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ABSTRACT
Objective Atrial fibrillation (AF) is a condition that occurs 
in the presence of comorbidities. With the accumulation 
of comorbidities (multimorbidity), some combinations may 
more often occur together than others. Information on 
the impact of clustering of these on incident AF is sparse. 
We aimed to investigate clustering of cardiovascular and 
renal comorbidities and study the association between 
comorbidity clusters and incident AF.
Methods We used the community- based Prevention 
of Renal and Vascular ENd- stage Disease (PREVEND) 
cohort in which 8592 individuals participated. Latent 
class analysis was performed to assess clustering of 10 
cardiovascular and renal comorbidities.
Results We excluded individuals with prior AF or missing 
ECG data, leaving 8265 individuals for analysis (mean 
age 48.9±12.6 years, 50.2% women). During 9.2±2.1 
years of follow- up, 251 individuals (3.0%) developed AF. 
A model with three clusters was the optimal model, with 
one cluster being young (44.5±10.8 years) and healthy, 
carrying a low (1.0%) risk of incident AF; one cluster 
being older (63.0±8.4 years) and multimorbid, carrying 
a high (16.2%) risk of incident AF and a third middle- 
aged (57.0±11.3 years), obese and hypertensive cluster 
carrying an intermediate risk (5.9%) of incident AF. While 
the prevalence of the comorbidities differed between 
classes, no clear combination(s) of comorbidities was 
observed within the classes.
Conclusions We identified three clusters of comorbidities 
in individuals in the community- based PREVEND 
cohort. The three clusters contained different amount 
of comorbidities carrying different risks of incident AF. 
However, there were no differences between the clusters 
regarding specific combination(s) of comorbidities.

INTRODUCTION
Atrial fibrillation (AF) occurs in the pres-
ence of comorbidities. Comorbidities that 
are frequently seen in patients with AF are, 
among others, hypertension, obesity, coro-
nary heart disease and diabetes.1 Presence 
of specific cardiovascular risk factors and/
or comorbidities increase the risk of inci-
dent AF.2–6 Both the prevalence of AF and 
of comorbidities increase with age, causing 

the prevalence of multimorbidity (the pres-
ence of two or more comorbidities in an indi-
vidual) to increase as well.7–11

With the accumulation of comorbidities 
over time, certain comorbidities may more 
often occur together than others, that is, 
clustering of comorbidities. In AF, acknowl-
edging clustering of certain comorbidities 
may have implications for early diagnosing 
previously unrecognised comorbidities, and 
clusters of comorbidities may carry differen-
tial risks of AF. Although that the individual 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Individual cardiovascular risk factors and comorbid-
ities associated with incident atrial fibrillation (AF) 
are well known.

 ⇒ Multimorbidity is common in individuals and in-
creases risk of incident cardiovascular diseases.

 ⇒ Information on the impact of clustering of cardio-
vascular and renal comorbidities on incident AF is 
sparse.

WHAT THIS STUDY ADDS
 ⇒ In the community- based study of >8500 individuals, 
we found that multimorbidity increased the risk of 
incident AF.

 ⇒ In this general population cohort, three clusters of 
comorbidities were identified.

 ⇒ The three clusters contained different amount of 
comorbidities carrying different risks of incident AF.

 ⇒ There were no differences between the clusters 
regarding specific combination(s) of comorbidities.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This knowledge may aid clinicians in identifying in-
dividuals at an increased risk of developing AF.

 ⇒ This study implicates that management of multiple 
comorbidities at early stages may be need to alter 
risk of incident AF

 ⇒ We did not find clear combinations of comorbidities, 
and further studies are needed to explore comor-
bidity clusters, also including non- cardiovascular 
comorbidities and subsequent risk of incident AF.
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cardiovascular comorbidities and/or risk factors for it are 
well known, information on the impact of clustering on 
incident AF is sparse.

In this study, we aim to investigate the presence of 
clusters of cardiovascular and renal comorbidities and 
study the association between cardiovascular and renal 
comorbidity clusters and incident AF in individuals of the 
community- based Prevention of Renal and Vascular ENd- 
stage Disease (PREVEND) cohort.

