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Introduction
Chronic diseases are global challenges that accounts for 
eighty percent of all deaths in low- and middle-income 
countries.1 Chronic kidney disease (CKD) is also a 
condition in which the kidneys lose their function over 
time.2 CKD is defined as the existence of renal damages or 
glomerular filtration rate (GFR) less than 60 mL/min/1.73 
m2 for three months or longer without any causes.3 
The common risk factors for CKD are diabetes, high 
blood pressure, inherited kidney disease, heart disease, 
obesity, and older age.4,5 Due to the prevalence of CKD 
complications, the search for predictive and diagnostic 
biomarkers for CKD has attracted considerable interest.6 
Several studies have introduced some biomarkers for CKD. 
Chen et al revealed that glycerophospholipid levels were 
increased in patients with CKD and the relation between 
glycerophospholipids and GFR was proved as well.7

 Phospholipids comprise one molecule of alcohol, two 
molecules of fatty acids, and one molecule of phosphate.8 
According to the alcohol group in their chemical structures, 
phospholipids divide into phosphatidylcholine (PC), 
lysophosphatidylcholine (LPC), phosphatidylethanolamine 
(PE), lysophosphatidylethanolamine (LPE), 

phosphatidylglycerol (PG), phosphatidylinositol (PI), 
and phosphatidylserine (PS).9 Different physiological and 
pathological changes of cells have been considered as the 
underlying mechanisms of the chronic diseases such as 
diabetes, liver, and kidney diseases that they may result in 
alterations in the composition and levels of phospholipids 
in turn.10,11 The distribution patterns of glycerol-PC and 
several LPC in patients undergoing hemodialysis (HD) 
were not in the same as healthy people.12 Moreover, 
plasma phospholipids concentrations were different in 
patients with early CKD compared to those with patients 
who were under HD for a long time.13 The comparison of 
PE, sphingomyelins (SM), and LPC compounds in tumor 
kidney tissues and normal tissues showed that their serum 
levels were decreased in renal cancer cells (RCCs).14

However, there are inconsistencies regarding the clinical 
or trial use of these phospholipids as CKD diagnostic 
biomarkers. To our knowledge, no systematic review has 
been done on the association between serum phospholipid 
levels and kidney diseases. Therefore, the current study was 
performed to summarize the current evidences regarding 
the association between serum phospholipids levels and 
kidney diseases comprehensively.
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Abstract 
Introduction: Chronic kidney disease (CKD) affects the levels of various metabolites, which may be associated with pathogenesis 
of chronic diseases. This study aimed to indicate the association between CKD and changes in the levels of phospholipids.
Methods: This systematic review considered the PRISMA guidelines for reporting the results. We searched the databases MEDLINE 
(via PubMed), Scopus, Web of Sciences and Google Scholar until June 2023. Case-control and cross-sectional studies investigated 
the relationship between CKD and alterations of serum levels of phospholipids. We determined the quality of the articles using the 
modified Newcastle-Ottawa scale (NOS) for cross-sectional studies and the NOS scale for case-control studies.
Results: A total of 28 977 articles were included. One hundred and fifty duplicated articles were removed, 28 827 studies 
were excluded, 343 full-text articles were reviewed and sixteen studies were included at the end. The studies demonstrated a 
significant association between serum levels of total phospholipids (TPLs), phosphatidylcholine (PC), phosphatidylethanolamine 
(PE), phosphatidylserine (PS), phosphatidylinositol (PI), lysophosphatidylcholine (LPC), lysophosphatidylethanolamine (LPE), 
phosphatidic acid (PA) and plasmalogen with renal diseases. 
Conclusion: Phospholipids levels are associated with the kidney diseases. It is important to identify non-invasive ways to diagnose 
biological risk factors in patients with renal damages, so they can be targeted for early treatment. The included studies reported 
significant alteration of phospholipids levels in CKD. 
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Material and Methods
Search strategy
The search was conducted using the following MeSH 
terms and keywords (The search strategy is shown in 
Table S1): 

