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Short‑term incremental prednisone therapy 
in patients with serologically active clinically 
quiescent lupus nephritis: a retrospective 
observational study
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Abstract 

Objective  This study investigated whether short-term incremental prednisone therapy decreases the risk of relapse 
without increasing adverse events (AEs) in patients with serologically active, clinically quiescent lupus nephritis (LN).

Methods  After standardized treatment, 153 patients with serologically active, clinically quiescent LN were included. 
Clinical data were retrospectively reviewed. The patients were divided into two groups: the control group (n = 58) 
received prednisone or prednisone and immunosuppressant maintenance therapy, the prednisone increment group 
(n = 95) received additional prednisone doses of up to 10 mg/day as maintenance therapy, which were then gradually 
reduced back to the original dose at 3 months. Lupus activity, renal involvement, and AEs during follow-up in the two 
groups were analyzed within 18 months.

Results  No significant differences in sex, age, disease course, maintenance treatment composition, or laboratory 
tests between the two groups were observed, except for serum complement C3 levels, which were significantly lower 
in patients in the prednisone increment group than in controls (P = 0.025). The prednisone increment group had 
significantly lower recurrence rates than the control group (P = 0.002), with only 3 patients (5.2%) in the prednisone 
increment group and 24 patients (25.3%) in the control group experiencing relapse. Renal recurrence was significantly 
lower in the prednisone increase group (P = 0.013). Nine AEs occurred in the prednisone-modulated group and 11 AEs 
occurred in controls, with infection being the main cause for both groups.

Conclusion  Short-term incremental prednisone therapy is safe in reducing recurrence rates in serologically active 
and clinically quiescent patients with LN.
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Introduction
Lupus nephritis (LN) is a serious and common compli-
cation of systemic lupus erythematosus (SLE), affecting 
more than 50–60% of patients [1]. Circulating immune 
complex deposits in the glomeruli activate complement 
systems to damage resident cells in the glomeruli, even-
tually leading to glomerulonephritis and proteinuria. The 
disease follows a natural course of alternating disease 
activity and remission, and approximately 70% of patients 
experience a relapse-remission course [2]. Despite the 
effectiveness of standard induction therapy and new bio-
logics, the high heterogeneity and long course of the dis-
ease result in a relapse rate of 30–60%. Recurrent renal 
seizures are an independent risk factor for renal deterio-
ration in patients with LN, highlighting the importance 
of early identification of risk factors and appropriate 
interventions to reduce relapse [3].

Currently, the identification of renal involvement in 
patients with LN is based mainly on the monitoring of 
changes in serum creatinine, urinary protein, and uri-
nary sediment. In addition, some studies have shown that 
changes in serum anti-dsDNA antibodies and comple-
ment are closely related to the pathogenesis of LN. Anti-
dsDNA antibody is considered not only a specific marker 
of SLE, but also a marker of disease activity, especially 
kidney injury [4–8]. In addition, complement compo-
nents C3 and C4 have been identified as sensitive mark-
ers of SLE activity [9]. Some early prospective studies 
have also shown that SLE recurrence is predictable and 
associated with serological abnormalities and that renal 
and extrarenal activities of SLE are significantly corre-
lated with high levels of anti-dsDNA antibody and low 
complement levels [10]. A >50% increase in anti-dsDNA 
antibody titer and a 10% decrease in complement C3 may 
indicate the initiation of immune dysregulation in  vivo, 
suggesting an increased risk of disease activity [11, 12].

Patients with LN and serological activity in the absence 
of clinical symptoms (SACQ) are not rare and have a 
higher probability of attacks during the follow-up period 
[13, 14]. Early identification of risk factors for recurrence 
and appropriate interventions in patients with SACQ are 
critical [15, 16]. Although early serological remission is 
associated with a low risk of renal recurrence, opinions 
still differ on whether to intervene in clinically quiescent 
patients with SLE with serological activity and whether 

preemptive immunosuppression is necessary in all 
patients with asymptomatic serum reactivation. Many 
patients who exhibit serological activity may remain 
clinically quiescent for several years [17, 18]. In addition, 
pre-emptive immunosuppression may increase the risk 
of AEs, such as infection and metabolic complications 
[19]. The treat-to-target (T2T) strategy recommends 
monitoring clinically asymptomatic patients with 
quiescent or persistent serological activity rather than 
upgrading treatment. In contrast, some studies have 
shown that early and appropriate interventions can 
reduce the proportion of patients who relapse [15, 
20–22]. Therefore, in the present study, we investigated 
whether short-term incremental prednisone therapy 
could decrease the risk of relapse without increasing 
the incidence of adverse drug reactions in patients with 
serologically active and clinically quiescent LN.

