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Abstract: Objective: The present study aimed to evaluate the safety and benefits of N-acetylcysteine (NAC) for chron-
ic kidney disease (CKD) through a systematic review and meta-analysis. Methods and materials: We performed a 
literature search until 5 May 2020 in the CENTRAL, MEDLINE, EMBASE, CINAHL, Clinical Trials Registry Platform 
and CBM. Two reviewers independently identified eligible articles and extract data. The risk of bias and publication 
bias were evaluated in all included trials and Cochrane Collaboration’s RevMan5.3 software was used for data 
analysis. Fifteen trials (20 articles) involving a total of 768 patients were included. Results: The summary results of 
the studies showed that NAC did reduce cardiovascular events among people with CKD, the RR was 0.60, and the 
number that needs to be treated (NNT) was 5.29. Pooled date of estimated glomerular filtration rate (eGFR) and 
serum creatinine (Scr) in the NAC group were better than those in the placebo group. No patients in all studies were 
terminated due to side effect. Subgroup analysis also showed that inflammatory cytokines and homocysteine were 
significantly lower in NAC group. Conclusion: These results suggested that NAC appears to be safe without obvious 
adverse events, which can also benefit kidney function, relieve inflammation and reduce cardiovascular events 
among people with CKD.
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Introduction

Chronic kidney disease (CKD) is a chronic dis-
ease that has an abnormal structure or func-
tion of the kidney that lasts more than 3 mon- 
ths and affects health [1]. Chronic kidney dis-
ease is an independent risk factor for cardio-
vascular disease, which in turn worsens CKD, 
leading to a vicious cycle [2]. Compared with 
the general population, the damaging factors  
of the high incidence of cardiovascular disease 
(CVD) in patients with CKD not only include tra-
ditional factors, but also non-traditional risk fa- 
ctors such as oxidative stress (OS) and inflam-
mation [3]. CKD is associated with OS which 
probably makes a significant contribution to the 
excess cardiovascular burden in CKD patients 
[4]. Markers of inflammation, such as interleu-
kin (IL)-6, tumor necrosis factor-α (TNF-α), and 
C-reactive protein (CRP), are also elevated in 
CKD patient which might be triggered by OS, 
and thus accelerating the renal injury progres-
sion [5]. Meanwhile, high level of homocysteine 
(HCY) and uremic toxin are also related to vas-

cular endothelial injury [6, 7]. There is accumu-
lating evidence which suggests that antioxida-
tive treatment may reduce OS.

N-acetylcysteine (NAC) is a thiol compound with 
anti-oxidant effect, which can reduce the pro-
duction of oxygen free radicals [8] and reduce 
the levels of pro-inflammatory cytokines [9], 
and is widely used in clinics [10-12]. It is well 
tolerated without any serious side effects [13]. 
Several studies have speculated that NAC can 
reduce serum creatinine (Scr), increase the 
clearance of endogenous creatinine, and im- 
prove the ultrastructure of podocytes, which 
can delay the deterioration progress of renal 
function [14-17]. It has been demonstrated  
that NAC could significantly reduce urinary pro-
tein in diabetic rat model and possibly delay  
the occurrence and development of diabetic 
nephropathy [18].

Despite potential effectiveness and increasing 
interest, there is uncertainty whether NAC is 
effective for CKD treatment. Therefore, we per-
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formed a systematic review to fill this knowl-
edge gap.

Methods and materials

Study selection and outcome assessment

We included randomized controlled trials  
(RCTs) of adults, in which at least one of the 
treatment groups received NAC, administered 
orally or intravenously at any dose for any 
length of time. 

Participants with CKD, including those who 
needed renal replacement therapy (dialysis), 
had a functioning kidney transplant, or whose 
kidney function was impaired (defined as a 
reduced estimated glomerular filtration rate 
(eGFR) < 60 mL/min/1.73 m²), and other mark-
ers of kidney damage such as proteinuria 
(KDOQI stages 1 to 5), or an elevated Scr level 
(Scr > 120 µmol/L) was appeared. Data from 
subgroups of participants with CKD within stud-
ies with broader inclusion criteria (e.g. people 
from the general population, patients with dia-
betes, patients with CVD) were also included. 

The primary measured outcomes were eGFR, 
Scr, all-cause mortality, cardiovascular and cer-
ebrovascular diseases and adverse events. 
The secondary outcomes included blood urea 
nitrogen (BUN), endogenous creatinine clear-
ance (Ccr), serum cystatin C (CysC), serum HCY, 
hemoglobin (Hb), IL-6, IL-1 and CRP.

