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Abstract

Objectives—Autonomic dysfunction frequently occurs in the context of Parkinson’s disease
(PD) and may precede onset of motor symptoms. Limited data exist on the prospective association
of heart rate variability (HRV), a marker of autonomic function, with PD risk.

Methods—We included 12,162 participants of the Atherosclerosis Risk in Communities (ARIC)
study, a community-based cohort, without a diagnosis of PD at baseline (1987-89) and with
available HRV data (mean age 54, 57% women). A 2-minute electrocardiogram was used to
measure HRV. Incident PD was identified through 2008 from multiple sources, and adjudicated.
Multivariable Cox models were used to estimate hazard ratios (HR) and 95% confidence intervals
(CI) of PD by quartiles of HRV measurements.

Results—During a mean follow-up of 18 years, we identified 78 incident PD cases. Lower
values of the root mean square of successive differences in normal-to-normal R-R intervals
(rMSSD) and standard deviation of normal-to-normal R-R intervals (SDNN), markers of
parasympathetic activity and total variability respectively, were associated with higher PD risk
during follow-up. In multivariable models, the HR (95%CI) of PD in the bottom quartiles of
rMSSD and SDNN compared to the top quartiles were 2.1 (1.0-4.3) and 2.9 (1.4-6.1),
respectively. Other measures of cardiac autonomic function, including mean RR interval and
frequency-domain measurements, were not associated with PD risk.
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Interpretation—In this prospective cohort, decreased HRV was associated with an increased
risk of PD. Assessment of cardiac autonomic function may help identify individuals at risk for PD.

INTRODUCTION

In addition to its cardinal motor symptoms, Parkinson’s disease (PD) is characterized by a
host of non-motor features.! Alterations in the autonomic nervous system, including changes
in heart rate variability (HRV), have been repeatedly described as typical non-motor
manifestations in PD patients.2 These changes may reflect the pathological involvement of
different components of the autonomic nervous system, including loss of sympathetic
cardiac innervation,3 as well as deposition of Lewy bodies in sympathetic cardiac nerves?
and in the dorsal motor nucleus of the vagus.® More importantly, alterations of the
autonomic nervous system probably precede the onset of motor symptoms in PD and,
therefore, may be useful in characterizing individuals at risk for PD.6 Still, to the best of our
knowledge, only one prospective study has examined HRV in relation to PD risk. In the
Cardiovascular Health Study (n=1587), Jain and colleagues did not find an association
between HRV, measured from a 24-Holter monitoring, and PD incidence; the number of PD
cases (n=44) in their analysis, however, was small.”

We evaluated whether HRV measured in middle age was associated with the risk of PD later
in life in the community-based prospective Atherosclerosis Risk in Communities (ARIC)
cohort. We hypothesized that individuals with lower baseline HRV, possibly a manifestation
of autonomic involvement in the prodromal phase of PD, would have a higher risk of being
diagnosed with PD during follow-up.

METHODS

Study sample

The ARIC study is a community-based cohort designed to investigate risk factors for
atherosclerosis and cardiovascular disease in the general population. A detailed description
of the cohort has been published elsewhere.® Briefly, 15,792 men and women 45-64 years
old were recruited in 1987-89 from 4 communities in the United States: Forsyth County,
NC; Jackson, MS; Minneapolis suburbs, MN; and Washington County, MD. Participants
were mostly white in the Minneapolis and Washington County sites, reflecting the
underlying characteristics of the population. By design, only black participants were
recruited in Jackson. Institutional Review Boards of participating institutions approved the
study. Participants provided written informed consent.

