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 Background: It remains unclear whether there is a sex difference in the association between serum albumin (ALB) and atri-
al fibrillation (AF). This retrospective case-control study from a single center in China aimed to determine the 
association between serum ALB levels and AF by sex in 950 patients.

 Material/Methods: Data of 950 AF patients and 963 age- and sex-matched non-AF patients with sinus rhythm were collected and 
analyzed retrospectively. Clinical baseline data were analyzed using the t test or Mann-Whitney U test, anal-
ysis of variance (ANOVA), and chi-square test. The interrelationships were determined by Pearson correlation 
analysis, and multivariate logistic regression analysis was performed to adjust for covariables.

 Results: ALB levels of AF patients were significantly lower in both sexes (P<0.05), especially paroxysmal AF. ALB was 
positively correlated with total cholesterol (TC) (r=0.359, P<0.05), low-density lipoprotein cholesterol (LDL-C) 
(r=0.283, P<0.05), and serum apolipoprotein A1 (APOA1) (r=0.429, P<0.05) and was negatively correlated with 
serum creatinine (SCr) (r=0.129, P<0.05) in patients with AF. We found an independent negative association 
between ALB levels and AF in men after adjusting for confounding factors (OR=0.889, 95% CI: 0.845-0.934, 
P<0.05).

 Conclusions: In patients at a single center in China, low serum ALB levels in male patients were significantly associated with 
AF. These findings support those from previous studies in other populations and highlight the importance of 
monitoring and treating the cause of hypoalbuminemia in cardiac patients.
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Background

Atrial fibrillation (AF), a worldwide epidemic and increasingly 
common arrhythmia, affects 33 million people worldwide [1,2]. 
In the United States and Europe, AF will affect 1 in 4 middle-
aged adults during their lifetimes [3,4]. As a growing public 
health problem with anincreasing prevalence and significant 
substantial financial cost, AF is related to an increased risk of 
heart failure, stroke, cognitive impairment, and even mortali-
ty [5,6]. Unfortunately, there have been no major advances in 
equipment and novel anti-arrhythmic drugs to combatAF in 
the past decade [7]. Although catheter ablation is an effective 
therapy for AF, the invasive procedure can still have potential 
complications [8-10]. Furthermore, the success rate of a single 
operation is only 66.6% in paroxysmal AF [11]. Meanwhile, de-
spite multifaceted efforts, prevention of AF remains challeng-
ing [12] and it is essential to investigate the correlation and 
mechanisms between potential modifiable risk factors and AF.

Although risk factors and mechanisms of AF are complex and 
far from clear, it has been confirmed that inflammation and 
oxidative stress play an important role in the occurrence and 
maintenance of AF [13,14]. Many scholars have demonstrated 
a relationship between low serum albumin (ALB) levels as an 
independent risk factor and cardiovascular diseases [15,16]. 

More recent studies additionally showed that ALB levels were 
associated with the risk of AF [17-21]. Clinical evidence sug-
gests that ALB has several physiological properties, including 
antioxidant, anti-inflammatory, and anticoagulant, as well as 
colloid osmosis [22]. Furthermore, several studies demonstrated 
that ALB is a valuable biomarker of many diseases, mainly as a 
result of malnutrition and inflammation [23-25]. Nevertheless, 
from the clinical standpoint, the association between AF and 
ALB levels also can be influenced by multiple parameters, com-
plications, and particularly by sex [26,27].

The relationship between ALB and AF among men and wom-
en has been less clearly elucidated, especially in the Chinese 
population. Therefore, this retrospective case-control study 
from a single center in China aimed to determine the associ-
ation between serum ALB levels and AF by sex in 950 patients.

