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CHAPTER 6 
It’s not just stress: daily fluctuations 
of negative affect are only weakly 
associated with tremor symptoms in 
functional and organic tremor 
patients
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ABSTRACT 

Background: There is a long-standing research history on the presumed psychological origin 

of functional movement disorders. Most studies do not address the heterogeneity in functional 

movement disorders and do not distinguish between risk factors, cause and consequence. We 

aimed to study the associations between negative affect and objective as well as subjective 

symptom levels in patients with functional and organic tremor.

Methods: Thirty-three patients with a functional (14) or organic tremor (19) completed a web-

based diary on subjective symptom burden and negative affect, five times a day for 30 days (total 

number of observations = 4759). During the same period, the participants wore an accelerometer 

to objectively record tremor. Vector autoregressive modelling was used to determine the time-

lagged and contemporaneous associations between negative affect and objective/subjective 

tremor symptoms, both on an individual and a group level. 

Results: In contrast to previous literature, patients with a functional or organic tremor showed 

a weak contemporaneous association between negative affect and objective/subjective tremor 

symptoms. Time-lagged associations between negative affect and objective/subjective tremor 

symptoms were mixed in effect and direction and only present in a subset of patients, with no 

differences between patients with functional or organic tremor. 

Conclusions: Negative affect is only weakly associated with objective/subjective tremor 

symptoms, both on the contemporaneous and time-lagged associations, and these associations 

were mainly similar between patients with functional or organic tremor. These results argue 

against a strong influence of daily stress on tremor symptoms in patients with a functional or 

organic tremor. 
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1. INTRODUCTION

About 30% of the patients attending tertiary movement disorder clinics have a functional 

movement disorder (FMD)[1]. While the diagnosis relies on the presence of specific clinical signs 

such as distractibility of tremor, significant emphasis has been placed on psychological stressors 

as an explanation for the presence and severity of symptoms. However, large case series only 

reveal possible psychological stressors in a proportion of patients[2].

Studying the assumed pathophysiological role of psychological stressors in FMDs is not 

straightforward. First, FMDs are known for their significant heterogeneity in symptomatology and 

treatment response[3]. Second, most of the current studies do not distinguish between cause and 

consequence, as they are mostly cross-sectional. These studies typically provide between-person 

information and no within-person information[4] and in heterogenous sample, this can yield a 

result that is true on a group level, but can be incorrect on an individual level. Third, most studies 

focus on risk factors for the onset of the disorder[2] and provide no information on the way that 

psychological stressors might influence day to day fluctuations in symptom severity[5]. Fourth, 

the effect of psychological factors is not likely to be specific to functional movement disorders, 

but most likely plays a role in organic movement disorders as well[6].

Ecological momentary assessment (EMA) can address some of these issues. It accounts for 

heterogeneity by allowing data analysis on an individual level, by virtue of the multitude of 

repeated observations within individuals. EMA can also help to unravel the temporal dynamics 

between variables, thereby providing information regarding cause and consequence. Participants 

report on symptoms and affect, many times over the course of a study[7]. Such data can be used 

to study both contemporaneous and time-lagged associations.

In this study, we used EMA to study the temporal dynamics between negative affect and 

movement disorder symptoms in both functional (FT) and organic tremor (OrgT) patients. We 

chose to use people with tremor as tremor can be studied both subjectively, using a diary, and 

objectively, using an accelerometry-based device[8,9]. Previously, we described in this patient 

group a similar association between subjective and objective tremor symptoms in patients with 

FT or OrgT, while the FT had a slightly lower (but still considerable) level of objective tremor 

symptoms[10]. The current study focused on the influence of negative affect on these objective 

and subjective tremor symptoms, while simultaneously accounting for potential reverse causation, 

i.e. the influence of tremor symptoms on negative affect. Given the presumed psychogenic 

origin, we hypothesized a stronger relationship between negative affect and tremor symptoms in 

patients with FT than in patients with OrgT.  

