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Abstract 

Objectives  Evidence from observational studies suggested oral diseases (periodontitis (PD) and dental caries) may 
increase susceptibility to bone loss. However, inherent confounding of observational studies limits causal interpre-
tation. We aimed to conduct Mendelian randomization (MR) analysis to estimate the causal effect of oral diseases 
on osteoporosis (OP), bone mineral density (BMD) and fracture risk.

Methods  We used summary-level GWAS meta-analysis data from the GLIDE consortium to identify 7 and 17 single-
nucleotide polymorphisms (SNPs) for periodontitis and DMFS (the sum of Decayed, Missing, and Filled tooth Surfaces) 
as the instrumental variables. MR analyses of these instruments were performed on European individuals for the asso-
ciation with BMD of forearm, femoral neck and lumbar spine; and individuals from FinnGen consortium for OP, OP 
with pathological fracture, postmenopausal OP with pathological fracture, and site-specific fractures. We performed 
single-variable Mendelian randomization (SVMR) and multivariable Mendelian randomization (MVMR) to simulta-
neously assess independent causal effects of PD and DMFS on different outcomes. The estimates were primarily 
derived using inverse variance weighted (IVW) methods. Sensitivity analyses included weighted median, MR-egger, 
and Leave-one-out test.

Results  In MVMR, after adjusting for PD, DMFS has a positive causal effect osteoporosis (OR = 1.165, [95% CI 1.020 
to 1.331, P = 0.025]) and postmenopausal OP with pathological fracture (OR = 1.422, [95% CI 1.027 to 1.969, P = 0.034]). 
However, these causal relationships were not observed in the single-variable Mendelian randomization (SVMR) analy-
sis. The causal associations were robust in various sensitivity analyses.

Conclusions  In conclusion, dental caries causally increases the risk of OP and postmenopausal OP with pathological 
fracture, suggesting the existence of teeth-bone axis. Proactive osteoporosis screening in patients with severe dental 
caries may be warranted for clinical consideration.
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Background
Oral diseases are among the most prevalent diseases 
globally, causing a significant health and economic bur-
den [1]. Approximately 3.5 billion people worldwide 
suffer from poor oral health conditions, mainly includ-
ing tooth loss, pulpitis, and decreased chewing power 
[2]. Oral diseases are chronic and progressive in nature, 
affecting the teeth and mouth, mainly including den-
tal caries (tooth decay), periodontal (gum) disease [3]. 
At present, a number of studies have shown that den-
tal caries and periodontitis are closely associated with 
dementia, cardiovascular diseases, rheumatoid arthri-
tis and other systemic diseases [4–6]. With multiple 
shared risk factors and links in biologically mechanisms, 
there has been consistent attention focused on the asso-
ciation between oral diseases and osteoporosis (OP). 
Similar to oral disease, osteoporosis is characterized by 
chronic skeletal disorders, including low bone mineral 
density (BMD), microarchitectural deterioration, and 
an increased fracture risk. OP is also highly prevalent, 
affecting approximately 6.3% of men and 21.2% of women 
aged 50 and older [7, 8].

In recent studies, increasing evidence supports osteo-
porosis or decreased BMD may be considered a risk 
factor for suboptimal oral health [9–11]. Studies also 
revealed that the number of teeth was negatively associ-
ated with fractures and a decreased bone mineral den-
sity, while periodontal disease was positively associated 
with osteoporosis and a decreased bone mineral density 
[12, 13]. Work from many laboratories has demonstrated 
that, periodontitis can cause bone loss in many parts of 
the body by promoting an inflammatory response [14, 
15]. Meanwhile, the microbiota might act as a potential 
mediator linking oral and bone health. The gut micro-
biota has a crucial regulatory factor in bone metabolism 
and plays an essential role in the pathological progression 
of bone loss in ovariectomized (OVX) animal models 
[16]. Analogously, the oral microbiome-the gastrointesti-
nal tract’s primary microbial reservoir-exhibits compara-
ble regulatory potential and can aggravate bone loss [17]. 
Periodontitis was even considered as a local manifesta-
tion of systemic “pre-senile osteoporosis” [18]. However, 
studies on the impact of dental caries on osteoporosis or 
fractures are currently lacking. And because of the inher-
ent limitations of observational studies which are suscep-
tible to confounding or reverse causation, whether oral 
diseases are the causal effect of osteoporosis, lower BMD 
or higher incidence of osteoporotic fracture is unclear.

