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Abstract

Background Numerous observational studies have demonstrated that circulating lipoprotein(a) [Lp(a)]l might be
inversely related to the risk of type 2 diabetes (T2D). However, recent Mendelian randomization (MR) studies do not
consistently support this association. The results of in vitro research suggest that high insulin concentrations can
suppress Lp(a) levels by affecting apolipoprotein(a) [apo(a)] synthesis. This study aimed to identify the relationship
between genetically predicted insulin concentrations and Lp(a) levels, which may partly explain the associations
between low Lp(a) levels and increased risk of T2D.

Methods Independent genetic variants strongly associated with fasting insulin levels were identified from meta-
analyses of genome-wide association studies in European populations (GWASs) (N=151,013). Summary level data for
Lp(a) in the population of European ancestry were acquired from a GWAS in the UK Biobank (N=361,194). The inverse-
variance weighted (IVW) method approach was applied to perform two-sample summary-level MR. Robust methods
for sensitivity analysis were utilized, such as MR-Egger, the weighted median (WME) method, MR pleiotropy residual
sum and outlier (MR-PRESSQ), leave-one-out analysis, and MR Steiger.

Results Genetically predicted fasting insulin levels were negatively associated with Lp(a) levels (3 = — 0.15, SE = 0.05,
P =0.003). The sensitivity analysis revealed that WME (3 = — 0.26, SE = 0.07, P = 0.0002), but not MR-Egger (3 = — 0.22,
SE=0.13,P=0.11), supported a causal relationship between genetically predisposed insulin levels and Lp(a).

Conclusion Our MR study provides robust evidence supporting the association between genetically

predicted increased insulin concentrations and decreased concentrations of Lp(a). These findings suggest that
hyperinsulinaemia, which typically accompanies T2D, can partially explain the inverse relationship between low Lp(a)
concentrations and an increased risk of T2D.
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Background

Lipoprotein(a) [Lp(a)] is classified as a highly atherogenic
lipoprotein that consists of a lipid-rich domain, apolipo-
protein B100, and apolipoprotein(a) [apo(a), not to be
confused with apolipoprotein A] encoded by the LPA
gene on chromosome 6 (q25.3—q26) [1]. The serum Lp(a)
concentration ranges from 70 to 90%, as determined by
LPA gene variants [2]. The variability in Lp(a) concentra-
tions is primarily due to “copy number variations” in the
number of repeats of Kringle-IV 2 (KIV-2) domains and,
to a lesser extent, by single-nucleotide polymorphisms
(SNPs) within and in the proximity of this gene, as well
as loss-of-function mutations [3]. In addition, sex, diet,
physical activity, hormonal balance, and kidney and liver
diseases may influence Lp(a) levels [4, 5]. It is worth not-
ing that in the interpretation of available results, there
is a significant drawback related to the strongly skewed
distribution of Lp(a) concentrations in a population and
differences between patients from different ethnic groups
[6].

The physiological role of Lp(a) in humans has not yet
been fully clarified. However, it has been suggested that
it is responsible for the transport of oxidized phospho-
lipids and affects the processes of carcinogenesis, inflam-
mation, coagulation, and wound healing [7]. The impact
of elevated Lp(a) concentrations on the development of
cardiovascular disease (CVD) has been confirmed by epi-
demiological studies, including genome-wide association
(GWASs) and Mendelian randomization (MR) studies
[8-11].

Several studies have suggested that there is an inverse
association between Lp(a) concentration and the risk
of type 2 diabetes (T2D), whereby people with a low
Lp(a) concentration have a greater risk of T2D [12-14].
However, it is unclear whether this inverse association
between Lp(a) concentration and T2D is causal. MR
analysis is a method that can explore causal associations
between exposures and outcomes arising from observa-
tional epidemiological studies [15]. Nevertheless, evi-
dence from MR studies has not confirmed the causal
relationship between low Lp(a) concentrations and a
greater risk of T2D [16-18]. Indeed, some data indicate
that not the Lp(a) concentration but the high number of
KIV-2 repeats may be associated with an increased risk
of T2D [19, 20]. The difficulty in interpreting the results
of MR studies can be partly explained by differences in
analysis strategies and the heterogeneity of instrumental
variables, as individual SNPs may have different func-
tional significance (only some are loss-of-function muta-
tions) and differ in their relationships with KIV-2 repeats
[21].

