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Background: The dose-response association between serum albumin and atrial
fibrillation is not well known. This study aims to assess the relationship between albumin
and atrial fibrillation and the potential dose-response effect.

Methods: Studies reported that the serum albumin and AF were identified by searching
the EMBASE, PubMed, and Cochrane Library databases. The potential dose—response
effect was performed by using a stage robust error meta-regression.

Results: Nine studies were included with a total of 32,130 individuals. Patients with high
albumin level were associated with a decreased risk of atrial fibrillation compared with
patients with low serum albumin (OR[odds ratio]: 0.62, 95% ClI [0.44, 0.89]; [° = 76%;
P = 0.009). In the dose-response analysis, for each 10 g/L increase in serum albumin
level, the risk of atrial fibrillation decreased by 36% (95% Cl: 0.51-0.81, > = 87%, P
< 0.001). Furthermore, a significant negative linear relationship between serum albumin
and the risk of atrial fibrillation (Pnoninearity = 0.33) was found.

Conclusion: Our dose-response meta-analysis suggests that low serum albumin level
is associated with an increased risk of atrial fibrillation. Further studies are needed to
explore the effect of induction of elevated serum albumin levels on the prevention of
atrial fibrillation.

Keywords: atrial fibrillation, dose-response, risk factor, nutrition, albumin

INTRODUCTION

Atrial fibrillation (AF) is the most common arrhythmia in the clinical setting, with a substantially
increased morbidity, mortality and bring tremendous economic. Although multiple risk factors,
including cardiovascular and noncardiovascular risk factors, have been identified (1), the potential
modifiable risk factors are yet to be explored.

Albumin is a predominant protein in human plasma (2). Hypoalbuminemia, usually defined
as <35 g/L, is a significant indicator of malnutrition, inflammation, or cachexia and has been
recognized as a robust biomarker for various noncardiovascular and cardiovascular diseases
(3, 4) in the general population or patients with coexisting diverse comorbidities (5, 6). Several
studies and our previous study have reported the malnutrition status and the risk of AF
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(7-11) as an indicator of malnutrition, however, the serum
albumin and associated risk of AF is inconclusive. Moreover, the
dose-response relationship of albumin and AF is still unclear.
Given this background, we aim to perform a meta-analysis to
assess the relationship between albumin and AF and the potential
dose-response effect.

METHODS

We performed this meta-analysis following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (Supplementary Table 1) (12).

Search Strategy

Database search, selection, data extraction, and statistical analysis
were independently conducted by two authors (YL and XL).
For all relevant studies, three databases (PubMed, Embase,
and the Cochrane Library) were searched up to May 27,
2021. No language restrictions were applied. The following
search terms were used for all of the databases: (“albumin”
OR “hypoalbuminemia” OR “serum albumin”) AND (“atrial
fibrillation” OR “auricular fibrillation”). Report data on adults
>18 years of age that helped assess the association between
serum albumin and risk of AF were included. In addition,
the conference abstracts and bibliographies of related works of
literature were scanned. The detail of the search strategy was
listed in Supplementary Table 2.

Selection Criteria and Study Selection
Following studies that satisfied the inclusion criteria were
selected: (1) studies that reported the serum albumin level and
risk of AF; (2) those designed as randomized controlled trials or
observational studies; (3) those that made available a quantitative
measure of serum albumin level and the corresponding estimate
effect and 95% CI in each albumin category for the dose-
response analysis. Accordingly, reviews, meta-analyses, congress
abstracts, practice guidelines, patents, cases, editorials, replies, or
comments studies were excluded. Any inconsistency was resolved
through discussions (YL and XL) until consensus was reached.

Data Collection and Quality Assessment

Data of each study were extracted based on prespecified inclusion
criteria, including the first author, publication year, geographical
location, study type, participants (sex, age, and sample size),
adjustments for confounders, categories of serum albumin, and
adjusted odds ratios (ORs) with its 95% confidence intervals
(CIs) for each serum albumin category. We included the
articles with the longest follow-up or the largest numbers of
participants for multiple publications and reports by using
the same data. The Newcastle-Ottawa quality scale (NOS) or
the Joanna Briggs Institute (JBI) critical appraisal checklist
(cross-sectional study) was applied for quality assessment (13).
The JBI critical appraisal checklist (https://jbi.global/critical-
appraisal-tools) composed eight items, which score each study

Abbreviations: AF, Atrial fibrillation; CI, Confidence interval; OR, Odds ratio;
NOS, Newcastle-Ottawa Scale score.

for the following items: participant selection, exposure definition,
statistical analysis, and outcome data. Studies with a NOS or
JBI of >6 stars were considered moderate- to high-quality
articles (14).

