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Abstract 

Background An increasing body of evidence suggests that serum albumin levels play a role in cardiovascular 
diseases. However, the specific causal relationship between serum albumin levels and cardiovascular disease remains 
partially unknown.

Methods Mendelian randomization (MR) was employed in this study to examine potential causal relationships 
between instrumental variables and cardiovascular diseases. Specifically, we utilized genetic variants of serum albu-
min levels within the reference range as our instrumental variables. To acquire data on genetic associations with car-
diovascular diseases, we sourced information from renowned genome-wide association studies such as UK BioBank, 
EMBL-EBI, and FinnGen. Notably, our study leveraged summary statistics from large cohorts that have been previously 
described.

Results We explored the association between serum albumin levels and various conditions, including heart failure 
(HF), venous thromboembolism (VTE), stroke, atrial fibrillation (AF), coronary artery disease (CAD), type 2 diabetes 
(T2DM), and pulmonary heart disease (PHD). Genetically predicted serum albumin levels were associated with PHD 
(odds ratio = 0.737, 95% CI = 0.622 − 0.874, P < 0.001), AF (odds ratio = 0.922, 95% CI = 0.870 − 0.977, P = 0.006), VTE (odds 
ratio = 0.993, 95% CI = 0.991 − 0.995, P < 0.001), and Stroke (odds ratio = 0.997, 95% CI = 0.995 − 0.999, P = 0.002). How-
ever, genetically predicted serum albumin level traits were not associated with HF, CAD and T2DM.

Conclusion Our study demonstrates a significant association between serum albumin levels and cardiovascular dis-
ease, underscoring the crucial role of low serum albumin as a predictive factor in patients with cardiovascular disease.
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Introduction
Cardiovascular diseases (CVDs) have been a signifi-
cant cause of mortality globally, resulting in 17.8 million 
deaths worldwide in 2017. The etiology of CVD cannot 
be explained by any single cause and results from a com-
bination of multiple outcomes [1]. However, low serum 
albumin remains an overlooked predictor in patients 
with CVD [2].

Observational findings have highlighted the involve-
ment of serum albumin level in the occurrence and 
development of CVDs [3]. A recent prospective study 
published in 2020, which monitored over 100,000 
individuals for 8.5  years, presented consistent and 
confirmatory findings. It revealed that a low serum 
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albumin level independently predicted the occurrence 
of ischemic heart disease, myocardial infarction, and 
ischemic stroke [4]. Additionally, the Japanese JAS-
PER registry, released in 2018, tracked 535 hospitalized 
patients with acute diastolic heart failure for 731  days 
and confirmed that hypoalbuminemia upon admission 
was a robust and independent predictor of death and 
admission due to worsening heart failure [5]. Albumin 
is the main protein in the blood, accounting for 50% 
of the plasma protein content, and plays a vital role in 
binding and transporting various drugs and substances 
in the plasma. Furthermore, it serves a vital function 
in regulating the oncotic (colloid-osmotic) pressure of 
blood, thereby influencing the physiological processes 
of the circulatory system [3, 6–8]. Low serum albu-
min levels can be caused by liver impairment resulting 
from acute phase inflammatory processes, increased 
excretion through the kidney, malnutrition, increased 
catabolism, enteral loss, severe volume overload, or 
escape into the interstitial space [9]. Decreased levels 
of serum albumin, known as hypoalbuminemia, have 
been observed in patients with severe forms of myo-
cardial infarction (MI) or injury, heart failure (HF), 
stroke, hip fracture, malignancy, and renal disease [8, 
10, 11]. Hypoalbuminemia has been associated with 
increased morbidity and mortality in hospitalized 
patients, regardless of the presence of comorbidities 
[11]. Further investigation is warranted to explore the 
association between serum albumin levels and CVDs. 
However, it is crucial to acknowledge that the existing 
evidence from observational studies may be influenced 
by confounding or reverse causation bias. Moreover, 
the causal relationship between serum albumin levels 
and CVDs remains incompletely understood.