(((((((((((((((((((((Kidney Diseases[MeSH Terms]) 
OR (Kidney Diseases[Title/Abstract])) OR (acute 
kidney injury[Title/Abstract])) OR (Uremia[Title/
Abstract])) OR (Azotemia[Title/Abstract])) OR 
(nephrotic syndrome[Title/Abstract])) OR (diabetic 
nephropathy[Title/Abstract])) OR (chronic kidney 
disease[Title/Abstract])) OR (kidney failure[Title/
Abstract])) OR (Urea[MeSH Terms])) OR (Blood Urea 
Nitrogen[MeSH Terms])) OR (Creatinine[MeSH Terms])) 
OR (Creatinine[Title/Abstract])) OR (Blood Urea 
Nitrogen[Title/Abstract])) OR (Urea[Title/Abstract])) OR 
(glomerular filtration rate[Title/Abstract])) OR (glomerular 
filtration rate[MeSH Terms])) OR (diabetic kidney 
disease[Title/Abstract])) OR (Proteinuria[MeSH Terms])) 
OR (Proteinuria[Title/Abstract])) OR (Albuminuria[Title/
Abstract])) OR (end stage kidney disease[Title/
Abstract]) and (((((((((((((((Phospholipids[MeSH 
Terms]) OR (Phospholipid[Title/Abstract])) 
OR (Glycerophospholipid[Title/Abstract])) OR 
(Glycer y lphosphor y lchol ine[Tit l e /Abst rac t ] ) ) 
OR (Phosphatidylcholine[Title/Abstract])) OR 
(phosphatidylcholines[MeSH Terms])) OR (1 2 
dipalmitoylphosphatidylcholine[Title/Abstract])) OR 
(Dimyristoylphosphatidylcholine[Title/Abstract])) 
OR (Lecithins[Title/Abstract])) OR (glycerol[Title/
Abstract])) OR (Phosphatidylethanolamines[Title/
Abstract])) OR (Phosphatidylglycerols[Title/
Abstract])) OR (Phosphatidylinositols[Title/
Abstract])) OR (Phosphatidylserines[Title/Abstract])) 
OR (serum phospholipid[Title/Abstract])) OR 
(Lysophosphatidylcholine[Title/Abstract]). 

Literature was downloaded to Endnote software to 
facilitate the review process and manage citations (Version 
X9; Thomson Reuters, Philadelphia, PA, USA).

In this systematic review, the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines15 (Table S2) were followed. We conducted 
searches of MEDLINE (PubMed), Scopus, Web of Sciences, 
and Google Scholar to identify all observational studies 
evaluating the changes in serum levels of phospholipids 
and other related metabolites with renal diseases through 
June 2023, without date restriction. 

Eligibility criteria 
All original full-text English-language articles that 
addressed the association between kidney diseases and 
changes in serum levels of various phospholipids, including 
total phospholipid (TPL), PC, PE, PS, PI, phosphatidic 
acid (PA), LPC, lyso PE (LPE) and plasmalogens, were 
included in this review. Animal, intervention, cohort, and 

review studies were not included. The review conference 
publications, book chapters, letters, editorials, posters, 
commentaries, theses, and studies without available full 
texts were excluded as well. 

Selection of the studies 
Three independent reviewers performed a systematic 
screening of the articles. After removing duplicated articles, 
the titles and abstracts were checked out based on the 
inclusion and exclusion criteria by the reviewers, then the 
full texts of eligible papers were reordered and evaluated, 
and studies that were unable to meet the predetermined 
criteria or contained insufficient data were excluded.

Data extraction
Two reviewers extracted the following characteristic 
cross-sectional independently using a pre-designed 
data extraction sheet: the first author’s name, year of 
publication, country, study population, sample size, 
gender, age, measurement of phospholipids, findings 
with respect to the relationship between kidney diseases 
and changes in serum levels of various phospholipids, 
and some additional information. The third reviewer 
rechecked the extracted data.

