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ARTICLE INFO ABSTRACT

Keywords: Background: Constipation has been recently recognized as a complication associated with motor
Amyotrophic lateral sclerosis and autonomic dysfunction in patients with motor neuron disease (MND), typified by amyo-
Constipation

trophic lateral sclerosis (ALS). However, the long-term characteristics of constipation remain
unclear in patients with MND. We longitudinally investigated the prevalence and risk factors of
constipation in a consecutive cohort of patients with MND.

Methods: Data from Japanese patients with MND enrolled in a single-center registry from June
2017 to December 2021 were retrospectively investigated. The diagnosis of ALS was based on the
updated Awaji criteria, and other MND subtypes were also included. The presence or absence of
constipation symptoms was determined by referring to the Rome III criteria. The clinical back-
grounds and symptoms of patients with and without constipation were compared.

Results: Among 155 consecutive patients (female, 63; age, 66.5 + 12.4 years), 30.3% had con-
stipation at diagnosis and 52.9% after a median follow-up of 18 months. Univariate analysis
showed that female sex, use of tracheostomy and invasive ventilation, and delivery of enteral
nutrition were more frequent in the constipation group. The Revised Amyotrophic Lateral Scle-
rosis Functional Rating Scale score was significantly lower in the constipation group, especially
for the sub-items related to physical motor function. Multivariate analysis showed that the use of
enteral nutrition was an independent risk of constipation, with an odds ratio of 3.69 (95% CI,
1.49-9.17; p = 0.005).

Conclusion: Constipation had a high prevalence in patients with MND with impaired motor
function. Controlling defecation is important in patients with MND, especially during enteral
nutrition.

Enteral nutrition
Motor neuron disease

1. Introduction

Motor neuron disease (MND), mainly represented by amyotrophic lateral sclerosis (ALS), is a neurodegenerative disease that
predominantly affects upper motor neurons, lower motor neurons, or both, usually resulting in generalized muscle weakness [1].
Survival is usually limited to 3-5 years mainly due to respiratory failure, while respiratory support with tracheostomy and invasive
ventilation (TIV) leads to long-term survival [2]. Although traditionally under-recognized, non-motor symptoms have now been
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associated with ALS [3,4]. In ALS patients with TIV, non-motor manifestations occurred more frequently with longer periods of TIV or
with more severe communication impairment [5]. Of the non-motor features, autonomic symptoms such as urinary urgency, frequent
urination [6], and gastrointestinal disturbances are common. Bowel problems can cause tremendous anxiety and distress and reduce
the quality of life in patients with neurodegenerative diseases [7]. The prevalence of constipation, the major gastrointestinal issue,
ranges from 46.0 to 68.3% in patients with ALS [8-10]. Age, family history, total Revised Amyotrophic Lateral Sclerosis Functional
Rating Scale (ALSFRS-R) score, site of onset, presence of depression, and sleep disorders have been associated with constipation risk in
patients with ALS [10]. However, previous reports have been limited by the relatively small number of cases and scarcity of infor-
mation on longitudinal changes. Thus, we aimed to investigate the prevalence and risk factors of constipation in patients with MND
with long-term survival via longitudinal analyses.

2. Methods
2.1. Study design and data collection

We retrospectively examined 155 consecutive patients diagnosed with ALS and other atypical variants of MND at Tokushima
University Hospital from June 2017 to December 2021. We analyzed the medical information at the time of diagnosis. For cases for
which follow-up was possible, we referred to the most recent medical information. ALS diagnoses were issued by board-certified
neurologists based on the updated Awaji criteria [11], and patients with definite, probable, probable-laboratory supported, and
possible ALS were included. Cases with progressive muscular atrophy, bulbar ALS, flail arm syndrome, or flail leg syndrome were also
included. Disease severity in patients was evaluated via ALSFRS-R [12,13]. Patients who reported at least one of the following
symptoms with reference to the Rome III criteria [14], that is, habitual use of constipation drugs, use of manual maneuvers, and <3
bowel movements/week, were judged to have constipation symptoms. Medical information on the types of administered constipation
drugs was collected retrospectively. We compared the clinical characteristics, symptom onset of ALS, and ALSFRS-R contents between
the constipation and non-constipation groups at the final follow-up. The onset types were defined by the sites that were dominantly
impaired at the early stage of the disease and were divided into spinal versus bulbar types. Patients were also classified by clinical
phenotypes (classic, bulbar, flail arm, flail leg, predominantly upper motor neuron [PUMN], respiratory failure, and dropped
neck/trunk type) based on established ALS phenotypes [15].

