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Abstract
Parkinson’s disease (PD) is characterized by many non-motor symptoms,
some of which appear prior to motor symptom onset. This preceding period
is called the preclinical stage, and some symptoms such as depression are
observed during this period. In this report, we review the characteristics of
depression observed during the preclinical stage of PD. We included studies
retrieved from a MEDLINE search of the following: (1) published between
1970 and March 2014, (2) included Medical Subject Heading (MESH) terms
including Parkinson’s disease and MESH terms for depression. There were 18
reports that mentioned preclinical depression or depression-related disorders
in PD. Most of these reports were case-control studies and a few were cohort
studies; there were no prospective studies. PD diagnosis criteria were variable,
and some reports did not include these criteria. The diagnosis of depression
was also variable, and was based on questionnaires, interviews, medical
record reviews, and database searches. Most of these reports indicated that
depression preceding PD onset was a significant risk factor for developing PD,
with odds ratios of 1.50–3.40. In particular, a history of depression within 5
years of PD diagnosis correlated with PD development. These results should
be interpreted with caution because the criteria for depression and PD varied
among studies; however, depression preceding the onset of PD may be a risk
factor for developing PD.
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Introduction
Symptoms other than motor symptoms have recently been
characterized in Parkinson’s disease (PD): non-motor symptoms
(NMSs). Some NMSs appear prior to the onset of motor symptoms,
such as a kinesis, tremor, and rigidity [1]. The onset of PD is usually
marked by the onset of motor symptoms; therefore, the preceding
period between the onset of non-motor and motor symptoms is called
the preclinical stage. Some of the NMSs observed in the preclinical
stage of PD are constipation, hyposmia, rapid eye movement (REM)
sleep behavior disorder (RBD), and depression [2].
Psychotic symptoms are reportedly one of the main NMSs
observed in PD. In 1913, the correlation between PD and personality
was studied [3]; most patients with PD were diligent and socially
respectable people. Subsequently, the personality of patients with
PD was described as depressive, introversive, and prudent [4–10].
These personality traits likely became apparent during the preclinical
stage of PD. Patrick and Levy first reported on depression in patients
having PD in 1922 [11]. Today, it is known that the prevalence of
depression in patients with PD is higher than that in the general
population, and the main symptom is a hedonic [12]. Depression
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and PD may share a common pathophysiological mechanism [1315]. Moreover, some reports suggested that a history of depression
is related to developing PD [16-32]. In this report, we review whether
preclinical depression may be a risk factor for developing PD, and
how preclinical depression is related to the pathophysiological
mechanisms involved in developing PD.
Literature search
Our literature search encompassed psychological terms meaning
depression because the criteria and/or definition of depression
as changed over time. This review will focus only on research that
examined the association between PD and preceding depression. We
determined whether previous review reports existed regarding the
association between preclinical depression and PD by executing a
MEDLINE search for all reviews of PD and risk factors from 1970 to
March 2014. Results of reviews that met the assessment criteria are
reported along with additional relevant results. We used the following
Medical Subject Heading (MESH) terms in our search: Parkinson’s
disease and one or more of the following, including depression,
depressive disorder, affective disorder (psychotic), bipolar disorder,
and adjustment disorder. We included reports that clearly mentioned
preclinical depression in the examined PD cohort; however, clinical
diagnostic criteria for depression or PD were irrelevant. If depression
was indicated in the report even just a little, we adopted the reports
as widely as possible, and the contents were commented respectively.
Outline of previous reports
There were 18 reports that mentioned depression or disorders
including depression preceding PD onset [16–33]; one was a
review [33]. The limited number of reports may be due to difficulty
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evaluating events that precede PD onset. The oldest report was from
1972. However, most reports were from the 1990s to the early 2000s.
The review [33] systematically and precisely covered many studies;
however, it did not include all the studies that we included in this
report. Most previous reports were case-control studies [16–28], a few
were cohort studies [29–32], and there were no prospective studies.
In most of the case-control studies, PD patients were enrolled in the
each hospital or region, and the risk of depression for the developing
PD was compared with sex and age matched controls. The cohort