Previously published in vitro studies have shown that
insulin can regulate Lp(a) synthesis in the liver [22, 23].
Specifically, increased insulin levels may reduce Lp(a)
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synthesis. This relationship may partially explain the
association of Lp(a) with T2D observed in epidemiologi-
cal studies because increasing tissue insulin resistance,
leading to T2D, is accompanied by hyperinsulinaemia.
Unfortunately, there is insufficient in vivo data to prop-
erly validate these results.

Several MR analyses focusing on the impact of insu-
lin on lipid traits were conducted in the past, however,
the impact of insulin on Lp(a) was not extensively stud-
ied [24, 25]. We have hypothesized that the reason for
the apparent correlation of low Lp(a) with T2D without
clear confirmation from MR studies may be explained
by reverse causation where the increased fasting insulin
affects Lp(a) levels.

This study applied a two-sample MR approach using
summary-level GWAS data to examine this hypothesis to
identify whether genetically predicted insulin levels influ-
ence Lp(a) concentrations in the Caucasian population.

Materials and methods

Study design

In this study, we used a two-sample MR approach utilis-
ing publicly available GWAS summary statistics to inves-
tigate the causal relationship between insulin and Lp(a).
This approach eliminates the need for additional ethical
approval or informed consent [26]. This study adhered to
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines, which are mainly
designed for MR studies (STROBE-MR) (Supplementary
Table 1, Additional file 1) [27].

Exposure data

IVs (instrument variables) for BMI-adjusted fasting
insulin were derived from meta-analysis of aggregated
GWASs for N=151,013 individuals of European ancestry
without diabetes (a subset of the total number of 281,416
individuals included in the full study) [28]. Access to
the GWAS summary statistics was obtained through
the OpenGWAS project developed at the MRC Integra-
tive Epidemiology Unit (IEU) [29]. The GWAS ID corre-
sponding to insulin was “ebi-a-GCST90002238".

Outcome data

Summary-level data for Lp(a), Apolipoprotein B (ApoB)
and LDL-cholesterol (LDL-C) from UK Biobank, which
were inverse-rank normalized by the Neale laboratory
(N=361,194), were obtained through the OpenGwas
project [29]. The GWAS IDs corresponding to Lp(a)
ApoB and LDL-C are “ukb-d-30790_irnt’, “ukb-d-30640_
irnt” and “ukb-d-30780_irnt” respectively. There were no
overlapping populations between the GWASs exposure
and outcome.
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Selection of instrumental variables

To be valid IVs in MR, SNPs must meet three core
assumptions: (1) relevance, (2) independence or
exchangeability and (3) exclusion restriction. Whether a
SNP meets those criteria cannot be confirmed but can
be falsified. Therefore, SNPs were considered appro-
priate IVs if they were associated with insulin levels of
genome-wide significance (p-value <5.00e—08) and not in
linkage disequilibrium (LD) with each other (r*<0.001)
within a clumping distance of 10,000 kb. For each IV,
the variance (R?) was calculated using the following for-
mula: R*=2xbeta’<xEAFx(1-EAF), where EAF is the
effect allele frequency and beta is the association esti-
mate. Additionally, F-statistics were calculated based on
the formula F=(beta/se)?, where ‘beta’ and ‘se’ refer to
the genetic association of SNPs with the exposure and
its standard error, respectively [15]. SNPs with F-statis-
tics<10 were considered weak IVs and excluded from
the analysis [30]. Full lists of all SNPs at different stages
of selection are presented in Supplementary Tables 2-3
(Additional file 2). To prevent potential pleiotropy, asso-
ciations of the selected SNPs with confounding factors
influencing Lp(a) concentration were evaluated using
PhenoScanner V2 [31]. For further analysis, two sets of
IVs were used: all identified SNPs except pleiotropic vari-
ants (conservative analysis) and all identified SNPs with
pleiotropic variants (liberal analysis).

