
Parkinson’s disease (PD) is a chronic, progressive neuro-
degenerative disorder, characterized by cardinal motor
symptoms, such as bradykinesia, resting tremor, rigidity, and
postural instability. The prevalence of psychopathology is
estimated to be two to three times higher in PD patients than in
the age-matched elderly population1-3, with depression being
identified in as many as 50% of individuals with PD. Depression
may be a part of PD itself, and depressive symptoms may
precede the development of motor signs, potentially representing
the first manifestations of PD in some patients4,5; however,
depression may occur at any time during the course of PD.

Although depression in PD is usually mild or moderate in
severity with a low rate of suicide,3,6 the results of previous
studies demonstrate that depression in PD is frequent, and

ABSTRACT: Objective: To examine predictive factors associated with onset of depression among individuals diagnosed with
Parkinson’s disease (PD). Background: Depression may precede or follow symptomatic parkinsonism in PD. It is frequently treatable
but often overlooked. Methods: The clinical series comprised 685 individuals who were diagnosed with PD and followed by one
neurologist (RJU) from 1994 to 2007. The primary outcome was time to depression following the onset of PD. Diagnosis of depression
was based on clinical assessment of depressive symptoms from patients (and spouse/family/caregiver) and antidepressant usage. A
number of demographic, historical and clinical predictive factors were examined, including gender, age at symptomatic onset, disease
duration, onset characteristics, clinical ratings, antiparkinsonian medications, cognitive status, depression history, and familial history
of PD and other neurodegenerative disorders. Results: Seventy-two percent of patients developed depression within ten years of
symptomatic PD onset, and the mean time to depression was 7.9 years (median: 5.7 years). Factors associated with depression included
longer PD duration, greater impairment in activities of daily living, and positive family history of motor neuron disease (MND).
Conclusions: A high rate of individuals with PD develop depressive symptoms during the course of the disease. Based on first clinic
visit characteristics, most factors examined were not helpful in identifying individuals with an increased risk of depression. However,
disease duration, functional limitations and family history of MND should lead clinicians to an increased vigilance for identifying
depression.

RÉSUMÉ: La dépression dans la maladie de Parkinson.Objectif : Le but de l’étude était d’examiner les facteurs de prédisposition pour la dépression
chez les patients atteints de la maladie de Parkinson (MP). Contexte : La dépression peut précéder les symptômes de la MP ou apparaître au cours de
l’évolution de la maladie. Il s’agit d’un problème traitable mais souvent ignoré. Méthodes : Nous avons étudié 685 individus, suivis par le même
neurologue (RJU) entre 1994 et 2007, chez qui un diagnostic de MP avait été posé. L’issue primaire était le temps écoulé entre le début de la MP et
l’installation de la dépression. Le diagnostic de dépression était basé sur l’évaluation clinique des symptômes dépressifs décrits par les patients (et
l’épouse/la famille/le soignant) et la prise d’antidépresseurs. Certains facteurs démographiques, historiques et cliniques de prédisposition ont été
examinés, dont le sexe, l’âge au moment du début des symptômes, la durée de la maladie, les manifestations au début de la maladie, les évaluations
cliniques, la médication antiparkinsonienne, l’état cognitif, l’histoire antérieure de dépression et l’histoire familiale de MP ainsi que d’autres maladies
neurodégénératives. Résultats : Soixante-douze pour cent des patients ont présenté une dépression au cours des dix années qui ont suivi le début des
symptômes de la MP et le temps moyen écoulé depuis le début de la maladie était de 7,9 ans (médiane 5,7 ans). Les facteurs associés à la dépression
étaient une durée d’évolution plus longue de la MP, un impact plus important sur les activités de la vie quotidienne et une histoire familiale positive de
maladie du neurone moteur (MNM). Conclusions : Une proportion élevée de patients atteints de la MP éprouvent des symptômes de dépression au
cours de la maladie. La plupart des facteurs examinés, parmi les observations notées à la première visite à la clinique, n’aidaient pas à identifier les
individus à plus haut risque de dépression. Cependant, la durée de la maladie, les limites fonctionnelles et une histoire familiale de MNM devraient
inciter les cliniciens à exercer plus de vigilance en ce qui concerne la dépression.
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associated with poorer clinical outcome, increased motor-related
functional disability,7-10 and significantly worse quality of life.11-
13 Moreover, depression in PD often remains underdiagnosed
and undertreated.14-16 All of these evidences strongly underscore
the need for better tools to improve identification of depression
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in PD. The current study evaluates potential predictive factors
associated with the occurrence of depressive symptoms from the
onset of PD, using a large, clinical cohort assessed longitudinally
by a single clinician.

