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Abstract 

Background  Nephrology referral has been recognized as a modifiable factor influencing patient outcomes. The 
study aimed to compare clinical outcomes among patients referred early versus late to nephrologists.

Methods  We searched online database from inception to June 1, 2022, to obtain all eligible literature reporting 
outcomes of patients referred early versus late to nephrologists. The early and late referral was defined by the time 
at which patients were referred to nephrologists before dialysis onset.

Results  Seventy-two studies with over 630,000 patients met the inclusion criteria. A lower likelihood of all-cause 
mortality (HR = 0.67, 95% CI: 0.62–0.72) was achieved among patients referred early to nephrologists. The survival 
advantage of early referral was apparent in the first 6 months and extended to the 5th year after dialysis onset 
(6 months: HR = 0.52, 95% CI: 0.40–0.68; 5 years: HR = 0.67, 95% CI: 0.60–0.74). The early referral was associated 
with shorter durations of initial hospitalization, a higher rate of kidney transplantation (RR = 1.41, 95% CI: 1.12–1.78), 
a lower likelihood of emergency start (RR = 0.39, 95% CI: 0.28–0.54), a higher likelihood of permanent access creation 
(RR = 3.34, 95% CI: 2.43–4.59), increased initial use of permanent access (RR = 2.60, 95% CI: 2.18–3.11), and reduced 
initial catheter use (RR = 0.43, 95% CI: 0.32–0.58).

Conclusions  Our study showed a lower risk of mortality, shorter lengths of initial hospitalization, and better prepara-
tions for renal replacement therapy among patients referred early to nephrologists. Early nephrology care should be 
promoted to improve the management of advanced chronic kidney disease.
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Background
As a public health problem, chronic kidney disease 
(CKD) has attracted more and more attention due to its 
increasing prevalence and mortality. The global preva-
lence of chronic kidney disease is estimated between 
11%–13% with the majority stage 3 [1]. A systematic 
review including 123 countries or region register sys-
tems has reported that 2.6 million people received renal 
replacement therapy (RRT) in 2010 and is estimated to 
exceed 5.4 million in 2030 [2]. Chronic kidney disease 
resulted in 1.2 million deaths worldwide in 2017 and is 
predicted to become the fifth leading cause of mortality 
globally by 2040 [3, 4].

Numerous studies have shown that consulting a neph-
rologist can affect the clinical outcome of patients with 
chronic kidney disease. A meta-analysis in 2005 showed 
that patients referred to nephrologists early had lower 
mortality rates and fewer early hospitalizations com-
pared to those referred late [5]. The other meta-analysis 
in 2014, consistent with the previous analysis, showed a 
decrease in mortality and better dialysis access prepara-
tion in patients with early nephrology referrals [6]. How-
ever, the benefits of early referral remain controversial 
due to heterogeneity and bias from confounding fac-
tors (i.e., comorbidity, age, and residual renal function). 
Pooled analysis using adjusted estimates is necessary 
for minimizing bias and enhancing the generalizability 
of the findings. Besides, an increasing number of stud-
ies have compared the clinical outcomes among patients 
with early versus late referral to nephrologists in the 
past few years. There is a growing need for an updated 
meta-analysis to identify the patient outcomes associ-
ated with referral patterns based on the latest research. 
Therefore, we performed an updated meta-analysis to 
examine outcomes related to referral patterns in patients 
with advanced CKD. The study with subgroup analyses 
also examined whether the mortality risk of early versus 
late nephrology referral is influenced by dialysis duration, 
dialysis modalities, and referral entry points.

Methods
A systematic review and meta-analysis was performed 
in accordance with Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA). The 
pre-specified protocol for this study was registered with 
PROSPERO (CRD42023423608).