At baseline (visit 1), participants underwent a detailed physical exam and completed
questionnaires on lifestyles and cardiovascular risk factors. Additional exams were
completed during follow-up visits in 1990-92 (visit 2), 1993-95 (visit 3), and 1996-98 (visit
4). Since baseline, participants have been contacted annually by phone to obtain information
on their health status. Surveillance of local hospitals is conducted to identify study
participants’ hospitalizations. Vital status is determined through annual follow-up calls,
review of obituaries in local newspapers, and linkage with the National Death Index.
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For this post-hoc analysis of the cohort, we excluded individuals not white or black, and
non-whites in the Minneapolis and Washington County sites (because of small numbers) (n
= 103), those with missing information on relevant covariates (n = 165), those with no or
low quality HRV data (n = 3,156), those using neuroleptics during follow-up (n = 156) and
those with prevalent PD at baseline (n = 14) or a non-confirmed possible case during follow-
up (n = 187). After exclusions, 12,162 participants were included in the final analysis.

Parkinson disease ascertainment and validation

Ascertainment and validation of PD cases were accomplished in a multi-stage process using
a variety of data sources. In a first step, potential PD cases were ascertained through the
following mechanisms: self-reported use of PD-related medications (carbidopa/levodopa,
dopamine agonist, monoamine oxidase B inhibitor, amantadine, and/or anticholinergic
drugs) in any of the study visits or in a follow-up phone call; presence of an ICD-9-CM
332.0 discharge code in any hospitalization during follow-up; a self-reported diagnosis of
PD in study visit 4; and PD listed as a cause of death on a death certificate (ICD-9 332.0 or
ICD-10 G20 codes). With this approach, 293 potential cases were identified. In a second
step, these participants or their proxies, if the participant was already deceased or unable to
communicate, were interviewed on the phone by trained staff using a standardized
questionnaire to confirm the presence of a PD diagnosis, and to obtain information on
presence of PD-related symptoms, medication use, and date of first symptoms and diagnosis.
At the end of the interview, participants were asked for their permission to contact the
participant’s neurologist or other physician responsible for their care. Afterwards, a letter
and questionnaire were sent to the participant’s neurologist asking for confirmation of the
diagnosis as well as symptoms, medications, and chronology of the disease, including date
of first symptoms.

Once information from all these different sources was collected, a movement disorder
specialist (Dr. Xuemei Huang) reviewed all the available data and classified potential PD
cases in the following categories: (1) physician confirmed [n=42], (2) physician data not
available, but confirmed by participant and consistent after review by the movement
disorder specialist [n=31], (3) two or more sources indicated PD, but no confirmation data
available from physician [n=21], and (4) 2 or more hospitalizations with PD listed as a
discharge diagnosis or reported use of PD medication at the clinical visits and also at a
follow-up phone call [n=12]. Thus, 106 of the 293 possible cases had their diagnosis
confirmed. Of these, 78 occurred among eligible participants and had date of first symptoms
(or diagnosis, if date of first symptoms was unknown) after baseline, while 12 cases were
considered prevalent cases at visit 1 based on date of first symptoms or diagnosis, and 16
occurred among ineligible participants. Of 187 non-confirmed PD cases, 9 had their
diagnosis denied or considered uncertain by the participant’s physician, 110 participants
denied the diagnosis themselves, and 68 had inadequate information to include in any of the
previous categories.

Assessment of heart rate variability

At the baseline exam, HRV was assessed by a supine, resting 2-minute beat-to-beat heart
rate recording using standardized methods during spontaneous (not paced) breathing after
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participants had remained comfortable for 20 minutes in the supine position. Participants
were asked to refrain from smoking or ingestion of caffeine for at least one hour before the
procedure.? Variations in heart rate can be assessed by a number of measures, usually
divided in time-domain measurements, calculated from direct measurements of the heart rate
at a particular time or the intervals between successive normal QRS complexes, and
frequency domain measurements, derived from the spectral analysis of the ECG recording.10
In the current analysis, we used the mean normal-to-normal R-R interval length, the standard
deviation of normal-to-normal R-R intervals (SDNN), and the root mean square of
successive differences in normal-to-normal R-R intervals (rMSSD) as time-domain
measurements, and high frequency (HF) spectral power, low frequency (LF) spectral power,
and the ratio LF/HF as frequency domain measurements. While SDNN reflects total
variability, rMSSD primarily reflects the function of the parasympathetic nervous system.
Similarly, HF spectral power, LF spectral power, and the ratio LF/HF are manifestation of
parasympathetic activity, primarily sympathetic activity, and sympathetic-parasympathetic
balance, respectively.11: 12 In the ARIC cohort, low HRV has been linked to higher risk for
overall mortality, coronary heart disease, and hypertension,13-15

