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Abstract

Introduction: Atrial fibrillation is an irregular heartbeat that accelerates to form 
blood clots in the chambers of the heart and leads to stroke, heart failure, and other 
cardiovascular complications. Diabetes mellitus itself has been identified as a risk factor 
for atrial fibrillation, but the association between them is unclear. 

Materials and methods: We analyzed 70 patients with type 2 insulin non-dependent 
diabetes mellitus. All patients were examined in parallel Continuous Glucose (CGM) 
and ECG for 14 days. The study population divided into documented atrial fibrillation 
(AF group, n=16) and without atrial fibrillation (non-AF group, n=54) groups. We 
assessed the relationship between hypoglycemia, fasting plasma insulin, insulin 
resistance using the Homeostatic Model Assessment (HOMA-IR) equation, and the 
incidence of atrial fibrillation.

Results: We found a total of 46 episodes of documented Atrial Fibrillation (AF be 
defined as an arrhythmia lasting ≥ 30 seconds) lasted on the whole 596.9 minute, 
which was the most significant by the number (2.87 ± 2.05 per patient, p<0.0001) or 
the time (31.31 ± 16.57 min per patient, p<0.0001). We also found a maximum of 
642.6 ± 567.2 single Premature Atrial Complexes (PACs) per patient in the AF group, 
compared to 84.6 ± 87.9, p=0.002. Despite this, there were significant differences by the 
following parameters: Couplet PACs (p=0.0015) and triplet or >3 PACs (p=0.0007). 
Over 14 days, a total of 263 hypoglycemic episodes or 5135 min hypoglycemic time 
were detected, the average number and time of hypoglycemic episodes were 8.0 ± 4.94 
per person and 137.0 ± 63.17 min in AF group, and 2.5 ± 4.64 per person (p=0.0001), 
54.5 ± 67.3 min (p=0.004) in the non-AF group. There was a statistically significant 
(p<0.0001) association between Fasting Plasma Insulin (FPI) and incident AF, more 
exactly, the mean level of FPI was 31 ± 6.1 mlU/L in the AF group, whereas was 11.3 
± 4.07 in the non-AF group. When we measured the HOMA-IR index, we found 
significant differences between AF and non-AF groups (11.2 ± 3.88 mmol/l vs. 4.3 ± 
1.66 mmol/l, p<0.0001).

Conclusion: The parallel recording of continuous glucose and ECG are necessary to 
evaluate hypoglycemia-related atrial fibrillation in type 2 diabetes mellitus. Elevated 
fasting plasma insulin, as well as insulin resistance, are important predictors of atrial 
fibrillation development, but it needs further studies.

Keywords: Continuous glucose measurement . Diabetes mellitus . Atrial fibrillation 
. Continuous ECG monitoring . Hypoglycemia . Fasting plasma insulin . Insulin 
resistance 

Introduction

Atrial Fibrillation (AF) is the most common arrhythmia in the general population, with 
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an estimated lifetime risk of 25% worldwide [1]. Clinically, AF is 
important due to its association with increased risk of stroke, heart 
failure, myocardial infarction, and total mortality [2]. Diabetes 
itself has been identified as a risk factor for AF, increasing the risk 
of new-onset AF by 34%-40% [3]. Atrial structural, electrical, and 
electromechanical remodeling with multiple metabolic defects 
has been suggested as a mechanism for the relationship between 
diabetes and AF [4]. 

A focus has been placed on risk factors responsible for AF 
development and recurrence to decrease the burden and improve 
outcomes of diabetic patients. The well-known risk factors for 
AF include age, male gender, hypertension, and heart disease [5]. 
However, the established risk factors for AF can only account for 
approximately half of the AF cases in the population [5-7]. Thus, 
new approaches to screening risk factors are needed. A recent 
meta-analysis has shown that, diabetes is a risk factor for AF [3], 
but controversy remains regarding complex mechanism. There is 
some evidence that hypoglycemia increases risk [8,9]. 

