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Atrial fibrillation in diabetes: A cause for concern?* 
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ABSTRACT 

Atrial fibrillation (AF) is one of the most common 
cardiac arrhythmias and is associated with sig-
nificant morbidity and mortality. It is becom- 
ing increasingly evident diabetes is a significant 
risk factor for the development of AF. The rea- 
son for this link is not clearly understood, how- 
ever it is clear that other co-morbid diseases 
associated with diabetes such as hypertension 
and obesity may be implicated or there may be 
direct arrthymogenic affects of glucose dys- 
regulation on the myocardium. The development 
of AF in patients with diabetes may be an omi- 
nous sign given the increased risk of death from 
cardiovascular disease and we propose this is 
an under researched area where treatments may 
bring benefits over and above those patients 
without diabetes in terms of morbidity or death 
from cardiovascular disease. 
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1. INTRODUCTION: ATRIAL  
FIBRILLATION IN DIABETES, AN 
UNMET NEED 

Atrial fibrillation (AF) is one of the most common 
cardiac arrhythmias, with a lifetime risk of developing 
atrial fibrillation in both men and women of one in four 
[1]. There is also a substantial cost to the associated 
morbidity and mortality; in the UK, Stewart et al. (2004) 
estimated that the direct cost of AF to the NHS in 2000 
was £459 million i.e. 0.97% of total NHS expenditure [2]. 
Hospitalisations account for about 50% of this cost and 
drug prescriptions about 20% [2]. AF has a significant 
impact on mortality. Framingham data suggest that AF is 
associated with a 1.5 to 1.9 fold increase in mortality 
after adjustment for pre-existing cardiovascular condi- 
tions [3]. AF particularly increases the long term risk of 
stroke and heart failure [4].  

Why is AF important in patients with diabetes? It is 
becoming increasingly recognised that in addition to tra-
ditional risk factors for AF, such as hypertension, is-
chaemic heart disease and heart failure, diabetes is also 
a risk factor for AF. The exact pathophysiology for 
this observation is unclear but is important because dia- 
betes may mask the cardiac symptoms associated with 
the onset of AF and this masking of symptoms is a po- 
tential mechanism for the increased risk of stroke in pa- 
tients with diabetes, i.e. if AF is under diagnosed then 
anti-coagulation will be delayed or not considered. The 
development of AF in patients with diabetes has also 
been shown to increase the risk of stroke [5]. Stroke 
risk is most commonly measured by the well validated 
“CHADS2” score whereby diabetes scores one point, 
giving an adjusted stroke rate of 2.8% per year with a 
95% confidence interval of 2.0 - 3.8 [6,7].  

The increasing incidence of both AF and diabetes, and 
the association between the two conditions, highlights a 
potentially important unmet need and under researched 
cause of morbidity and mortality in patients with diabe- 
tes. In many ways, this may be comparable to the in- 
creased risk of ischaemic heart disease in patients with 
diabetes. This review focuses on three main areas; the 
epidemiology and outcome of AF in patients with diabe- 
tes, the potential mechanisms for the increased incidence 
of AF in patients with diabetes and to discuss the evi- 
dence of benefit in treating AF in patients with diabetes. 

2. THE EPIDEMIOLOGY OF ATRIAL  
FIBRILLATION IN DIABETES 

Diabetes mellitus has been shown in numerous epide- 
miological studies to be a risk factor for the development 
of AF. One large study, Wilhelmsen et al. (2001), did not 
find a correlation between AF and diabetes [8], but sub- 
sequent larger studies have shown significant correla- 
tions and these are summarised in Table 1.  

In an analysis of all 845,748 in-patient records from 
all the Veterans Health Administrations hospitals in 
America, Movahed et al. (2005) reported a significant 
correlation between diabetes and AF [9]. AF occurred in  *Declaration of competing interests: nothing to declare. 
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Table 1. Comparison of the association of AF with diabetes from the major published studies expressed as odds and hazard ratios. 

