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in patients, we observed a decrease from time of diagnosis 
and until the 1-year visit, followed by a steady increase in 
these symptoms over time. Factors associated with higher 
MADRS score in the multivariable model were female sex, 
being dependent, higher pain score, higher Unified PD Rat-
ing Scale (UPDRS) motor score, and lower Mini-Mental 
State Examination (MMSE) score. The results from this 
study underscore the importance and frequency of depres-
sive symptoms in patients with early PD. Furthermore, risk 
factors that may be considered PD-nonspecific are associ-
ated with depressive symptoms as are factors that reflect the 
progression of PD.

Keywords Parkinson’s disease · Depression · Non-motor 
symptoms · Epidemiology · Natural history · Cohort study

Introduction

Depression is perhaps the most frequent cause of emotional 
suffering in later life in the general population and signifi-
cantly reduces quality of life in older adults and their car-
egivers [1]. Major depression occurs in 1–3% of the general 
elderly population, and an additional 8–16% have clinically 
significant depressive symptoms [2]. In patients with Par-
kinson’s disease (PD), the prevalence of depression has been 
found to be substantially higher [3].

The available information on occurrence, profile of the 
depressive syndromes, and risk factors of depressive dis-
turbances in PD (dPD) is primarily based on data from 
cross-sectional studies. Only few studies have examined 
the course of dPD over several years and usually with just 
two measurements [4–6]. Studies of depression over time 
in prospectively followed cohorts of patients with PD and 
comparable controls could supplement our knowledge on 

Abstract Depression is common in patients with Parkin-
son disease and causes suffering and increased caregiver 
burden. A better understanding of depressive symptoms in 
Parkinson disease, their progression, and risk factors may, 
therefore, benefit management of these patients. The pre-
sent study included 187 drug-naïve patients with incident 
PD and 166 controls from the population-based Norwegian 
ParkWest project. Depressive symptoms were examined 
with the Montgomery and Aasberg Depression Rating Scale 
(MADRS) at time of diagnosis and inclusion in the study 
and after 1, 3, 5, and 7 years of follow-up. Associations 
between MADRS scores and risk factors were assessed using 
generalized estimating equations (GEE). The mean MADRS 
score from all 823 examinations during the study period was 
4.2 in patients and 1.3 in 732 examinations among controls. 
Among controls, the occurrence of depressive symptoms 
was also lower and rather stable during follow-up, while 
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several essential issues related to depression in patients with 
PD. First, data from longitudinal studies could improve our 
understanding of the natural history of depression in PD [7]. 
Second, to study the development of subtypes of dPD such 
as dysphoria, retardation, and vegetative symptoms [8] may 
clarify the relationship between depression and the symp-
tomatology of PD. Third, a longitudinal study design also 
represents a more comprehensive approach to examine the 
importance of PD-specific and PD-nonspecific risk factors 
in the etiology of dPD [9].

The aim of the present study was, therefore, to examine 
these issues in The Norwegian ParkWest study. Patients and 
controls had longitudinal follow-up of depressive symptoms 
from time of diagnosis and until 7 years later.

Methods

Study design

The Norwegian ParkWest project is a prospective longi-
tudinal cohort study of unselected patients with incident 
PD and non-PD control subjects designed to examine the 

progression of motor and non-motor problems over time in 
PD. In the current study, we describe the development and 
risk factors of dPD from the time of diagnosis and until 7 
years of follow-up.

Patients and controls

Patients diagnosed with PD and non-PD controls were 
recruited between November 1, 2004 and August 31, 2006. 
The recruitment strategies have been described previously 
in detail [10]. Of 212 patients with PD in the original 
cohort, 207 were drug naïve at baseline. During follow-up, 
20 patients have been rediagnosed to not having idiopathic 
PD. The remaining 187 patients fulfilled both the United 
Kingdom Brain Bank [11] and Gelb [12] diagnostic criteria 
at their latest follow-up visit. A total of 205 non-PD controls 
were recruited from friends and spouses of patients with PD, 
or from social clubs for elderly. After matching for age and 
sex, 166 controls were eligible for the present study.

