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ABSTRACT

Background The role of genetics in early-onset
Parkinson’s disease has been established, but wheth-
er there is a genetic contribution to the more com-
mon, late-onset form remains uncertain.

Methods \We reviewed the medical records and con-
firmed the diagnosis of Parkinson’s disease in 772 liv-
ing and deceased patients in whom the disease had
been diagnosed during the previous 50 years in Ice-
land. With the use of an extensive computerized data
base containing genealogic information on 610,920
people in Iceland during the past 11 centuries, several
analyses were conducted to determine whether the
patients were more related to each other than ran-
dom members of the population (control subjects).

Results Patients with Parkinson'’s disease, including
a subgroup of 560 patients with late-onset disease
(onset at >50 years of age), were significantly more
related to each other than were subjects in matched
groups of controls, and this relatedness extended be-
yond the nuclear family. The risk ratio for Parkinson'’s
disease was 6.7 (95 percent confidence interval, 4.3
to 9.6) for siblings, 3.2 (95 percent confidence inter-
val, 1.2 to 7.8) for offspring, and 2.7 (95 percent con-
fidence interval, 1.6 to 3.9) for nephews and nieces
of patients with late-onset Parkinson’s disease.

Conclusions Late-onset Parkinson's disease has a
genetic component as well as an environmental com-
ponent. (N Engl J Med 2000;343:1765-70.)
©2000, Massachusetts Medical Society.

ARKINSON’S disease is an important neu-
rodegenerative disorder affecting middle-aged
and elderly persons. Its causes are largely un-
known, but there is evidence that the disease
has a genetic component. In a few large families with
carly-onset Parkinson’s discase (onset at <50 years
of age) or juvenile Parkinson’s discase (onset during
childhood), the disease is transmitted as an autoso-
mal dominant or recessive trait resulting from muta-
tions in the genes encoding a-synuclein and parkin,
respectively.l8 However, in the majority of families
affected by Parkinson’s disease, the disease appears
to skip generations, irrespective of the age of onset.
Therefore, Parkinson’s disease appears to be a com-
plex, multifactorial disease resulting from interaction
between one or more genes and the environment.
Although the disease is considered to be sporadic
in most patients, persons with a family history of Par-
kinson’s disease are at increased risk. Among first-
degree relatives of patients, the risk is 2 to 14 times

the risk in members of unaffected families.®! The
increase in risk among first-degree relatives may re-
sult not only from genetic susceptibility, however, but
also from ascertainment bias (i.e., relatives of patients
with a given disease may be more likely than average
to seek medical attention for that disease) or shared
environmental factors. In several, but not all, studies
of twins, the rate of concordance was no higher among
monozygotic twins than among dizygotic twins. 1116
This, together with the discovery that parkinsonism
may be caused by toxic agents such as 1-methyl-4-phe-
nyl-1,2,3,6-tetrahydropyridine, has led to increased
emphasis on the role of environmental factors, espe-
cially in patients with late-onset Parkinson’s disease.
However, studies of late-onset Parkinson’s disease in
twins are hampered by age dependency, since the dis-
ease may develop later in the second twin or the sec-
ond twin may die of another cause before the onset
of symptoms. Studies in families are limited because
often little is known about the proband’s genealogic
background and the health status of relatives outside
the nuclear family.

Population-based studies, coupled with genealogic
information, may represent a more complete meth-
od for assessing genetic contributions to common
diseases. We studied a group of patients with Parkin-
son’s disease, including the majority of patients in
Iceland in whom Parkinson’s disease had been diag-
nosed during the previous 50 years, and assessed their
relatedness with use of a comprehensive genealogic
data base of most Icelanders who have ever lived to
adulthood to look for further evidence of a genetic
component of the disease.

