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Abstract To determine the prevalence of depression, to
identify correlated factors for depression, and to explore
the impact on the progression or survival of amyotrophic
lateral sclerosis (ALS) by depression in a Chinese popu-
lation. A total of 166 ALS patients were recruited. Diag-
nosis of depression disorders and the severity of depression
were established by using the fourth diagnostic and sta-
tistical manual of mental disorders, Hamilton Depression
Rating Scale-24 items (HDRS-24) and Beck Depression
Inventory (BDI). Major depression was found in 15
patients (9.6 %). The multiple regression analysis showed
that a lower ALS Functional Rating Scale-Revised
(ALSFRS-R) score was correlated with increasing HDRS
scores and BDI scores (P = 0.018 and P = 0.012). No
significant difference in the median survival time between
ALS patients with and without depression was revealed by
Kaplan—-Meier analysis (log-rank P = 0.282). Cox hazard
model showed that the presence of depression in ALS was
unrelated to the survival, while the severity of depression
in ALS was correlated with the survival. The presence and
severity of depression in ALS did not correlate with the
progression of ALS. Major depression in ALS is uncom-
mon. Depression evaluation should be given to ALS
patients, especially those with lower ALSFRS-R score. The
severity of depression may be associated with the survival;
however, depression does not worse the progression of
ALS.
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Introduction

Amyotrophic lateral sclerosis (ALS), a devastating disease
characterized by progressive loss of motor neurons, leading
to weakness of bulbar, limb, thoracic and abdominal
muscles, is the third common neurodegenerative disease of
aging population [1]. With a mean survival about 3.5 years
[2], the only evidence-proved effective drug for ALS is
riluzole, which may at best prolong survival for up to
6 months [3]. Moreover, numerous non-motor manifesta-
tions have been observed in ALS, including cognitive
dysfunction, behavioral impairments, and mood disorders
[4, 5]. However, the findings of the prevalence of depres-
sion, the predisposing factors for depression and the cor-
relation between depression and survival of ALS in
previous studies are inconsistent [5—8]. It is hard to state
that mood disorders are not really common in ALS
patients, as it mainly depends on the different types of
assessment that have been used [9]. The prevalence of
depression in ALS patients has been reported to be as high
as 48 % [10]to 75 % [11] and as low as 9.8 % [12, 13]. An
association between depression and physical impairment in
ALS has been reported by some studies [6, 14, 15].
However, some studies reported a lack of a correlation
between depression and physical impairment [7, 10, 16—
18]. Few studies reported the association between depres-
sion and survival in ALS [8, 19].

Overall, current evidence on depression in ALS patients
is greatly limited to draw a conclusion regarding to the
study methods, sample sizes, sample composition and
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using various assessments for depression. The early and
accurate identification of depressive symptoms in ALS can
lead to diagnostic awareness and effective therapies to
improve the quality of life in both ALS patients and their
caregivers. In this context, this study was designed in a
large cohort of ALS patients to (1) determine the preva-
lence of depressive disorder (meeting the fourth diagnostic
and statistical manual of mental disorders, DSM-IV) [20]
and depressive symptom (that exists but not yet enough to
meet the DSM-IV criteria); (2) identify possible predis-
posing and protective factors associated with depression;
(3) determine whether the occurrence and severity of
depression associated with the survival or disease pro-
gression of ALS.

Methods
Participants

Patients with diagnosis of definite or probable ALS (El
Escorial revised criteria) [21] from a large, regional referral
ALS clinic of Southwest China, between August 2012 and
March 2014, participated in the study. The demographic
information was collected and the following measures of
detailed neurological examination and psychological mor-
bidity were administered on the same day. The approval for
the study was obtained from the Ethics Committee of West
China Hospital of Sichuan University. Informed written
consent was obtained from all participants prior to being
recruited.

The diagnostic delay was defined as the month interval
between the date of onset and the date of diagnosis. ALS
Functional Rating Scale-Revised (ALSFRS-R) [22] was
used to assess bulbar (ALSFRS-R-B), limb (ALSFRS-R-L)
and respiratory function (ALSFRS-R-R). Scores ranged
from O (unable to perform the task) to 4 (no impairment)
for each item, resulting in total scores ranging from O (the
worst) to 48 (the best). Manual Muscle Testing (MMT) is a
scored neurologic examination derived from the Medical
Research Council scale [23]. The scale is numerical based
on the examination of 34 muscles. Each muscle is scored
from O to 5, with O representing complete paralysis and 5
representing normal strength. The final MMT score for
each subject is the mean of the scores of all 34 muscles.
The mini—mental state examination (MMSE) is used for
screening the global cognition in ALS patients.