Quality assessment
The quality of the included case control studies was 
evaluated using the Newcastle-Ottawa scale (NOS).16 NOS 
scores range from 1 to 9, with higher scores indicating 
higher-quality research. The risk of bias in a study is 
considerable if it receives five or fewer stars. The NOS 
scale has three main sections: selection, comparability, 
and outcome. Selection comprises four domains: 
adequate definition of the case, representativeness of the 
cases, selection of controls, and definition of controls. 
Comparability was assessed between cases and controls 
based on study design or data analysis. Exposure consists 
of three components: Ascertainment of exposure, the 
same ascertainment methods of cases and controls, 
and the same non-response rate of cases and controls. 
Modified NOS was used to assess the quality of the 
included cross-sectional articles. The modified NOS scale 
contains three main sections: selection, comparability, and 
outcome. Selection is composed of four domains: sample 
representativeness, sample size, exposure ascertainment, 
and non-respondents. The items in the comparability 
section are the comparability of subjects in various 
outcome groups based on the study design or analysis 
and controlling the confounding factors. The outcome 
consisted of two sections: evaluation of the outcomes and 
sufficient follow-up for outcomes to occur.

Results
Study selection
Electronic databases searching PubMed (n = 11 284), 
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Scopus (n = 16 405), Web of Sciences (n = 1288) and 
Google Scholar yielded a total of 28 977 records in the 
initial search. After eliminating 150 duplicates, 28 827 
studies remained for further screening. During the initial 
stage, we excluded 28 484 studies based on titles and 
abstracts, as they were either reviews, cohorts, or animal 
studies. Then, the full text of the remaining 343 articles 
was critically assessed, of which 327 articles removed. 
Finally, the current review included 16 studies that met 
the eligibility criteria. The flow diagram outlining the 
selection of the studies is presented in Figure 1. All of 
the articles recorded at least the change of one metabolite 
during kidney diseases.

Study characteristics
The articles reviewed in this article were published 
between 1996 and 2023. Most study populations had renal 
complications, and both sexes participated in all but two 
studies, which did not report the exact number of male 
and female participants.17,18 All studies did not report the 
follow-up durations, and the sample sizes ranged from 16 
to 300. The participants’ mean age ranged from 19.0 to 
77.2 years. Only one study did not report the mean age 
of populations.17 The mean BMI of study subjects was 
not recorded in most studies, therefore was not included 
in the data tables. There were 9 studies performed in 
China,7, 12,18-24 two study in Italy25,26 and one study in each 
of the following countries: Germany,27 USA,28 Emirates,29 
France13 and Spain.17

There were 3 studies investigated the relation 

of metabolome with end-stage renal disease 
(ESRD),12,24,26 5 study with HD and MHD (maintenance 
hemodialysis),12,13,25,26,29 3 study with CKD,7,13,22 one 
study with type 2 diabetes mellitus (T2DM) and 
diabetic nephropathy (DN),19 2 study with chronic 
renal failure (CRF),18,27 and one study for acute kidney 
injury (AKI),21 uremia,17 renal transplant recipients,28 
Henoch-Schonlein purpura nephritis (HSPN),20 and 
renal carcinoma.23

Phospholipids and other related metabolites were 
measured with thin-layer chromatography (TLC) in 
one included study,17 Liquid chromatography mass 
spectrometry (LC–MS) was used in some studies18,28,29 
and high-performance liquid chromatography coupled 
with electrospray ionization tandem mass spectrometry 
(HPLC-ESI-MS/MS) assay was performed for analysis of 
lipidom in two studies.21,22 Other researchers performed 
gas chromatography (GC)27 two-dimensional liquid 
chromatography-quadrupole time-of-flight mass 
spectrometry (2D LC-QToF MS),24 flow-injection 
analysis coupled to tandem mass spectrometry (FIA-MS/
MS),13 ultra-performance liquid chromatography-high-
definition mass spectrometry (UPLC-HDMS),7 normal 
phase liquid chromatography coupled with time of flight 
mass spectrometry (NPLC–TOF/MS),19 nuclear magnetic 
resonance (NMR),23 liquid chromatography quadrupole 
time-of-flight mass spectrometry (LC-QTOF-MS)12,20 
and flow cytometry.25,26 Characteristic of included case-
control and cross-sectional studies are reported in 
Tables 1 and 2, respectively. 

Figure 1. Flow diagram outlining included studies selection
21 
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Quality assessment
Methodological quality assessment for case-control and 
cross-sectional studies were shown in Tables 3 and 4 
respectively. Decision about the risk of bias for each item 
in all included case-control and cross-sectional studies 
were reported as score of stars. A minor risk of bias was 
shown based on the results of the studies.

