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Dose-response relationship between lipids D
and all-cause mortality in the dialysis
population: a meta-analysis
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Abstract

Background The use of lipid-lowering drugs in the dialysis population has been controversial and there is no target
for the dialysis population.

Objectives To elucidate the dose-response relationship between lipids and all-cause mortality in the dialysis
population.

Methods Computer searches of PubMed, Embase, Web of Science, CNKI, and Wanfang. Data were conducted to
collect published cohort studies on lipids and all-cause mortality in the dialysis population from home and abroad
up to February 2023. Meta-analysis was applied to calculate the combined effect size (Hazard ratio) and its 95%
confidence interval and dose-response relationship by applying Stata17.0.

Results A total of 11 publications with a cumulative total of 106,808 individuals were included. All-cause mortality
was statistically different between the highest dose total cholesterol (TC) group and the low TC group (HR=0.82, 95%
C1=0.75-0.90, P<0.05). The TC range for lower all-cause mortality is > 140.5 mg/dL, and on this basis, TC in the range
of 180-220 mg/dL may have a better prognosis for dialysis population. There was a nonlinear relationship between
Non-high-density lipoprotein cholesterol (NHDL-C) cholesterol and all-cause mortality, with no statistical difference
between the high and low dose group. In contrast, Low-density lipoprotein cholesterol (LDL-C) masked its association
with all-cause mortality due to changes in death spectrum, differences in relative time risks, and other factors. In the
50-450 mg/dL range, all-cause mortality in the dialysis population was positively associated with triglycerides (TG),
with a 2.5% increase in all-cause mortality per 50 mg/dL increase in TG (HR=1.025, 95% Cl=1.003-1.048, P=0.01).

Conclusion TC is a target for monitoring the dialysis population, which has the lowest all-cause mortality in the
range of 180-220 mg/dL. However, NHDL-C and LDL-C monitoring is not clinically meaningful. Increased TG can
contribute to the risk of higher all-cause mortality in dialysis patients.
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Introduction

In the general population, hypercholesterolemia is asso-
ciated with a higher risk of cardiovascular events. How-
ever, in clinical practice, hypercholesterolemia appears
to be associated with better survival in chronic kidney
disease (CKD) dialysis patients, and the use of statin
lipid-lowering drugs does not necessarily benefit dialy-
sis patients. The latest Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines for lipid management in
dialysis patients recommend not initiating statins, and
for patients already receiving statins at the start of dialy-
sis, it is recommended continued. The American College
of Cardiology (ACC) and the European Society of Cardi-
ology (ESC) agree, which seemed to reach a consensus.
Regular monitoring of LDL-C is not recommended, and
there are certainly no recommendations for LDL-C or
other lipid class targets [1-3]. However, for clinicians,
following the guidelines, lipids in dialysis patients seem
like a gray area that need not be concerned with, as if
everything remains consistent with the pre-dialysis pro-
tocol and the target for lipids remains a blank slate.

Guidelines for lipid management in dialysis patients are
based on randomized controlled trial (RCT) studies and
numerous meta-analyses. Several large RCTs in the past,
such as the 4D, SHARP, and AURORA studies, had dem-
onstrated that statins did not significantly improve effect
on all-cause mortality in dialysis patients [4—-6]. Many
meta-analyses examining the effect of statin use on all-
cause mortality in dialysis patients have also had a large
number of conflicting recommendations [7-13].

In this context, dialysis patients using statins lipid-low-
ering drugs is still controversial. If the focus on statin use
could be bypassed and the range of lipid with the lowest
all-cause mortality could be explored directly, it would
provide better evidence for clinical guidance of lipid
management in dialysis patients.

In this meta-analysis, we retrieved cohort studies that
grouped dialysis patients according to their lipid levels
to obtain the effect of lipid levels on all-cause mortality,
intending to obtain targets for lipid control in dialysis
patients and thus clearly guide the lipid-lowering treat-
ment of dialysis patients.

Method

Search strategy

The following databases were searched: PubMed,
Embase, Web of Science, CNKI, and Wanfang data (as
of February 2023). The keywords used were related to
the study objectives. The search strategy was conducted
using MeSH and non-MeSH keywords, with no language
restrictions. The terms used in the electronic search
included: ((((“Lipids“[Mesh]) OR “Cholesterol“[Mesh])
OR “Triglycerides“[Mesh]) OR “Dyslipidemias“[Mesh])
AND (“Renal Dialysis“[Mesh] OR “Dialysis“[Mesh]). The
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electronic database search was performed together with
reference lists and manual searches.

