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ABSTRACT 
Mendelian randomization (MR) is a 
powerful approach that evaluates the 
causal association between a risk factor 
and an outcome. It makes use of the 
random allocation of genetic variants to 
mimic randomizers in randomized 
controlled trials (RCTs), providing quality 
evidence that is less susceptible to 
unmeasured confounding and reverse 
causality, when compared to 
conventional observational studies. 
Currently, MR has been applied in 
osteoporosis-related research to begin to 
unravel the causal risk factors that 
predispose to low bone mineral density 
(BMD) and increased susceptibility of 
fracture. Some MR studies made use of 
serum level measurement as a surrogate 
to mimic the role of supplementation, 
such as vitamin D and calcium, and 
evaluate the effects of the supplements in 
bone metabolism. From clinical 
perspective, MR studies enable 
identification of diagnostic markers and 
therapeutic targets. They provide 
evidence on the efficacy and adverse 
effects of drugs, contributing to discovery 
and repurposing of drugs. 
 
Introduction  
Mendelian randomization (MR) is an 
emerging and powerful approach to 
evaluate whether a risk factor is likely to 
be causally associated with an outcome. It 
employs genetic variants as instrument 
variables for the risk factor under 
investigation. The principle of MR is 
explained briefly below. At conception, 
individuals are randomly inherited with 
genetic variants. These genetic variants 
may be associated, or not associated with 
a particular risk factor.   Individuals who 

are inherited with the risk-associated 
variants have life-long exposure to the risk 
factor, and they are followed up on the 
outcome1.  
 

For a MR study to be valid, three key 
assumptions must hold. Firstly, the 
genetic instruments are associated with 
the exposure under investigation. 
Secondly, the genetic instruments are not 
associated with any confounders of the 
exposure-outcome association. Thirdly, 
the genetic instruments affect the 
outcome only via the exposure under 
investigation. Violation of the third 
assumption is known as horizontal 
pleiotropy. 
 

Due to the random assignment of genetic 
variants at conception, MR studies are 
less susceptible to bias arising from 
confounding and reverse causation when 
compared to conventional observational 
studies2. In particular, reverse causality 
can be evaluated using bi-directional MR 
approach, which is infeasible in 
observational studies. With the use of 
summary statistics from genome-wide 
association studies (GWAS), MR enables 
testing of hypothesis that cannot be 
ethically and practically tested in 
randomized controlled trials (RCT), such 
as testing the causal effects of a harmful 
exposure (e.g. alcohol drinking) on an 
outcome3. There is often a long lead time 
between the exposure and the outcome 
but RCT can only examine the effects of 
short-term intervention. Meanwhile, 
genetic variants adopted in MR studies 
represent life-long exposure. As long as 
GWAS data is available, MR studies can be 
conducted in an economical way in 
comparison with the expensive and 
resource-intensive RCT3. Taking into 



 
To cite this article: G. Hoi-Yee Li & C-L Cheung. Mendelian randomization: evaluation of causality between risk 
factors and outcome. HubLE My Mentor & I. 6. DOI: 10.13140/RG.2.2.15401.83040   
 

3 

account its limitation (as detailed in later 
paragraph), MR approach is reported to 
be at the interface between traditional 
observational studies and RCT, with 
improved reliability in the presence of 
evidences obtained from different study 
designs2.  
 

The advances in genotyping technology 
have made GWAS of large sample size 
feasible at a lower cost, enhancing the 
availability of summary statistics from 
large-scale GWAS / GWAS meta-analysis 
and making the relevant MR studies 
possible. Using "Mendelian 
Randomization" AND ("bone mineral 
density" OR "fracture") as keyword search 
in PubMed, there are around 50 published 
MR studies in osteoporosis-related 
research as at March 2020. A sharp 
increase has been observed in the 
number of publications since 2017. In 
particular, MR approach has been 
employed to identify causal risk factors of 
osteoporosis-related traits, including 
bone mineral density (BMD) derived by 
dual X-ray absorptiometry (DXA) at 
various skeletal sites (such as total body, 
lumbar spine, femoral neck, etc), 
estimated BMD (eBMD) at the heel 
derived by ultrasound, as well as fracture. 
In this perspective, we will briefly discuss 
how MR approach has been applied in 
osteoporosis research.  
 

