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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% Cl: 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% Cl: 0.40-0.68; 5 years: HR=0.67, 95% Cl: 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% Cl: 1.12-1.78),
a lower likelihood of emergency start (RR=0.39, 95% Cl: 0.28-0.54), a higher likelihood of permanent access creation
(RR=3.34,95% Cl: 2.43-4.59), increased initial use of permanent access (RR=2.60, 95% Cl: 2.18-3.11), and reduced
initial catheter use (RR=0.43, 95% Cl: 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
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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 I statistic. If severe het-
erogeneity cannot be avoided (F>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
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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,

§ 19,850 records identified from:
® PubMed (n = 8749)
o Embase (n = 8770)
= Cochrane Library (n = 2331)
3
»| 4330 duplicate records
removed
v
15,520 records screened
15,380 records excluded
g, v
'g 140 records assessed for eligibility
3
n B 2 records identified from
) reference lists
70 records excluded:
. Not eligible study type (n = 9)
— Other languages (n = 15)
Full-text articles unavailable (n = 10)
No relevant outcome (n = 19)
- v No eligible definition (n = 12)
= Duplicated data (n = 5)
% 72 studies included in review
c

Fig. 1 Flow diagram of studies identified, included, and excluded




Page 4 of 21

:25

(2025) 26

Cheng et al. BMC Nephrology

(34 s1eak |y Hun [eusl 911861
‘YN VN VN N vN VN vN VN 7€) §S ‘ueapy 1861 L> ad‘aH pioxQ 8y L SyIP1ey
S(8€L (08 [endsoH [eu (st
‘YN Q¥aw VYN 2(9:4) 09 YN #6) 9Ll 095 O'LS  :08€) 09% siehy 70076661 €> VYN -OWRW ApeiH 5007 ORIq0
‘sasoubelp
|euas pue sweiboid
'SN1e3s dIWouU (S/61 2JeDIPaIN pue
-0d30120s 6£01) presipa Ass 1]
‘ade1 2By VN VN N N YN 79§ N ¥10€ 103k | 9661-1661 €> Ad‘AH  -I3rMaN3YL 00T Ulony
(424!
q(€'8 AYA) (€1l
N QYaw o(SLHL) S VN 88) 58 YN 6€S 1'8S 65l sleahzordn  /661-9661 7> ad‘aH SQYSNAYL €00 %eIS
'S9|geleA [
-lwaydolq pue
's3|qeLieA (t01z
[e21UP s3I 509 '0002) 1oyod [cll9toz
-ydeibowsq VN VN N VN €919 LIS 'L9 L0ly syuow 09 1 L0Z-+00C €> ad  11adzZvyg 3yl uojobids
uljlleg
(sS 414 UIZIpawisieys [LL1¥10T
‘YN VN VN YN vN YN 645 S8 199/ 'ledRaun Z10z-100T €> aH -RAUNBeYD  UPequIST]
(6SS1 swelboid
'6£8) plesIpay 1o o1l
‘YN VN VN VN WN YN €95 VN 86€C YN 9661-0661 €> dH  2IedIPSN YL Z00T Ulony
sasisoubelp
|euas pue Ay
-pigiowod (891t Ansibay
‘uonelbiws £TLL) £00C ABojoiydaN l6lzL0C
x5 9By VN VN N vN YN 79 8'€9 S6v 22QIUN 9007-6661 7> ad‘aH ysiue@ ayL [SWWwoH
KemIoN
‘puejeboy Jo
W82 9 |edsoH [8] L100T
N VN VN N /)81 YN /9 €65 i50) 68 s1eh s 86611861 €> Aad‘aH [eAUSD  UOSSUeIOD
‘SNels snous
-bipuj pue
‘9seasip [eual
Arewd jo
90uasald ‘san
-Ipiqowo> Jo (coLe
lsquinu yLl) 000¢ 9seqeiep /]
%35 ‘9by VN VN N N YN 99§ 995 ey LEJRNBUN 8661-5661 €> dd‘aH  VIVAZNV 3yl 00T ssed
(¥3:47) (¥3:47) (¥3:91) (W3
(fWEL /UM (gL L/utw (Ip/Bw)  (|p/Bbw)
>u__mu‘_cr: jJo m:O_VMJ_uw / _Ev |esiajal uoneniul jesiajal me>v
s3|qelieA 10y Bbunewnss sisfjeip 1e 1s1y31e1d)  siskjeip je 15y 1e (%) (1e3dA) uoneinp pouad (yauop)  Auepow
auwsnlpy -44o 1DD/4499 /4499 auneas) auneasd e aby  (u) ¥Y3:41 dn-mojjo4  judwjjoiuz Y1 jo uoniuyag siskjeiqg 921nos ejeq Apnis