2.2. Statistical analyses

The results are expressed as means =+ standard deviations or median and inter-quartile range (IQR) for quantitative variables and as
counts and percentages for categorical variables. Univariate analyses were performed with the Student’s t-test and Mann-Whitney U
test for continuous variables with normal or non-normal distribution, respectively, and the y? test for categorical variables. All
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Fig. 1. Study flowchart Abbreviations: MND, motor neuron disease.
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statistical tests were 2-sided, and the significance (p) level was set at 0.05. We used a logistic regression model in multivariate analyses,
and variables with p-values less than 0.05 from the univariate analysis were included. The results of the multivariate analysis were
expressed as adjusted odds ratios and 95% confidence intervals (CI). All statistical analyses were performed with SPSS 26.0 (IBM,
Armonk, New York).

3. Results

One hundred and fifty-five patients (female, 63; age at onset, 64.9 + 12.8 years) were enrolled according to the inclusion criteria
and their data were analyzed. Constipation symptoms were present in 30.3% (47/155) of the patients at the time of MND diagnosis.
95/155 patients were followed up for a median duration of 18 months, and 52.9% (82/155) eventually had constipation symptoms
(defined as the “constipation group”, Fig. 1). The baseline characteristics of the patients are summarized in Table 1. Comparing the
constipation and non-constipation groups, female sex (40.8% versus 31.5%; p = 0.029), use of tracheostomy and invasive ventilation
(TIV) (17.1% versus 4.1%; p = 0.010), and enteral nutrition (40.2% versus 13.7%; p < 0.001) were more frequent in the constipation
group. The most common sites of onset were upper limb (36.8%), others (27.7%), and the bulbar region (22.6%). There was no
significant association between onset site and prevalence of constipation. Overall, the ALSFRS-R score was significantly lower in the
constipation than in the non-constipation group (36.61 versus 39.88; p = 0.027). In the ALSFRS-R sub-items, the constipation group
had lower scores for the following items related to physical motor function: cutting food and handling utensils, dressing and hygiene,
turning in bed and adjusting bed clothes, walking, and climbing stairs. The multivariate analysis included variables with significant
differences in the univariate analysis (Table 2). Only the use of enteral nutrition was significantly associated with constipation in
patients with MND, with an odds ratio of 3.69 (95% CI, 1.49-9.17; p = 0.005). Twenty-eight patients with constipation were

Table 1
Demographic and clinical characteristics of patients with MND.

