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Abstract

The primary purpose of this study was to examine motor physiology disturbances in a group of 

patients with untreated major depressive disorder using sensitive instrumental procedures. The 

secondary aim of the study was to examine the relationship of the affective symptom state to these 

motor assessments. The authors studied 40 individuals meeting DSM-IV criteria for unipolar 

major depressive disorder and 40 healthy comparison subjects. Electromechanical measures of 

force steadiness (FS), simple reaction time (RT), movement time (MT) and scaling of movement 

velocity to distance (velocity scaling, VS) were performed. The authors found that performance on 

the force steadiness, movement time, and velocity scaling measures was significantly poorer in the 

subjects with depression. There was no difference between the groups on the measure of reaction 

time. The force steadiness, reaction time, movement time, and velocity scaling scores were not 

associated with affective state. This study demonstrates that motor abnormalities suggestive of 

basal ganglia dysfunction occur in many patients with major depressive disorder, and that these 

abnormalities may exist in the absence of current psychotropic medication treatment. The finding 

of impaired movement time and velocity scaling in the presence of normal reaction time suggests 

a neuromotor or parkinsonian pathophysiology for slowness in depression.
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Introduction

Abnormalities in motor performance are common in depression and understanding the 

clinical importance of motor dysfunction in depression has been a focus of research for 

nearly 40 years. Motor manifestations, often called psychomotor abnormalities, can range 

from agitation to retardation depending on clinical state (Sobin and Sackeim, 1997). 

Previous studies have employed a wide variety of qualitative and quantitative procedures to 

understand the relationships between motor abnormalities and clinical state and treatment 

response. Traditional approaches to the study of psychomotor agitation and retardation in 

depression have included activity monitoring (Foster and Kupfer, 1975; Kupfer et al., 1974; 

Wolff et al., 1985), and assessments of gross body movement (Ulrich and Harms, 1985), 

speech production (Greden et al., 1981; Widlocher, 1983), and motor speed (Ghozlan and 

Widlocher, 1989; Lapierre and Butter, 1980). More recently, investigators have employed 

measures of handwriting movement to more precisely quantify fine motor activity associated 

with psychomotor retardation in patients with depressive disorders (Sabbe et al., 1996; 1999; 

Tucha et al., 2002; Pier et al. 2004a; 2004b). Comprehensive reviews of this work have been 

previously published (Schrijvers et al., 2008; Sobin and Sackeim, 1997).

What has been generally lacking from both traditional and recent approaches to the study of 

motor function in depression are more precise quantitative assessment methods that yield 

findings which can be related to pathophysiological processes associated with dysfunction in 

specific neural circuits and neurotransmitters. Over the past twenty-five years we have 

developed and refined quantitative instrumental approaches to measuring abnormalities in 

motor function in neuropsychiatric disorders (Caligiuri and Ellwanger, 2000; Caligiuri et al., 

1988; Caligiuri and Lohr, 1989, 1990, 1994; Lohr and Caligiuri, 2006). The two main 

methods we have developed assess the ability to maintain steady-state force (Caligiuri and 

Lohr, 1994) and the ability to scale velocity with distance (Caligiuri et al., 1998). Although 

we have observed that patients with clinically observable movement disorders show 

abnormalities on these measures (with abnormalities in force steadiness being seen more in 

movement disorders marked by a hyperdopaminergic state, and velocity scaling 

abnormalities being associated more with hypodopaminergic conditions), we also have 

found that patients without observable clinical movement difficulty can demonstrate 

abnormalities on these measures. In particular, we have reported that patients with 

schizophrenia may show abnormalities on these measures without clinical evidence of 

tardive dyskinesia or antipsychotic-induced parkinsonism (Caligiuri and Lohr, 1994; 

Caligiuri et al., 1993).

