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Aim: To assess the value of body mass index (BMI) and adipokine levels in predicting
development of atrial fibrillation (AF) in the general population. Methods: Three hundred
and ninety eight patients were examined for the presence of phenotype metabolically healthy
obesity (MHO), according to the Wildman criteria; adipokine levels were assessed by enzyme
immunoassay method; AF was assessed by electrocardiography (ECG) and/or by ECG diurnal
monitoring. Results: Obesity (group 1) and overweight (group 2) was present in 23.7% and
42.0% of participants; while 21.1% were normal body weight (group 3) and 13.1% had a BMI
< 19.9 kg/m² (group 4). Phenotype MHO was detected in 19.6% patients. At follow-up, 32.4%
of participants developed AF. Adiponectin levels were significantly higher in MHO patients as
compared to metabolically unhealthy patients with abdominal obesity (AO). High molecular
weight adiponectin (HMVAN) levels were significantly decreased in patients of groups 1 and
4, as compared to groups 2 and 3. Correlation between AF and HMWAN was determined by
regressive analysis in patients of 1st and 4th groups (β = -0.24, P = 0.003 and β = -0.26, P =
0.002, respectively). Conclusion: The probability of developing AF increases with AO and
decreased BMI, which is accompanied by a change in HMVAN levels. In MHO patients, the
probability of AF developing is identical with persons having normal BMI.

INTRODUCTION
The likelihood of being overweight or obese in
adulthood has been increasing in epidemic proportions
in the last few decades[1]. We have witnessed a parallel
rise in the incidence of atrial fibrillation (AF), which is
the most common sustained cardiac arrhythmia and
a significant cause of cardiovascular (CV) morbidity

and mortality. It can be explained by advances in the
treatment of coronary heart disease (CHD) and heart
failure (HF) improving life expectancy and consequently
the prevalence of AF (since the incidence of atrial
fibrillation increases with age) [2].
Abdominal obesity (AO) and excess body weight are
associated with the development of cardiovascular
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disease (CVD), including an increased risk of incidence
of sudden cardiac death, atrium fibrillation and other
form of arrhythmias[1].
In contrast, a large review from Flegal et al.[3] analyzed
97 studies of 2.9 million individuals, including >
270,000 deaths, and demonstrated that optimal
survival occurred in “overweight” patients [body mass
index (BMI): 25 to 30 kg/m2], who had a significant 6%
lower mortality than the “normal-weight” BMI cohort
(BMI: 18.5 to 25 kg/m2) [3].
Patients with elevated BMI, but normal insulin sensitivity,
lipid profiles and blood pressure (BP), are considered
to be metabolically healthy obesity (MHO) [4]. Some
epidemiological data suggest that MHO carries a
lower risk of CVD, lower risk of AF development and
less all-cause mortality than being normal weight yet
metabolically unhealthy[5]. The precise mechanism
that induces AF in obesity is still unknown. Metabolic
comorbidities are common in obese people and could
be the main reason for increased AF risk and total
cardiovascular risk, apart from obesity itself. There are
several proposed mechanisms that connect obesity
and AF[6-10].
Enhanced neurohormonal activation, impaired insulin
tolerance, dyslipoproteinemia, hypertension and
pathological changes in circulating renin-angiotensinaldosterone system accompanies obesity and may
contribute to left atrial enlargement and electrical
instability, which may result in AF development[11].
Studies on the mechanisms by which obesity induces
AF show that obesity causes atrial arrhythmogenic
remodeling. Progression of atrial ﬁbrosis is a key event
in the pathogenesis of AF[12,13], and can be caused by
aging, underlying cardiac diseases, systemic diseases
or inﬂammatory processes, or AF itself. Obese
individuals, even without cardiovascular disease, have
left atrium (LA) enlargement[14] and different electrical
properties, such as slower conduction from the LA
entering the pulmonary vein (PV) and a signiﬁcantly
shorter effective refractory period in the LA and PV[15].
Adipokines are bioactive proteins produced by the
adipose compartment that have wide-ranging effects
across organs and tissues. Leptin and adiponectin are
both closely related with obesity and have recently
been implicated with AF. These hormones are secreted
primarily by adipocytes, while the stromovascular tissue
surrounding fat secretes tumor necrosis factor-alpha
(TNF-α) and macrophages secrete resistin[16,17]. These
adipokines have been proposed as links between
adiposity and insulin resistance, glucose deregulation,
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and CVD. Adiponectin is reduced in obesity, CHD, HF,
AF and T2DM, and increased following weight loss.
Adiponectin levels were independently associated
with the incident of AF[16,17]. However, it remains
unclear whether these are markers of failed regulatory
pathways that lead to AF or are directly involved in AF
pathogenesis.
Our study aimed to elucidate the causal relationship
between AF and BMI or adipokine levels, specifically
serum leptin and high-molecular-weight adiponectin
(HMWAN), among the general population.