Mendelian randomization (MR) analysis can elucidate 
causal associations between exposure and outcome by 
using genetic variants as instrumental variables (IVs), 
thus accounting for observational bias [19]. It relies on 
the principle of independent assortment of alleles during 

meiosis, yielding a random distribution of genetic vari-
ants at birth. The natural randomization process is analo-
gous to the randomization used in randomized controlled 
trials (RCTs) [20]. MR analysis also has been well utilized 
to explore the causal effect of BMD on periodontitis [19]. 
So, we conducted a MR study using genome-wide sig-
nificant single-nucleotide polymorphisms (SNPs) from 
large-scale genome-wide association studies (GWAS) as 
IVs to assess the causal effect of oral diseases (periodonti-
tis and dental caries) on osteoporosis, site-specific BMD 
and fractures. Specifically, our study employed the DMFS 
(the sum of Decayed, Missing and Filled tooth Surfaces) 
index as the measurement for dental caries. The DMFS 
index can capture an individual’s cumulative experi-
ence of past and present dental caries, both untreated or 
treated.

Methods
Study design
All identified data sets involved in this study were pub-
licly available, ethical approval is not required. The main 
objective of this study was to investigate the causal effects 
of genetic predictors of oral diseases, specifically peri-
odontitis and dental caries, on osteoporosis, BMD and 
fractures. For this purpose, we selected single nucleo-
tide polymorphisms (SNPs) as genetic instruments for 
PD and DMFS, following three core assumptions: (1) IVs 
must be robustly related to PD and DMFS; (2) IVs should 
not be associated with potential confounding factors; (3) 
IVs must influence the outcomes in patients only via the 
oral diseases. This MR study was designed following the 
Strengthening the Reporting of Observational Studies 
in Epidemiology Using Mendelian Randomization state-
ment [21].

Data sources
Data sources for periodontitis and DMFS
For exposure, the summary level GWAS data were 
obtained from the European-ancestry participants from 
the latest meta-analysis the Gene-Lifestyle Interaction in 
the Dental Endpoints (GLIDE) Consortium (Genome-
wide analysis of dental caries and periodontitis combin-
ing clinical and self-reported data). This meta-analysis of 
GWAS contains 17,353 periodontitis cases and 28,210 
controls, as well as 26,792 participants who were clini-
cally assessed for the DMFS [22]. For periodontal status, 
participants were classified as having (cases) or not hav-
ing (controls) clinical symptoms of periodontitis, based 
on definitions applied by each participating cohort: 
Centers for Disease Control and Prevention/American 
Academy of Periodontology (CDC/AAP) [23], dental 
examination by trained dental personnel at recruitment 
(defined as two or more tooth surfaces with probing 
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depth ≥ 5 mm, or at least four tooth surfaces with prob-
ing depth ≥ 4  mm, or probing depth ≥ 5.5  mm in 2 or 
more sextants) [24], or the individual’s self-reported sta-
tus. DMFS in each included cohort is derived from clini-
cal dental records.

Data sources for BMD
To obtain a more comprehensive and reliable conclusion 
of the causal relationship between oral diseases and oste-
oporosis, we selected the largest GWAS published to date 
for BMD.

For the outcomes, the summary level BMD GWAS data 
of European participants were retrieved from the Genetic 
Factors for Osteoporosis Consortium (GeFOS, http://​
www.​gefos.​org/), including femoral neck BMD (FN-
BMD, 32,735 participants), lumbar spine BMD (LS-BMD, 
28,498 participants), forearm BMD (FA-BMD, 8,143 par-
ticipants) [25, 26]. Measurement of BMD was recom-
mended utilizing dual-energy X-ray absorptiometry.

Data sources for osteoporosis and fractures
The data used in our study are publicly available, and 
the participants of the GWAS studies are of European 
descent for all variables. OP (n = 483,725), OP with 
pathological fracture (n = 376,746), postmenopausal 
OP with pathological fracture (n = 281,786), fracture of 
femur (n = 489,106), fracture of forearm (n = 490,889) and 
fracture of lumbar spine and pelvis (n = 490,700) were 
retrieved from large-scale GWAS and meta-analyses of 
European populations in the FinnGen consortium [25]. 
Fractures of the vertebrae (spine), proximal femur (hip), 
and distal forearm (wrist) have long been regarded as the 
quintessential osteoporotic fractures [27].

