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Objective: To analyze the correlation between serum osteoprotegerin (OPG) level and chronic kidney disease (CKD) at different 
CKD stages in patients with type 2 diabetes.
Methods: All subjects were hospitalized patients with type 2 diabetes. Medical history collection, physical examinations, and blood 
and urine samples testing were performed. Stages of CKD (G1–5) were defined by eGFR, groups of persistent albuminuria (normal, 
microalbuminuria and massive albuminuria) were divided by UACR, and categories of CKD progression risks (low, moderate and 
high or very high risk) were recommended by the Kidney Disease: Improving Global Outcomes (KDIGO). Serum OPG level was 
determined by enzyme-linked immunosorbent assay in the central laboratory.
Results: Four hundred and eighty-four patients were included in the study. The average level of OPG of all subjects was 941.30 
(547.53–1332.62) pg/mL. The levels of OPG decreased gradually with the aggravation of albuminuria (P = 0.007, P for trend=0.003) and 
CKD progression (P = 0.001, P for trend=0.001). No differences were found between OPG levels and stages of CKD (P = 0.31). After 
the adjustment, each 100 pg/mL increase in OPG levels could reduce the risk of massive albuminuria (OR 0.92, 95% CI 0.86–0.99, P = 
0.02) and the high or very high risk of CKD progression (OR 0.94, 95% CI 0.89–0.99, P = 0.04) by multivariate logistic regression 
analysis. No correlations were found between OPG and stages of CKD.
Conclusion: In patients with type 2 diabetes, elevated serum osteoprotegerin is associated with albuminuria and the risk of CKD 
progression, and may delay the progression of CKD.
Keywords: osteoprotegerin, chronic kidney disease, type 2 diabetes mellitus, albuminuria, glomerular filtration rate

Introduction
In recent years, chronic kidney disease (CKD) has emerged as one of the major diseases endangering human health, 
which is prone to end-stage renal disease (ESRD) and cardiovascular disease.1,2 CKD is characterized by chronic renal 
structural changes and dysfunction caused by various reasons.3 In clinical practice, urinary albumin/creatinine ratio 
(UACR) is usually used to determine persistent albuminuria in patients with CKD, and estimated glomerular filtration 
rate (eGFR) is used to classify the stages of CKD. Furthermore, KDIGO (Kidney Disease: Improving Global Outcomes) 
Clinical Practice Guideline suggested that the prognosis of CKD could be predicted by a combination of eGFR and 
albuminuria categories, and provided a guide to the frequency of monitoring.4 Nowadays, with the increase of the 
prevalence of diabetes, the number of CKD patients inevitably increases. However, only about 5% of them retain normal 
renal function.5 Diabetic kidney disease (DKD) has become a major cause of CKD and ESRD.6
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Osteoprotegerin (OPG) is a soluble secreted glycoprotein of the tumor necrosis factor (TNF) receptor superfamily. It 
mainly inhibits osteoclast activation through OPG/RANK/RANKL [osteoprotegerin/receptor activator of nuclear factor- 
κB (NF-κB)/receptor activator of NF-κB ligand] system and plays an important role in bone metabolism. OPG is 
dominantly produced by osteoblasts and vascular endothelial cells in vivo, and can also be secreted by heart, liver, kidney 
and other organs. Therefore, in addition to participating in bone metabolism, OPG has also been found to play a role in 
cardiovascular disease, diabetes and its complications.7,8 Our previous study has revealed that serum OPG levels are 
significantly elevated in both pre-diabetic and type 2 diabetic patients.9 Other studies have shown that OPG can be 
expressed in the kidneys.8 It was suggested that the proportion of decreased eGFR was higher in DKD patients with high 
OPG level, and the risk of progression to ESRD was significantly increased.10 The plasma OPG level was also obviously 
higher in type 2 diabetic patients with microalbuminuria than that in patients without albuminuria.11 However, the 
relationship between OPG level and different stages of CKD in patients with type 2 diabetes, especially its relationship 
with the risk of CKD progression, remains to be explored.