Search strategy and study selection
We searched for randomized clinical trials, cohort stud-
ies, and case–control studies that compared outcomes 
in patients with early referral versus patients with late 
referral using PubMed, Embase, and the Cochrane 
Library until June 1, 2022. We designed search strategies 

by combining all relevant terms of referral, chronic kid-
ney disease (Supplementary Appendix S1). Two authors 
(LC, YC) independently screened all records by title and 
abstract and retrieved the full text of potential records. 
The third author (NH) independently made a determi-
nation in case of any disagreement. For inclusion, the 
studies had to meet all criteria as follows: (1) being a 
randomized clinical trial or a case–control or a cohort 
study; (2) defining late and early nephrology referral by 
the time at which patients were referred to nephrologists; 
(3) including patients with stage 4–5 of CKD or ESRD; 
(4) being English literature, and (5) reporting either all-
cause mortality, emergency start, initial use of catheter, 
arteriovenous access creation or initial use of arterio-
venous access. Studies were excluded for either one of the 
criteria as follows: (1) participants younger than 18 years 
old; (2) patients on pre-existing renal replacement ther-
apy; and (3) defining late and early nephrology referral by 
either referral frequency, preparation of vascular access 
or estimated glomerular filtration rate (eGFR).

Data extraction and quality assessment
Two authors (LC, YC) collected data into a chart inde-
pendently, including data source, the definition of late 
and early nephrology referral, follow-up duration, dialysis 
modality, sample size, age, sex, eGFR or creatinine clear-
ance (Ccr) at the first referral and the first dialysis ses-
sion, and adjusted confounders of all-cause mortality. We 
evaluated the methodological quality according to crite-
ria from the Newcastle–Ottawa Scale including selection, 
comparability, and outcome. More than 5 points were 
regarded as a low risk of bias.

Outcome measures
The primary outcome of interest was all-cause mor-
tality risk after initiation of dialysis in the early referral 
(ER) versus late referral (LR) patients. The secondary 
outcomes included various clinical parameters in the 
ER versus LR group, including the length of initial hos-
pital stay, the rate of kidney transplantation, the emer-
gency start of dialysis, initial catheter use, arteriovenous 
access creation, and initial use of arteriovenous access. 
Initial hospitalization was in connection with the start 
of renal replacement therapy. Renal transplant recipi-
ents included patients receiving transplantation before 
and after dialysis. The emergency start was defined as 
the first dialysis within 24 h after medical consultation 
or unavoidable first dialysis for life-threatening disor-
ders including severe hyperkalemia, pulmonary edema, 
encephalopathy, pericarditis, and metabolic acidosis. 
Catheters included non-tunneled and tunneled catheters. 
Arteriovenous access included arteriovenous fistula and 
arteriovenous graft.
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Statistical analysis
We summarized data using the risk ratio and 95% con-
fidence interval (CI) for dichotomous variables, mean 
and deviation means or median and range for quantita-
tive variables, percentages for categorical variables, and 
hazard ratio (HR) and 95% CI for time-to-event data. 
When estimates of effect were unavailable directly, we 
calculated relevant effect estimates by extracting data 
from figures or transforming them from raw data. If 
adjusted estimates were available in the studies, we used 
the best-adjusted estimates of effect for each study, oth-
erwise, we used the unadjusted estimates. We measured 
heterogeneity among studies by I2 statistic. If severe het-
erogeneity cannot be avoided (I2 > 50%), we chose the 
Random-effects inverse-variance model with the DerSi-
monian-Laird method for the meta-analysis, otherwise, 
we used the fixed-effect model. We assessed the pub-
lication bias using funnel plot and Egger test. We used 
the trim-and-fill method to obtain the pooled estimates 
adjusted for publication bias. To examine the robust-
ness of the meta-analysis, we performed a sensitivity 
analysis by removing each included study. For all analy-
ses, statistical significance was considered when a two-
tailed p < 0.05. Engauge Digitizer version 11.1 was used to 

extract data from graphs. R version 4.1.3 (The R Founda-
tion for Statistical Computing) was used to perform all 
analyses.