SNP selection/genetic instrumental variables
To uncover the causal relationship between oral dis-
eases (periodontitis and dental caries) and osteoporosis, 
site-specific BMD and fractures, index SNPs was used 
representing periodontitis and DMFS (listed in Supple-
mentary Table S1). In order to satisfied the assumptions 
of linearity and the absence of statistical interaction, we 
selected genetic instruments based on the following cri-
teria: 1) Since there were not enough SNPs with p-value 
less than 5 × 10–8 for PD and DMFS, we broadened the 
threshold to 5 × 10–6 to select eligible instrumental vari-
ables; and 2) a linkage disequilibrium [LD] r2 < 0.0001, 
and within 1 MB distance from the index variant [28]. We 
then utilized the resource at  http://​www.​pheno​scann​er.​
medsc​hl.​cam.​ac.​uk/ to exclude SNPs that were correlated 
with potential confounders, including smoking, alcohol 
intake, and Vitamin D insufficiency. Following this, we 
harmonized the exposure and outcome SNPs to ensure 
alignment of effect alleles, eliminating any palindromic or 
incompatible SNPs. Additionally, Radial Inverse Variance 
Weighted (IVW) test was then conducted to identify 
inconsistencies between genetic associations of differ-
ent genetic variants and to calculate the F-statistics. Any 
genetic variants identified as outliers were subsequently 
excluded. The F-statistic, which quantifies the strength 
of the relationship between the instrumental variables 
and the exposure, is calculated using the formula [(N-k-
1)/k] × R2/(1-R2), where R2 represents the variance of 
oral diseases explained by the genetic instrumental vari-
ables, and N represents the sample size [29]. An F-statis-
tic value of ≥ 10 for the SNPs indicated that the selected 
instruments had adequate power and were unlikely to 
introduce bias into the MR estimates [30]. Detailed infor-
mation on each data source was presented in Table 1.

Table 1  Details of the GWAS included in the Mendelian randomization

PD Periodontitis, DMFS the sum of Decayed, Missing, and Filled tooth Surfaces, FN-BMD femoral neck bone mineral density, LS-BMD lumbar spine bone mineral 
density, FA-BMD forearm bone mineral density, OSTPOPATFRCTURE_POSTEMENO Postmenopausal osteoporosis with pathological fracture, FRACT-FEMUR fracture 
of femur, FRACT-FOREA fracture of forearm, FRACT-LUMBAR-SPINE-PELVIS fracture of lumbar spine and pelvis, GLIDE consortium Gene-lifestyle Interactions in Dental 
Endpoints Consortium, GEFOS consortium The GEnetic Factors for OSteoporosis Consortium

Trait No. of cases No. of controls Population Atribute GWAS

PD 17,353 28,210 European/Hispanic/Latino exposure GLIDE consortium

DMFS 26,792 —— European/Hispanic/Latino exposure GLIDE consortium

Osteoporosis 10,461 473,264 European outcome FinnGen

FN-BMD 32,735 —— European outcome GEFOS Consortium

LS-BMD 28,498 —— European outcome GEFOS Consortium

FA-BMD 8,143 —— European outcome GEFOS Consortium

Osteoporosis with Pathological Fracture 2429 374,317 European outcome FinnGen

OSTPOPATFRCTURE_POSTEMENO 2001 279,785 European outcome FinnGen

FRACT-FEMUR 12,229 476,877 European outcome FinnGen

FRACT-FOREA 27,907 462,982 European outcome FinnGen

FRACT-LUMBAR-SPINE-PELVIS 9,061 481,639 European outcome FinnGen

http://www.gefos.org/
http://www.gefos.org/
http://www.phenoscanner.medschl.cam.ac.uk/
http://www.phenoscanner.medschl.cam.ac.uk/
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MR analysis
We applied multiple complementary MR approaches 
to calculate the causal relationship between oral dis-
eases and osteoporosis. Figure  1 illustrates the process 
of Mendelian randomization analysis in this study. For 
single-variable Mendelian randomization (SVMR), we 
employed inverse-variance weighted (IVW), MR-Egger, 
weighted median (WM), and maximum likelihood (ML). 
Among these, the IVW method was identified as the pri-
mary MR analysis [31]. To improve the IVW estimates, 
MR-Egger and weighted median methods was employed, 
which could offer more reliable estimates in a broader set 
of scenarios. The MR-Egger regression model provided a 
relatively robust estimate regardless of the validity of the 
instrumental variables; however, it was sensitive to outli-
ers, which could reduce precise and statistical power [32]. 