2. METHODS
Patients were recruited from the neurology outpatient clinic from the University Medical Center 

Groningen or Ommelander Ziekenhuis Groep between September 2015 and December 2017. This 

study was part of a larger study, which also focused on the association between subjective and 
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objective tremor symptoms. Inclusion criteria were: age above 18 years, symptom duration of 

at least one year, capable of completing a web-based diary, and a tremor affecting an upper 

limb. Patients with a FT had to have a probable or definite FMD[11]; patients with an OrgT had to 

meet the diagnostic criteria for that specific tremor type. Exclusion criteria were treatment with 

botulinum toxin or psychological treatment in the previous six months (see also [10]). 

All participants provided written informed consent according to the declaration of Helsinki 

(2013). Study approval was obtained from the Medical Ethical Committee of the UMCG (nr. 

2015/579). 

2.1 Study protocol
Participants were videotaped using a standardized video protocol. Videos were rated by two 

experienced movement disorder clinicians using the Fahn-Tolosa-Marin scale[12] and Simplified 

Functional Movement Disorder Rating scale (S-FMDRS)[13]. Intra-class coefficients between raters 

were 0.68 (Fahn-Tolosa-Marin scale) and 0.81 (S-FMDRS).

Psychiatric assessment included the Mini International Neuropsychiatric Interview[14,15] for 

depression, dysthymia, anxiety disorders, somatization disorders and undifferentiated somatoform 

disorders. Also, participants completed questionnaires on self-efficacy[16], quality of life (EQ5D), 

their global impression of the severity of the disease (patient-rated CGI[17]), disease duration, and 

demographic variables. 

The registration period was 30 days during which participants completed a web-based diary 

five times a day and wore an accelerometer until after the final diary assessment, followed by a 12-

hour night period without registrations. Assistance by telephone was available during this period. 

2.2 Web-based diary
Participants could choose the starting time of the first diary assessment, after which each 

subsequent assessment was provided after a three-hour interval. During the five registrations, 

participants indicated the severity of subjective tremor symptoms and negative affect on a 0-100 

visual analogue scale (VAS), using eight items. Regarding the first item, participants indicated how 

much they were bothered by their tremor since the last diary entry. Regarding negative affect, 

we used the Positive And Negative Affect Schedule, a brief reliable and valid mood scale[18]. 

Participants were asked to indicate to what extent they felt distressed, upset, afraid, irritable, 

hostile, jittery, or nervous at the time of assessment. Negative affect (NA) was calculated as the 

mean of these seven emotions. 

2.3 Accelerometry 
Participants wore an accelerometry-based device (Consensys®, Shimmer Sensing, Dublin, Ireland) 

on the wrist of their most tremulous arm. Participants attached this device upon awakening and 

put the shimmer in the charging dock before sleeping, upon which a day-specific data file was 

created. To ensure synchronicity at the first diary assessment, participants were asked to report the 

time they started to wear the accelerometer.
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Data were transferred from the Shimmer to a personal computer using software provided 

by the manufacturer. Data were analysed in MATLAB (MathWorks, version R2016b). To calculate 

the objective tremor symptoms during the period covered by the corresponding diary entry, 

the following procedure was followed. First, the segment length between two diary entries was 

determined by subtracting the diary assessment starting time from the previous diary assessment 

starting time. In case of the first segment of the day, the accelerometry starting time was 

subtracted from the first diary assessment starting time. Second, this time length was multiplied 

by 51.2 (the sampling frequency) to determine the segment length in samples. Third, the day-

specific accelerometry file was cut into the aforementioned segments. Fourth, each segment 

was divided into four-second windows[19] and each four-second window was analysed using the 

periodogram method to determine its dominant tremor frequency[19]. If the dominant frequency 

was between three and eight Hertz, the window was regarded as tremor window. To calculate the 

tremor duration, expressed as percentage of time with tremor, we divided the number of tremor 

windows by the total number of windows and multiplied it by 100. 

2.4 Statistical analysis
Statistical analyses were performed in R[20] unless otherwise specified. Only participants who 

completed at least 75% of the diary assessments were included in the data analysis to improve 

reliability of the VAR models[21]. Missing values of the time-series of the remaining patients were 

imputed using the Amelia package[22]. Imputations were performed for each patient separately, 

including all diary variables and polynomials of time.  