Data sources and study search strategy

A systematic and comprehensive literature se- 
arch was carried out to identify eligible RCTs 
using the following sources: MEDLINE (1946 to 
May 5, 2020), EMBASE (1974 to May 5, 2020), 
CINAHL (1937 to May 5, 2020), CENTRAL (Co- 
chrane Central Register of Controlled Trials, 
May, 2020), World Health Organization Inter- 
national Clinical Trials Registry Platform (May  
5, 2020). Key words used to search included 
‘N-acetylcysteine OR NAC’ and ‘chronic renal 
insufficiency OR chronic kidney disease OR 
chronic renal failure OR end stage renal dis-
ease OR CKD OR ESRD’. We identified addition-
al studies by hand-searching the references 
cited in relevant publications.

Selection of studies

Publications retrieved from CENTRAL, MED- 
LINE, EMBASE, CINAHL and the Clinical Trials 
Registry Platform were imported in a reference 
management software (EndNote X5). After 

removing the duplicate results, non blinded 
trial reports were reviewed independently by LS 
and YM according to the selection criteria. 
Disagreements were resolved by consensus 
and by recourse to the third review author 
whenever not resolved by consensus.

Date extraction and management

Two authors independently read the full text of 
extracted articles and included studies that 
met the inclusion criteria. The same indepen-
dent authors used standardized data forms to 
extract data on: type of trial, sample size, diag-
nostic input, intervention, length of follow-up, 
outcome variables, and results. We entered 
continuous data (e.g. eGFR, Scr) as means and 
standard deviations (SDs), and dichotomous 
outcomes (e.g. response, improvement) as 
number of events.

Assessment of risk of bias in included studies

The risk of bias of included trials were indepen-
dently assessed by the review authors, using a 
data collection form. All included studies were 
assessed by looking at standard quality do- 
mains using the risk of bias assessment tool 
[19]. There were six domains: sequence gener-
ation, allocation concealment, blinding of out-
come assessment, completeness of outcome 
data, selective reporting and other potential 
sources of bias. We made a judgment about 
risk of bias according to the criteria described 
in the Cochrane Handbook [19]. Risk of bias 
was categorized as ‘Low risk’, ‘High risk’ or 
‘Unclear risk’. We explored the impact of bias  
by undertaking sensitivity analyses. The publi-
cation bias was analysed by funnel plot.

Data analysis

We analyzed only the available data for conti- 
nuous data. For dichotomous data, we used 
intention-to-treat (ITT) analysis. Meta-analysis 
was performed when the participants and 
interventions were sufficiently homogeneous, 
using Review Manager 5.3 [20]. For continu- 
ous data, weighted mean differences (MD) and 
95% confidence interval (CI), and for dichoto-
mous data, weighted risk ratios (RR) and 95% 
CI were calculated. All comparisons were two-
sided and a P-value < 0.05 was considered  
statistically significant. Heterogeneity was ex- 
plored by the chi-squared test (Chi2 test) with 
significance set at P value 0.10. The quantity  
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of heterogeneity was measured by I2 with I2 ≥ 
50% as substantial heterogeneity. A random-
effect model was used to combine the results 
where heterogeneity was significant. Other- 
wise, a fixed-effect model was used. 

Sub-group analysis was performed to assess  
if the route of administration and different 
duration of NAC influenced the outcome varia-
ble. Sensitivity analyses were undertaken to 
explore the robustness of findings to key deci-
sions in the review process. Two sensitivity 
analyses were performed according to wheth-
er: 1) the allocation to intervention or control 
groups was truly randomized, to explore the 
potential selection bias; 2) the outcome as- 
sessment was blinded, to explore the poten- 
tial assessment bias associated with knowl-
edge of the intervention.

Results

Results of the search

6957 potentially relevant references were se- 
arched from MEDLINE, EMBASE, CINAHL, CEN- 
TRAL and the Clinical Trials Registry Platform. 
After title and abstract Screening, 39 full-text 
articles were selected. Fifteen individual stud-
ies published in 20 papers met the inclusion 
criteria for the systematic review [21-35]. Other 
19 records were excluded because they were 
not original articles, not RCTs, or had irrelevant 
outcomes (Figure 1).

Characteristics of included studies

Characteristics of included trials and patients 
were available in the Table 1. Fifteen RCTs (20 

Figure 1. Flow diagram of the lit-
erature search conducted in the 
present study.
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Table 1. Characteristics of included studies

Authors (year) (Ref.) Study 
type (RCT)

Sample size Age (years) Treatment protocol Included 
criteria

Follow-up 
time Outcomes

NAC Control NAC Control NAC Control
Oral NAC 

    Ahmadi et al (2017) [21] Parallel 26 21 57.5±13.3 59.1±12.7 Oral NAC 1,200 mg twice/day N/A* ESRD 12 weeks eGFR, Kt/V, 24-hour urine 
volume

    Bashardoust et al (2018) [22] Parallel 26 25 65.5±11.05 62.76±14.47 Oral NAC 1,200 mg/day Placebo capsules ESRD 4 weeks Hb, Ferritin, hs-CRP, ALP, P, 
Ca, AE

    Friedman et al (2003) [23] Parallel 18 17 68±3 70±4 Oral NAC 1,200 mg twice/day Placebo capsules ESRD 4 weeks HCY, AE

