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Abstract: Aim: To analyze the bone mineral density (BMD) changes of type 2 diabetes mellitus (T2DM) after being 

complicated with osteoporosis (OP) and their correlations with multiple risk factors. Methods: 240 cases of elderly T2DM 

patients were divided into an OP group and a non-OP group according to the BMD values. The results were subjected to 

correlation analyses. Thereafter the 120 patients in the OP group were randomly divided into three groups to be treated with 

alfacalcidol (group A), vitamin K1 (group B) and alfacalcidol plus vitamin K1 (group C) continuously for 12 months. The BMD, 

FBG levels, fasting insulin (FINS) levels, prothrombin time (PT), activated partial thromboplastin time (APTT), thrombin time 

(TT) and fibrinogen (FIB) levels were measured 0, 6 and 12 months after administration. The heights, weights, BMI and 

HOMA-insulin resistance (HOMA-IR) of the patients were measured by designated personnel. Results: The patients in the OP 

group were of older age, longer disease course, lower BMD, and higher serum phosphorus than those in the non-OP group. The 

results of the two groups differed significantly (P< 0.05). The BMD of T2DM patients was negatively correlated with age, 

disease course, ALP and HbA1c and positively correlated with BMI. All the treatment methods elevated the BMD values of the 

three groups after 12 months (P<0.05 or P<0.01), and those of group C were elevated more significantly than those of group A 

and group B (P<0.05 or P<0.01). Although the number of lumbar vertebrae L1-L4 and ectotrochanter of group A patients were 

higher than that of group B patients after being treated for 3 months (P<0.01), the results of the two groups did not differ 

significantly (P> 0.05) 12 months after treatment. Conclusions: Old age, low BMI, long disease course, poor blood glucose 

control and high serum ALP are the risk factors leading to T2DM complicated with OP. However, vitamin K1, which increased 

the BMD of T2DM patients and boosted insulin resistance, could be combined with alfacalcidol and calcium supplement owing 

to the lack of abnormal blood clotting mechanism after long-term administration. 
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1. Introduction 

More people are suffering from diabetes mellitus and 

osteoporosis (OP) owing to unhealthy life style and aging 

issues [1]. Diabetic osteoporosis (DOP) is a systemic 

metabolic disease of bone loss and easy fracture resulting 

from the altered bone structures owing to diabetes [2]. Type 2 

diabetes (T2DM) endangers health and leads to heavy 

economic burden. The relationships between bone mineral 

density (BMD) and relative metabolism indexes of the T2DM 

patients enrolled or treated were observed to prevent DOP. 

Vitamin K has been commonly used to treat abnormal blood 

clotting function and bleeding disorders. Recently, some 
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epidemiological studies have revealed that insufficient 

vitamin K leads to reduced BMD and increased risks of 

fracture. However, vitamin K has seldom been utilized to treat 

OP. Therefore, elderly T2DM patients complicated with OP 

were administered with regular doses of vitamin K1 to explore 

the effects on BMD and insulin resistance [3]. 

2. Materials and Methods 

2.1. General Information 

240 T2DM patients enrolled and treated from January 2010 

to January 2011 were selected, consisting of 120 cases of 

T2DM complicated with OP and 120 cases of T2DM. The 

patients aging 53.76-74.23 years old (average: 63.44±10.61) 

comprised 110 males and 130 females with the disease course 

of 1.33-9.43 years (average: 10.25±9.14). They were 

diagnosed according to the WHO diabetes mellitus standard in 

1999 [4]: diabetes symptoms + plasma glucose level at any 

time≥ 11.1 mmol/L, fasting blood glucose (FBG) level> 7.0 

mol/L, or OGTr 2 h plasma glucose level ≥ 1.1 mmol/L. 

Exclusion standards of diabetes mellitus: gestational diabetes 

mellitus and type 1 diabetic mellitus (T1DM). Exclusion 

standards of diseasing leading to secondary OP: gonadal 

dysfunction, Cushing syndrome, hyperthyroidism, 

hyperparathyroidism, malnutrition, bone marrow fibrosis, 

chronic kidney failure and leukemia; without diabetes 

ketoacidosis, high-permeability non-ketotic coma and other 

acute complications; severe liver and kidney diseases, other 

bone metabolism diseases and bone metabolism medicine 

effects; administration of calcium agents, lipid-regulating 

drugs and active vitamin D in the last 4 weeks. 

