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A B S T R A C T   

Circulating adiponectin has some association with the risk of osteoporosis and cancers, but their causal re
lationships remains elusive. Mendelian randomization (MR) study was used to explore the causal roles of 
circulating adiponectin in osteoporosis and cancers by using genome-wide association studies (GWASs) associ
ated with circulating adiponectin, osteoporosis and cancers. Fifteen single nucleotide polymorphisms (SNPs) 
were used as instrumental variables for circulating adiponectin. Genetic predisposition to high circulating adi
ponectin was strongly associated with low femoral neck bone mineral density (FN-BMD, beta-estimate: -0.015, 
95% CI: − 0.023 to − 0.006, SE: 0.004, P-value = 0.001), low forearm BMD (FA-BMD, beta-estimate: -0.027, 95% 
CI: − 0.050 to − 0.004, SE: 0.012, P-value = 0.023) and increased risk of breast cancer (beta-estimate: 0.011, 95% 
CI: 0.001 to 0.022, SE: 0.005, P-value = 0.031). There was limited evidence of the associations between 
circulating adiponectin and other outcomes (i.e. lumbar spine BMD [LS-BMD], colorectal cancer, liver cancer, 
lung cancer, bone cancer and prostate cancer). This study provides robust evidence that high circulating adi
ponectin is causally associated with low FN-BMD, low FA-BMD and increased risk of breast cancer, which may 
provide new insight to prevent and treat osteoporosis and breast cancer.   

1. Introduction 

Accumulating evidence suggests that excess adiposity is an impor
tant risk factor of many diseases such as osteoporosis and cancers [1–3]. 
Chronic inflammatory responses commonly occur in patients with 
obesity, and continued infiltration of macrophages and other immune 
cells into adipose tissues affects the secretion of adipokines [4]. As one 
kind of crucial adipokines, adiponectin has drawn an increasing atten
tion due to the effect on type 2 diabetes and inflammatory responses 
[5–7]. 

Adiponectin displays valuable roles in the modulation of inflamma
tory responses which are associated with the regulation of osteoporosis 
and cancers [8–11]. Inflammation can lead to osteoporosis and aging- 
related bone loss, and inhibition of inflammation promotes bone for
mation and reduces the bone loss [10,12]. In addition, inflammation 
also results in the initiation and development of tumors by stimulating 
deoxyribonucleic acid (DNA) damage, chromosomal instability, tumor 
cell proliferation and resistance to apoptosis [11,13]. Previous studies 
documented the association between inflammation with some cancers 
such as colorectal cancer [14], liver cancer [15] and lung cancer [16]. 

Many signaling pathways including nuclear factor-kappa B (NF-kB) 
signaling pathway and reactive oxygen species (ROS) signaling pathway 
participated in the both regulation of osteoporosis and cancers 
[10,11,17]. 

Several studies reported that circulating adiponectin had some as
sociation with risk of osteoporosis and cancers, but these associations 
were inconclusive and may suffer from confounding factors and reverse 
causality [18–21]. For instance, some studies revealed that high circu
lating adiponectin was the risk factor of low bone mineral density (BMD) 
[19,22], but this finding was not supported by other observational 
studies [23,24]. In terms of breast cancer, the association between 
circulating adiponectin level and the risk for breast cancer was unrav
eled among 102 breast cancer patients and 100 healthy women [25]. 
Another study found the inverse association of circulating adiponectin 
with the risk of breast cancer among postmenopausal women, but this 
association was not significant among premenopausal women [26]. 

In order to avoid reverse causation and potential confounding fac
tors, Mendelian randomization (MR) study has been developed to 
establish the causal relationship between exposure phenotype and 
outcome phenotype [27–32]. Statistical power of MR can be increased 
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by using the two-sample MR study [29,33–35]. Circulating adiponectin, 
osteoporosis and cancers are highly polygenic traits according to the 
results of genome-wide association studies (GWASs) [36–42]. This two- 
sample MR study aims to explore the causal roles of circulating adipo
nectin in osteoporosis and cancers, which may provide new insights to 
prevent, diagnose and treat osteoporosis and cancers. 