METHODS
This study comprised 398 patients randomly selected
while visiting the out-patient unit due to any reason,
except acute heart pathology, provided they had not
had heart rate disorders in their past medical history.
Among allotted patients there were 142 with arterial
hypertension (AH) (35.7%), 118 suffering from ischemic
heart disease (29.6%), 73 with diabetes mellitus II type
(DM-2) (18.3%), provided DM-2 was compensated.
Also excluded were those patients who had developed
kidney, liver diseases, heart diseases, heart failure
(more than 2 functional class according to New York
Heart Association), chronic obstructive lung pathology,
malignant neoplasms or alcoholism.
Patients’ age ranged from 37 to 56 years old (mean
age: 41.4 ± 2.3 year). All patients involved in this
study were examined according to the same protocol.
Anthropometry was assessed with measurements
of waist circumference and BMI calculated by Kettle
formula. Additionally, BP was measured along with
a panel of laboratory tests: fasting serum glucose
(glucosoxidative approach); serum lipoproteins
[serum cholesterol, triglycerides (TG), cholesterol of
high-density lipoprotein (HDL) by enzyme colorimetric
approach with kit of “Human” (Germany)]; C-reactive
protein (CP) by solid phase enzyme immunoassay
(EIA) (NycoCard CRP, Axis-Shield); serum Leptin by
EIA kit Leptin ELISA [Diaghostics Biochem Canada
Inc (DBC Inc) cat № ABIN362629 CAN-L-4260]; and
serum HMWAN by EIA with use of kit DRG (USA). The
homeostatic model assessment of insulin resistance
(HOMA-IR) was calculated: НОМА-IR = insulin, mcU/mL
× glucose, mmol/L ÷ 22.5).
Overweight patients (BWI: 25-29.9 kg/m2) and those
with AO and BMI ≥ 30 kg/m2 were classified according
to Wildman criteria (2008) as “MHO” and “metabolically
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unhealthy obesity (MUO).”

Table 1: Subsets of patients considering BMI (n = 398)

At the screening stage, echocardiography was
performed on the apparatus Toshiba-SSH-60 A (Japan)
using standard methods (in M and B regimens) by the
recommendations of the American Echocardiogram
Society.

Groups of the patients (%)

The study included patients who initially had minimal
differences in echocardiography indicators as compared
to the control group for minimization of the impact
of other risk factors at the onset of atrial fibrillation.
Careful selection of patients made it possible to reliably
estimate the effect of the selected parameters - BMI,
leptin and high molecular weight adiponectin on the
probability of atrial fibrillation, according to the goal of
the study.
The phenotype MHO was assessed according to
Wildman criteria: the presence of 0-1 factors indicating
metabolic health[18]. Patients with AO were considered
as MHO who had met the following criteria: systolic
BP and diastolic BP below 130 mmHg and 85 mmHg
respectively without antihypertensive therapy; serum TG
≤ 1.70 mmol/L; serum HDL cholesterol ≥ 1.04 mmol/L
for males and ≥ 1.30 for females without lipid-reducing
treatment; fasting serum glucose ≤ 5.55 mmol/L without
hypoglycaemic therapy; serum CP ≤ 4.72 mg/L; HOMAIR ≤ 4.81.
Every patient was checked by electrocardiography
(ECG) and/or by ECG diurnal monitoring (DM-ECG).
Time of surveillance varied from 3.4 to 6.2 years (mean
span 3.8 ± 1.2 years).
In order to evaluate obtained results they were
compared with values of 20 people regarded as healthy
(nothing abnormal was revealed) matching by age
and gender. All statistical analyses were performed
using the program (STATISTICA® for Windows 10.0)
and t-criterion of Student (P < 0.05); the minimum
level of statistical significance was assumed at P <
0.05. Continuous variables were presented as means
± standard deviation. To determine the differences
among the groups, Student’s t-test was used for
continuous variables, the correlation analysis was
used to calculate the Pearson correlation coefficient
and the Spearman rank correlation coefficient.