Another important issue is that, although we and others have previously demonstrated that 

patients with depression manifest problems in motor control and performance, most 

previous studies of motor impairment in major depressive disorder included patients who 

were currently receiving treatment with psychotropic medications, including antidepressant 

and mood stabilizing medications. It is unclear the extent to which these medications may 

impact motor performance directly, apart from effects on depression, and with the exception 

of Pier et al (2004a; 2004b), relatively few previous studies have investigated motor 

function in unmedicated depressed patients.
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For these reasons we undertook the present study with the following hypothesis: (1) Patients 

with major depression who have not been treated for at least one month exhibit disturbances 

in motor physiology as assessed by measures of force steadiness, reaction time, movement 

time, or velocity scaling. Because the assessment measures in this study may yield 

information related to specific neurotransmitters or neural circuits, we also decided to assess 

whether there was a relationship between performance on these measures and affective state. 

Therefore, a second hypothesis was: (2) Performance on measures of force steadiness, 

reaction time, movement time and velocity scaling measures in unipolar disorder patients are 

related to the severity of affective symptoms as measured by the Hamilton Depression 

Rating Scale (Hamilton, 1960).

Methods

Subjects and Medication Status

We studied 40 individuals (26 men and 14 women) meeting DSM-IV criteria for unipolar 

major depressive disorder and 40 healthy comparison subjects (22 men and 18 women). The 

demographic characteristics of the sample are presented in Table 1. We recruited the healthy 

comparison subjects through advertisements placed in the local media and Internet sites for 

research recruitment, and also through fliers and other advertisements for the study placed in 

the UCSD Psychiatric Outpatient Services or from outpatient psychiatric clinics at the VA 

San Diego Healthcare System. All subjects signed Institutional Review Board-approved 

consent for voluntary participation in this research. All patients were enrolled at UCSD 

Psychiatric Outpatient Services or from outpatient psychiatric clinics at the VA San Diego 

Healthcare System.

Patients were excluded if they had received any psychotropic medications within the past 

month, including antidepressant medications such as selective serotonin reuptake inhibitors 

(SSRIs) and serotonin-norepinephrine reuptake inhibitors (SNRIs), or mood stabilizers such 

as lithium, carbamazepine, valproate, lamotrigine or second generation antipsychotic drugs. 

Patients were also excluded if they were on any non-psychiatric medications known to 

produce motor side effects, or, if there was any clinical evidence of neuroleptic-induced side 

effects such as parkinsonism, tardive dyskinesia, akathisia, or tremor that might be related to 

antipsychotic medication treatments in the past, even in the absence of history or 

documentation of such treatment. These were determined by record review, interview with 

patients, and also interview with any significant others where appropriate, as well as 

examination of the patient. Other inclusion and exclusion criteria for patients with 

depression were: (1) Must currently meet DSM-IV criteria for major depressive episode in 

the context of unipolar depressive disorder as determined by SCID, (2) Must have had a 

diagnosis of major depressive disorder for at least five years, (3) may be of either gender, (4) 

may be either left- or right-handed, (5) must have no history of previous treatment with 

typical (first generation) antipsychotic medications, (6) must have no history for drug or 

alcohol dependence in the past year and no history of alcohol or drug abuse within the past 

month as determined by DSM-IV criteria, (7) must have no clinical evidence of current 

significant medical illness such as diabetes, thyroid disease, or cardiac, hepatic or renal 

disease, (8) must have no current clinical evidence or past history of cerebral neurological 
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impairment (including strokes, tumors, trauma leading to loss of consciousness for longer 

than 10 minutes), and (9) must be able to give informed consent. For healthy comparison 

subjects the same criteria were applied, except of course the criteria relating to having the 

diagnosis of major depressive disorder (1 and 2 above).

Although we attempted to determine the number of previous episodes of depression in this 

group, we found the information unreliable, as many of the patients (and family members of 

patients) described waxing and waning of depressive symptoms over the years, without a 

clear-cut remission of symptoms. It was also difficult to determine the exact onset of 

depression in the lifetime of many of the patients, as they often described some symptoms of 

depression in adolescence or young adulthood, but it was not clear if these symptoms would 

meet full criteria for major depressive disorder. To our knowledge, none of the patients were 

receiving psychotherapy during the time of our assessments, but we did not deliberately 

exclude patients for this.

