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Abstract

Background and Objective: Kidney transplantation is the preferred treatment for patients with End-Stage Kidney Disease (ESKD), 
offering better survival and quality of life compared to dialysis. While corticosteroids effectively prevent acute rejection, their 
long-term use is associated with significant adverse effects. This systematic review and meta-analysis aim to evaluate the risks and 
benefits of steroid withdrawal compared to continued steroid therapy in kidney transplant recipients. Method: A comprehensive 
literature search was conducted across PubMed, Scopus, Web of Science, and Embase to identify studies comparing Steroid 
Withdrawal (SW) to Steroid Continuation (SC) in kidney transplant recipients. Eligible studies included randomized controlled 
trials and observational studies reporting on outcomes such as survival, acute rejection, graft failure, new-onset diabetes, and 
infections. Results: Our search identified 2,946 articles, resulting in 62 studies included in the final analysis. For mortality, the 
Risk Ratio (RR) for the SW group was 0.833 (95% CI 0.743, 0.934; p=0.002), indicating a 16.7% lower risk of mortality compared 
to SC. The analysis of acute rejection from 23 studies showed an RR of 1.441 (95% CI 1.180, 1.759; p=0.001), indicating a 44.1% 
higher risk in the SW group. For death-censored graft failure, the RR was 0.980 (95% CI 0.939, 1.022; p=0.344), showing no 
significant difference between groups. New-onset diabetes showed an RR of 0.827 (95% CI 0.679, 1.006; p=0.058), suggesting a 
trend towards lower risk in the SW group. Infection rates showed no significant difference (RR 0.988, 95% CI 0.823, 1.185; p=0.8. 
Conclusions: This meta-analysis highlights the complex balance between minimizing steroid-related side effects and ensuring 
adequate immunosuppression in kidney transplant recipients. Standardized protocols for steroid withdrawal and further research 
into patient selection criteria are essential for optimizing long-term outcomes.
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Introduction

Individuals suffering from End-Stage Kidney Disease (ESKD) 
need renal replacement therapy, which can be delivered via dialysis 
or kidney transplantation [1,2]. Kidney transplantation is typically 
considered the best treatment option for suitable candidates, as it 
can restore a near-normal lifestyle and offers better survival rates 
and life quality compared to dialysis [3,4]. Despite significant 
progress in short-term outcomes of kidney transplantation since 
the 1980’s long-term results have only marginally improved [5]. 
The primary reasons for graft failure are death with a functioning 
graft and chronic allograft nephropathy [6,7]. Consequently, 
improving patient survival and extending graft durability has 
become a crucial objective in kidney transplantation research and 
practice [6].

Corticosteroids have long been recognized for their ability to 
suppress inflammation and immune responses, and have been 
employed to prevent organ rejection since the early days of 
kidney transplantation. While effective in averting acute rejection, 
prolonged steroid use is associated with significant health risks and 
mortality [8,9]. The adverse effects of steroids are wide-ranging, 
including thinning of the skin, increased body weight, bone loss, 
and eye lens clouding [10-12]. These drugs can also worsen 
cardiovascular and metabolic health factors, such as elevated blood 
pressure, high blood sugar, and abnormal lipid levels, potentially 
heightening the risk of infections [12-15]. 

The medical community has shown growing attention to methods 
that decrease steroid usage, including Steroid Withdrawal 
(SW) protocols. These approaches seek to lessen the long-
term negative impacts of steroids while maintaining adequate 
immunosuppression. Numerous studies have explored SW’s 
efficacy in kidney transplant recipients, but outcomes have been 
mixed [16-18]. Certain investigations suggest increased risks of 
acute rejection and graft failure, while others indicate minimal 
impact on graft survival and better metabolic outcomes. The 
variability in these results, combined with the lack of standardized 
SW protocols, highlights the need for a more thorough 
understanding of the clinical implications of discontinuing 
steroids in this patient population. Throughout the years, multiple 
Randomized Controlled Trials (RCTs) and observational studies 
have attempted to compare steroid withdrawal with steroid 
continuation in renal transplant patients [18-20]. However, these 
studies vary in their design, patient cohorts, and follow-up periods, 
making it difficult to draw definitive conclusions about the safety 
and effectiveness of steroid withdrawal. Considering the clinical 
relevance of these findings, a comprehensive systematic review 
and meta-analysis is crucial to consolidate the existing evidence 
and offer clearer guidance for transplant specialists.

This systematic review and meta-analysis aim to contribute to the 
ongoing discussion regarding the advantages and disadvantages of 

discontinuing steroid use in kidney transplant patients. The study’s 
primary objective is to assess the impact of steroid withdrawal 
versus continued steroid administration on crucial clinical 
outcomes, including patient survival, acute rejection episodes, 
graft failure, the development of new-onset diabetes, and infection 
rates. Through a comprehensive analysis of existing literature and 
statistical synthesis of data, this research endeavors to elucidate 
the balance between minimizing steroid-related side effects and 
maintaining sufficient immunosuppression. The ultimate goal is to 
furnish transplant physicians with evidence-supported guidelines 
for enhancing immunosuppressive regimens in individuals who 
have received kidney transplants.

Methods

Search Strategy

An extensive review of literature was performed using four key 
databases: PubMed, Scopus, Web of Science, and Embase. This 
review adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) and Meta-analyses Of 
Observational Studies in Epidemiology (MOOSE) guidelines. The 
focus was on identifying research that examined the outcomes of SW 
versus maintaining steroid treatment in kidney transplant patients. 
The search encompassed studies published up to September 15, 
2024, without any restrictions on language. To locate relevant 
studies, the search strategy employed a mix of keywords and 
Medical Subject Headings (MeSH) terms associated with “steroid 
withdrawal,” “kidney transplant,” and “immunosuppression.”

Eligibility Criteria

To be considered for inclusion, research had to meet the following 
requirements: (1) be either RCTs or observational studies that 
compared Steroid Withdrawal (SW) with Steroid Continuation 
(SC) in kidney transplant patients; (2) report on relevant clinical 
outcomes, including survival, acute rejection, graft failure, new-
onset diabetes, or infections; (3) have full-text articles accessible; 
and (4) involve human subjects. The selection process excluded 
studies with inadequate data, literature reviews, conference 
abstracts, and case reports.

Study Selection

A pair of autonomous evaluators examined the headings and 
summaries of all collected publications to determine their 
suitability. Following the elimination of duplicate and unrelated 
entries, complete manuscripts were obtained for thorough 
assessment. Any disagreements between the evaluators were 
settled through dialogue or by seeking input from an additional 
reviewer.

Data extraction

Two independent reviewers extracted data using a standardized 
form. For each study, they documented the following: author, 
country, study design, setting, intervention (comparing steroid 
withdrawal to maintenance), average age, percentage of female 
participants, sample sizes for both groups, duration of follow-
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up, and study endpoints. The reviewers also gathered outcome 
data, including measures of survival, acute rejection rates, death-
censored graft failure, new-onset diabetes, and infection rates. Key 
findings for each outcome were summarized. To ensure accuracy 
and consistency, any disagreements between reviewers were 
resolved through discussion.

Risk of bias assessment

To evaluate potential bias in the selected studies, researchers 
employed two assessment tools: The cochrane risk of bias tool 
for randomized controlled trials and the Newcastle-Ottawa Scale 
for observational studies. Each study was categorized as having 
low, unclear, or high risk of bias. This classification was based 
on various factors, including the method of sequence generation, 
how allocation was concealed, the presence of blinding, the 
completeness of outcome data, and whether there was selective 
reporting of results.

Statistical analysis

Statistical analysis was performed using Comprehensive Meta-
Analysis version 3.3. Risk Ratios (RR) and their 95% Confidence 
Intervals (CI) were computed using a random-effects model. The 
Higgins I² statistic was employed to evaluate heterogeneity among 
studies, with values exceeding 50% considered significant. To 
further investigate heterogeneity sources, a leave-one-out analysis 
was implemented. The presence of publication bias was examined 
through funnel plots, while Egger’s test was applied to quantify 
any asymmetry in the data.

Results

Study selection

Our search of PubMed, Scopus, Web of Science, and Embase 
identified 2,946 articles. After the removal of duplicates and 
exclusion of irrelevant records, 1,488 studies remained for 
further screening. During the screening process, 1236 studies 
were excluded because they did not meet the predefined criteria, 
leaving 252 studies for the full-text assessment. Of these, 250 were 
evaluated for eligibility and further articles were excluded due to 
inappropriate outcomes or insufficient data. Ultimately, 62 studies 
were considered eligible and were included in the final meta-
analysis [21-83] (Figure 1).

Figure 1: PRISMA flow chart of included studies.

Baseline characteristics and quality assessment

The baseline characteristics of the included studies demonstrate 
significant variability across multiple parameters. The study 
designs predominantly consisted of RCTs, with a smaller number 
of observational studies. These studies were conducted across 
a wide range of countries, including the USA, Germany, Italy, 
France, and others, and the sample sizes varied greatly, from as 
few as 10 to more than 160,000 participants. The follow-up periods 
also differed substantially, ranging from 6 months to several years. 
The average age of participants in most studies was in the mid-
40s to mid-50s, although some studies included younger or older 
populations. Gender distribution was generally balanced, though 
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some studies had a higher proportion of either males or females. Most studies focused on critical clinical endpoints such as mortality, graft loss, acute rejection, and graft function, often measured through markers like Serum Creatinine 
(SCr) and Creatinine Clearance (CrCl). The timing of steroid withdrawal interventions varied, typically occurring between a few days to several months post-transplantation. This diversity in study design, sample size, and outcomes 
highlights the heterogeneity of the available data. The baseline characteristics of the included studies are presented in Table 1, and the assessment of the risk of bias is included in the supplementary file.

