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Abstract

Background Immune thrombocytopenia (ITP) is an autoimmune hemorrhagic disease characterized by increased
platelet destruction and impaired thrombopoiesis. The changes in platelet indices depend on the morphology and
volume of platelets. Serum lipids have been found to affect platelet formation and activity in certain diseases, thus
inducing the corresponding variation of platelet indices.

Methods Mendelian randomization (MR) analysis was performed based on databases. The clinical data from 457
ITP patients were retrospectively collected and analyzed, including platelet indices, serum lipids, hemorrhages and
therapeutic responses.

Results MR analysis showed low high-density-lipoprotein-cholesterol (HDL-C), low apolipoprotein A-1, high
triglyceride (TG) and high apolipoprotein B (ApoB) caused high platelet distribution width (PDW); high low-density-
lipoprotein-cholesterol (LDL-C) increased mean platelet volume (MPV). In ITP, there were positive correlations
between platelet count with TG, PDW with HDL-C and ApoB, and plateletcrit with TG and non-esterified fatty acid, and
the correlation had gender differences. Bleeding scores were negatively correlated with cholesterol and LDL-C. LDL-C
and homocysteine were risk factors for therapeutic responses.

Conclusions Serum lipids, especially cholesterol were tightly correlated with platelet indices, hemorrhage and
therapeutic effects in ITP patients. These results provide clinical references for the management of serum lipids, and
highlight the necessity to further explore the relationship between lipids and pathogenesis of ITP.
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Introduction

Immune thrombocytopenia (ITP) is an acquired autoim-
mune hemorrhagic disease characterized by decreased
platelet count and abnormal platelet function [1]. The
pathogenesis of ITP is heterogenous and complicated,
including the generation of pathogenic anti-platelet anti-
bodies, T cell-mediated platelet destruction and impaired
platelet production [2].

Lipids are typical small hydrophobic molecules exist-
ing in all cell types. Growing evidence showed that the
production and function of platelets could be dramati-
cally affected by lipids [3]. Global lipidomic analysis has
identified hundreds of lipid species during platelet coag-
ulation [4]. Studies also found that degranulation and
membrane deformation during platelet activation require
membrane lipid rearrangement and fluidity [5]. Further-
more, cellular cholesterol homeostasis is well proven
to be an important factor in regulating hematopoiesis,
in which defective cholesterol efflux pathways could
dampen thrombopoiesis [6]. Thus, it is plausible to infer
that lipid profiles could influence the platelet indices, and
be related to bleeding symptoms and therapeutic effects
in ITP.

Platelet indices are a group of platelet parameters, com-
monly including mean platelet volume (MPV), platelet
distribution width (PDW) and plateletcrit (PCT). Plate-
let indices could reflect the activated state of platelets
because of the variation in morphology and volume dur-
ing platelet activation [7]. Previous studies have shown
that the changes in platelet indices can be used to iden-
tify thrombocytopenia caused by multiple factors and be
considered as prognostic markers of disease recurrence
and treatment efficacy in ITP [8, 9].

Mendelian randomization (MR) analysis is an effective
method to estimate the causal effects of exposure on out-
comes of disease through genome-wide association study
(GWAS) data set in epidemiological studies. Compared
with traditional cross-sectional observation studies,
MR analysis can avoid confounding factors and reverse
causality [10]. However, MR analysis could be biased if
genetic variants are pleiotropic [10]. And because mul-
tiple variants are often combined into a polygenic risk
score to increase statistical power, statistical power is
another limitation for MR analysis [10].

In this study, we performed a bidirectional two-sample
MR to comprehensively evaluate the causal relationships
between serum lipids and platelet indices in the healthy
population, and retrospectively analyzed the correlation
among serum lipids, platelet indices and changes of plate-
let indices before and after treatment in ITP patients.
Noticeable but inconsistent associations among lipid pro-
file, platelet indices, bleeding symptoms and therapeutic
effects were verified in healthy persons and I'TP patients,
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indicating that serum lipids have a different influence in
ITP.