Other covariates

At baseline, information on race and cigarette smoking was self-reported by the participants.
Serum uric acid was measured at baseline using the uricase-peroxidase enzymatic method.
Total plasma cholesterol was determined by enzymatic methods and HDL cholesterol was
measured after dextran magnesium precipitation. A previous history of coronary heart
disease (CHD) was defined as a self-reported medical diagnosis of myocardial infarction,
coronary bypass surgery, or angioplasty of coronary arteries, or electrocardiographic signs
of a previous myocardial infarction. Coffee intake (caffeinated only, in cups/day) was
measured using a validated food frequency questionnaire.18

Statistical analysis

The association of HRV measurements with incidence of PD was estimated using Cox
proportional hazards regressions, with separate models for each measurement. Follow-up
was defined as the time from baseline to occurrence of PD (defined as the earliest of date of
first symptoms, date of diagnosis, or date of initial evidence of PD), death, loss to follow-up,
or December 31, 2008, whichever occurred earlier. HRV measurements were categorized in
quartiles. In an initial model, we adjusted for age, sex, and race. A subsequent model
adjusted additionally for study site, smoking (never, past, current), serum uric acid
(continuous), and prevalent CHD. Trends in the association between HRV and PD risk were
assessed modeling the HRV measurements in 1-standard deviation units. The proportional
hazards assumption was explored including time*covariate interactions in the models and
examining log(-log) survival curves. We plotted cumulative incidence functions of PD by
quartiles of HRV measurements considering mortality as a competing risk using the
stcompet command in Stata. As sensitivity analyses, we assessed the association between
HRV measurements and PD incidence fitting competing-risk regression models with death
as a competing risk,1” excluding 18 cases identified during the first 5 years of follow-up to
reduce the possibility of including imminent cases in the analysis, and additionally adjusting
for total cholesterol, HDL cholesterol, and coffee intake, as additional potential confounders.
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Finally, we conducted separate analyses for the first 10 years of follow-up (33 cases) and the
period afterwards (45 cases) to explore whether associations of HRV measures with PD risk
changed over time.

RESULTS

Among 12,162 eligible participants, we identified and validated 78 incident PD cases during
a mean (median) follow-up of 18 (20) years (incidence rate 36 per 100,000 person-years,
95% confidence interval (ClI) 28-43 cases per 100,000 person-years). Table 1 provides
baseline characteristics for the entire eligible cohort and by PD status during follow-up.
Consistent with previous literature, individuals who developed PD were older, more likely
to be male and white, and less likely to be current smokers.