Metabolite changes in the renal diseases
Changes in different metabolites, such as phospholipids 
and other related lipid species in various renal diseases, 
in case-control studies were reported in Table 1. Table 2 

presents lipidome profiling in kidney diseases for cross-
sectional studies.

Total phospholipid 
Only one case-control study reported the change in TPLs 
among the patients with uremia and healthy volunteers; 
they have seen an increased amount of TPLs in uremic 
conditions.17 

Phosphatidylcholine 
Phosphatidylcholines were measured in seven case-
control studies on renal malfunction; one study in each 

Table 1. Characteristics of case control studies and reported change in levels of methabolites

Authers Country Study population
Male/
Female

Age (Case/
control)

Measurement of 
phospholipids

Outcome

Chen et al,12 
2020

China
19 patients with ESRD 
receiving MHD and 12 
healthy controls

18/13
56.0/
42.0

LC-QTOF-MS

↓ LPC (16:0), ↓LPC (18:0), 
↓LPC (18:3), ↓LPC (20:4),
 ↓LPC (20:3), ↓LPC (20:5),
 ↓LPC (16:1)

Vecino et 
al,17 1996

Spain
7 patients with uremia and 9 
healthy volunteers

NR 41.0 ± 11.0/NR TLC ↑PC, ↔LPC, ↔PI, ↔PE, ↔TPL

Jia et al,18 
2007

China

18 patients with chronic 
glomerulonephrit and 17 
patients with CRF and 18 
healthy controls

NR
chronic glomerulonephrit: 
19-54, 
CRF: 24-63/23-61

LC-MS
↑PE C14:0/C14:0, ↑PC14:0/C14:0,
↑PS C14: 0/C14:0, ↑LPC C12:0 

Zhu et al,19 
2011

China
 30 T2DM subjects and 52 
DN subjects and 30 control 
subjects

60/52
T2DM: 59.5 ± 7.2, DN: 
56.9 ± 8.5/
48.8 ± 5.6

NPLC–TOF/MS

↑PE (C18:0/C20:4),
↓PI (C18:0/C20:4),
 ↓PS (C18:0/C18:1),
 ↓PC (C18:0/C18:0) ↑LPC (C16:0)

Zhang et 
al,20 2021

China
46 HSPN ( + ) patients and 44 
HSPN (–) patients

47/43
42.15 ± 18.91/
32.36 ± 14.20

LC-Q/TOF-MS

↑PE-NMe (16:1/18:3),
↑PS (14:0/24:0),↑PC (14:1/P-16:0),
↑PC (22:6/24:1),↑PE (P-18:1/14:0),
↑PS (22:6/24:1),↑PE (P-16:0e/0:0),
↑LPC (15:0)

Yuan et al,21 
2022

China
10 AKI patients and 10 NAKI 
patients and 10 control 
subjects

22/8
NAKI:49.2 ± 5.6, AKI:57.9 ± 2.9/
52.6 ± 5.8

HPLC-ESI-MS/MS PC, PE*

Yang et al,22 
2013

China
26 consecutive CKD patients 
and 13 healthy volunteers

26/13

Glomerulonephrit: 
41.42 ± 16.44,
Tubulointerstitial injury: 
46.71 ± 12.08/ 33.85 ± 14.04

HPLC-ESI-MS/MS

↑PC 14:1/14:1, ↑PC 16:0/16:0,
↑PC 16:0/22:3,↑PC 16:0/18:1,
↑PC 16:0/18:2

Gao et al,23 
2008

China

49 patients with low grade 
RCC and 25 with advanced 
RCC and 28 before 
nephrectomy and 28 patients 
after nephrectomy and 55 
healthy volunteers

122/63

Low grade RCC: 52.0 ± 12.5, 
Advanced RCC: 62.9 ± 12.9,
before nephrectomy: 
54.2 ± 11.3,
after nephrectomy:
54.7 ± 11.1/51.5 ± 13.1