SolpNis papn|dUl JO SOIslio1oeieyd auljeseg | ajqelL



Page 5 of 21

:25

(2025) 26

Cheng et al. BMC Nephrology

‘INg pue
‘suonipuod (8€L1e
pigiowos ‘05€9) L0z oseqelep [ed]sioc
X35 'aby VN VN VN VN YN €65 €se 88v/C  'Ledad|hun 600¢-5661 €> dd‘aH  VLVAZNV 8yl uomeT
uemie|
ulayinos ui [ex
'SUONIPUOD -1dsoy [euoibal
pIguowod pue el (8¥L syuouw z6 | pue Js1usd [L17]
diydesbowsg adaw VN o(8€1Y) 8€E YN gLy €Sy 9€9 Wb 6l ‘ueay 900¢-/661 9> aH [BIPAW AU 010C UsYD
siskjelp
1514 3y11e
S59028 Je|
-ndsen Jo
2dA1 pue
'S91IPICIOWOD
‘ulinge
‘aulunealn
winias ‘uols
-uauadAy ‘sni| e3J0y Ul |exd
-|loW s919qelp q(C9 (0gv -SOH AlsIaAuN [0zl
Iapusb Sby Q4aN 66Tl SOL VN '86) 09 VN S09 €9/ 06€)0C8 syuow |'gz 010¢-000¢ €> dH [euOREN |[nNOSS ¥710¢ >=2eg
Y499 pue
‘pioe duN
‘SUOWLIOY pIOJ
-Ayresed 1oe1u;
‘uigojboway aseasig
‘|o1159|104d |euay abe1s
|€101 ‘sapLISdA|D pu3 Joj J21usd)
-1 jola1ss|oyd yoleasay
uri01dodi| |ed1ulD 9Y3 Jo
Asuap-ybiy (665 Apis aAi>ads
‘wnipfes wniss o(log o(€8 (A ‘6Ch) SUIUOW 9 -0ld dAISUSY 61]
‘DDWINg ddadn oSLLL) 9L Y1) GrT 58) ¥'8 97 8% 965 045 801l ‘winixepy 1 10Z—800¢ > dd ‘aH -a1dwoD 2y €10C Wiy
‘|0J2159|0YD
‘ulungie uemie| ‘jend
‘uiqojboway (St -SOH [elIOWaN [8l]
2By VN VYN VN VN YN 6y v19  109) S0l syiuow 9 €00¢-000¢ 9> ad‘aH  buno-bueyd 00 Ul
|endsoH
Ausianun
o6 (L1 aianbiey [£11000C
YN HNeD-HJOoIdX10D S08:04) L VN 601) L6 VN 009 09s '€6) 04T VN 9661-6861 > aH -ojules 1921qNoy
(43:97) (43:97) (43:97) (43:497)
(UEL /UMW (gL L/uiw (Ip/Bw)  (1p/Bbw)
Ayjeriow jo suonenbs /jw)uoneniur  /|w)|eusyLl  uoneniul [LISCTES] (1eap)
s9|qelen 1oy Bunewnss sisfjeip 1e 1s1y3ed)  siskjelp je 154y 1@ (%) (deap) uoneinp pouad (yauopy)  Ayjepow
juswsnipy -449 1DD/4499 /4499 Buneasy suneal) s by (u) ¥y3:y1 dn-mojjo4  jusawijjoiuz Y13J0 uoniuyaqg sisklelg  @24nos ejeq Apnis

