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AbsTrACT
Objective To determine the prevalence and prognostic 
value of weight loss (Wl) prior to diagnosis in patients 
with amyotrophic lateral sclerosis (als).
Methods We enrolled patients diagnosed with 
als between 2010 and 2018 in a population- based 
setting. at diagnosis, detailed information was 
obtained regarding the patient’s disease characteristics, 
anthropological changes, als- related genotypes and 
cognitive functioning. complete survival data were 
obtained. cox proportional hazard models were used to 
assess the association between Wl and the risk of death 
during follow- up.
results The data set comprised 2420 patients of whom 
67.5% reported Wl at diagnosis. Wl occurred in 71.8% 
of the bulbar- onset and in 64.2% of the spinal- onset 
patients; the mean loss of body weight was 6.9% (95% 
ci 6.8 to 6.9) and 5.5% (95% ci 5.5 to 5.6), respectively 
(p<0.001). Wl occurred in 35.1% of the patients 
without any symptom of dysphagia. Wl is a strong 
independent predictor of survival, with a dose response 
relationship between the amount of Wl and the risk 
of death: the risk of death during follow- up increased 
by 23% for every 10% increase in Wl relative to body 
weight (hr 1.23, 95% ci 1.13 to 1.51, p<0.001).
Conclusions This population- based study shows 
that two- thirds of the patients with als have Wl at 
diagnosis, which also occurs independent of dysphagia, 
and is related to survival. Our results suggest that Wl is 
a multifactorial process that may differ from patient to 
patient. gaining further insight in its underlying factors 
could prove essential for future therapeutic measures.

INTrOduCTION
In patients with amyotrophic lateral sclerosis (ALS), 
weight loss (WL) is an important clinical feature 
with a prevalence of 56%1 to 62%.2 WL has been 
related to functional and respiratory loss, contrib-
uting to both morbidity and mortality.3 It follows 
that managing WL post- diagnosis may improve the 
prognosis of patients with ALS.

WL in patients with ALS may be multifactorial, 
with bulbar symptoms and/or dysphagia as leading 
cause. Interestingly, it may also occur independent 
of dysphagia as shown in a recent study.2 Other 
mechanisms are, therefore, probably related to 
WL, which might explain the varying positive and 

negative results in studies on the beneficial effect of 
enteral nutrition.4–7 Many studies focussed on the 
prognostic effect of body mass index (BMI),2 8–12 
and WL1 2 8 13–15 itself, and showed that patients 
with a lower BMI or WL at diagnosis have a poorer 
prognosis. Despite the value of these studies, they 
vary significantly in definition, methodology and/or 
results (table 1).12 16 Consequently, the direct asso-
ciations between survival, WL or BMI loss, their 
incremental value for prognostic tools such as the 
ENCALS (European Network for the Cure of ALS) 
survival model,17 or their relationship with the clin-
ical phenotype, remains dubious.

In the present study, we, therefore, aim to deter-
mine the prognostic value of BMI and WL at time 
of diagnosis on survival in a large prospective 
population- based study of patients with ALS. In 
addition, we aim to assess the associations between 
WL and important clinical features, such as disease 
staging, dysphagia, site of symptom onset, cogni-
tion and genetics.

MeThOds
We conducted a prospective analysis of the national 
database of The Netherlands ALS Centre, Utrecht, 
The Netherlands. All patients with ALS in The 
Netherlands diagnosed with either possible, prob-
able, probable laboratory- supported or definite ALS 
according to the revised El Escorial criteria (EEC),18 
are registered centrally at The Netherlands ALS 
Centre. The coverage rate of this population- based 
case- control study, named ‘Prospective ALS Study 
The Netherlands (PAN)’, is approximately 81%19: 
mainly patients above 85 years old or those living 
near the border are being underreported. Complete 
case ascertainment was ensured by continuous 
recruitment through multiple sources: neurologists, 
rehabilitation physicians, the Dutch Neuromuscular 
Patient Association and our ALS centre website.