There have been occasional case reports of supraventricular and 
ventricular arrhythmias associated with hypoglycemia. Transient 
AF is the most common among supraventricular arrhythmias [10]. 
There have also been several comparative analyzes of the incidence 
of bradycardia in severe hypoglycemia in patients with diabetes 
versus none [11]. Moreover, many episodes with critical low glucose 
levels may be asymptomatic, and arrhythmias will be unrecognized 
during sleep, it is still difficult to document these events in parallel. 
Nowadays, in cardioendocrinology, there is a technique of the so-
called parallel Continuous Glucose (CGM) and ECG monitoring. 
CGM has an invasive sensor that sends signals and data to a display 
device, after measuring glucose in interstitial fluid. It is possible to 
register all the parameters of the electrical cardiac activity, when 
the patient is in a state of hypoglycemia.

In addition to hypoglycemia, Fasting Plasma Insulin (FPI) also is 
a risk factor for cardiovascular disease [12] and overall mortality 
[13]. It is, however, not clear whether FPI or insulin resistance 
are risk factors for AF. A significant association between insulin 
resistance and AF was not found in the Framingham cohort [14], 
and in the Atherosclerosis Risk in Communities (ARIC) study, 
like the previous one, there was no positive relation between 
FPI and the risk of AF [7]. On the contrary, several studies have 
shown that metabolic syndrome, wherein insulin resistance is a 
key component, is related to the incidence of AF [15-19]. Thus, 
the role of FPI in the epidemiology of AF remains controversial. 
Accordingly, the question arises: How does insulin work in 
the body? Insulin effects on the vasculature through specific 
endothelial insulin receptors. The relationship between insulin 

and the endothelium is sophisticated and has been shown to vary 
according to whether the subject is insulin resistant or not [20,21]. 
In the case of normal insulin sensitivity, the endothelium lowers 
blood pressure and increases blood flow [21] through the release 
of nitric oxide. However, in the insulin-resistant endothelium, 
the effect seems to be reversed, insulin causes vasoconstriction 
instead and subsequently elevates blood pressure [20]. Therefore, 
as hemodynamic factors are significant risk factors for AF the 
relationship between insulin and AF could vary according to the 
individual’s degree of insulin sensitivity and glycemia. 

This observational research aimed to study the relationship between 
potential risk factors as hypoglycemia, FPI, or insulin resistance and 
the rate incidence of atrial fibrillation in type 2 diabetes. Therefore, 
we examined the level of FPI and measured insulin resistance by 
the Homeostatic Model of Insulin Resistance (HOMA-IR) [22] 
and used continuous glucose and ECG monitoring in parallel for 
14 days in patients with type 2 diabetes, who had been treated only 
with oral hypoglycemic agents.

Materials and Methods

Seventy patients with insulin non-dependent type 2 diabetes 
mellitus for at least 10 years were recruited from public and 
private medical centers of Tashkent, Uzbekistan. The majority of 
patients had a history of cardiovascular disease (Coronary Artery 
Disease (CAD) or peripheral vascular or cerebrovascular disease) 
and/or additional cardiovascular risk factors: Hypertension, 
current smoking, and obesity. Inclusion criteria were: Insulin 
non-dependent type 2 diabetes without previously documented 
AF; age 50-80 years; stable CAD; Chronic Heart Failure (CHF) 
I-III Functional Classes (FC) according to New York Heart 
Association (NYHA); and Chronic Kidney Disease (CKD) 1-3 
stage (Glomerular Filtration Rate (GFR)>30 ml/min/1.73 m2). 
Exclusion criteria were: Type 1 diabetes or insulin dependent 
type 2 diabetes; documented AF; valvular pathology; acute 
coronary syndrome or acute myocardial infarction; CHF IV FC 
by NYHA; CKD stage 4-5 (GFR<30 ml/min/1.73 m2); thyroid 
gland pathology; ECG changes like atrioventricular block II and 
III degree, or implanted pacemaker or defibrillator; and treatment 
with antiarrhythmic drugs besides β-blockers and calcium channel 
blockers. Patients were excluded from the study if a blood sample, 
obtained at baseline, showed electrolyte imbalance. 

