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RESEARCH ARTICLE

Premorbid lipid levels and long-term risk of ALS—a population-
based cohort study
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HAAKON E. MEYER4,5 , TRYGVE HOLMØY1,2 & OLA NAKKEN1

1Department of Neurology, Akershus University Hospital, Lørenskog, Norway, 2Institute of Clinical Medicine,
University of Oslo, Oslo, Norway, 3Health Services Research Unit, Akershus University Hospital, Lørenskog,
Norway, 4Department of Physical Health and Ageing, Norwegian Institute of Public Health, Oslo, Norway, and,
5Department of Community Medicine and Global Health, University of Oslo, Oslo, Norway

Abstract
Objective: To assess the temporal relationship between premorbid lipid levels and long-term amyotrophic lateral sclerosis
(ALS) risk. Methods: From Norwegian cardiovascular health surveys (1974–2003), we collected information on total
cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), glucose, and other cardiovascular risk factors. ALS incidence and mortality were identified through validated
Norwegian health registries. The relation between premorbid lipid levels and ALS risk was assessed by Cox regression
models. Results: Out of 640,066 study participants (51.5% females), 974 individuals (43.5% females) developed ALS.
Mean follow-up time was 23.7 (SD 7.1) years among ALS cases. One mmol/l increase in LDL-C was associated with
6% increase in risk for ALS (hazard ratio 1.06 [95% CI: 1.01–1.09]). Higher levels of TC and TG were also associated
with increased ALS risk, but only within the last 6–7 years prior to ALS diagnosis or death. No association between
HDL-C and ALS risk was found. Adjusting for body mass index, birth cohort, smoking, and physical activity did not
alter the results. Conclusions: Higher levels of LDL-C are associated with increased ALS risk over 40 years later, compat-
ible with a causal relationship. The temporal relationship between TG, TC, and ALS risk suggests that increased levels
of these lipid biomarkers represent consequences of ALS.

KEYWORDS: Amyotrophic lateral sclerosis, lipids, low-density lipoprotein cholesterol, epidemiology, risk factors

Introduction

Hypermetabolism is a commonly observed phe-
nomenon in amyotrophic lateral sclerosis (ALS),
linked to increased functional decline and reduced
survival (1,2). Related to aberrant energy homeo-
stasis, it is becoming increasingly accepted that
dyslipidemia plays a role in the pathological
process.

In ALS, elevated levels of either total choles-
terol (TC), triglycerides (TG), or low-density lipo-
protein cholesterol (LDL-C) have been associated
with improved survival in some (3–8), but not all
(9–12) observational studies. Some studies also
found that increased levels of high-density

lipoprotein cholesterol (HDL-C) were associated
with poor survival (8,12).

Similarly, a possible relation between blood
lipid levels and ALS risk has been suggested but
has proven difficult to establish firmly. Higher lev-
els of LDL-C have been linked to an increased
ALS risk (13), and higher levels of HDL-C have
been linked to both reduced and increased ALS
risk (14,15). Mendelian randomization studies
have implied that TC (16–18) and LDL-C (17–
21) are causally related to ALS risk.

The pathological process possibly begins several
years before symptom onset (22). Prospective
studies should therefore encompass a long
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observation period to avoid the risk of inverse
causality, where associations to possible risk factors
merely reflect consequences of a disease process.
Furthermore, biomarkers of lipid metabolism are
influenced by lifestyle factors such as physical
activity (23), body mass index (BMI) (24), smok-
ing (23), and blood glucose levels (25), elements
which additionally have been linked to ALS risk
(26–29). Therefore, detailed information regarding
lifestyle and environmental factors is needed.

We used data from large Norwegian cardiovas-
cular health surveys and compulsory health regis-
tries to examine the temporal relationship between
premorbid lipid levels and long-term ALS risk.