Where possible, we collected clinical data at diag-
nosis or within a 3- month time interval after diag-
nosis; otherwise data were recorded as missing. The 
definitions of the collected characteristics are spec-
ified below, and include: gender, age at diagnosis, 
age at onset, site of disease onset, date of symptom 
onset, diagnostic delay, presence of dysphagia, 
percentage of forced vital capacity (FVC) of 
predicted value, total score of the ALS Functional 
Rating Scale- Revised (ALSFRS- R), survival time, 
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Table 1 Literature overview of the prognostic value of pre- diagnostic WL and/or BMI loss in ALS patients

Author Year study design N
bMI or 
WL? Multivariate analysis

hr
(95% CI)

Interpretation 
of hr

Additional investigated 
factors in study

Limousin et al8 2010 Retrospective 63 Both NR NR NA Disease duration

Marin et al13 2011 Prospective 92 Both ALSFRS at diagnosis, diagnostic delay, EEDC, 
FVC, MMT, BMI or WL

1.31
(1.08 to 1.60)

WL ≥5% Site of disease onset

Shimizu et al15 2012 Prospective 77 BMI Age at onset, FVC, BMI- RR 2.74
(1.47 to 5.13)

BMI- RR of
>2.5 kg/cm2/y

FVC

Marin et al14 2016 Retrospective 261 WL Age, ALSFRS- R, diagnostic delay, EEDC- R, site 
of onset, WL

1.45
(1.06 to 1.99)

WL >10% None

Moglia et al2 2019 Retrospective 620 Both Age at onset, ΔFRS, diagnostic delay, EEDC- R, 
COPD, WL slope

NR NA Dysphagia, site of disease onset

Present study 2020 Prospective 2420 Both Age at onset, ΔFRS, diagnostic delay, definite 
ALSA, bulbar onset, FVC, presence of FTD, 
presence of C9orf72 repeat expansion

1.23
(1.13 to 1.51)

WL per 10% Disease severity, site of disease 
onset, dysphagia, C9orf72 and 
UNC13A genotype, cognition, 
behaviour

Table summarises the study design, number of patients with ALS, variables used in multivariate analysis and concomitant HR and additional clinical characteristics in available studies on WL and/or BMI.
ALS, amyotrophic lateral sclerosis; ALSFRS(- R), ALS Functional Rating Scale (- Revised); BMI, body mass index; BMI- RR, BMI reduction rate; COPD, chronic obstructive pulmonary disease; EEDC(- R), El Escorial Diagnostic 
Criteria (- Revised); ΔFRS, progression rate determined by: (ALSFRS- R total score – 48) / diagnostic delay); 31 FTD, frontotemporal dementia; A=definite ALS according to the revised El Escorial criteria. FVC, forced vital 
capacity; MMT, manual muscular testing; n, number of patients; NA, not applicable; NR, not recorded; WL, weight loss.

presence of C9orf72 repeat expansion,20 UNC13A genotype21 
and height. Site of disease onset was divided into: bulbar, spinal 
or thoracic/respiratory. Date of symptom onset was determined 
at the outpatient clinic as described in our Standard Operating 
Procedures for Clinical Trials 2014: for example, the date of 
symptom onset is determined in the middle of the month or the 
patient knows the exact date. Diagnostic delay was defined as the 
delay between date of diagnosis and date of symptom onset in 
months. We used item 3 of the ALSFRS- R questionnaire to assess 
the presence of dysphagia, defined by a score of ≤3. FVC is 
expressed as percentage of predicted. Survival time was defined 
as time between date of diagnosis and date of death or date last 
known alive. We used the municipal population register to check 
the date last known alive. This register is updated at quarterly 
intervals. Patients with more than 30 hexanucleotide repeats in 
the C9orf72 gene were considered to be C9orf72 carriers.20 The 
genotype for the SNP, rs12608932, located in the UNC13A gene 
was divided into A/A, A/C and C/C.21 Genetic data were handled 
anonymously, but we had to de- anonymise the data temporarily 
in order to match clinical data to genetic data. After linking these 
files, the data were re- anonymised according to the protocol.

