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The study aims to investigate the effect of vitamin D (VD) combined with pioglitazone hy-
drochloride (PIO) on bone mineral density (BMD) and bone metabolism in patients with Type
2 diabetic nephropathy (T2DN). T2DN patients were selected and assigned into mild, mod-
erate, and severe groups. In each group, three therapy regimens (VD, PIO, and VD plus PIO)
were administered. X-ray absorptiometry was used to measure BMD. Intact parathyroid
hormone (iPTH) and 25-hydroxyvitamin D3 (25-OH-VD3) were measured by chemilumines-
cence meter. ELISA was applied to detect levels of osteoprotegerin (OPG), bone gla protein
(BGP), C-terminal telopeptides of type I collagen (β-CTX), procollagen type I N-propeptide
(PINP), pyridinoline (Pyr), and deoxypyridinoline (D-Pyr). Compared with the mild group,
T2DN patients in the moderate and severe groups had longer course of disease and higher
levels of total cholesterol (TC), triglyceride (TG), serum phosphorus, fasting plasma glucose
(FPG), glycosylated hemoglobin (HbAlc) and creatine (Cr), and lower blood calcium. The
BMD in different parts increased among the mild, moderate, and severe groups, and the
highest BMD was found after VD plus PIO treatment. OPG, iPTH, BGP, β-CTX, Pyr/Cr, and
D-Pyr/Cr levels were reduced, while 25-OH-VD3 and PINP levels were elevated among three
groups after different treatments, and the most obvious change was observed after VD plus
PIO treatment. Our findings indicate that VD combined with PIO may be more effective in im-
proving BMD and bone metabolism than VD or PIO alone in the treatment of T2DN patients,
especially for T2DN patients with mild disease.

Introduction
Type 2 diabetes mellitus (T2DM) is the most common type of diabetes, with a proportion of 90% in di-
agnosed DM cases globally, and is featured by insulin resistance and insulin secretion disorders [1]. It is
noted that approximately 40% DM (including T1DM and T2DM) develops from diabetic nephropathy
(DN) [2]. Type 2 diabetic nephropathy (T2DN) is a severe vascular complication of DM and is recog-
nized as the principle cause of chronic kidney disease and death in DM patients [3]. T2DM evolution
to T2DN originally begins from a slight increase in urinary albumin excretion (micro-albuminuria) to
macro-albuminuria with higher and higher glomerular filtration rate (GFR), and eventually deteriorates
into advanced renal disease that is pathologically characterized by glomerulosclerosis and tubulointersti-
tial fibrosis [4]. To the best of our knowledge, kidney is closely linked with changes in bone and mineral
metabolism, and patients with nephrotic syndrome are found to have a predisposition to bone disease such
as osteoporosis, which considerably results from metabolic imbalances of calcium and vitamin D (VD)
[5]. In recent years, VD and pioglitazone hydrochloride (PIO) have become a new and popular research
field, as impact factors of DM [6].
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The typical role of VD is to regulate calcium and phosphorus metabolism as well as promote cell growth and dif-
ferentiation [7]. A previous study has suggested that VD intake may reduce the risk of suffering from DM and serum
25-hydroxyvitamin D3 (25-OH-VD3) >95%, an active form of VD, is proved to be negatively associated with mor-
bidity of T2DM [8]. In addition, VD plays a critical role in establishment and maintenance of bone health [9]. PIO is
defined as a peroxisome proliferator-activated receptor-γ (PPAR-γ) agonist that is implicated in glucose metabolism
by ameliorating insulin sensitivity and also triggers adipocyte differentiation [10]. Also, PIO is shown to not only pos-
sess renal protective effect as well as lower glucose [11], but also be able to improve endothelial function in patients
with T2DM [11]. There is a study noting that DN along with insufficiency of insulin or inhibited insulin activity is
the significant reason for decreased bone density and higher incidence of osteoporosis in elderly male patients with
T2DM [12], indicating that bone mineral density (BMD) and alterations in bone metabolism are associated with DN.
Thus, the present study is designed to investigate the effects of VD combined with PIO on BMD and bone metabolism
in patients with T2DN.

Materials and methods
Ethics statement
The study has been approved by the Ethics Committee of Zhengzhou Central Hospital Affiliated to Zhengzhou Uni-
versity and all the patients had signed informed consent without exception.

Study subjects
From July 2012 to January 2015, a total of 251 T2DN patients in the Zhengzhou Central Hospital Affiliated to
Zhengzhou University were randomly selected. All patients were diagnosed according to the diagnostic criteria of
diabetes released by American Diabetes Association (ADA) in 2007: fasting blood glucose (FBG) �7.0 mmol/l;
hemoglobin A1C (HbA1c) �6.5%, blood glucose �11.1 mmol/l after oral glucose tolerance test (OGTT) 2 h later; or
the random blood glucose of research subjects with typical hyperglycemia or hyperglycemic crisis �11.1 mmol/l; if
no specific hyperglycemia was detected, FBG, HbA1c, and blood glucose of OGTT were measured repeatedly after
2 h for verification. The age, gender, height, weight, waistline, and hipline of the selected patients were recorded, and
their disease courses were collected, finally their body mass index (BMI) = weight (kilograms)/height (meters) was
calculated. Among 251 patients, 144 were males and 107 were females, with the age of 27.2–79 years and the mean
age of 54.26 +− 8.15 years. And their disease course was from 0.5 to 22.8 years, with a mean of 7.59 +− 3.57 years. The
inclusion criteria was as follows: patients without chronic hepatic diseases, endocrine metabolic diseases exampled by
hyperthyroidism; patients without calcium and phosphorus metabolic disorders such as osteoarticular diseases and
bone metastases; patients without serious systemic diseases, ketoacidosis or history of long-term immobilization; pa-
tients without medicine-taking history of hormones, VD3, and calcium supplement. Female patients without menses
for more than 10 years were selected.