For multivariable Mendelian randomization (MVMR) 
analysis, we utilized an expanded version of the IVW 
Mendelian randomization method, performing multivar-
iable-weighted linear regression (assuming uncorrelated 
genetic variants and applying a random-effects model), 
with the intercept term fixed at zero. P value thresholds 
are given as graded measures of evidence, from “little or 
no evidence” to “very strong evidence” [33].

To correct weak instrument bias in our analysis, we 
employed the bias correction methods in both single-
variable Mendelian randomization (SVMR) and multi-
variable Mendelian randomization (MVMR). For SVMR, 
we used the MR-RAPS (Mendelian Randomization 
using the Robust Adjusted Profile Score) method, while 

Fig. 1  Study flow chart of the Mendelian randomization analysis. GWAS, genome-wide association study: IVW, inverse variance weighted; MR, 
Mendelian randomization: MVMR, multivariable Mendelian randomization; SNP, single nucleotide polymorphism; SVMR, single-variable Mendelian 
randomization
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for MVMR, we employed Debiased Inverse Variance 
Weighting (IVW) method [34].

Sensitivity analysis
Sensitivity analysis is used to detect potential pleiotropy 
and heterogeneity in MR estimates and plays a crucial 
role in MR studies. The existence of horizontal pleiotropy 
could lead to a violation of the second and third assump-
tion. So, MR-Egger regression analysis was used to assess 
the potential pleiotropic effects of instrumental SNPs. 
The intercept term in the MR-Egger regression can effec-
tively indicate whether there is horizontal pleiotropy that 
influenced the results of the MR analysis. The MR-Egger 
intercept test with P < 0.05 indicates the existence of hor-
izontal pleiotropy [35]. In addition, the Cochran Q test 
was calculated to examine the heterogeneity among dif-
ferent genetic variations, and Cochran Q-derived p < 0.05 
would be regarded as considerable heterogeneity [36].

Finally, to distinguish whether MR estimates are influ-
enced by a single SNP or suffer from bias, we conducted 
a "leave-one-out" test, examining each genetic variant 
one by one [37]. If the statistical significance of the causal 
relationship remains after excluding each SNPs, it pro-
vides stronger evidence of an association.

Results
Genetic instruments for dental caries and periodontitis
We incorporated 7 and 17 independent SNPs as IV for 
PD and DMFS respectively. None of them was associated 
with potential confounders by searching the PhenoS-
canner and GWAS Catalog. The proportion of variance 
(R2) explained by these IVs for oral diseases was calcu-
lated using summary statistics, with values ranging from 
0.298% for periodontitis to 1.402% for DMFS. The F-sta-
tistics for oral diseases—22.694 for periodontitis and 
22.397 for DMFS—were all above the threshold of 10, 
suggesting a low likelihood of weak instrument bias in 

our Mendelian randomization (MR) analyses and ensur-
ing compliance with the first assumption.

Causal effects of oral diseases on osteoporosis
In SVMR analyses, the outcomes of standard MR analysis 
across various methodologies are depicted in the Fig. 2. 
There was no discernible causal association between oral 
diseases and osteoporosis, with effect sizes for periodon-
titis and DMFS at 0.998 [95% CI 0.933 to 1.067, P = 0.950] 
and 1.156 [95% CI 0.994 to 1.343, P = 0.059], respectively.

However, when periodontitis and DMFS were exam-
ined together in MVMR, there was moderate evidence 
that DMFS was positively associated with osteoporo-
sis risk (OR = 1.165, [95% CI 1.020 to 1.331, P = 0.025]), 
suggesting that each increase in DMFS equal to a sin-
gle standard deviation (SD) was associated with a 16.5% 
increased risk of osteoporosis.

Causal effects of oral diseases on BMD
Results of standard MR analysis of different methods 
were presented in Fig.  3. The results of IVW in SVMR 
showed moderate evidence that genetically predicted 
DMFS (β = 0.105 [95% CI 0.006 to 0.205], P = 0.037) 
and periodontitis (β = 0.055 [95% CI 0.008 to 0.102], 
P = 0.023) had casual effects on lumbar spine BMD (LS-
BMD). In addition, the Maximum Likelihood method 
showed consistent results, while the Weighted Median, 
and the Weighted Mode methods did not.