Statistical Analysis

Summary ORs and 95% ClIs for a 10-g/L increment in serum
albumin were pooled by using a random-effects model after
considering the potential heterogeneity. The risk ratio is treated
as equal to ORs (15). We calculated the study-specific slopes
(linear trends) and 95% CIs from the natural logs of the reported
ORs and ClIs across categories of serum albumin by using the
method described by Greenland and Longnecker (16). Nonlinear
dose-response models were fitted by using the robust error meta-
regression method (17, 18) that required at least two quantitative
serum albumin level ORs with variance estimates. We estimated
the midpoint of each category by averaging the lower and upper
boundaries of that category if the median or mean serum albumin
was not provided and reported in ranges (19). If the highest
or lowest category was open-ended, we assumed that the open-
ended interval length was the same as the adjacent interval (15).
To assess the heterogeneity of ORs across studies, the I? (95%
CI) statistic was calculated with the following interpretation:
low heterogeneity, defined as I> < 50%; moderate heterogeneity,
defined as I? 50%—75%; and high heterogeneity, defined as I
> 75% (15). Moreover, subgroup analyses were stratified by
variables of interest, such as mean age, study population, study
design, and adjustments. All analyses were performed using Stata
16.0 (Stata Corp LP, College Station, TX, USA) and Review
Manager (RevMan) version 5.3 (The Cochrane Collaboration
2014; Nordic Cochrane Center Copenhagen, Denmark). A P <
0.05 was considered statistically significant.

RESULTS

Literature Search

The selection process of the study is shown in Figure1l. We
identified 421 articles through an initial database search. After
removing the duplicated articles, 300 reports remained. We
further excluded 276 articles by quickly screening the titles
and abstracts and reviewed 24 articles in more detail. Of the
24 records, 15 were excluded (e.g., reviews and duplicated
population) after the full-text review. The details of the reasons to
exclude them are described in Supplementary Table 3. Finally, 9
(7-11,20-23) eligible studies (10 cohorts) with 32,130 individuals
were included.

Study Characteristics and Study Quality

The baseline characteristics of each study were listed in Table 1.
Overall, six studies reposted a positive association between the
serum albumin and risk of AF, while three cohorts showed a
null association. They were published from 2009 to 2020, with
three from Europe, four from Asia, and two from United States.
The mean age of participants ranged from 52 to 67 years old.
AF diagnosis was based on the electrocardiogram among all
works of literature. Four studies were prospective cohort, four
were retrospective cohort, and one was a cross-sectional study.
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FIGURE 1 | Flow chart of this meta-analysis.
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TABLE 1 | Baseline characteristic of included studies in the association between serum albumin and atrial fibrillation.