METHODS

Patients

This epidemiologic study, in which we used encrypted medical
information, was approved by the National Bioethics Commission
of Iceland and the Data Protection Commission of Iceland. Pa-
tients were identified from two sources. First, medical notes and,
if applicable, the death certificates of 470 patients included in a
total-population survey carried out in Iceland from 1953 to 196317
were independently reviewed by two neurologists. Patients were
considered to have Parkinson’s disease if they had at least two of
the following signs: tremor, rigidity, bradykinesia, and postural
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instability.!8 Seventy-six of these patients were excluded because
of postencephalitic parkinsonism or because the diagnosis was un-
certain. Second, an ongoing, population-based study begun in
1994 identified an additional 420 patients from a variety of sourc-
es, including the Icelandic Parkinson’s Disease Society, informa-
tion from neurologists and general practitioners, and records of pre-
scriptions for levodopa and other drugs commonly given to patients
with Parkinson’s disease. All nursing homes and other homes for
elderly persons in Reykjavik and those in approximately 70 percent
of the rest of Iceland were visited to examine these 420 patients.
Those thought to have multiple-system atrophy, progressive su-
pranuclear palsy, or drug-induced Parkinson’s disease were exclud-
ed, as were those who had no response to levodopa. After these
exclusions, 378 of the 420 patients remained; 292 of them were
examined by one of the authors, a specialist in movement disorders,
after the patients’ written informed consent had been obtained.

The final combined group of 772 patients (394 plus 378) may
have included a small number of patients from the early survey!”
who had misdiagnosed parkinson-like syndromes (such as progres-
sive supranuclear palsy, multiple-system atrophy, or corticobasal
ganglionic degeneration), because such patients could not be ret-
rospectively excluded without a histopathological examination. Pa-
tients who received a diagnosis of Parkinson’s disease after the early
survey but who died before the initiation of the current survey were
not included, whereas those who received a diagnosis after the early
survey and remained alive are included. Information about the age
at onset was obtained for 693 of the 772 patients; in 560 of them
symptoms had begun at an age greater than 50 years. The overall
group of 772 patients and this subgroup of 560 patients were stud-
ied in separate analyses.

Genealogic Data Base

We are electronically registering all available genealogic infor-
mation for the past 11 centuries in Iceland in a computerized, re-
lational data base that contained 610,920 names at the time of
the study, including the names of all 270,000 living Icelanders.1®
Control groups were selected from among these 610,920 mem-
bers of the population. Data on the 772 study patients, along with
the entire genealogic data base, were reversibly encrypted by the
Data Protection Commission of Iceland before being sent to our
laboratory.20 We developed algorithms that find all ancestors in
the data base who are related to each member of an input group
within a given number of generations. Other algorithms identity,
for each person in an input group, all relatives of a specific type,
such as siblings or aunts or uncles. In this study, these algorithms
allowed us to identify pedigrees and to estimate kinship coefficients
and risk ratios.

Kinship Coefficients

The kinship coefficient is one measure of the genetic relation-
ship between two subjects. For example, with no consanguinity in
previous generations, the kinship coefficient is %4 for siblings and
other first-degree pairs of relatives, Y% for second-degree pairs of
relatives, /16 for third-degree pairs of relatives, and so on, each val-
ue being half the expected fraction of the genome shared by these
relatives. Formally, the kinship coefficient is defined as the prob-
ability that a randomly selected allele from each member of a pair
of subjects was inherited from a common ancestor.2! The average
kinship coefficient of the patients in the current study was calcu-
lated by averaging the kinship coefficients of every possible pairwise
combination of patients. To assess the effect of close relationships
on the size of the average kinship coefficient, we also computed
the average coefficients of only the pairs of patients who were not
first-degree relatives and of only the pairs of patients who were not
first- or second-degree relatives. For the latter calculations, all pa-
tients were included in the calculation of the average kinship coef-
ficient, but not all possible pairwise combinations. Kinship coef-
ficients for groups of controls were calculated similarly.

Because the pedigrees were extensive, the overall average kin-
ship coefficient could not be calculated exactly. We used Monte
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Carlo simulations to approximate the average kinship coefficient
for each group (patients or control subjects) and ensured that the
Monte Carlo errors had a negligible effect on the reported results.

