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Abstract: Patients with atrial fibrillation (AF) still experience a high mortality rate despite optimal
antithrombotic treatment. We aimed to identify clinical phenotypes of patients to stratify mortality
risk in AF. Cluster analysis was performed on 5171 AF patients from the nationwide START regis-
try. The risk of all-cause mortality in each cluster was analyzed. We identified four clusters. Cluster
1 was composed of the youngest patients, with low comorbidities; Cluster 2 of patients with low
cardiovascular risk factors and high prevalence of cancer; Cluster 3 of men with diabetes and coro-
nary disease and peripheral artery disease; Cluster 4 included the oldest patients, mainly women,
with previous cerebrovascular events. During 9857 person-years of observation, 386 deaths
(3.92%/year) occurred. Mortality rates increased across clusters: 0.42%/year (cluster 1, reference
group), 2.12%/year (cluster 2, adjusted hazard ratio (aHR) 3.306, 95% confidence interval (CI) 1.204—
9.077, p = 0.020), 4.41%]/year (cluster 3, aHR 6.702, 95%CI 2.433-18.461, p <0.001), and 8.71%/year (cluster
4, aHR 8.927, 95%ClI 3.238-24.605, p < 0.001). We identified four clusters of AF patients with progressive
mortality risk. The use of clinical phenotypes may help identify patients at a higher risk of mortality.

Keywords: atrial fibrillation; all-cause mortality; phenotype; risk factors

1. Introduction

Atrial fibrillation (AF) is a highly prevalent cardiac disease characterized by an in-
creased risk of thromboembolic events and cardiovascular disease, such as myocardial
infarction [1]. In addition to ischemic complications, patients with AF experience a high
rate of mortality, which is estimated at >4%/year [2,3]. Of note, at least one-third of causes
of death are related to non-cardiovascular disease [4,5], which are indeed not significantly
modified by antithrombotic treatments.

Despite the extensive use of scores for risk stratification in AF, this approach presents
several limitations.

Thus, a recent study confirmed that in AF patients the predictive performance of com-
mon risk scores against mortality was limited, with c-indexes generally <0.65 [6]. Some other
scores are also difficult to calculate, requiring many clinical and laboratory variables and
are therefore not easy to be used in daily clinical practice [7,8]. Furthermore, in the need of
a simple approach, some important clinical characteristics are often not included in current
risk stratification schemes, neglecting some potential important factors that need to be ad-
dressed. In many cases, scores are also applied to cohorts with missing variables or with
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single items not properly calculated as in the case of retrospective registries using codes. Of
note, in patients with AF, only one risk score, the BASIC-AF risk score has been proposed
to predict mortality in AF patients [9]. However, this score includes imaging and laboratory
variables that are not always available for outpatients [9].

Cluster analysis may play a role in overcoming these limitations, especially in the
case of overlapping risk factors. Previous studies showed that clustering may allow a bet-
ter characterization of the disease phenotype in different clinical settings such as heart
failure [10,11] and chronic obstructive pulmonary disease [12]. This approach may have
an important impact in clinical practices by implementing risk stratification.

The aim of the study was to analyze in patients enrolled in the large cohort of the
START (Survey on anTicoagulated pAtients RegisTer) registry, clinical phenotypes of AF
by cluster analysis, and the association with mortality risk.

2. Materials and Methods

Details of the multicenter nationwide START registry were previously described [13].
Briefly, the START-register is an observational, multicenter, ongoing cohort study that
includes patients (=18 years) who start anticoagulation therapy. The present analysis is
limited to patients with non-valvular AF starting oral anticoagulants, either vitamin K
antagonists (VKAs) or direct oral anticoagulants (DOACs). Patients treated with low-mo-
lecular weight heparin were excluded. Patients with life expectancy <6 months, or non-
residents in the participant region, or planning to leave in the next 6 months, were not
included in the registry, as well as patients already enrolled in phase II or III clinical stud-
ies. Patients enrolled in other observational or phase IV studies were considered eligible
for the study.