Material and Methods

Data Source and Study Design

This investigation was conducted in accordance with the prin-
ciples of the Helsinki Declaration and was approved by the 
Medical Research Ethics Committee of the Affiliated Hospital 
of Shandong University of Traditional Chinese Medicine be-
fore data collection, and the requirement of informed con-
sent was waived. This case-control study retrospectively 

evaluated the clinical information of 1913 hospitalized pa-
tients (male/female: 949/964, mean age 68.26±11.02 years) 
in the Affiliated Hospital of Shandong University of Traditional 
Chinese Medicine from January 2019 to September 2021. All 
participants were from a short-term hospitalization popula-
tion in the community who had lived with normal nutritional 
status. A total of 950 AF patients aged 28 to 85 years old and 
963 age- and sex-matched non-AF patients with sinus rhythm 
served as controls. Additionally, considering that several con-
founding factors may interfere with the results, we excluded 
patients with cardiac surgery, structural heart disease, valvular 
disease, heart failure, hyperthyroidism, current liver or kidney 
dysfunction, malignancy, gout, use of uric acid-lowering drugs, 
and diuretics, as well as pregnant women. Baseline informa-
tion of participants including age, sex, laboratory test results, 
AF type, and complications was documented from electronic 
medical record review.

Definition of AF

According to guidelines [28], paroxysmal AF was considered to 
be AF terminated spontaneously or with intervention within 7 
days of initiation. Permanent AF was defined as AF for which 
sinus rhythm could not be restored or maintained.

ALB Measurement and Definition of Hypoproteinemia

The bromocresol green (BCG) was used to measure ALB lev-
els. The conversion standard of ALB levels is as follows: 
1 g/L=0.1 g/dL. Hypoproteinemia was identified as ALB lev-
els <3.5 g/dL [29].

Screened Indicators

We screened baseline data of all participants, including age, 
sex, AF type, AF complication, and laboratory indicators, in-
cluding ALB, triglyceride (TG), total cholesterol (TC), low-den-
sity lipoprotein cholesterol (LDL-C), high-density lipoprotein 
cholesterol (HDL-C), alanine aminotransferase (ALT), serum cre-
atinine, aspartate aminotransferase (AST), serum apolipopro-
tein A1(APOA1), serum apolipoprotein B (APOB), lipoprotein 
(a) (Lp (a)), serum creatinine (SCr), and serum uric acid (SUA).

Statistical Analysis

All statistical analyses were performed using SPSS software 
(version 26.0; SPSS Inc., Chicago, IL, USA) and GraphPad Prism 
software (version 9.0.0). Specifically, continuous data are pre-
sented as mean±standard deviations (SD) or medians and in-
terquartile ranges (IQR) [25th-75th percentile] and compared by t 
test or Mann-Whitney U test and analysis of variance (ANOVA). 
Categorical data were expressed as percentages and compared 
by chi-square test. Pearson correlation analyses were used to 
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determine interrelationships. Meanwhile, multivariate logistic 
regression analysis was performed to adjust for covariates. All 
statistical tests were two-tailed and a P value<0.05 was con-
sidered significant.

Results

Baseline Characteristics

Table 1 shows the baseline characteristics of the AF group and 
controls. We enrolled 1913 patients and divided them into 2 
groups: an AF group (n=950) and a control group (n=963). 
Overall, patients with AF were more likely to experience cor-
onary heart disease (CHD), hypertension, diabetes, and hypo-
proteinemia (P<0.05), significantly higher levels of AST, SCr, 
and SUA (P<0.05), and significantly lower levels of TG, TC, 
LDL-C, HDL-C, APOA1, and APOB (P<0.05). Figure 1 shows the 

comparison of ALB levels between the AF group and controls 
by sex. Specifically, ALB levels of AF patients were significantly 
lower in both sexes (P<0.05). Furthermore, ALB levels of parox-
ysmal AF were significantly lower than permanent AF (P<0.05). 
In addition, Figure 2 shows the comparison of ALB levels be-
tween the AF group and controls by age. Compared with con-
trols, ALB levels of AF patients with age £60 years were sig-
nificantly lower (P<0.05) and ALB levels of AF patients age >60 
years also were significantly lower (P<0.05).