Mendelian randomization (MR) employs genetic vari-
ants as proxies for the exposure of interest, simulating 
a randomized controlled trial (RCT) in which genetic 
alleles are randomly assigned during conception [12]. MR 
analysis relies on Mendel’s second law and the random 
distribution of genetic variants at conception, making 
them unlikely to be associated with potential confound-
ers. Therefore, MR can offer evidence of causality that 
is less susceptible to confounding or reverse causation 
when specific assumptions are met. These genetic vari-
ants exhibit a robust association with the exposure of 
interest but lack associations with confounders influ-
encing the exposure-outcome relationship, and do not 
influence the outcome through pathways other than the 
exposure of interest [13]. Serum albumin, known for its 
affordability and convenience in clinical testing, holds 
promise in improving the prognosis of cardiovascular 
diseases by elucidating its potential causal relationship. 
This insight not only enhances the foundation for clinical 

decision-making but also offers a guiding framework for 
further cardiovascular disease research.

Highly powered, genome-wide association studies 
(GWAS) have successfully identified numerous single-
nucleotide polymorphisms (SNPs) that are correlated 
with serum albumin levels and CVDs. This wealth of data 
enables the investigation of genetic links and potential 
causal relationships between serum albumin levels and 
CVDs using the MR approach.

Recent MR studies have examined the causal effects 
of serum albumin concentrations on atrial fibrillation 
(AF), venous thromboembolism (VTE) and heart failure 
(HF) [14–16]. Nevertheless, it remains partly unknown 
whether hypoalbuminemia is a causal connection of 
other CVDs, such as stroke, coronary artery disease 
(CAD), Type 2 diabetes (T2DM) and pulmonary heart 
disease (PHD). Therefore, we performed a two-sample 
MR analysis to examine whether serum albumin levels 
have causal associations with CVDs.

Methods
Study design
The MR approach employed in this study relies on three 
key assumptions (Fig.  1). Firstly, the selected genetic 
variants serving as instrumental variables (IVs) should 
exhibit associations with serum albumin concentration. 
Secondly, these genetic variants should not be linked 
to any confounding factors. Lastly, the genetic variants 
should solely influence cardiovascular-related traits and 
events through serum albumin level, excluding alterna-
tive pathways [13]. The second and third assumptions 
are commonly referred to as the independence from plei-
otropy. For our present MR analysis, we implemented a 
study design encompassing 7 disease outcomes, which 
include HF, VTE, stroke, AF, CAD, T2DM and PHD. All 
studies had been approved by a relevant ethics review 
board and participants provided informed consent.

Selection and validation of IVs
We selected the lead SNPs (P < 5 ×  10−8) for all genetic 
loci that have been shown to independently associ-
ate with the serum albumin level as IVs from the larg-
est GWAS among individuals of European ancestry to 
date. Summary-level data of the serum albumin levels 
were obtained from the UK BioBank cohort with a sam-
ple size of 315,268 and a European population (https:// 
www. ukbio bank. ac. uk/) [17]. The p values of the IVs are 
reported in Supplementary Table S1.

To ensure compliance with assumptions 1 and 2, our 
study performed several analyses. Firstly, we investigated 
the genetic association between the selected SNPs and 
each serum albumin level trait. Additionally, SNPs with 
 R2 > 0.01 and within 10,000  kb distance were identified 
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as in linkage disequilibrium and were excluded from the 
study. For serum albumin levels, 203 SNPs were extracted 
and used as IVs. The number of used SNPs and details 
of SNPs included are shown in Supplementary Table S1. 
By following this selection process, we maintained the 
integrity of assumption 2. It is worth noting that all SNPs 
associated with the same serum albumin level trait exhib-
ited a significant association, as indicated by an F-statis-
tic greater than 10. This high strength of the instrument 
confirms that assumption 1 was met.

Cardiovascular diseases and data sources
For disease outcomes, summary-level data were extracted 
from the EMBL’s European Bioinformatics Institute 
(https:// www. ebi. ac. uk/) for AF (n = 1,030,836), T2DM 
(n = 655,666), CAD (n = 141,217), the FinnGen consor-
tium (https:// www. finng en. fi/ en) for PHD (n = 95,023) 

and the UK BioBank cohort (https:// www. ukbio bank. 
ac. uk/) for HF (n = 361,194), Stroke (n = 361,194), VTE 
(n = 361,194) [17–20]. Details on GWASs from which 
we extracted summary-level data are presented in 
Table 1. The summary of genetic associations datasets are 
reported in the Supplement (Table S2 − Table S8).