Results
Characteristics of the included studies
A total of 19,850 publications were identified based on 
the search strategy and 142 were retrieved in the full text. 
Finally, 72 cohort or case–control studies with a total 
sample size of more than 630,000 patients were included 
in this review (Fig. 1) [7–78]. There was no randomized 
clinical trial regarding referral patterns and outcomes. 
The baseline characteristics of eligible studies are given 
in Table 1. The studies were published between 1998 and 
2019, with follow-up duration ranging from 2  months 
to 5 years. A total of 31 studies enrolled patients before 
2003, 25 studies enrolled patients after 2003, one study 
did not specify the enrollment period, and 16 stud-
ies spanned across 2003. Among the patients, more 
than 321,000 were ER patients and more than 309,000 
were LR patients. The average age of patients was 35.5 
to 87.4  years and the proportion of males was 38.3% to 
78%. The cut-off point of late and early nephrology refer-
ral varied among studies. The cut-off point of 1, 3, 4, 6, 

Fig. 1  Flow diagram of studies identified, included, and excluded
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and 12 months before dialysis initiation was used in 9, 35, 
15, 14, and 12 studies, respectively. The average eGFR/
Ccr was from 3.8 to 23.7 ml/min/1.73 m2 at the first visit 
to nephrologists. Thirty-one out of 72 studies reported 
either serum creatinine, eGFR, or Ccr of the cohorts at 
the initiation of dialysis. Among these, 25 studies com-
pared residual kidney function between the LR and ER 
groups. The eGFR at the initiation of dialysis in the LR 
and ER groups varied across studies, whether in the pre-
2003 or post-2003 cohorts. Eight of the 14 studies in the 
pre-2003 cohort and 4 of the 11 studies in the post-2003 
cohort reported significant differences in eGFR between 
the LR and ER groups. The average eGFR at initiation 
of dialysis ranged from 3.4 to 10 mL/min/1.73 m2 in the 
pre-2003 cohort and from 5.3 to 10.5 mL/min/1.73 m2 in 
the post-2003 cohort. ER patients initiated dialysis at an 
eGFR of 3.9 to 8.5 mL/min/1.73 m2 and 4.9 to 9.9 mL/
min/1.73 m2 in the pre- and post-2003 cohorts, respec-
tively, while LR patients initiated dialysis at an eGFR of 
3.4 to 8.9 mL/min/1.73 m2 and 5.4 to 11.2 mL/min/1.73 
m2 in the respective cohorts. According to the Newcas-
tle–Ottawa Scale, the majority of studies presented a low 
risk of bias (Supplementary Table S2).

All‑cause mortality
In the 56 studies reporting all-cause mortality, more 
than 245,000 ER patients and 275,000 LR patients were 
assessed. The all-cause mortality rate of ER patients was 
33% lower than that of LR patients (HR = 0.67, 95% CI: 
0.62–0.72, Fig.  2). Adjusted estimates from each study 
were combined to reduce potential bias from confound-
ing. Of note, mortality outcomes were adjusted for differ-
ent sets of variable factors. Among 22 studies available, 
20, 16, and 9 studies were adjusted for age, comorbidity, 
and residual renal function, respectively. Pooled analysis 
showed that the adjusted mortality rate was 27% lower in 
ER patients than in LR patients (HR = 0.73, 95% CI: 0.69–
0.78). The unadjusted HR was 0.63 (95% CI: 0.56–0.71) in 
the 34 studies.

Further analysis of mortality rates stratified by follow-
up duration is presented in Fig. 3. The 6-month, 1-year, 
2-year, 3-year, 4-year, and 5-year mortality rates between 
ER and LR were reported in 22, 41, 21, 18, 15, and 17 
studies, respectively. ER patients had a lower risk of mor-
tality at 6  months, 1  year, and 2, 3, 4, and 5  years after 
the start of dialysis compared to LR patients (6 months: 
HR = 0.52, 95% CI: 0.40–0.68; 1 year: HR = 0.57, 95% CI: 
0.51–0.65; 2 years: HR = 0.54, 95% CI: 0.47–0.63; 3 years: 
HR = 0.62, 95% CI: 0.53–0.71; 4  years: HR = 0.63, 95% 
CI: 0.54–0.73; 5 years: HR = 0.67, 95% CI: 0.60–0.74). To 
evaluate the short- and long-term effect of referral tim-
ing, the survival outcomes at 6-month and 5-year dialysis 
were obtained. Figure 4 shows the relative mortality risk 

and absolute survival rates of ER versus LR at 6-month 
and 5-year dialysis when cut-off points were set at 3, 4, 
and 6  months before the first dialysis. Compared to LR 
patients, patients who were referred for at least 3 and 
6 months had a lower likelihood of 6-month and 5-year 
mortality. Among ER patients, the survival rate increased 
with longer durations of pre-RRT care from ≥ 3 months 
to ≥ 6 months.