Based on these backgrounds, this study used albuminuria and eGFR categories separately, and combined UACR and 
eGFR for CKD progression risk classification according to the KDIGO guideline to analyze the correlation between OPG 
levels and CKD in patients with type 2 diabetes.

Methods
Subjects
A total of 484 subjects with type 2 diabetes were included in this study for analysis, who were hospitalized in the 
Department of Endocrinology and Metabolism of the Third Hospital of Nanchang from February 2018 to 
November 2020. All subjects met the diagnostic criteria for type 2 diabetes.12 Subjects aged 18 years and above. 
They all participated in the study voluntarily and signed a written informed consent at admission. Exclusion criteria were 
as follows: (1) other types of diabetes; (2) participants having acute complications of diabetes; (3) those with severe 
primary diseases of the heart, brain, and hematopoietic system or malignant tumors; (4) subjects with acute renal failure 
or dialysis or renal transplantation; (5) patients with incomplete clinical data or psychiatric disorders.

Data Collection
General information was routinely collected from the patients, including gender, age, duration of diabetes, medical 
history, and current smoking and drinking behavior. Standardized measurements of height and weight were taken, and 
body mass index (BMI) was calculated by weight (kg)/height2 (m2).

In the early morning (fasting for at least 8 h), each patient performed a standard steamed bread meal test. Fasting 
blood and two-hour postprandial blood samples were collected respectively. Fasting plasma glucose (FPG), postprandial 
plasma glucose (2hPG), serum creatinine (SCr) and uric acid (UA) were all measured by an automatic analyzer (Roche, 
Basel, Switzerland). The eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD- 
EPI) equation.4 Hemoglobin A1c (HbA1c) was determined by high-performance liquid chromatography (Bio-Rad D–10, 
Berkeley, USA). Serum OPG levels were detected by enzyme-linked immunosorbent assay (Human osteoprotegerin kit 
MM–0849H1, Jiangsu, China). Besides, the first urine sample in the morning was collected, and urine albumin and urine 
creatinine were tested by Siemens ADVRI 2400, Germany. The urinary albumin/creatinine ratio (UACR) was calculated.

Population Groupings
In this study, three methods were used to group the population. Firstly, patients were divided into normal (A1), 
microalbuminuria (A2) and massive albuminuria (A3) groups according to UACR <30, 30–300 and >300 mg/g. 
Secondly, eGFR ≥90, 60–89, 45–59, 30–44, 15–29 and <15 mL/min/1.73m2 were described as stages 1 (G1), 2(G2), 
3a (G3a), 3b (G3b), 4(G4), and 5 (G5) CKD. Subjects with eGFR <60 mL/min/1.73m2 were grouped as G3–5. Thirdly, 
according to the risk of CKD progression by KDIGO categories, subjects were divided into low (I), moderately increased 
(II), and high or very high (III) risk groups (Figure 1).
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Statistical Methods
SAS 9.1 software was used for all statistical analysis. Count data are presented as numbers (proportions), normally 
distributed measurement data are expressed as mean ± standard deviation, non-normally distributed data are expressed as 
median (interquartile ranges: 25 and 75 percentile). The comparison among multiple groups were carried out by ANOVA 
test; moreover, the logistic regression analysis was performed to assess the association of OPG levels with risks of 
albuminuria, CKD stages, and CKD progression. The difference was considered statistically significant at P < 0.05.

Results
Characteristics of Subjects
The characteristics of the study population are shown in Table 1. A total of 484 subjects were included in this study, of 
which 261 (53.9%) were male. The mean age and BMI were 62 ± 12 years and 24.9 ± 3.5 kg/m2, respectively. The 
average levels of HbA1c and OPG were 8.7 (7.0–10.7) % and 941.30 (547.53–1332.62) pg/mL.