Diagnosis of depression disorders was established by
using the DSM-IV by a trained neurologist. The severity of
depression was evaluated using Hamilton Depression
Rating Scale—24 items (HDRS-24), with a score of <8
indicating no depression, a score from 8 to 20 corre-
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sponding to mild depression, a score from 20 to 35 corre-
sponding to moderate depression, and a score of >35 cor-
responding to severe depression [24]. For the sake of
completeness evaluating depression in ALS, a self-ad-
ministered scale named Beck Depression Inventory (BDI)
was also used. It has thirteen items with a total score less
than 4 indicating no depression, 5-13 corresponding to
mild depression, 14-20 corresponding to moderate
depression, and a total score more than 21 indicated severe
depression [25].

All enrolled participants were followed every 3 months
by face-to-face interviews or phone calls until the end of
the study. The ALSFRS-R score was evaluated during
follow-up. Progression rate was assessed by the changes of
ALSFRS-R  per month (AALSFRS-R/m) (formula:
(ALSFRS-R1 score at baseline—ALSFRS-R2 at the last
visit)/month intervals between the two assessments). Sur-
vival time was defined as the interval time between the date
of onset and the date of death. Tracheotomy was taken as
equivalent to death.

Data analysis

All continuous variables presented as mean =+ standard
deviation, and all categorical variables presented as num-
bers or percentages. Spearman’s correlations were used to
analyze the relationship between depression and clinical
features of ALS. Spearman rank correlation coefficient (r,)
of >0.8 was considered as a very strong correlation,
rs = 0.60-0.79 was considered as a strong correlation,
r¢ = 0.4-0.59 was considered as a moderate correlation,
r¢ = 0.20-0.39 was considered as a weak correlation, and
rs < 0.19 was considered as a negligible correlation [26].
Comparison of categorical variables, a Chi-square test was
performed. The multiple regression analysis was employed
to reveal the factors related to depression at study baseline.
Depression score was served as dependent variable.
Kaplan—Meier curves and log-rank tests were used to
compare the survival time between the groups (with and
without depression). Cox proportional hazards regression
model was hired to determine whether the presence and
severity of depression contribute to the survival of ALS
independently. In Cox proportional hazards regression
model, the other parameters included age of onset, onset
region, diagnostic delay, body mass index (BMI), MMT
scores, ALSFRS-R scores, and MMSE scores, while the
survival status set as dependent variable. The association
between the present or the severity of depression and the
progression of ALS was conducted by multivariate
regression analysis. All statistical tests analyzed by SPSS
17.0 were two-tailed, with statistical significance set as
P < 0.05.
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Table 1 C.Ompa.rlS(.)I’lS of Variables Included patients N = 166 Excluded patients N = 68 p value

demographic and disease-

specific factors between Age (years) 550 + 12.2 56.5 + 10.6 0.369

included ALS patients and

excluded ALS patients Onset age (years) 54.0 + 12.1 55.7 £ 10.5 0.300
Sex (male/female) 105/61 42/26 0.831
BMI 219 £ 39 22.1 £ 3.8 0.670
Education received (years) 82+ 46 79 +42 0.689
Onset region (UL/LL/bulbar) 93/36/37 39/13/16 0.905
Disease duration (years) 14+ 1.1 1.5 £ 0.9 0.342
Diagnostic delay (years) 1.2+ 1.0 1.4 £ 0.8 0.259
ALSFRS-R total score 38.8 £ 6.0 377 £55 0.297
Average MMT score 44 £05 42 £0.6 0.159
Average MMSE score 223 +£28 21.7 £ 3.1 0.155

ALS amyotrophic lateral sclerosis, BMI body mass index, UL upper limb, LL lower limb, ALSFRS-R ALS
Functional Rating Scale-Revised, MMT manual muscle testing, MMSE mini-mental state examination

* Significant difference

Results

A total of 234 patients with probable or definite ALS were
identified as potentially eligible participants. Among 234
patients, four patients with frontotemporal dementia, 28
patients with severe dysarthria, and 21 patients with severe
hand weakness were excluded due to incomplete assess-
ment. Fifteen patients who refused to participate were also
excluded. Finally, a total of 166 ALS patients were inclu-
ded in the analyses. The demographic and disease-specific
factors of the enrolled patients and the excluded patients
are shown in Table 1. No significant differences in demo-
graphic features were observed between the enrolled
patients and the excluded patients (Table 1). The age of
enrolled patients ranged from 27 to 81 years, with 12.7 %
under age 40 and 12.0 % over 70. A total of 13.9 % of the
enrolled patients had a graduate degree, 39.8 % of the
enrolled patients had received less than high school edu-
cation. Six patients had a family history of ALS.

