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Abstract
Background. Serum phosphorus is thought to be an important risk factor for the progression of chronic 
kidney disease (CKD). However, the association of serum phosphorus with disease progression in patients 
with different causes of kidney diseases remains to be elucidated.

Objectives. The aim of this study was to estimate the effect of serum phosphorus on disease progression 
in 2 cohorts of CKD with different causes.

Material and methods. A total of 591 patients with diabetic nephropathy and 957 patients with IgA 
nephropathy from the National Clinical Research Center of Kidney Diseases, Nanjing, China, with biopsy-proven 
kidney disease, stage 1–4 CKD and a follow-up of at least 1 year were recruited. We evaluated the relationship 
between the baseline phosphorus category and the disease progression in the 2 cohorts.

Results. Multivariate Cox regression analyses indicated that the risk of the endpoint event was 1.68-fold 
higher (95% confidence interval (CI): 0.95–2.91) in IgA nephropathy patients and 2.88-fold higher (95% CI: 
1.12–5.04) in diabetic nephropathy patients with the highest quartile of serum phosphorus compared with 
the risk of those with the lowest quartile.

Conclusions. The association of serum phosphorus with the progression of CKD may vary in specific CKD 
patient subgroups. Serum phosphorus is independently associated with the progression of kidney disease 
in patients with diabetic nephropathy.
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Introduction

Chronic kidney disease (CKD) has become a  major 
worldwide public health issue due to its increasing preva-
lence, poor outcomes and high cost of treatment for kidney 
failure.1 Early diagnosis and proper management of CKD 
and its risk factors are crucial for slowing the progres-
sion of the disease. In addition to the common risk factors 
of CKD progression, a growing body of evidence has sug-
gested a link between serum phosphorous and the progres-
sion of CKD.2

Hyperphosphatemia is associated with an increased rate 
of hyperparathyroidism, mineral and bone disorder (MBD), 
vascular calcifications, cardiovascular events and mortality, 
and it has been demonstrated to be an independent risk 
factor for the progression of CKD.2,3 However, some stud-
ies have failed to reveal such a relationship between serum 
phosphorous and the progression of CKD.4 Notably, most 
of the existing data concerning the relationship between se-
rum phosphorus and the prognosis of CKD did not include 
a sufficiently long follow-up period, and comparisons be-
tween different underlying kidney diseases have remained 
unclear. Some studies have shown differences in phos-
phorus metabolism in patients with diabetic nephropathy  
vs non-diabetic nephropathy;however, the relationship be-
tween serum phosphorus and CKD progression is unclear.5,6

We studied 2 cohorts that were treated at our center 
from August 2003, including patients with biopsy-positive 
IgA nephropathy and diabetic nephropathy with stage 1–4 
CKD.7,8 We investigated the association of higher serum 
phosphorus with disease progression in patients with dif-
ferent causes of kidney disease.

Material and methods

Patients and data collection

All the samples and data were collected from the Renal 
Biobank of the National Clinical Research Center of Kid-
ney Diseases, Nanjing, China. The study protocols were ap-
proved by the Ethical Committee of Jinling Hospital, Nan-
jing, China. Two cohorts of diabetic nephropathy and IgA 
nephropathy with stage 1–4 CKD according to the 2012 
Kidney Disease: Improving Global Outcomes (KDIGO) 
clinical practice guidelines for CKD from the renal divi-
sion of Nanjing Jinling Hospital were enrolled from August 
2003 to October 2014.9 All patients were biopsy-diagnosed 
and regularly followed up at our facility. The diagnostic 
criteria for diabetic nephropathy and IgA nephropathy 
were described in 2 previous studies.7,8 The exclusion cri-
teria included patients with the following characteristics:  
1. an estimated glomerular filtration rate (eGFR) of <15 mL/ 
min/1.73 m2, receiving dialysis or kidney transplant;  
2. age of  <18  years; 3. followed for less than 1  year;  
4. with incomplete medical records. Baseline clinical and 