2.1. Ethics

All patients signed an informed written consent at study entry. The registry was ap-
proved in October 2011 (ref. 142/2010/0/0ss) by the Ethical Committee of the Institution of
the Coordinating Member (University Hospital “S. Orsola-Malpighi”, Bologna, Italy). The
study is registered at clinicaltrials.gov identifier: NCT02219984 and is still ongoing/re-
cruitment is still open. The study is conducted according to the declaration of Helsinki.

In particular, the START registry (Survey on anTicoagulated pAtients RegisTer,
NCT02219984), is promoted by the Arianna Anticoagulazione Foundation, Bologna. The
registry is investigator-driven, non-sponsored, and was approved by the ethics committee
of each participating institution (Campus Bio-Medico University of Rome, Italy; Monaldi
Hospital and “Luigi Vanvitelli” University of Campania, Italy; “Federico II” University of
Naples, Italy; University of Perugia, Italy; University Hospital of Padua, Italy; Sapienza
University of Rome, Italy; University of Florence, Italy).

2.2. Patient and Public Involvement Statement

Patients or the public were not involved in the design, conduct, reporting, or dissem-
ination plans of our research.

2.3. Statistical Analysis

Data are expressed as mean and standard deviation or the median and interquartile
range (IQR) depending on the variable distribution. Group comparisons were performed
by the unpaired Student’s t-test. Proportions and categorical variables were tested by the
X? test.

In order to identify subgroups of patients with the most similar baseline characteris-
tics we selected a pool of variables and proceeded with cluster analysis. We decided to
use the following clinical variables: age, sex, diabetes, previous cerebrovascular events
(defined as ischemic stroke or transient ischemic attack), previous cardiovascular events,
heart failure, peripheral artery disease (PAD), use of non-vitamin K oral anticoagulants,
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cancer, pulmonary disease, smoking habit, previous major bleeding. The following clini-
cal variables were instead not used for the cluster analysis: persistent/permanent AF, body
mass index (BMI), hypertension. We excluded these variables as their use would have led
to a large number of groups, which would not have been useful for clinical purposes.
Concomitant drugs were not used for clustering to avoid bias by indication. Furthermore,
composite variables, such as CHA2DS:-VASc and HAS-BLED scores were not used since
we used their components. For cluster analysis we proceeded using a model based proce-
dure where continuous variables in each cluster were assumed to follow the multivariate
Gaussian distribution, and categorical variables to follow a multinomial distribution, as
in Hennig and Liao [14]. Model-based clustering allows us to use a formal criterion for
selecting the optimal number of groups. In this work, we selected the optimal number of
clusters by comparing minimizing the Bayesian information criterion.

The incidence of all-cause mortality by each cluster was estimated using a Kaplan—
Meier product-limit estimator. Survival curves were formally compared using the log-
rank test. Univariable and multivariable Cox proportional hazard regression analyses
were used to calculate the (adjusted) relative hazard ratios (HRs) of death. In the multi-
variable model, we adjusted for variables not used to define the clusters, not using com-
posite variables (such as risk scores) to avoid overadjustment.

All tests were two-tailed, a p-value < 0.05 was considered statistically significant. Anal-
yses were performed using computer software IBM® SPSS® Statistics version 25 (IBM, Ar-
monk, NY, USA). and R version 3.6.2 (RStudio, Boston, MA, USA).

3. Results
3.1. Description of Clusters

Table 1 shows clinical and biochemical characteristics of patients according to each
cluster.