On the basis of DN staging, 251 patients were arranged into three groups according to the changes of GFR during
DN course [13]: mild group (n=87, GFR �90 ml/min), moderate group (n=80, 60 ml/min � GFR � 90 ml/min),
and severe group (n=84, GFR �90 ml/min). In each group, T2DN patients were treated with three therapy regimens
(VD alone, PIO alone, and VD plus PIO). There were no differences in age and gender of patients in each group.

Data collection
The height, weight, and BMI of T2DN patients were measured, and 7600-210 biochemical automatic analyzer pro-
duced by Hitachi Data System Corporation, Santa Clara, CA, U.S.A. was used to measure glycosylated hemoglobin
(HbAlc), triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipopro-
tein cholesterol (HDL-C), and serum calcium, serum phosphorus, serum creatine (Cr). Fasting plasma glucose (FPG)
was measured by glucose oxidase method.

Therapy regimens
The same dosage of hypoglycemic was conducted in patients of VD therapy for the whole treatment. After the first 14
days, VD3 250 IU/d and elemental calcium 1200 mg/d (two pills of Caltrate D per day) were taken by the patients with
VD alone treatment; one pill of PIO (30 mg/p, Jiangsu DeYuan Pharmaceuticals Co., Ltd, Jiangsu, China) was taken by
the patients of PIO alone treatment before breakfast every morning; VD3 250 IU/d and elemental calcium 1200 mg/d
(two pills of Caltrate D per day) plus one pill of PIO (30 mg/p, Jiangsu DeYuan Pharmaceuticals Co., Ltd, Jiangsu,
China) were taken by the patients of VD plus PIO therapy before breakfast every morning. Meanwhile, the patients in
each group were subject to lifestyle interventions such as energy intake and proper exercise. In the 4th and 8th week,

2 c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
Licence 4.0 (CC BY).

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/37/2/BSR
20160544/519448/bsr-2016-0544.pdf by guest on 24 April 2024



Bioscience Reports (2017) 37 BSR20160544
DOI: 10.1042/BSR20160544

the BMI of each patient was obtained. Every two weeks, follow-up was conducted and then liver function was tested
to make sure that included patients were free from serious liver lesion, edema, and heart failure. In the 12th week after
intervention, we tested those patients for the BMI, 25-OH-VD, TG, FPG, and fasting insulin (FINS). Medicines of
antiplatelet, anti-freezing, vascular dilation, lipid-decreasing, and angiotensin-converting enzyme inhibitors (ACEI)
were forbidden during the whole treatment.

Bone densitometry
Dual-Energy X-ray Absorptiometry (Hologic Inc., Bedford MA, U.S.A.) was used for bone densitometry. After treat-
ment, every subject was examined on supine position to get the BMD (g/cm2) of L2∼4, neck, G.T, hip joint, Ward’s
triangle, and focile.

Measurement of bone metabolism
Serum samples from the patients after treatment with empty stomach were collected and then were stored at 2–8◦C.
A Roche E-170 Chemiluminescence Meter was adopted to test intact parathyroid hormone (iPTH) and 25-OH-VD3.
ELISA was used to measure osteoprotegerin (OPG), bone gla protein (BGP), C-terminal telopeptides of type I col-
lagen (β-CTX), procollagen type I N-propeptide (PINP), pyridinoline (Pyr), and deoxypyridinoline (D-Pyr). The
ratio of Pyr/Cr and D-Pyr/Cr was calculated. Carbonate-coated buffer (0.05 M, pH 9) was used to dilute antibody to
protein concentration of 1–10 μg/ml, and 0.1 ml of antibody was added into every reaction well supplemented with
polystyrene and maintained at 4◦C for whole night. After throwing away solution, each well was washed three times.
The sample (0.1 ml) under certain dilution was added into the wells treated after above process (the blank well is a
well without sample and ELISA reagent). Following incubation at 37◦C for 1 h, the wells were washed and then added
with fresh diluted ELISA antibody (0.1 ml), incubated at 37◦C for half an hour. Subsequently, coloration was detected
at 37◦C for 15 min. With the addition of stop buffer to each well, optical density (OD) value was detected with the
blank well as the zero well at wavelength of 450 nm.

Statistical analysis
Statistical package for the social sciences (SPSS) software 20.0 (SPSS Inc. IBM, Chicago, IL, U.S.A.) was used for statis-
tical analysis. Measurement data are presented as mean +− standard deviation; homogeneity of variance was examined
before comparison between pre- and post-treatment in a group and between sample mean of two groups. t-test was
used for homogeneity of variance and rank test for heterogeneity of variance. ANOVA was performed for comparison
among multiple groups. Spearman analysis was conducted for analysis of OPG and T2DN in different severity, and its
correlation between other indices was confirmed using Pearson correlation analysis. P<0.05 represented significant
difference.

