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Objectives: Atrial fibrillation (AF) is a common heart disease associated with cardiac dysfunction.
Adiponectin is an abundant protein produced by adipocytes that regulates metabolism and inflammation
in the body. Studies have reported a link between AF and circulatory adipokines. The objective of the
study is to investigate the associations between adiponectin serum level and the ADIPOQ rs1501299
(276G/T) SNP with AF.
Methods: The study included a total of 112 AF cases and 112 matched healthy controls. Serum adiponec-
tin was analyzed using an ELISA assay. Genotyping of rs1501299 was performed using PCR-RFLP tech-
nique.
Results: The results showed that the level of adiponectin in the serum was significantly higher (P < 0.01)
in AF group versus the controls. When the sample was stratified by sex, the magnitude of increases in
adiponectin levels among female AF patients (87.6%) was higher than that of male patients (33.2%).
Multivariate regression model showed that gender was related to adiponectin levels among the patient
group (P < 0.001). In sex-specific multivariate regression, adiponectin was associated with BMI in female
patients (P < 0.05) and with glucose blood level among male patients (P < 0.05). Finally, the study showed
no association between ADIPOQ rs1501299 SNP and AF (P > 0.05).
Conclusion: The results confirmed the relationship between blood adiponectin and AF. However, the
polymorphism of the ADIPOQ rs1501299 gene may not be associated with AF in the population studied.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Atrial fibrillation (AF) is a chronic arrhythmia attributable to a
disturbance in the control of the heart that can lead to impaired
cardiac function (Lau et al., 2019). AF is mainly associated with
age and sex, with males and the elderly being more susceptible
to the disease compared to females and younger people (Zhang
et al., 2021). The worldwide prevalence of AF has reached 37.5 mil-
lion cases, and it is constantly increasing (Lippi et al., 2021).

Clinical symptoms of AF include tremors, shortness of breath,
tiredness, dizziness, and chest pain (Tousoulis, 2019; Milman and
Burns, 2021). Persistent AF can cause atrial fibrosis, abnormal col-
lagen deposition, ion channel disruption, cellular energy imbal-
ance, atrial enlargement, and cell death (Nattel, 2017; Chen et al.,
2021). In addition, AF is a risk factor for heart failure, myocardial
infarction, and subsequent mortality (Prabhu et al., 2017).

AF is usually caused by structural heart problems (Zimetbaum,
2017). AF can also be associated with alcohol consumption, obe-
sity, and some chronic conditions such as diabetes and sleep apnea.
(Csengeri et al., 2021). Previous literature has shown that family
history can also influence the risk of developing AF (Lozano-
Velasco and Franco, 2020). Therefore, it has been suggested that
genetic variations in some genes can cause AF or can modulate a
person’s risk of developing it (Campbell and Wehrens, 2018).

Adipose tissue is a connective tissue composed predominantly
of adipocytes that can act as an endocrine organ by releasing
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various biologically active substances, known as adipokines
(Farkhondeh et al., 2020). Patients with AF have significantly more
fatty tissue compared to healthy people (Psychari et al., 2018). Adi-
ponectin is a fatty substance that can induce multiple metabolic
effects including glucose homeostasis, appetite, and inflammation
(Choi et al., 2020; Maeda et al., 2020). Additionally, circulating adi-
ponectin is elevated in AF (Psychari et al., 2018; Agbaedeng et al.,
2022) and an independent risk factor for the development of AF
(Guo et al., 2019).

The adiponectin gene (ADIPOQ) is carried on chromosome three
(Fang and Judd, 2018). Some specific single-nucleotide polymor-
phisms (SNPs) have been identified in ADIPOQ gene (Breitfeld
et al., 2012). Thus, SNPs in ADIPOQ gene may affect adiponectin
gene expression (Dalamaga et al., 2012). Among the most studied
polymorphisms is + 276G > T (rs1501299) (Amrita et al., 2021).
This polymorphism has been associated with obesity and diabetes
mellitus, which are well reported risks for AF (Lu et al., 2014;
Elghazy et al., 2022). Thus, the aim of the current study was to
investigate the relationship of AF with the rs1501299 SNP. In addi-
tion, the level of serum adiponectin was compared between sub-
jects with AF and healthy ones. The rs1501299 SNP is predicted
to be associated with AF and presumably adiponectin is altered
in AF.
2. Materials and methods

