/cm2)

BMD of Ward's trigone (g/cm2)

BMD of total hip (g/cm2)

NC

1.24 ± 0.12

0.98 ± 0.16

0.70 ± 0.18

0.81 ± 0.17

DMNB

1.12 ± 0.11*

0.90 ± 0.18*

0.69 ± 0.10

0.80 ± 0.21

0.67 ± 0.08

0.79 ± 0.11

0.66 ± 0.12

0.78 ± 0.18

0.08*#

DMLB

0.88 ±

DMOP

0.64 ± 0.06*#∆

0.78 ±

0.12*#

0.56 ± 0.15*#∆

vs Group NC, *P0.05;vs Group DMNB, #P0.05;vs Group DMLB, ∆P0.05.
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Pearson correlation analysis of serum 25(OH)D and
clinical biochemical indices (r)
When 25(OH)D was set as a dependent variable and each
index as an independent variable, the correlation analysis
showed that serum 25(OH)D was negatively correlated with
LEP and VFA (r=-0.437 and -0.546, P <0.05, respectively)
(Table 3).
Table 3: Correlation of 25(OH)D with general data and biochemical
indexes (r).
Items

Figure 1: Comparison of VFA in the four test groups.

25(OH)D
r

P

LEP (ug/L)

-0.437

0.03

VFA (cm2)

-0.546

0.05

Logistic regression analysis of risk factors for T2DM
combined with OP
The multivariate logistic regression analysis was performed,
setting the combination of T2DM and OP or not as a dependent
variable and the 25(OH)D, LEP and VFA as an independent
variable, targeting the four groups. This analysis showed that
VFA was an independent risk factor for the combination of
T2DM and OP, whereas 25(OH)D and LEP were protective
factors (Table 4).
Table 4: Logistic regression analysis of risk factors for T2DM patients
with OP.

Figure 2: Comparison of serum 25 (OH) D levels between the four
test groups.

Variable

β

SE

Waldc2

P

OR(95%CI)

25(OH)D(ng/mL)

-1.014

0.783

4.634

0.032

0.498(0.184~0.658)

LEP(ug/L)

-1.257

0.892

4.858

0.012

0.234(0.054~0.513)

VFA(cm2)

0.065

0.638

3.125

0.002

1.614(1.269~2.584)