METHODS
Study design, setting, population
For the current study, we used data from the PREVEND 
cohort. The study protocol has been described elsewhere 
in detail.12 In short, PREVEND is a community- based 
cohort. The original aim of the PREVEND study was to 
investigate the relation of urinary albumin excretion with 
renal and cardiovascular disease. This prospective study 
was initiated in 1997 and included 8592 individuals. By 
design, the cohort was enriched for elevated urinary 
albumin excretion with approximately 70% of individuals 
having a urinary albumin concentration >10 mg/L.

For the present analysis, we excluded 248 individuals 
without ECG data, 37 individuals diagnosed with AF prior 
to inclusion and 42 individuals with AF on baseline ECG, 
leaving 8265 individuals for analysis.

Ascertainment of AF
AF was diagnosed if either AF or atrial flutter was present 
on a 12- lead ECG during one of the study visits, or at 
an outpatient visit or hospitalisation. All ECGs were 
stored digitally, electronically screened, and validated 
by two independent observers. The assessment has been 
described in detail elsewhere.13 For the date of incident 
AF, the date of the first ECG with a definite diagnosis of 
AF or atrial flutter was used.

Definitions of comorbidities
Hypertension was defined as systolic blood pressure 
>140 mm Hg or diastolic blood pressure >90 mm Hg 
(based on the mean of two measurements), or use of 
antihypertensive medication. Obesity was defined as body 
mass index >30.0 kg/m2, where body mass index has been 
calculated as weight divided by height squared (kg/m2). 
Type 2 diabetes was defined as a fasting plasma glucose 
level >7.0 mmol/L, a non- fasting plasma glucose level of 
>11.1 mmol/L or use of antidiabetic medication. All indi-
viduals with heart failure at inclusion were adjudicated by 
a committee of heart failure experts according to previ-
ously published criteria.14 Hypercholesterolaemia was 
defined as total serum cholesterol >6.5 mmol/L or serum 
cholesterol ≥5.0 mmol/L with use of lipid- lowering medi-
cation or if a history of myocardial infarction was present. 
Previous myocardial infarction or stroke was established 
as self- reported hospitalisation for at least 3 days for one 
or both conditions. Peripheral artery disease was defined 
as an ankle- brachial index <0.9. Renal impairment 
was defined as an estimated glomerular filtration rate 

<60 mL/min/1.73 m2, in which estimated glomerular 
filtration rate was estimated with the simplified modifi-
cation of diet in renal disease formula. Urinary albumin 
excretion was calculated as an average of two consecu-
tive 24- hour urine collections and microalbuminuria 
was defined as urinary albumin excretion ≥10 mg/L. 
Smoking was defined as current smoker or quit smoking 
within the last 5 years.

Follow-up
The follow- up duration was calculated as the time 
between the screening visit and incident AF, death or the 
last contact date to a maximum of 10 years.

Statistical analyses
Individual characteristics were described for the total 
population and the latent classes. Continuous variables 
were presented as mean±SD or median (IQR) and cate-
gorical variables as number (percentage). Latent class 
analysis was performed using 10 comorbidities: hyper-
tension, heart failure, type 2 diabetes, hypercholestero-
laemia, obesity, previous myocardial infarction, previous 
stroke, peripheral artery disease, renal impairment, 
microalbuminuria. We included the study outcome inci-
dent AF as covariate for the cluster analysis, according to 
the method by Lanza et al.15 As secondary analysis, latent 
class analysis was repeated with additionally including 
age, sex and ethnicity. A priori, the optimum number of 
the latent classes was unknown. To estimate the optimum 
number of classes, we increased the number of classes 
while comparing the fit of the models. The optimum 
number of classes was determined by the number of 
classes for which the Bayesian information criterion 
reached a minimum value.