Statistical analyses
The MR approach was used to estimate the association
between the genetically predicted concentration of fast-
ing insulin and Lp(a). In the first step, variant harmoniza-
tion between datasets was conducted to confirm that the
association between SNPs and the exposure and between
SNPs and the outcome reflected the same alleles. If the
selected SNPs were unavailable in the outcome dataset,
they were replaced with proxy SNPs with an LD of r*>0.8
or excluded from further MR analysis. Furthermore, out-
lier pleiotropic variants were excluded via MR-PRESSO
[32]. After that, two-sample MR analyses were performed
with the inverse-variance weighted (IVW) method with
multiplicative random effects as the primary analysis for
evaluating the causal effect estimates in our study [33].

In the next step, sensitivity analyses were performed
using the following methods: MR-Egger, weighted
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median (WME), and MR pleiotropy residual sum and
outlier (MR-PRESSO) [32, 34, 35]. Additionally, the pres-
ence of horizontal pleiotropy was assessed by calculat-
ing the MR-Egger intercept deviation [36]. The Cochran
Q statistic was also calculated to measure heterogeneity
between variant-specific causal estimates [37]. Further-
more, to examine the possibility that reverse causality
exists in these studies, the MR Steiger test was performed
and a bidirectional two-sample MR analysis between
genetically predicted Lp(a) and insulin was performed
using the same approach described earlier [38]. Finally,
leave-one-out analyses were performed to determine the
possible effect of SNPs on the causal estimates. As an
additional sensitivity analysis, we used variants employed
as insulin I'Vs in Buchmann and colleagues’ paper to vali-
date our findings on a different IVs set [39]. Moreover,
due to the complex structure of Lp(a), we conducted
additional MR analyses on the primary components of
Lp(a), such as LDL-C and ApoB, to measure the mediat-
ing effects of insulin on each component separately. In
these analyses, we used only the IVs set from the liberal
analysis. A p-value (P) of <0.05 in this study was consid-
ered to indicate statistical significance for all tests. All
these analyses were conducted with R software (version
4.1.1) [40] using “TwoSampleMR” (version 0.5.6) [41] and
the “MR-PRESSO” package (version 1.0) [32].

Results
According to the criteria set, 38 IVs associated with fast-
ing insulin levels were obtained (Supplementary Table
3, Additional file 2). After searching in PhenoScanner,
22 SNPs were removed from the conservative analysis
because they are related to known or likely confounders
(kidney diseases, lipid parameters, psychosocial and life-
style outcomes) for Lp(a) level (Supplementary Table 4,
Additional file 2, records with exclusion reasons for SNPs
are presented in bold) to remove pleiotropic SNPs that
may affect Lp(a) levels through mechanisms other than
affecting apo(a) expression via insulin [42]. No outliers
were detected by the MR-PRESSO. The genetic variants
used in conservative, liberal, and additional sensitivity
analyses are listed in Supplementary Tables 5-7 (Addi-
tional file 3).

As shown in Table 1; Fig. 1, the primary conservative
analysis revealed higher genetically predicted fasting

Table 1 Effect estimates of associations between fasting insulin (exposure) and Lp(a) (outcome) in conservative analysis

Outcome Method nSNP B SE P Cochran Q MR-Egger Steiger MR-PRESSO
test P intercept (P) test P (Global
P test)
Lp(a) VW 16 -0.15 0.05 0.003 0.53 0.001 (0.54) 5.67e-78 0.60
MR-Egger 16 -0.22 0.13 0.11 0.49
WME 16 -0.26 0.07 0.0002

Lp(a), lipoprotein(a); IVs, instrumental variables; nSNP, number of SNP; 3, MR estimate; SE, standard error; P, p-value; IVW, inverse-variance weighted method; WME,

the weighted median method; MR-PRESSO, MR pleiotropy residual sum and outlier
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Fig. 1 Genetic associations between fasting insulin and Lp(a). Each genetic variant included in the analysis is represented as a point+95% Cl. Location
on the horizontal axis represents the correlation of the variant with exposure (plasma fasting insulin, inverse variance normal-transformed values); loca-
tion on the vertical axis represents the correlation of the variant with the outcome (Lp(a), inverse-rank normalized). Lines represent estimates of different

