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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background/Objectives: Familial hypercholesterolemia (FH) 

is a common inherited disorder characterized by lifelong elevation 
of LDL-cholesterol. While FH prevalence is well described 
in coronary populations, its contribution to cerebrovascular 
disease is less clear. This study aims to address this gap by 
systematically reviewing and synthesizing available evidence to 
estimate the prevalence of FH in patients with ischemic stroke 
or transitory ischemic attack overall and across key subgroups. 
Methods: This systematic review included original 
observational studies, with data on stroke and FH. The 
protocol was registered in PROSPERO with the ID 
CRD420251162340. Two reviewers independently screened 
records, extracted study characteristics and assessed risk of bias. 
Results: Four studies involving 389272 stroke/transient 
ischemic attack (TIA) patients (2083 with FH) met eligibility 
criteria. The pooled prevalence of FH was 0.96% (95% CI 0.11–
7.63), with significant between-study heterogeneity (I² = 95.3%, 
τ² = 1.7139, p < 0.0001). Among patients with large artery 
atherosclerosis (LAA) strokes, FH prevalence was 2.89% (95% 
CI 0.05–63.28%), also with highheterogeneity (I² = 93.9%, τ² = 
2.4854, p < 0.0001).

Conclusions: The evidence linking FH to stroke remains 
limited and highly heterogeneous, preventing firm quantitative 
conclusions. However, the available studies offer preliminary 
signals that FH may have relevance beyond cardiology and 
should be considered in discussions of cerebrovascular risk. 
Given the small number of studies and their methodological 
variability, further research with standardized diagnostic 
criteria and larger, well-designed cohorts is needed to clarify 
this relationship and to determine whether improved detection 
and management of FH in stroke populations could help reduce 
the broader burden of atherosclerotic disease.

Key words. Familial hypercholesterolemia, stroke, transient 
ischemic attack, prevalence, epidemiology.
Introduction.

Stroke remains a leading cause of death and disability in 
the world, second after ischemic heart disease, with 11.9 
million incident cases and 7.3 million deaths in 2021 and a 
substantial, persisting global burden of disability adjusted life 
years (160.5 million) [1]. Stroke risk is driven by classical 
modifiable factors such as hypertension, diabetes, smoking, 
and air pollution as well as lipid disorders [2-4]. Elevated low-
density lipoprotein (LDL) levels are considered as a modifiable 
risk factor for atherosclerotic cardiovascular disease (ASCVD) 
[5]. One of the genetical causes of LDL elevation is familial 
hypercholesterolemia (FH).

Familial hypercholesterolemia is considered to be the most 
prevalent autosomal dominant disorders globally, with a 
prevalence rate of 1:311 in the general population and increases 
10-fold among patients with ischemic heart disease [6,7]. It 
is mainly caused by loss of function mutations in low-density 
lipoprotein receptor (LDR), additionally less often by mutations 
in apolipoprotein B (APOB) genes and proprotein convertase 
subtilin/kexin type 9 (PCSK9) genes [8-11]. The following 
mutations predisposes one to a life-long impairment of the 
hepatic clearance of LDL. As a result, a cumulative exposure 
of atherogenic levels of LDL-C will take place several decades 
in advance in comparison with those with normal levels [12]. 
Coronary arteries tend to demonstrate the consequences earliest. 
Without any interference with management approaches, a 
predisposition towards a drastically increased risk of pre-term 
myocardial infarction (MI) and coronary-related deaths would be 
observed in individuals with heterozygous forms of this clinical 
condition (HeFH) [13]. In contrast, homozygous forms of this 
clinical condition (HoFH), a relatively rare but more severe 
form with a prevalence of 1:300000 would lead to severe major 
adverse cardiac events (MACE) prior reaching the first decade 
of life [14]. Consequently, the vast majority of FH literature and 
clinical guidelines have focused on the prevention of coronary 
heart disease (CHD). Despite this, FH remains substantially 
underdiagnosed and undertreated globally, a gap emphasized 
by recent consensus and guidance statements [15,16].

