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Abstract 

Background Coffee is one of the most consumed beverages in the world, coffee consumption has been growing 
in the United States over the past 20 years. Periodontitis is defined by the pathologic loss of the periodontal liga‑
ment and destruction of the connective tissue attachment and alveolar bone loss and is related to different systemic 
diseases and conditions. However, the causality has remained unclarified, thus we regarded discovering the causal 
relationship between coffee consumption and the liability to periodontitis as the objective of the study.

Methods Coffee consumption was subdivided into binary coffee consumption and continuous coffee consumption 
to refine the study design. Genetic instruments were stretched from the MRC‑IEU’s (MRC Integrative Epidemiology 
Unit) output from the GWAS pipeline using phesant‑derived variables based on the UK Biobank, the Gene‑Lifestyle 
Interactions in Dental Endpoints (GLIDE) project, and the joint meta‑analysis of a recent GWAS. The IVW (Inverse Vari‑
ance Weighted) was regarded as the primary method to estimate the causality, a scatter plot revealed the intuitive 
result, and tests for stability were also carried out.

Results An effect of continuous coffee consumption on the risk of periodontitis was found, with per SD of coffee 
consumed increases, the risk of periodontitis rises by 1.04% (Odds Ratio of IVW is 1.0104), while the effect of binary 
coffee consumption on periodontitis did not meet the requirement of indicating a strong causal association, nei‑
ther were the reverse causality analyses.

Conclusions The study indicated the causality of continuous coffee consumption to the risk of periodontitis 
with a relatively small scale of effect estimate and no strong evidence for an effect of binary coffee‑consuming behav‑
ior on periodontitis. There was also no intensive evidence suggesting reverse causality.
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Introduction
Coffee is one of the most consumed beverages in 
the world, with an estimated 2.25 billion cups drunk 
worldwide per day [1–3]. Over the past 20 years, coffee 
consumption in the United States has been growing, 
nowadays, about two-thirds of American adults drink 
coffee every day [4]. Because of the widespread popu-
larity of coffee, the fact that the potential benefits or 
risks related to coffee intake may have a greater impact 
on public health has drawn scientists’ significant atten-
tion, with the relationship between coffee consump-
tion and oral diseases particularly concerned [5–7].

Oral diseases affect approximately half of the global 
population, with severe periodontitis being one of the 
most prevalent non-communicable diseases which 
was also an under-acknowledged and important pub-
lic health problem, the eleventh most prevalent global 
disease in 2016 [8–10]. Periodontitis is defined by the 
pathologic loss of the periodontal ligament and alveolar 
bone and is the inflammation of the periodontium that 
leads to the destruction of the connective tissue attach-
ment and alveolar bone loss [11, 12]. Periodontitis has 
been potentially suggested to be related to many various 
systemic diseases and conditions, and it is not only a 
local phenomenon but also related to the overall health 
status [13]. A meta-analysis shows a trend in association 
between periodontitis and cognitive impairment[14]. 
A study about the systemic effects of the treatment for 
periodontitis in patients diagnosed with T2DM (type 
2 diabetes mellitus) suggested that periodic oral health 
assessment and treatment of periodontitis could be of 
importance for the effective management of type 2 dia-
betes [15]. The infection of periodontitis is also consid-
ered to adverse pregnancy outcomes [16, 17].

There were few studies have discussed the association 
between coffee and periodontitis [8, 13, 18, 19]. Neverthe-
less, the causal relationship between coffee consumption 
and periodontitis is not clear and has not been established 
among these observational studies due to methodological 
defects. Compared with conventional methods, Mende-
lian Randomization (MR), which increasingly appeared 
in epidemiological studies, has the capacity of linking 
the proposed risk factor and outcome and estimating the 
causal effect with less confounding and bias through the 
difference in the outcome between individuals carrying 
the genetic variant and ones do not [20, 21]. In the nut-
shell, the study discovered the impact of coffee intake on 
the infection of periodontitis using MR.