Author Country Design Setting Intervention Age Gender (Female) Sample Size Follow up Study Endpoint

Withdraw Maintenance Withdraw Maintenance Withdraw Maintenance

Ahsan et al, 
19991 USA RCT Multicentre 3 months after 

transplantation 50 (20-71) 50 (18-74) 34% 45% 134 132 1 year
acute rejection episode or 
treatment failure within 1-year 
post‐transplant

Albert et al, 
19852 Germany RCT Single Centre

3 to 6 
months after 
transplantation

30 (10-51) 38 (10 to 51) 44% 32% 25 25 13 months NS

Aswad et al, 
19983 USA RCT Single Centre 6 months after 

transplantation NR NR NR NR 11 10 NR

Kramer et al, 
20124 USA RCT Multicentre day 1 after 

transplantation 44 ± 12 43 ± 13 35% 40% 152 151 3 years

Mortality, Graft loss, Biopsy‐
proven acute rejection, 
NODAT, Infection, CMV 
infection, Malignancy, 
Cardiovascular events, SCr 
(µM), CrCl (mL/min)

Benfield et al, 
20105 USA RCT Multicentre

6 to 12 
months after 
transplantation

11 ± 5 12 ± 6 44% 37% 73 59 3 years Mortality, Graft loss, Acute 
rejection

Boletis et al, 
20016 Greece RCT Single Centre 6 months after 

transplantation 43 ± 11 38 ± 11 41% 19% 34 32 1 year Mortality, Graft loss, Acute 
rejection, SCr (mg/dL)

Boots et al, 
20027 Netherlands RCT Multicentre 6 months after 

transplantation 54 ±14 48 ± 13 61% 35% 28 34 2.7 year
Mortality, Graft loss, Acute 
rejection. Biopsy‐proven acute 
rejection, SCr (mg/dL), CrCl 
(mL/min), NODAT, Infection

Bouma et al, 
19968 Netherlands RCT Multicentre 1 year after 

transplantation 48 ± 13 54 ± 12 31% 31% 42 42 1 year

Mortality, Graft loss, Acute 
rejection, Biopsy‐proven acute 
rejection, NODAT, Infection, 
Malignancy, Cardiovascular 
event, CrCl (mL/min)

Burke et al, 
20009 USA RCT Single Centre 3 months after 

transplantation  46.5 47.1 NR NR 26 25 3 years SCr (mg/dL), mortality, acute 
rejection

De Vecchi et al, 
198610 Italy RCT Single Centre day 1 after 

transplantation 36 ± 12 36 ± 10 48% 35% 25 26 2 years Mortality, Graft loss, Acute 
rejection, SCr (mg/dL)

del Castillo et 
al, 200511 Spain RCT Multicentre 6 months after 

transplantation 47 ± 11 47 ± 11 53% 26% 70 72 1 year Mortality, Graft loss, Acute 
rejection, SCr 

DOMINOS 
Study 201212 France RCT Multicentre

4 to 6 
months after 
transplantation

51 ± 12 51 ± 10 36% 32% 110 112 6 months Mortality, Graft loss, SCr, 
CrCl, eGFR 

EVIDENCE 
Study 201413 Italy RCT Multicentre 3 months after 

transplantation  48 ± 12 49 ± 13 32% 28% 68 71 9 months
Mortality. Graft loss, Biopsy‐
proven acute rejection, CrCl, 
eGFR

Farmer et al, 
200614 UK RCT Single Centre 1 year after 

transplantation 44 ± 15 45 ± 13 32% 40% 44 48 1 year Biopsy‐proven acute cellular 
rejection, SCr

FRANCIA 
Study 200715 France RCT Multicentre day 1 after 

transplantation 48 (19-65) 48 (17-65) 28% 35% 98 99 1 year Mortality, Graft loss, Acute 
rejection, SCr

FREEDOM 
Study 200816 USA RCT multicentre 7 days after 

transplantation 43 ± 13 47 ± 13 48% 41% 116 109 1 year
Mortality, Graft loss, Biopsy‐
proven acute rejection, 
NODAT, Infection, CMV 
infection

Gulanikar et al, 
199117 Canada RCT Multicentre 3 months after 

transplantation  39 ± 1 40 ± 1 35% 41% 260 263 5 years
Mortality. Graft loss, Biopsy‐
proven acute rejection, CrCl, 
eGFR

Höcker et al, 
200918 Germany RCT Multicentre

12 to 24 
months after 
transplantation

10 ± 1 11 ± 1 35% 32% 23 17 2 years
Mortality, Graft loss, Acute 
rejection, Biopsy‐proven acute 
rejection, Infection, CrCl

INFINITY 
Study 201319 France RCT Multicentre NR NR NR NR NR 131 131 6 months Mortality, Graft loss, Acute 

rejection, SCr

Isoniemi et al, 
199020 Finland RCT Single Centre 10 weeks after 

transplantation 49 ± 13 47 ± 11 53% 38% 32 29 4 years Mortality, Graft loss, Acute 
rejection, SCr

Jankowska‐Gan 
et al, 200921 USA RCT Single Centre 1 year after 

transplantation NR NR 36% 10% 32 10 3 years Mortality, Graft loss, Acute 
rejection, SCr

Johnson et al, 
198922 UK RCT Single Centre 1 day after 

transplantation NR NR NR NR 376 182 7 years Mortality, Graft loss, CMV 
infection

Kacar et al, 
200423 Turkey RCT Single Centre  2 years after 

transplantation NR NR NR NR 31 30 NR Mortality, Graft loss, Acute 
rejection, SCr

Kim et al, 
200224 USA RCT Multicentre 4 days after 

transplantation 48 48 NR NR 12 11 2 years Mortality, Graft loss, acute 
rejection, NODAT

Kumar et al, 
200525 USA RCT Single Centre 7 days after 

transplantation 50 ± 13 54 ± 13 28% 28% 45 32 1 year Mortality, Graft loss, acute 
rejection, NODAT

Laftavi et al, 
200526 USA RCT Single Centre 7 days after 

transplantation 50 ± 13 51 ± 12 35% 36% 32 28 1 year Mortality, Graft loss, Acute 
rejection, SCr

Lebranchu et 
al, 199927 Europe RCT Multicentre 3 months after 

transplantation 45 (18-69) 46 (18-71) 43% 41% 252 248 1 year
Mortality, Graft loss, Acute 
rejection, Biopsy‐proven acute 
rejection, Infection, CrCl

Maiorca et, 
198828 Italy RCT Single Centre 6 months after 

transplantation 33 ± 10 35 ± 9 30% 29% 31 35 27 months Mortality, Graft loss, acute 
rejection, NODAT

Matl et al, 
200029 Czech Republic RCT Single Centre 1 year after 

transplantation 50 ± 9 47 ± 13 45% 26% 46 42 1 year Mortality, Graft loss, Acute 
rejection, SCr

Mericq et al, 
201330 Chile RCT Multicentre 6 days after 

transplantation 6 ± 3 6 ± 4 50% 42% 14 16 1 year Mortality, Graft loss, Acute 
rejection

Montagnino et 
al, 200531 Italy RCT Multicentre 7 days after 

transplantation 44 ± 10 46 ± 12 31% 38% 65 68 3 years
Mortality, Graft loss, Acute 
rejection, Biopsy‐proven acute 
rejection, Infection, CrCl

Nagib et al, 
201532 Egypt RCT Single Centre 4 days after 

transplantation 5-62 years 24% 26% 214 214 66 months Mortality, Graft loss, Biopsy‐
proven acute rejection, CrCl

Nematalla et al, 
200733 Egypt RCT Single Centre 4 days after 

transplantation 30 ± 11 29 ± 10 20% 36% 50 50 1 year
Mortality, Graft loss, Acute 
rejection, Biopsy‐proven acute 
rejection, Infection, CrCl

Nott et al, 
198534 UK RCT Single Centre 1 day after 

transplantation NR NR NR NR 59 58 1 year Mortality, Graft loss, Biopsy‐
proven acute rejection, CrCl

Park et 
al,199435 Korea RCT Multicentre 3 months after 

transplantation NR NR NR NR 141 153 1 year
Mortality, Graft loss, Acute 
rejection, Biopsy‐proven acute 
rejection, Infection, CrCl

Pelletier et al, 
200636 USA RCT Single Centre

 at different 
time points 
after 
transplantation 
but >14 days

45 ± 14 45 ± 14 22% 31% 60 60 3 year Mortality, Graft loss, Acute 
rejection, SCr, NODAT

Pisani et al, 
200137 Italy RCT Single Centre 6 months after 

transplantation 41 45 33% 30% 15 15 NR
Mortality, Graft loss, Acute 
rejection, SCr, NODAT, CMV 
infection

Ponticelli et al, 
199738 Italy RCT Multicentre 5 days after 

transplantation 41 ± 11 41 ± 11 39% 32% 115 117 9 years
Mortality, Graft loss, Acute 
rejection, Biopsy‐proven acute 
rejection, Infection, CrCl

Ratcliffe et al, 
199339 UK RCT Single Centre 1 year after 

transplantation 48 ± 14 48 ± 14 35% 31% 49 51 1 year Mortality, Graft loss, Acute 
rejection, CrCl

Sandrini et al, 
200940 Italy RCT Single Centre 5 days after 

transplantation 50 ± 11 50 ± 11 NR NR 49 47 4 years Mortality, Graft loss, Acute 
rejection, CrCl

Schulak et al, 
198941 USA RCT Single Centre

 at different 
time points 
after 
transplantation 
but >14 days

44 ± 13 43 ± 12 50% 34% 32 35 2 year Mortality, Graft loss, Acute 
rejection, CrCl

Smak Gregoor 
et al, 199942 Netharlands RCT Multicentre 6 months after 

transplantation 52 (19-68) 51 (19-70) 32% 37% 76 73 18 months
Mortality, Graft loss, Biopsy‐
proven acute rejection, 
Infection, CrCl

Sola et al, 
200243 Spain RCT Single Centre 3 months after 

transplantation NR NR NR NR 46 46 2 year Mortality, Graft loss, Acute 
rejection, CrCl

Stiller et al, 
198344 Canada RCT Multicentre No steroids at 

any time NR NR 33% 36% 33 36 NR Mortality, Graft loss, Acute 
rejection

THOMAS 
Study 200245 Europe RCT Multicentre 3 months after 

transplantation 46 47 33% 38% 281 277 6 months
Mortality, Graft loss, Acute 
rejection, Biopsy‐proven acute 
rejection, Infection, CrCl

Vincenti et al, 
200346 NR RCT Multicentre 5 days after 

transplantation 49 ± 11 49 ± 12 55% 28% 40 43 1 year
Mortality, Graft loss, Biopsy‐
proven acute rejection, 
Infection, CrCl

Woodle et al, 
200547 USA RCT Multicentre 8 days after 

transplantation 47 ± 12 47 ± 13 31% 36% 197 200 5 years
Mortality, Graft loss, Biopsy‐
proven acute rejection, 
Infection, CrCl

Zhu et al, 
200848 China RCT Single Centre 6 months after 

transplantation 44 (26-65) NR NR 45 2 year
Mortality, Graft loss, Acute 
rejection, Biopsy‐proven acute 
rejection, Infection, CrCl

Werbel et al, 
202149 USA Observational Multicentre NR 50 (42-56) 49 (42-55) 22% 24% 250 975 1 year Mortality, Acute rejection, 

graft failure

Matas et al, 
201950 USA Observational Single Centre Variable time 

> 14 days 56.3 51.6 43.3 37.9 8987 5 years Mortality, Acute rejection, 
graft failure