RESULTS
According to the goal of the study, all patients were
allotted to 4 groups considering BMI [Table 1].
Echocardiographic characteristic of patients were given
in Table 2. Characteristics of patients of different groups
198

Group 1 (n = 95) (23.9)
Group 2 (n = 167) (42.0)
Group 3 (n = 84) (21.1)
Group 4 (n = 52) (13.0)

BMI (kg/m²)
≥ 30
25-29.9
20-24.9
< 19.9

BMI: body mass index

included in the study, according to the main physical
and laboratory parameters are presented in Table 3.
Data for phenotype MHO assessment were accessible
in 97 participants. Phenotype MHO (Wildman) was
recognized in 19 people (19.6%) that corresponded
to the global estimates. Characteristics of MHO-type
patients were given in Table 4. Assessment of serum
adipokines revealed some peculiarities of leptin and
HMWAN rate with regard to different BMI. HMWAN
values were significantly raised in MHO-type patients
comparatively to MUO type ones with AO: respectively
11.32 mcg/mL and 7.87 mcg/mL (P < 0.01). Leptin was
in the same range in patients of all subsets. HMWAN
was significantly lower in patients of 1st and 4th groups
comparatively to 2nd and 3rd groups [Table 5]. AF was
identified in 129 patients (32.4%) throughout the span
of surveillance. Patients with obesity and body weight
deficiency (1st and 4th groups) developed AF more
frequently compared to other groups. There were
different types of AF: AF paroxysms spontaneously
resolved into sinus rhythm or restored to sinus rhythm
by medicated cardioversion, long-lasting AF of
persistent or permanent type. Analysis of AF incidence
among patients involved in the study was shown in
Table 6.
Correlation between AF and HMWAN was determined
by regressive analysis in patients of 1st and 4th
groups (β = -0.24, Р = 0.003 and β = -0.26, Р = 0.002
respectively).
The probability of developing AF increases with AO and
decreased BMI, which is accompanied by a change
in HMVAN levels. In MHO patients probability of AF
developing is identical with normal BMI individuals.

DISCUSSION
The obtained results revealed some peculiarities of
leptin and HMWAN levels in relation to various BMI.
It was established that the level of leptin did not differ
significantly in patients with normal body weight
or with an increase or decrease BMI. At the same
time, HMWAN value changes were more significant
and had specific features in individuals with different
body weight. We found a reduction of HMWAN with
Vessel Plus ¦ Volume 1 ¦ December 28, 2017
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Table 2: Echocardiographic characteristic of patients
Control
(n = 20)

Indices

Group 1
(n = 95)

Group 2
(n = 167)

Group 3
(n = 84)

Group 4
(n = 52)

LA (sm)

2.9 ± 0.2

3.1 ± 0.2

3.3 ± 0.4

3.0 ± 0.2

2.6 ± 0.3

EDV LV (mL)

98.5 ± 4.3

108.6 ± 3.8

110.8 ± 4.2

84.5 ± 4.9

96.6 ± 3.8

ESV LV (mL)

38.4 ± 2.2

41.7 ± 2.4

42.8 ± 3.6

37.0 ± 3.1

38.6 ± 3.8

EF (%)

64.4 ± 4.2

62.8 ± 3.8

57.2 ± 4.2

59.6 ± 5.3

61.6 ± 3.8

TPWd (mm)

8.4 ± 0.4

9.2 ± 1.2

9.0 ± 1.4

8.6 ± 1.1

8.2 ± 0.8

TIVSd (mm)

8.2 ± 0.6

9.2 ± 1.8

9.1 ± 1.2

8.5 ± 1.2

8.2 ± 0.8

LA: left atrium; EDV LV: end-diastolic volume of the left ventricle; ESV LV: end-systolic volume of the left ventricle; EF: ejection fraction;
TPWd: thickness of the posterior wall of the left ventricle in diastole; TIVSd: the thickness of the interventricular septum in diastole

Table 3: Baseline characteristics of the study population with different BMI
Control group
(n = 20)

Index
WC (sm)

78.2 ± 5.4

HC (sm)

92.4 ± 6.3

WC/HC

0.76 ± 0.04

SAD (mmHg)

120.4 ± 2.6

Examined patients (n = 398)
Group 1
(n = 95)

Group 2
(n = 167)

Group 3
(n = 84)

Group 4
(n = 52)