NMR ↓PC/choline

Bonomini et 
al,25 2001

Italy
15 patients with ESRD 
receiving HD and 15 healthy 
individuals

18/12
69.0 ± 3.0/
59.0 ± 5.0

 Flow cytometry ↑PS

Bonomini et 
al,26 2004

Italy
16 patients with HD and 16 
healthy control subjects

17/15
60.1 ± 2.7/
56.8 ± 2.3

 Flow cytometry ↑PS

Brosche et 
al,27 2002

Germany
30 patients with CRF and 99 
normal control subjects

55/74
58.5 ± 12.2/
25.8 - 91.8

GC ↓Plasmalogens

Zhao et al,28 
2014

USA
27 primary renal transplant 
recipients

21/6
40.6 ± 9.8/
35.5 ± 8.8

LC-MS ↑PC, ↑LPC, ↑LPE

* Changes of these phospholipids were not exactly reported.
Not reported (NR), type 2 diabetes mellitus (T2DM), Diabetic nephropathy (DN), End-Stage Renal Disease (ESRD), phosphatidylserine (PS), maintenance 
hemodialysis (MHD), chronic renal failure (CRF), liquid chromatography quadrupole time-of-flight mass spectrometry (LC-QTOF-MS), nuclear magnetic resonance 
(NMR), Total phospholipids (TPL), Chronic Kidney Disease (CKD), high-performance liquid chromatography coupled with electrospray ionization tandem mass 
spectrometry (HPLC-ESI-MS/MS), Acute kidney injury (AKI), without AKI (NAKI), Henoch-Schonlein purpura nephritis (HSPN), liquid chromatography-quadrupole 
time-of-flight mass spectrometry (LC-Q/TOF-MS), Liquid chromatography–mass spectrometry (LC-MS), Normal phase liquid chromatography coupled with time of 
flight mass spectrometry (NPLC–TOF/MS), gas chromatography (GC), phosphatidylcholine (PC), lysophosphatidylcholine (LPC), phosphatidylethanolamine (PE), 
lysophosphatidylethanolamine (LPE), phosphatidylinositol (PI), phosphatidylserine (PS), Renal cell carcinoma (RCC), thin-layer chromatography (TLC).
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of the following conditions: ESRD patients receiving 
MHD,12 people with kidney carcinoma,23 CRF patients,18 
population with uremia,17 HSPN patients,20 renal 
transplant recipients,28 and DN.19 Two cross-sectional 
studies were on patients with CKD,7, 13 ESRD patients24 

and those who receiving HD.29 Gao et al reported a 
decrease in PC/choline ratio in patients with advanced 
RCCs compared with healthy controls.23 Rise in PCs 
levels were found in different renal disorders such as 
CRF,18 uremia,17 CKD,22 and HSPN.20 In study subjects 

Table 2. Characteristics of cross-sectional studies and reported change in levels of metabolites

Authers Country Study population
Male/
Female

Age
Measurement of 
phospholipids

Outcome

Chen et 
al,7 2017

China

180 patients with 
advanced CKD 
and 120 healthy 
controls

173/127

Patients;
Discover phase:
57.3 ± 14.5 and Validation 
phase:
57.1 ± 15.8;
healthy controls;
Discover phase:
55.7 ± 11.2 and Validation 
phase:
54.1 ± 9.6

UPLC-HDMS

↑ LPC (24:1),↑ LPC (20:4), ↑ LPC (18:2),↑ LPC 
(14:0),
↑ PC (20:2/24:1),↑ PC (22:0/24:0), ↑PC (22:0/14:0), 
↑PC (o-18:1/18:2), ↑PC (18:2/22:0), ↑PC 
(24:0/24:0), 
↑PE (P-18:1/14:1), ↑PE (16:1/18:1), ↑PE 
(24:1/22:2),↑PE (22:4/P-18:0), ↑PE (18:4/14:0), ↑PE 
(24:1/24:1), 
↑PE (24:1/18:1),↑LPE (18:0), ↑LPE (22:4), ↑LPE 
(24:1), 
↑LPE (22:1), ↑ LPE (16:1), ↑PA (16:0/18:2), 

Duranton 
et al,13 
2018

France
77 patients with 
CKD and HD

49/28

CKD2-3:
64.4 (54.4, 75.2), CKD4-5:
75.9 (69.1, 79.3)
HD: 77.2 (68.2, 82.1)

