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Summary

resistance component present in diabetic patients.

The correlation between Atrial Fibrillation (AF) and Diabetes presents controversial aspects. The main studies performed on this
topic are observational and epidemiological, retrospective and carried out on large health databases. However, a statistically significant
independent link has been demonstrated, also related to the duration of the disease and the degree of metabolic control obtained. The alleged
pathophysiological implications are due both to the alteration of the neurovegetative system common in diabetes, and especially to the insulin
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Introduction

Atrial fibrillation is the most common form of arrhythmia,
after extrasystoles. It is a condition that affects 1-2% of the
general population in Western countries; its prevalence increases
with age and, at the same age, it is more frequent in males than
in females. In juvenile age it is rare, but it affects 5% of people
over 65, reaching 18% in the population aged 85 or over [1]. Atrial
fibrillation is a supraventricular arrhythmia triggered by electrical
impulses coming from myocardial muscle cells present at the
junction between the four pulmonary veins and the left atrium.

In atrial fibrillation the electrical activity of the atria is
completely disorganized and does not correspond to an effective
mechanical activity. The waves of atrial depolarization, or f waves,
are of small amplitude and have a very high frequency (400-600
pulses per minute). Under these conditions, the atrioventricular
node (AVN) receives many more impulses from the atrium than
it is able to conduct, thus exerting a filter function that transmits
to the ventricles a number of beats that are not excessively high:
numerous pulses penetrate, in fact, only partially in the AVN and
lock into it. This variability of atrioventricular conduction causes
the ventricles to contract irregularly. The electrocardiographically
salient aspects of atrial fibrillation will therefore be the presence
of f waves and the irregularity of beats. From the clinical point of
view the atrial fibrillation is subdivided according to the way of
presentation in:

a) Paroxysmal: when the episodes occur and resolve

spontaneously in less than a week.

b) Persistent: when the arrhythmic episode does not stop
spontaneously but only following external therapeutic
interventions.

c) Permanent: when appropriate cardioversion attempts are
not considered, or therapeutic interventions have proved
ineffective.

Epidemiological studies

The theme of the relationship between atrial fibrillation
(chronic or paroxysmal) and diabetes has been the subject of
numerous scientific publications relating to as many studies,
retrospective or prospective, always mostly observational, of
an epidemiological nature. The number of studies that found a
significant and presumably causal correlation between diabetes
and AF is more or less equal to that of as many studies that did
not detect this significance. This is to a large extent due to the
designs of the studies carried out, often burdened by important
defects of “recruitment” of the populations and cohorts taken into
consideration, and by the objective difficulty to obtain certified
diagnoses correctly dated, and, finally, by constant presence of
other significant comorbidities such as other causes of arrhythmia.

The results of recent research indicate that FA is relatively
common in diabetic people and should be considered as a
“marker” of particularly adverse outcomes, which requires
aggressive treatment of all risk factors [2]. The overlap of
diabetes and AF also contributes to a well-defined increase in
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the risk of thromboembolic stroke [3]. Although both Diabetes
and AF undoubtedly share common previous conditions, such as
hypertension, atherosclerosis and obesity [4-6], the confluence of
these two conditions clearly points towards the need for further
studies. Diabetes has long been recognized as a risk factor for AF
[7,8], and in several subsequent studies this has been reaffirmed
[9-11]. However, the potential independent contribution of
diabetes to the prevalence and incidence of AF has not been
clearly evaluated until the work published by Nichols et al. [12]
Diabetes Care in October 2009. These authors conducted a

Table 1: Baseline characteristics of patients with and without diabetes.

comparative analysis of the prevalence and incidence of AF in a
very large population of diabetic and non-diabetic patients, taken
from the Databases of the HMO Kaiser Permanente Northwest
(480,000 subjects), from which a computer record was available
for each individual of each medical examination, all standardized
laboratory data and prescriptions received and dispensed by
pharmacies in all clinics. The complete data related to people
with diabetes were dating back to 1989. The study thus selected
17.372 diabetic subjects and as many non-diabetics from the
same registry with identical characteristics (age, sex) (Table 1).

Diabetes No Diabetes P

n 17,372 17,372 -

Age (years) 58.4+11.5 58.4+11.5 -
Sex (% male) 51.2 51.2 -

Ethnicity (% nonwhite) 11.9 6.4 <0.0001

Ever Smoked (%) 22.2 25.4 <0.0001
Diabetes Duration (years) 2.6+3.8 - -
BMI (kg/m?) 33.6+7.3 289 +£5.7 <0.0001
Systolic blood pressure (mm Hg) 136 £19 132+18 <0.0001
Diastolic blood pressure (mm Hg) 80+10 79+10 <0.0001
LDL Cholesterol (mg/dl) 118 + 34 132 +37 <0.0001
HDL Cholesterol (mg/dl) 44 +13 52+16 <0.0001
Triglycerides (mg/dl) 225211 164 +108 <0.0001
Estimated glomerular filteration rate (ml/min) 90 + 30 84 +23 <0.0001
AIC (%) 78+1.7 - -
Comorbidities (%)