    Hashemi et al (2012) [24] Parallel 35 35 60.2±10.1 63.4±6.4 Oral NAC 600 mg twice/day N/A DN 2 months 24-hour urine protein

    Larki et al (2019) [25] Parallel 21 19 60.61±16.61 61.05±19.09 Oral NAC 600 mg/12 hour Placebo capsules ESRD 8 weeks SCr, BUN, ALB, Hb, Ca, P, PTH, 
ESR, CRP, IL-6

    Moist et al (2010) [26] Parallel 30 30 68.6±12.5 71.6±9.1 Oral NAC 1,200 mg/12 hour Placebo capsules CCR 30-60 
mL/min

2 days SCr, eGFR, 24-hour urine  
protein, CysC

    Purwanto et al (2012) [27] Parallel 16 16 45.79±7.59 42.54±6.79 Oral NAC 600 mg twice/day Placebo capsules ESRD 8 weeks PCT, TNF-α, hs-CRP, IL-6, IL-1

    Renke et al (2010) [28] Cross-over 19 19 N/A N/A Oral NAC 1,200 mg/day Placebo capsules non-DN 8 weeks SCr, eGFR, 24-hour urine  
protein, HCY, Blood pressure, AE

    Tepel et al (2003) [29] Parallel 64 70 63±14 62±18 Oral NAC 600 mg twice/day Placebo capsules ESRD 2 years cardiac events, ischemic stroke, 
total mortality, AE

    Vural et al (2018) [30] Parallel 23 17 46±15 49±13 Oral NAC 600 mg twice/day Placebo capsules ESRD 54 weeks TNF-α, IL-6

IVdrop NAC

    Perna et al (2012) [31] Parallel 47 48 65.8±1.83 58.5±2.70 IV NAC 5 g in 5% glucose, 
MTHF

5% glucose  
solution alone

ESRD 10 dialysis 
sessions

HCY, AE

    Scholze et al (2004) [32] Cross-over 20 20 N/A N/A IV NAC 5 g in 5% glucose 5% glucose  
solution alone

ESRD one dialysis 
sessions

HCY, BP

    Thaha et al (2006) [33] Parallel 30 30 48.1±11.08 52.6±10.3 IV NAC 5 g in 5% glucose 5% glucose  
solution alone

ESRD one dialysis 
sessions

HCY, BP, AE

    Thaha et al (2008) [34] Parallel 20 20 44.8±12.7 45.8±11.05 IV NAC 5 g in 5% glucose 5% glucose  
solution alone

ESRD one dialysis 
sessions

AE

    Tsai et al (2010) [35] Parallel 22 21 56.45±15.67 55.05±14.87 IV NAC 5 g in normal saline 
250 mL

normal saline 
250 mL

ESRD one dialysis 
sessions

HCY, TNF-α, hs-CRP

Note: AE, adverse events; ALB, albumin; ALP, alkaline phosphatase; BP, blood pressure; BUN, blood urea nitrogen; Ca, calcium; CAPD, continuous ambulatory peritoneal dialysis; CCR, endogenous creatinine clearance; CKD, chronic kidney dis-
ease; CRP, C-reactive protein; CysC, serum cystatin C; DN, diabetic nephropathy; eGFR, estimated glomerular filtration rate; ESR, erythrocyte sedimentation rate; ESRD, end-stage renal disease; Hb, hemoglobin; HCY, homocysteine; hs-CRP, high 
sensitivity C reactive protein; IL, interleukin; IVdrop, intravenous drop infusion; MTHF, Methylfolate; NAC, N-acetylcysteine; P, phosphorus; PCT, procalcitonin; PTH, parathyroid hormone; RCT, randomized controlled trials; SCr, serum creatinine; 
TNF-α, tumor necrosis factor-α; *N/A, No data provided.
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papers) [21-35] met the inclusion criteria, 
including 13 randomized parallel controlled tri-
als [21-27, 29-31, 33-35] (15 papers) and 2 
randomized crossover trials [28, 32] (5 papers). 
For the randomized parallel controlled trials, 
the median number of study participants was 
47 (range, 32-134). There were 19 and 20 
patients in the two crossover trials, respective-
ly. A total of 786 patients were included. All 
these patients fulfilled the diagnostic criteria of 
CKD and were over 18 years old. None of the 
patients received any antioxidant drugs before 
the trial. Patients in 10 trials [21, 22, 25, 
29-35] (565 participants) received chronic 
hemodialysis with end-stage renal disease. 
Seventy-two patients from two studies [29, 32] 
were on continuous ambulatory peritoneal dial-
ysis (CAPD).