FIA-MS/MS

↓PC (34:4), ↓PC (34:2), ↓PC (34:3), ↓PC (36:3), 
↓PC (36:4), ↓PC (36:5), ↓PC (36:6), ↓PC (38:1), 
↓PC (38:2), ↓PC (38:3), ↓PC (40:1), ↓PC (40:4), 
↓PC (42:2), ↓PC (42:3), ↓PC (42:4), ↓PC (44:4), 
↓PC (44:5), ↓LPC (14:0), ↓LPC (16:0), ↓LPC (16:1), 
↓LPC (18:0), ↓LPC (18:1), ↓LPC (18:2), ↓LPC 
(20:3), 
↓LPC (20:4)

Tang et 
al,24 2014

China
20 stable ESRD 
patients

10/10

PD technical
Survival: 56.93 ± 14.50,
PD technical
Failure: 65.00 ± 11.73

2D LC-QToF MS
↔PS (41:4), ↔PI (40:4), ↔PC (35:1), ↔PC (2:11), 
↔PC (42:9), ↔PE (14:0/14:0), ↔PC (14:1/14:1), 
↔LPC (17:0), ↔LPE (17:1)

Banimfreg 
et al,29 
2022

Emirati

11 HD subjects 
with and 25 
patients without 
diabetes

16/20

females:
69.9 ± 8.16
and males:
73.68 ± 13.07

LC-MS *PC (16:0/16:0), *PC (18:1/18:1),

* Changes of these phospholipids were not exactly reported. hemodialysis (HD), Liquid Chromatography-Mass Spectrometry (LC-MS), ultra-performance 
liquid chromatography-high-definition mass spectrometry (UPLC-HDMS), Chronic Kidney Disease (CKD), flow-injection analysis coupled to tandem mass 
spectrometry (FIA-MS/MS), end-stage renal disease (ESRD), peritoneal dialysis (PD), two-dimensional liquid chromatography-quadrupole time-of-flight mass 
spectrometry (2D LC-QToF MS), phosphatidylcholine (PC), lysophosphatidylcholine (LPC), phosphatidylethanolamine (PE), lysophosphatidylethanolamine (LPE), 
phosphatidylinositol (PI), phosphatidylserine (PS), Phosphatidic acid (PA).

Table 3. Risk of bias indicating case control studies’ quality assessment at an individual level

Study

Selection Comparability Exposure

Total
Adequate 
definition 

of the 
case

Representativeness 
of the cases

Selection 
of 

controls

Definition 
of 

controls

Comparability 
of cases and 

controls 
Ascertainment 

of exposure

Cases and 
controls: same 
ascertainment 

method

Cases and 
controls: 

same non-
response rateDesign Analysis

Chen et a ,12 2020 * * * * - - * - - 5/9

Vecino et al,17 1996 * * - * * * * - - 6/9

Jia et al,18 2007 * * - * * - * * - 6/9

Zhu et al,19 2011 * * - * - - * * - 5/9

Zhang et al,20 2021 * * * * * - * * - 7/9

Yuan et al,21 2022 * * * * * * * * - 8/9

Yang et al,22 2013 * * - * * - * * - 6/9

Gao et al,23 2008 * * * * - - * * - 6/9

Bonomini et al,25 2001 * * - * * * * - - 6/9

Bonomini et al,26 2004 * * - * * * * * - 7/9

Brosche et al,27 2002 * * - - * * - * - 5/9

Zhao et al,28 2014 * * * * * * * * - 8/9
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with T2DM and DN, a reduction of PCs levels was 
observed.19 One case-control study among patients 
with kidney diseases did not report explicit changes of 
PCs levels.21 Table 2 showed that the levels of PCs were 
high in CKD patients.30 Duranton et al reported that 
the PCs levels were decreased in CKD patients with 
non-alcoholic fatty liver disease, receiving HD.13,31 No 
significant changes were reported in the study by Tang 
et al in ESRD population24 and one cross-sectional study 
did not report the exact results of PCs levels.29

Phosphatidylethanolamine 
Measurements of serum levels of PEs were reported in five 
case-control studies of renal disease. It was seen that the 
levels of PEs were high in three studies in patients with 
CRF, HSPN, and DN compared to control groups.18-20 
Vecino et al did not report any changes in the PE levels 
among uremic patients17 and Yuan et al also did not report 
any exact change of PE levels,21 however, it was measured 
in two cross-sectional studies in CKD, and ESRD 
patients.7,24 Tang et al reported that PE levels were similar 
in two groups of patients undergoing peritoneal dialysis 
(PD): technical survival and technical failure,24 while there 
was a significant increase in the levels of PE in patients 
with advanced CKD compared with healthy controls.7