We recorded Interstitial Glucose (IG) concentrations with CGM 
in the interstitial fluid of the subcutaneous fat, which, with stable 
glycemia, corresponds to the level of capillary glucose for 14 
days. Continuous monitoring of glycemia in patients was carried 
out using a portable CGM system Freestyle Libre from Abbot 
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mean ± SD or 95% confidence interval. Data were also interpreted 
as numbers and as a frequency percentage (%). Unpaired Student’s 
t-test for two groups was applied. The Confidence Intervals (95% 
CI) are calculated using the pooled standard deviation. A value of 
p>0.05 was considered to be significant. The Odds Ratios (ORs) 
were used to describe the risk of different comorbidities in AF 
patients compared with non-AF patients. The model estimated 
ORs with 95% confidence intervals for each specified group.

Results 

From January 1, 2020, to December 31, 2020, 70 patients with 
type 2 insulin non-dependent diabetes mellitus who had not 
been previously documented AF were included in this study. The 
majority of patients were aged from 55 to 64 (56%), only 11% 
of patients were aged 70-74. The study included almost similar 
numbers of patients by gender (ratio 1.2:1). Besides, the number 
of patients on the duration of diabetes was different, for example, 
it was 8 years in 12 patients and 1 year only in 4. All other 
demographic characteristics are described in detail in Figure 1.

Associated comorbidities of AF and type 2 diabetes mellitus in 
our patients were: Coronary artery disease (65%); post-infarction 
cardiosclerosis (20%); arterial hypertension (66.2%); chronic heart 
failure (75%); and chronic kidney disease (81.3%). In the odds 
ratio analysis, significant heterogeneities were not observed by the 
proportion of comorbidities, as shown in Figure 2. Of 70 patients, 
64% were received beta-blockers; 68% angiotensin-converting 
enzyme inhibitors; 65.7% mineralocorticoid receptors inhibitors; 
4% digoxin; 17% calcium antagonists; 7% loop diuretics; 85% 
aspirin; 1,4% oral anticoagulant therapy; and 11% were on dual 
antithrombotics. From oral hypoglycemic agents: 32.8% were 
received sulfonylureas; 78.5% biguanides; 20% glucagon-like 

(USA), which consists of three main parts: A sensor, a monitor, 
and a data transmission device to a computer. The principle of 
monitoring is based on the glucose oxidase method. The monitor 
samples waveforms every 10 seconds and records the average 
waveform every 1 minute. After the end of the study, the data 
obtained were loaded into a personal computer and processed 
using the Solution™ Software MMT-7310 version 3.0 C. The 
limits of glucose measurement with this device are from 39,6 mg/
dL to 399,6 mg/dL. The period of normoglycemia in a study using 
CGM was understood as a glucose level from 70 to 180 mg/dL in 
Time In Range (TIR)>70% and a glucose level<70 mg/dL in Time 
Below Range (TBR) <4%, which is recommended in International 
Consensus on the Use of the Continuous Glucose Monitoring 
[23]. Hypoglycemia was defined as IG<70 mg/dL in TBR>4%, 
and hyperglycemia was defined as IG>180 mg/dL in Time Above 
Range (TAR)>30%. The first reading of IG<70 mg/dL marked the 
start of the hypoglycemic episode, and the first reading of IG>70 
mg/dL signified the end of the episode. 

We used the 2-lead ambulatory continuous ECG system the Twin-
Trac SRA+V2 for continuous ECG monitoring, data were analyzed 
with the SR-Medizinelektronik system (Stuttgart, Germany). The 
software automatically detected arrhythmia including bradycardia, 
single Premature Atrial (PACs) or Ventricular (PVCs) complexes, 
complex beats (bigeminy, trigeminy, couplet, triplet, supra- or 
ventricular tachycardia), and atrial fibrillation. All identified 
arrhythmic events were manually checked. Investigators were not 
aware of the glucose values during the arrhythmia analysis. All 
parameters were brought to 24 hours to synchronize the readings 
of CGM and ECG monitoring for statistical analysis. Patients 
were instructed to notice all symptoms of hypoglycemia and 
arrhythmias with date and time in a predefined protocol during 
CGM and ECG monitoring.