laboratory parameters were collected, including general 
characteristics (e.g., age, gender, primary disease, history 
of diabetes mellitus and hypertension) and medication 
history (e.g., angiotensin-converting enzyme inhibitors 
– ACEIs, angiotensin II receptor blockers – ARBs, sodi-
um bicarbonate, calcium, activated vitamin D, steroids,  
diuretics, or lipid-lowering drugs). All participants provid-
ed 12-h-fasting blood samples for laboratory tests (serum 
calcium and phosphorus, intact parathyroid hormones 
(iPTH), blood glucose, total cholesterol, triglycerides, high-
density lipoprotein cholesterol, low-density lipoprotein 
cholesterol, urea, creatinine, uric acid, albumin, routine 
urinalysis, and urine sediment) and 24-h urine samples 
for a proteinuria test. Two BP measurements were taken 
using a mercury sphygmomanometer after 5 min of rest, 
and the average was used in the analyses. Hypertension was 
defined as a systolic blood pressure (BP) of ≥140 mm Hg, 
a diastolic BP of ≥90 mm Hg and/or the use of antihyper-
tensive medications; body mass index (BMI) was calculated 
based on weight and height (weight [kg]/height [m2]).

We estimated eGFR using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) 2009 creatinine 
equation.10

Patients received regular follow-up care 2–4  times 
per year in  the outpatient ward and the information 
collected at each visit was recorded. During the follow-
up period, we maintained the patient’s BP in  the nor-
mal range; glycated hemoglobin (HbA1c) was main-
tained at about 6.5% in  patients with diabetes. End 
points were validated by at least 2 physicians. The end-
point events included the following: a  sustained dou-
bling of  creatinine, an  eGFR of  <15  mL/min/1.73 m2,  
and dialysis for more than 3 months or transplantation.

Statistical analysis

All data was analyzed using the statistical software SPSS 
19.0 (SPSS Inc., Chicago, USA) and Stata/SE software v. 12 
(Stata Corp, College Station, USA). Normally distributed 
variables are expressed as mean ±SD and non-parametric 
variables are expressed as medians (ranges or interquartile 
ranges). Differences between the 2 groups were analyzed 
by Student’s t-test (normally distributed, homogeneity 
of variance), the Welch-Satterthwaite t-test (normally dis-
tributed, heterogeneity of variance), or the Wilcoxon rank 
sum test (non-normally distributed). Differences between 
more than 2 groups were analyzed by analysis of variance 
(ANOVA) for continuous variables. Categorical variables 
are expressed as percentages and were compared using 
the Pearson’s χ2 test. All p-values were 2-tailed, and val-
ues <0.05 were considered statistically significant. Patients 
were grouped into 4 strands based on the quartile of serum 
phosphorus at baseline. Time-to-event survival analysis 
using Cox proportional hazard modeling was performed 
to evaluate the relationship between serum phosphorus 
and the endpoint event.
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Results

General clinical and laboratory data at baseline is shown 
in Tables 1 and 2. A total of 591 patients were diagnosed 
with diabetic nephropathy. The median follow-up period 
was 40 months, and the average eGFR was 73.3 ±30.6 mL/
min/1.73 m2. IgA nephropathy was diagnosed in 957 pa-
tients; additionally, the median follow-up period for 
this group was 83 months, and the average eGFR was 
84.7 ±32.9 mL/min/1.73 m2. Patients with diabetic ne-
phropathy were older, had a higher level of serum phos-
phorus and a higher incidence of hypertension.

At baseline, participants with higher serum phosphorus 
levels tended to have higher proteinuria, higher cholesterol, 
higher uric acid, lower eGFRs, and lower albumin. Addi-
tionally, participants with higher serum phosphorus in IgA 
nephropathy had higher triglyceride levels, and patients with 
diabetic nephropathy had a higher incidence of hypertension.

During the follow-up period, 208 participants (35.2%) 
with diabetic nephropathy and 166 patients (17.3%) with 
IgA nephropathy reached the endpoint. The incidence rates 
of reaching endpoint were 25 (95% confidence interval (CI): 
18, 32) and 88 (95% CI: 70, 102) per 1,000 person-years for 
patients with IgA nephropathy and diabetic nephropathy, 

respectively. Patients were grouped into 4 strands based 
on the quartile of serum phosphorus at baseline. In the 
highest phosphorus quartile group, 26.8% of IgA nephrop-
athy patients and 57.7% of diabetic nephropathy patients 
reached the endpoint; these were significantly higher 
percentages than those of patients in the lowest quartile 
group. Participants in the higher serum phosphorus quar-
tile groups had a higher cumulative incidence of endpoint 
events (log-rank p < 0.001; Fig. 1).