All of included trials compared NAC with place-
bo or no medication. NAC was administered 
orally in ten studies [21-30], with doses and  
frequency of 1200 mg/day, 1200 mg twice/ 
day and 600 mg twice/day, respectively. Five 
studies [31-35] applied NAC intravenously  
within 4 hours during hemodialysis (NAC 5 g in 
500 ml 5% glucose solution or 500 ml normal 
saline). In Renke’s study, patients were ran-
domly assigned to 1 of 2 treatment sequen- 
ces, NAC/washout/placebo or placebo/wash-
out/NAC [28]. Clinical evaluation and laborato-
ry tests were performed at the randomization 
point and after each period of the study. In 
another crossover trial [32], each patient re- 
ceived NAC (5 g in 5% glucose solution for 4 

hours) during a single hemodialysis session 
and 5% glucose solution alone for placebo  
control during another hemodialysis session.

The primary outcome of eGFR, Scr, cardiovas-
cular and cerebrovascular diseases, and ad- 
verse events were measured in these trials. 
More than 20 other outcomes were assessed, 
such as CysC, HCY, IL-6, IL-1 and CRP. But un- 
fortunately, none of these trials reported all-
cause mortality. 

Risk of bias in included studies 

The risks of bias of all trials were summarized in 
Table 2. 

Allocation (selection bias). All trials mentioned 
randomization, and there were 9 trials [21, 22, 
25, 26, 28, 30, 32-34] that clearly showed that 
the random sequence was generated by the 
random number table, so the these trials were 
judged as ‘low risk’. The random methods of 
other 6 trials [23, 24, 27, 29, 31, 35] were 
unknown. After contacting with the authors, it 
was known that, the random sequences were 
generated by experiment-coordinated resear- 
cher and computer in Perna’s trial and Tsai’s 
trial [31, 35], respectively. Therefore, both of 
them were also judge as low risk and other 4 
trials [23, 24, 27, 29] were judged as unclear 
risk of bias. For allocation concealment, no 
control drug was used in two trials, and both of 
Perna’s trial [31] and Vural’s trial [30] were 
open-label trials, thus all of these trials were 
judged as high risk in this item. 

Table 2. Risk of bias summary

Authors (year) (Ref.) Random sequence 
generation

Allocation 
concealment Blinding Incomplete 

outcome data
Selective 
reporting Other bias

Ahmadi et al (2017) [21] Low risk High risk High risk Low risk Low risk Low risk
Bashardoust et al (2018) [22] Low risk Low risk Low risk Unclear risk Low risk Unclear risk
Friedman et al (2003) [23] Unclear risk Low risk Low risk Low risk Low risk Unclear risk
Hashemi et al (2012) [24] Unclear risk High risk High risk Low risk Low risk Unclear risk
Larki et al (2019) [25] Low risk Low risk Low risk Low risk Low risk Low risk
Moist et al (2010) [26] Low risk Low risk Low risk Low risk Low risk Low risk
Purwanto et al (2012) [27] Unclear risk Unclear risk Unclear risk Low risk Low risk Unclear risk
Renke et al (2010) [28] Low risk Low risk Unclear risk Low risk Low risk Low risk
Tepel et al (2003) [29] Unclear risk Unclear risk Unclear risk Low risk Low risk Unclear risk
Vural et al (2018) [30] Low risk High risk High risk Low risk Low risk Low risk
Perna et al (2012) [31] Low risk Unclear risk Unclear risk Low risk Low risk Unclear risk
Scholze et al (2004) [32] Low risk Low risk Low risk Low risk Low risk Low risk
Thaha et al (2006) [33] Low risk Unclear risk Low risk Low risk Low risk Low risk
Thaha et al (2008) [34] Low risk Low risk Low risk Low risk Low risk Low risk
Tsai et al (2010) [35] Low risk High risk High risk Low risk High risk Unclear risk
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Figure 2. The funnel plot showed that there was low 
publication bias. 

Blindness (performance bias and detection 
bias). After contacting with the authors, pati- 
ents in 7 trials [22, 23, 25, 26, 32-34] were 
blinded and judged as low risk of bias. Two 
open-label trials [30, 31] and two no placebo 
trials [19, 22] were judged as high risk of bias. 
The other 4 studies [27-29, 31] were judged as 
unclear risk.

Incomplete outcome data (attrition bias). Ele- 
ven patients were excluded after lost to fol- 
low-up and ITT analysis was no used in the 
Bashardoust’s trial [22], which was judged as 
high risk. In Friedman’s trial [23], 2 patients in 
treatment group missed treatment doses and 
1 patient in control group fell off after the start 
of the trial. Three patients in the Moist’s trial 
[26] missed treatment doses. ITT were used in 
both trials. No loss of follow-up occurred in 
other trials. Therefore, we determined that the 
bias in data integrity of these studies was low 
risk.

Selective reporting (reporting bias). All trials 
had protocols, and all but Vual’s trial [35] were 
available for pre-specified outcomes, account 
for its data of hs-CRP has not reported in the 
section of result.  

Other potential sources of bias. All the included 
trials appeared to be free of other sources of 
bias and therefore judged as low risk of bias.

Publication bias. The funnel plot showed that 
there was low publication bias (Figure 2). 