Results
Baseline characteristics of T2DN patients
The data in Table 1 showed a comparison of baseline characteristics between 251 T2DN patients of mild, moderate,
and severe groups. There was no significant difference of age, gender, BMI, and LDL-C among three groups (P>0.05).
Compared with those in the mild group, T2DN patients in the moderate and severe groups had longer course of
disease and higher levels of TC, TG, HDL-C, serum phosphorus, FPG, HbAlc, and Cr, while blood calcium was
lower (all P<0.05). The course of disease, TC, serum phosphorus, FPG, HbAlc, and Cr were enhanced, but blood
calcium was declined in the severe group as compared with the moderate group (all P<0.05).

Changes of bone mineral density of T2DN patients among three groups
After VD alone, PIO alone, and VD plus PIO treatment, the BMD in different parts (L2∼4, neck, Ward’s triangle,
focile, greater trochanter, and hip joint) was gradually increased among three groups, and the highest BMD was found
after VD plus PIO treatment (all P<0.05). After VD plus PIO treatment, the BMD in the mild group was higher than
that in the moderate group, and the BMD in the moderate group was higher than that in the severe group (all P<0.05,
as shown in Table 2 and Figure 1).

Comparisons of bone metabolism parameters of T2DN patients among
three groups
The levels of OPG, iPTH, BGP, β-CTX, Pyr/Cr, and D-Pyr/Cr were reduced, while 25-OH-VD3 and PINP levels
were elevated in T2DN patients among the three groups after VD alone, PIO alone, and VD plus PIO treatment (all
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Table 1 Baseline characteristics of patients with T2DN

Characteristic Mild group (n=87) Moderate group (n=80) Severe group (n=84)

Age (years) 54.14 +− 8.10 53.82 +− 7.47 54.52 +− 8.56

Gender (male/female) 50/37 39/41 48/36

Disease course (years) 6.57 +− 2.25 7.90 +− 2.90* 11.17 +− 4.24*†

BMI (kg/m2) 24.50 +− 3.28 23.38 +− 2.87 23.64 +− 3.03

TC (mmol/l) 4.62 +− 0.83 4.95 +− 0.43* 5.45 +− 0.64*†

TG (mmol/l) 1.63 +− 0.45 1.72 +− 0.40* 1.73 +− 0.47*

HDL-C (mmol/l) 1.48 +− 0.40 1.63 +− 0.37* 1.66 +− 0.35*

LDL-C (mmol/l) 2.57 +− 0.66 2.54 +− 0.59 2.64 +− 0.62

Blood calcium (mmol/l) 2.07 +− 0.30 1.76 +− 0.11* 1.59 +− 0.62*†

Phosphorus (mmol/l) 0.95 +− 0.29 1.19 +− 0.19* 1.51 +− 0.33*†

FPG (mmol/l) 9.23 +− 0.86 9.82 +− 1.08* 10.73 +− 1.01*†

HbAlc (%) 7.35 +− 1.43 8.50 +− 1.65* 9.61 +− 2.00*†

Cr (μmol/l) 105.47 +− 22.75 163.19 +− 29.26* 220.92 +− 31.95*†

Note: *P<0.05 compared with the mild group; †P<0.05 compared with the moderate group; Cr, serum creatine.

Table 2 Comparisons of BMD of patients with T2DN among three groups

Group BMD at different parts

L2∼4 Neck Ward’s triangle Focile
Greater

trochanter Hip joint

Mild group

VD 0.67 +− 0.11 0.70 +− 0.07 0.60 +− 0.08 0.55 +− 0.16 0.62 +− 0.11 0.65 +− 0.11

PIO 0.96 +− 0.07* 0.84 +− 0.12* 0.72 +− 0.14* 0.68 +− 0.17* 0.76 +− 0.18* 0.83 +− 0.15*

VD + PIO 1.25 +− 0.14*†‡§ 0.98 +− 0.20*†‡§ 0.94 +− 0.36*†‡§ 0.83 +− 0.16*†‡§ 0.96 +− 0.16*†‡§ 0.98 +− 0.15*†‡§

Moderate group

VD 0.49 +− 0.10 0.50 +− 0.10 0.47 +− 0.12 0.42 +− 0.07 0.52 +− 0.08 0.45 +− 0.21

PIO 0.76 +− 0.09* 0.65 +− 0.17* 0.68 +− 0.08* 0.54 +− 0.08* 0.66 +− 0.15* 0.64 +− 0.18*

VD + PIO 0.98 +− 0.13*†‡ 0.85 +− 0.17*†‡ 0.84 +− 0.23*†‡ 0.67 +− 0.28*†‡ 0.85 +− 0.09*†‡ 0.82 +− 0.20*†‡

Severe group

VD 0.26 +− 0.05 0.35 +− 0.09 0.29 +− 0.05 0.23 +− 0.04 0.32 +− 0.07 0.32 +− 0.08

PIO 0.59 +− 0.08* 0.62 +− 0.10* 0.63 +− 0.08* 0.33 +− 0.12* 0.46 +− 0.12* 0.50 +− 0.08*

VD + PIO 0.87 +− 0.16*† 0.72 +− 0.17*† 0.78 +− 0.14*† 0.46 +− 0.17*† 0.74 +− 0.17*† 0.65 +− 0.25*†

Note: *P<0.05 compared with the VD group; †P<0.05 compared with the PIO group; ‡P<0.05 compared with the severe group; §P<0.05 compared
with the moderate group.