Materials and methods
Patients and clinical data
This retrospective case–control study included patients 
diagnosed with LN attending the Affiliated Hospital of 
the Guangdong Medical University between January 
2014 and September 2022. Patients who were clinically 
quiescent and only serologically active after mainte-
nance treatment were enrolled in the study. Data sources 
included the medical record homepage system, HIS sys-
tem, Chronic kidney disease management system, and 
outpatient telephone follow-ups. The study protocol was 
approved by the Ethics Committee of the Affiliated Hos-
pital of Guangdong Medical University, and the ethics 
approval number was PJ2013115. Informed consent was 
obtained from all patients.

Inclusion criteria were as follows: (1) patients with 
LN diagnosed with confirmed SLE with renal impair-
ment who achieved complete remission after induction 
therapy; (2) age ≥18 years, ≤80 years, regular outpatient 
follow-up, and complete clinical data; (3) clinical stabil-
ity; and (4) serological activity.

Exclusion criteria were as follows: (1) co-infection, such 
as with hepatitis B virus, hepatitis C virus, and HIV infec-
tion; (2) serious complications requiring surgical treat-
ment; (3) pregnancy; or (4) history of mental illness, poor 
compliance, and inability to cooperate with treatment.

Key points
Incremental prednisone is safe and effective for patients with serologically active clinically quiescent LN.

Keywords  Systemic lupus erythematosus, Lupus nephritis, Serologically active and clinically quiescent, Incremental 
prednisone therapy, Recurrence rate
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Definitions
Serologically active and clinically quiescent was defined 
as at least 6 months of serological activity (serum anti-
dsDNA antibody titers increased by ≥50% from the 
previous time with a value of ≥60 IU/mL and/or com-
plement C3 or C4 decreased by ≥10%). Each patient 
in both groups was observed to be serologically active 
for a duration of at least 6 months at the time of enroll-
ment. In contrast to the prednisone increment group, 
the control group did not receive any intervention for 
18  months following enrollment. The intervention 
involved an initial increase in the prednisone dose to 
30 mg/day for a period of 2 weeks, as part of a hormonal 
or prednisone-plus immunosuppressant maintenance 
regimen. This was followed by a gradual 10% reduction 
to reach the lowest maintenance dose (≤7.5  mg/day) 
over the course of 1–2  weeks, and this reduction pro-
cess continued for the subsequent 3 months. Interven-
tion therapy was initiated after the patient’s serological 
activity persisted for 6 months. Relapse was defined as: 
(1) extrarenal lupus activity and the presence of new 
or worsening clinical symptoms (fever, hair loss, spe-
cific rash, mouth ulcers, and organ damage other than 
the kidney) indicating increased disease activity in one 
or more organ systems other than the kidney, which 
was considered clinically significant and required 
change or increased treatment; (2) renal recurrence: 
urinary sediment indicating aggravation; urinary pro-
tein level increased from a urinary protein/creatinine 
ratio of <500  mg/g (complete response) to 1000  mg/g 
and increased from >500  mg/g (partial remission) to 
≥2000  mg/g. Complete response was defined as nor-
mal urinary protein (urinary protein < 0.5  g/24  h or 
UPCR < 500  mg/g), inactive urinary sediment, serum 
albumin ≥ 35  g/L, and normal or elevated serum cre-
atinine, with no more than a 10% increase from the 
baseline value. Partial response was defined as a more 
than 50% reduction in urinary protein compared with 
the baseline, urinary protein < 3.0  g/24  h, serum albu-
min > 30 g/L, and an increase in blood creatinine of less 
than 10% compared with the baseline.