Selection of articles

Search results were imported into EndNote and duplicate
documents were removed. A manual search was per-
formed by reading the titles, abstracts, and full texts of
relevant articles. The study included the following inclu-
sion criteria: (1) cohort study; (2) population with hemo-
dialysis or abdominal dialysis for more than 1 months; (3)
a clear lipid grouping; and (4) complete and available data
for follow-up analysis. The exclusion criteria were as fol-
lows: (1) the outcome did not include all-cause mortality;
(2) no survival analysis or risk ratio was performed;

Lipid doses in this systematic review are taken as the
median or mean of the original exposure dose inter-
val. For open intervals containing the lowest and high-
est dose, 0.5 times or 1.5 times the width of the adjacent
interval is taken.

Data extraction

The following data were extracted from the full text of
the included studies: the first author’s surname, year of
publication, study type, target population, age and sex
of subjects, total sample size, follow-up time, adjusted
confounders, detailed groupings of lipids, effect sizes
for outcome events and effect sizes for standard errors.
For unit conversions where mentioned, the conversions
used in the original text were used; otherwise, the fol-
lowing conversions were taken TC, NHDL-C, LDL-C: 1.0
mmol/L =38.6 mg/dL; TG: 1.0 mmol/L=88.5 mg/dL.

Research quality assessment

The quality of the included literature was evaluated
according to the Newcastle-Ottawa scale (NOS). A score
of >7 was defined as high-quality literature.

Statistical analysis

All analyses were performed using STATA 17.0 and its
generalized least squares method (glst) command [14].
Both I? and Pvalue of the Q statistic were used to test f
the magnitude of heterogeneity of the included studies.
If the Pvalue of the Q statistic was <0.05 or I2>50%, het-
erogeneity among the included studies was considered
to exist and a random-effects model was used. Other-
wise, a fixed effects model was used. Subgroup analysis
and meta-regression were performed to exclude sources
of heterogeneity when necessary. The Egger method was
used to test for potential publication bias. To determine
the robustness of the results sensitivity analyses were
performed. Each study was excluded in turn to calculate
the effect value and its 95% confidence interval (CI) of
the remaining literature. For studies where the number of
cases occurring in each stratum is missing, the number of
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cases occurring in each stratum can be extrapolated from
the overall number of cases occurring, the total number
of cases/total person-years in each stratum, and the HR,
if the total number/total person-years is known. A few of
the original studies used the nonlowest dose groups as
the reference. Based on the theory proposed by Green-
land and Longnecke, Hamling et al. made it into an Excel
Macro file to realize that all studies were converted to the
low-dose group as the reference [15-17]. The data were
fitted using the restricted cubic spline (RCS) method
combined with the glst command to construct linear and
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nonlinear relationship models, and the nonlinear dose-
response relationship was considered to exist if P<0.05
by the Wald test.

Result

Literature search and inclusion of study overview

The detailed steps of the literature search and article
screening are shown in Fig. 1 which shows the PRISMA
flowchart for inclusion in the trial. Two researchers
screened each record independently. As shown in Fig. 1,
a total of 11 articles fit the search strategy. A total of

Identification of studies via databases

Fig. 1 Flowchart of literature search
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12,681 articles were found from five electronic data-
bases using the predefined search strategy, of which 278
were removed due to duplicate titles. The 12,350 irrel-
evant articles were removed by reading the titles and
abstracts, and the full texts of the remaining 53 articles
were searched. Of these studies, those with not target
population (n =5), inconsistent outcomes (1 =11), incom-
plete data (n=14), no clear lipid grouping (n=7) and
non-cohort (n=5) were excluded. Finally, 11 articles with
more complete data were eligible for inclusion in the final
analysis [18-28].

Table 1 summarizes the main characteristics of the
included studies. The studies were published between
2004 and 2021. Five of the studies were conducted in
Asian countries (China, Japan, Korea), four in American
countries (USA), and two in Europe (Netherlands, Por-
tugal). The sample size ranged from 189 to 51,185, with
a total of 106,808 individuals. The follow-up period for
inclusion in the studies ranged from 1 to 10 years.

Quality evaluation of the literature

Two researchers evaluated the quality of the literature
based on the NOS. The results of the quality evaluation
showed that there was two study with a score of 9, six
with a score of 8, and three with a score of 7. The overall
quality of the literature was relatively high, as shown in
Table 2.

