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Role of LDL-C level alteration in
increased mortality risks in
spontaneous intracerebral
hemorrhage patients: Systematic
review and meta-analysis

Jing Li, Gang Li, Yajun Zhu, Xingwei Lei, Guihu Chen,

Jiachun Zhang and Xiaochuan Sun*

Department of Neurosurgery, The First A�liated Hospital of Chongqing Medical University, Chongqing,

China

Background: Current studies indicate a contradictory relationship between

decreased mortality risks of spontaneous intracerebral hemorrhage (sICH)

and elevated low-density lipoprotein cholesterol (LDL-C) levels. Thus, this

meta-analysis was designed to examine the involvement of high LDL-C levels in a

lower mortality risk of sICH patients.

Methods: PubMed, Cochrane, and Embase databases were searched up to the

date of August 3rd, 2022. Pooled odds ratio (OR) with a 95% confidence interval

(CI) was estimated for the higher vs. lower serum LDL-C level groups. Subgroup

and sensitivity analyses were also carried out. Egger’s test was applied to detect

any potential publication bias.

Results: Of 629 citations reviewed, 8 eligible cohort studies involving 83,013

patients were enrolled in this meta-analysis. Compared with lower serum LDL-C

levels containing patients, higher serum LDL-C patients exhibited significantly

decreased risks of 3-month mortality (OR: 0.51; 95%CI: 0.33–0.78; I2 = 47.8%);

however, the LDL-C level change wasn’t significantly associated with in-hospital

mortality risks (OR: 0.92; 95%CI: 0.63–1.33; I2 = 91.4%) among sICH subjects. All

studies included were classified as high-quality investigations.

Conclusions: This meta-analysis suggests a higher LDL-C level may decrease

the mortality risk in sICH patients. LDL-C level increase is inversely associated

with the 3-month mortality risks in these patients but not significantly correlated

with the in-hospital mortality risks. Further well-designed prospective studies with

extended follow-up periods are needed to confirm these findings and explore

underlying cross-talks.

Systematic review registration: https://www.crd.york.ac.uk/prospero/

display_record.php?ID=CRD42022318318, identifier: PROSPERO 2022

CRD42022318318.

KEYWORDS

low-density lipoprotein cholesterol, intracerebral hemorrhage, mortality, meta-analysis,

systematic review

1. Introduction

Spontaneous intracerebral hemorrhage (sICH) remains the most devastating form of

stroke with high morbidity and mortality rates, accounting for over 10% of all stroke

cases, and is estimated to affect nearly 2 million people worldwide each year (1–3). Despite

many large-scale clinical trials and deeper insights into stroke mechanisms, proven effective
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therapies to ameliorate post-sICH consequences are yet to

come to clinics (4, 5). sICH occurrences are multi-factorial,

and prognoses are challenging in most cases. Presently, ICH

management is executed primarily focusing on the risk factors

manipulation, medical measures to minimize post-hemorrhage

adverse consequences, and surgical interventions in certain cases

(6). Therefore, efforts are continuously made to re-evaluate

risk factors for stratifying mortality risks of sICH patients and

improving their prognosis predictions.

Low-density lipoproteins (LDLs) are the primary transporters

of cholesterol across cells and tissues, contributing to

atherosclerotic lesions of the blood vessel. Studies have consistently

indicated that a high LDL-C level can elevate the risks of ischemic

stroke and coronary heart dysfunctions, and the causal association

between these two factors is well recognized (7–9). Interestingly,

LDL-C seems to have opposite effects on the risk of ischemia

and sICH, which may be protective against sICH (10). Some

Mendelian randomization (11, 12) and meta-analyses (13–15)

demonstrate that increased LDL-C levels can lower the risk of

sICH. Nonetheless, several other epidemiological investigations

could not consistently show the exact implication of higher LDL-C

levels on sICH mortality (16–19). To obtain more comprehensive

and objective insights into the outcome and prognosis of sICH

subjects with higher LDL-C levels, we conducted this meta-

analytical investigation, unveiling a significant association of

baseline serum LDL-C level with mortality risks in sICH.

2. Methods

2.1. Search strategy

A systematic literature search was performed in the PubMed,

Cochrane Library, and EMBASE databases for studies published

up to August 3, 2022, by the pre-established search strategy,

using the keywords “cerebral hemorrhage,” “ICH,” “intracerebral

hemorrhage,” “low-density lipoprotein cholesterol,” and “LDL-C.”