MR studies with BMD as outcome 

Majority of the osteoporosis-related MR 
studies examined BMD as the health 
outcome due to the availability of GWAS 
data, which are deposited on the website 
of the GEnetic Factors for OSteoporosis 
Consortium (http://www.gefos.org/). 
Most of these studies aimed to determine 

the causal relationship between a risk 
factor and DXA-derived BMD, while some 
assessed the causality with eBMD as well. 
Researchers also explored the potential 
causal roles of circulating proteins4-7, 
metabolites8,9 and phospholipids10 in 
bone metabolism by utilizing their serum 
level measurement as exposures in MR 
studies. In case causality is confirmed, 
they may be developed as diagnostic 
markers or potential therapeutic targets. 
Conversely, MR studies may also provide 
insight on whether commonly used drugs 
or supplementations are beneficial to the 
health outcome as expected. Examples 
include the widespread use of vitamin D 
and calcium supplementations which are 
anticipated to improve bone health. The 
causality of serum vitamin D11-13 and 
calcium14,15 levels on BMD were 
investigated using MR approach, although 
it is unclear if the life-long increase in 
serum level implied in the MR approach 
fully mimics the short-term increase in 
serum level due to supplementation. 
Consistently, three MR studies did not 
support the causal association of serum 
vitamin D with DXA-derived BMD at total 
body11, femoral neck12,13, lumbar 
spine12,13, total hip13, as well as eBMD12. 
This is partially in line with a meta-analysis 
of randomized trials that compared 
interventions differing in vitamin D 
supplementation only, which 
demonstrated the supplementation had a 
small beneficial effect on BMD at femoral 
neck, but not other skeletal sites at 
lumbar spine, total hip, trochanter, total 
body and forearm16. Both MR studies and 
clinical trials suggested the extensive use 
of vitamin D supplementation in the 
general healthy population may not have 
big impact on bone health12,16. Regarding 
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calcium, one MR study revealed that 
genetic predisposition to increased serum 
level per se was inversely associated with 
TB-BMD in multivariable analyses 
adjusted for serum parathyroid hormone, 
vitamin D and phosphate14. Meanwhile, 
another study could not provide evidence 
on the causal relationship of serum 
calcium with eBMD and fracture15. 
Whereas, a meta-analysis of RCTs showed 
that increase in calcium intake from 
supplementation had non-progressive 
and small beneficial effect on BMD, with 
approximately 0.8-1.8% increase in BMD 
with supplements at 1 to >2.5 years17. 
Clinically, the key message brought out by 
the MR studies and RCT meta-analysis is 
that the calcium supplementations 
unlikely have significant impact on bone 
health15,17. These examples showed how 
MR studies could provide complementary 
evidence to the gold standard RCT.  
 

On the other hand, five studies 
investigated the levels of serum lipids 
[including low-density lipoprotein 
cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C) and 
triglycerides] as potential risk factors of 
DXA-derived BMD at total body (TB-BMD), 
lumbar spine, femoral neck, forearm 
and/or eBMD18-22. In view of the close 
correlation between the lipid fractions, 
multivariable MR analyses should be 
performed to account for the 
confounding effects of other lipids and 
assess each lipid fraction’s independent 
role on BMD.  Only two of five studies had 
performed multivariable MR analyses of 
lipids on BMD13,22. Both these two studies 
consistently demonstrated that 
genetically predicted decrease in serum 
level of LDL-C was causally associated with 

increased TB-BMD21,22, forearm BMD22 
and eBMD21,22 after adjustment for beta 
estimates of HDL-C and triglycerides. 
While both studies did not support the 
presence of causal relationship between 
HDL-C and eBMD21,22, null21 and inverse22 
causal association was observed between 
HDL-C and TB-BMD in multivariable 
analyses adjusted for LDL-C and 
triglycerides22. One study additionally 
revealed the inverse relationship 
between HDL-C and lumbar spine BMD22. 
After adjustment for LDL-C and HDL-C, 
triglycerides was shown to have null and 
inverse causal association with eBMD and 
TB-BMD respectively in both studies 21,22.  
 