Vock et al, 
202051 USA Observational Single Centre Variable time 

> 14 days 54.8 52.7 NR NR 169479 5 years Mortality, Acute rejection, 
graft failure

Haller et al, 
201752 USA observational single Centre NR 48 (15) 36% 5170 NR Mortality, Acute rejection, 

graft failure

Stumf et al, 
202453 Germany Observational Multicentre NR 53.5 ± 15.3 53.5 ± 15.3 35% 34% 111 135 5 years Mortality, Acute rejection, 

graft failure

Woodle et al, 
202154 Canada RCT Multicentre 7 days after 

transplantation 46.5 (12.1) 46.3 (12.6) 31% 37% 191 194 5 years
Mortality, Graft loss, Acute 
rejection, Biopsy‐proven acute 
rejection, Infection, CrCl

Delucchi et al, 
201155 Chile RCT multicentre 6 months after 

transplantation 8.0 ± 4.6 5.4 ± 2.6 39% 48% 55 41 5 years
Mortality, Graft loss, Acute 
rejection, Biopsy‐proven acute 
rejection, Infection, CrCl

Taber et al, 
201756 USA Observational Registry NR 49.8 ± 12.7 49.5 ± 12.6 38.70% 38.60% 5565 5565 NR Acute Rejection, Graft 

survival, patient survival

Andrada-Sierra 
et al, 201657 Mexico RCT Single Centre 5 days after 

transplantation 23 ± 6 27 ± 11 35% 26% 37 34 1 year Acute rejection

Sandwijk et al, 
201858 Amsterdam RCT Multicentre 6 months after 

transplantation 54.8 ± 14.6 57.5 ± 12.6 31.60% 32.40% 98 199 NR Acute rejection

Lopez-Soler et 
al, 201759 USA Observational Single Centre NR 48.14 ± 

13.5 43.96 ± 12.7 61.50% 55.40% 563 65 NR Mortality, Acute rejection, 
graft failure

Zahir et al, 
201960 Saudi Arabia Observational Single Centre 5 days after 

transplantation 42.14 ± 16 39.56 ± 16 36% 54% 105 144 1 year Acute rejection, Graft survival

Iwamoto et al, 
201261 Japan Observational Single Centre NR 47 ± 12 46 ± 11 36.90% 33.30% 84 18 1 year Acute rejection

Ueda et al, 
201462 USA Observational Multicentre NR 51.8 ± 13.7 51.2 ± 13.4 36.40% 35.40% 363 509 4 years Acute Rejection, Graft 

survival, patient survival

Table 1: Baseline characteristics of included studies.

Outcomes 

Mortality: In the analysis of 28 studies, the Risk Ratio (RR) for mortality was 0.833 (95% CI 0.743, 0.934; p=0.002), indicating that patients in the Steroid Withdrawal (SW) group had a statistically significant 16.7% lower risk of mortality 
compared to those in the Steroid Continuation (SC) group. The Confidence Interval (CI) suggests a consistent benefit across most studies, and the moderate heterogeneity (I²=41%) implies that the results are reasonably consistent. This 
suggests that withdrawing steroids does not negatively impact survival and may, in fact, improve it (Figure 2).

Figure 2: Forest plot of Mortality. Risk Ratios (RR) and 95% Confidence Intervals (CIs) for mortality between the steroid withdrawal and continuation groups.
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Acute Rejection: In contrast, the analysis of 23 studies revealed that the RR for acute rejection was 1.441 (95% CI 1.180, 1.759; 
p=0.001), indicating that the SW group had a 44.1% higher risk of acute rejection than the SC group (Figure 3). The high heterogeneity 
(I²=70%) suggests variability in the study outcomes, potentially influenced by differences in patient populations, follow-up durations, 
or immunosuppressive regimens. The increased risk of acute rejection with steroid withdrawal is a critical finding and suggests that, 
while steroid withdrawal may improve survival, it comes at the cost of a higher likelihood of acute rejection. A leave-one-out sensitivity 
analysis was performed to investigate heterogeneity, and the forest plot is included in the supplementary file. 

Figure 3: Forest plot of acute rejection outcomes. Risk ratios (RR) and 95% confidence intervals (CIs) for acute rejection rates between 
groups.

Death-censored graft failure

For death-censored graft failure, the RR across the 20 studies was 0.980 (95% CI 0.939, 1.022; p=0.344), indicating no statistically 
significant difference between the SW and SC groups (Figure 4). The very low heterogeneity (I²=0%) implies consistent findings across 
studies. This suggests that steroid withdrawal does not increase the risk of graft failure after accounting for patient deaths, indicating that 
the stability of the graft function is preserved regardless of whether steroids are continued or withdrawn.
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Figure 4: Forest plot of death-censored graft failure outcomes. Risk Ratios (RR) and 95% Confidence Intervals (CIs) for graft failure 
between groups.

New-onset diabetes:

Analysis of 16 studies showed an RR of 0.827 (95% CI 0.679, 1.006; p=0.058) for new-onset diabetes, suggesting a potential benefit 
of steroid withdrawal, with a 17.3% lower risk of diabetes in the SW group than in the SC group (Figure 5). Although this finding 
approached statistical significance, it did not reach the threshold (p<0.05). The low heterogeneity (I²=1.7%) supports the consistency of 
this outcome across the studies. The trend towards a reduced risk of diabetes highlights the possible benefit of avoiding the long-term 
metabolic side effects associated with steroid use.
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Figure 5: Forest plot of new-onset diabetes outcomes. Risk Ratios (RR) and 95% Confidence Intervals (CIs) for new-onset diabetes 
among the groups.

Infection:

Infection rates were assessed across 13 studies, with an RR of 0.988 (95% CI: 0.823, 1.185; p=0.895), showing no significant difference 
between the SW and SC groups. Negligible heterogeneity (I²=0%) suggests highly consistent findings. This indicates that withdrawing 
steroids does not increase or decrease the risk of infection, which is a key concern for immunosuppression (Figure 6).

Figure 6: Forest plot of infection outcomes. Risk Ratios (RR) and 95% Confidence Intervals (CIs) for infection rates between groups.
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Publication bias

Publication bias was assessed using funnel plots and Egger’s test for all the outcomes. For survival (Figure 7a), the studies were fairly 
distributed, with an Egger intercept value of -0.305 (p=0.12), indicating no significant publication bias. In acute rejection (Figure 7b), a 
slight asymmetry was observed in the funnel plot, and the Egger intercept value was 1.56 (p=0.001), suggesting potential publication bias. 
For death-censored graft failure (Figure 7c), the studies were evenly distributed, with an Egger intercept of -0.04 (p=0.43), indicating 
no significant bias. New-onset diabetes (Figure 7d) showed no asymmetry, with an Egger intercept value of -0.73 (p=0.08). Similarly, 
for infection (Figure 7e), the studies were fairly distributed, and the Egger intercept value was -0.03 (p=0.46), indicating no evidence 
of publication bias.

Figure 7a: Funnel plot for survival outcomes, showing no significant publication bias (Egger intercept: -0.305, p=0.12).

Figure 7b: Funnel plot for acute rejection outcomes, indicating potential publication bias (Egger intercept: 1.56, p=0.001).
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Figure 7c: Funnel plot for death-censored graft failure outcomes, showing no significant publication bias (Egger intercept: -0.04, 
p=0.43).

Figure 7d: Funnel plot for new-onset diabetes outcomes, showing no significant publication bias (Egger intercept: -0.73, p=0.08).
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Figure 7e: Funnel plot for infection outcomes showing no significant publication bias (Egger intercept: -0.03, p=0.46).

Discussion

In kidney transplantation, steroid therapy plays a crucial role in 
immunosuppression, helping to decrease the likelihood of acute 
rejection and graft failure. Nevertheless, prolonged steroid use 
is linked to considerable negative effects, including metabolic 
issues such as diabetes, bone loss, and increased susceptibility 
to infections [84-87]. Consequently, there is growing attention to 
protocols for steroid withdrawal, which aim to reduce these adverse 
effects while preserving graft function and patient longevity. This 
meta-analysis seeks to compare the clinical outcomes of Steroid 
Withdrawal (SW) with Steroid Continuation (SC) in kidney 
transplant patients, emphasizing important endpoints like survival, 
acute rejection, graft failure, newly developed diabetes, and 
infection incidence.

This meta-analysis uncovers a nuanced balance between the 
benefits and risks of discontinuing steroids in kidney transplant 
patients. Those who stopped steroid use showed a decreased 
likelihood of developing diabetes, indicating that eliminating long-
term steroid therapy may reduce metabolic complications often 
linked to extended immunosuppression. The consistency of this 
finding across studies, as evidenced by low heterogeneity, lends 
credibility to this potential advantage. However, the increased 
occurrence of acute rejection in patients who discontinued steroids 
is a significant concern. This higher rejection rate underscores 
the ongoing role of steroids in protecting the graft from immune-
mediated harm, especially in the initial post-transplant period. 
Despite this risk, the rates of death-censored graft failure were 
statistically comparable between groups, suggesting that steroid 
withdrawal does not necessarily jeopardize long-term graft 
viability when patient deaths are not considered. Infection rates, 

a typical worry for immunosuppressed individuals, were not 
significantly different between groups, indicating that steroid 
withdrawal neither increased nor decreased infection risk. The 
low heterogeneity across studies reinforces the reliability of these 
observations. 

After more than 20 years of implementing SW in kidney transplant 
procedures, identifying the most appropriate candidates for 
this approach remains problematic [88,89]. In the absence of 
standardized protocols, medical professionals continue to rely 
heavily on subjective assessments to evaluate individual risk factors 
and determine the necessity of ongoing steroid treatment [90,91]. 
While certain general risk indicators-such as heightened immune 
sensitization or the necessity for subsequent transplantation-
suggest a need for more robust immunosuppressive therapy, these 
insights are primarily qualitative and hypothesis-based, lacking 
precise quantitative guidance. Furthermore, current research 
fails to address crucial clinical questions, such as establishing 
clear thresholds for these risk factors. This gap in knowledge is 
further emphasized by the inconsistent inclusion criteria used in 
the key trials that shaped current ESW practices, underscoring 
the necessity for more comprehensive, evidence-based guidelines 
[68,92,93].

Painter, et al. observed that prednisone is not directly responsible 
for the increase in body fat observed after transplantation [94]. 
However, it may play a role in hindering natural improvements 
in exercise capacity, potentially by restricting gains in muscle 
strength. The consistently low exercise capacity seen in all 
transplant recipients one year after surgery indicates that exercise 
training might be necessary to enhance physical function post-
transplant. Research has also indicated that the responsiveness of 
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lymphocytes to cortisol could serve as an effective biomarker in 
identifying patients capable of maintaining steroid discontinuation 
[95-97].