The Related Factors of ALB Levels in Patients with AF

Figure 3 shows the correlation between ALB levels and AF-
related factors. Our results suggested that ALB was positively 
correlated with TC (r=0.359, P<0.05, Figure 3A), LDL-C (r=0.283, 
P<0.05, Figure 3B), and APOA1(r=0.429, P<0.05, Figure 3C) in 
patients with AF. Conversely, ALB was negatively correlated 
with SCr in AF patients (r=0.129, P<0.05, Figure 3D).

Variable AF group (n=950) Control group (n=963) P value

Age, years  68.61±10.34  67.92±11.66 0.171

Male, n (%)  479 (50.4)  470 (48.8) 0.480

CHD, n (%)  840 (88.4)  241 (25.0) <0.001*

Hypertension, n (%)  638 (67.2)  324 (33.6) <0.001*

Diabetes, n (%)  280 (29.5)  158 (16.4) <0.001*

TG, mmol/L  1.07 [0.78-1.46]  1.10 [0.81-1.55] 0.029*

TC, mmol/L  4.19±1.10  5.02±1.10 <0.001*

LDL-C, mmol/L  2.50±0.90  2.96±0.86 <0.001*

HDL-C, mmol/L  1.07±0.30  1.21±0.25 <0.001*

ALT, U/L  16.00 [12.00-24.00]  17.00 [12.00-23.00] 0.429

AST, U/L  20.00 [16.00-25.00]  18.00 [15.00-23.00] <0.001*

APOA1, g/L  1.13±0.26  1.23±0.25 <0.001*

APOB, g/L  0.80±0.38  0.99±0.24 <0.001*

Lp (a), mg/dL  14.20 [6.80-29.70]  14.60 [6.90-29.30] 0.970

SCr, μmoI/L  78.46±51.47  64.77±26.54 <0.001*

SUA, mg/dL  5.71±1.91  5.21±1.50 <0.001*

ALB, g/L  38.05±4.64  40.11±4.12 <0.001*

Male, g/L  37.96±4.77  40.62±4.04 <0.001*

Female, g/L  38.14±4.51  39.63±4.14 <0.001*

Hypoproteinemia, n (%)  211 (22.21)  98 (10.17) <0.001*

Male  112 (11.79)  40 (4.15) <0.001*

Female  99 (10.42)  58 (6.02) <0.001*

Table 1. Baseline characteristics of AF group and controls.

Data are presented as mean±SD or n(%). AF – atrial fibrillation; CHD – coronary heart disease; AST – aspartate aminotransferase; 
ALT – alanine aminotransferase; APOA1 – serum apolipoprotein A1; APOB – serum apolipoprotein B; ALB – serum albumin; 
Lp (a) – lipoprotein (a); TG – triglyceride; TC – total cholesterol; LDL-C – low-density lipoprotein cholesterol; HDL-C – high-density 
lipoprotein cholesterol; SCr – serum creatinine; SUA – serum uric acid. * Statistically significant value (P<0.05).
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Association Between ALB and AF

Table 2 shows the association between ALB and AF by multi-
variate logistic regression analysis. Specifically, after adjust-
ing for CHD, hypertension, and diabetes, ALB was considered 
to be a factor associated with AF (OR=0.931, 95% CI: 0.906-
0.957, P<0.05). After adjusting for TG, TC, LDL-C, HDL-C, ALT, 
AST, APOA1, APOB, SCr, and SUA, ALB remained as a significant 
factor related to AF (OR=0.910, 95% CI: 0.884-0.936, P<0.05). 
After further adjustment for all confounding factors, ALB re-
mained as an important relevant factor for AF (OR=0.930, 95% 
CI: 0.898-0.963, P<0.05). Moreover, this independent association 
was more significant in men with AF, regardless of age (P<0.05).

Association Between ALB Levels and AF by Type and 
Complication

As shown in Table 3, compared with the permanent AF group, 
the ALB levels of the paroxysmal AF group were significant-
ly lower (37.49±4.96 vs 38.35±4.43 g/L, P<0.05). However, no 
significant differences in ALB levels between AF complications 
were observed (P>0.05).

