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Abstract. Indicators for predicting the efficacy of mycopheno-
late mofetil (MMF) have so far remained elusive. The present 
study aimed to identify predictive indicators of the efficacy 
of MMF combined with low‑dose prednisone in patients 
with IgA nephropathy. A total of 598  patients presenting 
with primary IgA nephropathy at our center were screened. 
Patients were followed up for 18 months, where the end‑point 
was defined as complete clinical remission. Cox proportional 
hazards models were performed for analyzing the initial 
serum creatinine (SCr) concentration to predict incomplete 
clinical remission. In total, 7 of 71 patients (9.86%) were in 
complete clinical remission at the final visit. Logistic regres-
sion indicated that the hazard ratio (HR) for quartile 4 was 
significantly higher than the HR for quartile 1 (quartile 4 vs. 
quartile 1: HR, 2.51; 95% CI, 1.20‑5.21; P=0.01). Additional 
adjustment for the confounding variables, including age, sex, 
systolic BP, diastolic BP, proteinuria, uric acid, serum triglyc-
eride, hemoglobin, serum albumin, serum total cholesterol 
and The Oxford classification of the models, did not reduce 
the HRs for the association between the initial SCr concen-
tration and risk of incomplete clinical remission (quartile 4 
vs. quartile 1: HR, 7.27; 95% CI, 1.21‑43.63; P=0.03). Each 
unit increase in the initial SCr concentration was associated 
with a 67 and 194% increase in the risk of incomplete clinical 
remission based on model 1 (95% CI, 1.02‑2.73; P=0.04) and 

model 2 (95% CI, 1.01‑8.60; P=0.048), respectively. In conclu-
sion, in the present cohort of patients with IgA nephropathy 
treated with MMF plus low‑dose prednisone, the initial SCr 
concentration was an independent risk factor for incomplete 
clinical remission.

Introduction

IgA nephropathy (IgAN) is the most common type of primary 
glomerulonephritis worldwide and is particularly prevalent 
in Asia (1). IgAN accounts for 45% of primary glomerulone-
phritis cases in China (2). IgAN causes end‑stage renal disease 
(ESRD) in a significant proportion of patients (3‑5). Given the 
devastating medical and socioeconomic burden for patients 
with chronic kidney disease, diverse therapeutic options should 
be considered to slow the progression of kidney disease (6,7). 
As the pathogenic mechanisms of IgAN remain incompletely 
understood, no specific treatments remain unavailable. Most 
of the current treatment strategies include the regulation of 
blood pressure (BP) using angiotensin‑converting enzyme 
inhibitors or angiotensin receptor blockers and amelioration 
of proteinuria.

Mycophenolate mofetil (MMF) is used as an immunosup-
pressant in patients undergoing renal transplantation. It is 
also used for immunosuppressive treatment in patients with 
autoimmune diseases (8,9). MMF was first used to treat IgAN 
in 1997 (10). Certain prospective randomized controlled trials 
have proved the superior effectiveness of MMF to that of other 
immunosuppressive drugs or placebo in Chinese patients with 
less advanced IgAN (11,12). Although similar studies have 
been performed in IgAN, little is known regarding which 
indicators are able to predict the efficacy of MMF combined 
with low‑dose prednisone in IgAN. Therefore, the aim of the 
present study was to identify predictive indicators of the effi-
cacy of MMF combined with low‑dose prednisone in IgAN.