2.5 Vector autoregressive modelling (individual level)
Vector autoregressive modelling (VAR) was applied to determine the temporal dynamics between 

negative affect and subjective/objective symptom level. For an extensive explanation of this 

method, see[23]. Using VAR, it is possible to determine whether a change in one variable precedes 

a change in another variable (lagged relationship) or whether high levels of both variables co-occur 

(contemporaneous relationships). This method enabled us to determine whether an increase in 

negative affect preceded, followed, or was concurrent with an increase in subjective/objective 

tremor symptoms in the following three hours. An advantage of this method is that all three 

equations are estimated simultaneously, thereby accounting for reverse causation. In formula:

Statistical analysis 

Statistical analyses were performed in R[20] unless otherwise specified. Only participants who 

completed at least 75% of the diary assessments were included in the data analysis to improve 

reliability of the VAR models[21]. Missing values of the time-series of the remaining patients were 

imputed using the Amelia package[22]. Imputations were performed for each patient separately, 

including all diary variables and polynomials of time.   

Vector autoregressive modelling (individual level) 

Vector autoregressive modelling (VAR) was applied to determine the temporal dynamics between 

negative affect and subjective/objective symptom level. For an extensive explanation of this method, 

see[23]. Using VAR, it is possible to determine whether a change in one variable precedes a change in 

another variable (lagged relationship) or whether high levels of both variables co-occur 

(contemporaneous relationships). This method enabled us to determine whether an increase in 

negative affect preceded, followed, or was concurrent with an increase in subjective/objective 

tremor symptoms in the following three hours. An advantage of this method is that all three 

equations are estimated simultaneously, thereby accounting for reverse causation.  

In formula: 

 

The lagged predictors (t-1) in these equations provide the time-lagged relationships among the 

variables. The correlations among the error terms provide the contemporaneous relationships 

among the variables.   

In this study, we used the autovar package in R to determine the best VAR model[24]. This package 

uses an automated approach which closely resembles an expert’s approach[25]. Several diagnostic 

Objective tremor symptomst = Objective tremor symptomst-1 + Subjective tremor symptomst-1 + Negative affectt-1 + ɛ 

Subjective tremor symptomst = Objective tremor symptomst-1 + Subjective tremor symptomst-1 + Negative affectt-1 + ɛ 

Negative affectt = Objective tremor symptomst-1 + Subjective tremor symptomst-1 + Negative affectt-1 + ɛ 

{ 
The lagged predictors (t-1) in these equations provide the time-lagged relationships among the 

variables. The correlations among the error terms provide the contemporaneous relationships 

among the variables.  
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In this study, we used the autovar package in R to determine the best VAR model[24]. This package 

uses an automated approach which closely resembles an expert’s approach[25]. Several diagnostic 

tests were performed to check model assumptions of stability, normality, homoscedasticity, and 

independence. If necessary to create a valid model, outliers were handled by including dummy 

variables in the model and log transform was applied against non-normality or heteroskedasticity. 

The best-fitting model was selected using the Bayesian Information Criterion (BIC).

We included one lag in the VAR-model, that is, the values of the previous three-hour interval. 

Furthermore, we included a squared trend and dummy variables for the time of the day. We 

standardized the data before analysing them in autovar. Standardized regression coefficients were 

retrieved for both the contemporaneous and lagged associations. Differences between groups 

in the number of patients with significant associations were compared using Fishers’ exact test. 

2.5 Multilevel autoregressive modelling
We also analysed the data on the group level, using a multilevel variant of VAR[26] in SPSS (IBM 

corporation, version 25.0). We used multilevel versions of the same three equations as described 

above, but analysed these equations separately. Variables were detrended and person-mean 

centred before analysis[27]. To examine whether lagged associations differed by diagnosis, we 

added diagnosis (FT or OrgT) to the model, along with interaction terms between diagnosis 

and each of the time-lagged variables. We also added a random intercept and random effects 

for the time-lagged variables, to take individual differences in within-person associations into 

account[26,28]. We evaluated different (co)variance structures and selected the best fitting 

model using the BIC. Interaction terms were removed from the model in a stepwise fashion if 

nonsignificant. Residuals of the best model were saved and analysed using Pearson correlation 

test to determine the contemporaneous correlation among variables. This was done for the FT 

and OrgT group separately. Differences between correlation coefficients between groups were 

analysed using a Fisher r-to-z transformation.  