J. Pers. Med. 2022, 12, 785 4 of 10
Table 1. Clinical and biochemical characteristics of patients according to each cluster.
Cluster 1 Cluster 2 Cluster 3 Cluster 4
Low High Oldest, More p-Value
Cluster Denomination g)l;::)lli Your}ie:’t and Cardiovascular Cardiovascular Women and (Among
. ....  Riskand High Risk and More Cerebrovascular Groups)
Comorbidities .
Cancer Men Disease
Cluster size n 5171 512 2201 1268 1190
Variables used to define clusters
Age (years) 750+9.6  55.6+79 75.0 £6.0 746+7.0 83.7+4.2 <0.001
Women (%) 45.3 23.6 54.0 8.1 78.2 <0.001
Diabetes (%) 20.2 10.7 16.5 35.0 15.1 <0.001
Previous cerebrovascular events (%)  16.5 14.6 12.5 17.2 23.9 <0.001
Previous cardiovascular disease (%)  18.6 6.8 1.5 53.5 18.1 <0.001
Heart failure (%) 15.5 7.0 1.1 29.2 31.1 <0.001
Peripheral Artery Disease (%) 6.4 0.8 0.6 16.1 9.1 <0.001
Cancer (%) 13.6 2.9 18.2 15.1 8.1 <0.001
Pulmonary disease (%) 12.6 3.1 1.5 27.8 21.0 <0.001
Smoking (%) 13.2 21.9 2.7 394 1.1 <0.001
Previous major bleeding (%) 3.5 14 1.9 4.5 6.1 <0.001
DOACs (vs. VKAS) (%) 25.8 10.0 27.0 22.7 33.8 <0.001
Variables not used for cluster analysis
Persistent/permanent AF (%) 63.3 51.4 60.7 65.7 70.8 <0.001
BMI (kg/m?) 269 £4.7 28.1+5.5 26.7 £4.5 27.6 +4.6 25.8+4.6 <0.001
Obesity (BMI 2 30 kg/m?) 21.1 30.1 19.9 24.1 16.6 <0.001
Creatinine Clearance (mL/min) 66.8+28.3 103.8+33.6 67.6 +22.8 68.6 +26.8 47.6+174 <0.001
Chronic kidney disease (.Creatmme 451 51 395 394 78.8 <0.001
clearance <60 mL/min) (%)
Hemoglobin (g/dl) 13.5+1.8 145+1.6 13.6+1.6 13.6+1.8 12.7+1.6 <0.001
Anemia (<12 g/dL for women and
<13 g/dL for men) (%) 24.7 11.3 19.3 30.0 34.6 <0.001
Platelet count (x10/L) 226?5..291 223.3 +£62.0 223.0 £ 69.6 213.8+70.7 229.2+67.7 <0.001
Thrombocytopenia (<150 x 10°/L, %) 10.7 9.0 10.3 14.7 7.9 <0.001
Hypertension (%) 80.6 59.6 78.1 86.3 88.2 <0.001
CHA:2DS: VASc score 3.6+15 15+1.1 33+1.2 39+14 47+1.2 <0.001
HAS-BLED score 1.3+0.7 0.4+0.6 1.2+0.6 1.5+0.8 1.5+0.6 <0.001
Aspirin (%) 9.7 6.3 5.2 21.1 7.5 <0.001
Statins (%) 33.7 21.3 26.8 54.7 29.5 <0.001
Anti-arrhythmic drugs (%) 25.2 32.8 26.2 25.1 20.3 <0.001
Digoxin (%) 9.2 6.1 7.2 8.0 15.8 <0.001
Proton pump inhibitors (%) 45.9 32.6 37.8 58.7 53.1 <0.001

BMI: body mass index; DOAC: direct oral anticoagulant; VKA: vitamin K antagonist; AF: atrial fi-
brillation; BMI, body mass index.

Cluster 1 (n = 512). Youngest and low comorbidities. This cluster included patients
with the lowest mean age (55.6 + 7.9 years) and with a low prevalence of women (23.6%),
and with the overall lowest burden of cardiovascular comorbidities with only 14.6% of pa-
tients with a history of cerebrovascular events (second lowest prevalence). These patients
were less likely to be treated with DOACs (only 10%). In this cluster, there was the highest
proportion of obese patients (30.1%) and the highest use of anti-arrhythmic drugs (32.8%),
probably related to the low proportion of patients with persistent/permanent AF (51.4%).

Cluster 2 (n = 2201). Low cardiovascular risk and high cancer. This was the largest
cluster including patients with a relatively high mean age (75.0 + 6.0 years) and 54% of
patients were women (second highest group). This group was characterized by the lowest
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prevalence of cardiovascular risk factors and the highest proportion of patients with can-
cer (18.2%). Regarding anticoagulant treatment, the use of DOACs was present in 27% of
patients. Among medications, aspirin was prescribed in 5.2% of patients despite a very
low prevalence of cardiovascular disease at baseline (1.5%). The prevalence of anemia was
significantly higher than cluster 1 (19.3% versus 11.3%, respectively).

