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Abstract
Objectives. High levels of non high density lipoprotein cholesterol (non-HDL-C) are known to contribute to an increased risk of ischemic stroke. This systematic review was conducted to identify the relationship between high
non-HDL-C levels and the risk of ischemic stroke.
Material and methods. This systematic review using PRISMA (preferred reporting items for systematic reviews
and meta-analyses) statement guideline, with a pre-determined search strategy. The search was conducted in
Pubmed Central (PMC) and Pubmed from 2009 until 2020 with inclusion criteria, patients with a diagnosis of ischemic stroke, age >18 years, with non-HDL-C levels. The title and abstract of these articles were reviewed for
relevance, based on inclusion criteria. This systematic review using STROBE to evaluate the quality in individual
study which consists of 22 domains.
Results. In the final stage, this systematic review identifies six cohort study consisting 166.720 participants. Overall, the quality in individual studies based on STROBE is good. We reported that there are two studies report that
high non-HDL-C levels can significantly increase the risk of ischemic stroke. Meanwhile, there are four studies that
report there was no significant relationship between high non-HDL-C levels and the risk of ischemic stroke.
Conclusions. Overall, this systematic review provides the result about relationship between high levels of nonHDL-C and the risk of ischemic stroke, there are two studies with a larger population support that high levels of
non-HDL-C can increase the risk of ischemic stroke. However, further studies is needed with a large population that
specifically identify the relationship between non-HDL-C levels and risk of ischemic stroke and makes a better adjustments for confounding variables.
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INTRODUCTION
Globally, stroke places second as the cause of
mortality and third as the cause of disability (1).
Out of all stroke cases in the world, ischemic stroke
accounts for 87% of cases, and 13% of them were
hemorrhagic stroke. To reduce the prevalence of
stroke, we need to identify risk factors and show
success from efforts in reducing modified risk factors. These are important as a strategic intervention to reduce the risk of stroke. One of the risk
factors that can be modified is dyslipidemia (2).
Dyslipidemia is marked by an increase in plasma cholesterol, triglycerides (TG), or both, or an
increase in low-density lipoprotein-cholesterol

(LDL-C) and a decrease in high-density lipoprotein-cholesterol (HDL-C). These contribute to the
development of atherosclerosis. Other than LDL-C
and HDL-C, a new risk factor with the potential to
be modified is non-high-density lipoprotein cholesterol (non-HDL-C). Non-HDL cholesterol is
measured by the total plasma cholesterol subtracted
by HDL cholesterol. Non-HDL cholesterol has a
more comprehensive size from atherogenic lipoprotein compared to LDL only (3).
Non-HDL-C does not only contain LDL-C, but
also cholesterol contained in all other apolipoprotein B (apoB), which contains potential atherogenic
lipoprotein in blood, including cholesterol in lipo-
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protein a, intermediate-density lipoprotein, very
low-density lipoprotein, and cholesterol-enriched
residual lipoprotein. Experimental evidence supported a more important role of apoB and lipoprotein containing apoB compared to LDL-C in the
process of atherogenesis. Measuring apoB and
non-HDL-C is known to be highly correlated in
several studies because TC and HDL-C are significantly affected by dietary intake. Meanwhile,
non-HDL-C can be measured not only during fasting but also in a post-prandial state (4).
Based on the statement above, the author would
like to understand the correlation between high serum level of non-high-density lipoprotein cholesterol (non-HDL-C) and the risk of ischemic stroke
by conducting a systematic review of related studies.