MR methods

insulin levels to be associated with decreased Lp(a) lev-
els (B = — 0.15, SE=0.05, P=0.003). Moreover, these
findings were supported by the results of the liberal anal-
ysis (Supplementary Tables 8 and Supplementary Fig. 1,
Additional file 3), in which genetically determined fasting
insulin levels also influenced Lp(a) levels (B = —0.13,
SE;vpm = 0.04, Ppyp = 0.0002; By = —0.14, SEyyp e = 0.05,
Py = 0.005). In the sensitivity analysis, the results of
the WME (B = —-0.26, SE=0.07; P=0.0002) method sup-
ported this association. The MR-Egger results were not
significant (B = —0.22, SE=0.13, P=0.11) but yielded a
consistent estimate. This is possibly due to the reduced
power of MR-Egger compared to IVM due to the
additional intercept term. Based on Cochrans Q test
(Prym=0.53, Pyr.pgeer=0-49) and MR-PRESSO analysis
(P=0.60), heterogeneity or outliers were not detected
between the exposure and outcome genetic variants.
Additionally, the MR-Egger intercept test did not show
evidence of horizontal pleiotropy (P = 0.54). The

intercept

leave-one-out analysis indicated no significant change in
the MR results after removing one SNP at a time (Fig. 2).

Furthermore, no evidence of reverse causality was
found between the exposure and outcome, as determined
by the Steiger test (P=5.67e—78, Table 1) and by conduct-
ing bidirectional MR (Table 2; Fig. 3).

Additional analysis, which included IVs from Buch-
mann and colleagues’ paper [39], supported an asso-
ciation between genetically elevated fasting insulin and
decreased Lp(a) by IVM (B = —0.19, SE=0.07, P=0.003)
and WME (p = - 0.17, SE=0.08, P=0.04), but the results
were not statistically significant by MR-Egger ( =—0.33,
SE=0.16, P=0.07) method (Table 3; Fig. 4).

We have also analysed the impact of fasting insulin on
ApoB and LDL-C. Among 38 IV SNPs identified for fast-
ing insulin, MR-PRESSO analysis has identified some
outlier SNPs: 8 for LDL-C and 10 for ApoB. Full lists of
SNPs excluded from the analysis for each parameter are
presented in Supplementary Tables 9-10, Additional
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Fig. 2 Results of leave-one-out analysis. Horizontal axis—inverse-variance weighted-mean estimate with 95% confidence intervals of genetic associa-
tions between insulin and Lp(a). Each dot and confidence interval represents an inverse-variance weighted mean obtained when a variant listed on the

left side is removed from the analysis.

Table 2 Effect estimates of the associations between genetic Vs for Lp(a) (exposure) and fasting insulin (outcome)

Outcome Method nSNP B SE P Cochran Q MR-egger MR-PRESSO
test P intercept (P) (Global P test)
Insulin VW 20 -0.002 0.004 0.56 0.02 0.13
MR-egger 20 0.001 0.004 0.76 0.04 —0.002 (0.17)
WME 20 0.0004 0.003 0.93

IVs, instrumental variables; nSNP, number of SNP; 3, MR estimate; SE, standard error; P, p-value; IVW, inverse-variance weighted method; WME, the weighted median

method; MR-PRESSO, MR pleiotropy residual sum and outlier

file 3. In the analysis of secondary Lp(a) components we
have found that ApoB levels increased with fasting insu-
lin levels (IVW: p=0.24, SE=0.004, P=5.78e-08). The
results of the WME (B=0.27, SE=0.05; P=4.17e-07) and
MR-Egger ($=0.30, SE=0.13; P=2.53e-02) method sup-
ported this association (Supplementary Tables 11 and
Supplementary Figs. 2—-3, Additional file 3). LDL-C was
found to increase due to an increase in genetic fasting
insulin concentrations but only when the estimate was
computed with IVW method (3=0.09, SE=0.04, P=0.03)
(Supplementary Tables 12 and Supplementary Figs. 4-5,

Additional file 3). Notably, all analyses demonstrated
significant heterogeneity in the IVs (Cochran Q test
P<0.05).

Discussion

Our analysis revealed that an increase in the fasting
insulin concentration causes a decrease in the Lp(a)
concentration. It is known that hyperinsulinaemia is usu-
ally associated with the development of T2D. First, the
emerging insulin resistance of peripheral tissues leads
to excessive insulin synthesis, and both factors lead to
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Fig. 3 Genetic associations between Lp(a) levels and fasting insulin.Each genetic variant included in the analysis is represented as a point+95% Cl. Lo-
calization on the horizontal axis represents the correlation of the variant with exposure (Lp(a), inverse-rank normalized). Localization on the vertical axis
represents the correlation of the variant with the outcome (plasma fasting insulin, inverse variance normal transformed values). Lines represent estimates

of different MR methods.