Materials and methods

MR study design

MR analysis used the Mendelian law to allocate genetic
variants randomly and instrumental variable (IV) method
to identify causal effects, which could reduce confound-
ing from environmental factors and address the issue of
confounding or reverse causality [11, 12]. I'Vs have asso-
ciations with the exposure, but they were not associated
with any confounder of the exposure-outcome associa-
tion, nor were there any causal pathway from the instru-
mental variable directly to the outcome other than via the
exposure [13]. Under the assumption that a single instru-
mental variable or a set of instrumental variables for the
exposure is available, the causal effect of the exposure on
the outcome could be estimated [13]. Single nucleotide
polymorphisms (SNPs), also known as genetic variants,
were used as IV in MR analysis.

According to the assumptions of IV, MR analyses
derived valid estimates where the following assump-
tions are met: [14] (i) the SNPs were associated with the
exposure, (ii) the SNPs have effects on the outcome only
through the exposure, and (iii) the SNPs were indepen-
dent of any confounders of the exposure-outcome asso-
ciation. For assumption (i), the GWAS summaries of
exposure and outcomes are both extracted from a data-
base of the European population.

Data sources

GWAS summaries for circulating lipoprotein lipids and
apolipoproteins, including low density lipoprotein cho-
lesterol (LDL-C), apolipoprotein B (ApoB), triglycerides
(TG), high density lipoprotein cholesterol (HDL-C),
and apolipoprotein A-1 (ApoAl) were extracted from
Integrative Epidemiology Unit (IEU) database [15]. The
GWAS summaries of the outcomes about platelet prop-
erties were extracted from a GWAS analysis in the UK
Biobank and INTERVAL studies, which included 173,480
European-ancestry participants [16].

Selection of genetic instruments

All relevant SNPs as genetic instruments in each data-
set met the genome-wide significance threshold of the
P value 5 x 107%. We performed linkage disequilibrium
(LD) clumping to identify independent SNPs (r2<0.001
within 10 Mb), using the 1000 Genomes Project Phase 3
(EUR) as the reference panel. We harmonized exposure
and outcome datasets, obtained SNP effects and cor-
responding standard errors, and removed palindromic
SNPs with intermediate allele frequencies. We used
proxy SNPs (LD at R?>0.8) when no SNP was available
for predicting a specific protein for the outcome. Two
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parameters, the proportion of variance (R?) explained by
the SNPs and the F statistic, were used to evaluate the
instrument strength for exposures [17]. Typically, an F
statistic>10 was considered sufficiently informative for
MR analyses. F statistics were calculated as the following
formulae: [18]

N—k—l>< R?
k 1—-R?

R? is the proportion of the variance explained by selected
instruments, N is the sample size of the GWAS for the
exposure, and k is the number of selected instruments
(SNPs).

MR statistical analysis

The inverse variance-weighted (IVW) method was used
as the primary MR analysis. The IVW method and the
MR-Egger method were used to evaluate the heteroge-
neity. When the heterogeneity was high, the weighted
median method and the IVW (multiplicative random
effects [MRE]) method were used to provide a consis-
tent estimate [19]. We tested for pleiotropy by perform-
ing the MR-Egger intercept test, MR pleiotropy residual
sum and outlier (MR-PRESSO). All analyses were carried
out using the TwoSampleMR package in R Software 4.2.3
[20]. A threshold of P<0.05 was adopted to declare a sta-
tistical significance.

Study population

A retrospective cohort study was performed at Depart-
ment of Hematology of Qilu Hospital of Shandong Uni-
versity from January 2018 to December 2022. A total
of 457 ITP patients were enrolled in this study based
on international consensus of ITP [1]. Patients were
excluded as (1) receiving platelet transfusion within 7
days or ITP-related medication within 3 months (2)
treated with lipid-lowering agents, including statins,
fibrates, niacin, bile sequestrant resins, ezetimibe, etc.
This study has been approved by the ethics committee of
Qilu hospital of Shandong University.

Data collection

The basic data of the patients were all from the elec-
tronic medical record system of Qilu hospital of Shan-
dong university. The bleeding symptoms were evaluated
and recorded according to bleeding scoring system [1].
Therapeutic response was evaluated after one month of
the initial treatment and “responses” were defined as a
platelet count>30x10°/L or a 2-fold increment without
bleeding after treatment. The lipid samples are measured
by Cobas® 8000 automated analyzer. Fresh peripheral
blood from enrolled individuals was collected in a vacu-
tainer with coagulant and separating gel. After natural
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coagulation, the sample was centrifuged at 1500 rpm for
15 min and the serum was separated for testing.