During the 7-year follow-up period, 43 patients and 42 
controls had dropped out of the study, see Fig. 1. Thirty-four 
patients and 14 controls had died and nine patients and 28 
controls had withdrawn for other reasons. Average (total) 

Fig. 1  Flow chart of study cohort
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follow-up time was 6.0 (1130) years among patients and 5.9 
(983) years among controls.

Examinations

Standardized examinations of patients and controls were 
performed by members of the ParkWest study group at base-
line and after 1, 3, 5, and 7 years of follow-up. Participants 
unable to attend the clinic were examined at their homes or 
in nursing homes. Information regarding demographic vari-
ables, medical history, and medications, including antide-
pressants, was obtained during a semi-structured interview. 
Information was also collected from the patients’ caregivers.

A neurological examination was performed by a study 
neurologist experienced in movement disorders. Severity of 
parkinsonism and problems with functioning were assessed 
using the motor and activity of daily living sections of the 
Unified PD Rating Scale (UPDRS-M and UPDRS-ADL) 
[13]. Pattern of dominating motor symptoms was catego-
rized as tremor dominant, postural instability and gait dif-
ficulties (PIGD) or indeterminate motor phenotypes [14]. 
As a proxy for symptoms of pain, we applied item 17 of 
the UPDRS (0 = none sensory complaint related to parkin-
sonism; 4 = excruciating pain). This measure of pain may 
include sensory deficits due to polyneuropathy. Cognitive 
functioning was evaluated by the Mini-Mental State Exami-
nation (MMSE) [15]. Study data also include daily levodopa 
equivalent dose (LED) [16] and Charlson comorbidity index 
[17], which has been shown to be a valid and reliable [18] 
comorbidity index in both patients and controls. The Schwab 
and England activities of daily living scale [19] were used 
as a measure of dependence among the patients with PD at 
each study visit, with scores below 80% considered to be 
indicative of a dependent state.

Assessment of depressive symptoms

Severity of depressive symptoms was evaluated by the Mont-
gomery and Aasberg Depression Rating Scale (MADRS) 
[20]. The MADRS is a ten-item observer-rated scale that 
has been recommended by a Movement Disorder Society 
task force to examine dPD in epidemiological studies [21]. 
Although the MADRS is not developed as a diagnostic tool, 
cutoffs may be applied to describe diagnostic categories 
of depression. The study participants were defined to be 
not depressed (scores 0–6) [22], to have minor depression 
(scores 7–14), or to have major depression (scores above 
14) [23] at the different visits during follow-up. In total, 
1555 MADRS examinations were performed. In addition, 
18 single visits had incomplete or missing registrations of 
MADRS. Based on data from the neuropsychiatric inven-
tory (NPI) [24] and item 3 (depression) from the UPDRS, 
we found that for nine of these 18 visits, there were no 

depressive symptoms. The MADRS examination was only 
missing from one patient observation with indication of 
major depression.

We also applied a three-factor model of MADRS to 
measure possible subdimensions or subgroups of depressive 
symptoms [8]. Subdimensions included dysphoria (reported 
sadness, pessimistic thoughts, and suicidal thoughts), retar-
dation (apparent sadness, concentration difficulties, lassi-
tude, and anhedonia), and vegetative symptoms (reduced 
sleep, reduced appetite, and inner tension).

Statistical analysis

The selection of controls included in this study for com-
parison with PD patients was based on frequency match-
ing within 5-year age groups and sex. Descriptive statistics 
were presented as means and standard deviations (SD) and/
or medians and interquartile ranges (IQR) for continuous 
variables and as counts and percentages for categories. Fur-
thermore, for variables where a ceiling or floor effect was 
observed, the counts and percentages with maximum/mini-
mum score were indicated. Associations between MADRS 
scores and risk factors among patients were assessed using 
generalized estimating equations (GEE) with an independent 
working correlation matrix and with robust estimation of 
standard errors [25]. Due to highly skewed distributions of 
MADRS scores, including scores of zero, a negative bino-
mial regression model was chosen; thus, effects are given as 
ratios of means (RM). The dispersion parameter was esti-
mated by maximum likelihood. We assumed linear effects 
of all continuous factors including time since baseline, thus 
ignoring the initial drop in mean MADRS scores during 
the first year of follow-up. All statistical analyses were per-
formed in IBM SPSS Statistics v. 23. Charts were created 
in SPSS and Excel.

