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Abstract

Background: Low body mass index (BMI) and body weight loss have
been associated with poor prognosis in amyotrophic lateral sclerosis
(ALS). However, the clinical significance of BMI change in patients
with ALS using tracheostomy invasive ventilation (TIV) remains un-
clear. This study examined whether BMI, annual BMI change, and the
magnitude of annual BMI change were associated with mortality in
patients with ALS using TIV.

Methods: This single-center retrospective longitudinal observational
study screened patients with ALS using TIV who were admitted to
Sayama Neurological Hospital between 2010 and 2016. Patients with
available height, body weight, BMI measurements approximately
12 months apart, and mortality status were included. Annual BMI
change (ABMI) was calculated from two BMI measurements, and
the absolute value of ABMI (ABSABMI) was used as an index of
the magnitude of annual BMI fluctuation. In the non-survivor group,
BMI change during approximately 1 year before death was evaluated.
BMI-related measures and clinical characteristics were compared be-
tween the survivor and non-survivor groups.

Results: Of 77 candidate patients, 49 were included in the final analy-
sis. Twenty-two patients were classified into the non-survivor group
and 27 into the survivor group. BMI and ABMI did not differ signifi-
cantly between the groups. In contrast, ABSABMI was significantly
greater in the non-survivor group. In an exploratory descriptive analy-
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sis, ABMI > 2.5 kg/m?/year was observed in seven patients (31.8%)
in the non-survivor group and in no patients in the survivor group.

Conclusions: In patients with ALS using TIV, the magnitude of annual
BMI fluctuation, particularly marked BMI increase, may be clinically
relevant. BMI increase in this population should not be interpreted sim-
ply as an improvement in nutritional status but should be considered
cautiously as a possible indicator of changes in physical condition.

Keywords: Amyotrophic lateral sclerosis; Body mass index; Body
weight; Weight gain; Mortality; Tracheostomy; Respiration, Enteral
nutrition

Introduction

In amyotrophic lateral sclerosis (ALS), body weight loss and
low body mass index (BMI) have been associated with disease
progression and poor prognosis, and BMI is used as a simple
indicator for estimating physical and nutritional status [1-3].
In contrast, body weight gain has been reported to be associ-
ated with disease stage in patients with advanced ALS dur-
ing tracheostomy invasive ventilation (TIV) use [4]. Patients
receiving TIV are typically at an advanced disease stage with
severe motor impairment, and energy expenditure has been
reported to be reduced in this population [5, 6]. Therefore,
changes in body weight or BMI during TIV may not necessar-
ily reflect nutritional status in the same way as in patients with
ALS who are not receiving TIV.

These findings suggest that, in patients with ALS during
TIV use, BMI and its longitudinal changes may have clinical
implications that differ from those reported in patients with
ALS not managed with TIV.

Therefore, this retrospective study examined whether BMI,
annual BMI change, and the magnitude of annual BMI change
were associated with mortality in patients with ALS using TIV.

Materials and Methods

Study design and patients

This was a single-center retrospective longitudinal observa-
tional study. Patients with ALS using TIV who were admit-
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ted to Sayama Neurological Hospital between 2010 and 2016
were screened. ALS was diagnosed by neurologists. Only pa-
tients who met the revised El Escorial criteria for clinically
definite or clinically probable ALS were included [7].

Patients with available height, body weight, BMI meas-
urements approximately 12 months apart, and mortality status
were included in the analysis. Mortality was defined as death
from any cause.

Clinical variables

Clinical information was collected retrospectively from medi-
cal records.

The baseline clinical variables included age, sex, site of
onset, total score on the ALS Functional Rating Scale-Revised
(ALSFRS-R), disease duration, duration after percutaneous
endoscopic gastrostomy (PEG), duration of TIV use, and route
of enteral nutrition.

Age, ALSFRS-R total score, disease duration, duration
after PEG, and duration of TIV use were evaluated using the
date of the earlier BMI measurement used to calculate annual
BMI change as the reference date. Age and ALSFRS-R total
score were obtained from the medical record information clos-
est to the reference date. Disease duration, duration after PEG,
and duration of TIV use were calculated as the intervals from
symptom onset, PEG placement, and TIV initiation to the ref-
erence date, respectively. Duration after PEG was calculated
only for patients who had undergone PEG. The route of enteral
nutrition was classified as PEG or nasogastric tube feeding.

BMlI-related variables included height, body weight, BMI,
annual BMI change (ABMI), and the absolute value of annual
BMI change (ABSABMI). BMI was calculated as body weight
in kilograms divided by height in meters squared using the re-
corded height and body weight at each time point. Height values
recorded in the medical records were used. In patients who were
bedridden or had contractures, height was measured segmentally
along the body contour with a tape measure on the bed as part of
routine clinical practice. This method was based on a previously
reported direct height measurement method for adult patients
with neurological disorders and contractures [8]. Body weight
was measured using a wheelchair scale for patients who could be
weighed while seated in a wheelchair. For patients who could not
be transferred to a wheelchair, a stretcher scale was used.