Statistical analysis

All statistical analyses were performed using SPSS 25.
Inter-group comparisons were analyzed by Student’s
t test or Chi-square test (y* test). Correlation analyses
were performed by Pearson correlation analysis, Spear-
man correlation analysis or Kendall correlation analysis
based on normality test. Pearson correlation analysis is
commonly employed when analyzing data that follows a
normal distribution and involves continuous variables.
Spearman correlation analysis is used for examining the
relationship between a categorical variable and a con-
tinuous variable that does not adhere to a normal dis-
tribution, or when both variables are continuous but do
not follow a normal distribution. Risk factors for hemor-
rhages and response were analyzed by univariable and
multivariable logistic regression. P<0.05 was considered
as significant difference.

Results
Mendelian randomization
Primary MR analysis of five circulating lipoprotein lipids
and apolipoproteins on four platelet properties (Fig. 1)
showed that five causal associations were significant: low
HDL-C (IVW, Odds Ratio [OR], 0.88; 95% CI: 0.83-0.92,
P<0.01), low ApoAl (IVW, Odds Ratio [OR], 0.95; 95%
CL 0.9-1, P=0.05), high TG (IVW, Odds Ratio [OR],
1.27; 95% CI: 1.21-1.32, P<0.01) and high ApoB (IVW,
Odds Ratio [OR], 1.06; 95% CI: 1-1.12, P=0.04) causing
high PDW; and high LDL-C increasing MPV (IVW, Odds
Ratio [OR], 1.05; 95% CI: 1-1.1, P=0.03). (Fig. 1; Table 1)
The IVW method and the MR-Egger method were used
to evaluate the heterogeneity, and substantial heteroge-
neity was observed in all significant causal associations
(IVW and MR-Egger, all P<0.05, Table 2). However, the
weighted median method and the IVW-MRE method
showed the results were consistent (Table 1). All intercept
estimated from the MR-Egger regression was centered on
zero, and did not provide strong evidence of horizontal
pleiotropy (MR-Egger, All P>0.05, Table 3). However,
pleiotropy was found by MR-PRESSO in all significant
causal associations (All global test P<0.05, Table 3), and
after outlier-correction, all significant causal associa-
tions were still established (All outlier-corrected P<0.05,
Table 3).

Baseline characteristics of ITP patients

A total of 457 patients (261 females and 196 males; 18-85
years old with a median age of 47 years) were enrolled in
this study (Table 4). Considering the lipid profiles, lev-
els of total cholesterol (Cho) (4.75+1.10 vs4.35+1.27,
P=0.001), HDL-C (1.25+£0.37vs 1.04+0.31, P<0.001),
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Fig. 1 Forest plot of primary Mendelian randomization analysis. The Mendelian randomization analysis for five circulating lipoprotein lipids on four plate-
let indices (A-D) Forest plot about the causal effect of circulating lipoprotein lipids on platelet count (A), mean platelet volume (B), platelet distribution

width (C) and plateletcrit (D)

Table 1 Results of MR analysis of five lipids on platelet properties

outcome exposure Inverse variance weighted MR Egger Weighted median Inverse variance
weighted (multiplica-
tive random effects)
OR P OR P OR P OR P
PDW ApoAT1 0.95(09, 1) 0.04992471 1(0.93,1.09) 0.93092994 095 (0.91, 1) 0.03930573 0.95(09,1) 0.050
PDW ApoB 1.06(1,1.12) 0.03681477 1.04 (097, 031256384 1.05(1.01, 00142602  1.06(1,1.12) 0.037
1.11) 1.09)
PDW HDL-C 0.88(0.83,092) 6.7162E-07  0.86(0.8,0.93) 0.00025656 0.93(0.9,0.98) 0.00225869 0.88(0.83,0.92) <0.001
PDW triglycerides 1.27(121,132)  6.3416E-26 132(1.24,  40662E-14 1.29(1.23, 7.0012E-29 127(1.21,1.32)  <0.001
141) 1.35)
MPV LDL-C 1.05(1,1.1) 0.02980394 1.06 (0.99, 0.12709535 1.07 (1.03, 0.00031889 1.05(1,1.1) <0.001
1.13) 1.11)