Statistical analysis
The main method used to assess the causal associations 
between serum albumin level and CVD was the inverse-
variance weighted (IVW) method. This approach was 
supported by multiple sensitivity analyses, including 
MR-Egger and weighted median methods. MR-PRESSO 
(Mendelian Randomization Pleiotropy RESidual Sum 
and Outlier) method was used for detecting and correct-
ing for the potential outliers [21]. The weighted median 
method has the advantage of providing consistent causal 

Fig. 1 Principles of MR analysis for serum albumin level traits and risk of cardiovascular diseases outcomes and assumptions that need to be met 
to obtain unbiased estimates of causal effects. Broken lines represent potential pleiotropic or direct causal effects between variables that would 
violate MR assumptions. Three assumptions of MR: (1) genetic variants must be associated with serum albumin levels; (2) genetic variants must 
not be associated with confounders; (3) genetic variants must influence the risk of cardiovascular traits and disease outcomes only through serum 
albumin levels and not through any alternative pathways. MR: Mendelian randomization

Table 1 Description of cardiovascular diseases

Outcomes Consortium or study Sample size Population Year ID

HF UK BioBank 361,194 Europeans 2018 ukb-d-HEARTFAIL

VTE UK BioBank 361,194 Europeans 2018 ukb-d-I9_VTE

Stroke UK BioBank 361,194 Europeans 2018 ukb-d-C_STROKE

AF EMBL-EBI 1,030,836 Europeans 2018 ebi-a-GCST006414

CAD EMBL-EBI 141,217 Europeans 2015 ebi-a-GCST003116

T2DM EMBL-EBI 655,666 Europeans 2018 ebi-a-GCST006867

PHD FinnGen 95,023 Europeans 2021 finn-b-I9_PULMHEART 

https://www.ebi.ac.uk/
https://www.finngen.fi/en
https://www.ukbiobank.ac.uk/
https://www.ukbiobank.ac.uk/
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estimates, even when a substantial portion of the weight 
in the MR analysis is derived from invalid instrumental 
variables [22]. The MR-Egger regression method plots 
the effect of IV on the exposure against its effect on the 
outcome, and a non-zero intercept indicates the presence 
of pleiotropic effects. Additionally, the slope of the MR-
Egger regression provides pleiotropy-corrected causal 
estimates [23]. To assess the stability of these genetic 
variants, we employed a leave-one-out analysis, system-
atically excluding one individual SNP at a time.

Two-sample MR analyses and MR-PRESSO method 
were conducted using “TwoSampleMR,” and “MR-
PRESSO,” R packages for such analyses. It was performed 
using R version 4.2.3 (RStudio, PBC, USA). We used the 
threshold of statistical significance of P ≤ 0.007 (0.05/7) 
after Bonferroni correction. P ≤ 0.05 but above the Bon-
ferroni corrected significance threshold was considered 
suggestive of evidence for a potential association.

Results
The association between genetically predicted serum 
albumin level and CVDs is displayed in Fig. 2 and Sup-
plementary Table S8. MR-PRESSO detected some outli-
ers in the analyses and we eliminated these outliers and 
used the IVW method. Per SD increase in serum albu-
min levels was suggestively associated with a 26.3% 
lower risk of PHD (OR = 0.737, 95% CI [0.622 − 0.874], 
P < 0.001), 0.78% lower risk of AF (OR = 0.922, 95% 
CI [0.870 − 0.977], P = 0.006), and can translate into 
lower risk of VTE (OR = 0.993, 95% CI [0.991 − 0.995], 
P < 0.001), and Stroke (OR = 0.997, 95% CI [0995 − 0.999], 
P = 0.002), but not with HF (OR = 1.001, 95% CI 
[1.000 − 1.002], P = 0.293), CAD (OR = 1.001, 95% CI 
[0.917 − 1.093], P = 0.976), and T2DM (OR = 1.045, 95% 
CI [0.940 − 1.161], P = 0.416). No horizontal pleiotropy 
was identified with MR-egger method. Scatter plots for 
the associations including the exposure with HF, VTE, 
stroke, AF, CAD, T2DM, and PHD are shown in Supple-
mentary Figures S1–7. In leave-one-out analyses, shown 
in Supplementary Figures S8–14, we found that no single 
genetic variants had a significant impact on the results 
for CVDs.

Discussion
In this study, we employed MR for the first time to exten-
sively investigate the potential causal effects between 
serum albumin levels and CVD risk. Our findings dem-
onstrate that individuals with a genetic predisposition 
towards low serum albumin levels face an elevated risk 
of stroke, PHD, AF, and VTE. Furthermore, no MR evi-
dence suggests the presence of a potential causal rela-
tionship between genetic susceptibility to HF, CAD, and 
T2DM risk.