3. RESULTS

Forty-four participants started the 30-day study period: 17 patients with FT and 27 patients with 

OrgT. Of these 44 participants, 14 patients with FT and 19 with OrgT completed the study period 

to such an extent that data analysis was possible, which was not significantly different between 

groups (82% vs 70% respectively, P=0.49). Reasons for not completing the study period were 

various: insufficient wearing of the device (5 patients with OrgT, one with FT), insufficient diary 

entries (one with OrgT, one with FT), loss to follow-up (one with FT), device failure due to water 

activities (one with OrgT), and leaving the study due to time constraints (one with OrgT).

The average percentage of valid observations for those who completed the study period 

sufficiently was high: 90.9% for the FT group (IQR: 86.4-95.0%) and 92.5% for the OrgT group (IQR: 

89.5-98.0%). In total, we collected 4759 observations from 33 participants. 
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Table 1 shows the demographic and clinical characteristics of those who completed the study. 

Patients with FT and OrgT only differed in disease duration; this was longer for OrgT patients. 

The group of patients with OrgT included the following diagnoses: essential tremor (n=7), 

Parkinsonian tremor (n=6), dystonic tremor (n=2), Holmes tremor (n=2), enhanced physiological 

tremor (n=1), and medication-induced tremor (n=1). 

Table 1. Demographic and clinical characteristics

Characteristics FT (n=14) OrgT (n=19)

Age, mean (SD) in years 60.4 (12.9) 65.9 (8.9)

Sex, n males (%) 8 (57%) 14 (74%)

Educational level (0–3), mean (SD) 1.9 (0.9) 2.3 (0.8)

Employed, yes (%) (yes/no) 5 (35%) 5 (26%)

Disease duration (years)*# 7.3 (12.2)* 18.4 (19.5)*

Fahn-Tolosa-Marin scale 5.5 (2.4) 5.7 (2.4)

S-FMDRS 10.0 (7.2) 7.4 (2.3)

MINI, n (%)
- Major depressive disorder
- Dysthymia
- Anxiety disorder
- Somatisation disorder 
- Undifferentiated somatoform disorder

1 (7)
1 (7)
2 (14)
0 (0)
0 (0)

0 (0)
1 (5)
1 (5)
0 (0)
0 (0)

EQ5D (visual analogue scale) 71.6 (13.4) 74.0 (14.7)

Objective tremor symptoms, % (SD)*̂ 21.6 (7.9) 30.7 (13.1)

Subjective symptom burden VAS 0-100 (SD) 38.7 (18.2) 28.7 (18.0)

Negative affect, VAS 0-100 (SD) 9.3 (7.7) 6.8 (7.1)

Table 1. Educational level was classified as an ordinal variable with 0 the lowest (only primary school) and 3 the highest 
(University) level of education. S-FMDRS simplified movement disorder rating scale. * P < 0.05 (# Mann Whitney U test; ^linear 
mixed model analysis). FT functional tremor. OrgT organic tremor. VAS visual analogue scale. SD standard deviation

3.1 Individual-level VAR models – time-lagged relationships
A valid model could be created in 19 participants: six participants with FT and 13 with OrgT. In the 

other 14 participants, no model could be created, mainly due to violation of the assumption of a 

normal distribution of the residuals. The number of invalid models was not statistically different 

between groups (p=0.17). Below, only the outcomes of the valid models are shown. 

The time-lagged relationships between negative affect and subjective/objective tremor 

symptoms that were significant are shown in figure 1. In the majority of participants, no significant 

time-lagged effects were observed (12 out of 19). In participants with a significant relationship 

between negative affect and subjective/objective tremor symptoms, the results were mixed in 

both direction and size and varied considerably between participants. 
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Figure 1. Significant time-lagged associations between negative affect and objective/subjective tremor 
symptoms. The y-axis depicts the standardized regression coefficient. The x-axis shows the individual 
patients with participant code F = functional tremor, O = organic tremor. 

