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Major depressive disorder (MDD) is a heterogeneous disorder. Our hypothesis is that
neurological symptoms correlate with the severity of MDD symptoms. One hundred
eighty-four outpatients with MDD completed a self-report questionnaire on past and
present medical history. Patients were divided into three roughly equal depression
severity levels based on scores from the APA Severity Measure for Depression—Adult
(h = 66, 58, 60, for low, medium, high severity, respectively). We saw a significant
and gradual increase in the frequency of “muscular paralysis” (1.5-5.2-16.7%) and
“balance problems” (21.2-36.2-46.6%) from low to medium to high severity groups.
We repeated the analysis using only the two most extreme severity categories: low
severity (66 samples) vs. high severity (60 samples). High severity patients were also
found to experience more “angina” symptoms than low severity patients (27.3 vs. 50%).
The three significant clinical variables identified were introduced into a binary logistic
regression model as the independent variables with high or low severity as the dependent
variable. Both “muscular paralysis” and “balance problems” were significantly associated
with increased severity of depression (odds ratio of 13.5 and 2.9, respectively), while
“angina” was associated with an increase in severity with an odds ratio of 2.0, albeit
not significantly. We show that neurological exam or clinical history could be useful
biomarkers for depression severity. Our findings, if replicated, could lead to a simple
clinical scale administered regularly for monitoring patients with MDD.

Keywords: biomarkers, depression, severity, symptoms, stratification

INTRODUCTION

Major depressive disorder (MDD) is characterized by one or more major depressive episodes
(MDEs) and the absence of mania and hypomania throughout an individual’s lifetime (1). An
MDE includes depressed mood, loss of interest or pleasure, change in weight or appetite, sleep
disturbances, psychomotor problems, fatigue, worthlessness or guilt, impaired concentration or
indecisiveness, and thoughts of death or suicide (2). Negative outcomes in depression, such as
suicidal behavior, highlight the importance of early diagnosis and treatment (3). For an individual
to be diagnosed with MDD, at least five symptoms need to be present within a period of 2 weeks.
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Of these five symptoms, depressed mood or loss of interest and
pleasure must be present for a diagnosis of MDE to be made.

MDD is a complex and heterogeneous disorder with a
wide range of risk factors, severity, and treatment response.
Several studies have shown that behavioral and cognitive
phenotypes can be useful for biomarker discovery in MDD.
Taylor et al. (4) reported that psychomotor slowing was
predictive of poor response to fluoxetine, while Gorlyn et al.
(5) showed how global cognitive functioning can serve as a
marker for predicting selective serotonin reuptake inhibitors
(SSRI) treatment response. Lastly, a recent study has shown
that movement data collected from wearable devices had a high
correlation with depression severity (6).

Depression is encountered in different neurological disorders
and idiopathic MDD and “neurologic” depression seem to
share common abnormalities in specific brain areas (7). For
instance, depressive symptoms have been well-documented in
patients with stroke (8), epilepsy (9), multiple sclerosis (10),
and dementia (11). According to Gutzmann et al. (2015), the
severity of depression increases with increasing severity of
neurological impairments. Similarly, Smith et al. (12) found
that cognitive performance in individuals with prodromal
Huntington disease is related to depressive symptom severity.
Moreover, very mild depressive symptoms have also been shown
to be associated with gait disturbance in early Parkinson’s
disease (PD) and it has been hypothesized that depression may
influence mechanisms of gait disturbance (13). This hypothesis
is in line with the results of a multicenter randomized study
showing that gait instability (freezing of gait), in patients
with PD, responds to treatment with antidepressants (14).
Our hypothesis is that neurological symptoms correlate with
the severity of the depression symptoms. This study explores
whether any findings in non-psychiatric past medical history
correlate with depression severity, potentially allowing their use
as biomarkers for the prognosis and monitoring of patients
with depression.

METHODS

Participant Recruitment and Data

Collection

The study protocol was approved by the Research Ethics
Board of the Douglas Mental Health University Institute
(DMHUI), the McGill University Health Centre (MUHC)
and the Institut Universitaire en Santé Mentale de Montréal
(IUSMM). One hundred eighty-four consecutive, unselected
patients with major depression, between the ages of 19 and
77 years, were recruited from tertiary outpatient depression
clinics at the DMHUI, Allan Memorial Institute (AMI), and
TUSMM. All patients were diagnosed by certified psychiatrists,
using the the Diagnostic and Statistical Manual of Mental
Disorders, 5th edition (DSM-5). A self-report questionnaire
screening for non-psychiatric medical symptoms was given
to all study participants after providing written informed
consent. This questionnaire consisted of 49 individual
questions relating to distinct categorical clinical variables.