Total Constipation group Non- constipation group p value

n =155 n=_82 n=73
Clinical characteristics
Age at onset, years 64.9 £12.8 65.2 + 14.3 64.5 £ 11.1 0.728
Age at diagnosis, years 66.5 + 12.4 67.1 +13.7 65.9 + 11.0 0.545
Sex, female 63 (40.6%) 40 (48.8%) 23 (31.5%) 0.029*
Follow-up period, months (IQR) 18 (9-30.5) 19 (10-32) 17 (8.75-29) 0.269
Family history with MND 4 (2.6%) 2 (2.4%) 2 (2.7%) 1.000
Smoking 84 (54.2%) 42 (51.2%) 42 (57.5%) 0.431
Trauma history 87 (56.1%) 46 (56.1%) 41 (56.2%) 0.993
Sports history 115 (74.2%) 55 (67.1%) 59 (80.8%) 0.053
Surgical history 100 (64.5%) 55 (67.1%) 45 (61.6%) 0.481
NPPV 27 (17.4%) 16 (19.5%) 8 (11.0%) 0.142
TIV 17 (11.0%) 14 (17.1%) 3 (4.1%) 0.010*
Enteral nutrition 43 (27.7%) 33 (40.2%) 10 (13.7%) <0.001*
Death 25 (16.1%) 11 (13.4%) 14 (19.2%) 0.330
Onset types 0.850
Spinal 120 (77.4%) 64 (78.0%) 56 (76.7%)
Bulbar 35 (22.6%) 18 (22.0%) 17 (23.3%)
Clinical phenotypes 0.919
Classic 76 (49.0%) 42 (51.2%) 34 (46.6%)
Bulbar 35 (22.6%) 18 (22.0%) 17 (23.3%)
Flail arm 18 (11.6%) 7 (8.5%) 11 (15.1%)
Flail leg 10 (6.5%) 6 (7.3%) 4 (5.5%)
PUMN 4 (2.6%) 2 (2.4%) 2 (2.7%)
Respiratory failure 2 (1.3%) 1(1.2%) 1 (1.4%)
Dropped neck/trunk type 10 (6.5%) 6 (7.3%) 4 (5.5%)
ALSFRS-R at diagnosis
Speech 3.06 +1.10 3.26 +1.10 0.261
Salvation 3.41 +£1.01 3.45 +0.99 0.816
Swallowing 3.16 + 1.02 3.22 + 1.06 0.718
Handwriting 3.09 + 1.08 3.30 £ 0.91 0.183
Cutting food and handling utensils 2.50 + 1.39 3.05+1.24 0.009*
Dressing and hygiene 2.37 £1.21 2.74 +1.08 0.045*
Turning in bed and adjusting bed clothes 2.90 +1.21 3.33 +1.03 0.020%
Walking 2.87 +£1.11 3.38 + 0.89 0.002*
Climbing stairs 2.15 +1.57 2.89 +1.37 0.002*
Dyspnea 3.63 + 1.06 3.66 + 1.02 0.889
Orthopnea 3.71 + 0.94 3.79 £0.83 0.543
Respiratory insufficiency 3.77 £0.87 3.79 £ 0.83 0.848
Total 38.2+9.2 36.6 £ 9.3 39.9 +£ 8.8 0.027*

Abbreviations: ALSFRS-R, the Revised Amyotrophic Lateral Sclerosis Functional Rating Scale; IQR: Interquartile range; MND, motor neuron disease;
NPPV, non-invasive positive pressure ventilation; PUMN, predominantly upper motor neuron; TIV, tracheostomy and invasive ventilation.
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interviewed regarding their medication (Fig. 2). Magnesium oxide was prescribed to 75% of the patients, followed by sennosides to
29%.

4. Discussion

In this partial longitudinal study of 155 Japanese patients with MND, constipation was present in 30.3% at diagnosis and in 52.9%
after a median follow-up of 18 months. Univariate analysis showed a significantly higher percentage of women and more frequent use
of TIV and delivery of enteral nutrition in the constipation group. A previous study based on the Rome III criteria reported a prevalence
of constipation in the Japanese population of 28.0% [16], which is similar to the prevalence of constipation in patients with MND at the
time of diagnosis in our study. Our longitudinal study showed that the final prevalence of constipation was 52.9%, which is higher than
that observed at the time of diagnosis. Similarly, Samara et al. reported an increase in constipation from 33% before to 64.7% after the
diagnosis of MND in a cohort of 66 patients [17]; these findings indicate that the course of MND influences the prevalence of con-
stipation. The relationship between the onset type of MND and susceptibility to constipation has not yet been clarified. In the literature,
limb onset is one of the factors associated with constipation compared to the bulbar onset [10]. Our study found no difference in the
prevalence of constipation among onset sites. Conversely, the constipation group had lower ALSFRS-R scores in the items related to
limb motor function. This suggests that reduced physical activity increases the risk of constipation, similar to the results of studies in
the general population [18].

Constipation symptoms in MND have been thought to occur as a result of prolonged bed rest due to decreased motor function, the
use of anticholinergic drugs, and delivery of enteral nutrition [9,10]. In our study, the multivariate analysis revealed that enteral
nutrition was an independent risk factor for constipation, with a high odds ratio of 3.69. In a cohort of 30 enterally fed patients with
ALS, the prevalence of constipation reached 76.9%, and other abdominal symptoms, such as abdominal pain and diarrhea, were
readily observed [19]. Enteral nutrition is an effective way to provide nutrition to patients who have difficulty with oral intake.
However, gastrointestinal complications, such as constipation, gastric residue, vomiting, and diarrhea, can occur. In patients with
advanced-stage MND who require enteral nutrition, it is necessary to manage constipation, taking measures such as adjusting fluid
intake, using fiber-enriched formulas, and administering appropriate pharmacotherapy [20]. There are considerable variations among
countries in the use of TIV in patients with MND. The rate of TIV use is 29.3% in Japan [21], which is higher than that in Europe
(5-10%) [22,23] and the United States (4-8%) [24,25]. Enteral nutrition is inevitable in patients with long-term MND using TIV and
coping with constipation as a complication is important.