Association Between ALB Levels and Metabolic Indicators 
in Patients with Paroxysmal AF

As shown in Table 4, patients with paroxysmal AF of lower 
ALB had lower APOA1, TG, TC, LDL-C, and HDL-C in both sexes 
(P<0.05), lower SUA in men (P<0.05), and lower ALT and APOB 
in women (P<0.05).

Association Between ALB Levels and Metabolic Indicators 
in Patients with Permanent AF

As shown in Table 5, patients with permanent AF and lower 
ALB had lower APOA1, TG, TC, LDL-C, and HDL-C in both sexes 
(P<0.05), and lower APOB in women (P<0.05).

Discussion

The present results show that in patients at a single center in 
China, low serum ALB levels in male patients were significant-
ly associated with AF, regardless of age. Also, ALB was posi-
tively correlated with TC, LDL-C, and APOA1, and was negative-
ly correlated with SCr. ALB levels of patients with paroxysmal 
AF were significantly lower than in patients with permanent 
AF, but no significant differences were observed in SUA lev-
els among patients with different AF complications. We also 
found a consistent relationship between paroxysmal AF and 
permanent AF with lower ALB had lower blood lipid profiles 
and APOA1 in both sexes. These findings support those from 
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Figure 1.  ALB levels in AF patients and controls by sex. 
Compared with controls, ALB levels of AF patients 
were significantly lower in men (paroxysmal AF vs 
permanent AF vs controls: 37.25±5.14 vs 38.39±4.48 
vs 40.62± 4.04 g/L, P<0.05). Compared with controls, 
ALB levels of AF patients were significantly lower in 
women (paroxysmal AF vs permanent AF vs controls: 
37.77±4.75 vs 38.31±4.39 vs 39.63±4.14 g/L, P<0.05). 
AF – atrial fibrillation; ALB – serum albumin. The figure 
was created using GraphPad Prism software (version 
9.0.0).
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Figure 2.  ALB levels in AF patients and controls by age. 
Compared with controls, ALB levels of AF patients with 
age £60 years were significantly lower (AF group vs 
control group: 40.04±4.35 vs 41.96±3.54 g/L, P<0.05), 
ALB levels of AF patients with age >60 years also 
were significantly lower (AF group vs control group: 
37.53±4.57 vs 39.59±4.12 g/L, P<0.05). AF – atrial 
fibrillation; ALB – serum albumin. The figure was 
created using GraphPad Prism software (version 9.0.0).

e935347-4
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Zhong X. et al: 
Serum albumin levels and atrial fibrillation

© Med Sci Monit, 2022; 28: e935347
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



previous studies in other populations and highlight the impor-
tance of monitoring and treating the cause of hypoalbumin-
emia in cardiac patients.

ALB is a primary protein with a variety of biochemical proper-
ties in human plasma [30]. Hypoalbuminemia, generally de-
fined as ALB <35 g/L, is considered as a significant factor of 
inflammation, malnutrition and cachexia, as well as a useful 
marker of multiple diseases [31,32]. We found a close rela-
tionship between serum ALB levels and AF. The current find-
ing are supported by those of previous studies. A prospective 
epidemiological and Mendelian randomization study based 
on a large-scale showed that ALB level is inversely related to 
the risk of AF in an approximately linear pattern [17]. A dose-
response meta-analysis found a significant negative linear 

