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Abstract.

Background: Parkinson’s disease (PD) most commonly surfaces at middle age. An earlier onset is named early-onset
Parkinson’s disease (EOPD), but the exact definition is a matter of ongoing scientific debate.

Objective: To investigate 40-year EOPD incidence trends in a population-based cohort of parkinsonism in Olmsted County,
Minnesota.

Methods: We used the Rochester Epidemiology Project (REP) to identify all incident EOPD cases in Olmsted County,
1976-2015. A movement-disorder specialist reviewed all cases to confirm the EOPD diagnosis. For EOPD definition, we
used two age cut-offs: motor-symptom onset at or before 50 and 55 years.

Results: EOPD incidence was 1.43/100,000 person-years for <55 and 0.55/100,000 for <50 years. Men had a higher
incidence in both groups [1.84 vs. 1.03 (p=0.04); and 0.70 vs. 0.40 (p=0.24), respectively]. EOPD incidence of patients
with motor-symptom onset before age 55 increased from 1.02/100.000 person-year 1976-1985, to 1.32/100.000 person-year
2006-2015. A similar trend was observed when <50 years cut-off was used (0.28/100,000 person-years 1976-1985, to
0.59/100,000 person-year 2006-2015). However, negative binomial regression found no significant change in incidence per
10 years (RR=1.04 and 1.24 in the two groups). Incidence was consistently higher in men than women. Median time from
EOPD-symptom onset to death was shorter in the EOPD <55 group (21.9 years) compared to the EOPD <50 group (25.6
years).

Conclusion: We observed an increased trend in the incidence of EOPD with both cut-off ages. Overall, incidence of EOPD
was 1.43 (<55) and 0.55 (<50) cases per 100,000 person-years, higher in men.
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INTRODUCTION
'Work was performed while all authors were based at Mayo
Clinic. Parkinson’s disease (PD) is the second most com-
2Performed statistical analysis. mon neurodegenerative disease [1]; the incidence of
*Correspondence to: Rodolfo Savica, MD, PhD, Department PD has been increasing in the population [2, 3], esti-
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mated to triple in the next 50 years [4]. The youngest
cases of PD are defined as early-onset PD (EOPD)
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and carry an additional set of societal, familiar, social,
and job-related consequences. Although the exact
age cut-off for the definition of EOPD is still under
scrutiny [5], we previously reported an incidence
of 0.81/100,000 person-years when motor-symptom
onset was <50 years of age, and 2.05/100,000 person-
years when it was <55 years of age [5]. Compared
to overall PD (incidence of 14.2/100,000 person-
years), the incidence of EOPD is 17.5-fold lower and
6.9-fold lower when using <50 and <55 as cut-off
ages.

In previous studies, we reported incidence trends
of the of PD in Olmsted County (MN) between
1976 and 2005 [2], showing a progressive, increased
incidence of PD in the population in 30 years. We
used the same methodology to explore the incidence
trends of EOPD, but we expanded our original cohort
(1976-2005) to include 10 more years of observation
(from 2006 to 2015) in Olmsted County, obtaining a
study period of 40 years.

We also added 2 additional years (2016-2017) of
follow-up after the incidence period to ensure catch-
ment of those patients who had motor-symptom onset
during the 40-year incidence period but received a PD
diagnosis between 2016 and 2017. This methodology
had already been used in a previous study regarding
the incidence of EOPD in 7 counties in Minnesota

[5].

MATERIALS AND METHODS
Ascertainment of cases

We used the Rochester Epidemiology Project
(REP) medical records-linkage system to establish
our cohort of EOPD between 1976 and 2015. The
full cohort comprises 3 cohorts established at differ-
ent times. The first cohort (1976-1990) was created in
1999 [6], the second (1991-2005) in 2013 [7], and the
third has been defined for this current study, spanning
from 2006 to 2015.

The methodology for case detection, as well
as parkinsonism and EOPD definitions were the
same as previously published [5]. We defined a
case of EOPD (<55) if a patient had motor-
symptom onset (regardless of diagnosis date)
before the 56th birthday, whereas he or she
was included as a case of EOPD (<50) if the
motor-symptom onset occurred before the 51st birth-
day.

In brief, we used the Rep database to screen for
potential cases of PD, setting as geographical frame
Olmsted County (MN) and as temporal timeframe
1976-2015. The exact list of ICD codes and rationale
is presented elsewhere [5]. Our codes are designed to
maximize catchment of PD patients; hence they are
thought to maximize sensitivity at the cost of speci-
ficity. Following the initial computerized phase, a
second manual phase is performed by the authors,
which includes reading the clinical charts of all
patients selected by the software to establish which
cases are true positive vs false positive. Once a cohort
of PD patients is identified, clinical chart review is
performed, and data such as motor symptoms onset,
diagnosis date, motor phenotype, date and cause of
death are recorded.

