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Abstract

Introduction—Anxiety, depression and insomnia are each common and frequently co-occur in 

Parkinson’s disease (PD) patients. Yet, little is known about their temporal relationship. In this 

study, we tested two hypotheses: i) insomnia predicts an increase in symptoms of depression or 

anxiety and ii) anxiety or depression at baseline predicts the occurrence of insomnia in PD patients 

six months later.

Methods—We used longitudinal data from an ongoing prospective cohort study in early-stage, 

still medication-naïve PD patients. Primary outcome measures were: anxiety symptoms (measured 

with the State-Trait Anxiety Inventory score), depressive symptoms (measured with the 15-item 

Geriatric Depression Scale score) and insomnia (defined as a score ≥ 2 on item 1.7 of the 

Movement Disorder Society – Unified Parkinson’s Disease Rating Scale). We performed linear 

and logistic regression analyses, correcting for baseline value of the respective outcome variable.

Results—We included 361 subjects. The was not an association between baseline insomnia and 

subsequent anxiety (B(SE)=1.75 (1.81), p=0.33) and depression (B(SE)=0.49 (0.31), p=0.11). 

However, baseline symptoms of both anxiety (B(SE)=0.02 (0.01), p=0.001) and depression 

(B(SE)=0.15 (0.05), p<0.01) independently predicted insomnia at follow-up.

Conclusion—Insomnia is not a risk factor for subsequent symptoms of affective disorders, but 

symptoms of anxiety and depression predict future insomnia in unmedicated, early-stage PD 
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patients. This suggests that affective symptoms are a risk factor or prodrome for the development 

of insomnia in PD, and therefore a target for prevention research.
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INTRODUCTION

Parkinson’s disease (PD) is accompanied by many non-motor symptoms, including sleep 

disorders, anxiety and depression. PD patients report that non-motor symptoms have an even 

higher negative impact on quality of life than the motor symptoms [1, 2]. Affective disorders 

have a major impact on daily functioning and are associated with more severe cognitive 

impairment and motor symptoms [3–6]. Insomnia, including complaints of an insufficient 

amount of sleep due to difficulties falling asleep, sleep fragmentation or early awakening, 

occurs in up to 40% of PD patients [7, 8]. Clinically relevant symptoms of depression occur 

in 35% [9] and of anxiety in approximately 25% of PD patients [10]. These prevalence rates 

are substantially higher than in age-matched controls or the general population [8, 11, 12]. Co-

occurrence of these symptoms in PD patients is common; in approximately 40% of cases, 

anxiety co-exists with depression [13].

Despite the frequent occurrence and negative impact of anxiety, depression and insomnia in 

PD patients, little is known about their course and interaction. In non-PD samples, the 

relationship between insomnia and affective disorders (i.e. anxiety and depression) has been 

studied extensively, leading to different hypotheses. The first hypothesis is that insomnia 

precedes depression and anxiety, and therefore can be viewed as a risk factor or a prodromal 

symptom of affective disorders [14–17]. Alternatively, affective disorders may cause a 

disturbance of sleep [15, 18]. In PD patients, an association between insomnia and both 

depression [8, 19–21] and anxiety [21] has been found in cross-sectional studies, but such 

investigations do not allow for determination of temporal order.

To our knowledge, no longitudinal study has examined the association between sleep 

disturbances and affective disorders in PD patients. A better understanding of the temporal 

evolution of these symptoms might provide a starting point for preventive strategies. We 

therefore analysed the relationship between insomnia and symptoms of depression and 

anxiety using data of an on-going prospective cohort study in early-stage, medication-naïve 

PD patients. We selected this study sample for two reasons. Firstly, clinical and research 

findings suggest that treatment with dopaminergic agents can affect sleep and mood in PD 

patients. Administration of levodopa suppresses REM sleep and lengthens REM sleep 

latency, while long-term treatment with dopamine agonists is associated with excessive 

daytime sleepiness and “sleep attacks” in PD patients [22]. Research and clinical findings 

also suggest that dopamine agonists may improve depressive symptoms [23]. Selection of a 

study sample of medication-naïve PD patients thus enabled us to assess the association 

between sleep and mood in PD, without the inference of treatment with antiparkinsonian 

agents. Secondly, research on starting points for prevention of insomnia and affective 
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disorders should be aimed at early-stage PD patients, since the prevalence of these disorders 

increases with disease duration [7, 24].

