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Elevated glycated hemoglobin levels may increase the 
risk of atrial fibrillation in patients with 
diabetes mellitus
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Abstract: Background: As the most common cardiac arrhythmia, atrial fibrillation (AF) is always accompanied with 
various complications if without detection and treatment timely. Blood-based pleiotropic molecule biomarkers have 
now been popularly applied in clinical detection. We hence performed this meta-analysis to evaluate the correlation 
of serum glycated hemoglobin (HbA1c) levels with the risk of AF in patients with diabetes mellitus (DM). Methods: 
Covering myriads of computerized databases, we identified potential relevant studies for statistical analysis. We 
used a standard reporting form to extract data from each included study. Newcastle-Ottawa Scale (NOS) criteria 
was used for methodological quality assessment. Statistical analyses were conducted with the STATA statistical 
software. Results: Six cohort studies in full text fulfilled our inclusion criteria, and following overestimation indicated 
that serum levels of HbA1c in DM patients with AF was higher than that in DM patients without AF (SMD = 0.67, 
95% CI: 0.39-0.94, P < 0.001). Subgroup analyses by sample size and detection method implicated that elevated 
serum HbA1c levels exhibited significant correlations with an increased risk of AF in DM patients in the large-size 
subgroup (n ≥ 200), the small-size subgroup (n < 200), the high performance liquid chromatography (HPLC) sub-
group and the non-HPLC subgroup (Large-size: SMD = 0.70, 95% CI: 0.38-1.03, P < 0.001; Small-size: SMD = 0.64, 
95% CI: 0.09-1.19, P = 0.023; HPLC: SMD = 0.81, 95% CI: 0.49-1.12, P < 0.001; Non-HPLC: SMD = 0.36, 95% CI: 
0.04-0.68, P = 0.029; respectively). Conclusion: Elevated serum HbA1c levels may be associated with an increased 
risk of AF in DM patients, possibly reflecting that serum HbA1c level might be a potential biomarker in the prediction 
of AF in DM patients.
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Introduction

Atrial fibrillation (AF), which may substantially 
produce excess cardiovascular prevalence and 
deaths, has been described as the most fre-
quent continuous arrhythmia, and it can result 
in left atrial enlargement, upregulated after-
load, and increased filling pressures [1, 2]. 
Clinically, the symptoms of AF may be com-
posed of palpitations, fainting, shortness of 
breath, chest pain, and a decrease in exercise 
tolerance [3]. As a clinical complication of car-
diopulmonary disorders, AF is considered to 
significantly affect human health and life quali-
ty, and the incidence and mortality of AF is esti-
mated to increase in the next few decades due 
to ageing population [4-6]. According to statis-
tics, the annual incidence of AF in females and 
males under the age of 65 years is 1.9 per 
1000 person-years and 3.1 per 1000 person-

years, respectively; and AF is more prevalent in 
individuals 80 years and older, with the annual 
prevalence being over 32 per 1000 person-
years [7]. Generally, AF seems to develop from 
the interplay of both environmental factors and 
molecular mechanism [8, 9]. Apart from older 
age, a variety of other factors involving hyper-
tension, obesity, diabetes, valvular heart dis-
ease, ischaemic heart disease, and heart fail-
ure may play crucial parts in the risk of new-
onset AF [5, 9]. There is also evidence showing 
that serum levels of glycated hemoglobin 
(HbA1c) may be related with the occurrence of 
AF [8, 10].