Figure 1. Comparisons of BMD of patients with T2DN among three groups

Note: *P<0.05 compared with the VD group; #P<0.05 compared with the PIO group; &P<0.05 compared with the severe group; $P<0.05

compared with moderate group; VD + PIO, vitamin D plus pioglitazone hydrochloride.
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Table 3 Comparisons of bone metabolism parameters of patients with T2DN among three groups

Group OPG (μg/l) iPTH (pg/ml) BGP (ng/ml)
β-CTX
(pg/ml) PINP (ng/ml)

25-OH-VD3
(ng/ml)

Pyr/Cr
(pmol/μmol)

D-Pyr/Cr
(pmol/μmol)

Mild group

VD 3.67 +− 1.00 66.39 +− 7.59 16.10 +− 3.67 415.71 +− 50.43 36.99 +− 4.96 33.66 +− 8.07 54.91 +− 14.01 7.73 +− 1.48

PIO 2.77 +− 0.45* 52.85 +− 6.82* 12.54 +− 0.92* 322.60 +− 67.47* 51.33 +− 6.90* 45.20 +− 5.69* 41.99 +− 13.64* 6.89 +− 1.45*

VD + PIO 1.62 +− 0.58*†‡§ 43.28 +− 4.09*†‡§ 5.48 +− 1.95*†‡§ 256.03 +−
45.88*†‡§

62.59 +− 6.15*†‡§ 50.82 +− 7.38*†‡§ 34.18 +− 8.91*†‡§ 5.24 +− 1.08*†‡§

Moderate group

VD 4.42 +− 0.63 89.94 +− 14.16 16.92 +− 3.23 438.92 +− 63.58 27.06 +− 5.27 17.88 +− 4.84 66.12 +− 11.75 8.49 +− 1.64

PIO 3.59 +− 0.78* 66.45 +− 5.99* 14.33 +− 3.66* 345.50 +− 31.16* 40.62 +− 5.26* 27.01 +− 5.84* 58.02 +− 7.99* 7.40 +− 0.87*

VD + PIO 2.28 +− 1.05*†‡ 50.91 +− 8.80*†‡ 8.80 +− 1.39*†‡ 292.12 +−
41.37*†‡

50.98 +− 8.80*†‡ 42.77 +− 4.20*†‡ 47.87 +− 8.46*†‡ 6.18 +− 1.41*†‡

Severe group

VD 5.72 +− 0.46 190.14 +− 23.02 18.77 +− 2.52 509.57 +− 62.30 12.43 +− 2.95 11.12 +− 3.34 74.74 +− 10.02 10.58 +− 1.05

PIO 4.32 +− 0.29* 116.28 +− 9.08* 16.14 +− 2.86* 388.53 +− 57.39* 26.14 +− 5.79* 20.33 +− 5.93* 67.42 +− 8.97* 8.85 +− 1.35*

VD + PIO 2.92 +− 0.56*† 75.49 +− 4.92*† 12.37 +− 1.31*† 341.30 +−
52.88*†

37.37 +− 13.67*† 36.57 +− 9.33*† 56.96 +− 8.44*† 7.06 +− 1.36*†

Note: *P<0.05 compared with the VD group; †P<0.05 compared with the PIO group; ‡P<0.05 compared with the severe group; §P<0.05 compared
with the moderate group; VD + PIO, vitamin D plus pioglitazone hydrochloride.

Figure 2. Comparisons of bone metabolism parameters of patients with T2DN among three groups

Note: *P<0.05 compared with the VD group; #P<0.05 compared with the PIO group; &P<0.05 compared with the severe group; $P<0.05

compared with the moderate group; VD + PIO, vitamin D plus pioglitazone hydrochloride.

P<0.05), the most obvious change was observed after VD plus PIO treatment. In comparison with the severe group,
the levels of OPG, iPTH, BGP, β-CTX, Pyr/Cr, and D-Pyr/Cr were declined, but 25-OH-VD3 and PINP levels were
increased in the mild and moderate groups (all P<0.05); while the levels of OPG, iPTH, BGP, β-CTX, Pyr/Cr, and
D-Pyr/Cr were lower in the mild group than those in the moderate group (all P<0.05) (Table 3 and Figure 2).

Correlations of OPG level with bone metabolism parameters of T2DN
patients
The Spearman analysis was adopted to analyze the correlations of OPG level with T2DN patients with different disease
severity after VD plus PIO treatment, and the parameters including the course of disease, TC, blood calcium, serum
phosphorus, FPG, HbAlc, and Cr of patients among the three groups were analyzed using the Pearson analysis. As
shown in Table 4 and Figure 3, after VD plus PIO treatment, the OPG level in T2DN patients was positively correlated
with different severity of the disease, course of disease, serum phosphorus, FPG, Cr, and HbA1c (all P<0.05), and
negatively related to blood calcium (P<0.05), but it was not associated with TC level (P>0.05).
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Table 4 Correlations of OPG level with bone metabolism parameters of T2DN patients

Indicator OPG level
r P

Disease severity of T2DN 0.597 <0.001

Disease course 0.378 <0.001

TC 0.158 0.157

Blood calcium −0.365 <0.001

Serum phosphorus 0.455 <0.001

FPG 0.245 0.027

HbAlc 0.345 0.002

Serum creatine 0.506 <0.001

Figure 3. Correlations of OPG level with bone metabolism parameters of T2DN patients

Note: Ca, serum calcium; P, serum phosphorus; Cr, serum creatine.