The association between quartiles of HRV measurements and PD risk is presented in Table
2. Mean RR interval, HF spectral power, LF spectral power, and the LF/HF ratio were not
associated with incidence of PD. However, lower levels of rMSSD and SDNN were
associated with a higher risk of PD during follow-up. In multivariable adjusted models, the
hazard ratios (HR) and 95%CI of PD in the bottom quartiles of rMSSD and SDNN
compared to the top quartiles were 2.1 (1.0-4.3) and 2.9 (1.4-6.1), respectively. The
corresponding HRs (95%Cl) for 1-standard deviation decrease in rMSSD and SDNN were
1.5(1.0-2.2) and 1.5 (1.1-2.1). Figure 1 shows the cumulative incidence of PD by quartiles
of these two variables. No evidence of violation of the proportional hazards assumption was
found. The associations of rMSSD and SDNN with PD persisted after adjustment for mean
RR interval [HR (95%CI) of PD comparing extreme quartiles: 2.3 (1.0-5.1) and 2.9
(1.3-6.4), respectively] and after exclusion of individuals using anti-arrhythmic or blood
pressure lowering medications at baseline [HR (95%Cl) of PD comparing extreme quartiles:
2.3 (1.0-5.1) and 2.7 (1.1-6.5), respectively]. Results were similar when we used competing-
risk regression (Supplementary Table 1), when we excluded 18 events identified during the
first 5 years of follow-up (Supplementary Table 2), when we studied associations stratified
by follow-up period (first 10 years versus >10 years of follow-up, Supplementary Table 3),
or when we additionally adjusted for coffee intake and plasma cholesterol levels
(Supplementary Table 4). Because of the limited number of cases, we did not perform
stratified analysis by sex or race.

DISCUSSION

We found that low HRV assessed by time-domain measures is associated with increased risk
of PD over a 20-year period in a community-based prospective cohort. No association was
observed between frequency-domain measures of HRV from 2-minute recordings and PD
risk. Overall, our results suggest that alterations in the cardiac autonomic system can
precede the onset of motor symptoms and subsequent diagnosis of PD, and that information
on HRV may help identify individuals at higher risk of developing PD.

Impairment of the cardiac autonomic system in individuals with PD has been described in a
number of cross-sectional studies. Overall, these studies found reduced HRV—using both
time- and frequency-domain measures—in PD patients compared to controls.18-21 The
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evidence that cardiac dysautonomia is present before the motor onset of PD is more limited.
The Cardiovascular Health Study, a community-based cohort of men and women age 65 and
older, measured HRV in 24-hour Holter records on 1587 individuals free of PD, 44 of whom
developed PD during 14 years of follow-up. PD was identified from a variety of sources, but
not clinically validated. In that cohort, and in contrast to our findings in the ARIC study,
HRYV time- and frequency-domain measurements were not associated with risk of
developing PD,” although the Cardiovascular Health Study included a small number of
cases, and limited statistical power is a plausible alternative interpretation.

In the ARIC study, time-domain (rMSSD, SDNN) but not frequency-domain measures (HF,
LF, LF/HF ratio) of HRV were associated with the risk of PD. One potential explanation for
our results is that time-domain measures of HRV are affected early in the pathogenesis of
PD while alteration in frequency-domain measures may occur later in the course of the
disease, once motor symptoms are evident. Consistent with this hypothesis, Haapaniemi and
colleagues found LF and the LF/HF ratio to be inversely associated with measures of disease
severity among 54 PD patients.18 Similarly, Maetzler and colleagues showed time-domain
HRV measures, but not frequency-domain measures, to be affected at early PD stages, while
frequency-domain measures were lower in more advanced stages among 45 PD patients
compared to 26 controls.2! Future studies should conduct repeated assessments of HRV to
provide better understanding of the temporal progression of cardiac dysautonomia. An
alternative interpretation to consider is the limited ability to extract frequency-domain signal
from short records such as the ones used in our study. Although our record length meets the
minimum standards set out for frequency-domain measures, % 2 minutes is suboptimal for
this purpose.

The nature of the association between reduced HRV and PD risk and its mechanisms are
unknown. Deposition of Lewy bodies and Lewy neurites in the dorsal motor nucleus of the
vagus and in cardiac sympathetic innervation could be one of the culprits for the changes in
HRYV observed in PD patients and in the prodromal stages. The dorsal motor nucleus of the
vagal nerve has been hypothesized to be one of the first areas to be affected in the
pathological progression of PD.? Efferent fibers from this nucleus are responsible for
providing parasympathetic innervation to the gastrointestinal system and, to a lesser extent,
to the heart. Pathological involvement of the vagal nerve is responsible for typical
prodromal manifestations of PD, such as constipation, but possibly also for decreased HRV:
rMSDD, associated with PD risk in the ARIC cohort, has a strong parasympathetic
component.19 In addition, numerous studies have found reductions in cardiac sympathetic
denervation among PD patients and in individuals with incidental Lewy body disease, which
can explain the lower levels of some HRV measurements in patients with PD.2 22