3.2 Individual-level VAR models – contemporaneous relationships
The contemporaneous relationships between negative affect and subjective/objective tremor 

symptom level are shown in figure 2 (only significant correlations shown). Most participants did not 

show a significant contemporaneous relationship between negative affect and objective tremor 

symptoms. Three FT participants and one OrgT participant showed a positive contemporaneous 

relationship between negative affect and objective tremor symptoms, meaning that high levels 

of objective tremor symptoms and high levels of negative affect co-occurred. The number of 

patients with a significant association between objective tremor symptoms and negative affect 

was not significantly different between patients with a FT and OrgT (p=0.06). 
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Figure 2. Significant contemporaneous associations between negative affect and objective tremor symptoms 
(left panel) and subjective tremor symptoms (right panel) for all individual participants. Participant code 
F = functional tremor, O = organic tremor. The y-axis depicts the correlation coefficient between negative 
affect and objective/subjective tremor symptoms.  

Twelve participants showed a significant contemporaneous relationship between negative affect 

and subjective symptom level. This number was also not significantly different between the two 

groups (3 in the FT, 9 in OrgT group, p=1.0). In 11 participants, this effect was positive, meaning 

that high levels of subjective symptoms co-occurred with higher levels of negative affect. In one 

participant (with a FT), this effect was negative, meaning that more negative affect was associated 

with lower subjective symptom levels in this participant. Pooled over the two groups, the number 

of statistically significant associations between negative affect and subjective symptom level was 

higher than that between negative affect and objective symptom level (12 vs 4, p=0.02).

3.3 Multilevel autoregressive modelling
In the group-level multilevel analysis, data of all participants who completed the study could 

be used (14 FT, 19 OrgT). The outcomes of the three models are shown in table 2. The multilevel 

autoregressive models yielded similar outcomes as the individual level VAR regarding the time-

lagged effects, with some differences regarding the contemporaneous associations. In the first 

model with objective tremor duration as outcome, no significant cross-lagged effects were found: 

previous values of subjective tremor symptoms and negative affect did not predict current objective 

tremor symptoms. The autoregressive effect was significant: previous values of objective tremor 

symptoms predicted current values of objective tremor. Also a significant main effect of diagnosis 

was found with objective tremor levels being higher in patients with OrgT. Interaction terms between 

diagnosis and lagged objective/subjective tremor symptoms or negative affect were not significant, 

implying that the time-lagged effects did not differ between the groups. In the other two models, 

with subjective tremor symptoms and negative affect as outcome, also no significant cross-lagged 

effects were found. Interaction terms were not significant, and there was also no significant effect 

of diagnosis group (FT or OrgT). Also in these models, significant autoregressive effects were found. 

Table 2 also shows the results of the multilevel analysis for the random effects. In each of the 

three models, significant random effects were found, implying significant heterogeneity within 

groups. This corresponds with the heterogeneity found in the individual analysis. 
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Table 2. Multilevel autoregressive modeling

Dependent variable Objective tremor 
symptoms

Subjective tremor 
symptoms Negative affect

B (SE) Pvalue B (SE) Pvalue B (SE) Pvaue

Fixed effects

Objective tremor 
symptoms (t-1) 0.116 (0.022) <0.0005 -0.0061 (0.037) 0.870 -0.00032 (0.012) 0.979

Subjective tremor 
symptoms (t-1) 0.020 (0.012) 0.129 0.231 (0.028) <0.0005 0.019 (0.013) 0.143

Negative affect (t-1) 0.017 (0.026) 0.529 0.059 (0.047) 0.244 0.417 (0.025) <0.0005

Diagnosis (functional 
or organic) 9.07 (3.94) 0.028 -9.911 (6.37) 0.129 -2.42 (2.55) 0.351

Random effects

Objective tremor 
symptoms (t-1) 0.0075 (0.0033) 0.026 0.028 (0.010) 0.007 0.0022 (0.0011) 0.055

Subjective tremor 
symptoms (t-1) 0.0013 (0.0013) 0.339 0.017 (0.0060) 0.005 0.0036 (0.0014) 0.011

Negative affect (t-1) 0.0017 (0.0032) 0.590 0.020 (0.021) 0.338 0.0090 (0.0040) 0.023

Table 2. Shown are the outcomes of the multilevel models with the following dependent variables: objective tremor symptoms, 
subjective tremor symptoms and negative affect. For each dependent variable, the fixed and random effects are shown in 
terms of estimates with their standard error and P-value. Significant random effects imply significant heterogeneity within 
groups. Interaction terms were removed from the model if non-significant. B (SE) = estimate (standard error). P = P-value (<0.05 
is significant).

