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Association between type 2 
diabetes and amyotrophic lateral 
sclerosis
Linjing Zhang1, Lu Tang1, Tao Huang2,3,5* & Dongsheng Fan1,4,5*

Type 2 diabetes (T2D) and amyotrophic lateral sclerosis (ALS) are associated consistently. However, 
it is currently unknown whether this association is causal. We aimed to estimate the unconfounded, 
causal association between T2D on ALS using a two-sample Mendelian randomization approach both 
in European and East Asian ancestry. Genetic variants strongly associated with T2D and each T2D 
markers were used to investigate the effect of T2D on ALS risk in European (involving 20,806 ALS cases 
and 59,804 controls) and East Asian (involving 1234 ALS cases and 2850 controls) ancestry. We found 
that the OR of ALS per 1 SD increase in T2D was estimated to be 0.96 [95% confidence interval (CI) 
0.92–0.996; p = 0.03] in European populations. Similarly, all 8 SNPs were associated with T2D in East 
Asian ancestry, the OR of ALS per 1 SD increase in T2D was estimated to be 0.83 [95% CI 0.70–0.992; 
p = 0.04] in East Asian populations. Examining the intercept estimates from MR-Egger regression also 
leads to the same conclusion, in that horizontal pleiotropy unlikely influences the results in either 
population. We found that genetically predicted T2D was associated with significantly lower odds of 
amyotrophic lateral sclerosis both in European and East Asian populations. It is now critical to identify 
a clear molecular explanation for this association between T2D and ALS and to focus on its potential 
therapeutic implications.

Recently, premorbid T2D has been proposed as a identified factor for the risk of amyotrophic lateral sclerosis 
(ALS). Population-based cohort studies in European  ancestries1–3 may support the protective role of diabetes in 
ALS (subgroup meta-analyses, odds ratio (OR) 0.52, 95% confidence interval (CI) 0.28–0.76) (Fig. 1). However, 
in East Asian ancestry, the association of T2D on ALS were conflicting. Population-based cohort study performed 
by Sun et al. in  Taiwan4 showed a positive association between T2D and ALS with an increased risk of ALS onset 
(HR 1.35, 95% CI 1.10–1.67). While another population-based cohort  study5 reported the late-onset of T2D (first 
T2D diagnosis was ≥ 55 years) may exert negative association with ALS (HR 0.72, 95% CI 0.55–0.95, p = 0.019). 
Tsai et al. attributed the difference in their results and those reported by Sun et al. may be due to the validation 
of ALS and the coverage of the population.

In addition, these conflicting results drawn from different regions might be attributed to the different ethnicity 
of the patient  cohort6. Observational studies are prone to potential confounding (such as obesity, hyperlipidemia 
and T2D are often co-morbid) and reverse causation and various biases and have generated findings that have 
suggested to be unreliable indicators of the causal effects of modifiable exposures on disease outcomes.

Additionally, there were no data in any of these studies on the duration and severity of diabetes, which might 
limit the assessment of dose–response relationships, one of the key features of causality when it is assessed 
in observational studies. Therefore, whether T2D is causally associated with the risk of ALS remains largely 
unknown. Mendelian randomization (MR) is one of the emerging approaches to strengthen causal inference 
using the instrumental variable (IV)  method7. This approaches were designed to minimize the identified con-
founding and avoid reverse causation, and to some extent Mendelian randomization can be thought of as a 
“natural” randomized controlled trial. MR is a potentially robust method that can support the resolution of 
observational correlations into causal relationships, which is an elusive problem at the heart of biological under-
standing, pharmaceutical development, prevention of disease and medical practice.
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Here, we exploited the two-sample MR design to examine the causal effects of T2D on ALS in both European 
and East Asian populations. We hypothesize that T2D was causally inverse associated with the risk of ALS.

