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The complex role of lipoprotein(a)
in the pathophysiology of non-alcoholic fatty
liver disease: A systematic review
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ABSTRACT

Aim: The aim of the present systematic review was to summarize the epidemiological studies that have ex-
amined the association between lipoprotein(a) (Lp(a)) and liver steatosis or fibrosis.

Methods: A computer-assisted systematic literature search was performed by 2 independent experts for
manuscripts that examined the association between Lp(a) and non-alcoholic fatty liver disease (NAFLD).
Results: Overall, n=9 studies were considered as eligible for the present systematic review. In all studies par-
ticipants’origins were from Asian [n=4 from China, n=3 from Korea and n=1 from Japan] with only one study
where participants were recruited from a clinicin Italy. In all studies, the association between Lp(a) and NAFLD
was cross-sectional. In n=3 studies, the diagnosis of NAFLD accompanied by histological characteristics of
non-alcoholic steatohepatitis (NASH) and liver fibrosis was performed with the gold standard method of liver
biopsy. Four studies focused on the association between Lp(a) and liver fibrosis. Most of the selected studies
revealed a significant inverse association between Lp(a) and liver fibrosis implying the use of the lipidemic
molecule combined with conventional hepatic markers to detect advanced NAFLD stages. In addition to this
and considering the aggravating role of Lp(a) in prediction of CVD onset, some scientific teams suggested that
in case of advanced hepatic fibrosis this lipid marker should not be used as an indicator of vascular health.
Conclusion: Additional studies are required to clarify the role of Lp(a) in NAFLD and other metabolic diseases
in different reference populations.
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INTRODUCTION causal association between high lipoprotein(a) (Lp(a))
levels, atherosclerotic cardiovascular disease (CVD), and
calcific aortic valve stenosis. The attribute of Lp(a) that
affects CVD risk is not established. Low levels of Lp(a)

Compelling evidence from pathophysiological, ob-
servational, and genetic studies suggest a potentially

Corresponding author: have been also associated with type 2 diabetes (T2DM).
In addition to this, evidence has demonstrated that el-
evated Lp(a) levels are associated with a residual CVD risk
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ing the reduction in low density lipoprotein cholesterol
(LDL-CQ).2This “risk-factor” hypothesis is supported by the
accumulation of Lp(a) particles in human atherosclerotic
lesions, the findings of Mendelian randomization studies
and the amplification of plaque area in animal models
expressing apolipoprotein (a).? These findings have led
to the formulation of the Lp(a) hypothesis, namely that
Lp(a) lowering leads to CVD risk reduction, intensifying
the search for Lp(a)-reducing therapies.*

Advanced non-alcoholic fatty liver disease (NAFLD)
in terms of steatohepatitis (NASH) and fibrosis result in
increased CVD risk.®> Besides, the relationship between
serum Lp(a) level and NAFLD - especially NASH — is un-
known. Dyslipidemia and cardiovascular complications are
comorbidities of NAFLD, which range from simple steatosis
to steatohepatitis, fibrosis, and cirrhosis up to hepatocel-
lular carcinoma. Lp(a) has been associated with CVD risk
and metabolic abnormalities, but its impact on the sever-
ity of liver damage in patients with NAFLD remains to be
clarified. The aim of the present systematic review was to
summarize the epidemiological studies that have examined
the association between Lp(a) and liver steatosis or fibrosis.

METHODS
Search strategy

Following the Preferred Reporting Items for Systemic
Reviews and Meta-Analyses (PRISMA) 2009 guidelines,
a computer-assisted systematic literature search was
performed by 2 independent experts, using Medline
(PubMed), Scopus and the ISI Web of Knowledge for manu-
scripts that examined the association between Lp(a) and
NAFLD.® The search strategy was mainly based on Medi-
cal Subject Headings terms, as follows; (“lipoprotein(a)”
OR “Lp(a)” OR “apoprotein a” OR “apolipoproteins a” OR
“apo(a)”) AND (“Non alcoholic Fatty Liver Disease” OR
“NAFLD” OR “Nonalcoholic Fatty Liver Disease” OR “fatty
liver” OR“Nonalcoholic Steatohepatitis” OR“Nonalcoholic
Steatohepatitides” OR“liver fibrosis” OR“liver disease” OR
“liver steatosis”). The search was limited to publications in
English from April 1 2013 to April 15 2023. The reference
lists of retrieved articles were also considered when these
were relevant to the issue examined yet not allocated in
the basic search. The relevance of studies was assessed by
using a hierarchical approach based on: title, abstract and
full manuscript. For papers in which additional informa-
tion was required, the authors were contacted via email.