Table 3 Effect estimates of the associations between genetic Vs for insulin (exposure) and Lp(a) (outcome) in the additional

sensitivity analysis

Outcome Method nSNP B SE Cochran Q test P MR-Egger MR-PRESSO
Intercept (P) (Global P Test)
Lp(a) VW 12 -0.19 0.07 0.003 0.23 0.26
MR-Egger 12 -0.33 0.16 0.07 0.22 0.002 (0.38)
WME 12 -0.17 0.08 0.04

Lp(a), lipoprotein(a); IVs, instrumental variables; nSNP, number of SNP; 3, MR estimate; SE, standard error; P, p-value; IVW, inverse-variance weighted method; WME,

the weighted median method; MR-PRESSO, MR pleiotropy residual sum and outlier

prediabetes and then to T2D. In patients with T2D,
insulin levels decrease as pancreatic beta cells become
depleted [43]. Many studies have shown an inverse asso-
ciation between lower Lp(a) and insulin resistance [44,
45].

In vitro studies on the effect of insulin on Lp(a) synthe-
sis have shown that high insulin concentrations reduce
apo(a) synthesis. Such a relationship was indicated in a
study conducted by Neele et al. based on cell culture of
monkey hepatocytes. The study was motivated by the fact

that elevated Lp(a) levels decreased after insulin therapy
in patients with type 1 diabetes (T1D). The experiment
showed that high insulin concentrations inhibit apo(a)
synthesis at the posttranscriptional level, with the peak
of inhibition occurring after 72 h of incubation of cells
with insulin [23]. In another study published by Suzuki
H et al. utilizing the HepG2 cell line, the researchers
detected reduced apo(a) promoter activity due to the
influence of insulin [22]. Importantly, MR tests chronic
rather than short term exposures and this differentiates
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Fig. 4 Genetic associations between fasting insulin levels and Lp(a) in additional sensitivity analysis. Each genetic variant included in the analysis is
represented as a point+95% Cl. Localization on the horizontal axis represents the correlation of the variant with exposure (plasma fasting insulin, inverse
variance normal transformed values). Localization on the vertical axis represents the correlation of the variant with the outcome (Lp(a), inverse-rank nor-

malized). Lines represent estimates of different MR methods.

it from conventional in vitro studies. Unfortunately, there
is a paucity of in vitro studies exploring the relationship
between insulin and Lp(a) and further research in this
area is necessary.

We would like to emphasize that, to the best of our
knowledge, our MR study is the second analysis of this
type published to date aiming to verify whether there are
actual indications of regulation of Lp(a) concentration by
insulin. Previous MR analyses typically concentrated on
the causal impact of Lp(a) on T2D and did not produce
fully consistent results [16—18].

The first previously published MR study was based on
a meta-analysis of cross-sectional data for patients from
three independent cohorts, i.e., Berlin Ageing Study II
(BASE-II; N=2012), LIFE-Adult (N=3281) and LIFE-
Heart (N=2816), and used 2 or 12 IVs. That previous
study comprised a one-sample MR analysis in which the
genetic IVs risk factor associations and genetic IVs out-
come associations were derived from the same sample,

and individual-level data were used to derive MR esti-
mates. In contrast to the results of our investigation, that
study yielded no significant evidence of insulin-depen-
dent regulation of Lp(a) concentration, although some
analyses showed an insignificant tendency for insulin to
reduce Lp(a) levels [39]. In our analysis, we performed
two-sample MR on aggregated data, i.e., MR analyses in
which the genetic IVs-risk factor associations and genetic
IVs-outcome associations were (ideally) obtained from
different (nonoverlapping) samples. Two-sample MR
reduces the severity of “weak instrument bias’, “sample
overlap’, and the appearance of “Winner’s curse” com-
pared to one-sample MR, and the bias direction tends
to approach null. The reliability of our results is pri-
marily due to the type of analysis employed, the signifi-
cantly larger group of subjects used, the larger number
of IVs involved, and the more restrictive cut-off point for
genome-wide significance applied (p-value<5.00e—08).
In addition, to validate our findings on a different IV set,
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we utilized variants used as insulin IVs in Buchmann
and colleagues’ paper and performed MR, and we also
obtained a result that partially supported our findings.