Studies indicate that when given a ‘no-risk’ alternative, the majority 
of organ transplant recipients would prefer to stop taking steroids 
rather than other immunosuppressants [98,99]. Factors related to 
demographics could potentially predict prednisone-related side 
effects and guide decisions about steroid usage in this population. 
When developing protocols for future investigations on steroid 
discontinuation, researchers should consider the preferences of 
patients.

This comprehensive review and meta-analysis present several 
notable advantages. Primarily, it delivers an extensive evaluation 
of steroid discontinuation versus maintenance in kidney transplant 
patients, tackling a crucial clinical issue pertinent to long-term 
transplant results. Additionally, the incorporation of numerous 
studies from various populations and geographic areas enhances the 
applicability of the outcomes. The thorough search methodology, 
covering multiple major databases without language limitations, 
reduces the likelihood of overlooking relevant research and ensures 
a robust data collection. By concentrating on clinically meaningful 
endpoints such as survival, acute rejection, graft failure, new-onset 
diabetes, and infection, this study provides valuable, practical 
insights for medical professionals. The inclusion of both RCTs and 
observational studies improves the external validity of the results 
while upholding methodological quality through risk of bias 
evaluations. Lastly, sophisticated statistical methods, including 
random-effects modeling and sensitivity analysis, were utilized 
to address heterogeneity and confirm the stability of the findings, 
contributing to the overall credibility of the conclusions.

Several limitations exist in this systematic review and meta-
analysis. Firstly, significant heterogeneity was noted in crucial 
outcomes, including acute rejection, potentially hindering the 
ability to draw consistent conclusions across diverse patient 
groups. Secondly, despite a thorough search strategy, the 
possibility of publication bias cannot be completely ruled out, 
especially for outcomes where funnel plots showed asymmetry. 
Thirdly, the lack of a standardized steroid withdrawal protocol 
presented a challenge, as studies varied in their approach, with 
some discontinuing steroids within months and others after a year. 
Fourthly, the diversity in immunosuppressive regimens, follow-up 
periods, and patient populations may have influenced the results, 
making direct study comparisons difficult. Lastly, the analysis 
relied on reported data, which could be subject to reporting bias 
or incompleteness, potentially impacting the accuracy of certain 
findings.

Future perspectives for this topic include the development of 
standardized protocols for steroid withdrawal in kidney transplant 
recipients, which would allow for more consistent comparisons 
across studies and provide clearer guidance for clinical practice. 
Further research should focus on identifying specific patient 
populations that may benefit most from steroid withdrawal, such 

as those with lower immunological risk, while balancing the risk 
of acute rejection. Additionally, long-term studies are needed to 
assess the impact of steroid withdrawal on graft survival and patient 
quality of life, especially concerning metabolic complications like 
diabetes. Incorporating patient preferences into study designs will 
also be essential, as personalizing immunosuppressive regimens 
based on both clinical and demographic factors may improve 
outcomes. Finally, the role of alternative immunosuppressive 
agents in mitigating the adverse effects of steroid withdrawal 
should be explored to create more comprehensive and patient-
friendly treatment strategies.

Conclusion

This comprehensive systematic review and meta-analysis 
examines the effects of discontinuing steroids versus maintaining 
steroid therapy in kidney transplant patients. The findings reveal 
that while stopping steroids may decrease the likelihood of 
developing new-onset diabetes, it also increases the risk of acute 
rejection, emphasizing the importance of careful patient selection 
and vigilant monitoring. Although survival rates were better for 
those who do not continue steroid use, graft failure rates were 
comparable between both groups. These results highlight the 
challenge of weighing the advantages of reducing steroid-related 
side effects against the heightened risk of rejection, especially in 
immunologically high-risk patients. Additional studies should 
aim to establish standardized protocols for steroid withdrawal and 
identify specific patient groups that can safely stop steroid use 
while maintaining optimal long-term outcomes.

References
1.	 Voora S, Adey DB (2019) Management of Kidney Transplant 

Recipients by General Nephrologists: Core Curriculum 2019. Am J 
Kidney Dis 73: 866-879. 

2.	 Shrestha BM (2006) Simultaneous pancreas and kidney transplantation 
for end-stage renal failure secondary to diabetic nephropathy: 
Principles and practice. JNMA J Nepal Med Assoc 45: 323-330. 

3.	 Greco F, Alba S, Fornara P, Mirone V (2016) Renal transplantation: 
technical aspects, diagnosis and management of early and late 
urological complications. Panminerva Med 58: 294-303. 

4.	 Greco F, Fornara P, Mirone V (2014) Renal transplantation: Technical 
aspects, diagnosis and management of early and late urological 
complications. Panminerva Med 56: 17-29. 

5.	 Kramer A, Boenink R, Stel VS, et al. (2021) The ERA-EDTA registry 
annual report 2018: A summary. Clinical kidney journal 14: 107-123. 

6.	 Callemeyn J, Lamarthée B, Koenig A, Koshy P, Thaunat O, et al. 
(2022) Allorecognition and the spectrum of kidney transplant rejection. 
Kidney Int 101: 692-710. 

7.	 Hollinsworth TD, Blumenfeld A, Truckenbrod J, et al. (2023) A Single 
Site, Retrospective Chart Review of Renal Transplant Graft Failure 
and Mortality Rates Pre and Post COVID-19 Pandemic. S D Med 76: 
553-560. 

8.	 Opelz G, Döhler B, Laux G (2005) Long-term prospective study of 
steroid withdrawal in kidney and heart transplant recipients. Am J 
Transplant 5: 720-728. 

9.	 Pascual J, Royuela A, Galeano C, Crespo M, Zamora J (2012) Very 

https://pubmed.ncbi.nlm.nih.gov/30981567/
https://pubmed.ncbi.nlm.nih.gov/30981567/
https://pubmed.ncbi.nlm.nih.gov/30981567/
https://pubmed.ncbi.nlm.nih.gov/17334424/
https://pubmed.ncbi.nlm.nih.gov/17334424/
https://pubmed.ncbi.nlm.nih.gov/17334424/
https://pubmed.ncbi.nlm.nih.gov/27448016/
https://pubmed.ncbi.nlm.nih.gov/27448016/
https://pubmed.ncbi.nlm.nih.gov/27448016/
https://pubmed.ncbi.nlm.nih.gov/27448016/
https://pubmed.ncbi.nlm.nih.gov/27448016/
https://pubmed.ncbi.nlm.nih.gov/27448016/
https://pubmed.ncbi.nlm.nih.gov/33564410/
https://pubmed.ncbi.nlm.nih.gov/33564410/
https://pubmed.ncbi.nlm.nih.gov/34915041/
https://pubmed.ncbi.nlm.nih.gov/34915041/
https://pubmed.ncbi.nlm.nih.gov/34915041/
https://pubmed.ncbi.nlm.nih.gov/38986121/
https://pubmed.ncbi.nlm.nih.gov/38986121/
https://pubmed.ncbi.nlm.nih.gov/38986121/
https://pubmed.ncbi.nlm.nih.gov/38986121/
https://pubmed.ncbi.nlm.nih.gov/15760395/
https://pubmed.ncbi.nlm.nih.gov/15760395/
https://pubmed.ncbi.nlm.nih.gov/15760395/
https://pubmed.ncbi.nlm.nih.gov/21785040/


Citation: Alkamis OA, AlSaffar AH, Ali AA, Abuhamaid AI, Saeed HA, et al. (2024) Evaluating the Impact of Steroid Withdrawal on Outcomes in 
Kidney Transplant Recipients: A Systematic Review and Meta-Analysis. Int J Cerebrovasc Dis Stroke 7: 187. DOI: 10.29011/2688-8734.100187

12 Volume 7; Issue 01

early steroid withdrawal or complete avoidance for kidney transplant 
recipients: A systematic review. Nephrol Dial Transplant 27: 825-832. 

10.	 Coutinho AE, Chapman KE (2011) The anti-inflammatory and 
immunosuppressive effects of glucocorticoids, recent developments 
and mechanistic insights. Mol Cell Endocrinol 335: 2-13. 

11.	 Ronchetti S, Migliorati G, Bruscoli S, Riccardi C (2018) Defining the 
role of glucocorticoids in inflammation. Clin Sci (Lond) 132: 1529-1543. 

12.	 Czock D, Keller F, Rasche FM, Häussler U (2005) Pharmacokinetics 
and pharmacodynamics of systemically administered glucocorticoids. 
Clin Pharmacokinet 44: 61-98. 

13.	 Rohatagi S, Appajosyula S, Derendorf H, et al. (2004) Risk-benefit 
value of inhaled glucocorticoids: a pharmacokinetic/pharmacodynamic 
perspective. J Clin Pharmacol 44: 37-47. 

14.	 Matas AJ, Kandaswamy R, Gillingham KJ, et al. (2005) Prednisone-
free maintenance immunosuppression-a 5-year experience. Am J 
Transplant 5: 2473-2478. 

15.	 Patel S, Kwan JT, McCloskey E, et al. (2001) Prevalence and causes 
of low bone density and fractures in kidney transplant patients. J Bone 
Miner Res 16: 1863-1870. 

16.	 Tojimbara T, Yashima J, Shirai H, Yamazaki T, Koyama I, et al. (2020) 
Early Steroid Withdrawal Protocol With Basiliximab and Rituximab in 
ABO-Incompatible Kidney Transplant Recipients. Transplant Proc 52: 
1705-1708. 

17.	 Kato Y, Tojimbara T, Iwadoh K, et al. (2006) Early steroid withdrawal 
protocol with basiliximab, cyclosporine and mycophenolate mofetil in 
renal-transplant recipients. Int Immunopharmacol 6: 1984-1992. 

18.	 Anil Kumar MS, Irfan Saeed M, Ranganna K, et al. (2008) Comparison 
of four different immunosuppression protocols without long-term 
steroid therapy in kidney recipients monitored by surveillance biopsy: 
five-year outcomes. Transpl Immunol 20: 32-42. 

19.	 Anil Kumar MS, Heifets M, Fyfe B, et al. (2005) Comparison of steroid 
avoidance in tacrolimus/mycophenolate mofetil and tacrolimus/
sirolimus combination in kidney transplantation monitored by 
surveillance biopsy. Transplantation 80: 807-814. 

20.	 Nanmoku K, Shinzato T, Kubo T, Shimizu T, Kimura T, et al. (2018) 
Steroid Withdrawal Using Everolimus in ABO-Incompatible Kidney 
Transplant Recipients With Post-Transplant Diabetes Mellitus. 
Transplant Proc 50: 1050-1055. 