Height (m) was measured using a stationary stadiometer; weight 
(kg) was measured using an electronic scale. Systolic Blood Pressure 
(SBP) (mmHg) was measured thrice after 15 min of supine rest, 
using a sphygmomanometer with a modifiable cuff. Blood samples 
were collected with strict fasting at each examination. Standardized 
insulin levels were measured in plasma as immunoreactive insulin 
at 1 timepoint. Insulin resistance was defined by previously 
validated Homeostasis Model Assessment of Insulin Resistance 
(HOMA-IR), assessed by the formula=(fasting plasma insulin 
(mU/L)) × (fasting plasma glucose (mmol/L))/22.5 [24].

Statistical analysis

Statistical analyses were performed using STATISTA version 10.0 
(TIBCO, USA). Descriptive characteristics were presented as 

Figure 1: Demographic characteristics of the study population. Note: ( ) 50-54; 

( ) 55-59; ( ) 60-64; ( ) 65-69; ( ) 70-74; ( ) Male; ( ) Female.
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(3.03-0.317), p=0.973). Moreover, 56% patients of AF group and 
53.7% patients of non-AF group were in TAR>30% (glucose value 
above 180 mg/dL) (OR 1.019, CI 95% (3.15-0.33), p=0.973). 
The most significant result was the number of patients, being in 
TBR>4% (glucose value below 70 mg/dL), 14 (87.5%) in first and 
only 11 (20.3%) in second group (OR 28.63, CI 95% (144.94-
5.65), p=0.0001).

Mean interstitial glucose, as well as maximum interstitial glucose 
parameters, were not different between the AF group and non-AF 
group (Table 3); however, the minimum interstitial glucose was 
significantly lower in the AF group compared to their counterparts 
(52.8 ± 16.4 vs. 79.1 ± 32.59, respectively, p=0,003). Over 14 days, 
a total of 263 hypoglycemic episodes or 5135 min hypoglycemic 
times were detected, the average number and time of hypoglycemic 
episodes were 8.0 ± 4.94 per patient and 137.0 ± 63.17 min in 
AF group, and 2.5 ± 4.64 per patient (p=0.0001), 54.5 ± 67.3 
min (p=0.004) in the non-AF group. There were no significant 
differences in the number of daily scans and the percentage of data 
analysis between both groups (Table 3).

A statistically significant association between fasting plasma insulin 
(p<0.0001) and incident AF was found. More exactly, the mean 
level of FPI was 31 ± 6.1 mlU/L in the AF group, whereas was 11.3 
± 4.07 in the non-AF group. When we measured the HOMA-IR 
index by using the homeostasis model, we observed a significant 
difference between AF and non-AF groups (11.2 ± 3.88 mmol/l vs. 
4.3 ± 1.66 mmol/l, p<0.0001).

Thus, we detected a statistically significant difference between atrial 
fibrillation and three potential factors as hypoglycemia, fasting 
plasma insulin, and insulin resistance in our observational research. 
In more detail, the association between atrial fibrillation and FPI 
or insulin resistance was more significant than hypoglycemia 
(Figure 3 and Table 4).

peptide-1 receptor agonists; 17.7% sodium-glucose transport 
protein 2 inhibitors; 41.4% dipeptidyl peptidase 4 inhibitors.

A parallel ECG and glucose monitoring for 14 days were obtained 
from 70 patients with type 2 diabetes. We divided the whole study 
population into 2 groups after receiving CGM and continuous 
ECG monitoring results. In the first group, we included patients 
with episodes of documented atrial fibrillation (n=16), in another, 
patients without atrial fibrillation (n=54). Patients were similar 
in age, Body Mass Index (BMI), blood chemistry, glycated 
hemoglobin (HbA1c), blood pressure, parameters of lipid 
metabolism, renal function, and echocardiography, but there was 
a significant difference in potassium level (p=0.009) as shown in 
Table 1.