Phosphatidylserine 
The PS levels were measured in five case-control studies 
on patients with renal diseases and one cross-sectional 
study on those with ESRD. Among case-control studied, 
four of them reported that PS levels increased during 
kidney damages,18,20,25,26 while one study showed its 
reduction in patients with T2DM and DN.19 Notably, one 
cross-sectional study could not see any changes in ESRD 
patients receiving PD.24

Phosphatidylinositol 
Zhu et al observed low serum levels of PI in T2DM and 
DN subjects compared with the control subjects in a case-
control study.19 In another study, serum concentrations of 
PIs in patients with uremia and healthy volunteers were 
similar.17 PI serum levels were measured in two cross-
sectional studies on ESRD patients, showed reduced PI 
levels32 whereas, Tang et al reported no significant changes 
in this regard.24

Phosphatidic acid 
Only one included cross-sectional study measured the 
levels of PAs that it showed the increased levels.7

Lysophosphatidylcholine 
Six renal case-control studies measured serum LPC levels 
in kidney diseases (Table 1), four of them reported the 
increased levels18-20,28 while Vecino et al could not see any 
change in LPC levels.17 Of note, Chen et al observed a 
reduction in serum levels of LPC in a case-control study.12 
Three cross-sectional studies investigated the serum 
change of LPC levels, one showed an increase,22 one 
demonstrated a decrease,13 while Tang et al observed no 
change in LPC levels.24

Lysophosphatidylethanolamine 
One case-control study identified an increase in LPE 
levels among renal transplant recipients.28 Chen et al 
investigated the LPE levels in advanced CKD and healthy 
controls and results showed an increase.7 Another cross-
sectional study on patients with renal disorders reported 
no difference of LPE levels among participants.24

Plasmalogen
It was reported that the levels of plasmalogens were 
reduced in patients with CRF compared to normal 
controls.27

Discussion 
In the current study, twelve case-control, and four cross-
sectional studies which assessed the association between 
serum levels of phospholipids with the renal disorders 
were reviewed systematically. There were significant 
correlations between serum levels of TPL, PC, PE, PS, PI, 
PA, LPC, LPE, and plasmalogen with CKD. 

It is important to identify non-invasive ways to find 
biological risk factors of renal diseases, so they can be 
targeted for early treatment. Also, the results implied a 
better understanding of how phospholipids dysregulation 
may relate to the increased rate of the kidney diseases. 
This study also contributes to the better identification 
of potential phospholipid biomarkers that may help 
to improve the detection and prevention of biological 
renal damages.

Metabolism of phospholipids is abnormal among 

Table 4. Risk of bias indicating cross sectional studies’ quality assessment at an individual level

Study

Selection Comparability Outcome

TotalRepresentativeness 
of the sample

Sample 
size

Ascertainment 
of exposure

Non-
respondents

Design Analysis
Assessment of 

outcome
Adequacy of 

follow up

Chen et al,7 2017  *  -  * -  *  *  *  *  6/8

Duranton et al,13 2019  *  -  * -  *  *  *  -  5/8

Tang et al,24 2014  *  - * *  *  *  *  *  7/8

Banimfreg et al,29 2022  *  *  - -  *  *  *  -  5/8
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patients with kidney diseases including uremia, chronic 
nephritis, CKD and CRF.18 Mechanism for high levels 
of phospholipids in chronic glomerulonephritis was 
described as phospholipase C/protein kinase C (PKC) 
signal transduction pathways. First step was cleavage of PI 
into inositol 1,4,5-trisphosphate (IP3) and diacylglycerol.33 
Inositol trisphosphate led to secretion of the Calcium ion 
(Ca2 + ) and then high levels of Ca2 + was seen.34,35 PKC 
become active that leads to decreasing the space between 
endothelial cells 36 and changing the structure and 
function of phosphorylated actin.37 Finally, the activation 
of PKC causes the damage of the carriers of endothelial 
cells in renal glomerular capillaries and, therefore, the 
permeability of the vessels rises. Protein and erythrocytes 
may infiltrate; thus, proteinuria as well as hematuria 
occur. Also, PKC can induce high angiotensin levels,38 
hypertension and chronic glomerulonephritis thereafter.