In this study, we performed a bidirectional analysis of the relationship between insomnia and 

symptoms of depression and anxiety in PD patients, in order to test two hypotheses: i) 

insomnia at baseline predicts an increase in symptoms of depression and/or anxiety over 

time and ii) the severity of anxiety or depression at baseline predicts the subsequent 

occurrence of insomnia in PD patients.

METHODS

Design and study procedures

We used data from the Parkinson’s Progression Markers Initiative (PPMI) [13], a prospective 

cohort study that collects longitudinal data to assess disease progression in PD patients. The 

study received ethical approval from the institutional board at each site. In the first year of 

participation in PPMI, assessments take place every three months. For this sub-study, we 

used the data that were collected at baseline (T0) and after approximately six months of 

follow-up (T1), since depression and anxiety measures were not performed at the initial 

three-month follow-up visit.

Study population

The study population consisted of early-stage, medication-naïve PD patients. For details on 

the inclusion criteria, we refer to the study protocol on the PPMI website: www.ppmi-

info.org. All subjects provided written informed consent.

In some subjects, PD medication needed to be initiated within six months from baseline. In 

this case, the subject was asked to come in for an advanced assessment instead of the regular 

follow-up assessment, so a final PD medication-free assessment could be performed. We 

excluded subjects in whom antiparkinsonian agents were initiated within three months from 

baseline, or between three and six months from baseline without having a medication-free 

assessment before T1. Finally, we excluded subjects with missing data for any of the 

primary outcome measures at T1.

Sample size—PPMI finished enrolment of 423 subjects in April 2013. Six-month follow-

up data was collected in 402 subjects. As a rule of thumb, the number of subjects needs to be 

ten times the number of covariates added to a prediction model. Since we added a maximum 

of 8 covariates to the prediction model (see section ‘Outcome measures’ below), we 

expected this sample size to be sufficiently powered.

Outcome measures

The primary outcome measures of our study were: anxiety, measured as the total score of the 

State-Trait Anxiety Inventory (STAI) [25], depressive symptoms, measured as the total score 

of the 15-item Geriatric Depression Scale (GDS-15) [26], and insomnia, defined as a score ≥ 

2 on item 1.7 of the Movement Disorder Society – Unified Parkinson’s Disease Rating Scale 

(MDS-UPDRS) [27].
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The STAI is a self-report questionnaire, which contains a ‘State’ subscale, designed to 

measure a temporary state of anxiety, and a ‘Trait’ subscale that measures a more persistent 

pattern of anxiety [25]. Clinically relevant anxiety in geriatric patients is defined as a STAI 

State score >54 [28]. The GDS-15 is a 15 –item self-report questionnaire regarding 

depressive symptoms [28]. In patients with PD, a score ≥5 is indicative of clinically relevant 

symptoms of depression [29–31]. Insomnia was rated on item 1.7 of the Movement Disorder 

Society – Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) [27]. Item 1.7 is a single 

question: “Over the past week, have you had trouble going to sleep at night or staying asleep 
through the night? Consider how rested you felt after waking up in the morning.” Although 

this is a one-item insomnia rating, it appears to be quite reliable: in a validation study by 

Gallagher et al (2012) [32], item 1.7 of the MDS-UPDRS had a strong positive correlation 

with the total score of the Pittsburgh Sleep Quality Index and Scales for Outcomes in 

Parkinson’s disease – Sleep, which are both recommended to assess sleep problems by the 

Task Force on Rating Scales for PD of the Movement Disorder Society [33]. In this study, we 

considered a MDS-UPDRS 1.7 score ≥2, indicating mild to moderate sleep problems that 

cause difficulties getting a full night of sleep, to be suggestive of insomnia.