Effects of interventions

Because of multiple sources of heterogeneity, 
we could not perform meta-analyses in all out-

comes. Instead, we presented a narrative sum-
mary of pertinent findings from the individual 
studies. Different routes of administration and 
duration of treatment were performed in these 
trials. Therefore, we pooled all 15 studies first-
ly, and then sub-group analysis was performed 
according to administration and duration of 
treatment. NAC has no clear long-term or short-
term treatment limit, so we tried to conduct 
sub-group analysis with a one-month limit. No 
data were available in these trials for all-cause 
mortality.

General summary

NAC vs. placebo: Three trials [21, 26, 28] had 
reported the endpoint value of eGFR which 
were calculated by Cockcroft-Gault formula,  
but only two trials reported the change from 
baseline value. No significant heterogeneity 
was found among these trials and fixed effect 
model was used. NAC was better than the pla-
cebo both in the end point date and change 
from baseline date. MDs were 138 (95% CI 
0.92 to 1.84) and -1.86 ml/min (95% CI -3.58 
to -0.15), respectively (Figure 3).

For Scr, three trials [25, 26, 28] found statisti-
cally significant differences between interven-
tion groups, favoring NAC over placebo. A simi-
lar result was found in the pooled data. No sig-
nificant heterogeneity was found among these 
trials and fixed effect model was used. MD of 
change from baseline was -0.04 mg/dL, 95% CI 
-0.07 to -0.01. MD of end point was -0.04 mg/
dL, 95% CI -0.07 to -0.01 mg/dL (Figure 4).

Only one trial assessed cardiovascular and 
cerebrovascular diseases evens [29]. Fifty-one 
cardiovascular events occurred in all 134 pati- 
ents, including 18 in NAC group and 33 in pla-
cebo group. NAC significantly reduced cardio-
vascular events than placebo group. Pooled  
RR was 0.60 (95% CI: 0.38 to 0.95), and the 
number need to treat (NNT) was 5.29. Cardio- 
vascular death events were also reported in 
this trial, 9 persons were dead in NAC group 
and 8 in placebo group. No statistically signifi-
cant difference was found between two groups.

A total of 7 of 15 trials [22, 23, 28, 29, 31, 33, 
34] reported adverse events. Gastrointestinal 
discomfort was reported in five studies. Sta- 
tistically significant difference was found bet- 
ween two treatment groups. Pooled RR was 
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Figure 3. Forest plot for eGFR in general summary of NAC vs. Placebo. eGFR, estimated glomerular filtration rate. 
NAC, N-acetylcysteine. SD, standard deviation. IV, inverse variance. Fixed, fixed effect. CI, confidence interval.

Figure 4. Forest plot for Scr in general summary of NAC vs. Placebo. Scr, serum creatinine. NAC, N-acetylcysteine. 
SD, standard deviation. IV, Inverse Variance. Fixed, fixed effect. CI, confidence interval.

Figure 5. Forest plot for adverse events in general summary of NAC vs. Placebo. NAC, N-acetylcysteine. M-H, mantel 
haenszel. Fixed, fixed effect. CI, confidence interval.

3.28 (95% CI 1.45 to 7.43). More adverse 
events occurred in NAC group, but no patients 
were terminated due to adverse reactions in all 
these 6 studies (Figure 5).

There was only one trial that assessed BUN 
[25], and the trial found no significant dif- 
ference between intervention and control  
group (39.83±18.76 vs. 50.31±20.33, 95% CI:  
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-22.64 to 1.68; P=0.09). Three trials assess- 
ed 24-hour urinary protein quantification [24, 
26, 28]. Both changes from baseline data and 
endpoint date were reported in Renke’s and 
Moist’s trials, and only endpoint date was re- 
ported in Hashemi’s trial. Strangely, the base-
line of 24-hour urinary protein quantification in 
NAC group was much higher than that in con- 
trol group. As expected, endpoint date pooled 
MD was 98.36 mg/24 h (95% CI 36.50 to 
160.23) and -74.87 mg/24 h (95% CI: -168.29 
to 18.54) for change from baseline date, NAC 
groups were no better than placebo groups.  
Six studies showed lower HCY endpoint date in 
the NAC compared with placebo group [25, 30, 
33-35, 37]. This statistically significant differ-
ence was confirmed in pooled analysis with 
weighted MD as -5.95 μmol/L (95% CI: -9.57  
to -2.15). Nonetheless, two of these trials also 
reported change from baseline date. Pooled 
MD was 0.61 μmol/L (95% CI: -1.99 to 3.21), 
and no statistically significant difference was 
found between intervention groups. In the 
Moist’s trial [26], CysC levels were measured  
at 4 hour, 24 hour and 48 hour after adminis-
tration in both groups. Changes in CysC levels 
between baseline and post-treatment did not 
differ significantly between treatment groups. 
Two trials [22, 25] analyzed Hb and found no 
difference between the NAC and placebo 
groups, neither did our pooled result. Pur- 
wanto’s trial [27] assessed PCT and IL-1, and 
found the NAC group was better than the pla-
cebo group (MD -0.47, 95% CI: -0.76 to -0.18; 
MD -0.15, 95% CI: -0.25 to -0.05). Purwanto’s 
trial [27] and other two trials (25, 30) also 
assessed IL-6. MD of change from baseline 
was -1.33 pg/ml (95% CI -1.85 to -0.81). MD  
of end point was 0.05 pg/ml (95% CI -0.39 to 
0.49, not statistically significant). Three trials 
[27, 30, 35] assessed TNF-α and hs-CRP, re- 
spectively. Pooled analysis showed significant 
heterogeneity among these trials. None of 
them found a statistically significant difference 
between the NAC and placebo groups in the 
analysis of either end point data or change 
from baseline data. Systolic blood pressure 
and diastolic blood pressure were recorded in 
three trials [28, 32, 33]. Meanwhile, two of 
them reported pulse pressure. Pooled result 
found no significant difference in these out- 
comes.