Comparison of OPG Levels by Persistent Albuminuria Categories
The prevalence of massive albuminuria (n = 71) and microalbuminuria (n = 127) was 14.7% and 26.2%, respectively. 
The three groups’ BMI, HbA1c, and DBP did not differ between them, but their age, duration of diabetes, and their SBP 
showed statistically significant differences (P < 0.001). The levels of OPG were 964.43 (546.02–1305.53) and 815.40 
(325.55–1243.53) pg/mL in group A2 and A3. Compared with normal subjects (A1) or A2, the levels of OPG in group 
A3 were significantly decreased (P = 0.001, compared with A1; P = 0.02, compared with A2). Moreover, with the 
aggravation of albuminuria, the OPG levels showed a downward trend (P = 0.007, P for trend=0.003) (Table 2).

Comparison of OPG Levels by eGFR Categories
There were 356 participants (59.1%) for the normal group G1, the eGFR decline occurred in 80 patients (16.5%) in the 
G2 group, 36 (7.45%) in the G3 group, 11 (2.27%) in the G4 group, and 1 (0.2%) in the G5 group. 13.96%, 12%, and 
8.17% of patients in the G3-5 group had hypertension, smoking, or drinking habits, respectively. We discovered that 
these groups still differed in terms of SBP, diabetes duration, and age. The average level of OPG in 48 (9.9%) subjects 

Figure 1 Population groupings by albuminuria, eGFR and the KDIGO risk categories. 
Notes: I: low risk; II: moderate risk; III: high risk and very high risk. 
Abbreviations: UACR, urinary albumin/urinary creatinine ratio; eGFR, estimated glomerular filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes.
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(group G3–5) was 795.01 (380.55–1211.72) pg/mL. No differences in OPG levels were found at different stages of CKD 
(P = 0.31, P for trend=0.29), and all P values for pairwise comparisons were greater than 0.05 (Table 3).

Comparison of OPG Levels by KDIGO Categories
The proportion of people with low (I), moderately increased (II), and high or very high risk (III) of CKD progression 
were 58.3%, 23.6% and 18.2%. The low risk group contained 156 (58.87%) patients with hypertension, 79 (52.67%) and 
22 (44.90%) of whom were patients who smoked and drank. And 23.02%,26.67%, and 24.29% of patients in the 
medium-risk group had hypertension, smoking, or drinking habits. At the same time, 18.11%, 20.66% and 30.61% of the 
patients in the high or very high risk groups had hypertension, smoking and drinking behaviors. The clinical histories of 
these groups did not differ from one another outside of BIM. The levels of OPG were 978.29 (616.44–1348.51), 964.43 
(546.02–1305.53) and 815.40 (325.55–1243.53) pg/mL, respectively. Compared with I or II, the levels of OPG in group 
III were significantly decreased (P = 0.0003, compared with I; P = 0.003, compared with II). Furthermore, the levels of 
OPG decreased gradually with the increasing risks of CKD progression (P = 0.001, P for trend=0.001) (Table 4).

Table 1 Characteristics of Subjects

Variables Values

Male (n, %) 261 (53.9%)
Age (years) 62 ± 12

BMI (kg/m2) 24.9 ± 3.5

Duration of diabetes (years) 7 (3–11)
HbA1c (%) 8.7 (7.0–10.7)

Hypertension (n, %) 265 (54.8%)

SBP (mmHg) 134 (124–145)
DBP (mmHg) 80 (74–85)

Current smoking (n, %) 150 (31.0%)
Drinking behavior (n, %) 49 (10.1%)

eGFR (mL/min/1.73m2) 117.26 ± 42.84

UACR (mg/g) 22.75 (11.30–90.80)
OPG (pg/mL) 941.30 (547.53–1332.62)

Abbreviations: BMI, body mass index; HbA1c, hemoglobin A1c; SBP, Systolic 
blood pressure; DBP, Diastolic blood pressure; eGFR, estimated glomerular 
filtration rate; UACR, urinary albumin/urinary creatinine ratio; OPG, 
osteoprotegerin.