21.	 Ahsan N, Hricik D, Matas A, et al. (1999) Prednisone withdrawal in 
kidney transplant recipients on cyclosporine and mycophenolate 
mofetil-a prospective randomized study. Steroid Withdrawal Study 
Group. Transplantation 68: 1865-1874. 

22.	 Albert F, Schmidt U. Cyclosporin-a (cy-a) Therapy with or without 
Steroids In Cadaveric Kidney-Transplantation-A Prospective 
Randomized One-Center Study. Elsevier science inc ste 800, 230 
Park Ave, New York, NY 10169 USA; 1985:708-708.

23.	 Aswad S, Zapanta R, Wu L, Bogaard T, Asai P, et al. (1998) Steroid 
withdrawal in living related kidney transplant patients receiving FK506. 
Nephrol Dial Transplant 13: A285. 

24.	 Krämer BK, Klinger M, Wlodarczyk Z, et al. (2010) Tacrolimus 
combined with two different corticosteroid-free regimens compared 
with a standard triple regimen in renal transplantation: one year 
observational results. Clin Transplant 24: E1-9. 

25.	 Benfield MR, Bartosh S, Ikle D, et al. (2010) A randomized double-
blind, placebo controlled trial of steroid withdrawal after pediatric renal 
transplantation. Am J Transplant 10: 81-88. 

26.	 Boletis JN, Konstadinidou I, Chelioti H, et al. (2001) Successful 

withdrawal of steroid after renal transplantation. Transplant Proc 33: 
1231-1233. 

27.	 Boots JM, Christiaans MH, Van Duijnhoven EM, Van Suylen RJ, Van 
Hooff JP (2002) Early steroid withdrawal in renal transplantation with 
tacrolimus dual therapy: A pilot study. Transplantation. 74: 1703-1709. 

28.	 Bouma G, Hollander D, Doxiadis I, et al. (1996) In vitro study: Prediction 
of graft rejection after withdrawal of steroids. Transplantations medizin 
8: 79-83. 

29.	 Burke J, Francos B, Francos G (2001) Double-blind, placebo-
controlled trial of steroid withdrawal in kidney transplant recipients 
with a cyclosporine/mycophenolate regimen-three year follow up. Am 
J Transplant 1:296. 

30.	 de Vecchi A, Tarantino A, Rivolta E, et al. (1986) Ciclosporin alone 
or associated with steroid for immunosuppression of cadaveric renal 
transplants? Contrib Nephrol 51: 88-90. 

31.	 Del Castillo D, Franco A, Tabernero J, Errasti P, Valdes F, et al. (2005) 
Prospective, multicenter, randomized, open-label study of Myfortic 
with steroid withdrawal vs Myfortic with standard steroid regimen 
to prevent acute rejection in de novo kidney transplantation. Am J 
Transplant 5: 191. 

32.	 Thierry A, Mourad G, Büchler M, et al. (2012) Steroid avoidance with 
early intensified dosing of enteric-coated mycophenolate sodium: A 
randomized multicentre trial in kidney transplant recipients. Nephrol 
Dial Transplant 27: 3651-3659. 

33.	 Ponticelli C, Carmellini M, Tisone G, et al. (2014) A randomized trial of 
everolimus and low-dose cyclosporine in renal transplantation: with or 
without steroids? Transplant Proc 46: 3375-3382. 

34.	 Farmer CK, Hampson G, Abbs IC, et al. (2006) Late low-dose steroid 
withdrawal in renal transplant recipients increases bone formation and 
bone mineral density. Am J Transplant 6: 2929-2936. 

35.	 Cantarovich D, Rostaing L, Kamar N, et al. (2014) Early corticosteroid 
avoidance in kidney transplant recipients receiving ATG-F induction: 
5-year actual results of a prospective and randomized study. Am J 
Transplant 14: 2556-2564. 

36.	 Vincenti F, Schena FP, Paraskevas S, Hauser IA, Walker RG, et al. 
(2008) A randomized, multicenter study of steroid avoidance, early 
steroid withdrawal or standard steroid therapy in kidney transplant 
recipients. Am J Transplant 8: 307-316. 

37.	 Gulanikar AC, Belitsky P, MacDonald AS, Cohen A, Bitter-Suermann 
H (1991) Randomized controlled trial of steroids versus no steroids in 
stable cyclosporine-treated renal graft recipients. Transplant Proc 23: 
990-991. 

38.	 Höcker B, Weber LT, Feneberg R, et al. (2009) Prospective, 
randomized trial on late steroid withdrawal in pediatric renal transplant 
recipients under cyclosporine microemulsion and mycophenolate 
mofetil. Transplantation 87: 934-941. 

39.	 Thierry A, Mourad G, Buechler M, et al. Three-Year Safety and Efficacy 
Outcomes in Kidney Transplant Patients Randomized to Steroid 
Avoidance or Maintenance Steroids with Early Intensified Dosing of 
Enteric-Coated Mycophenolate Sodium: The INFINITY Study. WILEY-
BLACKWELL 111 RIVER ST, HOBOKEN 07030-5774, NJ USA; 
2013:358-358.

40.	 Isoniemi H (1991) Renal allograft immunosuppression. III. Triple 
therapy versus three different combinations of double drug treatment: 
Two year results in kidney transplant patients. Transpl Int 4: 31-37. 

41.	 Jankowska-Gan E, Sollinger HW, Pirsch JD, et al. (2009) Successful 
reduction of immunosuppression in older renal transplant recipients 
who exhibit donor-specific regulation. Transplantation 88: 533-541. 

https://pubmed.ncbi.nlm.nih.gov/21785040/
https://pubmed.ncbi.nlm.nih.gov/21785040/
https://pubmed.ncbi.nlm.nih.gov/20398732/
https://pubmed.ncbi.nlm.nih.gov/20398732/
https://pubmed.ncbi.nlm.nih.gov/20398732/
https://pubmed.ncbi.nlm.nih.gov/30065045/
https://pubmed.ncbi.nlm.nih.gov/30065045/
https://pubmed.ncbi.nlm.nih.gov/15634032/
https://pubmed.ncbi.nlm.nih.gov/15634032/
https://pubmed.ncbi.nlm.nih.gov/15634032/
https://pubmed.ncbi.nlm.nih.gov/14681340/
https://pubmed.ncbi.nlm.nih.gov/14681340/
https://pubmed.ncbi.nlm.nih.gov/14681340/
https://pubmed.ncbi.nlm.nih.gov/16162197/
https://pubmed.ncbi.nlm.nih.gov/16162197/
https://pubmed.ncbi.nlm.nih.gov/16162197/
https://pubmed.ncbi.nlm.nih.gov/11585351/
https://pubmed.ncbi.nlm.nih.gov/11585351/
https://pubmed.ncbi.nlm.nih.gov/11585351/
https://pubmed.ncbi.nlm.nih.gov/32444132/
https://pubmed.ncbi.nlm.nih.gov/32444132/
https://pubmed.ncbi.nlm.nih.gov/32444132/
https://pubmed.ncbi.nlm.nih.gov/32444132/
https://pubmed.ncbi.nlm.nih.gov/17161352/
https://pubmed.ncbi.nlm.nih.gov/17161352/
https://pubmed.ncbi.nlm.nih.gov/17161352/
https://pubmed.ncbi.nlm.nih.gov/18773960/
https://pubmed.ncbi.nlm.nih.gov/18773960/
https://pubmed.ncbi.nlm.nih.gov/18773960/
https://pubmed.ncbi.nlm.nih.gov/18773960/
https://pubmed.ncbi.nlm.nih.gov/16210969/
https://pubmed.ncbi.nlm.nih.gov/16210969/
https://pubmed.ncbi.nlm.nih.gov/16210969/
https://pubmed.ncbi.nlm.nih.gov/16210969/
https://pubmed.ncbi.nlm.nih.gov/29631750/
https://pubmed.ncbi.nlm.nih.gov/29631750/
https://pubmed.ncbi.nlm.nih.gov/29631750/
https://pubmed.ncbi.nlm.nih.gov/29631750/
https://pubmed.ncbi.nlm.nih.gov/10628766/
https://pubmed.ncbi.nlm.nih.gov/10628766/
https://pubmed.ncbi.nlm.nih.gov/10628766/
https://pubmed.ncbi.nlm.nih.gov/10628766/
https://pubmed.ncbi.nlm.nih.gov/2652518/
https://pubmed.ncbi.nlm.nih.gov/2652518/
https://pubmed.ncbi.nlm.nih.gov/2652518/
https://pubmed.ncbi.nlm.nih.gov/2652518/
https://pubmed.ncbi.nlm.nih.gov/19925464/
https://pubmed.ncbi.nlm.nih.gov/19925464/
https://pubmed.ncbi.nlm.nih.gov/19925464/
https://pubmed.ncbi.nlm.nih.gov/19925464/
https://pubmed.ncbi.nlm.nih.gov/19663893/
https://pubmed.ncbi.nlm.nih.gov/19663893/
https://pubmed.ncbi.nlm.nih.gov/19663893/
https://pubmed.ncbi.nlm.nih.gov/11267272/
https://pubmed.ncbi.nlm.nih.gov/11267272/
https://pubmed.ncbi.nlm.nih.gov/11267272/
https://pubmed.ncbi.nlm.nih.gov/12499885/
https://pubmed.ncbi.nlm.nih.gov/12499885/
https://pubmed.ncbi.nlm.nih.gov/12499885/
https://pubmed.ncbi.nlm.nih.gov/8958267/
https://pubmed.ncbi.nlm.nih.gov/8958267/
https://pubmed.ncbi.nlm.nih.gov/8958267/
https://pubmed.ncbi.nlm.nih.gov/3552426/
https://pubmed.ncbi.nlm.nih.gov/3552426/
https://pubmed.ncbi.nlm.nih.gov/3552426/
https://pubmed.ncbi.nlm.nih.gov/12614286/
https://pubmed.ncbi.nlm.nih.gov/12614286/
https://pubmed.ncbi.nlm.nih.gov/12614286/
https://pubmed.ncbi.nlm.nih.gov/12614286/
https://pubmed.ncbi.nlm.nih.gov/12614286/
https://pubmed.ncbi.nlm.nih.gov/22645323/
https://pubmed.ncbi.nlm.nih.gov/22645323/
https://pubmed.ncbi.nlm.nih.gov/22645323/
https://pubmed.ncbi.nlm.nih.gov/22645323/
https://pubmed.ncbi.nlm.nih.gov/25498055/
https://pubmed.ncbi.nlm.nih.gov/25498055/
https://pubmed.ncbi.nlm.nih.gov/25498055/
https://pubmed.ncbi.nlm.nih.gov/17061994/
https://pubmed.ncbi.nlm.nih.gov/17061994/
https://pubmed.ncbi.nlm.nih.gov/17061994/
https://pubmed.ncbi.nlm.nih.gov/25243534/
https://pubmed.ncbi.nlm.nih.gov/25243534/
https://pubmed.ncbi.nlm.nih.gov/25243534/
https://pubmed.ncbi.nlm.nih.gov/25243534/
https://pubmed.ncbi.nlm.nih.gov/18211506/
https://pubmed.ncbi.nlm.nih.gov/18211506/
https://pubmed.ncbi.nlm.nih.gov/18211506/
https://pubmed.ncbi.nlm.nih.gov/18211506/
https://pubmed.ncbi.nlm.nih.gov/1989355/
https://pubmed.ncbi.nlm.nih.gov/1989355/
https://pubmed.ncbi.nlm.nih.gov/1989355/
https://pubmed.ncbi.nlm.nih.gov/1989355/
https://pubmed.ncbi.nlm.nih.gov/19300199/
https://pubmed.ncbi.nlm.nih.gov/19300199/
https://pubmed.ncbi.nlm.nih.gov/19300199/
https://pubmed.ncbi.nlm.nih.gov/19300199/
https://pubmed.ncbi.nlm.nih.gov/22645323/
https://pubmed.ncbi.nlm.nih.gov/22645323/
https://pubmed.ncbi.nlm.nih.gov/22645323/
https://pubmed.ncbi.nlm.nih.gov/22645323/
https://pubmed.ncbi.nlm.nih.gov/22645323/
https://pubmed.ncbi.nlm.nih.gov/22645323/
https://pubmed.ncbi.nlm.nih.gov/2059298/
https://pubmed.ncbi.nlm.nih.gov/2059298/
https://pubmed.ncbi.nlm.nih.gov/2059298/
https://pubmed.ncbi.nlm.nih.gov/19696637/
https://pubmed.ncbi.nlm.nih.gov/19696637/
https://pubmed.ncbi.nlm.nih.gov/19696637/