(panunuod) L ajqey



Page 6 of 21

:25

(2025) 26

Cheng et al. BMC Nephrology

(Ore  syuow z'ze [e€]
VN VN (VN) OL VN (YN) 82 YN  ¥65 879 9S1) C0S ‘uelpay 6661-/661 TL>y>i> ad‘aH |ulelIOT  €00T 49|55
Japiroid ueid
‘suonez aled y1esy Jo
-lleudsoy pue (081 aseqeiep 143
'sa19qeIp 9By N N VN N YN 96 079 9l Syluow 09 800Z-+00C r> aH lezeig syl €10 uesiag
syun
[eUSJ LaNOW
(¥SL -s10d pue [L€] zooT
VN VN VN VN VN YN 089 045 96) 0SC syiuow 9 8661-/661 > Aad‘aH |03slg 219p0oY
(vel |endsoH [0€]
VN VN VN VN VN VN 989 965 ¥9)86L 8661 INr[AUN £661-9661 €> ad ‘aH Yaming 8661 S!|I3
|endsoH
(€6L Buiyoesp
L9%) Ausisnun l67]
‘YN VN VN N WN YN 909 97s 0921 YN 6661-0861 €> ad ‘aH SaWeris 00T SeA0IS
|endsoH
(9L syuow |'6¢ [LOWB (8
VN VN p(EGE)0Y VN VN VYN  S19 065 9€) ¢S ‘uesy 000C-8661 9> ad  Buno-bueyd €00C "MW
o[ned
(96 (¢v shep 567 0BS JO AU [£2) €00
VN VN VN VN '78)88 VN 19 0ls 65) L0l ‘uesa|y 6661-L661 €> dH -IeAlun [elopo4 SOA[BDUOH
(€l €00C Ausianiun [92] 900
VN VN VN VN VN VN VN 0€9  6l1)¥ST ‘Lg Uer nun 100Z-8661 > adH biaqgepisH  J1ebusmyds
HIOMIau
ags3 pue
Ayjepow
Jusulleall
‘Sn1eys JusW
-Kojdwa ‘|an9)
uonesnps (S9vL
‘euibue ‘snieis W82 0£/) shep g6¢/ (57
ssueinsy| Qgaw VYN o(£8°1°6) L8 VN 08)6L  0¥S 615 S61¢C ‘ues|y £661-9661 > dd‘aH SQYSN =YL $00T Iwzey
q(5'6 (62¢ syiuow 9 puejbug ul [¥2] zooT
‘WN VN VN VN ol L6 YN  ¥'85 009 wCl)€sE 1se9| 1y £661-9661 TL>i>> add ‘aH SHUN xis XPUSPOY
(66£
'850) 6661 [endsoH [€2] LooT
VN 1neDH-1Joidxd0) 292:99) 1L N VN YN ¥/9 SYS /501 'L ady jnun 8661-6861 9> ad‘aH EEXEEIN] siabunr
(43:97) (43:97) (43:97) (43:497)
(UEL /UMW (gL L/uiw (Ip/Bw)  (1p/Bbw)
Ajjeyow jo suonenba /|w)uonenul  /|w)jeudypl  uoneniul LIFEIEY] (1ep)
s9|qelen 1oy Bunewnss sisfjeip 1e 1s1y3ed)  siskjelp je 154y 1@ (%) (deap) uoneinp pouad (yauopy)  Ayjepow
jusuwisnipy -449 1DD/4499 /4499  Buneasy auneard I aby  (u) ¥3:¥1 dn-mojjo4  judwijjoiug Y1jJo uoniuysaqg sislelg  92anos ejeq Apms

