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Abstract. Correlation of the severity of chronic kidney 
disease (CKD) with serum inflammation, osteoporosis and 
vitamin D deficiency was investigated. A total of 78 patients 
suffering from CKD who presented to the Union Hospital 
from December  2015 to December  2017 were selected 
randomly and divided into three groups based on the severity 
of the disease. Comparisons of interleukin‑6 (IL‑6), C‑reactive 
protein (CRP), tumor necrosis factor‑α (TNF‑α), indicators 
of osteoporosis [serum phosphate, serum calcium and bone 
mineral density (BMD)], content of 25(OH)D, serum sodium, 
serum potassium and BUN were conducted among groups. 
The correlation of in  vivo creatinine  (Cr) with C‑reactive 
protein (CRP), TNF-α, BMD and vitamin D deficiency were 
analyzed. With the aggravation of illness, IL‑6, CRP, TNF‑α, 
serum phosphate, serum sodium, serum potassium and blood 
urea nitrogen (BUN) were increased gradually, while serum 
calcium, BMD and vitamin D were decreased significantly 
(P<0.05). The content of Cr in patients suffering from osteo-
porosis was significantly higher than that in normal group 
(P<0.05). The Cr of patients in the group with abnormal CRP 
was significantly higher than that with normal CRP (P<0.05). 
Analysis showed that there is positive correlation between Cr 
and CRP (r=0.6961, P<0.001), as well as between Cr and TNF‑α 
(r=0.8969, P<0.001); and negative correlation between Cr and 
BMD (r=0.5472, P<0.001), and between Cr and 25(OH)D 
(r=0.4733, P<0.001). The severity of CKD is correlated with 
serum inflammation, osteoporosis and vitamin D deficiency. 
The higher the severity of the illness, the worse the condition 
of osteoporosis will be.

Introduction

Clinical statistics have shown that chronic kidney disease 
(CKD) ranks third in the world, in terms of incidence rate 
and number of infected individuals, next to cancer and heart 
diseases (1,2). It is caused by interaction of several kinds of 
nephropathy, so patients with renal diseases may develop 
CKD if they don't receive timely diagnosis and treatment (3,4). 
Clinical treatment can lead CKD in remission, but this disease 
may cause complications such as the frequent occurrence of 
inflammation, decrease in serum calcium, osteoporosis and 
vitamin D deficiency. Therefore, attention should be paid to 
the prevention of the above complications and finding the 
successful treatment in clinic (5‑8). In this study, the corre-
lation of CKD with inflammatory factors, osteoporosis and 
vitamin D deficiency were analyzed, providing the basis for 
the follow‑up clinical treatment.

Patients and methods

General data. A total of 78 patients with CKD presented to 
the Union Hospital  (Wuhan, China) from December 2015 
to December  2017 were selected and divided into three 
groups according to the severity of the disease: CKD I‑II 
stage group, CKD  III‑IV  stage group and CKD V stage 
group. Among patients in CKD I‑II stage group, there were 
12 males and 13 females with body mass index (BMI) of 
25.5±2.76 kg/m2, height of 169.54±17.54 cm and average age 
of 58.43±5.65 years. In CKD III‑IV stage group, there were 
14 males and 12 females with BMI of 24.9±3.09 kg/m2, height 
of 170.01±17.09 cm and average age of 59.65±6.09 years. In 
CKD V stage group, there were 12 males and 15 females 
with BMI of 25.2±2.76 kg/m2, height of 167.76±16.43 cm and 
average age of 58.21±5.32 years.

Inclusion criteria: patients who had good adherence and 
no mental diseases and whose main organs such as heart, liver 
and kidney were not injured.

Exclusion criteria: patients who recently had infection 
symptoms or were suffering from cancer or osteoporosis.

The study was approved by the Ethics Committee of the 
Union Hospital and informed consents were signed by the 
patients or the guardians.
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Methods. Venous blood samples (8 ml) were collected from 
all patients on an empty stomach. After leaving the samples 
to stand for 30 min, serum was separated through centrifu-
gation at 8,000 x g for 15 min at 4˚C. Inflammatory factors 
interleukin‑6  (IL‑6) and tumor necrosis factor‑α  (TNF‑α) 
were detected by enzyme‑linked immunoassay. C‑reactive 
protein  (CRP) was measured by an auto‑chemistry 
analyzer (SmartChem; Row2 Technologies, Inc., Parsippany, 
NJ, USA).

Indicators of osteoporosis: serum phosphate and serum 
calcium were both measured by an automatic biochemical 
analyzer  (Mindray Bio‑Medical Electronics Co., Ltd., 
Shenzhen, China). When serum albumin level of the patient 
was <40 g/l, the corrected blood calcium level was calcu-
lated. Bone mineral density  (BMD) was measured by a 
bone density meter (MetriScan; Alara, Inc., San Jose, CA, 
USA) (9).

