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Abstract

Background
Serum albumin concentration had been proposed to be an important changeable factor increasing the risk of infection following a procedure, and a
perioperative albumin supplementation was recommended in some clinical scenarios. However, the results of the published epidemiological observational
studies on these hypotheses are still inconclusive. Here, we performed a two-sample Mendelian randomization (MR) analysis to investigate the causal effect
of albumin on infection following a procedure using publically available genome-wide association studies (GWAS) summary statistics.

Methods
A series of quality control steps were taken in our analysis to select eligible instrumental single nucleotide polymorphisms (SNPs) which were strongly
associated with exposure. To make the conclusions more robust and reliable, we utilized several robust analytical methods (inverse-variance weighted, MR-
Egger regression, and Weighted median method) that are based on different assumptions of two-sample MR analysis. The Cochran’s Q test, MR- Pleiotropy
RESidual Sum and Outlier (PRESSO) global test, MR-Egger intercept test, and “leave-one-out” sensitivity analysis were performed to evaluate the heterogeneity,
horizontal pleiotropy, and stability of these genetic variants on outcome. Outlier variants were removed step-by-step to reduce heterogeneity and the effect of
horizontal pleiotropy if identi�ed by the MR-PRESSO outlier test.

Results
Our two-sample MR analysis with one group of exposure GWAS summary statistics and two groups of outcome GWAS summary statistics did not suggest the
causal effect of increased/decreased albumin concentration on infection following a procedure. We did not observe the evidence of heterogeneity or
directional pleiotropy. There was no potentially in�uential SNP driving the causal link under “leave-one-out” analysis and the result was stable.

Conclusions
Our MR analysis did not support the causal effect of albumin on infection following a procedure. The result was robust based on several analytical methods.
Perioperative albumin supplementation was questionable and should be investigated with more randomized controlled trials.

Background
Infection following a procedure (IFP) has detrimental consequences including impairment of wound healing, prolonged hospitalization, higher complication
rates, and rarely, systemic infection, which carries a considerable morbidity and mortality for patients and an immense burden on healthcare systems [1, 2]. It
is imperative to understand the risk factors and existing preventative measures to minimize the development of the IFP.

Malnutrition, as frequently indicated by the serum albumin concentration < 3.5 g/dL, results in the immunological de�ciency and is associated with an
increased risk of perioperative complications [3–8].

Serum albumin concentration was proposed to be an important changeable factor increasing the risk of the IFP, and a perioperative albumin supplementation
was recommended [9–13]. However, these hypotheses remain controversial and lack proofs from randomized controlled trials (RCTs) [14–17].

Mendelian randomization (MR) analysis can overcome the limitations of conventional studies by using single nucleotide polymorphisms (SNPs) as
instrumental variables (IVs) for assessing the causal effect of a risk factor (exposure) on an outcome [18]. MR relies on three assumptions: (1) the genetic
variant is associated with the exposures; (2) the genetic variant is not associated with confounders; and (3) the genetic variant in�uences the outcome only
through the exposures [19]. A two-sample MR obtains IV-exposure and IV-outcome associations from two different sets of participants. The IVs used in MR are
available due to the genome-wide association studies (GWAS) being conducted and high-throughput genomic technologies being developed. In this study, we
used the MR approach to explore the causal effect of the serum albumin concentration on occurrence of the IFP. This approach may provide estimates of the
effect of albumin while reducing bias due to confounding and reverse causation.

Methods

SNP Selection
We performed a two-sample MR analysis to study the effect of the serum albumin concentration on the IFP trait. Our approach relied upon summary-level
GWAS data to obtain MR estimates [19, 20]. We used all SNPs that strongly and independently (R2 < 0.001) predicted exposure (albumin) at genome-wide
signi�cance (p < 5E−08). Proxy SNPs (R2 > 0.8) from LDlink (https://ldlink.nci.nih.gov/) were used when the SNPs were not available for the outcome [21, 22].
The palindromic SNPs with intermediate allele frequencies (palindromic SNPs referred to the SNPs with A/T or G/C alleles and “intermediate allele
frequencies” referred to 0.01 < allele frequency < 0.30) were excluded from the above selected instrument SNPs. SNPs with a minor allele frequency (MAF) of <
0.01 were also excluded to avoid the potential statistical bias from the original GWAS since they usually carry with low con�dence. We also calculated the F
statistics for the SNPs to measure the strength of the instruments. IVs with a F statistic less than 10 were excluded and were often labeled “weak
instruments” [23]. These rigorously selected SNPs were used as the �nal instrumental SNPs for the subsequent MR analysis.