2.2. Methods 

2.2.1. Metabolism Indexes and BMD Grouping 

240 elderly T2DM patients enrolled from January 2010 to 

January 2011 were were divided into an OP group (130 cases) 

and a non-OP group (110 cases) according to the BMD values. 

The genders, ages, body mass indexes (BMI), T2DM disease 

course, levels of FBG, postprandial blood glucose (PBG), 

hemoglobin A1c (HbA1c), low-density lipoprotein 

cholesterol (LDL-C), triglycerides (TG), serum calcium, 

phosphorus and magnesium, alkaline phosphatase (ALP) and 

uric acid of the two groups were compared. The results were 

subjected to correlation analyses. 

Determination of BMD 

BMD values were measured by Lunar DPX-NT X-ray bone 

densitometry (GE, USA), the quality of which was controlled 

by designated personnels. The BMD values of lumbar 

vertebra L4 were measured and averaged, and the T values 

were calculated acoording to the WHO standard in 1994: T 

value = measured BMD - average BMD of healthy youths. 

The standard derivation of healthy yough BMD is SD. T value> 

-1.0 SD is determined as healthy, -2.5 SD< T value< -1.0 SD is 

determined as bone loss, T value< -2.5 SD is determined as OP, 

and T vlue<-2.5 SD complicated with OP facture is 

determined as severe OP. 

2.2.2. Determination of Biochemical Indexes and BMI 

1) Blood glucose: The venous plasma blood glucose levels 

were determined by designated personnels; 2) HbA1c: HbA1c 

levels were measured by high pressure liquid chromatography 

(HPLC). The reagents were purchased from Sigma with the 

intra-batch and inter-batch variabilities of <9% and <15%; 3) 

Blood lipid: The TG and LDL-C levels in fasting venous 

blood were measured according to the instructions of kits 

(Sigma, USA); 4) Serum calcium, phosphorus and magnesium 

and ALP: Their levels were measured by an automatic 

biochemical analyzer; 5) Blood uric acid: The levels were 

determined by the uricase-POD method according to the kit 

instruction utilizing a Beckman DxC600 automatic 

biochemical analyzer; 6) BMI: The BMI values were 

calculated as: BMI = body mass (kg)/height
2
 (m

2
). 

2.3. Effects of Vitamin K1 on BMD and Insulin Resistance 

2.3.1. Treatment Grouping 

120 patients enrolled from January 2010 to January 2011 

suffering from T2DM complicated with OP were randomly 

divided into 3 groups: Group A: 40 cases (11 males, 29 females), 

average (62.3±10.6) years old; group B: 40 cases (10 males, 30 

females), average (60.7±11.3) years old; group C: 40 cases (12 

males, 28 females), average (57.5±9.8) years old. The ages and 

genders of the two groups did not differ significantly (P＞0.05). 

All patients accord with the diabetes and OP diagnosis standards 

of WHO in 1999. They had been orally administered with 

antidiabetic agents. All women had entered menopause. 

2.3.2. Treatment Method 

Group A were treated with alfacalcidol (0.5 µg, qd), group B 

were treated with vitamin K1 (100 mg, tid), and group C were 

treated with alfacalcidol plus vitamin K1. All patients were 

supplemented with 450 mg calcium tablets (qd). The treatments 

were lasted continuously for 12 months. The BMD, FBG levels, 

fasting insulin (FINS) levels, prothrombin time (PT), activated 

partial thromboplastin time (APTT), thrombin time (TT) and 

fibrinogen (FIB) levels were measured 0, 6 and 12 months after 

administration. The heights, weights, BMI and HOMA-insulin 

resistance (HOMA-IR) of the patients were measured by 

designated personnels. HOMA-IR＝lnFBG × FINS/22.5. The 

BMD values of femoral neck, femoral torch, femoral Ward's 

triangle and lumbar vertebra L1-L4 were measured. The machine 

with the accuracy of 1% and the measurement error of <1% was 

corrected prior to measurement every day. 

2.4. Statistical Analysis 

The data were analyzed by SPSS 18.0. The measurement 

data were expressed as mean±SD. The mean values of the two 

groups were compared by the t test. P<0.05 was considered 

statiscically significant. 