2. Methods 

2.1. Genetic instrument for circulating adiponectin 

The largest available GWAS meta-analysis associated with circu
lating adiponectin included 25 independent studies and 67,739 adult 
individuals of the following ancestries: (1) European, (2) East Asian, (3) 
African American and (4) Hispanic. Each single nucleotide poly
morphism (SNP) was tested after adjusting for age, body mass index, sex 
and principal components that may result in possible population strat
ification. Circulating adiponectin levels were measured by enzyme- 
linked immunosorbent assay (ELISA), radioimmunoassay (RIA) or 
dissociation-enhanced lanthanide fluoroimmunoassays (DELFIA) [36]. 

Initially, 18 SNPs (P < 5 × 10− 8) were considered to have robust 
association with circulating adiponectin (Supplementary Table 1). Then, 
linkage disequilibrium (LD) between SNPs was measured using Euro
pean samples from the 1000 Genomes project, and we removed three 
SNPs (rs3087866, rs145119400 and rs3865188) due to high LD (r2 ≥

0.001). Finally, 15 SNPs were used as instrumental variables of circu
lating adiponectin (Supplementary Table 2). 

2.2. Outcome data sources 

Table 1 demonstrated the information of outcome data from several 
large GWASs. One large GWAS meta-analysis was conducted to explore 
the genetic variants associated with femoral neck BMD (FN-BMD), 
forearm BMD (FA-BMD) and lumbar spine BMD (LS-BMD) among 
53,236 individuals of European ancestry [43]. We used the GWAS 
summary data reporting breast cancer (266,081 individuals) of Euro
pean descent from the Breast Cancer Association Consortium [44], 
colorectal cancer (387,318 individuals), liver cancer (393,513 in
dividuals), lung cancer (408,327 individuals) and bone cancer (408,665 
individuals) of European descent from UK Biobank [39], as well as 
prostate cancer (140,254 individuals) of European descent from Prostate 
Cancer Association Group to Investigate Cancer Associated Alterations 
(PRACTICAL) consortium [45]. All participants were all from European 
descent except those associated with circulating adiponectin from pre
dominantly European descent (mixed decent). Selected SNPs associated 
with circulating adiponectin and outcomes were presented in Supple
mentary Table 2. 

2.3. Statistical analyses 

Inverse variance weighted (IVW) meta-analysis of the Wald ratio was 
applied to study MR estimates of circulating adiponectin on each 
outcome. We also used the weighted median and MR-Egger regression 
methods to estimate their MR association. Cochrane's Q-statistic was 
used to assess the heterogeneity of SNP effects and P < 0.05 indicated 
significant heterogeneity. MR pleiotropy residual sum and outlier (MR- 
PRESSO) test was applied to evaluate the presence of pleiotropy and the 
effect was recalculated after removing SNPs outliers [46]. 

The ethical approval for each included GWAS was presented in the 
original publications. P < 0.05 indicated statistically significant differ
ence. All analyses were performed in R V.4.0.4 by using the R packages 
of ‘MendelianRandomization’ [47], ‘TwoSampleMR’ [48] and ‘MR- 
PRESSO’ [49]. 

3. Results 

3.1. Osteoporosis 

We evaluated the causal effect of circulating adiponectin on FN- 
BMD, FA-BMD and LS-BMD in this MR analysis (Table 2). According 
to the IVW analysis, genetically high circulating adiponectin played a 
significant causal role in low FN-BMD (beta-estimate: -0.015, 95% CI: 
− 0.023 to − 0.006, SE: 0.004, P-value = 0.001, Fig. 1) and FA-BMD 
(beta-estimate: -0.027, 95% CI: − 0.050 to − 0.004, SE: 0.012, P-value 
= 0.023, Fig. 2), and the positive finding between circulating adipo
nectin and FN-BMD was further confirmed by weighted-median analysis 
(beta-estimate: -0.017, 95% CI: − 0.029 to − 0.005, SE: 0.006, P-value =
0.005, Fig. 1). 