Page 3/10

Data Source
To obtain a more comprehensive and reliable conclusion of the causal link between albumin and the IFP, we selected the largest GWAS published to date for
albumin. Full summary statistics were analysed by Borges C.M. and are available for download from the MR-Base database, developed by the MRC integrative
Epidemiology Unit (IEU) with the GWAS identi�cation (ID) of “met-d-Albumin” (https://gwas.mrcieu.ac.uk/datasets/met-d-Albumin/). Albumin measures were
quanti�ed in absolute concentration unites (g/dL) by high-throughput nuclear magnetic resonance (NMR) spectroscopy (Nightingale Health Plc; biomarker
quanti�cation version 2020) using 350 µL aliquots of serum. This NMR platform provides simultaneous quanti�cation of 249 metabolic biomarker measures
in a single assay. Details of the metabolic biomarker pro�ling platform and experimentation have been described previously [24-26]. Measurements of the
metabolic biomarkers were conducted blinded prior to the linkage to the UK Biobank (UKB) health outcomes. The metabolic biomarker data were curated and
linked to UKB clinical data in late-May 2020. We retrieved summary data for the association between SNPs and the serum albumin concentration from the
UKB on 115060 individuals of European ancestry, and in total, 12321875 variants were available for analysis [27]. 

We obtained estimates of the effect of the serum albumin concentration on the IFP by obtaining effect coe�cients from the above selected SNPs in GWAS
meta-analyses summary data developed by MRC IEU[28, 29]. We found two largest GWAS published to date for the IFP (unit, log(odds ratio(OR))). We selected
the “Diagnoses-main ICD10: T81.4 infection following a procedure”(DMIFP) phenotype that compared 2305 cases with 460705 controls of European ancestry
(GWAS ID: ukb-b-5545) for main analysis, and selected the “Diagnoses-secondary ICD10: T81.4 infection following a procedure”(DSIFP) phenotype that
compared 1506 cases with 461504 controls of European ancestry (GWAS ID: ukb-b-4586) for replication purposes [28, 29]. The diagnosis of IFP was based on
the follow-up of participants’ electronic medical record. The latest summary statistics were publicly available from the second round of GWAS meta-analysis
shared on February 20, 2019 and can also be downloaded from https://gwas.mrcieu.ac.uk/datasets/ . Detailed information on participating studies, quality
control, and analyses has been provided on the website
(https://data.bris.ac.uk/datasets/pnoat8cxo0u52p6ynfaekeigi/MRC%20IEU%20UK%20Biobank%20GWAS%20pipeline%20version%202.pdf).

Effect Size Estimate
We applied the principles of univariate two-sample MR to obtain estimates of the causal effect of the serum albumin concentration on the IFP traits. Analyses
were performed using TwoSampleMR R package of MR-Base [20] (https://github.com/MRCIEU/TwoSampleMR). The causal associations were estimated with
inverse variance weighted (IVW) [20, 30], MR-Egger [31, 32] and Weighted median estimate methods [33]. The IVW method uses a meta-analysis approach to
combine the Wald ratios of the causal effects of each SNP and can provide the most precise estimates [20, 30]. MR-Egger regression is used to create a
weighted linear regression of the outcome coe�cients with the exposure coe�cients. The slope of the weighted regression line provides an asymptotically
unbiased causal estimate of the exposure on the outcome if the Instrument Strength Independent of Direct Effect (InSIDE) assumption is met. The Weighted
median method provides a reliable effect estimate of the causal effect when at least 50% of the weight in the analysis comes from effective IVs [33]. The
statistical tests of the MR analysis were two-sided, and the results of the MR analyses were considered statistically signi�cant at a Bonferroni corrected p
value < 0.05/3 = 0.016.