HbA1c is considered as the product of a non-
enzymatic reaction of glycation, and its amount 
may be closely linked to concentration of blood 
glucose [11]. It is widely accepted that HbA1c is 
an effective marker of long-term regulation of 
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glucose, and it significantly correlates with gly-
cometabolic disease, containing impairment in 
glucose tolerance, damage in fasting glucose 
or metabolic syndrome [12, 13]. As an advanced 
glycation end products (AGE), HbA1c could be 
utilized as a clinical marker of average glycemia 
in patients with diabetes mellitus (DM) and has 
been lately advised as an important criterion 
for the diagnosis of DM [14]. In previous docu-
ments, elevated level of HbA1c has been illus-
trated to be connected with increased risk of 
cardiovascular diseases in patients with and 
without DM [15-17]. In addition, it has been 
demonstrated that HbA1c possesses the abili-
ty to reflect antecedent glycometabolic distur-
bance in myocardial infarction for the fact that 
it is minimally influenced by stress hyperglyce-
mia during the disease progress [18]. In recent 
years, serum levels of HbA1c have also been 
indicated to be correlated with the pathogene-
sis of AF [10]. Nevertheless, the potential 
mechanism by which HbA1c may lead to the 
etiology of AF has remained largely unknown. 
We postulated that increased levels of HbA1c 
may lead to high oxygen affinity of hemoglobin 
and decreased synthesis of diphosphoglycer-
ate, both of which contribute to the difficulty in 
the dissociation of oxygen dissociation, thereby 
resulting in aggravated myocardial ischemia 
and hypoxia [17]. More importantly, long-term 
high levels of blood glucose in vivo could induce 
the activation of glycation end products and 
the up-regulation of tissue growth factor, cause 
atrial structural remodeling and atrial enlarge-
ment, and thus conduce to the development of 
AF [19]. On the other hand, it was hypothesized 
that AGEs including HbA1c may play a crucial 
role in atrial remodeling via the induction of 
reactive oxygen species (ROS), and may be con-
sequently implicated in the pathogenesis of AF 
[20]. Up to date, only a few studies have been 
implemented to investigate the correlation 
between serum HbA1c levels and the risk of AF 
in DM patients, and the results are always dis-
cordant [21, 22]. Hence, we endeavored to 
determine whether there was a significant con-
nection between serum HbA1c levels and AF 
risk in DM patients. 

Materials and methods

Literature search

The following computerized bibliographic data-
bases were applied to identify relevant articles 
related to the association of serum HbA1c con-

centration and AF in DM patients without 
restrictions with respect to language or data 
collection: PubMed, Embase, CINAHL, MED- 
LINE, Science Citation Index database, the 
Cochrane Library Database, Current Contents 
Index, Chinese Biomedical Database, the 
Chinese Journal Full-Text Database and the 
Weipu Journal Database. (“Atrial Fibrillation” or 
“Atrial Fibrillation” or “Familial Atrial Fibrillation” 
or “Auricular Fibrillation”) and (“Hemoglobin A, 
Glycosylated” or “hemoglobin A1c protein, 
human” or “Hb A1a+b” or “Hb A1c” or “HbA1” 
or “Glycosylated Hemoglobin A” or “Glycohe- 
moglobin A” or “Glycosylated A1b Hemoglobin” 
or “Hb A1b” or “Glycosylated Hemoglobin” or 
“Glycated Hemoglobins” or “HbA1c” or “hemo-
globin A1c”) and (“Diabetes Mellitus” or “diabe-
tes” or “diabetic mellitus” or “DM” or “type 1 
diabetes mellitus” or “type 2 diabetes mellitus” 
or “T2DM” or “T1DM” or “type 1 diabetes” or 
“type 2 diabetes”) were entered in the databas-
es searches as medical subject heading terms 
and text words with a highly sensitive search 
strategy. Manual searches were used to screen 
other eligible studies. 

Study selection

After reading the abstract, full papers were 
retrieved and assessed for their suitability with 
the following inclusion criteria: (1) only those 
cohort studies conducted within a human pop-
ulation to exam the correlations between serum 
HbA1c levels and the risk of AF in DM patients 
were incorporated; (2) DM patients with AF 
should be confirmed by the electrocardiogra-
phy results [23]; (3) the article must be pub-
lished in a peer-reviewed journal and provide 
original data; (4) had supply sufficient informa-
tion on serum HbA1c levels in DM patients. The 
major exclusion criteria were: (1) did not satisfy 
the inclusion criteria designed in the current 
study; (2) abstracts, reviews, case report, let-
ters, meta-analysis or proceedings; (3) duplica-
tion publications or studies with overlapping 
data. 