Selection criteria

Studies were eligible if they were published research
epidemiological studies that evaluated the association be-
tween Lp(a) and overall NAFLD or specific elements of NAFLD
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such as liver steatosis, liver fibrosis or liver enzymes. Eligible
studies included original research articles retrieved from
prospective studies (cohort studies or case-cohort studies)
or retrospective or cross-sectional studies with a sample size
of atleast 100 participants. The exclusion criteria were review
articles, letters-to-the editors, editorials and animal studies.

Flow of included studies

The literature search flow diagram is illustrated in
Figure 1. Initially, n=146 papers were retrieved while after
duplicates removal n=125 were selected for evaluation.The
n=107 manuscripts were disregarded on the basis of Title/
Abstract because they were irrelevant or were Letters to
the Editors or replies to Letters or reviews. Among the rest,
n=18 manuscripts, =9 manuscripts with n=9 studies were
considered as relevant to the present work’'* (Figure 1).

RESULTS

Overall, n=9 studies were considered as eligible for the
present systematic review. The specific characteristics and
results of the selected studies are summarized in Table 1.
In brief, in all studies participants’ origins were from Asia
[n=4 from China (12-15), n=3 from Korea (7,10,11) and
n=1 from Japan®] with only one study where participants
were recruited from a clinic in Italy.’® In all studies, the as-
sociation between Lp(a) and NAFLD was cross-sectional.
In n=3 studies, the diagnosis of NAFLD accompanied
by histological characteristics of NASH and liver fibrosis
was performed with the gold standard method of liver
biopsy.®%'* Four studies focused on the association be-
tween Lp(a) and liver fibrosis®®''13 (Table 1).

The association between Lp(a) and biopsy-
proven NAFL, NASH and liver fibrosis

One study in China with biopsy-proven NAFLD showed
a positive association between the severity of NAFLD and
the serum concentration of Lp(a). In particular, ranking
from no NAFLD to NASH there was a significant increase
in Lp(a) metrics with the values being about 40% higher
in NASH patients compared with the NAFL subgroup.™
This trend was retained in age- and sex- adjusted models;
yet no other potential confounders such as liver enzymes,
insulin resistance, lipid markers were taken into account.’
Additional analysis to examine the differentiation potential
of Lp(a) in relation to the presence vs. absence of NASH
showed that a model which combines liver enzymes (i.e.
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT)) with Lp(a) had an area under the curve which
reached the 0.830."

Similar analyses in the context of a cross-sectional
study with a bigger sample (i.e. n=600 NAFLD patients)
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FIGURE 1.The flow diagram of the
selected studies

in Italy were recently published.? The mean Lp(a) levels of
the sample had a range of 14-37 nmol/L. Multi-adjusted
analysis with liver enzymes, lipidemic and glycemic con-
founders taken into account, revealed that per 1 nmol/L
increase in Lp(a), the odds of liver fibrosis (presence vs. ab-
sence), fibrosis grade 3-4 vs. 0-2 and cirrhosis (presence vs.
absence) was reduced by 24%, 52% and 69%, respectively;
implying that the more advanced fibrosis in the liver the
lower the Lp(a) metrics in serum.’ The authors concluded
that this observation suggests Lp(a) as a novel biomarker
to predict advanced liver damage. In addition to this, they
saw that the accuracy of this biomarker to differentiate
the presence vs. absence of advanced fibrosis was further
increased when combined with transaminases.’
Another study with 181 NAFLD patients diagnosed
through liver biopsy in an Hepatology Clinic in Japan
evaluated among others the Lp(a) in serum (range: 5.3-16.9
mg/dL).2 An inverse association between Lp(a) levels and
the likelihood of advanced liver fibrosis (i.e. Grade 3 and 4)
was observed even after adjusting for various lipidemic,
glycemic markers as well as liver enzymes. Additionally,
the authors underscored the limited accuracy of Lp(a) as
a predictor of CVD risk in patients with advanced NAFLD.?