Discussion
DN is accompanied by abnormal bone metabolism and easily leads to osteodystrophy and osteoporosis, which are
serious complications of diabetes that appear in the skeletal system [14]. Importantly, increasing evidence reveal
that the decreased BMD is due to reduced bone matrix synthesis that is caused by the considerable loss of calcium,
phosphorus, and magnesium with hyperosmotic diuresis. Clinically, patients with diabetic osteoporosis would show
severe pain and dysfunction, with high morbidity [12,15]. It is known that bisphosphonate is commonly used for bone
protection, and Conley et al. [16] indicated that bisphosphonates is able to prevent bone loss in diabetes associated
with mineral bone disease patients; however, Coe et al. [17] demonstrated that long term of bisphosphonate therapy
would further suppressing bone formation in diabetic mice although it enhanced bone density. Currently, VD levels
and balance are also demonstrated to be vital in bone protection [18]; however, current recommendations for VD
intake are inadequate, particularly for populations at risk for suboptimal VD status, such as those with diabetes and
kidney disease. Therefore, the present study is designed to investigate the effects of VD plus PIO on BMD and bone
metabolism of T2DN patients.

One of the results demonstrates that BMD in patients with T2DN is increased after VD plus PIO treatment. VD and
its analogs are supposed to prevent kidney damage in DN by inhibiting the renin–angiotensin system (RAS), which
plays a central role in the regulation of blood pressure, electrolyte, and volume homeostasis [19-21]. Recently, evidence
has been collected to suggest that VD may inhibit the production of transforming growth factor-β (TGF-β), which
is a pro-fibrotic factor and plays a key role in diabetic glomerulosclerosis process and monocyte chemoattractant
protein-1 (MCP-1), thus reducing the occurrence of glomerular sclerosis [22-25]. At the same time, VD, especially
25-OH-VD3, which regulates calcium, phosphorus metabolism, and bone metabolism balance, is an important class
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of steroid hormones [26,27]. Both Reid et al. [28] and Kogawa et al. [29] provide evidence showing that drugs of VD
can effectively increase BMD in patients with osteoporosis due to the fact that VD preparations may stimulate the
differentiation of bone cell precursors and inhibit the interaction between the front osteoblast and osteoclast precursor
with bone resorption reduced. PIO belongs to thiazolidinedione derivatives (insulin sensitizer) and is an agonist of
PPAR-γ. It can prevent kidney from damage through activating PPAR-γ, improving insulin sensitivity, and reducing
urinary albumin excretion rate in patients with diabetes [30-32]. PPAR-γ stimulation can affect the regulation of
the mesenchymal stem cells and stimulate differentiation into adipocytes especially in osteoblasts [33]. A previous
study in healthy women showed that thiazolidinedione treatment was correlated with BMD and markers of bone
formation [34]. Moreover, osteoporosis is associated with atherosclerosis in T2 diabetes, and PIO administration has
been proved to be able to prevent atherosclerosis progression [35]. Similarly, Teramoto et al. [36] indicate that OPG is
declined after rosiglitazone treatment in the T2DM. Several studies show that BMD is significantly higher in patients
with Type 2 diabetes after combined intervention of VD and PIO, but the effect of PIO alone on BMD is not obvious
[30,37].

Also, our study proves that the levels of OPG, iPTH, β-CTX, BGP, Pyr/Cr, and D-Pyr/Cr of the T2DN patients are
dropped and the PINP levels and 25-OH-VD3 are elevated after VD plus PIO therapy. To the best of our knowledge,
OPG is a tumor decoy receptor, and it can inhibit osteoclast formation, differentiation and survival, and induce its
apoptosis, so OPG may participate in bone metabolism. While we may assume that the reason why diabetic OPG is
elevated in serum is that OPG expression in renal tubular cells is significantly increased in the patients with DN [38].
PINP, as a biological response marker, an osteoblast-derived protein, may provide clinically useful information for
managing patients with osteoporosis during teriparatide treatment [39]. Also, iPTH is a more specific and sensitive
marker of bone formation [40]. Furthermore, when osteoclast activity is enhanced, β-CTX is released into the blood,
thus β-CTX is believed to be a valuable indicator in bone resorption and formation [41]. Substantially, serum BGP
plays an essential role in the regulation of bone and calcium metabolism, and blood concentration of BGP is supposed
to reflect the activity of osteoblasts and regarded as a sensitive and specific marker [42]. Also, the binding of BGP
and bone calcium depends on vitamin K and regulated by VD [43]. In addition, Nur et al. [44] have demonstrated
that Pyr and D-Pyr are considered as collagen cross-links and their urinary concentrations have been identified as
important markers of bone resorption, and the increase in urinary excretion of Pyr and D-Pyr leads to bone ischemia
and subsequent necrosis caused by microvascular occlusion that induces bone degradation. Thus, we can conclude
that the decrease in Pyr and D-Pyr levels may produce good effects on bone formation. In our study, compared with
VD or PIO alone, the 25-OH-VD3 and PINP levels are significantly increased after VD plus PIO therapy in T2DN
patients.