Patients and methods

Study population. From September 2009 to October 2017, 
598  patients with primary IgAN were screened at the 
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Hospital (Shenzhen,  China). A total of 440  patients were 
excluded (comprising 400 patients who did not use MMF plus 
low‑dose corticosteroids, 13 patients without baseline data and 
27 patients were lost to follow‑up). Subsequently, 158 patients 
using MMF plus low‑dose corticosteroids were enrolled in 
the study. According to the literature (13), in vitro, the relative 
immunosuppressive potency of prednisone is zero, whereas 
that of methylprednisolone is 11. Thus, patients treated with 
MMF plus methylprednisolone may be more susceptible 
to infection than those treated with MMF combined with 
prednisone. A retrospective study indicated that chronically 
impaired renal function and methylprednisolone treatment are 
risk factors for severe pneumonia. In patients with patients Lee 
Class III‑V IgAN, MMF plus prednisone is safer than MMF 
plus methylprednisolone (14). In the present study, only indica-
tors for predicting the efficacy of using MMF combined with 
low‑dose prednisone in IgA nephropathy were investigated, 
and the 19 patients who used MMF plus low‑dose methylpred-
nisolone were therefore excluded. Furthermore, 26 patients 
who previously used immunosuppressive therapy were 
excluded, 18 patients who were lost to follow‑up, 11 patients 
who withdrew from participation, 13  patients who were 
removed by the physician due to biopsy specimens containing 
<8 glomeruli. Finally, 71 patients with primary IgAN using 
MMF plus low‑dose prednisone were included. The study 
selection process is depicted in Fig. 1. The key inclusion criteria 
were primary IgAN confirmed by biopsy and patient age of 
18‑70 years. The major exclusion criteria were as follows: 
i) Biopsy specimens containing <8 glomeruli; ii) secondary 
IgAN (e.g., caused by lupus, liver cirrhosis, Henoch‑Schonlein 
purpura); and iii) any prior immunosuppressive therapy.

Study design and clinical, biochemical and histological data 
collection. A retrospective cohort study was performed. All 
patients enrolled underwent kidney biopsy from 2009 to 2017. 
Patients were followed up for 18 months unless they progressed 
to ESRD or severe pneumonia (within 18 months). Using a 
database from the Shenzhen Second People's Hospital, the 
demographic, clinical and biochemical data at the time of 
renal biopsy, including age, sex, systolic blood pressure (SBP) 
and diastolic blood pressure (DBP), were retrieved and consid-
ered baseline data. The following biochemical laboratory data 
were also collected: Proteinuria and concentrations of serum 
creatinine (SCr), hemoglobin, serum albumin, serum uric acid, 
serum triglycerides, serum total cholesterol, high‑density lipo-
protein cholesterol and low‑density lipoprotein cholesterol. 
The estimated glomerular filtration rate was calculated using 
the Chronic Kidney Disease Epidemiology Collaboration 
equation (15).

The histological diagnosis of IgAN was based upon the 
demonstration of mesangial proliferative changes by light 
microscopy and the concomitant presence of predomi-
nant or codominant mesangial deposition of IgA. The 
pathological diagnosis was made by the same pathologist 
from Guangzhou King Medical Centre of Clinical Laboratory 
(Guangzhou, China). Renal lesions were histopathologically 
evaluated and scored using the Oxford classification  (16). 
This classification identifies four pathological compo-
nents: Mesangial hypercellularity  (M), endocapillary 
hypercellularity (E), segmental glomerulosclerosis (S) and 

tubular atrophy/interstitial fibrosis (T). According to this clas-
sification, the following scoring system apply: i) Mesangial 
score ≤0.5 (M0) or >0.5 (M1); ii) endocapillary hypercellularity 
absent (E0) or present (E1); iii) Segmental glomerulosclerosis 
absent (S0) or present (S1); iv) presence or absence of podo-
cyte hypertrophy/tip lesions in biopsy specimens with S1; and 
v) Tubular atrophy/interstitial fibrosis ≤25% (T0), 26-50% 
(T1), or >50% (T2) (16).

Treatments. The treatment regimen was MMF plus low‑dose 
prednisone (0.5 mg/kg/day). The initial dose of MMF was 
1.0 or 1.5 g/day in patients with a body weight of <50 or 
≥50 kg, respectively. MMF therapy was initiated at 1-1.5 g/day 
for six months, 0.5‑1.0 g/day for the next six months and 
then 0.25‑0.5 g/day for the final six months. Prednisone was 
administered at 0.5 mg/kg/day for two months and then slowly 
tapered by 5 mg every two weeks until discontinuation. Patient 
records were reviewed from the start of treatment through 
to the time‑point when the chart was reviewed and until the 
drug was discontinued or severe infection occurred (final 
time‑point).