In diabetic nephropathy patients, univariate Cox regres-
sion revealed that the risk of experiencing an endpoint 
event was 5.99 times higher (95% CI: 3.51–10.23; p < 0.001) 
in patients in the highest phosphorus quartile group than 
in patients in the lowest quartile group. After adjusting for 
age, gender, the presence of hypertension, albumin, total 
cholesterol, triglycerides, high-density lipoprotein choles-
terol, low-density lipoprotein cholesterol, urea, calcium, 
uric acid, BMI, iPTH, proteinuria, and eGFR, multivariate 
Cox regression indicated that the risk of reaching an end-
point event was 2.88  times higher (95% CI: 1.12–5.04; 
p = 0.024) in the highest quartile group.

In IgA nephropathy patients, univariate Cox regression 
indicated that the risk of an endpoint event was 2.78 times 
higher (95% CI: 1.75–4.43; p < 0.001) for patients in the 

Table 1. Baseline characteristics of patients with IgA nephropathy by quartiles of serum phosphorus

Parameter

Phosphorus category

p-valuequartile 1 quartile 2 quartile 3 quartile 4

n = 239 (25.0%) n = 217 (22.7%) n = 262 (27.3%) n = 239 (25.0%)

Serum phosphorus [mmol/L] 0.9 ±0.1 1.1 ±0.1 1.2 ±0.1 1.4 ±0.1 <0.001

Age [years] 38.8 ±9.2 37.2 ±9.3 35.3 ±9.0 34.2 ±9.7 <0.001

Male, n (%) 160 (66.9) 106 (48.8) 134 (51.1) 134 (56.1) 0.065

Hypertension, n (%) 106 (44.4) 96 (44.2) 104 (39.7) 119 (49.8) 0.134

BMI [kg/m2] 24.7 ±3.5 24.8 ±2.7 24.2 ±3.6 23.9 ±3.1 0.092

eGFR [mL/min/1.73 m2] 85.5 ±30.5 88.5 ±30.3 86.5 ±33.7 78.5 ±35.8 0.007

eGFR stage, n (%)
≥90
60–89
45–59
30–44
15–29

120 (25.6)
55 (25.5)
33 (26.2)
24 (26.4)
7 (12.5)

117 (25.0)
49 (22.7)
27 (21.4)
18 (19.8)
6 (10.7)

132 (28.2)
65 (30.1)
25 (19.8)
20 (21.9)
20 (35.7)

99 (21.2)
47 (21.7)
41 (32.6)
29 (31.9)
23 (41.1)

0.142
0.089

<0.001
<0.001
<0.001

Creatinine [mg/dL] 1.1 ±0.5 1.1 ±0.5 1.2 ±0.6 1.3 ±0.7 <0.001

Urea nitrogen [mg/dL] 16.1 ±5.8 16.6 ±6.9 17.2 ±8.5 20.7 ±12.1 <0.001

Uric acid [µmol/L] 376.7 ±101.6 365.5 ±107.6 392.7 ±115.1 407.3 ±118.6 <0.001

Albumin [g/L] 41.2 ±5.2 41.1 ±5.1 40.1 ±5.3 38.7 ±6.3 <0.001

Total cholesterol [mmol/L] 4.9 ±1.4 4.7 ±1.2 4.9 ±1.3 5.3 ±1.9 0.002

Triglyceride [mmol/L] 2.0 ±1.5 1.6 ±0.9 1.7 ±1.1 1.8 ±1.5 0.003

Calcium [mmol/L] 2.2 ±0.1 2.2 ±0.2 2.2 ±0.2 2.2 ±0.1 0.964

Proteinuria [g/24 h] 1.1 ±0.9 1.2 ±1.1 1.2 ±1.1 1.5 ±1.2 <0.001

Fasting blood glucose [mmol/L] 5.1 ±1.3 5.3 ±1.5 4.9 ±1.8 5.2 ±1.6 0.526

LDL-cholesterol [mmol/L] 3.5 ±1.8 3.8 ±1.5 3.2 ±1.3 3.5 ±1.2 0.213

HDL-cholesterol [mmol/L] 1.0 ±0.8 0.9 ±0.5 1.1 ±0.9 1.1 ±0.8 0.329

iPTH [pg/mL] 42.9 ±32.8 54.3 ±32.2 88.1 ±64.5 190.9 ±103.6 <0.001

BMI – body mass index; eGFR – estimated glomerular filtration rate; LDL – low density lipoprotein; HDL – high density lipoprotein; iPTH – intact parathyroid hormone.
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highest phosphorus quartile group than for patients in the 
lowest quartile group. After adjusting for risk factors, the 
risk of reaching an endpoint was attenuated such that sta-
tistical significance was lost (HR 1.68; 95% CI: 0.95–2.91; 
p = 0.086) (Table 3).