Method and materials

Study population

The study population comprises Norwegian citi-
zens participating in regional health surveys
(1974–2003) focused on cardiovascular risk fac-
tors. All health surveys consisted of a questionnaire
and physical examination. The questionnaire
requested information on lifestyle and health-
related topics, such as smoking and alcohol habits,
and level of physical activity. Trained personnel
conducted the physical examination which
included objective measurements of height, weight,
heart rate, and blood pressure. A non-fasting blood
sample was analyzed for circulating levels of TG,
TC, and glucose. HDL-C was gradually included
from 1980 onwards (30). Our joint cohort consti-
tuted the following;

The Counties Study (1974–1988) invited all men
and women aged 35–49 years living in three
Norwegian counties (Finnmark, Oppland, and
Sogn og Fjordane). Attendance rate was approxi-
mately 90%. A total of 94,022 participants partici-
pated in the survey. It was carried out in total
three times with intervals of 3–5 years (31). HDL-
C was not included in blood samples in the first
screening but was included in subsequent screen-
ings. Altogether, 86% of the participants had
measurements of HDL-C.

The age 40 program (1985–1999) invited people
aged 40–45 years in all Norwegian counties except
the capital of Oslo. In total, 417,098 individuals
participated, with an attendance rate of 52–74%
(32). In 29% of the participants, the serum analy-
ses included HDL-C (33).

Cohort of Norway (CONOR) (1994–2003) is a
combined cohort of standardized health data and
blood samples collected through 10 regional health
surveys. In total 173,236 individuals were
included, and the overall participation rate was
58% (34). In CONOR, near all (99.8%) had
HDL-C measurements.

From these health surveys, we collected infor-
mation on circulating levels of lipids and glucose,

sex, year and month of birth, year and month of
screening, height and weight, self-reported infor-
mation on diseases (diabetes, myocardial infarc-
tion, stroke), smoking status, and levels of physical
activity and education.

We excluded 1,520 individuals due to missing
information on time of study inclusion. Hence, the
final study cohort consisted of 640,066 individuals
(Figure 1). For study participants registered in
multiple screenings or surveys (n¼42,709), the
survey which included information on HDL-C was
selected. If no HDL-C information existed, the
first survey was selected.

Emigration and vital status for each participant
were retrieved from the National Population
Registry.

Biomarkers

TG and TC were measured in blood samples in
near all of the cohort (98%). HDL-C was meas-
ured in 57% and blood glucose in 52% of the
cohort. All blood samples were non-fasting, and all
biomarkers were registered in mmol/l. All analyses
were performed at the central laboratory, Ullevål
Hospital, Norway, except for two regional health
surveys in CONOR, where the blood samples were
analyzed at Levanger Hospital and University hos-
pital of North-Norway, Tromsø. Calibration pro-
cedures were carried out between these
laboratories (34).

We calculated LDL-C using the NIH 2 equa-
tion, which has been found appropriate also for
high TG values (35,36). To calculate LDL-C
using the NIH 2 equation, the lipid biomarkers
were first converted to mg/dl using recommended
converting factors (TC�38.67, TG�88.57, HDL-
C�38.67), and after calculation, LDL-C was
subsequently converted from mg/dl to mmol/l
(LDL-C�0.02586) (37).

Extreme values of lipids (>50mmol/l and
<0.1mmol/l) and glucose (<1.5mmol/l) were set
to missing for 51 participants.

Ascertainment of ALS cases

We ascertained ALS cases through the Norwegian
Cause of Death Registry (“the Death Registry”)
and the Norwegian Patient Registry (“the Patient
Registry”). The Death Registry collects and proc-
esses all death certificates in Norway, and has digi-
talized data from 1951 onwards. The direct,
contributing, and underlying cause of death are
registered. Causes of death are coded in accord-
ance with different revisions of the International
Classification of Diseases (ICD). ALS was defined
as ICD codes matching motor neuron disease reg-
istered anywhere on the death certificate. We col-
lected all ALS deaths from the start of the first
health survey (1974) to August 2021 using the
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following codes: ICD 8 (1969–1985): 348.0,
348.1, and 348.2; ICD 9 (1986–1995): 335.2;
ICD 10 (1996 onwards): G12.2. In a previous
study, the Death Registry was found reliable and
has a high sensitivity to ascertain ALS cases (38).

The Patient Registry includes all in- and out-
patient admissions in Norwegian hospitals and pri-
vate practice specialists with public
reimbursement. Individual data are available from
March 1, 2007. ICD 10 codes and dates are
logged for each admission or consultation. ALS
cases were defined as individuals who had two or
more G12.2 (ICD-10) entries in the registry. We
collected data from January 2007 until August
2021, with the date of incidence set to the first
entry. This method has previously been validated
and found reliable to identify ALS cases in
Norway (39). If ALS cases were identified in both
the Death Registry and the Patient Registry, the
Patient Registry (ALS incidence) was chosen.
From a total of 974 ALS cases retrieved, 443 were
found in both registries and 294 only in the Death
Registry.