Conclusion
In conclusion, our findings indicate that VD combined with PIO may be more effective in improving BMD and bone
metabolism than VD or PIO alone in the treatment of T2DN patients, especially for T2DN patients with mild disease.
Our study provides guidance for clinical rational drug use in the treatment of T2DN patients with different disease
severity. However, the relevant mechanism of drug intervention had not yet proved. Therefore, further studies are
needed to provide deep investigation to optimize the clinical treatment.

Acknowledgement
We would like to send our sincere gratitude to the reviewer for their valuable comments.

Author contribution
L.X.W. and W.Y. designed the study. N.W. and B.L.L. collated the data, designed and developed the database, carried out data
analyses, and produced the initial draft of the manuscript. Q.L.X. and L.D. contributed to drafting the manuscript. All authors have
read and approved the final submitted manuscript.

Competing interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
The authors declare that there are no sources of funding to be acknowledged.

c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution Licence 4.0 (CC BY).

7

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/37/2/BSR
20160544/519448/bsr-2016-0544.pdf by guest on 24 April 2024



Bioscience Reports (2017) 37 BSR20160544
DOI: 10.1042/BSR20160544

Abbreviations
β-CTX, C-terminal telopeptides of type I collagen; 25-OH-VD3, 25-hydroxyvitamin D3; BGP, bone gla protein; BMD, bone min-
eral density; BMI, body mass index; DM, diabetes mellitus; DN, diabetic nephropathy; D-Pyr, deoxypyridinoline; FBG, fast-
ing blood glucose; FPG, fasting plasma glucose; GFR, glomerular filtration rate; GT, greater trochanter; HbAlc, glycosylated
hemoglobin; HDL-C, high-density lipoprotein cholesterol; iPTH, intact parathyroid hormone; LDL-C, low-density lipoprotein
cholesterol; OGTT, oral glucose tolerance test; OPG, osteoprotegerin; PINP, procollagen type I N-propeptide; PIO, pioglitazone
hydrochloride; PPAR-γ, peroxisome proliferator-activated receptor-γ; Pyr, pyridinoline; TC, total cholesterol; T2DM, Type 2 dia-
betes mellitus; T2DN, Type 2 diabetic nephropathy; TG, triglyceride; VD, vitamin D.

References
1 van Dieren, S., Beulens, J.W., van der Schouw, Y.T., Grobbee, D.E. and Neal, B. (2010) The global burden of diabetes and its complications: an

emerging pandemic. Eur. J. Cardiovasc. Prev. Rehabil. 17, S3–S8
2 Gross, J.L., de Azevedo, M.J., Silveiro, S.P., Canani, L.H., Caramori, M.L. and Zelmanovitz, T. (2005) Diabetic nephropathy: diagnosis, prevention, and

treatment. Diabetes Care 28, 164–176
3 Alwakeel, J.S., Al-Suwaida, A., Isnani, A.C., Al-Harbi, A. and Alam, A. (2009) Concomitant macro and microvascular complications in diabetic

nephropathy. Saudi J. Kidney Dis. Transpl. 20, 402–409
4 Yokoyama, H., Sone, H., Oishi, M., Kawai, K., Fukumoto, Y., Kobayashi, M. et al. (2009) Prevalence of albuminuria and renal insufficiency and

associated clinical factors in type 2 diabetes: the Japan Diabetes Clinical Data Management study (JDDM15). Nephrol. Dial. Transplant. 24, 1212–1219
5 Gulati, S., Godbole, M., Singh, U., Gulati, K. and Srivastava, A. (2003) Are children with idiopathic nephrotic syndrome at risk for metabolic bone

disease? Am. J. Kidney Dis. 41, 1163–1169
6 Meymeh, R.H. and Wooltorton, E. (2007) Diabetes drug pioglitazone (Actos): risk of fracture. Can. Med. Assoc. J. 177, 723–724
7 Hao, Y., Ma, X., Shen, Y., Ni, J., Luo, Y., Xiao, Y. et al. (2014) Associations of serum 25-hydroxyvitamin D3 levels with visceral adipose tissue in Chinese

men with normal glucose tolerance. PLoS ONE 9, e86773
8 Liu, J., Tan, H. and Jeynes, B. (2011) Serum 25OH vitamin D level, femur length, and risk of type 2 diabetes among adults. Appl. Physiol. Nutr. Metab.