Author, year, Sample Data source Population Design Mean age AF Albumin OR 95%CI Adjustments Study
Country size (years), Male diagnosis/ level quality*
(%) Follow-up reported
Beek (10), 97 Maxima Hospitalized Prospective 67,53 ECG/na Per 1 g/l 0.86 0.77-0.97 Age, previous AF, prior use of 6
Netherlands Medical inICU cohort increase anti-arrhythmic drug, severe sepsis,
Center potassium, magnesium, calcium
Acar (11), Turkey 183  Karimnagar's Hemodialysis  Retrospective 52,48 ECG/na Per 1 g/dl 1.25 0.22-7.14  Age, right atrium diameter, left atrium 6
State Hospital patients cohort decrease diameter, Left ventricle mass index, E/E,
pulmonary artery pressure, valvular
calcification, duration of hemodialysis
Tanaka (9), Japan 1,524 Aichi Cohort Chronic Prospective 67, 68.5 ECG/na Per 1 mg/dl 0.56 0.32-0.96 Age, sex, CAD, CRP 8
Study kidney cohort increase
disease
Liu (21), China 3,489 People’s Inpatient Retrospective 62, 55.8 ECG/na <35¢g/L 2.02 1.43-2.84  Age, sex, heart failure, cardiomyopathy, 6
Hospital of cohort >35¢g/L Ref rheumatic heart disease, hyperthyroidism,
Peking SUA
University
Mukamal (22), 8,870 Copenhagen  Free of Prospective 55, na ICD/7.5 years women Ref Age, smoking, BMI, and sex, height, 7
Danish City Heart cardiovascular cohort <461 g/L physical activity, education, family history
Study disease A61-478 2.04 1.10-3.80  of CVD, co-habitation, FEV1, systolic
478-496 110 0.57-2.13 blood pressure, and history of diabetes
>496 214 1.15-3.96
Men Ref
<468
468-486 1.41 0.64-3.09
486-506 1.41 0.64-3.09
>506 1.98 0.94-4.17
Liao (8), US 15,792 Atherosclerosis General Prospective 53, 54 ECG/25 years Per 1 g/dI 0.67 0.56-0.80  Age, race, gender, BMI, waist-hip ratio, 8
Risk in Population cohort increase heart rate, smoking, drinking, education,
Communities income, heart failure, CAD, DM,
hypertension, Na, K, creatinine,
< 3.7 g/dl Ref non-albumin protein, uric acid, HDL-c,
3.7-3.9 0.87 0.78-0.97  LDL-g, triglycerides, total cholesterol,
3.9-4.0 0.83 0.79-0.95 gluclcl)se, ar?tlhypertelnsmn mg@cme, §ta|n,
aspirin, anticoagulation medicine, white
> 4.0 0.80 0.71-0.91 blood cell
(Continued)
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§% Association Between Serum Albumin Level
9 N -
83 and Risk of AF
ii § Three studies (8, 21, 22) with 28,651 reported category analyses
2 - between serum albumin and risk of AF. As shown in Figure 2A,
o el high serum albumin level was associated with decreased risk of
e T .
® ﬁ- S AF (OR: 0.62, 95% CI [0.44, 0.89]; I? = 76%; P = 0.009) (highest
£ a8 vs. lowest) with significant heterogeneity.
% :O‘ & Eight studies (7-11, 20-23) (nine cohorts) with 28,641
5 0 . .
° g % = participants were included in the exposure—-effect analysis. A 10-
€ ° ge g/L increment in serum albumin decreased the risk of AF by
E i 53 36% (95% CI: 0.51-0.81, I* = 87%, P < 0.001) (Figure 2B).
2 g g g S Heterogeneity was not significant when excluding Liao et al. (8)
< < < < él _g _ while the summary OR was still significant (OR: 0.47, 95% CI:
© - © 3 4 ;§ 0.40-0.56, I = 0%, P < 0.001). In the nonlinear model, there was
Q S S 3 38 5 a significant negative linear association between serum albumin
2 & & & £S5 % & &
3 § = @ e é and risk AF (Plipearity = 0.33) (Figure 3).
Sg 3
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Te 3 Subgroup Analysis and Sensitive Analysis
(o0} — [eo) . =
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£ 2 S shown in Table 2, among hospitalized patients, there was a
c T | T ke) k) st 2 significant inverse association between albumin and AF (OR:
£ & 58 58 o8 g5 ¢ &
Es5 ~§ -8 -8 £ 8§ 0.48, 95% CI: 0.40-0.56, I> = 0%, P < 0.001), however, it
2822 55 50 5 o s 2 L . .
29 £ &L= o= S8 ¥ was not significant in the group of general population (OR:
z¢ 8 g group ot g pop
g g 5 0.85, 95% CI: 0.71-1.01, I? = 56%, P = 0.07). The association
% g 3 S 3 between serum albumin and the risk of AF persisted in other