Materials and methods
European ancestry. For exposure, we utilized 139 near-independent variants (UKB genotypes: clumping 
r2 threshold = 0.01 and window size = 1 Mb) of T2D at genome-wide significance (p < 5 ×  10−8) as instrumental 
variables for MR analysis, including 62,892 European ancestry cases and 596,424 European ancestry  controls8). 
These SNPs explained 19.6% (s.e. = 0.011) of the variability in  T2D8. F‐statistics was 1057, larger than the con-
ventional value of 10, indicating that the instruments had strong potential to predict  T2D9. In addition, 40 
SNPs of fasting  glucose10, 19 SNPs of fasting  insulin10, 9 SNPs of 2  h  glucose10 at genome-wide significance 
(p < 5 ×  10−8) were identified from up to 133,010 (fasting glucose), 108,557 (fasting insulin) and 42,854 (2  h 
Glu) non-diabetic individuals of European ancestry, including individuals from the previous meta-analyses11,12. 
Fasting  proinsulin13, and  HbA1C14 at genome-wide significance (p < 5 ×  10−8) were identified from the study of 

Figure 1.  Subgroup meta-analysis of the effects on risk of ALS in patients with premorbid T2D between 
European populations and East Asian populations. ES effect size, CI confidence interval.

Table 1.  Characteristics of instrumental variables used in the Mendelian randomisation analyses in European 
ancestry. SNPs single nucleotide polymorphisms, T2D type 2 diabetes, HbA1C hemoglobin A1c.

Exposure

Published genome-wide association study of the T2D etc Present Mendelian randomisation analysis

References Maximum sample size

No. of independent 
genome-wide significant 
SNPs

No. of SNPs inclueded in 
the analysis Proxies used (r2 > 0.9)

Excluded (no proxy at 
r2 > 0.9)

T2D Xue et al.8 721,534 139 139

2 h glucose Scott et al.10 133,010 7 7

Fasting glucose Scott et al.10 133,010 40 40

Fasting insulin Scott et al.10 133,010 15 15

Fasting proinsulin Strawbridge et al.13 16,378 10 10

HbA1C Soranzo et al.14 46,368 11 11
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large-scale genome-wide association analyses. Summary statistics for the genetic variants associated with T2D 
and related traits used in the MR analyses are provided in Table 1.

For each aforementioned exposure-associated SNP, we retrieved GWAS summary statistics from the ALS 
Variant Server (AVS), the largest GWAS to date, which includes 20,806 ALS cases and 59,804 controls in popula-
tions of European  ancestry15, to achieve the number of SNPs along with their beta effect and standard errors. In 
all, the number of IVs for T2D, 2 h glucose, fasting glucose, fasting insulin, fasting proinsulin, and HbA1C were 
139, 7, 40, 15, 10, 11, respectively, and full details of the selected SNPs, including their beta effect and standard 
errors in each GWAS summary statistics, are provided in Table S1.

East Asian ancestry. For exposure, as instrumental variables for the MR analysis, we utilized 8 SNPs asso-
ciated with T2D at genome-wide significance (p < 5 ×  10−8) identified from a meta-analysis of GWAS data involv-
ing 16,005 individuals with T2D and 16,969 healthy control individuals of East Asian  ancestry16. The heritability 
of the IVs for T2D was not provided in the original paper, according to previous related studies, it was estimated 
about 15%16. F-statistics of IVs was  8399. In addition, SNPs that have been significantly associated with  glucose17, 
glycated  hemoglobin18, body mass index (BMI)19, and WCadjBMI (waist circumference)20 at genome-wide sig-
nificance (p < 5 ×  10−8) were derived from a GWAS meta-analysis. Characteristics of these selected instrumental 
variables for East Asian ancestry used in the MR analyses are provided in Table 2.

For each aforementioned exposure-associated SNP, we extracted its corresponding SNP number along with 
their beta effect and standard errors from GWAS summary statistics for ALS involving 1234 ALS cases and 2850 
controls of Chinese Han  ancestry21. In all, the number of IVs for T2D, glucose, glycated hemoglobin, BMI and 
WCadjBMI were 8, 14, 11, 12, 4, respectively, and full details of the selected SNPs, including their beta effect and 
standard errors in each GWAS summary statistic, are provided in Table S2.

