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Abstract: Chronic renal insufficiency and osteoporosis have become very common among old people in China. 
Hyperparathyroidism caused by renal insufficiency would result in turbulence of bone metabolism and unbalance 
between serum calcium and phosphorus. The aim of this study is to investigate the BMD, PTH, CT and 25(OH)-Vit’s 
significance for screening and diagnosing chronic renal insufficiency. In this study, seventy cases with chronic renal 
insufficiency from Jun. 2010 to Oct. 2013 were selected as the observation group. Meanwhile, another 70 volun-
teers with normal renal functions were set as the control group. The level of BMD, PTH, CT and 25(OH)-Vit were de-
tected by using ELISA assay. DPX bone density meters (UNIGAMMA X-RAY PLUS) were used for the detection of BMD. 
The results indicated that BMD levels of the proximal femur (include Troch, Shaft, Total, Neck, Ward) and lumbar 
vertebra in the observation group were significantly lower while the PTH and CT were significantly higher compared 
with the control group (P<0.05). A positive correlation was identified between the serum creatinine (Scr) concen-
trations and CT, PTH, while the correlation with 25(OH)-Vit was considered to be negative. In conclusion, the BMD, 
PTH, CT, and 25 (OH)-Vit would provide reference in diagnosing and treatment for chronic renal insufficiency. These 
indexes would be important clinical significance for screening and early diagnose of osteoporosis in these patients.
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Introduction

The morbidities of both osteoporosis and 
chronic renal insufficiency are increasing year-
ly, especially in the elderly population. By now 
the two diseases have become very common 
among old people in China, which greatly affect 
the quality of living and life [1]. It has been wide-
ly accepted that bone density would decreased 
when human grow old. Particularly, hyperpara-
thyroidism caused by renal insufficiency would 
result in turbulence of bone metabolism and 
the unbalance between serum calcium and 
phosphorus. All these finally lead to a worse 
situation of bone loss and lower bone mineral 
density. In order to study the regulation of bone 
mineral density (BMD), parathyroid hormone 
(PTH), calcitonin (CT), 25-hydroxyvitamin D 
(25(OH)-Vit) in patients suffering chronic renal 
insufficiency, this study was designed. 70 
patients with chronic renal insufficiency from 
Jun. 2010 to Oct. 2013 in our hospital were 
selected as the observation group. In the mean-

while 70 volunteers with normal renal function 
were also studied as the control group. The lev-
els of BMD, PTH, CT and 25(OH)-Vit were detect-
ed and analyzed in the two groups. The whole 
study progress was reported as follows.

Materials and methods

Patient ascertainment

Seventy patients with chronic renal insufficien-
cy from Jun. 2010 to Oct. 2013 in our hospital 
were selected as the observation group. This 
group included 48 males and 22 females 
patients, the age ranges of the patients are 
from 72-89, the average age is 82.88±6.2. At 
the same time period, 70 volunteers were cho-
sen as the control group, including 39 males 
and 31 females with the age range 74-88. The 
average age of the control group is 83.81±4.9. 
During the whole study, any patients who had 
taken heparin or glucocorticoid were excluded. 
Also before the study, patients with prostate 
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cancer, hyperthyroidism, hypothyroidism, liver 
cirrhosis, tumor metastasis or paralysis would 
not be accepted into this clinical study.

Measurement for BMD

DPX bone density meters (UNIGAMMA X-RAY 
PLUS) were used for the detection of BMD. The 
sections for detection included left collum fem-
oris, greater trochanter, Ward triangle, femoral 
trochanteric and the whole thigh bone. All data 
collected were shown with the form of bone 
mineral density [2]. The accuracy of this equip-
ment could reach 1%. The errors of the detec-
tion results between the repeated measure-
ments were controlled to be less than 1%. All 
operation processes were performed by experi-
enced specialists blinded to this study [3].

Measurement for the biochemical indexes of 
the patients and volunteers

Blood samples were collected by venous sam-
pling. The levels of serum creatinine were test-
ed by automatic biochemical analyzer. Enzyme-
linked immuno sorbent assay (ELISA) was used 
to detect the serum 25(OH)-Vit, which could 
reflect the level of Vit D inside the body. CT and 
PTH were analyzed by Chemiluminescence 
[4-7].

Statistical analysis 

SPSS 10.0 was used for the statistical analysis. 
All data were reported as means ± SEM. 
Comparisons of the data between the two 

control group. The differences were statistically 
significant (Figure 1, P<0.05). Details were 
shown in Table 1.

Biochemical indexes increases significantly in 
chronic renal insufficiency patients

In our study, Cr, PTH and CT in observation 
group were higher compared to the control 
group. And the differences were statistically 
significant (Figure 2; Table 2, P<0.05). However, 
no significant differences were found in the 
level of 25(OH)-Vit between the two groups 
(Table 2, P>0.05). 

Scr correlates with CT and PTH positively, and 
with 25(OH)-Vit negatively

In order to investigate the correlation between 
Scr and the CT, PTH, 25(OH)-Vit, the pearson 
correlation analysis was used in this study. The 
present study showed that in all 140 people (all 
are elder people) of this research, the levels of 
Scr were positively correlated with CT and PTH, 
while negatively correlated with 25(OH)-Vit 
(Table 3). 

Discussion

In the elder population, renal insufficiency is a 
common phenomenon. Clinical symptoms 
related to the osseous tissue would appear in 
more than half of the elderly when the glomeru-
lar filtration rate decreases to half of the nor-
mal level [8-10]. Age related bone loss could 
cause a higher morbidity of osteoporosis when 

Figure 1. BMD levels in all parts of proximal femur and lumbar vertebra. The 
different values of observation group compared with the control group were 
illustrated in figure.

groups were performed with 
Student’s t test. The correla-
tion analysis was performed 
by using the pearson correla-
tion analysis in this study.