Patients were classified into one of five prognostic subgroups 
according to the ENCALS survival model. This is an externally 
validated model for prediction of survival in patients with ALS. 
The model is described in more detail elsewhere.17

Cognitive and behavioural data
Cognitive and behavioural data were collected within 2 months 
of date of diagnosis. To assess cognitive impairment, we used 
three neuropsychological tests: the ALS- specific score from the 
‘Edinburgh Cognitive and Behavioural ALS Screen (ECAS)’,22 23 
verbal fluency index (VFI) score24 and total score of the frontal 
assessment battery (FAB).25 Prior to the development of the 
ECAS, VFI and FAB were used to screen for the presence of 
cognitive and/or behavioural changes. After the ECAS became 
available, it was used as the standard screening instrument. 
Patients were considered to have cognitive impairment if they 
scored abnormal on at least one of these tests. The ECAS ALS- 
specific score was defined as abnormal if a patient’s residual 
score (ie, observed score – expected score) was in the lowest 
5.0% of the Dutch normative population, derived by using the 
percentile rank method on residuals.23 VFI scores were trans-
formed to standardised z- scores, and defined as abnormal if the 
score was below the fifth percentile.24 Total FAB score of <13 
was defined as abnormal.25 To assess behavioural impairment, 

we used the ALS- Frontotemporal Dementia- Questionnaire 
(ALS- FTD- Q),26 and the ECAS behavioural screen.22 An ALS- 
FTD- Q score of ≥22 points was defined as abnormal or scoring 
two or more other items on the ECAS behavioural screen.27 
Scoring apathy only on the ECAS behavioural screen was also 
defined as abnormal.

Weight loss at diagnosis
WL was determined at the outpatient clinic either by the nurse 
practitioner or medical doctor. All evaluations were made on 
the same day for every individual patient. However, if no WL 
data were available, we included WL data gathered from a ques-
tionnaire of the PAN within a 3- month time interval after date 
of diagnosis.19 Medical correspondence was reviewed to gather 
remaining missing data.

We performed analyses with total and monthly absolute and 
relative WL. Total relative WL = (weight at diagnosis – weight 
at onset)/weight at onset. Monthly relative WL = (weight at 
diagnosis – weight at onset)/diagnostic delay. For illustrative 
purposes, we divided the amount of relative and absolute WL 
into four subgroups4 of <0%, 0% (no WL), <5%, 5% to 10%, 
≥10% and <0 kg, 0 kg (no WL), <5 kg, 5 to 10 kg, ≥10 kg, 
respectively. We calculated the BMI, or Quetelet index, at the 
time of diagnosis according to the definition of BMI=weight/
height2, in kg/m2.28

statistical analysis
We performed our statistical analyses with RStudio (V.1.1.456, 
RStudio: Integrated Development for R, Inc, Boston, USA, http://
www. rstudio. com/). Missing data were accounted for by creating 
multiple imputed data sets (n=100) using predictive mean 
matching and bootstrapping, discarding the first 100 iterations 
(burn- in). Approximately 30.7% of missing data were accounted 
for by multiple imputations. The imputation model contained 
all covariates; survival time was modelled using Nelson- Aalen 
estimates.29 We used Rubin’s rules to pool results across impu-
tations.30 Continuous variables were summarised as mean and 
SD, and categorical variables as frequency and proportion. To 
assess the effect of WL in different subgroups, we related WL to 
the following clinical characteristics or criteria: the revised EEC, 
ALSFRS- R score and ΔFRS (ie, progression rate determined by: 
(48 – ALSFRS- R total score) / diagnostic delay),31 King’s clinical 
staging system,32 prognostic subgroups,17 UNC13A genotype, 
C9orf72 repeat expansion, data on behavioural and cognitive 
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Table 2 Baseline demographics and clinical characteristics at date of 
diagnosis

Characteristics
Overall
(n=2420)

  Males, no. (%) 1380 (57.0)

  Age at diagnosis, years 65.7 (10.9)

  Diagnostic delay, months* 9.4 (6.1 to 15.5)

Dysphagia

  Yes (%) 1068 (44.1)

  No (%) 1352 (55.9)

Site of disease onset

  Bulbar (%) 812 (33.5)

  Spinal (%) 1521 (62.9)

  Thoracic/respiratory (%) 87 (3.6)

El Escorial

  Definite ALS (%) 576 (23.8)

  Probable ALS (%) 882 (36.4)