Table 2 Comparison of OPG Levels by Persistent Albuminuria Categories

Persistent Albuminuria Categories

A1 A2 A3 P

Numbers (%) 286 (59.1%) 127 (26.2%) 71 (14.7%) –

Age (years) 60.51 ± 11.59 65.25 ± 11.66* 63.00 ± 11.83 <0.001

BMI (kg/m2) 24.67 ± 3.11 25.29 ± 4.20 25.21 ± 3.75 0.19
Duration of diabetes (years) 5 (2–10) 10 (5–15)* 10 (5–20)*# <0.001

HbA1c (%) 8.56 (6.9–10.7) 9 (7.4–10.7) 8.7 (7–10.6) 0.54

Hypertension (n, %) 131 (49.4%) 78 (29. 3%) 56 (21.3%) –
SBP (mmHg) 130 (120–140) 134 (130–148)* 140 (130–160)* <0.001

DBP (mmHg) 80 (70–85) 80 (78–86) 80 (78–86) 0.28

Current smoking (n, %) 87 (58%) 30 (20%) 33 (22%) –
Drinking behavior (n, %) 32 (65.3%) 11 (22.5%) 6 (12.2%) –

OPG (pg/mL) 974.82 (617.99–1343.78) 964.43 (546.02–1305.53) 815.40 (325.55–1243.53)*# 0.007

Notes: A1, A2 and A3 defined as UACR<30, 30–300 and >300 mg/g. *P < 0.05, compared with A1; #P < 0.05, compared with A2. 
Abbreviations: BMI, body mass index; HbA1c, hemoglobin A1c; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; OPG, osteoprotegerin.
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Effects of Each 100 Pg/mL Increase in OPG Levels on Albuminuria
Multiple logistic regression analysis was conducted with each 100 pg/mL increase in OPG levels as independent variable, having 
albuminuria as dependent variable and group A1 as reference. It was found that elevated OPG levels reduced the risk of having 
massive albuminuria [odds ratio (OR) 0.94, 95% confidence interval (CI) 0.90–0.99, P = 0.02]. After adjusting for sex, age, and 
BMI (model 2) or further adjusting for sex, age, BMI, duration of diabetes, HbA1c, FPG, 2hPG, history of hypertension (yes or 
no), systolic and diastolic blood pressure, current smoking and drinking behavior (yes or no), and eGFR (model 3), increased 
OPG could still reduce the risk of massive albuminuria by 6% and 8% (model 2: OR 0.94, 95% CI 0.89–0.99, P = 0.02; model 3: 
OR 0.92, 95% CI 0.86–0.99, P = 0.02). The increased OPG levels had no effect on group A2 (Table 5).

Effects of Each 100 Pg/mL Increase in OPG Levels on eGFR
Similar logistic regression was performed to analyze the relationship between OPG levels and eGFR categories, using 
stages of CKD as dependent variable and using group G1 as reference. No correlations were found between OPG levels 
and stages of CKD, not only in unadjusted model, but also in multivariable adjusted models (Table 6).

Table 3 Comparison of OPG Levels by eGFR Categories

eGFR Categories

G1 G2 G3–5 P

Numbers (%) 356 (73.6%) 80 (16.5%) 48 (9.9%) –

Age (years) 60.13 ± 11.50 68.93 ± 10.19* 65.45 ± 11.83* <0.001
BMI (kg/m2) 24.84 ± 3.27 25.23 ± 4.56 24.87 ± 3.58 0.68

Duration of diabetes (years) 6 (2–10) 10 (5–16.5)* 13.5 (9–20)* <0.001

HbA1c (%) 8.75 (7.1–10.7) 9.15 (7.3–10.95) 7.65 (6.4–9.2) 0.051
Hypertension (n, %) 173 (65.28%) 55 (20.76%) 37 (13.96%) –

SBP (mmHg) 130 (122–140) 139 (126–150) 141 (129–160)* 0.004

DBP (mmHg) 80 (74–86) 80 (70–82) 80 (77–83) 0.35
Current smoking (n, %) 111 (74%) 21 (14%) 18 (12%) –

Drinking behavior (n, %) 40 (81.63%) 5 (10.20%) 4 (8.17%) –

OPG (pg/mL) 964.51 (536.15–1333.02) 937.83 (636.98–1332.09) 795.01 (380.55–1211.72) 0.31

Notes: G1, G2 and G3–5 defined as eGFR≥90, 60–89 and <60 mL/min/1.73m2. *P < 0.05, compared with G1. 
Abbreviations: BMI, body mass index; HbA1c, hemoglobin A1c; SBP, systolic blood pressure; DBP, Diastolic blood pressure; eGFR, estimated 
glomerular filtration rate.