Calculations of the Risk Ratio

The risk ratio for relatives of affected patients was defined as
the risk of Parkinson’s disease in the relatives divided by the risk
in the general population; this ratio is directly related to the pow-
er to identify or map susceptibility genes.22 Obtaining valid esti-
mates of the risk ratio is not straightforward, since many sampling
schemes lead to biased or inflated estimates.2® The use of a pop-
ulation-based group of patients eliminates much of the potential
sampling bias. In calculating the estimated risk of Parkinson’s dis-
ease in relatives, we restricted our analyses to relatives born during
the period covering the life span of the group of patients in ques-
tion. We used the same restriction according to year of birth in
estimating the risk in the general population for the given risk ratio.

Statistical Analysis

To assess the significance of the kinship coefficients and relative
risks obtained for a given group of patients, we compared their ob-
served values with the kinship coefficients and relative risks com-
puted for 1000 independently drawn, matched groups of control
subjects. Each patient was matched to a specific control subject in
cach control group. The control subjects were drawn at random
from the genealogic data base, irrespective of their disease status,
and had the same year of birth and the same number of ancestors
recorded in the data base as did the patients to whom they were
matched.

A reported P value of 0.005 for the relative risk would indicate
that 5 of the 1000 matched control groups had values as large or
larger than that for the patients. When none of the values com-
puted for the control groups were larger than the value for the pa-
tients, we reported the P value as less than 0.001. The confidence
intervals of the risk ratios for the patients were also calculated by
comparing those values to the risk ratios for the control groups.
Further details about the selection of the control groups and the
construction of the confidence intervals for the risk ratios are pro-
vided on our Web site (http://internotes.decode.is/nejm.nsf).

RESULTS

Our investigation of the group of patients with
Parkinson’s disease using the Icelandic genealogic data
base led to the identification of many pedigrees con-
taining two or more related patients with Parkinson’s
disease. Figure 1 shows a large pedigree containing
44 patients with early- or late-onset Parkinson’s dis-
ease from a common founder. Some of these pa-
tients may therefore share disease allele or muta-
tions that are identical by descent from this common
ancestor.

To test whether the relatedness of the patients was
significantly different from the background related-
ness that occurs in a general population, we com-
pared the average kinship coefficient of the patients
with Parkinson’s disease with that of the control sub-
jects. For any two relatives, the kinship coefficient is
approximately half the proportion of their genome
shared as a result of common ancestry. The average
kinship coefficient of the patients with Parkinson’s
disease, in both the entire group of 772 patients and
the group of 560 patients with late-onset discase (81
percent of the 693 patients for whom we obtained
data about the age at onset) was significantly difter-
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Figure 1. A Pedigree Showing 44 Patients with Parkinson’s Disease.

The patients with Parkinson’s disease (solid symbols), previously thought to be largely unrelated, could be traced to a common
ancestor, six generations (indicated by the numbers) before the oldest patient, with use of a genealogic data base. To protect the
anonymity of the family, most of the unaffected relatives in this pedigree are not shown. The circles denote female family members,

and the squares male family members. The asterisks indicate patients with early-onset Parkinson’s disease. Slash marks denote
family members listed in a local death registry.
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ent from their respective control groups (Table 1).
The patients were significantly more interrelated than
the control subjects. This significance persisted for
both the overall group of patients and for the sub-
group with late-onset disease, even after first-degree
pairs of relatives were excluded from the calculations.
When, in addition, second-degree pairs of relatives
were excluded from the calculations, the average kin-
ship coefficient of the patients remained larger than
the mean for the control subjects.

