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Background: Previous studies suggested that Parkinson’s Disease (PD) patients could

have an increased risk of atrial fibrillation. However, data supporting this association is

not robust. We aimed to compare the potential risk of atrial fibrillation associated with PD

in an age and gender matched case-control study, comparing the p-wave indexes from

electrocardiograms and clinical risk scores among groups.

Methods: A cross-sectional case-control study was performed. All subjects included

in the analysis were clinically evaluated and subjected to a 12-lead electrocardiogram.

Two blinded independent raters measured the p-wave duration. Subjects were classified

as having normal P-wave duration (<120ms), partial IAB (P-wave duration ≥ 120ms,

positive in inferior leads), and advanced IAB (p-wave duration ≥ 120ms with biphasic

morphology in inferior leads). Atrial fibrillation risk scores (CHARGE-AF, HATCH, and

HAVOC) were calculated.

Results: From 194 potential participants, three were excluded from the control group

due to a previous diagnosis of atrial fibrillation. Comparing the PD patients (n = 97)

with controls (n = 95), there were no statistically significant differences regarding the

mean p-wave duration (121ms vs. 122ms, p = 0.64) and proportion of advanced

interatrial block (OR = 1.4, 95%CI = 0.37–5.80, p = 0.58). All patients had a low or

medium risk of developing atrial fibrillation based on the clinical scores. There were

no differences between the PD patients and controls regarding the mean values of

CHARGE-AF, HATCH, and HAVOC.

Conclusions: Our results do not support the hypothesis that PD patients have an

increased risk of atrial fibrillation based on the p-wave predictors and atrial fibrillation

clinical scores.

Keywords: Parkinson’s disease, atrial fibrillation, interatrial block, P-wave duration, risk factors, risk scores,
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INTRODUCTION

The association of PD with cardiovascular events is still poorly
understood (1–3). A systematic review showed a putative
increased risk of stroke in PD patients but did not find
an increased risk of myocardial infarction or cardiovascular
mortality (1). One hypothetic reason for this difference relies
on a possible increase of atrial fibrillation risk in PD patients
(4, 5). However, the data supporting this association is
not robust.

Atrial fibrillation risk can be predicted by the presence
of interatrial block (IAB) in the electrocardiogram (ECG),
the risk being directly proportional to the p-wave duration,
which was probably related to the size of left atrium (6, 7).
A systematic review including 16 studies (18,204 patients)
reported that advanced IAB, based on the electrocardiogram
criteria, significantly predicted new onset AF with HR 2.42 (95%
CI= 1.44–4.07).

Due to the clinical complications and economic burden (8)
associated with atrial fibrillation, several electrocardiogram
criteria such as interatrial block (7) and clinical scoring
systems [such as CHARGE-AF (9), HATCH (10), and
HAVOC (11)] were developed to aid atrial fibrillation
prediction (12).

The authors aimed to compare the potential risk
of atrial fibrillation associated with Parkinson’s disease
in an age and gender matched case-control study,
comparing the electrocardiograms and clinical scores
among groups.

METHODS

This is an exploratory sub-study included in a cross-sectional
case-control study that was performed to evaluate the Carotid
Intima Media thickness (CIMT) and other surrogate markers
of cardiovascular risk in Parkinson’s Disease. All PD patients
were diagnosed by a movement disorders specialist according
to the UK PDS Brain Bank criteria (13) and had <11 years of
disease duration.

Controls were randomly selected, matched to the PD patients
according to age and gender. The list of potential controls was
split by age and gender in an excel sheet. A number from 0
to 1 was automatically generated and randomly attributed to
each line of the excel sheet. The excel content was ordered from
highest to lowest, accordingly to the randomized number, and
the potential controls were contacted following this sequence.
All these subjects were evaluated by the movement disorders
specialist to exclude movement disorders.

All participants included in the main study were selected for
this sub-study. PD patients were recruited from the Movement
Disorders Unit and controls were recruited from the Primary
Healthcare Center in the referral area of the hospital.

All examinations were performed with the understanding
of and written consent from each subject, with approval from
the local ethics committee and in compliance with the national
legislation and the Declaration of Helsinki guidelines.

Assessments
All subjects were evaluated by a physician who performed
a detailed clinical evaluation, according to a standardized
research protocol.

All participants were invited for a 12-lead electrocardiogram.
Two independent raters, blinded to the diagnosis, previously

trained and familiar to this technique, measured the p-
wave duration (millimeters) in digitalized ECG images using
amplification (Foxit PantomPDF R©), as suggested for research
purpose (6). The average of the two measurements was used. A
trained cardiologist supervised the measurements and resolved
any divergences of measurements.