MR: Mendelian randomization, PDW: Platelet distribution width, MPV: Mean platelet volume, ApoA1: apolipoprotein A-1, ApoB: apolipoprotein B, HDL-C: high-

density-lipoprotein cholesterol, LDL-C: low-density-lipoprotein cholesterol

ApoAl (1.38+0.29vs 1.26%0.29, P=0.031) and non-
esterified fatty acid (NEFA) (54.901+39.99 vs46.30+22.77,
P=0.012) in women were significantly higher than those
in men. Homocysteine (Hcy) (17.901+8.63 vs. 12.12+5.74,

P<0.001) in women was lower than that in men. No dif-
ference was identified in platelet indices among acute,
persistent and chronic ITP patients (Supplemental
Table 1).
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Table 2 Heterogeneity analysis
outcome exposure Inverse variance MR Egger

weighted

Q Q_df Q_pval Q Q_df Q_pval
PDW ApoA1l 752.3963 138 <0.001 735.1540 137 <0.001
PDW ApoB 4824643 80 <0.001 475.6863 79 <0.001
PDW HDL-C 815.3041 146 <0.001 813.3866 145 <0.001
PDW triglycerides 4215132 134 <0.001 412.3093 133 <0.001
MPV LDL-C 7058174 152 <0.001 705.7214 151 <0.001

PDW: Platelet distribution width, MPV: Mean platelet volume, ApoA1: apolipoprotein A-1, ApoB: apolipoprotein B, HDL-C: high-density-lipoprotein cholesterol, LDL-

C: low-density-lipoprotein cholesterol

Table 3 Plejotropy analysis

outcome exposure MR-Egger MR-PRESSO
egger_intercept P-value Raw P-value Outlier-corrected Global
P-value Test P-

value

PDW ApoAT -0.0023889 0.07525349 <0.001 <0.001 <0.001
PDW ApoB 0.00182644 0.29193778 0.040 0.005 <0.002
PDW HDL-C 0.00078889 0.55968876 <0.001 <0.001 <0.003
PDW triglycerides -0.0017449 0.08720377 <0.001 <0.001 <0.004
MPV LDL-C -0.0001743 0.88624577 0.067 0.002 <0.005

PDW: Platelet distribution width, MPV: Mean platelet volume, ApoA1: apolipoprotein A-1, ApoB: apolipoprotein B, HDL-C: high-density-lipoprotein cholesterol, LDL-

C: low-density-lipoprotein cholesterol

Table 4 Baseline clinical and laboratory characteristics of participants

Total (N) male (N) Female (N) P
Agelyears) 47.10+18.13(457) 47.60+19.97(196) 46.70+16.63(261) 0.594
Platelet indices '
PC (x10%/L) 29.5+44.48(449) 29.0+42.90(193) 29.9+45.72(256) 0.822
PDW (fL) 15.65+3.24(167) 15.3143.29(77) 15.94+3.19(90) 0213
MPV (fL) 11.93+£1.84(167) 11.69+1.72(77) 12.13+1.93(90) 0.124
PCT (%) 0.06+0.06(167) 0.06+0.06(77) 0.07 +£0.07(90) 0.574
Lipid profile !
Cho (mmol/L) 4.58+1.19(407) 4.35+1.27(170) 4.75+1.10(237) 0.001™
HDL-C (mmol/L) 1.16+0.36(406) 1.04+£0.31(169) 1.25+0.37(237) <0.001**
LDL-C (mmol/L) 2.76+0.93(406) 2.68+1.04(169) 2.82+0.83(237) 0.128
sdLDL (mmol/L) 0.83+0.47(398) 0.87+047(165) 0.80+0.46(233) 0.171
ApoA1(mmol/L) 1.33+0.29(106) 1.26+£0.29(45) 1.38+0.29(61) 0.031"
ApoB (mmol/L) 1.01+£0.30(1171) 0.95+0.27(47) 1.04+£0.32(64) 0.128
TG (mmol/L) 1.69+2.49(408) 1.69+1.18(171) 1.68+3.11(237) 0.975
LPA (mmol/L) 39.0+53.86(105) 29.72+£31.07(45) 46.11+65.39(60) 0.092
Hcy (mmol/L) 14.54+7.64(403) 17.90+8.63(169) 12.12+5.74(234) <0.001**
NEFA (mmol/L) 51.30+34.12(405) 46.30+22.77(169) 54.90+39.99(236) 0.012"
PLA2(mmol/L) 569.0+120.25(49) 565.0+137.43(25) 573.0+£102.16(24) 0.826