Sensitivity Analyses
We used the IVW and MR-Egger [34] methods to detect heterogeneity. Heterogeneity was quanti�ed by the Cochran’s Q statistic. To identify potentially
in�uential SNPs, we performed a “leave-one-out” sensitivity analysis in which we excluded one SNP at a time and performed an IVW-random method on the
remaining SNPs to identify the potential in�uence of outlying variants on the estimates. 

The intercept of the MR-Egger regression line was used to quantify the amount of horizontal pleiotropy present in the data averaged across the genetic
instruments [31, 32]. Under the InSIDE assumption, the MR-Egger intercept test identi�es horizontal pleiotropy if the intercept from the MR-Egger analysis is not
equal to zero [32]. 

We further applied the MR Pleiotropy RESidual Sum and Outlier (MR-PRESSO) global test [35] to reduce heterogeneity in the estimate of the causal effect to
remove SNPs that were horizontal pleiotropic outliers. We conducted this analysis by using the MR-PRESSO R package (https://github.com/rondo lab/MR-
PRESSO). The number of distributions was set to 1000 and the threshold was set to 0.05. 

Power Assessment
We estimated the power of our study according to a method suggested by Brion et al [36]. The equations using an approximate linear model on the observed
binary (0–1) scale were adapted for binary outcomes, which require several parameters to estimate. These parameters include the proportion of phenotypic
variation explained by IV SNPs, the effect size of the exposure to the outcome at the epidemiological level, sample size, and the standard deviation (SD) of the
exposure and outcome. 

Procedures of MR analysis
In our study, we �rstly performed MR analysis with all the above-selected SNPs as IVs. If the MR-PRESSO analysis detected a signi�cant horizontal pleiotropy,
we shall remove the outlier variants (with P value less than the threshold in the MR-PRESSO outlier test) and perform MR analysis again. After the MR-PRESSO
outlier removal step, if the heterogeneity was still signi�cant, we would perform MR analysis under the condition of removing all the SNPs of which the P value

https://gwas.mrcieu.ac.uk/datasets/
https://data.bris.ac.uk/datasets/pnoat8cxo0u52p6ynfaekeigi/MRC%20IEU%20UK%20Biobank%20GWAS%20pipeline%20version%202.pdf
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was less than 1 in the MR-PRESSO outlier test. At last, if potentially in�uential SNPs were identi�ed in the “leave-one-out” sensitivity analysis, we should draw
the conclusion with caution. A �ow chart about the analytical methods and how the MR analysis was performed step-by-step was shown in Fig. 1.

Ethics
Our analysis used published study or publicly available GWAS summary data. No original data was collected for this manuscript, and thus, no ethical
committee approval was required. Each study included was approved by their institutional ethics review committees, and all participants provided written
informed consent.

Results
We extracted 29 independent SNPs from the albumin GWAS as IVs for the two IFP phenotypes. The detailed characteristics of SNPs associated with the
serum albumin concentration are shown in Additional �le 1: Tables S1. For these IVs, all of the F statistics were above 10 (ranging from 30.42 to 840.78,
average 92.58), indicating that they satisfy the strong relevance assumption of MR and that weak instrument bias would not substantially in�uence the
estimations of causal effects. Nine SNPs (rs55881006, rs114949263, rs1461729, rs28929474, rs17580, rs139974673, rs77542162, rs74892229,
rs142925250) were not available in the GWAS of the DMIFP phenotype, and 17 SNPs (rs11589479, rs3768321, rs11128594, rs55881006, rs114949263,
rs1461729, rs2933243, rs28929474, rs17580, rs139974673, rs4886992, rs77542162, rs74892229, rs142925250, rs9912287, rs61653336, rs58895965) were
not available in the GWAS of the DSIFP phenotype, and we did not �nd the proxy SNP from LDlink; therefore, it was left out of the analysis. After harmonizing
the exposure and outcomes datasets, one SNP (rs6871112) was removed for being palindromic with intermediate allele frequencies. Finally, 19 and 11 SNPs
were involved in the initial and replication MR analyses (Table 1). The detailed characteristics of SNPs for analysis are shown in Additional �le 2: Table S2 and
Additional �le 3: Table S3.