Statistical analyses
Data with a normal distribution are presented as 
means and standard deviations. The t-test was used 
for comparisons between the two groups. Non-nor-
mally distributed data are presented as means and 
25 or 75 quartiles, and comparisons between the two 
groups were performed using the Mann–Whitney U 
test. Count data are presented as the number of cases 
and percentages. The chi-square test or Fisher’s exact 
probability test was used for comparisons between 

the two groups. Statistical significance was established 
at P < 0.05. SPSS (version 20.0) was used for statistical 
analysis of the data.

Results
Demographic data and symptoms at the time of initial 
diagnosis
This study included 153 patients with clinically quies-
cent and serologically active LN: 58 patients (37.9%) in 
the prednisone increment group and 95 patients (62.1%) 
in the control group. In the prednisone increment group 
of 7 men and 51 women, the age of onset of LN was 
32.91 ± 10.11 years. In the control group, the age of onset 
of LN was 32.60 ± 11.56 years, and included 9 men and 86 
women. There were no significant differences in sex, age, 
disease course, or maintenance treatment composition 
between the two groups (P > 0.05; Table  1). In addition, 
during this trial, every patient in both groups was admin-
istered hydroxychloroquine and did not receive any bio-
logic therapies.

Compared with laboratory results at baseline, there 
were no significant differences in white blood cell count, 
platelet count, hemoglobin, urea nitrogen, albumin, cre-
atinine, uric acid, C4 or anti-dsDNA titers between the 
two groups. Furthermore, the level of serum comple-
ment C3 was significantly lower in the prednisone incre-
ment group than in the control group (0.59 ± 0.12 vs. 
0.63 ± 0.13 g/L; P = 0.025, Table 1).

There was no difference in the number of cases 
(P = 0.947) or the renal pathological classification 
(P = 0.354) between the prednisone increment and con-
trol groups on renal biopsy. A total of 40 patients (69.0%) 
in the prednisone increment group and 66 patients 
(69.5%) in the control group completed the renal punc-
ture biopsy, with both groups having a higher incidence 
of type IV LN.

Analysis of end‑point events
After 3 months of prednisone increment therapy, patients 
in the prednisone increment group and those in the con-
trol group were monitored for a duration of 18 months. 
During this period, we analyzed lupus activity, kidney 
involvement, and adverse reactions among patients in 
both groups. In the prednisone increment group, there 
were three cases (5.2%) of total recurrence, one case 
(1.7%) of renal recurrence, and two cases (3.4%) of extra-
renal recurrence. In the control group, there were 24 
(25.3%) cases with total recurrence, 13 (13.7%) with renal 
recurrence, and 11 (11.6%) with extrarenal recurrence. 
Furthermore, the probability of renal recurrence was 
significantly lower in the prednisone increment group 
than in the control group (P = 0.013). According to the 
analysis of survival data, the prognosis of patients in the 
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prednisone increment group was significantly better than 
that of patients in the control group (P = 0.002, Table 2).

The assessment of recurrence-free and renal recur-
rence-free rates in the prednisone increment group 
commenced 3  months after the initiation of prednisone 
increment therapy, with an observation period extending 

for 18 months. In contrast, the control group was moni-
tored for 18 months following the achievement of SACQ, 
during which time the recurrence-free and renal recur-
rence-free rates were evaluated. Kaplan–Meier survival 
curves showed that the prognosis of patients in the pred-
nisone increment group was significantly higher than 
that of patients in the control group (P = 0.002), and the 
cumulative relapse-free survival at 6, 12, and 18 months 
in the prednisone increment group was higher than that 
of the control group (100 vs. 96.6%, 94.8 vs. 94.7%, 89.5 
vs. 74.7%) (Fig.  1); Compared to the prednisone incre-
ment group, the probability of renal recurrence was sig-
nificantly higher in the control group (P = 0.009), and 
the cumulative renal relapse-free survival at 6, 12, and 
18 months was higher in the prednisone increment group 
than in the control group (100 vs. 100%, 98.3 vs. 93.7%, 
90.5 vs. 85.3%) (Fig. 2).