Data extraction and quality assessment 

We used a standard reporting form to extract 
data from each included study, and the follow-
ing descriptive information were collected: sur-
name and initials of the first author, year of sub-
mission, country, racial descent, study design, 
number of cases and controls, demographic 
variables, detection method of HbA1c, serum 
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Figure 1. Flow chart of literature search and study selection. Six cohort studies were included in this meta-analysis.
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HbA1c levels and confirmation of diagnosis, 
etc. Two reviewers independently assessed the 
methodological quality of the included trials 
using the Newcastle-Ottawa Scale (NOS) crite-
ria to ensure consistency in reviewing and 
reporting results [24]. Three aspects were con-
sidered in the NOS criteria: (1) subject selec-
tion: 0~4; (2) comparability of subject: 0~2; (3) 
clinical outcome: 0~3. The range of NOS scores 
is from 0 to 9; and a score ≥ 7 means a good 
quality. Disagreement on the inclusion of a sin-
gle study was settled by discussion, or a third 
investigator was consulted.

Statistical analysis

The association between serum HbA1c levels 
and the risk of AF in DM patients was estimated 
by the standardized mean difference (SMDs) 
and 95% confidence interval (95% CI). We used 
Cochran’s Q-statistic (P < 0.05 was considered 
significant) and I2 tests to quantify heterogene-
ity among studies [25]. In order to calculate the 
pool SMDs, fixed/random effects model were 
used; random effects model was applied for 
the evidence of significant heterogeneity (P < 
0.05 or I2 test exhibited > 50%), whereas SMDs 
were pooled based on the fixed-effects model 
[25, 26]. Meanwhile, if there was significant 
heterogeneity, subgroup analysis was per-
formed to find potential explanatory variables. 

In addition, we employed a sensitivity analyses 
to evaluate whether one single study had the 
weight to impact on the overall estimate. 
Further, the effect of publication bias was 
detected by Egger’s linear regression test (P < 
0.05 was considered significant) which can be 
used to evaluate the funnel plot asymmetry 
whose asymmetric plot revealed possible publi-
cation bias [27, 28]. Statistical analyses were 
conducted with the STATA statistical software 
(Version 12.0, Stata Corporation, College 
Station, TX, USA). 

Results

Included studies

Figure 1 presented the steps of selecting study. 
A total of 76 reports were retrieved initially 
through electronic database searching and 
manual search, and 31 papers were kept after 
remove of duplicates (n = 2), letters, reviews or 
meta-analysis (n = 6), non-human studies (n = 
17), and the studies unrelated to research top-
ics (n = 20). Furthermore, additional 23 studies 
were excluded in that they were not cohort or 
cohort study (n = 5), not relevant to HbA1c (n = 
6), or irrelevant to AF (n = 12). In the final selec-
tion step, six out of eight studies were identified 
with 2 articles being abandoned for not supply-
ing enough information. From 2001 to 2014, 
the number of articles published in those elec-

Figure 2. The distribution of the number of topic-related literatures in the electronic database during the last de-
cade.
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tronic databases was shown in Figure 2. Six 
cohort studies in full text hit our selection crite-
ria ultimately between 2008 and 2013 [5, 8, 
21, 22, 29, 30]. Demographic characteristics 
and methodological quality of the enrolled 
studies was listed in Table 1. Five studies were 
performed in populations of Asian descent 
(China and Turkey), and the remaining 1 study 
was in populations of Caucasian descent (Italy), 
including 1,699 subjects at all (1,047 cases 
and 652 controls). Serum level of HbA1c pro-
tein in DM patients were detected with high 
performance liquid chromatography (HPLC) (n = 
4), turbidimetric immunoinhibition assay (n = 
1), and colorimetric and immunoturbidimetrical 
methods (n = 1).