Data were shown as meantstandard deviation (number of cases) or positive percentage (number of positive cases / total cases).

PC: platelet count, PDW: platelet distribution width, MPV: mean platelet volume, PCT: plateletcrit, Cho: cholesterol, HDL-C: high-density-lipoprotein cholesterol,
LDL-C: low-density-lipoprotein cholesterol, sdLDL: small dense low-density-lipoprotein, ApoA1l: apolipoprotein A-1, ApoB: apolipoprotein B, TG: triglyceride, LPA:
lipoprotein A, Hcy: homocysteine, NEFA: non-esterified fatty acid, PLA2: phospholipase A2.

"student’s t test, X2 test.
"P<0.05," P<0.01; P<0.05 as significant difference, shown in bold font.

Correlation analysis of serum lipid profile and platelet

indices
Correlation

analysis

showed positive
between platelet count with TG (r=0.195, P=0.0001),
PDW with HDL-C and ApoB (r=0.178, P=0.028;

correlations

r=0.386, P=0.007), and PCT with TG and NEFA
(r=0.213, P=0.008; r=0.238, P=0.003).

Considering the significant differences between gen-

ders of certain lipid components, the correlation analysis
was performed after grouping by gender. In males, there
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were negative correlations between PDW and Hcy (r =
-0.245, P=0.041), MPV and phospholipase A2 (PLA2)
(r = -0.606, P=0.022), PCT and HDL-C (r = -0.244,
P=0.042), and positive correlation between PCT and
NEFA (r=0.276, P=0.021). In females, there are positive
correlations between PC and TG (r=0.272, P<0.001),
and PCT and TG (r=0.291, P=0.007) (Table 5).

Correlation analysis and risk factors for hemorrhagic
symptoms

Hemorrhagic symptoms were quantified as bleed-
ing scores and correlation analysis results showed that
bleeding scores were negatively correlated with Cho
and LDL-C (r = -0.320, P=0.014; r = -0.354, P=0.006)
(Table 6). Regression analysis showed that Cho
(P=0.008), LDL-C (P=0.001) and sdLDL-C (P=0.041)
were significant factors accounting for hemorrhages
based only on univariate analysis, while LDL-C was sig-
nificant in multivariate regression (P=0.01) (Table 7).

Regression analysis of risk factors for therapeutic response
A total of 198 patients with one month follow-up data
were enrolled in regression analysis. For therapeutic
response, LDL-C and Hcy were both significant as risk
factors in univariate (P=0.007, P=0.027) and multivari-
ate regression analysis (P=0.01, P=0.03) (Table 7).

Discussion

Lipids have been reported to impinge on platelet activa-
tion and immune responses in autoimmune diseases.
However, the role of lipid profiles in ITP remains to be
investigated. Our results emphasize the relationship of
lipids and platelet indices, verify the importance of serum
lipids in ITP and found the correlations of lipids with
platelet indices, hemorrhagic symptoms and therapeutic
effects.