Determination of 25(OH)D: vitamin D deficiency was 
defined as 25(OH)D was <15  ng/ml, and the detection 
of this factor was carried out by magnetic particle‑based 
chemiluminescence (Roche Pharma AG, Grenzach‑Wyhlen, 
Germany)  (10). Determination of serum sodium and 
serum potassium: ion selective electrode method and the 
auto‑chemistry analyzer were used. Serum creatinine (Cr): It 
was analyzed using the auto‑chemistry analyzer after enzy-
matic assay. Blood urea nitrogen (BUN): it was determined by 
ultraviolet‑glutamic acid dehydrogenase assay and analyzed 
by the auto‑chemistry analyzer.

Statistical analysis. The statistical software, Statistical 
Product and Service Solutions (SPSS; SPSS, Inc., Chicago, 
IL, USA) 17.0, was used for the statistical analysis of the data. 
t‑test was used for enumeration data which were expressed 
as mean ± standard deviation (SD). ANOVA was used for 
comparison between multiple groups and the post hoc test 
was the Least Significant Difference test. Pearson's analysis 
was employed for correlation analysis between variables. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Comparison of general data of patients among different 
groups. It was found that there were no differences in age, sex, 
BMI and height of patients among the groups (Table I).

Comparisons of inflammatory factors, osteoporosis indica‑
tors and vitamin D deficiency of patients among different 
groups. Compared with those in the CKD I‑II stage group, 
IL‑6, CRP, TNF‑α, serum phosphate, serum sodium, serum 
potassium and BUN of the patients in the other two groups 
were significantly increased, but serum calcium, BMD and 
25(OH)D were significantly decreased. IL‑6, CRP, TNF‑α, 
serum phosphate, serum sodium, serum potassium and BUN 
in the CKD V stage group were significantly higher than those 
in the CKD III‑IV stage group, but serum calcium, BMD 
and 25(OH)D were lower than those in the CKD III‑IV stage 
group, which showed statistically significant difference 
(P<0.05) (Table Ⅱ).

Comparison of Cr between normal and osteoporosis group. 
Patients were divided into two groups: normal and osteopo-
rosis group on the basis of BMD. It was found that Cr content 
of patients with osteoporosis was noticeably higher than that in 
normal group, which showed a statistically significant differ-
ence (P<0.05) (Fig. 1).

Comparison of Cr content between groups with normal and 
abnormal CRP. According to the comparison between the two 
groups of patients, it was suggested that the Cr content in the 
group with abnormal CRP was significantly higher than that in 
the normal group (P<0.05) (Fig. 2).

Table I. Comparison of the general data of patients among 
different groups.

	 CKD 	 CKD 	 CKD
Index	 I‑II stage	 III‑IV stage	 V stage

Age (years)	 58.43±5.65	 59.65±6.09	 58.21±5.32
Sex (male/female)	 12/13	 14/12	 12/15
BMI (kg/m2)	  25.5±2.76	  24.9±3.09	  25.2±2.76
Height (cm)	 169.54±17.54	 170.01±17.09	 167.76±16.43

CKD, chronic kidney disease; BMD, body mass index.

Figure 1. Comparison of Cr between normal and osteoporosis group. *P<0.05. 
Cr, creatinine.

Figure 2. Comparison of Cr content between groups with normal and 
abnormal CRP. *P<0.05. Cr, creatinine; CRP, C‑reactive protein.
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Correlation analysis of Cr and CRP. Through the correlation 
analysis, it was found that there was a positive correlation 
between Cr and CRP (r=0.6961, P<0.001). Thus, with the 
increase of Cr level, the content of CRP was higher (Fig. 3).

Analysis of the relationship between Cr and TNF‑α. The 
correlation analysis showed that there was a positive correla-
tion between Cr and TNF‑α (r=0.8969, P<0.001), which meant 

that with the increase of Cr level in the body, the content of 
TNF‑α in vivo was higher (Fig. 4).

Correlation analysis of Cr and BMD. The correlation analysis 
showed that there was a negative correlation between Cr and 
BMD (r=0.5472, P<0.001). This meant that with the increase 
of Cr level, BMD in vivo was lower (Fig. 5).

Analysis of the correlation between Cr and 25(OH)D. Through 
the correlation analysis, it was found that there was a negative 

Table II. Comparison of inflammatory factors, osteoporosis indicators and vitamin D of patients among different groups.

Index	 CKD I‑II stage	 CKD III‑IV stage	 CKD V stage

IL‑6 (pg/ml)	 99.2±9.3	 125.3±10.3a	 189.2±10.7a,b

CRP (µg/ml)	 2.9±0.2	 6.4±0.6a	 20.3±2.0a,b

TNF‑α (ng/ml)	 1.22±0.12	 1.79±0.18a	 2.23±0.23a,b

Serum calcium (mmol/l)	 2.2±0.2	 2.0±0.2a	 1.5±0.2a,b

Serum phosphate (mmol/l)	 1.3±0.1	 1.6±0.1a	 2.0±0.2a,b

BMD	 0.923±0.086	 0.823±0.098a	 0.723±0.067a,b

25(OH)D (ng/ml)	 20.5±2.3	 14.9±1.7a	 6.3±0.8a,b

Serum sodium (mmol/l)	 134.43±11.56	 146.67±14.09a	 152.09±15.21a,b

Serum potassium (mmol/l)	 3.86±0.45	 4.32±0.39a	 4.78±0.49a,b

BUN (mml/l)	 13.67±1.65	 14.87±1.98a	 16.02±1.99a,b

aP<0.05, compared with CKD I‑II stage group; bP<0.05, compared with CKD III‑IV stage group. CKD, chronic kidney disease; IL‑6, inter-
leukin‑6; CRP, C‑reactive protein; TNF‑α, tumor necrosis factor‑α; BMD, bone mineral density; BUN, blood urea nitrogen.