Meta-analysis results

TC and all-cause mortality

Among the 11 retrieval results, there were 6 studies with
TC as the independent variable. Heterogeneity results
showed 1>=46%, P=0.10>0.05. Using a fixed effects
model combined, there was a significant difference in all-
cause mortality in dialysis patients between the high dose
TC group and the low dose (HR=0.82, 95% CI=0.75-
0.90, P<0.05), as shown in Fig. 2A. Egger’s test showed
no statistically significant publication bias (P=0.64) for
the inclusion of the 6 studies (Fig. 2B). Sensitivity anal-
ysis showed significant changes in the amount of effect
of excluding any of the outcome indicators from any of
the papers. Because each included study had different
high and low-dose groupings, the highest dose group of a
cohort may be close to the lowest dose group of another
included study. This can lead to clinical heterogeneity
with less stable results (Fig. 2C).

Further dose-response meta-analysis was performed
for the above 6 follow-up cohorts. The glst command
was used to develop the dose-response model. The x*
value of nonlinear regression parameter test was 32.16
(p<0.05), and the nonlinear model was accepted. The
testparm command displays x*=6.02, P=0.049 (P<0.05).
It is verified as a nonlinear relationship again. The x>
value of fixed or random effect simulation was 21.33
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(P=0.13), and both were acceptable. Dose-effect analysis
using a fixed-effects nonlinear model fitted for the rela-
tionship between TC and all-cause mortality showed a
U-shaped relationship between TC and all-cause mortal-
ity (Fig. 2D). For a statistically significant reduction in all-
cause mortality, the TC range is >140.5 mg/dL and the
relatively safer TC range is 180—-220 mg/dL.

LDL-C and all-cause mortality

Among the 11 retrieval results, there were 3 studies
with LDL-C as the independent variable. Heterogeneity
results showed I?=79%, P=0.01 <0.05. Using the random
effects model, there was no significant difference in all-
cause mortality between high dose LDL-C and low dose
LDL-C in dialysis patients (HR =0.73, 95% CI=0.40-1.35,
p=0.31>0.05) (Fig. 3A). Egger’s test showed no statisti-
cally significant publication bias (P=0.58) for the inclu-
sion of the 3 papers (Fig. 3B). Besides, the effect size of
the remaining articles did not change significantly after
excluding any study at each time (Fig. 3C). A dose-
response meta-analysis was performed for the 3 follow-
up cohorts described above. The goodness-of-fit test
for the nonlinear dose-response relationship model
(P=0.18) showed that the relationship did not conform
to the nonlinear dose-response relationship model, and
the linear model was adopted. Dose-response analysis
using a fixed-effect linear model fitted for the relation-
ship between LDL-C and all-cause mortality showed a
linear relationship between LDL-C and all-cause mor-
tality. Each 20 mg/dL increase in LDL-C was associated
with a 1.9% decrease in all-cause mortality in the range of
25-145 mg/dL ( HR=0.98, 95% CI=0.97-0.99, P=0.04)
(Fig. 3D). It was not possible to predict all-cause mortal-
ity at LDL-C<25 mg/ dL or > 145 mg/ dL.

NHDL-C and all-cause mortality

Among the 11 retrieval results, there were 4 studies with
NHDL-C as the independent variable. The heterogene-
ity results showed 1*=97.3%, P=0.00<0.05. Using the
random effects model, there was no significant differ-
ence in all-cause mortality between high dose NHDL-C
and low dose NHDL-C in dialysis patients (HR=0.80,
95% CI=0.41-1.54, P=0.50>0.05) (Fig. 4A). Egger’s
test showed no statistically significant publication bias
(P=0.83) for the inclusion of the 4 papers (Fig. 4B).
Besides, the effect size of the remaining articles did not
change significantly after excluding any study at each
time (Fig. 4C). The x> value of nonlinear regression
parameter test was 346.14 (p<0.05), and the testparm
command test also suggested that there was a nonlin-
ear relationship in the study, and the results showed
that x*>=27.88 (P=0.00). Therefore, the nonlinear model
is selected for fitting. The x> value for the fixed-effects
simulation fit was 199.25 (P=0.00), so a fixed-effects