3.2. Cancers 

This MR study explored the causal roles of circulating adiponectin in 
the risk of breast cancer, colorectal cancer, liver cancer, lung cancer, 
bone cancer and prostate cancer (Table 2). According to weighted- 
median analysis, high circulating adiponectin showed substantially 
causal effect on the increased risk of breast cancer (beta-estimate: 0.011, 
95% CI: 0.001 to 0.022, SE: 0.005, P-value = 0.031), but it was not 
confirmed in the IVW analysis (beta-estimate: 0.005, 95% CI: − 0.007 to 
0.016, SE: 0.006, P-value = 0.430, Fig. 3). In addition, these IVW ana
lyses found that circulating adiponectin demonstrated no remarkable 
MR association with colorectal cancer (beta-estimate: 0.014, 95% CI: 
− 0.012 to 0.041, SE: 0.013, P-value = 0.293), liver cancer (beta-esti
mate: 0.009, 95% CI: − 0.055 to 0.236, SE: 0.074, P-value = 0.223), lung 
cancer (beta-estimate: 0.016, 95% CI: − 0.026 to 0.059, SE: 0.022, P- 
value = 0.456), bone cancer (beta-estimate: -0.013, 95% CI: − 0.236 to 

Table 1 
Details of studies and datasets used for analyses.   

Traits Samples 
size 

Population Consortium or cohort study (link URL) 

Exposure Adiponectin Adiponectin  67,739 Predominant European 
(mixed) 

Meta-analysis of 25 studies 

Outcomes Osteoporosis Femoral neck 
BMD  

53,236 European GEnetic Factors for OSteoporosis (GEFOS) Consortium (http://www.gefos.org) 

Forearm BMD  53,236 European 
Lumbar spine 
BMD  

53,236 European 

Cancers Breast cancer  266,081 European Breast Cancer Association Consortium (http://bcac.ccge.medschl.cam.ac.uk/) 
Colorectal 
cancer  

387,318 European UK Biobank (https://www.leelabsg.org/resources) 

Liver cancer  393,513 European 
Lung cancer  408,327 European 
Bone cancer  408,665 European 
Prostate cancer  140,254 European Prostate Cancer Association Group to Investigate Cancer Associated Alterations 

(PRACTICAL) Consortium (http://practical.icr.ac.uk/blog/)  
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0.209, SE: 0.114, P-value = 0.906) or prostate cancer (beta-estimate: 
0.002, 95% CI: − 0.008 to 0.011, SE: 0.005, P-value = 0.742, Fig. 4), 
which were also confirmed by weighted-median analyses (Table 2). 

3.3. Assumptions evaluation and sensitivity analyses 

We found little evidence of directional pleiotropy except the poten
tial pleiotropic effect between circulating adiponectin and colorectal 
cancer (MR-Egger intercept P-value = 0.025, Table 2). Significant het
erogeneity remained for breast cancer and bone cancer. MR-PRESSO 
method was performed to identify 2 outliers (rs13303 and rs4805885) 
for breast cancer and 2 outliers (rs11057405 and rs4805885) for bone 
cancer among the 15 SNP instrumental variables associated with 
circulating adiponectin (Table 3). No outliers were found for the asso
ciation between circulating adiponectin and colorectal cancer, which 
confirmed no pleiotropy between them. 