The association between Lp(a) and advanced
liver fibrosis assessed through non-invasive
diagnostic tools

A very recent study from Korea with 14,419 adults who
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underwent abdominal ultrasonography showed that meta-
bolic associated fatty liver disease (MAFLD) patients with
liver fibrosis defined using NAFLD fibrosis score (NFS) or
fibrosis-4 score (FIB-4) or AST to platelet ratio index (APRI)
presented significantly lower Lp(a) values compared with
their MAFLD without fibrosis or no MAFLD counterparts.'!
However, this analysis was univariate.

In another work from China, interesting non-linear as-
sociations of liver fibrosis, liver stiffness and liver fat content
with Lp(a) were revealed.”® In particular, Lp(a) increased
slowly between —5.0 and 0 as NFS increased and became
stable when NFS reached 0. By contrast, when it comes to
liver stiffness assessed through high-resolution B-mode
ultrasonography, Lp(a) decreased sharply between 3.5
and 6.3 as liver stiffness increased and decreased much
more slowly, and the curve became smooth when liver
stiffness was higher than 6.3. In MAFLD patients with
hepatic fibrosis stages FO-F1, the curve fluctuated as
liver fat content accumulated. However, in patients with
hepatic fibrosis stage F2, Lp(a) decreased sharply between
5% and 20% as liver fat content increased and fluctuated
when liver fat content was higher than 20%. In patients
with hepatic fibrosis stages F3—4, Lp(a) exhibited a sharply
increasing trend between 5% and 12% and then fluctu-
ated between 12% and 20%. After the liver fat content
was higher than 20%, Lp(a) held a stable increasing trend.
The authors also concluded that the predictive value of
Lp(a) for carotid atherosclerosis was reduced as hepatic
fibrosis aggregated.'
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The association between Lp(a) and
ultrasonography-diagnosed liver steatosis

In 2016, a Korean study with 2,242 subjects free of type
2 diabetes assessed with abdominal ultrasonography the
severity of NAFLD according to the level of liver steato-
sis.’® Ranking from no NAFLD to severe NAFLD a trend of
reduced Lp(a) metrics was observed; participants without
NAFLD had around 15mg/dL Lp(a) levels with the respec-
tive metric in participants with severe NAFLD being close to
9mg/dL. Multi-adjusted analysis showed that participants
assigned in 3" Lp(a) tertile (higher Lp(a) values) had about
34% lower odds of severe NAFLD compared with their
15t Lp(a) tertile counterparts. Of interest, this association
lost its significance when insulin resistance was take into
account.’” This observation comes in line with the results
from another study in China launched in 2022 which sug-
gested an interaction between glucose metabolism and
Lp(a) in carotic plaques risk in NAFLD patients.'?

In a Korean study with more than 22,000 participants
the mean Lp(a) levels was lower in subjects with NAFLD
than in those free of NAFLD (70.0 vs 73.8 nmol/L, respec-
tively).” Multi-adjusted analysis showed that participants
assigned in 4t Lp(a) quartile (highest Lp(a) level) had 19%
lower odds of NAFLD. The main conclusion of this study
was that this observation was reversed when combined
with increase insulin resistance; in particular, the group of
participants with low Lp(a) and high Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR) (using the
median value of these metrics to define each group)
had close to two times higher likelihood to have NAFLD
compared with the reference group of participants with
high Lp(a) and low HOMA-IR.”

The Lp(a) oriented pattern of NAFLD

A very recent study with MAFLD patients from China
revealed through unsupervised cluster analysis that there
is a pattern of MAFLD characterized by extremely high
Lp(a) levels, but relatively lower triglyceride levels, total
cholesterol/HDL-C ratio and HOMA-IR. This cluster pre-
sented the highest incidence of 16-year coronary heart
disease and the 2" highest incidence of 16-year T2DM.'