2.1. Subjects

Patients with AF aged 23–73 years from Al-Hussein Medical
Complex, Amman, Jordan and age and gender (normal sinus
rhythm) controls were recruited to participate in the study. Stan-
dard diagnostic criteria for atrial fibrillation based on electrocar-
diogram/ Holter electrocardiogram data were used (Camm et al.,
2010). The exclusion criteria were structural heart disease, heart
failure, arrhythmia other than AF, malignancy, autoimmune dis-
ease, blood disorders, hepatic failure, renal failure, thyroid disease,
and chronic infectious diseases (Psychari et al., 2018; Zhu et al.,
2021). Written informed consent was obtained from all partici-
pants according to the guidelines of the Institutional Ethics Com-
mittee. All study procedures, requirements, benefits and potential
risks have been explained to the participants before joining. Clini-
cal data were obtained from patient records. Demographic data
were obtained from participants using a standardized form.
2.2. Blood sampling

Venous blood was sampled in EDTA and plain tubes from all
subjects. EDTA blood samples were used for DNA extraction and
genotyping of the ADIPOQ SNP. Serum was collected from plain
tubes by direct centrifugation at 1,500 g for five min. The serum
was stored in a deep freeze for biochemical analysis (Al-Azzam
et al., 2014).
2.3. Biochemical analysis

Serum Adiponectin concentrations were analyzed using a sand-
wich ELISA assay kit developed by R&D System (USA). The assay
involved the use of a capture antibody and a horse radish peroxi-
dase (HRP) labelled detection antibody. Serum samples were
diluted 1:800 with the diluting reagent provided by the kit. Addi-
tion of the HRP substrate to the reaction results in the formation
of a product that absorbs light at 450 nm. Changes in the absor-
bance of samples were quantified at 450 nm using a BioTek instru-
ment (Winooski, VT, USA). Values of adiponectin were computed
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from the standard curve as previously described (Khabour et al.,
2018).

2.4. Genotyping of the rs1501299 SNP

DNA was extracted from whole blood using a Promega kit
(Madison, USA). The quality and quantity of isolated DNA were
checked using the SmartSpec 3000 instrument (Bio-Rad, USA).
Genotyping of the rs1501299 SNP was performed using poly-
merase chain-restriction fragment length polymorphism (PCR-
RFLP) technique. The primer sequences were forward: 50- CCT
GGT GAG AAG GGT GAGAA-30, and reverse: 50-TCATC CTT GGA
AGA CCA ACC-30. A ready to use master mix was purchased from
Promega (USA). A total of 100 ng/mL DNA was used in each PCR
reaction. The PCR conditions were 6 min at 94 �C, 34 cycles: 45 s
at 94 �C, 50 s at 58 �C, and 50 s at 72 �C, and a final extension of
5 min at 72 �C. The 195 bp amplified fragment was restricted with
BsmI at 37 �C as previously described (Garba et al., 2020). The
digested products were visualized using 2% agarose. The TT geno-
type gives a 195 bp fragment. The GG genotype gives 104 bp and
91 bp fragments (Garba et al., 2020).

2.5. Statistical analysis

The SPSS package (version 22, Inc, Chicago, IL) was applied for
statistical comparisons. Values were presented as means and per-
centages, while significance was taken into account at P < 0.05.
Adiponectin levels in patients versus control group were analyzed
using the Student’s t-test. In addition, multivariate regression
model was applied to infer predictors of adiponectin levels in AF
patients. Factors including gender, age, lipid profile, diabetes,
ulcers, and hypertension were used in the regression model as
potential predictors. The distribution of rs1501299 SNP between
patients and controls was compared using SNPstats website tools
(https://www.snpstats.net/start.htm).
3. Results

Table 1 shows the characteristics of patients and controls. The
comparison analysis showed no differences (P > 0.05) in age,
height, weight, BMI, and gender in patients versus controls. In
addition, there is no significant difference in the lipid profile (total
cholesterol, triglycerides, HDL, and LDL) and the prevalence of dia-
betes, hypertension, and gastric ulcers between the two groups
(P > 0.05). Sex-specific comparisons showed that weight was
higher in males with AF than in control males, whereas the fre-
quency of hypertension was higher among females with AF than
control females (Table 1, P < 0.05).