In MVMR analyses, DMFS continued to demonstrate 
its positive association with LS-BMD (β = 0.105, [95% 
CI 0.011 to 0.199], P = 0.028, moderate evidence), while 
periodontitis didn’t (β = 0.047 [95% CI −0.002 to 0.096], 
P = 0.056). No causal effect of oral diseases on FN-BMD 
and FA-BMD was found.

Fig. 2  Different methods for MR analyses of the causal effect of DMFS and periodontitis on osteoporosis. SVMR, single-variable Mendelian 
randomization; MVMR, multivariable Mendelian randomization; IVW, inverse variance weighted; OR, odds ratio; PD, periodontitis; DMFS, the sum 
of decayed, missing, and filled tooth surfaces
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Causal effects of oral diseases on fractures
According to IVW analyses in SVMR (Fig.  4), oral dis-
eases showed no MR association with postmenopausal 
osteoporosis with pathological fracture, osteoporosis 
with pathological fracture, fracture of forearm, fracture 
of femur, fracture of lumbar spine and pelvis. These 
results were all confirmed by the weighted median analy-
sis and MR-Egger analysis and the Maximum Likelihood 
method.

In MVMR, after adjusting for periodontitis, DMFS 
was significantly associated with an increased risk of 
postmenopausal osteoporosis with pathological fracture 
(OR = 1.422, [95% CI 1.027 to 1.969], P = 0.034, mod-
erate evidence), suggesting that one standard devia-
tion increase in DMFS is associated with a 42.2% higher 
risk of postmenopausal osteoporosis with pathological 
fracture.

Evaluation of assumptions and sensitivity analyses
DMFS and PD had no directional horizontal pleiotropy 
on osteoporosis, BMD or fractures, according to the 
results of the MR-Egger regression, in which the inter-
cept term has a statistical difference with zero. The scat-
ter plots for each outcome were shown in Supplementary 
Figure S1 and S2. There was no heterogeneity between 
the individual SNP according to the heterogeneity test 
(Table 2 and Supplementary Table 2).

Leave-one-out analysis indicated that the causal esti-
mates of DMFS and PD were not driven by any single 
SNP. The leave-one-out analysis plots were shown in Sup-
plementary Figure S3 and S4.

As shown in Supplementary Table  3 and 4, the MR-
RAPS and Debiased IVW methods yielded similar 
results, supporting consistent causal effects of DMFS 
on osteoporosis (OR = 1.171, [95% CI 1.051 to 1.304], 
P = 0.004, strong evidence) and postmenopausal 

Fig. 3  Different methods for MR analyses of the causal effect of DMFS and periodontitis on BMD. SVMR, single-variable Mendelian randomization; 
MVMR, multivariable Mendelian randomization; IVW, inverse variance weighted; PD, periodontitis; DMFS, the sum of decayed, missing, and filled 
tooth surfaces; BMD, estimated bone mineral density; FN-BMD, femoral neck bone mineral density; LS-BMD, lumbar spine bone mineral density; 
FA-BMD, forearm bone mineral density
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Fig. 4  Different methods for MR analyses of the causal effect of DMFS and periodontitis on fractures. SVMR, single-variable Mendelian 
randomization; MVMR, multivariable Mendelian randomization; IVW, inverse variance weighted; OR, odds ratio; PD, periodontitis; DMFS, the sum 
of decayed, missing, and filled tooth surfaces; OSTPOPATFRCTURE_POSTEMENO, postmenopausal osteoporosis with pathological fracture; 
FRACT-FEMUR, fracture of femur; FRACT-FOREA, fracture of forearm; FRACT-LUMBA, fracture of lumbar spine
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osteoporosis with pathological fracture (OR = 1.401, [95% 
CI 1.040 to 1.887], P = 0.027, moderate evidence).

Discussion
This was the first study to examine whether geneti-
cally predicted oral diseases are causally associated with 
osteoporosis, BMD or fractures at different skeletal sites 
by applying a MR approach. We found the casual effect 
between DMFS and increased risk of osteoporosis, as 
well as postmenopausal osteoporosis with pathological 
fracture. No causal association was seen between peri-
odontitis and other outcomes.