Sub-group summary 

Oral, NAC vs. placebo: Oral administration was 
used in 10 of 15 trials [21-30] (528 patients). 
The date of eGFR, Scr, cardiovascular events 
and cardiovascular death events, 24-hour uri-
nary protein quantification, Hb, PCT, IL-1, IL-6 
and CysC for this sub-group were exactly the 
same as General summary. We present only 
inconsistent indicators in this part.

The number of patients with adverse events 
were available in four of the six trials [22, 23, 
28, 29]. In Friedman’s trial [23], one patient in 
the placebo group and 2 patients in the NAC 
group reported nausea and gastric upset. Five 
patients (8%) reported gastrointestinal discom-
fort during treatment with NAC during Tepel’s 
trial [29]. No major side effects were observed 
in other two trials [22, 28]. Pooled RR was 5.51 
(95% CI: 0.94 to 27.83). Adverse reactions were 
slightly higher in the NAC group. 

HCY was available in two trials [22, 28]. There 
was no statistically significant difference bet- 
ween the two groups in the analysis of either 
end point data or change from baseline data. 
For change from baseline data, two trials [27, 
30] showed lower TNF-α in the NAC compared 
with placebo group. This statistically significant 
difference was confirmed in pooled analysis 
with weighted MD as -0.88 pg/ml. For hs-CRP 
[22, 27], statistically significant differences 
was found between intervention groups, favor-
ing NAC over placebo. MD of change from base-
line was -23.10 mg/L, 95% CI -28.87 to -17.33 
mg/L. MD of end point was -3.97 mg/L, 95% CI: 
-5.39 to -2.55. The blood pressure was avail-
able for one of these six studies [28] and 
showed no statistically significant difference 
between two groups.

Intravenous drip infusion, NAC vs. placebo: 
NAC was administered intravenous in 5 of 15 
trials [31-35] (258 patients). Patients received 
a 4-hour intravenous infusion of NAC (5 g in 5% 
glucose solution or normal saline) or placebo 
during a dialysis session. The included trials 
reported adverse events, HCY, blood pressure, 
TNF-α and hs-CRP.

Adverse events were reported in three [31, 33, 
34] of the five trials, including hypotension, 
tachycardia, and allergy. Significantly higher 
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rates of adverse reactions were found in the 
NAC group compared with the placebo group. 
Pooled RR was 2.79 (95% CI: 1.09 to 7.12).  
HCY was analyzed in four trials [31-33, 35]. 
There was significant heterogeneity among the 
trials (P < 0.000001). The beneficial effect of 
NAC continued to be statistically significant 
when using random effects but showed larger 
confidence intervals. Pooled MD was -8.58 
μmol/L (95% CI: -13.31 to -3.85). The change  
of systolic pressure, diastolic pressure and 
pulse pressure before and after dialysis were 
available for two [32, 33] of these five studies. 
However, a statistically significant difference 
was not found between two groups. Only Tsai’s 
trial assessed TNF-α and hs-CRP, and no sig-
nificant difference was found between the 
intervention groups (35).

Short-course therapy (less than 1 month): 
Treatment time of eight [22, 23, 26, 31-35] in 
fifteen trials is less than 1 month. NAC was sig-
nificantly greater than placebo for HCY (MD 
-7.25 μmol/L; 95% CI: -11.44 to -3.06). More 
adverse reactions were reported in NAC group 
(RR 2.65, 95% CI: 1.11 to 6.30). There was no 
statistical difference in other outcomes bet- 
ween the two groups, such as eGFR, Scr, 
adverse events, 24-hour urinary protein quanti-
fication, TNF-α, hs-CRP and blood pressure.

Long-course therapy (more than 1 month): 
Treatment time of seven [21, 24, 25, 27-30] in 
fifteen trials is more than 1 month. No statisti-
cal difference was found between the two 
groups, such as adverse events, hs-CRP, IL-1, 
PCT, HCY and blood pressure.

