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Abstract
Until recently, it remains unclear whether schizophrenia, bipolar disorder (BD), and Alzheimer’s disease (AD) is associated 
with bone mineral density (BMD). We aimed to investigate the causal effects of schizophrenia, BD and AD on BMD with 
Mendelian randomization (MR) analysis. Single-nucleotide polymorphisms (SNPs) strongly associated with these three 
neuropsychiatric diseases as instrumental variables were selected from genome-wide association studies in the MR Base 
database. We analyzed the effects of these SNPs on the femoral neck BMD (FN-BMD), lumbar spine BMD (LS-BMD) and 
forearm BMD (FA-BMD), and evaluated the heterogeneities and pleiotropy of these genetic variants. We also evaluated the 
potential confounding factors in the association between these three neuropsychiatric diseases and the BMD level. It was 
found that none of these genetic variants were significantly associated with BMD or confounding factors. Using these genetic 
variants, we did not find statistically significant causal effects of per unit increase in the log-odds of having schizophrenia, 
BD or AD with FN-BMD, LS-BMD and FA-BMD changes (e.g. schizophrenia and FN-BMD, MR-Egger OR 0.9673, 95% 
CI 0.8382 to 1.1163, p = 0.6519). The MR results also revealed that directional pleiotropy was unlikely to bias the causality 
(e.g., schizophrenia and FN-BMD, intercept = 0.0023, p = 0.6887), and no evidence of heterogeneity was found between the 
genetic variants (e.g., schizophrenia and FN-BMD, MR-Egger Q = 46.1502, I2 = 0.0899, p = 0.3047). Our MR study did not 
support causal effects of increased risk of schizophrenia, BD and AD status with BMD level.
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Introduction

Osteoporosis is the most common bone disease, and it is 
characterized by low-bone mass, deterioration and disrup-
tion of bone structure [1]. The measurement of bone mineral 
density (BMD) has been proved to be an effective method 
for diagnosing osteoporosis and assessing the risk of fragil-
ity fracture [2]. Although osteoporosis is an important and 
common public health problem, the mechanisms and risk 
factors underlying osteoporosis and BMD are still poorly 
understood.

Schizophrenia, bipolar disorder (BD), and Alzheimer’s 
disease (AD) are three common neuropsychiatric diseases. 
Schizophrenia is a complex and severe psychiatric disor-
der that affects patients’ actions, perceptions, emotions, and 
cognitive functions [3]. Bipolar disorder (BD) is a chronic 
and recurrent psychiatric disorder that leads to cognitive and 
functional impairment and increased mortality [4]. Alzhei-
mer’s disease (AD) is a neurodegenerative disease that is 
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associated with advanced age. AD is also the primary cause 
of dementia in the elderly people [5]. Observational studies 
have suggested that these three neuropsychiatric diseases 
are associated with lower BMD and an increased risk of 
fracture [6–8]. However, because of the confounding fac-
tors between these three disorders and BMD, it is unclear 
whether they are etiologically relevant to BMD or are cor-
relates of other unmeasured confounding factors. Well-con-
ducted randomized controlled trials are the gold standard 
for inferring causality, but randomization to the neuropsy-
chiatric diseases’ condition is not possible. Therefore, we 
used Mendelian randomization (MR), which is a widely 
used causal inference method that uses genetic variants as 
instrumental variables (IVs) to assess the causal relation-
ship between the three neuropsychiatric diseases and BMD 
[9, 10]. The genetic variants in MR are available with the 
progress of genome-wide association studies (GWAS) and 
high-throughput genomic technologies.

In this study, we used single-nucleotide polymorphisms 
(SNPs) strongly associated with schizophrenia, BD and AD 
as IVs. We performed a two-sample MR using the effect of 
IVs on the exposures (schizophrenia, BD and AD) and out-
comes (BMD) from two independent samples. We analyzed 
the summary-level data to obtain quantitative estimates of 
the causal effects of schizophrenia, BD and AD on the femo-
ral neck BMD (FN-BMD), lumbar spine BMD (LS-BMD) 
and forearm BMD (FA-BMD) to investigate the potential 
role of three neuropsychiatric diseases on FN-BMD, LS-
BMD and FA-BMD.