Author 
Total 

number of 
patients 

Prevalence 
of AF in 
diabetes 

Prevalence 
of AF in non 

diabetes 
Odds ratio 

95%  
confidence 

interval 

Hazard 
ratio 

95%  
confidence 

interval 
p value 

Movahed et al. 
(2005) 

845,748   2.13 2.10 - 2.16   <0.05 

Ostgren et al. 
(2004) 

1739 4 2 2 0.9 - 4.7   <0.05 

Nichols et al. 
(2009) 

17,372 3.6 2.5   1.26 1.08 -1.46 <0.05 

Benjamin et al. 
(1994) 

4731   
1.4 (men) 

1.6 (women) 
   <0.05 

Aksnes et al. 
(2008) 

15,245     1.49 1.14 - 1.94 <0.05 

Psaty et al. 
(1997) 

5201   1.08 1.03 - 1.13   <0.05 

 
14.9% of patients with diabetes compared with 10.3% in 
the control group of patients with hypertension but no 
diabetes. Atrial flutter occurred in 4% of patients with 
diabetes compared with 2.5% in the control group. When 
congestive heart failure, coronary heart disease and left 
ventricular hypertrophy were accounted for, diabetes still 
remained a strong independent risk factor for AF and 
atrial flutter, with odds ratios of 2.13 and 2.20 respec-
tively. This study is by far the largest study looking at the 
correlation between diabetes and AF. There are a number 
of drawbacks in that this study was retrospective and was 
conducted in hospitalised patients only.  

The two other larger studies, Nichols et al. (2009) and 
Aksnes et al. (2008) reported similar findings from large 
diabetes registries [10,11]. Nichols et al. (2009) found 
after adjustment for other risk factors, diabetes was asso-
ciated with a 26% increased risk of AF among women, 
but intriguingly diabetes was not a predictor among men. 
The Framingham Heart Study, Östgren et al. (2004) and 
Psaty et al. (1997) looked at smaller numbers of patients 
but found similar significant correlations [12-14]. Aksnes 
et al. (2008) studied large numbers of patients in the 
VALUE trial to see who developed AF [11]. Of the pa-
tients who developed AF during the follow up period, 
patients with diabetes had a significantly higher chance 
of developing AF which was also more persistent.  

We should also consider dysglycaemia in AF patients. 
Johansen et al. (2008) looked to see if 75 year old pa-
tients with AF had undiagnosed dysglycaemia using an 
oral glucose tolerance test [15]. Their numbers were 
small but showed the prevalence of undiagnosed dysgly-
caemia was higher if AF had been present for more than 
five years. Although there are obvious limitations to this 
study, it does seem diabetes is a true culprit in producing 
chronic AF.  

3. POSSIBLE MECHANISMS WHEREBY 
DIABETES MAY CAUSE ATRIAL  
FIBRILLATION  

There are no studies that look at the pathogenesis of 
why diabetes might trigger AF, but two potential mecha-
nisms have been postulated. The first explanation is that 
the relationship is confounded by other conditions asso-
ciated with diabetes itself. The second possibility is that 
pathophysiological mechanisms associated with diabetes 
and hyperglycaemia directly cause AF.  

In support of the first hypothesis, diabetes is inextrica-
bly linked to coronary artery disease, hypertension and 
obesity, all of which are also causal factors for AF in 
their own right [16]. Therefore it may be that AF is indi-
rectly linked to diabetes through its associations with 
these factors. In support of this Östgren et al. (2004), 
found the combination of diabetes and hypertension to 
produce AF more than diabetes did in isolation [13]. 
Obesity and hypertension are also strongly associated 
with left atrial dilatation, which in turn is a strong risk 
factor for AF. Stritzke et al. (2009) studied the associa-
tion of obesity and hypertension to left atrial volume [16]. 
Patients were followed up prospectively over 10 years. 
After adjustment for age and sex, the odds ratio for the 
effect of obesity associated left atrial enlargement was 
2.7 while hypertension was less (1.1). It would therefore 
seem obesity is a greater determinant of left atrial en- 
largement than hypertension. Therefore co-morbid obe- 
sity associated with diabetes is one possible reason for 
the association of diabetes with AF.    

The second hypothesis to consider is potential direct 
effects of dysglycaemia on the atrium. The possible 
mechanisms are poorly understood, although it is clear 
that impaired glucose metabolism may cause electrical 
instability of the myocardium. Wasada et al. (1995) re-  
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ported four cases of patients with type 2 diabetes with 
sick sinus syndrome and hyper-insulinaemia [17]. They 
proposed the potential mechanism to be that insulin 
stimulates the cell membrane Na+/K+ ATPase, arguing 
that hyper-insulinaemia is characteristic of early stages of 
pre-clinical diabetes when insulin resistance predominates. 
This stimulation of the receptor may lead to chronic hy- 
per-stimulation of the receptor and thus arrhythmias. 
Studies have also shown intra-operative hyperglycaemia 
during cardiac surgery is associated with a higher inci- 
dence of AF [18], and that insulin and potassium infu- 
sions decrease complications including AF [19]. 