study used a regional registration system/database(e.g., general
practitioner/public hospital system or National Health Insurance
Research Database), which contained10,000 to more than 100,000
subjects to calculate the prevalence of a history of depression in
patients with PD [29,31] or the prevalence of newly developed PD in
patients with depression [30,32]. However, even in the latter studies,
the prevalence of newly developed PD was determined retrospectively
in a patient cohort diagnosed with depression during a certain period
(i.e., not a prospective study). The control group in these studies was a
non-PD group of the same cohort; however, the control group in one
study consisted of individuals diagnosed with another disease, such as
diabetes mellitus or osteoarthritis [29].
The PD diagnostic methods were variable. Explicit diagnostic
criteria were used in several reports [22-24,26]: Criteria for
Diagnosing Parkinson’s Disease described by Calne [34,22], British
Brain Bank criteria for the clinical diagnosis of PD[23,26,35,36],
and Research diagnostic criteria for Parkinson’s disease described
by Ward and Gibb [37,24]. In some studies, diagnostic criteria were
included [16,17,19,21,28,29,32] or a diagnosis was made based on
the combination of cardinal symptoms included in other reports
[18,20,25,27,30,31].
Depression diagnostic methods were also variable. A history of
depression was detected by a lack of unification, as determined using
questionnaires [20-22], interviews [16-18,24,26,28], medical record
reviews [19,23,25], and hospital or regionally based registration
database searches[29-32]. A few reports evaluated depression and
other psychiatric disorders (i.e., disorders that should be clearly
distinguished from depression) as a single group. Kessler [16,17]
and Raj put et al. [19] described some psychiatric disorders,
including depression, as a nervous breakdown or psychoneurosis/
psychosomatic disorder, respectively. In the former, the term nervous
breakdown included a wide range of psychiatric disorders, such as a
manic state and neurosis. In the latter, psychoneurosis/psychosomatic
disorders included hysteria and irritable bowel syndrome, in addition
to depression. Diagnostic criteria of these psychiatric disorders,
including depression, were not described.
Questionnaire and interview results were retrospectively evaluated
and classified according to the Diagnostic and Statistical Manual of
Mental Disorders (DSM) or the Hospital International Classification
of Diseases Adapted (H-ICDA) [38] in some reports [18,25,27,28,32].
However, the remaining reports [20-22,24,26] simply stated whether
the questionnaire or interview results indicated the presence of
depression, without any explicit criteria. Disorders (e.g., depression,
mood disorder, or depressive state) differed among most database
cohort studies [23,29-31], even though objective disorders were
classified according to the International Classification of Primary
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Care (ICPC) [39] or International Classification of Disease (ICD).
Furthermore, Yang et al. reported a correlation between developing
PD and a history of antidepressant administration [21]. Therefore,
because the diagnosis of depression and the meaning of the term
“depression” were diverse, the results of these previous reports should
be interpreted with caution.
The risk of developing PD in patients with a history of
depression
Past reports were divided into two types. The first group included
reports in which the main objective was to determine epidemiological
factors involved in developing PD, and where psychiatric symptoms,
including depression, were evaluated as a part of these factors
[16,17,19-22,24,27]. The second group comprised reports that only
focused on psychiatric disorders surrounding the depression, and
where the relationship between the risk of developing PD and a
history of psychiatric depression was evaluated [18,23,25,26,28-32].
A. Reports that evaluated depression as an epidemiological
factor related to developing PD: Most of these reports were casecontrol studies from the 1970s–1990s. The odds ratio summary
is shown in (Figure 1). Some of these studies evaluated disorders
other than depression, as mentioned above [16,17,19]; therefore, we
excluded them in (Figure 1). These four out of five of reports, indicated
that a history of depression was a significant risk factor for developing
PD (odds ratio: 1.54–3.40) [20-22,24,27]. Behari et al. divided
their cohort into two groups according to the preceding period of
depression before the onset of PD, and a history of depression was a
significant risk factor only in the group whose preceding period was
10 years or shorter [27].
How important depression is as a risk factor? Although the
risk factors examined differed among studies, common risk factors
found in more than two studies were: (1) family history of PD and
(2) depression. A family history of PD was a significant risk factor in
all five reports, with an odds ratio of 2.88–9.98. Moreover, common
protective factors found in more than two studies were: (1) smoking
and (2) the use of well water. Smoking was a significant protective
factor in three out of four reports, with an odds ratio of 0.19–0.99.