Figure 3. Correlation analysis of Cr and CRP. Cr, creatinine; CRP, C‑reactive 
protein.

Figure 4. Analysis of the relationship between Cr and TNF‑α. Cr, creatinine; 
TNF‑α, tumor necrosis factor‑α.

Figure 5. Correlation analysis of Cr and BMD. Cr, creatinine; BMD, bone 
mineral density.

Figure 6. Correlation analysis of Cr and 25(OH)D. Cr, creatinine.
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correlation between Cr and 25(OH)D (r=0.4733, P<0.001). 
In other words, with the increase of Cr level, 25(OH)D was 
lower (Fig. 6).

Discussion

CKD has a high morbidity rate in clinical practice and causes 
great inconvenience to patient life and work (11). It leads to 
many complications including inflammatory infection, osteo-
porosis and vitamin D deficiency (12,13). To cure and prevent 
CKD effectively, in‑depth studies of the relation of CKD with 
inflammatory factors, osteoporosis and vitamin D deficiency 
should be conducted, providing more therapy targets for CKD.

Studies have shown that patients with CKD will suffer 
from various inflammations, of which the pathogenic factors 
are mainly renal disease and infection immunodeficiency. 
Inflammatory infection is not caused by bacteria or viruses, 
but by higher concentration of IL‑6 released by T lymphocytes 
and increased expression levels of CRP and TNF‑α after the 
antigen stimulation in CKD patients (14,15). Continuous accu-
mulation of these inflammatory factors produces physiological 
damage to kidneys and in turn leads to microinflammation in 
the kidneys, which causes the increased content of inflamma-
tion such as IL‑6 (16‑18). This study showed that there are 
correlations between the severity of renal inflammation and 
inflammatory factors including IL‑6, TNF‑α and CRP. The 
more severe the disease is, the higher the content of the above 
inflammatory factors is, which indicates that the severity of 
CKD is positively correlated with inflammation.

Abnormalities of serum phosphate and serum calcium are 
detected in patients with CKD, in which the content of serum 
phosphate is continuously elevated, and that of serum calcium 
is continuously decreased with the aggravation of the disease. 
This is considered to be related to metabolic acidosis clini-
cally. Acidosis will destroy homeostasis of serum phosphate, 
hinder the active transport of small intestinal mucosa and 
cause passive diffusion of phosphate and abnormal transfer 
of internal loading of phosphorus. The significant decrease 
in content of serum calcium in patients with CKD is believed 
clinically to be associated with elevation of serum phos-
phate, abnormal arginine intake of calcium and vitamin D 
deficiency. As an important indicator of bone metabolism in 
patients, the marked reduction of BMD indicates the reduc-
tion of bone mass and high possibility of bone fracture and 
osteoporosis (19,20). The present study showed that with the 
deterioration of CKD, the value of BMD is decreased signifi-
cantly, indicating that patients' osteoporosis is more severe 
with the worsening of the disease condition. Related research 
has shown that too high content of serum phosphate will 
lead to over release of inflammatory factors in patients. In 
addition, serum phosphate stimulates monocyte and macro-
phage to release massive inflammatory factors and activates 
the nuclear factor κB (NF‑κB) signal pathway, leading to 
increased content of TNF‑α. It is speculated that there may be 
a relation of BMD and IL‑6 with the above mechanism.

Vitamin D deficiency is mainly evaluated through the 
detection of 25(OH)D that in  vivo is combined with the 
corresponding receptor so as to form interaction between 
serum phosphate and serum calcium. Vitamin D deficiency is 
very common in patients with CKD, and clinical studies have 

found that vitamin D deficiency has become an important risk 
factor for CKD. In this study, the inflammation degree in CKD 
was found to be negatively correlated with 25(OH)D, and as 
the condition became more severe, the content of this factor 
was lower, which is similar to findings of previous clinical 
studies (21). Hence, diagnosis, treatment and prevention of 
CKD can be conducted by measuring the content of this factor.

In summary, the severity of CKD in patients is correlated 
with inflammatory factors, osteoporosis and vitamin D defi-
ciency. In addition, more serious disease condition causes the 
release of more inflammatory factors, higher content of serum 
phosphate, lower content of serum calcium and more severe 
vitamin D deficiency as well as osteoporosis.
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