36, 264–270
9 Pilz, S., Kienreich, K., Rutters, F., de Jongh, R., van Ballegooijen, A.J., Grubler, M. et al. (2013) Role of vitamin D in the development of insulin

resistance and type 2 diabetes. Curr. Diab. Rep. 13, 261–270
10 Suzuki, S., Arnold, L.L., Pennington, K.L., Kakiuchi-Kiyota, S., Wei, M., Wanibuchi, H. et al. (2010) Effects of pioglitazone, a peroxisome

proliferator-activated receptor gamma agonist, on the urine and urothelium of the rat. Toxicol. Sci. 113, 349–357
11 Peng, X.H., Liang, P.Y., Ou, S.J. and Zu, X.B. (2014) Protective effect of pioglitazone on kidney injury in diabetic rats. Asian Pac. J. Trop. Med. 7,

819–822
12 Xia, J., Zhong, Y., Huang, G., Chen, Y., Shi, H. and Zhang, Z. (2012) The relationship between insulin resistance and osteoporosis in elderly male type 2

diabetes mellitus and diabetic nephropathy. Ann. Endocrinol. (Paris) 73, 546–551
13 van Domburg, R.T., Hoeks, S.E., Welten, G.M., Chonchol, M., Elhendy, A. and Poldermans, D. (2008) Renal insufficiency and mortality in patients with

known or suspected coronary artery disease. J. Am. Soc. Nephrol. 19, 158–163
14 Duarte, V.M., Ramos, A.M., Rezende, L.A., Macedo, U.B., Brandao-Neto, J., Almeida, M.G. et al. (2005) Osteopenia: a bone disorder associated with

diabetes mellitus. J. Bone Miner. Metab. 23, 58–68
15 Siddapur, P.R., Patil, A.B. and Borde, V.S. (2015) Comparison of bone mineral density, T-scores and serum zinc between diabetic and non diabetic

postmenopausal women with osteoporosis. J. Lab. Physicians 7, 43–48
16 Conley, E., Muth, B., Samaniego, M., Lotfi, M., Voss, B., Armbrust, M. et al. (2008) Bisphosphonates and bone fractures in long-term kidney transplant

recipients. Transplantation 86, 231–237
17 Coe, L.M., Tekalur, S.A., Shu, Y., Baumann, M.J. and McCabe, L.R. (2015) Bisphosphonate treatment of type I diabetic mice prevents early bone loss but

accentuates suppression of bone formation. J. Cell. Physiol. 230, 1944–1953
18 Yun, B.H., Chon, S.J., Choi, Y.S., Cho, S., Lee, B.S. and Seo, S.K. (2016) The effect of prolonged breast-feeding on the development of postmenopausal

osteoporosis in population with insufficient calcium intake and vitamin D level. Osteoporos. Int. 27, 2745–2753
19 Santoro, D., Caccamo, D., Lucisano, S., Buemi, M., Sebekova, K., Teta, D. et al. (2015) Interplay of vitamin D, erythropoiesis, and the renin-angiotensin

system. Biomed. Res. Int. 2015, 145828
20 Chokhandre, M.K., Mahmoud, M.I., Hakami, T., Jafer, M. and Inamdar, A.S. (2015) Vitamin D & its analogues in type 2 diabetic nephropathy: a

systematic review. J. Diabetes Metab. Disord. 14, 58
21 Mager, D.R., Jackson, S.T., Hoffmann, M.R., Jindal, K. and Senior, P.A. (2014) Vitamin D supplementation and bone health in adults with diabetic

nephropathy: the protocol for a randomized controlled trial. BMC Endocr. Disord. 14, 66
22 Zerr, P., Vollath, S., Palumbo-Zerr, K., Tomcik, M., Huang, J., Distler, A. et al. (2015) Vitamin D receptor regulates TGF-beta signalling in systemic

sclerosis. Ann. Rheum. Dis. 74, e20
23 Chambers, E.S., Suwannasaen, D., Mann, E.H., Urry, Z., Richards, D.F., Lertmemongkolchai, G. et al. (2014) 1alpha,25-dihydroxyvitamin D3 in

combination with transforming growth factor-beta increases the frequency of Foxp3(+) regulatory T cells through preferential expansion and usage of
interleukin-2. Immunology 143, 52–60

24 Hanna, C., Hubchak, S.C., Liang, X., Rozen-Zvi, B., Schumacker, P.T., Hayashida, T. et al. (2013) Hypoxia-inducible factor-2alpha and TGF-beta signaling
interact to promote normoxic glomerular fibrogenesis. Am. J. Physiol. Renal. Physiol. 305, F1323–F1331

8 c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution Licence 4.0 (CC BY).

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/37/2/BSR
20160544/519448/bsr-2016-0544.pdf by guest on 24 April 2024



Bioscience Reports (2017) 37 BSR20160544
DOI: 10.1042/BSR20160544

25 Sharma, K. and Ziyadeh, F.N. (1995) Hyperglycemia and diabetic kidney disease. The case for transforming growth factor-beta as a key mediator.
Diabetes 44, 1139–1146

26 Yasutake, Y., Nishioka, T., Imoto, N. and Tamura, T. (2013) A single mutation at the ferredoxin binding site of P450 Vdh enables efficient biocatalytic
production of 25-hydroxyvitamin D(3). ChemBioChem 14, 2284–2291

27 Martin, E.N., Haney, E.M., Shannon, J., Cauley, J.A., Ensrud, K.E., Keaveny, T.M. et al. (2015) Femoral volumetric bone density, geometry, and strength
in relation to 25-hydroxy vitamin D in older men. J. Bone Miner. Res. 30, 562–569