Fig. 1 shows that serum adiponectin was higher (P < 0.001) in
AF patients versus controls. When the sample was stratified by
sex, ANOVA (F = 22.40, P < 0.001) revealed that adiponectin was
higher in patients than controls in males (Fig. 2, 2806 ± 144 ng/
mL versus 2096 ± 211 ng/mL respectively, P < 0.05) and females
(Fig. 2, 4019 ± 159 ng/mL versus 2142 ± 238 ng/mL, P < 0.001).
In addition, adiponectin was higher in female patients than in male
patients (P < 0.01). However, no statistical differences were found
between adiponectin levels in male and female control subjects
(P > 0.05).

To identify factors that predict adiponectin levels in patients
with atrial fibrillation, a multivariate regression analysis was per-
formed. The results showed that gender was strongly associated
with adiponectin levels among the AF group (P < 0.001). However,
none of the other factors (age, lipid profile, diabetes, ulcers, and
hypertension) predicted adiponectin levels in the AF group (Table 2,
P > 0.05). When multivariate regression analysis was performed in
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Table 1
Characteristics of patients and controls.

Parameters* Patients
(n = 112)

Controls
(n = 112)

p-value Male
patients
(n = 54)

Male
controls
(n = 59)

p-value Female
patients
(n = 58)

Female
controls
(n = 53)

p-value

Age (years) 49.7 ± 14.9 49.4 ± 14.7 0.95 48.3 ± 14.9 49.3 ± 15.4 0.721 51.1 ± 15.0 49.6 ± 14.0 0.583
Height (cm) 167.1 ± 8.7 166.7 ± 9.4 0.358 170.8 ± 7.8 168.2 ± 9.1 0.104 163.6 ± 8.1 165.0 ± 9.7 0.404
Weight (kg) 83.5 ± 15.5 82.1 ± 15.6 0.240 90.3 ± 14.7 81.7 ± 15.5 0.003 77.2 ± 13.4 82.5 ± 15.7 0.062
BMI (kg/cm2) 29.8 ± 5.03 29.7 ± 6.5 0.470 30.9 ± 5.5 29.1 ± 6.2 0.094 28.9 ± 4.8 30.6 ± 6.9 0.123
Total Cholesterol 4.38 ± 1.32 4.48 ± 1.50 0.584 4.24 ± 1.23 4.25 ± 1.43 0.959 4.52 ± 1.39 4.74 + 1.54 0.410
Triglycerides 1.81 ± 0.94 1.64 ± 0.927 0.184 2.02 ± 1.17 1.71 ± 0.99 0.130 1.61 ± 0.63 1.56 ± 0.84 0.743
LDL 2.97 ± 1.08 3.05 ± 1.09 0.577 2.82 ± 0.99 2.91 ± 1.09 0.659 3.12 ± 1.15 3.22 ± 1.09 0.622
HDL 0.79 ± 0.23 0.86 ± 0.35 0.094 0.70 ± 0.17 0.77 ± 0.22 0.068 0.88 ± 0.26 0.96 ± 0.44 0.232
Diabetes: N(%) 20 (17.8) 21 (18.7) 0.863 11 (20.4) 11 (19.0) 0.852 9 (16.7) 9 (17.3) 0.930
Hypertension N(%) 23 (20.5) 20 (17.8) 0.610 9 (16.7) 15 (25.4) 0.256 14 (24.1) 4 (7.5) 0.018

*BMI: body mass index, LDL: low density lipoprotein, HDL: high density lipoprotein.

Fig. 1. Changes in serum adiponectin in atrial fibrillation. Serum adiponectin
was higher in patients than in controls. Values were presented as Mean ± SEM. *
indicates P < 0.001.

Fig. 2. Changes in serum adiponectin in atrial fibrillation across sex. Serum
adiponectin were compared between male and female participants. ANOVA
indicates significant differences between groups (F = 22.40, P < 0.001). Adiponectin
levels were higher in the patient groups than in the control groups in males
(P < 0.05) and females (P < 0.001). Adiponectin levels also were higher in female
patients than in male patients (p < 0.01). However, no significant difference was
found between adiponectin levels in male and female controls (P > 0.05). Values
were expressed as Mean ± SEM. * indicates significant difference (P < 0.05). **
indicates significant difference (P < 0.01).

Table 2
Multivariate regression analysis of adiponectin in the AF group.