While the role of coronary risk remains fairly well understood 
and demarcated with a measurable degree of precision, stroke 
risk among individuals with FH remains a debated issue. 
Stroke is a heterogeneous syndrome rather than a single disease 
entity. Ischemic stroke, accounting for the majority of cases, 
can arise from large artery atherosclerosis, cardioembolism, 
small vessel occlusion, or other determined etiologies [17,18]. 
Large artery atherosclerosis (LAA) is a stroke subtype driven by 
atherothrombotic plaque formation, which is primarily caused 
by dyslipidemia in conjunction with hypertension, inflammation, 
and endothelial dysfunction [19]. Although recent data in 
large-scale prospective FH registries, such as the Norwegian 
FH registry, the Copenhagen General Population Study, 
SAFEHEART registry and Simon-Broom Register, report stroke 
incidence rates not comparable with the general population, 
most of them are disease-based designed to characterize 
patients who already have FH, track management, and capture 
cardiovascular outcomes [20-28]. However, in studies before 
the statin therapy period, individuals with heterozygous FH 
faced a substantially higher stroke risk (OR of 7.658; 95% CI: 
6.059–9.678) compared to the general population, a risk that 
was significantly reduced to an OR of 0.251 (95% CI: 0.176–
0.358) following the widespread adoption of statins [29].
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This fact tends to lead towards a series of fundamental 
questions regarding the relation of FH with stroke. The analyses 
in registers often combined all stroke phenotypes, potentially 
masking the specific association between FH and atherosclerosis-
driven stroke like LAA. Moreover, the burden of familial 
hypercholesterolemia in stroke patients could not be estimated 
through data from such registries due to selection, referral, and 
survivorship biases. Therefore, a different approach is necessary 
to understand the burden of familial hypercholesterolemia in 
stroke.

Our study aims to estimate the prevalence of familial 
hypercholesterolemia in patients with ischemic stroke or 
transitory ischemic attack (TIA). We conducted a systematic 
review and meta-analysis to estimate the prevalence of FH 
among patients with stroke or TIA, overall and in key subgroups.
Materials and Methods.
Registration and Search strategy:

This systematic review adhered to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines (Supplementary Table 1) [30]. The protocol was 
registered in the International Prospective Register of Systematic 
Reviews (PROSPERO) with the ID CRD420251162340. We 
included PubMed/MEDLINE, Embase and Cochrane Library 
as the search databases for our systematic review. Searches 
included all studies prior to October 7, 2025, MeSH terms or 
Emtree terms and general keywords depending on the database 

were used. Detailed information regarding the search strategy is 
presented in Table A1.

Two reviewers (M.K. and B.A.) were assigned for the primary 
screening of titles, abstracts and keywords. The process of 
primary review was blinded for the reviewers. In conflict 
situations a third reviewer (A.M.) was assigned to resolve the 
conflict. Full texts of potentially relevant studies were then assessed 
by the same process with assessing the eligibility of studies. 
Eligibility criteria:

We included original observational studies, with data on 
stroke and familial hypercholesterolemia. Studies were eligible 
if they met the following criteria: (1) enrolled individuals 
with clinically diagnosed ischemic stroke or TIA; (2) reported 
sufficient data to compute the overall prevalence and for 
subgroups; (3) ascertained FH using a recognized approach like 
genetic testing (NGS), Dutch Lipid Clinic Network (DLCN), 
Simon Broome (SB), MEDPED, or LDL-C > 90th percentile in 
proband [31-34]. We excluded case reports, reviews, editorials, 
conference abstracts without extractable data, studies with 
a sample size below fifty and interventional studies lacking 
baseline prevalence data. When overlapping populations 
occurred, we retained the most relevant study, hence the latest 
and with full data.
Data extraction:

Two reviewers (M.K. and A.M.) independently extracted 
data using the pre-designed form. First author, publication 

Study Enrollment 
period Population Age 

(years) Diagnostic criteria Sample 
size, N

FH 
cases, N

Female 
patients, 
N (%)