Page 5 of 14

(2025) 26:55

Yao et al. BMC Nephrology

awl} snolaaid ‘siswip-q ‘(e)d1 D-1aH
27137 D1 "undauodipe gyd ‘91| Uiy

‘ULLIRJsURI} 'S||9D POOI] 3(di N ‘GH 91| STARS Aep siskjeip €L0zaw
-013232 JO UOJ 1DS 'SWN[OA UORRINYRINN  ‘SO/L—0/LL'0/ZLL  YO3MPIW 3y} Ul ‘unp eley
'9/\/LY ‘0111 UOIIdNPAI BAIN ‘qlY ‘NG ‘Obe -5'06 506> 0L -9301d H Y1 2J0jog 631 aH %0GS  UBSN +'99  195-UdIessal ¢ [ebnyiog aA11Dads01d -ollpuIes
LEIR/EL>0196
'96>01/9/9> D]
601<'601 > 0188
‘88> 0169 69> 141
I3RS
‘€€L> 01601 ‘601 >
01 88 '88> "TAHN
8l<
ddD gy ‘z8L> 031 /Gl /51> L1oc
IWg W@ ‘Beiuin sishjerp Japuab ‘abe 0} HEL PEL> DL MN 06€'St aH %165 uelpaw ¢9 195-Yydiessal | asaueder dAlDadsold ‘Lifoys
syuabe buneinwns *Ye%
-s1s210d0IyiAIa JO asn ‘Bulyows A/ ‘GH ‘ad
'M3d '(1/6W 0| < d¥Dsy)uonewejul ove< uoneniul 74 LLOCT W M
‘Ayjepow sisAjeip ‘W@ 1opush 'sbe  ‘0tz-007 ‘007> DL SISAJeIp Jaye syiuow ¢ L6l ‘dH %¥'19 MN UeIpaW £°¢ 4yaing 9ARASOId  -SM3JBIUYD
Juoneuiweljul
puUE 3}e}S [PUONIINU JO SI0ILDIPUL 6
A/ 'UodUNY (UL [BNPISaI ‘DU OWS
022B(0} ‘SUOJIPUOD PICIOWOD ‘SN1e)S 0£12 01> JusWI||0JuD
aberuew ‘dueInsul Alewd ‘saobaied 01001 ‘001 > 03 0/ 19)4e Syuow € 3sly £007 QY
abejuIA ‘NG ‘Aud1uy3a ‘9del 4apuab ‘ebe ‘0z > 01 0% ‘Or> 11d7 91 J0J SaN|eA UeS|\ 8Lyl aH %0'GS OLFL9  pos-ydieasal ¢ suedlRWY 9AI1>9ds0ud oued|ny
[AAd ‘QAD 'HAT4HD ‘avD 'Wal
SD13S14910RIRYD ANPICUOUOD ‘SUOIIRDIPIU
Buikyipouu-pidi| Jo asn ‘[j|amp u-i e
J19)4e Ol1eJ DUIUIRAID (d/Q) euise|d-0}
-91eSA[eIp ‘9DURIRD|D SUIULIRID SISA[RIP 00% 2
‘SUIN|OA JudN|Ya a1esAjeIp] si3awered  ‘00y—L0E ‘00€— 10T
d '9duelea)d BUlUIRRID ASUPP [eNPISaS  ‘00Z-101 ‘001S ©L
'3)eUOCRIIg WNJISS 1onpold d-8) G/T=
WiNJ9s ‘gl ‘gH ‘Qys3 4o ssned Arewind  ‘G/z-97¢ 'Scz-9/1 900¢
3y WybIay 1ybrom ‘adei 1opush 9be 'S/ 1971 ‘STLS DL N €501 ad  %0TS  E€SLFTLS quesw 6’ suedlBWY  aAndadsondy NV gigeH
sishleip
ul 8y} woly
SYIUOW (G JO UeIpaw Gead
0¥ 2 '6€£7-00C € 18 UMeIp oJom Gl
SI9AS] 9—T1 gUD ‘Qlv DIul ‘xes ‘8ei ‘b ‘661-091 ‘0915 DL suswipads poojq 68l  AH  %bTS vLFC8s QUBIPOW 7 suedLswY 9AIdadsold 00T AN
spow
buidnoib uolnew.ojul siskle  (%9Jew) (A4S F)uea (s4eaKk)
juswisnfpe Joydey buipunojuo) (Ip/6w) pidi7  juswainseaw pidi]  JAquinN -Ip  19pusn  (sieak)aby dnmojjo4 uonejndod adf1 Apnis Joyany