DISCUSSION

In the present systematic review, the potential role of
Lp(a) in the pathophysiological paths of NAFLD is discussed
in the context of observational studies. Most of the selected
studies revealed a significant inverse association between
Lp(a) and liver fibrosis implying the use of this lipidemic
molecule combined with conventional hepatic markers
to detect advanced NAFLD stages. In addition to this and
considering the aggravating role of Lp(a) in predicting
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CVD onset, some scientific teams suggested that in case
of advanced hepatic fibrosis this lipid marker should not
be used as an indicator of vascular health.

Lp(a) is an LDL-like particle of a single apolipoprotein
B100 covalently linked by a disulphide bond to a single
apolipoprotein (a) (Apo(a)).”” The concentration of Lp(a)
is genetically determined by the Lp(a) gene. The Apo(a)
molecular mass ranges from 275 kDa to 800kDa in as-
sociation with the allelic variance of the Lp(a) gene to
encode different numbers of kringle type IV type 2 (KIV
2) repeat sequences. Hence, the Apo(a) size determines
the Lp(a) isoform size; >40 Apo(a) isoforms have been
detected which result in 40 Lp(a) molecules of different
size.”® The biggest part of the available literature on Lp(a)
is related with its independent aggravating effect on ath-
erosclerotic CVD. In 2009, a meta-analysis of 36 cohorts
from the Emeringing Risk Factors Collaboration found that
per 3.5-fold higher than usual Lp(a) levels amplified risk
ratio of coronary heart disease by 13%." The latest meta-
analysis on this topic retrieving data from 43 publications,
reporting on 75 studies and 957,253 participants provided
additional evidence that higher Lp(a) levels are associated
with higher risk of all-cause mortality and CVD-death in
the general population and in patients with CVD.2° These
findings support the Guidelines from the European Society
of Cardiology and the European Atherosclerosis Society
which recommend that Lp(a) should be measured at least
once in each adult person’s lifetime.?'

Insulin resistance and other relevant mechanisms
have been found to affect the concentration of Lp(a),
although the results of this association remains contro-
versial. In the meantime, an inverse association between
markers of insulin resistance and this lipid molecule have
been suggested.? This interaction of Lp(a) with insulin
resistance has raised questions about its potential in-
volvement in the path of metabolic syndrome, T2DM and
other relevant cardiometabolic conditions. The evidence
on the role of of Lp(a) on metabolic syndrome is still
questioned. A very recent meta-analysis of observational
studies retrieved data from 18 studies on the association
between Lp(a) and the odds of metabolic syndrome.®
Even if a significant inverse association was observed the
heterogeneity of studies was high due to the different
assays used to assess Lp(a) as well as the various defini-
tions for metabolic syndrome.? In addition to this, when
studies with high risk of bias were excluded from the
analysis the pooled effect of the remaining studies did
not reach the level of significance.?®* In a meta-analysis
of 5 prospective studies the association between 5
prospective studies the T2DM was investigated reveal-
ing a higher risk of T2DM at low Lp(a) concentrations
(approximately <7 mg/dL).**
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Overall, the pathophysiological role of Lp(a) in the de-
velopment of metabolic disease remains unclear. NAFLD —
or the recently renamed metabolic dysfunction-associated
steatotic liver disease (MASLD)?*?¢ — ranks among the
most common metabolic liver diseases with an increas-
ing prevalence worldwide. Considering that no pharma-
ceutical agent has been accepted for this condition and
especially its advanced stages (i.e. NASH) identifying
molecules that can be treatment target remains a very
active field.?” Besides, the relationship between serum
Lp(a) level and NAFLD - especially NASH — is unknown.
The limited existing literature — presented herein - suggest
that low Lp(a) levels could be an indicator of advanced
hepatic fibrosis. Lp(a) subunits are synthesized in the liver
while it has been seen that the expression of Apo(a) in the
liver and serum LDL-C levels are low in advanced NASH.2
Additionally, an interaction between Lp(a) and insulin
resistance on advanced NAFLD stages was observed yet
this actual mechanism is still not clear.”'°® On the other
side, genetically predicted higher circulating Lp(a) levels
were recently associated with increased risk of metabolic
diseases including T2DM as revealed in a phenome-wide
Mendelian randomization study.?® This raises some ques-
tions in the field about which is the cause and which is the
outcome of the cross-sectional associations presented in
this systematic review.