Fifteen patients (9.0 %) at the baseline were diagnosed
to have major depression episode (DSM-IV). Based on
HDRS-24, 88 patients (53.0 %) had no depression, 62
patients (37.3 %) had mild depression, 12 patients (7.2 %)
had moderate depression, and 4 patients (2.4 %) had severe
depression. The latter two groups together (9.6 %) are
consistent with the presence of a clinically diagnosed major
depressive disorder. A total of 128 patients completed the
BDI scale. According to the score, 61 patients (47.7 %) had
no depression, 49 patients (38.3 %) had mild depression,
and 18 patients (14.0 %) had moderate or severe depres-
sion. The ALSFRS-R total score and ALSFRS-R-R score
were significantly decreased with the severity of depression
increasing (Table 2). There were no statistically differ-
ences in the general features including sex, age, age of
onset, BMI, education level, marriage status, concomitant

diseases, residence, disease duration and diagnostic delay,
and disease-specific features including onset body region,
MMT and MMSE scores among the three patients groups
regarding to the severity of depression (Table 2).

In the Spearman analysis, the score of HDRS-24 was
negatively weakly correlated with ALSFRS-R, ALSFRS-
R-L and ALSFRS-R-R scores (ry = —0.272, —0.192 and
—0.168, respectively), but not correlated with the
ALSFRS-R-B score (r;, = —0.087), indicating that patients
with severe depression had lower scores of ALSFRS-R,
ALSFRS-R-L and ALSFRS-R-R. The BDI score also was
negatively correlated with ALSFRS-R (r, = —0.202,
P = 0.022). The multiple regression analysis showed that a
lower ALSFRS-R score was correlated with increasing
HDRS scores and BDI scores (P = 0.018, 95 %CI —0.740
to —0.072 and P = 0.012, 95 %CI —0.693 to —0.090),
whereas, covariates including age of onset, onset body
region, sex, disease duration, diagnostic delay, BMI, edu-
cational level, MMT and MMSE scores were not associ-
ated with the increasing depression.

At the end of the study, 1 patient received tracheotomy,
22 patients departed, 18 of which died from respiratory
failure, 3 from difficulty in swallowing and 1 from
intracranial hematoma after falling down from stairs. The
average follow-up duration between baseline and the last
visit was 10.2 £ 5.0 months. The monthly decline of
ALSFRS-R was 0.8 £ 0.7. No significant difference in the
median survival times between ALS patients with and
without depression was revealed by Kaplan—Meier analysis
(24.0 vs. 20.5 months, log-rank P = 0.282, Fig. 1). Cox
proportional hazard model showed that the presence of
depression was unrelated to the survival in ALS
(OR =3.673, 95 % CI=0.747-18.064, P = 0.109),
while ALSFRS-R scores and diagnostic delay were statis-
tically associated with the survival in ALS (OR: 0.752,
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Table 2 Demographic and
disease-specific characteristics
of ALS patients in terms of the
depressive status

HDRS score <8 HDRS score (8-20)  HDRS score (>20) p-value
Number 88 62 16
Age (years) 553 + 12.7 545+ 114 55.2 £ 13.1 0.928
Onset age (years) 544 £ 12.6 534+ 114 54.0 £ 12.1 0.878
Sex (male/female) 58/30 35/27 12/4 0.294
BMI 224+ 28 21.8 + 4.4 20.3 £ 6.2 0.180
Education received (years) 8.6 £ 5.1 7.4 +£4.0 8.8 42 0.282
Onset region (UL/LL/bulbar)  51/18/19 31/15/16 11/3/2 0.685
Disease duration (years) 1.3+ 1.0 1.5+1.2 1.2+ 0.8 0.280
Diagnostic delay (years) 12+ 1.0 14+ 1.1 1.1 £09 0.399
ALSFRS-R total score 404 £ 5.7 379 £ 5.7 36.2 + 7.2 0.017*
ALSFRS-R-B score 105+ 1.9 102 £2.2 9.6 £2.7 0.277
ALSFRS-R-L score 26.1 + 3.0 25.0+ 33 249 + 3.2 0.101
ALSFRS-R-R score 11.6 +£ 0.9 109 £ 23 114 +£ 1.0 0.014%*
Average MMT score 44 £0.5 44 £0.5 44 £05 0.207
Average MMSE score 224+ 2.6 22.0 £ 3.2 223+ 28 0.484