METHODS
Patients and procedures

Our study population was a clinical cohort of 685 outpatients
diagnosed with PD by one movement disorders neurologist
(RJU) at the Mayo Clinic, Jacksonville, Florida, from July, 1994
to December, 2002, and followed through December 2007. This
allowed at least five years of follow-up and provided a mean
follow-up length from symptomatic PD onset of 10.3 years. The
Mayo Clinic serves as a tertiary referral clinic and the studied
cohort was clinic-based. However, previous analyses of our
database demonstrate the demographics and clinical character-
istics are very similar to population-based cohorts.17

The diagnosis of idiopathic PD was made by virtue of patients
having at least two of the following features: bradykinesia,
resting tremor, rigidity, and postural instability, without any
other explanation for parkinsonism (e.g. drug-induced
parkinsonism)18 or other features of an atypical parkinsonian
syndrome (e.g. vertical gaze palsy, significant autonomic
dysfunction, dementia, ataxia).19

Demographic, historical, and clinical examination data
including the presence of depressive symptoms were collected
prospectively on every patient in a consistent manner by the
same neurologist (RJU) and all data were entered into an
electronic database in accordance with an IRB (Institutional
Review Board) approved protocol as has been previously
described.17

In short, demographic and historical data including gender,
age at first clinic visit, age at symptomatic PD onset, mean
symptomatic PD duration, type of initial predominant PD
symptoms, initial PD symptoms, handedness, antiparkinsonian
medication usage, personal history of depression, and familial
history of PD, Alzheimer’s disease (AD), motor neuron disease
(MND), and other neurodegenerative disorders (NDD) were
determined by interview and reviewing of medical records. A
levodopa equivalent dose (LED) was calculated using a
combination of previously published reports20-22 (LED = (regular
levodopa dose x 1) + (levodopa CR dose x 0.75) + (pramipexole
dose x 67) + (ropinirole dose x 16.67) + (pergolide dose x 100)
+ (bromocriptine dose x 10) + [(regular levodopa dose + (CR
levodopa dose x 0.75)] x 0.25 (if on COMT inhibitors) for all
individuals taking antiparkinsonian medications).

Each patient was administered a standardized assessment
battery at each clinic visit using a semi-structured interview
format.17 The assessment battery consisted of patient- and
clinician-based symptoms’ ratings, medication usage and side
effects recording. The battery also included clinician-based
ratings of the intellectual impairment, activity of daily living
(ADL), the Unified Parkinson’s Disease Rating Scale
(UPDRS)23 - the modified motor score, the Hoehn & Yahr scale
(H&Y)24, handwriting, and the most prominent symptoms and
body location.

More specifically, the intellectual impairment was assessed
on the basis of UPDRS Part I, item 1 “intellectual impairment”.
Activity of daily living (ADL) was estimated semi-quantitatively

as an overall ADL capacity (no impairment = 0, mild impairment
= 1, moderate impairment = 2, marked impairment = 3, severe
impairment = 4). The modified UPDRS motor score consisted of
UPDRS Part III except item 24 and with an additional item “arm
swing impairment” (normal = 0, slight reduction = 1, moderate
reduction = 2, marked reduction = 3, severe reduction = 4).

Depression was defined by inquiring patient and spouse /
other family member / caregiver regarding the presence of
depressive symptoms, antidepressive medications usage, and
clinician-based assessment of symptoms consistent with the
DSM symptom checklist. When antidepressive medications were
prescribed, patients were asked if the reason for prescription was
depressive symptoms. Only when the answer was “yes” was this
item recorded as “supportive”. Depressed mood or anhedonia
plus at least one other depressive symptom (e.g. insomnia or
hypersomnia, loss or gain in appetite / weight, psychomotor
agitation or retardation, fatigue or loss of energy, feelings of
worthlessness / guilt, diminished ability to think or concentrate /
indecisiveness, recurrent thoughts of death / suicidal ideation)
were required for a diagnosis of depression. Evaluation of
depressive symptoms was performed in an “inclusive” manner,
regardless of their potential overlap or causal attribution.
Diagnosis of clinically significant depressive symptoms was
qualified as “present” or “not present” at each time point for the
purpose of this study.