The correlations of platelet indices with lipid profiles
have been reported by several studies on normal popula-
tions and some diseases [7, 21, 22]. However, the results
were not completely consistent based on demographic
characteristics and disease background, suggesting the
different potential mechanisms of lipids influencing
platelets. Our MR analysis showed in European-ancestry
participants, HDL-C and ApoAl negatively affect PDW,
while TG and ApoB positively affect PDW, but the rela-
tionship is not the same in ITP and only adapts to the
European population (The large database of Chinese
population is not available). We found that ApoB had a
positive relationship with PDW, which is compatible with
MR analysis. However, the positive correlation of PDW
with HDL-C we found is unique in ITP patients in com-
parison to normal individuals or inflammatory diseases
such as familial Mediterranean fever [7, 22]. PDW could
reflect the activation status of platelets because of the
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variation in morphology and size during platelet activa-
tion, and commonly elevate in ITP patients. HDL, as a
cholesterol receptor, can promote cholesterol outflow
and participate in the activation of platelets in cardiovas-
cular diseases [23]. Also, previous studies have reported
that HDL inhibits the activation of platelets in cardiovas-
cular events at a long-time follow-up [24, 25]. Deanna L
Plubell et al. reported that the dynamic changes of HDL
in the acute phase of stroke are associated with recovery
[26], which may be attributed to inflammatory remodel-
ing. The positive correlation of PDW and HDL-C in ITP
would imply the regulatory potential of HDL-C in plate-
let status in ITP.

In this study, most platelet indices, such as PC, PDW
and PCT, had considerable correlation with serum lev-
els of TG, HDL-C, and NEFA in ITP. Among these, MPV
had no significant correlation with any lipid parameters
in ITP, but positively correlated with LDL-C in MR analy-
sis based on healthy people. The increase of MPV is also
a determinant of platelet activation. Several large-cohort
analyses implied that high LDL-C level and high MPV
index are often concomitant in infections and coronary
artery diseases [27-29]. Yet, the mechanism of LDL-C’s
influence on MPV is still unclear. We also found gender-
wise differences of platelet indices and serum lipid pro-
files in ITP, which could also be found in healthy groups
[22], presumably explained by (1) the differential distri-
bution of lipids between genders, for example, higher
Cho, HDL-C, ApoAl, NEFA and lower Hcy in female
patients; (2) gender-different hormones, such as estra-
diol, which has been shown to affect thrombopoiesis [30].

Bleeding is the main manifestation in ITP, ranging from
skin petechiae to life-threatening intracranial hemor-
rhage. Studies found the activation of platelets, inde-
pendent of platelet count, was associated with bleeding
severity in ITP [31]. We found Cho, LDL-C and sdLDL-
C were negatively correlated with hemorrhages in our
study. LDL-C could sensitize platelets and enhance the
activation, aggregation and secretion response of plate-
lets via receptor-mediated signaling cascades and lipid
exchange [23]. Besides, plasma oxidized LDL-C could
elevate the production of the procoagulant protein tis-
sue factor in monocytes and endothelial cells, which also
contribute to the hemostasis [23]. Thus, our study sug-
gests that the higher levels of Cho, LDL-C and sdLDL-
C might reduce hemorrhages in ITP patients due to the
stronger activation of platelets.

Though higher LDL-C may be a protective factor in
bleeding, we found LDL-C and Hcy are risk factors for
poor therapeutic response in ITP. Overactivated immune
response is the pathogenic mechanism of ITP, while
restoring immune intolerance is the essential therapeu-
tic strategy. LDL-C accumulation could induce a vari-
ety of inflammatory responses in some diseases, such as
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Table 6 Correlation ananlysis of bleeding score
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PC PDW MPV PCT Cho
Bleeding score r -0.004 -0.141 -0.142 0.012 -0.320"

P 0.976 0.502 0.501 0.955 0.014
HDL-C LDL-C sdLDL ApoA1 ApoB

r -0.191 -0.354" 0125 -0.098 0.074

P 0.142 0.006 0.335 0.761 0.802
TG LPA Hcy NEFA PLA2

r 0027 0293 -0.166 -0.124 -0.15

P 0.837 0.362 0.2 0.343 0.645

PC: platelet count, PDW: Platelet distribution width, MPV: Mean platelet volume, PCT: plateletcrit, Cho: cholesterol, HDL-C: high-density-lipoprotein cholesterol,
LDL-C: low-density-lipoprotein cholesterol, sdLDL: small dense low-density-lipoprotein, ApoA1: apolipoprotein A-1, ApoB: apolipoprotein B, TG: triglyceride, LPA:
lipoprotein A, Hcy: homocysteine, NEFA: non-esterified fatty acid, PLA2: phospholipase A2