FH in 
females, 
N (%)

LAA 
patients, 
N (%)

FH cases 
in LAA, 
N

Li et al. [36]
(2024) China 2015 - 2018 IS/TIA 62.25 1. NGS (LDLR and 

EPHX2); 2. SB 10428 24 3291 
(31.6%) 8 (33.3%) 2999 

(28.8%) 24

Abumoawad 
et al. [37] 
(2023) USA

2019 AIS - ICD code 377669 2039 173789 
(46%)

1040 
(51%) - -

Tung et al. 
[38] (2021) 
Taiwan

2018 - 2019 IS/TIA -

1. LDL-C > 90th 
percentile in proband; 
2. NGS (LDLR, APOB, 
and PCSK9)

121 6 38 
(31.4%) 0 (0%) 27 

(22.3%) 4

Toell et al. 
[39] (2017) 
Austria

2014 - 2016 IS/TIA 69.3 DLCNA 1054 14 446 
(42.3%) 7 (50%) 191 

(18.1%) 3

Note: IS – ischemic stroke, TIA – Transitory ischemic attack, AIS – Acute ischemic stroke, NGS – New-generation sequencing, SB- Simon Broome, 
DLCN - Dutch lipid clinic network, ICD - International Classification of Diseases, LDL-C – Low-density lipoprotein cholesterol, LDL-R - Low-
density lipoprotein receptor gene, APOB - Apolipoprotein B gene, PCSK9 - Proprotein convertase subtilisin/kexin type 9 gene, EPHX2 - Epoxide 
hydrolase 2 gene, LAA – Large-artery atherosclerosis, FH – Familial hypercholesterolemia.

Table 1. Studies included in the systematic review and their general characteristics.

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Overall
Tung et al. [38] No No No No Yes Yes Yes Yes Yes Yes High
Li et al. [36] Yes Yes No No Yes Yes Yes Yes Yes Yes Moderate
Abumoawad et 
al. [37] Yes Yes Yes No No No No Yes Yes No High

Toell et al. [39] No Yes No Yes Yes Yes Yes Yes Yes Yes Moderate
Note: Yes = low risk for that item; No = high risk for that item. Q1 – Target population, Q2 – Sampling frame, Q3 – Random selection, Q4 – 
Non-response bias, Q5 – Data collection direct, Q6 – Case definition, Q7 – Validity of study instrument, Q8 – Same mode of data collection, Q9 
– Prevalence period, Q10 – Calculation and reporting.

Table 2. Risk of bias assessment.
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year, country, enrollment period, population type, mean age, 
diagnostic criteria, sample size, female frequency, LAA 
frequency, FH cases in sample, female and LAA were extracted 
as variables. The detailed characteristics can be found in Table 
1. Frequencies were calculated manually when only percentages 
were given. 
Risk of bias assessment:

We used the tool developed by Hoy et al. for assessing the risk 
of bias [35]. The tool included 11 items and was reviewed by 
two reviewers (A.M. and M.K.) independently with recourse to 
a third reviewer (B.A.) when needed. Items 1–4 cover external 
validity (representativeness of the target population, sampling 
frame, selection method/census, and non-response), and items 
5–10 address internal validity (direct data collection, acceptable 
case definition, reliability/validation of measurement, uniform 
data-collection mode, appropriateness of prevalence period, 
and correct use of numerators/denominators). We classified the 
overall risk (item 11) as moderate when 2–3 items were high 
risk or when any single selection-domain item (items 1-4) was 
high risk, and high when ≥4 items were high risk or when ≥2 
selection-domain items were high risk.
Statistical analysis:

The prevalence rates for the groups of interest were calculated 
with: Prevalence = (Number of FH cases / Population) * 100. 
We synthesized study-specific prevalence of FH using random-
effects meta-analysis, prespecified due to anticipated clinical 
and methodological heterogeneity. Proportions were logit-
transformed and pooled with inverse-variance weighting. 
Between-study variance (τ²) was estimated by restricted 
maximum likelihood (REML), and Hartung–Knapp adjustments 
were applied for random-effects confidence intervals. For zero-
cell strata, a continuity correction of 0.5 was added to all studies. 
Pooled effects and 95% CIs were transformed back to the raw 

scale and reported as percent prevalence. 
Statistical heterogeneity was evaluated with Cochran’s Q, I², 

and τ². Subgroup analysis was performed on LAA and sex, also 
on random-effects model. Small-study effects were explored 
visually with funnel plots of logit-transformed prevalence versus 
its standard error. Formal Egger’s test could not be performed 
due to the limited number of included studies. We performed 
sensitivity analysis by leave-one-out method, iteratively refitting 
the random-effects model after omitting each study.

We investigated potential sources of between-study 
heterogeneity in the pooled prevalence estimates using 
univariate meta-regression analysis. The independent variables 
assessed included mean patient age, proportion of female 
participants, sample size, diagnostic criteria, and risk of bias. 
Categorical covariates (diagnostic criteria and risk of bias) 
were converted to dummy variables for analysis. We applied 
mixed-effects models to logit-transformed proportions, utilizing 
the DerSimonian-Laird estimator for heterogeneity (τ2). The 
Hartung-Knapp adjustment was employed to refine confidence 
intervals and calculate the R2 statistic.
Results.
Study selection and characteristics:

Our search strategy identified 196 records (Figure 1). After the 
removal of duplicates and ineligible publications, only 4 studies 
were included in the final systematic review with a total sample 
of 389272 patients and 2083 FH patients (Table 1). DNA-based 
criteria were used as the primary method in one study, where 
a secondary diagnostic with SB criteria followed the genetic 
testing [36]. Another study collected data from a register 
utilizing ICD codes, noting that the diagnostic criteria may vary 
[37]. A third study employed a clinical approach alongside an 
additional secondary diagnostic based on DNA criteria [38]. 
Finally, the last study relied only on DLCNA criteria [39].

Figure 1. Study selection PRISMA flow diagram.
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Risk of bias in studies:
All studies were subjected to a risk of bias assessment to 

establish their risk in determining the prevalence of FH in the 
stroke population across all ages (Table 2). Two studies had 
high risk of bias, while the other two were moderate.
Results of prevalence synthesis:

Table 3 summarizes the unweighted prevalence rates reported 
across four studies. There was substantial heterogeneity in the 
reported overall prevalence, spanning from a low of 0.23% to 
a high of 4.96%. While one study demonstrated absence of FH 
cases in females, the other 3 studies reported slightly higher 
prevalence in females compared to males. Hence, the range 
varied from 0% to 1.57% in females and 0.22% to 7.23% in 
males. The general crude prevalence from the total population 
of 389272 patients was 0.54%, while the crude prevalence in 
males and females had values of 0.49% and 0.59% respectively.

Notably, in studies that stratified for stroke etiology, the 
prevalence was consistently higher among patients with LAA. 
For example, Tung et al. observed an overall prevalence of 
4.96%, which rose to 14.81% specifically within the LAA 
subgroup. Similarly, Li et al. noted a nearly four-fold increase 
in the LAA cohort (0.80%) compared to the general stroke 
population (0.23%). The crude prevalence of FH in LAA 
patients resulted in 0.96%.
Results of meta-analysis:

The pooled random-effects prevalence of FH among patients 
with stroke was 0.96% (95% CI 0.11–7.63%), with significant 
between-study heterogeneity (I² = 95.3%, τ² = 1.7139, p < 
0.0001) (Figure 2). Individual study prevalence estimates 

ranged from 0.23% in the largest population-based cohort (Li et 
al., 2024) to 4.96% in a small single-center study (Tung et al., 
2021). The weighting of studies in the random-effects model 
was balanced (range 23.7–26%). After exclusion of the study 
with non-reliable diagnostical criteria, the pooled prevalence 
across three remaining studies (N = 11603) increased to 1.18% 
(95% CI 0.02–38.26%), with persistent high heterogeneity (I² = 
96.8%, τ² = 2.4291, p < 0.0001) (Figure 3).

