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CONCLUSIONS: Enhanced inflammatory re-
sponse, abnormal blood lipid metabolism and 
abnormal changes in adipokines may increase 
the risk of osteoporosis in patients with diabe-
tes mellitus.
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Introduction 

Type 2 diabetes mellitus (DM) is the most 
clinically common chronic disease at present1, 
whose intervention priority is the first- and se-
cond-level prevention, so the long-acting mana-
gement and control measures should be combined 
to reduce the relevant risk factors, decrease the 
incidence, morbidity and death rates of diabetes 
mellitus2, and improve the prognosis of patien-
ts3. Osteoporosis is the most common orthopedic 
complicating disease in the middle-aged and aged 
people4, and its main clinical manifestations are 
chronic pain, pathological fractures, loss of height 
and spinal deformity5, which is mainly caused by 
the decreased bone tissue cell content in unit vo-
lume and the metabolic disorder of bone tissues. 
Osteoporosis often occurs in the elderly women6. 
With the social aging in China, the incidence rate 
of osteoporosis has been increased significantly, 
and the fracture is the most common and the most 
serious complication in osteoporosis patients7. 
Once the patients are complicated with diabetes 
mellitus, it is bound to seriously affect the reco-
very of patients and increase the likelihood of se-
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rious complications8. To better clarify the related 
risk factors of diabetes mellitus complicated with 
osteoporosis and guide the clinical treatment, 
this study mainly investigated the influences of 
inflammatory factors, lipid metabolism and adi-
pokines on patients. 

Patients and Methods

Patients
A total of 80 patients with DM admitted into 

our hospital from November 2015 to November 
2016 were enrolled, including 40 patients compli-
cated with osteoporosis and 40 patients without 
complicating osteoporosis. All patients were 
diagnosed as DM via the clinical manifestation, 
blood glucose assay and glucose tolerance test, 
and diagnosed as osteoporosis via the detection 
of bone mineral density (BMD). Our work was 
approved by the Ethics Committee of Changzhou 
2nd People’s Hospital Affiliated to Nanjing Medi-
cal University (Nanjing, Jiangsu Province, China) 
and all patients signed the informed consent when 
enrolled. Patients with severe dysfunction of he-
art, lung, liver or kidney, complicated with mental 
disorders, coagulation dysfunction, malignant tu-
mors, autoimmune diseases or defined infection, 
or those who refused to be enrolled, were exclu-
ded. According to whether patients were compli-
cated with osteoporosis, they were divided into 
two groups with 40 cases in each group. In obser-
vation group, there were 17 males and 23 females 
aged 55-80 years old (68.9 ± 1.8) with the duration 
of DM of 11-40 years (25.4 ± 2.7) and standard 
deviation (SD) value of BMD of -2.3-2.5 (-1.3 ± 
0.1). In the control group, there were 16 males 
and 24 females aged 55-80 years old (68.8±1.7) 
with the duration of DM of 11-40 years (25.5 ± 
2.7) and SD value of BMD of -2.3-2.5 (-1.4 ± 0.1). 
There were no statistically significant differences 
in gender, age, duration of DM and SD value of 
BMD between the two groups (p > 0.05).

Research Methods and Observation 
Indexes

After fasting for 8 h, 5 mL fasting elbow ve-
nous blood was taken from all subjects in the mor-
ning, and submitted for inspection. The levels of 
blood lipid, adipokines and inflammatory factors 
in patients with and without complicating osteo-
porosis were compared. The correlation between 
BMD and total cholesterol (TC), adiponectin and 
tumor necrosis factor-α (TNF-α) were analyzed 

and multivariate Logistic regression analysis was 
performed for osteoporosis, hyperlipidemia, ab-
normal adipokine levels, and body’s inflamma-
tory response.