Serum levels of HBA1C in AF

As shown in Figure 3, our results revealed that 
serum level of HbA1c in DM patients with AF 

was higher than that in DM patients without AF 
(SMD = 0.67, 95% CI: 0.39-0.94, P < 0.001). 
Subgroup analyses by sample size and detec-
tion method implicated that elevated serum 
HbA1c levels exhibited significant correlations 
with an increased risk of AF in DM patients in 
the large-size subgroup (n ≥ 200), the small-
size subgroup (n < 200), the high performance 
liquid chromatography (HPLC) subgroup and 
the non-HPLC subgroup (Large-size: SMD = 
0.70, 95% CI: 0.38-1.03, P < 0.001; Small-size: 
SMD = 0.64, 95% CI: 0.09-1.19, P = 0.023; 
HPLC: SMD = 0.81, 95% CI: 0.49-1.12, P < 
0.001; Non-HPLC: SMD = 0.36, 95% CI: 0.04-
0.68, P = 0.029; respectively) (as shown in 
Figure 4).

Sensitivity analysis and publication bias

A leave-one-out sensitivity analysis was carried 
out to evaluate whether the present meta-anal-

Table 1. Baseline characteristics of included studies

First author Year Country Ethnicity
Sample size Gender (M/F) Age (years) NOS 

scoreTotal AF Non-AF AF Non-AF AF Non-AF
Xu KL [30] 2013 China Asians 332 180 152 102/78 83/69 69.38 ± 4.68 69.32 ± 4.63 7
Turgut O [21] 2013 Turkey Asians 162 81 81 84 78 (38~89) 6
Targher G [5] 2013 Italy Caucasians 702 617 85 379 323 65 ± 13 75 ± 9 8
Zhao KJ [29] 2012 China Asians 260 83 177 49/34 88/89 68.51 ± 8.05 64.28 ± 8.34 6
Wang XP [22] 2011 China Asians 89 40 49 18/22 24/25 (36~72) (35~75) 5
Johansen OE [8] 2008 China Asians 154 46 108 34/12 73/35 NR NR 5
M: male; F: female; NOS: newcastle-ottawa scale; AF: atrial fibrillation; NR: not reported.

Figure 3. Forest plots for the correlations of serum HbA1c levels with the risk of atrial fibrillation in patients with 
diabetes mellitus.
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ysis is stable. Each study enrolled in our meta-
analysis was evaluated one by one to reflect 
the effect the significance of pooled SMDs. The 

overall statistical significance does not change 
when any single study was omitted. Therefore, 
the current meta-analysis data is relatively sta-

Figure 4. Subgroup analyses by sample size and detection method for the correlations of serum HbA1c levels with 
the risk of atrial fibrillation in patients with diabetes mellitus.
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ble and credible (Figure 5). The graphical fun-
nel plots of those 6 studies presented to be 
symmetrical, and Egger’s test suggested no 
publication bias (t = 0.35, P = 0.747) (Figure 6).

Discussion

In this study, we aimed to evaluate the roles of 
HbA1c and define the relationships of serum 

HbA1c activities mainly focus on affecting red 
blood cell to transport oxygen and causing glo-
merular thickening, meaning that serum levels 
of HbA1c contribute to increased annual AF 
incidence [33]. Furthermore, it was reported 
that the pathogenesis of AF may attribute to 
the blood coagulation involving in arrhythmia 
and the role of HbA1c is identified to function in 
increasing blood viscosity and stimulating 

Figure 5. Sensitivity analysis of the summary odds ratio coefficients on the cor-
relations of serum HbA1c levels with the risk of atrial fibrillation in patients with 
diabetes mellitus.