Ischemic heart disease 10.6 9.8 0.014
History of stroke 4.4 2.9 <0.0001
Valvular disease 1.7 1.7 0.834

Hypertension 47.1 26.9 <0.0001

Heart failure 4.4 1.8 <0.0001

History of depression 15.8 11.7 <0.0001
Data are means + SD or %
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The prevalence of AF was significantly greater among patients
with diabetes (3.6 vs. 2.5%, P _ 0.0001), increased with age in
both groups, but significantly exaggerated among diabetics. This
same relationship was also observed between males and females;
although in men there was a higher prevalence of AF in each age
group regardless of diabetes, the difference in prevalence between
those with and those without diabetes was higher in women than
in men. At a follow-up of 7.2 + 2.8 years, the 16057 diabetics

without AF nor history of stroke at the baseline developed AF
at an incidence rate, adjusted for age and sex, of 9.1 per 1000
persons/year, compared with a rate of 6.6 among the 16471 non-
diabetics. Diabetic people therefore had an additional 16% risk
of presenting with AF (HR = 1.16), substantially higher in women
(1.26) and not statistically significant in men (1.09) (Table 2 &
Figure 1).
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Figure 1: Prevalence and incidence in men and women with diabetes and controls.Cumulative age- and sex-adjusted incidence of atrial
fibrillation by diabetes status among patients who did not have atrial fibrillation at baseline. A: Data for all subjects. B: data for men only.
C: Data for women only.
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Table 2: Cox regression analysis of time to atrial fibrillation among patients without atrial fibrillation or stroke at baseline.

Men and Women Men Only Women Only
HR (96% CI) P HR (96% CI) P HR (96% CI) P
Diabetes 1.16 (1.05-1.28 0.003 1.09 (0.96-1.24) 0.17 1.26 (1.08-1.46) 0.003
Age 265 years 3.10 (2.81-3.43) <0.001 2.69 (2.37-3.07) <0.001 | 3.80(3.24-4.46) | <0.001
Male sex 1.37 (1.24-1.50) <0.001 - - - -
White race 1.60 (1.30-1.96) <0.001 1.58 (1.20-2.07) 0.001 1.61 (1.18-2.19) 0.002
Ever smoked 1.02 (0.91-1.15) 0.751 1.02 (0.88-1.18) 0.812 1.02 (0.84-1.24) | 0.845
BMI > 30kg/m? 1.22 (1.11-1.34) <0.001 1.29 (1.13-1.46) <0.001 | 1.13(0.97-1.31) | 0.115
Systolic blood pressure = 140mmHg 1.24 (1.13-1.36) <0.001 1.29 (1.13-1.46) <0.001 | 1.17 (1.01-1.35) | 0.032
Ischemic heart disease 1.71 (1.53-1.93) <0.001 1.62 (1.40-1.88) <0.001 1.93 (1.60-2.33) <0.001
Valvular disease 2.18 (1.73-2.74) <0.001 2.05 (1.50-2.81) <0.001 2.40 (1.71-3.36) <0.001
Hypertension 1.32 (1.20-1.46) <0.001 1.29 (1.13-1.46) <0.001 | 1.34(1.15-1.55) | <0.001
Heart failure 2.33(1.95-2.78) <0.001 2.39 (1.86-3.07) <0.001 2.18 (1.68-2.82) <0.001
Table 3: Characteristics of people with Atrial Fibrillation (Cases) and controls.
Atrial Fibrillation Cases Controls
N=1410 N=2203
Characteristics n? (%) n? (%)
Median age, years (IQR)® 74 (66, 80) 68 (59, 76)
Female® 911 (64.6) 1208 (54.8)
Treated hypertension® 1043 (74.0) 1710 (77.6)
White race 1306/1399 (93.4) 1918/2166 (88.6)
Median body mass index, kg/m? (IQR) 29 (25, 34) 29 (25.33)
Obese (BMI 230 kg/m?) 595 (42.2) 938 (42.6)
Hypercholesterolemia 428 (30.7) 611 (27.7)
Valvular heart disease 89 (6.3) 45 (2.0)
Coronary artery disease® 322 (22.8) 358 (16.3)
Chronic congestive heart failure 128 (9.1) 64 (2.9)

Current smoker

118/1409 (8.4)

220/2201 (10.0)

Median systolic blood presure, mm Hg (IQR)

137 (122, 150)

136 (122, 148)

Median diastolic blood presure, mm Hg (IQR)

78 (70, 84)

80 (70, 84)

Median cholesterol, mg/dL (IQR)

5.78 (5, 10, 6.55)

5.72 (5.00, 6.55)

Median HDL cholesterol, mg/dL (IQR)

1.37 (1,11, 1.74)

1.35 (1.09, 1.06)

Median length of GH

21(11,31)

20 (11, 30)

Median number of visits in prior year (IQR)

6 (3,11)

4(2,8)

Abbreviations: BMI: Body Mass Index; GH: Group Health; HDL: High density lipoprotein; IQR: interquartile range; mm Hg. Millimeters mercury