Mendelian randomization analysis
The  hypothesis7 and analysis was descripted in our previous  study22 (Fig. 2). For each IV described above, an 
IV ratio estimate was calculated by dividing the effect size estimate for the association of the variant with the 
risk of ALS by the corresponding estimate for the association of the variant with the T2D. Then, we performed 
the conventional fixed effect inverse variance weighted (IVW)  method23, simple median, weighted median and 
MR-Egger regression  methods24 for the ratio estimates. The results are presented as ORs (95% CI) per genetically 
predicted 1 SD increase in each trait. No adjustment was made for multiple statistical testing, as this study was 

Table 2.  Characteristics of instrumental variables used in the Mendelian randomization analyses in East Asian 
ancestry. SNPs single nucleotide polymorphisms, T2D type 2 diabetes, BMI body mass index.

Exposure

Published genome-wide association study of the T2D etc Present Mendelian randomization analysis

References Maximum sample size

No. of independent 
genome-wide significant 
SNPs

No. of SNPs included in 
the analysis Proxies used (r2 > 0.9)

Excluded (no proxy at 
r2 > 0.9)

T2D Li et al.16 32,974 10 8 2

Glucose Hwang et al.17 24,740 14 14

Glycated hemoglobin Chen et al.18 ~30,000 12 11 1

BMI Wen et al.19 27,715 13 12 1

WCadjBMI Wen et al.20 16,378 4 4

Figure 2.  Assumptions of a Mendelian randomization analysis between T2D and risk of amyotrophic lateral. 
Broken lines represent potential pleiotropic or direct causal effects between variables that would violate 
Mendelian randomization assumptions. T2D type 2 diabetes mellitus.
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based on the primary hypothesis that T2D was associated with ALS. The statistical analyses were conducted using 
R version 3.5.3 (R Project for Statistical Computing) and Stata version 11.2 (Stata Corp, College Station, TX).

All human research was conducted according to the Declaration of Helsinki. Ethical approval was obtained 
from the review boards of Peking University Third Hospital.

Ethics approval. Informed consent was obtained from all participants of the contributing studies, which 
had received ethical approval from their respective institutional review boards.

Results
Causal effects of T2D on ALS in the European population. Using MR analysis, we found that geneti-
cally predicted T2D was associated with significantly lower odds of ALS in European populations. Specifically, 
the odds ratio (OR) of ALS per 1 standard deviation (SD) increase in T2D is estimated to be 0.96 [95% CI 0.92–
0.996; p = 0.03], suggesting that higher predisposition of T2D is causally associated with a decreased risk of ALS 
(Fig. 3). In addition, the associations were consistent in sensitivity analyses that used simple medians but with 
less precision (Fig. 3, Table S3). This association was driven by rsid (rs) 1,758,632 (0.31, 0.15–0.62; p = 0.0008), 
rs12681990 (0.53, 0.29–0.97; p = 0.04) and rs72802358 (0.65, 0.44–0.95; p = 0.03) (Fig.  S1). In the MR-Egger 
analysis, there was no evidence of directional pleiotropy (intercept 0.002 ± 0.003; p = 0.615), however, a low I2 
test may mean MR Egger is underpowered to rule out a pleiotropic effect through inspecting the intercept.

We did not observe a significant association between 2 h glucose, fasting glucose, fasting insulin, fasting pro-
insulin, and HbA1C and the risk of ALS in European populations (Fig. 3, Table S3). Specifically, the OR of ALS 
per 1 SD increase in 2 h glucose, fasting glucose, fasting insulin, fasting proinsulin, and HbA1C were estimated 

Figure 3.  Odds ratio for association between genetically predicted T2D and related traits and ALS in European 
populations. Squares represent the odds ratio of amyotrophic lateral sclerosis per genetically predicted 
1 SD increase in T2D; horizontal lines represent 95% confidence intervals (CIs). SNPs single nucleotide 
polymorphisms, OR odds ratio, IVW inverse variance weighted, HbA1C hemoglobin A1C.
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to be 0.97 [95% CI 0.78–1.21; p = 0.785], 1.15 [95% CI 0.95–1.39; p = 0.162], 0.83 [95% CI 0.43–1.61; p = 0.577], 
0.96 [95% CI 0.77–1.21; p = 0.178], and 1.13 [95% CI 0.88–1.45; p = 0.337] (Fig. 3).