MATERIALS AND METHODS
Search strategy
Article search was conducted from 2 databases,
i.e. Pubmed Central (PMC) and Pubmed. It is conducted since the relevant articles were first published until 1 November 2020. A literature search
was performed based on PRISMA system (preferred reporting items for systematic reviews and
meta-analysis). While searching for articles or
journals, the author used the following combination of keywords: ischemic stroke and
non-high-density lipoprotein cholesterol OR nonHDL-C and risks [MeSH terms].
Eligibility criteria
A structured literature search was conducted to
identify studies concerning the correlation between
non-HDL-C serum level and the risk of ischemic
stroke. The author used PICOS (population, intervention, comparison, outcome, and study design) in
searching for articles, with the following inclusion
criteria: 1) the population criterion includes patients
diagnosed with ischemic stroke and aged more than
18 years old, 2) the intervention/exposure criterion
includes patients with high serum level of
non-high-density lipoprotein, 3) The comparison
criterion includes patients with low serum level of
non-high-density lipoprotein, 4) hazard ratio (HR)
and 95% confidence interval (95% CI) as outcomes,
5) a cohort study, and 6) studies using English.

Data extraction
Data were extracted by inputting relevant data
from chosen studies manually and independently
to a table. All process of data collection was conducted by the first author. All disagreements were
resolved through a consensus.
Quality assessment
The author used the STROBE (strengthening
the reporting of observational studies in epidemiology) checklist to evaluate observational studies.
The quality of all parts was assessed as complete,
less complete, and incomplete, each represented
with the color green, yellow, and red.

RESULTS
Study selection
The search strategy identified 460 studies from
2 databases, with the details of 194 studies from
Pubmed, and 266 studies from PMC. Afterward,
duplicates were searched and deleted using the
EndNote X9 application, resulted in 448 articles in
which the title and abstract were to be reviewed
according to the relevance to the theme of this systematic review. After screening, there were 14 articles to be reviewed based on the overall article.
Then, 6 articles were used in this systematic review. The result of article selection was depicted in
a 2009 PRISMA flowchart in Figure 1.
Quality assessment
This systematic review used the STROBE
checklist to evaluate the quality of individual studies. In general, the quality of studies in this systematic review was considered good, showed by
the dominating green color. The summary of quality assessment is presented in Table 1.
Study characteristics
This systematic review identified six cohort
studies collected from four countries. Two studies
were from the United States (5,6), three were from
Japan (7,8,9), and one from China (10). The participants of all studies were patients aged more than
18 years old. The samples from each study vary,
with a total of 166,720 participants. They consisted of 103,989 male participants and 62,731 female
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FIGURE 1. Flow diagram of study selection process

participants. All studies were published in 20092020. Each study had a population characteristic,
follow-up duration, and varied threshold serum
level of non-HDL-C. The summary of the studies’
characteristics in this systematic review is presented in Table 2.
Study results
The author found six studies with results concerning the correlation between high serum level
of non-HDL-C and the risk of ischemic strong using HR scale and 95% CI. Out of six studies, two
of them showed that high serum levels of nonHDL-C significantly increased the risk of ischemic
stroke (5,10). Meanwhile, the other four studies
showed an insignificant correlation between high
serum level of non-HDL-C and the risk of ischemic stroke (6-9). More detailed study results can be
seen in Table 2.