The searches were conducted without language restrictions and

adapted for each electronic database. The specific terms used for

searching in each database, along with the number of records

retrieved, are detailed in Supplementary Tables S1–S3. Besides,

reference lists of retrieved articles were further screened to identify

any eligible studies that didn’t come up on the initial search.

2.2. Inclusion/exclusion criteria

Eligible studies satisfied the following selection criteria: (1)

either retrospective or prospective cohort studies in nature; (2)

enrolled sICH patients who were diagnostically confirmed by

computed tomography (CT) or magnetic resonance imaging (MRI)

examinations; (3) assessed the correlation between baseline serum

LDL-C levels and the mortality risks in sICH patients, and (4)

provided with univariate or multivariate-adjusted effect estimates

[odds ratio (OR) with corresponding 95% confidence interval

(CI)] for the association between LDL-C levels and sICH risks

of mortality. The studies were excluded if: (1) these were either

reviews, letters to the editor, comments, or meeting abstracts; (2)

they included ICH participants with primary traumatic injuries;

and (3) these were either duplicate publications or multiple articles

based on the same cohort studies with overlapping data. In this

case, the one with the most comprehensive results, or the largest

sample size, was included.

2.3. Data extraction and quality assessment

Two investigators (JL and GL) independently searched

and identified eligible literature for extracting relevant

data for the meta-analysis, per the pre-determined selection

criteria and data extraction strategies concerning the PRISMA

recommendations (#PROSPERO CRD42022318318) as illustrated

in Supplementary Table S5 (20). The extracted features included

the first (co)author name(s), year of publication, study area

and design, demographics of participants (gender variation,

sample sizes, and mean/range of ages), clinical characteristics

(scores on the NIHSS and GCS scales, and ICH volumes),

outcome measurements, adjusted ORs with 95%CIs, and adjusted

parameters in the multiple factor analysis (MFA). Once completed,

investigators exchanged their data audit forms, and if there was

any discrepancy, a group discussion was conducted to arrive at

a consensus.

The Newcastle-Ottawa Scale (NOS) rating was applied to assess

the methodological qualities of eligible articles (21). The scale

includes three subscales of subject selection, comparability across

groups, and ascertainment of exposure (Supplementary Table S4).

Nine NOS stars referred to the maximum score for each article, of

which 7–9 NOS stars corresponded to high, 4–6 stars to moderate,

and ≤3 stars to low quality.

2.4. Statistical analyses

The ORs and 95%CIs were computed to measure the effects

of altered LDL-C levels on mortality risks in sICH patients.

The random-effect model (REM) was executed for meta-analyses.

The Cochran’s Q-test and I2 index were used to determine the

heterogeneity across studies (22). Results with I2 values of > 50%

or P-values < 0.05 indicated substantial heterogeneity. Subgroup

analyses were performed by grouping studies based on the study

area (e.g., China vs. Western) and design (prospective clinical

study, PCS, vs. retrospective clinical study, RCS). The sensitivity

analysis was conducted by sequential dropping of individual studies

to measure the contribution of the respective study to the overall

risk assessment. Egger’s test was employed to determine any

potential publication bias of enrolled studies (23). Stata v12.0 (Stata

Corp., USA) was used for all statistical analyses.

3. Results

3.1. Literature search

The results of the literature search and the literature screening

process are shown in Figure 1. Full-text documents were retrieved

for 629 articles (226 in PubMed, 372 in EMBASE, and 31
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FIGURE 1

Flowchart of the selection process of included studies.

in Cochrane) from electronic databases for meta-analyses. No

additional eligible study could be identified in the reference

lists of included studies. After eliminating 127 duplicate articles,

502 studies were obtained in the initial screening. Of these,

492 irrelevant articles were excluded by reviewing their titles

and abstracts. Then, 10 articles were subjected to full-text

evaluation. Finally, 8 cohort studies (16–19, 24–27) were selected

for the analysis.

3.2. Study characteristics

Table 1 summarizes the baseline characteristics of eligible

studies. Eight selected articles published between 2009 and 2022

were analyzed. Four studies were from China (17, 25–27), and the

rests were from the USA (16), Finland (18), and Spain (19, 24).