Statistical analyses

All analyses were performed with IBM SPSS Statistics 22 (Armonk, NY, USA).

Demographics and clinical characteristics of the research population at baseline, and values 

of the outcome variables after approximately six months of follow-up, were summarized 

using percentages or mean scores with standard deviations. Correlations between continuous 

variables at baseline were calculated using Pearson’s correlation coefficients.

We used a linear regression analysis to assess whether the presence of insomnia at baseline 

predicted the severity of depressive symptoms after six months of follow-up. We corrected 

for baseline severity of depression by adding the baseline GDS-15 score to the model. 

Finally, we examined whether sex, age, severity of motor symptoms (measured with the 

MDS-UPDRS section III [27] score), global cognitive function (assessed with the Montreal 

Cognitive Assessment (MoCA) [34] score), and the use of antidepressants or anxiolytic/

hypnotic agents were confounding variables. Significant confounding was defined as a 

change in the regression coefficient of 10% or more. To assess whether sleep problems at 

baseline predicted anxiety after six months of follow-up, this analysis was repeated with the 

STAI total score as the dependent variable. To evaluate the inverse temporal relationship 

between these variables, we performed a logistic regression analysis with the presence of 

insomnia (0 = insomnia not present, 1 = insomnia present) as the dependent variable, and 

either severity of depression or anxiety at baseline as independent variables.

Alpha was set at p <0.05. We present the crude model (Model 1), the model adjusted for 

baseline value of the outcome variable (Model 2). For the final linear regression models we 

calculated the regression coefficient (B) with standard error (SE), standardized regression 

coefficient (β), 95% confidence interval and p-value. For the multinomial regression 

analyses we will report the odds ratio (OR) with its 95% confidence interval and p-value.
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Assumptions for regression analyses (normality and homoscedasticity of residuals) were 

checked. Multicollinearity was evaluated using the variance inflation factor (VIF). As a 

sensitivity analysis, we assessed whether there were significant differences in demographic 

and clinical characteristics at baseline between the included and excluded participants, using 

a t-test for continuous variables and Chi2-test for categorical variables.

RESULTS

Subjects

A flow chart of the study is presented in Figure 1. The total sample size of this sub-study 

consisted of 361 subjects.

As a sensitivity analysis, we compared the proportion of males and females, mean age, and 

mean total baseline score of the STAI, GDS-15, MDS-UPDRS section III and MDS-UPDRS 

item 1.7 for subjects that were included and excluded. There were no significant differences 

these groups.

Demographic and clinical characteristics of the study population are presented in Table 1. 

The prevalence of insomnia at baseline was 23.1%. Clinically relevant symptoms of anxiety 

and depression were present in 3.6% and 14.2%, respectively.

At baseline, the GDS-15 and STAI score had a moderate positive correlation (r=0.65, 

p<0.01). The MDS-UPDRS III score had a weak positive correlation with the STAI score 

(r=0.12, p<0.01) and a weak negative correlation with the MoCA score (r=−0.12, p<0.05). 

There were no significant correlation between the other baseline measures.

At follow-up, the prevalence of subjects with insomnia was 25.8%, with clinically relevant 

symptoms of anxiety and depression occurring in 4.2% and 18.6%. The mean STAI total 

score at follow-up was 66.0±19.7, the mean GDS-15 score 2.7±3.1. Thus, the frequency of 

insomnia and severity of affective symptoms increased slightly over the six-month period.

Relationship between insomnia and symptoms of depression and anxiety

Histograms demonstrated a positively skewed distribution of the residuals of the continuous 

outcome measures. As log transformation of the data only slightly improved normality of the 

distribution of the residuals of the STAI total score, we decided to use the original data for 

the analyses to maintain interpretability of results. Homoscedasticity was confirmed. The 

VIF ranged from 1.06 to 1.08, indicating non-collinearity of the data.