Discussion

Figure 3: Comparison of serum Leptin levels between the four test
groups.
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Asia has emerged as a major area in the epidemic spread of
T2DM [11] with China having seen a >300% increase of
T2DM cases since 2000 [12]. Obesity in the form of visceral
fat deposition is strongly associated with an increased risk of
metabolic syndrome, which encompasses, elevated serum
lipids, high blood pressure, atherosclerosis, IR and T2DM
[13,14]. Epidemiological studies show that T2DM patients
with comorbid OP have a higher fracture risk, compared to
non-diabetic OP patients, despite having higher BMD levels,
an indication that links T2DM to abnormal bone metabolism
[15]. There is now ample evidence to suggest that vitamin D
has a protective effect on the pancreatic islets [16] and under
physiological conditions, the secretion of glucose-stimulated
insulin and the maintenance of normal glucose tolerance
depend on vitamin D [17]. Vitamin D deficiency is, therefore,
an important trigger for the occurrence and development of
T2DM [18] with 25(OH)D the most stable content in serum
used to assess vitamin D status in human subjects [19].
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Vitamin D predominantly originates from UVB-induced skin
synthesis and is therefore considered a hormone rather than a
vitamin. Vitamin D has multiple physiological roles and its
deficiency (<20 ng/mL) has multiple implications for human
health, not least in bone homeostasis, by maintaining normal
blood calcium and phosphorus levels and promoting normal
bone mineralization. Vitamin D deficiency is a reliable
indicator for OP and increased fracture risk and is an
independent risk factor for diabetic osteoporosis [20]. There
are indications that the expression of genes such as CYP2J2
and CYP27B1, which encode enzymes responsible for vitamin
D synthesis, are reduced in subcutaneous tissues in obese
individuals and may, therefore, result in vitamin D deficiency
[21]. Over the past few decades, there has been the realization
that vitamin D not only affects bone metabolism but also
interacts with many other tissues and affects several metabolic
pathways including the fat cell metabolism [22]. An increase in
body fat is closely related to a decrease of 25(OH)D in
circulation, and this is particularly the case in T2DM patients
with OP.
Excessive visceral fat deposition greatly influences the BMD,
whereas SFA has no effect on the BMD. One study found that
T2DM patients with high degree of obesity and visceral fat
deposition had a decreased risk of osteopenia when insulin
sensitivity, hypoglycemic treatment measures, and blood
glucose were appropriately controlled [3]. However, research
findings into obesity and BMD are often contradictory. For
example, a study involving a cohort of 320 Chinese women
performed CT scans targeting the SFA and VFA volumes and
measured the BMD of L2-L4. The VFA volume was negatively
correlated with the BMD in the <55-year-old group but showed
no correlation with the BMD in the >55-year-old group.
However, the SFA volume had no correlation with the BMD,
regardless of age [23]. A cross-sectional study of 340 obese
women in Italy, found that trunk fat negatively correlated with
the BMD independent of vitamin D levels [24]. A large-sample
study encompassing both Chinese and Caucasian subjects
found no protective effects on bone mass deriving from body
fat mass in obese individuals [25]. A report by Zhang et al.
found a strong negative correlation between visceral fat
deposits and the bone mass [26].
The results in the present study are consistent with those
reported by Zhang et al., in that serum 25(OH)D levels
gradually decreased commensurate with decreased bone mass
(DMOP<DMLB<DMNB<NC), and that the LEP and VFA
gradually increased (DMOP>DMLB>DMNB>NC) Therefore,
we hypothesize that lower serum 25(OH)D levels and higher
LEP levels may result in abnormal lipid metabolism and
ectopic fat deposition and lead not only to increased VFA-and
a higher propensity for T2DM-but also to the occurrence and
development of OP. The ectopic deposition of fat is not limited
to the abdominal cavity but also occurs in the bone marrow,
and this may be the key to the increase of VFA, as well as the
occurrence of T2DM combined with OP in the same patient.
However, the molecular mechanisms governing this
phenomenon still requires further research.
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LEP is a protein product encoded by the OB gene and
synthesized by the adipocytes. It regulates blood sugar by
inhibiting insulin secretion, and is closely related to obesity,
dyslipidemia, insulin resistance and associated conditions [27].
In the present study, we found a strong association between
high serum levels of LEP and T2DM. We hypothesize that LEP
affects the severity of T2DM via the following mechanism. In
this scenario LEP triggers the JAK2/SAT3/STAT5b signalling
pathway to induce the signal transducer and activator of
transcription 3 (STAT3) expression, which inhibits insulin
synthesis. At the same time, the high LEP levels exacerbates
insulin resistance, and the combination of lower insulin
expression and insulin resistance leads to T2DM [28,29]. LEP
is known to be associated with bone metabolism, and elevated
LEP levels in obese patients may be a mechanism responsible
for the increased bone mass often seen in these individuals
[30,31]. We study found a positive correlation between LEP
and BMD values which supports the notion of LEP as a
positive regulator of bone mineral density [32]. However, the
relationship between LEP and BMD has by no means been
settled, with studies both in China and abroad reporting
seemingly contradictory results. For example, a Turkish study
of postmenopausal diabetic women found no relationship
between low BMD and LEP, except for a small region in the
femoral head known as the Ward triangle and which showed a
negative correlation between BMD and LEP [33]. Other
studies of obese postmenopausal women have found reduced
oestrogen secretion which, when coupled with significantly
increased visceral fat accumulation, was associated with the
synthesis and secretion of LEP, which then regulated bone
metabolism via the OPG/RANKL/RANK system [34]. In the
present study, we found that plasma 25(OH)D levels were
negatively correlated with LEP expression, and that bone mass
decreased commensurate with a decrease in 25(OH)D, whereas
LEP levels increased. We therefore hypothesize that increased
VFA, dyslipidemia and high blood glucose leads to elevated
LEP and 25(OH)D levels and that elevated LEP and 25(OH)D
levels may in turn promote increased VFA and sugar, lipid
metabolic disorder. The increased VFA and disorders of sugar
and lipid metabolism is likely to aggravate the 25(OH)D
deficiency, setting up a negative feedback loop. Actively
supplementing vitamin D may break this vicious cycle, but the
specific mechanism still needs further studies and exploration.

Conclusion
In summary, serum 25(OH)D decreases with the decrease in
bone mass in T2DM patients. Vitamin D deficiency was most
pronounced in T2DM patients with OP, and the inverse
relationship between 25(OH)D and LEP may affect lipid
metabolism, thus increasing VFA and lead to the occurrence
and development of T2DM and OP. Therefore, vitamin D
supplementation, and lowering LEP by nutritional means will
lower the body fat percentage and also have positive impact for
the prevention and treatment of T2DM and OP.
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