Costello et al reported that among uremic patients, 
plasma levels of phospholipase A2 (PLA-2) were high.39 
Phospholipase A2 (PLA-2) could synthesize Lyso-
phospholipids from phospholipids. There were evidences 
indicating the decreased plasma levels of LPC in patients 
with uremia.17,40,41

It was shown that lecithin-cholesterol acyltransferase 
(LCAT) abnormality was the main reason of increased PC 
levels in uremic patients.41,42 In a rat model study, Zhao et 
al predicted CRF through phospholipids biomarkers such 
as increased ratio of PC 16:0/18:2 as well as serum levels 
of LPCs.43 

Researchers have demonstrated a direct association 
between urinary phospholipids and proteinuria, and 
serum levels of PCs and creatinine. Therefore PCs and 
SMs could be used as CKD biomarkers.22

High levels of PE among patients with HSPN implied 
that kidney function was decreased through cell apoptosis 
induced by PE.20 Also, it was indicated that PE can lead to 
apoptosis of liver cells via the B-cell lymphoma protein 2 
(Bcl-2)-associated X (Bax) pathway.44

Compared to early CKD stages, LPCs in most HD 
patients decreased, and they tended to have lower levels 
compared to healthy controls in other investigations.13 
Although antibacterial, antioxidative, and antiatherogenic 
properties have also been noted, LPCs primarily operate on 
G protein-coupled receptors and exhibit proatherogenic 
activity.45 Both PLA-2 activity and LCAT deficiency have 
been documented in CKD patients (LPCs are derived 
from PCs due to LCAT and PLA-2 activity).46,47

Zhao et al observed that after kidney transplantation, 
the non-acute graft rejection group had the higher 
levels of certain lipids (carnitines, choline, various 
polyunsaturated fatty acids, SMs, PCs, LPCs, and LPEs), 
as well as the increased concentration of gut microbiota-
associated metabolites (indoxyl sulfate, p-cresol sulfate, 
and hippuric acid).28 The lower serum levels of LPCs, 
LPEs, and polyunsaturated fatty acids in the acute graft 

rejection group may potentially be due to high-dose 
immunosuppressant’s that in turn, decreased PLA-2 
activity. Additionally, a substantial decrease in SM species 
was seen in the serum of the patients who had acute graft 
transplant rejection. SM deficiency may change lipid raft 
formation and increase the risk of oxidative damage.48,49

Zhu et al found that two novel biomarkers, i.e., PI 
C18:0/22:6 and SM dC18:0/20:2, can be utilized to 
distinguish between healthy individuals, T2DM cases, and 
DN cases from each other. We generated the phospholipids 
in the following elution orders: PEs, PGs, PIs, PSs, PCs, 
SMs, and LPCs. LPCs, PEs, PG, SMs, one PC species, and 
one PI species were all up-regulated in patients compared 
to controls, while PE, PS, and two PC species were down-
regulated.19

Generally, chronic diseases, such as CKD, have special 
bio-psycho-social aspects. Early prediction and treatment 
of psychiatric disorders such as depression and anxiety 
contribute to the prevention of renal disorders. Early 
prediction can improve social support such as financial 
assistance and rehabilitation to perform usual activities 
(doing the job, traveling, leisure, and sports.

Relatively high number of included studies was 
the strength of this review, which make it possible to 
generalize the results. Additionally, the quality of the 
studies was evaluated according to the NOS, and majority 
of the studies were determined as having high-quality. 
However, studies’ heterogeneity, especially in outcomes 
and methods of analysis, was a known limitation of the 
current study that prevented preparing a meta-analysis. 
Moreover, removing non-English studies may cause the 
language bias.

Conclusion
Association of the serum phospholipids levels with renal 
dysfunction was observed in this systematic review. Levels 
of phospholipids in patients with CKD in comparison to 
the healthy individuals were different, therefore, it can be 
considered as a diagnostic biomarker for early detection 
and prevention of advanced renal diseases.
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