Results of the regression analyses are presented in Tables 2a and 2b. Baseline insomnia was 

not associated with symptoms of anxiety (B(SE)=1.75 (1.81), p=0.33) or depression 

(B(SE)=0.49 (0.31), p=0.11) at follow-up, after correcting the model for baseline severity of 

these affective symptoms (Table 2a). However, when looking at the reverse relationships, 

baseline symptoms of both anxiety (B(SE)=0.02 (0.01), p=0.001) and depression 

(B(SE)=0.15 (0.05), p<0.01) were significantly associated with presence of insomnia after 

six months of follow-up (see Table 2b).
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The use of anxiolytic/hypnotic medication at baseline was a positive confounder in the 

association between baseline insomnia and depression at follow-up. In the other 

associations, no significant confounding occurred for sex, age, severity of motor symptoms, 

global cognitive functioning, the use of antidepressants or the use of anxiolytic/hypnotic 

agents (data not shown).

DISCUSSION

We performed a bidirectional analysis on the relationship between insomnia and symptoms 

of depression and anxiety using data from the first six months of a prospective cohort study 

in early-stage, medication-naïve PD patients.

When testing our first hypothesis, we found that insomnia did not predict a change in 

affective symptoms over time; the association between baseline insomnia and both 

depression and anxiety at follow-up was no longer significant after correction for baseline 

severity of these affective symptoms. While longitudinal studies in PD patients on the 

association of insomnia and affective disorders are lacking, our findings are in line with a 

study in the general population, demonstrating that insomnia usually appears at the same 

time or after the onset of an anxiety disorder, rather than preceding it [15]. Our finding that 

insomnia did not predict depression contrasts with multiple studies in the general population, 

where insomnia was found to be a risk factor for the development of a depressive 

disorder [16, 18, 35, 36]. This difference may be explained by the fact that our study 

participants had relatively light mood disturbances; the prevalence rate of clinically relevant 

symptoms of depression at follow-up was 18.6%, while the prevalence is 35% in PD 

samples that include subjects with a more advanced disease stage [9].

When testing our second hypothesis, we found that baseline symptoms of both anxiety and 

depression predicted the occurrence of insomnia six months later. This is in agreement with 

epidemiological studies in the general population, where affective disorders are found to 

precede insomnia [15, 18]. Various explanatory models for this association have been 

proposed, including behavioral, psychological and physiological factors. Specifically, acute 

insomnia is generally viewed as a result of an acute stressor in an individual that is prone to 

sleep disturbances due to trait factors, like a tendency to ruminate or a genetically 

determined dysfunction in sleep-wake regulating circuitries [37, 38]. According to the 

behavioral model, maladaptive coping with sleep problems, like daytime napping and 

prolongation of time spent in bed, can contribute to the development of chronic 

insomnia [39]. Moreover, conditioned arousal may act as a perpetuating factor, in which the 

sleep environment becomes a stimulus for arousal instead of rest [39]. Conditioned arousal 

consists of cognitive and physiological symptoms. Cognitive or “cortical” arousal is 

experienced subjectively as increased cognitive activity (e.g. worrying about sleep problems 

and their consequences), and is objectified as increased fast frequencies on the sleep 

electroencephalogram (EEG) [38]. Signs of physiological arousal include differences found 

in neuroimaging studies, as well as deviations of neuroendocrine and neuroimmunological 

variables, in subjects with insomnia before and after treatment, or compared to good sleepers 

(for an overview, see the review by Riemann et al. 2010) [38]. Espie (2002) hypothesizes that 

the interaction between cognitive and physiological arousal is mediated by heightened 
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emotionality [40], i.e. affect-laden cognitions are more likely to interfere with sleep than 

neutral thoughts. In a synthesis of these models, insomnia can be viewed as a result of the 

interaction between increased emotional, cognitive and physiological arousal, or a 

psychobiological state of hyperarousal [37, 38].

Previous cross-sectional studies in PD patients with insomnia do not allow us to draw 

conclusions on the causal relationship between affective symptoms and insomnia [8, 19–21]. 

However, one can imagine that having a chronic, progressive disease, which results in 

increasing disability over time, can cause negative cognitions and emotions, leading to 

psychological and physiological arousal and subsequent sleep problems. Our findings 

suggest that even subclinical affective symptoms (e.g. worrying or feeling tense after 

recently getting a diagnosis of PD), can interfere with sleep in PD patients, and contribute to 

the development of insomnia.