§, H % o o & % 2 subgroups, including age, regions, publication years, sample size
L8s O & o 2 8 or adjusted for age, sex, cardiovascular diseases, and C-reactive
<TIL | O i o s 3 ) 8 a
25 O rotein (Table 2). The results were stable by omitting one stud
© £8 G p Y 8 Y
538 S Fi 4), excluding the studies with crude analysis
o2 © © ~ £4d g at once (Figure4), g y
© o . .
cFR = o e 85 3 and those that reported AF postoperation or cross-sectional
§2< 8 ¢ 8 g5 5 P PosTop
3 83 = dy (Table 2). According to the guidelines, meta-regression and
29 58 3 study g g > 8
= = g 3 publication bias were not conducted after considering the limited
2 2 K % g numbers of included studies (N < 10).
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i E o % | DISCUSSION
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o o o o o O o 34 T
88 3
c S S § This study showed a significant negative linear association
S 2% 23 Y g g
s - -§ Sgo.9 g2 o between serum albumin and risk of AF, where 10-g/L serum
§- Q € 5= 2 § 81388 § albumin decreased the risk of AF by 36%. The results were
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& © © =00x0 § 5 ¢ stable in most of the subgroup and sensitive analysis, suggesting
8 = - 2 g g3 £ the robustness of our findings. To the best of our knowledge,
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3 2 @ 2282 22 68 ¢ this is the first meta-analysis to assess serum albumin and
3 e . 8528282, 28 3 4
8 CE5 55592 B L g g g AF association.
£33 ) 9] S O : i
a SE33£23 868 seg Atrial fibrillation occurs in fewer than 1% of persons aged
S TS S p £
. g8 ¢2 60-65 years; however, it could reach 8-10% of those older than
S o o 0 £0=s3 Y
E 5 & & § 582 80 years (1). A firm link between hypoalbuminemia and the
4 <3552 o . . .
3 Loegg incidence of many cardiovascular diseases was established, such
£ § 3 g % § § as ischemic diseases, stroke, and diabetes (24-27). Moreover,
S|% S @ ) % 8 ?; 2 these associations were independent of conventional risk factors,
- % > _‘:‘3 % %m g § §(§ such as body mass index, liver function, and inflammation.
w | 55 3 2 £ k- lniis . . . i
2 £ 5 ) 3 g 2 5 o & ) Consistently, in the present study, an inverse association between
£33 SE=E g d ERNR serum albumin level and the risk of AF was found. There Several
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A Odds Ratio Odds Ratio
Study or Subgrou log[Odds Ratio] SE_Weight IV, Random, 95% Cl IV, Random, 95% CI
Liao, 2020, US -0.2231 0.0633 425% 0.80[0.71,0.91] -
Liu, 2017, China -0.7031 0175033 31.5% 0.50[0.35, 0.70] ——
Mukamal{Men), 2016, Danish -0.59784 0.229337 26.0% 0.55 [0.35, 0.86] —_—
Total (95% Cl) 100.0%  0.62[0.44,0.89] -~
Heterogeneity: Tau®= 0.07; Chi*= 8.47, df= 2 (P = 0.01); *= 76% "0.1 042 0?5 ] 2 5 1u=
Testfor overall effect. 2= 2.62 (P = 0.009) Favours [high Albumin] Favours [low Albumin]
B Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random,. 95% CI IV, Random, 95% CI
Acar, 2009, Turkey -0.22314 0.887714 1.6% 0.80[0.14, 4.56] ———
Ananthapanyasut, 2009, US -0.73397 0101245 17.2% 0.48 [0.39, 0.59) e
Beek, 2019, Netherlands -1.50823 0589045 3.3% 0.22[0.07,0.70]
Karabacak,2020, Turkey -0.82554 0.308615  8.4% 0.44 [0.24, 0.80] R
Liao, 2020, US -0.40048 0.090988 17.6% 0.67 [0.56, 0.80] -
Mukamal({Men), 2016, Danish -0.00624 0.055705 18.8% 0.99[0.89,1.11] T
Mukamal{(¥omen),2016, Danish -0.13285 0.042112 19.2% 0.88 [0.81, 0.95] =
Mwalitsa, 2016, ltaly -0.8916 0.481395 4.6% 0.41 [0.16,1.05] S
Tanaka, 2019, Japan -0.58 0278759  9.3% 0.56 [0.32, 0.97) ——
Total (95% CI) 100.0% 0.64[0.51,0.81] L 2
Heterogeneity; Tau®= 0.07; Chi*= 60.25, df= 8 (P < 0.00001); F= 87% :0.01 0?1 110 100:
mieskforoverall efiect:2=i3-£5(F=0.0002) Favours [high Albumin] Favours [low Alburnin]
FIGURE 2 | Association between serum albumin level and risk of atrial fibrillation. (A) Category analysis (highest vs. lowest) (B): Continuous analysis (per 10 g/L
increase). AF, atrial fibrillation; OR, odd risk.