101.4 ± 6.2 *,**

96.8 ± 4.4*,**

82.6 ± 6.4 ^,#,**

64.8 ± 2.6 ^,#

142.8 ± 8.4

*,&,**

0.82 ± 0.08
142.4 ± 6.8

*,**

*,**

*,**

124.6 ± 7.4

0.80 ± 0.07
138.8 ± 5.2

*,**

*,**

DAD (mmHg)

78.4 ± 2.2

88.4 ± 4.5

86,2 ± 3.4

Total cholesterol (mmol/L)

4.42 ± 0.08

6.68 ± 1.07 *,**

6.24 ± 1.02*,**

Triglycerides (mmol/L)

1.34 ± 0.06

3.22 ± 0.08

*,**

*,**

HDL cholesterol (mmol/L)

1.40 ± 0.04

0.72 ± 0.06 *,**

Fasting glucose (mmol/L)

4.60 ± 0.22

HOMA-IR

^,#,**

96.5 ± 6.51

0.80 ± 0.06
132.5 ± 3.5
82.4 ± 6.2

^,**

^,**

5.16 ± 1.29

0.78 ± 0.06
118.8 ± 4.6
74.6 ± 3.8 ^,#
4.14 ± 0.08 ^,#

2.16 ± 0.07

1.04 ± 0.03 ^,#

0.84 ± 0.04*,**

1.05 ± 0.02^,#

1.02 ± 0.02^,#

6.28 ± 0.36*,**

6.02 ± 0.16*,**

5.12 ± 0.08 ^,#,**

3.72 ± 0.18 ^,#

1.88 ± 0.22

5.12±0.32*,&,**

4.98 ± 0.28*,&,**

2.32 ± 0.24 ^,#

1.14 ± 0.06 ^,#

C-reactive protein (mg/L)

2.24 ± 0.12

5.38 ± 1.24*,**

4.42 ± 1.12*,**

3.02 ± 0.79 ^

2.68 ± 0.32^,#

Serum leptin (mcg/mL)

21.6 ± 1.2

22.5 ± 1.6

23.5 ± 1.8

22.4 ± 1.4

21.9 ± 1.2

HMWAN (mcg/mL)

14.74 ± 1.22

4.42 ± 1.06

*,#,&

3.12 ± 0.06

13.82 ± 1.12

^,**

^,#,**

80.2 ± 3.4 ^,#

^,**

14.23 ± 1.07

3.75 ± 0.18*,#,&

*: reliability of differences (P ≤ 0.05) compared with control group; ^: reliability of differences (P ≤ 0.05) compared with group 1; #: reliability
of differences (P < 0.05) compared with group 2; &: reliability of differences (P < 0.05) compared with group 3; **: reliability of differences
(P < 0.05) compared with group 4; WC: waist circumference; HC: hip circumference; SAD: systolic blood pressure; DAD: diastolic blood
pressure; HDL: high-density lipoprotein; HOMA-IR: homeostasis model of assessment insulin resistance; BMI: body mass index

BMI deviations greater and smaller from normal
values. Thus, there was significant decrease of serum
HMWAN in patients with obesity of group 1 with a BMI
of more than 30 kg/m2, and with a body mass deficit
in patients of group 4 with BMI less than 19.9 kg/m2.
It is also important to note that the difference in the
HMWAN value reduction in patients with obesity and
body weight deficit was insignificant, while significantly
different from those with normal and increased body
weight with a BMI within 25-29.9 kg/m2.
During the observation period, AF most often developed
in patients who had the most significant initial HMWAN
reduction - in patients with more prominent obesity
and in patients with body mass deficiency in groups
Vessel Plus ¦ Volume 1 ¦ December 28, 2017

1 and 4. Less often, AF developed in individuals with
increased body weight, even without obesity and only
in isolated cases in patients with normal body weight.
The most frequent variant of AF was paroxysmal AF,
while the other variants - persistent or permanent type,
developed much less frequently.
These changes have been confirmed by established
correlation dependence of the development of AF
and HMWAN reduction in groups 1 and 4 of the
patients. It was found that significant BMI deviation in
both directions is a prognostically unfavorable factor
for the development of AF in patients, even without
any other manifestations of CV disease or metabolic
abnormality. It was found that the deviation of BMI
199

Bilovol et al.