Model* B Beta

Age 5.014 0.053
Gender 1180 431
BMI 1.039 0.004
Glucose �2.283 �0.006
Cholesterol �24.18 �0.028
LDL �2.935 �0.066
Diabetes 120.2 0.034
Hypertension �5.812 �0.002

*BMI: body mass index, LDL: low density lipoprotein, HDL: high density lipoprotein.
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male and female groups separately (Table 3), adiponectin was
associated with BMI in female patients (P < 0.05) and with glucose
blood level among male patients (P < 0.05).

Table 4 shows the distribution of the rs1501299 SNP between
the AF and controls. The distribution of both genotypes and alleles
was not statistically different between the AF group and the con-
trol group (genotypes: P = 0.387, alleles: P = 0.309). When the sam-
ple was stratified according to sex, similar results were obtained
(data not shown). Thus, ADIPOQ rs1501299 was not associated
with AF in the studied population.
4. Discussion

In this investigation, the associations between serum adiponec-
tin level and the ADIPOQ rs1501299 polymorphism with AF were
examined. The results showed no differences in the distribution
of the ADIPOQ rs1501299 SNP, while serum adiponectin was higher
in AF patients than controls.

Adiponectin, a protein hormone, is the most prevalent adipo-
kine in human blood (Cheng et al., 2012 36). It has an insulin-
sensitizing, anti-inflammatory, anti-atherosclerotic, and antioxi-
dant effect (Shimano et al., 2008). In addition, literature has also
shown that adiponectin may have cardiovascular effects
(Nanayakkara et al., 2012). For example, previous studies showed
elevated circulatory adiponectin in AF patients (Psychari et al.,
2018; Zhu et al., 2021). A meta-analysis reported that elevated cir-
culating adiponectin is an independent risk factor for developing
AF (Guo et al., 2019). Increased adiponectin has also been reported
in older adults with AF (65 years of age), devoid of clinically overt
CVDs (Macheret et al., 2015). Similarly, the present results showed
elevated levels of adiponectin in AF. According to previous studies,
a high level of adiponectin is important for reducing inflammation
and thus removing and preventing the accumulation of dying cells
(Macheret et al., 2015). Thus, a high level of adiponectin carries a
negative prognosis in late life that may reflect an inadequate or
P-value 95% CI

0.590 �13.4–23.4
0.000 664.1–1696.8
0.970 �53.85–55.93
0.954 �80.1–75.6
0.766 �185.2–136.8
0.470 �10.9–5.09
0.723 �551.9–792.5
0.986 �661.3–649.6



Table 3
Multivariate regression analysis of adiponectin in the AF male and female groups.

Model B Beta P-value 95% CI

Males Age 0.002 0.056 0.576 �0.005 – 0.008
BMI �0.013 �0.150 0.126 �0.030 – 0.004
Glucose �0.042 �0.265 0.016 �0.075 – �0.008
Cholesterol �0.001 �0.003 0.993 �0.290 – 0.287
LDL 0.034 0.069 0.856 �0.333 – 0.400
HDL 0.096 0.061 0.520 �0.198 – 0.390
Diabetes 0.024 0.019 0.844 �0.219 – 0.267
Hypertension 0.076 0.062 0.534 �0.166 – 0.318

Females Age �0.002 �0.057 0.612 �0.009 – 0.005
BMI 0.019 0.237 0.033 0.002 – 0.037
Glucose �0.030 �0.177 0.114 �0.067 – 0.007
Cholesterol �0.004 �0.013 0.959 �0.167 – 0.158
LDL �0.014 �0.033 0.892 �0.224 – 0.195
HDL 0.052 0.030 0.779 �0.315 – 0.419
Diabetes 0.098 0.080 0.454 �0.162 – 0.359
Hypertension �0.197 �0.145 0.175 �0.484 – 0.090

*BMI: body mass index, LDL: low density lipoprotein, HDL: high density lipoprotein.

Table 4
Distribution of genotypes and alleles of the rs1501299 ADIPOQ polymorphism in the
study sample.