Outcome status was determined according to whether
death was confirmed during the observation period.

Definition of annual BMI change

ABMI was defined as the change in BMI over approximately 1
year. In the non-survivor group, to evaluate BMI change dur-
ing approximately 1 year before death, the annual BMI meas-
urement closest to the date of death was defined as the later
time point, and the BMI measured approximately 12 months
before that time point was defined as the earlier time point.
Patients without either the annual BMI measurement closest to
the date of death or the BMI measurement approximately 12

months before that time point were excluded.

In the survivor group, an evaluable pair of BMI measure-
ments approximately 12 months apart during the observation
period was used. When multiple candidate pairs were availa-
ble, the latest evaluable pair was prioritized, and the two meas-
urements with an interval closest to 12 months were selected.

When the interval between BMI measurements was not
exactly 365 days, BMI change was adjusted for the number
of days between measurements and annualized as kg/m?/year.
ABMI was calculated as follows:

later BMI — earlier BMI
interval between measurements (days)

ABSABMI was calculated as the absolute value of ABMI and
was used as an index of the magnitude of annual BMI fluctua-
tion regardless of the direction of BMI change.

ABMI = x365.25

Handling of missing data

Missing data on background variables, such as site of onset,
ALSFRS-R total score, and duration after PEG, were treated as
missing, and no imputation was performed. For variables with
missing data, the number of patients included in each analysis
is shown in the tables. In patients with nasogastric tube feed-
ing, the duration of nasogastric tube feeding was not analyzed
because the start date could not be confirmed using a consist-
ent criterion.

Statistical analysis

BMI-related variables, including BMI, ABMI, and ABSABMI,
were compared between the survivor and non-survivor groups.
Baseline clinical variables, including age, sex, site of onset,
ALSFRS-R total score, disease duration, route of enteral nutri-
tion, duration after PEG, and duration of TIV use, were also
compared between the two groups. No a priori sample size
calculation was performed because this retrospective study in-
cluded all eligible patients during the predefined study period.

Continuous variables are presented as median (interquar-
tile range), and categorical variables are presented as number
and percentage. Because this was a retrospective study with a
limited sample size, and the distribution of BMI change was
expected to be skewed, continuous variables were compared
using the Mann—Whitney U test, and categorical variables
were compared using Fisher’s exact test.

A scatter plot was created to visually examine the relation-
ship between BMI and ABMI. Based on visual inspection of
the distribution, a ABMI threshold of 2.5 kg/m?/year was used
to identify patients with marked BMI increase. This thresh-
old was not prespecified and was not intended as a prognostic
cutoff. Sensitivity analyses were additionally performed using
thresholds of 2.0 and 3.0 kg/m?/year. To account for the poten-
tial influence of sex, binary logistic regression analysis was
performed with non-survivor status as the dependent variable
and ABSABMI and sex as independent variables. The adjusted
odds ratio for ABSABMI and its 95% confidence interval were
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77 patients with ALS using TIV between 2010 and 2016 were screened.
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Figure 1. Patient selection flowchart. ALS: amyotrophic lateral sclerosis; BMI: body mass index; TIV: tracheostomy invasive

ventilation.

estimated. As a sensitivity analysis, enteral feeding route (PEG
or nasogastric tube feeding) was additionally included in the
logistic regression model.

No correction for multiple comparisons was applied;
therefore, P values were interpreted cautiously. Statistical sig-
nificance was set at a two-sided P < 0.05. All statistical analy-
ses were performed using R version 4.4.2.

Ethical considerations

This study was conducted in accordance with the Declaration
of Helsinki. The study protocol was approved by the Ethics
Committee of Sayama Neurological Hospital (Approval No.:
28-5). Because this was a retrospective study using existing
medical records, the requirement for individual informed
consent was waived by the ethics committee. Information
about the study was disclosed, and patients or their legally
authorized representatives were given the opportunity to opt
out. If an opt-out request was received, the corresponding
data were excluded from the study. Anonymized data were
used for the analysis to prevent identification of individual
patients.

Results

Patient selection

Of the 77 candidate patients, 28 were excluded because an
eligible pair of BMI measurements approximately 12 months
apart was unavailable, leaving 49 patients for the final analy-
sis. Twenty-two patients whose deaths were confirmed during

the observation period were classified into the non-survivor
group, and 27 patients who were confirmed to be alive in 2016
were classified into the survivor group. The patient selection
process is shown in Figure 1.