Clinical Assessment of Diagnosis and Psychopathology

For diagnosis, all patients underwent a Structured Clinical Interview for DSM-IV (SCID) 

performed by trained personnel (First et al., 1995), and this was used for both inclusion of 

patients with depression and exclusion of other psychiatric disorders. The clinical 

assessment for depression was the 28-item Hamilton Depression Rating Scale, the HAM-D 

(Hamilton, 1960).

Instrumental Assessment of Motor Function

Force Steadiness—Several investigators have used the phenomenon of force variability 

to assess neural mechanisms and disease state across different pathologies. For example, 

investigators have employed measures of force variability to quantify disease progression in 

Huntington’s disease (Reilmann et al., 2001). Studies in cerebral palsy and stroke have 

demonstrated that individuals with these illnesses cannot maintain the levels of precise force 

necessary to perform simple grip tasks, suggesting an important role for the motor cortex in 

the generation and maintenance of fine muscle force (Hermsdorfer and Mai, 1996; Valvano 

and Newell, 1998). Investigators have reported elevated levels of force variability in 

individuals with schizotypal personality disorder (Neumann and Walker, 1999) and 

schizophrenia (Caligiuri and Lohr, 1994), suggesting disturbances of inhibitory mechanisms 

regulating motor control. While the measurement of abnormal force steadiness can be used 

to assess several different aspects of motor control, our specific assessment procedure was 

initially determined to provide a measure of dyskinesia. As dyskinesia is often associated 

with basal ganglia disturbance, this method may shed light on the involvement of basal 

ganglia in various conditions, but, as mentioned, other brain regions, such as the motor 

cortices, may be involved as well.

Measurements of force steadiness involve having a subject attempt to apply constant 

pressure on a strain gauge, and measuring the amount of variability in the applied force. 

Subjects sit facing a computer monitor with one of their hands positioned on top of a 

platform equipped with the load cell (Sensotec, model 31/1426–02). This load cell 

transduces the force applied when flexing the index finger downward. A target line 

Lohr et al. Page 4

J Affect Disord. Author manuscript; available in PMC 2015 January 05.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



equivalent to 350 centiNewtons of force and the subject’s force signal are simultaneously 

displayed on the monitor. The two waveforms move from left to right across the monitor 

screen at a constant speed, filling a 20-second window. At the end of each 20-second 

window, the screen is refreshed.

The subjects were instructed to match the target line with the force signal line generated by 

maintaining steady levels of finger flexion force. Three 15-second trials were obtained, each 

separated by a 5-second rest period. Force signals were sampled at 100 samples/second by a 

laboratory computer and stored for subsequent analysis. The analysis involved identifying 

the segment with the greater range in force (determined by computing the force minima and 

maxima over the medial 80% of each segment) and calculating the waveform mean and 

standard deviation. Both hands were assessed and the average scores for the two hands were 

used for analysis.

The coefficient of variation (CV) served as the force steadiness score, and was obtained by 

dividing the standard deviation of the force waveform by the mean force waveform. Higher 

scores indicate greater error or instability. Force steadiness error is the direct result of 

irregular muscle contractions that produce changes in measurable force over time. The force 

steadiness data acquisition procedure, segmentation, and analysis have been shown to be 

highly reliable and valid (Caligiuri et al., 1997). Figure 1 shows examples of normal (top) 

and abnormal (bottom) hand force waveforms.