Insomnia, depression and anxiety often co-occur in PD [8, 19–21], and insomnia is a symptom 

of both depression and some anxiety disorders, for instance generalized anxiety disorder [41]. 

This may raise the question whether the associations we found can be explained by the fact 

that insomnia is an integral part of affective disorders. However, since we used the GDS-15 

and the STAI, which do not contain items on disturbed sleep [26, 28], there is no overlap 

between the measures used for insomnia and affective symptoms. Moreover, we corrected 

for the presence of insomnia at baseline in the analyses on the association between baseline 

depression and insomnia at follow-up. We therefore feel fairly confident that our results 

indicate that affective symptoms should be viewed as an independent risk factor for the 

development of insomnia in PD.

To our knowledge, this is the first study to examine the longitudinal, bidirectional 

relationship between sleep disturbances and affective disorders in PD patients. A strength of 

this study is that we studied a cohort of PD patients that were not yet using antiparkinsonian 

medication, ruling out interference of dopaminergic treatment in the association between 

sleep and affective symptoms. On the other hand, the selection of a study sample of 

medication-naïve, early stage PD patients with relatively short follow-up also limits the 

generalizability of our results to the entire PD population. In PD patients, the occurrence of 

sleep disturbances, depression and anxiety increases with progression of the disease [7, 24]. 

Indeed, the prevalence rates of clinically relevant affective symptoms and insomnia in our 

study sample were relatively low compared to other PD samples [7–11]. The fact that the 

majority of our subjects had subclinical symptoms makes it difficult to draw definite clinical 

conclusions from the study. Replication of our findings, preferably in a sample of PD 

patients that has been followed for a longer time and therefore, on average, developed more 

severe affective symptoms and insomnia, is therefore needed. Our results do, however, 

indicate that clinicians should be alert to the development of insomnia in PD subjects 

reporting affective symptoms. Possibly, early treatment of anxiety and depression might 

prevent the development of insomnia in PD patients.

In conclusion, we found that symptoms of anxiety and depression predict future onset of 

insomnia, while our study results do not support the hypothesis that insomnia is a risk factor 

for mood disorders in early-stage PD patients. Our findings suggest that affective symptoms 
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may be a risk factor for the development of insomnia in PD, which provides a target for 

research on preventive measures for insomnia.
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Figure 1. 
Flow chart

Rutten et al. Page 11

Parkinsonism Relat Disord. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rutten et al. Page 12

Table 1

Demographic and clinical characteristics of the study population at baseline (n = 361)

% (n) Mean (SD) Range

Female 33.5% (121)

Age (yrs) 61.8 (9.6) 34 – 85

MDS-UPDRS III score 21.0 (8.7) 4 – 51

H&Y stage

 Stage 1 42.2% (153)

 Stage 2 57.1% (206)

 Stage 3 0.6% (2)

MoCA total score 27.1 (2.4) 17 – 30

STAI total score 64.9 (18.4) 40 – 137

 STAI State score 32.7 (10.3) 20 – 76

 STAI Trait score 32.2 (9.4) 20 – 63

Clinically relevant symptoms of anxiety 3.6% (13)

GDS-15 total score 2.3 (2.5) 0 – 14

Clinically relevant symptoms of depression 14.2% (51)

Clinically relevant symptoms of insomnia 23.1% (83)

Rating of sleep problems on MDS-UPDRS item 1.7:

 Normal 46.9% (198)

 Slight 29.6% (125)

 Mild 14.7% (62)

 Moderate 6.2% (26)

 Severe 2.6% (11)

MDS-UPDRS-III= Movement Disorders Society - Unified Parkinson’s Disease Rating Scale, section III: Motor examination; H&Y = Hoehn & 
Yahr; MoCA = Montreal Cognitive Assessment; GDS-15 = 15-item Geriatric Depression Scale; STAI = State-Trait Anxiety Inventory
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