Genotypes Patients n = 112 (%) Controls n = 98 (%) p-value

TT 12 (10.7) 18 (16.1) 0.387
GT 61 (54.5) 62 (55.3)
GG 39 (34.8) 32 (28.6)
Alleles
T 85 (37.9) 98 (43.8) 0.309
G 131 (62.1) 124 (56.2)
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ineffective response to counter regulation of the underlying dis-
ease processes (Kizer et al., 2010). An alternative justification for
elevated levels of adiponectin is overproduction by muscles. One
previous study demonstrated high expression of adiponectin in
skeletal muscle with concomitant adiponectin resistance in sub-
jects with heart failure (Van Berendoncks et al., 2010). Another
previous study reported elevated plasma adiponectin levels have
been associated with persistent AF, and this elevation in adiponec-
tin level may reflect a disconnection between adiponectin and the
corresponding receptors in AF resulting in an over-regulation and
thus increased secretion of adiponectin (Shimano et al., 2008).
Alternatively, the higher level of adiponectin could be due to the
accumulation of epicardial adipose tissue and visceral adipose tis-
sue and in patients with AF compared to healthy subjects (Psychari
et al., 2018; Sawada et al., 2021). While several studies reported
elevated adiponectin in AF, an investigation showed that low circu-
lating adiponectin levels were associated with major cardiovascu-
lar events in noncoagulated women with non-valvular AF
(Hernández-Romero et al., 2013). In addition, an inverse relation-
ship between adiponectin and the extent of platelet activation
and stroke progression has been reported in anticoagulated sub-
jects with AF (Carnevale et al., 2014). Moreover, conditions such
as diabetes and obesity are associated with low levels of adiponec-
tin and at the same time are considered major risk factors for AF
(Karam et al., 2017). Thus, the relationship between adiponectin
and AF appears complex and depends on the etiology and associ-
ated conditions. Further studies are needed to determine the exact
mechanism responsible for the elevated adiponectin levels
observed in AF patients.

The results showed that the magnitude of increases in adipo-
nectin levels among female AF patients (87.6%) was higher than
that of male patients (33.2%). In addition, multivariate regression
analysis showed that gender is a strong predictor of adiponectin
levels in atrial fibrillation. In a previous study, adiponectin was
4

associated with AF in female subjects (Zhu et al., 2021). Similar
detection of higher adiponectin has been reported in females with
paroxysmal atrial fibrillation compared to male patients (Kim et al.,
2018). In a study that examined risk factors for cardiovascular dis-
ease, adiponectin was also reported to be about 50% higher in
females than in males (Andreasson et al., 2012). The differences
between the sexes in the relationship between adiponectin and
some conditions were also presented. For example, adiponectin
was associated with metabolic risk and diminished glucose toler-
ance in females but not in males (Eglit et al., 2013). Differences
in adiponectin levels can be attributed to sex differences in body
physiology. For example, testosterone can suppress adipocyte pro-
duction of adiponectin in elderly males (Frederiksen et al., 2012). A
negative relationship between adiponectin and testosterone was
also reported in bulls (Baharun et al., 2021). These findings high-
light the importance of including strategies that lower adiponectin
levels in AF patients, especially among female patients. The results
also showed that adiponectin was associated with BMI in females
and with glucose levels among males. While the relationships
between BMI and glucose homeostasis and adiponectin levels are
well documented (Galler et al., 2007; Tabatabaei-Malazy et al.,
2010; Han et al., 2022), the influence of gender on such relation-
ships in AF needs to be investigated.

No association was found between rs1501299 SNP and AF in the
current study. Some studies have shown that the genetic factor is
responsible for 39–70% of the fluctuation of the serum adiponectin
level (Oliveira et al., 2011). The rs1501299 polymorphism is one of
the common polymorphisms in the ADIPOQ gene that has been
studied (Zhang et al., 2012). The current study is pioneering in
examining the relationship between rs1501299 and AF, thus there
are no previous studies to compare results with. However, previous
studies have shown a contradictory association of the rs1501299
SNP and cardiovascular disease (Amrita et al., 2021). For example,
rs1501299 was positively associated with the risk of coronary
artery disease in Chinese adults (Gui et al., 2012). In a meta-
analysis, rs1501299 was shown to increase the risk of cardiovascu-
lar disease (Kanu et al., 2018). Conversely, rs1501299 was associ-
ated with a reduced risk of coronary artery disease (Bacci et al.,
2004), while the mutant T allele was associated with about 45%
reduction in cardiovascular disease risk among diabetics (Qi
et al., 2006).

Among the limitations of the current study is the relatively
small sample size. Therefore, further investigations are required
to verify the association between rs1501299 and AF. In addition,
future studies should also explore the role of other polymorphisms
in the ADIPOQ gene in the etiology of AF.
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5. Conclusion

The serum level of adiponectin but not the ADIPOQ rs1501299
SNP was found to be associated with AF. Adiponectin was higher
in females than in males with AF.
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