Materials and Methods

We used SNPs as IVs for all exposures (schizophrenia, BD 
and AD). We selected SNPs with a genome-wide associa-
tion (p < 5E−08) and independent inheritance (r2 < 0.01) 
without any linkage disequilibrium (LD) from summary 
statistic data from GWAS in the MR Base database (http://
www.mrbas e.org/). The European samples from the 1000 
genomes project were adopted to estimate LD between cho-
sen SNPs. When target SNPs were not available in the out-
come (FN-BMD, LS-BMD and FA-BMD) study, we used 
proxy SNPs that were in high LD (r2 > 0.8) with the SNPs of 
interest. SNPs associated with schizophrenia were derived 
from a multi-stage GWAS study performed by Psychiat-
ric Genomics Consortium (PGC) Schizophrenia Working 
Group, which consisted of 36,989 cases and 113,075 con-
trols of European and Asian ancestry [11]. SNPs associated 
with BD were the results of 7481 cases and 9250 controls 
in an European ancestry GWAS conducted by PGC Bipolar 
Disorder Working Group [12]. For AD, we used the pub-
licly available summary statistics data sets of GWAS meta‐
analyses in individuals of European descent (17,008 cases 

and 37,154 controls) from the International Genomics of 
Alzheimer’s Project (IGAP) [13]. The summary-level data 
of GWAS for the impact of the exposures-associated SNPs 
on FN-BMD, LS-BMD and FA-BMD were obtained from 
the Genetic Factors for Osteoporosis (GEFOS) Consortium, 
including 508,253 osteoporotic fractures patients of Euro-
pean ancestry and 53,236 European ancestry individuals in 
the general population [14]. The detailed characteristics of 
GWAS associated with exposures (schizophrenia, BD and 
AD) and outcomes (BMD) are showed in Table S1 in the 
Supplementary Material.

We applied the principles of two-sample MR to assess 
the role of exposures (schizophrenia, BD and AD) in the 
susceptibility of outcomes (BMD). First, we assessed the 
independent association of SNPs with schizophrenia, BD 
and AD, and selected SNPs that were strongly associated 
(p < 5E−08) and independent inheritance (r2 < 0.01) with-
out any LD with the three neuropsychiatric diseases. Then, 
we obtained the effect estimates for the selected SNPs on 
FN-BMD, LS-BMD and FA-BMD from the GEFOS release 
in 2015. Third, we combined the summary statistics (beta 
coefficients and standard errors) to estimate the causal asso-
ciations between these three neuropsychiatric diseases and 
BMD using two-sample MR analysis. We used three meth-
ods for MR analysis: inverse variance weighting (IVW), 
weighted median (WM) and MR-Egger regression. The IVW 
method uses a meta-analysis approach to combine the Wald 
ratios of the causal effects of each SNP to yield a consist-
ent causal estimate. The SNPs included had to satisfy the 
assumptions of an instrumental variable. The WM estimate 
provides a consistent estimate of the causal effect if at least 
50% of the weight contributing to the analysis comes from 
effective IVs. MR-Egger regression, based on the assump-
tion that the pleiotropic associations are independent, per-
forms a weighted linear regression of the outcome coef-
ficients on the exposure coefficients. However, MR-Egger 
estimates may be inaccurate and can be strongly influenced 
by outlying genetic variants. The WM estimate has been 
confirmed to have distinct superiorities over MR-Egger for 
its improved power of causal effect detection and lower type 
I error. We also used the IVW, WM and maximum likeli-
hood methods to evaluate the heterogeneities between SNPs. 
The heterogeneities were quantified by Cochran Q statistics 
and I2 statistics. To guarantee that the MR estimates are not 
influenced by the inclusion of proxy SNPs, we implemented 
a sensitivity analysis by removing a different SNP in each 
iteration when performing the MR. Moreover, we used the 
MR-Steiger method to test causal directions between the 
exposures and outcomes.