A total of 46 episodes of documented atrial fibrillation (AF be 
defined as an arrhythmia lasting ≥ 30 seconds) lasted on the whole 
596.9 minute, which was the most significant by the number (2.87 
± 2.05 per patient, p<0.0001) or the time (31.31 ± 16.57 min 
per patient, p<0.0001) were detected. The incident rate of various 
types of atrial premature complexes between two groups were also 
compared. We found a maximum of 642.6 ± 567.2 single PACs 
per patient in the AF group, compared to 84.6 ± 87.9, p=0.002. 
Despite this, there were significant differences by the following 
parameters, shown in Table 2: Couplet PACs (p=0.0015) and 
triplet or >3 PACs (p=0.0007). QTc interval was also similar 
in both groups (p=0.317). Standard Deviation of Normal to 
Normal R-R Intervals (SDNN) is a marker of cardiac autonomic 
neuropathy that was not significantly different between the AF 
group versus the non-AF group (p=0.245) as shown in Table 2.

The data received from CGM for 14 days showed that only 38 
patients out of 70 were in TIR>70% (glucose value between 70 and 
180 mg/dL) that, means normoglycemia, out of them, 7 patients 
were in the AF group, and 23 were in another (OR 0,980, CI 95% 

Figure 2: Odds Ratios (OR) and 95% Confidence Interval (CI) for the incidence of associated comorbities of atrial fibrillation and diabetes. Note: CAD: Coronary Artery 

Disease; PICS: Post-Infarction Cardiosclerosis; CHF: Chronic Heart Failure; NYHA: New York Heart Association; AH: Arterial Hypertension; CKD: Chronic Kidney 

Disease; p: Significance Level.
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Table 1: Comparison of patient baseline characteristics between AF group and non-AF group. 
Characteristics AF group SD Non-AF group SD p value

Number 16  54   

Age, years 59,5 18,33 57,3 10,71 0,565

Body mass index, kg/m2 31,8 5,59 31,5 5,61 0,865

Mean duration of diabetes, years 6,3 3,69 4,40 1,33 0,349

Systolic blood pressure, mmHg 124,3 19,69 122,6 20,57 0,124

Ejection fraction % 55,9 6,05 59,1 6,1 0,079

Potassium, mmol/L 3,8 0,35 4,2 0,64 0,009

Cholesterol, mmol/L 194,0 36,83 183,5 42,36 0,389

Glycated hemoglobin, % 7,7 1,62 8,1 1,86 0,394

Fasting glucose, mmol/L 8,4 2,68 9,0 3,34 0,517

Creatinine, mmol/L 108,1 35,21 94,9 34,66 0,200

Note: SD: Standard Deviation; p: Significance Level

Table 2: Continuous ECG monitoring parameters during 14 days of recording.

Parameters AF group SD Non-AF group SD p value

Mean heart rate (bpm) 76,2 10,34 75,8 9,54 0,653

Minimal heart rate (bpm) 54,6 5,24 52,1 4,23 0,153

Maximal heart rate (bpm) 121,1 13,42 116,2 14,23 0,097

Mean QTc (ms) 402,5 8,64 397,6 7,64 0,137

SDNN 128,6 26,41 120,4 21,4 0,245

Single PACs (per person, n) 642,6 567,2 84,6 87,9 0,002

Couplet PACs (per person, n) 20,7 18,67 1,8 2,97 0,0015

Triplet and more than 3 PACs (per patient, n) 11,8 9,87 1,2 1,69 0,0007

AF episodes (per patient, n) 2,87 2,05 0 0 <0,0001

AF episodes (per patient, min) 37,31 16,57 0 0 <0,0001

Note: PACs: Premature Atrial Complexes; AF: Atrial Fibrillation; SD: Standard Deviation; p: Significance Level

Table 3: Main parameters of glycemic control during 14 days of CGM recording.