Baseline characteristics

The baseline characteristics of the survivor and non-survivor
groups are shown in Table 1. There were no significant dif-
ferences between the two groups in age, site of onset, ALS-
FRS-R total score, disease duration, route of enteral nutrition,
duration after PEG, or duration of TIV use. In contrast, sex
differed significantly between the groups, with a higher pro-
portion of female patients in the survivor group than in the
non-survivor group.

BMI-related measures

BMI-related measures are shown in Table 2. BMI and ABMI
did not differ significantly between the survivor and non-sur-
vivor groups. In contrast, ABSABMI was significantly greater
in the non-survivor group. After adjustment for sex, higher
ABSABMI remained significantly associated with non-survi-
vor status (adjusted odds ratio per 1 kg/m?/year increase, 2.47;
95% confidence interval, 1.09-5.61; P = 0.031). In a sensi-
tivity analysis additionally adjusting for enteral feeding route,
the association between ABSABMI and non-survivor status re-
mained significant (adjusted odds ratio, 2.61; 95% confidence
interval, 1.12-6.10; P=0.027). In addition, ABMI > 2.5 kg/m?/
year was observed in seven patients (31.8%) in the non-survi-
vor group and in no patients in the survivor group. In sensitiv-
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Table 1. Baseline Characteristics of the Survivor and Non-Survivor Groups

Variables Survivor group (n =27) Non-survivor group (n = 22) P value
Age, years 71.0 (66.5-75.0) 71.5(67.3-77.3) 0.9193
Sex, n (%) 0.0078
Male 11 (40.7) 18 (81.8)
Female 16 (59.3) 4(18.2)
Site of onset, n (%) 1.0000
Bulbar 1(3.7) 1(4.5)
Limb 12 (44.4) 10 (45.5)
Unknown 14 (51.9) 11 (50.0)
ALSFRS-R total score 2.0 (1.0-4.0) 2.5(1.0-4.0) 0.7506
Disease duration, months 84.0 (53.8-113.5) 88.0 (65.0-120.0) 0.7949
Enteral feeding route, n (%) 1.0000
PEG 22 (81.5) 18 (81.8)
Nasogastric tube 5(18.5) 4(18.2)
Time since PEG insertion, months 42.5(27.8-73.5) 55.5 (25.5-63.0) 0.9312
Time since TIV initiation, months 16.5 (16.0-19.0) 18.0 (14.0-22.0) 0.8246

Data are presented as median (interquartile range) or number (%). Percentages were calculated within each group. The P value for site of onset was
calculated after excluding patients with unknown onset site. Time since PEG insertion was calculated only for patients who had undergone PEG. P
values were calculated using the Mann-Whitney U test for continuous variables and Fisher’s exact test for categorical variables. ALSFRS-R: ALS
Functional Rating Scale—Revised; PEG: percutaneous endoscopic gastrostomy; TIV: tracheostomy invasive ventilation.

ity analyses, ABMI > 2.0 kg/m?/year was observed in one of 27
patients (3.7%) in the survivor group and seven of 22 patients
(31.8%) in the non-survivor group (P = 0.0158), whereas at a
threshold of 3.0 kg/m?/year, the corresponding numbers were
0 of 27 and 7 of 22 (P = 0.0020).

Distribution of BMI and annual BMI change

Figure 2 shows the distribution of annual BMI change. Panel
(a) shows the relationship between BMI and ABMI, whereas
panels (b) and (c) show the group distributions of ABMI and
ABSABMLI, respectively. Patients with ABMI > 2.5 kg/m?/year
were observed only in the non-survivor group.

Discussion

In this retrospective study, we examined the associations of

BMI, annual BMI change, and the magnitude of annual BMI
change with mortality in patients with ALS during TIV use.
BMI and ABMI did not differ significantly between the survi-
vor and non-survivor groups, whereas ABSABMI was great-
er in the non-survivor group, and ABMI > 2.5 kg/m?/year was
observed only in the non-survivor group. Previous studies in
ALS have primarily focused on low BMI and weight loss
as adverse prognostic factors. A meta-analysis of 6,098 pa-
tients with ALS showed that higher BMI was associated with
better survival, with the survival hazard decreasing by ap-
proximately 3% for each 1 kg/m? increase in BMI; notably,
none of the included studies evaluated BMI at late disease
stages [9]. In patients with ALS receiving TIV, greater BMI
decline before TIV has also been associated with more rapid
functional deterioration after TIV initiation [10]. In contrast,
the present study focused on BMI changes during TIV use
and suggests that not only the BMI value itself but also the
magnitude of annual BMI change, particularly marked BMI
increase, may be clinically relevant.