The discrepant findings among studies 
can be explained by statistical power of 
the MR analyses, which mainly depends 
on the proportion of variance explained 
by the genetic instruments on the 
exposure, as well as the sample size of the 
outcome dataset. It is not uncommon that 
different studies used different definition 
to select independent genome-wide 
significant instruments from different 
GWAS datasets, resulting in different 
statistical power of MR studies although 
they are investigating on the same pair of 
exposure and outcome. A MR study 
utilizing a few genetic instruments could 
only explain a low proportion of variance 
on exposure. If the outcome dataset is of 
small sample size, the study may have low 
power in detecting genuine causality. 
Moreover, the discrepancy may also be 
explained by the intrinsic difference 
between the BMD phenotypes. DXA is the 
gold standard of BMD measurement and 
DXA-derived BMD is more relevant to the 
clinical diagnosis of osteoporosis. In 
particular, DXA-derived femoral neck 
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BMD is a stronger predictor of hip fracture 
than eBMD23. eBMD measurement does 
not include the most critical  diagnostic 
skeletal sites at lumbar spine or femoral 
neck that are more prone to fracture. 
While DXA-derived BMD is a 
measurement of both trabecular and 
cortical bone, eBMD mainly measures the 
trabecular bone24. Discordant results 
between eBMD and DXA-measured BMD 
are often observed25. Notably, six 
reported eBMD-associated loci had 
opposite directions of effects when 
compared with GWAS of DXA-measured 
BMD24. Only moderate correlation was 
observed between eBMD and DXA-
measured BMD at sites prone to fracture 
(femoral neck and lumbar spine) (r=0.5-
0.6)24. DXA-derived BMD and eBMD 
(forearm BMD: -0.81; femoral neck BMD: 
-0.47; lumbar spine BMD: -0.36; TB-BMD: 
r=-0.24; eBMD: r=-0.47)24 have different 
strength of correlation with fracture. 
Although eBMD is a quick and relatively 
inexpensive estimate of BMD for a large 
number of study participants, findings 
related to eBMD require cautious 
interpretation. 
 

Among the serum biomarkers tested by 
MR approach, some causal risk factors 
have potential to be therapeutic targets 
of osteoporosis. MR studies have 
confirmed the beneficial role of estradiol 
on BMD26,27, while estrogen therapy has 
already been adopted to prevent bone 
loss in post-menopausal women for 
decades. In addition, significant positive 
causal association was observed for 
serum growth differentiation factor 15 
(GDF15) level with eBMD4. Whereas, 
genetical predisposition to increased 
serum sclerostin5 and leptin6 levels were 

causally linked to lower BMD at different 
skeletal sites. These findings might 
suggest that GDF15 treatment, reduction 
of sclerostin or leptin levels may have 
therapeutic potential in osteoporosis 
treatment. Notably, RCT has provided 
evidence that 12 months of treatment 
with romosozumab, a monoclonal 
antibody targeting sclerostin, could 
improve the hip areal BMD of patients by 
2.6%, which has better bone-forming 
effects than teriparatide28. However, 
further investigations are warranted to 
consider their possible adverse effects on 
other disease outcomes. For example, a 
MR study suggested that genetic 
predisposition to lower sclerostin level 
was causally associated with higher risk of 
cardiovascular events29. 
 

MR studies with fracture as outcome 

Clinically, fracture is the most relevant 
and direct outcome of osteoporosis. 
Evidences were also presented by a MR 
analysis that genetically decreased 
femoral neck and lumbar spine BMD were 
causally linked to increased risk of 
fracture30. However, relatively small 
number of MR studies examined the 
causal risk factors of fracture, probably 
because large-scale GWAS / GWAS meta-
analysis of fracture were only available 
until 2018.  
 

Only a few exposures were investigated 
for their potential causal roles on both 
BMD and fracture. In line with the null 
causal association between vitamin D and 
BMD suggested by three MR studies11-13, 
genetic predisposition to increased 
vitamin D level was not causally linked to 
fracture risk30.  Among the two studies 
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which adopted multivariable MR analyses 
to evaluate the causal relationship of 
lipids with both BMD and fracture, one 
study did not support LDL-C’s causal role 
on fracture, unlike the observed inverse 
causal association between LDL-C level 
and BMD21. Another study revealed 
inverse causation of LDL-C and HDL-C level 
on DXA-derived BMD, while it showed 
suggestive evidence that genetically 
determined levels of LDL-C and HDL-C 
were positively associated with fracture 
risk22. However, the weak results disabled 
conclusions on whether the lipids may 
affect fracture risk22. The different causal 
effects of lipid levels on BMD and fracture 
may be explained by the multifactorial 
nature of fracture. In addition to BMD, a 
wide range of factors, such as muscle 
strength and risk of falls, may contribute 
to fracture. For example, hand grip 
strength may act as a proxy of muscle 
strength and motor responses, and it was 
reported that increased hand grip 
strength might causally reduce the risk of 
fracture30. Future studies may explore 
taking these factors into account in 
evaluating the risk of fracture.    Amid the 
potential therapeutic targets causally 
linked to BMD, only sclerostin showed 
consistent causal association with 
fracture: genetically determined 
increased sclerostin level was found to 
increase fracture risk5. This finding is also 
in line with a RCT that individuals 
receiving subcutaneous injections of 
romosozumab for 12 months had lower 
risk of both vertebral and nonvertebral 
fracture31. 