28 Reid, I.R., Bolland, M.J. and Grey, A. (2014) Effects of vitamin D supplements on bone mineral density: a systematic review and meta-analysis. Lancet
383, 146–155

29 Kogawa, M., Findlay, D.M., Anderson, P.H., Ormsby, R., Vincent, C., Morris, H.A. et al. (2010) Osteoclastic metabolism of 25(OH)-vitamin D3: a potential
mechanism for optimization of bone resorption. Endocrinology 151, 4613–4625

30 Grey, A., Bolland, M., Fenwick, S., Horne, A., Gamble, G., Drury, P.L. et al. (2014) The skeletal effects of pioglitazone in type 2 diabetes or impaired
glucose tolerance: a randomized controlled trial. Eur. J. Endocrinol. 170, 255–262

31 Chowdary, Y.A., Raparla, R. and Madhuri, M. (2014) Formulation and evaluation of multilayered tablets of pioglitazone hydrochloride and metformin
hydrochloride. J. Pharm. (Cairo) 2014, 848243

32 Chmielewska-Kassassir, M., Wozniak, L.A., Ogrodniczek, P. and Wojcik, M. (2013) The role of peroxisome proliferator-activated receptors gamma
(PPARgamma) in obesity and insulin resistance. Postepy Hig. Med. Dosw. (Online) 67, 1283–1299

33 Glintborg, D., Andersen, M., Hagen, C., Heickendorff, L. and Hermann, A.P. (2008) Association of pioglitazone treatment with decreased bone mineral
density in obese premenopausal patients with polycystic ovary syndrome: a randomized, placebo-controlled trial. J. Clin. Endocrinol. Metab. 93,
1696–1701

34 Grey, A., Bolland, M., Gamble, G., Wattie, D., Horne, A., Davidson, J. et al. (2007) The peroxisome proliferator-activated receptor-gamma agonist
rosiglitazone decreases bone formation and bone mineral density in healthy postmenopausal women: a randomized, controlled trial. J. Clin. Endocrinol.
Metab. 92, 1305–1310

35 Kanazawa, I., Yamaguchi, T., Yano, S., Yamamoto, M., Yamauchi, M., Kurioka, S. et al. (2010) Baseline atherosclerosis parameter could assess the risk
of bone loss during pioglitazone treatment in type 2 diabetes mellitus. Osteoporos. Int. 21, 2013–2018

36 Teramoto, T., Yamada, N., Shirai, K. and Saito, Y. (2007) Effects of pioglitazone hydrochloride on Japanese patients with type 2 diabetes mellitus. J.
Atheroscler. Thromb. 14, 86–93

37 Tsirella, E., Mavrakanas, T., Rager, O., Tsartsalis, S., Kallaras, K., Kokkas, B. et al. (2012) Low dose pioglitazone does not affect bone formation and
resorption markers or bone mineral density in streptozocin-induced diabetic rats. J. Physiol. Pharmacol. 63, 201–204

38 Ndip, A., Williams, A., Jude, E.B., Serracino-Inglott, F., Richardson, S., Smyth, J.V. et al. (2011) The RANKL/RANK/OPG signaling pathway mediates
medial arterial calcification in diabetic Charcot neuroarthropathy. Diabetes 60, 2187–2196

39 Krege, J.H., Lane, N.E., Harris, J.M. and Miller, P.D. (2014) PINP as a biological response marker during teriparatide treatment for osteoporosis.
Osteoporos. Int. 25, 2159–2171

40 Zhang, Y.F., Zhou, T.B., Jiang, Z.P. and Li, H.Y. (2015) Association of vitamin D receptor BsmI (rs1544410) gene polymorphism with the intact
parathyroid hormone (iPTH) level among patients with end-stage renal disease. J. Recept. Signal Transduct. Res. 35, 133–136

41 Tang, Q., Zhao, H., Jia, R. and Liu, L. (2013) Correlation of the levels of the bone turnover markers BAP and beta-CTX with bone metastasis progress in
lung cancer patients. Zhongguo Fei Ai Za Zhi 16, 144–147

42 Song, Y.E., Tan, H., Liu, K.J., Zhang, Y.Z., Liu, Y., Lu, C.R. et al. (2011) Effect of fluoride exposure on bone metabolism indicators ALP, BALP, and BGP.
Environ. Health Prev. Med. 16, 158–163

43 Je, S.H., Joo, N.S., Choi, B.H., Kim, K.M., Kim, B.T., Park, S.B. et al. (2011) Vitamin K supplement along with vitamin D and calcium reduced serum
concentration of undercarboxylated osteocalcin while increasing bone mineral density in Korean postmenopausal women over sixty-years-old. J.
Korean Med. Sci. 26, 1093–1098

44 Nur, E., Mairuhu, W., Biemond, B.J., van Zanten, A.P., Schnog, J.J., Brandjes, D.P. et al. (2010) Urinary markers of bone resorption, pyridinoline and
deoxypyridinoline, are increased in sickle cell patients with further increments during painful crisis. Am. J. Hematol. 85, 902–904

c© 2017 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
Licence 4.0 (CC BY).

9

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/37/2/BSR
20160544/519448/bsr-2016-0544.pdf by guest on 24 April 2024



D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/37/2/BSR
20160544/519448/bsr-2016-0544.pdf by guest on 24 April 2024