The mortality risk of ER versus LR patients on hemodi-
alysis (HD) and peritoneal dialysis (PD), HD only, and PD 
only was reported in 27, 22, and 6 studies, respectively 
(Fig. 5). Compared to LR patients, ER patients showed a 
lower likelihood of mortality risk, irrespective of dialysis 
modalities (HD and PD: HR = 0.68, 95% CI: 0.62–0.75; 
HD: HR = 0.61, 95% CI: 0.53–0.69; PD: HR = 0.83, 95% 
CI: 0.72–0.95).

Six and 10 studies reported adjusted mortality risk for 
cohorts initiating dialysis before and after 2003, respec-
tively. A lower mortality risk was observed in ER patients 
in both time periods (pre-2003: HR = 0.69, 95% CI: 0.59–
0.81; post-2003: HR = 0.72, 95% CI: 0.60–0.87) (Supple-
mentary Fig. S1). Pooled data from 6 post-2003 cohorts 
with a mean age above 60 showed a 20% lower mortality 
risk in the ER group (HR = 0.80, 95% CI: 0.71–0.89) (Sup-
plementary Fig. S2).

Other clinical outcomes
Secondary outcomes of interest were durations of initial 
hospitalization, kidney transplantation, arteriovenous 
access creation, emergency first dialysis, initial use of 
arteriovenous access, and first catheter use before dialy-
sis initiation, which were reported in 9, 10, 8, 14, 21, and 
23 studies, respectively. Relative risk for each outcome 
between ER patients versus LR patients was highly heter-
ogeneous with the I2 ranging from 81 to 99% (Fig. 6). All 
9 studies reported that ER patients had shorter hospital 
stays beginning at dialysis than LR patients. Compared 
to LR patients, ER patients were more likely to undergo 
kidney transplantation during a follow-up period rang-
ing from 4 months to 34.4 months in the included stud-
ies (RR = 1.41, 95% CI: 1.12–1.78, Fig.  6a). ER patients 
presented a higher likelihood of arteriovenous access 
creation (RR = 3.34, 95% CI: 2.43–4.59, Fig.  6b) and ini-
tial use of arteriovenous access (RR = 2.60, 95% CI: 
2.18–3.11, Fig.  6c). Besides, ER patients were less likely 
to undergo emergency first dialysis (RR = 0.39, 95% CI: 
0.28–0.54, shown in Fig.  6d) or start dialysis with cath-
eters (RR = 0.43, 95% CI: 0.32–0.58, Fig. 6e).

Sensitivity analysis
We conducted a sensitivity analysis by excluding each 
included study. The pooled HR was not significantly 
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Fig. 2  Forest plot for all-cause mortality overall of early versus late referral. ER patients were associated with a lower risk of all-cause mortality 
than their LR counterparts. The pooled HRs and their 95% CI were estimated using random effects models. Abbreviations: ER, early referral; LR, late 
referral; CI, confidence interval
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altered, indicating that the result was relatively robust 
(Supplementary Fig. S3).

Publication bias
The publication bias was assessed regarding the out-
come of all-cause mortality, with the largest number of 
included studies. There was significant publication bias 
by Egger ‘s test (p = 0.037) and funnel plot. Therefore, a 
sensitivity analysis was conducted using the trim-and-fill 
method. After adding 17 unpublished studies, the trim-
and-fill analysis showed a similar result (HR = 0.72, 95% 
CI: 0.66–0.78, Supplementary Fig. S4).

Discussion
In the analysis of 72 studies involving more than 630,000 
patients, we showed the survival benefits of early neph-
rology referral among pre-dialysis populations, irrespec-
tive of dialysis modalities. Further, we identified that 
patients referred earlier had shorter lengths of initial 
hospitalization and better preparation for renal replace-
ment therapy. Nephrology care involves patient edu-
cation, complication management, consultations of 
treatment modality, and preparation of dialysis access. 