All clinical ratings were performed by one physician (RJU).
Medical history was updated on an ongoing basis with every
clinical contact.

Predictive Factors
Potential predictive factors considered included gender, age at

first clinic visit, age at symptomatic PD onset, PD duration (from
symptomatic, extrapyramidal onset to first clinic visit), initial
predominant symptoms and body location, predominant
symptoms and their location at first clinic visit, handedness,
antiparkinsonian medication usage, LED,ADL capacity, UPDRS
subscale scores (including intellectual impairment item), H&Y
stage, depression history, and familial history of PD, AD, MND,
and other NDD. Clinical characteristics from the first (baseline)
clinic visit were used for analyses.

Statistical analyses
Analyses were carried out using the computer package SPSS

version 11.0 for Windows (SPSS Inc., Chicago, IL). The primary
end point was presence of depression. An event was defined as
the date of the clinic visit when the first clinical assessment
indicating depression occurred. Survival curves were
constructed according to the Kaplan-Meier method and the
estimated mean and median cumulative survival time to
depression after PD onset were calculated. For this aim, the
length of survival was defined as the time from symptomatic PD
onset to clinical assessment of depression. For censored events
(i.e. patients who were never judged to be depressed) the date of
the last clinic visit was used to determine the length of
observation. The proportion of patients “surviving” at each time
point was the proportion of patients who were still free from
depressive symptoms at that time point.

To evaluate predictors of depression Cox regression analysis
was performed in two steps. First, the predictive utility of each
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factor was examined on a univariate basis. Second, those factors
with a p-value of .15 or less on a univariate basis were included
into stepwise regression analysis. The multivariate regression
model included gender and age in the first block using an Enter
method to control for these factors, and the subsequent factors
that passed the first step were included in the second block using
a Step-wise Enter method.

RESULTS
The overall sample of 685 was predominantly male (68%),

right-handed (91%), had a mean age of 64 years at symptomatic
PD onset, and a mean age of 71 at the time of first clinic visit.
Average follow-up length was 10.3 (SD 6.1) years after
symptomatic onset and 3.9 (SD 3.1) years after first clinic visit.
Patients were seen several times between first and last follow-up
visits, with a mean inter-visit interval of 11.1 (SD 10.4) months.
The demographic, historical, and clinical characteristics of our
cohort are presented in Table 1.

About 18% of PD patients were depressed at first clinic visit.
Moreover, 42% of the entire cohort of PD patients developed
depression within five years and 72% within ten years of
symptomatic PD onset (Figure). The mean time from
symptomatic onset to depression was 7.9 years and the median
time to depression was 5.7 years (Table 2). Given that onset of
depression was defined based on the visit when it was diagnosed,
time to depression may have been overestimated as depressive
episodes started before the visit. In addition, patients may have
presented a short depressive episode between visits and have
recovered by next follow-up visit. However, because the mean
time between visits was relatively short (mean < 12 months), this
is unlikely to have occurred in a significant number of patients.

On a univariate basis, depression was predicted (with p<0.15)
by a longer disease duration, a more advanced stage of the

disease, a worse ADL score, usage of antiparkinsonian
medications and a higher LED, initial and baseline symptoms’
location other than in extremities (i.e. axial symptoms), as well as
a family history of MND. However, following multivariate
stepwise Cox regression analysis, a longer symptomatic PD
duration (p=0.007), increased impairment in ADL (p=0.001), and
a positive family history of MND (p=0.043) at first clinic visit
were the only significant predictors for depression (Table 3).
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PD=Parkinson Disease; UPDRS=Unified Parkinson Disease Rating
Scale; H&Y=Hoehn and Yahr Scale; LED=Levodopa Equivalent Dose;
MD=Movement Disorder; NDD=Neurodegenerative Disorder;
AD=Alzheimer Disease; MND=Motor Neuron Disease; SD=Standard
Deviation

Mean (SD)

Age at baseline (years) 70.8 (9.1)

Age at symptomatic PD onset (years) 64.5 (10.5)

Follow-up from initial visit (years) 3.9 (3.1)

Follow-up from symptomatic PD onset (years) 10.3 (6.1)

Modified UPDRS motor score 30.2 (14.6)

H&Y stage 2,3

LED (mg/day) 526.2 (343.9)

N (%)

Patients on antiparkinsonian medication 421 (62)
Gender

Female
Male

221 (32) 

464 (68)
Handedness

Right
Left
Ambidextrous 

627 (91)
45 (7)
13 (2)