In recent years, there have been some reports on autonomic dysfunction in MND. Dubbioso R et al. demonstrated that autonomic
symptoms were present in most ALS patients at the time of diagnosis, in a prospective study using autonomic assessment through
questionnaires and other functional evaluation [26]. They also showed that the severity of autonomic symptoms progressed over time
and was an independent predictor of disease progression, and that urinary complaints were associated with shorter survival. Although
their study and ours used different methodologies, our study may support the relationship between gastrointestinal autonomic
dysfunction, including constipation, and disease progression of MND. The association between enteral nutrition, which applies to
clinical stage 4A of the modified King’s classification [27], and constipation by multivariate analysis could be linked to the higher
percentage of autonomic symptoms in advanced clinical stages. Further research in the MND population with larger numbers of
patients are needed to clarify whether gastrointestinal autonomic dysfunction suggests multiple system neurodegeneration in MND
and also influences disease progression.

Although based on information from a limited number of cases, our survey found that magnesium oxide was frequently used in
patients with MND. Polyethylene glycol is frequently used for constipation management in Europe and the United States, whereas
magnesium oxide is “strongly recommended” in the guidelines and is often used as a first-line drug in Japan [28]. Although magnesium
oxide is relatively safe, it can induce hypermagnesemia in patients with renal insufficiency or in those undergoing long-term treatment
[29]. Severe hypermagnesemia can lead to respiratory failure, complete cardiac obstruction, and cardiac arrest [30]. In patients with
MND, serum creatinine concentration decreases due to skeletal muscle atrophy, making it difficult to measure renal function using
creatinine, and other less convenient methods such as serum cystatin C are used. Therefore, patients with MND receiving magnesium
oxide are at risk of progressive deterioration of renal function, resulting in hypermagnesemia. To avoid this risk, serum magnesium
concentrations should be measured periodically during administration of magnesium oxide. New drugs such as a type-2 chloride
channel activator, a guanylate cyclase 2C receptor agonist, and an inhibitor of the ileal bile acid transporter have recently been

Table 2
Multivariate analysis of factors predicting constipation in patients with MND.
Odds ratio 95% CI p value

Sex, female 1.86 0.88-3.91 0.105
TIV 1.48 0.33-6.56 0.610
Enteral nutrition 3.69 1.49-9.17 0.005*
Cutting food and handling utensils 0.70 0.45-1.10 0.126
Dressing and hygiene 1.35 0.73-2.48 0.340
Turning in bed and adjusting bed clothes 0.93 0.55-1.56 0.780
Walking 0.79 0.36-1.73 0.561
Climbing stairs 0.87 0.55-1.39 0.566

Abbreviations: CI, confidence interval; MND, motor neuron disease; TIV, tracheostomy and invasive ventilation.
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Fig. 2. Drugs reported to be used to treat constipation in patients with MND (n = 28).

launched to treat constipation, and their use may be a good option.

This study has several limitations. First, it was a single-center observational study and no healthy control group was included.
Second, not all patients in the cohort were observed longitudinally. Prospective studies in more homogeneous populations, excluding
other autonomic disfunction such as diabetes mellitus, may help elucidate the association between gastrointestinal autonomic
symptoms and disease progression in MND. Third, although the definition of constipation followed the Rome III criteria, it was based
on retrospective excerpts from clinical information. Although not used in this study, questionnaires on autonomic symptoms of
functional assessment of gastrointestinal disorders may provide a more multifaceted research perspective.

5. Conclusion

Among 155 Japanese patients with MND, approximately 30% had constipation at diagnosis and 53% after a median follow-up of 18
months. Multivariate analysis showed that administration of enteral nutrition was an independent risk factor of constipation, and
attention should be paid to defecation control.
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