Results

BMD level decreases in 
chronic renal insufficiency 
patients

In our study, it was observed 
that BMD levels in all parts 
of proximal femur (including 
proximal femur) and lumbar 
vertebra were significantly 
lower in the observation 
group compared with the 
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accompanied with renal insufficiency. The 
nephrons of patients with renal insufficiency 
are usually damaged and thus decrease the 
activity of hydroxylase, which is secreted by the 
nephrons [11]. This physiological change in turn 
restrict the biosynthesis of 25(OH)-Vit inside 
the kidney, resulting in a worse intestinal 
absorption for calcium. Meanwhile, blood calci-
um could gradually decline in some patients 
because of the loss of calcium in urine. Finally, 
the significant reduction in blood calcium would 
stimulate parathyroid glands to secret more 
PTH, a hormone with the function of promoting 
calcium from bone to blood. All these patho-
physiology changes would take the body into a 
situation of secondary hyperparathyroidism. 
More cytokines could be released when renal 
function declines. These inflammation cyto-
kines could gathered in the compact bone sub-
stance, promoting bone resorption Meanwhile 
the function and proliferative activity of osteo-
blast were inhibited because of the existence 
of these cytokines, which in turn aggravate the 
tendency of bone resorption. Thus, all the fac-
tors including the 25(OH)-Vit metabolism, 
excretion of phosphate, disorder of the acid-
base balance, increase of PTH and decrease of 
serum calcium together cause the osteodystro-

phy in patients with renal insufficiency. The 
growth and differentiation of chondrocytes 
were affected, resulting in the decrease of 
bone stiffness and abnormal change in the 
shape of the cartilage tissue. Besides, it was 
reported that the expression of proteins and 
mRNA of the PTH related receptors, bioactive 
factors in cartilage tissue formation and vascu-
lar endothelial growth factors (VEGFs) were 
reduced in these patients. Since all these fac-
tors contribute to the growth of bone, their 
decrease would reduce osteogenesis in the 
body [12]. Other biological signal proteins such 
as insulin like growth factor (IGF), growth hor-
mone receptor (GFR) et al, which help regulat-
ing the growth and metabolism of bone, were 
also reported to show a tendency of decline, 
leading to a higher probability of bone fracture 
in these patients. Otherwise, since sex hor-
mones such as estrogen in male and estrogen 
in female also began to decrease in elder popu-
lation, these aged patients also face such prob-
lems and thus could not get help from these 
sex hormones which could help restrain bone 
loss.

Our present research showed that PTH level in 
the renal insufficiency patients were more than 

Table 1. Comparison of the BMD in observation and control group (mean ± SEM)
Groups No. s lumbar Neck Ward Troch Shaft Total
Control group 70 0.91±0.11 0.72±0.15 0.53±0.16 0.66±0.16 1.01±0.21 0.78±0.19
Observation group 70 0.82±0.09 0.62±0.14 0.45±0.11 0.58±0.12 0.94±0.19 0.70±0.16

Figure 2. The Cr level, PTH level and CT level in control and observation group. A. The Cr level; B. The PTH level; C. 
The Ct level. The different values of observation group compared with the control group were illustrated in figure.

Table 2. Comparison of the biochemical indexes and renal function (mean ± SEM)
Groups No. s Cr (μmol/l) PTH (pg/ml) CT (pg/ml) 25(OH)-Vit (nmol/L)
Control group 70 72.51±12.11 42.72±20.35 3.03±2.16 56.76±18.16
Observation group 70 300.82±121.19 92.92±72.41 6.35±4.01 54.89±19.27
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double the level in normal volunteers. The 
results revealed the existence of Parathyroid 
hormone hyper function in this group [13]. 
Under such environments, the blood calcium is 
lower while serum phosphorus higher in these 
patients. Besides, 25(OH)-Vit is composed in 
the mitochondria inside hepatocytes with the 
absorbed Vitamin D as the material. The com-
posed 25(OH)-Vit is further transformed to 
1,25-(OH)2D3. Thus the level of 25(OH)-Vit is rel-
evant to the liver function. In our study, patients 
in the observation group showed a normal level 
of 25(OH)-Vit during initial period when their 
renal insufficiency were still not that bad [14, 
15]. However, our study revealed that the level 
of serum creatinine was positive correlated to 
CT while negative to 25(OH)-Vit, this finding is in 
accordance with the fact that 25(OH)-Vit slowly 
decreased along with the increase of serum 
creatinine. In our study, we noticed that serum 
CT in patients with renal insufficiency was sig-
nificantly higher than normal people. This pep-
tide is secreted by C cells in parathyroid glands. 
The function of CT is the regulation of calcium 
and phosphorous homeostasis. When renal 
function is damaged, serum phosphorous 
would increase, and thus C cells in parathyroid 
glands are activated, secreting more CT to 
cause an increase in the level of serum CT. 
Except previous results, our findings also iden-
tified that BMD in femur and lumbar vertebra 
are significantly lower in the observation group. 
Taking the previous analysis into consideration, 
this is the result of bone loss caused by renal 
sufficiency.

In conclusion, BMD in all parts of proximal 
femur (Troch, Shaft, Total, Neck, Ward) and 
lumbar vertebra significantly declined while 
PTH and CT significantly increased in renal 
insufficiency patients. Besides 25(OH)-Vit did 
not seem to affect the renal function. We also 
found that the level of CT in all groups positively 
correlated to PTH while negative correlated to 
25(OH)-Vit. These four indexes provide some 
clinical references for the diagnosing and treat-
ment for chronic renal insufficiency. The analy-

sis of these indexes is also of important clinical 
significance in helping physicians during the 
early diagnosis and screening of osteoporosis.
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