We performed MR-Egger regression to explore and 
adjust for pleiotropy, which refers to the phenomenon in 
which a single genetic locus affects multiple phenotypes. 
The intercept represents the average pleiotropic effect across 
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the genetic variants. We performed a systematic search and 
identified some BMD risk factors to evaluate the potential 
confounding factors in the association between exposures 
and outcomes. The BMD risk factors included obesity 
indices (body mass index (BMI), waist circumference, hip 
circumference and waist-to-hip circumference ratio), glyce-
mic traits (type 2 diabetes, fasting glucose and 2-h glucose), 
systolic and diastolic blood pressure, smoking behavior, 
alcohol intake behavior and inflammatory bowel diseases 
(IBD). Summary statistics for obesity indices (BMI, waist 
circumference, hip circumference and waist-to-hip circum-
ference ratio) were extracted from studies performed by the 
Genetic Investigation of ANthropometric Traits (GIANT) 
consortium [15–17], glycemic traits (type 2 diabetes, fast-
ing glucose and 2-h glucose) from GWAS meta-analyses by 
DIAbetes Genetics Replication And Meta-analysis (DIA-
GRAM) Consortium [18] and Meta-Analyses of Glucose 
and Insulin-related traits Consortium (MAGIC) [19, 20], 
systolic and diastolic blood pressure from the International 
Consortium of Blood Pressure (ICBP) [21], smoking behav-
ior from a GWAS meta-analysis conducted by the Tobacco 
and Genetics Consortium (TGC) [22], alcohol consumption 
behavior from samples in the UK Biobank (UKB) [23] and 
IBD from International Inflammatory Bowel Disease Genet-
ics Consortium (IIBDGC) [24]. The detailed characteristics 
of studies associated with confounding factors are showed 
in Table 1. We assessed the potential associations between 
SNPs that were extracted for the MR analysis and those con-
founding factors. Given that BMD outcomes were derived 
from the same summary-level data of GWAS, associations of 
the SNPs with three BMD outcomes were considered statis-
tically significant at a Bonferroni-corrected p < 0.05/(3 × N), 
and associations of the SNPs with the confounding factors 
were considered statistically significant at a Bonferroni-cor-
rected p < 0.05/N, with N representing the number of SNPs 
in each exposure trait. All statistical tests were two-sided, 
and the results of the MR analyses were considered statisti-
cally significant at a Bonferroni-corrected p < 0.0167 (e.g., 
0.05/3 outcomes). All MR analyses were performed using 
the “TwoSampleMR” package for R language, version 3.6.0 
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Causality Between Schizophrenia and BMD

Based on independent and LD analyses, we selected forty-
nine independent SNPs (p < 5E−08, r2 < 0.01) associated 
with schizophrenia in European and Asian ancestry [11] 
to analyze the causality with FN-BMD, LS-BMD and 
FA-BMD in the MR Base database. After removing five 