Table 4 Comparison of OPG Levels by KDIGO Categories

KDIGO Categories

I II III P

Numbers (%) 282 (58.3%) 114 (23.6%) 88 (18.2%) –

Age (years) 62.80 ± 11.54 61.21 ± 12.76 60.95 ± 11.45 0.30
BMI (kg/m2) 25.17 ± 3.74 24.89 ± 3.32 24.01 ± 2.84* 0.03

Duration of diabetes (years) 7 (3–11) 7 (2–10) 8 (3–11.5) 0.50

HbA1c (%) 9 (7.3–10.9) 8.5 (6.8–10.1) 8.1 (6.8–10.6) 0.10
Hypertension (n, %) 156 (58.87%) 61 (23.02%) 48 (18.11%) –

SBP (mmHg) 132 (124–144) 134 (120–145) 130 (125–146) 0.90

DBP (mmHg) 80 (74–85) 80 (74–80.5) 80 (77–90) 0.29
Current smoking (n, %) 79 (52.67%) 40 (26.67%) 31 (20.66%) –

Drinking behavior (n, %) 22 (44.90%) 12 (24.49%) 15 (30.61%) –

OPG (pg/mL) 978.29 (616.44–1348.51) 979.57 (560.15–1326.32) 804.65 (329.08–1211.72)*# 0.001

Notes: I, II and III defined as low, moderately increased, and high or very high risk of CKD progression. *P < 0.05, compared with I; #P < 0.05, 
compared with II. 
Abbreviations: BMI, body mass index; HbA1c, hemoglobin A1c; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; KDIGO, Kidney 
Disease, Improving Global Outcomes.
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Effects of Each 100 Pg/mL Increase in OPG Levels on KDIGO Categories
KDIGO categories were used to group the risks of CKD progression. When group I was treated as a reference group, we found 
that, increased OPG levels could reduce the high or very high risk of CKD progression up to 6% in all unadjusted or 
multivariable adjusted models (model 1: OR 0.94, 95% CI 0.90–0.98, P = 0.006; model 2: OR 0.94, 95% CI 0.89–0.98, P = 
0.01; model 3: OR 0.94, 95% CI 0.89–0.99, P = 0.04). There was no association between OPG levels and group II (Table 7).

Discussion
In the present study, serum OPG levels tended to decrease gradually with the aggravation of CKD, not only in 
albuminuria categories but also in KDIGO risk categories. A similar finding from Mohamed et al13 disclosured that 
serum OPG was dramatically lower in children with nephrotic syndrome compared to normal children, and was 
negatively correlated with 24–hour urinary protein. However, many previous studies have found that OPG levels in 
type 2 diabetic patients with albuminuria were significantly higher than those in patients without albuminuria.8,11,14 High 
levels of OPG also seemed to have a greater risk of developing to stage 3–5 CKD or ESRD.15 These results are 
somewhat different from our study. Some scholars believed that the increase of OPG levels in CKD might be related to 
endothelial cell injury. Such as, Rochette et al16 suggested that this increase might be due to the overproduction of OPG 
by autocrine after microvascular endothelial cell injury, that is, the damaged endothelial cells release OPG from Weibel- 
Palade body, resulting in the increase of OPG levels in circulation. In addition, it is also considered that the increase of 

Table 5 Effects of Each 100 Pg/Ml Increase in OPG Levels on Albuminuria

Persistent Albuminuria Categories Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