Reaction Time—Reaction time (RT) is a familiar measure of speed of information 

processing and has been studied in patients with depression (Dantchev and Widlocher, 1998; 

Liotti et al., 1991; Swann et al., 1999). RT has been reported to be prolonged in patients 

with depression and is a prominent feature of what has been called psychomotor retardation 

(Sobin and Sackeim, 1997). While RT has been repeatedly shown to be a reliable measure of 

psychomotor slowing, findings are mixed in patients with parkinsonian bradykinesia 

(Camicioli et al., 2008). More recently, Goetz and coworkers (Goetz et al., 2009) reported 

that patients early in the course of Parkinson’s disease showed steady decline on overall 

measures of parkinsonian dysfunction, and on measures of tremor, finger-tapping speed and 

speech, whereas patients actually improved on the RT tests over six months. Thus, while 

patients with parkinsonism display reduced movement speeds, reaction time is relatively 

preserved. For the purpose of the present study, we extracted RT measures from the velocity 

scaling task (described above) to determine whether patients with unipolar depression 

exhibit psychomotor (prolonged RT) or parkinsonian (normal RT with prolonged movement 

time) motor impairment.

Reaction time was measured by calculating the time, in milliseconds, from the onset of a 

visual stimulus (target box) to onset of wrist rotation.

Movement Time—Movement time (MT) is a familiar measure of motor speed and has 

been studied extensively in Parkinson’s disease (Evarts et al., 1981; Hallett and Khoshbin, 

1980), and depression (Hart and Kwentus, 1987; Nebes et al., 1998; Pier et al., 2004a, b; 

Sabbe et al., 1999). Evarts and colleagues (Evarts et al., 1981) reported that MT impairment 

was more severe than RT impairment in patients with Parkinson’s disease (PD) and, 
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importantly, that bradykinesia can occur in the absence of impaired RT. This dissociation 

suggests different processes underlying the initiation and speed components of clinical 

motor slowing in PD. Movement times can be improved in PD patients treated with 

levodopa (Lange et al., 2006; Tucha et al., 2006) suggesting further that impaired MT may 

involve a dopamine-mediated subcortical pathophysiology. With regard to depression, 

studies have consistently reported prolonged MT. Using quantitative instrumental methods, 

Sabbe and colleagues (Sabbe et al., 1999) reported that medicated patients with major 

depressive disorder (MDD) exhibited prolonged RT and MT compared to age comparable 

healthy individuals (Pier et al., 2004b). These authors concluded that psychomotor slowing 

in depression consists of both cognitive (initiation) and motor (speed) components, but with 

the motor impairment being more pronounced. Another study employing the same methods 

by the same authors included unmedicated patients with severe depression (Pier et al., 

2004a). Unlike their prior study, both RT and MT were significantly prolonged in the 

unmedicated MDD patients. Thus, while parkinsonian slowness in early stages appears to be 

dominated by abnormalities in MT, slowing in MDD appears to relate to both RT and MT 

abnormalities. The extent to which medication status, severity of depression, or both 

contribute to the cognitive component in psychomotor retardation is unclear.

In the present study, MT was measured by calculating the time, in milliseconds, from the 

onset of wrist rotation to the point in time when the velocity trace cross the zero axis (i.e. 

when rotation stopped and changed directions).

Velocity Scaling—The velocity scaling measure quantifies the subject’s ability to increase 

movement velocity with increasing target distance during a wrist flexion task. We initially 

became interested in this measure because it has been argued for over four decades that a 

fundamental disturbance in parkinsonian bradykinesia is an inability to modify movement 

velocity to meet the task demands (Benecke, 1989; Berardelli et al., 1986; Draper and Johns, 

1964). One important feature of programmed motor behavior is the principle of isochrony, 

which refers to the relationship between distance and velocity of hand movements during 

limb movement. Isochrony stipulates that the average velocity of endpoint movement 

increases with movement distance (hence preserving the time span, making it isochronous), 

and is present in many if not most types of movement (Viviani et al., 2009; Viviani and 

Flash, 1995). For example, when moving the elbow to different degrees of flexion, normal 

healthy individuals will scale movement velocity in proportion to degrees of flexion, thus 

maintaining a constant movement time. However, patients with parkinsonian hypokinesia 

execute all movements, regardless of distance, with a more uniform velocity, thus failing to 

adhere to the principle of isochrony. We have refined this notion in a previous study of wrist 

movement (Caligiuri et al., 1998), and have shown that patients with neuroleptic-induced 

parkinsonism do not exhibit isochrony and instead move to targets of increasing distance 

with relatively constant velocities, which means that longer distances require more time. The 

ability to scale velocities with movement distance has been considered a cardinal function of 

the basal ganglia by some investigators (Smiley-Oyen et al., 2003; Vaillancourt et al., 2004).