The residuals of the above models were used to estimate the group-level contemporaneous 

associations between the three variables. The contemporaneous association between negative 

affect and objective tremor symptoms was very small, and did not differ significantly between FT 

and OrgT (r=0.055 vs 0.027; P=0.17). The contemporaneous association between negative affect and 

subjective tremor symptoms was small, but was significantly lower for patients with FT compared 

to patients with OrgT (0.115 vs 0.231, P < 0.0005). The contemporaneous association between 

objective and subjective tremor symptoms was very small in both groups, but significantly higher 

for patients with FT (0.076 vs 0.015, P=0.039). Finally, the combined FT and OrgT group had a higher 

correlation between negative affect and subjective tremor symptoms than between negative 

affect and objective tremor symptoms (0.174 vs 0.038, P<0.0005). 

DISCUSSION

This is the first study to analyse the relationship between negative affect and objective/subjective 

tremor symptoms on a day-to-day basis in individual tremor patients. Time-lagged associations 

were mixed and only occurred in a subset of patients with FT and OrgT. Contemporaneous 

associations between negative affect and objective/subjective tremor symptoms were weak, 
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both on the individual, as well as on the group level. These findings argue against a stronger 

influence of daily stress on tremor symptoms in patients with FT compared to patients with OrgT. 

Time-lagged associations between negative affect and objective/subjective tremor 

symptoms were mixed in direction and were only present in a subset of both FT and OrgT patients. 

Also, multilevel autoregressive modelling showed no cross-lagged effects; only significant 

autocorrelation was found, i.e. previous values of a variable predicted current values. The cross-

lagged effects did not differ between the groups, but significant random effects indicated 

substantial heterogeneity within groups. Thus, negative affect did not seem to predict tremor 

symptoms any differently in patients with FT or OrgT during this 30-day study period. 

Remarkably, patients with an FT presented a weaker association between negative affect and 

subjective tremor duration than patients with OrgT. A positive association between negative 

affect and subjective tremor symptoms was expected, as mood may affect symptom report[6]. 

One explanation might be a higher prevalence of alexithymia, the ability of individuals to identify 

and describe their emotions, in patients with FT[29]. The association between objective and 

subjective tremor symptoms is discussed extensively in another article[10].

Our study has several strengths. First, the study duration of 30 days, as far as we know the 

longest period of continuous symptom assessment in FMD. Second, we measured negative affect 

repeatedly and simultaneously with objective and subjective tremor symptoms, providing a unique 

opportunity to study differences between FT and OrgT in the dynamic associations between 

negative affect and objective/subjective tremor symptoms. Third, we were able to study patients 

on an individual level, thereby clearly illustrating between-person differences, which might not 

have been discovered using the classic group-based approach. Fourth, the analysis of the temporal 

dynamics between negative affect and tremor symptoms provides more information regarding 

the causal direction (temporal order) of the effects than traditional cross-sectional studies. Fifth, 

the most obvious relationship between the studied variables – the contemporaneous association 

between negative affect and objective/subjective tremor symptoms – was almost consistently 

positive, strengthening the validity of our data. 

Our study has limitations as well. First, the high drop-out of (potential) participants during various 

stages of the study should be mentioned, which seemed to be mainly caused by the expected high 

study burden. However, baseline characteristics did not differ between completers and dropouts 

and baseline characteristics of completers did not differ between the FT and OrgT group. Second, 

in 14 out of 33 participants, it was not possible to create a valid individual VAR model, mainly due to 

a skewed distribution of negative affect. The multilevel autoregressive modelling applied to all data 

of the 33 participants yielded similar results as the individual VAR models with regard to the cross-

lagged effects, but showed some group differences in the contemporaneous effects; the latter may 

suggest that the absence of group differences in the individual-level analysis was due to a power 

problem. Third, it might be argued that negative affect does not account for all types of stress, as 

the measurement of negative affect requires cognitive awareness. Objective stress measures, like 

cortisol levels, might have given additional information about unconscious stress. 
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In summary, this study on the temporal dynamics of negative affect and objective/subjective 

symptoms in functional and organic movement disorders showed that the associations between 

negative affect and subjective/objective tremor symptoms were mostly similar in patients with 

FT and OrgT, thereby providing evidence against the conceptualization of tremor presence and 

severity as a simple reflection of affect in patients with a FT. 