Statistical analysis

The incidence of EOPD in Olmsted County over
the 40-year study period was evaluated by com-
paring incident cases of EOPD against the at-risk
Olmsted County population captured by the REP
each year. Incidence rates are calculated relative to
100,000 person-years and age-adjusted based on the
age threshold of EOPD being evaluated. The change
in EOPD incidence over time was assessed using
negative binomial regression accounting for calen-
dar year and sex. Differences in EOPD incidence by
decade and between men and women are reported as
relative risks (RRs) with 95% confidence intervals.

Secondary analysis compared the duration of time
between EOPD symptoms onset and clinical diag-
nosis across the 40-year study period using linear
regression adjusted for patient age and sex. Results
are reported as the expected change per 10 years with
95% CI.

Changes in EOPD incidence were also evaluated
across individuals born during different decades.
Patients were grouped into 10-year birth cohorts
centered around the beginning of each decade and
cohort-specific incidences of EOPD were calculated.

Standard protocol approvals, registrations, and
patient consents

This study was approved by the Mayo Clinic
and Olmsted Medical Center Institutional Review
Boards. Participating patients (or their legally autho-
rized representatives) provided informed written
consent for use of their medical information for
research.
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Table 1

Birth cohorts and phenotype of our cohort of EOPD patients, both ages cut-off

<55 years at motor symptoms onset

Birth cohort Female (N=20) Male (N=35) Total (N=55)
1920 0 (0.0%) 1(2.9%) 1(1.8%)
1930 2 (10.0%) 6 (17.1%) 8 (14.5%)
1940 5(25.0%) 6 (17.1%) 11 (20.0%)
1950 6 (30.0%) 12 (34.3%) 18 (32.7%)
1960 6 (30.0%) 7 (20.0%) 13 (23.6%)
1970 1 (5.0%) 3 (8.6%) 4(7.3%)
Rest tremor 17 (85.0%) 32 (91.4%) 49 (89.1%)
Bradykinesia 17 (85.0%) 32 (91.4%) 49 (89.1%)
Impaired postural reflexes 10 (50.0%) 18 (51.4%) 28 (50.9%)
Rigidity 19 (95.0%) 31 (88.6%) 50 (90.9%)

<50 years at motor symptoms onset

Birth cohort Female (N=7) Male (N=12) Total (N=19)
1930 1 (14.3%) 1(8.3%) 2 (10.5%)
1940 0 (0.0%) 1(8.3%) 1(5.3%)
1950 0 (0.0%) 4 (33.3%) 4 (21.1%)
1960 5(71.4%) 3 (25.0%) 8 (42.1%)
1970 1 (14.3%) 3 (25.0%) 4 (21.1%)
Rest tremor 5(71.4%) 12 (100.0%) 17 (89.5%)
Bradykinesia 7 (100.0%) 12 (100.0%) 19 (100.0%)
Impaired postural reflexes 5(71.4%) 3 (25.0%) 8 (42.1%)
Rigidity 7 (100.0%) 12 (100.0%) 19 (100.0%)

Data sharing

Data from the Rochester Epidemiology Project
(REP) medical records-linkage system are available
upon request from qualified investigators.

RESULTS

<55 years cohort

We identified 55 cases of EOPD (<55) in Olm-

sted County (MN) between 1976 and 2015. These
included 35 (64%) men and 20 (36%) women,
and their demographic characteristics are shown
in Table 1. Rest tremor, bradykinesia, and rigidity
were reported in approximately 90% of the patients,
whereas impaired postural reflexes were present only
in 50%.

The overall incidence of EOPD (<55) was 1.43
cases per 100,000 person-years in Olmsted County.
Men had a significantly greater risk of EOPD with
an incidence of 1.84 cases per 100,000 compared
to women, with an incidence of 1.03 cases per
100,000 person-years (RR=1.79, 95% CI: 1.03 —
3.09, p=0.04). Exploring the different decades, inci-
dence was between 1976 and 1985 was 1.02 (1.56 in
men and 0.50 in women); between 1986 and 1995, it
was 1.22 (1.79 in men and 0.67 in women); between
1996 and 2005, it was 2.06 (2.35 in men and 1.77 in

women); and in the last decade, 20062015, it was
1.32 (1.61 in men and 1.04 in women, Table 2).

Figure 1 shows the yearly incidence of EOPD (<55
and <50) for the full population of Olmsted County.
Negative binomial regression found no significant
change in overall incidence per 10 years (RR=1.06
per 10 years, 95% CI10.84 — 1.34, p = 0.64). Moreover,
there was no significant change observed for women
(RR=1.25 per 10 years. 95% CI10.84—1.87, p=0.26)
or men (RR=0.96 per 10 years, 95% CI1 0.72 — 1.29,
p=0.79).