Results

In total, 187 patients with PD and 166 non-PD controls were 
included in this study. Table 1 shows baseline character-
istics of the participants. Patients were similar to controls 
regarding comorbidity, but had more pain and depressive 
symptoms at baseline.

Depressive symptoms during follow‑up for patients 
and controls

The mean MADRS score from all 823 examinations during 
the study period was 4.2 (median 2; IQR 0–6) in patients and 
1.3 (median 0; IQR 0–2) in 732 examinations among con-
trols, indicating a tenfold higher depressive load in patients 
as compared with controls.
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Figure 2 shows mean observed MADRS scores for all 
available observations from baseline and until the 7-year 
visit for patients and controls. The corresponding results 
for participants that completed all five visits during the 
study period were near identical (data not shown). Among 
controls, the occurrence of depressive symptoms was low 
and stable during follow-up, while in patients, we observed 
decreased dPD from baseline and until the 1-year visit 

when 87% were on dopaminergic medication. Thereafter, 
we found a steady increase in these symptoms. The patients 
had significantly more depressive symptoms than the con-
trols during the whole study period.

In Fig. 3, we present all recorded relative frequencies 
of minor and major depressions at each study visit for the 
participants. Again, the patients have clearly more of both 
major and mild depressions compared to the controls. The 
increase over time is most prominent for major depression 
that increases from 3 to 4% at baseline and the 1-year visit 
and up to about 10% after 7 years of follow-up.

Among the 187 patients with PD in this study, 87 (47%) 
never experienced mild or major depression. Thirty-four 
patients (18%) had a least one observation with MADRS 
score above 14. Among these, 12 had remissions and seven 
a chronic course, ten patients had major depression only at 
the last 7-year visit, and five had one such observation and 
died before the next visit. One patient had major depression 
at baseline and then withdrew from the study. Among the 
66 patients (35%) with at least one observation with mild 
depression but never major depression, 39 had minor depres-
sion as an intermittent complaint, 15 patients had this only at 
the baseline examination, and 12 had chronic, mild depres-
sive symptoms during the study period.

We also examined the longitudinal development of dys-
phoria, retardation, and vegetative depressive symptoms in 
the patients with PD and in the controls. Figure 4 shows 
that all three subdimensions of depression were rather stable 
or slowly increasing over time in controls during follow-up 
and less prominent than in patients with PD. Among the 
patients, all subdimensions improved during the first year 
after diagnosis, but less marked for vegetative symptoms. 
These symptoms and retardation showed higher scores than 

Table 1  Baseline characteristics of participants

Figures given as mean (standard deviation) unless otherwise indicated
PD Parkinson’s disease, UPDRS Unified Parkinson’s Disease Rat-
ing Scale, UPDRS-M UPDRS Motor, UPDRS-ADL UPDRS activi-
ties of daily living, PIGD postural instability and gait difficulties, 
MMSE mini-mental state examination, MADRS montgomery and 
aasberg depression rating scale, MADRS dysphoria: reported sadness, 
pessimistic thoughts, suicidal thoughts, MADRS retardation: appar-
ent sadness, concentration difficulties, lassitude, anhedonia, MADRS 
vegetative symptoms: reduced sleep, reduced appetite, inner tension. 
Dependence defined as having score < 80% on Schwab and England 
activities of daily living scale

Patients with PD Controls

No. 187 166
Age, years 67.8 (9.3) 67.5 (9.2)
Female 74 (40%) 66 (40%)
UPDRS-M total score 23.3 (11.3) –
UPDRS-ADL total score 8.9 (5.1)

1 (1%) zeros
0.5 (1.1)
116 (70%) zeros

PIGD phenotype
 PIGD 77 (41%) –
 Indeterminate 20 (11%) –
 Tremor dominant 90 (48%) –

UPDRS-ADL sensory complaints
 0 124 (66%) 155 (93%)
 1 41 (22%) 7 (4%)
 2 14 (8%) 2 (1%)
 3 8 (4%) 2 (1%)