Table 1  Demographic data of the patients and symptoms at initial diagnosis

WBC white blood cell, PLT platelet count, Hb hemoglobin, BUN blood urea nitrogen, ALB albumin, Scr serum creatinine, SUA serum uric acid, C3 complement C3, C4 
complement C4, LN lupus nephritis, MMF mycophenolate mofetil, AZA azathioprine

Each patient received treatment with hydroxychloroquine, and no biologics were administered.

Clinical parameters Control group (n = 95) Prednisone increment group (n = 58) P values

Age (age) 32.60 ± 11.56 32.91 ± 10.11 0.510

Sex (%) 0.611

 Male 9 (9.5) 7 (12.1)

 Female 86 (90.5) 51 (87.9)

Course of disease (%) 0.666

 1–5 years 46 (48.4) 26 (44.8)

 >5 years 49 (51.6) 32 (55.2)

WBC (109/L) 6.10 (4.76, 8.27) 6.76 (5.19, 8.58) 0.303

PLT (109/L) 249.55 (219.78, 291.00) 239.20 (204.40, 290.65) 0.387

Hb (g/L) 123.35 (114.45, 131.50) 130.20 (117.05, 137.40) 0.117

BUN (mmol/L) 4.40 (3.50, 5.28) 4.30 (3.66, 5.00) 0.889

ALB (g/L) 44.59 ± 4.18 44.73 ± 3.18 0.827

Scr (μmol/L) 57.50 (50.00, 73.00) 62.00 (54.50, 69.50) 0.237

SUA (μmol/L) 318.00 (258.48, 366.50) 290.00 (248.00, 356.65) 0.270

C3 (g/L) 0.63 ± 0.13 0.59 ± 0.12 0.025

C4 (g/L) 0.13 ± 0.05 0.12 ± 0.05 0.148

Anti-ds-DNA (IU/mL) 90.0 ± 71.9 96.3 ± 83.6 0.605

Renal biopsy (n, %) 66 (69.5) 40 (69.0) 0.947

Class of LN 0.354

 Class I, II, and V (n, %) 12 (18.2) 7 (17.5)

 Class III (n, %) 2 (3.0) 4 (10)

 Class IV (n, %) 30 (45.5) 20 (50)

 Class III/IV+V (n, %) 22 (33.3) 9 (22.5)

Maintenance treatment (%) 0.281

 Prednisone 37 (38.9) 15 (25.9)

 Prednisone + MMF 38 (40) 24 (41.4)

 Prednisone + AZA 7 (7.4) 6 (10.3)

 Prednisone + other 13 (13.7) 13 (22.4)

 Hydroxychloroquine 95 (100) 58(100)

Table 2  Relapsed patients in the control group and the 
prednisone increment group

Endpoint Control 
group 
(n = 95)

Prednisone 
increment group 
(n = 58)

P value

Recurrence (n, %) 24 (25.3) 3 (5.2) 0.002

Renal recurrence (n, %) 13 (13.7) 1 (1.7) 0.013

Extrarenal recurrence (n, %) 11 (11.6) 2 (3.4) 0.080
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Adverse events
During follow-up, nine cases of adverse reactions 
occurred in the prednisone increment group, including 
six cases of infection and one case each of liver function 
impairment, gastrointestinal reaction, and cytomegalovi-
rus infection. In the control group, 11 adverse reactions 
occurred, including five cases of infection, two cases of 

impairment of liver function, one case of gastrointesti-
nal reaction, two cases of herpes zoster, and one case of 
necrosis of the femoral head. The adverse reactions of 
the two groups were mainly infection (including upper 
respiratory tract and urinary system infection, no hospi-
talization), and no death occurred; however, there was no 
significant difference in the incidence of ADR between 
the two groups (P = 0.483, Table 3).

Discussion
In the present study, we found that short-term incremen-
tal prednisone therapy decreases the risk of total and 
renal recurrence without increasing adverse events in 
patients with serologically active, clinically quiescent LN.