Materials and methods
Overview of study design and population
A detailed overview of the study was shown in Fig. 1. 
For the meticulousness of the research, we divided 

the variable “coffee consumption” into two parts: the 
binary coffee consumption (“Did you drink coffee yes-
terday”) and continuous intake of coffee (“How many 
cups of coffee do you drink each day” (include decaf-
feinated coffee)) among participants. The process of 
screening, exclusion, and other statistical analysis 
was based on the R package “TwoSampleMR”, which 
was constructed by Gibran Hemani et  al. All partici-
pants enrolled in the study were limited to Europe-
ans. GWAS summary statistics data from GLIDE and 
MRC-IEU analysis that based on UK Biobank were 
attached in the Supplementary File 5 and 6.

Selection of instrumental variables for coffee consumption
To get accurate IVs, SNPs were identified for binary 
coffee intake directly from MRC-IEU analysis of UK 
Biobank phenotypes. According to the three key con-
sumptions during the MR analysis process: 1. The IVs 
are strongly associated with the exposure variable; 2. 
The IVs only affect the outcome via affecting the expo-
sure; 3. The IVs are stipulated not to be related to any 
confounders of the exposure-outcome relationship 
[22, 23]. The genome-wide significance threshold for 
screening SNPs associated with exposure interest was 
set as P < 5e-8 while the standard for linkage disequi-
librium (LD) among SNPs for exposure was defined 
by r2 > 0.001 and clump distance < 10000  kb. Only the 
“leader” with the least P-value was contained when 
multiple SNPs were confirmed at the same locus. To 
satisfy the assumptions that IVs are not supposed to be 
related to outcome or any confounding factors, after 
SNPs were all retrieved from GWAS summary data 
of outcome, every SNP was searched at the ieu open 
gwas project website (https:// gwas. mrcieu. ac. uk) to 
examine for signs of pleiotropy and whether strongly 
associated confounding factors or periodontitis, the 
outcome (P < 5e-8), then SNPs related to outcome or 
at least two risk factors (including smoking, alcohol 
consumption, metabolic syndrome, hyperlipidemia, 
and diabetes mellitus) for periodontitis were removed 
[24, 25] (Raw SNPs and raw results in the Raw analy-
sis without removing any SNPs strongly related to 
outcome or more than two risk factors were attached 
in Supplementary Table  4, along with the reasons for 
SNPs removing in the primary analysis). The F-statistic 
for every SNP was calculated to avoid weak instrument 
bias, the left ones (F > 10) were the IVs expected. As 
for IVs for continuous coffee consumption, we identi-
fied SNPs from a recent GWAS (Genome-Wide Asso-
ciation Study) based on data from UK Biobank, Nurses’ 
Health Study, Health Professionals Follow-up Study, 
and Women’s Genome Health Study (N = 375833) [26], 

https://gwas.mrcieu.ac.uk
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which represented a more convincing instrumental-
ity than direct extracting from UK Biobank. Then, IVs 
were obtained after the steps above.

Selection of instrumental variables for periodontitis
With the objective of proceeding with the implementa-
tion of bidirectional Mendelian Randomization, IVs for 
periodontitis are stretched from the Gene-Lifestyle Inter-
actions in Dental Endpoints (GLIDE) project [27, 28] and 
candidate SNPs were screened for validity meeting the 
three key assumptions described above. We particularly 
chose the Autosomal and EUR versions of single-trait 
GLIDE summary statistics data (N = 49066, 17672 cases 
versus 31394 controls) to avoid latent overlap on partici-
pants from UK Biobank while targeted participants were 
still limited to Europeans. Similarly, IVs for periodontitis 
were reached through the steps above except for the cal-
culation of the F-statistics due to the deficiency of effect 
allele frequencies. while the genome-wide significance 
threshold was amplified to 5e-6 due to all SNPs being 
relatively weakly associated with the risk of periodontitis.

Bidirectional Mendelian Randomization between coffee 
consumption and periodontitis
In MR of coffee consumption on periodontitis, GWAS of 
Summary level for periodontitis and coffee consumption 
were obtained from GLIDE consortium by Shungin et al., 
and IEU analysis of UK Biobank phenotypes [27–29]. IVs 
of binary (N = 64949, 45788 cases versus 19161 controls) 
and continuous coffee intake (N = 428800) associated 
with periodontitis were stretched respectively. Then the 
process of harmonization was carried out to harmonize 
the alleles and effects between the exposure and out-
come: correcting strands for non-palindromic SNPs and 
dropping all palindromic SNPs from the study. The SNPs 
filtered were waiting for further statistical analyses for 
MR estimates.

