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Introduction

Atrial fibrillation (AF), a type of  arrhythmia, has been recognized 
as a leading cause of  morbidity and mortality. Around 5 million 

new cases of  AF are estimated to occur every year according to 
the Global Burden of  Diseases Study.[1] AF has been identified 
as a potential risk factor for stroke and other cardiovascular 
diseases (CVDs), which are well established globally to result 
in a high mortality rate.[2] Therefore, AF indirectly leads to an 
increase in morbidity and mortality caused by CVD, which calls 
for more attention in research.
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AbstrAct

Background: Many studies have provided evidence for an increased risk of atrial fibrillation among diabetic patients as compared 
to the nondiabetic population. It is also well known that diabetes predisposes a person to an increased risk of diabetic nephropathy. 
A few reviews and studies have hinted towards an increased risk of atrial fibrillation among diabetic nephropathy patients; 
however, there is no concrete evidence at present. Aim: To conduct a meta-analysis to explore if there is an association between 
diabetic nephropathy and atrial fibrillation. Methods: The available literature was searched for relevant studies from the period of 
January 1995 to November 2020. The following quality assessment criteria were considered for study shortlisting: clearly defined 
comparison groups, same outcome measured in both comparison groups, known confounders addressed, and a sufficiently long 
and complete (more than 80%) follow-up of patients. Two independent reviewers searched the databases, formed their search 
strategies, and finalized the studies. The data were analyzed to obtain a summary odds ratio along with a forest plot by Cochrane’s 
RevMan 5.3. Results: Only four studies were found to meet the inclusion criterion for this meta-analysis (total number of study 
participants: 307330, diabetic nephropathy patients: 22855). Of these, two were retrospective cross-sectional studies, one was a 
prospective cohort study, and one was a case-control study. Three studies had provided the odds ratio as the measure of effect (two 
retrospective cross-sectional studies and one case-control study), with the one cohort study reporting the hazards ratio as the 
measure of effect. Therefore, the meta-analysis was done excluding the cohort study. The summary odds ratio in the present study 
was 1.32 (0.80–2.18), which was not statistically significant. Due to large heterogeneity among the included studies and their small 
sample sizes, it was found that the summary estimate shifted towards the null value. Conclusion: The present meta-analysis found 
no significant association between atrial fibrillation and diabetic nephropathy. However, more studies with large sample sizes are 
required to strengthen the evidence for an association.
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The next important step is to control this epidemic. For this, we 
must understand and recognize the risk factors and predictors 
associated with AF. The first attempt to acknowledge these 
independent risk factors was carried out three decades ago; 
factors such as age, hypertension, diabetes mellitus, coronary 
and valvular heart diseases, and congestive heart failure were 
identified as independent predictors of  AF in the Framingham 
Heart Study (one of  the largest cohort studies).[3]

Diabetes mellitus is known to raise the risk for AF 
1.24 times as compared to the general population without 
diabetes.[4,5] Furthermore, diabetes mellitus increases susceptibility 
to micro‑and macrovascular complications like nephropathy, 
neuropathy, retinopathy, and CVDs.[6,7] The presence of  
microvascular complications can then increase the risk of  
macrovascular complications among the diabetic population and 
most of  the complicated diabetic patients getting care in primary 
health care and outpatient clinics. Only a few studies have thus 
far explored such associations, such as those documenting an 
association between diabetic nephropathy and retinopathy with 
stroke, valvular heart diseases, and AF, to name a few.[8,9]

Therefore, many independent reviews and meta‑analyses have 
recognized a link between diabetes mellitus and AF[4,5]; however, 
few studies have explored additional risk factors for AF among 
the diabetic population. Age, sex, body mass index (BMI), systolic 
and diastolic blood pressure, and lipid levels have commonly 
been identified as risk factors leading to an increased risk of  AF 
among diabetic patients.[2,4,9,10] Only a few studies have explored 
the association between diabetic nephropathy and AF.[11‑15] Hence, 
it is imperative to examine this association to further understand 
the burden of  morbidity and mortality caused by AF due to 
nephropathy among diabetic patients.

Considering the lack of  knowledge, the objective of  this study 
was to perform a systematic review and meta‑analysis to address 
whether diabetic nephropathy leads to an increased risk of  AF 
compared with diabetic patients without nephropathy. The 
primary outcome measure was the combined odds ratio (OR) 
from the studies included in the meta‑analysis.

Materials and Methods

Literature search
This meta‑analysis was conducted as per the Preferred Reporting 
Items for Systematic Reviews and Meta‑Analyses (PRISMA) 
guidelines[16] The following data sources were searched for all 
cross‑sectional, cohort, and case‑control studies: PubMed, 
EMBASE/ExcerptaMedica, Cochrane Central Register of  
Controlled Trials, Google Scholar, Reference lists. Search 
strategies were independently designed and performed by two 
separate investigators. We used the following MeSH terms 
or keywords in different combinations and permutations 
for searching studies from January 1995 to November 
2020 in advanced PubMed search: “Atrial fibrillation,” 
“microalbuminuria,” “macroalbuminuria,” “overt proteinuria,” 

“diabetic nephropathy,” “diabetes mellitus,” and “risk factors 
for atrial fibrillation.”