Evaluation Methods
Diagnostic criteria of osteoporosis: it was 

mainly based on BMD value combined with the 
constitutional characteristics of Chinese popula-
tion. Generally, BMD of the third lumbar vertebra 
that was 2 SD below the mean peak bone mass was 
deemed as osteoporosis, and the reference value of 
BMD of the third lumbar vertebra SD = 1.228 g/
cm3. Detection of inflammatory cytokine levels: 
after fasting for 8 h, 5 mL fasting elbow venous 
blood was collected in the morning and submit-
ted for inspection. TNF-α and IL-6 were measu-
red via the double-antibody single-step sandwich 
assay. C-reactive protein (CRP) was detected via 
the turbidimetric immunoassay. The normal re-
ference range of TNF-α in adults is 5-100 ng/L, 
the normal reference range of IL-6 in adults is 
56.4-150.3 ng/L and the normal reference range of 
CRP in adults is ≤ 10 mg/L. Measurement of blo-
od lipid levels: after fasting for 8 h, 5 mL fasting 
elbow venous blood was collected in the morning 
and submitted for inspection, followed by cen-
trifugation at 3000 r/min for 5 min to obtain the 
upper serum. The levels of TC, triglyceride (TG), 
low-density lipoprotein cholesterol (LDL-C) and 
high-density lipoprotein cholesterol (HDL-C) 
were detected via the electrochemiluminescen-
ce using the full-automatic biochemical detector 
(Beckmann, Brea, CA, USA). The normal referen-
ce range of TC in adults is below 3-5.2 mmol/L, 
that of TG is below 1.7 mmol/L, that of LDL-C is 
below 3.12 mmol/L and that of HDL-C is above 
1.04 mmol/L. Detection of adipokine levels: after 
fasting for 8 h, 5 mL fasting elbow venous blood 
was collected in the morning and submitted for 
inspection, followed by detection via the enzyme 
linked immunosorbent assay (ELISA) using the 
full-automatic biochemical detector (Beckmann, 
Brea, CA, USA). The normal reference range of 
adiponectin in adults is 3.62-13.06 μg/mL and that 
of visfatin is 65 pg/mL-103 pg/mL.

Statistical Analysis
Statistical Product and Service Solutions 13.0 

(SPSS Inc., Chicago, IL, USA) was used. Measu-
rement data were presented as mean ± standard 
deviation (x– ± s); t-test was used for the com-
parison of means between the two groups, and 
chi-square test was used for the comparison of 
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ratios between the two groups. p < 0.05 sugge-
sted that the difference was statistically signifi-
cant.

Results 

Comparisons of Blood Lipid, Adipokine 
and Inflammatory Factor Levels in 
Patients with and Without Complicating 
Osteoporosis

The levels of serum lipid indexes, TC, TG, and 
LDL-C, in patients without complicating osteo-
porosis were significantly lower than those in pa-
tients complicated with osteoporosis (p < 0.05); 
the level of HDL-C was significantly higher than 
that in patients complicated with osteoporosis (p 
< 0.05) (Table I). The levels of adipokines, adi-
ponectin and visfatin in patients without compli-
cating osteoporosis were significantly lower than 
those in patients complicated with osteoporosis 
(p < 0.05) (Table II). The levels of inflammatory 

factors, TNF-α, IL-6 and CRP, in patients wi-
thout complicating osteoporosis were significant-
ly lower than those in patients complicated with 
osteoporosis (p < 0.05) (Table III). Analysis of 
correlation between BMD and TC: there was a 
negative correlation between BMD and TC (r = 
-0.9480, p < 0.0001) (Figure 1). Analysis of corre-
lation between BMD and adiponectin: there was 
a negative correlation between BMD and adipo-
nectin (r = -0.9369, p < 0.0001) (Figure 2). Analy-
sis of correlation between BMD and TNF-α: the-
re was a negative correlation between BMD and 
TNF-α (r = -0.9383, p < 0.0001) (Figure 3).

Multivariate Logistic Regression Analysis 
of Osteoporosis, Hyperlipidemia, 
Abnormal Adipokine Levels and Body’s 
Inflammatory Response

Multivariate Logistic regression analysis, with 
whether osteoporosis occurred as the dependent 
variable, and with the abnormal blood lipid, ab-
normal adipokine levels and elevated inflamma-

Figure 1. Analysis of correlation between BMD and TC: 
there was a negative correlation between BMD and TC (r=-
0.9480, p < 0.0001).