Relationship between atrial fibrillation, BMI and adipokines

Table 4: Characteristics of MHO-type patients by Wildman criteria
Index
SAD (mmHg)
DAD (mmHg)
Triglycerides (mmol/L)
HDL cholesterol: men,
women (mmol/L)
Fasting blood glucose (mmol/L)
C-reactive protein (mg/L)
HOMA-IR

Wildman criteria

MHO-type patients

P

≤ 130
≤ 85
≤ 1.70
≥ 1.04
≥ 1.30
≤ 5.55
< 4.72
< 4.81

123.4 ± 2.4
78.8 ± 2.2
1.46 ± 0.18
1.15 ± 0.08
1.42 ± 0.11
4.08 ± 0.06
2.18 ± 0.06
2.62 ± 0.12

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

MHO: metabolically healthy obesity; SAD: systolic blood pressure; DAD: diastolic blood pressure; HDL: high-density lipoprotein; HOMA-IR:
homeostasis model of assessment insulin resistance

Table 5: Serum leptin and high-molecular-weight adiponectin values in patients with different body weight
Index
Serum leptin (mcg/mL)
HMWAN (mcg/mL)

Examined patients (n = 398)

Control group
(n = 20)

Group 1 (n = 95)

Group 2 (n = 167)

Group 3 (n = 84)

21.6 ± 1.2

22.5 ± 1.6

23.5 ± 1.8

22.4 ± 1.4

21.9 ± 1.2

14.74 ± 1.22

4.42 ± 1.06*,#,&

13.82 ± 1.12&,**

14.23 ± 1.07&,**

3.75 ± 0.18*,#,&

Group 4 (n = 52)

*: reliability of differences (P ≤ 0.05) compared with control group; ^: reliability of differences (P ≤ 0.05) compared with group 1; #:
reliability of differences (P < 0.05) compared with group 2; &: reliability of differences (P < 0.05) compared with group 3; **: reliability of
differences (P < 0.05) compared with group 4

Table 6: The incidence of various forms of atrial fibrillation in patients examined during the observation period (3.8
± 1.2 years)
Index
Paroxysmal atrial fibrillation (AFpx)
Persistent atrial fibrillation (AFps)
Permanent atrial fibrillation (AFpm)

Examined patients (n = 398) (%)
Group 1 (n = 95)

Group 2 (n = 167)

Group 3 (n = 84)

Group 4 (n = 52)

24 (25.3)
17 (17.9)
11 (11.6)

26 (15.6)
24 (14.4)
19 (11.4)

7 (8.3)
4 (4.8)
2 (2.4)

13 (25.0)
9 (17.3)
7 (13.5)

both in the direction of increase and decrease is a
prognostically unfavorable factor for the development
of AF in patients even without any other manifestations
of CV disease.
These results indicate that obesity not only leads to
different metabolic, hormonal and hemodynamic
changes in the body that affect the heart muscle,
causing its structural and functional changes, but the
same changes are taking place in the patient with a
body weight deficit, causing similar pathogenesis,
particularly AF development.
Adiponectin plays an important role in many
metabolic processes; it has a protective effect,
especially for development of endothelial dysfunction,
atherosclerosis and other vascular diseases, the
progression of which is reflected in heart rhythm
disturbances, in particular, the onset of AF[19].
Adiponectin is under the influence and itself influences
the action of many pathophysiological mechanisms,
including pathological TNF-α, interleukin-6, C-reactive
protein, insulin, body weight, blood pressure deviation,
and progression of many chronic diseases[20].
200

Adiponectin is involved in cardiac remodeling, not
only through direct action on the cardiac muscle, but
indirectly through the effect on endothelial function,
atherogenesis, and vascular inflammation. In addition,
adiponectin penetrates the blood-brain barrier and
affects the function of the heart through the central
nervous system[21].
Adipose tissue can be related to the lipotoxicity of
cardiomyocytes, which is carried out through unknown
factors with the participation of FATP4 and CD36
transporters, and cardiomyocytes can maintain the
stability of adipose tissue, affecting the secretion of
adipokines[22].
Insulin resistance - this is the main pathological
mechanism that binds metabolic, anthropometric and
clinical indicators with the increasing risk of CVD and
DM2. Adipocytokine imbalance, with a low level of
adiponectin, can act as a triggering mechanism for the
development of hyperinsulinemia, impaired glucose
tolerance, dyslipidemia, endothelial dysfunction,
arterial hypertension, abdominal obesity, fibrosis and
atrial fibrillation[23].
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