All Norwegian citizens have a unique personal
identification number which makes linkage
between registries possible.

Ethics, approval, and consent

The study was approved by the regional ethics
committee (REC South East reference number
2016/1731). All participants signed informed con-
sent at the time of screening.

Statistical analysis

Baseline characteristics for the entire cohort as
well as stratified by no ALS and ALS are pre-
sented as means and standard deviations (SDs) or
frequencies and percentages, as appropriate.
Groups were compared by independent-samples t-
test for continuous and v2-test for categorical
variables. To assess associations between exposure
variables and hazard for ALS, Cox regression
model were fitted. The models were adjusted for
sex, age, and health survey (Model 1) or for sex,
age, birth cohort, health survey, other lipids, BMI,

Figure 1. Selection of participants. CONOR, Cohort of Norway; HDL-C, high-density lipoprotein cholesterol.

Premorbid lipid levels and long-term risk of ALS 3



physical activity, and smoking status (Model 2).
Due to high correlation between TC and LDL-C,
these biomarkers were assessed separately in Model
2. Cox model assumptions were assessed by stand-
ard statistical tests; possible nonlinear associations
between continuous covariates and outcome were
assessed through second-order terms, proportional
hazards assumption was tested by global test and by
inspecting Schoenfeld residuals graphically. Time-
dependent variables were included into the model
together with their interaction with natural loga-
rithm of time, and illustrated graphically for easier
interpretation. Because some variables were a part
of interaction terms, results were presented as both
regression coefficients (RCs) and standard errors
(SEs) as well as hazard ratios (HRs) and 95% confi-
dence intervals (CIs), where appropriate. Due to a
substantial number of missing values on both
exposure- and adjustment variables, normalized
inverse probability weights were generated and
included into regression models. Normalization of
weights was performed to avoid underestimated
SEs of estimates due to apparently higher sample
size in pseudo-population generated by weighting.
Due to a high degree of missing values, glucose as
exposure variable was assessed in a separate supple-
mentary analysis. A complete case analysis was
performed as a sensitivity analysis. All tests were
two-sided and results with p-values below .05
were considered statistically significant. Analyses
were performed in STATA v17.

Results

Our final study cohort comprised 640,066 individ-
uals (51.5% females). Mean age at blood sampling
was 42.6 (SD 9.1) years, and mean follow-up time
was 27 (SD 8) years. We identified 974 ALS cases
(43.5% females), with mean age at blood sampling
44.2 (SD 8.8) years and mean follow-up time 23.7
(SD 7.1) years. For ALS cases retrieved from the
Patient Registry, the mean age at diagnosis was
66.5 (SD 8.4) years, and for ALS cases retrieved
from the Death Registry, the mean age at death
was 67.1 (SD 9.7) years. The number of partici-
pants who reported stroke, heart disease, or dia-
betes at screening was generally low and similar in
cases and non-cases. Baseline characteristics of the
final study cohort are presented in Table 1.

LDL-C was associated with an increased and
sustained ALS risk (Table 2 and Figure 2).
Adjusting for age, sex, and health survey (Model
1), one mmol/l increase in LDL-C was associated
with 6% higher ALS risk (RC of 0.06 [SE 0.03],
corresponding to an HR of 1.06 [95% CI: 1.01–
1.09]). In the model additionally adjusting for
other lipid biomarkers, BMI, birth cohort, smok-
ing, and physical activity (Model 2), estimates
were similar (Table 2). Increasing levels of TC

and TG were also associated with higher ALS risk,
but in contrast to LDL-C these associations waned
with increasing time since blood sampling (Table
2 and Figure 2). Thus, in Model 2, one mmol/l
increase in TC was associated with higher risk for
ALS with HR 1.18 (95% CI: 1.08–1.30) 1 year
after blood sampling and HR 1.13 (95% CI: 1.04–
1.23) 3 years after blood sampling, and there was
no statistically significant association beyond 6.5
years after blood sampling (Figure 2). Likewise,
one mmol/l increase in TG was associated with
higher risk for ALS with HR 1.38 (95% CI: 1.24–
1.53) 1 year after blood sampling and HR 1.23
(95% CI: 1.11–1.35) 3 years after blood sampling,
but not beyond 6.5 years after blood sampling
(Figure 2). No association at any time point was
detected between HDL-C and ALS risk.