Figure 1: History of depression is a risk factor for developing Parkinson’s
disease (PD) [1].
Summary of reports that evaluated depression as one of the epidemiological
factors related to developing to Parkinson’s disease. The results of five
reports are shown [Reference No: 20-22,24,27]. The results from reports that
contained disorders other than depression were excluded. All five reports
were case-control studies; age- and sex-adjusted odds ratios and 95%
confidence intervals are shown. Diagnosis was based on questionnaires/
interviews (a) and the Diagnostic and Statistical Manual of Mental Disorders
(DSM)-III (b).
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Figure 2: History of depression as a risk factor for developing Parkinson’s
disease [2].
Summary of reports that evaluated depression in the preclinical phase of
Parkinson’s disease. The result of seven reports in which the odds ratios
were calculated are shown [Reference No: 25,26,28-32]. These reports
include cohort (*) and case control studies. Age- and sex-adjusted odds ratios
and 95% confidence intervals are shown. Diagnosis was based on the code
for specific criteria (a), interview (b), and DSM-III (c).

One report suggested that the use of well water was a risk factor for
developing PD [27]; conversely, the use of well water was a significant
protective factor in two out of four reports, with an odds ratio of
0.70–0.96.
As mentioned above, although the definition of or criteria for
depression varied among studies, many reports suggested that a
history of depression may be an important risk factor for developing
PD.
B. Reports that evaluated depression in the preclinical PD
phase: Most of these reports were published in the early 2000s, and
almost all were cohort studies. In the seven reports published after
the year 2000 [25,26,28-32], the depression diagnosis was based
on DSM-III or ICPC criteria. The odds ratio summary is shown in
(Figure 2). In six out of seven of these reports, preceding depression
was a significant risk factor for developing PD, with an odds ratio of
1.5–3.24. However, as described above, one study included a control
group that had diseases such as diabetes mellitus and osteoarthritis
[29]. There was a only one report that found no significance between
the preceding depression and developing PD, however, this report
only included patients that had a major depressive episode according
to the DSM-III [28].

Figure 3: Lag time between the onset of depression and Parkinson’s disease
motor symptoms [25].
The Hospital International Classification of Diseases Adapted (H-ICDA)
classified the type of depression as depressive disorder. The control group
consisted of age- and sex-matched patients without Parkinson’s disease who
had the same depressive disorder. An arrow denotes the median. The peak
number of patients experiencing Parkinson’s disease symptoms occurred
within 5 years after the onset of depression.

large number of patients had a latency of 5 years or less between
the onset of depression and the onset of PD; half of patients were
depressed within the previous 10 years (Figure 3). Leentjens also
reported that the mean lag time between the onset of depression and
the onset of PD was 10.1±10.4 (standard deviation) years (1 month
to 36years) [31]; however, there were 7, 10, and 14 patients with 1, 2,
and 3 year lag times. Therefore, the majority of patients had a shorter
lag time. Behari et al. reported that depression preceding the onset of
PD by less than 10 years was a significant risk factor for developing
PD; however, a depression diagnosis that preceded PD onset by more
than 10 years was not (Figure 1). These results indicate that a history
of depression, particularly close in time to PD onset (less than about
5 years), correlated with PD development.

As mentioned above, it is difficult to determine common
characteristics of preceding depression because of the variations in
previous studies. However, we will discuss common characteristics of
preceding depression that were reported in multiple previous studies.

B. The relationship between depression and dementia: Patients
having PD with low mini-mental state examination (MMSE)
scores tended to have depression [40]. Therefore, dementia should
be evaluated when depression is discussed in PD. However, only
two reports of preceding depression evaluated/excluded dementia
[19,23]. In both reports, preceding depression was a significant risk
factor regardless of the presence or absence of dementia. Although
it is difficult to conclude based solely on these two reports, dementia
likely has little influence on depression preceding the onset of PD.

A. Latency b period between the onset of depression and
onset of PD: A more recently onset of depression tended to have
significant correlation with PD development [25,27,31]. Shiba et al.
reported that a history of depression was a significant risk factor for
developing PD; however, if the latency was greater than 5, 10, or 20
years, a significant correlation was not observed [25]. A relatively