 
Table 1

MR estimates from different methods of assessing the causal effect of albumin on IFP
Outcomes MR methods Number of SNPs OR(95% CI) SE MR p-value

DMIFP IVW 19 0.9990 (0.9967,1.0012) 0.0012 0.3731

MR-Egger 19 1.0004 (0.9921,1.0088) 0.0043 0.9225

Weighted median 19 0.9994 (0.9962,1.0025) 0.0016 0.6941

DSIFP IVW 11 1.0000 (0.9975,1.0020) 0.0012 0.8431

MR-Egger 11 0.9970 (0.9887,1.0053) 0.0042 0.4932

Weighted median 11 0.9997 (0.9967,1.0026) 0.0015 0.8300

MR Mendelian randomization, IFP infection following a procedure, SNP single nucleotide polymorphism, DM/SIFP Diagnoses-main/secondary ICD10:
T81.4 IFP, OR odds ratio, CI con�dence interval, SE standard error, IVW inverse variance weighted

The results of MR analyses of the serum albumin concentration and the IFP are presented in Table 1 and Fig. 2. We estimated the overall odds ratio (OR) of
IFP phenotypes per 1-SD increase in the albumin concentration. IVW, MR-Egger and Weighted median did not suggest the causal effect of
increased/decreased albumin concentration on IFP traits at a p threshold of 0.05/3 [IVW: OR = 0.9990, 95% con�dence interval (CI) 0.9967–1.0012, p = 0.3731;
MR-Egger: OR = 1.0004, 95% CI 0.9921–1.0088, p = 0.9225; Weighted median: OR = 0.9994, 95% CI 0.9962–1.0025, p = 0.6941; for DMIFP. IVW: OR = 1.0000,
95% CI 0.9975–1.0020, p = 0.8431; MR-Egger: OR = 0.9970, 95% CI 0.9887–1.0053, p = 0.4932; Weighted median: OR = 0.9997, 95% CI 0.9967–1.0026, p = 
0.8300; for DSIFP.].

Table 2 displays the heterogeneity analysis results using the IVW, MR-Egger and MR-PRESSO methods, and pleiotropy analysis using the MR-Egger intercept
test. We did not observe the evidence of heterogeneity for the IFP (IVW: Q = 20.2261, p = 0.3202, MR-Egger: Q = 20.0781, p = 0.2703, MR_PRESSO: Q = 22.3588,
p = 0.419 for DMIFP; IVW: Q = 6.4693, p = 0.7744, MR-Egger: Q = 5.9982, p = 0.7401, MR_PRESSO: Q = 8.0375, p = 0.832 for DSIFP). Based on the MR-Egger
intercept test, we did not �nd evidence of directional pleiotropy between the albumin concentration and the IFP (intercept = − 5.28E-05, p = 0.7277 for DMIFP;
intercept = 9.53E-05, p = 0.5098 for DSIFP).
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Table 2
Heterogeneity and pleiotropy analyses of albumin on IFP

Outcomes MR methods Number of SNPs Cochran Q statistic Heterogeneity p-value MR-Egger

Intercept Intercept p-value

DMIFP IVW 19 20.0781 0.3202 -5.28E-05 0.7277

MR-Egger 19 20.2261 0.2703    

MR-PRESSO 19 22.3588 0.419    

DSIFP IVW 11 6.4693 0.7744 9.53E-05 0.5098

MR-Egger 11 5.9982 0.7401    

MR-PRESSO 11 8.0375 0.832    

IFP infection following a procedure, DM/SIFP Diagnoses-main/secondary ICD10: T81.4 IFP, MR Mendelian randomization, SNP single nucleotide
polymorphism, IVW inverse variance weighted, MR-PRESSO MR-Pleiotropy RESidual Sum and Outlier

We performed “leave-one-out” analysis based on the IVW method and found that there was no potentially in�uential SNP driving the causal link, and the result
was stable (Fig. 3, Additional �le 4: Table S4, Additional �le 5: Tables S5). The detailed inference based on single SNP using the Wald ratio method was shown
in Fig. 4 (Additional �le 6: Table S6, Additional �le 7: Tables S7). The funnel plots for outcome in initial and replication practice was shown in additional �le 8:
Fig. S1. None of the horizontal pleiotropic outliers were identi�ed for the IFP in MR-PRESSO test.