ALS amyotrophic lateral sclerosis, HARS Hamilton Depression Rating Scale, BMI body mass index, UL
upper limb, LL lower limb, ALSFRS-R ALS Functional Rating Scale-Revised, ALSFRS-R-B ALS Func-
tional Rating Scale-Revised-bulbar, ALSFRS-R-L ALS Functional Rating Scale-Revised-limb, ALSFRS-R-
R ALS Functional Rating Scale-Revised-respiratory, MMT, manual muscle testing, MMSE mini-mental

state examination

* Significant difference
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Fig. 1 Kaplan-Meier curve described the cumulative time-dependent
survival rate in ALS patients regarding to depression. Green line
patients of ALS with depression. Blue line patients of ALS without
depression

95 % CI 0.632-0.894, P = 0.001 and OR: 0.065, 95 % CI
0.013-0.322, P = 0.001, respectively) (Table 3). In addi-
tion, Cox proportional hazard model revealed that the
severity of depression explored by HDRS and BDI was
associated with the survival in ALS (OR = 2.097, 95 %
CI = 1.0324.261, P =0.041 and OR = 3.108, 95 %
CI = 1.464 t0 6.600, P = 0.003) (Table 4). After adjusting
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for age of onset and onset body region, multivariate
regression analyses revealed that the presence of depres-
sion and the severity of depression were not correlated with
the disease progression of ALS (P > 0.05).

Discussion

To the best of our knowledge, this is the largest study to
explore the point prevalence of depression and its associ-
ation with survival and disease progression of ALS in a
Chinese population.

In accordance with majority of previous reports [8, 18,
27, 28], approximately 10 % of patients with ALS had
major depression diagnosed by means of DSM-IV struc-
tured clinical interview, which was slightly higher than that
in the general population (4-5 %) [29], yet lower than
other relentless diseases such as multiple sclerosis
(17-46 %) [30, 31] and carcinoma [32]. Although, ALS
was a devastating disease, a noteworthy observation in the
current study was that clinically significant depression was
neither as prevalent nor as severe as might be expected,
which was consistent with an evaluation of 28 studies
regarding depression in ALS [33]. It was hard for
researchers to figure out whether depression was caused by
somatic changes or reactive changes by the diagnosis of
ALS [15]. In our study, all participants were non-disclosure
of the diagnosis of ALS at the register, which might give
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E ;Zl:r‘;?’mocd"e’; fgﬁﬁ;ﬁ;"“al Variables B SE HR 95 % CI P-value

;Z:;lg“ with survival in ALS 66 a0e (years) 0.031 0.028 1.032 0.978-1.089 0.255
BMI 0.109 0.070 1115 0.972-1.280 0.119
Onset region (UL/LL/bulbar) —0.455 0.419 0.635 0.279-1.443 0.278
ALSFRS-R total scores —0.285 0.089 0.752 0.632-0.894 0.001%
Diagnostic delay (years) —2.735 0.817 0.065 0.013-0.332 0.001*
Depression 1.301 0.813 3.673 0.747-18.064 0.109
MMT score 1.254 0.815 3.506 0.710-17.311 0.124
MMSE score 0.013 0.104 1.013 0.827-1.242 0.899

Table 4 Adjustment Cox
proportional hazard model
revealed correlates with survival
in ALS patients

Diagnosis of depression was established by using the Structural Clinical Interview of DSM-IV Axis 1
disorders

ALS amyotrophic lateral sclerosis, HARS Hamilton Depression Rating Scale, B constant, SE standard error,
HR hazard ratio, CI confidence interval, BMI body mass index, UL upper limb, LL lower limb, ALSFRS-R
ALS Functional Rating Scale-Revised, MMT manual muscle testing, MMSE mini-mental state examination

* Significant difference

Variables B SE HR 95 % CI P-value

HDRS ALSFRS-R total score —0.290 0.091 0.748 0.626-0.894 0.001*
Diagnostic delay (years) —2.758 0.802 0.063 0.013-0.306 0.001*
Depressive symptom 0.740 0.362 2.097 1.0324.261 0.041%*
(No/mild/moderate/severe)

BDI ALSFRS-R total score —0.153 0.050 0.858 0.778-0.947 0.002*
Diagnostic delay (years) —2.071 0.639 0.126 0.036-0.441 0.001*
Depressive symptom 1.134 0.384 3.108 1.464-6.600 0.003*