To the best of our knowledge, this study represents the 
first application of MR study to investigate the causal 
relationship between serum albumin levels and stroke, 
PHD, CAD, and T2DM. Previous research has estab-
lished a significant association between serum albumin 
levels and CVDs [2]. The potential role of serum albu-
min levels in CVD primarily stems from its anti-inflam-
matory, antioxidant, and antithrombotic activities [3, 
7, 24–26]. While the anti-inflammatory properties of 
serum albumin are not yet fully understood in the clini-
cal context, its antioxidant effects in CVD have been well 
established [3]. Hypoalbuminemia can also play a part in 
other pathophysiological mechanisms, including the pro-
motion of pulmonary edema and fluid retention. These 
outcomes are particularly detrimental to patients with 
established or high risk of HF and may additionally con-
tribute to the deterioration of ischemic heart disease by 
promoting myocardial edema, thus exacerbating myocar-
dial dysfunction [3].

Previous observational studies provided evidence about 
the associations of low serum albumin concentration 
and the risk factors of stroke [27, 28]. Our study, for the 
first time, by using MR method, demonstrated that the 
higher levels of serum albumin show a causal protective 
effect on the risk of stroke. Importantly, our results are 
less prone to biases stemming from confounding factors 
and reverse causation. This holds particular significance 
in the context of disease conditions, where considerable 
alterations occur in circulating metabolites within the 
human microenvironment. As such, our data provide 
further evidence supporting a causal association between 
serum albumin and the susceptibility to stroke. Similarly, 
we also analyzed associations between serum albumin 
level and PHD. Previous research has demonstrated that 
the serum albumin concentration serves as an independ-
ent prognostic indicator for patients with pulmonary 
hypertension [29]. Prior to our study, no research has 
explored the causal relationship between serum albumin 
levels and PHD. Our study is the first to demonstrate the 
protective effect of serum albumin in patients with PHD 
from a causal perspective. In light of our findings, it may 
be imperative to evaluate serum albumin level in patients 
with PHD.

In a recent retrospective case–control study, the rela-
tionship between serum albumin levels and AF was 
investigated. The study included 950 patients with AF 
and 963 age- and sex-matched non-AF patients who were 
in sinus rhythm [30]. The results showed that albumin 
levels were significantly lower in both men and women 
with AF (P < 0.05), particularly in cases of paroxysmal AF. 
Subsequent adjustment for confounding factors revealed 
an independent, negative association between albumin 
levels and AF in men (OR = 0.89, P < 0.05). However, a 
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previous MR analysis did not support the causal role 
of serum albumin in the etiology of AF [14]. In our MR 
study, more SNPs were included in the analysis by using 
the latest large GWAS datasets, improving the reli-
ability of the results and demonstrating that elevated 
serum albumin levels have a causal protective effect on 
the development of AF. Moreover, several observational 
cohort studies have shown that individuals with lower 
serum albumin levels are at an increased risk of VTE [31, 
32]. A Mendelian randomization study has demonstrated 
a causal protective effect on the risk of VTE, indicating 

that higher levels of serum albumin and total protein 
are associated with lower risk [16]. Our study reaffirms 
the presence of these effects in a significantly larger 
population.

Although the potential association between serum 
albumin and the risk of HF remains uncertain, further 
investigation is warranted to elucidate its nature and 
magnitude. A study involving 5795 elderly individuals, 
tracked over a period of 9.6 years, confirms that the inci-
dence of new onset heart failure was significantly associ-
ated with low serum albumin concentration, independent 