Causal effects of T2D on ALS in the East Asian population. Similarly, genetically predicted T2D was 
associated with significantly lower odds of ALS in East Asian populations. Specifically, the OR of ALS per 1 SD 
increase in T2D was estimated to be 0.83 [95% CI 0.70–0.992; p = 0.040], suggesting that higher predisposition of 
T2D is causally associated with a decreased risk of ALS (Fig. 4). This association was driven by rs4430796 (0.52, 
0.27–1.00; p = 0.05) (Fig. S2). The MR-Egger regression intercept was estimated to be 0.027 (95% CI − 0.016 to 
0.07; p = 0.533), leading to horizontal pleiotropy, which is unlikely to influence results in the East Asian popula-
tion (Table S4).

In contrast, the OR of ALS per 1 SD increase in glucose was 1.38 (95% CI 0.93–2.05; p = 0.105), and the OR of 
ALS per 1 SD increase in glycated hemoglobin was 0.80 (95% CI 0.44–1.48; p = 0.482); both are not statistically 
significant using the IVW analyses method. Neither BMI nor WCadjBMI was found to be causally associated with 
the risk of ALS. Specifically, the OR of ALS per 1 SD increase in BMI was estimated to be 1.00 [95% CI 0.99–1.00; 
p = 0.930], and the WCadjBMI was estimated to be 1.00 [95% CI 0.98–1.020; p = 0.827] (Fig. 4).

Discussion
This comprehensive MR study provide important evidence supporting genetically predicted T2D may decrease 
the risk of ALS in both European and East Asian populations. The sensitivity analysis also leads to the same 
conclusion that horizontal pleiotropy unlikely influences results in either population.

The pathophysiological mechanisms underlying the relationship between T2D and ALS remain largely 
unknown because we do not have sufficient evidence. ALS is a rare disease, and its pathogenesis is very difficult 
to study with retrospective data from different  populations25. In this MR study, none of other metrics were 
found to be causally associated with the risk of ALS, we first speculated that, the effects of these metrics (glucose, 
glycated hemoglobin, BMI, WCadjBMI) on risk of ALS may be not strong enough to provide genetic evidence 
so their effect on ALS could not be determined using MR analysis. An alternative explanation is that combined 
with the results that type 1 diabetes (a disorder characterized by absolute lack of insulin and abnormally high 
blood sugar levels) was associated with an increased risk of  ALS1,2, it is indicative that the protective role of 
T2D on ALS more likely comes from other unknown signaling pathways rather than the currently proposed 
pathophysiology occurring in the body. Although the effects in this study were small, it added genetic evidence 
to further understand this topic. Thus, it should be a great priority for the ALS research community to unravel 
the molecular underpinnings of the protective effect of T2D in ALS. This holds tremendous therapeutic promise 
and accelerates translates this finding into desperately needed treatments for ALS.

Limitations of our study include that the samples used to define the instrumental variable for T2D were 
same with the samples from the ALS consortium. Also, completely ruling out pleiotropy (assumption 2) or an 
alternative direct causal pathway (assumption 3) is challenge for all MR analyses, for there were probably some 
unknown confounders could influence the  ALS26. Genetic variants of T2D in European and East Asian ances-
try that were associated with other traits were provided in Table S5. Nevertheless, our study assumed a linear 

Figure 4.  Odds ratio for association between genetically predicted T2D and related traits and ALS in East 
Asian populations. Squares represent the odds ratio of amyotrophic lateral sclerosis per genetically predicted 
1 SD increase in T2D; horizontal lines represent 95% confidence intervals (CIs). SNPs single nucleotide 
polymorphisms, OR odds ratio, IVW inverse variance weighted, BMI body mass index.
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relationship between T2D and ALS and did not investigate nonlinear effects of T2D. Furthermore, to examine 
the possibility that our results were driven by reverse causality, we tried to perform IVW analysis in the reverse 
direction to examine the causal effects of ALS on T2D, but the power of IVs for ALS were too small (no more 
than 4 SNPs could be calculated the ratio estimate) to perform bidirectional MR analyze. Finally, the associations 
between T2D and ALS observed from previous studies are varied in young and aged  populations6. Hence, bias 
from population stratification is deemed  likely27.
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