C. The influence of medication for the treatment of depression:
Some antidepressants, such as tricycle antidepressants, induce
Parkinsonism. One report evaluated the correlation between
past antidepressant use and developing PD [21]. Shiba et al. also
reported the influence of a history of depression medication usage
on developing PD [25]. In this report, the prevalence of a medication
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history of was higher in controls than in cases (48.3% vs. 36.2), and
therefore they concluded that a depression-medication history did
not influence the development of PD. However, it is difficult to make
a conclusion based on a single report.
D. The correlation between preceding other psychiatric
disorders and development PD: Many reports indicated that a
history of depression was a significant risk factor for developing PD.
Are psychiatric disorders other than depression also a risk factor, or
is this a specific phenomenon in depression? It is very important to
consider other psychiatric disorders when attempting to elucidate the
common etiology between PD and depression.
A few reports examined the influence of a history of other
psychiatric disorders on developing PD. However, the disorders
evaluated varied among studies, including: psychosis (schizophrenia,
manic-depressive state, paranoia, and hallucinatory psychosis) [19],
personality disorders [19,25], anxiety [25,28], phobia [28], bipolar
disorders [25,28], somatoform disorders [25], obsessive disorders
[29], and alcohol abuse [28]. In these disorders, preceding anxiety
[25] and some types of phobia [28] were related to developing PD.
The latter study included few patients and lacked precise evaluation
[28]; however, preceding anxiety, particularly of recent onset, was
significantly related to later PD onset in the former report [25].
However, it is difficult to conclude regarding these psychiatric
disorders, as the terms and criteria (i.e., manic-depressive state vs.
bipolar disorders) changed according to the study date, and the
number of enrolled patients was limited.
Hypothesis for the etiology of depression preceding the
onset of PD
A. Monoamine hypothesis: The biochemical assessment of
depression began after antidepressants were introduced clinically. In
the 1950s, an agent with anti depressive properties was discovered
by chance [41,42]: tricycle antidepressants and monoamine oxidase
inhibitors were subsequently introduced clinically. These drugs
typically mimic the effects of serotonin and nor epinephrine [41,42];
therefore, the monoamine hypothesis was introduced in the 1960s.
It is now known that abnormalities in monoamines (e.g., serotonin)
are not the singular cause for the path physiology of depression.
However, serotonin abnormalities are a major cause of depression,
as selective serotonin reuptake inhibitors (SSRIs) are effective for the
treatment of depression.
The serotonin level was reportedly reduced in PD, regardless of
the presence of depression [43]. Furthermore, 5-hydroxyindoleacetic
acid (5-HIAA) was reduced in the cerebrospinal fluid of patients
having PD with depression (Figure 4) [44]. Therefore, some reports
suggested that serotonin abnormalities caused the preceding
depression [18,27,30].
B. Preclinical phase of PD: Because serotonin abnormalities are
a potential cause of preceding depression, the relationship between
serotonin abnormalities and the PD preclinical pathophysiological
state should be considered. A lag of 5 years between the onset of
depression and PD strongly correlated with development of PD. It
is unclear what change advances the preclinical stage of PD. In 1983,
Calne and Langston reported a hypothesis regarding preclinical
degeneration in PD [45]. This hypothesis suggested that the number
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Figure 4: 5-Hydroxyindoleacetic acid (5-HIAA) concentrations in the
cerebrospinal fluid (CSF) of patients with Parkinson’s disease and depression
[44].
Serotonin was reduced in patients with Parkinson’s disease. However, the
concentration of 5-HIAA, a serotonin metabolite, was more reduced in the
cerebrospinal fluid of patients with Parkinson’s disease and depression than
in those without depression. The mean and normal ranges of control are
represented by the horizontal line and gray zone, respectively.

of dopaminergic neurons is gradually reduced according to age
after nigrostriatal dopaminergic neurons are damaged (e.g., by
environmental toxin exposure). Then, when the number of neurons
was reduced to less than 20–30%, clinical symptoms of PD appeared.
According this hypothesis, the PD preclinical period occurred over
a relatively long period. The same results were found in [18F]-dopa
positron emission tomography (PET) studies in the 1990s, and the
preclinical period was considered to last about 40 years [46,47].
However, with advances in device precision, PET studies published
after the late 1990s suggested that the preclinical period was 5–10
years [48,49]. This preclinical period was likely responsible for the
5-year lag between the onset of depression and the onset of PD [25].
C. Preclinical period and serotonergic damage: Recently,
Braak et al. classified pathological features of the PD brain according
to the distribution of Lewy bodies (i.e., Braak stages) [50]. Braak
stage 3 is characterized by pathological changes that extend into the
midbrain, and the emergence of motor symptoms. Stages 1 and 2 are
pre symptomatic. Pathological changes are limited to the medulla
oblongata and olfactory bulb in stage 1. The changes progress to
involve the raphe nuclei, gig a to cellular reticular nucleus, and locus
coeruleus in stage 2. Because the raphe nuclei are the serotonergic
nuclei of origin, these changes may cause preceding depression before
PD development. However, it is unlikely that this is the only cause
of depression preceding PD development because the prevalence of
developing PD following depression is very low in comparison with
the degree of raphe nuclei damage.

Conclusion
Many reports suggested that depression preceding the onset of
PD was a significant risk factor for developing PD, with odds ratios of
1.50–3.40. In particular, a history of depression within 5 years prior
to PD onset correlated with PD development. However, these results
must be interpreted with caution, because the diagnostic criteria for
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depression and PD varied among studies, as did the enrolled patients
and controls. Furthermore, half of the reports were case-control
studies, and there were no prospective studies.
It is unclear if depression and PD share a common
pathophysiological mechanism or not. Although it may be difficult
to systematically interpret there ports of depression preceding PD
development, preceding depression and PD may share a common
pathophysiological mechanism, as many report a positive relationship.
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