S3IPN1S PapN|DU JO SDIASHRIDRIRYD) | dlqeL



Page 6 of 14

(2025) 26:55

Yao et al. BMC Nephrology

SeJ uoleIyY Jejniawo|b pajewnss :Y4Ha ‘suowloy proikyiesed aadeslounwwl (H] di ‘@reydsoyd :d ‘wnidjed e ‘s||9d poojq dHYM DG ‘@seasip Areuownd aA13ONIISO d1UOIYD :ddOD ‘@seasip
1183y D130J3|25043Y3R :JHSY ‘Sa1el uoijell|y Jejniawo|b [enpisal iy494 ‘xapul A1PIGIowod uosjieyd 3y DD ‘wy3obje Huriods ysii Jejndseaolpied weybuiwel :SyYD4 ‘@inssaid poojq d1j03sAS :dgs ‘@inssaid poojq dijoiselq
:dg@ ‘BUIUIIRID WNJSS DS ‘Xdpul ssew Apoq :|INg ‘Uiqojboway :qH ‘Burisem ABIsus-u1301d :\M3d ‘9seasip Jejndsea [esaydiad :gAd ‘9seasip 4e[ndseaosqalad :gA) ‘AydoiriadAy Jeinduiiusan Y| (HAT ‘24n|1ey 1iesy aA1sabuod
4HD ‘aseasip A1a1e £1euolod :qyd snijjPw salaqelp (N ‘siskjelp [eauoiuad :gd ‘ulwnge :qly ‘aseasip [eudl abeis-pud :gys3 ‘9—upnapaiul :9—7| ‘uid3oid aAideaI-) ANARISUIS-YBIY :dYD-SY ‘uidlold aA1deaI-) (dYD

91eU0QJedIq WNJIS ‘Ulqojboway Poojq ‘AUnod |33 Poo|q aNYM 3y} ul sa1kdooydwA| Jo abejuadiad ‘qunod |32 poojq auym jesayduad
‘dUluIR3ID WINISS ‘ULIRY wWnuds ‘A)deded Buipuiq uodl [e30) wnuas ‘adueieadde uaboiu ‘uiung|e :s103ed1pul 6 , ‘Bulueaw [edads ou pey yd1easal Y3 Aq 135 Wil dN-MO||0§ BY L |, ‘MOUY JON ,, ‘3N|BA URIPIN 4 ‘DN[eA UBSIA

asn uIels ‘A/
Y499 dYD-5Y ‘qlY ‘GH dgS ‘IINgG ‘SIUSAS

SLELL<
'SLELL-80TYL
'80°TrL—51'881

d1e1s paisey
‘uoneniul Adessyl ad

1e|NdSeAOIPIeD JO AI0YSIY B ‘N ‘X3S ‘obe ‘51881 >TQHN 13}J8 SYIUOW 231y} 9191 aH %865 TSIFS/y uelpawl 3sauIyD 2AnDadsold 120Z T NA
N/BI dgD-bo
d ‘8D ‘duiuneai ‘qiy ‘qH ‘Wa ublam
A1p ‘'swi sisAjeip ‘uopeinp sisAjelp 4gs 8/1<'//1-TSI ouljsseq Je )| Jo 0¢0c¢
sisKjeip-ai1d ‘AD 4o A103sIy ‘xas @be | GL—LEL ‘LEL> DL JUSWINSeaW 3|Buls Y /16§ aH %009 SN 195-4DJeasai 0| asaueder 9A1309ds04d ‘| oueyeN
Adelayy upels ‘(INg
5-1@7 ‘uinisy ‘Aydeded buipuig-uoll
B30} ‘D1eU0GRII]G "H1d! d ‘BD ‘glY ‘DM
‘qH ‘A/w “Aoueubijews ‘dOD elwspidil - 091 ‘091 > 0} Gyl (dn-mojjoy
-SAp '95e3SIp 1B|NJSBAOIGRID 'SASEISIP ‘G2 > 0} 0EL ‘0S| > 11U 3y} J9A0 1apenb
D130J9|2S0JaY3IR Y10 4HD ‘QHSY ‘UOIS  01GL|‘SLL>0100l  Ydea e parepdn pue
-uanadAy ‘N ‘9dA3 ssadoe JejndseA ‘001 >0168'68> paie|ndjed)uspusadap 8107 1L
[eniul ‘@dueinsur Arewid ‘aoel ‘'xas ‘abe 0109 ‘09> IgHN -l G81'lS aH %t9S 611 F8T9 uelpaw 9’| suedLRWY aAnDadsold Bueyd
00¢=<
‘002> 01051 ‘061>
01001 ‘001> DL
0gL=<
ddD ‘alv ‘INg ‘uonianujew ‘sbrip - ‘0g1> 01001 001 > (pouad dn-mojjoj a1
BulAyipow-pidi| ‘Y41 ‘UOIIN|OS ULIXSP 010/°'0/>107  -Ud 3y} J9A0 Sypuow
-0D JO 3sN ‘A/3 AYoam |10} (95e3sIp 0122 9 AIans parepdn pue
K1ape [esayduad 4HD ‘gyD ‘uoisuspad ‘0Lz > 01081 ‘081 > paje|nded)buikiea /102
-AY 'WQ)suopuod pIgIowod xas ‘abe 01051 ‘051> DL -awilL 6L ad  %SSS  LYLF96S uelpaw ¢ EETOY 2A12ads01d "HD ed
saobayed spidi| D1/1d7
‘10D ‘sa10631e2 %S YD ‘winissejod 6/1
wnias 4gs dga ‘1onpoud areydsoyd 061 < ad
winidjed Pa1dallod ‘91eydsoyd wnias 1ds '061-0€1 ‘0EL > 0} 4 9107
‘g7V 1UawW||0Ju Je abe ‘apow siskjelp 001 ‘001> IAHN AN LLE ‘adH %58y  VELFGLOS 19S-UdJeasal asaulyd 9A1103ds0Id “IM Bue
spow
puidnoib uoljewuoyul siskle  (%93Jew) (QsF)ueal (s4eaKk)
juawisn(pe 103oe) buipunojuod (Ip/Bw) pidi7  juswainseaw pidi]  JAquinN -lp  19pudn  (siedk)aby dnmojjo4 uone|ndod a2df1 Apnis loyiny