(panunuod) L ajqey



Page 7 of 21

:25

(2025) 26

Cheng et al. BMC Nephrology

"91eJ uoneny
Jejnidwolb
|enpisail pue
‘sa19qelp ‘9be
‘UoI1eIIUSDUOD

Buoy buoH jo

ulinge (19 syuow g9¢ Ausianiun [ov]
winiss auljeseq VN VN LY 7€) 8E VN VN 819 ¢SS ‘1y) 20l ‘uelpay 00¢—€00¢ €> dd ossulyd eyl Z00Z MoYyd
‘oseasip
Kauppy buy
-Apapun ‘uep
-15Ayd Atewnd
‘dn-mo||04 Jo
uoneinp eIpu| ‘Mouy
Y499 ‘sse|d -ON7 'S9dUIDS
JIWOU0I30ID0S |BIIP3N JO
‘uoiednod0 21n1nsu| e
‘uonesnpa H(SLE (SL¥ syuow 9| -npeibisod [6€] zzoT
g ‘9by 1d3-a¥D VN €S 0€eT VN YN Tl 9Ly L1S)T66 ‘uesy 020z-810¢ > Ad‘aH  lypued Aefues  Jexioueyg
0l15eqieg Jo ey
-1dsoH a1 pue
©2S9NH JO
ol€'8:T0L) (6€1 100¢ [endsoH (8¢l
VN VN VN VN L8 VN 819 6S 6€)8/1 ‘L€22gun L00C-1e61 > aH  ebioruesayy 900¢ eu=d
o9619) (85 sieak ¢ |eNdsoH Auis [£€] 800C
VN VN VN VN 19 VN 099 h74 ‘%) 001 15e9l Iy #00¢-000C €> dd -IeAlUN snyley Uss|Aod
‘snyjRW
s91eqelp pue 8Ll sieak |'¢ J23UL) [edIpa [9€]
Japuab ‘aby VN VN VN VN VN 09% 1’0z '78) 00T ‘uelpsiy 600¢-900¢ €> aH SPeARIIIH - #7107 Aeuep
(62t sieak 7'z Apms  [seT9l0T
VN VN VN VN VN VN 49 VYN 66€) 878 ‘uelpay 86615661 > ad‘aH 3DI0HD @Yl usyoury
osegele
SUOSID PaIdIS!
-bay pue ‘aseq
-e1e( 10115QY
abieydsig
‘Ue|d SdURINSU|
Y1|eaH oLeIO
1935169y
(16201 1usWade|day
7689) uebiQ [¥el 5L0T
YN Q4aw (VN) 06 N VN YN 009 859 €8l/L YN 0l0Z-100T €> aH uelpeued 1yster-y
(43:97) (43:97) (43:97) (43:497)
(UEL /UMW (gL L/uiw (Ip/Bw)  (1p/Bbw)
Ajjeyow jo suonenba /|w)uonenul  /|w)jeudypl  uoneniul LIFEIEY] (1ep)
s9|qelen 1oy Bunewnss sisfjeip 1e 1s1y3ed)  siskjelp je 154y 1@ (%) (deap) uoneinp pouad (yauopy)  Ayjepow
jusuwisnipy -449 10D/4499 /4499  Buneasy auneard I aby  (u) ¥3:¥1 dn-mojjo4  judwijjoiug Y1jJo uoniuysaqg sislelg  92anos ejeq Apms

(panunuod) L ajqey



Page 8 of 21

:25

(2025) 26

Cheng et al. BMC Nephrology

‘YN

‘lendsoy ur gH
Bupuels pue
BN AIEIES
Abojoiydau
‘a1eydsoyd
‘29by

VN

VN

'sal)
-IpIQIOWOd pue
‘ulungje wnias
‘susesboud sis
-AjeIp 'xas ‘aby

dy¥D pue ‘wnp
-|ed Pa1231I0d
‘ungie ‘Y499
‘91es 2s)nd
‘ainssaid pooiq
211035AS ‘|G
‘asn Js1ayied
Krejodway
‘K10351y Ad>UeU
-Bijew ‘A10181Y
Je|ndseAolpied
"ABojons ‘aby