SNPs (rs11139497, rs11191419, rs12325245, rs215411, 
rs2851447) that were palindromic with intermediate allele 
frequencies (palindromic SNPs referred to the SNPs with 
A/T or G/C alleles and “intermediate allele frequencies” 
referred to 0.01 < allele frequency < 0.30), forty-four SNPs 
remained to perform the MR analysis for each BMD trait. 
None of the forty-four SNPs were significantly associated 
with BMD outcomes (p < 0.0004) (e.g., 0.05/132), as 
shown in Table 1. Our results did not suggest causal associ-
ations of per unit increase in the log-odds of having schiz-
ophrenia with FN-BMD, LS-BMD and FA-BMD changes 
because none of genetic variants were significantly associ-
ated with BMD at the Bonferroni-corrected significance 
threshold (p < 0.0167) based on IVW, WM and MR-Egger 
regression methods (For FN-BMD, MR-Egger OR 0.9673, 
95% CI 0.8382 to 1.1163, p = 0.6519; IVW OR 0.9954, 
95% CI 0.9624 to 1.0296, p = 0.7907; WM OR 0.9870, 
95% CI 0.9424 to 1.0338, p = 0.5804. For LS-BMD, MR-
Egger OR 0.9916, 95% CI 0.8419 to 1.1678, p = 0.9195; 
IVW OR 1.0040, 95% CI 0.9667 to 1.0427, p = 0.8375; 
WM OR 0.9753, 95% CI 0.9231 to 1.0304, p = 0.3725. 
For FA-BMD, MR-Egger OR 1.2108, 95% CI 0.8976 to 
1.6334, p = 0.2173; IVW OR 0.9944, 95% CI 0.9294 to 
1.0641, p = 0.8718; WM OR 1.0257, 95% CI 0.9319 to 
1.1291, p = 0.6037.) (Table 2 and Fig. 1). We conducted 
the MR-Egger regression to assess the pleiotropy, and the 
results revealed that directional pleiotropy was unlikely 
to bias the causality with FN-BMD (intercept = 0.0023, 
p = 0.6887), LS-BMD (intercept = 0.0010, p = 0.8789) and 
FA-BMD (intercept = − 0.0156, p = 0.1929) (Table 3). The 
associations between these genetic variants and confound-
ing factors were analyzed. None of the forty-four genetic 
variants were significantly associated with the confound-
ing factors mentioned above at the Bonferroni-corrected 
significance threshold (p < 0.05/44 = 0.0011) (Tables 
S2–S7). Cochran’s Q value and the I2 value indicated 
no evidence of heterogeneity between IV estimates with 
IVW, MR-Egger and maximum likelihood methods (For 
FN-BMD, MR-Egger Q = 46.1502, I2 = 0.0899, p = 0.3047; 
IVW Q = 46.3290, I2 = 0.0719, p = 0.3366; Maximum like-
lihood Q = 46.3274, I2 = 0.0718, p = 0.3367. For LS-BMD, 
MR-Egger Q = 42.4492, I2 = 0.0106, p = 0.4516; IVW 
Q = 42.4729, I2< 0.0001, p = 0.4940; Maximum likeli-
hood Q = 42.4725, I2< 0.0001, p = 0.4940. For FA-BMD, 
MR-Egger Q = 30.5206, I2< 0.0001, p = 0.9057; IVW 
Q = 32.2717, I2< 0.0001, p = 0.8842; Maximum likelihood 
Q = 32.2714, I2< 0.0001, p = 0.8843.) (Table 3). We evalu-
ated the sensitivity analysis by a “leave-one-out” analysis 
and found that no single SNP was driving the MR esti-
mates (see Fig. S1 in the Supplementary Material). The 
MR-Steiger results supported the causal direction between 
the exposures and outcomes (Table 1).
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Fig. 1  Scatter plots of genetic 
associations with schizophrenia 
against BMD using different 
MR methods. a Schizophre-
nia and FN-BMD results; b 
Schizophrenia and LS-BMD 
results; and c Schizophrenia and 
FA-BMD results. The slopes of 
each line represent the causal 
association for each method. 
The blue line represents the 
inverse variance weighted esti-
mate, the green line represents 
the weighted median estimate, 
and the dark blue line represents 
the MR‐Egger estimate
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Causality Between BD and BMD