A1 1 – 1 – 1 –

A2 0.98 (0.95–1.02) 0.31 0.99 (0.95–1.03) 0.62 1.00 (0.96–1.04) 0.88
A3 0.94 (0.90–0.99) 0.02 0.94 (0.89–0.99) 0.02 0.92 (0.86–0.99) 0.02

Notes: Model 1, no adjustment; Model 2, adjustment for sex, age, BMI; Model 3, adjustment for sex, age, BMI, duration of diabetes, HbA1c, FPG, 
2hPG, history of hypertension (yes or no), systolic and diastolic blood pressure, current smoking and drinking behavior (yes or no), and eGFR.

Table 6 Effects of Each 100 Pg/mL Increase in OPG Levels on eGFR

eGFR Categories Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

G1 1 – 1 – 1 –

G2 1.00 (0.96–1.04) 0.86 1.00 (0.96–1.05) 0.95 1.02 (0.97–1.07) 0.42

G3–5 0.97 (0.91–1.02) 0.19 0.97 (0.91–1.02) 0.25 1.00 (0.93–1.09) 0.91

Notes: Model 1, no adjustment; Model 2, adjustment for sex, age, and BMI; Model 3, adjustment for sex, age, BMI, 
duration of diabetes, HbA1c, FPG, 2hPG, history of hypertension (yes or no), systolic and diastolic blood pressure, current 
smoking and drinking behavior (yes or no), and UACR.

Table 7 Effects of Each 100 Pg/mL Increase in OPG Levels on KDIGO Categories

KDIGO Categories Model 1 Model 2 Model 3

OR (95% CI) P OR (95% CI) P OR (95% CI) P

I 1 – 1 – 1 –
II 0.99 (0.95–1.02) 0.44 0.99 (0.96–1.03) 0.77 1.01 (0.96–1.05) 0.80

III 0.94 (0.90–0.98) 0.006 0.94 (0.89–0.98) 0.01 0.94 (0.89–0.99) 0.04

Notes: Model 1, no adjustment; Model 2, adjustment for sex, age, and BMI; Model 3, adjustment for sex, age, BMI, duration 
of diabetes, HbA1c, FPG, 2hPG, history of hypertension (yes or no), systolic and diastolic blood pressure, and current 
smoking and drinking behavior (yes or no).
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OPG levels is related to vascular calcification (VC). Recent studies17,18 have shown that when renal failure is 
accompanied by hyperglycemia, VC is more likely to occur, especially intimal calcification. However, elevated OPG 
levels may play a role in preventing calcification by inhibiting calcium salt deposition in vivo.19

A growing number of evidence demonstrates that the OPG/RANK/RANKL system, as an important part of bone 
metabolism, is closely related to VC. This system is not only the key to regulate bone formation, but also may play a core 
role in the development of vascular complications.20 A previous study21 discovered that, compared with normal 
glomerular podocytes, the expression levels of RANK and RANKL were significantly increased in podocytes of rats 
with IgA nephropathy, which implied that the interaction of RANK/RANKL might play a role in the kidney. In summary, 
we believe that OPG/RANK/RANKL system may be involved in the pathogenesis of DKD-one of the common 
microvascular complications in type 2 diabetes. In the latest study,22 it was confirmed that RANK made important 
contribution to the development of DKD, which was mainly manifested in the obvious increase of RANK expression in 
DKD mice, consistently with the occurrence of albuminuria and renal dysfunction. In contrast, the absence of RANK 
protected against glomerular basement membrane thickening and mesangial dilatation. These results indicate that RANK 
is closely correlated with the deterioration of renal function. Overexpression of RANK and RANKL can activate NF-κB 
in renal tubular cells, promote apoptosis of renal tubular cells and podocytes, and accelerate the development of DKD, 
while inhibition of RANKL/RANK/NF-κB signaling pathway can improve DKD.23 Well known, by competitively 
binding RANKL, inhibiting the binding of RANKL and RANK, or forming trimers with RANKL/RANK, OPG can 
directly inhibit NF-κB activation induced by RANKL and RANK.24 Therefore, we hypothesize that OPG may alleviate 
the prognosis of DKD through RANKL/RANK/NF-κB pathway to some extent. Further animal and cell experiments are 
being carried out by us to verify. It can be inferred from the results of our clinical study that the decrease of OPG level 
may no longer effectively inhibit RANK, thus becoming a risk factor for renal dysfunction. In addition, RANKL is 
a common activator of endothelial nitric oxide synthase (eNOS),25 OPG may also be useful in protecting against 
endothelial dysfunction and ultimately improving DKD by inhibiting RANKL-induced eNOS activity. But the eNOS 
activity of glomerular tissue was reduced in early DKD rats.26 OPG may also be unable to improve endothelial function 
in early DKD by inhibiting RANKL-induced eNOS activity.

