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L E T T E R

Association ofMGMT and BIN1 genes with Alzheimer’s disease
risk across sex andAPOE ε4 status

Chung et al. reported a novel association of the Alzheimer’s dis-

ease (AD) risk with genetic variants in the MGMT gene in women.1

The genome-wide significant signals were found in women lack-

ing the apolipoprotein E ε4 allele (APOEε4-) from 30 studies of the

Alzheimer’s Disease Genetics Consortium (ADGC) (3399 AD cases

and 6905 controls), and in a Hutterite cohort (31 members of a con-

sanguineous kindred with different APOEε4 statuses, including 5 AD

cases who were all women). The effect sizes reported were large:

odds ratio [OR] = 1.44 [1.26–1.64], P = 4.95 × 10-8 in ADGC for

rs12775171, and OR = 2.02 [1.80–2.26], P = 1.9 × 10-14 in the Hut-

terites for rs2803456 and rs12256016. The association found in the

ADGC was consistent across studies and not significant in the three

other subsets defined by sex and APOEε4 status (women APOEε4+,
men APOEε4-, and men APOEε4+) for which effect sizes were not

reported.

We aimed at replicating the association ofMGMTwithAD risk in the

meta-analysis of 6 case–control studies from the European Alzheimer

& Dementia Biobank (EADB) consortium: EADB-core,2 EADI (Euro-

pean Alzheimer’s Disease Initiative),3,4 GERAD (Genetic and Environ-

mental Risk inAD),5 DemGene,6 GR@ACE-DEGESCO,7 andBonn.2 We

considered a total of 33,677 AD cases and 48,158 controls, all of Euro-

pean ancestry, including 10,354 AD cases and 19,910 controls who

were female and APOEε4- (Figure 1, Tables S1, and S2 in supporting

information). The samples were genotyped with different chips and

then imputed using the TOPMed reference panel2 (supporting infor-

F IGURE 1 Results of rs12775171 association with Alzheimer’s disease (AD) risk in apolipoprotein E
(APOE) ε4- women and the other sex-APOEε4 subsets comparedwith the effect reported in the Alzheimer’s Disease Genetics Consortium (ADGC)
APOEε4- women fromChung et al. 2022. The effect allele is Gwith a frequency of 0.06 in all models. The black square whose size is proportional to
the sample size represents the odds ratio (OR) and the blue line the confidence interval (CI). Interaction P are p-values of the heterogeneity test
between the different group pairs (1 degree of freedom test) using the APOEε4- women group as a reference for each test (supporting
information). EA, Effect allele; P, p-value.
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mation). In each study, we tested the association of MGMT variants

with AD in the four subsets defined by sex and APOEε4 status. Analy-

seswere adjustedonprincipal components, and resultswere combined

across studies in a fixed effect meta-analysis with an inverse-variance

weighted approach (supporting information).

None of theMGMT variants identified by Chung et al. were found to

be associated with AD risk (P < 0.05) in the different subsets (Figures

S1–S6 in supporting information). The effect of rs12775171was larger

in APOEε4- women (OR= 1.06 [0.98–1.14], P = 0.17) than in the other

subsets (OR = 1.03, 1.00, and 0.99 in APOEε4- men, APOEε4+ women,

andAPOEε4+men, respectively), but those differenceswere not signif-

icant (P= 0.69, 0.37, and 0.39 for the comparison of theOR in APOEε4-
women with the one in APOEε4-men, APOEε4+women, and APOEε4+
men, respectively, Figure 1). Of note, our study in APOEε4- women

had more than 99% power to detect the association with rs12775171

as described by Chung et al., at the nominal significance level of 0.05

(supporting information).

The authors also identified in ADGC APOEε4- women a genome-

wide significant association with AD for a known AD gene, BIN1

(rs11680911, OR = 1.21 [1.13–1.29], P = 2.22 × 10−8). We sought

to assess whether this association differed across the four sex-

APOEε4 subsets. We detected a genome-wide significant association

(P < 5 × 10−8) with AD risk for rs11680911 in APOEε4- women

(OR = 1.12 [1.07–1.16], P = 2.21 × 10−8) and in APOEε4- men

(OR = 1.16 [1.10–1.21], P = 1.75 × 10−9), but not in the 2 other
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subsets (Figures S7–S8 in supporting information). However, the

effects in all the subsetswere similar (OR=1.12, 1.16, 1.14, and 1.13 in

APOEε4- women, APOEε4- men, APOEε4+ women, and APOEε4+ men,

respectively), and effects were not significantly different between the

subsets (Figures S7–S8 and Table S3 in supporting information).

Weperformed several sensitivity analyses in theEADBstudies (sup-

porting information, Tables S1–S4 and Figures S1–S12), but none of

them identified a significant association of MGMT with AD risk in

APOEε4- womenor differences of association between subsets inBIN1.

In conclusion, we did not find a significant, nor suggestive associa-

tion of the MGMT variants identified by Chung et al. with AD risk, in

any of the subsets defined by sex and APOEε4 status, where our sam-

ple size was up to three times larger than in the original publication.

Additionally, we did not identify a significant effect difference of BIN1

rs11680911 variant across sex and APOEε4 status subsets.
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Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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