For our measure of velocity scaling, the velocity-distance relationship during simple wrist 

rotation was measured using a platform equipped with a rotation sensor (electrogoniometer) 

that was attached to a handle. Rotation of the handle through extension or flexion of the 
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wrist produces a continuous signal proportional to the angle of rotation. Using custom 

software, the digitized signal (sampled at 100 samples/second) is displayed on a computer 

monitor, with the position of the cursor along the horizontal plane calibrated in degrees of 

rotation. Along with the cursor, target boxes were displayed on the monitor along a 

horizontal plane located at 25° or 45° of rotation. These targets were placed to the left of 

midline for right wrist flexion, and to the right of midline for left wrist flexion. Subjects 

were instructed to flex the wrist “as quickly and as accurately as possible” when a target box 

appeared on the screen. The targets were displayed for two seconds, and the inter-stimulus 

interval was also two seconds. If any subject required clarification, the instructions were 

repeated with emphasis on “speed of movement.” Thirty-two trials or movements, consisting 

of 16 trials for each of two randomly presented target locations, were administered for each 

hand, resulting in a total of 64 movements. At the end of the 32 trials for each hand, the 

program computed the peak velocity, reaction time, and angular distance for each trial. 

Trials that did not meet specified criteria (multiple velocity peaks, omissions, changes in 

movement direction, or anticipated starts) were automatically removed from analyses by the 

software. Peak velocity and distance difference scores were then obtained by subtracting the 

respective values for the 25° targets from the 45° targets. The velocity scaling (VS) score 

was derived from the ratio of the velocity difference over the angular distance difference, 

scaled in degrees/second/degree. Lower scores represent disturbances in the ability to scale 

movement velocity with distance. Both hands were assessed, and data from the two hands 

were averaged for analyses. In previous studies we have determined that test-retest 

reliability for this measure is very high (Caligiuri and Ellwanger, 2000). Figure 2 shows 

examples of normal (left) and abnormal (right) rotation (top) and velocity (bottom) 

waveforms from the VS task. The series of velocity peaks shown in the box demonstrate the 

lack of velocity scaling observed in individuals with this motor programming disorder.

Statistical Analysis

Group data were examined for homogeneity of variances and normal distributions prior to 

undertaking parametric statistical analyses. The distributions for the four neuromotor 

variables were found to be normally distributed. Thus, group comparisons were subjected to 

Fisher’s exact t-tests to test the hypothesis that unmedicated patients with major depression 

exhibit disturbances in motor physiology as assessed by measures of force steadiness, 

reaction time, movement time, or velocity scaling. Separate analyses were performed for the 

force steadiness, velocity scaling, movement time, and reaction time data.

Bivariate correlational analyses (Pearson’s r) were used to test the hypothesis that 

performance on the neuromotor measures is related to the severity of affective symptoms as 

measured by the HAM-D.

Results

Motor Performance

Results from group difference tests are shown in Table 2. Overall, major depressive disorder 

patients performed significantly more poorly than healthy comparison subjects, with greater 

variability (CV) on average force steadiness (FS), longer durations of movement time (MT) 
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and, reduced average velocity scaling (VS). There was no significant difference between the 

groups in terms of reaction time (RT).

There was no correlation between the FS and VS measures in the entire group (r= −0.16, 

NS), or in the depression group alone (r= −0.15, NS). There was also no correlation between 

MT and FS scores for the entire group (r= 0.16, NS) or for the depression group alone 

(r=0.20, NS). There was, however, a correlation between MT and VS scores for both the 

entire group (r= −0.62, p<0.001) and the depression group alone (r= −.36, p<0.001).