VN

(€9°6/) 59

(VN) €2
(Cval
9%9'81) %t /L
SLZ(%678
%t 18)
%9781 >

VN

VN

€S9 VS

6 €V LE

VN

VN

VN

VN

(€L:THeL

VN

VN

(s59¢
‘0£09)
6896

(col
#5) 961

86917C
6/9650)
LL518Y

(6£

0Ll 68l

(S0

%92) 695

(€8
€80)
LLLL

(€86
95h)
8evL

Ayjeyow jo
s9|qelen 1oy
juswsnipy

(¥3:971)
(pWEL L/uIWM
/|w) uoneniui
sishjeip 1e
13D/4499

(43:97)
(FweL L/ulw
\_F_V |esiaja4

1siy.3e DD
/4499

() 43391

100 TL>9>%>e>! >

1>771>8>9> >

(ponunuod) | 3jqeL



Page 9 of 21

:25

(2025) 26

Cheng et al. BMC Nephrology

‘ulqo|b

-oway pue
‘s1eydsoyd
‘uiungle
winJas ‘aseasip
2110I9[250Ia1e
‘sniijlew
se19qeIp JO
S31IPICIOWOd
‘Aoueubiiew Jo
A1o3s1y
‘peojisno
SUIN|OA JO AI0)
-SIY ‘x9S 9By

‘ulungje
winJas pue
ainssaid

poo|q J1|0ISAS
‘GAD 'snsW
sa19qelp 9by
‘aInssaid poojq
ueaul pue 4yd
‘lo1a153|0Y>
|©10) ‘UllIR)
‘wnidjed ‘Y499
‘asn 1a1ay1ed
Kiejodwia) ‘uon
-onpul A5uab
-I3WR ‘asn ys3
sisAelp-aud
‘K10351Y Jejnd
-SeAOIpIRD
‘ABojons ‘abe
‘Buiwi eussey

95N Od3 pue
pIgJowod
11910B4RYD
Kiojeloge)
'9dA1 ss9008 Ue|
-NJseA ‘gys3 Jo
a5ned ‘||Ng ‘92l
‘Iapuab ‘2by