Follow‑up and outcome measures. The data collected included 
age, sex, SBP, DBP, proteinuria, serum uric acid concentration, 
serum triglyceride concentration, hemoglobin concentration, 
serum albumin concentration, serum total cholesterol concen-
tration and the Oxford classification. The information on the 
patients was retrieved from a database from Shenzhen Second 
People's Hospital and confirmed by a telephone call at the end 
of the study. The end‑point was complete clinical remission 
(defined as proteinuria with a protein‑to‑creatinine ratio of 
<0.2 and stable renal function with a decrease in the estimated 
glomerular filtration rate (eGFR) of <5 ml per minute per 
1.73 m2 from baseline at the end of the 18‑month follow‑up 
period) (17).

Statistical analysis. Continuous variables are expressed as the 
mean ± standard deviation or median (range) as appropriate. 
The association of the initial SCr concentration was exam-
ined as a continuous variable categorized into quartiles with 
outcomes of incomplete clinical remission. Cox proportional 
hazards models were used to evaluate these associations 
without adjustment and with adjustment for confounding 
variables. In the adjusted regression model, age, sex, SBP, 
DBP, proteinuria, serum uric acid concentration, hemoglobin 
concentration, serum albumin concentration, serum triglyc-
eride concentration, serum total cholesterol concentration and 
the Oxford classification were included. Hazard ratios (HRs) 
and 95% CIs were calculated. The lowest quartile was the 
reference for the initial SCr concentration.

Logistic regression analyses with the initial SCr concen-
tration as a continuous variable were performed for the 
overall population. Interaction and stratified analyses were 
conducted according to sex (male and female), hyperten-
sion status at baseline (hypertension or no hypertension), 
endocapillary proliferation (E0 and E1) and segmental 
glomerulosclerosis/adhesion (S0 and S1). To examine the asso-
ciation between the initial SCr concentration and outcome, 
the Cox models were re‑established using the initial SCr 
concentration as a continuous variable. HRs were calculated 
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per 1 mg/dl increase in the initial SCr concentration and the 
risk change for incomplete clinical remission. The cutoff value 
for the initial SCr concentration was determined using receiver 
operating characteristics (ROC) curve analysis. Kaplan‑Meier 
survival curves were used to compare complete clinical 
remission rates. All P‑values were calculated using two‑tailed 
tests of statistical significance with a type I error rate of 5%. 
P interaction in the results section represents the P‑value for 
interaction. All statistical analyses were performed using 
Empower (R) (www.empowerstats.com; X&Y Solutions, Inc.) 
and R (http://www.R‑project.org).

Results

From September 2009 to October 2017, a total of 598 patients 
with primary IgAN presenting at the Department of Nephrology 
of Shenzhen Second People's Hospital (Shenzhen, China) were 
initially screened. As presented in the flow chart in Fig. 1, 
440 patients were excluded (comprising 400 patients who 
did not use MMF plus low‑dose corticosteroids, 13 patients 
without baseline data and 27 patients lost to follow‑up). A 
total of 158 patients using MMF plus low‑dose corticosteroids 
were retained. Of these, 87 patients were excluded (comprising 
26 patients who previously used immunosuppressive therapy, 
19 patients taking MMF plus low‑dose methylprednisolone, 
18 patients lost to follow‑up, 11 patients who withdrew from 
participation and 13 patients removed by the physician as 
biopsy specimens contained <8 glomeruli). Finally, 71 patients 
with primary IgAN using MMF plus low‑dose prednisone 
were included (Fig. 1).

The initial SCr concentration was the patient's SCr value 
at biopsy. The initial SCr concentration was the measure-
ment prior to treatment with MMF combined with low‑dose 
prednisone. The cutoff value for the initial SCr concentra-
tion determined using ROC curve analysis was 0.89 (Fig. 2). 

Figure 1. Eligibility and participation in the follow‑up study. MMF, mycophenolate mofetil.

Figure 2. Receiver operating characteristic (ROC) curve for the initial SCr 
concentration. The cutoff value for the initial SCr concentration determined 
was calculated to be 0.89 mg/dl. SCr, serum creatinine; AUC, area under curve.
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Therefore, this level was selected to group patients. A total of 
16 patients with an initial SCr concentration of <0.89 mg/dl 
were assigned to the low SCr group, whereas 55 patients with 
an initial SCr concentration of ≥0.89 mg/dl were assigned to 
the high SCr group.