There were two retrospective and six prospective cohort studies,

having sample sizes ranging from 88 to 75,433 and a total of

83,013 participants. The study subjects were all acute sICH patients

diagnosed by imaging methods such as CT or MRI. For each

included study, the subjects’ ages were in the range of 59 to 74

years. Additionally, the in-hospital mortality risk was reported in 4

studies (16–18, 26) and 5 studies (18, 19, 24, 25, 27) documented the

3-month mortality risk in sICH patients. The lower or higher LDL-

C level cutoff values varied obviously across the original studies.

Multivariate analyses revealed the association between LDL-C level

changes and ICH mortality risks. The NIHSS and GCS scores, ICH

volumes, OR (95%CI), and adjusted factors are listed in Table 1.

Most studies were rated with NOS scores ranging between 7

and 9 stars (Supplementary Table S4), with six studies scoring ≥8

stars, indicating all finally included studies were of high quality.

The main sources of bias in these studies were recall bias and

confounding bias.

3.3. Results of the in-hospital and 3-month
mortality risk assessments

Figure 2 shows the forest plot for in-hospital and 3-month

mortality risks. Four studies including 77, 855 patients, estimated
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TABLE 1 Characteristics of eight included studies in this meta-analysis.

Study (Area,
design)

n, M/F Age, years Admission
NIHSS
score

Admission
GCS
score

ICH
volume,

ml

Exposure
of LDL-C,
mg/dL

Mortality OR
(95%CI)

Adjusted factors

Chang et al. (16)

(USA, PCS)

672, 379/293 61.6± 14.0 8 (2,18) NR NR Per 10 unit

increase

In-hospital 0.68 (0.57, 0.80) BMI, Hypertension, Hyperlipidemia, CAD, CHF, CKD,

Smoking, Admission

glucose/HDL-C/Creatinine/SBP/NIHSS

Ding et al. (17)

(China, PCS)

75433,

47079/28354

63.0± 12.8 NR 14 (8,15) NR >100 vs. ≤100 In-hospital 1.13 (1.01, 1.26) Age, sex, BMI, SBP, DBP, smoking, drinking status,

hypertension, diabetes mellitus, previous ICH,

medication history, creatinine, GCS score

Mustanoja et al.

(18) (Finland, RCS)

964, 550/414 66± 13 7 (3,14) 14 (10,15) 7.3 (2.7, 16) Per Quartile

increase

In-hospital 0.55 (0.32, 0.95) Age, NIHSS, GCS, ICH volume, IVH, Statin use

3-month 0.81 (0.54, 1.21)

Ramírez-Moreno

et al. (24) (Spain,

PCS)

88, 50/38 73.8± 8.9 10.2± 7.6 13.0± 3.1 24.9± 35.0 >100 vs. ≤100 3-month 0.33 (0.11, 0.96) Age, sex, hypertension, prior antihypertensive

treatment, prior anticoagulation, ICH volume,

ventricular extension, GCS, NIHSS, glucose

Rodriguez-Luna

et al. (19) (Spain,

PCS)

108, 62/46 71.6± 11.5 17 (10,20) 15 (11, 15) 27.4± 33.2 ≥95 vs. <95 3-month 0.16 (0.03, 0.78) Age, baseline ICH volume, intraventricular extension

Wen et al. (25)

(China, PCS)

4606,

3087/1519

61.7 (51.9,

72.8)

9 (3,18) 15 (11,15) NR >100 vs. ≤100 3-month 0.54 (0.38, 0.78) Age, sex, lipid-lowering drugs

Yang et al. (26)

(China, RCS)

786, 486/300 59 (51, 68) 8 (4,12) NR 15-45 Per 1 unit

increase

In-hospital 1.47 (1.07, 2.01) Age, NIHSS, Bleeding volume, Blood glucose, Serum

Albumin, Fasting, Bleeding position, SBP lowering

You et al. (27)

(China, PCS)

356, 236/120 64.1± 13.7 6 (3,10) NR 9.3 (4.9,

20.0)

Per 1 unit

increase

3-month 0.27 (0.08, 0.97) Age, Gender, Smoking, hypertension, diabetes mellitus,

Stroke, SBP, DBP, TC, TG, HDL-C, NIHSS, Bleeding

volume

F, female; M, male; NR, not reported; PCS, prospective clinical study; RCS, retrospective clinical study; ICH, intracerebral hemorrhage; NIHSS, National Institutes of Health Stroke Scale; DBP, diastolic blood pressure; SBP, systolic blood pressure; CAD, Coronary

artery disease; CHF, Congestive heart failure; CKD, Chronic kidney disease; BMI, body mass index; GCS, Glasgow coma scale; IVH, intraventricular hemorrhage; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; HDL-C, high-density

lipoprotein cholesterol.
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FIGURE 2