  Probable ALS lab- supported (%) 447 (18.5)

  Possible ALS (%) 515 (21.3)

  FVC, % 85.9 (27.5)

  ALSFRS- R score 38.6 (8.6)

  ∆FRS* 0.66 (0.33 to 1.59)

C9orf72 status

  Repeat (%) 209 (8.6)

  Normal (%) 2211 (91.4)

UNC13A genotype

  A/A (%) 945 (39.0)

  A/C (%) 1064 (44.0)

  C/C (%) 411 (17.0)

Cognitive impairment

  Yes (%) 481 (19.9)

  No (%) 1939 (80.1)

Behavioural impairment

  Yes (%) 751 (31.0)

  No (%) 1669 (69.0)

  Weight at diagnosis, kg 73.5 (17.4)

Weight loss data

  Total absolute weight loss, kg 5.1 (8.6)

  Total relative weight loss, % 6.2 (9.7)

  Absolute weight loss per month, kg 0.60 (1.2)

  Relative weight loss per month, % 0.72 (1.4)

  BMI at diagnosis, kg/m2 24.6 (5.2)

The data set represents mean (SD), unless indicated otherwise, over 100 
imputations.
*Data are median values with 25% to 75% IQR.
A/A, Base pair A represents the major allele; ALS, amyotrophic lateral sclerosis; 
ALSFRS- R, ALS Functional Rating Scale- Revised; BMI, body mass index; C/C, Base 
pair C represents the minor allele; ∆FRS, progression rate determined by: (48 – 
ALSFRS- R total score) / diagnostic delay); FVC, forced vital capacity.

impairment, site of disease onset and whether dysphagia was 
present. We determined the effect of these different clinical char-
acteristics or criteria on WL by linear regression. Correlations of 
continuous variables were assessed using Pearson’s correlation 
coefficient.

To assess the association between the risk of death and WL, we 
used Cox proportional hazard models. We adjusted all models 
for the eight clinical predictors from the ENCALS survival 
model,17 namely: ΔFRS, diagnostic delay, age at onset, FVC, 
bulbar onset, definite ALS according to the revised EEC,18 pres-
ence of frontotemporal dementia and the presence of C9orf72 
repeat expansion.

HRs were obtained and reported with their 95% CIs. In order 
to evaluate the independent prognostic value of WL, we first 
created a model that contained the eight prognostic variables 
from the ENCALS survival model. Subsequently, we created a 
second model with an additional term for WL. To compare the 
two models, we determined the difference in likelihood ratios 
and Akaike’s information criterion (AIC). Additionally, the 
concordance statistic (C- statistic) was determined to evaluate 
the improvement in apparent predictive performance. A similar 
strategy was used to evaluate the added value of dysphagia. Next, 
we used either quadratic or cubic transformations to assess non- 
linear associations between the risk of death during follow- up 
and WL. A similar strategy was used to obtain the independent 
prognostic value of BMI and/or dysphagia. In addition, we eval-
uated the interaction between dysphagia and WL. For illustrative 
purposes, we provide the Kaplan- Meier curves of categorised 
WL from time of symptom onset as well as from diagnosis. A p 
value <0.05 was considered statistically significant.

data availability statement
All protocol, analyses, and anonymised data will be shared by 
request from any qualified investigator. We take full respon-
sibility for the data, the analyses and interpretation and the 
conduct of the research.

resuLTs
In total, we enrolled 2420 patients with ALS with a total 
follow- up time of 3773 person- years during which 1836 deaths 
(75.9% of the patients) occurred. Included patients were diag-
nosed between 1 January 2010 and 23 May 2018. Overall 
median survival after diagnosis was 16.9 months (95% CI 16.2 to 
17.5). Baseline characteristics of the cohort are listed in table 2. 
Differences between patients with and without missing data on 
WL are shown in online supplementary table 1.