The 18‑month trial was completed by 52 patients (73.2%) in 
this study. In the full‑analysis set, 7 of 71 patients (9.86%) had 
achieved complete clinical remission at the final visit. Table I 
presents the baseline demographic, clinical and biochemical 
characteristics of the study subjects. The majority of the patients 
(54.9%) were female. The mean age was 34.3±9.9 years (range, 
20‑70 years). The mean SCr concentration was 1.4±0.7 mg/dl. 
The mean eGFR level was 71.0±36.0 ml/min/1.73 m2. A total 
of 41 patients had an eGFR of at least 60 ml/min/1.73 m2 and 
21 patients had an eGFR between 30 and 59 ml/min/1.73 m2. 
In addition, patients in the low SCr group had less proteinuria, 
higher eGFR, lower triglyceride concentrations and lower 
uric acid concentrations compared with patients in the high 
SCr group (Table I). Kaplan‑Meier survival analysis revealed 
that patients in the high SCr group had a significantly lower 
rate of complete clinical remission than those in the low SCr 
group  (Fig. 3). Table  II presents the results of the logistic 
regression analysis using univariate and multivariate Cox 

proportional hazards models. In the univariate analysis, the 
HR for incomplete clinical remission significantly increased 
as the quartiles of the initial SCr concentration increased. 
The HR for quartile 4 was significantly higher than the HR 
for quartile 1 (quartile 4 vs. quartile 1: HR, 2.51; 95% CI, 
1.20‑5.21; P=0.01). Additional adjustment for confounding 
variables did not reduce the HRs for the association between 
the initial SCr concentration and incomplete clinical remis-
sion (quartile 4 vs. quartile 1: HR, 7.27; 95% CI, 1.21‑43.63; 
P=0.03). The total data were analyzed, where each unit 
increase in the initial SCr concentration was associated with 
a 67 and 194% increase in the risk of incomplete clinical 
remission based on model 1 (95% CI, 1.02‑2.73; P=0.04) and 
model 2 (95% CI, 1.01‑8.60; P=0.048), respectively. Following 
adjustment for age, sex, proteinuria, Oxford classification, 
SBP and DBP during follow‑up, the HRs for the association 
between the initial SCr concentration and incomplete clinical 
remission also increased.

To determine the consistency in the association between 
increased initial SCr concentration and the risk of incomplete 
clinical remission, interaction and stratified analyses were 
performed (Table III). For each unit increase in the initial SCr 
concentration, the HR for incomplete clinical remission was 

Table I. Patient characteristics at baseline.

	 Low SCr group	 High SCr group
Variable	 (<0.89; n=16)	 (≥0.89; n=55)	 Total (n=71)	 P‑value

Age (years)	 34.25±9.57	 34.27±10.05	 34.27±9.87	 0.994
Male	 1 (6.25)	 31 (56.36)	 32 (45.07)	 0.063
Hypertension	 12 (75.00)	 29 (52.73)	 41 (57.75)	 0.112
SBP (mmHg)	 128.75±17.89	 139.91±20.84	 137.39±20.63	 0.038
DBP (mmHg) 	 77.81±9.84	 88.60±14.17	 86.17±14.01	 0.006
Serum creatinine (mg/dl)	 0.69±0.09	 1.60±0.65	 1.40±0.69	 <0.001
eGFR (ml/min per 1.73 m2)	 122.03±26.62	 56.16±22.05	 71.00±35.99	 <0.001
Proteinuria (g/24h)	 1.04±0.74	 2.71±2.67	 2.26±2.42	 0.017
Serum albumin (g/l)	 37.71±4.66	 37.71±6.17	 37.71±5.83	 0.996
Uric acid (µmol/l)	 306.29±74.35	 447.06±102.19	 414.89±112.99	 <0.001
Hemoglobin (g/l)	 121.12±22.78	 126.57±22.41	 125.34±22.45	 0.397
Triglycerides (mmol/l)	 1.17±0.68	 1.90±1.34	 1.72±1.25	 0.040
Total cholesterol (mmol/l)	 4.59±0.88	 5.40±1.59	 5.20±1.49	 0.057
HDLc (mmol/l)	 1.30±0.26	 1.19±0.32	 1.22±0.31	 0.224
LDLc (mmol/l)	 2.66±0.69	 3.25±1.16	 3.11±1.09	 0.061
The Oxford classificationa