Forest plots showing pooled odds ratios (ORs) with 95% confidence intervals of in-hospital and 3-month mortality risk comparing the higher vs.

lower serum LDL-C level in patients with sICH.

the risk of in-hospital mortality and the patients’ LDL-C levels,

indicating no significant association between the elevated LDL-C

levels and risks of in-hospital mortality (OR: 0.92; 95%CI: 0.63-1.33;

P = 0.647) in sICH patients, with substantial heterogeneity across

studies (I2 = 91.4%; P < 0.001).

Moreover, five studies including 6,122 patients showed that

alteration in LDL-C levels and the risk of 3-month mortality had a

strong association, with a pooled risk estimate of 0.51 (0.33, 0.78; P

= 0.002) and no statistically significant heterogeneity (I2 = 47.8%;

P = 0.104) across studies. In summary, a higher serum LDL-C

level may have a beneficial effect on decreasing the risk of death

in sICH patients.

3.4. Results of subgroup analyses

For the in-hospital mortality, the pooled results of the three

subgroups (China, PCS, and RCS) were not statistically significant

and highly heterogeneous (P > 0.05; I2 > 50%). However, the

pooled results for theWestern subgroup were significant (OR: 0.67;

95%CI: 0.57–0.78; P < 0.001), with almost no heterogeneity among

the studies (I2 = 0%, P= 0.466) (Table 2).

For the 3-month mortality, the pooled estimates and size of

heterogeneity for both subgroups of China and PCSwere consistent

with the original pooled results, whereas the pooled results for

the Western and RCS subgroups were not significant (P > 0.05)

(Table 2).

Overall, the study design variation did not have any effects on

the LDL-C level’s association with the in-hospital mortality risks of

sICH patients, unlike the association with the 3-month mortality

risk. Interestingly, the region of the study conducted seemed to

influence the association of LDL-C level modulation with either in-

hospital or 3-month mortality risk in sICH individuals. In other

words, a higher LDL-C level may be associated with decreased in-

hospital mortality risks in the West and 3-month mortality risks

in China.

3.5. Sensitivity analysis and publication bias

As shown in Table 3, the sensitivity analysis revealed that the

pooled risks were significant for both in-hospital and 3-month

mortality risks in sICH, and no major change was observed in the

pooled estimation even if any individual study was eliminated at
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TABLE 2 Subgroup analyses of baseline LDL-C level with the risk of in-hospital mortality and 3-month mortality among sICH patients.

Outcomes No. of study OR (95%CI) P-value Heterogeneity test

I2 (%) PH

In-hospital mortality

Overall 4 0.92 (0.63, 1.33) 0.647 91.4 <0.001

Area

China 2 1.23 (0.97, 1.57) 0.090 58.0 0.123

Western 2 0.67 (0.57, 0.78) <0.001 0 0.466

Design

PCS 2 0.88 (0.54, 1.45) 0.616 95.9 <0.001

RCS 2 0.92 (0.35, 2.42) 0.870 89.4 0.002

3-month mortality

Overall 5 0.51 (0.33, 0.78) 0.002 47.8 0.104

Area

China 2 0.50 (0.32, 0.77) 0.002 8.7 0.295

Western 3 0.44 (0.17, 1.12) 0.085 63.4 0.065

Design

PCS 4 0.43 (0.28, 0.66) <0.001 12.3 0.331

RCS 1 0.81 (0.54, 1.21) 0.306 NA NA

OR, odds ratio; CI, confidence interval; PCS, prospective clinical study; RCS, retrospective clinical study; NA, not available.

TABLE 3 Outcomes of the sensitivity analysis and test of publication bias.