Timely pre-RRT nephrology care provides enough time 
for multidisciplinary cooperation to optimize strategies 
in advanced CKD and generally leads to improved out-
comes. Kidney Disease: Improving Global Outcomes 
(KIDGO) guidelines have recommended timely nephrol-
ogy consultations for RRT planning in people with pro-
gressive CKD [79].

However, population heterogeneity and selection bias 
were potentially high in this meta-analysis. Results from 
observational studies may be confounded by case-mix 
characteristics and clinical statuses, such as age, labora-
tory parameters, and comorbidity. Our study suggested 
a trend toward initiating dialysis at slightly higher eGFR 
levels over the past two decades. eGFR at the initiation 
of dialysis has proven to be a significant risk factor influ-
encing patient prognosis. Data from the Initiating Dialy-
sis Early and Late randomized controlled trial showed no 
significant differences in mortality risk or adverse event 
frequency between early- and late-start groups (eGFR of 
10–14 mL/min/1.73 m2 vs. 5–7 mL/min/1.73 m2) [80]. 
Moreover, a meta-analysis of 15 cohort studies found that 
a higher adjusted mortality risk was associated with ini-
tiating dialysis at higher GFRs, even after accounting for 

Fig. 3  Forest plot for all-cause mortality overall of early versus late referral stratified by dialysis duration. a 6 months; b 1 year; c 2 years; d 3 years; e 
4 years and f 5 years. ER patients showed a lower mortality risk at 6 months, 1 year, and 2, 3, 4, and 5 years after dialysis initiation than LR patients. 
The pooled HRs and their 95% CI were estimated using random effects models. Abbreviations: ER, early referral; LR, late referral; CI, confidence 
interval
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confounding factors [81]. Therefore, eGFR at dialysis ini-
tiation was included as a key confounder in our analysis. 
Additionally, age and comorbidity are prognostic factors 
affecting patients’ survival. The differences in confound-
ers for adjustment existed across studies. Riley et.al 
proposed to define at least a minimum set of factors for 
adjustment to reduce confounding bias in meta-analysis 
of observational studies [82]. To minimize the effect of 
confounding factors, we presented pooled mortality risk 
using estimates adjusted for potential confounding fac-
tors such as age, comorbidity, and eGFR. We observed a 
27% reduction in adjusted mortality risk associated with 
early nephrology referral. The persistent survival ben-
efits of early referral were observed in both the post-2003 
cohort and older populations, demonstrating that early 
nephrology referral continues to be a critical factor in 
improving patient outcomes. Additionally, in line with 
previous meta-analyses, the present study found that the 

survival benefits from early nephrology care persisted for 
years after dialysis initiation.

The hypothesis of survival benefits in ER patients 
could be partly caused by a lower likelihood of emer-
gency start and initial catheter use and a higher likeli-
hood of permanent access creation and permanent 
access first use. Data from the French Renal Epidemiol-
ogy and Information Network have shown that emer-
gency first dialysis is independently associated with 
worse three-year survival [83]. Non-tunneled CVCs 
(central venous catheters) are typically applied in short-
term, inpatient dialysis including emergency induction 
[84, 85]. Central venous catheters are associated with a 
higher likelihood of death, cardiovascular events, and 
infection [84, 85]. Arhuidese et al. showed that reliable 
arteriovenous access positively impacted prognosis in 
patients receiving chronic dialysis [86].