We chose three independent SNPs associated with BD 
in European ancestry [12] to perform the MR analysis 
for causality with FN-BMD, LS-BMD and FA-BMD, 
and no palindromic SNPs were found. None of the three 
SNPs were significantly associated with BMD outcomes 
(p < 0.0056) (e.g., 0.05/9) (Table 1). No evidence sup-
ported that the per unit increase in the log-odds of hav-
ing the BD was causally associated with the FN-BMD 
and LS-BMD changes relied on IVW, WM and MR-Egger 
regression methods (For FN-BMD, MR-Egger OR 1.1355, 
95% CI 0.8870 to 1.4537, p = 0.4973; IVW OR 1.0401, 
95% CI 0.9765 to 1.1079, p = 0.2218; WM OR 1.0552, 
95% CI 0.9721 to 1.1453, p = 0.1993. For LS-BMD, MR-
Egger OR 1.1819, 95% CI 0.9073 to 1.5396, p = 0.4323; 
IVW OR 1.0738, 95% CI 0.9978 to 1.1555, p = 0.0572; 
WM OR 1.0830, 95% CI 0.9865 to 1.1890, p = 0.0941.) 
(Table 2, Fig. 2). However, the association between BD 
and FA-BMD was not consistent between three MR meth-
ods. The IVW method suggested a causal effect between 
BD and FA-BMD, while MR-Egger and WM suggested a 
null causal effect based on the Bonferroni-corrected sig-
nificance threshold (p < 0.0167) (For FA-BMD, MR-Egger 
OR 1.2457, 95% CI 0.7879 to 1.9693, p = 0.5197; IVW 
OR 1.1893, 95% CI 1.0438 to 1.3552, p = 0.0092; WM OR 
1.1829, 95% CI 1.0058 to 1.3938, p = 0.0448.) (Table 2, 
Fig. 2). Considering the improved power of causal effect 
detection and lower type I error of the WM method, we 
believed that MR results did not support the causal effect 
of the risk of BD with FA-BMD. We conducted the MR-
Egger regression to assess the pleiotropy, and the results 
revealed that the pleiotropy was unlikely to bias the cau-
sality with FN-BMD (intercept = − 0.0163, p = 0.6005), 
LS-BMD (intercept = − 0.0178, p = 0.5939) and FA-BMD 
(intercept = − 0.0087, p = 0.8703) (Table 3). None of the 
three SNPs were significantly associated with known 
confounders at the Bonferroni-corrected significance 
threshold (p < 0.0167) (Tables S2–S7). We also found 
no significant heterogeneity between BD and BMD (For 
FN-BMD, MR-Egger Q = 1.2019, I2 = 0.1680, p = 0.2729; 
IVW Q = 1.8344, I2 < 0.0001, p = 0.3996; Maximum likeli-
hood Q = 1.8075, I2 < 0.0001, p = 0.4051. For LS-BMD, 
MR-Egger Q = 1.0253, I2 = 0.0247, p = 0.3113; IVW 
Q = 1.5886, I2 < 0.0001 p = 0.4519; Maximum likeli-
hood Q = 1.5346, I2 < 0.0001, p = 0.4643. For FA-BMD, 
MR-Egger Q = 0.6131, I2 < 0.0001, p = 0.4336; IVW 
Q = 0.6558, I2 < 0.0001, p = 0.7204; Maximum likelihood 
Q = 0.6157, I2< 0.0001, p = 0.7350.) (Table 3). The leave-
one-out analysis and MR-Steiger directionality test showed 
that the precision and the direction of the IV estimates 
between higher risk of BD and BMD remained largely 
unchanged (Fig. S2, Table 2).