Fig. 2 Mendelian randomization estimates of serum albumin concentration on the risk for CVD. OR, Odds ratio; CI, Confidence interval; IVW, 
inverse-variance weighted; PHD, pulmonary heart disease; AF, atrial fibrillation; VTE, Venous Thromboembolism; HF, heart failure; CAD, coronary 
artery disease; T2DM, type 2 diabetes
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of risk factors, body mass index, and inflammation [33]. 
Nevertheless, neither our study nor previous MR stud-
ies found any evidence of a causal relationship between 
serum albumin levels and HF [15]. This indicates that 
the inverse associations observed in both the current 
and previous observational studies may be influenced 
by biases, such as unmeasured confounding or reverse 
causation. Previous clinical studies have established that 
low serum albumin is an independent risk factor for 
coronary artery disease. In the “Framingham Offspring” 
study involving 4,506 individuals followed for 22  years, 
low serum albumin was an independent predictor of 
first myocardial infarction after adjustment for the usual 
risk factors [34]. Similarly, in a separate study involving 
7,647 individuals, low serum albumin displayed a robust 
and independent association with the occurrence of a 
first episode of myocardial infarction, irrespective of 
traditional risk factors [35]. Our results are inconsistent 
with most previous studies in terms of the association 
between serum albumin level and CAD risk. This may 
be because the onset of CAD is triggered by genetic and 
environmental factors, and we evaluated the association 
between serum albumin level and CAD from a genetic 
perspective. In addition, the MR study considered life-
time effects rather than short-term effects, which might 
explain the differences between our findings and previ-
ous literature. CVDs are the leading cause of death in 
patients with T2DM. A cohort study encompassing 1785 
participants revealed a nearly linear, positive, and inde-
pendent correlation between serum albumin levels and 
T2DM. However, it is noteworthy that this association 
did not yield improvements in event discrimination [36]. 
In our study, no evidence of a causal relationship between 
serum albumin levels and T2DM was found.

This study has several limitations that should be con-
sidered. Firstly, MR relies on stringent core assumptions. 
While we carefully selected SNPs at the genome-wide sig-
nificance level, and F-statistics indicated a robust genetic 
association with serum albumin levels, it is important to 
acknowledge that our findings could potentially be influ-
enced by weak instrument bias. Secondly, due to resource 
constraints, we were unable to perform population strati-
fication analysis. Consequently, it is important to note 
that our conclusions might be compromised if there are 
significant differences in allele frequency between diverse 
populations. Thirdly, it is worth noting that the results 
of this study are based solely on individuals of European 
ancestry. To provide a more comprehensive understand-
ing, future studies should investigate mixed populations 
or other ethnicities to expand upon our conclusions. 
Fourthly, the OR values for VTE and Stroke are rela-
tively low in terms of reducing the percentage risk and 
should be carefully interpreted. By acknowledging and 

addressing these limitations, we aim to ensure a clear and 
accurate representation of our study’s findings. Our study 
on MR is observational, and further research is neces-
sary to validate the potential causal relationship we have 
uncovered.

Conclusions
In summary, our MR study has showcased the causal 
influence of genetically proxied lower levels of serum 
albumin on the risk of developing stroke, PHD, AF, and 
VTE. These findings suggest that targeting these factors 
could serve as a promising strategy for the prevention of 
CVD.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12872- 024- 03873-4.

Supplementary Material 1. 

Acknowledgements
We thank the UK Biobank, EMBL-EBI and FinnGen participants, the UK Biobank, 
EMBL-EBI and FinnGen for making the data available.

Authors’ contributions
T.H. designed the research. T.H., Z.A., Z.H. and W.G. acquired and analyzed data. 
T.H. and Z.H. drafted the manuscript. T.H., Z.A., Z.H., W.G., B.H. and J.X. inter-
preted data and made critical revisions of the manuscript. All authors have 
read and agreed to the published version of the manuscript.

Funding
This research received no external funding.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 12 December 2023   Accepted: 1 April 2024

References
 1. Powell KL, Stephens SR, Stephens AS. Cardiovascular risk factor mediation 

of the effects of education and Genetic Risk Score on cardiovascular dis-
ease: a prospective observational cohort study of the Framingham Heart 
Study. BMJ Open. 2021;11(1):e045210.

 2. Manolis AA, Manolis TA, Melita H, Mikhailidis DP, Manolis AS. Low serum 
albumin: A neglected predictor in patients with cardiovascular disease. 
Eur J Intern Med. 2022;102:24–39.

https://doi.org/10.1186/s12872-024-03873-4
https://doi.org/10.1186/s12872-024-03873-4


Page 7 of 7Huang et al. BMC Cardiovascular Disorders          (2024) 24:196  

 3. Arques S. Human serum albumin in cardiovascular diseases. Eur J Intern 
Med. 2018;52:8–12.

 4. Ronit A, Kirkegaard-Klitbo DM, Dohlmann TL, Lundgren J, Sabin CA, Phil-
lips AN, Nordestgaard BG, Afzal S. Plasma Albumin and Incident Cardio-
vascular Disease: Results From the CGPS and an Updated Meta-Analysis. 
Arterioscler Thromb Vasc Biol. 2020;40(2):473–82.