Subgroup multivariate Cox analysis was performed 
for patients with an eGFR of more or less than 60 mL/ 

/min/1.73 m2. In diabetic nephropathy patients, the highest 
quartile of phosphorous level predicted a greater risk of the 
endpoint (HR 5.37, (95% CI: 1.61–12.26; p = 0.009)) in the 
eGFR ≥ 60 mL/min/1.73 m2 group, as shown in Fig. 2 A. 
Multivariate Cox regression showed no correlation be-
tween serum phosphorus and the progression of kidney 
disease in IgA nephropathy, as shown in Fig. 2 B.

Table 2. Baseline characteristics of patients with diabetic nephropathy by quartiles of phosphorus

Parameter

Phosphorus category

p-valuequartile 1 quartile 2 quartile 3 quartile 4

n = 145 (24.5%) n = 141 (23.9%) n = 156 (26.4%) n = 149 (25.2%)

Serum phosphorus [mmol/L] 1.0 ±0.1 1.2 ±0.1 1.3 ±0.1 1.5 ±0.2 <0.001

Age [years] 50.0 ±8.3 50.5 ±8.9 48.9 ±9.0 48.3 ±10.5 0.192

Male, n (%) 98 (67.5) 96 (68.1) 98 (62.8) 88 (59.0) 0.073

Hypertension, n (%) 101 (69.7) 112 (79.4) 124 (79.5) 127 (85.2) 0.012

BMI [kg/m2] 26.1 ±3.5 25.9 ±3.7 25.2 ±3.5 25.1 ±3.3 0.059

eGFR [mL/min/1.73 m2] 84.2 ±24.1 80.6 ±30.3 69.5 ±29.9 59.7 ±28.5 <0.001

eGFR stage, n (%)
≥90
60–89
45–59
30–44
15–29

71 (33.5)
42 (28.2)
15 (15.6)
14 (15.2)

3 (7.3)

65 (30.7)
37 (24.8)
16 (16.7)
17 (18.2)
6 (14.6)

50 (23.5)
35 (23.5)
31 (32.3)
27 (29.0)
13 (31.7)

26 (12.3)
35 (23.5)
34 (35.4)
35 (37.6)
19 (46.3)

<0.001
<0.001
<0.001
<0.001
<0.001

Creatinine [mg/dL] 1.1 ±0.4 1.1 ±0.5 1.3 ±0.6 1.5 ±0.6 <0.001

Urea nitrogen [mg/dL] 18.7 ±6.5 20.7 ±8.6 22.6 ±8.8 29.0 ±11.8 <0.001

Uric acid [µmol/L] 350.5 ±98.1 372.3 ±96.0 381.9 ±99.8 401.8 ±101.8 <0.001

Albumin [g/L] 44.0 ±5.7 41.7 ±7.6 38.7 ±7.3 37.0 ±7.1 <0.001

Total cholesterol [mmol/L] 4.9 ±1.2 5.5 ±2.2 5.7 ±1.9 6.0 ±1.8 0.003

Triglyceride [mmol/L] 2.2 ±0.9 2.3 ±1.3 2.0 ±1.1 2.0 ±1.1 0.389

Calcium [mmol/L] 0.8 ±0.4 0.9 ±0.5 0.9 ±0.5 0.9 ±0.6 0.207

Proteinuria [g/24 h] 1.8 ±1.3 2.3 ±1.7 2.5 ±1.5 2.8 ±1.9 <0.001

Fasting blood glucose [mmol/L] 7.2 ±1.6 7.3 ±1.3 6.9 ±1.8 7.1 ±2.2 0.264

LDL-cholesterol [mmol/L] 3.4 ±1.9 3.7 ±1.7 3.5 ±1.3 3.8 ±1.6 0.286

HDL-cholesterol [mmol/L] 1.1 ±0.3 0.9 ±0.3 1.1 ±0.5 1.0 ±0.6 0.516

HbA1c [%] 7.2 ±1.8 7.3 ±1.5 7.3 ±1.6 7.4 ±1.2 0.132

iPTH [pg/mL] 50.9 ±23.8 65.7 ±22.5 96.1 ±52.3 205.9 ±95.6 <0.001

BMI – body mass index; eGFR – estimated glomerular filtration rate; LDL – low density lipoprotein; HDL – high density lipoprotein; HbA1c – hemoglobin 
A1c; iPTH – intact parathyroid hormone.