Limitations of existing studies

The selected studies that investigate the association
between Lp(a) and NAFLD stages or liver fibrosis have
several limitations which need to be taken into considera-
tion for better interpretation of the outcomes. Most of the
studies have a cross-sectional design with no potential
to reach causal associations. Additionally, generalization
of the conclusions of the present systematic review can-
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not be performed since most of study samples are Asian
while the selected samples were not representative to the
general population from which the sample was selected.
On the other side, the assays used to assess Lp(a) levels
varied among studies which result in high heterogene-
ity. Lastly, only 3 studies presented herein used the gold
standard method of liver biopsy to define the presence
of NAFLD and specific disease stages.

CONCLUSIONS

Although the causal relationship between Lp(a) levels
and NAFLD development could not be addressed here, this
systematic review summarizes for the first time the avail-
able evidence in the field. Additional studies are required
to clarify the role of Lp(a) in NAFLD and other metabolic
diseases in different reference populations.
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TKOTOG: YKOTIOC TNG TAPOUCAC CUOTNHATIKAG AVAOKOTTNONG TAV VA CUYKEVTPWOEL TIG TTPOCPATEC EMONUIO-
AOYIKEG LENETEG o1 omoieg e€eTAloUV TN oxéon Twv emmeédwyv AimonpwTeivng(a) (cuvtopoypagia ota ayyAiKd:
Lp(a)) HE TNV NTTOTIKE OTEATWON KAl ivwon 1N aAKOOAIKNC attloAoyiac.
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MeBodoloyia: AUo aveédptntol epeuvntéC mpayuatomoinoav BiBAloypagikn avalritnon o Sidgopeg BAoelc
Sedopévv OXeTIKA PE pENETEG Tou Slepeuvolv To poho Tn¢ Lp(a) otnv mabBoguaioloyia TnG un aAKOOAIKIG
Amwdoug SinBnong nmatog (cuvtopoypagia ota ayyAikda: NAFLD).

AnoteAéopata: ZUVOAIKA, OTNV TTAPOUCA AVACKOTINGN CUUTTEPIEANPONCAV V=9 LENETEC. € ONEC TIC MENETEC
n mpoéheuon tou MANBuopoU Tav and tnv Acia (v=4 amo Kiva, v=3 amnoé Kopéa kat v=1 amo lanwvia) pe
e€aipeon pia perétn pe MANBUoUS amd Tnv Italia. ONeC ot HEAETEC HTAV OUYXPOVIKEG. MOVO O V=3 HENETEC N
S1dyvwon tng vooou éyive pe Blovia pmatog. TEcoeplg pehéteg Siepevivnoav Tn oxéon TG Lp(a) pe tnv ivwon
nmatog. Ot mepIooOTEPEC PeNéTEC avéSelav avTioTpo@n cuoxétion HeTall TG Lp(a) kat TG NmaTIknG ivwong
gvioxLovtag tnv uméBeon nepi aflomoinong Tou ouykekplpévou Blodeiktn we EVEeIEng TpoxwpNUEVNG LOPYPNG
¢ vooou. Emmpdéobeta, mpoteivetal n amo@uyn xpnong tng Lp(a) yla tnv ektipnon kapdlayyeslakou Kivéivou
0€ TePIMTWon ooPapng NITATIKAC ivwonc.

Tupnepacpata: Mepaltépw €peuva AmalTEITAl yIa TNV Katavonon Tou pohou tn¢ Lp(a) otnv maBoguaiohoyia

NS NAFLD o€ Siagopetikoug mAnBucpouc.

NEZEIZ KAEIAIA: Atmoripwteivn(a); nrmatikn oTedtwon; NIatikr ivwon
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