MMSE score 27.7 (2.5)
42 (23%) top score

28.6 (1.5)
51 (31%) top score

Charlson comorbidity index
 0 116 (62%) 107 (64%)
 1 38 (20%) 31 (19%)
 2 25 (13%) 20 (12%)
 3 or more 8 (4%) 8 (5%)

Schwab and England ADL 88.0 (9.7) –
Dependence 12 (6%) –
MADRS total score 4.6 (5.0)

46 (25%) zeros
1.0 (2.2)
119 (72%) zeros

MADRS dysphoria 0.31 (0.48)
114 (61%) zeros

0.05 (0.20)
148 (89%) zeros

MADRS retardation 0.58 (0.66)
68 (36%) zeros

0.06 (0.17)
142 (86%) zeros

MADRS vegetative symp-
toms

0.44 (0.62)
92 (49%) zeros

0.20 (0.49)
131 (79%) zeros

Fig. 2  Mean MADRS scores with confidence intervals during the 
7-year follow-up period for patients (black) and controls (grey). Data 
shown for available observations at each study visit
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dysphoria throughout the study period and with a near iden-
tical development over time for all subdimensions.

At baseline, 12% of the patients with PD and 2% of the 
controls were using antidepressant medication. During fol-
low-up, the proportions of patients (11–16%) and controls 
(2–7%) using antidepressants were rather stable.

Possible risk factors associated with depressive 
symptoms for PD patients

Table 2 shows the univariable and multivariable associa-
tions between possible risk factors and higher levels of 
depressive symptoms during 7 years of follow-up for the 
PD patients. In the univariable analysis, we found signifi-
cant relations between MADRS score and each of PIGD 
status, dependence status, pain score, UPDRS-M score, 
UPDRS-ADL score, and MMSE score. The mean levels 
of MADRS scores increased annually by an estimated 4% 
(RM 1.04; 95% CI 1.01–1.07).

UPDRS-ADL was excluded from the multivariable 
model due to multicollinearity issues. We found no effect 
of duration of follow-up (ageing) on mean MADRS scores 
when controlling for all other covariates. The factors that 
were statistically significant in the adjusted analysis were 
sex, dependence status, pain score, and UPDRS-M score. 
With the exception of sex, the estimated effects for all 
risk factors decreased substantially when adjusting for the 
other covariates.

The unadjusted effect of LED on MADRS score was 
negligible (RM per 100  mg: 1.01, 95% CI 0.99–1.04, 
p = 0.31) and entering LED into the multivariable model 
in Table 2 did not substantially alter the results for the 
other predictors, nor did it contribute significantly to 
the model (RM per 100 mg: 1.01, 95% CI 0.97–1.06, 
p = 0.56).

Fig. 3  Relative frequencies of major and minor depressions during 7 years of follow-up for patients and controls. Data shown for available 
observations at each study visit

Fig. 4  Mean scores of vegetative symptoms (solid lines, diamonds), 
dysphoria (dotted lines, squares), and retardation (dashed lines, trian-
gles) as subdimensions of depressive symptoms during the 7-year fol-
low-up period for patients (black; filled symbols) and controls (grey; 
open symbols). Data shown for available observations at each study 
visit
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Discussion

This study shows that patients with PD had both at time of 
diagnosis and during 7 years of follow-up threefold more 
depressive symptoms than a carefully matched control 
group. We observed a decrease in dPD between baseline and 
1-year follow-up, followed by a steady increase in symptoms 
during the remaining study period. At the 7-year visit, about 
10% of the patients had major depression. In the majority 
of patients, the presence of dPD was inconsistent, with fre-
quent remissions. The increase in depressive symptoms 
was not caused solely by increasing vegetative symptoms 
that may overlap with symptoms of PD itself, but also by 
an equally important and steady increase of dysphoria and 
retardation. The severity of parkinsonism seemed to have an 
influence on dPD. However, PD-nonspecific factors, i.e., sex, 
dependency, and pain, were also found to be independently 
associated with these symptoms. The results from this study 
underscore the importance and frequency of dPD in patients 
with early PD. Furthermore, our findings indicate that also 
depressive symptoms that do not overlap with symptoms of 
PD are important for the observed deterioration of mood in 
these patients.