The median time from EOPD symptom onset to
clinical diagnosis was 1.35 (IQR 0.51 — 2.00) years
for the full cohort, 1.40 (0.41 — 2.19) years in men,
and 1.26 (IQR 0.66 — 1.98) years in women. There
was no change in time from symptom onset to diag-
nosis across the study period (difference =0.08 per
10 years, 95% CI: —0.27 to 0.42, p=0.66).

At time of data collection, 18/55 (32.7%) patients
in the EOPD (<55) cohort had died including 14 men
(77.8%) and 4 women (22.2%). The median age of
death was 75 (IQR: 66 — 79) years; it was 74 (IQR:
65 —79) years in men and 77 (IQR: 73 — 78) years in
women. Time from EOPD motor symptom onset to
death was 21.9 (IQR: 19.0 — 26.1) years, 21.5 (IQR:
19.0 - 25.4) years in men and 25.9 (IQR: 22.2 — 27.3)
years in women. Figure 2 displays the survival of the
EOPD cohort following the EOPD motor-symptom
onset divided by patient sex: no significant differ-
ence in the risk of death between males and females
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Table 2

Incidence of EOPD over time, both ages cut-off

Incidence of EOPD <55 years at motor symptoms onset

Motor symptoms onset Female (N=20) Male (N=35) Total (N=155)
1976-85 0.50 1.56 1.02
1986-95 0.66 1.79 1.22
1996-2005 1.77 2.35 2.06
2006-2015 1.04 1.61 1.32

Incidence of EOPD <50 years at motor symptoms onset

Motor symptoms onset

Female (N=7)

Male (N=12) Total (N=19)

1976-85 0.28
1986-95 0.00
19962005 0.44
2006-2015 0.77

0.29 0.28
0.99 0.49
1.08 0.76
0.40 0.59
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Fig. 1. Incidence of EOPD in Olmsted County (1976-2015) bro-
ken down by age cut-off.
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Fig. 2. Survival following the EOPD motor symptoms onset, bro-
ken down by sex.

(p=0.31). In exploring the birth cohorts, we observed
an increased clustering of EOPD in the more recent
birth cohort explored (1940, 50, and 60, Table 1).

<50 years cohort

We identified 19 cases of EOPD (<50) in Olmsted
County (MN) between 1976 and 2015. Importantly,
these patients are also part of the <50-years cohort.
These were 12 (63%) men and 7 (37%) women,
and their characteristics are reported in Table 1. In
terms of motor phenotype, rest tremor, bradykinesia,
and rigidity were reported in 90 to 100% of them;
impaired postural reflexes were present in approxi-
mately 42% (Table 1).

The overall incidence of EOPD (<50) was 0.55
cases per 100,000 person-years in Olmsted County.
In males it was 0.70 cases per 100,000 person-years,
and in females it was 0.40 cases per 100,000 person-
years. This difference was not statistically significant
(RR=1.74,95% CI: 0.68 —4.41, p=0.24). Breaking
down by decade, incidence between 1976 and 1985
was 0.28 (0.29 in men and 0.28 in women); between
1986 and 1995, it was 0.49 (0.99 in men and 0.00 in
women); between 1996 and 2005, it was 0.76 (1.08
in men and 0.44 in women); and in the last decade,
2006 to 2015, it was 0.59 (0.40 in men and 0.77 in
women, Table 2).

Negative binomial regression found no significant
change in overall incidence per 10 years (RR=1.23
per 10 years, 95% CI10.80—1.87, p=0.34). Moreover,
there was no significant change observed for females
(RR =1.81 per 10 years, 95% CI 0.81-4.05, p=0.15)
or males (RR=1.01 per 10 years, 95% CI10.60 — 1.69,
p=0.97).

At time of data collection, only 4/19 (21.1%)
patients in the EOPD (<50) cohort had died. Time
from EOPD motor symptoms onset to death was
25.6 (IQR: 20.4 — 31.2) years including 21.1 (IQR:
19.8 — 27.5) in men and 30.2 in the only woman.
There was more frequent clustering in the 1950,
1960, and 1970 birth cohorts (84.2% overall) as com-
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pared to the cohorts born in the 1930s and 1940s
(Table 1).

DISCUSSION

We report that incidence of EOPD (using both
age cut-off) increased in Olmsted County across four
decades. However, in the last decade (2006-2015),
the incidence of EOPD was lower than in the previous
one (1996-2005). We hypothesize that this decrement
in incidence is an artifact related to our methodology
and to the shorter follow-up period compared with
the previous decades. Indeed, in PD, there is a known
delay between motor-symptom onset and PD diagno-
sis [8]. In EOPD this latency is expected to be higher
[9], as it has been shown to require a longer time to
diagnosis, more neurologists to perform the diagno-
sis, and more visits/investigation compared to LOPD
[9]. This is probably because neurologists are less
likely to consider PD in a younger person.