Rutter et al. (2003) investigated the impact of insulin 
resistance on heart structure and function in a community 
based sample of Framingham study patients [20]. Inter- 
estingly, hyperglycaemia correlated more closely with 
left ventricular mass in women than men. These changes 
could be accounted for by obesity. Importantly, they 
found that the more severe glucose intolerance, the 
greater the left atrial size in both men and women. Lind 
et al. also found a correlation between diabetes and left 
atrial size [21]. Overall it appears that insulin resistance 
probably acts on the myocardium to cause left ventricu- 
lar hypertrophy and increased atrial size which then leads 
to AF. This study confirms findings from other previous 
studies, which have all shown a correlation between left 
ventricular mass and insulin resistance [22-26].  

The potential mechanisms by which insulin resistance 
is associated with left ventricular hypertrophy has been 
reviewed by Young et al. (2002) [27]. An overview of the 
potential mechanisms are elegantly summarised in Fig- 
ure 1, by Rutter et al. (2003). A detailed discussion of 
the cellular mechanisms for the development of cardio- 
myopathies is beyond the scope of this review. In sum- 
mary however, glucotoxicity has been implicated in the 
generation of reactive oxygen species and insulin resis- 
tance and may thereby also affect cardiac gene expres- 
sion [27]. Fatty acids appear to do the same [27]. Fol- 
lowing on from this, glucose and fatty acids seem to be 
central to altered metabolic adaptation in response to 
pressure overload as well as the fact that glucose leads to 
transcriptional alterations of a number of genes [27]. The 
end result of these transcriptional alterations is induction 
of foetal genes and substrate switching, enabling the 
heart to maintain cardiac output. It should be noted that 
in hearts without pressure overload there is also switch- 
ing to foetal gene expression, possibly in a response to 
glucose [27]. The concept of metabolic maladaptation, as 
discussed by Young et al. (2002) encompasses three main 
concepts, as summarised in Figure 2. These are lipotox- 
icity, glucotoxicity and glucolipotoxicity [27]. Lipotoxic- 
ity is the theory whereby a hyperlipid environment re- 
sults in accumulation of lipids within the heart. This ex- 
cess accumulation of lipids can cause reactive oxygen  

species, and apoptosis resulting in contractile dysfunc- 
tion [27]. Glucotoxicity is similar to lipotoxicity in that 
chronic hyperglycaemia leads to reactive oxygen species 
formation. It also appears that in hypertrophied hearts 
and hearts of patients with diabetes there is insulin resis- 
tance as a result of chronic hyperglycaemia [27]. Finally, 
glucolipotoxicity is the combination of these two proc- 
esses, possibly accelerated by the suggestion that hyper- 
glycaemia down regulates the expression of fatty acid 
metabolising genes, therefore accelerating the deposition 
of lipids and accelerating cardiac dysfunction [27]. 

A small number of case reports have linked hypogly- 
caemia with AF [28-30]. This is perhaps not too surprise- 
ing since hypoglycaemia increases catecholamines which 
are arrythmogenic. Lip et al. (2005) postulated fluctuat- 
ing glucose levels may be the cause of AF, as opposed to 
chronic hypoglycaemia [31]. Interestingly, not only has 
hypoglycaemia been reported with atrial fibrillation but 
in the early 1990’s, Pollock et al. (1996) reported three 
cases from the Emergency Department where hypogly- 
caemia presented as profound bradycardia [32]. The ad- 
ministration of glucose in all three cases resulted in the 
normalisation of sinus rhythm. Perhaps this link between 
hypoglycaemia and AF is due to prolongation of the QT 
interval. The syndrome known as “dead in bed” was de- 
scribed in the 1990’s in type 1 diabetic patients who have 
nocturnal hypoglycaemia that prolongs the QT interval 
causing ventricular tachycardias [33]. Hypoglycaemia is 
also associated with raised plasma catecholamine levels 
and low potassium, which may unmask or increase the 
effect hypoglycaemia on QT prolongation [34,35]. 