potential mechanisms have been prosposed. Inflammation has
been identified as one of the important mechanisms contributing
to the incidence of AF (28). Serum albumin exerts a powerful
anti-inflammatory function in physiological conditions (29).
Several studies have reported that albumin has a positive
association with various circulating levels of inflammatory
factors, such as tumor necrosis factor-alpha and C-reactive
protein (29). Furthermore, albumin represents a very abundant
and important circulating antioxidant (e.g., free radicals and
reactive oxygen species) (29, 30). Free-radical-associated damage
is an important factor in the pathological processes of
AF (31). Experimental studies showed that elevated reactive
oxygen species might modify ion channel activity to increase
AF susceptibility by increasing sarcoplasmic reticulum Ca?*
release via enhanced ryanodine receptor activity, shortening
of the atrial action potential duration, and producing delayed
afterdepolarizations (31, 32).

Our subgroup results showed a significant association between
albumin and AF in the general population; however, it was not
significant in patients with comorbidities (hospitalized patients).
There might be several potential expansions. First, most of the
studies based on hospitalized patients with comorbidities were
retrospective and might introduce a larger bias. The residue
confounding might enlarge the association of albumin and AF.
Second, recent studies also have shown that albumin was a
potential connection with cardiovascular diseases and diabetes.
Therefore, we propose that the association between low serum
albumin and AF may be amplified in patients with comorbidities
or at high risk of developing comorbidities. However, considering
the limited sample size, the role of serum albumin in patients with

1.01

0.9

0.8 1

OR OF AF

o
~
L

0.3

T T T T T T T

42 43 44 45 46
Albumin(g/L)

FIGURE 3 | Nonlinear exposure—effect analysis between serum albumin level
and risk of atrial fibrillation, the solid and dashed lines represent the estimated
odd risk and the 95% confidence interval, respectively. AF, atrial fibrillation; OR,
odd risk.

comorbidities or at high comorbidities risk needs to be further
investigated. Further studies with prospective design and a larger
sample size are required.

Previous findings showed discrepant effects of albumin among
men and women. Among women of the Copenhagen City Heart
Study, a protective effect was noted with a significant linear
association. All categories of albumin showed no benefit of AF
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TABLE 2 | Subgroup analysis and sensitive analysis of serum albumin and risk of atrial fibrillation.

ltems Number of cohorts OR 12% P
Within subgroup

Subgroup analysis
Mean age <65 years 4 0.48 [0.40, 0.57] 58 <0.001

>65 years 5 0.81[0.67, 0.97] 34 0.004
Region Northern America 4 0.74[0.57, 0.95] 94 0.02

Europe 2 0.32[0.15, 0.67] 0 0.002

Asia 3 0.511[0.35, 0.76] 92 0.002
Study quality < 6 scores 3 0.47 [0.39, 0.57] 26 0.007

6 high scores 6 0.78[0.65, 0.94] 73 <0.001
Publication yeas 2009-2017 4 0.55[0.39, 0.76] 38 0.003

2017-2021 5 0.731[0.54, 0.97] 64 0.01
Sample size < 1,000 6 0.401[0.26, 0.64] 14 <0.001

> 1,000 4 0.72[0.56, 0.91] 92 0.007
Population General population 3 0.85[0.71, 1.01] 56 0.07

Hospitalized patients 6 0.48 [0.40, 0.56] 0 <0.001
Adjusted for age Yes 7 0.75[0.61, 0.91] 78 0.003

No 2 0.48[0.39, 0.58] 21 <0.001
Study design Prospective cohort 5 0.87 [0.82, 0.93] 82 <0.001

Retrospective cohort 3 0.45[0.28, 0.74] 0 0.001

Others 1 0.4810.39, 0.59] - <0.001
Adjusted for sex Yes 4 0.82[0.69, 0.98] 82 0.03

No 5 0.47[0.39, 0.56] 0 <0.001
Adjusted for CAD Yes 4 0.82[0.69, 0.98] 82 0.03

No 5 0.47[0.39, 0.56] 0 <0.001
Adjusted for CRP Yes 4 0.82[0.69, 0.98] 82 0.03

No 5 0.47[0.39, 0.56] 0 <0.001
Sensitivity analysis

Excluding crude analysis 7 0.75[0.61, 0.91] 78 0.003

Excluding POAF 8 0.67 [0.53, 0.85] 88 0.001

Excluding cross-sectional studies 8 0.73[0.60, 0.88] 76 0.001
CRR, C-reactive protein; CVD, cardiovascular diseases; POAF, post-operation atrial fibrillation; OR, odd ratio.

Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit
Ananthapanyasut, 2009, US wan(assss =
Beek‘2019, Netheﬂands | ............................... O ........................................ |
Karabacak,2020, Turkey sl
Liao, 2019, US | [ofrr, O v
Mukamal(Men),2016, Danish | |- [®] i)
Mukamal(Women),2016, Danish ...................................... O .....................................................
MWaIitSa, 2016‘|ta|y ........................... O ................................ {
Tanaka, 2019, Japan veo| @poeee 1o
!
0.41 0.51 0.64 0.81 0.88

FIGURE 4 | Sensitive analysis between serum albumin and risk of atrial fibrillation by omitting one study at each time. AF, atrial fibrillation; OR, odd risk.
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compared with lowest ablumin level among men. In contrast,
findings from the Atherosclerosis Risk in Communities cohort
showed a significant protective effect of albumin, regardless
of sex. The contrasting results regarding sex might derive
from different baseline characteristics, such as region, race,
age, and follow-up time. For example, the incidence of AF in
the Copenhagen City Heart Study and Atherosclerosis Risk in
Communities cohort differ significantly, with 3.2% (286/8864,
7.5 years follow-up) for the Copenhagen City Heart Study and
17.6% (2259/12833, 25.1 years follow-up) for the Atherosclerosis
Risk in Communities cohort. The protective effect of albumin
among men might appear as the prolonged time of follow-up in
the Copenhagen City Heart Study. Therefore, it is still unclear
whether there is a gender difference in the association between
albumin and AF and should be further studied.