Interestingly, studies on acute exposure to exogenous
insulin differ in their findings when compared to our MR
analysis. An experimental study published by Sidhu et al.
verified the relationship between serum Lp(a) concen-
tration and insulin metabolism in healthy men without
obesity undergoing an intravenous glucose tolerance test.
Their study revealed a significant inverse relationship
between the insulin level and Lp(a) concentration in the
first, but not second phase of the plasma insulin response
[46]. Another study conducted by Sutherland et al. evalu-
ated the effect of changes in Lp(a) concentrations in T2D
patients and healthy controls receiving intravenous insu-
lin infusion. Plasma Lp(a) levels showed a small but sig-
nificant increase in mean concentrations in T2D patients,
but mean Lp(a) concentrations did not change signifi-
cantly in healthy subjects [47]. In addition, two stud-
ies conducted by Riemens et al. are worth mentioning.
In the first study, no Lp(a) concentration changes were
observed when assessing the effects of 3-h hyperinsu-
linaemia induced by hyperglycaemia in healthy subjects
[48]. In the second study, Riemes et al. verified the impact
of 24-h intravenous insulin infusion on the Lp(a) con-
centration in plasma, and no significant changes in Lp(a)
levels [49]. The results described above contrast with our
observations, but it should be noted that MR analyses
take into account long-term minor differences in expo-
sure and not short-term, high-intensity interventions, as
in the case of the results described by the researchers.
The half-life of Lp(a) in human plasma is approximately
3 days [50]. Therefore, even several hours of insulin infu-
sion in those studies may not have been long enough to
detect significant differences in Lp(a) synthesis. This
seems particularly likely considering the previously dis-
cussed results published by Neele et al., in which monkey
hepatocytes showed a peak inhibition of Lp(a) synthe-
sis under the influence of insulin only after 72 h [23]. It
should be noted that, in comparison with the results of
other research, our results are based on the MR, which is
a method that enables estimating causal relationships in
the observational study using genetic variants as instru-
mental variables. Our results are based on a large sample
and the exclusion of diabetes as a confounding variable
because these individuals are a heterogeneous group and
may show different degrees of diabetes development.

As mentioned, MR analysis examines the effects of
long-term changes in exposure over the lifespan rather
than short-term effects. Studies determining the effects
of chronic insulin therapy on Lp(a) levels yielded results
more consistent with those of our MR analysis. In the
first such study, Wolffenbuttel et al. examined the effect
of improving blood glucose control with insulin therapy
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on Lp(a) and other lipoproteins in patients with T2D
with poor disease control. It was concluded that insu-
lin therapy does not alter Lp(a) levels in T2D patients
after 6 months of insulin treatment [51]. Another study
by Kuusi et al. aimed to verify the effect of insulin treat-
ment on Lp(a) levels in T2D patients. Lp(a) concentra-
tion increased in patients with Lp(a) concentrations
less than 300 mg/L but not in patients with Lp(a) con-
centrations greater than 300 mg/L. Interestingly, meta-
bolic control was not related to the described effect [52].
Another study examined the effects of improved glycae-
mic control following 3 months of insulin therapy on
Lp(a) concentration in patients with poorly controlled
T2D. Lp(a) levels did not change, regardless of glycaemic
control [53]. Although not a study of insulin administra-
tion but also an interventional study, a trial on 140 obese
children (mean age 12.5+1.6 years), demonstrated that a
3-week diet has significantly reduced both serum insulin
and serum Lp(a) levels [54]. Once again, we would like
to emphasize that in our analyses, the exposure dataset
excluded patients with diabetes due to potential con-
founding due to disease treatment and progression. Our
model reflects the dependence of Lp(a) on insulin in a
physiological state and not during the progression and
treatment of diabetes, when beta cells may eventually fail,
insulin be of exogenous origin and insulin-sensitivity of
tissues be modified. Additionally, in the case of individu-
als using insulin therapy, there may also be differences
between insulin concentrations compared to the pro-
file resulting from endogenous insulin secretion. These
situations may impact the change in Lp(a) secretion.
Therefore, in our opinion, caution should be taken when
comparing the results of our analysis, which is based on
the effect of insulin on Lp(a) concentration in non-dia-
betic individuals, with the results based on the assess-
ment of insulin therapy in diabetes.