Cluster 3 (n = 1268). High cardiovascular risk and more men. This cluster displayed
the lowest prevalence of women (8.1%) while the mean age was similar to cluster 2. Car-
diovascular risk factors were highly prevalent, being the cluster with the highest propor-
tion of diabetes (35.0%), previous cardiovascular disease (53.5%), PAD (16.1%), and
chronic pulmonary disease (27.8%). Moreover, previous cerebrovascular events (17.2%)
and heart failure (29.2%) were common, with the second highest prevalence among clus-
ters. This cluster disclosed the highest use of aspirin in 21.1%. Among variables not used
for clustering, this group was the first for highest for the use of proton pump inhibitors
(58.7%) and statins (54.7%) and for the prevalence of thrombocytopenia (14.7%), and the
second highest for the prevalence of anemia and hypertension.

Cluster 4 (n = 1190). Oldest, more women, and cerebrovascular disease. This cluster
was composed mainly by elderly patients (mean age 83.7 + 4.2) with the highest number of
women (78.2%) and persistent/permanent AF (70.8%). The prevalence of previous cerebro-
vascular events in this group was the highest among clusters with 23.9% of patients, as well
as heart failure (31.1%); the second highest proportion of chronic pulmonary disease (21.0%)
and previous cardiovascular disease (18.1%) was found. This was the group with the highest
use of DOACs (33.8%). Regarding other comorbidities, this group had the highest preva-
lence of chronic kidney disease (78.8%), anemia (34.6%), and hypertension (88.2%). Con-
cerning medications, this cluster had the highest use of DOACs (33.8%), digoxin (15.8%),
and the second highest use of statins (29.5%) and proton pump inhibitors (53.1%).

3.2. Clusters and Mortality Risk

During a mean follow-up of 22.9 + 16.7 months yielding 9857 person-years of observa-
tion, 386 deaths (3.92%/year) were registered. Incidence rate of mortality was 0.42%/year
(95%CI 0.11-1.10) in cluster 1 (reference group), 2.12%/year (95%CI 1.71-2.59) in cluster 2
(HR 5.068, 95%CI 1.863-13.784, p = 0.001 versus cluster 1), 4.41%/year (95%CI 3.60-5.35) in
cluster 3 (HR 10.513, 95%CI 3.872-28.544, p < 0.001 versus cluster 1), 8.71%/year (95%CI 7.50-
10.1) in cluster 4 (HR 20.708, 95%CI 7.690-55.761, p < 0.001 versus cluster 1) (Figure 1).
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CLUSTER 1 CLUSTER 2 CLUSTER 3 CLUSTER 4
Oldest
Men
q Women
Diabetes q
‘Youngest CAD Previous cerebrovascular
Obese . . disease
Low cardiovascular risk PAD q
Paroxysmal AF . Persistent/ permanent AF
i factors Pulmonary disease
Low cardiovascular drugs Cancer Thrombocy tenenia HF
High use of anti- Iy CKD
. Aspirin .
arrhythmic drugs PPI Anemia
Statin Diecin
DOACs
Cluster 1
Cluster 2
Cluster 3
Cluster 4 —_—
L 1 1 L 1 1 L L L L L 1 1
0 1 2 3 4 5 6 7 8 9 10 11 12

1

ncidence rate (%/year)

Figure 1. Description of clusters characteristics and incidence rates of mortality. Abbreviations:
AF: atrial fibrillation; CAD: coronary artery disease; PAD: peripheral artery disease; PPI: proton pump
inhibitors; HF: heart failure; CKD: chronic kidney disease; DOACs: direct oral anticoagulants.

Kaplan-Meier curves (Figure 2) showed a significant difference in the incidence of
mortality across clusters, which increased from cluster 1 to 4 (log-rank test p <0.001).