DISCUSSION
This systematic review summarized and analyzed six cohort studies, in which two studies were
conducted in the United States (5,6), three studies
from Japan (7,8,9) and one from China (10). The
total participants from all studies were 166,720
people, consisted of 103,989 male participants,
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and 62,731 female participants. Overall, the studies included in this systematic review had a good
quality. The author found six cohort studies that
investigated the correlation between high serum
level of non-HDL-C and the risk of ischemic
stroke, with the outcome of HR and 95% CI. Two
studies showed a significant correlation between
high serum level of non-HDL-C and the risk of ischemic stroke (5,10). Meanwhile, the other four
studies showed an insignificant correlation between high serum level of non-HDL-C and the risk
of ischemic stroke (6-9).
The results difference from these six journals can
be due to various possibilities. The first difference
was the inclusion and exclusion criteria of population characteristics. Studies with significant results
included participants free from a stroke from the beginning to reduce the role of a confounding factor,
which was the use of statin (5). The same was conducted in other studies with significant results,
whereas it excluded participants who received cholesterol-lowering drugs (10). In three studies that
showed insignificant results, the use of cholesterol-lowering drugs was only controlled by adjustment (6,7,9), and one study did not observe and adjust the use of cholesterol-lowering drugs (8).
Regarding the sample size, studies with significant results had a larger sample size compared to
other studies with insignificant results. In a larger
sample size, the confidence interval (95% CI) is
narrowed, which showed better precision (11).
Other things that can affect result differences
are other risk factors which can be a confounding
variable. Other than hyperlipidemia, there are
many risk factors for ischemic stroke. Risk factors
that cannot be modified include age, gender, genetic, and race/ethnicity. Meanwhile, risk factors that
can be modified include hypertension, smoking
habit, waist-hip ratio, diet, physical activity, diabetes mellitus, alcohol consumption, heart disease,
and apolipoprotein B (2). Adjustments to these
confounding variables may lead to insignificant results.
A study in the United States consisted of 42%
African Americans (AAs) and 58% white race and
found a significant result (5). This may be affected
by the African Americans, who have twice the risk
of having a stroke. One of the reasons for the correlation between race differences was the higher
prevalence of the risk factors of stroke, such as hy-
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1,866

40-69 10,459 :
20,095
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19-93 4,212 :
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4

7,5

15

24
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Quintile 5 vs. 1, mg/dL;
179.8 vs. 87.0

Male, quintile 5 vs. 1,
mmol/L;
≥ 4.40 vs. <2.87
Female, quintile 5 vs. 1,
mmol/L;
≥ 4.71 vs. <3.16
>160 mg/dL

Quartile 4 vs. 1;
≥4.50 mmol/L vs. ≤3.14
mmol/L

Male, T1 and T3 = <3.08
and <3.85 mmol/L
Female, T1 and T3 = <3.28
and <4.09 mmol/L

Age Gender Follow-up
Baseline Non-HDL-C
(year) (M:F)
(year)
≥45 10,844 : 7,5 ±2,9 Quartile 4 vs. 1, mean (SD);
13,254
Q4 (TC>215) = 184.8 (29.9)
mg/dL vs. Q1 (TC<164) =
99.8 (17.3) mg/dL

Results HR (95% CI)

Adjusted for age, sex, education, hypertension,
1.15 (0.77–1.73)
diabetes mellitus, other lipid profile parameters,
smoking, coronary artery disease, moderate alcohol
consumption, and physical activity.
Adjusted potential confounders included age, sex, 1.53 (1.24-1.88)
BMI, hypertension, diabetes, TG, HDL-C, smoking
status, drinking status, physical activity status;
stratified by hospitals.

Adjustment was made for age, sex, diabetes, BMI
1.05 (0.71 - 1.54)
SBP, electrocardiogram abnormalities, current
drinking, current smoking, and regular exercise.
Adjusted for age smoking status, alcohol intake,
Male, 1.13 (0.86-1.49)
sports during leisure time, BMI, menopause (women
only), SBP, use of antihypertensive agents, diabetes, Female, 0.93 (0.68-1.26)
HDL-C, and use of antipilemic agents

Adjustment for age and potential confounding factors Male; 1.03 (0.64-1.67)
(BMI, SBP, TG, BS, current smoking and alcohol
Female; 0.55 (0.32-0.95)
consumption) and medications (antihypertensive,
antidyslipidemic, and antidiabetic drugs).

Adjust for age, race, age*race interaction, gender,
1.10 (1.03–1.18)
education, geographic region, and income.
SBP, hypertensive medication use, smoking, AF, LVH,
diabetes, and a self-reported history of heart disease.

Maximum adjusted

Abbreviations: M, male; F, female; SBP, systolic blood pressure; AF, atrial fibrillation; LVH, left ventricular hypertrophy; BMI, body mass index; TG, triglyceride; BS, blood sugar.