Additional model fit statistics were calculated, including 
the normalised χ2 (Pearson χ2 for model fit divided by 
the number of residual df), root mean square error, log- 
likelihood and Madansky’s measure for local indepen-
dence. For internal validation of the optimum number 
of latent classes, we performed parametric bootstrapping 
to check if the observed statistics were within the Efron’s 
95% CI, which would imply a good model fit.

The risk of incident AF for each class was calculated 
by using latent class analysis. In addition, Kaplan- Meier 
analysis was performed to calculate the cumulative prob-
ability of incident AF, stratified by the latent classes. The 
log- rank test was used to compare the latent classes. We 
assessed missing data and found that this was <5% for all 
covariates, and no missing data for the primary outcome 
incident AF. No imputation strategies to account for 
missing data were applied. All analyses were performed 
using R package (V.4.0.5). The significance level was set 
at p<0.05.

Patient and public involvement
No patients were involved in the development of the 
research question and outcome measures.
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RESULTS
Individual characteristics
The characteristics of the total population are shown in 
table 1. Mean age was 48.9±12.6 years and 50.2% were 
women. Of the total population of 8265 individuals, 
1424 individuals (18.2%) had no comorbidity, 6030 
individuals (77.1%) had 1–3 comorbidities and 363 
individuals (4.6%) had ≥4 comorbidities. The median 
number of comorbidities was 1.0 (1.0–2.0). The distri-
bution of the number of comorbidities is shown in the 
upper panel of figure 1. During a mean follow- up dura-
tion of 9.2±2.1 years, 251 individuals (3.0%) developed 
AF.

Latent class model of cardiovascular and renal comorbidities
Individuals were clustered based on 10 cardiovascular 
and renal comorbidities: hypertension, heart failure, 
type 2 diabetes, hypercholesterolaemia, obesity, previous 
myocardial infarction, previous stroke, peripheral artery 
disease, renal impairment, microalbuminuria. A model 
with three latent classes was the optimal model, with a 
minimum Bayesian information criterion value compared 
with other models with different numbers of classes. Addi-
tional fit model statistics all resulted in observed statistic 
values within the Efron’s 95% CI, implying good model 
fit (table 2).

Characteristics of the three latent classes
Characteristics of the population by latent classes are 
shown in table 3. Except for ethnicity, the characteristics 
were significantly different between the classes. Class 1 
(n=5527) consisted of younger (44.5±10.8 years), rela-
tively healthy individuals with low prevalence of cardiovas-
cular and renal comorbidities (median number of comor-
bidities 1.0 (0.0–1.0)). Of these individuals, 55.1% were 
women. In contrast, individuals in class 3 (n=327) were 
older (63.0±8.4 years), less likely to be women (26.6%) 
and had a higher prevalence of all cardiovascular and 
renal comorbidities (median number of comorbidities 
4.0 (3.0–4.0)), compared with class 1. Class 2 (n=2411) 
is characterised as an intermediate group, with a mean 
age of 57.0±11.3 years, 42.0% women and a median 
number of comorbidities of 2.0 (2.0–3.0)). However, 
both hypertension and obesity were more prevalent in 
this class compared with class 1 and 3 (hypertension: 
98.3% in class 2 vs 0.0% vs 64.9% in class 1 and 3, respec-
tively; obesity: 29.0% in class 2 vs 9.7% vs 19.1% in class 1 
and 3, respectively). The characteristics of each class are 
shown in figure 2. While the prevalence of the comorbid-
ities differed between classes, no clear combination(s) of 
comorbidities could be observed within the classes. The 
distribution of the number of comorbidities for each 
class is shown in the lower panel of figure 1. When adding 
age, sex and ethnicity to the latent class analysis, similar 
results were observed (online supplemental table 1 and 
online supplemental figure 1).

Latent classes and association with incident AF
The incidence of AF varied between the latent classes and 
was 1.0% for class 1, 5.9% for class 2 and 16.2% for class 
3 (p<0.001). The incidence rates of AF were 0.11 (0.08–
0.14), 0.64 (0.54–0.75) and 1.91 (1.43–2.50), respectively. 
The cumulative probability of incident AF for each class 
is shown in figure 3. Similar results were observed when 
adding age, sex and ethnicity to the latent class analysis 
(online supplemental figure 2).