Visual inspection of the funnel plot of logit-transformed 
prevalence versus standard error showed asymmetry and a wide 
scattering of study estimates, suggesting potential small-study 
effects (Figure 4). Several studies fall outside the 95% pseudo-
confidence limits, visually confirming significant between-
study heterogeneity.

Among patients with large-artery atherosclerotic stroke (N 
= 3217; three studies), the random-effects pooled prevalence 
of FH was 2.89% (95% CI 0.05–63.28%) (Figure 5). Study-
specific prevalences were 1.57% [39], 14.81% [38], and 0.80% 
[36]. Between-study heterogeneity remained high (I² = 93.9%, 
τ² = 2.4854, p < 0.0001).

All four studies provided sex-stratified data (Figure 6). Among 
females (N = 177564), the pooled prevalence was 0.67% (95% 
CI 0.17–2.56%; I² = 79.1%, τ² = 0.6144, p = 0.0025). Among 
males (N = 211708), the prevalence was higher with a value of 
1% (95% CI 0.09–10.54%; I² = 95.3%, τ² = 2.2511, p < 0.0001). 
The combined pooled prevalence across sexes was 0.84% (95% 
CI 0.31–2.23%; I² = 92.8%, τ² = 1.2891, p < 0.0001) with no 
significant difference between groups (χ² = 0.22, df = 1, p = 
0.6418).

Study General prevalence, 
(%)

Prevalence in 
females, (%)

Prevalence in 
males, (%)

Prevalence in LAA 
patients, (%)

Δ relative percent 
change in LAA 

Li et al. [36] 0.23 0.24 0.22 0.80 +247.83%
Abumoawad et al. [37] 0.54 0.60 0.49 - -
Tung et al. [38] 4.96 0 7.23 14.81 +198.59%
Toell et al. [39] 1.33 1.57 1.15 1.57 +18.05%

Table 3. FH prevalence in studies.

Note: LAA – Large-artery atherosclerosis.

Omitted study Pooled prevalence Δ absolute pp Δ relative percentage I2 after omitting
Li et al. [36] 1.52% +0.56 pp +59% 95.6%
Abumoawad et al. [37] 1.18 % +0.22 pp +23.4% 96.8%
Tung et al. [38] 0.55% -0.40 pp -42.3% 93.3%
Toell et al. [39] 0.86% -0.1 pp -10.1% 96.1%

Table 4. Leave-one-out sensitivity analysis of pooled FH prevalence among patients with stroke.

Note: pp – percentage points.

Independent variable No. of studies Beta coefficient (95% CI) P value R² (%)
Age 2 NA NA NA
Sex 4 -2.69 (-55.63 to 50.24) 0.85 0.00
Diagnostic criteria 4 NA 0.95 0.00
Sample size 4 0.00 (-0.00 to 0.00) 0.69 0.00
Risk of bias 4 NA 0.54 0.00

Table 5. Meta-regression analyses.

Note: 95% CI, 95% confidence interval; NA, not applicable; No. of Studies, number of studies with observations for the indicated variable; R2, 
between-study heterogeneity accounted for by the indicated variable and adjusted with the Hartung-Knapp modification
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Figure 2. Forest plot of FH prevalence in stroke patients across all studies [36-39].

Figure 3. Pooled prevalence restricted to studies with strict criteria [36,38,39].

Figure 4. Funnel plot of logit-transformed prevalence against standard error for assessment of small-study effects.

Figure 5. Subgroup analysis for large-artery atherosclerosis stroke patients [36,38,39].
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Figure 6. Sex-stratified pooled prevalence of FH among stroke patients [36-39].