Tumour necrosis factor-related apoptosis-inducing ligand (TRAIL) is another member of TNF superfamily. There is 
evidence that OPG and TRAIL are both expressed in the kidney and play a role in the pathogenesis of DKD.27,28 Based 
on proteomics, researchers found that TRAIL Receptor 2 (TRAIL-R2) was closely related to the decline of renal 
function.29 The expression level of TRAIL in patients with albuminuria was significantly higher than that in patients 
without albuminuria, and it was even worse in patients with massive albuminuria.27 Elevated TRAIL expression seems to 
indicate deterioration of renal function. Renal biopsy showed that overexpressed TRAIL would lead to more severe 
tubular atrophy. After exogenous OPG was supplemented, tubular apoptosis induced by TRAIL was disturbed.30 It is 
suggested that OPG can indirectly improve tubular survival. Based on previous studies, we believe that OPG may 
alleviate the development of the kidney by inhibiting TRAIL in the following two aspects. On the one hand, OPG 
interferes with the TRAIL-induced NF-κB activation. As far as we know, persistent microinflammation is the patholo-
gical basis for the development of DKD.31 NF-κB is the central transcription factor of inflammation, which is activated 
by a variety of inflammatory factors in DKD.32 After exposure to inflammation, NF-κB can stimulate fibroblast 
proliferation and differentiation, and induce inflammation and matrix synthesis in renal tubular cells.33 OPG can inhibit 
NF-κB signaling pathway activated by TRAIL, thus playing an anti-inflammatory effect and protecting renal tubules. On 
the other hand, OPG inhibits TRAIL-induced apoptosis. Our past study reported that OPG was potentially related to 
insulin sensitivity.9 Dirice et al34 found that the expression of TRAIL and its receptor increased in the islet β-cell of mice 
injected with streptozotocin. Therefore, we believe that OPG and TRAIL may play a role in the pancreas. A clinical 
study35 discovered that high expression of TRAIL in pancreas was linked to increased β-cell death. On the contrary, the 
increase of OPG may perform a protective effect against apoptosis in β-cells. Besides, TRAIL can also promote renal 
tubular injury and apoptosis. Under the combination of hyperglycemia, pro-inflammatory cytokines and decreased renal 
clearance, the increase of OPG levels in circulation may become a defense mechanism of tubular apoptosis induced by 
TRAIL.36 This mechanism needs to be verified in our next basic research. In brief, the inhibitory effect of OPG on 
TRAIL in kidney and pancreas ultimately may delay the progression to kidney in type 2 diabetes.
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Our current results also found that OPG levels were significantly lower in the group with massive albuminuria than in 
the group without albuminuria, according to albuminuria and eGFR categories, and OPG levels were not associated with 
the degree of renal impairment. However, most studies suggest that OPG levels are positively correlated with urinary 
albumin excretion rate and negatively correlated with eGFR.37–39 Vascular endothelial dysfunction is well established to 
be a significant initiating factor in atherosclerotic lesions, and albuminuria can be utilized as a significant marker of 
endothelial dysfunction and is linked to an increase in OPG.37 The RANKL/RANK system, once activated, can increase 
BMP-2 expression and decrease MGP secretion in vascular endothelial cells, which in turn stimulates vascular 
calcification.40 Alternatively, in progressive CKD, minerals become increasingly disordered,41 and high levels of OPG 
and a reduced eGFR both indicate that there has been vascular calcification. This is one view of albuminuria, decreased 
eGFR, and increased OPG in the presence of vascular calcification. From another angle, the systemic inflammatory 
response is active in the early stages of vascular damage. The body may compensatively increase the level of OPG in the 
circulation in order to prevent the development of VC and atherosclerosis.42 That is, the increase of OPG level is 
secondary to vascular calcification or decreased eGFR, albuminuria, etc. Its elevation may contribute to the inhibition of 
the RANKL/RANK system. When eGFR continues to decline or massive albuminuria develops, which means after 
decompensation, permanent OPG increases may also no longer be obtained.