To address whether hand dominance could affect performance on our motor measures, we 

compared scores obtained from the dominant hand with nondominant hand. Among the 40 

depressed patients, only one subject was left hand dominant; whereas of the 40 healthy 

subjects 26 were right hand dominant and 14 were left hand dominant. For patients, there 

were no differences between the two hands for FS (2.49 ± 1.19 vs 2.32 ± 1.10 for dominant 

vs nondominant hand respectively) and RT (302 ± 56 vs 311 ± 47 ms for dominant vs 

nondominant hand respectively). However for MT, performance for the nondominant hand 

was significantly slower (752 ± 220 ms) than for the dominant hand (669 ± 234 ms) (t=3.91; 

p<0.001). For VS, performance for the nondominant hand was significantly lower (1.10 ± 

0.93 deg/sec/deg) than for the dominant hand (1.60 ± 0.89 deg/sec/deg) (t=2.29; p<0.05). 

For healthy comparison subjects, no differences were found between dominant and 

nondominant hands for any of the four instrumental motor measures.

Relationship to Severity of Psychopathology

There were no significant correlations of any of the motor measures with the total HAM-D 

Score, or with any of the subscores, including the mood, motor retardation, agitation, and 

anergia subscores.

Discussion

We addressed two questions about the nature of motor pathophysiology in unipolar major 

depressive disorder. We first examined whether patients with major depression who have 

not been treated for at least one month exhibit disturbances in motor physiology that have 

been considered to indicate abnormalities in the sub-cortical motor circuits – force 

steadiness, movement time, reaction time, or velocity scaling. We found significantly poorer 

performance in the depression group than in the comparison group on the force steadiness, 

movement time, and velocity scaling measures, but not on the reaction time measure.

The second question was to examine whether disturbances in motor physiology in untreated 

unipolar disorder patients were related to the affective symptom severity. We found no 

correlation between any of the motor scores and the severity of depression (as measured by 

the HAM-D or its subscores).

Although patients in this study demonstrated significant impairments in the ability to 

maintain steady-state force and the ability to scale velocity with distance, these two findings 

appeared to be independent (as indicated by a lack of correlation between them in the group 

as a whole, and in the depression group alone), suggesting that two separate physiological 
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mechanisms relating to basal ganglia circuitry may be involved. Movement time was also 

not related to FS measures, but it was significantly negatively correlated with VS, which is 

understandable, considering that VS incorporates movement time in its calculation.

Our findings suggest that there are physiological abnormalities in the motor system of 

patients with depression, but the exact nature of these is unclear. For example, force 

steadiness could represent the eruption of unwanted or inappropriate motor control programs 

into movements when gating mechanisms fail, or when there is insufficient selection of 

specific programs or insufficient inhibition of alternative or competing motor programs. 

Alternatively, abnormalities in force steadiness could also be due to problems in such motor 

control strategies as minimization of jerk (the rate of change of acceleration), which has 

been proposed as a core strategy underlying the production of smooth reaching movements 

(Novak et al., 2000; Viviani and Flash, 1995).

Unlike some previous investigations, we did not find a difference between depressed 

patients and the comparison subjects in terms of reaction time. RT findings in depression are 

not consistent. While most of the previous research shows delayed initiation or reaction 

times in depression (Sobin and Sackeim, 1997; Schrijvers et al., 2008), some earlier studies 

(Cornell et al., 1984; Schwartz et al., 1989), reported normal reaction times. It is possible 

that this may represent an influence of medications on RT in some previous studies, as our 

patients were unmedicated. For example, in two prior studies of unmedicated depressed 

patients, investigators reported normal initiation times among unmedicated dysthymic (Pier 

et al., 2004a) and nonmelancholic (Pier et al, 2004b) patients. Another possibility is that the 

