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To the Editor: Mineral supplements are usually regarded
as compounds crucial to promoting overall health status
and longevity. Systemic mineral status has been demon-
strated to be associated with life expectancy in many
observational studies, while the causal effects of mineral
status on life expectancy have not yet been systematically
elucidated. In this study, we investigated the causal effects
of six minerals (calcium, magnesium, iron, copper, zinc,
and selenium) on life expectancy with large-scale genome-
wide association study (GWAS) summary data using two-
sample Mendelian randomization (MR) analysis.

We derived the data on calcium-related genetic variation
from 17 population-based GWAS results (n= 39,400) and
covered additionally 21,679 individuals to identify
relevant genetic loci.[1] In addition, we obtained the data
on iron-related genetic variation from theGWAS results of
23,986 individuals from 11 population-based cohorts of
European descent in nine participating centers.[2] The
magnesium-related genetic variation data were derived
from the European ancestry GWAS (n= 15,366) from the
International Cohorts for Heart and Aging Research in
Genomic Epidemiology (CHARGE) Consortium, and
these single-nucleotide polymorphisms (SNPs) were
confirmed using an additional 8463 individuals of
European ancestry.[3] The genetic variations related to
blood copper, zinc, and selenium concentrations were
derived from Australian (the Queensland Institute of
Medical Research, QIMR) and UK (the Avon Longitu-
dinal Study of Parents and Children, ALSPAC) data.[4]

We used the published SNPs with a strong relationship
(P< 5.0�10–8) and independent inheritance (r2< 0.01)
for the blood mineral concentrations serving as an
instrumental variable in the MR analysis (https://www.
ebi.ac.uk/gwas). Two respective SNPs that were signifi-
cantly related to blood copper ions (rs1175550 and
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rs2769264), blood selenium ions (rs921943 and
rs7700970), and blood zinc ions (rs1532423 and
rs2120019) were identified and selected. The summary
statistics of the association of mineral-related SNPs with
parental lifespan were derived from a meta-analysis of the
UK biobank (https://www.ukbiobank.ac.uk/) and LifeGen
consortium (n= 1,012,240).[5] All the original studies
received due ethical approval, and all the participants
provided informed consent.

Using the genetic data of offspring, effect sizes observed
under a Cox proportional hazards model were doubled to
reflect the expected parental genotype effects.[6] We
multiplied the effect estimates in this study by ten to
estimate the absolute changes in life expectancy. We
presented the exposure–outcome associations by estimat-
ing the variations of the parental life expectancy with their
95% confidence interval (CI) per 1-standard deviation
(SD) increase of genetically evaluated mineral status. A
two-sided P value <0.05 indicated statistically significant
evidence for a causal association. We conducted all
analyses using R software (V.3.5.1, R Development Core
Team, Vienna, Austria).

We used the inverse-variance weighting (IVW) MR
method to estimate the causal associations of genetically
predicted mineral status with the parental life expectancy.
As shown in Figure 1, genetically predicted higher serum
calcium, serum iron, blood zinc status appeared to have
decreased the life expectancy. The association of a 1-SD
increase in genetically predicted mineral status with
lifespan years was –1.36 for serum calcium (95%
CI: –2.57, –0.15; P= 0.027), –0.70 for serum iron
(95% CI: –0.97, –0.44; P <0.001), and –0.56 for blood
zinc (95% CI: –0.82, –0.30; P <0.001). However, a 1-SD
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Figure 1: Changes in parental lifespan for genetically predicted blood minerals concentrations. The associations were assessed using the inverse-variance weighted method. Estimates
are the effect of genetically predicted a 1-SD increase of each blood mineral on life expectancy change. CI: Confidence interval; SD: Standard deviation; SNPs: Single-nucleotide
polymorphisms.
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increase in genetically elevated blood copper (beta
coefficient=�0.03; 95% CI: �0.29, 0.23; P= 0.821),
serum magnesium (beta coefficient = �6.40; 95% CI:
�16.66, 3.87; P= 0.222), and blood selenium (beta
coefficient = �0.16; 95% CI: �0.42, 0.10; P= 0.225)
were not causally associated with parental lifespan. We
performed sensitivity analyses usingMR-Egger regression,
the weight median method, mode-based estimation
(MBE), and MR pleiotropy residual sum and outlier
(MR-PRESSO). In sensitivity analyses, we observed sub-
stantial inverse associations of serum iron with parental
lifespan using the penalized IVW (P< 0.001), weighted
median (P< 0.001), andweightedMBE (P< 0.001), but no
statistically significant association using the MR-Egger
method (P= 0.072). We observed substantial inverse
associations of serum magnesium with parental lifespan
using the penalized IVW (P= 0.004), weighted median
(P= 0.014), and weighted MBE (P= 0.018), whereas
neither reached statistical significance using the MR-Egger
(P= 0.106) and MR-PRESSO (P= 0.089) methods. We
observed substantial inverse associations for serum calcium
with parental lifespan using the penalized IVW (P= 0.037)
and MR-PRESSO methods (P= 0.047), whereas no
statistically significant associations were found using the
MR-Egger (P= 0.757), weighted median (P= 0.259), and
weighted MBE methods (P= 0.169). Sensitivity analyses
were not performed for blood copper, zinc, and selenium
because these methods require more than two variants.

According to MR-Egger regression, no obvious heteroge-
neity was observed in the SNPs of serum calcium
(Q= 4.65, P= 0.590) and serum iron (Q= 2.79,
P= 0.090). The Cochran’s Q heterogeneity test was used
to explore the possible biases related to the inclusion of
pleiotropic variants. No evidence of directional pleiotropy
was observed for the association of serum calcium
(intercept=�0.03, P= 0.461), iron (intercept=0.21,
P= 0.284), and magnesium (intercept=0.12, P= 0.220)
with parental lifespan. We observed no measurement
errors in SNP-exposure effect estimates of serum calcium
(I2GX statistic=97.1%), iron (I2GX statistic = 91.0%), and
magnesium (I2GX statistic =97.2%). The value of I2GX
(0 and 1) indicates the possible biases of MR-Egger; the
closer to the value of 1, the stronger evidence that the
causal association cannot be affected by possible biases.
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The limitations of this study are as follows. First, the SNP
biomarkers used in our study all came from European or
Austrian ancestry populations, which may limit the
generalization of the findings to other populations. Studies
that enroll larger samples with racially diversified
populations are needed to explore the genetic locus and
blood minerals relevant to life expectancy. Another
potential limitation is that in the sensitivity analyses,
the mineral status demonstrated no statistically significant
effects on life expectancy when we used some MR
methods; further validation is required in future studies
with large sample sizes or a well-designed randomized
controlled trial to confirm our findings.

In conclusion, findings of this MR study showed that
genetically higher serum calcium, serum iron, and blood
zinc concentrations may be associated with a reduced life
expectancy. Meanwhile, there was no association of
genetically predicted blood magnesium, copper, and
selenium concentrations with life expectancy. Our genetic
evidence suggests that people without mineral deficiencies
are unlikely to benefit from supplementation. This study
will help address some controversies on the associations
between minerals and life expectancy.
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