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Abstract
Clinical trials have suggested that increased 25-hydroxyvitamin D (25(OH)D) has positive eﬀect on hand grip strength.
This Mendelian randomisation (MR) was implemented using summary-level data from the largest genome-wide association
studies on vitamin D (n = 73,699) and hand grip strength. Inverse variance weighted method (IVW) was used to estimate the
causal estimates. Weighted median (WM)-based method, MR-Egger and leave-one-out were applied as sensitivity analysis.
Results showed that genetically higher-serum 25(OH)D levels had a positive eﬀect on both right hand grip (IVW = Beta:
0.038, P = 0.030) and left hand grip (IVW = Beta: 0.034, P = 0.036). There was a low likelihood (statistically insigniﬁcant)
of heterogeneity and pleiotropy, and the observed associations were not driven by single single-nucleotide polymorphisms.
Furthermore, MR pleiotropy residual sum and outlier did not highlight any outliers. In conclusion, our results highlighted
the causal and beneﬁcial eﬀect of serum 25(OH) D on right- and left-hand grip strengths.
Keywords: vitamin D, grip strength, Mendelian randomisation, older people
Key Points

• Higher vitamin D concentration in life time is associated with higher grip strength.
• Vitamin D serum level in the UK Biobank sample associated with greater muscle strength.
• Mandellian randomisation for vitamin D serum and grip strength in general population.

Introduction
The link between vitamin D deﬁciency with several health
outcomes is evident [1]. Physical functions such as grip
strength have been an important primary outcome for clinical trials in older and younger adults [2–4]. However, it is
diﬃcult to determine eﬀect of vitamin D on grip strength

(and other functional outcomes) in a clinical trials given that
it is hard to control for confounders [3], and that most of
population have already a wide use of vitamin D supplement.
In Mendelian randomisation (MR), ﬁrst causality is inferred
from associations between genetic variants that mimic the
inﬂuence of a modiﬁable environmental exposure and the
outcome of interest (Figure 1); second, the genetic sequence
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Table 1. Summary results of the six genetic loci of serum vitamin D
SNP

Nearest gene

rs3755967
rs10741657
rs12785878
rs10745742
rs8018720
rs17216707

GC
CYP2R1
NADSYN1/DHCR7
AMDHD1
SEC23A
CYP24A1

GX

GX SE

EA

OA

EAF

P-value

−0.089
0.031
0.036
0.019
-0.019
0.026

0.0023
0.0022
0.0022
0.002
0.0027
0.0027

T
A
T
T
C
T

C
G
G
C
G
C

0.28
0.4
0.75
0.4
0.82
0.79

4.74E−343
2.05E−46
3.80E−62
2.10E−20
1.11E−11
8.14E−23

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

All of the serum vitamin D markers were associated at genome-wide signiﬁcance (P < 5 × 10−8 ). EA, eﬀect allele: EAF, eﬀect allele frequency; GX, the per-allele
eﬀect on standard deviation units of the telomere length; GX SE, standard error of GX; OA, other allele.

is ﬁxed from conception and therefore free from reverse
causation [5]. Hence, in this study we utilised MR to explore
causality in a large Mendelian randomisation (MR) using an
improved genetic instrument for circulating 25-OHD with
hand grip strength in the UK Biobank population.
Grip strength is highly heritable (h2 = 30–65%) [6].
Although grip candidate gene approaches have implicated
multiple loci, two genome-wide association studies (GWAS)
in up to 27,000 individuals have been reported to date [7],
yielding one intergenic genome-wide signiﬁcant association
[7]. Stronger hand grip strength is shown to associate with
lower multimorbidity [8], lower cardiovascular disease,
cancer outcomes and all-cause mortality [9], lower risk for
falls [10] and better mental health [11].

handgrip [16, 17]. All individuals were of European descent.
See Appendix 1 (supplementary data are available in Age
and Ageing online) for detailed MR analysis description.
The MR studies assume that the SNPs (instrumental variables) are associated with the outcome only via the exposure
[18], so we performed sensitivity analysis excluding SNPs
with potentially pleiotropic eﬀects. To assess the instrumental variable analysis ‘exclusion-restriction’ assumption
we used Ensembl release (http://useast.ensembl.org/index.
html). Ensembl contains a base of SNP phenotypes. No original data were collected for this manuscript. Ethical approval
for each of the studies included in the investigation can
be found in the original publications (including informed
consent from each subject).

Methods
In a two-sample MR, study design was used [12]. The
summary statistics are provided from various studies for
the bidirectional association of the genetic instruments with
the exposure and outcome. In our study, we obtained the
summary statistics from the largest GWAS on vitamin D
(exposure; [13]) and handgrip (outcome; [14]). For description of vitamin D six single-nucleotide polymorphisms, see
method as previously published [15, 16]. We retrieved the
association of the six genetic instruments with handgrip
using data from the largest available published GWAS on
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Results
The list of all instruments associations for 25(OH)D is
shown in Table 1. The results of MR, as beta-coeﬃcient
for interested outcomes per increase in 25(OH)D, demonstrate a positive and statistically signiﬁcant eﬀect on both
right-hand grip (MR-Egger = β:0.039, SE: 0.032, P = 0.078
and inverse variance weighted, IVW = β: 0.038, SE: 0.018,
P = 0.030; respectively, Figures 2), as well as left-hand grip
((MR-Egger = β:0.047, SE: 0.032, P = 0.098 and IVW = β:
0.034, SE: 0.081, P = 0.036, respectively, Figures 2).
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Figure 1. Schematic representation of MR analysis. Illustrates three assumptions of MR analysis as follows: (i) instrumental variables
must be associated with exposure, (ii) instrumental variables must not be associated with confounders and (iii) instrumental variables
must inﬂuence outcome only through exposure.
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Figure 2. The scatter plots (A and B) of genetic associations with plasma 25-hydroxyvitamin D (25(OH)D) level against genetic
associations with right- and left-hand grip. The slopes of each line represent causal associations for each method.

The horizontal pleiotropy test, with very negligible
Egger regression intercept, also showed a low likelihood of
pleiotropy for all of our estimations (all P > 0.667). Further
the result of the MR-RAPS was identical with the IVW
prediction, which again indicated statistically low chance
of pleiotropy. Heterogeneity tests highlighted no trace of

heterogeneity (right-hand grip: IVW = 0.716, P-value = 0.982;
MR-Egger intercept = 0.714, P-value = 0.942, Left-hand
grip: right-hand grip: IVW = 0.725, P-value = 0.981; MREgger intercept = 0.511, P-value = 0.972). Furthermore,
MR pleiotropy residual sum and outlier analysis did not
indicate any outliers for all estimates. Results of leave-
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one-out method demonstrated that the links are not driven
by any single SNPs.

Discussion
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