(Panunuod) | 3jqelL



Yao et al. BMC Nephrology (2025) 26:55 Page 7 of 14

model could be used. There was a U-shaped relationship
N @ NN O OO 0 between NHDL-C and all-cause mortality fitted by the

score

5 nonlinear fixed model (Fig. 4D). However, no significant
ga interval with HR lower than 1 was observed, indicating
g3 5 that the statistical difference between NHDL-C and all-
ﬁ 3 § ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ cause mortality was not significant.
o .3 TG and all-cause mortality
;'gag Among the 11 retrieval results, there were 4 studies
% ° 8 with TG as the independent variable. The heterogeneity
235 results showed I>=75.9%, P=0.01<0.05. Using the ran-
S S50 L . .
S2Q¢%----00 dom effects model, there was no significant difference in
o all-cause mortality between high dose TG and low dose
g £ TG in dialysis patients (HR=1.06, 95% CI=0.94-1.19,
2 é P=0.36>0.05) (Fig. 5A). Egger’s test showed no statisti-
2 |__ _ _____ cally significant publication bias (P=0.45) for the inclu-
sion of the 4 papers (Fig. 5B). Besides, the effect size of
- the remaining articles did not change significantly after
Swu s excluding any study at each time (Fig. 5C). A dose-
% .§ response meta-analysis was performed for the 4 follow-
Sos 2 up cohorts described above. The glst command was
g £= used to develop the dose-response model, and the x>
] B N N N N NI NI value of the nonlinear regression parameter test was 8.75

(P<0.05). But the result of testparm command showed
that the nonlinear model was not valid with x*=3.64 and
P=0.16 (P>0.05). The fixed effect linear model showed
that, in the range of 50-450 mg/dL, each 50 mg/dL
increase in TG was associated with a 2.5% increase in
all-cause mortality (HR=1.025, 95% CI=1.003-1.048,
P=0.02) (Fig. 5D).

outcome of interest was cohorts on the basis

not present at start of

Demonstration that
study

Discussion

Lipid management in patients with CKD has been rec-
ommended with statins, and ironically the most severe
dialysis patients with CKD do not seem to benefit. Non-
dialysis patients with CKD is a high-risk population of
CVD, and LDL-C has attracted the strict standard of
70/50 mg/dL [3, 29]. For dialysis patients, the ESC, ACC,
and KDIGO opinions are unanimous in not initiating
statins, and patients already receiving statins at the start
of dialysis are advised to keep using these drugs.

The present study suggests that TC may have a nonlin-
ear dose-response relationship with all-cause mortality
in dialysis patients. The lower lipid levels did not provide
the protective effect we expected. The dose-response
results suggest a U-shaped relationship between all-cause
mortality and TC in dialysis patients. One reason is that
even in the general population, lipids are not positively
correlated with all-cause mortality. As observed by S. Yi
et al. in a 10.5-year observational study of 120 000 general
population in Korea, there was a U-shaped relationship
between TC and mortality, with lowest mortality in the
TC range of 210-240 mg/dL [30]. A reasonable interpre-
tation is that lower levels of cholesterol may be associated

of intervention

O O — O O O O — — O O

Selection of the Ascertainment
ness of theinter-  noninterven-
tion cohort

Representative-
vention cohort

Table 2 The NOS score of the study
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with an increased risk of a range of adverse health out-

comes, such as hemorrhagic stroke, chronic obstructive

pulmonary disease, liver disease, and cancer.

