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Abstract The objective of the study was to determine the
correlation of thyroid hormones (THs) and survival in
patients with amyotrophic lateral sclerosis (ALS). A total
of 278 patients with ALS were enrolled and followed up
prospectively every 3 months by face-to-face interviews or
phone calls. Level of fasting serum TH was determined at
the time of enrollment. Clinical data including age, onset
age, onset body region, ALS Functional Rating Scale-
Revised (ALS-FRS-R), and survival were collected.
Patients were separated into four subgroups according to
the quartile distribution of TH, and survival was compared
among them. There was no significant difference in base-
line characteristics, including onset age, gender, onset form
as well as treatment with riluzole among different levels of
TH subgroups. Chi-square test indicated that the lowest
quartile of FT3 (<4.26 mg/L) might correlate with higher
incidences of death (OR 0.374, 95 % CI 0.173-0.813),
while second and third quartiles of FT4 (range
14.25-18.0 mg/L) with lower incidences of death in ALS.
However, after correction for onset age and onset form
using logistic regression analysis, no statistical difference
was revealed in survival among patients with different TH
levels. TH does not correlate with survival and is not a
prognostic factor for ALS.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a chronic, typically
adult-onset neurodegenerative disease, involving both the
upper and lower motor neurons in the motor areas of
cerebral cortex, brainstem and spinal cord, leading to death
within 3-5 years through failure of respiration mostly [1].

Despite the traditional view considering that ALS was a
pure motor neuron disorder affecting motor functions
simply, increasing evidence has been suggesting that ALS
is a multi-system disease with additional extra-motor
neurologic and extra-neurological manifestations [2-5].
Beyond the nervous system, intriguing metabolic abnor-
malities have been reported in ALS patients, such as ele-
vated systematic metabolism [6, 7], dyslipidemia [8], uric
acid abnormality [9], disturbed glucose tolerance [10] and
insulin resistance [11].

It has been well known that thyroid hormone (TH) plays
a major role in normal development, metabolism and
growth of many organ systems including central nervous
system [12]. Several basic researches reported that thyroid
hormone was involved in the up-regulation of growth of
neuronal cells including motor neurons [13—15]. There was
evidence that hypermetabolism could exacerbate the rate of
motor neuron degeneration by increasing the production of
reactive oxygen species in mitochondria [16], whose dys-
function closely correlated with the pathogenesis of ALS
[17]. Therefore, reducing metabolism systemically may in
theory prolong the survival in ALS. Nevertheless, the life
span of SOD1G93A ALS mice did not get prolonged using
non-pharmacologic calorie restriction [18], nor by a phar-
macologic approach such as methimazole which can lead
to hypothyroidism by inhibiting TH synthesis [19].

Therefore, there has been increasing interest in investi-
gating the role of TH in the progression of ALS. We
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Thyroid hormones
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44 (57.9)

Male no. (%)

Area of onset

54 48

47 55

55
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17
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15
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Patients on riluzole no. (%)

21

16

15
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14
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15 (21.4) 19 (27.5)

16 (22.5) 18 (26.1) 15 (21.7) 14 (20.3) 17 (22.4) 13 (19.7) 21 (31.3) 16 (23.2) 15 (21.4)

16 (23.2)

FT3 free triiodothyronine, F74 free thyroxine, TSH thyroid stimulating hormone, ALS amyotrophic lateral sclerosis

determined the TH status in a large sample of patients with
ALS, and analyzed the correlation of different levels of TH
with the survival of ALS patients.

Methods
Patients

Patients with clinical diagnosis of definite or probable ALS
(El Escorial revised criteria) from a large, regional referral
ALS clinic of Southwest China, from May 2006 to March
2013 were enrolled in the study. Level of fasting serum TH
including free triiodothyronine (FT3), free thyroxine (FT4)
and thyroid stimulating hormone (TSH) was determined at
enrollment. The demographic features and clinical data
such as age, onset age, onset body region, disease duration,
and survival time were collected. Forced vital capacity
(FVC) and ALS Functional Rating Scale-Revised (ALS-
FRS-R) assessed the severity of ALS patients. Patients
were followed up every 3 months by face-to-face inter-
views or by phone calls. Survival was determined when
patients were alive without tracheotomy. Patients with pre-
ALS thyroid diseases diagnosed by endocrine specialists
were excluded. The study was approved by the local ethics
committee of West China Hospital, Sichuan University. All
the patients were informed about the purpose of the study.