association between serum ALB and the risk of AF [18]. Another 
study showed that lower ALB was a risk factor for paroxysmal 
AF [19]. A prospective cohort study indicated that low ALB was 
associated with the risk and the number of attacks of NOAF 
for ICU patients [20]. In addition, several studies have shown 
that the relationship between albumin and AF may differ by 
sex. A study of 8870 individuals in the Copenhagen City Heart 
Study reported that lower ALB levels were independently asso-
ciated with the occurrence of AF in women [21]. Nevertheless, 
in the current study, we found an independent negative cor-
relation between ALB levels and AF in men, which was incon-
sistent with previous findings. Therefore, further studies are 
needed to confirm this association and elucidate the sex-spe-
cific mechanisms involved.
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Figure 3.  Factors associated with ALB levels in AF patients. (A) Correlation between ALB and TC in AF patients (r=0.359, P<0.05). 
(B) Correlation between ALB and LDL-C in AF patients (r=0.283, P<0.05). (C) Correlation between ALB and APOA1 in AF 
patients (r=0.429, P<0.05). (D) Correlation between ALB and SCr in AF patients (r=0.129, P<0.05). ALB – serum albumin; 
TC – total cholesterol; LDL-C – low-density lipoprotein cholesterol; APOA1 – serum apolipoprotein A1(APOA1); SCr – serum 
creatinine. The figure was created using SPSS software (version 26.0, SPSS Inc., Chicago, IL, USA).
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Several potential mechanisms have been identified. 
Inflammation has been proposed as a significant mechanism 
contributing to AF [33]. Evidence has shown that ALB exerts 
a powerful anti-inflammatory property under certain condi-
tions [22]. Previous studies have shown that ALB is positively 
correlated with inflammatory factors such as C-reactive pro-
tein [22]. Meanwhile, ALB also has important antioxidant ef-
fects, which prevent the shortening of atrial action potential 

duration and delay of after-depolarizations caused by increas-
ing sarcoplasmic reticulum Ca2+ [34-36]. ALB is also involved 
in left ventricular remodeling, a key link in AF [37]. Moreover, 
ALB is regarded as an important indicator of individual mal-
nutrition and may interfere with the proportional loss of myo-
cardial muscle and electrophysiological stability due to its 
deficiency [38-40]. Malnutrition-related AF warrants further 
investigation.

Total Men Women

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Total

 Model 1 0.897 (0.877-0.917) <0.001* 0.870 (0.843-0.899) <0.001* 0.922 (0.894-0.951) <0.001*

 Model 2 0.931 (0.906-0.957) <0.001* 0.904 (0.868-0.940) <0.001* 0.954 (0.918-0.991) 0.015*

 Mode 3 0.910 (0.884-0.936) <0.001* 0.883 (0.849-0.919) <0.001* 0.948 (0.907-0.992) 0.020*

 Model 4 0.930 (0.898-0.963) <0.001* 0.889 (0.845-0.934) <0.001* 0.963 (0.911-1.019) 0.191

Age £60 (year)

 Model 1 0.881 (0.835-0.930) <0.001* 0.851 (0.798-0.909) <0.001* 0.975 (0.878-1.084) 0.644

 Model 2 0.888 (0.824-0.958) 0.002* 0.880 (0.806-0.961) 0.004* 0.922 (0.789-1.078) 0.309

 Mode 3 0.861 (0.803-0.924) <0.001* 0.847 (0.779-0.922) <0.001* 1.004 (0.814-1.238) 0.970

 Model 4 0.852 (0.768-0.945) 0.003* 0.867 (0.762-0.986) 0.030* 0.962 (0.707-1.310) 0.807

Age >60 (year)

 Model 1 0.895 (0.872-0.917) <0.001* 0.870 (0.836-0.905) <0.001* 0.914 (0.885-0.945) <0.001*

 Model 2 0.910 (0.882-0.939) <0.001* 0.877 (0.834-0.921) <0.001* 0.937 (0.899-0.976) 0.002*

 Mode 3 0.916 (0.886-0.948) <0.001* 0.874 (0.830-0.921) <0.001* 0.956 (0.912-1.002) 0.062

 Model 4 0.914 (0.876-0.953) <0.001* 0.847 (0.794-0.903) <0.001* 0.969 (0.913-1.028) 0.299

Table 2. Association between ALB and AF.

Model 1: Crude, no adjustment. Model 2: Adjusting for CHD, hypertension and diabetes. Model 3: Adjusting for TG, TC, LDL-C, HDL-C, 
ALT, AST, APOA1, APOB, SCr, and SUA. Model 4: Adjusting for all these factors. AF – atrial fibrillation; CHD – coronary heart disease; 
TG – triglyceride; TC – total cholesterol; LDL-C – low-density lipoprotein cholesterol; HDL-C – high-density lipoprotein cholesterol; 
ALT – alanine aminotransferase; AST – aspartate aminotransferase; APOA1 – serum apolipoprotein A1; APOB – serum apolipoprotein B; 
SCr – serum creatinine; SUA – serum uric acid. * Statistically significant value (P<0.05).