The findings in the ARIC cohort support the concept that the onset of pathological changes
observed in PD occurs years prior to the manifestation of detectable motor symptoms.
Though HRV measurements alone are unlikely to identify individuals who will develop PD,
information from cardiac autonomic function, together with other prodromal signs and
symptoms, could contribute to recognition of those with a higher risk of the disease.
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Our study has noteworthy strengths, including the prospective assessment of HRV, the
availability of information on potential confounders, and the excellent retention in the ARIC
cohort. Limitations also exist. Although different sources were used in our study to identify
and validate PD diagnosis, our approach probably missed some cases of incident PD. Also,
HRV measurements were obtained from a 2-minute electrocardiogram, which is insufficient
to characterize adequately low and very low frequency variability.10 Finally, these results
should be interpreted cautiously given the limited number of PD cases and the multiple
comparisons. The small number of cases also precluded performing stratified analysis by
sex, race, or other characteristics.

In conclusion, lower HRV was associated with increased risk of PD in a large community-
based cohort. The implications of this observation for understanding the autonomic system
involvement in PD and for the identification of individuals at higher risk of PD remain to be
explored.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Cumulative incidence of PD by quartiles of rMSSD (top panel) and SDNN (bottom panel)

with death considered a competing risk, ARIC study, 1986-2008.
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Baseline characteristics, overall and by PD status during follow-up, ARIC Study, 1987-1989

Table 1

All No PD PD
N 12162 12084 78
Age, years 54.1(5.7) 54.0 (5.7) 56.4 (5.8)
Women, % 56.5 56.6 34.6
Black, % 253 254 10.3
Current smoker, % 25.7 25.8 9.0
Serum urate, mg/dL 6.0 (1.6) 6.0 (1.6) 6.3(1.3)
Prior CHD, % 45 45 6.4
Mean RR interval, ms | 906 (137) 906 (137) 917 (145)
rMSSD, ms 29.1(23.4) | 29.2 (23.4) | 22.8 (13.8)
SDNN, ms 37.2(19.7) | 37.2(19.7) | 32.2(13.6)
LF, ms? 31.5(52.4) | 31.5(52.4) | 27.9 (47.4)
HF, ms? 18.3 (44.3) | 18.3(44.5) | 12.4(15.7)
LF : HF ratio 2.7(2.9) 2.7(29) 3.0(22)

Values correspond to mean (standard deviation) or percentage
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Table 2

Page 11

Hazard ratios and 95% CI of incident Parkinson’s disease by quartiles of heart rate variability measurements,
ARIC Study, 1987-2008

Mean RR interval

Q1(<8126ms) Q2 (812.6-<898.3ms) Q3 (898.3-<988.8 ms) Q4 (2988.8ms) 1.gp*
PD cases [n (%)] 21(0.7) 18 (0.6) 15 (0.5) 24 (0.8) 78
N 3040 3037 3039 3046 12,162
Age, sex, race 1.19 (0.65-2.15)  0.92 (0.50-1.71) 0.69 (0.36-1.32) 1 (ref) 1.04 (0.83-1.30)
Multivariable **  1.19 (0.67-2.16) ~ 0.93 (0.50-1.73) 0.69 (0.36-1.31) 1 (ref.) 1.04 (0.83-1.30)
rMSSD