Sensitivity analysis:
In the leave-one-out analyses the overall pooled prevalence 

varied between 0.55% and 1.52%, while the heterogeneity 
remained high (I² = 93.3-96.8%) (Table 4). Omitting Tung et 
al. caused the highest relative percentage reduction of -42.3% 
(Δ absolute pp = 0.4 pp). In contrast, the highest rise in pooled 
prevalence of +59% (Δ absolute pp = 0.56 pp) occurred when 
Li et al. was omitted.
Meta-regression analysis

We conducted linear regression analyses to determine whether 
age, sex, diagnostic criteria, sample size, or risk of study bias 
may have influenced the overall pooled prevalence of FH in 
stroke. Due to missing data, meta-regression for mean age could 
not be performed. None of the variables were not determined 
to have a significant effect on the overall pooled prevalence. 
However, these results should be interpreted with caution given 
the small number of studies included in the analysis (n=4).
Discussion.

Our systematic review and meta-analysis aimed to estimate 
the prevalence of FH in patients with IS/TIA and revealed a 
substantial heterogeneity in FH prevalence, ranging from 0.23% 
to 4.96% with a pooled prevalence of 0.96% (95% CI: 0.11% to 
7.63) from our data from four observational studies, comprising 
a total of 389272 patients. This variation is largely attributable to 

the difference in diagnostic criteria used in the studies, ranging 
from strict SB and DLCN to administrative ICD coding and LDL 
thresholds with NGS. A total crude prevalence of 0.54% results 
from the general population of 389272 patients from 4 studies. 
The finding from the sensitivity analysis that restricted the data 
to studies with strict diagnostic criteria yielded a more focused, 
albeit still heterogeneous, pooled prevalence of 1.18%. We 
propose that the true FH prevalence in a strictly-defined stroke 
cohort is likely in the range of 0.55% to 1.52%, as reflected by 
our leave-one-out sensitivity analysis. Therefore, this percentage 
appears to be higher than the expected prevalence of 0.3-0.4% 
in the general population [6,40]. In addition, when the looser 
definition of the phenotype has been used, a substantially higher 
percentage of stroke subjects exhibited indicative features of 
Familial Hypercholesterolemia. For example, in the study by 
Toell et al. a further 10% were considered as “possible” FH 
subjects when applying the DLCN Criteria 3-5 point scoring 
system, corresponding altogether to the total potential fraction of 
11.5% among ischemic stroke subjects [39]. These observations 
point towards the fact that although the actual prevalence among 
stroke subjects seems to remain below 5% at most, Familial 
Hypercholesterolemia clearly represents a significantly elevated 
risk factor among ischemic stroke subjects.

A notable finding from available evidence from our review 
is the suggestion of a potential phenotype-specific association. 

Search # Keyword or phrase Results found
#1 'ischemic stroke' OR 'ischemic stroke'/exp 149539
#2 'familial hypercholesterolemia' OR 'familial hypercholesterolemia'/exp 18376
#3 'transient ischemic attack' OR 'transient ischemic attack'/exp 59025

#4 'prevalence' OR 'prevalence'/exp OR 'incidence' OR 'incidence'/exp OR 'epidemiology' OR 'epidemiology'/
exp 7504620

#5 #1 OR #3 196170
#6 #5 AND #2 266
#7 #6 AND #4 151

Table A1. Search strategy for Embase.



278

Although the high heterogeneity and wide confidence intervals 
precluded a precise pooled prevalence estimate for the LAA 
subgroup (2.89%, 95% CI 0.05–63.28%, I² = 93.9%,), individual 
studies consistently signalled higher FH rates in this phenotype 
compared to the general stroke population. For instance, Tung et 
al. reported a nearly threefold increase in FH prevalence within 
the LAA subgroup compared to the general stroke population 
(14.81% vs. 4.96%), while Li et al. observed a similar trend 
(0.80% vs. 0.23%) [36,38]. These findings reinforce the 
lifelong elevated LDL-C in patients with FH contributes to 
stroke primarily through accelerated atherosclerosis of large 
vessels rather than cardioembolism or small vessel occlusion. 
Some small studies demonstrated the higher prevalence of small 
vessel disease in FH patients [41]. Furthermore, the prevalence 
was notably higher in younger populations and those with 
premature cardiovascular events, as evidenced by Toell et al., 
who identified significant familial lipid abnormalities in young 
stroke cohorts [39]. A similar pattern was observed in an older 
study [42].