Analogously, in dialysis patients, cholesterol has a more

limited capacity to influence adverse outcomes, and the

mortality spectrum is more skewed toward noncoronary
deaths that cannot be reversed by statins. As Baigent et
al. mentioned congestive heart failure, which accounted
for 40% of deaths, there was mainly cardiac fibrosis and
malignant arrhythmias in patients with CKD. Nonvas-
cular deaths accounting for 40% of deaths such as cancer
among them were negatively associated with TC [31, 32].
Furthermore, even for statin-sensitive outcomes such as
myocardial infarction, dialysis patients do not obtain the
same therapeutic benefit as the general population. In
addition to the complex lipid dysmorphisms in CKD, the
major causes of cardiovascular disease (CVD) in dialy-
sis patients are oxidative stress, inflammation, calcium

metabolism disorders, and uremic toxins, which can-
not be corrected by inhibiting cholesterol synthesis [33,
34]. Even the Vriese et al. review mentioned that statin-
induced calcium ions may exacerbate an already severely
elevated cardiovascular risk [35].

Except for normal population showing a U-shaped
curve and the altered death spectrum of dialysis patients
deviating from CVD deaths, the second is because even if
CVD events occur in dialysis patients, low dose of TC do
not necessarily mean high survival rates. A 2006 review
by Shoji et al. noted that the risk of death is a product
of two components, the incidence of a hazardous event
and the mortality after the event. In dialysis patients, lip-
ids level affect both the former and the latter at the same
time. Mortality after the event may be more important
than the incidence of hazardous events. Hyperlipidemia
is definitely not a protective factor against CVD, but low
cholesterol level due to malnutrition predict a high risk of
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death after CVD [36]. If it is possible to lower cholesterol
without worsening nutritional status, then theoretically
lowering cholesterol is promising to reduce the risk of
CVD and thus the risk of death from CVD. For instance,
in a prospective study by Liu et al. in 2004, for a sub-
group without inflammatory malnutrition, each 40 mg/
dL increase in baseline TC level was positively associated
with all-cause mortality (HR, 1.51; 95% CI, 1.12-2.04)
[22]. A prospective study conducted by Shoji et al. in
2011 also showed that for hemodialysis patients every
1 mg/dL increase in CRP levels was positively associated
with all-cause mortality (OR, 1.13; 95% CI 1.12-1.16)
[25]. Nevertheless, it is not rare for all-cause mortality to
be negatively associated with TC in models adjusted for
inflammation and malnutrition [24, 25, 37].

Finally, in dialysis patients, the benefits associated with
statins are long-term and far exceed the median survival
of dialysis patients [34]. This can be explained by the
relative temporal risk difference, where it can take up to

decades for atherosclerosis to progress to death in hemo-
dialysis patients and where inflammation and impaired
nutritional metabolism can lead to death in the near
term.

Why TC range for achieving the least all-cause mor-
tality is not less than 140.5 mg/dL, and the optimal TC
range is 180-220 mg/dL In comparison to the general
population, the range of TC correlated with the lowest
mortality in the 10.5-year-long observational study of the
general population by S. Yi et al. mentioned above was
210-240 mg/dL [30], a region considered the critical high
range in the National Cholesterol Education Program
(NCEP) consensus and the 2023 Chinese guidelines for
lipid management [38]. The optimum TC scope achieved
in the general population that does not correspond to the
guideline recommendations, exhibiting in the category
of borderline high values. Because TC<201 mg/dL is
not necessarily a sign of fitness when taking other dis-
eases into account, from which diseases associated with
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lower TC levels should be identified, contributing to an
improvement of health outcomes in the general popula-
tion. The optimal TC range derived from this study for
dialysis patients, then, will have slightly more stringent
in comparison to the general population. If contrasted
with patients with pre-dialysis CKD stage 3-5, the 2023
Chinese guidelines for lipid management refer to a pop-
ulation at very high risk or higher for non-dialysis CKD
stage 3—5 patients with previous ASCVD events, with a
TC target control of 120 mg/dL, while for primary pre-
vention without previous ASCVD events, non-dialysis
CKD stage 3-5 patients are a high-risk population with
a TC target of 158 mg/dL [39]. Compared with our con-
clusion, it can be seen that when patients with chronic
kidney disease progress to the dialysis phase the manage-
ment of TC is more liberal than in the pre-dialysis phase
(Fig. 6). This seems to coincide with the guidelines for
recommending dialysis patients to follow a pre-dialysis
approach to lipid management. After all, our conclu-
sions do not appear to yield more stringent lipid goals
during the dialysis phase. It is important to note that TC

management in dialysis patients should not be less than
140.5 mg/dL.