Subjects were divided into three groups: normal P-wave
duration (<120ms), partial IAB (P-wave duration ≥ 120ms,
positive in inferior leads), and advanced IAB (p-wave duration
≥ 120ms with biphasic morphology in inferior leads) (7). An
exploratory cut off of 110ms for prolonged p-wave was also
analyzed (14).

Atrial fibrillation risk scores (CHARGE-AF, HATCH, and
HAVOC) were calculated. CHARGE-AF is a 5-year predictive
model with C-statistic 0.765; 95% CI = 0.748–0.781, including
the variables age, race, height, weight, systolic and diastolic blood
pressure, current smoking, use of antihypertensive medication,
diabetes, and history of myocardial infarction and heart failure
(9). HATCH score includes hypertension, age, stroke or transient
ischemic attack, chronic obstructive pulmonary disease, and
heart failure. The hazard ratio of each increment of the score is
2.059 (2.027–2.093). The HATCH score range from 0 to 7 and
high risk score was defined as ≥5. (10) HAVOC score includes
hypertension, age, valvular heart disease, peripheral vascular
disease, obesity, congestive heart failure, and coronary artery
disease [range 0–214; low risk (scores 0–4), medium risk (5–9),
and high risk (10–14)]. The HAVOC score presented an accuracy
of 78% and OR = 2–29 (95%CI = 1.37–3.82) for scores above
5 (11).

Statistics
An exploratory convenience sample including all the patients
and controls recruited for a study evaluating surrogate markers
of cardiovascular risk in Parkinson’s Disease was used in this
study. Descriptive statistical methods were used for baseline
characteristics. For group comparisons, Chi2 test was used to
compare nominal variables and Student’s T-test was used to
compare continuous variables. Odds ratio and respective 95%
confidence intervals (95%CI) were calculated appropriately.

Data were analyzed using the STATA13.0 (Stata Corporation,
College Station, TX, USA). Statistical significance was defined as
p < 0.05.

RESULTS

The study included 210 patients, 102 with PD, and 108
controls (Figure 1). Three participants from the control group
were excluded due to the presence of atrial fibrillation. In 11
participants (five PD and six controls), a 12-lead ECG was not
available due to a technical failure in transferring the digital
electrocardiogram to the medical software or unavailability of
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FIGURE 1 | Flowchart of patient’s selection.

the electrocardiograph device at the time the patients were
assessed. Risk factors were similar in those patients, except
for hypertension which was slightly higher in the PD group
(Supplementary Data 1).

PD duration was 4.28 ± 2.72 years, most PD patients
presented mild symptoms (mean Hoehn and Yahr 2.03 ±

0.23) and total MDS-UPDRS 43.37 ± 15.98 (range 8–282).
Cardiovascular risk factors were similar among groups, except for
smoking habits that were lower in PD patients (Table 1).

Regarding the mean p-wave duration and the proportion of
interatrial block in our sample, half of the patients presented
a prolonged p-wave duration (≥120ms) and only a minority
presented an advanced interatrial block (6%). Comparing the
PD patients with controls, there were no statistically significant
differences regarding the mean p-wave duration (121 vs. 122ms,
p = 0.64) and the proportion of advanced interatrial block
(OR= 1.4, 95%CI= 0.37–25.80, p= 0.58; Table 2).

Considering the clinical risk scores (Table 2), all patients
did not have a high score/risk of developing atrial fibrillation.
CHARGE-AF score ranged from 8.84 to 14.8. HATCH score
ranged from 0 to 3, thus, all the patients were in the low-risk
category. HAVOC score ranged from 0 to 7 and only four controls
and five PD patients were classified as medium risk. All the others
were in the low-risk group.

DISCUSSION

Our data showed that there was no difference regarding the
p-wave indexes and clinical risk scores for developing atrial
fibrillation in PD patients compared with age- and gender-
matched controls. Many participants presented a prolonged
p-wave duration, which is known to be frequent in the older

population (7). However, advanced interatrial block, that is
more specifically associated with left atrium enlargement and
supraventricular arrhythmias (7), was infrequent in both groups.
It is also important to emphasize that three controls were
excluded from the analysis due to the presence of atrial fibrillation
and no PD patient had a previous report of this arrythmia.

Our results are divergent from those published by Canga
et al. (4). In that study, the authors compared 51 PD patients
with 31 controls and reported an increased proneness for atrial
fibrillation development in the PD patients. Besides, they assessed
atrial conduction with a different technique, synchronizing
echocardiography with a continuous single ECG lead, the control
group was not adequately matched. Additionally, PD duration
and stage were not reported.