Causality Between AD and BMD

We obtained nine independent SNPs associated with AD in 
European ancestry [13] from summary statistics data sets 
of GWAS meta‐analyses, and no palindromic SNPs were 
found. None of the nine SNPs were significantly associated 
with BMD outcomes (p < 0.0019) (e.g., 0.05/27) (Table 1). 
The increased risk of having AD was not significantly asso-
ciated with the change of FN-BMD, LS-BMD and FA-BMD 
based on IVW, WM and MR-Egger regression methods 
(For FN-BMD, MR-Egger OR 1.0571, 95% CI 0.9085 to 
1.2299, p = 0.4960; IVW OR 1.0478, 95% CI 0.9951 to 
1.1034, p = 0.0762; WM OR 1.0438, 95% CI 0.9756 to 
1.1167, p = 0.2139. For LS-BMD, MR-Egger OR 1.1307, 
95% CI 0.9509 to 1.3445, p = 0.2070; IVW OR 1.0207, 
95% CI 0.9620 to 1.0830, p = 0.4982; WM OR 1.0038, 
95% CI 0.9286 to 1.0850, p = 0.9248. For FA-BMD, MR-
Egger OR 0.9219, 95% CI 0.6745 to 1.2601, p = 0.6258; 
IVW OR 0.9514, 95% CI 0.8561 to 1.0574, p = 0.3557; WM 
OR 0.9334, 95% CI 0.8147 to 1.0700, p = 0.3225.) (Table 2, 
Fig. 3). We found that the pleiotropy would not bias the 
causality with FN-BMD (intercept = − 0.0011, p = 0.9073), 
LS-BMD (intercept = − 0.0126, p = 0.2573) and FA-BMD 
(intercept = 0.0183, p = 0.8396) based on the MR-Egger 
regression (Table 3). We also checked the association of AD-
associated SNPs with confounders, and no association signal 
was detected among the nine SNPs we selected at the Bon-
ferroni-corrected significance threshold (p < 0.05/9 = 0.0056) 
(Tables S2–S7). The heterogeneity test also demonstrated 
that there is no evidence of heterogeneity in our chosen 
SNPs (For FN-BMD, MR-Egger Q = 5.5012, I2 < 0.0001, 
p = 0.5990; IVW Q = 5.5158, I2 < 0.0001, p = 0.7013; Maxi-
mum likelihood Q = 5.4805, I2 < 0.0001, p = 0.7052. For LS-
BMD, MR-Egger Q = 3.5194, I2 < 0.0001, p = 0.8332; IVW 
Q = 5.0401, I2 < 0.0001 p = 0.7533; Maximum likelihood 
Q = 5.0350, I2 < 0.0001, p = 0.7538. For FA-BMD, MR-
Egger Q = 4.4641, I2 < 0.0001, p = 0.7250; IVW Q = 4.5082, 
I2 < 0.0001, p = 0.8086; Maximum likelihood Q = 4.5001, 
I2 < 0.0001, p = 0.8094) (Table 3). The leave-one-out analy-
sis showed that none of the SNPs derived the majority of 
the association signal, and the MR-Steiger results supported 
the causal direction between AD and each BMD trait (Fig. 
S3, Table 2).

Discussion

There was evidence that risk factors contributing to reduc-
tion of BMD were associated with schizophrenia, BD and 
AD. For example, inflammatory factors play an important 
role in the progression of schizophrenia and BD [25, 26]. 
Some inflammatory factors have been shown to have det-
rimental effects on BMD and increase the fracture risk 
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Fig. 2  Scatter plots of genetic 
associations with BD against 
BMD using different MR 
methods. a BD and FN-BMD 
results; b BD and LS-BMD 
results; and c BD and FA-BMD 
results. The slopes of each line 
represent the causal association 
for each method. The blue line 
represents the inverse variance 
weighted estimate, the green 
line represents the weighted 
median estimate, and the dark 
blue line represents the MR-
Egger estimate
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Fig. 3  Scatter plots of genetic 
associations with AD against 
BMD using different MR 
methods. a AD and FN-BMD 
results; b AD and LS-BMD 
results; and c AD and FA-BMD 
results. The slopes of each line 
represent the causal association 
for each method. The blue line 
represents the inverse variance 
weighted estimate, the green 
line represents the weighted 
median estimate, and the dark 
blue line represents the MR-
Egger estimate
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through the promotion of osteoclast differentiation and 
apoptosis in osteoblast populations [27]. Other risk factors 
of bone loss, such as age, sex, genetic susceptibility, estro-
gen and daily activity, were also associated with schizophre-
nia, BD and AD [3, 27, 28]. However, it remained unclear 
whether these factors were causes or consequences of the 
three neuropsychiatric diseases. Therefore, the causal inter-
faces between the three neuropsychiatric diseases and BMD 
still remained unclear.