The all-cause mortality in the highest dose group of
NHDL-C tended to be lower than that in the lowest dose
group, but it was not statistically significant (Fig. 4A). In
the dose-response model, there was a U-shaped correla-
tion between NHDL-C and all-cause mortality in dialy-
sis patients, but no significant range of HR lower than 1
was found (Fig. 4D). Therefore, NHDL-C has insufficient
sensitivity in predicting all-cause mortality in dialysis
patients.

LDL-C plays a crucial role in the development and
progression of atherosclerosis. Our conclusion seems to
be that an increase in LDL-C is associated with a reduc-
tion in the risk of all-cause mortality in dialysis patients.
Within the range of 25<LDL-C<145 mg/dL, for every
20 mg/dL increase in LDL-C, the all-cause mortality rate
of dialysis patients decreases by 1.9%.

The KDIGO guidelines proposed that LDL-C is a sig-
nificant risk factor for CVD in the general population
but is not a suitable marker for assessing cardiovascular
risk in dialysis patients. Because even patients with low
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LDL-C levels are still at very elevated risk of cardiovascu-
lar death. The prevalence of malnutrition and inflamma-
tion is higher than the prevalence of elevated cholesterol
levels. And malnutrition and inflammation are important
risk factors for cardiovascular disease in dialysis patients,
surpassing LDL-C, so the prognostic value of LDL-C for
dialysis patients is uncertain [40]. Our preliminary find-
ings also reverse validate the masking effect of LDL-C on
all-cause mortality.

The risk of all-cause mortality in dialysis patients is
increased by an elevated TG at 50 < TG <450 mg/dL. TG
is highly variable within and between individuals, and
TG levels in the same individual are influenced by fac-
tors such as diet and varying time of day, so TG measure-
ments may vary considerably in the same individual over
multiple measurements. In the present study, four studies
with TG as the independent variable were included, only
one of which indicated that the TG measurement was the
mean value during the follow-up period, while the other
three should have been single measurements at the time
of enrollment [20, 24, 25]. This study can only speculate
on the tendency of increased TG to increase the risk of

all-cause mortality in dialysis patients, and more evi-
dence is required from high-quality RCT studies.

This study is the first to propose and attempt a meta-
analysis of lipid subgroups in dialysis patients, trying TC,
LDL-C, NHDL-C, and TG. Most of the included stud-
ies adjusted for inflammation, malnutrition, cardiovas-
cular disease, and diabetes as confounding factors, thus
mitigating the intervention of confounding factors on
all-cause mortality and providing a clear reference target
for primary or secondary prevention of cardiovascular
events in dialysis patients.

Limitations of the present study should also be
addressed. The independent variable was determined
differently in the included studies, with some studies
selecting time-varying lipids over the entire period and
others using the mean of the first 3 months after enroll-
ment as the baseline independent variable. Furthermore,
the lipid grouping criteria were not uniform among the
included studies. There are divisions based on the quar-
tile of the population and divisions based on exactly
taking the whole number. Differences in the criteria for
the delineation of the independent variable may lead to
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methodological bias throughout the study. For subse-
quent cohort studies that are conducted, it is preferable
to group by population quartile lipid levels, and when
conducting a dose-response analysis, the median or
mean of the intervals grouped by population quartiles is
more representative of the dose in that group. Ultimately,
the number of cohort studies analyzing all-cause mor-
tality in dialysis patients for lipid subgroups is currently
limited, and more high-quality original studies should be
expected to validate them.

Conclusion

Lipid modulation in dialysis patients has a role in all-
cause mortality, and there is a non-linear dose-response
relationship between TC and all-cause mortality in dial-
ysis patients, which is not less than 140.5 mg/dL and
controlled in the range of 180-220 mg/dL may have
the minimum all-cause mortality for dialysis patients.
NHDL-C is not a sensitive clinical test for the predic-
tion of all-cause mortality in dialysis patients. LDL-C is
not a reliable marker for assessing cardiovascular risk

210-240

in dialysis patients and masks the association with all-
cause mortality. At 50 < TG <450 mg/dL, elevated TG can
increase the risk of all-cause mortality associated with
dialysis patients. In addition, large, high-quality, stan-
dardized observational studies are needed to explore the
relationship between lipid levels and the risk of all-cause
mortality in the dialysis population based on a stratified
analysis of confounders of interest.
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