baseline characteristics and weight loss
Of all patients, 3.2% were underweight (ie, BMI <18.5) and 
8.1% obese (ie, BMI ≥30.0) at diagnosis.28 At diagnosis, 67.5% 
of all patients reported WL; in 50.4% WL was ≥5% and in 
26.5% ≥10%. Approximately one- third of the patients—in 
different clinical stages—had not lost any weight at the time of 
diagnosis. Patients with bulbar, spinal or thoracic/respiratory 
onset reported WL in 71.8%, 64.2% and 86.6% of the cases, 
respectively (p<0.001). Mean relative WL in these subgroups 
was 6.9% (95% CI 6.8 to 6.9), 5.5% (95% CI 5.5 to 5.6) and 
11.0% (95% CI 10.8 to 11.2), respectively (p<0.001). Dysphagia 
was present in 44.1% of the patients. At diagnosis, WL occurred 
in 73.5% of those with and 62.8% of those without dysphagia, 
with a mean WL of 7.5% (95% CI 7.5 to 7.6) and 5.1% (95% 
CI 5.1 to 5.2), respectively (p<0.001). This suggests that WL 

is not solely related to dysphagia. Results were similar for non- 
imputed data.

Figure 1 shows the relationship between relative WL and 
various clinical aspects of ALS. The revised EEC, total ALSFRS- R 
score, King’s staging and prognostic subgroups17 were related 
to WL (all p<0.001). Interestingly, no statistical differences in 
cognitive and behavioural impairment or C9orf72 and UNC13A 
risk genotypes were associated with WL. This could be due to 
the amount of missing data in these variables. Online supple-
mentary table 2 shows the number of patients tested for each 

by copyright.
 on July 30, 2020 at U

trecht U
niversity Library. P

rotected
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp-2020-322909 on 23 June 2020. D

ow
nloaded from

 

https://dx.doi.org/10.1136/jnnp-2020-322909
https://dx.doi.org/10.1136/jnnp-2020-322909
https://dx.doi.org/10.1136/jnnp-2020-322909
http://jnnp.bmj.com/


870 Janse van Mantgem Mr, et al. J Neurol Neurosurg Psychiatry 2020;91:867–875. doi:10.1136/jnnp-2020-322909

Neuromuscular

Figure 1 relative weight loss stratified by clinical, genetic, behavioural and cognitive data. Boxplots are summarising relative weight loss subdivided 
into (a) el escorial classification, (B) total alsFrs- r score, (c) King’s clinical stage, (D) prognostic subgroups as defined by Westeneng et al,17 (e) UNC13A 
genotype, (F) C9orf72 repeat expansion, (g) behavioural impairment and (h) cognitive impairment. aa, UNC13Aa/a genotype; ac, UNC13A a/c genotype; 
alsFrs- r, als Functional rating scale- revised; cc, UNC13A c/cgenotype; Def, definite als; interm, predicted intermediate; long, predicted very long; Pos, 
possible als; Prob, probable als;Problab, probable als laboratory supported;short, predicted short; Very long, predicted very long; Very short, predicted very 
short survival according to the encals survival model. P values are based on the likelihood ratio test.

cognitive or behavioural test. No differences in WL between 
male and female patients were found (p=0.41).

Pearson’s r between WL and FVC was −0.32 (95% CI −0.36 
to −0.29, p<0.001), between WL and ALSFRS- R total score 
−0.37 (95% CI −0.40 to −0.34, p<0.001) and between WL 
slope and ΔFRS 0.37 (95% CI 0.33 to 0.40, p<0.001).

survival and weight loss
The adjusted HR for absolute WL in kg was 1.03 (95% CI 1.02 
to 1.04, p<0.001), indicating that with each additional kilo of 
WL the risk of dying during follow- up increases by 3%. Simi-
larly, BMI had an HR of 0.96 (95% CI 0.94 to 0.99, p=0.005), 
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Figure 2 Time to event analysis according to relative and absolute weight loss. Panels a and B are the observed Kaplan- Meier curves of the overall 
survival pattern since date of diagnosis, whereas panels c and D show the overall survival pattern since disease onset. relative weight loss (Wl) was 
calculated by dividing the observed Wl at diagnosis by weight at onset.

indicating that a lower BMI at diagnosis increases the risk of 
death. For illustrative purposes we categorised relative and 
absolute WL into four categories (figure 2). Median survival 
after diagnosis with and without WL was 14.7 (95% CI 13.9 to 
15.7) versus 22.5 months (95% CI 20.5 to 24.7), respectively, 
resulting in an adjusted HR of no WL versus WL of 1.40 (95% 
CI 1.23 to 1.60, p<0.001). In figure 3, we illustrate a strong 
dose- response relationship between relative WL (figure 3A) and 
the risk of death during follow- up (p<0.001). Gaining weight 
prior to diagnosis lowers the risk of death during follow- up. A 
similar association was observed for BMI, however, BMI might 
be a non- linear entity (figure 3B).