It was used to survey participants on their past and present
medical history, as well as that of their family and their
educational history. We also surveyed participants for psychiatric
medication use.

Finally, a self-report questionnaire called the APA Severity
Measure for Depression—Adult [adapted from the Patient
Health Questionnaire—9 (PHQ-9)] (15, 16) was used to evaluate
the severity of each participant’s condition. The APA Severity
Measure for Depression that was used was developed by the
American Psychiatric Association. It was adapted from the
Patient Health Questionnaire—9 (PHQ-9), which has been
shown to be a reliable and valid test for documenting the
severity of depression. This measure was chosen, as it provides
more detailed instructions for scoring and interpretation than
the PHQ-9, while maintaining the same questions and general
marking scheme as the PHQ-9.

Statistical Method

Participants were divided into three severity categories based
on their depression severity scores: (1) low severity, scores
range from 1 to 12 (66 individuals), (2) medium severity,
scores range from 13 to 18 (58 individuals), and 3) high
severity, scores above 18 (60 individuals). Forty-nine categorical
clinical variables, including age, sex, education level, neurological
features, family history, dietary and gastrointestinal features,
cardiovascular features, and other clinical features were analyzed
with the chi-square test in contingency tables (x2). The age
variable was analyzed using a Student’s f-test. Significance was
set at P < 0.05 (two-tailed). We then repeated the analyses using
only the two most extreme severity categories: low severity (66
samples) vs. high severity (60 samples).

Ordinal logistic regression was applied to determine the
contributions of the significant variables from the chi-square tests
in discriminating low vs. medium vs. high severity depression
patients. Variables meeting the significance cut-off from the
chi-square test for the three severity categories analysis were
used as input variables for the model. Similarly, binary logistic
regression was applied to determine the contributions of the
significant variables in discriminating low vs. high severity
depression patients.

Lastly, a linear regression was applied to model the
relationship between the number of psychiatric medications used
by patients and their depression severity score. We excluded
outlier patients who had more than 6 medications based on a
boxplot of medication counts (Supplementary Figure 1).

We also calculated the percentage of patients receiving each
specific medication in the high vs. low severity category and
identified the medications with the largest differences among
the two groups. We then examined the side-effects of these
medications and verified whether they were related to any
significant clinical variables identified.

The chi-square tests were performed using the scipy python
package (ver. 1.1.0), while the binary logistic regression and linear
regression analyses were performed using the statsmodels python
package (ver. 0.10.1). The ordinal logistic regression analysis was
performed using the MASS R package (ver. 7.3-51.3).
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RESULTS

For the three severity categories analysis, a significant difference
between observed and expected frequencies was found for the
“muscular paralysis” and “balance problems” variables. Of note,
as part of our questionnaire these two terms were described as
“muscular paralysis (e.g., complete loss of muscle function)” and
“problems with balance and/or movement coordination (e.g.,
falls, bumping into objects, short repeated episodes or progressive
episodes).” Low, medium, and high severity categories had
patients with “muscular paralysis” with frequencies 1.5, 5.2, and
16.7%, and “balance problems” with frequencies 21.2, 36.2, and
46.6%, respectively.

We then repeated the analysis with two severity categories. A
significant difference was found again for “muscular paralysis,”
“balance problems,” but also for “angina” (defined as “chest
pain and/or chest tightness”). The low severity category had
27.3%, while the high severity category had 50% of patients
with “angina.”

The significant clinical variables (“muscular paralysis” and
“balance problems”) identified from the three-severity category
analysis were introduced into an ordinal logistic regression
model with severity (ordered from high, medium, to low) as
the dependent variable. Both “muscular paralysis” and “balance
problems” were significantly associated with increased severity
of depression with an odds ratio of 6.5 (p = 0.0022) and 2.5
(p = 0.0024) respectively (Table 1).

Similarly, the significant clinical variables (“muscular
paralysis,” “balance problems,” and “angina”) identified from the
two severity categories were introduced into a binary logistic
regression model as the independent variables with high or
low severity as the dependent variable. After obtaining the
optimal fit, the model accounted for 13.0% of the variance
(p = 4.8*107°). Both “muscular paralysis” and “balance
problems” were significantly associated with increased severity
of depression with an odds ratio of 13.5 (p = 0.016) and 2.9
(p = 0.011), respectively, while “angina” was associated with
an increase in severity with an odds ratio of 2.0, albeit not
significantly (p = 0.092) (Table 2).