Fig. 1. Renal survival curves according to the quartile of serum phosphorus in the subgroups of CKD patients

A – diabetic nephropathy; B – IgA nephropathy.
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Table 3. Cox regression of prognosis associated with baseline serum phosphorus in diabetic nephropathy and IgA nephropathy

Serum phosphorus
Diabetic nephropathy IgA nephropathy

HR (95% CI) p-value HR (95% CI) p-value

Unadjusted

 Quartile 1 (ref) 1 1

 Quartile 2 2.47 (1.37, 4.45) 0.003 1.05 (0.61, 1.81) 0.85

 Quartile 3 4.17 (2.42, 7.17) <0.001 1.87 (1.16, 3.01) 0.01

 Quartile 4 5.99 (3.51, 10.23) <0.001 2.78 (1.75, 4.43) <0.001

Multivariate adjusted

 Quartile 1 (ref) 1 1

 Quartile 2 1.81 (0.82, 4.02) 0.143 0.95 (0.59, 1.76) 0.638

 Quartile 3 2.14 (1.02, 4.47) 0.044 1.52 (0.85, 2.72) 0.098

 Quartile 4 2.88 (1.12, 5.04) 0.024 1.68 (0.95, 2.91) 0.082

Fig. 2. Subgroup analysis of the association between serum phosphorus and disease progression

A – diabetic nephropathy; B – IgA nephropathy.
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Discussion

Hyperphosphatemia is a major complication of CKD and 
is negatively correlated with residual renal function and 
prognosis. The proper management of serum phospho-
rus is critical at all stages of CKD.11 Hyperphosphatemia 
has been reported to be associated with an increased risk 
of disease progression, end stage renal disease (ESRD) and 
a rapid deterioration of residual renal function.12–15 How-
ever, Mehrotra et al. failed to find an association of serum 
phosphorus with CKD progression and ESRD in the Kid-
ney Early Evaluation Program (KEEP) study.4 Because the 
median follow-up period of this study was only 2.3 years, 
further research covering a much longer period is needed 
to confirm this conclusion.

The leading causes of CKD are chronic glomerulone-
phritis and diabetic nephropathy, and IgA nephropathy 
is the most common cause of chronic glomerulonephri-
tis. Prognosis varies between different subgroups of CKD, 
among which diabetic nephropathy patients exhibit the 
most rapid progression.16,17 Thus, the etiologies of CKD 
should be considered when assessing the progression 
of CKD due to the notable differences in the progression 
of diabetic nephropathy compared with that of other dis-
eases. The current study indicated that patients with IgA 
nephropathy had a more promising prognosis than patients 
with diabetic nephropathy. The risk factors for end-stage 
renal disease (ESRD) differed between the 2 cohorts in our 
previous studies, but the relationship between phosphorus 
and prognosis was not mentioned.7,8

Previous studies revealed a significant difference in the 
diagnosis of mineral and bone disorder in diabetic pa-
tients compared with non-diabetic patients. Derangements 
of mineral metabolism began to occur earlier in patients 
with diabetes; in stage 1–2 CKD patients with diabetic 
nephropathy, elevated serum phosphorus and fibroblast 
growth factor 23 (FGF-23) levels and decreased calcium 
and vitamin D levels were detected.6,18,19 The current study 
demonstrated that the prevalence of hyperphosphatemia 
was higher among diabetic nephropathy patients com-
pared with patients with IgA nephropathy in every stage 
of CKD, consistent with previous reports. Previous studies 
confirmed that diabetic nephropathy patients had lower 
urinary phosphate excretion and higher serum phosphate 
levels than non-diabetic nephropathy patients, and that 
increased FGF-23 and decreased vitamin D levels occurred 
earlier in  diabetic nephropathy patients than in  non-
diabetic patients.16,17,20 Therefore, the prevalence of hy-
perphosphatemia is higher among patients with diabetic 
nephropathy compared with non-diabetic nephropathy.6