DISCUSSION
In the community- based PREVEND cohort, we found 
three distinct clusters of individuals with similar comor-
bidity burden, based on 10 cardiovascular and renal 
comorbidities. We found no specific combination(s) 
of comorbidities carrying different risks of incident AF, 
rather we found three clusters with different number of 
comorbidities. Our results indicate that multimorbidity 
itself carries an increased risk of incident AF. One young 
and healthy cluster with only one comorbidity, carrying 
a low (1.0%) risk of incident AF. One older and multi-
morbid cluster, with on average four comorbidities, 
carrying a high (16.2%) risk of incident AF. The last 
cluster is situated in between the other two, this interme-
diate middle- aged, obese and hypertensive cluster, with 
on average two comorbidities, carries an intermediate 
risk (5.9%) of incident AF.

Table 1 Baseline characteristics

Characteristic
Total population
(n=8265)

Age (years) 48.9±12.6

Women 4145 (50.2%)

Caucasian ethnicity

Follow- up duration (years) 9.2±2.1

No of cardiovascular and renal comorbidities 1.0 (1.0–2.0)

0 1424 (18.2%)

1–3 6030 (77.1%)

≥4 363 (4.6%)

Hypertension 2542 (31.6%)

Heart failure 18 (0.2%)

Type 2 diabetes 310 (3.8%)

Hypercholesterolemia 361 (4.6%)

Obesity 1287 (15.7%)

Previous myocardial infarction 251 (3.1%)

Previous stroke 81 (1.0%)

Peripheral artery disease 291 (3.7%)

Renal impairment 466 (5.7%)

Microalbuminuria 5759 (69.7%)

Cardiovascular and renal comorbidities include hypertension, heart 
failure, type 2 diabetes, hypercholesterolaemia, obesity, previous 
myocardial infarction, previous stroke, peripheral artery disease, 
renal impairment and microalbuminuria.

https://dx.doi.org/10.1136/openhrt-2023-002315
https://dx.doi.org/10.1136/openhrt-2023-002315
https://dx.doi.org/10.1136/openhrt-2023-002315
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Figure 1 Distribution of the number of comorbidities: upper panel: total population; lower panel: divided by latent classes. AF, 
atrial fibrillation.

Table 2 Additional fit model statistics

Observed statistic Efron’s 95% CI

Normalised χ2 0.596 (0.385 to 1.966)

Root mean square error 0.052 (0.029 to 0.114)

Log- likelihood −18320.840 (−34638.885 to −18371.516)

Madansky 1 845 806.951 (1 657 859.509 to 7 513 280.270)
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In clinical practice, it is common to approach different 
risk factors and comorbidities individually. This is also 
reflected in research; studies would look at the association 
of individual risk factors and comorbidities with incident 
AF.2–6 However, individuals with AF commonly have more 
than one comorbidity and thus multimorbidity.1 16–18 This 

study has shown that latent class analysis can be used to 
define clusters of comorbidities, but that the clusters 
seem to be based on the amount of comorbidities, rather 
than specific combinations of comorbidities.

The association between the number of comorbidities 
and incident AF has been shown before. Andersson et 
al identified 272 186 individuals with incident AF diag-
nosed in a hospital setting and found that all predefined 

Table 3 Characteristics of the population by latent classes

Characteristic
Class 1
(n=5527)

Class 2
(n=2411)

Class 3
(n=327) P value

Age (years) 44.5±10.8 57.0±11.3 63.0±8.4 <0.001

Women 3046 (55.1%) 1012 (42.0%) 87 (26.6%) <0.001

Caucasian ethnicity 5239 (95.4%) 2288 (96.1%) 317 (97.8%) 0.062

Follow- up duration (years) 9.3±2.0 9.2±2.1 8.5±2.6 <0.001

No of comorbidities 1.0 (0.0–1.0) 2.0 (2.0–3.0) 4.0 (3.0–4.0) <0.001

0 1424 (29.0%) 0 (0.0%) 0 (0.0%)