HbA1c levels and the risk of 
AF in DM patients. Findings 
from the current meta-analy-
sis have shown that higher 
serum levels of HbA1c trig-
gered the incidence of AF, 
implying that serum HbA1c 
level can be viewed as a bio-
logic marker to predict AF 
morbidity and as a tool for 
preventing AF onset. HbA1c 
roles were manifested in 
multiple aspects, for exam-
ple, hypercoagulability, dys-
lipidemia, sematic inflamma-
tion and hyperglycemia 
through accumulating insulin 
resistance and inducing pro-
inflammatory mediators like 
fibrinogen and C-reactive 
protein [31]. It was proved 
that increasing HbA1c levels 
are responsible for various 
adverse events such as ven-
tricular damage, electrolyte 
balance impairment, tissue 
anoxic phenomenon and 
systemic inflammation, all of 
which may lead to up-regu-
lated AF vulnerability, sug-
gesting that HbA1c serum 
levels are correlated with the 
occurrence of AF [32]. 
Moreover, AF incidence has 
also revealed to be relevant 
connection with diabetes 
duration that implicates in 
an abnormal glucose metab-
olism, consequently result-
ing in elevated HbA1c serum 
levels in turn posing a threat 
to AF burden [8]. Additionally, 
AF presence is connected 
with blood stability accord-
ing to estimated glomerular 
filtration rate (eGFR), and 

Figure 6. Funnel plot of publication biases on the correlations of serum HbA1c 
levels with the risk of atrial fibrillation in patients with diabetes mellitus.
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blood lipid production, thereby, HbA1c expres-
sion may account for AF risk due to its biologic 
functions [34]. On account of above published 
opinions, our meta-analysis supported the sig-
nificant relationship between serum HbA1c lev-
els and the incidence of AF in DM patients, and 
elevated HbA1c levels might correlated with 
the deteriorated AF that provoking severe com-
plications, thus serum HbA1c level detection 
has great recognized value in the diagnosis of 
AF and can be regarded as therapeutic target 
for the prevention of AF aggravation. In accor-
dance with our study results, a previous study 
pointed out that AF development is account-
able for various factors including aging, obesity 
and especially higher HbA1c serum levels, 
which are explained by the interactions between 
glycemic control and AF incidence, thus the 
results indicated that HbA1c levels may be 
associated with diabetes and AF predisposition 
[35].

In addition, our study also performed subgroup 
analysis with the purpose of considering some 
factors like sample size, detection method to 
impact the authenticity of the research rela-
tionship of HbA1c serum level and AF patho-
genesis. A sample-stratified analysis found out 
that the sample size has no influence in the 
relationship results, implying that no matter 
large sample or small sample is not the hetero-
geneity source for the research. With regard to 
detection method factor, the results reflected 
that the relationship cannot be affected by the 
testing types of method, regardless of HPLC 
and Non-HPLC. All in all, our study conclusion 
has shown that AF development is deteriorated 
along with increasing serum level of HbA1c and 
the clinical target of AF expression level might 
be of importance in indicating and treating AF. 

Although we have finally came to a conclusion 
with regard to the relationship between serum 
HbA1c levels and the development of AF, the 
relatively smaller involvement of publishes and 
relatively small proportion of subjects might 
have the potential to restrict the power of this 
meta-analysis to conducted our extensive mod-
eling or adjusted analysis. In addition, due to 
the reason that we focused on the serum levels 
of HbA1c more frequently, and some well-con-
trolled patients with diabetes who actually held 
the risk of AF might possibly be grouped into 
the low serum levels group. Thirdly, our inclu-
sion of literatures covered mostly the parts of 

the Asian populations and especially among 
Chinese, remaining population that were not 
involved should be further investigated. Finally, 
our exploration results based on previous retro-
spective might prone to conservative, largely 
due to those predefined criteria setting for 
sample inclusion indicated to be relatively nar-
rowly, and some AF patients did not visit hospi-
tal regularly, all of which might underestimate 
of AF. 

Taken together, our data suggested that elevat-
ed serum HbA1c levels may be associated with 
an increased risk of AF in DM patients, possibly 
reflecting that serum HbA1c level might be a 
potential biomarker in the prediction of AF in 
DM patients. Nevertheless, data from non-
Asian populations were extremely lacking, and 
further datasets are warranted to investigate 
the associations of HbA1c with the incidence of 
AF in DM patients.
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