Study selection criteria
The search strategies described above provided a list of  
studies. The titles and abstracts of  all the retrieved studies 
were screened independently by two authors. The irrelevant 
studies were discarded in the first attempt. The full‑text version 
of  the shortlisted studies was then analyzed for the presence 
of  a measurable outcome variable in terms of  incidence, 
risk ratio (RR), OR, or proportions of  AF among diabetic 
nephropathy patients and diabetic patients without nephropathy, 
depending upon the study design. Also, we took care not to 
overestimate the measure of  effect between the exposure of  
interest and the outcome. Therefore, we chose to include studies 
with a sample size of  at least 100 in both groups. We did not 
pose any restrictions on the language of  the articles as most of  
the articles could be translated by the google translate tool; most 
of  the journals supported language conversion.

Data extraction procedure
Data were extracted independently by the same reviewers 
using a standard data extraction matrix in excel. The abstracted 
data pertained to the name of  the author along with the year 
of  publication, study design, study period, type of  diabetes 
addressed in the study, age of  participants, percentage of  male 
participants, the total number of  events of  interest, OR/RR 
of  AF among diabetic patients with/without nephropathy, a 
measure of  effect and its 95% confidence interval (CI), and 
potential confounders addressed in the study. In a few studies, 
where the full text was not available, and the abstract provided 
only information on the measure of  effect (OR/RR), it was 
decided to use the data directly in RevMan using the generic 
inverse variance option for entering data. Hence, such data were 
also utilized for this analysis. Where more than one publication of  
one cohort study existed, only the publication with the complete 
dataset was used for the meta‑analysis. Disagreements in data 
extraction were resolved by discussion among the authors.

Further, we assessed the bias in the studies based on Cochrane’s 
guidelines.

Statistical analysis
The data were analyzed using RevMan 5.3. The risk of  AF 
was summarized using either the RR with 95% CI for cohort 
studies or the OR with 95% CI for cross‑sectional studies and 
case‑control studies. It was decided to present the results of  the 
cohort and case‑control studies separately as they have different 
measures of  effect.

Data from all studies comparing the RR or OR for AF among two 
groups were pooled in the meta‑analyses using the inverse generic 
variance method with the random‑effects model. Heterogeneity 
of  outcome measures between studies was examined using the 
Cochran Q and I² statistics.



Arnous, et al.: Association of atrial fibrillation with diabetic nephropathy

Journal of Family Medicine and Primary Care 3882 Volume 11 : Issue 7 : July 2022

The statistical methods of  this study were reviewed by Dr. Mamta 
Gupta, Medical Director at Alchemist Research and Data Analysis 
and Project coordinator at Post Graduate Institute of  Medical 
Education and Research (PGIMER), Chandigarh (India).

Results

Study selection
The combined literature search identified 3526 studies that 
contained the MeSH terms either in the title or abstract. After 
reviewing the title, we included 160 studies for abstract review. 
Finally, only four studies matched the inclusion criteria. Of  these 
four studies, the full text was available for three studies for which 
data could be easily extracted.[11,14,15] For one study where only the 
abstract was available, the related data were available in the abstract, 
which was utilized for the analysis.[12] The studies that were excluded 
were rejected on various grounds, which are shown in Figure 1.

The characteristics of  the four shortlisted studies are presented 
in Table 1. Of  these four studies, one was a longitudinal cohort 
study, which was published as part of  the Swedish National 
Diabetes Registry carried out by Zethelius et al. in 2015.[15] As it is 
a cohort study, the authors had used Cox Regression to estimate 
the hazards ratio (HR) of  AF among diabetic patients with and 
without nephropathy. The two studies by Ananthapanyasut 
et al.[11] and Papa et al.[14] were retrospective cross‑sectional studies 
where the measure of  effect used was the OR. The fourth study 
was a case‑control carried out by Dahlqvist et al.[12] in 2017, which 
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Figure 1: Study selection flow chart
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reported the OR of  AF among the two exposure groups (raw data 
was not available for this study). None of  the studies addressed 
the bias adequately.

Study analysis
Keeping in view the different study designs and corresponding 
measures of  effect presented in these studies, we decided to do 
an analysis of  the studies presenting the OR separately from 
the study where the HR was calculated as the outcome measure. 
Therefore, we could include only three studies where OR was 
the measure in the meta‑analysis to estimate the summary OR 
for the overall analysis. As there was only one cohort study, a 
meta‑analysis was not possible; thus, we decided to include the 
results of  this study as such.