Adding glucose as a covariate in both models
did not change the results substantially. Glucose
was not in itself associated with ALS risk
(Supplementary Table 1).

A complete case analysis of the final study
cohort yielded comparable results except for LDL-
C (Supplementary Table 2). Thus, high TC and
TG was associated with increased ALS risk in a
time-dependent manner also here (for TG in
Model 1 only). No association was seen between
LDL-C and ALS risk in this complete case ana-
lysis. Compared to our main cohort, a larger pro-
portion of study participants in this sub sample
had higher education, but still equal between cases
(36.5%) and non-cases (37.2%).

Discussion

In this large population-based cohort study, we
assessed the association between circulating levels
of lipid biomarkers in adulthood to later ALS risk.
Our main finding was that higher levels of LDL-C
were associated with increased ALS risk decades
after blood sampling. This association was inde-
pendent of sex and age at blood sampling, and
other potential confounding factors. The sustained
temporal relationship between LDL-C and ALS
risk militates against reverse causality. HDL-C was
not associated with ALS risk. The association
between TC, TG, and ALS risk was less clear.
While higher levels of both TC and TG were asso-
ciated with increased ALS risk in the period most
adjacent to blood sampling, the association waned
over time, suggesting that elevated levels of TC
and TG represent early consequences of the dis-
ease processes rather than risk factors.

Our finding of a link between LDL-C and
long-term ALS risk adds to a growing body of evi-
dence suggesting that LDL-C may be causally
linked to ALS. Premorbid increased levels of
LDL-C have in a large Swedish cohort study,
along with increased levels of apolipoprotein B,

4 A.M. Vaage et al.

https://doi.org/10.1080/21678421.2023.2295455
https://doi.org/10.1080/21678421.2023.2295455


been associated with an increased ALS risk (13).
Further, several Mendelian randomization studies
have highlighted genetically predicted increased
LDL-C as a potential causal risk factor for ALS
(17–21). Among these, Xia et al. (18) found no
effect of lipid-modifying lifestyles on ALS risk, and
demonstrated a potential mediating role for LDL-
C in the pathway from polyunsaturated fatty acids
(PUFAs) to ALS. In their nested case-control

study, could Bjørnevik et al. (15) however not rep-
licate the findings of LDL-C on ALS risk. As
addressed in the article, associations could vary
according to time from blood sampling to ALS
onset. In line with this, a recent study found sig-
nificant trajectory changes in mean concentrations
of LDL-C and TC up to 7 years prior to symptom
onset in ALS, compared to matched controls (40).
Taken together, this highlights the need for long

Table 1. Baseline characteristics of the cohort.

Entire cohort No ALS ALS p Value

Participants, n 640,066 639,092 974
Age 42.6 (9.1) 42.6 (9.1) 44.2 (8.8) <.001�
Female 329,607 (51.5%) 329,183 (51.5%) 424 (43.5%) <.001�
Observation years 27.0 (8.0) 27.1 (8.0) 23.7 (7.1) <.001�
Birth year 1948 (10.5) 1948 (10.5) 1944 (10) <.001�
BMI (n¼638,035) 25.2 (3.8) 25.2 (3.8) 25.1 (3.5) .392�
Current smokera (n¼575,291) 221,791 (38.6%) 221,448 (38.6%) 343 (37.3%) .428��
Strokea (n¼637,626) 3,816 (0.6%) 3,811 (0.6%) 5 (0.5%) .736��
Heart attacka (n¼637,903) 5,848 (0.9%) 5,839 (0.9%) 9 (0.9%) .976��
Diabetesa (n¼637,711) 7,773 (1.2%) 7,767 (1.2%) 6 (0.6%) .088��
Higher educationa (college, university, PhD) (n¼299,471) 91,328 (30.5 %) 91,220 (30.5 %) 108 (29.6 %) .706��
Physical activitya (n¼467,409) .839��
Inactive 94,489 (20.2%) 94,333 (20.2%) 156 (20.5%)
Light activity 283,699 (60.7%) 283,246 (60.7%) 453 (59.5%)
Exercises regularly 80,323 (17.2%) 80,187 (17.2%) 136 (17.9%)
Strenuous activity 8,898 (1.9%) 8,881 (1.9%) 17 (2.2%)