 5. Nagai T, Yoshikawa T, Saito Y, Takeishi Y, Yamamoto K, Ogawa H, Anzai T, 
Investigators J. Clinical Characteristics, Management, and Outcomes of 
Japanese Patients Hospitalized for Heart Failure With Preserved Ejection 
Fraction - A Report From the Japanese Heart Failure Syndrome With 
Preserved Ejection Fraction (JASPER) Registry. Circ J. 2018;82(6):1534–45.

 6. Lawn RM, Adelman J, Bock SC, Franke AE, Houck CM, Najarian RC, See-
burg PH, Wion KL. The sequence of human serum albumin cDNA and its 
expression in E. coli. Nucleic Acids Res. 1981;9(22):6103–14.

 7. Arques S. Serum albumin and cardiovascular disease: State-of-the-art 
review. Ann Cardiol Angeiol (Paris). 2020;69(4):192–200.

 8. Rabbani G, Ahn SN. Structure, enzymatic activities, glycation and 
therapeutic potential of human serum albumin: A natural cargo. Int J Biol 
Macromol. 2019;123:979–90.

 9. Levitt DG, Levitt MD. Human serum albumin homeostasis: a new look at 
the roles of synthesis, catabolism, renal and gastrointestinal excretion, 
and the clinical value of serum albumin measurements. Int J Gen Med. 
2016;9:229–55.

 10. Chien SC, Chen CY, Lin CF, Yeh HI. Critical appraisal of the role of serum 
albumin in cardiovascular disease. Biomark Res. 2017;5:31.

 11. Akirov A, Masri-Iraqi H, Atamna A, Shimon I. Low Albumin Levels Are 
Associated with Mortality Risk in Hospitalized Patients. Am J Med. 
2017;130(12):1465 e1411-1465 e1419.

 12. Lawlor DA, Harbord RM, Sterne JA, Timpson N, Davey Smith G. Mendelian 
randomization: using genes as instruments for making causal inferences 
in epidemiology. Stat Med. 2008;27(8):1133–63.

 13. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with 
invalid instruments: effect estimation and bias detection through Egger 
regression. Int J Epidemiol. 2015;44(2):512–25.

 14. Liao LZ, Zhang SZ, Li WD, Liu Y, Li JP, Zhuang XD, Liao XX. Serum albumin 
and atrial fibrillation: insights from epidemiological and mendelian rand-
omization studies. Eur J Epidemiol. 2020;35(2):113–22.

 15. Zhuang XD, Zhang SZ, Liao LZ, Lin X, Zhou HM, Zhong XB, Sun XT, Du 
ZM, Zhang MF, Liao XX. Serum Albumin and Incident Heart Failure: 
Insights From Epidemiological and Mendelian Randomization Studies. 
Circ Genom Precis Med. 2020;13(6):e002989.

 16. Liu Z, Mi J. Serum Albumin and Circulating Metabolites and Risk of 
Venous Thromboembolism: A Two-Sample Mendelian Randomization 
Study. Front Nutr. 2021;8:712600.

 17. Bycroft C, Freeman C, Petkova D, Band G, Elliott LT, Sharp K, Motyer A, 
Vukcevic D, Delaneau O, O’Connell J, et al. The UK Biobank resource with 
deep phenotyping and genomic data. Nature. 2018;562(7726):203–9.

 18. Nielsen JB, Thorolfsdottir RB, Fritsche LG, Zhou W, Skov MW, Graham SE, 
Herron TJ, McCarthy S, Schmidt EM, Sveinbjornsson G, et al. Biobank-
driven genomic discovery yields new insight into atrial fibrillation biol-
ogy. Nat Genet. 2018;50(9):1234–9.

 19. Nikpay M, Goel A, Won HH, Hall LM, Willenborg C, Kanoni S, Saleheen 
D, Kyriakou T, Nelson CP, Hopewell JC, et al. A comprehensive 1,000 
Genomes-based genome-wide association meta-analysis of coronary 
artery disease. Nat Genet. 2015;47(10):1121–30.

 20. Xue A, Wu Y, Zhu Z, Zhang F, Kemper KE, Zheng Z, Yengo L, Lloyd-Jones 
LR, Sidorenko J, Wu Y, et al. Genome-wide association analyses identify 
143 risk variants and putative regulatory mechanisms for type 2 diabetes. 
Nat Commun. 2018;9(1):2941.