3. Results 

3.1. Metabolism Indexes Comparison 

Table 1 and 2 show that the T2DM patients complicated 
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with OP are older with longer disease course, lower BMD and 

higher serum phosphorus levels compared to those without OP 

(P<0.05). 

Table 1. General information, BMD, FBG, PBG and serum calcium of the two groups (x±s). 

Group Gender (M/F) 
Age (years 

old) 

Disease 

course (year) 
BMI (kg/m2) BMD (g/m2) 

FBG 

(mmol/L) 

PBG 

(mmol/L) 

Serum calcium 

(mmol/L) 

OP 44/86 66.15±9.46 11.43±10.56 26.03±3.80 0.78±0.07 4.50±3.45 10.76±8.03 2.35±0.11 

Non-OP 65/45 60.51±10.59 8.88±7.05 26.40±4.14 1.22±0.08 4.17±3.38 9.01±8.20 2.35±0.11 

t value  4.138 2.664 -0.625 -20.755 -0.840 -1.907 0.537 

P value  0.000 0.007 0.531 0.000 0.040 0.056 0.559 

Table 2. Biochemical indexes of the two groups (x±s). 

Group HbA1c% TG (mmol/L) 
LDL-C 

(mmol/L) 
ALP (U/L) 

Serum phosphorus 

(mmol/L) 

Serum magnesium 

(mmol/L) 

Uric acid 

(mmol/L) 

OP 8.75±2.24 1.61±1.05 2.55±1.15 67.77±24.17 1.11±0.16 0.78±0.69 323.33±1.2.65 

Non-OP 8.50±2.37 1.76±1.21 2.43±1.16 64.68±24.10 1.07±0.15 0.78±0.05 325.03±83.77 

t value -0.997 4.138 2.664 -0.625 -20.755 -0.840 -1.907 

P value 0.316 0.158 0.518 0.250 0.020 0.655 0.863 

 

3.2. Correlation Analysis of DOP Risk Factors 

The BMD values of T2DM patients are negatively 

correlated with age, disease course, and HbA1c and ALP 

levels, they are positively correlated with BMI (Table 3), and 

they are not correlated with the levels of FBG, PBG, TG, 

LDL-C, serum calcium, phosphorus and magnesium, and uric 

acid (r=-0.017, -0.047, -0.091, -0.048, 0.089, 0.065, -0.089, 

-0.068, P>0.05). 

Table 3. Correlation analysis of DOP risk factors. 

Index Age (years old) Disease course (year) BMI (kg/m2) ALP (U/L) HbA1c (%) 

r value -0.139 -0.009 0.038 -0.060 -0.010 

P value 0.007 0.000 0.018 0.019 0.013 

 

3.3. General Information and Biochemical Indexes Before 

and After the Administration of Vitamin K1 

The BMI, PT, APTT, TT and FIB of the two groups and 

those in each group after 0, 6 and 12 months of treatment all 

did not differ significantly (P>0.05). The HOMA-IR levels of 

group A and group B that did not change apparently after 6 

months of treatment (P>0.05) significantly decreased 6 

months later (P<0.05), while those of group C that had already 

decreased apparently after 6 months of treatment (P<0.01) 

were further lowered 6 months later (P<0.05). The HOMA-IR 

levels of group C were significantly higher than those of group 

A and group B, but the results of group A and group B did not 

differ significantly (P> 0.05). The general information and 

biochemical indexes before and after treatment are shown in 

Table 4. 

Table 4. General information and biochemical indexes before and after treatment (x±s). 

 
Group A Group B Group C 

0 6 12 0 6 12 0 6 12 

BMI/(kg*m-2) 23.0±4.54 22.8±5.00 22.1±4.06 21.8±4.17 22.5±4.14 23.6±5.02 21.7±4.32 22.4±4.98 22.9±4.66 

HOMA-IR 6.91±1.10 6.52±1.05 6.00±1.08▲ 7.00±1.01 6.74±1.04△ 5.87±1.08▲□ 7.02±1.06 5.70±1.05▲◊# 5.11±1.07▲□♦* 

PT/s 10.05±1.07 9.90±1.11 10.10±1.19 10.08±1.17 10.19±1.06 10.06±1.16 10.12±1.14 10.07±1.18 10.10±1.15 