Parameters AF group SD Non-AF group SD p value

Mean IG, mmol/L 151,9 49,79 166,6 49,38 0,317

Maximal IG, mmol/L 304,2 102,5 285,7 109,62 0,561

Minimal IG, mmol/L 52,8 16,40 79,1 32,59 0,003

Hypoglycemic episodes, n 8,0 4,94 2,5 4,64 0,0001

Hypoglycemic time, min 137,0 63,17 54,5 67,3 0,004

HbА1с, % 6,7 1,67 7,4 1,71 0,155

Daily scans, n 17,0 4,35 15,0 5,31 0,745

Data analysing, % 96,8 5,45 95,6 4,87 0,945

Note: IG: Interstitial Glucose; HbA1c: Glycated Hemoglobin; SD: Standard Deviation; AF: Atrial Fibrillation; p: Significance Level
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Figure 3: Comparison of risk factors as Hypoglycemia, Insulin Resistance (HOMA-IR) and fasting plasma insulin between type 2 diabetic patients who had atrial 

fibrillation versus none. Note: ( ) AF group; ( ) non-AF group.

Table 4: Comparison of risk factors as Hypoglycemia, Insulin Resistance (HOMA-IR) and fasting plasma insulin between type 2 
diabetic patients who had atrial fibrillation vs. none.

 Characteristics AF group SD CI 95% Non-AF group SD CI 95% p value OR 

Hypoglycemic episodes, per patient (n) 8 4,94 2,42 2,5 4,64 1,24 p=0,0001 18,75 (2,3-152,2)

HOMA-IR index, mmol/l 11,2 3,88 1,91 4,3 1,66 0,44 p<0,0001 5,25 (0,63-43,4)

Fasting plasma insulin, mlU/L 31 6,1 2,98 11,3 4,07 1,08 p<0,0001

Note: SD: Standard Deviation; CI: Confidence Interval; OR: Odd Ratios; p: Significance Level

were accompanied by anginal pain [28]. The multiple case reports 
of cardiac arrhythmias triggered by spontaneous hypoglycemia 
[27] underline the clinical relevance of the association, particularly 
since ethical considerations restrict experimental studies in this 
area. Those reported range from severe sinus bradycardia (which 
can progress to asystole) and atrial fibrillation to ventricular 
tachycardia. This illustrates the complexity of demonstrating that a 
serious cardiac event has been provoked by acute hypoglycemia in 
a diabetic patient since simultaneous glucose and ECG monitoring 
is rarely possible in clinical practice. In our study, we referred to 
this issue with emphasis and believe that this is crucial method for 
patients belonging to high-risk groups.

Our investigations of the parallel recording of CGM and ECG 
for 14 days reveal a high incidence of both episodes of low IG 
(<70 mg/dL) levels and atrial arrhythmias in type 2 diabetes who 
were treated with only oral hypoglycemic agents. Although, the 
Action to Control Cardiovascular Risk in Diabetes (ACCORD) 
and Action in Diabetes and Vascular Disease: Preterax and 
Diamicron Modified Release Controlled Evaluation (ADVANCE) 
studies showed that, severe hypoglycemia did not associate with 
cardiovascular events and mortality [29,30]. Thus, the question 
was whether hypoglycemia is harmful? We can answer this 
question based on the results of our research. We detected a high 

Discussion

In this study, patients baseline characteristics, cardiovascular 
disease, and comorbidity status were similar between type 2 
diabetic patients who had atrial fibrillation versus none. Yet, our 
observational data showed an increase in atrial ectopic activity 
that was coincident with hypoglycemic episodes, increasing FPI 
or HOMA-IR index. 

In the AF group, serum potassium level was statistically significantly 
lower than the non-AF group. We associated a decrease in the level 
of potassium in the first group with an increase in the level of 
insulin, as they write in the literature, insulin shifts potassium into 
cells by stimulating the activity of Na+-H+ antiporter on the cell 
membrane, promoting the entry of sodium into cells, which leads 
to activation of the Na+-K+ ATPase, causing an electrogenic influx 
of potassium [25], thus, the level of potassium decreases.