After excluding these outlying SNP variants, the remarkable MR as
sociations were confirmed between circulating adiponectin and BMD 
outcomes (i.e. FN-BMD and FA-BMD, Figs. 1 and 2). In addition, high 
circulating adiponectin was confirmed to have a causal effect on 
increased risk of breast cancer (beta-estimate: 0.014, 95% CI: 0.005 to 
0.023, SE: 0.005, P-value = 0.002, Fig. 3 and Table 3). The MR associ
ations between circulating adiponectin with other outcomes were not 
changed after excluding the outlying SNP variants (Table 3). 

4. Discussion 

Our MR study unraveled the robustly causal roles of high circulating 
adiponectin in low FN-BMD, low FA-BMD and increased risk of breast 
cancer, and these strong MR associations were confirmed by the multi
ple sensitivity analyses. These positive findings indicated that the 
reduction in circulating adiponectin may provide new insight to prevent 
and treat osteoporosis and breast cancer. We found no causal effect of 
circulating adiponectin on LS-BMD, colorectal cancer, liver cancer, lung 
cancer, bone cancer or prostate cancer. 

As one systemic skeletal disease, osteoporosis has the features of low 
bone mass, BMD and bone strength which may result in the increased 
risk of fracture [50,51]. Previous studies examined the association be
tween circulating adiponectin and osteoporosis, but the results were 
conflicting [18,19,22,23]. One observational study involving 386 
women revealed the negative association between circulating adipo
nectin and FN-BMD (P = 0.043) [19]. Another case-control study found 
the relationship between circulating adiponectin and LS-BMD in post
menopausal women [18]. One large population-based cohort involving 
1735 women revealed that high circulating adiponectin resulted in the 
decreased BMD after adjusting for body fat [22]. However, another 
study displayed no association between serum adiponectin and BMD 
among 320 men [23], and this finding was supported by one study 
involving 200 premenopausal women [24]. 

In order to prevent the confounding factors and reverse causality of 
observational studies, MR studies have become an increasingly impor
tant approach to ascertain the causes of diseases [52]. Our large-scale 
MR study was performed among 67,739 individuals associated with 
circulating adiponectin and 53,236 individuals associated with BMD. 
Totally, 15 SNPs (P < 5 × 10− 8) were used as instrumental variables for 
circulating adiponectin. The results provided the robust evidence for the 
causal roles of high circulating adiponectin in low FN-BMD and FA- 
BMD, which was confirmed by multiple sensitivity analyses. 

Adiponectin has emerged as an important element in the regulation 
of osteoporosis. The key cytokine receptor activator of nuclear factor- 
kappa B ligand (RANKL) is widely accepted to induce osteoclast differ
entiation and osteoclastogenesis, which subsequently leads to bone 
resorption [53,54]. RANKL inhibitor is beneficial to restore bone mass in 
osteoporotic mice and patients [54,55]. Adiponectin is found to signif
icantly increase the expression of RANKL in the dose and time- 
dependent manner [56,57], which subsequently aggravates Ta
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Fig. 1. Beta (95% CIs) for causal association between circulating adiponectin and FN-BMD through multiple analyses.  

Fig. 2. Beta (95% CIs) for causal influence of circulating adiponectin on FA-BMD and LS-BMD through multiple analyses.  

Fig. 3. Beta (95% CIs) for causal association between circulating adiponectin and breast cancer through multiple analyses.  
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osteoporosis and explains the inverse finding between high serum adi
ponectin and low BMD in this MR study. 

Some studies reported the inconsistent association between circu
lating adiponectin and cancer risk including endometrial, colorectal, 
renal cell carcinoma and pancreatic cancer, which may be also caused by 
confounding factors and reverse causality [58–61]. For instance, 
Miyoshi et al. found that circulating adiponectin levels had strong as
sociation with the risk of breast cancer [25]. Mantzoros et al. docu
mented that adiponectin levels had no influence on the incidence of 
breast cancer in premenopausal women [26]. 