APTT/s 26.72±4.11 28.01±5.00 27.11±5.04 28.20±5.15 26.71±5.01 27.38±5.06 26.79±5.12 28.03±5.18 27.79±5.15 

TT/s 17.15±2.05 18.33±2.10 17.55±2.28 18.00±2.13 18.18±2.11 18.05±2.05 17.99±2.35 18.01±2.07 17.88±2.15 

Fib/G*L 3.11±0.55 3.21±0.75 3.00±0.76 3.18±0.65 3.05±0.55 3.10±0.66 3.08±0.55 2.99±0.69 3.12±0.63 

Comparison between the results after treatment and 0-month results: △P<0.05, ▲P<0.01; comparison between 12-month results and 6-month results: □P<0.05, 

■P<0.01; compared to group A at the same time: ◊P<0.05, ♦P<0.01; compared to group B at the same time: *P<0.05, #P<0.01. 

3.4. BMD Before and After the Administration of Vitamin 

K1 

The BMD values of all 3 groups were elevated after 6 

months of treatment (P<0.05), and those of group C were 

elevated more significantly (P<0.05). The BMD values of 

L1-L4 and torch of group B were higher than those of group A 

after 3 months of treatment (P<0.01), but the values of the two 

groups did not differ significantly any longer 3 months later 

(P>0.05). The BMD values before and after treatment are 

summarized in Table 5. 
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Table 5. BMD values before and after treatment. 

 
Group A Group B Group C 

0 6 12 0 6 12 0 6 12 

L1-L4 0.85±0.04 0.89±0.04△ 0.94±0.06▲□ 0.82±0.07 0.85±0.05▲♦ 0.94±0.05▲■ 0.85±0.06 0.92±0.04▲◊ 0.98±0.06▲■♦# 

Neck 0.73±0.06 0.78±0.05▲ 0.87±0.05▲■ 0.72±0.04 0.79±0.04▲ 0.88±0.05▲■ 0.72±0.05 0.88±0.03▲♦ 0.93±0.04▲■♦# 

Torch 0.53±0.07 0.57±0.05△ 0.63±0.08▲■ 0.58±0.06 0.64±0.06▲♦ 0.68±0.08▲□ 0.55±0.06 0.65±0.06▲♦ 0.72±0.05▲■♦# 

Ward 0.48±0.06 0.52±0.06△ 0.56±0.07▲□ 0.49±0.07 0.51±0.06△ 0.57±0.08△□ 0.50±0.05 0.56±0.06△◊ 0.63±0.06▲■♦# 

Comparison between the results after treatment and 0-month results: △P<0.05, ▲P<0.01; comparison between 12-month results and 6-month results: □P<0.05, 

■P<0.01; compared to group A at the same time: ◊P<0.05, ♦P<0.01; compared to group B at the same time: *P<0.05, #P<0.01. 

4. Discussion 

OP is a senior disease resulting from complicated reasons, 

which is manifested as reduced bone mechanical strength, 

bone resorption and loss of coupling during bone formation 

[5]. It has been reported that the BMD values of senior male 

T2DM are drastically dropping. Their bone metabolisms are 

featured in increased bone resorption and inhibited bone 

formation. The BMD values gradually decrease with 

prolonged T2DM course [6]. Besides, diabetes patients 

complicated with nephropathy are prone to fracture. DOP, 

which is a secondary OP, raises the risk of fracture and 

threatens the quality of life [7]. OP is classified into primary 

and secondary ones, and the primary OP is also classified into 

type I and type II ones. Type I primary OP refers to menopause 

OP, and type II one refers to that found in the elders over 60 

years old. Twice as many women as men are subjected to 

primary OP. Secondary OP is associated with endocrine 

disorders, alcohol poisoning, medicine administration, 

malnutrition, and liver and kidney diseases, etc. [8]. 