Table 2. Body Mass Index-Related Measures in the Survivor and Non-Survivor Groups

Variable Survivor group (n =27) Non-survivor group (n = 22) P value
BMLI, kg/m? 19.6 (18.6-22.2) 19.9 (19.1-22.6) 0.8813
ABMLI, kg/m?/year 0.1 (-0.6-0.7) 0.9 (-0.8-3.3) 0.1352
ABSABMI, kg/m?/year 0.7 (0.4-1.2) 1.4 (0.9-3.5) 0.0003
ABMI > 2.5 kg/m?/year, n (%) 0 (0.0) 7 (31.8) 0.0020

Data are presented as median (interquartile range) or number (%). P values were calculated using the Mann—Whitney U test for continuous vari-
ables and Fisher’s exact test for categorical variables. BMI: body mass index; ABMI: annual change in body mass index; ABSABMI: absolute annual

change in body mass index.
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Figure 2. Distribution of annual BMI change in the survivor and non-survivor groups. (a) Scatter plot showing the relationship
between BMI and annual BMI change (ABMI). The dashed line indicates ABMI = 2.5 kg/mZ/year. (b) Distribution of ABMI in the
survivor and non-survivor groups. (c) Distribution of the absolute annual BMI change (ABSABMI) in the survivor and non-survivor
groups. Boxes indicate the interquartile range, horizontal lines indicate the median, and individual data points are shown for each
patient. Open circles indicate the survivor group and filled triangles indicate the non-survivor group. BMI, body mass index; ABMI,
annual change in body mass index; ABSABMI, absolute annual change in body mass index.

Marked BMI increase observed in the non-survivor group stage accompanied by severe communication impairment and
cannot be interpreted simply as an improvement in nutritional hypoalbuminemia [4]. In addition, energy expenditure has
status. In patients with advanced ALS during TIV use, body been reported to be low in patients with advanced ALS using
weight gain has been reported to be associated with disease TIV [5, 6]. Therefore, BMI increase may reflect not only nu-
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tritional intake but also disease progression-related metabolic
changes and changes in body composition [11]. The prognos-
tic importance of body-weight variability has also been re-
ported in other chronic diseases. In a meta-analysis of patients
with type 2 diabetes mellitus, greater weight variability was
associated with higher all-cause mortality (pooled hazard ra-
tio (HR), 1.54), although the measures of weight variability
differed from the two-point annual BMI change used in the
present study [12]. In critically ill patients, fluid overload and
positive fluid balance have also been associated with increased
mortality [13], suggesting that marked weight gain may some-
times reflect changes in fluid status rather than nutritional im-
provement. Because this study did not systematically assess
nutritional intake, fluid status, edema, inflammatory findings,
or body composition, the underlying mechanism could not be
determined.

In the present study, the non-survivor group had a higher
proportion of men. Sex-related differences in ALS prognosis
have been reported, with a recent study showing shorter sur-
vival, greater respiratory decline, and faster weight loss in men
[14]. These sex-related differences in respiratory function and
body weight changes may have contributed, at least in part, to
the higher proportion of men in the non-survivor group. How-
ever, a large meta-analysis did not identify sex as a consistent
independent predictor of ALS survival [15], and the present
finding should therefore be interpreted cautiously given the
limited sample size.

This study has several limitations. First, this was a single-
center retrospective study with a limited sample size; there-
fore, the influence of selection bias cannot be excluded. In ad-
dition, the limited number of participants and non-survivors
reduced the precision of the regression estimates. Second,
because nutritional intake, fluid status, edema, infection or
inflammatory findings, and body composition were not sys-
tematically assessed, the background factors underlying BMI
change could not be fully examined. Third, although the asso-
ciation between ABSABMI and non-survivor status remained
statistically significant after adjustment for sex, residual con-
founding by other factors cannot be excluded. In addition, the
ABMI threshold of > 2.5 kg/m?/year was used for exploratory
descriptive purposes and should not be interpreted as a prog-
nostic cutoff. The present findings should be interpreted as
associations with mortality status rather than as evidence that
BMI change predicts subsequent mortality. Therefore, causal
relationships between BMI change and mortality cannot be in-
ferred from the present findings.

When marked or unexpected BMI change is observed dur-
ing TIV use, reassessment of nutritional intake, fluid status
and edema, albumin and inflammatory findings, and, when
feasible, body composition may be warranted. In particular,
marked BMI increase should not be interpreted simply as an
improvement in nutritional status, but as a finding that may
reflect changes in physical condition and warrant further clini-
cal evaluation. The present study does not establish an optimal
monitoring frequency or a validated threshold for further as-
sessment; future prospective studies incorporating these fac-
tors are needed to clarify the clinical significance of BMI fluc-
tuation in this population.
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