This is the first study to explore the natural history of 
depressive symptoms in an unselected long-term cohort 
study of patients with incident PD and an age- and sex-
matched control group. A systematic review [3] of cross-
sectional studies has shown that 17% of PD patients have 
major depression and even more patients have less pro-
nounced dPD. Of note, these high figures seem to be caused 
partly by studying selected patient populations. The previous 
studies of depression in early PD have also been based on 

such cohorts and show higher frequencies than those found 
in this population-based approach [4, 6]. Still, we found that 
depressive symptoms were about threefold higher in patients 
with early PD than in comparable controls.

The longitudinal development of depressive symptoms 
showed a marked improvement in patients from the time 
of diagnosis and until the 1-year follow-up visit when the 
majority of them were treated with dopaminergic medica-
tions. This may have been caused by an improvement of 
parkinsonism and physical functioning or by social–psycho-
logical factors related to having received a diagnosis or a 
reassuring management support from the study group. Still, 
the improvement was rather strong and could, therefore, 
support the notion that dopaminergic drugs also improve 
depression at least in early PD, although there is no clear 
evidence from controlled class I trials of such effects [26]. 
However, D2 agonists seem to be proven as antidepressants 
in some PD patients [27].

A few studies have examined the long-term longitudinal 
development of dPD, but only with examinations of depres-
sion at the first and last observation in the studies [5, 28]. In 
this study, we found that the improvement of dPD during the 
first year after diagnosis was followed by a steady increase 
of such symptoms during the next 6 years of follow-up. In 
addition, both major depression and less pronounced depres-
sive symptoms were increasingly present, and after 7 years, 
about 30% had dPD. This was clearly higher than at the 
1-year visit, but not different from the findings at baseline. 
In contrast, the frequency of more severe depressive symp-
toms showed a threefold increase from baseline until the 
7-year visit, at which 10% of the patients had a MADRS 
score compatible with the presence of major depression. 

Table 2  Factors associated 
with depressive symptoms in 
187 PD patients, based on 805 
longitudinal observations

PD Parkinson’s disease, UPDRS Unified Parkinson’s Disease Rating Scale, UPDRS-M UPDRS motor, 
UPDRS-ADL UPDRS activities of daily living, PIGD postural instability and gait difficulties, MMSE mini-
mental state examination, MADRS montgomery and aasberg depression rating scale. Dependence defined 
as having score < 80% on Schwab and England activities of daily living scale
Results from GEE (generalized estimating equations) analysis with a negative binomial regression model; 
RM ratio of means, CI confidence interval, p p value from Wald Chi-square test

Risk factors Unadjusted Adjusted

RM (95% CI) p RM (95% CI) p

Time invariant
 Female sex 1.17 (0.92; 1.50) 0.20 1.31 (1.01; 1.69) 0.042
 Age at baseline, decades 1.11 (0.96; 1.29) 0.15 1.00 (0.86; 1.16) 0.98

Time varying
 Time since baseline, years 1.04 (1.01; 1.07) 0.017 0.99 (0.96; 1.03) 0.71
 PIGD dominant 1.28 (1.05; 1.56) 0.013 1.03 (0.84; 1.27) 0.75
 Dependence 2.13 (1.74; 2.60) <0.001 1.39 (1.07; 1.80) 0.014
 UPDRS-ADL sensory complaints 1.23 (1.13; 1.35) <0.001 1.17 (1.07; 1.28) 0.001
 UPDRS-M per 10 points 1.29 (1.19; 1.40) <0.001 1.19 (1.08; 1.32) <0.001
 UPDRS-ADL per 5 points 1.31 (1.22; 1.39) <0.001 – –
 MMSE score per 5 points 0.74 (0.65; 0.83) <0.001 0.91 (0.79; 1.04) 0.15
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This observation is in line with the view that depression in 
PD is increasing with either more severe brain pathology or 
more dependence as the disease progresses.