Citation: Alkamis OA, AlSaffar AH, Ali AA, Abuhamaid AI, Saeed HA, et al. (2024) Evaluating the Impact of Steroid Withdrawal on Outcomes in 
Kidney Transplant Recipients: A Systematic Review and Meta-Analysis. Int J Cerebrovasc Dis Stroke 7: 187. DOI: 10.29011/2688-8734.100187

13 Volume 7; Issue 01

42.	 Johnson RW, Mallick NP, Bakran A, et al. (1989) Cadaver renal 
transplantation without maintenance steroids. Transplant Proc 21: 
1581-1582. 

43.	 Kacar S, Gurkan A, Karaoglan M, Akman F, Varilsuha C, et al. (2004) 
Steroid withdrawal protocol in renal transplantation. 28: 2107-2112. 

44.	 Kim E, Gohh R, Morrissey P (2002) Rapid steroid withdrawal versus 
standard steroid treatment in patients treated with basiliximab, 
cyclosporine, and mycophenolate mofetil for the prevention of acute 
rejection in kidney transplantation: a 2-year follow-up. Am J Transplant 
2: 397. 

45.	 Kumar MS, Heifets M, Moritz MJ, et al. (2006) Safety and efficacy of 
steroid withdrawal two days after kidney transplantation: analysis of 
results at three years. Transplantation 81: 832-839. 

46.	 Laftavi MR, Stephan R, Stefanick B, et al. (2005) Randomized 
prospective trial of early steroid withdrawal compared with low-dose 
steroids in renal transplant recipients using serial protocol biopsies to 
assess efficacy and safety. Surgery 137: 364-371. 

47.	 Lebranchu Y (1999) Comparison of two corticosteroid regimens in 
combination with CellCept and cyclosporine A for prevention of acute 
allograft rejection: 12 month results of a double-blind, randomized, 
multi-center study. M 55002 Study Group. Transplant Proc 31: 249-
250. 

48.	 Cristinelli L, Brunori G, Manganoni AM, Manganoni A, Setti G, et al. 
(1986) Controlled study of steroid withdrawal after 6 months in renal 
transplant patients treated with ciclosporin. Contrib Nephrol 51: 91-95. 

49.	 Matl I, Lácha J, Lodererová A, et al. (2000) [Withdrawal of prednisone 
from a triple combination of immunosuppressive agents after kidney 
transplantation]. Cas Lek Cesk 139: 115-119. Vysazení prednisonu z 
trojkombinace imunosupresiv u nemocných po transplantaci ledviny. 

50.	 Mericq V, Salas P, Pinto V, et al. (2013) Steroid withdrawal in pediatric 
kidney transplant allows better growth, lipids and body composition: A 
randomized controlled trial. Horm Res Paediatr 79: 88-96. 

51.	 Montagnino G, Sandrini S, Casciani C, et al. (2005) A randomized 
trial of steroid avoidance in renal transplant patients treated with 
everolimus and cyclosporine. Transplant Proc 37: 788-790. 

52.	 Nagib AM, Abbas MH, Abu-Elmagd MM, et al. (2015) Long-term 
study of steroid avoidance in renal transplant patients: a single-center 
experience. Transplant Proc 47: 1099-1104. 

53.	 Nematalla AH, Bakr MA, Gheith OA, Elagroudy AE, Elshahawy el 
M, et al. (2007) Steroid-avoidance immunosuppression regimen in 
live-donor renal allotransplant recipients: A prospective, randomized, 
controlled study. Exp Clin Transplant 5: 673-679. 

54.	 Griffin PJ, Da Costa CA, Salaman JR (1987) A controlled trial of steroids 
in cyclosporine-treated renal transplant recipients. Transplantation 43: 
505-508. 

55.	 Nott D, Griffin P, Salaman J. Low-dose steroids do not augment 
cyclosporine immunosuppression but do diminish cyclosporine 
nephrotoxicity. Elsevier Science Inc 655 Avenue of the Americas, New 
York 10010; 1985:1289-1290.

56.	 Park K, Kim ST, Lee SR, Koh YB, Kim HC (1994) A 1-year prospective 
randomized study in Korean living donor kidney transplant recipients: 
Comparing cyclosporine monotherapy and cyclosporine/prednisolone 
during the maintenance phase of immunosuppression. Transplant 
Proc 26: 1985-1986. 

57.	 Pelletier RP, Akin B, Ferguson RM (2006) Prospective, randomized trial 
of steroid withdrawal in kidney recipients treated with mycophenolate 
mofetil and cyclosporine. Clin Transplant 20: 10-18.

58.	 Pisani F, Buonomo O, Iaria G, et al. (2001) Preliminary results of a 
prospective randomized study of basiliximab in kidney transplantation. 
Transplant Proc 33: 2032-2033. 

59.	 Ponticelli C, Aroldi A (2001) Osteoporosis after organ transplantation. 
Lancet 357: 1623. 

60.	 Ratcliffe PJ, Dudley CR, Higgins RM, Firth JD, Smith B, et al. 
Randomised controlled trial of steroid withdrawal in renal transplant 
recipients receiving triple immunosuppression. Lancet 348: 643-648. 

61.	 Sandrini S, Setti G, Bossini N, et al. (2010) Early (fifth day) vs. late 
(sixth month) steroid withdrawal in renal transplant recipients treated 
with Neoral(®) plus Rapamune(®): Four-yr results of a randomized 
monocenter study. Clin Transplant 24: 669-677. 

62.	 Schulak JA, Mayes JT, Moritz CE, Hricik DE (1990) A prospective 
randomized trial of prednisone versus no prednisone maintenance 
therapy in cyclosporine-treated and azathioprine-treated renal 
transplant patients. Transplantation 49: 327-332. 

63.	 Gregoor PJ, de Sévaux RG, Hené RJ, et al. (1999) Effect of 
cyclosporine on mycophenolic acid trough levels in kidney transplant 
recipients. Transplantation 68: 1603-1606. 

64.	 Sola E, Alférez MJ, Cabello M, Burgos D, González Molina M (2002) 
Low-dose and rapid steroid withdrawal in renal transplant patients 
treated with tacrolimus and mycophenolate mofetil. Transplant Proc 
34: 1689-1690.

65.	 Stiller C. The requirements for maintenance steroids in cyclosporine-
treated renal-transplant recipients. Elsevier science inc 655 avenue of 
the americas, NEW YORK, NY 10010; 1983: 2490-2494.

66.	 Boots JM, van den Ham EC, Christiaans MH, van Hooff JP (2002) 
Risk of adrenal insufficiency with steroid maintenance therapy in renal 
transplantation. Transplant Proc 34: 1696-1697. 

67.	 Vincenti F, Monaco A, Grinyo J, et al. (2001) Rapid steroid withdrawal 
versus standard steroid therapy in patients treated with basiliximab, 
cyclosporine, and mycophenolate mofetil for the prevention of acute 
rejection in renal transplantation. Transplant Proc 33: 1011-1012. 

68.	 Woodle ES, First MR, Pirsch J, Shihab F, Gaber AO, et al. (2008) A 
prospective, randomized, double-blind, placebo-controlled multicenter 
trial comparing early (7 day) corticosteroid cessation versus long-term, 
low-dose corticosteroid therapy. Ann Surg 248: 564-577. 

69.	 Zhu QG, Zhao YK, Liu W, Luo H, Qiu Y, et al. (2008) Two-year 
observation of a randomized trial on tacrolimus-based therapy 
with withdrawal of steroids or mycophenolate mofetil after renal 
transplantation. Chin Med Sci J 23: 244-248. 

70.	 Werbel WA, Bae S, Yu S, Al Ammary F, Segev DL, et al. (2021) 
Early steroid withdrawal in HIV-infected kidney transplant recipients: 
Utilization and outcomes. Am J Transplant 21: 717-726. 

71.	 Matas AJ, Vock DM (2019) Prednisone-free maintenance 
immunosuppression in obese kidney transplant recipients. Clin 
Transplant 33: e13668. 

72.	 Vock DM, Matas AJ (2020) Rapid discontinuation of prednisone in 
kidney transplant recipients from at-risk subgroups: an OPTN/SRTR 
analysis. Transpl Int 33: 181-201. 

73.	 Haller MC, Kammer M, Kainz A, Baer HJ, Heinze G (2017) Steroid 
withdrawal after renal transplantation: a retrospective cohort study. 
BMC Med 15: 8. 