As shown in figure 4, site of symptom onset and dysphagia were 
related to WL. A significant difference in survival was observed 
in spinal- onset patients depending on whether or not they had 
experienced WL (log- rank p<0.001), as well as in patients with 
bulbar onset with and without WL (log- rank p<0.001). Inter-
estingly, the effect of WL on survival did not differ significantly 
between patients with or without dysphagia (p=0.46), nor 
between bulbar and spinal onset patients (p=0.63). This effect 

of WL on survival did neither differ between male and female 
patients (p=0.57) (not shown).

The independent prognostic value of weight loss
Finally, we obtained the best fitting model in our multivariate 
analysis with relative WL compared with absolute WL (AIC 
23 997 vs 24 003, respectively), although the difference was 
minimal. Table 3 shows the effect of adding relative WL to the 
eight covariates from the ENCALS survival model.17 Model 1 
includes these eight covariates only; model 2 includes the covari-
ates of model 1, but WL has been added. A decrease in AIC 
(24 031 vs 23 997, p<0.001), and a slight increase in C- statistics 
(79.41 vs 79.50) was achieved when adding WL to the original 
eight covariates from the ENCALS survival model (table 3). 
When we used dysphagia instead of relative WL as covariate in 
our multivariate model, the model did not improve, and C- sta-
tistic decreased to 79.36. The effect sizes of the original eight 
predictors remained practically unchanged—and are statistically 
significant—when WL was added. This may suggest that relative 
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Figure 3 Dose- response relationship between weight loss and risk of 
death during follow- up. cox proportional hazard model of the relationship 
between weight loss (Wl) and risk of death, adjusted for the predicted 
prognosis.17 The dark coloured lines represent the modelled relationship 
in every imputed data set and reflect the uncertainty of the mean effect 
in the data. The red line represents the pooled relationship over imputed 
data sets. Panel a shows the hazard risk ratio of increased relative Wl 
at diagnosis on survival (p<0.001). Panel B summarises the relationship 
between risk of death and BMi at diagnosis (p=0.005). BMi,body mass 
index.

WL carries unique information about the prognosis of patients 
with ALS.

dIsCussION
In this prospective, population- based study, we showed that WL 
occurs in approximate two- thirds of the patients with ALS at the 
time of diagnosis, irrespective of the presence of bulbar symp-
toms. WL appeared to be an independent predictor of survival 
with a dose- response relationship between the relative amount 
of WL and risk of death. These results suggest that—when taking 
WL into account—the patient’s prognosis might be predicted 
more accurately. Gaining further insight into the underlying 
factors causing WL could prove essential for future therapeutic 
measures, because it may be a multifactorial process that could 
differ from patient to patient.

The underlying cause of WL was indicated to be multi-
factorial by our finding that WL also occurs in 31.4% of the 
patients without dysphagia or other bulbar symptoms. Bulbar 
symptoms may result in a decreased food intake and, there-
fore, to WL. Another important factor contributing to WL at 