A temporary relation between severe hypoglycemia, acute 
cardiovascular events and sudden death has been demonstrated 
in some case series [26,27]. In one study, continuous glucose 
measurements and continuous ECG monitoring were performed 
simultaneously in patients with type 2 diabetes and established 
coronary artery disease, 54 episodes of hypoglycemia (blood 
glucose level<70 mg/dL) were identified, 10 of which (18,5%) 
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Limitations of our study include that it was prospective, non-
randomized observational study with limited sample size, due to 
this study does not require an estimate of sample size. Another 
limitation is that fasting plasma insulin collected at 1 timepoint 
not multiple, this does not exclude the influence of laboratory 
error.

Conclusion

We concluded that the parallel recording of CGM and CEM are 
urgently needed to evaluate the predictors of atrial fibrillation in 
type 2 diabetes mellitus. An increase in fasting plasma insulin levels, 
as well as insulin resistance, is closely related to the development of 
atrial fibrillation. We want to introduce a new term-insulin toxicity 
in the daily practice of a cardiologist as a possible risk factor for the 
development of atrial fibrillation, but, this requires multicenter 
randomized controlled studies to prove its role.
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incidence of hypoglycemia (time below range <70 mg/dL (>4%)) 
in the AF group (14 out of 16). It is demonstrated that, in our 
study, hypoglycemia is associated with an increased risk of atrial 
fibrillation in patients with type 2 diabetes. Otherwise, the non-AF 
group consisted of 11 patients (20.3%) in time below range<70 mg/
dL (>4%), but no atrial fibrillation was detected. Moreover, both 
groups were almost similar in terms of the content of patients with 
intestinal glucose levels in time in range 70-180 mg/dL (>70%) 
(43.75% vs. 42.6%, respectively) and time above range>180 mg/
dL (>30%) (56.25 % vs. 58.4%, respectively). Our study suggests 
that hypoglycemia is a proarrhythmic condition with a high risk 
of not only atrial fibrillation but atrial premature complexes as a 
single, couplet, and triplet or more than 3 complexes.

The relationship between level of FPI or insulin resistance and 
incident AF has varied in prior studies [7,14]. The results of the 
present study differ from the results of the Atherosclerosis Risk 
in Communities (ARIC) study, which found no significant 
association between fasting insulin and incident AF [7]. In the 
ARIC study, the mean age was 57 years; almost as in the present 
study at baseline. The same argument holds for the Framingham 
Heart Study which reported no relationship between insulin 
resistance and incident AF in subjects with a mean age of 59 
years and a mean BMI of 27.4 kg/m2. The researchers examined 
data of participants from the fifth cycle (1991 to 1994) and the 
seventh cycle (1998-2001). Among approximately 4,600 patients, 
the rate of incident atrial fibrillation over 10 years was 5.8% in 
those with insulin resistance and 6.1% in those without insulin 
resistance (HR 1.03, 95% CI 0.72 to 1.46) [14]. On the contrary, 
compared to the above studies, we found positive relations, that 
evaluated FPI and insulin resistance, based on HOMA-IR, was 
associated with an increased risk of incident AF among type 2 
diabetes mellitus. We hypothesize that, hyperinsulinemia is often 
accompanied by high glucose variability and in combination with 
hyperglycemia may pose a higher risk, as hyperglycemia develops 
when insulin levels can no longer sufficiently lower glucose levels. 
Insulin itself is a recognized growth factor and has been shown to 
promote cardiac structural remodeling [31-33]. Hyperinsulinemia 
also leads to sodium retention [34], which potentially causing 
fluid retention. Furthermore, higher insulin levels activate the 
sympathetic nervous system [35]. Insulin resistance is associated 
with a more pronounced response to angiotensin II, which may 
contribute to changes in cardiac structure [36], and structural 
atrial remodeling can lead to the development of atrial fibrillation.

Finally, our data suggest that AF risk associated with an increased 
level of FPI, insulin resistance, and hypoglycemic episodes, will 
need to be assessed in additional clinical research and examined 
concerning different outcomes.
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