RT abnormalities may be associated with very severe depressive illness, and our patients 

were outpatients who were only moderately depressed. It is also possible that our method of 

assessing RT could have contributed to the difference in our finding, as we did not 

specifically assess it using a dedicated task, but rather derived the information from our 

velocity scaling task. Because the velocity scaling task requires attention, it is possible that 

if reaction time abnormalities were due to impaired attention in previous studies, these 

abnormalities would not have shown up in our study. Interestingly, in a neuromotor 

condition such as Parkinson’s Disease, in contrast to movement time abnormalities, reaction 

time abnormalities are inconsistently present, and poorly related to bradykinesia (Evarts et 

al., 1981).

Our findings related to the presence of motor dysfunction in untreated patients with major 

depression is consistent with other observations on the coexistence of depression and 

movement problems, such as the frequently observed comorbidity of mood and motor 

findings in Parkinson’s and Huntington’s Diseases (DeLong, 1990; Folstein et al., 1987; 

Richards, 2005). The co-occurrence of mood symptoms with parkinsonism and/or 

choreoathetosis in neurological diseases suggests that there may be common 

pathophysiological features underlying some motor abnormalities and affective problems, 

perhaps involving the basal ganglia or dopaminergic mechanisms. Although our results do 

not definitively implicate the basal ganglia or dopaminergic mechanisms per se, the finding 

of motor impairment in unmedicated depressed patients that is similar to that observed in 

neurological disorders is suggestive of an overlap. In particular, force steadiness 

abnormalities, which often appear with dyskinesia, is suggestive of hyperdopaminergic 
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problems in the basal ganglia, and velocity scaling abnormalities, such as are seen in 

Parkinson’s disease, are suggestive of hypodopaminergic abnormalities. Additionally, as 

there was no relationship between force steadiness and any of our hypokinetic measures 

(velocity scaling, movement time or reaction time), it appears that these problems may be 

independent in terms of their underlying pathophysiology. This suggests that any underlying 

motor problems in major depression are potentially complex, and may involve more than a 

few simple circuits or neurotransmitters.

Interestingly, we did not observe a significant relationship between the severity of 

depression and severity of motor dysfunction in this cross-sectional study. Although it might 

be anticipated that there would be a relationship between the severity of depression overall 

or of specific depressive components with the motor findings, we have generally found 

either poor or no correlation of depression severity ratings with motor findings in previous 

studies in bipolar disorder (Lohr and Caligiuri, 2006) and depression (Caligiuri et al., 2003). 

Several explanations may account for this. First, we suspect that the motor findings may be 

more related to trait rather than state variables in psychiatric illnesses, which would explain 

the lack of relationship, since state variables in depression change dramatically over time. 

Second, traditional depression severity scales are subjective and based largely on patient 

self-report and history, and this subjectivity could potentially account for the lack of a 

statistical relationship between motor performance and mood. Another possibility is that 

major depression is a multigenic disorder, and that motor problems only occur in a subset of 

patients, which would also obscure any relationship with symptoms.

Although, as mentioned earlier, it is possible that antidepressant and other psychotropic 

medications may cause motor dysfunction and therefore be potential confounders of 

attempts to analyze motor disturbance in depression, most previous studies included patients 

on medication, with a few exceptions (Pier et al., 2004a, b). In the present study, 

unmedicated unipolar depressed patients exhibited significant impairment on tasks designed 

to assess neuromotor function (FS, VS and MT), but exhibited relatively normal 

performance on a cognitive motor task (RT). Prior studies have reported impaired RT 

among medicated depressed patients (see (Sobin and Sackeim, 1997) for review), suggesting 

that the cognitive-motor impairment may be partially medication-related. The dissociation 

showing impaired neuromotor with intact cognitive-motor function sheds light on the 

potential pathophysiology of major depression, particularly with regard to the basal ganglia. 

It has been hypothesized that the coexistence of mood disorder in diseases clearly marked by 

dysfunction of the basal ganglia such as Huntington’s or Parkinson’s disease suggests a 

shared pathophysiological mechanism. The findings of the present study support this 

hypothesis.