Figure 2. Analysis of correlation between BMD and adi-
ponectin: there was a negative correlation between BMD 
and adiponectin (r = -0.9369, p < 0.0001).

Table I. Comparisons of blood lipid levels in patients with and without complicating osteoporosis (mmol/L, x– ± s).

	 TC	 TG	 LDL-C	 HDL-C

Patients without complicating osteoporosis	 4.8±0.3	 1.6±0.1	 3.03±0.02	 1.34±0.10
Patients complicated with osteoporosis	 6.2±0.2	 2.3±0.2	 3.98±0.11	 0.98±0.08
t	 24.558	 19.799	 53.740	 17.779
p	 0.000	 0.000	 0.000	 0.000

Table II. Comparisons of adipokine levels in patients with and without complicating osteoporosis (x–  ± s).

	 Adiponectin (μg/mL)	 Visfatin (pg/mL)

Patients without complicating osteoporosis	 10.6±0.9	 87.9±5.9
Patients complicated with osteoporosis	 23.8±3.6	 133.1±12.4
t	 22.498	 20.818
p	 0.000	 0.000



DM osteoporosis correlation and regression analysis with risk factors

3903

tory factor levels as the independent variables, 
showed that the abnormal blood lipid, abnormal 
adipokine levels and elevated inflammatory fac-
tor levels were independent risk factors for osteo-
porosis (Table IV).

Discussion 

Fracture caused by the osteoporosis is one of 
the most serious complications of osteoporosis9, 
which belongs to the brittle fracture that causes 
severe fractures and even spontaneous fractures 
due to the minor injuries in daily life and acti-
vities10. In particular, the risk of fractures due to 
violence is significantly increased when the body 
falls from high levels11. The occurrence of this di-
sease is often due to the less cortical bone and 
decreased bone density. In case of fracture, the 
internal fixation treatment has poor firmness, so 
internal fixation will be loose, thus leading to 
delayed fracture healing and even nonunion of 
fracture12. The recurrence rate of fracture in pa-

tients complicated with osteoporosis will be in-
creased significantly. So osteoporotic fracture, as 
a serious threat to the physical and mental health 
of the elderly13, needs the clinical attention. Long-
term increase in blood sugar in patients with 
diabetes mellitus will lead to the fat metabolism 
disorder, vascular endothelial cell damage, decre-
ased sensitivity to insulin, fibrinolytic system dy-
sfunction, increased inflammatory response and a 
series of other changes14. At the same time, it will 
also increase the osteolytic effect, further aggra-
vating osteoporosis15. In this work, the correlation 
between the inflammatory response, blood lipid 
metabolism, adipokines and the diabetic patient 
complicated with osteoporosis, were investigated, 
and it was found that the levels of serum lipid in-
dexes, TC, TG, and LDL-C, in patients without 
complicating osteoporosis were significantly 
lower than those in patients complicated with 
osteoporosis, and the level of HDL-C was signi-
ficantly higher than that in patients complicated 
with osteoporosis, suggesting that the blood lipid 
metabolism of diabetic patients complicated with 
osteoporosis is significantly abnormal. Also, the 
levels of adipokines, adiponectin and visfatin, in 
patients without complicating osteoporosis were 
significantly lower than those in patients compli-
cated with osteoporosis, indicating that the levels 
of adipokines in diabetic patients complicated 
with osteoporosis are also significantly abnormal. 
At the same time, it was found that the levels of 
inflammatory factors, TNF-α, IL-6 and CRP, in 
patients without complicating osteoporosis, were 
significantly lower than those in patients com-
plicated with osteoporosis, suggesting that the 
aseptic inflammatory response in diabetic pa-

Table III. Comparisons of inflammatory factor levels in patients with and without complicating osteoporosis (x–  ± s).

	 TNF-α (ng/L)	 IL-6 (ng/L)	 CRP (mg/L)

Patients without complicating osteoporosis	 100.3±5.1	 79.0±3.1	 6.1±0.2
Patients complicated with osteoporosis	 251.6±11.0	 125.0±5.0	 11.1±1.5
t	 78.923	 49.452	 20.897
p	 0.000	 0.000	 0.000

Table IV. Multivariate Logistic regression analysis of osteoporosis, hyperlipidemia, abnormal adipokine level and body’s 
inflammatory response.