Outcomes No. of studies Sensitivity analysis Egger’s test

OR (95% CI) Robust P-value

In-hospital mortality 4 0.78 (0.51, 1.22) to 1.05 (0.82, 1.52) Yes 0.724

3-month mortality 5 0.47 (0.34, 0.65) to 0.62 (0.44, 0.89) Yes 0.100

OR, odds ratio; CI, confidence interval.

each turn. Moreover, the change in the pooled effect size for in-

hospital mortality risks, from 0.78 (0.51, 1.22) to 1.05 (0.82, 1.52),

was not significant (P > 0.05). Likewise, the leave-out one study

sensitivity analysis of 3-month mortality also indicated a significant

(P< 0.05) stable pooledOR (95%CI), ranging from 0.47 (0.34, 0.65)

to 0.62 (0.44, 0.89).

The Egger’s test could not identify any publication bias for both

in-hospital (P = 0.724) and 3-month mortality (P = 0.100) risks

for analyzed studies (Table 3). The funnel plot asymmetry analysis

could not be performed for each subgroup due to the inclusion of

fewer than 10 articles (28).

4. Discussion

This comprehensive meta-analysis of eight cohort studies

involved 83,013 individuals with ICH to correlate the mortality

risks of these patients with serum LDL-C levels. The sICH patients

exhibited a robust influence of baseline LDL-C levels on the 3-

month mortality risks, whereas no discernible effect was noticed

for in-hospital mortality risk prediction. Sensitivity analyses also

repeatedly confirmed this finding. However, values of LDL-C levels

in predicting 3-month mortality risks were not significant in

both the western and retrospective study subgroups, yet became

statistically significant in the western subgroup when predicting

in-hospital mortality risks, which might be respectively explained

by significantly higher heterogeneity and a limited number of

eligible studies. Thus, larger sample sizes are required to validate

the extrapolation of these findings.

Furthermore, considerably higher heterogeneity (I2 = 91.4%)

might mask the exact association of altered LDL-C levels with

in-hospital mortality risks (OR: 0.92; 95%CI: 0.63–1.33). To

overcome that, we conducted subgroup and sensitivity analyses,

revealing no considerable heterogeneity without any adjustment

for significance thresholds. The observed heterogeneity for in-

hospital mortality risk might stem, in part, from a broad range of

confounding factors that different studies had adjusted for at the

cost of power reduction. Besides, the heterogeneity might correlate

with participants’ characteristics (e.g., age, geographic, and racial

differences), as well as genetic polymorphisms (e.g., allelic

variations of APOE, PMF1, and SLC25A44 genes) (29–31). Also,

differences in threshold values of LDL-C, diet, and exercise habits

across studies could introduce heterogeneity. Interestingly, the

Western subgroup analysis showed that the in-hospital mortality
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risk had a significant association with patients’ LDL-C levels (OR:

0.67; 95%CI: 0.57–0.78). Pooled results of subgroups, however,

showed inconsistency with the original results, suggesting that

more high-quality studies are needed to establish this association,

irrespective of the study area and participants’ characteristics.

The effect of serum LDL-C level on ICH mortality risk may

vary depending on the follow-up duration, which could partially

explain the observed association of LDL-C level variation with the

3-month mortality risk but not in-hospital mortality, which could

be related to severe ICH-associated higher mortality than LDL-

C-induced ICH risk in the early stage. Hence, under aggravated

ICH conditions, the correlation between mortality risks and LDL-

C levels may not be crucially important (17, 32). It’s noted that

for patients with GCS scores between 9 and 15, low LDL-C levels

can exacerbate hematoma expansion and in-hospital mortality risk,

but not in coma patients (GCS scores 3–8). Most studies had a

maximum follow-up period of 3 months, so the predictive value

of LDL-C level for 1-year mortality could not be estimated in

this meta-analysis.

Above all, our findings indicated that sICH patients having

lower serum LDL-C levels could be at higher mortality risks. Our

study supported the potential of LDL-C level alteration as an

independent predictor for 3-monthmortality risks in sICH patients

and suggested outlines for risk stratification and clinical outcomes

in ICH in designing patient-specific therapy.

4.1. Possible explanations for underlying
mechanisms

Several different explanations regarding underlying

mechanisms may be considered in this context.

First, LDL-C plays key functions in many physiological

processes, such as maintaining vessel wall integrity. Reportedly,

most healthy individuals are born with LDL-C levels ranging

from 40 to 60 mg/dL (33). While lower LDL-C levels can be

independently related to brain microhemorrhages under acute

ICH conditions (34), which can further contribute to poor

treatment response, stroke recurrence (35), and perihematomal

edema expansion (36). The possible mechanisms are as follows:

(1) disintegration of the endothelium (37); (2) necrotic death of

medial smooth muscle cells (MSMCs) (38); (3) inhibited platelet

aggregation (39); (4) accelerated osmotic membrane rupture in

erythrocytes (40), and (5) impaired synaptic reconstruction (41).