"P<0.05,"
All results were performed by Spearman correlation analysis

P<0.01; P<0.05 as statistical significance, shown in bold font

Table 7 Regression analysis of risk factors for hemorrhages and response

Outcome Variable Univariate HR (95%Cl) P Multivariate HR (95% Cl) P Percentage Correct Overall Percentage Correct
Hemorrhages Cho 0.599 (0.409-0.876) 0.008 1.294(0.657-2.549) 046 767 78.6

LDL-C 0.357 (0.198-0.643) 0.001 0.267 (0.104-0.686) 0.01 759

sdLDL  0.341(0.121-0.956) 0.041 0982 (0.247-3.901) 098 766
Response LDL-C 0.633 (0.445-0.881) 0.007 0.627(0.447-0.879) 0.01 66.7 68.4

Hcy 0.954 (0.914-0.995) 0.027 0.954 (0.913-0.995) 0.03 689

Cho: cholesterol, LDL-C: low-density-lipoprotein cholesterol, sdLDL: small dense low-

density-lipoprotein, Hcy: homocysteine

atherosclerosis [23]. Autoantigens derived from LDL-C
particles can activate macrophages, promote T cells dif-
ferentiating into T helper type 1 (Th1) subtype and stim-
ulate B cells for autoantibody production [23]. On the
other hand, previous studies have demonstrated that Hcy
can potentially exacerbate the inflammatory response
by influencing various immune cells. For instance, it has
been shown to enhance reactive oxygen species (ROS)
generation, activate the NLRP3 inflammasome, and
induce pyroptosis in macrophages [32]. Additionally,
Hcy has been implicated in activating Th1 and Th17 cells,
neutrophils, and suppressing regulatory T cells, thereby
promoting the production of pro-inflammatory cytokines
[33]. Based on our results, the modulating of LDL-C and
Hcy may be beneficial to the therapeutic response by
restoring immune imbalance.

The application of lipid-lowing agents such as statins
has shown to be effective in ameliorating autoimmune
symptoms by targeting several immune cells, including
relieving pathogenic T cell-mediated responses, reducing
proinflammatory macrophages and modulating antigen
presentation of dendritic cells [34]. Our previous study
also showed the regulatory effects of atorvastatin on
CD4* T cells in ITP [35]. Despite immune modulation,
statins have been found to improve thrombopoiesis by
restoring impaired bone marrow endothelial progenitor
cells [36]. Therefore, the importance of lipid management
may be underestimated in ITP.

In general, this study showed the influence of lipids on
platelet indices by MR analysis in European-ancestry par-
ticipants, and provides evidence by a retrospective study
in ITP that lipids may influence platelet status, bleeding
and hemostasis, and immune response. These results
could provide clinical references for the management of
lipids in ITP and suggest that lipid regulating medicine
is anticipated to be a potential adjuvant therapy for ITP.

Conclusions

This study found that serum lipids, especially choles-
terol, were tightly correlated with platelet indices in ITP
patients, and cholesterol and LDL-C were negatively cor-
related with hemorrhage.

Furthermore, we found LDL-C and homocysteine were
risk factors for therapeutic response. These results pro-
vide clinical references for the management of serum
lipids, and highlight the necessity to further explore the
relationship between lipids and pathogenesis of ITP.

List of abbreviations

ApoAT apolipoprotein A-1

ApoB apolipoprotein B

Cho cholesterol

GWAS genome-wide association study
Hcy homocysteine

HDL-C high density lipoprotein cholesterol
IEU Integrative Epidemiology Unit
TP immune thrombocytopenia

% instrumental variable

VW inverse variance-weighted

LD linkage disequilibrium
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LDLC low density lipoprotein cholesterol
LPA lipoprotein A

MPV mean platelet volume

MR Mendelian randomization

MRE multiplicative random effects
MR-PRESSO MR pleiotropy residual sum and outlier
NEFA non-esterified fatty acid

PC platelet count

PCT plateletcrit

PDW platelet distribution width

PLA2 phospholipase A2

sdLDL small dense low-density-lipoprotein
SNPs single nucleotide polymorphism

TG triglycerides
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