We selected SNPs with genome-wide association and 
independent inheritance without any LD as IVs to detect 
interactions between the three neuropsychiatric diseases 
and BMD at three measurement sites in the two-sample MR 
analysis. However, our MR analysis results did not help us 
distinguish statistical interactions between exposures and 
outcomes. To avoid the effects of confounding factors, we 
also detected the associations between the IVs and BMD-
related confounders (obesity indices (BMI, waist circum-
ference, hip circumference and waist-to-hip circumference 
ratio), glycemic traits (type 2 diabetes, fasting glucose and 
2-h glucose), systolic and diastolic blood pressure, smoking 
behavior, alcohol intake behavior and IBD). We performed 
heterogeneity and sensitivity tests and found low heterogene-
ity between SNPs and stable MR estimates, which indicated 
the reliability of the MR results. Furthermore, we used the 
MR-Egger method to detect and adjust for pleiotropy of the 
genetic variants. It was revealed that directional pleiotropy 
was unlikely to bias the MR results. In summary, our results 
did not provide evidence to support the causal effects of the 
increased risk of the three neuropsychiatric diseases (schizo-
phrenia, BD and AD) with BMD at three measurement sites 
(FN, LS and FA).

To the best of our knowledge, this is the first MR analysis 
to investigate the causal association between three neuropsy-
chiatric diseases (schizophrenia, BD and AD) and BMD. 
The results of our novel study were inconsistent with most 
observational studies. Schizophrenia is one of the most 
severe psychiatric disorders in the world and can lead to 
many complications and disability [3]. Osteoporosis and 
osteopenia are common diseases associated with schizo-
phrenia. Although some studies revealed no significant 
differences in BMD between patients with schizophrenia 
and healthy controls [29], most studies reported a higher 
prevalence of osteoporosis and osteopenia in patients with 
schizophrenia, which has attracted clinical attention [6, 30, 
31]. Cui et al. [6] carried out a cross-sectional study and 
suggested a higher prevalence of osteoporosis and low-bone 
mass in Chinese schizophrenia patients by measuring BMD 
at the heel. Stubbs et al. [30] executed one meta-analysis 
in Western countries and showed that patients with schizo-
phrenia are almost twice as likely as age- and sex-matched 
controls to have low-bone mass. One large population-
cohort study also found that patients with schizophrenia are 

at a significantly higher risk of hip fractures compared to 
the general population [31]. It is worth discussing the rea-
sons why the reduction of BMD occurred in schizophrenia 
patients. As previously reported, there are many risk factors 
in schizophrenia patients that affect BMD. For example, it 
was reported that patients with schizophrenia typically have 
reduced levels of physical activity [32] and high levels of 
smoking [33]. Antipsychotic drug intake might also have 
potential negative effects on the bone quality. Howard et al. 
[34] found that prolactin-raising antipsychotic medication 
was associated with the prevalence of hip fracture in patients 
with a history of schizophrenia. As a result of many con-
founding factors associated with BMD, it was very difficult 
to identify the causal association between schizophrenia and 
BMD by traditional epidemiological studies. We performed 
the MR analysis to mitigate the confounding factors’ effects 
and offered suggestive evidence that there was no significant 
causal association between schizophrenia and BMD value, 
despite differences from previous epidemiological findings.

BD refers to a group of affective disorders in psychiatry, 
which is characterized by multiple depressive or manic epi-
sodes [35]. Recent data have revealed increased fracture risk 
in patients with BD [7, 28, 36]. Hsu et al. [7] conducted a 
retrospective population-based cohort study and found that 
patients with BD have a higher risk of subsequent fracture. 
They demonstrated that BD was an independent risk factor 
for fracture. Su et al. [36] reported that bipolar patients had a 
higher risk of fracture compared to matched controls. How-
ever, there have been few epidemiological studies on BMD 
changes in bipolar patients because of many confounding 
factors between BD and BMD. It was hypothesized that 
abnormal inflammatory actions, mitochondrial dysfunc-
tion, oxidative stress and endocrine factors in BD [4] might 
damage bone quality. Some studies also reported that the 
drugs in the treatment of BD, such as anticonvulsants and 
antipsychotics [34, 37], would be independently harmful to 
bone. Shen et al. [37] conducted a meta-analysis and found 
a robust association between the use of anticonvulsants and 
fracture risk. The behavioral manifestations of BD might 
also increase the risk of fracture. Some bipolar patients were 
impulsive, hyperactive and violent. These behaviors exposed 
patients to the dangers of physical injury and fracture [38]. 
Although many studies revealed the possible association 
between BD and BMD, our MR analysis results did not sup-
port that the association between increased risk of BD and 
BMD change is consistent with a causal effect.