CLINICAL IMPLICATIONS

The measurement of serum albumin is simple, cheap, and
routinely available. Given the potential link between low
serum albumin level and AF, albumin supplement (such as
albumin infusion or protein supplementation) for patients with
hypoalbuminemia might be a therapeutic target for reducing
the risk of AF. Decreased serum albumin levels imply an
undernourished state, which usually leads to poor clinical
outcomes. For example, AF post cardiac operation was one of
the most common complications, low albumin levels have been
reported to be a significant predictor for AF after coronary artery
bypass graft surgery (7). However, currently, there is limited
evidence to assess the effect of albumin on reducing the risk of
AF. Further studies are needed to identify the role of albumin in
the prevention of AF.

STRENGTHS AND LIMITATION

This is the first meta-analysis that reported the association
between albumin and AF risk and the robustness of the findings
in multiple subgroup analyses. However, several limitations
also should be recognized. First, this is an observation-based
study, which cannot deduce the causal relationship. Low serum
albumin level is an indicator of undernutrition status. Serum
albumin might be an intermediate factor in the association
between undernutrition status and risk of AF. Unmeasured and
insufficiently measured variables could have resulted in residual
confounding. Second, as we know, sex is an independent risk
factor for AF. A sex difference might exist in the association
between albumin and the risk of AF (22). However, we could
also not perform a subgroup analysis stratified by sex due

REFERENCES

1. Chung MK, Eckhardt LL, Chen LY, Ahmed HM, Gopinathannair R,
Joglar JA, et al. Lifestyle and risk factor modification for reduction
of atrial fibrillation: a scientific statement from the American Heart
Association. Circulation. (2020) 141:¢750-72. doi: 10.1161/CIR.00000000000
00748

to data restriction. Third, the number of included studies is
limited. Further larger and well-designed studies were needed
to confirm our conclusion. Fourth, the protocol of this study
was not prospectively registered, however, no similar protocols
of this topic were registered in the International prospective
register of systematic reviews (PROSPERO) database (https://
www.crd.york.ac.uk/prospero/). Finally, there was substantial
heterogeneity in the primary analysis, which may derive from
the baseline characteristics of patients. However, there was no
evidence of heterogeneity when Liao et al. was excluded, with
results remaining positive.

CONCLUSION

Our dose-response suggested low serum albumin level is
significantly associated with an increased risk of AF. Further
studies are needed to explore the effect of induction of elevated
serum albumin levels on the prevention of AF.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

XZ and JT were responsible for the entire project and revised the
draft. XL and YW performed the systematic literature review and
drafted the first version of the manuscript. All authors took part
in the interpretation of the results and prepared the final version
of the manuscript.

FUNDING

This study was supported by grants from the Natural
Science Foundation of Jiangxi Province Youth Fund
Project (20192BAB215008), the Science and Technology
Research Youth Project of Education Department of Jiangxi
Province (GJJ180124), the Natural Science Foundation of
China (82060122), and the Key Project of Jiangxi Provincial
Department of Education (GJJ180014).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2021.
728353/full#supplementary-material

2. Soeters PB, Wolfe RR, Shenkin A. Hypoalbuminemia: pathogenesis
and clinical significance. ] Parenteral Enteral Nutr. (2019) 43:181-93.
doi: 10.1002/jpen.1451

3. Ronit A, Kirkegaard-Klitbo DM, Dohlmann TL, Lundgren ], Sabin CA,
Phillips AN, et al. Plasma albumin and incident cardiovascular disease: results
from the CGPS and an updated meta-analysis. Arterioscler Thromb Vasc Biol.
(2020) 40:473-82. doi: 10.1161/ATVBAHA.119.313681

Frontiers in Nutrition | www.frontiersin.org

August 2021 | Volume 8 | Article 728353


https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
https://www.frontiersin.org/articles/10.3389/fnut.2021.728353/full#supplementary-material
https://doi.org/10.1161/CIR.0000000000000748
https://doi.org/10.1002/jpen.1451
https://doi.org/10.1161/ATVBAHA.119.313681
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Wang et al.