Lastly, we applied linear regression with the number of
psychiatric medications of each patient as the independent
variable and the depression score as the dependent variable. A
table of the list of medications we considered to be psychiatric is
available in Supplementary Table 1. One patient was removed as
an outlier based on the boxplot of the number of medications
(Supplementary Figure 1). After obtaining the optimal fit,
the model only explained 0.4% of the variance (p = 0.40)
(Supplementary Figure 2) of the depression score. For every
medication, the percentage of patients receiving it in the high
vs. low severity category is shown in Supplementary Table 1.
Bupropion and sertraline, were taken by a larger proportion
of high severity category patients (18 and 12%) compared
to low severity category patients (11 and 2%), however,
no medication side-effects were found to be related to
“balance problems,” “muscular paralysis,” or “angina” for
either medication.

DISCUSSION

This study explores whether any findings in non-psychiatric
past medical history correlate with depression severity. Our
hypothesis was that neurological symptoms correlate with the
severity of the depression symptoms, potentially allowing their
use as clinical biomarkers for the prognosis and monitoring of
patients with depression. Our results show that more severely
depressed patients have a higher likelihood for neurological
and cardiovascular symptoms. More specifically, “muscular
paralysis” and “balance problems” are associated with increasing
depression severity (p < 0.05). Similarly, some evidence was
found for “angina” albeit not meeting our cut-off for
significance (p = 0.092).

One possible explanation is that as the severity of depression
increases, so does the number of medications, leading to side-
effects reported as symptoms. However, this does not seem to be
the case in our study based on the regression analysis performed
for the number of medications vs. severity, and based on the side-
effects profile of the medications that were taken by a higher
percentage of high severity patients compared to low severity
patients. In brief, we found no significant differences between age,
sex, education levels, or the number of psychiatric medications
taken between patients with different severity of depression.

To explore the possibility that pathophysiological changes
underly both depressive and neurological symptoms, a literature
review was performed to search for existing evidence supporting
a link. We found evidence for “balance problems” or ataxia in
MDD. For example, a slow walk with reduced arm swinging and
a more slumped posture are characteristic of depression (17).
Moreover, an association of MDD with falls has been published
by different studies (18). Studies have shown a significantly
smaller vermis in patients with MDD without ataxia (19), and
smaller cerebellum in patients with bipolar disorder (20). These
brain structures are known to be important in equilibrium
and coordination. Of note, patients with cerebellar dysfunction
show higher scores on depression inventories when compared
to controls (21). Interestingly, in some genetic conditions
characterized by ataxia, depression appears to be an important
feature. For example, a recent study found that 57% of patients
with spinocerebellar ataxia type 3 (SCA3) had depression
and that this seemed to have a significant impact, positively
contributing to the severity of their ataxia (22). Similarly, in a
study of patients with Friedreich’s ataxia, 21% of participants were
found to have depression in the moderate/severe range (23).

A similar search was performed for “muscular paralysis.”
Szklo-Coxe et al. (24) found that having severe depression lead to
a 500% increase in the odds of having sleep paralysis (24). It has
also been shown that leaden paralysis may be common in atypical
depression, with one study reporting 47% of their patients with
atypical depression presenting with leaden paralysis (25). Of note,
leaden paralysis is not referring to a real “muscular paralysis
(e.g., complete loss of muscle function).” Rather, it consists
of severe fatigue creating a sensation of extreme heaviness of
the arms or legs and it is considered a reliable marker of
atypical depression.
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TABLE 1 | Results from the ordinal logistic regression for the significant variables identified from the chi-square tests with patients from the high, medium, or low
depression severity categories.

Significant variables from chi-square tests Coefficient Standard Error t P OR OR 2.5% OR 97.5%
Muscular paralysis 1.878 0.613 3.064 0.0022 6.541 2115 24.767
Balance problems 0.900 0.296 3.037 0.0024 2.458 1.383 4.424

An ordinal logistic regression contrasting the 60 high, 58 medium, and 66 low depression severity patients was performed with the significant variables from the chi-square tests
(“Muscular paralysis,” and “Balance problems”). The table details the model coefficients, standard errors, t-values, and p-values of the coefficients, as well as the odds ratio (OR) and
the 95% confidence interval (Cl) (OR 2.5%, OR 97.5%) derived from the coefficient and standard errors. The coefficient for both “Muscular paralysis” and “Balance problems” were
significantly different from zero (p < 0.05).

TABLE 2 | Results from the binary logistic regression for the significant variables identified from the chi-square tests with patients from the high or low depression
severity categories.