Disease course, which is one of the risk factors leading to 

DOP, lowers BMD by 10% every 15 years. Initially, T2DM is 

manifested as insulin resistance [9], which then results in 

hyperglycemia [10]. Insulin alters the skeleton structures of 

diabetes patients by many pathways [11]. The facilitated 

synthesis of osteocalcin and the accumulation of amino acids 

in bone cells cooperate with PTH in regulating the activity of 

1-hydroxylase, which promotes the syntheses of 1,25-(OH)D 

and adenyl cyclase, thereby leading to the deposition of 

calcium salts. Insufficient insulin excretion also results in OP 

by reducing the bone transformation rate and inhibiting the 

synthesis of osteocalcin. In this study, the BMD values of 

DOP patients were negatively correlated with their disease 

course (r=-0.010, P=0.000) [12]. The sharp increase of blood 

glucose cannot increase the synthesis of osteoprotegerin, the 

levels of which can be lowered by hyperinsulinemia. 

BMI is an index reflecting the obesity degree. Although 

obesity protects bones during menopause, it also affects the 

peak bone mass. Obesity also helps men in stimulating the 

excretion of insulin-like growth factors (IGF-1), which 

activates the bone cells [13]. IGF-1 also avoids the formation 

of sex hormone-binding globulin, which increases the free 

sexual hormones, thereby inhibiting bone resorption and 

preventing OP. In addition, obesity is conducive to the T2DM 

patients over 65 years old. The blood glucose levels are 

monitored by HbA1c which reflects the average blood glucose 

levels in recent 23 months. HbA1c that is negatively 

correlated with BMD is another risk of DOP. Meanwhile, 

hyperglycemia is relevant to bone transformation [14], which 

may eventually result in continuous DOP that increases the 

saccharificated final products and decreases the adhesion of 

bone cells to bone collagen. The activity of osteoclasts can be 

increased by varying the saccharificated final products of 

osteoblasts. OP is triggered by apoptotic osteoblasts via 

cytoplast pathway and mitogen-activated protein kinase 

pathway. Moreover, hyperglycemia is able to inhibit the 

reproduction, maturity and differentiation of osteoblasts both 

in vitro and in vivo, and to accelerate the apoptosis of bone 

lining cells. It has also been reported that diabetes, especially 

in the first two years, is negatively correlated with BMD, 

suggesting that early control of blood glucose levels can 

postpone DOP. OP leads to severe pain, fracture, and even 

deformity, which greatly impact the quality of life and burden 

diabetes patients economically. 

On the other hand, vitamin K1 is able to regulate bone 

metabolism, elevate BMD, and prevent bone fracture [15]. In 

this study, the BMD values of all patients were significantly 

elevated after 12 months of treatment. The BMD values of 

L1-L4 and torch of group B were higher than those of group A 

after 3 months of treatment, but the values of the two groups 

did not differ significantly any longer 9 months later. The 

results herein indicate that vitamin K1 could treat DOP, its 

effect on BMD enhancement was similar to alfacalcidol 

though. The combination of vitamin K1 and alfacalcidol 

functioned significantly better than the individual 

administrations, revealing that vitamin K1 and alfacalcidol 

functioned synergetically. Vitamin K1 elevates BMD 

probably by participating in the r-carboxylation of glutamic 

acid in osteocalcin that facilitates bone mineral salts 

deposition and bone formation, reducing the excretion of uric 

calcium that influences bone metabolism, and inhibiting the 

activation factors of bone resorption, such as interleukin 

(IL)-1 and IL-6 [16]. In this study, the HOMA-IR levels of all 

3 groups were significantly lowered after 12 months of 

treatment. The HOMA-IR levels of group C were significantly 

higher than those of group A and group B, but the results of 

group A and group B did not differ significantly. Considering 

that vitamin K has long been utilized to treat blood clotting 

disorders [17], the missing of blood clotting in the patients 

after being treated for 12 months indicates the security in 

healthy people [18]. The maintained blood clotting function in 

the cases of long-term administration of vitamin K1 may be 

associated with the saturation mechanism, i.e. vitamin K that 

is accumulated in liver allows the normal carboxylation of 
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hepatogenic coagulation factors, which is thereafter 

distributed in extrahepatic skeletons that prevents OP [19]. 

5. Conclusion 

In summary, vitamin K1, which increased the BMD of 

T2DM patients and boosted insulin resistance, could be 

combined with alfacalcidol and calcium supplement owing to 

the lack of abnormal blood clotting mechanism after 

long-term administration. However, the appropriate doses and 

security of vitamin K1 are still in need of further investigation 

due to the small case number and short observation time. 
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