diagnosis is muscle wasting by loss of motor neurons.33 34 A 
previous study has shown that, on a population level, primarily 
fat- free mass (ie, muscle mass) declines over time, whereas the 
mean fat mass remains relatively stable.34 This is supported by 
our finding that the extent of functional loss—a surrogate of 
muscle strength—correlates significantly with WL at diagnosis. 
However, this correlation does not account for all variation in 
WL, which may suggest distinct disease mechanisms. Moreover, 
the reported values are population averages, and there may be 
a considerable amount of between- patient variability. Other 
causing factors have been described, such as an altered meta-
bolic state,33 35–37 an altered olfaction and gustation,38 the loss of 
appetite,34 secondary factors and cognitive disturbances.4 Note 
that we did not find a significant association between cognitive 
disturbances and WL. A hypermetabolic state has been reported 
in 41%35 to 55%36 of the patients with ALS, and may result in 
nutritional imbalance, and, consequently, in WL.33 However, 
the evidence of a hypermetabolic state on WL at diagnosis is 
varying. This is mainly due to different methodologies or might 
be effected by dietary interventions during study procedures.35–37 
An altered olfaction, gustation,38 and the loss of appetite,34 39 
may lead to a changed dietary pattern and lower energy intake. 
Loss of appetite is reported in 29%34 to 47%39 of the patients 
with ALS. Secondary factors, for example, loss of autonomy due 
to disease progression or side effects of medication may result in 
WL.4 Thus, as the cause of WL most likely varies from individual 
to individual, it would seem important in future studies to: (1) 
determine the change in body composition—by, for example, air 
displacement plethysmography or bioelectrical impedance anal-
ysis—rather than total WL, and (2) obtain detailed insight in the 
patient’s metabolic balance, food intake, activity level, metabolic 
and/or hormonal balance.40

Indeed, this multifactorial process of WL suggests that ther-
apeutic interventions may also have to be individually tailored 
to each underlying factor. For this reason, it may be debatable 
whether patients with ALS require enteral feeding, and if they 
do, whether they need the same food composition or interven-
tion. Moreover, we have shown that a group of patients across 
all clinical stages, as demonstrated by the King’s staging and 
ALSFRS- R score, does not lose weight (figure 1). This implies 
the need for individually tailored interventions, because not 
every intervention might effectively slow WL across all patients 
with ALS. To illustrate, if WL is mainly due to muscle wasting, 
enteral nutrition may not be effective, whereas an increased 
caloric intake or administration of food supplements may 
ameliorate WL due to, for example, a hypermetabolic state. 
This was recently confirmed in a large clinical trial, where high- 
caloric intake does only prolonged survival in patients with a 
fast- progressing subtype, underscoring the need for personalised 
nutritional interventions.41

BMI has mainly been assessed as categorical variable according 
to the definition of the WHO.28 This may have resulted in an 
underestimation of the impact of WL. Moreover, a large hetero-
geneity is seen in studies that assessed BMI (table 1),12 16 and the 
use of BMI might not be an accurate measure to estimate the 
amount of fat mass in patients with ALS.42 In 2011 and 2016 
Marin et al were able to show an increased risk of death when 
WL of 5% or 10%, respectively, occurred.13 14 They were not 
able to reproduce the increased death risk of 5% WL in their 
2016 study, but our study confirms that any reported WL at 
diagnosis results in a worse prognosis with a clear dose- response 
relationship. Recently, Moglia et al2 recommended stratifying 
patients in clinical trials according to the presence of dysphagia 
at time of enrolment, instead of stratifying patients based on 
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Figure 4 effect of weight loss stratified by site of symptom onset and the presence of dysphagia. Boxplots are summarising relative weight loss 
subdivided into (B) site of symptom onset and (D) whether dysphagia was present at diagnosis in patients with amyotrophiclateral sclerosis. P values are 
based on the likelihood ratio test. Panels a and c are the observed Kaplan- Meier curves of the overall survival pattern. Wl, weight loss.

their site of symptom onset. We believe that stratification based 
on multivariate prediction models, such as the ENCALS survival 
model,17 seems more appropriate, because dysphagia or site of 
symptom onset are only a part of the prognostic determinants.43 
Moreover, concerning our data, the ENCALS survival model did 
not improve when we added dysphagia as covariate, but it did 
when we added total relative WL. Larger gains could be achieved 
in the future, because more clinical variables have shown their 
relevance in predicting survival in patients with ALS (eg, neuro-
filaments,44 or plasma creatinine45). This underscores the need 
to update, modify and validate our current prediction tools.