These observations both support and extend previous 
studies related to the prevalence of FH within specific at-risk 
populations. Historically, FH has been most clearly identified 
in association with “premature” coronary disease. For example, 
the 2019 meta-analysis conducted by Kramer et al. among 
multiple studies observed a combined prevalence of 4.7% for 
FH among the broader ACS population, increasing to 7.3% 
among individuals ≤ 60 years and 13.7% among individuals ≤ 
45 years [43]. In other words, 1 in 21 individuals among the 
total ACS population has FH. Moreover, among the youngest 
individuals suffering from ACS, the prevalence jumps to 1 in 
7. In contrast to the relative preponderance of younger subjects 
among the total ACS population, the stroke patient population 
tends to be disproportionately elder and encompasses multiple 
etiologies such as atherothrombotic stroke, cardioembolic stroke, 
and stroke due to small vessel disease. As such, the absolute 
percentage of FH subjects tends to decrease. In fact, our present 
finding does suggest that the prevalence of FH among individuals 
suffering stroke appears less than among the ACS group.

Our review indicates that FH is frequently undiagnosed prior 
to the stroke event. Toell et al. noted that stroke was the first 
clinical manifestation of disease in 71.4% of FH patients [39]. 
Although we had no data to conduct a subgroup analysis by age, 
when Toell at al. included the younger stroke patient population 
(men < 55 years and women < 60 years), the rates became 
more similar among the patient population with coronary 
disease [39]. In the younger stroke patient population studied, 
3.1% presented with definite and probable FH and 13.1% 
presented with possible FH. This again reflects the correlation 
observed among the ACS patient population where the risk of 
underlying FH strongly correlates with the patient's age. This 
suggests a dilution effect in older populations, consistent with 
the view of FH as a driver of premature vascular aging. Our 
subgroup analysis demonstrated a higher pooled prevalence of 
FH and higher numbers of stroke patients in men compared to 
women, which should be interpreted cautiously due to the high 
heterogeneity and non-significance of difference. The general 
difference can be explained by behavioral risk factors, which 
facilitates the event risk occurrence [4,44,45].

These findings suggest that patients presenting with ischemic 
stroke, especially those with a relatively younger age or 
evidence of atherosclerosis, should be evaluated for possible 
FH. Recurrent events were common among FH patients. Tung 
et al. observed that 50% of FH carriers had a prior history of 
cerebrovascular or coronary artery disease, suggesting that 
FH contributes to a cumulative burden of vascular injury [38]. 
Currently stroke prevention efforts focus on immediate causes 
such as anticoagulation in atrial fibrillation or intensive blood 
pressure control, and hyperlipidemia is treated as a modifiable 
risk factor, not always understanding its origin. Identifying FH 
cases is crucial because it enables aggressive lipid-lowering 
therapy and cascade family screening, which can prevent future 
vascular events. Although the European Atherosclerosis Society 
(EAS) and the American Heart Association (AHA) advocate 
for opportunistic FH screening in patients with premature or 
unexplained ASCVD, the strongest recommendations are for the 
young MI patients. Our data supports extending this paradigm 
to ischemic stroke patients, especially those under 60 or with 
carotid artery disease. The EAS Familial Hypercholesterolemia 
Studies Collaboration and other experts have called for 
systematic strategies to improve FH case-finding, including 
integrating FH detection into routine care for ASCVD patients 
and even population-based cholesterol screening in youth [46-
48]. We recommend active screening for FH, specifically in 
patients presenting with Large Artery Atherosclerosis (LAA) 
stroke or premature stroke (<60 years). Our data indicates 
that FH-related stroke is distinctively characterized by an 
atherosclerotic phenotype, with significantly higher prevalence 
in the LAA subgroup (2.89%) and evidence of increased carotid 
intima-media thickness in FH carriers. Identifying these patients 
is crucial for initiating cascade screening [38].