Our two-sample MR study included large-scale population samples 
associated with breast cancer, colorectal cancer, liver cancer, lung 
cancer, bone cancer and prostate cancer. The results confirmed the 
positive causal association between high circulating adiponectin and 
increased risk of breast cancer, but circulating adiponectin unraveled no 
causal impact on colorectal cancer, liver cancer, lung cancer, bone 
cancer or prostate cancer. Considering the possible mechanisms of 
circulating adiponectin to increase the risk of breast cancer, over
expression of receptor activator of nuclear factor-kappa B (RANK)/ 
RANKL leads to the interferences in acinar formation of breast tissue and 
impairs the development of growth arrest in DNA-damaged cells [62]. 
High circulating RANKL levels are associated with increased risk of 
breast cancer [63] and adiponectin can significantly improve RANKL 
levels [64]. These may account for the MR association between high 
serum adiponectin and increased risk of breast cancer in our study. 

There are several important strengths. This study aims to explore the 
causal roles of circulating adiponectin in osteoporosis and the risk of 
cancers, and prevents some limitations of reverse causation and poten
tial confounding factors. All observed causal associations are not 
affected by directional pleiotropy. Multiple sensitivity analyses are 
conducted to study the influence of pleiotropy on causal estimates. We 
should also consider several limitations. Firstly, all included participants 
are of predominantly European origin, but it is unknown that whether 

our findings are suitable to other populations. Secondly, the positive 
casual roles of circulating adiponectin on FN-BMD and FA-BMD are not 
consistent with the relationship between circulating adiponectin and LS- 
BMD, but the related mechanisms are not clear. Thirdly, serum adipo
nectin is tested by different methods including ELISA, RIA and DELFIA, 
which may produce some bias. 

5. Conclusion 

This two-sample MR study confirms that high circulating adipo
nectin is a significantly causal factor for osteoporosis and breast cancer, 
which may help prevent, diagnose and treat these two diseases. 
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Fig. 4. Beta (95% CIs) for causal influence of circulating adiponectin on colorectal cancer, liver cancer, lung cancer, bone cancer and prostate cancer.  

Table 3 
Mendelian randomization estimates between adiponectin and outcomes after 
excluding outliers detected by MR-PRESSO.  

Outcomes Estimate SE 95% CI P- 
value 

Breast cancer excluding 2 outliers 
(rs13303, rs4805885)  

0.014  0.005 0.005, 
0.023  

0.002 

Bone cancer excluding 2 outliers 
(rs11057405, rs4805885)  

0.075  0.089 − 0.100, 
0.249  

0.403  
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K. Aittomäki, I.L. Andrulis, H. Anton-Culver, V. Arndt, K.J. Aronson, B.K. Arun, P. 
L. Auer, J. Azzollini, D. Barrowdale, H. Becher, M.W. Beckmann, S. Behrens, 
J. Benitez, M. Bermisheva, K. Bialkowska, A. Blanco, C. Blomqvist, N. 
V. Bogdanova, S.E. Bojesen, B. Bonanni, D. Bondavalli, A. Borg, H. Brauch, 
H. Brenner, I. Briceno, A. Broeks, S.Y. Brucker, T. Brüning, B. Burwinkel, S.S. Buys, 
H. Byers, T. Caldés, M.A. Caligo, M. Calvello, D. Campa, J.E. Castelao, J. Chang- 
Claude, S.J. Chanock, M. Christiaens, H. Christiansen, W.K. Chung, K.B.M. Claes, C. 
L. Clarke, S. Cornelissen, F.J. Couch, A. Cox, S.S. Cross, K. Czene, M.B. Daly, 
P. Devilee, O. Diez, S.M. Domchek, T. Dörk, M. Dwek, D.M. Eccles, A.B. Ekici, D. 
G. Evans, P.A. Fasching, J. Figueroa, L. Foretova, F. Fostira, E. Friedman, D. Frost, 
M. Gago-Dominguez, S.M. Gapstur, J. Garber, J.A. García-Sáenz, M.M. Gaudet, S. 
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