Recently, a study38 recommended OPG as a risk factor for CKD progression, which is different from our opinion, 
because of the different methods used to observe CKD progression. We primarily coupled eGFR and albuminuria to 
observe the anticipated risk of CKD progression, whereas Tae Ryom Oh considered that reaching a 50% decline in eGFR 
was the definition of CKD progression. Worse renal function with higher OPG levels were not observed in our results38 

probably because the majority of patients included were in the G1 phase and the sample size in the G3-5 phase was too 
small. On the other hand, even with normal or slightly decreased eGFR, patients with albuminuria have increased 
mortality and risk of developing ESRD, suggesting that the two are independent.43 Albuminuria can be used as 
a prognostic indicator of CKD progression independent of eGFR stage.44 Therefore, we believe that it can still be 
concluded that OPG is associated with the risk of CKD progression, even if no association between OPG and eGFR was 
found.

Our results also showed that OPG levels were primarily associated with massive albuminuria, but no association was 
observed with microalbuminuria. Previous researchers have found glomerular changes in the kidneys of patients with 
microalbuminuria and massive albuminuria by renal biopsy,45 and significant glomerular changes (diffuse or nodular 
glomerulosclerosis) and tubulointerstitial injury can occur simultaneously after the further deterioration of DKD. 
However, no positive OPG expression was obtained on glomeruli in either microalbuminuria group or massive 
albuminuria group, mild or severe lesions. However, in the massive albuminuria group, OPG expression can be positive 
in the renal tubules, and it is significantly higher than that in the microalbuminuria group.8 This may be one of the 
reasons supporting a more significant relationship between OPG and massive albuminuria. In addition, the study did not 
find significant differences in OPG between group A1 and A2, neither between the different stages of CKD. A recent 
study has shown that renal tubular cell lesions are predominantly proliferative hypertrophy and senescence (not 
apoptosis) in early stages of DKD,31 OPG cannot inhibit TRAIL-induced renal tubular apoptosis. This may lead to 
elevated levels of OPG, reducing sensitivity to early CKD progression in the early stages of kidney injury.

Finally, advantages of our study are more comprehensive of the effects of OPG levels on CKD, including the analysis 
of separate ACR, separate eGFR and KDIGO categories which combined ACR and eGFR, and pay more attention to the 
progress risks of CKD by using KDIGO classification which represents the prognosis of nephropathy. In this study, we 
concluded that patients with high OPG levels in type 2 diabetes, the risk of progression to DKD or ESKD is significantly 
lower than in those with low OPG levels. Therefore, we suggest measuring serum OPG levels have potential value in 
predicting CKD risk progression. Although the reduced sensitivity of OPG levels to microalbuminuria and the clinical 
research results on OPG still exist many disputes, such as whether serum or plasma OPG levels are increased or 
decreased in CKD, and which indicators of CKD are associated with OPG levels, in general, the level of circulating OPG 
can be used as a potential biomarker of CKD, and elevated OPG levels can play a slowing role in the progression of 
DKD, even ESRD.
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Conclusions
In conclusion, a decrease in serum OPG levels were observed with the aggravation of albuminuria or the increased risk of 
CKD progression. Elevated OPG may delay the progression of CKD disease.
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