In our previous studies, we considered a 5-year
period at the end of every timeframe analyzed to be
sure of catching those cases that had onset within
the timeframe but a later diagnosis. (For example, in
Savica et al. [7], the timeframe was 1991 to 2005,
but the analysis was extended until 2010 to cap-
ture cases with a diagnosis after 2005.) In this study,
however, we were able to expand our case identi-
fication only until 2017 (2-year follow-up after the
1976-2015timeframe) [5]. Thus, missing some cases
in the later years of our timeframe may have under-
estimated the incidence in the last decade, especially
given our relatively small cohort (55 patients over-
all and 15 patients in the last decade). This could
be especially true in women, who apparently have a
longer time from motor-symptom onset to first physi-
cian and movement-disorder specialist encounter, in
non-age-restricted PD [10].

The recorded lifetime presence of motor features
in EOPD was similar to those previously reported [5].
Indeed, rest tremor, rigidity, and bradykinesia had a
lifetime prevalence (we treated them as ever/never
variables) of >90% in this study; however, the per-
centage seems to be higher than was observed in
other studies [11-14]. We speculate that the differ-
ence between our study and others is secondary to
differences in clinical criteria and case identification.

Interestingly, we did not observe a long delay
between reported symptoms of onset and diagnosis.
Indeed, given the potential unusual manifestation of
symptoms of onset in EOPD, we were expecting a
longer delay; on the other hand, we can explain these

unexpected results because of the unique access to
medical care available to the population of Southeast
Minnesota. Therefore, it is possible that we were able
to recognize cases earlier than what is noted in a dif-
ferent area with a less medicalized population and
less access to care.

Median survival after EOPD motor-symptom onset
in our <55 years cohort was 21.9 years and 25.6
years when onset was <50 years; this difference
presumably reflected the influence of age. Not sur-
prisingly, median survival in our EOPD cases was
longer than reported for non-age-restricted overall
PD (7-14 years after diagnosis, [15]). We note that
survival in our EOPD cohort differed from another
study [16], where it was 32 years in the <50 group
and 18.5 years in the 50-to-69 group. This discrep-
ancy should be interpreted cautiously because of the
small sample size of our cohort (only had 19 cases
of EOPD [<50] versus 60 cases in Mehanna et al.
[16D).

We observed PD clustering in the more recent
birth cohorts (1940s, 1950s, and 1960s) compared
to earlier birth cohorts. These findings are partic-
ularly interesting because they support the theory
that the frequency of PD, and in particular EOPD,
has increased more recently in the population, not
necessarily due to earlier recognition by the neu-
rologists/physicians; indeed, the delay in reaching a
diagnosis [10] is expected to be more prolonged in
EOPD than PD.

The increased incidence we observed may have
been influenced by multiple factors, including envi-
ronmental risk factors. The association between some
common risk factors and PD (e.g., pollutants, pesti-
cides, comorbidities) is well established, but specific
studies accounting risk factors for EOPD only are
lacking [17]. EOPD may have different pathologic
pathways than LOPD and different interactions with
external and internal agents.

In addition, clinical suspicion of EOPD might have
increased as decades passed, with increasing aware-
ness of this subtype of PD. However, this effect would
mostly be impactful towards the end of the 40-year
time frame.

Our study had several strengths. First, using the
REP provided the opportunity to access the life-
long medical history of all Olmsted County residents;
hence, we caught all incident EOPD cases in the geo-
graphical and temporal settings chosen. Second, to
the best of our knowledge, this is one of the few
studies in the literature to report the population-based
trends of EOPD.
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We also must acknowledge the limitations of our
methodology. First, medical records are not stan-
dardized for research purposes; hence, some clinical
information may not be systematically available. Sec-
ond, we had arelatively small cohort; however, EOPD
is a rare condition, therefore a larger sample size
is only possible with multicenter population-based
studies. Third, most of these patients did not have a
pathological confirmation of the diagnosis because
they are still living; however, we previously reported
a clinical-pathological correlation of 86.7% [18] in
our cohort of PD cases, using the same methodology
for case ascertainment.

In conclusion, we observed a non-significant
increase in incidence of EOPD (both <55 and <50
years of age) in Olmsted County between 1976 and
2015. Overall, incidence of EOPD was 1.43 (<55)
and 0.55 (<50) cases per 100,000 person-years, sig-
nificantly higher in men than in women only in
the<55 cohort.
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