1–3 3863 (73.1%) 2039 (91.5%) 128 (42.5%)

≥4 0 (0.0%) 190 (8.5%) 173 (57.5%)

Hypertension 0 (0.0%) 2337 (98.3%) 205 (64.9%) <0.001

Heart failure 0 (0.0%) 0 (0.0%) 18 (5.5%) <0.001

Type 2 diabetes 53 (1.0%) 201 (8.5%) 56 (17.6%) <0.001

Hypercholesterolaemia 69 (1.3%) 103 (4.6%) 189 (59.6%) <0.001

Obesity 531 (9.7%) 694 (29.0%) 62 (19.1%) <0.001

Previous myocardial infarction 5 (0.1%) 0 (0.0%) 246 (75.9%) <0.001

Previous stroke 28 (0.5%) 36 (1.5%) 17 (5.3%) <0.001

Peripheral artery disease 82 (1.5%) 152 (6.7%) 57 (18.8%) <0.001

Renal impairment 120 (2.2%) 257 (10.7%) 99 (27.5%) <0.001

Microalbuminuria 3597 (65.1%) 1895 (78.6%) 267 (81.7%) <0.001

Latent class analysis based on hypertension, heart failure, type 2 diabetes, hypercholesterolaemia, obesity, previous myocardial infarction, 
previous stroke, peripheral artery disease, renal impairment, microalbuminuria and incident atrial fibrillation.

Figure 2 Heat map of individual cardiovascular and renal 
comorbidities within each cluster the colours represent the 
log relative risk of the presence of the comorbidity compared 
with the average individual in this cohort. The branching 
diagrams represent the hierarchy of categories based on 
degree of similarity between the comorbidities (rows) or 
clusters (columns).

Figure 3 Cumulative probability of incident AF by 
comorbidity cluster. AF, atrial fibrillation.
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comorbidities were more common in individuals with 
incident AF than in controls, with 69.5% of individuals 
with AF having ‘any’ comorbidity compared with 27.2% 
of controls.19 Also Chamberlain et al found a significant 
difference in the number of comorbidities between indi-
viduals with incident AF and without incident AF, with 
a mean of 5.6 comorbidities in those with incident AF 
vs 4.5 in those without incident AF. 75% of individuals 
with incident AF had four or more comorbidities vs 
62% in those without incident AF.20 Although we did 
not compare individuals with and without incident AF 
as done by the previous studies, we compared the clus-
ters and found differences in the risk of incident AF with 
different number of comorbidities.

Individuals in cluster 3 had a significantly higher risk 
of incident AF compared with cluster 1 (16.2% vs 1.0%, 
respectively), and also had more comorbidities compared 
with cluster 1 (median of 4.0 (3.0–4.0) comorbidities with 
57.5% of the individuals having four or more comorbidi-
ties vs median of 1.0 (0.0–1.0) comorbidities, no individ-
uals with four or more comorbidities, respectively). Thus, 
multimorbidity is an important determinant of develop-
ment of AF in our community- based cohort.

For this study, we used data from individuals with no 
prior AF in the PREVEND cohort. Data on comorbidity 
clusters and the risk of incident AF in the general popu-
lation is sparse. A previous study by Rienstra et al used 
latent class analysis to determine the risk of incident AF in 
the PREVEND cohort and found that clustering by latent 
class analysis can be used to unravel distinct pathophysi-
ological mechanisms underlying individuals with shared 
risk factors.21 However, this study focused on different 
risk factors and not specifically comorbidity clusters and 
incident AF as we did in the present analysis. While our 
clusters seem to be based on the number of comorbid-
ities, we did not find clear combinations of comorbidi-
ties giving direction towards distinct pathophysiological 
mechanisms. Rather, our results indicate that multimor-
bidity, and with increasing number of comorbidities clus-
tered in an individual the risk of incident AF increases.