The main strengths of this prospective study are the 
population- based design, the excellent follow- up on survival 
time and the large sample size, allowing assessment of the inde-
pendent prognostic value of WL. Moreover, we handled WL as 
a continuous variable, and consequently showed that any WL is 
an important independent predictor of survival, although with a 
strong dose- response relationship. This enabled us to investigate 
the additional value of WL at diagnosis to the overall prediction 
accuracy of the ENCALS survival model17 (table 3). The slight 
improvement might be caused by collinearity of WL with other 
predictors in the model, such as diagnostic delay and ΔFRS. 
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Table 3 Weight loss in a multivariate model

Covariate

Model 1 Model 2

hr (95% CI) P value hr (95% CI) P value

Bulbar onset 1.19 (1.07 to 1.33) 0.002 1.18 (1.06 to 1.32) 0.003

FTD 1.29 (1.02 to 1.63) 0.032 1.30 (1.03 to 1.64) 0.026

Definite ALS 1.43 (1.25 to 1.64) <0.001 1.36 (1.18 to 1.57) <0.001

Diagnostic delay (months)* 0.21 (0.17 to 0.25) <0.001 0.19 (0.15 to 0.23) <0.001

FVC* 1.28 (1.18 to 1.38) <0.001 1.23 (1.14 to 1.34) <0.001

ΔFRS* 0.51 (0.43 to 0.61) <0.001 0.55 (0.46 to 0.65) <0.001

C9orf72 1.19 (0.98 to 1.44) 0.08 1.20 (0.99 to 1.46) 0.06

Age at onset (years)* 1.03 (1.03 to 1.04) <0.001 1.03 (1.03 to 1.04) <0.001

Total WL (per 10%) 1.23 (1.13 to 1.51) <0.001

C- statistic 79.41 79.50

AIC 24 031 23 997

Data are HRs with corresponding p values, and determined with a Cox proportional hazards model. P values indicate if a factor fits into the model.
Model 1=model with the eight covariates from the ENCALS survival model.17 Model 2=addition of relative WL to Model 1.
*Factors are converted as described by Westeneng et al.17

AIC, Akaike’s information criterion; ALS, amyotrophic lateral sclerosis; ALSFRS- R, ALS Functional Rating Scale- Revised; ∆FRS, progression rate determined by: (ALSFRS- R total 
score at diagnosis – 48) / diagnostic delay); FTD, frontotemporal dementia; FVC, forced vital capacity; WL, weight loss.

However, WL—and all other predictors—remained significant 
within model 2, showing that WL is an independent predictor 
of survival, and is not collinear with the other predictors. There-
fore, this could result in better prognostication for our patients 
and more efficient patient selection for clinical trials.43 Finally, 
in our study we were able to associate WL with relevant and 
frequently used clinical parameters, such as: El Escorial classifi-
cation, King’s staging, relation with ALSFRS- R score, ΔFRS, site 
of symptom onset and dysphagia. As a result, clinicians may be 
able to use our results easily.

The main limitation of this study is the missing information on 
causative factors related to WL, as previously described,33–36 38 39 
and the assessment of total WL rather than a subdivision in loss 
of fat and fat- free mass. Consequently, we were only able to 
reliably estimate the total prevalence of WL in patients with 
ALS. Longitudinal data on more detailed parameters may help 
significantly to unravel the sources of WL, estimate their contri-
bution to the total WL and, in the end, improve the delivery 
of tailored care to the individual patient. Furthermore, data 
on several clinically important parameters were missing from 
our study. By performing multiple imputations of the missing 
values,29 46 we were able to retain all cases in our database and, 
therefore, preventing selection bias, but possibly at the cost of a 
decrease in precision. Nevertheless, due to the large sample size, 
we were able to accurately estimate population- averaged associ-
ations between most patient characteristics and WL. However, 
large amounts of cognitive data were missing and our study may 
have lacked power in estimating the association with WL. Simi-
larly, although we were able to assess the relation of WL with 
C9orf72 and UNC13A, it could be of interest for future studies 
to further explore relationships with other ALS- related genes, 
such as SOD1, FUS or TARDBP.

In conclusion, this study shows that WL at time of diagnosis 
has a significant prognostic value for survival in patients with 
ALS. The severity of WL is related to a higher risk of death 
and is not solely due to the presence of bulbar symptoms or 
dysphagia. Multifactorial causes are involved in the genesis of 
WL, and sorting out these causes in every individual patient with 
ALS might result in well- tailored care, and improved therapeutic 
strategies.
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