Region

Author, year

TABLE 1. Baseline characteristic of the included studies
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TABLE 2. Key summaries of qualitative appraisal using STROBE statements
STROBE Statement

Funding

Generalizability

Interpretation

Limitations

Key Results

Other Analyses

Main Results

Outcome Data

Descriptive Data

Participants (Result)

Statistical Methods

Quantitative Variables

Study Size

Bias

Data Sources

Variables

Participants (Methods)

Setting

Study design

Objectives

Background

Title & Abstract

Title

Glasser,
2016
Kakehi,
2015
Imamura,
2014
Saito,
2020
Willey,
2009
Wu, 2013
complete

less complete

incomplete

pertension, diabetes, and obesity among African
Americans (2). Another study in the Manhattan,
United States, showed different races (6). The races in the study were divided into three, i.e., Hispanic, non-Hispanic blacks, and non-Hispanic
whites with the percentage of the Hispanic race
was 53.1%. The study showed a correlation, but
insignificant, between cholesterol level and the
risk of ischemic stroke. Race differences also influenced the study result. A study in Manhattan
showed that the Hispanic race had a lower risk
compared to the black race, with the incidence of
13/1,000 people per year for the black race and
10/1,000 people per year for the Hispanic race
(12).
Other studies conducted in two East Asian
countries, i.e., Japan and China (7-10), also provided different results. This can be affected by the
correlation of several risk factors in various East
Asian countries. China and Mongolia had an increase in stroke incidents from 1990 to 2010, followed by an increase in hypertension prevalence.
Meanwhile, there was a decrease in stroke incidence in Japan and Korea, with a decreased prevalence of hypertension. The global estimate for diabetes prevalence in 2013 by the International
Diabetes Federation in China was 9.0%, while Ja-

pan was 5.1%, similar to the United States, with
9.2% and Canada with 7.9%. More than 40% of
diabetic patients live in East Asia. In general, the
population in East Asia has lower total serum cholesterol compared to western countries. Japan has
been one of the countries with the lowest total serum cholesterol. However, it increased from 19581986. China had a higher increase in total serum
cholesterol than Japan for female individuals. Other than that, China placed first with 301 million
smokers, which consisted of 28.1% adults in 2010
(13). In China, the risk of stroke is related to an
unhealthy lifestyle, such as smoking, obesity, alcohol consumption, low physical activity, and related
to dietary intake (14).
A previous meta-analysis revealed that individuals with the highest serum level of non-HDL-C
had a 28% increase of total stroke risk. Subgroup
analysis showed that total stroke risk was stronger
in male participants compared to female participants. The study also stated that increased serum
non-HDL-C was independently associated with a
higher risk of ischemic stroke (15). However, the
association with hemorrhagic stroke was unclear.
This was in line with the results from two studies,
which indicated a significant correlation between
increased on-HDL-C and the risk of stroke ischem-
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ic (5,10). Meanwhile, the result of these meta-analyses disagreed with the results of the other four
studies (6-9).
There were several limitations to this systematic review. First, the threshold level of non-HDL-C
still varied between all studies. Second, there was
a lack of adjustments to the use of cholesterol-lowering drugs and other confounding factors that
may affect several studies. Third, in several studies, the female to male ratio was too large, thus
cannot be used to represent all populations.

CONCLUSIONS
This systematic review aimed to determine the
correlation between high serum level of nonHDL-C and the risk of ischemic stroke, with the

outcome of HR and 95% CI. Based on the six studies reviewed, there were conflicting results. Two
studies with a larger total population stated a significant correlation between high serum level of
non-HDL-C and the risk of ischemic stroke. Meanwhile, the other four studies stated otherwise.
In the future, it is expected that many studies
specifically investigate the correlation between the
non-HDL-C level and the risk of ischemic stroke.
Further studies are expected to consider confounding factors, such as the use of lipid-lowering drugs
and other risk-related factors that may influence
the study results.
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