542345-L-bw-Kramer542345-L-bw-Kramer542345-L-bw-Kramer542345-L-bw-Kramer
Processed on: 24-3-2020Processed on: 24-3-2020Processed on: 24-3-2020Processed on: 24-3-2020 PDF page: 101PDF page: 101PDF page: 101PDF page: 101

101

REFERENCES
1  Stone J, Carson A. Movement disorders: Psychogenic movement disorders: what do neurologists do? Nat Rev 2009;5:415–

6. doi:10.1038/nrneurol.2009.108; 10.1038/nrneurol.2009.108
2  Barbey A, Aybek S. Functional movement disorders. Curr Opin Neurol 2017;30:427–34. doi:10.1097/WCO.0000000000000464
3  Morgante F, Edwards MJ, Espay AJ. Psychogenic movement disorders. Continuum (Minneap Minn) 2013;19:1383–96. 

doi:10.1212/01.CON.0000436160.41071.79; 10.1212/01.CON.0000436160.41071.79
4  Molenaar PCM. A manifesto on psychology as idiographic science: brining the person back into scientific psychology, 

this time forever. Measurement 2004;2:201–18. doi:10.1207/s15366359mea0204_1
5  Hamaker EL, Dolan C V., Molenaar PCM. Statistical modeling of the individual: rationale and application of multivariate 

stationary time series analysis. Multivar Behav Res 2005;40:112–207. doi:233
6  Howren MB, Suls J. The symptom perception hypothesis revised: Depression and anxiety play different roles in concurrent 

and retrospective physical symptom reporting. J Pers Soc Psychol 2011;100:182–95. doi:10.1037/a0021715
7  Moskowitz DS, Young SN. Ecological momentary assessment: what it is and why it is a method of the future in clinical 

psychopharmacology. J Psychiatry Neurosci 2006;31:13–20.http://www.ncbi.nlm.nih.gov/pubmed/16496031 (accessed 11 
Oct 2018).

8  Braybrook M, O’Connor S, Churchward P, et al. An Ambulatory Tremor Score for Parkinson’s Disease. J Parkinsons Dis 
2016;:1–9. doi:10.3233/JPD-160898

9  Van Someren EJWW, Pticek MD, Speelman JD, et al. New actigraph for long-term tremor recording. Mov Disord 
2006;21:1136–43. doi:10.1002/mds.20900

10  Kramer G, Dominguez-Vega ZT, Laarhoven HS, et al. Similar association between objective and subjective symptoms in 
functional and organic tremor. Parkinsonism Relat Disord 2019;:1–6. doi:10.1016/j.parkreldis.2019.05.026

11  Shill H, Gerber P. Evaluation of clinical diagnostic criteria for psychogenic movement disorders. Mov Disord 2006;21:1163–
8. doi:10.1002/mds.20921

12  Stacy MA, Elble RJ, Ondo WG, et al. Assessment of interrater and intrarater reliability of the Fahn-Tolosa-Marin Tremor 
Rating Scale in essential tremor. Mov Disord 2007;22:833–8. doi:10.1002/mds.21412 [doi]

13  Nielsen G, Ricciardi L, Meppelink AM, et al. A Simplified Version of the Psychogenic Movement Disorders Rating Scale: 
The Simplified Functional Movement Disorders Rating Scale (S-FMDRS). Mov Disord Clin Pract 2017;4:710–6. doi:10.1002/
mdc3.12475

14  Sheehan D V, Lecrubier Y, Sheehan KH, et al. The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development 
and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry 1998;59 Suppl 
2:22–57.http://www.ncbi.nlm.nih.gov/pubmed/9881538 (accessed 17 Jul 2018).