AD is the commonest cause of dementia and is char-
acterized by age-related degenerative disorders [5]. There 
were too many common risk factors associated with AD 
and BMD, such as BMI, smoking behavior and alco-
hol intake [39], so it was difficult to explore the causal 
association between them. However, it was particularly 
important to identify the causality because fracture and 
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fracture-associated complications can exacerbate the health-
care burden and increase early mortality in patients with AD 
[40]. It was revealed that patients with AD had a 3.2 times 
greater risk of hip fracture than non-AD patients after con-
trolling for confounding factors [8]. However, patients with 
AD often have problems with gait as the disease progresses 
[41], which might increase the propensity to fall down and 
increase the risk of hip fracture. Some investigators [42] 
believe that sarcopenia and decreased mobility, which are 
often associated with AD, detrimentally impacted the bone 
quality. Data from other studies indicate that weight loss 
often occurs in patients with AD, which might contribute to 
the bone loss in AD [43]. Some studies suggest that lower 
BMD is associated with the higher risk of AD in Western 
population [44]. Zhou et al. [45] also report that low BMD 
could predict the likelihood of progression to AD in patients 
with mild cognitive impairment. Although there are compli-
cated associations between AD and BMD, we performed a 
MR analysis and found that there was no significant causal 
associations of AD with BMD.

This MR analysis has several important strengths to note 
[9, 10]. First, the causal effects of three neuropsychiatric 
diseases with BMD value were not distorted by residual con-
founding factors, which were mitigated through the use of 
genetic variants as proxies. Second, we performed sensitivity 
analysis and found that the final causal effect estimates were 
relatively consistent. Then, to eliminate pleiotropic effects, 
we used MR-Egger regression and found no evidence that 
pleiotropy affects the results. Moreover, it was confirmed 
that the schizophrenia, BD and AD-associated genetic vari-
ants were not significantly associated with other phenotypes 
with a potential or established association with BMD. There-
fore, we are able to determine the causal associations with 
high precision. The present study has several limitations. 
First, although the causal associations between three neu-
ropsychiatric diseases and BMD were discussed in our study, 
we did not analyze the causal associations between three 
neuropsychiatric diseases and fractures. Fractures and their 
complications are severe and common clinical problems 
for the patients with schizophrenia, BD or AD [6–8], so it 
is necessary to take the causal associations into account in 
the further research. Second, the associations of the SNPs 
with schizophrenia and BMD were assessed in different sub-
groups of the population. The GWAS study of schizophrenia 
was performed in European and Asian ancestry, while the 
study of BMD was performed in European ancestry. The 
SNPs related to schizophrenia as IVs could potentially be 
biased by population stratification if the frequency of SNPs 
differs widely across populations [10]. Third, our analysis 
included only three SNPs as IVs on BD and might have 
had limited power to detect an association between BD and 
BMD. We could increase the statistical power and obtain a 
more precise result by combining multiple genetic variants 

together [10]. Fourth, we only evaluated the associations 
between SNPs and key potential confounders due to the lim-
ited publicly available GWAS databases. The associations 
between these instruments and other potential confounders 
such as exercise and rheumatoid arthritis, were not evaluated 
in our study. The sample size was another possible limi-
tation. Although our study used a large sample size from 
GWAS in the MR Base database, which enabled us to esti-
mate the causal effects more precisely than using individual-
level data from small studies, the sample size might still be 
too low to detect the effect of the increased risk of having 
schizophrenia, BD and AD with BMD changes.

Conclusion

In summary, this MR analysis did not suggest the significant 
causal effects of the increased risk of having schizophrenia, 
bipolar disorder or Alzheimer’s disease with bone mineral 
density at the femoral neck, lumbar spine and forearm. The 
complicated links between the three neuropsychiatric dis-
eases with BMD might be influenced by other confounding 
factors, which still need further investigation in the future. 
In addition, well-designed epidemiological and MR studies 
using more IVs can help to further confirm or rule out cau-
sality between the three neuropsychiatric diseases and BMD.
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