  M1	 15 (93.75)	 49 (89.09)	 64 (90.14)	 0.582
  E1	 11 (68.75)	 36 (65.45)	 47 (66.20)	 0.806
  S1	 11 (68.75)	 22 (40.00)	 33 (46.48)	 0.051
  T1	 2 (12.50)	 27 (49.09)	 29 (40.85)	 <0.001
  T2	 0 (0.00)	 9 (16.36)	 9 (12.68)	 <0.001

Values are expressed as the mean ± standard deviation, median (interquartile range) or n (%). Hypertension was defined as blood pressure 
≥140/90 mmHg or on anti‑hypertensive treatment. aThe Oxford classification: Mesangial score ≤0.5 (M0) or >0.5 (M1). Endocapillary hyper-
cellularity absent (E0) or present (E1). Segmental glomerulosclerosis absent (S0) or present (S1); presence or absence of podocyte hypertrophy/
tip lesions in biopsy specimens with S1. Tubular atrophy/interstitial fibrosis ≤25% (T0), 26‑50% (T1), or >50% (T2). SBP, systolic blood 
pressure; DBP, diastolic blood pressure; SCr, serum creatinine; eGFR, estimated glomerular filtration rate; LDLc, low‑density lipoprotein 
cholesterol; HDLc, high‑density lipoprotein cholesterol. 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  19:  3369-3376,  2020 3373

1.16 in males (P=0.60) and 1.55 in females (P=0.04), and the 
difference was not statistically significant (P interaction =0.41). 
The HR for incomplete clinical remission for patients in the E1 
subgroup was 2.09 (P=0.02) compared with 1.33 (P=0.15) for 
patients in the E0 subgroup (P interaction =0.24). The HR for 
patients in the S1 subgroup was 1.95 (P=0.007) and that for 
patients in the S0 subgroup was 1.10 (P=0.70). There were no 
statistically significant differences in patients stratified by M 
or T (data not shown). In addition, for each unit increase in 
the initial SCr concentration, the HR for incomplete clinical 
remission was 1.44 (P=0.06) and 1.35 (P=0.19) for hyperten-
sive and normotensive patients, respectively.

Discussion

IgAN is the leading cause of ESRD (18). There are substantial 
ethnic variations and Asian populations have an increased 
incidence of IgAN and an elevated risk of renal function 
decline (19). The predominant characteristic of IgAN is galac-
tose‑deficient IgA1 deposition in the mesangial area. However, 
the pathogenesis of IgAN is still not fully understood and 

clinical and pathological phenotypes of IgAN are variable. 
Thus, treatments for IgAN have not been effective. MMF acts 
by releasing mycophenolic acid, which leads to apoptosis in 
cytotoxic T‑lymphocytes and reduction in antibody synthesis 
via the selective inhibition of T‑ and B‑lymphocyte prolif-
eration (20,21), induction of intercellular adhesion molecule‑1 
mRNA expression and interleukin‑6 secretion, and inhibition 
of cell proliferation, particularly in endothelial cells (22,23). 
MMF is beneficial for IgAN secondary to systemic diseases, 
including lupus nephritis and hepatitis B virus‑associated 
glomerulonephritis  (24,25). Certain studies have indicated 
that in diffuse proliferative lupus nephritis, MMF has a higher 
efficacy to induce remission than pulsed intravenous therapy 
with cyclophosphamide (CTX) (26‑28). To date, eight random-
ized controlled trials on MMF therapy for IgAN have been 
performed. Certain studies demonstrated no benefit from 
MMF therapy (29‑31), whereas other studies observed amelio-
ration of proteinuria and long‑term renoprotection following 
treatment with MMF (11,32).

An Italian multicenter study indicated that in patients 
with active disease, proteinuria >2.4 g/day and renal failure 

Figure 3. Kaplan‑Meier curves for the rate of complete clinical remission according to the initial SCr concentration in patients with primary IgAN treated with 
mycophenolate mofetil plus low‑dose prednisone. SCr, serum creatinine.

Table II. Logistic regression analysis of the association between the initial serum creatinine concentration and the risk of incom-
plete clinical remission.