When we divided the patients according to their
identification in the early survey!” or the ongoing
survey, the kinship coefficients of these subgroups

were similar to one another, and there were signifi-
cant differences between the patients in each of the
two subgroups and the control subjects. Estimates
of the risk ratios for relatives of patients with Parkin-
son’s disease are presented in Table 2. The risk ratios
for siblings, offspring, and nephews and nieces are all
significantly larger than 1 for both the entire group
of patients with Parkinson’s disease and the subgroup
of patients with late-onset disease. Although both
siblings and offspring are first-degree relatives, the risk
ratio was higher for the former than for the latter
(6.7 for siblings and 3.2 for offspring of patients
with late-onset disease). Nephews and nieces are sec-

TABLE 1. KiNsHIP COEFFICIENTS OF PATIENTS WITH PARKINSON’S DISEASE
AND OF MATCHED GROUPS OF CONTROL SUBJECTS.*

P
GRroup AVERAGE KINSHIP COEFFICIENT ~ VALUE
CONTROL
PATIENTS GROUPS
All patients with Parkinson’s discase (n=772) 2.7 2.0x0.1 <0.001
Excluding all pairs of first-degree relatives 21 1.9+0.1 <0.001
Excluding all pairs of first- and second-degree relatives 1.9 1.8+0.1 0.03
Patients with late-onset Parkinson’s disease (n=560) 2.8 2.0=0.1 <0.001
Excluding all pairs of first-degree relatives 2.1 1.9+0.1 0.007
Excluding all pairs of first- and second-degree relatives 1.9 1.8+0.1 0.10

*Plus—minus values are means =SD. The kinship coefficient (shown here multiplied by 10,000) is
the probability that a randomly selected allele from each member of a pair of subjects was inherited
from a common ancestor.2! The results remain significant after the contribution of first-degree rela-
tives is removed. Removal of the contribution of first- and second-degree relatives decreases the sig-
nificance only slightly. These results suggest that there are familial effects, and that they extend be-
yond the nuclear family. The standard deviation reported for the control groups is that of the average
kinship coefficient for the 1000 groups of control subjects.

TABLE 2. ESTIMATED RISK RATIOS FOR THE RELATIVES OF ALL PATIENTS WITH PARKINSON’S DISEASE AND FOR THE RELATIVES
OF THE SUBGROUP OF PATIENTS WITH LATE-ONSET PARKINSON’S DISEASE.*

GRrour RELATIVE
All patients with Parkinson’s disecase (n=772) Siblings
Offspring

Nephews and nieces

First cousins
Spouses
Siblings
Offspring

Patients with late-onset Parkinson’s disease (n=560)

Nephews and nieces

First cousins
Spouses

No. oF

RELATIVE'S TotALNo.OoF  AFFECTED Risk RaTiO

BIRTH YEAR RELATIVES RELATIVES (95% Cl) P VaLuE
1885-1930 2528 95 6.3 (44-7.8) <0.001
1915-1930 737 14 3.0 (1.5-5.0) 0.001
1915-1930 2815 43 24 (1.7-3.2) <0.001
1885-1930 5048 43 1.4 (0.9-2.0) 0.10
1885-1930 532 6 1.9 (0.5-5.7) 0.16
1885-1930 1911 57 6.7 (4.3-9.6) <0.001
1915-1930 647 9 3.2 (1.2-7.8) 0.01
1915-1930 2376 28 2.7 (1.6-39) <0.001
1885-1930 3638 21 1.3 (0.6-1.9) 0.30
1885-1930 396 2 1.1 (0.0-4.3) 0.55

*Risk ratios and 95 percent confidence intervals (CI) were calculated for the 772 patients with Parkinson’s disease and separately for the subgroup of
560 patients with late-onset Parkinson’s disease. Confidence intervals for spouses are very wide because of small samples (for example, a person usually has
many more nephews and nieces than spouses). The denominator for calculating the risk ratios is the prevalence of Parkinson’s disease in the population
during that period. For the period from 1885 to 1930, the denominator for the overall group of patients with Parkinson’s disease was 0.0059 (638,/107,798)
and the denominator for the subgroup of patients with late-onset Parkinson’s discase was 0.0044 (479,/107,798). For the period from 1915 to 1930, the
denominator for the overall group was 0.0063 (298,/47,507) and the denominator for the late-onset subgroup was 0.0043 (204,/47,507).
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ond-degree relatives, and their estimated risk ratios
were significantly greater than 1. Cousins are third-
degree relatives; their estimated risk ratios were larg-
er than 1 but not significantly so (Table 2). The risk
ratios for spouses were not significant.