History of depression
No

Yes

457 (67)
228 (33)

Family history of PD
No
Yes

581 (85)
104 (15)

Family history of AD
No
Yes

638 (93)
47 (7)

Family history of MND
No

Yes

680 (99)
5 (1)

Family history of other MD / NDD
No
Yes

637 (93)
48 (7)

Table 1: Demographic, historical and clinical characteristics
of patients with PD at baseline

Figure: Cumulative survival time from symptomatic PD onset to
occurrence of depression. Patients without depression when an
observation time ends were censored.
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DISCUSSION
The present study determined the cumulative survival time to

depression in a prospectively studied clinical series of patients
with PD, estimated the proportion of patients developing
depression, and identified characteristics at first clinic visit that
predict depression in PD.

The mean cumulative survival time to depression was 7.86
years (95% CI: 7.40 - 8.32) from symptomatic extrapyramidal
onset of PD, while the median survival time was 5.69 years (95%
CI: 5.26 - 6.12). To our knowledge, the survival time to
depression has not been systematically assessed or reported in
patients with PD.

Rojo et al analyzed outcome of depressive symptoms within
2.7±1.6 years from an initial visit in 184 parkinsonian patients.
The study showed that 25% of patients assessed at initial visit as
“normal” (i.e. without depression) worsened eventually to the
depressive level at follow-up visit according to the Geriatric
Depression Scale (GDS) score.25 In our study, 42% of patients
developed depression within five years and 72% within ten years
of symptomatic PD onset according to conducted survival
analysis. Moreover, 33% of studied patients had a positive
history of depression as recorded at first clinic visit while 18% of
patients were depressed at that time point. Interestingly, neither
history of depression nor presence of depressive symptoms at
first clinic visit was identified as a predictor for future diagnosis
of depression in our study.

Personal history of depression was established as a risk factor
for depression in the general population.26,27 In contrast, as
reported by Leentjens et al, personal history as an individual
variable was not statistically significant, neither in bivariate nor
multivariate models in PD.28 However, the five general risk
factors as a group, including personal history of depression, were
predictors of depression in PD in the same study. The association
between higher initial GDS score and subsequent development
of depression in PD was previously reported by others.25

In our study, based on first clinic visit characteristics, most of
the factors examined were not helpful to identify individuals
with an increased risk of depression. However, the development
of depression was predicted by a greater impairment in ADL, a
longer symptomatic PD duration, and a family history of MND.

Previous cross-sectional studies showed a relationship
between ADL and depression.9,29 Similarly, Rojo et al confirmed

significance and independence of the UPDRS Part II score in
predicting the GDS score. However, the prospectively designed
part of the same study did not reveal any relation between
functional impairment and outcome of depressive symptoms.25
Although a prospective study by Brown et al showed depression
and disability in ADL being closely associated at a single
assessment, the dynamic relationship between changes in both
variables remained more complex.30 It should be emphasized that
both referred prospective studies did not look directly for
predictors of a novel depression episode.

As with previous studies,3,25 we did not identify age and age
at symptomatic PD onset as predictive factors for future
development of depression. However, longer symptomatic PD
duration was a characteristic that predicted depression. Similar
results were reported by some,31,32 but not all investigators.25,33

Family history of MND was a predictor for development of
depression during the course of PD in our cohort. To our
knowledge, such a relationship has not been reported before,
potentially because the family history of neurodegenerative
disorders was not collected or analyzed in detail. It is speculated
that a diagnosis of MND in one of the family members may
induce depression even in distant relatives with PD34, given the
devastating and fatal nature of MND and the higher
predisposition of parkinsonian patients to develop depression.

Although previous studies have reported a number of other
factors associated with depression in patients with PD including
higher UPDRS score, higher requirement of levodopa, motor
fluctuations, severe motor disability, akinesia, right side
predominance of parkinsonian symptoms, axial bradykinesia,
gait and balance problems, early onset of disease, anxiety,
psychosis, and cognitive impairment,2,9,29,32,33,35-38 predictors for
depression in PD remain only partially established. The
predictive factors that emerge across studies have been
inconsistent due to a number of methodological limitations (e.g.
small sample size, varied inclusion criteria, and an inconsistent
operational definition of depressive symptomatology).