This study appears to be the first systematic review focusing 
specifically on the prevalence of FH among stroke patients. One 
of the advantages of our analysis is the thorough incorporation of 
studies applying both clinical and molecular diagnostic criteria 
for FH. This made possible the comparison and interpretation 
of the outcome across the spectrum of diagnostic tools chosen. 
This review encompassed international studies (European, 
Asian, and other patient sources), increasing the generalizability 
of our results. 

We also acknowledge the limitations of our study. First, the 
number of studies and total sample size for stroke-specific 
FH prevalence was limited. Second, there was substantial 
heterogeneity between studies, a major source is the high 
variation in diagnostic criteria for FH used across studies. For 
example, in the genetic testing, not all genetic variants were 
assessed, hence there is a chance of missing cases. The use 
of different diagnostic criteria limits the generalization to any 
single clinical setting, but confirms the presence of FH across 
different detection modalities. Another important limitation 
is that stroke cohorts were mainly composed of older adults, 
in whom diagnosing FH can be challenging. Older patients 
are more likely to be on lipid-lowering therapy or have other 
comorbidities affecting LDL levels, potentially lowering their 
LDL levels at presentation and underdiagnosing of FH. A 
critical limitation of our systematic review is the lack of uniform 
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data on pre-stroke statin use. Statin therapy significantly alters 
lipid profiles, potentially masking the clinical diagnosis of FH 
in studies relying on phenotypic scores (e.g., DLCNA). Lipid-
lowering therapy is a cornerstone of ischemic stroke prevention, 
and its unmeasured variance across cohorts may influence 
prevalence estimates [49]. A major limitation of this review is 
the unequal weight of the included evidence. Approximately 
97.6% of the identified FH cases (2039/2083) originated from 
a single nationwide registry study (Abumoawad et al.) utilizing 
ICD codes [37]. This introduces a significant skew, as ICD 
coding often underestimates prevalence compared to active 
clinical screening. The survival bias could paradoxically lower 
FH prevalence relative to what might have been if patients 
had not been succumbed to coronary disease earlier [50]. 
Unpublished data or ongoing registry findings could further 
inform the prevalence estimate and add data for future meta-
analysis.
Conclusion.

The current evidence base examining familial 
hypercholesterolemia in the context of stroke remains limited, 
heterogeneous, and methodologically diverse. Although 
our review suggests a potential association between FH and 
stroke, the substantial variability across the few available 
studies prevents requires cautious interpretations. Rather than 
interpreting the estimate as definitive, these findings should 
be viewed as preliminary signals indicating that FH may play 
a role outside the traditional cardiology setting and merits 
consideration when evaluating cerebrovascular risk.

Given the scarcity and inconsistency of existing research, future 
studies using standardized diagnostic criteria, larger sample 
sizes, and more rigorous methodological designs are needed to 
clarify the relationship between FH and stroke. Strengthening 
the evidence base will be essential for determining whether 
systematic screening, improved recognition, and targeted 
management of FH in stroke populations could contribute to 
reducing the broader burden of atherosclerotic disease.
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NGS Next-Generation Sequencing
TIA Transitory Ischemic Attack
MEDPED Make Early Diagnosis to Prevent Early Deaths
SB Simon Broome
DLCN Dutch Lipid Clinic Network
MI Myocardial Infarction
ICD International Classification of Diseases
LDL-R Low-Density Lipoprotein Receptor Gene
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EPHX2 Epoxide Hydrolase 2 Gene
PCSK9 Proprotein Convertase Subtilisin/Kexin Type 9 Gene
LAA Large-Artery Atherosclerosis
PCSK9 Proprotein Convertase Subtilin/Kexin Type 9
HeFH Heterozygous Familial Hypercholesterolemia
HoFH Homozygous Familial Hypercholesterolemia
MACE Major Adverse Cardiac Events
CHD Coronary Heart Disease
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