4. HOW EFFECTIVE ARE THE DRUGS 
USED TO TREAT ATRIAL  
FIBRILLATION? 

It is already well known that patients with diabetes and 
AF are at an increased risk of stroke, and this risk is rec- 
ognised explicitly when assessing whether to use anti- 
coagulation. The relative risk for stroke in a person with 
diabetes is 1.7 [36]. This compares with relative risks of 
1.6 if there is a history of hypertension, 1.4 if there is a 
history of heart failure or 2.5 if there is a history of a 
previous stroke or TIA. [36]. Therefore patients with 
diabetes usually need careful consideration for stroke 
thromboprophylaxis if they develop AF. However, to 
date, no major clinical trials looking at treatments or 
outcomes in AF have published sub-group analysis spe- 
cifically looking at outcomes in patients with diabetes. It 
is therefore unknown if patients with diabetes with AF 
fare worse than patients without diabetes with AF, or 
whether they respond differently to treatment.  

There are some potential reasons as to why people with 
iabetes may benefit more than the general population  d 
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Figure 1. Potential mechanisms by which insulin resistance are associated with left ventricular hypertrophy, reproduced from Rutter, 
M.K., Parise, H., Benjamin, E.J., Levy, D., Larson, M.G., Meigs, J.B., et al. (2003) Impact of glucose intolerance and insulin resis-
tance on cardiac structure and function: Sex-related differences in the Framingham heart study. Circulation, 107, 448-454 [20]. 
 

 
Figure 2. Summary of the possible mechanisms for metabolic adaptation and maladaptation of the heart, reproduced 
from Young, M.E., McNulty, P. and Taegtmeyer, H. (2002) Adaptation and maladaptation of the heart in diabetes: Part II: 
Potential mechanisms. Circulation, 105, 1861-1870 [27].  
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from current AF therapies. It is well known patients with 
type 2 diabetes are at an increased risk of cardiovascular 
disease which accounts for 70% of total mortality in dia- 
betes [37]. In type 2 diabetes, insulin resistance results in 
impaired glucose metabolism along with increased like-
lihood of hypertension, central obesity, endothelial dys-
function, abnormal lipid profiles and pro-thrombotic fac-
tors [38,39]. Unfortunately in Type 2 diabetes not only is 
the incidence of these cardiovascular risk factors more 
common, but type 2 diabetes is a major cardiovascular 
risk factor in its own right [40]. There is a two to four 
fold risk of developing coronary heart disease, stroke and 
peripheral vascular disease in patients with type 2 diabe-
tes compared to patients without diabetes [37,38]. Pa-
tients with diabetes are more likely to develop multi- 
vessel coronary artery disease which puts them at even 
greater risk of plaque ulceration and thrombosis [41]. 
Similar differences have been described in peripheral 
blood vessels [41]. The mortality after cardiac events 
(including sudden death) are also significantly increased 
compared to patients without diabetes [38,42]. Further 
more, despite death from cardiovascular disease falling 
over the last 35 years, there has not been a decline in 
cardiovascular deaths in patients with type 2 diabetes 
[38]. Could the development of AF in these settings of 
increased cardiovascular risk be an even more ominous 
sign in patients with diabetes such that they need more 
aggressive treatment or even different treatment than 
non-diabetic patients? These questions have not yet been 
answered and more research is needed.  

This leads to the question of what can be done to ei-
ther prevent AF or improve the outcome of AF in pa-
tients with diabetes over and above standard rate or 
rhythm control. In the first instance by way of back-
ground we must review the two biggest studies of this 
topic. The HOT study showed that patients with diabetes 
have the most to gain from intensive blood pressure con-
trol when compared to other patient groups [43]. Reduc-
ing blood pressure to ≤80 mmHg produced a 51% reduc- 
tion in major cardiovascular events compared with ≤90 
mmHg. By contrast, in the ACCORD study (n = 4733), 
there was no benefit in reducing systolic blood pressure 
≤ 120 mmHg compared with ≤140 mmHg in terms of 
reducing fatal and non-fatal cardiovascular events in 
people with diabetes [44]. There is no obvious explana- 
tion for these contrasting results, except possibly that 
contemporary treatments (e.g. with statins) was very dif- 
ferent in the HOT study era from the current ACCORD 
study era.  