The available results of cross-sectional studies aimed at
establishing the relationship between insulin and Lp(a)
concentrations also show divergent conclusions, but they
are more in line with the results of our analysis. In a study
conducted by Zamora-Gonzdlez et al. in the Mexican
population, the fasting insulin concentration was found
to be directly and independently inversely related to the
Lp(a) level in patients of both sexes [55]. Another impor-
tant study also concerning the Mexican population was
conducted by Posadas-Romero et al., including included
lean and obese subjects with normoglycaemia and nor-
mal blood pressure. Lp(a) concentrations were similar in
women with obesity and high and normal concentrations
of insulin (19.9 mg/dl vs. 18.6 mg/dl), but men with obe-
sity and hyperinsulinaemia had significantly lower Lp(a)
levels than did men with obesity and normo-insulinae-
mia (7.9 mg/dl vs. 29.4 mg/dl). These observations were
not found in the female group [56]. On the other hand,
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in Jichi Medical Cohort Study, which included 1121 men
and 1480 women, Inoue et al. showed a weak, statisti-
cally insignificant inverse correlation between insulin and
Lp(a) in both men and women [57]. Another study by
Habib et al. assessed the relationship between basal insu-
lin concentration and Lp(a) concentration in a group of
patients with and without T2D. The analysed groups were
additionally divided into two subgroups based on normal
(<10 pU/mL) or elevated fasting insulin concentrations
(210 pU/mL). The Lp(a) concentration was significantly
lower in individuals with T2D with increased fasting
insulin concentrations than in individuals with normal
fasting insulin concentrations. Regression analysis con-
firmed that the Lp(a) concentration correlated inversely
with the insulin concentration in individuals with T2D
(P<0.05) [58]. Another interesting study on Lp(a) and
insulin concentrations in different types of diabetes was
conducted by Heller et al. The study group consisted of
patients with T1D and patients with T2D treated with
diet, diet in combination with oral hypoglycaemic drugs,
or requiring insulin therapy. The results of the analyses
indicated that the concentration of Lp(a) in serum was
not significantly related to the duration of diabetes in
the individual or to the degree of glycaemic control. T2D
patients receiving insulin therapy were observed to have
increased serum Lp(a) concentrations [59]. A study con-
ducted by Vaverkova et al. has found that in dyslipidemic
patients there is a negative correlation between serum
Lp(a) and insulin [60]. Finally, in a study of 7633 Chi-
nese men, patients with insulin resistance were found to
exhibit both higher insulin levels and lower Lp(a) levels
[44]. On the other hand, the positive correlation between
fasting insulin and Lp(a) was noted in a sample of 131
normal-weight Mexican children with an average age of
7.710.8 years. It was reported that children with hyper-
insulinemia had significantly increased Lp(a) levels [61].
It may be possible that factors affecting Lp(a) and insu-
lin relationship are different in pre-pubertal children. In
summary, several observational studies may suggest that
endogenous fasting insulin is indeed negatively associ-
ated with Lp(a).

Overall, the results of studies published thus far indi-
cate that endogenous insulin has a slight tendency to
reduce Lp(a) concentrations. In contrast, acute adminis-
tration of exogenous insulin may have the opposite effect
or have no significant impact on Lp(a) concentration. In
this respect, the previously discussed in vitro study by
Neele et al. may be difficult to classify as either acute or
chronic exposure, but in that case, the exposure of liver
cells to insulin was also more long-lasting and constant
than in the case of bolus insulin therapy or an infusion
of this hormone lasting a mere few hours and the study
explored apo(a) expression rather than simple Lp(a)
levels. As already mentioned, our MR study examined
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long-term changes in exposure to endogenous insu-
lin. Hence, the results of the observational studies seem
consistent with MR results, suggesting a negative albeit
weak effect of insulin concentration on plasma Lp(a)
concentrations.