 21. Verbanck M, Chen CY, Neale B, Do R. Detection of widespread horizontal 
pleiotropy in causal relationships inferred from Mendelian randomization 
between complex traits and diseases. Nat Genet. 2018;50(5):693–8.

 22. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent Estimation 
in Mendelian Randomization with Some Invalid Instruments Using a 
Weighted Median Estimator. Genet Epidemiol. 2016;40(4):304–14.

 23. Ellervik C, Roselli C, Christophersen IE, Alonso A, Pietzner M, Sitlani CM, 
Trompet S, Arking DE, Geelhoed B, Guo X, et al. Assessment of the 
Relationship Between Genetic Determinants of Thyroid Function and 
Atrial Fibrillation: A Mendelian Randomization Study. JAMA Cardiol. 
2019;4(2):144–52.

 24. Paar M, Rossmann C, Nusshold C, Wagner T, Schlagenhauf A, Leschnik 
B, Oettl K, Koestenberger M, Cvirn G, Hallstrom S. Anticoagulant action 
of low, physiologic, and high albumin levels in whole blood. PLoS ONE. 
2017;12(8):e0182997.

 25. Roche M, Rondeau P, Singh NR, Tarnus E, Bourdon E. The antioxidant 
properties of serum albumin. FEBS Lett. 2008;582(13):1783–7.

 26. Arques S, Ambrosi P. Human serum albumin in the clinical syndrome of 
heart failure. J Card Fail. 2011;17(6):451–8.

 27. Zhou H, Wang A, Meng X, Lin J, Jiang Y, Jing J, Zuo Y, Wang Y, Zhao X, Li H, 
Wang Y. Low serum albumin levels predict poor outcome in patients with 
acute ischaemic stroke or transient ischaemic attack. Stroke Vasc Neurol. 
2021;6(3):458–66.

 28. Umeki Y, Adachi H, Enomoto M, Fukami A, Nakamura S, Nohara Y, Nakao E, 
Sakaue A, Tsuru T, Morikawa N, Fukumoto Y. Serum Albumin and Cerebro-
cardiovascular Mortality During a 15-year Study in a Community-based 
Cohort in Tanushimaru, a Cohort of the Seven Countries Study. Intern 
Med. 2016;55(20):2917–25.

 29. Snipelisky D, Jentzer J, Batal O, Dardari Z, Mathier M. Serum albumin 
concentration as an independent prognostic indicator in patients with 
pulmonary arterial hypertension. Clin Cardiol. 2018;41(6):782–7.

 30. Zhong X, Jiao H, Zhao D, Teng J, Yang M. A Retrospective Study to 
Determine the Association Between Serum Albumin Levels and Atrial 
Fibrillation by Sex in 950 Patients from a Single Center in China. Med Sci 
Monit. 2022;28:e935347.

 31. Kunutsor SK, Seidu S, Katechia DT, Laukkanen JA. Inverse association 
between serum albumin and future risk of venous thromboembolism: 
interrelationship with high sensitivity C-reactive protein. Ann Med. 
2018;50(3):240–8.

 32. Folsom AR, Lutsey PL, Heckbert SR, Cushman M. Serum albumin and risk 
of venous thromboembolism. Thromb Haemost. 2010;104(1):100–4.

 33. Filippatos GS, Desai RV, Ahmed MI, Fonarow GC, Love TE, Aban IB, Iskan-
drian AE, Konstam MA, Ahmed A. Hypoalbuminaemia and incident heart 
failure in older adults. Eur J Heart Fail. 2011;13(10):1078–86.

 34. Djousse L, Rothman KJ, Cupples LA, Levy D, Ellison RC. Serum albumin 
and risk of myocardial infarction and all-cause mortality in the Framing-
ham Offspring Study. Circulation. 2002;106(23):2919–24.

 35. Yang Q, He YM, Cai DP, Yang XJ, Xu HF. Risk burdens of modifiable risk fac-
tors incorporating lipoprotein (a) and low serum albumin concentrations 
for first incident acute myocardial infarction. Sci Rep. 2016;6:35463.

 36. Kunutsor SK, Khan H, Laukkanen JA. Serum albumin concentration and 
incident type 2 diabetes risk: new findings from a population-based 
cohort study. Diabetologia. 2015;58(5):961–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Serum albumin and cardiovascular disease: a Mendelian randomization study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Selection and validation of IVs
	Cardiovascular diseases and data sources
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