Albumin and Atrial Fibrillation

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Peacock E Morris DL, Anwaruddin S, Christenson RH, Collinson PO,

Goodacre SW, et al. Meta-analysis of ischemia-modified albumin to rule out
acute coronary syndromes in the emergency department. Am Heart ]. (2006)
152:253-62. doi: 10.1016/j.ahj.2005.12.024

. Phillips A, Shaper AG, Whincup P. Association between serum albumin and

mortality from cardiovascular disease, cancer, other causes. Lancet. (1989)
334:1434-6. doi: 10.1016/S0140-6736(89)92042-4

. Friedman AN, SFadem Z. Reassessment of albumin as a nutritional

marker in kidney disease. J Am Soc Nephrol. (2010) 21:223-30.

doi: 10.1681/ASN.2009020213

. Karabacak K, Kubat E, Akyol FB, Kadan M, Erol G, Doganci S, et al. The

C-reactive protein/albumin ratio as a new predictor for postoperative atrial
fibrillation after coronary artery bypass graft surgery. | Card Surg. (2020)
35:2747-53. doi: 10.1111/jocs.14898

. LLiao Z, Zhang SZ, Li WD, Liu Y, Li JP, XZhuang D, et al. Serum

albumin and atrial fibrillation: insights from epidemiological and
mendelian randomization studies. Eur ] Epidemiol. (2020) 35:113-22.
doi: 10.1007/s10654-019-00583-6

. Tanaka A, Inaguma D, Shinjo H, Takeda A. Incidence rate of atrial fibrillation

after dialysis initiation and its relationship with cardiovascular events. Acta
Cardiol. (2019) 74:527-535. doi: 10.1080/00015385.2018.1530085

D.E.C. van Beek, Kuijpers YAM, Konigs MHH, I.C.C. van der Horst,
Scheeren TWL. Low serum albumin levels and new-onset atrial fibrillation
in the ICU: a prospective cohort study. J Crit Care. (2020) 56:26-30.
doi: 10.1016/j.jcrc.2019.11.011

Acar G, Akgay A, Dogan E, Isik 10, S6kmen A, Sokmen G, et al. The
prevalence and predictors of atrial fibrillation in hemodialysis patients. Turk
Kardiyol Dern Ars. (2010) 38:8-13.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow
CD, et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

Wells GA, Tugwell P, O’Connell D, Welch V, Peterson J, Shea B, et al. The
Newecastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized
studies in meta-analyses. (2015). Available online at: http://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp

Liu X, Guo L, Xiao K, Zhu W, Liu M, Wan R, et al. The obesity paradox for
outcomes in atrial fibrillation: evidence from an exposure-effect analysis of
prospective studies. Obes Rev. (2020) 21:€12970. doi: 10.1111/0br.12970

Liu X, Guo N, Zhu W, Zhou Q, Liu M, Chen C, et al. Resting Heart
Rate and the Risk of Atrial Fibrillation. Int Heart J. (2019) 60:805-11.
doi: 10.1536/ih;j.18-470

Greenland S, Longnecker MP. Methods for trend estimation from
summarized dose-response data, with applications to meta-analysis. Am ]
Epidemiol. (1992) 135:1301-9. doi: 10.1093/oxfordjournals.aje.al16237

Xu C, Sar D. The robust error meta-regression method for dose-
response meta-analysis. Int ] Evid Based Healthc. (2017) 16:138-44.
doi: 10.1097/XEB.0000000000000132

Xu C, Thabane L, Liu T-Z, Li L, Borhan S, Sun X. Flexible piecewise
linear model for investigating doseresponse relationship in meta-analysis:
methodology, examples, and comparison. Peer] Preprints. (2018) 6:€27277v1.
doi: 10.1111/jebm.12339

Xu G, Liu Y, Jia PL, Li L, Liu TZ, Cheng LL, et al. The methodological quality
of dose-response meta-analyses needed substantial improvement: a cross-
sectional survey and proposed recommendations. J Clin Epidemiol. (2019)
107:1-11. doi: 10.1016/.jclinepi.2018.11.007

Ananthapanyasut W, Napan S, Rudolph EH, Harindhanavudhi T, Ayash H,
Guglielmi KE, et al. Prevalence of atrial fibrillation and its predictors in
nondialysis patients with chronic kidney disease. Clin ] Am Soc Nephrol.
(2010) 5:173-81. doi: 10.2215/CJN.03170509

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Liu Y, Liu H, Dong L, Chen ], Guo J. Prevalence of atrial fibrillation
in hospitalized patients over 40 years old: ten-year data from the
People’s Hospital of Peking University. Acta Cardiol. (2010) 65:221-4.
doi: 10.2143/AC.65.2.2047057

Mukamal KJ, Tolstrup JS, Friberg J, Gronbaek M, Jensen G. Fibrinogen
and albumin levels and risk of atrial fibrillation in men and women
(the Copenhagen City Heart Study). Am ] Cardiol. (2006) 98:75-81.
doi: 10.1016/j.amjcard.2006.01.067