Lp(a) levels appear to be related to sex and sex hor-
mones. The literature is not fully consistent in terms of
the correlation between gender and Lp(a) levels. An
increased serum Lp(a) levels were found in diabetic
females compared to males and non-diabetic female,
regardless of menopausal status [62], in white women
but not in black women [63], while in a different study
no significant differences between males and females in
regards to Lp(a) category were detected [64]. Hormone
replacement therapy was found to lower Lp(a) concen-
tration in post-menopausal women [65, 66]. Interest-
ingly, a decrease in Lp(a) concentrations was also found
in healthy males after testosterone administration [67,
68] but not in post-menopausal women [69]. On the
other hand, no correlation between Lp(a) and sex hor-
mone concentrations was found in a study of Finnish and
American men [70], while in the study of Italian males,
only a negative correlation between Lp(a) and DHEA-S
was found [71]. In one study, Lp(a) was reported to be
positively correlated with estradiol concentrations but
only in women with self-reported heart disease [72].

In our study, we have also analysed the impact of fast-
ing insulin levels on components of Lp(a) different than
apo(a), namely ApoB and LDL-cholesterol, which was
chosen because Lp(a) lipid core mostly resembles that of
LDL particles. Lipoprotein(a) assembly mechanism does
not appear to be clearly elucidated, but some have sug-
gested ApoB to be a limiting factor based on studies in
subjects with abetalipoproteinemia [73, 74]. However,
we have found ApoB levels to increase with insulin lev-
els which is the exact opposite of the expected effect if
fasting insulin decreased Lp(a) through reducing ApoB
availability. Interestingly, other MR analyses have found
ApoB to be either unaffected by fasting insulin levels or
to be increased by BMI-adjusted insulin levels, like ones
used in our study [24, 25]. This finding contrasts with the
results of in vitro and in vivo studies [75-78][ It may be
possible that in our study the increase in ApoB due to
elevated fasting insulin reflects metabolic dysfunction
and insulin resistance rather than simple direct action
of insulin. The results regarding the influence of fasting
insulin on LDL-C were not fully consistent. Some have
found that fasting insulin only affects some LDL fractions
in terms of their composition [24], which may explain
this phenomenon.

Our analysis concluded that increased serum insu-
lin concentration may contribute to a decrease in Lp(a)
concentration. Nevertheless, it is important to acknowl-
edge some limitations of this study. This study relied on
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publicly accessible summary-level data, and the avail-
able data precluded us from performing additional sub-
group analyses to explore the influence of nongenetic
factors affecting Lp(a) levels, such as sex, hormones, or
diet. Moreover, the exposure data excluded patients with
diabetes, which raises the possibility of selection bias and
collider bias [79], although insulin levels in patients with
diabetes can also be affected by treatment and disease
progression [80]. Additionally, the study was limited to
individuals of European descent and did not distinguish
between males and females, raising questions about the
generalizability of our findings to populations of differ-
ent ethnicities and genders. Finally, insulin and glycemia-
related traits are highly complex and interconnected.
Further analyses are required to determine if there exist
indirect effects of insulin on Lp(a) levels due to other
mechanisms related to insulin resistance rather than
direct action of insulin.

There are two clinical implications of this study. First,
it is clear that the relationship between Lp(a) and diabe-
tes is not trivial and that Lp(a) is likely not a risk factor
for the development of diabetes independent of preexist-
ing hyperinsulinaemia and insulin resistance. Second, the
observational relationship between low Lp(a) and dia-
betes risk may not translate to adverse effects of thera-
pies that reduce Lp(a) levels due to causal relationships.
Although therapies aimed at reducing insulin resistance,
insulinaemia and glycaemia may increase Lp(a), it is
almost certain that their cardiometabolic benefits out-
weigh the increased cardiovascular risk caused by an
increase in Lp(a) as demonstrated by the fact that good
glycemic control improves patient survival [81].

Conclusion

The results of our MR study support evidence that ele-
vated insulin concentrations may be causally related
to decreased serum Lp(a) levels. Our findings suggest
that hyperinsulinaemia, which typically accompanies
T2D [82], can partially explain the inverse relationship
between low Lp(a) concentrations and an increased risk
of T2D. Further studies are needed to validate and estab-
lish the exact mechanism behind this relationship.
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