Nevertheless LVH is a determinant of left atrial size 
and remodelling, and it would be expected that aggres-
sive blood pressure control should prevent AF occurring 
in patients with diabetes. Angiotensin converting enzyme 
inhibitors (ACE inhibitors) do seem to prevent AF in  

hypertension supporting this hypothesis. A large cohort 
study, L’Allier et al. (2004), of eight million people on a 
database showed a reduced incidence of AF in patients 
on ACE inhibitors with hypertension [45]. By contrast 
the GISSI-AF study found that the angiotensin receptor 
blocker (ARB’s) valsartan did not reduce the incidence 
of AF in patients who before recruitment had two or 
more documented episodes of AF [46]. The important 
point here is that GISSI-AF recruited patients who had 
already had episodes of AF whereas in the L’Allier et al. 
(2004) study, the use of ACE inhibitors was restricted to 
patients with no previous history of AF. Interestingly in 
GISSI-AF, there was a reduced incidence of AF in the 
patients with diabetes subgroup but this was not signifi-
cant (p = 0.11).  

It is more conclusive that angiotensin converting en-
zyme inhibitors (ACE inhibitors) and angiotensin recep-
tor blocker (ARB’s) reduce the incidence of new onset 
AF in heart failure. Heart failure is linked to diabetes due 
to the reasons discussed previously. There are three main 
meta-analysis published in this area [47-49]. A meta- 
analysis by Kalus et al. (2006) of four clinical trials re-
ports resulting effect of renin angiotensin system block-
ade in reducing new onset AF [47]. All four studies in-
cluded patients with left ventricular dysfunction and 
showed a reduction in new onset AF in patients treated 
with ACE inhibitors or ARB’s. Anand et al. (2006) ana-
lysed nine randomised control trials and found that the 
use of ACE inhibitors and ARB’s across the trials 
showed a 18% risk reduction in the onset of new AF, but 
most importantly there was a 43% risk reduction in the 
subset of patients with heart failure [48]. Jibrini et al. 
(2008) included 11 randomised trials and included pa-
tients with heart failure, myocardial infarction and hy-
pertension [49]. They found that treatment with ACE 
inhibitors or ARB’s reduced the relative risk for the de-
velopment of new onset AF by 23% in hypertension, 
11% in post myocardial infarction patients and by 32% in 
heart failure patients. These three meta-analyses of the 
major trials are the most compelling evidence for the use 
of ACE inhibitors and ARB’s to prevent new onset AF in 
patients with impaired left ventricular function. None of 
these trials published sub-group analysis of patients with 
diabetes.  

A final discussion point is the use of thiazolidin-
ediones. A case report from Greece has described two 
patients with type 2 diabetes who had an improvement in 
paroxysmal AF with rosiglitazone [50]. There is some 
evidence that thiazolidinediones reduce C reactive pro-
tein levels and inhibit oxidative stress [51,52]. It could be 
that thiazolidinediones with their pleitropic properties 
affect atrial remodelling [50]. However, thiazolidin-
ediones are controversial in their links to heart failure 
and ischaemic heart disease, which may limit their po-  
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tential use to prevent AF. 

5. SUMMARY 

AF is one of the most common cardiac arrhythmias, 
and seems to be more common amongst people with 
diabetes. AF has a significant impact on morbidity and 
mortality, and in particular increases the long term risk of 
stroke. The reasons for AF being more common in pa-
tients with diabetes remain unclear. The specific combi-
nation of AF and diabetes is an under researched area 
that needs further research. Thiazolidinediones may pre-
vent AF but at this stage the evidence for this is limited 
to theory and case reports. ACE inhibitors and ARB’s 
have shown promise in preventing new onset AF espe-
cially in patients with heart failure. Although the evi-
dence for ACE inhibitors and ARBs preventing AF in 
diabetes is sparse, it is reasonable to presume they do so, 
although many patients with diabetes will have alterna-
tive indications for them anyway e.g. hypertension or 
microalbuminuria. Our review article highlights the need 
for more research into AF prevention and treatment in 
diabetes.  
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ABBREVIATIONS 

AF   Atrial fibrillation; 
ACCORD Action to Control Cardiovascular Risk in 

Diabetes trial; 
ACE   Angiotensin converting enzyme; 
ARB   Angiotensin receptor blocker; 

TIA   Transient ischaemic attack; 
HOT   Hypertension Optimal Treatment trial; 
GISSI-AF Gruppo Italiano per lo Studio della Sop- 

ravvivenza nell’Infarto Miocardico-Atrial 
Fibrillation trial.  
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