Significant variables from chi-square tests Coefficient Standard Error z P OR OR 2.5% OR 97.5%
Muscular paralysis 2.606 1.086 2.400 0.016 13.546 1.613 113.787
Balance problems 1.074 0.424 2.534 0.011 2.926 1.275 6.714
Angina 0.692 0.411 1.683 0.092 1.997 0.892 4.469
Intercept —0.885 0.274 —3.224 0.001 0.413 0.241 0.707

A binary logistic regression contrasting the 60 high and 66 low depression severity patients was performed with the significant variables from the chi-square tests (“Muscular paralysis,”
“Balance problems,” and “Angina”). The table details the model coefficients, standard errors, z-values (Z), and p-values of the coefficients, as well as the odds ratio (OR) and the 95%
confidence interval (Cl) (OR 2.5%, OR 97.5%) derived from the coefficient and standard errors. The coefficient for both “Muscular paralysis” and “Balance problems” were significantly
different from zero (p < 0.05), while the coefficient for “Angina” was borderline significant. The 95% Cl is large for “Muscular paralysis,” suggesting that a larger sample size would be
required to have a more precise estimate of its effect on depression severity. Of note, the intercept is showing the odds of being severely depressed if someone did not have any features

of “muscular paralysis”, “balance problems” or “angina”.

Finally, a link between “angina,” as well as other cardiac
conditions, and depression, is well-established. MDD is a risk
factor for cardiovascular disease (CVD), even after adjusting for
demographics and traditional cardiovascular risk factors (26).
In a longitudinal study of a cohort of patients without CVD
at baseline, it was determined that depression was significantly
associated with the incidence of a cardiac event and that
this was unlikely to be due to the effects of hypertension,
diabetes, or dyslipidemia. Of the 592 persons who experienced a
cardiac event in this study, 160 were classified as “angina” (27).
Additionally, an increase in PHQ-9 depression severity scores
have been associated with an increase in “angina’ frequency,
thus validating our finding; further, newly depressed individuals
have been shown to report more “angina” than those who do
not have depression (28). Moreover, a study assessing “angina”
in patients with MDD and coronary artery disease found that
having depression predisposed an individual to a greater risk of
“angina” and that the severity of their coronary artery disease did
not seem to impact this (29). Finally, a recent study found that
symptoms of chest tightness/chest pain were predictors of the
onset of symptoms of depression and anxiety in patients that had
been recently referred to neurology outpatient clinics (30), which
further supports the findings of our current study. In conclusion,
we provide evidence that non-psychiatric clinical symptoms,
including neurological features, can serve as clinical markers
for disease severity. Our findings, if replicated, could lead to
a simple clinical scale administered regularly for monitoring
patients with MDD based on review of systems and/or
physical examination.

LIMITATIONS AND FUTURE DIRECTIONS

One of the limitations of this study is the relatively small
sample size. Our findings should be replicated in the future
with larger sample sizes, which are adequately powered to
explore interactions between variables, and maybe capture
other potentially relevant patient populations (e.g., hospitalized
patients with MDD and/or patients with bipolar disorder).
Moreover, in our study, the PHQ-9 self-report questionnaire was
used. It would be important for future studies to consider adding
objective assessments by trained personnel to ensure that the
data collected is more standardized between study participants.
Patients in our study were recruited from different tertiary
depression clinics and, although all patients met DSM-5 criteria
for MDD, there was no uniform use of a structural instrument
as part of their evaluation. Future studies could consider
using a structural instrument such as the Mini International
Neuropsychiatric Interview (MINI) or the Structured Clinical
Interview for DSM (SCID).

Most importantly, our questions for the significant features
were asking the patients if they “experience short episodes of
chest pain and/or chest tightness (also known as angina)?” or
“problems with balance and/or movement coordination (e.g.,
falls, bumping into objects, short repeated episodes or progressive
episodes)” or “muscular paralysis (e.g., complete loss of muscle
function).” However, there was no clear question allowing
temporal qualification, and this was one of the limitations of our
study that future studies need to address. Close monitoring of
temporal relationship of the clinical markers identified in our
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study to the depressive symptoms is important. It can validate
the importance of these clinical markers for monitoring of MDD
and potentially ensure adjustment in the antidepressant regimen.
A prospective study focused on targeted medical history for
these features, along with physical examination for cerebellar
findings, would be needed to explore if changes in these features
precede the subjective experience of worsening symptomatology
of MDD. If, indeed, our findings are replicated and subtle
changes on the neurological examination or clinical history are
proven to be useful clinical markers of changes in depression
severity, our findings could lead to a simple clinical scale
administered on a regular basis, along with the validated
neuropsychiatric tools already in use, for monitoring patients
with MDD. Ultimately, this could result in earlier intervention
in patients with depression, enabling the physician to adjust the
treatment regimen before the depressive symptoms become very
severe. This could potentially help us optimize pharmacological
interventions and reduce negative outcomes, such as suicide.
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