To investigate whether the significant familial as-
sociation in the patients with late-onset Parkinson’s
disease might be due entirely or in part to the inher-
itance of longevity that has been observed in Ice-
land,2* we drew an additional 1000 groups of control
subjects, which we also matched to the age distribu-
tion of the patients. There were no substantial dif-
ferences between the patients and these additional
control groups in the P values for the kinship coef-
ficients or risk ratios.

DISCUSSION

In this study, we reexamined the issue of genetic
and environmental contributions to Parkinson’s dis-
ease by analyzing computerized genealogic data in re-
lation to information about a population-based group
of patients. Although this approach cannot eliminate
the possibility of every type of ascertainment bias, it
had several benefits. The population-based group al-
lowed us to avoid the sampling bias that might result
from proband identification and oversampling of fam-
ilies with several affected members. Using the pop-
ulation-based genealogic data base, we also avoided
the customary classification of patients into familial
and sporadic cases, because any familial relationship
between patients, even when distant, was known. In
addition, the use of the Icelandic population, with its
single-payer health care system with universal access,
may have reduced certain types of diagnostic bias.

Our data are consistent with the possibility that
Parkinson’s disease has a familial component that may
be masked since this complex and multifactorial dis-
ease can skip generations. This familial component
may arise from a combination of environmental and
genetic factors. By demonstrating that the familial
clustering of Parkinson’s disease extends beyond the
nuclear family, we have provided more evidence that
the disease has a genetic component. Moreover, we
found that the spouses of patients with Parkinson’s
disease were not at increased risk for the disease. It
is therefore unlikely that a shared environmental fac-
tor, late in life, accounts for the Parkinson’s disease
in patients drawn from the entire Icelandic popula-
tion for many years. However, there is a noteworthy
difference between the risk ratios for siblings and
those for oftspring. This may indicate a role for some
shared environmental factor early in life, as has been
suggested for Alzheimer’s disease,?s or recessive in-
heritance of susceptibility.

The results of our study also challenge the concept
of etiologic differences between early-onset and late-
onset Parkinson’s disease.’® Since several studies in
twins revealed no genetic component in late-onset

Parkinson’s disease, and since there are rare pedigrees
containing many patients with early-onset Parkinson’s
disease caused by single-gene mutations, it has been
proposed that early-onset Parkinson’s disease is likely
to have a substantial genetic component.! Accord-
ingly, the causes of early-onset Parkinson’s disease
might differ from those of late-onset Parkinson’s dis-
ease, although clinically and pathologically these dis-
orders are similar. Approximately 20 percent of pa-
tients in this study for whom we had data about the
age at onset had early-onset Parkinson’s disease, but
attempts to cluster the patients with early-onset dis-
ease into pedigrees revealed no families with a highly
penetrant mendelian pattern of inheritance. This sug-
gests that most early-onset cases of Parkinson’s dis-
ease are not due to single, highly penetrant genes.
Rather, just as in the late-onset cases, the early-onset
disorder skips generations. In fact, as the pedigree in
Figure 1 shows, the early-onset and late-onset cases
of Parkinson’s disease may even cosegregate within
the same family. Although these findings may be spe-
cific for patients with Parkinson’s disease in Iceland,
the disease in this population has the same pheno-
type, prevalence, and age of onset as that in most
other Western countries.

There has been a recent trend to discount the
possibility that genetic factors contribute to the late-
onset form of the disease, which represents the ma-
jority of cases of Parkinson’s disease. Although the
search for environmental factors contributing to late-
onset Parkinson’s disease is important and should
continue, our data suggest that the search to discov-
er its genetic basis should also continue.
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