Many studies have explored the association between 
serum phosphorus and CKD progression. Bellasi et al. 
showed higher predictive values of phosphorus for dis-
ease progression in diabetic nephropathy than non-dia-
betic nephropathy.21 Fliser et al. found that FGF-23 was 
an independent risk factor for disease progression in the 

moderate and advanced stages of CKD in non-diabetic 
patients, while serum phosphorus had no predictive value 
(HR 1.09; p = 0.063).22 Such a discrepancy may be attrib-
uted to patient ethnicity and differing etiologies of CKD. 
The current study demonstrated that the association of se-
rum phosphorus with CKD progression varied in different 
patient subgroups. Serum phosphorus was an independent 
risk factor for CKD progression in patients with diabet-
ic nephropathy but was not an independent risk factor 
in patients with IgA nephropathy, indicating that serum 
phosphorus has a higher predictive value in patients with 
diabetic nephropathy than in patients with non-diabetic 
nephropathy.

The association of serum phosphorus with the progres-
sion of kidney disease in specific CKD patient subgroups 
remains to be elucidated. Animal models have demonstrat-
ed that hyperphosphatemia can lead to deteriorated renal 
function and renal structural alterations.23 Consumption 
of a high-phosphorus diet has been shown to accelerate the 
deterioration of renal function, and a low-phosphorus diet 
can delay the progression of CKD.24,25 Hyperphosphatemia 
can injure podocytes and compromise the glomerular fil-
tration barrier by affecting pituitary-specific positive tran-
scription factor 1 (Pit-1), resulting in glomerular sclerosis.26 
In non-dialysis CKD patients, serum phosphorus was asso-
ciated with increased levels of inflammatory cytokines and 
C-reactive protein.27 An increased phosphorus load results 
in systemic vascular endothelial injury and promotes the 
deposition of calcium and phosphorus in the renal tubule 
and the renal interstitial area, leading to tubular atrophy, 
interstitial fibrosis and a further decline in renal func-
tion.28 Thus, serum phosphorus is linked to adverse effects 
on renal function and prognosis in diabetic nephropathy, 
independent of other traditional risk factors, which may re-
sult from hormone imbalances regulated by phosphorous 
and the early presence of hyperphosphatemia. Increased 
phosphorus could further accelerate renal tubular dys-
function, inflammation, glomerular sclerosis, and renal 
function deterioration, but the exact mechanism remains 
to be identified.

It is widely recognized that phosphorus starts to accu-
mulate in stage 3b of CKD and begins to rise until eGFR 
decreases to <40 mL/min/1.73 m2.29 However, the adverse 
health effects of hyperphosphatemia and/or an overload 
of phosphorus do not appear to be limited to the advanced 
stages of  CKD.2,3 Previous reports have demonstrated 
in the early stages of CKD that serum phosphorus begins 
to accumulate and that elevations in serum phosphorus 
are associated with the risk of CKD progression.21 This 
study demonstrated that in the eGFR ≥ 60 mL/min/1.73 m2  
group of patients with diabetic nephropathy, the high-
est quartile of phosphorous level predicted a greater risk 
of the endpoint. The result is also only found in diabetic 
nephropathy but not in IgA nephropathy.

The current study preliminarily analyzed the associa-
tion of serum phosphorus with prognosis in specific CKD 
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patient subgroups. Patients were monitored for an ex-
tended period of time. However, this study has several 
limitations that require discussion. Firstly, because this 
was a retrospective study, the influence of different treat-
ment options – which would inevitably have had an impact 
on prognosis – was not investigated. Secondly, because few 
patients had repeated measurements of serum phosphorus, 
we used single baseline serum phosphorus measurements 
in analyses. Thirdly, factors that regulate calcium and 
phosphorus metabolism – including FGF-23 and vitamin D  
– were not detected, though they may be important me-
diators of the relationship between serum phosphorus and 
CKD progression.

Conclusions

The association of serum phosphorus with the progres-
sion of kidney disease may vary in specific CKD patient 
subgroups. Serum phosphorus is an independent risk fac-
tor for the progression of CKD in patients with diabetic 
nephropathy, even in the early stages of CKD. Thus, levels 
of serum phosphorus should be detected and well-con-
trolled in the early stages of diabetic nephropathy in order 
to slow the progression of the disease.
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