Q1 (<16.2 ms) Q2 (16.2-<23.8 ms) Q3 (23.8-<35.0 ms) Q4 (=35.0 ms) 1-sD”
PD cases [n (%)] 30 (1.0) 19 (0.6) 18 (0.6) 11 (0.4) 78
N 3018 3039 3054 3051 12,162
Age, sex, race 2.23(1.10,4.49) 1.43(0.68, 3.01) 1.50 (0.71, 3.18) 1 (ref.) 150 (1.02-2.23)
Multivariable ** 211 (1.04,4.27)  1.32 (0.63, 2.80) 1.41 (0.67, 3.00) 1 (ref.) 1.46 (0.99-2.16)
SDNN

Ql(<245ms) Q2 (24.5-<33.3ms) Q3 (33.3-<45.3 ms) Q4 (2453ms)  1.gp*
PD cases [n (%)] 25(0.8) 16 (0.5) 27(0.9) 10 (0.3) 78
N 3038 3031 3042 3051 12,162
Age, sex, race 2.62 (1.25-5.50)  1.56 (0.70-3.44) 2.63 (1.27-5.45) 1 (ref.) 1.45 (1.07-1.97)
Multivariable **  2.86 (1.36-6.05)  1.63 (0.74-3.60) 2.68 (1.30-5.54) 1 (ref) 1.51 (1.11-2.07)
LF

Q1(<6.6ms?) Q2 (6.6-<16.2 ms?) Q3(16.2-<36.6 ms?) Q4 (=36.6 ms?)  1.sp*
PD cases [n (%)] 15 (0.5) 23(0.8) 25 (0.8) 15 (0.5) 78
N 3042 3034 3037 3049 12,162
Age, sex, race 1.02 (0.49-2.10)  1.49 (0.78-2.87) 1.49 (0.78-2.87) 1 (ref)) 1.10 (0.82-1.46)
Multivariable ** 109 (0.53-2.25)  1.57 (0.81-3.03) 1.65 (0.87-3.13) 1 (ref.) 112 (0.83-1.51)
HF

Q1 (<3.6 ms?) Q2 (3.6-<8.5 ms?) Q3 (8.5-<18.9 ms?) Q4 (=189 ms?) 1-5D*
PD cases [n (%)] 23 (0.8) 25 (0.8) 10(0.3) 20 (0.7) 78
N 3038 3042 3032 3049 12,162
Age, sex, race 0.79 (0.43-1.46)  0.94 (0.52-1.70) 0.43 (0.20-0.93) 1 (ref.) 1.22 (0.75-1.99)
Multivariable **  0.77 (0.41-1.43)  0.90 (0.49-1.63) 0.42 (0.20-0.90) 1 (ref) 1.19 (0.74-1.92)
LF/HF ratio

Q1 (<1.00) Q2 (1.00-<1.88) Q3 (1.88-<3.42) Q4 (>=3.43) 1-SD*
PD cases [n (%)] 13 (0.4) 14 (0.5) 25 (0.8) 26 (0.9) 78
N 3014 3076 3034 3038 12,162
Age, sex, race 0.86 (0.43-1.71)  0.75 (0.39-1.44) 1.20 (0.69-2.08) 1 (ref) 1.07 (0.86-1.34)
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Multivariable **  0.99 (0.50-1.98)  0.81 (0.42-1.56) 1.28 (0.73-2.22) 1 (ref.) 1.12 (0.88-1.41)

*
Hazard ratios and 95%ClIs for 1-standard deviation (SD) decrease in the corresponding variable. VValues for 1-SD are 137 ms for mean RR
interval, 23.4 ms for rMSSD, 19.7 ms for SDNN, 52.4 m52 for LF, 44.3 m32 for HF, and 2.9 for LF/HF ratio

* %
Multivariable Cox proportional hazard model regression: adjusted for age, sex, race, study center, cigarette smoking (never, former, current),

uric acid, previous history of CHD.

MSSD: mean squared successive difference in RR intervals; SDNN: standard deviation of all normal-normal RR intervals; LF: low frequency
(0.04-0.15 Hz) power; HF: high frequency (0.15-0.40 Hz) power.
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