Over the past 30  years, the global distribution and 
burden of untreated dental caries in both primary 
and permanent teeth have remained relatively stable, 
remaining the most common health condition glob-
ally [2]. Thus, more attention should be focused on 
the potential impacts of oral diseases on bone loss. 
Recent studies have revealed oral health was associ-
ated with bone mineral density disorders (osteoporo-
sis and decreased bone mineral density) [12]. Ito et al. 
also detected poor oral health status is a risk factor for 
the incidence of fractures in community-dwelling older 
Japanese individuals [38]. Recent animal model studies 
have demonstrated biologically plausible mechanisms 
whereby oral diseases may increase susceptibility to 
bone loss [17, 39]. One possible reason was that oral 
diseases can expand an osteoclast precursors (OCPs) 
population in the bone marrow by inducing systemic 
IL-6 [40]. Then the OCPs can traffic to bone for site-
specific resorption by boosting osteoclastogenesis in 
response to locally produced RANKL [41]. Another 
possible reason may be that bacteria and their products 

(for example, lipopolysaccharide (LPS) or gingivalis) 
can elevated hematopoietic tissue activity and trained 
immunity in the bone marrow [42]. The recruitment of 
trained/hyper-reactive myeloid cells to bone can lead to 
inflammatory bone loss [43].

As two of the most prevalent and consequential oral 
diseases globally, periodontitis and its association with 
osteoporosis have been more extensively studied than 
dental caries [44]. In one cross-sectional study involv-
ing 125,324 participants, periodontitis was found to be 
significant associated with osteoporosis in a multiple 
logistic regression analysis (OR: 2.16, 95% CI: 2.01–2.31, 
P < 0.001). While the OR of periodontitis for fracture 
was 1.54 (95% CI 1.46–1.62; P < 0.001) [45]. Addition-
ally, periodontitis who underwent regular dental care 
was associated with lower risk of osteoporosis than that 
without regular check-ups [46]. However, we found no 
causal effects of periodontitis on OP related outcomes in 
MR analysis. One possible explanation for this discrep-
ancy is that observational studies may conflate reverse 
causation (e.g., osteoporosis amplifying the alveolar 
bone loss and periodontitis) and residual confounding 
(e.g., smoking, Vitamin D deficiency) [15]. Additionally, 
the biological pathways linking periodontal disease and 
osteoporosis may be more complex or indirect, such 
as enhanced cytokine production and elevated inflam-
matory response [15]. These factors complicate experi-
mental research and may obscure any direct causal 
relationship. Moreover, there was also insufficient evi-
dence to suggest whether dental caries influence osteo-
porosis, fractures, and decreased bone mineral density. 
Our study was the first to focus on the causal relation-
ship between dental caries and bone loss. A potential 

Table 2  Sensitivity analysis of the causal association between oral diseases and osteoporosis and related fractures in MVMR analysis

MVMR multivariable Mendelian randomization, PD Periodontitis, DMFS the sum of Decayed, Missing, and Filled tooth Surfaces, FN-BMD femoral neck bone mineral 
density, LS-BMD lumbar spine bone mineral density, FA-BMD forearm bone mineral density, OSTPOPATFRCTURE_POSTEMENO Postmenopausal osteoporosis with 
pathological fracture, FRACT-FEMUR fracture of femur, FRACT-FOREA fracture of forearm, FRACT-LUMBAR-SPINE-PELVIS fracture of lumbar spine and pelvis

Significance level at P < 0.05

Exposure Outcome Cochran’s Q test MR-Egger MR-PRESSO 
Global Test

Q value P value Intercept P value P value

DMFS and PD in MVMR analysis Osteoporosis 14.639 0.745 −0.011 0.259 0.929

FN-BMD 7.286 0.980 0.007 0.172 0.911

LS-BMD 12.787 0.750 0.014 0.034 0.693

FA-BMD 11.715 0.817 0.001 0.930 0.604

Osteoporosis with Pathological Fracture 19.397 0.432 0.018 0.372 0.669

OSTPOPATFRCTURE_POSTEMENO 19.692 0.413 0.008 0.737 0.723

FRACT-FEMUR 21.138 0.329 0.020 0.035 0.292

FRACT-FOREA 21.404 0.314 0.006 0.348 0.528

FRACT-LUMBAR-SPINE-PELVIS 11.587 0.903 −0.005 0.616 0.939
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mechanism underlying this association could be the oral 
dysbiosis. Dysbiotic microbiota in gut can lead to bone 
loss by increased migration of TNF-expressing Th17 cells 
from the gut to the bone marrow [47]. Similar to the gut, 
the oral cavity, as the foremost segment of the digestive 
tract, harbored a complex microbial ecosystem that can 
influence the pathogenesis of various systemic diseases 
[17]. Dental caries caused by dysbiosis can also cause the 
expansion of resident memory T helper 17 (TH17) cells 
[48]. The further migration of TH17 cells might be one of 
the causes of osteoporosis.