ICH patients with genetically reduced levels of LDL-C are more

likely to carry APOE ε2/ε4 allele, indicating recurrent ICH (42, 43).

Theoretically, high LDL-C levels could rescue ICH patients from

hematoma enlargement and mortality risks. Further prospective

studies are essential to assess an optimum LDL-C level to prevent

adverse circumstances in ICH.

Second, the inclusion of observational studies prevented

establishing a causal relationship in this meta-analysis. An

excessively low LDL-C level can reversibly increase the mortality

risk (44), but it may not necessitate a causal relationship in

all cases (25). Whether LDL-C levels change over time due to

physiological and clinical reasons is still unclear. A longitudinal

study shows a subacute reduction in LDL-C levels preceding sICH

(45), and both LDL-C and triglyceride levels can decline at the

disease onset and restore to normal levels during the recovery

phase (46–48). Debilitation and/or disease also can lower LDL-C

levels (49, 50), which might be a surrogate for malnutritional or a

sign of severe disease (51, 52), thus predisposing the individual to

increased stroke mortality (53), indicating lower LDL-C level could

induce chronic health problems and higher mortality, especially in

the elderly (54). Hypocholesterolemia can lead to sepsis, adrenal

failure, and increased mortality risks in critically ill patients (46).

It is hypothesized that the pathophysiological abnormality of ICH

patients causes higher mortality and reduction in LDL-C levels,

in parallel, which may not be rescued by treatments directed to

normalizing a single dysfunction (55). Thus, adjusting the LDL-C

level to an optimum may not likely modify the death risk in sICH

subjects. Furthermore, elderly pre-ICH statin users are at higher

risk of comorbidities due to their lower LDL-C levels, just like

individuals under antithrombic medications with an elevated risk

of bleeding and stroke (56). Due to insufficient data on pre-ICH

statin use, we could not evaluate the relationships between statins,

sICH outcomes, and low LDL-C levels. However, we investigated

the relationship between sICH outcomes and serum LDL-C levels.

Besides, the pre-statin exposure rate among sICH is relatively

low, without any independent correlation with worse treatment

responses in sICH patients (18, 57), which is consistent with other

meta-analyses suggesting that pre-ICH statin application might

not have any association with post-ICH mortality risks (56, 58–

60). Above all, the reciprocal correlation between the LDL-C

level at admission and mortality risks in sICH patients should be

interpreted with caution. Further large-scale studies are needed

to further elucidate the impact of low LDL-C levels and ICH

death risk.

4.2. Statin treatment after ICH

Although conventionally lowering lipid levels is considered

the best to control atherosclerotic cardiovascular diseases (61),

the effect of statins on optimally regulating LDL-C levels

still needs more validation to gauge the risk of sICH in

atherosclerotic patients. Since chronic use of statins increases

bleeding complications, while its sudden discontinuation can

predispose to ischemia, the application of statins in acute sICH

patients is highly debated (62). Similarly, a recent study (10)

advised against abruptly discontinuing statin medication in cases of

acute ICH without first conducting a thorough health assessment.

In contrast, a prior Markov decision analysis endorsed that

avoiding statins is expedient in all ICH survivors after weighing

these competing risks and benefits (63). However, individualized

treatment decisions based on expert consultation have been

advocated by recent guidelines (64). Furthermore, due to the

limited data availability, our meta-analysis was unable to identify

the threshold value, and we could not comprehend the linear or

non-linear association of serum LDL-C with mortality risk in sICH

patients. The previous report showed low LDL-C levels (<100

mg/dL) containing subjects had enhanced 3-month mortality and

weremore prone to hematoma enlargement than their counterparts

with higher LDL-C levels (110–129 mg/dL) (25). Particularly, <70
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mg/dL can increase the risk of hematoma expansion and in-

hospital mortality by several folds compared to subjects with higher

LDL-C levels (17, 19, 65). Statin treatment in ICH patients with

relatively low LDL-C should be approached with caution due to

the increased lifetime risk. Hence, randomized controlled trials are

urgently necessary to resolve the complicacy of statin use in patients

with higher risks of ICH.