	 B	 SE	 OR	 p

Abnormal blood glucose	 0.781	 0.034	 2.031	 0.030
Insulin resistance	 0.685	 0.025	 1.824	 0.023
Elevated inflammatory factors	 0.719	 0.031	 1.992	 0.036

Figure 3. Analysis of correlation between BMD and 
TNF-α: there was a negative correlation between BMD and 
TNF-α (r=-0.9383, p<0.0001).
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tients complicated with osteoporosis is more si-
gnificant. Moreover, research on the correlations 
between BMD and TC, adiponectin and TNF-α, 
showed that there were negative correlations 
between BMD and TC, adiponectin and TNF-α. 
Finally, multivariate logistic regression analysis 
of inflammatory response, blood lipid metabolism 
and adipokines suggested that the abnormal blood 
lipid, abnormal adipokine levels and elevated in-
flammatory factor levels are independent risk fac-
tors for osteoporosis. A large number of inflam-
matory cytokines will be produced in the body 
of patients with type 2 diabetes mellitus, and the 
levels of inflammatory factors in the body will be 
further increased if the osteoporosis is compli-
cated16, maybe because increased inflammatory 
factor levels in the body of patients with diabetes 
mellitus17 affect the process of bone metabolism, 
lower the blood calcium level and reduce the de-
position of calcium salts in bone18, thus reducing 
BMD and increasing the risk of osteoporosis in 
patients19. Moreover, the long-term increase in 
blood glucose in patients with type 2 diabetes 
mellitus will also affect the fat metabolism in the 
body, leading to the dysfunction of adipocytes 
and abnormal adipokine levels, thus causing the 
bone metabolic disequilibrium and aggravating 
osteoporosis20.

Conclusions

Enhanced inflammatory response, abnormal 
blood lipid metabolism, and abnormal changes in 
adipokines, may increase the risk of osteoporosis 
in patients with type 2 diabetes mellitus.

Conflict of interest
The authors declare no conflicts of interest.

References 

  1)	 Al-Homood IA, Sheshah I, Mohammed A, Gasim GI. 
The prevalence and risk factors of osteoporosis 
among a saudi female diabetic population. Open 
Access Maced J Med Sci 2017; 5: 177-181.

  2)	 Wu SQ, Ma SZ, Zhang C, Li DQ, Gao CZ. Effects 
of human parathyroid hormone on bone morpho-
genetic protein signal pathway following spinal fu-
sion in diabetic rats. J Biol Regul Homeost Agents 
2017; 31: 111-117.

  3)	 Ribola FA, Cancado FB, Schoueri JH, De Toni VF, Me-
deiros VH, Feder D. Effects of SGLT2 inhibitors on 

weight loss in patients with type 2 diabetes mel-
litus. Eur Rev Med Pharmacol Sci 2017; 21: 199-
211.

  4)	 Liu Z, Gao H, Bai X, Zhao L, Li Y, Wang B. Evalua-
tion of singh index and osteoporosis self-asses-
sment tool for asians as risk assessment tools of 
hip fracture in patients with type 2 diabetes melli-
tus. J Orthop Surg Res 2017; 12: 37.

  5)	 Asokan AG, Jaganathan J, Philip R, Soman RR, Seba-
stian ST, Pullishery F. Evaluation of bone mineral 
density among type 2 diabetes mellitus patients 
in South Karnataka. J Nat Sci Biol Med 2017; 8: 
94-98.

  6)	 Maddaloni E, D’Eon S, Hastings S, Tinsley LJ, Napoli 
N, Khamaisi M, Bouxsein ML, Fouda SM, Keenan HA. 
Bone health in subjects with type 1 diabetes for 
more than 50 years. Acta Diabetol 2017; 54: 479-
488.

  7)	 Carnovali M, Luzi L, Banfi G, Mariotti M. Chronic 
hyperglycemia affects bone metabolism in adult 
zebrafish scale model. Endocrine 2016; 54: 808-
817.