Exposure variables
Total cholesterol in mmol/l

N (n missing)
5.8 (1.2)

626,538 (13,528)
5.8 (1.2)

625,583 (13,509)
6.0 (1.1)

955 (19)
<.001�

Triglycerides in mmol/l
N (n missing)

1.7 (1.2)
626,534 (13,532)

1.7 (1.2)
625,579 (13,513)

1.9 (1.4)
955 (19)

<.001�

HDL-C in mmol/l
N (n missing)

1.4 (0.4)
365,673 (274,393)

1.4 (0.4)
365,114 (273,978)

1.4 (0.4)
559 (415)

.996�

LDL-C in mmol/l
N (n missing)

3.7 (1.1)
353,716 (286,350)

3.7 (1.1)
353,174 (285,918)

3.9 (1.1)
542 (432)

<.001�

Glucose in mmol/l
N (n missing)

5.4 (1.3)
332,448 (307,618)

5.4 (1.3)
331,956 (307,136)

5.6 (1.1)
492 (482)

.009�

Data are shown as mean (standard deviation) for continuous variables, or n (%) for categorical variables.
BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.
�Independent samples t-test.
��v2-test.
aInformation on smoking status, stroke, diabetes, heart attack, levels of physical activity, and education were self-reported.

Table 2. Risk of amyotrophic lateral sclerosis (ALS) for one-unit (mmol/l) increase in premorbid levels of circulating lipids.

Parameters

Model 1a Model 1b Model 2a Model 2b

RC (SE) p Value RC (SE) p Value RC (SE) p Value RC (SE) p Value

LDL-C — — 0.06 (0.03) .034 — — 0.07 (0.02) .007
Total cholesterol 0.26 (0.05) <.001 — — 0.17 (0.05) <.001 — —

Total cholesterol� ln(t) −0.09 (0.03) .001 — — −0.04 (0.02) .043 — —

Triglycerides 0.22 (0.08) .004 0.32 (0.05) <.001 0.25 (0.04) <.001 0.32 (0.05) <.001
Triglycerides� ln(t) −0.07 (0.04) .048 −0.10 (0.03) <.001 −0.09 (0.03) .001 −0.11 (0.03) <.001
HDL-C −0.06 (0.17) .702 −0.09 (0.25) .719 −0.06 (0.26) .805 0.00 (0.25) .999

Cox proportional hazard models with normalized inverse probability weights, generated from sample of 640,066 study participants.
Model 1 adjusted for sex, age, and health survey. Model 2 adjusted for sex, age, birth cohort, health survey, other lipids, BMI,
physical activity, and smoking status. Due to high correlation, total cholesterol and LDL-C were assessed in separate models (a
and b).

RC, regression coefficient; SE, standard error; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol, ln(t), the natural logarithm of observation time; BMI, body mass index.

p-values marked in bold are statistically significant.
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follow-up time when studying risk factors for neu-
rodegenerative diseases with possible long pro-
dromal phases.

In a recent case-control study from the ALS
registry in Swabia (8) higher concentrations of
TC, but not HDL-C, LDL-C, or TG, were
linked to increased ALS risk. Blood samples were
however taken at or after diagnosis; hence their
study was more suitable for studying the predict-
ive value of these biomarkers on ALS survival.
Higher TG levels have previously not been linked
to ALS risk, but associated with an increased sur-
vival at time of diagnosis (4,6–8). Some (16–18),
but not all (19,21) Mendelian randomization
studies have proposed high levels of TC as a
causal risk factor for ALS. Of note, if a risk fac-
tor is time-dependent or cumulative, effect esti-
mates or causal interpretation in Mendelian
randomization studies can be misleading (41) and
possibly explain diverging results on TC and ALS

risk. While we cannot exclude that both high TC
and TG can act as risk factors for ALS, our anal-
yses indicated that their association with ALS risk
was restricted to the 6–7 years closest to ALS dis-
ease or death. This temporal relationship harmo-
nizes with a prodromal phase as suggested from
mild motor impairment in unaffected gene muta-
tion carriers (22), and elevated prediagnostic neu-
rofilament light chain levels up to 5 years before
ALS diagnosis (42). The association between TC,
TG, and ALS is therefore most compatible with
secondary phenomena.