Limitations 

As MR studies can be easily performed 
with the use of publicly available 

platform32 and summary statistics from 
GWAS, there is a sharp increase in the 
number of MR studies. However, MR 
approach has several limitations that 
need to be carefully considered before 
valid findings can be obtained. These 
limitations were extensively discussed 
previously33 and the major ones were 
summarized below. Firstly, the genetic 
association between the instrument 
variables and exposure / outcome may 
not be accurately obtained due to 
genotyping errors, population 
stratification in the genetic association 
studies, etc. Secondly, there may be 
confounder(s) in the genotype – exposure 
– outcome association. For example, the 
exposure-associated genetic instruments 
may influence some behavioral factors 
(confounder, such as smoking) which in 
turn affect the outcome, or the exposure-
associated variants may be in linkage 
disequilibrium with another risk locus of 
exposure that act on the same pathway.  
Thirdly, the genetic instruments may be 
associated with the outcome via 
pathways other than the exposure under 
investigation (horizontal pleiotropy). 
Fourthly, the exposure may not have 
suitable genetic instruments even if the 
instruments lie on loci involved in the 
disease process. For example, the 
exposure-associated genetic variant is not 
a common SNP. In view of the above, poor 
design of MR studies may lead to 
invalidation of the analysis and hence 
misinterpretation of the findings. 
Interested readers may refer to the 
“Guidelines for performing Mendelian 
Randomization investigations34” for 
suggested procedures in performing a MR 
study. 
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Future directions 

Currently, most of the MR studies were 
conducted in Europeans, mainly 
attributed to the availability of large-scale 
well-powered GWAS in the population, 
which would in turn identify strong 
genetic instruments that represent the 
exposure in MR studies. In future, when 
GWAS of sufficient sample size becomes 
available, it may be worthy to re-visit the 
MR studies in independent populations to 
explore if the causality differs among 
populations. In addition, new MR designs 
and methodologies with different 
assumptions and features are being 
developed and become available. These 
MR methodologies can be applied in 
osteoporosis-related research if the 
questions in mind could meet the 
criterion specified by the respective MR 
method.    
 

As mentioned above, applications of MR 
include discovery of diagnostic markers 
and development of novel therapeutic 
targets. MR can be applied to predict 
adverse side-effects of drugs35 by using 
genetic proxies of drugs in the target gene 
as the instruments, and performing a 
phenome-wide MR scan36. In fact, MR can 
also form basis for drug repurposing35 
before costly and lengthy RCTs are 
performed. For example, genetic proxies 
mimicking the LDL-C-lowering effects of 
statin therapy were shown to increase TB-
BMD and eBMD but have null effects on 
fracture risk21. The finding was in line with 
a meta-analysis of RCTs that statin use 
was significantly associated with 
increased BMD while it had null 
association with fracture37. 

Conclusion 

In conclusion, MR studies are not just 
applicable in the research field to identify 
causal risk factors and unravel the 
underlying mechanisms of health 
outcomes. From the clinical perspective, 
findings from MR studies may identify 
adverse side-effects of drugs, provide 
insight and enhance the process of drug 
discovery and repurposing before 
expensive and lengthy RCTs take place. 

 
  



 
To cite this article: G. Hoi-Yee Li & C-L Cheung. Mendelian randomization: evaluation of causality between risk 
factors and outcome. HubLE My Mentor & I. 6. DOI: 10.13140/RG.2.2.15401.83040   
 

8 

References  

1. Emdin CA, Khera AV, Kathiresan S. 
Mendelian Randomization. JAMA. 
2017;318(19):1925-1926. 

2. Davies NM, Holmes MV, Davey 
Smith G. Reading Mendelian 
randomisation studies: a guide, 
glossary, and checklist for 
clinicians. BMJ. 2018;362:k601. 

3. Lawlor DA, Harbord RM, Sterne JA, 
Timpson N, Davey Smith G. 
Mendelian randomization: using 
genes as instruments for making 
causal inferences in epidemiology. 
Stat Med. 2008;27(8):1133-1163. 