Table 3 shows the sample size in the current analysis for the IFP traits. The total DMIFP group sample size was 463010, of which 2305 were infection cases.
The overall DSIFP group sample size was 463010 of which 1506 were infection cases. The proportion of albumin variance explained by the genetic variants
used in the current study was about 0.01. We presented the power estimations for a range of proportions of albumin variation explained by genetic variants.
Under the current sample size, our study had 80% power to detect a causal effect of a relative 87% (ORs less than 0.4208) decrease in DMIFP risk per 1-SD
increase in the albumin concentration.

 
Table 3

Number of IFP cases and controls and statistical power in a MR study of albumin on IFP
Exposure Outcome   Minimum detectable odds ratio

Trait Cases Controls Total Proportion
of cases

  r2 = 0.01 r2 = 0.02 r2 = 0.03 r2 = 0.04 r2 = 0.05

albumin DMIFP 2305 460705 463010 0.004978   0.4208/1.5826 0.5899/1.4118 0.6650/1.3365 0.7098/1.2911 0.7404/1.

DSIFP 1506 461504 463010 0.003253   0.2837/1.7196 0.4930/1.5087 0.5858/1.4153 0.6412/1.3596 0.6790/1.

Minimum detectable odds ratio per 1-SD increase/decrease in albumin concentration: assume 80% power, 5% alpha level and that 1–5% of albumin variance
explained by the genetic variants used in the current study. IFP infection following a procedure, MR Mendelian randomization, DM/SIFP Diagnoses-
main/secondary ICD10: T81.4 infection following a procedure, r2 the proportion of phenotypic variation explained by genetic variants, SD standard deviation

Discussion
Some retrospective cohort studies reported albumin as an independent risk factor for infections. Ogimi et al. suggested that albumin < 3g/dL was associated
with occurrence of seasonal human coronavirus lower respiratory tract infection [37]. Zhongyuan et al. suggested that preoperative serum albumin < 3.5g/dL
was signi�cantly correlated with surgical site infection (SSI) and postoperative serum albumin < 3.0 g/dL was signi�cantly correlated with surgical wound
dehiscence in lumbar spine surgeries [12]. Danan et al. suggested that preoperative albumin was a signi�cant predictor of wound infection in surgeries for
head and neck cancer [38]. Hu et al conducted a RCT and showed that postoperative albumin concentration was an independent risk factor for incision
infection after pancreaticoduodenectomy [39]. In Xu et al.’s research, patients with albumin supplementation intraoperatively and postoperatively showed a
lower rate of local complications including infections [40]. In my clinic, the serum albumin level was routinely evaluated on postoperative day 1 and 3, and if it
was lower than 3.0 g/dL, the patient would be administered with 20 mL of 20% human serum albumin every day for 3 days to prevent IFP.

However, above hypotheses lacked evidence from large sample prospective cohort studies or RCTs. Observational studies suffer the in�uence of many
confounding factors and cannot elucidate the mechanism between albumin and immune function. In this study, we used summary statistics from GWAS to
identify the causal relationships between albumin and IFP. It can overcome the limitations of conventional studies by using SNPs as IVs and mimics the
nature of RCT to reduce the bias. The results did not suggest the causal relationship of decreased serum albumin concentration on IFP and called into
question the effects of perioperative albumin supplementation.