  8)	 Bozkurt O, Bilgin MD, Evis Z, Pleshko N, Severcan 
F. Early alterations in bone characteristics of type 
i diabetic rat femur: a fourier transform infrared 
(FT-IR) imaging study. Appl Spectrosc 2016; 70: 
2005-2015.

  9)	 Wongdee K, Krishnamra N, Charoenphandhu N. 
Derangement of calcium metabolism in diabe-
tes mellitus: negative outcome from the synergy 
between impaired bone turnover and intestinal 
calcium absorption. J Physiol Sci 2017; 67: 71-81.

10)	 Karasek D. [the effect of antidiabetic treatment on 
the bone of patients with type 2 diabetes]. Vnitr 
Lek; 62: 582-587.

11)	 Yamaguchi M. The botanical molecule p-hy-
droxycinnamic acid as a new osteogenic agent: 
Insight into the treatment of cancer bone metasta-
ses. Mol Cell Biochem 2016; 421: 193-203.

12)	 Sheu Y, Amati F, Schwartz AV, Danielson ME, Li X, 
Boudreau R, Cauley JA. Vertebral bone marrow fat, 
bone mineral density and diabetes: the osteopo-
rotic fractures in men (MrOS) study. Bone 2017; 
97: 299-305.

13)	 Iyer S, Han L, Ambrogini E, Yavropoulou M, Fowlkes 
J, Manolagas SC, Almeida M. Deletion of FoxO1, 
3, and 4 in osteoblast progenitors attenuates the 
loss of cancellous bone mass in a mouse model 
of type 1 diabetes. J Bone Miner Res 2017; 32: 
60-69.

14)	 Evran M, Sert M, Tetiker T, Akkus G, Bicer OS. Spon-
taneous calcaneal fracture in patients with dia-
betic foot ulcer: four cases report and review of 
literature. World J Clin Cases 2016; 4: 181-186.

15)	 Zhang WL, Meng HZ, Yang RF, Yang MW, Sun GH, 
Liu JH, Shi PX, Liu F, Yang B. Melatonin suppresses 
autophagy in type 2 diabetic osteoporosis. Onco-
target 2016; 7: 52179-52194.

16)	 Gong K, Qu B, Liao D, Liu D, Wang C, Zhou J, Pan 
X. MiR-132 regulates osteogenic differentiation 
via downregulating sirtuin1 in a peroxisome pro-



DM osteoporosis correlation and regression analysis with risk factors

3905

liferator-activated receptor beta/delta-dependent 
manner. Biochem Biophys Res Commun 2016; 
478: 260-267.

17)	 Schwartz AV, Pavo I, Alam J, Disch DP, Schuster D, 
Harris JM, Krege JH. Teriparatide in patients with 
osteoporosis and type 2 diabetes. Bone 2016; 91: 
152-158.

18)	 Chiang JI, Li TC, Li CI, Liu CS, Meng NH, Lin WY, 
Yang SY, Chen HJ, Lin CC. Visit-to-visit variation of fa-
sting plasma glucose is a predictor of hip fracture 
in older persons with type 2 diabetes: the Taiwan 
diabetes study. Osteoporos Int 2016; 27: 3587-3597.

19)	 Heilmeier U, Hackl M, Skalicky S, Weilner S, Schro-
eder F, Vierlinger K, Patsch JM, Baum T, Oberbauer 

E, Lobach I, Burghardt AJ, Schwartz AV, Grillari J, 
Link TM. Serum miRNA signatures are indicative 
of skeletal fractures in postmenopausal women 
with and without type 2 diabetes and influen-
ce osteogenic and adipogenic differentiation 
of adipose tissue-derived mesenchymal stem 
cells in vitro. J Bone Miner Res 2016; 31: 2173-
2192.

20)	 Al-Daghri NM, Rahman S, Sabico S, Amer OE, Wani 
K, Ansari MG, Al-Attas OS, Kumar S, Alokail MS. 
Circulating betatrophin in healthy control and type 
2 diabetic subjects and its association with meta-
bolic parameters. J Diabetes Complications 2016; 
30: 1321-1325.