Qyaw

VN

Qudw

VN

5(756°9) 5§

VN

67 79) €6

VN

VN

VN

VN

VN

VN

(901
9%6) 001

o8
/)18

VN

VN

olLT
19 9€

VN

VN

1’89

08

€95

089

VN

(oozL
'S12)
SivL

6l
T/1) 99¢

(85T
9¥€) 09

(805¢
SLLL)
€9

sleak z'e
‘uelpay

syuow |4

syuow |'1¢
‘uelpaly

skep G9¢

€10c-110¢

€00C—€861

600¢—100¢

#00¢-¢00C
100C-9661

£€>

9>

ueder ul
SI93UID [eIIUID [Lslgloc
UDIUAS 1ezes0

ad‘aH

|endsoH

121U9)) Jejnd
-seAoIpIeD

aH [eUONEN 9y

[0s] z00z
einwieyen

ueder uj

sjendsoy §

Jayjo pue

191U [eDIPAN

aH  [elaUSD MUY

levl9Loc
1yseAeH

[8v] £00C
Aingpeig

IIpue |
aH  seseyd sddod

Ayjeyow jo
s9|qelen 1oy
wauwsnlpy

suonenba
Bunewnss
-449

(43:97)
(pWEL L/uIw

/ |w) uoneniuy
sisfjeip 1e
12D/4499

(4347
(puEL L/
\_Ev |esiaja4

isiyiesdd
/449°

(43:97)
(1p/Bw)
uoneniul
siskjelp 1e
auneas

(¥3:47)
(Ip/6w)
[CIIETE]
1Sy 3e
aunean

(%)
slen

(1e3p)
aby

() 43391

uoneinp
dn-mojjo4

(1e9p)
pouad
juswijjoiug

(yauow)
4140 uoniuyaq

Ayjepow

sislelg  92anos ejeq Apmis

(panunuod) L ajqey



Page 10 of 21

:25

(2025) 26

Cheng et al. BMC Nephrology

o(OSY (81 Ausianiun [c9]
VN Ayaw VN YL L€T VN YN 00 ¥'8S '2€) 05 123k | VN €> VN lediueyy 710 Jewny
(6¢ lendsoH [L9l610C
‘WN VYN VYN VN VN YN 075 00S ‘11)0S VYN 810C > aH  ezZuieH adulld yepeuleH
(v €10¢ Aysianun [09]
VN VN VN VN VN VN L1'€9 019 £9) LLL ged [3uUN 110¢-800¢ €> aH Jefeyop3jeA 107 110b21g
‘uonduUNy [eual
|enpisal pue
‘l019159j0YD
‘ujngje
‘uigojboway
‘siskjelp 1e |eydsoH
obe ‘|o)yuod (€5 syluow 6'95 |eLIoWwaN [6S]
DIWaA|6 poon VN p(SYSO e VN VN VN Loy L9 79 SLL ‘uesy L00C-8661 9> aH Buno bueyd 9locun
[8sloLoz
o101 Wol'L (col $9.1U32 |ed1B0) [BYIUSSOY
VN Qyaw VYN ¥0l) ZoL VN 89)0L  ¥YS L9 9h)erl 1eak | #002—€00¢ > Ad‘aH  -oaydau uanas -19619H
vic Apms 10yod VA
VN VN VN VN VN VN €/S YN Thl) 9G€ syluow 9 8661-5661 L>y>i > adH IDI0HD =YL 100 1015y
(081 1661 Ausianiun [95] 8661
VN VN VN VN VN VN 09 019 ‘85)8ET  '0E AON [UN £661-066| 1> ad‘aH eluIBIIA ISOM IpIUYdS
JEMIED)
(s6 sisAjeipowsy [s5]
VN VN VYN YN VN YN 065 0sS  sYoct VN 810¢ €> aH yejewey 00t Yyshv
2310y JO
Ausianun
ljoyied syi Jo
sjendsoy
61 8 JO S121UD S
VN VN VN VN VN YN €€S 065 S6) L6C syiuow 9 £00¢-900¢ €> aH sisfleld 6002 UOOA
epeued Ul
S9DU3IDS
aAIleN[eA]
[e21ul]3 404
91N1su| a3 JOo
((4%49 soseqelep
'6767) SAessiuiwpe [eslvLoz
VN VN VN VN VN VN 065 9¢€9 VLTl Jeak | 8007—8661 9> Aad‘aH YiesH leybuis
(8€€ £10C 01104 Op Jejey [¢s)
‘YN 1d3-Q¥D (VN) 99 VN (VN) €9 YN L€S I'S. €8 ley  ‘0ebnyun  910¢-600¢ TL>e> Qd‘QH  -ldsoH onusd  610¢ soIues
(43:97) (43:97) (43:97) (43:497)
(UEL /UMW (gL L/uiw (Ip/Bw)  (1p/Bbw)
Ajjeyow jo suonenba /|w)uonenul  /|w)jeudypl  uoneniul LIFEIEY] (1ep)
s9|qelen 1oy Bunewnss sisfjeip 1e 1s1y3ed)  siskjelp je 154y 1@ (%) (deap) uoneinp pouad (yauopy)  Ayjepow
jusuwisnipy -449 1DD/4499 /4409  duneasy sunealr) e by  (u) y3:u1 dn-mojjo4  juawijjoiuz Y140 uoniuyag sislelg  ®24nos ejeg Apnis