Variable n ALB (g/L) P value

AF type

 Paroxysmal AF 332 37.49±4.96
0.008*

 Permanent AF 618 38.35±4.43

AF complication

 AF+hypertension 638 38.24±4.46

0.162 AF+CHD 840 37.98±4.61

 AF+diabetes 280 37.62±4.87

Table 3. Association between ALB levels and AF by type and complication.

Data are presented as mean±SD. AF – atrial fibrillation; ALB – serum albumin; CHD – coronary heart disease. * Statistically significant 
value (P<0.05).
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Additionally, we found that ALB was positively correlated with 
TC, LDL-C, and APOA1, and there was a consistent relationship 
between paroxysmal AF and permanent AF with lower ALB, 
lower blood lipid profiles, and APOA1 in both sexes, suggest-
ing that ALB contributes to AF development by affecting lipid 

profiles and APOA1. A potential relationship between lipids and 
AF has been demonstrated, and a cohort study has shown TC 
and LDL-C levels were inversely related to AF [41]. Likewise, 
APOA1 exerts anti-inflammatory and antioxidant effects through 
related enzymes, which may mediate the occurrence of AF 

Variable
 Male patients (n=180) Female patients (n=152)

£37.5 g/L 37.5-41.1g/L ³41.1g/L P value £37.5 g/L 37.5-41.1g/L ³41.1g/L P value

Number, n 87 55 38 70 43 39

SCr, μmoI/L 79.11±29.78 77.25±17.48 82.26±31.34 0.679 82.31±107.75 63.00±13.33 65.03±14.80 0.314

AST, U/L 29.28±38.11 25.20±11.98 25.74±24.58 0.680 21.40±14.18 21.07±7.68 23.18±9.92 0.670

ALT, U/L 27.46±32.05 26.13±18.75 27.55±30.34 0.957 16.64±14.44 19.02±11.10 23.23±12.45 0.044*

APOA1, g/L 0.92±0.24 1.14±0.22 1.21±0.22 <0.001* 1.02±0.24 1.25±0.22 1.40±0.21 <0.001*

APOB, g/L 0.73±0.24 0.94±1.22 0.86±0.23 0.209 0.74±0.21 0.91±0.33 0.91±0.24 <0.001*

SUA,mg/dL 5.35±2.22 6.16±1.44 6.11±1.76 0.024* 5.30±2.26 5.29±1.66 5.05±1.86 0.804

TG, mmol/L 0.98±0.53 1.14±0.50 1.32±0.79 0.011* 1.03±0.46 1.56±1.00 1.66±2.46 0.039*

TC, mmol/L 3.64±1.01 4.20±0.86 4.46±0.94 <0.001* 3.88±1.00 4.83±1.33 5.09±1.18 <0.001*

LDL-C, mmol/L 2.17±0.80 2.54±0.69 2.67±0.83 0.001* 2.28±0.82 3.00±1.44 2.98±0.95 <0.001*

HDL-C, mmol/L 0.93±0.32 1.07±0.27 1.13±0.32 0.001* 1.01±0.30 1.17±0.28 1.37±0.42 <0.001*

Table 4. Association between levels of SUA and metabolic indicators in patients with paroxysmal AF by sex.

Data are presented as mean±SD. SCr – serum creatinine; AST – aspartate aminotransferase; ALT – alanine aminotransferase; 
APOA1 – serum apolipoprotein A1; APOB – serum apolipoprotein B; SUA – serum uric acid; TG – triglyceride; TC – total cholesterol; 
LDL-C – low-density lipoprotein cholesterol; HDL-C – high-density lipoprotein cholesterol. * Statistically significant value (P<0.05).