Statistical analysis

Analysis was performed using SPSS version 17.0 software.
All continuous data including mean age, onset age, disease
duration, and ALS-FRS-R were presented in the form of
mean =+ standard deviation, and compared between sub-
groups with Kruskal-Wallis H test. The levels of TH were
separated into quartiles based on their distribution of the
ALS patients, and the highest quartile of each variable was
applied as a reference for analysis of investigating its
possible role in ALS survival (Table 1). Odds ratios (OR)
and 95 % confidence intervals (CI) were estimated by Chi-
square test, and by Logistic Regression analysis. Kaplan—
Meier curves using log-rank test were performed in sur-
vival analysis of ALS patients.

Results

A total of 278 patients with probable or definite diagnosed
ALS were enrolled, with the baseline demographic data
collected at the date of the study enrollment displayed in
Table 1. Among them, there were 119 females and 159
males, i.e., male-to-female ratio was 1.34:1. The mean age
at ALS onset was 53.0 & 12.4 years (range
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«Fig. 1 Correlation between TH levels and survival in ALS patients.
Kaplan—Meier survival curves of 278 patients with ALS stratified
according to their thyroid hormones’ levels. a FT3 level. Blue line
<4.26 mg/dL, green line 4.26-4.64 mg/dL, orange line
4.65-5.05 mg/dL, purple line >5.05 mg/dL. The lowest quartile of
FT3 (<4.26 mg/dL) in early onset ALS patients was associated with
shorter survival time of the disease in pairwise analysis (P = 0.007).
b FT4 level. Blue line <14.25 mg/dL, green line 14.25-15.89 mg/dL,
orange line 15.90-18.00 mg/dL, purple line >18.00 mg/dL. ¢ TSH
level. Blue line <1.51 mg/dL, green line 1.51-2.09 mg/dL, orange
line 2.10-3.14 mg/dL, purple line >3.14 mg/dL. FT3 free triiodo-
thyronine, FT4 free thyroxine, 7SH thyroid stimulating hormone, ALS
amyotrophic lateral sclerosis (color figure online)

Table 2 TSH, FT3 and FT4 compared between different gender,
onset form and age group

TSH Prsu  FT3 Prrs  FT4 Prrs
Gender
Male 2.37 (1.51) 0.086 4.75 (0.69) 0.002 16.90 0.118
(5.43)
Female 2.88 (3.25) 4.50 (0.68) 16.62
(2.45)
Onset form
Limb 247 (1.61) 0.311 4.71(0.69) 0.108 16.64 0.166
(4.94)
Bulbar 2.82 (4.08) 4.45 (0.69) 15.75
(2.36)
Onset age (years)
Early 247 (1.44) 0.589 4.64 (0.66) 0.922 15.95 0.335
(<45) (2.25)
Late 2.65 (2.72) 4.65 (0.72) 16.53
(>45) (5.07)

FT3 free triiodothyronine, FT4 free thyroxine, 7SH thyroid stimulating
hormone, ALS amyotrophic lateral sclerosis

22.6-78.5 years), and 64 patients (23.0 %) had a bulbar
form at onset. The mean TSH value was 2.59 £ 2.42 mg/
dL (range 0.21-33.48 mg/dL), and FT3 4.64 £ 0.70 mg/
dL (2.58-7.89 mg/dL), FT4 16.35 + 4.45 mg/dL (ranged
9.30-76.7 mg/dL). A total of 20 (7.2 %) patients had
abnormal TH levels, of whom 14 (5.1 %) ALS had lower
FT3, 10 (3.6 %) lower FT4, and 6 (2.2 %) ALS patients
increased FT4. None of the ALS patients had abnormal
TSH and increased FT3. None of these patients needed to
receive medication treatment according to endocrine spe-
cialists. Three patients with higher serum TSH level had
hypertension managed with antihypertensive agents. One
patient with normal TH levels had type 2 diabetes mellitus,
and was diet controlled. None of these patients reported
any significant hypertensive or diabetic complications.
Two patients with lower FT3 levels and six patients with
normal TH levels had a history of taking creatine or
enzyme Q10.
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Table 3 Association analysis of thyroid hormone levels with sur-
vival of amyotrophic lateral sclerosis

Number Number OR (95 % CI) OR after correction for
of ALS  departed onset age and onset
symptom (95 % CI)
TSH
1 69 22 0.496 (0.226, 2.083 (0.928, 4.674)
1.090)
2 71 18 0.684 1.500 (0.656, 3.430)
(0.305,1.531)
3 69 21 0.531 (0.240, 2.096 (0.922, 4.767)
1.171)
4 69 13 1 (reference 1 (reference value)
value)
FT3
1 69 27 0.374 (0.173, 2.376 (0.973, 5.261)
0.813)
2 76 18 0.776 (0.347, 1.216 (0.537, 2.756)
1.733)
3 66 16 0.752 (0.329, 1.366 (0.589, 3.168)
1.720)
4 67 13 1 (reference 1 (reference value)
value)
FT4
1 69 16 2.003 (0.921, 0.503 (0.233, 1.054)
4.204)
2 170 17 1.885 (1.012, 0.547 (0.258, 2.281)
3.919)
3 70 15 2.217 (1.047, 0.427 (0.599, 1.013)
4.695)
4 69 26 1 (reference 1 (reference value)
value)