(panunuod) L ajqey



Page 11 of 21

:25

(2025) 26

Cheng et al. BMC Nephrology

UoMNS Ul
«(56 (L9 [edsoH (e
VN VN o(997'9) 59 VN 11°01) 86 VN L'es 6'CS 79 6lL syluow 09 #00C-6661 €> aH SAUSOUIN IS £00C UIYyS
|endsoH
6L (v Ausianun [c4
VN VN VN VN 001 YN YN  G€S 8¥y  119) l0L VN 20078661 €> dd‘aH IANdUNZNA - 500¢ uebod
(961 syuow ¢ adoing ur saL [1/]
VN HNeD-HOIOX10D o(r8:4°1) T8 VN VN VN 009 4 '99) 29T 15e9l Iy 6661-8661 1> ad ‘aH -UN0D URASS €007 AseD
JE)VED)
(sol |23 pUe [0/]
VN d4anw 8L VN VN VN '8 £'6S 0€) SEL VN £661-C661 > Ad‘aH  -BugmaNayL 6661 e101Y
|endsoH
1epuss uon
-ezjueblQ aled)
(6¢ uieaH Anunu (69]
VN d4anw VN VN VN VN 0¢s /8 €8) el 1eak | €10¢—800¢ €> aH -woD ueder 610z ouuey|
(l6€ £00C [endsoH [89] L10T
VN VN VN VN VN VN 0€9 1'29  w0l)S6  'LE23Q [hun 900C-566 | 9> add‘aH png uoA] sduiessaq
|endsoH
uopuoT [eAoy
|yl pue
(1L SMIWO] [£9]
VN VN VN VN VN VN 6s [ :/7) 86 103k | 6661866 | > dd -Oyleg s 00¢ ue4
ureds ul
pO'LL (I8¢ sywow /e Sonl|Ioey [99] #00C
‘WYN Qyaw VYN ‘001)80L VN YN €8¢ 059 /S0) 8€S ‘uesy 100C-966 | €> QH  sisAjeip a1y 0ZUsI07
Syl SEMIER) [59]
VN HNED-HOIDNO0D o(58:6%8) L8 VN VN VN 09 ¥'¥9 ¥8) 67T VN 00C-666 | €> ad‘aH uejeljom| €00 lueney
Sluglied |eusy
sluoIyd Jo
(204 £00T Ansibay uels 9]
VN VN VN VN VN YN 065 €6/ 009)¥0L  'Led2d(un £00C~¥00¢ 9> aH -njepuy eyl €10¢ N0
yoIeasay pue
uonesnp3
(cz9 [BIIPI JO [eal 110z
'8981) 21NJISU| e UBIEMSIW
VN VN VN VN VN VN 0L (2% 06t¢ syuow 9 £00Z-900¢ cL>e> ad‘aH -npeibisod ayL -eled
(43:97) (43:97) (43:97) (43:497)
(UEL /UMW (gL L/uiw (Ip/Bw)  (1p/Bbw)
Ajjeyow jo suonenba /|w)uonenul  /|w)jeudypl  uoneniul LIFEIEY] (1ep)
s9|qelen 1oy Bunewnss sisfjeip 1e 1s1y3ed)  siskjelp je 154y 1@ (%) (deap) uoneinp pouad (yauopy)  Ayjepow
juduwisnipy -449 12D/4499 /4499  dupeary auneard I 9by  (u) ¥3:41 dn-mojjo4  juswijoIuz Y1340 uonuysqg sisklelg  @%inos ejeq Apms

(panunuod) L ajqey



Page 12 of 21

(2025) 26:25

Cheng et al. BMC Nephrology

10000>d,
1000>d
100>d,
500>d

su,

d|qeieAe Jou v ‘syusbe bunejnwis -sisalodoiyifie ys3 ‘unalodolyifis Od3 ‘utaloid anneal-d 4y ‘xapul ANpIgIowod uosjieyd payipow

Dow ‘siskjelp [eauoiiad g4 ‘sish|elpoway gH ‘e|NIsy SNOUSAOLISLIR 4/ ‘DSeISIP Je[NdSRAOIPIED (JAD ‘D}el Uoiieil|y Jejniawo|b palewilss Y493 ‘xapul ssew Apoq [y ‘Oseasip [euas abels pua gys3 ‘aseasiq [euay uliaid
JO UOIIRDYIPON YL YaW ‘uoneioge|oD ABojolwapid] aseasig A3upty| J1UoIYD 33 [dF-aXD “Y1OMISN uonewloju| pue AGojoiwapid] [eusy Yyosuai4 3y Nj3Y ‘A4S 404 Bunied ul sswo2InQ AYyeaH oy sad10yD 3y 1 ID/0HD
‘Apnis siskjeiq |eaUOII Ueljizelg 3Y) J4ZYHg ‘WaisAS e1eq [RUY SN SYSN ‘APNIS suialied a13deld pue sawodInQ sisk|elq SddOd ‘A1is1bay Juejdsuel] pue sisA|eiq puejeaz MaN pue eljesisny viyazNy :SuoibiAaIqqy