Fig. 4  All-cause mortality overall of early versus late referral stratified by cut points of first nephrology care. a 3 months; b 4 months; c 6 months; 
and d absolute survival rates by cut points. Patients referred at least 3 and 6 months showed a lower likelihood of 6-month and 60-month 
mortality than their LR counterparts. Patients referred at least 4 months showed a lower of 6-month mortality risk but similar 60-month mortality 
risk compared to LR patients. Compared to those referred earlier than 3 and 4 months prior to the first dialysis, patients who were referred at least 
6 months showed the highest absolute survival rate during 6-month and 60-month dialysis (6 months: 95.7%; 60 months: 68.6%). The biggest 
survival difference was observed between ER and LR when the cut-off point was set at 6 months than at 3 and 4 months. The pooled HRs and their 
95% CI were estimated using random effects models. Abbreviations: ER, early referral; LR, late referral; CI, confidence interval; PDR: pre-dialysis 
referral
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Fig. 5  Forest plot for all-cause mortality overall of early versus late referral stratified by dialysis modality. Compared to LR patients, ER patients 
showed a lower likelihood of mortality risk in HD only, PD only and two modality groups, respectively. The pooled HRs and their 95% CI were 
estimated using random effects models. Abbreviations: ER, early referral; LR, late referral; HD: hemodialysis; PD: peritoneal dialysis; CI, confidence 
interval
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Kidney transplantation is the best therapy for kid-
ney failure, with proven benefits in life quality and sur-
vival over dialysis [87]. Our findings showed that the ER 
patients had a higher rate of transplantation compared 
to LR patients, again reiterating that adequate nephrol-
ogy care plays a role in further prospective management 
of CKD patients. The steps prior to kidney transplanta-
tion are multiple, involving patient education, referral to 
transplant clinics, medical evaluation, and wait-listing 
[88]. Gill et  al. suggested that the death rate increased 
with a longer waiting time before transplantation [89]. 
Early nephrology referral has been associated with pre-
emptive kidney waiting-list placement and transplanta-
tion [90, 91], suggesting better nephrology care drives 
referral to transplant clinics. Early RRT planning dis-
cussions with patients at high risk of ESRD should be 
promoted.

As chronic kidney disease is common and represents 
a heavy societal burden, there is a need to explore the 
proper timing of nephrology consultations for adequate 

preparation of RRT. Pooled analysis of survival data 
with different referral points showed an increasing trend 
of survival rate with longer durations of nephrologist 
follow-ups. However, caution is needed in interpret-
ing these results, as selection bias cannot be completely 
avoided. Saggi et.al suggested that preparation for RRT 
should begin early enough in the course of CKD to con-
sider therapy modality and establish permanent access 
for dialysis choice [92]. Given the burden and integrated 
care associated with advanced CKD, KDIGO guidelines 
suggest at least 1 year is required to ensure appropriate 
education, understanding, and referrals to other practi-
tioners (e.g., vascular access surgeons, transplant team, 
etc.) [79].

The current study has several strengths. Firstly, 
our findings involved a large cohort of CKD patients 
and enhanced statistical power to quantify the asso-
ciation of referral patterns and outcomes. Secondly, 
our study focused on significant outcomes related 
to ESRD patients including mortality and kidney 

Fig. 6  Forest plot for secondary outcomes of early versus late referral. a kidney transplantation; b arteriovenous access creation; c initial use 
of arteriovenous access; d initial catheter use; and e emergency start. ER patients were associated with a higher rate of kidney transplantation, 
a higher likelihood of arteriovenous access creation, increased arteriovenous access use, reduced initial catheter use, and a lower likelihood 
of emergency start compared to LR patients. The pooled RRs and their 95% CI were estimated using random effects models. Abbreviations: ER, early 
referral; LR, late referral; CI, confidence interval
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transplantation. The latter was not reported in previous 
systematic reviews. Further analysis explored associa-
tions of survival and length of nephrology care. How-
ever, our study is limited by the observational nature of 
the included studies. The heterogeneity across studies is 
largely attributed to population selection criteria, sam-
ple size, statistical methodology, and referral practices. 
The referral pattern was defined as months before dial-
ysis initiation without considering eGFR. Besides, the 
sample population for analysis consists of patients with 
CKD at different stages and thus, lead-time bias cannot 
be avoided. Additionally, our meta-analysis included 
pre-2003 cohorts, which limited its ability to accurately 
reflect the current dialysis population. Therefore, a sub-
group analysis was conducted to assess the mortality 
risk associated with the two referral patterns, focusing 
on cohorts from before and after 2003. Furthermore, 
publishing bias existed in this study. Studies with nega-
tive findings that are less likely to be published might 
affect the results. However, it is not feasible to conduct 
randomized controlled trials to address this issue due 
to ethical limitations. A large-scale prospective study is 
awaited to draw a conclusion.

To conclude, our study showed that early referral to 
nephrologists for patients with advanced CKD was asso-
ciated with a reduced risk of mortality, shorter initial hos-
pitalization durations, and improved readiness for RRT. 
Early nephrology care should be promoted to improve 
the management of advanced chronic kidney disease.
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