FT3 free triiodothyronine, F74 free thyroxine, TSH thyroid stimu-
lating hormone, ALS amyotrophic lateral sclerosis

FT3 was significantly higher in males than in females
(4.75 £ 0.69 vs. 4.50 & 0.68, P = 0.002), but not between
limb- and bulbar-onset patients (P = 0.108), nor between
early and late onset groups (P = 0.922). No statistical
differences were revealed while analyzing TSH and FT4
levels in different gender, onset form as well as early or
late onset groups (P > 0.05) (Table 2).The patients were
separated into four subgroups according to the quartile
distribution of TH. There were no significant differences in
baseline characteristics including onset age, gender, onset
form, treatment with riluzole as well as survival among the
four subgroups (Table 1).

At the end of our study, 74 ALS patients had died, with
70 (94 %) of respiratory dysfunction. With the highest
quartile of each variable being applied as a reference for
analysis, we investigated the possible role in ALS survival
by Chi-square test, which showed that lowest quartile of
FT3 (<4.26 mg/L) correlated with higher incidences of
death in ALS, second and third quartile of FT4 (range

@ Springer

14.25-18.0 mg/L) correlated with less incidences of death,
while no correlation was found between different levels of
TSH and survival in ALS. Kaplan-Meier curve with log-
rank test indicated that the lowest quartile of FT3 was
significantly associated with shorter survival time of ALS
than the highest quartile of FT3 (P = 0.007; Fig. la).
There were no differences in survival time between the
first, second, third, and highest quartile of FT4 and TSH
(P > 0.05; Fig. 1b, c). However, considering the relation
between FT3 and FT4, and the close correlations of onset
age, onset form with survival in ALS [20], we, therefore,
performed the logistic regression analysis with adjusted for
onset age, onset form to further analyze the effects on the
survival of different levels of TH. As illustrated in Table 3,
after correction for onset age and onset form, there was no
correlation between different levels of TH and survival of
ALS.

Discussion

To the best of our knowledge, this is the first study to
analyze the correlation of TH and survival in a relatively
large cohort of ALS patients. The demographic data of
included patients were in accordance with previous reports,
showing that the patients included in the present study are
good representatives of the ALS population.

In the current study, ALS patients who had abnormal
level of TH were not common (7.2 %). Although the
association of FT3 level with survival of ALS in mono-
variate analysis was found in the current study, the sig-
nificance of which was not maintained in multivariate
analysis after adjusting for gender, onset age and onset
form. Moreover, it has been indicated that thyroid hormone
could be influenced by age, gender and even tested season
in previous studies [21, 22]. In a word, the data we pre-
sented here indicated that TH does not have impact on
survival of patients with ALS. Our findings were in
accordance with these human studies and animal studies.
Many researchers found that TH status was not relevant to
the pathogenesis of ALS [23-25], although Malin et al.’s
study found elevation of TH (r-T3) in the cerebrospinal
fluid in 12 definite ALS patients [26]. Furthermore, no
prolonged lifespan was observed in hypometabolism in
SOD1-G93A mice treated with methimazole and calorie
restriction [19].

TH has been demonstrated to play direct roles in the
proliferations and differentiations of neuronal cell and
glial cells [14], but also indirect actions through the
presence of TH receptors, which have been demonstrated
in cultured astrocytes [27]. On the other hand, there was
evidence of TH action on the neuronal—glial interactions.
In vitro, TH has been demonstrated to regulate the
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expression of extracellular matrix and adhesion molecules
that are important for neuronal migration and develop-
ment, such as tenascin- C [28], neural cell adhesion
molecule [29], laminin and fibronectin [30-32]. And
in vivo, TH was proved to be important in the Xenopus
spinal cord neurogenesis by comparing between controls
and those with injections of different dosage of T3, which
indicated that TH administrations could result in increased
numbers of neurons and up-regulate the neurogenesis of
Xenopus spinal cord.

Taken together, despite the restrictions of study designs
and sample sizes, the inconsistent views drawn by
in vitro, in vivo and human studies indicate that the
regulation of neuronal cells in human subjects may
involve more mechanism, but not simply through TH
regulation.

Our study and together with those basic studies give the
evidence that TH does not correlate with survival time in
ALS and is not a prognostic factor for ALS patients.

Conflict of interest The authors report no conflict of interest.
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