Clusters

Cumulative survival

0.2

Log-Rank test p <0.001

20

-11.00
12.00

-13.00

-74.00

95.0%
N°®of Univariable
Confidence p-Value
Deaths Hazard Ratio
Interval
Cluster 2 94 5.068 1.863 - 13.784 0.001
Cluster 3 103 10.513 3.872-28.544 <0.001
Cluster 4 185 20.708 7.690 - 55.761 <0.001

*Cluster 1 as reference group. Global p value <0.001

40
Months

60

Figure 2. Kaplan—Meier curves for risk of mortality according to different clusters.

At the multivariable Cox proportional regression analysis, clusters remained associ-
ated with mortality after adjustment for confounding factors and medications (Table 2).
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Table 2. Multivariable Cox proportional regression analysis of factors associated with mortality.

Variables Hazard Ratio 95% Confidence Interval p-Value
Cluster 2 (vs. 1) * 3.306 1.204 9.077 0.020
Cluster 3 (vs. 1) * 6.702 2.433 18.461 <0.001
Cluster 4 (vs. 1) * 8.927 3.238 24.605 <0.001

Persistent/permanent AF 1.231 0.975 1.553 0.081
Statin 0.655 0.519 0.828 <0.001

Digoxin 0.963 0.692 1.339 0.822

Proton pump inhibitors 1.367 1.108 1.686 0.004
Hypertension 1.009 0.747 1.363 0.953
Obesity 1.217 0.930 1.592 0.152
Anemia 1.618 1.313 1.993 <0.001
Thrombocytopenia 1.418 1.060 1.898 0.019
Chronic kidney disease 2.347 1.821 3.024 <0.001
Anti-arrhythmic drugs 0.713 0.552 0.922 0.010
Aspirin 0.880 0.620 1.248 0.472

* Global p-value p < 0.001. Abbreviation: AF: atrial fibrillation. Statistically significant values are
marked with bold

4. Discussion

From the large dataset of the Italian START registry, we identified four groups of AF
patients with specific characteristics and graded progressive risk of all-cause mortality.

The four clusters showed specific clinical characteristics. Cluster 1 was the group
with the lowest incidence of mortality and was composed of the youngest patients, with
obesity and low comorbidities. This group was coincidentally characterized by a relatively
lower proportion of paroxysmal AF, compared to the other clusters. The lower risk of
mortality in patients with paroxysmal AF was reported in the post hoc analysis of the
ENGAGE AF-TIMI 48 Trial (Effective Anticoagulation with Factor Xa Next Generation in
Atrial Fibrillation-Thrombolysis in Myocardial Infarction 48), which showed a lower risk
of mortality in paroxysmal versus permanent AF (1.49%/year and 1.95%/year, respec-
tively) [15]. This cluster was also characterized by a higher proportion of obese patients.
Regarding obesity, the real meaning of this association is hard to explain, as BMI does not
take into account fat composition and visceral adiposity. A recent analysis showed a U-
shaped association between body weight and mortality in AF [16].

Cluster 2 included patients with low cardiovascular risk factors and a high propor-
tion of cancer. Patients in this group disclosed a five-fold increased risk of mortality com-
pared to patients without cancer. This finding is in line with a previous finding showing
that cancer is an important risk factor for mortality in the AF population [5,17], requiring
specific management of anticoagulation according to cancer-specific treatments [18].

Cluster 3 was composed of mainly men with diabetes and coronary and PAD, a high
proportion of thrombocytopenia, and a high use of aspirin, proton pump inhibitors, and
statins. This cluster clearly defines patients with vascular disease. Coronary disease and
PAD are frequently associated in patients with AF and increase the risk of cardiovascular
events [19]. Thus, it is not surprising that in this cluster there was a high use of statins,
which are recommended to prevent cardiovascular events in patients with PAD [20] and
have been shown to improve outcomes in the AF population [21].