74.	 Stumpf J, Thomusch O, Opgenoorth M, et al. (2023) Excellent efficacy 
and beneficial safety during observational 5-year follow-up of rapid 
steroid withdrawal after renal transplantation (Harmony FU study). 
Nephrol Dial Transplant 39: 141-150. 

https://pubmed.ncbi.nlm.nih.gov/2652513/
https://pubmed.ncbi.nlm.nih.gov/2652513/
https://pubmed.ncbi.nlm.nih.gov/2652513/
https://pubmed.ncbi.nlm.nih.gov/23288351/
https://pubmed.ncbi.nlm.nih.gov/23288351/
https://pubmed.ncbi.nlm.nih.gov/16570004/
https://pubmed.ncbi.nlm.nih.gov/16570004/
https://pubmed.ncbi.nlm.nih.gov/16570004/
https://pubmed.ncbi.nlm.nih.gov/15746793/
https://pubmed.ncbi.nlm.nih.gov/15746793/
https://pubmed.ncbi.nlm.nih.gov/15746793/
https://pubmed.ncbi.nlm.nih.gov/15746793/
https://pubmed.ncbi.nlm.nih.gov/10083095/
https://pubmed.ncbi.nlm.nih.gov/10083095/
https://pubmed.ncbi.nlm.nih.gov/10083095/
https://pubmed.ncbi.nlm.nih.gov/10083095/
https://pubmed.ncbi.nlm.nih.gov/10083095/
https://pubmed.ncbi.nlm.nih.gov/3552427/
https://pubmed.ncbi.nlm.nih.gov/3552427/
https://pubmed.ncbi.nlm.nih.gov/3552427/
https://pubmed.ncbi.nlm.nih.gov/10838741/
https://pubmed.ncbi.nlm.nih.gov/10838741/
https://pubmed.ncbi.nlm.nih.gov/10838741/
https://pubmed.ncbi.nlm.nih.gov/10838741/
https://pubmed.ncbi.nlm.nih.gov/23429258/
https://pubmed.ncbi.nlm.nih.gov/23429258/
https://pubmed.ncbi.nlm.nih.gov/23429258/
https://pubmed.ncbi.nlm.nih.gov/15848532/
https://pubmed.ncbi.nlm.nih.gov/15848532/
https://pubmed.ncbi.nlm.nih.gov/15848532/
https://pubmed.ncbi.nlm.nih.gov/26036529/
https://pubmed.ncbi.nlm.nih.gov/26036529/
https://pubmed.ncbi.nlm.nih.gov/26036529/
https://pubmed.ncbi.nlm.nih.gov/18194120/
https://pubmed.ncbi.nlm.nih.gov/18194120/
https://pubmed.ncbi.nlm.nih.gov/18194120/
https://pubmed.ncbi.nlm.nih.gov/18194120/
https://pubmed.ncbi.nlm.nih.gov/3554643/
https://pubmed.ncbi.nlm.nih.gov/3554643/
https://pubmed.ncbi.nlm.nih.gov/3554643/
https://pubmed.ncbi.nlm.nih.gov/8066642/
https://pubmed.ncbi.nlm.nih.gov/8066642/
https://pubmed.ncbi.nlm.nih.gov/8066642/
https://pubmed.ncbi.nlm.nih.gov/8066642/
https://pubmed.ncbi.nlm.nih.gov/8066642/
https://pubmed.ncbi.nlm.nih.gov/16556147/
https://pubmed.ncbi.nlm.nih.gov/16556147/
https://pubmed.ncbi.nlm.nih.gov/16556147/
https://ouci.dntb.gov.ua/en/works/4gDQV51l/
https://ouci.dntb.gov.ua/en/works/4gDQV51l/
https://ouci.dntb.gov.ua/en/works/4gDQV51l/
https://pubmed.ncbi.nlm.nih.gov/11386321/
https://pubmed.ncbi.nlm.nih.gov/11386321/
https://pubmed.ncbi.nlm.nih.gov/8782754/
https://pubmed.ncbi.nlm.nih.gov/8782754/
https://pubmed.ncbi.nlm.nih.gov/8782754/
https://pubmed.ncbi.nlm.nih.gov/20030684/
https://pubmed.ncbi.nlm.nih.gov/20030684/
https://pubmed.ncbi.nlm.nih.gov/20030684/
https://pubmed.ncbi.nlm.nih.gov/20030684/
https://pubmed.ncbi.nlm.nih.gov/2407003/
https://pubmed.ncbi.nlm.nih.gov/2407003/
https://pubmed.ncbi.nlm.nih.gov/2407003/
https://pubmed.ncbi.nlm.nih.gov/2407003/
https://pubmed.ncbi.nlm.nih.gov/10589962/
https://pubmed.ncbi.nlm.nih.gov/10589962/
https://pubmed.ncbi.nlm.nih.gov/10589962/
https://pubmed.ncbi.nlm.nih.gov/12176537/
https://pubmed.ncbi.nlm.nih.gov/12176537/
https://pubmed.ncbi.nlm.nih.gov/12176537/
https://pubmed.ncbi.nlm.nih.gov/12176537/
https://pubmed.ncbi.nlm.nih.gov/12176541/
https://pubmed.ncbi.nlm.nih.gov/12176541/
https://pubmed.ncbi.nlm.nih.gov/12176541/
https://pubmed.ncbi.nlm.nih.gov/11267168/
https://pubmed.ncbi.nlm.nih.gov/11267168/
https://pubmed.ncbi.nlm.nih.gov/11267168/
https://pubmed.ncbi.nlm.nih.gov/11267168/
https://pubmed.ncbi.nlm.nih.gov/18936569/
https://pubmed.ncbi.nlm.nih.gov/18936569/
https://pubmed.ncbi.nlm.nih.gov/18936569/
https://pubmed.ncbi.nlm.nih.gov/18936569/
https://pubmed.ncbi.nlm.nih.gov/19180887/
https://pubmed.ncbi.nlm.nih.gov/19180887/
https://pubmed.ncbi.nlm.nih.gov/19180887/
https://pubmed.ncbi.nlm.nih.gov/19180887/
https://pubmed.ncbi.nlm.nih.gov/32681603/
https://pubmed.ncbi.nlm.nih.gov/32681603/
https://pubmed.ncbi.nlm.nih.gov/32681603/
https://pubmed.ncbi.nlm.nih.gov/31310030/
https://pubmed.ncbi.nlm.nih.gov/31310030/
https://pubmed.ncbi.nlm.nih.gov/31310030/
https://pubmed.ncbi.nlm.nih.gov/31557340/
https://pubmed.ncbi.nlm.nih.gov/31557340/
https://pubmed.ncbi.nlm.nih.gov/31557340/
https://pubmed.ncbi.nlm.nih.gov/28077142/
https://pubmed.ncbi.nlm.nih.gov/28077142/
https://pubmed.ncbi.nlm.nih.gov/28077142/
https://pubmed.ncbi.nlm.nih.gov/37391381/
https://pubmed.ncbi.nlm.nih.gov/37391381/
https://pubmed.ncbi.nlm.nih.gov/37391381/
https://pubmed.ncbi.nlm.nih.gov/37391381/


Citation: Alkamis OA, AlSaffar AH, Ali AA, Abuhamaid AI, Saeed HA, et al. (2024) Evaluating the Impact of Steroid Withdrawal on Outcomes in 
Kidney Transplant Recipients: A Systematic Review and Meta-Analysis. Int J Cerebrovasc Dis Stroke 7: 187. DOI: 10.29011/2688-8734.100187

14 Volume 7; Issue 01

75.	 Woodle ES, Gill JS, Clark S, Stewart D, Alloway R, et al. (2021) Early 
Corticosteroid Cessation vs Long-term Corticosteroid Therapy in 
Kidney Transplant Recipients: Long-term Outcomes of a Randomized 
Clinical Trial. JAMA Surg 156: 307-314. 

76.	 Delucchi A, Valenzuela M, Lillo AM, et al. (2011) Early steroid 
withdrawal in pediatric renal transplant: five years of follow-up. Pediatr 
Nephrol 26: 2235-2244. 

77.	 Taber DJ, Hunt KJ, Gebregziabher M, et al. (2017) A Comparative 
Effectiveness Analysis of Early Steroid Withdrawal in Black Kidney 
Transplant Recipients. Clin J Am Soc Nephrol 12: 131-139. 

78.	 Andrade-Sierra J, Rojas-Campos E, Cardona-Muñoz E, et al. (2016) 
Early Steroid Withdrawal in Recipients of a Kidney Transplant From a 
Living Donor: Experience of a Single Mexican Center. Transplant Proc 
48: 42-49. 

79.	 van Sandwijk MS, de Vries APJ, Bakker SJL, et al. (2018) Early Steroid 
Withdrawal Compared With Standard Immunosuppression in Kidney 
Transplantation-Interim Analysis of the Amsterdam-Leiden-Groningen 
Randomized Controlled Trial. Transplant Direct 4: e354. 

80.	 Lopez-Soler RI, Chan R, Martinolich J, et al. (2017) Early steroid 
withdrawal results in improved patient and graft survival and lower risk 
of post-transplant cardiovascular risk profiles: A single-center 10-year 
experience. Clin Transplant 31.

81.	 Zahir N, Mousa D, Al Taweel A, et al. (2019) Prospective nonrandomized 
study with early steroid withdrawal (Day 5) postrenal transplant in 
low immunological risk patients: A single center experience at prince 
sultan military medical city Riyadh. Saudi J Kidney Dis Transpl 30: 
1398-1406. 

82.	 Iwamoto H, Hama K, Konno O, et al. (2012) Early steroid withdrawal 
in adult kidney transplantation at a single center. Transplant Proc 44: 
179-181. 

83.	 Ueda K, McCague KM, Wiland A, Peddi VR (2014) Early corticosteroid 
withdrawal in the real world: a long-term analysis of kidney transplant 
recipients from the Mycophenolic Acid Observational Renal Transplant 
Registry. Ann Transplant 19: 84-92. 

84.	 Shrestha BM (2017) Steroid withdrawal and bone disease after kidney 
transplantation. Lancet 389: 1795-1796. 

85.	 Hwang JL, Weiss RE (2014) Steroid-induced diabetes: A clinical and 
molecular approach to understanding and treatment. Diabetes Metab 
Res Rev 30: 96-102. 

86.	 Freret TS, James KE, Melamed A, Gyamfi-Bannerman C, Kaimal AJ, 
et al. (2022) Late-preterm steroid use among individuals with pre-
gestational diabetes mellitus and with twin gestations. Am J Obstet 
Gynecol 227: 788-790.e3. 

87.	 Laurent MR, Goemaere S, Verroken C, et al. (2022) Prevention 
and Treatment of Glucocorticoid-Induced Osteoporosis in Adults: 
Consensus Recommendations From the Belgian Bone Club. Front 
Endocrinol 13: 908727. 