2<5% in each group shown had mission data for each characteristic except for HDL cholesterol (missing for 5.5% for cases and 3.0% of controls)

bStratification variable used in selection of controls
°Defined as history of hospitalized myocardial infarction, coronary artery bypass grafting, angioplasty, or definite or probable angina.
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In this observational study, therefore, it was found that AF
is 44% more prevalent and there is a greater probability of
38% developing it in the presence of diabetes, with a certain
significance only for the female gender. However, the study did
not take into consideration two parameters of great importance:
the duration of diabetic disease and the degree of metabolic
control. This defect was corrected by a publication of an American
study in 2010 [13], reported by the Journal of General Internal
Medicine. In this study the Authors have found, thanks once again
to the computer databases, all the new cases of AF recorded from
October 1, 2001 to December 31, 2004, selecting at the same
time a control population “case-matched” by the same databases
(Table 3).

Treated diabetes was present in 17.9% of cases and in 14.1%
of controls (OR = 1.40, adjusted for sex, age, hypertension in
therapy and BMI). Diabetes without drug treatment was not
associated with an increased risk of AF, while, among the subjects
in therapy, the association in the presence of obesity was much
stronger. The duration of the disease was shown as an element
of progressive association (OR = 1.07 for duration <5 years, 1.51
between 5 and 10 years, 1.64> 10 years), allowing us to define
that every year more of disease duration increased the risk of 3%.
A specular result was obtained with the evaluation of the available
data of HbAlc: OR = 1.06 for HbAlc <7%, 1.48 for HbAlc between
7 and 8%, 1.48 for HbAlc between 8 and 9%, and finally 1.96
for HbAlc> 9%. Also, in this case the degree of risk increase was
defined for each point of HbA1lc, equal to 14% more (Figure 2).

OR

Mo history <5yrs
of diabetes

>5-10yrs > 1D yrs

Figure 1. Risk of newly-recognized atrial fibrillation by duration of

treated diabetes. The diomond represents the adjusted OR and the

verficd line, the 5% CI. ORs are adjusted for age, sex, calendar

yeo, treated hyperension, and body mass index. People with no
history of dicdbetes are the referent group.

Mo history 7T >7-8 >B8-9 B
of diabetes

Figure 2. Risk of newly-recognized afrial fibdllation by average
level of hemoglobin Alc. The diomond represents the adjusted OR
and the vedical line, the 95% Cl. ORs are adjusted for age, sex,
calendar year, treated hyperdension, and body mass index. People
with no history of dabetes are the referent group.

Figure 2:Correlations between disease duration and HbA1c and FA.

J

The same group of authors then published in 2012, again in
the Journal of General Internal Medicine [14], a study centered

on the association between permanent AF and BMI, as well as
diabetes and hypertension. The results showed a strong and
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significant relationship between BMI and chronic AF, and not
for the applicant, while they did not record significance with
the presence of diabetes and hypertension. However, in this
case diabetes was considered as an “on-off” factor, without any
consideration for the duration of the illness or the degree of
metabolic control. However, it remains a contribution of great
importance also for the physiopathological implications related to
insulin resistance and the inflammatory component present in the
conditions of obesity.

Physiopathological considerations

What are the possible mechanisms behind these proven
associations? The various published studies mainly focus on
the anomalies of the autonomic nervous system, as possible
mechanisms of triggering and maintaining the AF. In observational
work the onset of AF episodes has been ascribed to changes in the
autonomic tone [15]. Diabetic autonomic heart disease, although
overestimated, is accompanied by the well-described autonomic
neuropathy, and could play a greater role in the genesis of
arrhythmia: further confirmation from well-conducted research
would be necessary [16,17].

Moreover, several physiopathological mechanisms may
underlie the relationship between diabetes and FA [18]. Diabetics
have higher CRP levels [19-22], a marker of inflammation that
could promote myocardial fibrosis and diastolic dysfunction
[23]. Again, diabetes is associated with an enlargement of the left
atrium [24] which could affect the development and propagation
of electrical return circuits. Furthermore, diabetics are at greater
risk of CHD and CHE which may contribute to the development of
FA, and, finally, in obese diabetics, there is a higher prevalence of
OSAS [25,26]. In the same study DYDA [23], conducted by AMD
and ANMCO on a population of Italian type 2 diabetics without
clinical heart disease, a high prevalence of LV, diastolic and systolic
dysfunction, absolutely asymptomatic and correlated with the

degree of metabolic control and insulin resistance.

Conclusion

In conclusion, despite the limitations linked to the type of
studies conducted, observational and retrospective, it can be
reasonably stated that the association between the two clinical
manifestations, diabetes and AF, exists and is significantly greater
than in the population not affected by diabetes. The possible
correlation with the various hypoglycemic therapies with which
patients are treated remains to be explored; in the recent literature
there are only two studies that have investigated this topic: in one
case the reduction of the risk of AF was demonstrated in subjects
treated with metformin [27] and in the second one by the same
Authors, a similar protective action was carried out by the TZDs
[28]. Both these classes of drugs act on the mechanisms of insulin
resistance.
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