Patients with LN undergo a prolonged period of main-
tenance therapy after induction therapy. Patients with 
SACQ are not rare among patients with SLE who expe-
rience an attack during the follow-up period, and the 
attack probability is significantly higher than that of clini-
cally quiescent and serologically quiescent SLE patients 
[15, 16].

As in other retrospective studies, the results can be 
confounded by selection bias. In our cohort, we found 
that patients in the prednisone increment group had 
lower baseline serum complement levels than those in 
the control group. According to previous studies, patients 
with lower serum complement levels had a higher prob-
ability of recurrence, causing attending physicians to ini-
tiate treatment. However, compared to the control group, 
patients in the prednisone increment group were more 
serologically active and had a higher probability of recur-
rence. However, patients in the prednisone increment 
group had a significantly better prognosis than those in 
the control group, with recurrence-free survival rates of 
94.8 and 74.7% in the prednisone increment and con-
trol groups, respectively, at 18  months. Recurrent renal 
attacks are an independent risk factor for renal deteriora-
tion in patients with LN [23], and recurrent renal recur-
rence leads to cumulative depletion of renal nephrons 
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Fig. 1  Relapse-free survival in the control group and the prednisone 
increment group (vs. control **P < 0.01)
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Fig. 2  Renal relapse-free survival in the control group 
and the prednisone increment group (vs. control **P < 0.01)

Table 3  Adverse events in the control group and the prednisone increment group

Adverse events Control group (n = 95) Prednisone increment group (n = 58) P values

Adverse reaction (%) 11 (18.97) 9 (15.52) 0.483

Infection episodes, n (%) 5 (5.26) 6 (10.34) 0.238

Liver dysfunction, n (%) 2 (2.11) 1 (1.72) 0.869

Gastrointestinal reaction, n (%) 1 (1.05) 1 (1.72) 0.723

Cytomegalovirus infection, n (%) 0 1 (1.72) 0.199

Herpes zoster, n (%) 2 (2.11) 0 0.266

Femoral head necrosis, n (%) 1 (1.05) 0 0.433
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and gradual reduction in renal reserves, resulting in 
adverse long-term renal survival.

In this study, two groups of patients with LN were 
observed among patients with renal recrudescence. 
Comparing the survival curves of the prednisone incre-
ment and control groups, the probability of renal recur-
rence was significantly lower in the prednisone increment 
group than in the control group. At the 18-month follow-
up, patients in the prednisone increment group without 
renal recurrence had a survival rate of 98.3%, whereas for 
the control group, survival was 85.3%. This suggests that 
interventional therapy may have had a protective effect 
against renal recurrence in LN.

For all asymptomatic serologically active patients, 
increased prednisone dosage can increase the risk of AEs, 
such as infection and metabolic complications [19]. The 
risk of AEs after dosing should be evaluated when adjust-
ing drug regimens in patients with LN. In this study, 
infection was the main AE in both groups, but no serious 
AEs were observed in either group, and the risk of AEs 
in the prednisone increment group was not significantly 
higher than that in the control group. Thus, an appropri-
ate dose of the intervention drug may be considered rela-
tively safe in the short-term, which is of great significance 
for future prospective trials.

This study is based on a single-center retrospective 
study of LN patients in the Affiliated Hospital of Guang-
dong Medical University, but there are still some limita-
tions, such as a small sample size of cases, which can be 
further confirmed by a multi-center, large-sample ran-
domized controlled study (RCT) in the future. BILAG 
score and SDI score are useful tools to assess disease 
activity in patients with SLE. However, this study is a ret-
rospective study, and some examinations, such as fundus 
examination and lung X-ray, are missing to provide an 
accurate BILAG score and SDI score. We will add BILAG 
score and SDI scores in future studies to assess organ 
damage in patients. In addition, because cumulative 
doses of glucocorticoids are associated with increased 
damage, the effects of interventions on long-term toxic-
ity, such as osteoporosis and cardiovascular risk, can only 
be determined by long-term follow-up.

In summary, short-term incremental prednisone ther-
apy is safe for reducing the rate of recurrence in serologi-
cally active and clinically quiescent patients with LN.
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