Multimorbidity in individuals with AF is of impor-
tance, as the amount of multimorbidity has also been 
associated with impaired outcomes. In the UK Biobank 
cohort, individuals with AF and multimorbidity had a 
higher risk of mortality compared with individuals with 
AF without multimorbidity.1 Others have studied AF 
patient populations and the risk of impaired cardio-
vascular outcomes using latent cluster analysis. In the 
ORBIT- AF registry, Inohara et al performed a cluster 
analysis based on 60 patient characteristics and found 4 
distinct clusters: (1) AF patients with low prevalence of 
risk factors and comorbidities; (2) AF patients at younger 
ages and/or behavioural disorders as comorbidity; (3) 
AF patients and similarities to patients with brady- tachy- 
syndrome with device implantation and (4) AF patients 
and atherosclerotic comorbidities.22 Compared with the 
cluster with low prevalence of risk factors and comorbidi-
ties, the other clusters of AF patients had a higher risk of 

major adverse cardiovascular or neurological evens and 
major bleeding. Similarly, Ogawa et al performed latent 
cluster analysis in AF patients included in the Fushimi AF 
Registry, using 42 patient characteristics.23 They found 
six comorbidity clusters: (1) AF patients with younger age 
and low prevalence of risk factors and comorbidities; (2) 
old AF patients with low prevalence of risk factors and 
comorbidities; (3) AF patients with high prevalence of 
atherosclerotic risk factors, but without atherosclerotic 
disease; (4) AF patients with atherosclerotic comorbidi-
ties; (5) AF patients with history of stroke and (6) very 
old AF patient. The authors found again different risk 
of major adverse cardiovascular or neurological events in 
the AF patient clusters. Both studies concluded that AF 
patients can have different phenotypic presentations that 
were associated with different clinical outcomes.

In this study, we found that multimorbidity increased 
the risk of incident AF in the general population. This 
knowledge is relevant as this may aid clinicians in iden-
tifying individuals at an increased risk of developing AF. 
We did not find clear combinations of comorbidities, and 
further studies are needed to explore comorbidity clus-
ters with a larger number of comorbidities, also including 
non- cardiovascular comorbidities, and subsequent risk of 
incident AF. This information may not only be relevant to 
identify individuals at risk of incident AF or other comor-
bidities, but also may identify underlying pathways and 
consequently influence treatment strategies to improve 
outcomes.

This study also has some limitations. While we have 
studied a well- phenotyped community- based cohort of 
>8500 individuals with an average age below 50 years 
in the Netherlands, with follow- up of approximately 10 
years, our population was virtually complete Caucasian. 
Also, by design, individuals with microalbuminuria were 
overrepresented. Both limit the generalisability of our 
results to other populations. Second, the advantages of 
latent class clustering methodology are clear; it is a model- 
based clustering approach which makes the choice of 
a cluster criterion less arbitrary, it can include variables 
with different measurement levels, no decisions have to 
make about the scaling and the number of classes can 
be based on more formal criteria than in other methods. 
However, continuous variables must be recoded into cate-
gories which may have led to loss of information, reifica-
tion may be an issue when interpreting the results, and 
the selection of variables is of importance. The modest 
number of comorbidities may have limited our ability to 
find a larger number of classes and may have limited the 
possibility of finding specific clustering of certain comor-
bidities. Third, we did not validate our results externally 
in an independent cohort. Fourth, no distinction was 
made between AF and atrial flutter, or between different 
temporal patterns of AF, nor was information on treat-
ment of comorbidities during follow- up available. Fifth, 
information on the presence of comorbidities, and inter-
action with advancing age, during follow- up was not avail-
able for this analysis.
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CONCLUSION
Based on 10 cardiovascular and renal comorbidities, 
there were three clusters of comorbidities in individ-
uals in the community- based PREVEND cohort. These 
clusters contained different amount of comorbidities 
carrying different risks of incident AF, indicating that 
multimorbidity and increasing number of comorbidities 
determine risk of incident AF. No specific combination(s) 
of comorbidities were identified.
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