88.	 Hricik DE (2005) Steroid withdrawal for the (selected) masses. Am J 
Transplant 5: 639-640. 

89.	 Bae S, Garonzik-Wang JM, Massie AB, McAdams-DeMarco MA, 
Coresh J, et al. (2021) Inconsistencies in the association of clinical 
factors with the choice of early steroid withdrawal across kidney 
transplant centers: A national registry study. Clin Transplant 35: 
e14176. 

90.	 Matas AJ, Gaston RS (2015) Moving Beyond Minimization Trials in 
Kidney Transplantation. J Am Soc Nephrol 26: 2898-901. 

91.	 Thomas B, Weir MR (2015) The Evaluation and Therapeutic 
Management of Hypertension in the Transplant Patient. Curr Cardiol 
Rep 17: 95. 

92.	 Vítko S, Klinger M, Salmela K, et al. (2005) Two corticosteroid-free 
regimens-tacrolimus monotherapy after basiliximab administration 
and tacrolimus/mycophenolate mofetil-in comparison with a standard 
triple regimen in renal transplantation: results of the Atlas study. 
Transplantation 80: 1734-1741. 

93.	 Rostaing L, Cantarovich D, Mourad G, et al. (2005) Corticosteroid-
free immunosuppression with tacrolimus, mycophenolate mofetil, and 
daclizumab induction in renal transplantation. Transplantation 79: 807-
814. 

94.	 Painter PL, Topp KS, Krasnoff JB, et al. (2003) Health-related fitness 
and quality of life following steroid withdrawal in renal transplant 
recipients. Kidney Int 63: 2309-2316. 

95.	 Takeuchi H, Matsuno N, Hirano T, et al. (2011) Steroid withdrawal 
based on lymphocyte sensitivity to endogenous steroid in renal 
transplant recipients. Biol Pharm Bull 34: 1578-1583. 

96.	 Okihara M, Takeuchi H, Kikuchi Y, et al. (2021) Individual Lymphocyte 
Sensitivity to Steroids as a Reliable Biomarker for Clinical Outcome 
after Steroid Withdrawal in Japanese Renal Transplantation. J Clin 
Med 10

97.	 Muhetaer G, Takeuchi H, Unezaki S, et al. (2014) Clinical significance 
of peripheral blood lymphocyte sensitivity to glucocorticoids for the 
differentiation of high-risk patients with decreased allograft function 
after glucocorticoid withdrawal in renal transplantation. Clin Ther 36: 
1264-1272. 

98.	 Prasad GV, Nash MM, McFarlane PA, Zaltzman JS (2003) Renal 
transplant recipient attitudes toward steroid use and steroid withdrawal. 
Clin Transplant 17: 135-139. 

99.	 Howell M, Wong G, Rose J, Tong A, Craig JC, et al. (2016) Eliciting 
patient preferences, priorities and trade-offs for outcomes following 
kidney transplantation: A pilot best-worst scaling survey. BMJ Open 
6: e008163. 

https://pubmed.ncbi.nlm.nih.gov/33533901/
https://pubmed.ncbi.nlm.nih.gov/33533901/
https://pubmed.ncbi.nlm.nih.gov/33533901/
https://pubmed.ncbi.nlm.nih.gov/33533901/
https://pubmed.ncbi.nlm.nih.gov/21695450/
https://pubmed.ncbi.nlm.nih.gov/21695450/
https://pubmed.ncbi.nlm.nih.gov/21695450/
https://pubmed.ncbi.nlm.nih.gov/27979979/
https://pubmed.ncbi.nlm.nih.gov/27979979/
https://pubmed.ncbi.nlm.nih.gov/27979979/
https://pubmed.ncbi.nlm.nih.gov/26915841/
https://pubmed.ncbi.nlm.nih.gov/26915841/
https://pubmed.ncbi.nlm.nih.gov/26915841/
https://pubmed.ncbi.nlm.nih.gov/26915841/
https://pubmed.ncbi.nlm.nih.gov/30123827/
https://pubmed.ncbi.nlm.nih.gov/30123827/
https://pubmed.ncbi.nlm.nih.gov/30123827/
https://pubmed.ncbi.nlm.nih.gov/30123827/
https://pubmed.ncbi.nlm.nih.gov/27888534/
https://pubmed.ncbi.nlm.nih.gov/27888534/
https://pubmed.ncbi.nlm.nih.gov/27888534/
https://pubmed.ncbi.nlm.nih.gov/27888534/
https://pubmed.ncbi.nlm.nih.gov/31929287/
https://pubmed.ncbi.nlm.nih.gov/31929287/
https://pubmed.ncbi.nlm.nih.gov/31929287/
https://pubmed.ncbi.nlm.nih.gov/31929287/
https://pubmed.ncbi.nlm.nih.gov/31929287/
https://pubmed.ncbi.nlm.nih.gov/22310609/
https://pubmed.ncbi.nlm.nih.gov/22310609/
https://pubmed.ncbi.nlm.nih.gov/22310609/
https://pubmed.ncbi.nlm.nih.gov/24535029/
https://pubmed.ncbi.nlm.nih.gov/24535029/
https://pubmed.ncbi.nlm.nih.gov/24535029/
https://pubmed.ncbi.nlm.nih.gov/24535029/
https://pubmed.ncbi.nlm.nih.gov/28495164/
https://pubmed.ncbi.nlm.nih.gov/28495164/
https://pubmed.ncbi.nlm.nih.gov/24123849/
https://pubmed.ncbi.nlm.nih.gov/24123849/
https://pubmed.ncbi.nlm.nih.gov/24123849/
https://pubmed.ncbi.nlm.nih.gov/35988756/
https://pubmed.ncbi.nlm.nih.gov/35988756/
https://pubmed.ncbi.nlm.nih.gov/35988756/
https://pubmed.ncbi.nlm.nih.gov/35988756/
https://pubmed.ncbi.nlm.nih.gov/35757436/
https://pubmed.ncbi.nlm.nih.gov/35757436/
https://pubmed.ncbi.nlm.nih.gov/35757436/
https://pubmed.ncbi.nlm.nih.gov/35757436/
https://pubmed.ncbi.nlm.nih.gov/15760383/
https://pubmed.ncbi.nlm.nih.gov/15760383/
https://pubmed.ncbi.nlm.nih.gov/33259086/
https://pubmed.ncbi.nlm.nih.gov/33259086/
https://pubmed.ncbi.nlm.nih.gov/33259086/
https://pubmed.ncbi.nlm.nih.gov/33259086/
https://pubmed.ncbi.nlm.nih.gov/33259086/
https://pubmed.ncbi.nlm.nih.gov/25925686/
https://pubmed.ncbi.nlm.nih.gov/25925686/
https://pubmed.ncbi.nlm.nih.gov/26362301/
https://pubmed.ncbi.nlm.nih.gov/26362301/
https://pubmed.ncbi.nlm.nih.gov/26362301/
https://pubmed.ncbi.nlm.nih.gov/16378069/
https://pubmed.ncbi.nlm.nih.gov/16378069/
https://pubmed.ncbi.nlm.nih.gov/16378069/
https://pubmed.ncbi.nlm.nih.gov/16378069/
https://pubmed.ncbi.nlm.nih.gov/16378069/
https://pubmed.ncbi.nlm.nih.gov/15818323/
https://pubmed.ncbi.nlm.nih.gov/15818323/
https://pubmed.ncbi.nlm.nih.gov/15818323/
https://pubmed.ncbi.nlm.nih.gov/15818323/
https://pubmed.ncbi.nlm.nih.gov/12753323/
https://pubmed.ncbi.nlm.nih.gov/12753323/
https://pubmed.ncbi.nlm.nih.gov/12753323/
https://pubmed.ncbi.nlm.nih.gov/21963498/
https://pubmed.ncbi.nlm.nih.gov/21963498/
https://pubmed.ncbi.nlm.nih.gov/21963498/
https://www.mdpi.com/2077-0383/10/8/1670/review_report
https://www.mdpi.com/2077-0383/10/8/1670/review_report
https://www.mdpi.com/2077-0383/10/8/1670/review_report
https://www.mdpi.com/2077-0383/10/8/1670/review_report
https://pubmed.ncbi.nlm.nih.gov/25037282/
https://pubmed.ncbi.nlm.nih.gov/25037282/
https://pubmed.ncbi.nlm.nih.gov/25037282/
https://pubmed.ncbi.nlm.nih.gov/25037282/
https://pubmed.ncbi.nlm.nih.gov/25037282/
https://pubmed.ncbi.nlm.nih.gov/12709080/
https://pubmed.ncbi.nlm.nih.gov/12709080/
https://pubmed.ncbi.nlm.nih.gov/12709080/
https://pubmed.ncbi.nlm.nih.gov/26810994/
https://pubmed.ncbi.nlm.nih.gov/26810994/
https://pubmed.ncbi.nlm.nih.gov/26810994/
https://pubmed.ncbi.nlm.nih.gov/26810994/


Citation: Alkamis OA, AlSaffar AH, Ali AA, Abuhamaid AI, Saeed HA, et al. (2024) Evaluating the Impact of Steroid Withdrawal on Outcomes in 
Kidney Transplant Recipients: A Systematic Review and Meta-Analysis. Int J Cerebrovasc Dis Stroke 7: 187. DOI: 10.29011/2688-8734.100187

15 Volume 7; Issue 01

Supplemental Figure 1: leave one out analysis of acute rejection.
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Supplemental Figure 2: Risk of bias summary and graph of randomized controlled trials.
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Supplemental Table presenting the risk of bias assessment of observational studies using the Newcastle-Ottawa assessment 
Scale

Newcastle Ottawa Quality Assessment Scale

Study Name
Selection Comparability Outcome

1 2 3 4 5 6 7 8 9

Werbel et al, 2021 * * * * * * * * *

Matas et al, 2019 * * * * * - * * *

Vock et al, 2020 * * * * * * * - *

Haller et al, 2017 * * * * * - * - *

Stumf et al, 2024 * * * * * * * * *

Taber et al, 2017 * * * * - * * * *

Lopez-Soler et al, 2017 * * * * * - * * *

Zahir et al, 2019 * * * * - * * * *

Iwamoto et al, 2012 * * * - * - * * *

Ueda et al, 2014 * * * * * * * * *

Newcastle-Ottawa Quality Assessment Scale

Selection:

1 Representation of the intervention cohort

2 Selection of the non-intervention cohort

3 Has the correct intervention been utilized?

4 Outcome of Interest present at the start of study?

Comparability:
5 Are the cohorts comparable based on the design or analysis: age, sex, and injury severity?

6 Are the cohorts comparable based on the design or analysis? Additional factors

Outcome:

7 Was the outcome assessed?

8 Was the follow-up long enough for measured outcomes to occur?

9 Was the cohort follow-up long enough?