Mwalitsa JP, Maimone S, Filomia R, Alibrandi A, Saitta C, Caccamo G, et al.
Atrial fibrillation in patients with cirrhosis. Liver Int. (2016) 36:395-400.
doi: 10.1111/1iv.12928

Zhu L, Chen M, Lin X. Serum albumin level for prediction of all-cause
mortality in acute coronary syndrome patients: a meta-analysis. Biosci Rep.
(2020) 40:BSR20190881. doi: 10.1042/BSR20190881

Wilkes MM, Navickis RJ.
administration: a meta-analysis of randomized, controlled trials. Ann Intern
Med. (2001) 135:149-64. doi: 10.7326/0003-4819-135-3-200108070-00007
Xia M, Zhang C, Gu J, Chen ], Wang LC, Lu Y, et al. Impact of serum
albumin levels on long-term all-cause, cardiovascular, and cardiac mortality in
patients with first-onset acute myocardial infarction. Clin Chim Acta. (2018)
477:89-93. doi: 10.1016/j.cca.2017.12.014

Delaney AP, Dan A, McCaffrey ], Finfer S. The role of albumin
as a resuscitation fluid for patients with systematic
review and meta-analysis. Crit Med. 39:386-91.
doi: 10.1097/CCM.0b013e3181ffe217

Hu Y-E, Chen Y-J, Lin Y-J, Chen S-A. inflammation and the pathogenesis of
atrial fibrillation. Nat Rev Cardiol. (2015) 12:230. doi: 10.1038/nrcardio.2015.2

Patient survival after human albumin

sepsis: a

care (2011)

Arques S, Human serum albumin in cardiovascular diseases.
Eur ] Intern Med. (2018) 52:8-12. doi: 10.1016/j.ejim.2018.
04.014

Roche M, Rondeau P, Singh NR, Tarnus E, Bourdon E. The

antioxidant properties of serum albumin. FEBS Lett. (2008) 582:1783-7.
doi: 10.1016/j.febslet.2008.04.057

Ziolo MT, Mohler PJ. Defining the role of oxidative stress in atrial
fibrillation and diabetes. ] Cardiovasc Electrophysiol. (2015) 26:223.
doi: 10.1111/jce.12560

Sovari  AA, S.C. Dudley Jr, Reactive oxygen  species-
targeted therapeutic interventions for atrial fibrillation.
Front Physiol. (2012) 3:311. doi: 10.3389/fphys.2012.
00311

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Wang, Du, Xiao, Li, Liu, Tan and Zhang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Nutrition | www.frontiersin.org

August 2021 | Volume 8 | Article 728353


https://doi.org/10.1016/j.ahj.2005.12.024
https://doi.org/10.1016/S0140-6736(89)92042-4
https://doi.org/10.1681/ASN.2009020213
https://doi.org/10.1111/jocs.14898
https://doi.org/10.1007/s10654-019-00583-6
https://doi.org/10.1080/00015385.2018.1530085
https://doi.org/10.1016/j.jcrc.2019.11.011
https://doi.org/10.1136/bmj.n71
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1111/obr.12970
https://doi.org/10.1536/ihj.18-470
https://doi.org/10.1093/oxfordjournals.aje.a116237
https://doi.org/10.1097/XEB.0000000000000132
https://doi.org/10.1111/jebm.12339
https://doi.org/10.1016/j.jclinepi.2018.11.007
https://doi.org/10.2215/CJN.03170509
https://doi.org/10.2143/AC.65.2.2047057
https://doi.org/10.1016/j.amjcard.2006.01.067
https://doi.org/10.1111/liv.12928
https://doi.org/10.1042/BSR20190881
https://doi.org/10.7326/0003-4819-135-3-200108070-00007
https://doi.org/10.1016/j.cca.2017.12.014
https://doi.org/10.1097/CCM.0b013e3181ffe217
https://doi.org/10.1038/nrcardio.2015.2
https://doi.org/10.1016/j.ejim.2018.04.014
https://doi.org/10.1016/j.febslet.2008.04.057
https://doi.org/10.1111/jce.12560
https://doi.org/10.3389/fphys.2012.00311
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Relationship Between Serum Albumin and Risk of Atrial Fibrillation: A Dose-Response Meta-Analysis
	Introduction
	Methods
	Search Strategy
	Selection Criteria and Study Selection
	Data Collection and Quality Assessment
	Statistical Analysis

	Results
	Literature Search
	Study Characteristics and Study Quality
	Association Between Serum Albumin Level and Risk of AF
	Subgroup Analysis and Sensitive Analysis

	Discussion
	Clinical Implications
	Strengths And Limitation
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