Variable
 Male patients (n=299) Female patients (n=319)

£37.5 g/L 37.5-41.1g/L ³41.1g/L P value £37.5 g/L 37.5-41.1g/L ³41.1g/L P value

Number, n 117 104 78 127 107 85

SCr, μmoI/L 87.44±30.78 82.80±22.39 83.86±30.47 0.440 86.95±98.56 63.00±13.33 65.48±18.90 0.007*

AST, U/L 35.17±118.89 21.65±8.94 23.36±9.61 0.350 23.61±22.93 21.07±22.71 20.75±7.60 0.499

ALT, U/L 26.21±52.06 20.51±12.31 24.21±13.58 0.459 18.93±32.79 22.39±19.74 18.01±11.42 0.402

APOA1, g/L 0.99±0.26 1.10±0.19 1.21±0.19 <0.001* 1.07±0.25 1.23±0.25 1.33±0.23 <0.001*

APOB, g/L 0.73±0.24 0.76±0.25 0.81±0.22 0.073 0.75±0.22 0.80±0.21 0.88±0.23 <0.001*

SUA,mg/dL 6.14±2.08 6.28±1.67 6.42±1.62 0.574 5.24±1.96 5.62±1.88 5.31±1.33 0.243

TG, mmol/L 1.08±0.60 1.34±1.22 1.41±0.82 0.025* 1.13±0.60 1.25±0.54 1.42±0.58 0.002*

TC, mmol/L 3.82±1.08 4.00±1.10 4.34±0.98 0.004* 4.03±1.00 4.34±0.95 4.81±1.02 <0.001*

LDL-C, mmol/L 2.30±0.87 2.35±0.88 2.60±0.81 0.047* 2.41±0.82 2.56±0.79 2.88±0.88 <0.001*

HDL-C, mmol/L 0.96±0.27 1.01±0.22 1.12±0.19 <0.001* 1.04±0.29 1.15±0.29 1.22±0.26 <0.001*

Table 5. Association between ALB levels and metabolic indicators in patients with permanent AF by sex.

Data are presented as mean±SD. SCr – serum creatinine; AST – aspartate aminotransferase; ALT – alanine aminotransferase; 
APOA1 – serum apolipoprotein A1; APOB – serum apolipoprotein B; SUA – serum uric acid; TG – triglyceride; TC – total cholesterol; 
LDL-C – low-density lipoprotein cholesterol; HDL-C – high-density lipoprotein cholesterol.* Statistically significant value (P<0.05).
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and ischemic outcomes [42-44]. Thus, it could be speculated 
that ALB combined with other clinical factors affects the oc-
currence and maintenance of AF. The limited sample size and 
confounding factors may also affect the relationship, which 
still needs to be confirmed by further studies.

In the present study, we performed a subgroup analysis strati-
fied by sex and AF type to investigate the relationship between 
ALB and AF. On this basis, we also investigated the relation-
ship between ALB and some metabolic factors of AF. To the 
best of our knowledge, few such studies have been conduct-
ed. Certainly, there might be several potential limitations. First, 
the outcome of the limited sample size is worth considering. 
Second, the association between ALB and AF was only ana-
lyzed based on single-center retrospective data, but not cau-
sality. Third, only paroxysmal AF and permanent AF were in-
cluded, and the observation of patients with persistent AF was 
ignored. Fourth, the inflammatory and oxidative stress state of 
participants was not assessed. Additionally, several confound-
ing factors may not have been adequately adjust for and high 
comorbidities risk requires further investigation. Finally, due to 
the limited sample size, we were unable to match hypertension, 
coronary heart disease, and diabetes in the AF patients and 
controls. We will address these deficiencies in future research.

Conclusions

In conclusion, the present results showed that in patients at a 
single center in China, low serum ALB levels in male patients 
were significantly associated with AF. These findings support 
those from previous studies in other populations and high-
light the importance of monitoring and treating the causes of 
hypoalbuminemia in cardiac patients, including heart failure, 
nephrotic syndrome, liver cirrhosis, and nutritional deficiency.
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