Our research was the �rst MR analysis of this topic. In this study, we selected SNPs with genome-wide association and independent inheritance without any
LD as IVs to detect the causal link between albumin and IFP. The F statistics were much greater than 10 in our analysis, hinting the small possibility of weak
instrumental variable bias. The summary GWAS data we drew for albumin and IFP consisted uniquely of individuals of European descent, which would reduce
potential bias. We utilized several robust analytical methods based on different assumptions of two-sample MR analysis with two groups of outcome
summary GWAS data (DMIFP and DSIFP). We did not observe the evidence of heterogeneity or directional pleiotropy evaluated by the Cochran’s Q test, MR-
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PRESSO test and MR-Egger intercept test. There was no potentially in�uential SNP driving the causal link under “leave-one-out” analysis. The conclusion of
our research was reliable.

Despite the MR design being less susceptible to confounding than other observational studies, limitations still exist. First, the exposure and outcome studies
used in two-sample MR analysis should not involve overlapping participants. We were not able to estimate the degree of overlap in the study. However, bias
from sample overlap can be minimized by using strong instruments (e.g. F statistic much greater than10) [34]. Second, potential pleiotropy is the common
limitation on all MRs and the risk of unmeasured pleiotropy cannot be ruled out, but we still believe it is unlikely to change the conclusions of this study in a
clinically meaningful way. Third, genetic associations may be affected by population strati�cation, which is another potential bias-inducing factor for MR
analyses since the MAF differences may differ between the populations in the exposure and outcome GWAS. The limitation was minimized by utilizing
genetic associations from studies of people of European ancestry. However, extending our results to people outside Europe should proceed with caution.
Fourth, the low power of MR might be the reason for null results rather than a true null. Updated MR analysis is warranted to con�rm our �ndings when GWAS
summary data with more IFP patients was available. Fifth, the MR study only tested the linear effect of serum albumin concentration in the general
population. Future studies may be designed to comprehensively evaluate any nonlinear relationships between albumin and IFP.

Conclusions
Our two-sample MR analysis did not support the causal effect of albumin on IFP. The result was robust based on several analytical methods. Our research
reminded clinicians that perioperative albumin supplementation was questionable and should be investigated with more RCTs.

Abbreviations
CI
con�dence interval
DMIFP
Diagnoses-main ICD10:T81.4 infection following a procedure
DSIFP
Diagnoses-secondary ICD10:T81.4 infection following a procedure
GWAS
Genome-wide association study
InSIDE
Instrument Strength Independent of Direct Effect
ID
identi�cation
IEU
integrative Epidemiology Unit
IFP
infection following a procedure
IV
Instrument variable
IVW
Inverse variance weighted
LD
Linkage disequilibrium
MAF
Minor allele frequency
MR
Mendelian randomization
MRPRESSO
MR-Pleiotropy RESidual Sum and Outlier
NMR
nuclear magnetic resonance
OR
odds ratio
RCT
Randomized controlled trial
SD
standard deviation
SE
standard error
SNP
Single-nucleotide polymorphism
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UKB
UK biobank.
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Figures

Figure 1

Flow chart about the analytical methods and how the MR analysis was performed step-by-step

Figure 2

Scatter plots for MR analyses of the causal effect of albumin on IFP in initial and replication practice. a albumin - DMIFP. b albumin – DSIFP. IFP infection
following a procedure, SNP single nucleotide polymorphism, DM/SIFP Diagnoses-main/secondary ICD10: T81.4 IFP, MR Mendelian randomization, IVW
inverse variance weighted, OR odds ratio
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Figure 3

Forest plots of MR “leave-one-out” analyses of the causal effect of albumin on IFP in initial and replication practice using the IVW random effect. a albumin -
DMIFP. b albumin – DSIFP. IFP infection following a procedure, DM/SIFP Diagnoses-main/secondary ICD10: T81.4 IFP, MR Mendelian randomization, IVW
inverse variance weighted, OR odds ratio

Figure 4

Forest plots of the causal effect of albumin on IFP based on single SNPs using the Wald ratio method in initial and replication practice. a albumin - DMIFP. b
albumin – DSIFP. IFP infection following a procedure, SNP single nucleotide polymorphism, DM/SIFP Diagnoses-main/secondary ICD10: T81.4 IFP, MR
Mendelian randomization, OR odds ratio
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