Two [21, 28] of seven trials assessed eGFR and 
none of them found a statistically significant 
difference between the NAC and the placebo 
groups in the analysis of either end point data 
or change from baseline data. Interestingly, 
pooled analysis of end point data showed an 
opposite result, MD was 1.11 ml/min, 95% CI: 
0.65 to 1.57 ml/min. Similar result was found 
in 24-hour urinary protein quantification as 
there were statistically significant differences 
between intervention groups, favoring NAC over 
placebo (Figure 6).

There were two trials each reported Scr [25, 
28] and hs-CRP [22, 27]. All these trials found 
statistically significant differences between in- 
tervention groups, favoring NAC over placebo. 
MD of changes from baseline were -0.04 mg/
dL, 95% CI: -0.07 to -0.01 mg/dL, and -3.97 
mg/L, 95% CI: -5.39 to -2.25 mg/L, respective-
ly. MD of end point were -0.04 mg/dL, 95% CI: 
-0.06 to -0.02 mg/dL and -23.10 mg/L, 95% CI: 
-31.74 to -14.46 mg/L, respectively (Figure 7). 
For TNF-α, Purwanto’s trial [27] found a statisti-
cally significant difference between interven-
tion groups about change from baseline data, 
favoring NAC over placebo. But the difference 
of end point data in Vural’s trial [30] was statis-
tically insignificant. 

Sensitivity analysis

We did not perform a sensitivity analysis ag- 
ainst random method because we did not rank 
any included trials at high risk of bias. Four 
studies [21, 24, 30, 35] were identified as high 
risk of bias in concealment. After exclusion of 

Figure 6. Forest plot for eGFR in sub-group summary of long-course therapy NAC vs. Placebo. eGFR, estimated 
glomerular filtration rate. NAC, N-acetylcysteine. SD, standard deviation. IV, inverse variance. Fixed, fixed effect. CI, 
confidence interval.
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Ahmadi and Hashemi’s trial [21, 24], the pool- 
ed difference of eGFR (end point) and 24-hour 
urinary protein (end point) became insignifi-
cant, respectively. When excluded Vural’s trial 
[30] which was an open-label trial, the pooled 
difference of TNF-α (change from baseline) 
became statistically significant (weighted MD 
-0.87 pg/ml, 95% CI -1.3 to -0.44 pg/ml), while 
other results remained similar. The blind meth-
od of the Tsai’s trial [35] was judged as a high 
risk of bias. For continuous outcome data,  
HCY, exclusion of this trial from the analysis 
showed a similar result. No dichotomous out-
come was available in this trial.

Discussion

We conducted a meta-analysis to analyze the 
efficacy and safety of NAC in the treatment of 
CKD. Collectively, for major efficacy evaluation 
outcomes, both the pooled analysis and a sub-
group analysis showed that NAC did reduce car-
diovascular events among people with CKD. 
Pooled date also showed that eGFR and Scr 
were found to be statistically significantly bet-
ter in the NAC group compared with the place-
bo group. None of the included studies as- 
sessed all-cause mortality or total number of 
withdrawals due to adverse events. With regard 
to the safety of NAC, no patients in all studies 
were terminated due to side effect, and no 
adverse events occurred in the oral treatment 
group. Contrarily, gastrointestinal discomfort 
was reported in five intravenous administration 
studies, the total number of adverse events 
was higher in the NAC group than in the place-
bo group.

Subgroup analysis of administration pattern 
showed that hs-CRP, TNF-α, PCT, IL-6 and IL-1 
were significantly lower in NAC group by oral 
than in placebo. Significant benefits for HCY 
could also be achieved when NAC were applied 
by intravenous. For subgroup analysis of cour- 
se of treatment, the longer treatment period  
of NAC, the more significant reduction of in- 
flammatory cytokines was found.

NAC was well tolerated in most of the included 
studies. However, higher rates of adverse reac-
tions were observed when patients were treat-
ed with intravenous NAC than placebo during 
the course of hemodialysis session. Higher 
dose of NAC increased side effects (> 3 g/day). 
The most frequent side effects with NAC were 
mild gastrointestinal reactions, such as nausea 
and vomiting [36]. According to a previous stu- 
dy [37], gastrointestinal reactions also occurr- 
ed in patients without dialysis after receiving 
NAC by intravenous. Slowing down the drip  
rate can reduce the generation of side effects 
and no statistically significant difference in the 
number of adverse events between two groups. 