Although some studies have indicated an association 
between the number of missing natural teeth and an 
increased risk of hip fractures as well as reduced bone 
mineral density, it was important to note that both dental 
caries and periodontitis can lead to tooth loss [3]. These 
two chronic and complex oral diseases shared common 
risk factors and social determinants, which may explain 
their frequent co-occurrence in the same individual 
[49]. Previous observational studies have predominantly 
focused on periodontitis, potentially overlooking maybe 
the true underlying factor contributing to osteoporosis, 
BMD and fractures: dental caries. Our study, by employ-
ing a multivariable Mendelian Randomization (MR) 
approach, provided deeper insights into the respective 
effects of dental caries and periodontitis on BMD dis-
orders. Notably, the findings revealed that, compared to 
periodontitis, dental caries causally increased the risk 
of osteoporosis, and are more likely to be the true cause 
of this condition. This suggested that oral health assess-
ments could serve as an effective early screening tool for 
identifying individuals at risk of osteoporosis, particu-
larly in older adults.

The study has several strengths. The peak prevalence 
of dental caries was observed in younger age groups, 
while osteoporosis was more prevalent in older individu-
als [2]. Hence, establishing a real-world cohort to clarify 
the causal relationship between these two diseases has 
been challenging. Mendelian randomization (MR) offers 
a reliable method for assessing the causality of modifi-
able exposures on the trait of interest, in contrast to tra-
ditional observational studies. Additionally, sensitivity 
analyses and outlier assessments considering different 
pleiotropy patterns strengthen the robustness of analyti-
cal results, thereby improving the scientific validity and 
reliability of our conclusions.

There are also several limitations in our study. First, 
the periodontitis GWAS data were derived from 7 stud-
ies using difference diagnostic criteria, which may intro-
duce pleiotropy and weak instrument bias. The relatively 
small sample size of the periodontitis GWAS data limits 

statistical power and may result in false negatives. Sec-
ond, there may be overlap in participants between the 
exposure and outcome studies, but it is difficult to esti-
mate the degree of sample overlap in this study. To avoid 
this, GWAS data from different Consortiums and pow-
erful instruments (e.g., F statistic much greater than 10) 
were used in this study to minimize potential bias [50]. 
Nonetheless, weak instrument bias due to unmeasured 
confounders remains a possibility, and the proportion of 
variance explained by the genetic instruments for peri-
odontitis was relatively small (0.298%). So, we further 
implemented bias correction methods including Debi-
ased IVW and MR-RAPS, most of which produced con-
cordant results. Dental caries (DMFS) even demonstrated 
a more robust causal effect on the increased risk of osteo-
porosis. Third, the result indicated possible genetic cor-
relations and causal associations between DMFS and 
increased LS-BMD at the genetic level. However, fur-
ther mechanistic studies are needed to further confirm 
whether these associations reflect underlying biological 
mechanisms. Forth, using a relaxed selection threshold 
(P < 5 × 10⁻⁶) to retain more instrumental variables inher-
ently elevates risks of weak instrument bias and hori-
zontal pleiotropy. Finally, dental caries and osteoporosis 
are influenced by shared factors and exhibit overlapping 
pathophysiological pathways. To clarify the mechanistic 
roles of these shared factors—whether they act as media-
tors or confounders-targeted mediation analyses using 
Mendelian randomization are essential. However, the use 
of multiple methods based on different assumptions may 
increase the possibility of getting inconsistent or contrary 
results and make the conclusion become obscured. It is 
warranted that longitudinal follow-up cohort studies and 
clinical trials with a larger sample size should be carried 
out to complement the outcomes of the MR study and to 
examine sex-specific and age-related genetic interactions.

Conclusions
In conclusion, dental caries causally increases the risk of 
OP and postmenopausal OP with pathological fracture, 
suggesting the existence of teeth-bone axis. Proactive 
osteoporosis screening in patients with severe dental car-
ies may be warranted for clinical consideration.
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