All included studies were conducted after 2009. The two 
studies by Zethelius et al.[12] and Dahlqvist et al.[15] pertained 
to the Swedish population. The other two studies represented 
a sample population from the USA[11] and Italy.[14] The total 
diabetic population in these four studies was 127620 patients. 
The total number of  reported AF cases in three studies was 
4820 (data missing for Dahlqvist et al.). The summary results 
of  the meta‑analysis of  the three studies are shown in Figure 2.

The summary OR was 1.32 (0.80–2.18), which indicated no 
statistically significant association between AF and diabetic 
nephropathy. A significant heterogeneity was present among the 
included studies (τ2 = 0.19, χ2 = 39.32, df  = 2 (P < 0.00001); 
I2 = 95%) following the random‑effects model.

The risk of  having AF among diabetic patients with nephropathy 
was found to be 1.21 times (1.08–1.38) greater as compared to 
diabetic patients without nephropathy in the study by Zethelius 
et al.,[12] which was statistically significant.

Discussion

To the best of  our knowledge, this is the first meta‑analysis to 
assess the association between AF and diabetic nephropathy. 
The present study included the findings of  three cross‑sectional/
case‑control studies and one cohort study, which reported 
the OR/RR of  AF in diabetic patients with and without 
nephropathy.[11,12,14,15] These four studies had a combined sample 
size of  127620 and included both Type 1 and Type 2 diabetes 
mellitus patients. We have found that after adjusting for various 
confounders, as mentioned in Table 1, the authors of  these 

studies primarily looked upon the association of  AF development 
among the diabetic population with and without nephropathy.

The summary OR in this meta‑analysis was 1.32 (0.80–2.18), 
which is not statistically significant. This was due to two reasons. 
First, we could not include one large study by Zethelius et al.[15] 
in this pooled estimate due to the different study designs and 
measure of  effect. Secondly, of  the three included studies, 
one study by Ananthapanyasut et al.[11] had a small sample 
size, and the results were insignificant. Therefore, the pooled 
estimate of  the present study was pulled towards the value of  
1, which supports the null hypothesis. This may be considered 
a limitation of  this meta‑analysis. If  we consider excluding the 
study by Ananthapanyasut et al.[11] from this meta‑analysis, then 
the pooled OR was calculated to be 1.66 (1.03–2.66), indicating 
that the risk of  AF among patients with diabetic nephropathy 
was 1.66 times higher as compared to diabetic patients without 
nephropathy, thereby indicating the effect of  sample size on the 
summary estimate.

This study has some potential[15] limitations. A significant 
limitation of  this meta‑analysis pertains to the limited number 
of  studies available in this research area. Thus, the overall 
sample size remained small for a summary measure estimation. 
Secondly, the study design of  included studies differed. Of  the 
four studies, two were retrospective cross‑sectional studies, which 
weakened the power of  the estimate as cross‑sectional studies are 
considered epidemiologically weak studies in providing evidence 
for associations. Ideally, we would have included either cohort 
or case‑control studies, but due to lack of  relevant studies, 
we decided to include cross‑sectional studies also. The third 
limitation pertains to the large heterogeneity among the studies, 
which was attributed to the small sample sizes, varied study 
designs, and different populations.

Despite the various limitations, the current meta‑analysis was 
able to highlight many research issues that are important for 
controlling the rising number of  AF cases worldwide. Large 
sample prospective studies like the Framingham study, the Malmo 
study, and the Atherosclerosis Risk in Communities (ARIC) 
study have explored multiple risk factors like advancing age, 
hypertension, obesity, smoking, previous chronic heart failure, 
myocardial infarction, and valve disease.[3,9,17,18] Similar findings 
were reported by Zethelius et al.[15]. In addition, a few studies 
have pointed towards the positive association of  HbA1c with 
AF, although this is not a well‑established risk factor.[15] An 

Figure 2: Forest Plot. The odds ratio of atrial fibrillation among diabetic patients with and without nephropathy
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association between HbA1c and albuminuria as a result of  
diabetic microangiopathy has long been established, as has the 
link between the presence of  both diabetes and albuminuria 
and the risk of  CVD.[7] Therefore, there is some evidence 
for a relationship between HbA1c and AF, which should be 
further explored in more prospective cohort studies. Another 
important thing to observe is that like other non‑communicable 
diseases, AF shares many risk factors, which can be addressed 
simultaneously.[9,10,18] Therefore, it is better to identify more of  the 
risk factors, such as diabetic nephropathy or the role of  HbA1c 
in diabetic nephropathy, for AF so that a multipronged strategy 
can be used to contain the rising burden of  this disease.

Aside from the study by Zethelius et al.,[15] we could not find any 
other prospective study that reported an association between 
AF and diabetic nephropathy. In conclusion, the results of  this 
meta‑analysis do not show an increased risk of  AF among patients 
with diabetic nephropathy. However, taking into account the study 
limitations, future research should be directed at further exploring 
a potential association between AF and diabetic nephropathy using 
large sample‑sized prospective cohort studies.[9,10,18]
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