15  van Vliet IM, de Beurs E. The MINI-International Neuropsychiatric Interview. A brief structured diagnostic psychiatric 
interview for DSM-IV en ICD-10 psychiatric disorders. Tijdschr Psychiatr 2007;49:393–7.

16  Luszczynska A, Scholz U, Schwarzer R. The general self-efficacy scale: multicultural validation studies. J Psychol 
2005;139:439–57. doi:10.3200/JRLP.139.5.439-457

17  Guy W. ECDEU assessment manual for psychopharmacology. Rockville, Md. : U.S. Dept. of Health, Education, and Welfare, 
Public Health Service, Alcohol, Drug Abuse, and Mental Health Administration, National Institute of Mental Health, 
Psychopharmacology Research Branch, Division of Extramural Research Programs 1976. 

18  Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and negative affect: the PANAS 
scales. J Pers Soc Psychol 1988;54:1063–70. DOI: 10.1037//0022-3514.54.6.1063

19  Manzanera OM, Elting JW, Van Der Hoeven JH, et al. Tremor detection using parametric and non-parametric spectral 
estimation methods: A comparison with clinical assessment. PLoS One 2016;11:1–16. doi:10.1371/journal.pone.0156822

20  R Core Team. R: A Language and Environment for Statistical Computing [Computer software]. Vienna, Austria: : R Foundation 
for Statistical Computing 2018. doi:10.1007/978-3-540-74686-7

21  Scheffer J. Dealing with missing data. Res Lett Inf Math Sci 2002;3:153–60.
22  Honaker J, King G, Blackwell M. Amelia II: A Program for Missing Data. J Stat Softw 2011;45:1–47. doi:10.18637/jss.v045.i07
23  Rosmalen JG, Wenting AM, Roest AM, et al. Revealing causal heterogeneity using time series analysis of ambulatory 

assessments: application to the association between depression and physical activity after myocardial infarction. 
Psychosom Med 2012;74:377–86. doi:10.1097/PSY.0b013e3182545d47

24  Emerencia AC, van der Krieke L, Bos EH, et al. Automating Vector Autoregression on Electronic Patient Diary Data. IEEE J 
Biomed Heal Informatics 2016;20:631–43. doi:10.1109/JBHI.2015.2402280

25  van der Krieke L, Emerencia AC, Bos EH, et al. Ecological Momentary Assessments and Automated Time Series Analysis to 
Promote Tailored Health Care: A Proof-of-Principle Study. JMIR Res Protoc 2015;4:e100. doi:10.2196/resprot.4000

26  Bringmann LF, Vissers N, Wichers M, et al. A Network Approach to Psychopathology: New Insights into Clinical Longitudinal 
Data. PLoS One 2013;8. doi:10.1371/journal.pone.0060188

27  Curran PJ, Bauer DJ. The Disaggregation of Within-Person and Between-Person Effects in Longitudinal Models of Change. 
Annu Rev Psychol 2011;62:583–619. doi:10.1146/annurev.psych.093008.100356

28  Snippe E, Jeronimus BF, aan het Rot M, et al. The Reciprocity of Prosocial Behavior and Positive Affect in Daily Life. J Pers 
2018;86:139–46. doi:10.1111/jopy.12299

29  Demartini B, Petrochilos P, Ricciardi L, et al. The role of alexithymia in the development of functional motor symptoms 
(conversion disorder). J Neurol Neurosurg Psychiatry 2014;85:1132–7. doi:10.1136/jnnp-2013-307203

IT’S NOT JUST STRESS: DAILY FLUCTUATIONS OF NEGATIVE AFFECT ARE ONLY WEAKLY ASSOCIATED 
WITH TREMOR SYMPTOMS IN FUNCTIONAL AND ORGANIC TREMOR PATIENTS

6



542345-L-bw-Kramer542345-L-bw-Kramer542345-L-bw-Kramer542345-L-bw-Kramer
Processed on: 24-3-2020Processed on: 24-3-2020Processed on: 24-3-2020Processed on: 24-3-2020 PDF page: 102PDF page: 102PDF page: 102PDF page: 102

102


	Chapter 6