Our study has several limitations. First, the detection of
depression was the result of an active inquiry regarding the
presence of depressive symptoms and antidepressant usage, as
well as the clinician-based assessment of symptoms. We admit
that a broader approach to assessment of the symptoms might
have improved sensitivity although presumably with loss of
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PD=Parkinson’s disease; aEstimation is limited to the largest survival time if it is censored.

Mean
a

Median

95% Confidence Interval 95% Confidence Interval
Estimate 

(years)

Std. 

Error
Lower Bound 

(years)

Upper Bound 

(years)

Estimate 

(years)

Std. 

Error
Lower Bound 

(years)

Upper Bound 

(years)

7.86 0.23 7.40 8.32 5.69 0.22 5.26 6.12

Table 2: Time from symptomatic PD onset to depression
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specificity. On the other hand, we conducted the evaluation of
depressive symptoms in an “inclusive” manner, regardless of
their potential overlap or causal attribution. Such an “inclusive”
rather than “etiologic-exclusive” approach was recently
recommended by the NINDS/NIHMWork Group on Depression
and Parkinson’s disease.39 An inclusive approach gives a higher
chance to identify the majority of cases with significant
depression, recognizing the broad spectrum of depressive
disturbances present in PD. We admit that this strategy may have
led to partially inflated rates of positive diagnosis, especially in
cases with non-major depression. However, we required the
presence of depressed mood or anhedonia (but not decreased
interest as a core symptom), which should have eliminated a
diagnostic overlap with apathy and cognitive impairment.
Moreover, there is still no established gold standard guideline for
recognition of depression in PD and no reliable diagnostic
method for PD-depression being both specific and sensitive for
the full spectrum of depressive syndromes in PD. Given that, we
used a considered diagnostic interview to define diagnosis of
depression in our cohort.

The aim and design of this study did not focus on predictive
factors for distinct, homogenous subgroups of PD-depression.
Therefore, we did not determine the data for major and minor
depression, dysthymia or subsyndromal depression separately.
We did not separate the subgroups of PD-depression because it is
not firmly established whether dysthymia and major depression
are distinct problems or parts of a depressive continuum. We did
not explore some unmeasured effects of both disease (e.g.
personal attitudes to disability, personal experiences related to
primary disease, health beliefs) and environment (e.g. family or
society support). Furtheremore, family history of depression or
other psychiatric diseases, which may be important factors to
consider, were not collected and included in our analysis.

We also acknowledge that this is a clinic-based cohort.
However, previous analyses of this database demonstrate the
demographics and clinical characteristics are very similar to,
albeit smaller, population-based cohorts.8 Nevertheless, the
patient cohort may have different risks for depression than those
from a population-based study, although no large scale PD
population-based studies have investigated depression. Finally,
since the follow-up was not strictly regular for some patients, the
onset of depressive symptoms was defined as the date of the first
occurrence of clinical assessment (by RJU) indicating
depression.

Strengths of our study include follow-up with survival time to
depression, the percentage of patients developing depression and
the predictive factors for depression in PD being investigated
simultaneously. Our data were collected prospectively and in an
extensive parkinsonian cohort having at least one subsequent
visit following first clinic visit, with the average follow-up
length of ten years from extrapyramidal symptoms’ onset.
Additionally, numerous demographic, historical and clinical
factors were recorded and analyzed as potential predictors for
depression in PD.

In conclusion, while it has been recognized that depression
may be a preliminary symptom heralding a diagnosis of
Parkinson’s disease, our study emphasizes the need for ongoing
scrutiny for depression throughout the course of illness. In
particular, those with greater impairment in ADL, longer

symptomatic PD duration and familial history of MND are at
greater risk for development of depression. Given that disease
duration and familial history are not modifiable risk factors,
concerted efforts towards early identification and ADL
improvement are critical for timely treatment and better quality
of life.
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Gender and age + only significanta predictors are presented;
aUnivariate features’ significance of p < .15 was used as criterion for
inclusion in multivariate stepwise Cox regression model; *, as assessed
at first clinic visit; MND=Motor Neuron Disease; H&Y=Hoehn and
Yahr Scale; ADL=Activity of Daily Living; MD=Movement Disorders;
LED=Levodopa Equivalent Dose

Univariate
a

Multivariate

Variable Description
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Initial symptoms’ location at: 
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Symptoms’ location*:

Other than in extremities (i.e. 
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H&Y stage* .093 .330

ADL overall capacity* .063 .001

Current MD medications* .060 .064

LED* (mg) .106 .271

Table 3: Cox regression analysis of time to depression
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