In our study, increasing levels of HDL-C were
not associated with ALS risk. In two previous
cohort studies, higher HDL-C levels were associ-
ated with either a lower (14), or an increased ALS
risk (15). Again, insufficient observation periods
may explain diverging results, together with differ-
ences in case ascertainment, power, and study
populations.

Figure 2. Risk (HR) of amyotrophic lateral sclerosis (ALS), according to increasing levels of lipid biomarkers and time since blood
sampling, adjusted for sex, age, birth cohort, health survey, other lipids, BMI, physical activity, and smoking. LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

6 A.M. Vaage et al.



Increasing levels of blood glucose was not inde-
pendently associated with ALS risk in our supple-
mentary analysis. This agrees with a large Swedish
cohort study (13). Still, this analysis was attenu-
ated by a large number of missing values as well as
the lacking possibility to discriminate between par-
ticipants with type 1 and type 2 diabetes, which
could be relevant in ALS etiology (43). Therefore,
firm conclusions on any association between blood
glucose levels and ALS risk are difficult.

Dyslipidemia has been linked to ALS through
several pathways. First, increasing LDL-C and
dyslipidemia are associated with enhanced oxida-
tive stress (44), which is a potential crucial part of
disease mechanism in ALS (45). Second, PUFAs
can modulate levels of LDL-C (46). Depending
on which type, PUFAs can display both pro- and
anti-inflammatory effects and have been linked to
both increased and reduced ALS risk (47,48).
Third, a recent study on knockout mice found that
TDP-43, a protein observed mislocalized and con-
sidered a pathological hallmark in ALS, can medi-
ate SREBF2, which regulates cholesterol
metabolism (49).

The strengths of our study are the population-
based design with prospectively collected data, a
large cohort, and a mean follow-up time lasting
almost three decades. The health surveys had a
similar design, and except for a part of the analyses
in CONOR, all analyses were performed in the
same laboratory. Furthermore, we were able to
adjust for most relevant potential confounding fac-
tors, and all anthropometric data were measured
objectively and standardized.

Our study has limitations. As for all observa-
tional studies, we cannot exclude possible bias
from unmeasured confounding factors. We had
limited information on use of statins in our data
and therefore could not adjust for this. Most blood
samples were taken prior to the time period when
large-scale statin use made its entrance in the
Norwegian population (around 1995). Moreover,
statins are probably not associated with ALS risk
(50). We did not have information on HDL-C,
LDL-C, and glucose in a substantial proportion of
participants. Participants in voluntary health sur-
veys could differ from the general population in
terms of lifestyle, education, and socioeconomic
status, affecting study generalizability. However, in
a substantial part of the cohort (CONOR), the
population representativeness regarding smoking,
education, and alcohol habits have been reported
adequate (51). Further, the level of education in
our main cohort compared to the general popula-
tion (52) agreed. The sub sample constituting our
sensitivity analysis had a higher educational level
than our main study cohort. In addition to
reduced power, this could possibly explain the lack
of association of LDL-C on ALS risk in this sub

sample, and further argues for addressing missing
data through the use of probability weights in our
primary analysis. Because the Patient Registry was
first initiated in 2007, we used both incidence (the
Patient Registry) and mortality (the Death
Registry) for case ascertainment. As cases retrieved
from the Death Registry (approximately one third)
also will incorporate survival time after diagnosis,
this combination challenges the calculation of
exact time from blood sampling to ALS and conse-
quentially the temporal effects of the different lipid
biomarkers on ALS risk. Still, compared to the
long follow-up in the current study, the mean sur-
vival time for ALS is short. Also, ALS mortality
data have a good accuracy for incidence rates
(38,53). Ultimately, age at diagnosis or death in
the current study agreed with what has been
reported for the Norwegian ALS population
(38,54), suggesting adequate representativeness.

In conclusion, our results add further evidence
linking dyslipidemia to ALS risk. Thus, higher
LDL-C is associated with increased ALS risk sev-
eral decades later. The association between high
TC and TG on ALS risk appears to be more
short-term, suggesting a possible shift in how lipids
relate to ALS pathogenesis at different stages.
Further studies are needed to explore whether dys-
lipidemia is a modifiable risk factor in ALS.
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