Patients with CKD have high cardiovascular 
mortality and morbidity [38, 39]. Excessive OS 
is thought to play a major role in elevating the- 
se risks [40], OS has been identified as one 
important cause of vascular injury in several 
studies [41-43]. In our review, we were excited 
to find that NAC group significantly reduced 
eGFR, Scr, hs-CRP, TNF-α, PCT, IL-6, IL-1 and 
cardiovascular events. Subgroup analysis also 
found that the efficacy of NAC depends on the 
course of treatment. There was no statistically 

Figure 7. Forest plot for Scr in sub-group summary of long-course therapy NAC vs. Placebo. Scr, serum creatinine. 
NAC, N-acetylcysteine. SD, standard deviation. IV, Inverse Variance. Fixed, fixed effect. CI, confidence interval.
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significant difference in the reduction of inflam-
matory mediators between the NAC group and 
the placebo group in the study with a course of 
treatment of less than 1 month, but the results 
were reversed in the group with a course of 
treatment of more than 1 month.

In addition, seven and three RCTs in this sys-
tematic review provided NAC through oral ad- 
ministration with the dose of 1200 mg per day 
and 2400 mg per day, respectively. Further 
analysis found that, NAC has dose-effect rela-
tionship in reducing plasma homocysteine  
[44]. The plasma homocysteine was lower in 
the high dose group than in the low dose group. 

The mechanism for how NAC protects the kid-
ney is not yet clear. It may protect tubular from 
injury, reduce renal cell apoptosis, promote cell 
repair, and increase expression of nitric oxide 
synthase (NOS) through direct antioxidant 
effect and indirect antioxidant effect of gluta-
thione, thereby reducing vasoconstriction, im- 
proving renal flow, and reducing renal injury 
[45, 46]. The conclusions of our review are con-
sistent with some previously published studies. 
Briguori et al [47] found that NAC can reduce 
Scr, but not improve eGFR and reduce the con-
centration of CysC. Dittmann’s research [48] 
has shown that NAC can reduce blood HCY. 
Results of Jun M’s study [49] also showed that 
antioxidant therapies including NAC did not 
reduce the total death events, with the RR was 
0.93 (0.76, 1.14). Another study [50] showed 
that inflammatory mediators were significantly 
decreased by the treatment of NAC, which sig-
nificantly reduce the expression of inflammato-
ry factors and improve the OS state. Romano’s 
research [51] found that the effect of NAC in 
the treatment of contrast nephropathy was 
dose-dependent. Tian et al [52] found that  
NAC could improve eGFR in hypertensive rats. 
Liu et al [17] also found that NAC may reduce 
urinary protein by up-regulating the expression 
level of nephrin protein in foot cells and main-
taining the structural integrity of the hiatus 
membrane in vivo. Both of these two studies 
were based on model rats, but the conclusion 
is the same as our review.

While this review included all RCTs of NAC treat 
for CKD, the data were incomplete in several 
areas. First of all, no head-to-head compari-
sons of antioxidant agents were available in 
patients with CKD or those requiring hemodial-

ysis. meanwhile, none of the included studies 
assessed all-cause mortality, and only one or 
two trials reported the major, validated out-
comes such as Scr, eGFR or cardiovascular 
events. Moreover, the majority of these trials 
did not clearly clarify the causes of CKD. In 
addition, the study population in the included 
trials involved 768 CKD participants who ful-
filled the KDOQI or KDIGO criteria of CKD. All of 
these participants were adults, in stages CKD3 
to CKD5. The duration of follow-up was 2 days 
to 2 years in the oral administration group and 
1 to 10 dialyses duration in the intravenous 
administration group. Therefore, the evidence 
was not applicable to CKD patients who are 
minors or with early disease onset.

The quality of evidence found in the trials in- 
cluded in this review appears to be moderate. 
All trials were randomized and controlled, and 
more than half of them were explicitly describ- 
ed the methods of allocation concealment, 
sequence generation and adequate methods 
of blindness. ITT analysis was applied to all 
major outcome indicators. The directivity of all 
indicators was basically consistent, and there 
were no cases of withdrawal due to adverse 
reactions or ineffective treatment.

However, this study does have some limita-
tions. Firstly, most of the pooled data in the 
present review included only a few trials and 
participants which might introduce a risk of 
false-negative results because of low statisti-
cal power, and overlook the potential benefit of 
NAC. Secondly, for quality of evidence, one of 
eleven trials has no blindness, and the exis-
tence of statistical heterogeneity in the several 
outcome analyses might have affected our re- 
sults, although we attempted to address these 
through the use of sensitivity analysis and ran-
dom-effects models, respectively. Thirdly, the 
cause of CKD, CKD stage, and basic treatment 
were not identical among subjects in each  
trial, and the dose, duration of follow-up and 
delivery mode of NAC were also different in 
these trials, which mighty confuse the result. 
Therefore, these results should be interpreted 
with caution. 

In conclusion, our systematic review has shown 
that NAC appears to be safe without obvious 
adverse events, also could improve eGFR, 
reduce the level of Scr and cardiovascular 
events in CKD patients. The longer treatment 
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period of NAC, the more significant reduction  
of HCY and inflammatory cytokines was also 
found. RCTs of larger sample sizes and with  
longer duration are needed. It is also impor- 
tant to subgroup appropriately for the cause of 
CKD, CKD stage and method of administration 
of NAC.
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