Cluster 4 included the oldest patients, mainly women, with previous cerebrovascular
events, persistent/permanent AF, heart failure, kidney disease and anemia. The lowest
prevalence of obesity in this cluster may reflect the association of sarcopenia with advanc-
ing age. The high proportion of patients with heart failure in this cluster (>30%) confirms
the pivotal role of this comorbidity as the leading cause of death in patients with AF, even
more important than ischemic stroke [22,23].

Our analysis has significant differences when compared to two previous studies that
analyzed the clinical phenotype of AF patients [24,25]. The first study developed clusters
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from a Japanese cohort with very different clinical characteristics than our cohort, such as
low prevalence of hypertension, which is actually one of the leading causes of mortality
worldwide [24]. Furthermore, about 11% of patients with an indication to oral anticoagu-
lation, i.e., a CHA2DS>V ASc score equal to or above 2, were not taking anticoagulants [26].
Another study included 9749 patients with AF in the US [25], and identified four clusters
which, however, were not easy to use; thus, cluster 3 shared similar characteristics of clus-
ter 4 regarding the proportion of hypertension, respiratory and chronic kidney disease,
along with a similar age [25]. Furthermore, the proportion of diabetes was very similar
between clusters 3 and 2 [25]. This overlap of risk factors was also evident in the external
cohort from the ORBIT-AF [25]. All these factors make the allocation of patients in a spe-
cific cluster difficult. Finally, cancer was not considered for cluster formation in either of
the two studies; this is an important point as we believe that it may define a specific sub-
group of AF patients with peculiar characteristics.

The identification of clinical clusters of AF patients at different mortality risks may
be complementary to the integrated approach proposed by recent guidelines for the man-
agement of AF patients [26,27]. In this view, the application of the ABC pathway may
differ in the four clusters. For instance, patients in cluster 1 may benefit from an early
rhythm and symptoms control, whilst patients in clusters 3 and 4 from a tight control of
cardiometabolic diseases, such as diabetes, hypertension, and dyslipidemia. This tailored
approach may lead to a reduction of mortality in this population of high-risk patients.

Our study has some strengths and limitations to acknowledge. Cluster analysis is an
unbiased approach to identify patients at a higher risk of death. Thus, apart from oral
anticoagulation, which is a common indication for all patients, we did not use concomitant
drugs to define clusters, to avoid any bias by indication. Moreover, we also considered
risk factors not included in the current risk stratification scores, providing information on
additional comorbidities that need to be managed in AF patients. The large sample size of
the study cohort, which recruited patients from any region of our country, is another
strength of our work, which makes our study representative of our general AF population
and adequate to perform the cluster analysis. Despite the advantage provided by a cluster-
based approach to identify subgroups of patients within a specific disease, the problem
with the cluster analysis is the generalization of results to other populations [28].

As a limitation, and an open field for future research, we could not investigate the
association of clusters with specific causes of death. We only included patients of Cauca-
sian ethnicity; thus, clinical phenotypes may be different in other populations.

In conclusion, we identified specific phenotypes of AF patients showing a different
association with mortality. A correct global risk stratification strategy should include clin-
ical phenotypes of patients beyond risk scores application.
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Appendix A

The START2 Register Investigators: Sophie Testa, Oriana Paoletti, Benilde Cosmi,
Giuliana Guazzaloca, Ludovica Migliaccio, Daniela Poli, Rossella Marcucci, Niccolo
Maggini, Vittorio Pengo, Anna Falanga, Teresa Lerede, Lucia Ruocco, Giuliana Martini,
Simona Pedrini, Federica Bertola, Lucilla Masciocco, Pasquale Saracino, Angelo Ben-
venuto, Claudio Vasselli, Pasquale Pignatelli, Daniele Pastori, Danilo Menichelli Elvira
Grandone, Donatella Colaizzo, Marco Marzolo, Mauro Pinelli, Daniela Mastroiacovo,
Walter Ageno, Giovanna Colombo, Eugenio Bucherini, Domizio Serra, Andrea Toma, Pie-
tro Barbera, Carmelo Paparo, Antonio Insana, Serena Rupoli, Giuseppe Malcangi, Mad-
dalena Loredana Zighetti, Catello Mangione, Domenico Lione, Paola Casasco, Giovanni
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