4. Cheung CL, Tan KCB, Au PCM, Li 
GHY, Cheung BMY. Evaluation of 
GDF15 as a therapeutic target of 
cardiometabolic diseases in 
human: A Mendelian 
randomization study. 
EBioMedicine. 2019;41:85-90. 

5. Zheng J, Maerz W, Gergei I, et al. 
Mendelian Randomization 
Analysis Reveals a Causal 
Influence of Circulating Sclerostin 
Levels on Bone Mineral Density 
and Fractures. J Bone Miner Res. 
2019;34(10):1824-1836. 

6. Meng XH, Tan LJ, Xiao HM, Tang 
BS, Deng HW. Examining the 
causal role of leptin in bone 
mineral density: A Mendelian 
randomization study. Bone. 
2019;125:25-29. 

7. Keller-Baruch J, Forgetta V, 
Manousaki D, Zhou S, Richards JB. 
Genetically Decreased Circulating 
Vascular Endothelial Growth 
Factor and Osteoporosis 
Outcomes: A Mendelian 

Randomization Study. J Bone 
Miner Res. 2019. 

8. Moayyeri A, Cheung CL, Tan KC, et 
al. Metabolomic Pathways to 
Osteoporosis in Middle-Aged 
Women: A Genome-Metabolome-
Wide Mendelian Randomization 
Study. J Bone Miner Res. 
2018;33(4):643-650. 

9. Liu L, Wen Y, Zhang L, et al. 
Assessing the Associations of 
Blood Metabolites With 
Osteoporosis: A Mendelian 
Randomization Study. J Clin 
Endocrinol Metab. 
2018;103(5):1850-1855. 

10. Yuan S, Lemming EW, Michaelsson 
K, Larsson SC. Plasma 
phospholipid fatty acids, bone 
mineral density and fracture risk: 
Evidence from a Mendelian 
randomization study. Clin Nutr. 
2019. 

11. Sun JY, Zhao M, Hou Y, et al. 
Circulating serum vitamin D levels 
and total body bone mineral 
density: A Mendelian 
randomization study. J Cell Mol 
Med. 2019;23(3):2268-2271. 

12. Larsson SC, Melhus H, 
Michaelsson K. Circulating Serum 
25-Hydroxyvitamin D Levels and 
Bone Mineral Density: Mendelian 
Randomization Study. J Bone 
Miner Res. 2018;33(5):840-844. 

13. Li SS, Gao LH, Zhang XY, et al. 
Genetically Low Vitamin D Levels, 
Bone Mineral Density, and Bone 
Metabolism Markers: a Mendelian 
Randomisation Study. Sci Rep. 
2016;6:33202. 

14. Li GH, Robinson-Cohen C, Sahni S, 
et al. Association of Genetic 



 
To cite this article: G. Hoi-Yee Li & C-L Cheung. Mendelian randomization: evaluation of causality between risk 
factors and outcome. HubLE My Mentor & I. 6. DOI: 10.13140/RG.2.2.15401.83040   
 

9 

Variants Related to Serum Calcium 
Levels with Reduced Bone Mineral 
Density. J Clin Endocrinol Metab. 
2019. 

15. Cerani A, Zhou S, Forgetta V, et al. 
Genetic predisposition to 
increased serum calcium, bone 
mineral density, and fracture risk 
in individuals with normal calcium 
levels: mendelian randomisation 
study. BMJ. 2019;366:l4410. 

16. Reid IR, Bolland MJ, Grey A. Effects 
of vitamin D supplements on bone 
mineral density: a systematic 
review and meta-analysis. Lancet. 
2014;383(9912):146-155. 

17. Tai V, Leung W, Grey A, Reid IR, 
Bolland MJ. Calcium intake and 
bone mineral density: systematic 
review and meta-analysis. BMJ. 
2015;351:h4183. 

18. Cherny SS, Freidin MB, Williams 
FMK, Livshits G. The analysis of 
causal relationships between 
blood lipid levels and BMD. PLoS 
One. 2019;14(2):e0212464. 

19. Chen H, Shao Z, Gao Y, Yu X, Huang 
S, Zeng P. Are blood lipids risk 
factors for fracture? Integrative 
evidence from instrumental 
variable causal inference and 
mediation analysis using genetic 
data. Bone. 2020;131:115174. 

20. Yang XL, Cui ZZ, Zhang H, et al. 
Causal link between lipid profile 
and bone mineral density: A 
Mendelian randomization study. 
Bone. 2019;127:37-43. 