pauoIUBW 3SIMIBY10 30U Ji uoiriodoad Jo /(QS) ueaw Ul pajuasaid aie eleq

(ee Apmis [8/1€10C
VN VN VN VN VN YN 94§ 0/9 600) 9¢v M\ 010¢-600¢ > Aad‘aH 144vIS =YL saybnH
(z6sc
9gel) SO11S11e1S 3POS [22]
VN VN VYN VN VN YN ¥'€9 VN 8¢6¢ VN 1 10¢-010C €> ad‘aH -ld3 jeudsoH G0z unig
Ansibay
ue|dsuel] pue
(cLi6l sishjeig puej
'£68S) -e9Z MoN pue [9/]
VN Qydw p(C8:0) €L VN VN YN 665 /09 6005¢ VN 0106661 €> dd‘aH ellensny  ¥10¢ 21004
eluewIOy pue
‘Kiebuny
‘buejod ui
+(876) o(C589) 09 (18 SO SO [sz1910C
VN adaw 0'6 "UelIPaN VN 19 'ueipay YN 019 ‘ueipaN  :997) L¥S Jeak | cloc €> add‘aH any-Ausm| UoLe
A3s19( MaN JO
91LIS Y1 Ul
suwesboid
pajqesig pue
paby ay1 Joy
9OURISISSY BN
(sz61 -NadeUlIeYd JO [v/]
6£01) '2IeDIPAIN  £00C Jokew
VN VN VN N VN YN 795 VN ¥10€ Jeak | 96611661 €> dd‘aH  ‘PledIpa 9y “[SHUIM
(43:47) (43:97) (43:97) (43:497)
(UEL /UM (gL L/uiw (Ip/Bw)  (1p/Bbw)
Ayjeriow jo suonenbs / |w) [ea1)a4 | [LISETES] (1eap)
sa|qelieA 10} Bunewnss 1say3e D)  siskjelp je 1siy je (%) (1e3p) uoneinp pouad (yauopy)  Ayjepow
juswsnipy -449 1DD/4499 /4499  Buneasry suneal) S by (u) ¥y3:y1 dn-mojjo4  juawijjoiuz Y1J0 uoniuyaqg sisklel@  @24nos ejeq Apnis

(panunuod) L ajqey



Cheng et al. BMC Nephrology (2025) 26:25

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 m? 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 eGEFR 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 m? in the
pre-2003 cohort and from 5.3 to 10.5 mL/min/1.73 m? in
the post-2003 cohort. ER patients initiated dialysis at an
eGFR of 3.9 to 8.5 mL/min/1.73 m* and 4.9 to 9.9 mL/
min/1.73 m? 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 m? and 5.4 to 11.2 mL/min/1.73
m? 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
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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 I 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% Cl were estimated using random effects models. Abbreviations: ER, early referral; LR, late

referral; Cl, confidence interval
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Fig. 3 Forest plot for all-cause mortality overall of early versus late referral stratified by dialysis duration. a 6 months; b 1 year; ¢ 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% Cl were estimated using random effects models. Abbreviations: ER, early referral; LR, late referral; Cl, confidence

interval

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 m? vs. 5-7 mL/min/1.73 m?) [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
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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; ¢ 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% Cl were estimated using random effects models. Abbreviations: ER, early referral; LR, late referral; Cl, confidence interval; PDR: pre-dialysis

referral

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].
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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% Cl were
estimated using random effects models. Abbreviations: ER, early referral; LR, late referral; HD: hemodialysis; PD: peritoneal dialysis; Cl, confidence

interval
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Fig. 6 Forest plot for secondary outcomes of early versus late referral. a kidney transplantation; b arteriovenous access creation; ¢ 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% Cl were estimated using random effects models. Abbreviations: ER, early

referral; LR, late referral; Cl, confidence interval

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
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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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