	 Unadjusted Hazard		  Model 1a Hazard		  Model 2b Hazard
Group	 ratio (95% CI)	 P‑value 	 ratio (95% CI)	 P‑value	 ratio (95% CI)	 P‑value

Total	 1.40 (1.01-1.94)	 0.041	 1.67 (1.02=2.73)	 0.040	 2.94 (1.01=8.60)	 0.048
Quartiles
  Quartile 1 (<0.90)	 1.0		  1.0		  1.0
  Quartile 2 (≥0.90‑<1.25)	 1.70 (0.80-3.58)	 0.167	 2.16 (0.73=6.39)	 0.166	 1.69 (0.45=6.31)	 0.435
  Quartile 3 (≥1.25‑<1.64)	 1.84 (0.89=3.83) 	 0.101	 2.22 (0.78=6.27) 	 0.133	 2.29 (0.63=8.31) 	 0.209
  Quartile 4 (≥1.64)	 2.51 (1.204=5.210) 	 0.014	 6.18 (1.71=22.36) 	 0.006	 7.27 (1.21=43.63) 	 0.030

Models: aModel adjusted for age, sex, systolic BP, diastolic BP, proteinuria, uric acid, serum triglyceride; bmodel adjusted as for model 1 plus 
hemoglobin, serum albumin, serum total cholesterol and The Oxford classification. BP, blood pressure.
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(mean SCr concentration, 1.6 mg/dl), a combined regimen with 
MMF and steroids may induce amelioration of proteinuria 
and delay successive progression toward renal failure (33). A 
Chinese study compared combined therapy with prednisone 
and MMF vs. prednisone and CTX for severe IgAN. In the 
MMF group, amelioration of proteinuria and improvement of 
renal function were observed, with fewer adverse events than 
in the CTX group (34). However, another study evaluated the 
efficacy and safety of MMF plus prednisone vs.  full‑dose 
prednisone in patients with IgAN with active proliferative 
lesions. At 6 months, there were no significant differences 
between the groups regarding complete remission or median 
time to achieve remission. In addition, during the follow‑up 
period, relapse rates and total adverse events did not differ 
between the groups (35). These mentioned studies enrolled 
patients with different clinical and histological characteristics. 
For the various patients with different clinical and histological 
characteristics, the efficacy of MMF therapy exhibited certain 
differences. It is necessary to identify indicators for predicting 
the efficacy of using MMF in patients with IgAN. Therefore, in 
the present study, predictive indicators of the efficacy of using 
mycophenolate mofetil combined with low‑dose prednisone in 
IgAN patients were determined.

In the present retrospective cohort study, ~10% of patients 
(7/71) displayed complete clinical remission with MMF plus 
prednisone. The rate of complete clinical remission for patients 
using MMF plus low‑dose prednisone was further determined 
and it was revealed that it was possible to predict the efficacy 
of using MMF combined with low‑dose prednisone using the 

initial SCr concentration. During the course of treatment with 
MMF plus low‑dose prednisone, the average SCr value of the 
patients with complete clinical remission was relatively stable 
and its changes occurred slowly. However, the variations in 
the average SCr value of the patients with incomplete clinical 
remission were significant. The variations in the average SCr 
value of the patients with incomplete clinical remission were 
~5 times higher than those of the patients with complete clinical 
remission. A higher initial SCr concentration was significantly 
associated with an increased incidence of incomplete clinical 
remission. This association persisted even after adjustment for 
demographic, clinical and histopathology factors.

The following clinical predictors of renal outcome 
in IgAN, determined at the time of diagnosis, have been 
assessed in several clinical studies: Proteinuria, hypertension, 
decreased eGFR (36‑38) and histological grading (39). Certain 
risk‑prediction tools indicated that in IgA nephropathy, 
the risk factors included age, sex, the Oxford classification 
histologic score, serum albumin and serum uric acid (40,41). 
Furthermore, studies have indicated that serum triglyceride, 
serum total cholesterol and hemoglobin were risk factors for 
the prognosis of IgA nephropathy (42,43). Therefore, these 
variables were adjusted to minimize the potential impact of 
confounders. Of note, in the present study, the Oxford classifi-
cation was not independently associated with the occurrence of 
incomplete clinical remission. The present results will thus be 
important for determining therapeutic strategies in the clinic.