21. Li GH, Cheung CL, Au PC, Tan KC, 
Wong IC, Sham PC. Positive effects 
of low LDL-C and statins on bone 
mineral density: an integrated 
epidemiological observation 

analysis and Mendelian 
randomization study. Int J 
Epidemiol. 2019. 

22. Zheng J, Brion MJ, Kemp JP, et al. 
The Effect of Plasma Lipids and 
Lipid-Lowering Interventions on 
Bone Mineral Density: A 
Mendelian Randomization Study. J 
Bone Miner Res. 2020. 

23. McCloskey EV, Kanis JA, Oden A, et 
al. Predictive ability of heel 
quantitative ultrasound for 
incident fractures: an individual-
level meta-analysis. Osteoporos 
Int. 2015;26(7):1979-1987. 

24. Kemp JP, Morris JA, Medina-
Gomez C, et al. Identification of 
153 new loci associated with heel 
bone mineral density and 
functional involvement of GPC6 in 
osteoporosis. Nat Genet. 
2017;49(10):1468-1475. 

25. Schousboe JT, Shepherd JA, 
Bilezikian JP, Baim S. Executive 
summary of the 2013 
International Society for Clinical 
Densitometry Position 
Development Conference on bone 
densitometry. J Clin Densitom. 
2013;16(4):455-466. 

26. Eriksson AL, Perry JRB, Coviello 
AD, et al. Genetic Determinants of 
Circulating Estrogen Levels and 
Evidence of a Causal Effect of 
Estradiol on Bone Density in Men. 
J Clin Endocrinol Metab. 
2018;103(3):991-1004. 

27. Nethander M, Vandenput L, 
Eriksson AL, Windahl S, Funck-
Brentano T, Ohlsson C. Evidence of 
a Causal Effect of Estradiol on 
Fracture Risk in Men. J Clin 



 
To cite this article: G. Hoi-Yee Li & C-L Cheung. Mendelian randomization: evaluation of causality between risk 
factors and outcome. HubLE My Mentor & I. 6. DOI: 10.13140/RG.2.2.15401.83040   
 

10 

Endocrinol Metab. 
2019;104(2):433-442. 

28. Langdahl BL, Libanati C, Crittenden 
DB, et al. Romosozumab 
(sclerostin monoclonal antibody) 
versus teriparatide in 
postmenopausal women with 
osteoporosis transitioning from 
oral bisphosphonate therapy: a 
randomised, open-label, phase 3 
trial. Lancet. 
2017;390(10102):1585-1594. 

29. Bovijn J, Krebs K, Chen CY, et al. 
Lifelong genetically lowered 
sclerostin and risk of 
cardiovascular disease. bioRxiv. 
2019. 

30. Trajanoska K, Morris JA, Oei L, et 
al. Assessment of the genetic and 
clinical determinants of fracture 
risk: genome wide association and 
mendelian randomisation study. 
BMJ. 2018;362:k3225. 

31. Cosman F, Crittenden DB, Adachi 
JD, et al. Romosozumab 
Treatment in Postmenopausal 
Women with Osteoporosis. N Engl 
J Med. 2016;375(16):1532-1543. 

32. Hemani G, Zheng J, Elsworth B, et 
al. The MR-Base platform supports 
systematic causal inference across 
the human phenome. Elife. 
2018;7. 

33. Smith GD, Ebrahim S. 'Mendelian 
randomization': can genetic 
epidemiology contribute to 
understanding environmental 
determinants of disease? Int J 
Epidemiol. 2003;32(1):1-22. 

34. Burgess S, Smith GD, Davies NM, 
et al. Guidelines for performing 
Mendelian randomization 

investigations. Wellcome Open 
Research. 2019(4). 

35. Walker VM, Davey Smith G, Davies 
NM, Martin RM. Mendelian 
randomization: a novel approach 
for the prediction of adverse drug 
events and drug repurposing 
opportunities. Int J Epidemiol. 
2017;46(6):2078-2089. 

36. Gill D, Georgakis MK, Koskeridis F, 
et al. Use of Genetic Variants 
Related to Antihypertensive Drugs 
to Inform on Efficacy and Side 
Effects. Circulation. 
2019;140(4):270-279. 

37. Wang Z, Li Y, Zhou F, Piao Z, Hao J. 
Effects of Statins on Bone Mineral 
Density and Fracture Risk: A 
PRISMA-compliant Systematic 
Review and Meta-Analysis. 
Medicine (Baltimore). 
2016;95(22):e3042. 

 