The present study was able to evaluate possible confounding effects of gender or 

handedness. Previous studies have not addressed these specific variables that are known to 

influence some aspects of motor performance (e.g. speed) in healthy subjects. While gender 

was not significantly different between the groups (although there were slightly more 

women in the control than in the depression group), hand dominance did affect performance 

differently for the two subject groups. For FS and RT, there were no handedness effects for 

either healthy or depressed subjects. However, on the two measures purported to reflect 
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parkinsonian bradykinesia - MT and VS - depressed patients exhibited longer MTs and 

lower VS scores for the nondominant than dominant hands. For healthy subjects, no 

differences were found between dominant and nondominant hands for MT or VS. While the 

potential mechanisms that could lead to differences in lateralized motor performance in our 

patients are not known, the present findings suggest greater impairment of the right than left 

hemisphere motor areas in unipolar depression. The notion that there exists an imbalance in 

the activation of the two hemispheres in depression and other affective disorders has been 

previously suggested (Hecht, 2010). Based on an extensive review of the literature, Hecht 

concluded that the two hemispheres are differentially involved in emotional (right) and 

cognitive (left) processes. The present findings of impaired left hand (right hemisphere) 

neuromotor performance together with findings linking the right hemisphere with emotional 

processing, suggest that both motor and emotional processing likely involve a subcortical, 

possibly dopaminergic mechanism.

There are several caveats and limitations to be noted with this study. We did not have 

detailed information on the number of depressive episodes in the past, or on psychosocial 

variables such as educational level, so were unable to determine if these influenced our 

results. Also, although the motor findings we report are consistent with abnormalities in 

basal ganglia circuit dysfunction as well as disturbances in dopaminergic transmission in 

these structures, we did not measure directly any basal ganglia or dopaminergic functions, so 

all conclusions related to specific pathophysiological processes remain speculative. We also 

only studied outpatients with moderately severe depression, so our findings must be 

interpreted accordingly, and we may not have observed abnormalities in motor control that 

would be seen only with more severely depressed individuals.
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Figure 1. 
Examples of normal (top) and abnormal (bottom) performance on the hand force steadiness 

task. Shown are two right hand trials for each subject with their respective coefficients of 

variability. Coefficients of variability for the two top trials reflect normal performance; 

while the second (right) trial of the bottom example reflects abnormal performance. 

Calibration bars indicate 50 cN (vertical) and 5 seconds (horizontal).
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Figure 2. 
Examples of normal (left) and abnormal (right) rotation (top) and velocity (bottom) 

waveforms from the VS task. The series of velocity peaks shown in the box demonstrate the 

lack of velocity scaling observed in individuals with this motor programming disorder.
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Table 1

Demographic characteristics of the study subjects.

Major Depression Comparison Group Statistic

N 40 40

Age (SD) 40.3 (9.6) 36.3 (13.1) t=1.54, p=NS

Age Range 22–59 19–67

Gender F:M 14:26 18:22

Ham-D total (SD) 21.15 (5.54)

Ham-D range 9–31
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Table 2

Means, standard deviations (in parentheses), and ranges for the instrumental motor measures for the 

depression and comparison groups.

Major Depression Comparison Group Statistic

Force Steadiness (FS)

Average (SD) 2.41 (0.99) 1.70 (0.68) t= 3.73, p<0.0005

FS Range 0.82–5.72 0.87–3.47

Velocity Scaling (VS)

Average peak (SD) 1.38 (0.62) 2.49 (1.21) t= −5.16, p<0.000005

VS Range 0.21–2.79 1.19–7.77

Movement Time (MT)

Average (SD) 714 (216) 586 (194) t= 2.79, p<0.01

MT Range 377–1260 175–1129

Reaction Time (RT)

Average (SD) 299 (46) 303 (73) t= −0.37, p=NS

RT Range 219–382 184–490
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