There has been a great interest in exploring the associa-
tion between clinical markers and renal outcomes. In a study 
of 113 Chinese patients diagnosed with crescentic IgAN, the 
initial SCr concentration was the strongest predictor of kidney 
failure (44). Significant associations between SCr concentra-
tion and renal prognosis in patients with IgAN have also 
been demonstrated. However, there are limited data on the 
association between the initial SCr concentration and the effi-
cacy of MMF combined with low‑dose prednisone in IgAN. 
The present results are consistent with those of a previous 
study (45), indicating that patients with a higher initial SCr 
concentration had a higher risk of incomplete clinical remis-
sion after adjustment for other risk factors. In the present 
study, stratified analyses suggested that the risk of incomplete 
clinical remission increased significantly with increasing 
initial SCr concentrations for female patients but not for male 
patients. These results were consistent with those of previous 
studies. A number of large‑scale studies have indicated that the 
rate of progression of renal disease is greater in females than 
in males (46,47). Furthermore, the risk of incomplete clinical 
remission increased significantly with increasing initial SCr 
concentrations for patients in the E1 and S1 subgroups. This 
result was consistent with the Oxford classification, which may 
aid in predicting outcomes for patients with IgAN (16,48).

Of note, the present study had certain important limitations 
that should be noted. First, the number of observed events is 
small and limits the statistical power of this explorative study to 
a certain extent. However, according to a recent meta‑analysis, 
eight randomized controlled trials have assessed the use of MMF 
in patients with IgA nephropathy (11,12,28‑31,33,49,50). Most 
of them were also small‑sized and the study with the biggest 
size included 84 patients (33). The patients in these studies 
and the present study are similar in number. Furthermore, 

Table III. Hazard ratios with 95% CIs for incomplete clinical 
remission per unit increase in the initial serum creatinine 
concentration in subgroups by sex, hypertension, E and S.

	 Cases	 Hazard ratio		  P for
Item	  (n)	 (95% CI)	 P‑value	 interaction

Sex				    0.414
  Male	 32	 1.16 (0.67-2.02)	 0.601	
  Female	 39	 1.55 (1.02-2.36)	 0.042	
Hypertension				    0.850
  Yes	 41	 1.44 (0.85-2.45)	 0.061	
  No	 30	 1.35 (0.86-2.10)	 0.189	
E				    0.242
  E0	 24	 1.33 (0.90-1.97)	 0.151	
  E1	 47	 2.09 (1.12-3.91)	 0.020	
S				    0.096
  S0	 38	 1.10 (0.69-1.75)	 0.697	
  S1	 33	 1.95 (1.20-3.17)	 0.007	

Hypertension was defined as blood pressure ≥140/90  mmHg or 
on anti‑hypertensive treatment. E, endocapillary proliferation; S, 
segmental glomerulosclerosis/adhesion. E0, endocapillary hypercellu-
larity absent; E1, endocapillary hypercellularity present. S0, segmental 
glomerulosclerosis absent; S1, segmental glomerulosclerosis present; 
presence or absence of podocyte hypertrophy/tip lesions in biopsy 
specimens with S1.
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statistical methods were applied to retrospectively determine 
predictive indicators of the efficacy of using MMF combined 
with low‑dose prednisone in patients with IgAN. Of note, the 
present results were statistically significant and the sample size 
was sufficient to draw a conclusion. Furthermore, the Oxford 
or MEST classification was used, while crescentic (C) features 
were not considered. The IgA Nephropathy Classification 
Working Group provided an update that C features should be 
added to the MEST score and biopsy reporting should provide 
a MEST‑C score for the previous year (51). In addition, the 
present study is based on a cohort from a single center, and 
whether these observations may be extrapolated to other 
populations of Chinese and non‑Chinese IgAN patients using 
MMF plus prednisone remains to be evaluated.

In conclusion, in the present cohort of patients with IgAN 
treated with MMF plus low‑dose prednisone, the initial SCr 
concentration was an independent risk factor for the outcome 
of incomplete clinical remission. The present study is impor-
tant for determining therapeutic strategies in the clinic. 
Further research is required to replicate these results in other 
cohorts and to compare their predictive ability with that of 
traditional factors, including proteinuria, hypertension and the 
new Oxford classification.
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