Probably the study that currently supplies more data about
PD association with clinical AF was published by Hong et al.
(5). The authors used the Taiwanese National Health Insurance
Research Database, applying a propensity score model to balance
both groups and analyzing transversally (case-control) and
longitudinally for 2 years (cohort). In the case-control study,
authors concluded that newly diagnosed PD patients were
significantly comorbid with AF (OR = 1.15, 95%CI = 1.04–
21.28). Elderly (≥65 years old) and women with PD were more
likely to have atrial fibrillation. However, in the cohort study,
newly diagnosed PD patients had a lower risk of developing AF in
the following 2 years (SHR= 0.92, 95%CI= 0.86–20.98). Finally,
they suggest that atrial fibrillation could be an early non-motor
symptom of PD (5).

Our study is relevant since it focuses on a research gap
that is still poorly studied. However, it has limitations. First, in
this study, we evaluated indirect electrocardiogram parameters
to predict atrial fibrillation. Nevertheless, these patients will
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TABLE 1 | Baseline characteristics in Parkinson’s disease patients and age- and

gender-matched controls.

PD (n = 97) Control (n = 95) P-value

Age, years (SD) 65.66 (9.01) 65.59 (9.36) 0.96

Male, n (%) 58 (59.8%) 57 (60%) 0.98

Current smoker, n

(%)

7 (7.2%) 22 (23.4) 0.002

Hyperlipidemia, n

(%)

38 (39.2) 39 (41.1) 0.79

Diabetes mellitus,

n (%)

16 (16.5) 12 (12.6) 0.45

Hypertension, n

(%)

44 (45.4%) 46 (48.4%) 0.67

Coronary heart

disease, n (%)

5 (5.2%) 4 (4.2%) 0.76

Cerebrovascular

disease, n (%)

2 (2.1%) 4 (4.2%) 0.39

Peripheral artery

disease, n (%)

1 (1.0%) 1 (1.1%) 0.99

Heart failure, n (%) 2 (2.1%) 0 (0%) 0.16

Chronic

obstructive

pulmonary

disease, n (%)

1 (1.0%) 4 (4.2%) 0.17

Heart valve

disease, n (%)

1 (1.0%) 0 (0%) 0.32

Body mass index

(SD)

26.79 (4.30) 27.44 (4.91) 0.33

SD, standard deviation.

be followed to assess the cardiovascular events, in order to
also assess the diagnosis of atrial fibrillation. Second, some
medications that could interfere with cardiac rhythm and some
of the clinical characteristics of risk scores were not actively
searched (for example, the chronic obstructive pulmonary
disease questionnaires and/or spirometry were not performed
in all patients), they were registered as reported in medical
records. Third, the HATCH and HAVOC scores were developed
mainly to predict atrial fibrillation in post-stroke patients,
and their interpretation in this context should be cautious.
Additionally, p-wave assessment in a 12-lead electrocardiogram
sometimes could be difficult to perform, especially in PD
patients with an important resting tremor, which is a transversal
limitation/difficulty in all ECG studies in the PD population.

Regarding other methodological limitations, this was an
exploratory study which was not powered for this outcome.
Additionally, although unaware of which arm corresponds the
ECG assessed, examiners were not blinded to the research
hypothesis. Lastly, case-control studies are prone to selection bias
in respect of the control group, which we tried to overcome using
community controls from the referral area of the hospital and
randomly inviting the patients by phone contact.

In conclusion, our results do not support the hypothesis that
PD patients have an increased risk of atrial fibrillation based
on the electrocardiographic predictors and atrial fibrillation
clinical scores. Nonetheless, further studies are needed to better
understand the link between PD and AF.

TABLE 2 | Electrocardiogram outcomes and clinical risk scores predictors of atrial

fibrillation.

PD (n = 97) Control (n = 95) P-value

Electrocardiographic outcomes

p-wave duration, ms (SD) 120.8 (18.9) 121.9 (17.0) 0.64

Prolonged p-wave, n (%)

≥110ms 73 (75.3%) 72 (75.8%) 0.93

≥120ms 47 (48.5%) 49 (51.6%) 0.66

Interatrial block, n (%)

No 50 (51.5%) 46 (48.4%) 0.72

Partial 40 (41.2%) 44 (46.3%)

Advanced 7 (7.2%) 5 (5.3%)

AF clinical risk scores

CHARGE-AF (SD) 12.15 (1.12) 12.19 (1.12) 0.82

HATCH (SD) 0.66 (0.73) 0.71 (0.73) 0.67

HAVOC (SD) 1.67 (1.72) 1.62 (1.52) 0.83

ms, millisecond; SD, standard deviation; AF, atrial fibrillation.
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