(No/mild/moderate/severe)

The depressive symptoms were explored by HDRS and BDI

ALS amyotrophic lateral sclerosis, HDRS Hamilton Depression Rating Scale, BDI Beck Depression
Inventory, B constant, SE standard error, HR hazard ratio, CI confidence interval, ALSFRS-R ALS Func-

tional Rating Scale-Revised

* Significant difference

some clue that somatic changes were involved more in the
occurrence of depression in ALS. Based on the HDRS-24,
47 % of ALS patients had depressive symptom, and
according to BDI, 52 % of ALS patients had depressive
symptom. The greatly varied differences in the prevalence
of depression among the published data (ranged from 9.8 to
75 %), in our view, are particularly attributed to the use of
different diagnostic instruments [33, 34].

In the current study, Spearman correlation analysis and
the multiple regression analysis revealed that depression
was associated with the total score of ALSFRS-R, which
was inconsistent with some recent studies which observed
no correlation between depression and physical impairment
[7, 10, 16, 17]. The correlation between depression and
physical impairment was still controversial. Moreover,
ALSFRS-R-L and ALSFRS-R-R scores were significantly
correlated with depression. The possible explanations for
depression related to respiratory dysfunction may be due to

physical uncomfort, or increased ALS patients’ awareness
of the limited lifespan, or the gradual approaches of death
resulting from respiratory insufficiency. Currently avail-
able evidence does not allow researchers to differentiate
the possible explanations. Further studies with detailed data
of patients’ oxygenation status and an exploration of
patients’ mood status and thoughts regarding to death
approaches were needed.

The relationship between depression and onset body
region, sex, diagnostic delay, and bulbar involvement was
controversial [5, 6, 14, 35]. Our study found lack of cor-
relation between depression in ALS and other factors such
as age of onset, onset body region, sex, disease duration,
diagnostic delay, education level, MMT score and MMSE
score. Therefore, we recommend that depression should be
evaluated in ALS patients with lower ALSFRS-R score,
especially in patients with lower ALSFRS-R-L and
ALSFRS-R-R scores.
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In our study, the presence of depression at baseline was
unrelated to the survival or disease progression, which
differed ALS from other orphan diseases like carcinoma
[27], but the severity of depression at baseline was asso-
ciated with the survival. These results should be cautiously
explained. One study proposed that the depression may be
related to ALS progression [36]. The other study found that
there was no significant difference in the survival and
progression between ALS patients with and without
depression [37]. In the limited number of ALS researches
regarding depression in a longitudinal way, assessments
did not find increased rates of depression over the course of
the disease, or in the 3 months prior to death [8]. Our
current study was only able to indicate correlation between
the severity of depression and survival since mood status
was not measured at follow-up visiting. The relationship
between depression and survival should be verified in
further prospective studies.

The currently available guidelines for treating depres-
sion in ALS patients has no or very limited space [38,
39]. According to our results, it’s not necessary to
administer psychological and pharmacological interven-
tion to all patients as soon as one was diagnosed with
ALS. However, investigation on depression should be
given routinely and individually in different stages of
ALS, and therapy based on the diagnosis of depression in
ALS if necessary.

These findings should be interpreted in light of several
study limitations. First of all, previous study recommended
to removing physical items when considering a diagnosis
of depression in patients with ALS [15]. But, our study
didn’t remove the physical items from the scale, which
may overestimate the presence of depression in ALS
patients. Second, the current study focused on the point
prevalence of depression at baseline and its correlation
with ALS survival, with no data of mood status or its
changes over the course of the disease, although available
evidence indicated that depression rate in ALS was not
increased when death approaches [8]. This study only used
MMSE scale to evaluate the global cognitive deficit. Due
to the complexity of cognition, a hierarchical approach
might be required using a special screen created for the
evaluation of ALS patients or a combination of several
cognitive questionnaires. For example, Edinburgh Cogni-
tive And Behavioral ALS Screen is specially designed for
ALS [40]. It is an effective within-clinic assessment for
ALS that determines the presence, severity and type of
cognitive and/or behavioral changes. Sample bias may be
concerned in our study, since all the participants were
recruited from a single ALS center, which was likely to
offer more support and practical assistance to ALS patients
thus having impact on mood status than other sites of
medical care.
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Conclusions

Major depression in ALS is uncommon. Depression eval-
uation should be given to ALS patients, especially those
with lower ALSFRS-R score. The presence of depression
in ALS was unrelated to the survival, while the severity of
depression may be associated with the survival. Depression
does not worse the progression of ALS.
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