The potential overlap between symptoms of mood disor-
ders and PD may represent a diagnostic challenge with the 
possibility of both over- and underdiagnosing depression 
in PD patients [29]. In addition, the somatic or vegetative 
symptoms of PD may bias the results from studies using 
depression rating scales like MADRS to examine and follow 
dPD over time in cohort studies. To investigate this pos-
sible bias, we also examined the levels and development of 
the three subdimensions such as dysphoria, retardation, and 
vegetative symptoms [8]. We found almost identical devel-
opment over time for all subdimensions and that vegetative 
symptoms were also important in controls. This indicates 
that the confounding effect by somatic symptoms does not 
seem to be an important problem when using total scores 
from rating scales to evaluate depression in at least patients 
with early PD.

The main findings from this study were related to the 
natural history of PD on a group level. Still, we have some 
information regarding its development in individual patients. 
Our data show that the intensity of dPD varies over time and 
that these symptoms can be reversed. This is also in line 
with observations of new depressive episodes and remis-
sions in the general elderly population [30]. This finding 
should encourage an optimistic approach to management of 
depression in patients with PD.

The increased frequency of depression in patients with 
PD as compared to the general elderly population may be 
caused by the biology of PD itself or by living with a chronic 
disease that causes several distressing symptoms and vari-
ous degrees of dependence [7]. It has been postulated that 
PD-nonspecific risk factors for depression may be more 
prominent markers of depression in patients with PD than 
PD-specific factors [31]. We have, therefore, examined the 
influence of different PD-specific and nonspecific factors on 
the level of MADRS scores during this longitudinal cohort 
study. We found in the adjusted multivariable model that 
higher scores were found in patients with more severe par-
kinsonism. In addition, female sex, presence of dependence, 
and higher pain score were independently associated with 
higher MADRS scores. The interpretation of these findings 
is not straightforward as only sex is not directly or indi-
rectly influenced by the severity of the disease process of 
PD. Still, the levels of pain and functional impairment seem 
to be important for depression as well as the development of 
PD itself, and actions that relieve pain and dependence may 
also reduce depressive symptoms.

Dropout among patients was dominated by deaths, with 
18% in total over 7 years, whereas elective dropout summed 
to 5%. Dropouts are handled by applying statistical models 
that relate to the dynamic cohort of participants [25], which 

for patients approximates to the dynamic cohort of survivors. 
There were more elective dropouts among the controls, 17% 
over the 7 years. Elective dropouts were approached for their 
reasons for opting out of the study, which ranged from hav-
ing a busy life or moving, to increased burden as caregiver 
and other health conditions. When comparing the distribu-
tions of depressive symptoms at each visit for those dropping 
out before the next visit (for any reason, including death) vs. 
those staying in the study, we found that they were, overall, 
quite similar. This may be an indication that the presented 
results are representative of the study population.

The major limitation of this study is the use of a depres-
sion rating scale and not diagnostic interviews to determine 
level and type of dPD and presence or not of clinically sig-
nificant depressive symptoms. We have, however, examined 
the severity of depressive symptoms at more than 1500 study 
visits, and the MADRS has been recommended for such pur-
poses in PD by an international group of movement disorder 
experts [21]. We also believe that our findings from the sub-
dimensions of MADRS show that the presented results are 
valid and thus bring new and important information on the 
natural history of depressive symptoms in PD. Strengths of 
this study include the use of a large long-term cohort study 
of unselected and carefully examined patients with PD and 
a well-matched control group over 7 years. Participants were 
followed prospectively with a well-designed study program 
and repetitive measurements of depression, and great efforts 
have also been invested to keep attrition of participants to 
a minimum.

Depression is correlated with poor quality of life in 
patients with PD and increased caregiver burden [32]. This 
study shows that depressive symptoms are a complaint of a 
substantial proportion of patients already at time of diag-
nosis and more severe symptoms are increasingly present 
during the first 7 years after diagnosis. These distressing 
depressive symptoms include both dysphoria and retardation 
in addition to vegetative symptoms that may be confused 
with parkinsonian symptoms. Furthermore, general predict-
ing factors for depression such as female sex, dependence, 
and pain may be as important for the increased depressive 
symptoms as the disease itself. These findings on the natural 
history of depressive symptoms in early PD should be con-
firmed in other long-term cohort studies and also extended 
into the more advanced stages of the disease.
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