4.3. Strengths and limitations

We found that the elevated level of LDL-C exhibits an inverse

relationship with the in-hospital and 3-month mortality risks,

respectively, among post-ICH patients in western countries and

China. To the best of our knowledge, this is the first meta-

analysis reporting an assessment of LDL-C level variation in

relation to sICH mortality risk. The strengths of the study include

its extensive literature search, stringent criteria, and thorough

scrutinization of included studies. Despite the limited number

of articles, the sample size was considerably large, and the

accuracy of the meta-analysis results was relatively satisfactory.

Moreover, the methodological quality control for included reports

matched the international standard. Despite the influence of

confounding factors, like pre-treatmentmedications, ICH volumes,

admission NIHSS scores, and hypertension, all studies produced

highly objective and reasonable observations after multiple factor

adjustments. Furthermore, the sensitivity analyses and Egger’s test

suggested the good reproducibility and high credibility of the

pooled results across the included studies. Finally, we strictly

adhered to the PRISMA recommendations for study screening, data

extraction, quality control checking, and analyses to reduce recall

bias, especially for observational studies.

Yet, we note that this review does have some limitations. First,

being a study-level meta-analysis, this study could not consider

methodological variations in analyzed articles. It wasn’t possible

to adopt a uniform adjustment of variables for all studies. Also,

a standardized analysis of the age and sex of the participants

could not be performed to identify potential confounding factors

for heterogeneity. An individual-level meta-analysis will be

appropriate to evaluate the relationship between ICH mortality

risks and low LDL-C levels in terms of demographics, existing

medications, and comorbidities.

Second, in all cases, only one-time measured post-ICH serum

LDL-C level values were included for analysis, which might

introduce classification bias. There were no pre-ICH onset data for

these patients, and possible variations in LDL-C levels during the

hospital stay and follow-up periods were not considered. It remains

unclear whether an acute sICH condition induces LDL-C level

alteration and/or whether the reverse phenomenon is the actual

culprit in elevating the mortality risk. Time-average serum LDL-C

level analysis can be useful to verify the association of pathological

LDL-C levels with higher mortality risks.

Third, different cutoffs for LDL-C levels were used in the

prediction of mortality risks across studies, and the methodological

heterogeneity might lead to the discrepancy in results, which

prevented us from determining the optimal value of LDL-C

level in better predicting ICH survival. And the enrolled studies

were ineligible for the dose-response analysis because they

lacked the necessary data (e.g., the number of cases in each

LDL-C level). Additionally, abnormally low LDL-C levels might

have underpowered our results. We expect future studies to

analyze clinically uncommon subsets of patients critically for

better understanding.

Fourth, all eligible studies involved cohort analyses, which

had a higher susceptibility to bias from confounding factors than

randomized controlled trials. Residual confounding biases are

sometimes unavoidable due to the omission of or insufficiently

measured variables. Some important confounding factors related

to mortality risk should be adjusted as comprehensively and

consistently as possible in the statistical model, while the severity

of ICH (GCS and NIHSS scores), hypertension, pre-medications,

divergent inciting causes of ICH (blood pressure, cerebral amyloid

angiopathy, anticoagulation, and vascular anomalies), complete

neuroimaging data (hematoma shape, volume, and site), and time

from ICH occurrence to cranial CT scan were not fully captured in

several of these studies. Inadequate adjustment may have resulted

in an overestimation of the risk estimate.

Fifth, most participants were Han Chinese and Caucasians,

which limited the generalizability of our observations to the general

population, but it might have some reference values. Caution

should be paid to extrapolating these results to other ethnic groups.

The association and optimal range of LDL-C level change may

differ across ethnic groups due to their varying baseline LDL-C

levels, environments, and individual risk factors.

5. Conclusions

In conclusion, an increase in LDL-C level is inversely associated

with 3-month mortality risks in sICH patients but not significantly

correlated with in-hospital mortality risks. Serum LDL-C level

can be a potential independent biomarker of mortality risk

evaluation in sICH patients and may be helpful in early decision-

making in clinical practices and contribute to identifying those

at higher risks of mortality. Nevertheless, the subgroup analyses

revealed inconsistencies with the original pooled results, indicating

further well-designed studies with stringent quality control and

larger sample sizes are recommended to validate the stability and

extrapolation of these results as well as to determine an appropriate

LDL-C range.
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