Concerning the bias caused by unidirectional Men-
delian randomization, and secondary causal con-
founding effects, we decided to do reverse MR to 
construct an intact bidirectional analysis. As for MR 
of periodontitis on coffee consumption, we retrieve 
the summary statistics data of binary and continuous 

Fig. 1 Flow chart of the MR‑based study revealing causality from coffee consumption on periodontitis. SNP, single nucleotide polymorphism; 
MRC‑IEU, MRC Integrative Epidemiology Unit; IVW, inverse variance weighted; MR‑PRESSO, MR Pleiotropy RESidual Sum and Outlier
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coffee consumption straightly from MRC-IEU analy-
sis of UK Biobank phenotypes. After information from 
coffee consumption and periodontitis for every sin-
gle nucleotide was combined, we also conducted the 
harmonization.

Heterogeneity and pleiotropy analyses
For the final filtration of the four separated MR, 
Cochran’s Q test and MR-Egger intercept test were intro-
duced to examine the potential heterogeneity and plei-
otropy of the combined SNPs. Only when P-values for 
Cochran’s Q and Egger intercept were all beyond 0.05 
further MR estimates analyses for the SNPs would be 
carried out, otherwise, MR-PRESSO would be conducted 
to specify and exclude the outlier SNPs.

Analyses of MR estimates
In the part of MR, estimates of IVW (Inverse Variance 
Weighted) were regarded as the main criterion for judg-
ing the result, and outcomes of MR-Egger and Weighted 
median were used for the validation of general plus or 
minus directions of the effect from exposure on the out-
come, as MR-Egger and Weighted median could provide 
more robust result in a loose set of scenarios, despite 
being less efficient [30, 31]. If the estimates were consist-
ent and IVW’s result was statistically significant, a Scatter 

figure would be plotted and Leave-One-Out analyses 
would be conducted to give impetus to finalize the sensi-
tivity analysis. Otherwise, if the estimates were inconsist-
ent or IVW’s result was not significant, the conclusions 
would be drawn: there is no specific causality between 
assumed exposure and outcome. Correspondences 
between exposure and outcome and the characteristics of 
the SNP were revealed in Fig. 2, Table 1, S1, S2, S3, and 
scatter plot and Leave-One-Out plot for the causality 
between continuous coffee consumption and periodon-
titis that passed the statistical inspection were shown in 
Figs. 3 and 4.

Result
Causality from coffee to periodontitis
Based on the 8 SNPs that remained after removing the 
outlier ones which have strong correlations with the 
outcome factor, we found intensive evidence of the 
latent causal effect between binary coffee consumption 
and the risk of periodontitis using the inverse variance 
weighted model: OR = 1.0104, 95%CI: 1.0016–1.0193, 
P = 0.0212,  which indicated that with per SD of cof-
fee consumed, the risk of periodontitis rises by 1.04%. 
Despite P values for MR-Egger regression and weighted 
median model were not deemed forceful evidence for 
statistical significance, the estimates were all consistent 

Fig. 2 Odds ratio plot for the effect of continuous coffee consumption on periodontitis. OR, odds ratio; MR‑PRESSO, MR Pleiotropy RESidual Sum 
and Outlier

Table 1 Characteristics of the SNPs used for the causality from continuous coffee consumption on periodontitis. SNP, single 
nucleotide polymorphism; EAF, effect allele frequency; SE, standard error

Continuous coffee consumption (Exposure) Periodontitis (Outcome)

SNP Effect Allele Other Allele EAF Beta SE P-value Sample size EAF Beta SE P-value Sample size

rs1057868 T C 0.29 1.4036 0.4 5.26E‑33 375,833 NA 0.0063 0.017 0.71 49,066

rs1956218 G A 0.56 0.9055 0.3873 3.62E‑08 NA 0.0198 0.0157 0.21

rs2472297 T C 0.27 2.1307 0.4123 5.19E‑155 NA 0.0138 0.0204 0.50

rs4410790 C T 0.63 1.9849 0.3873 5.59E‑141 NA 0.0214 0.0159 0.18

rs4719497 T C 0.87 1.0954 0.4690 4.23E‑08 NA 0.0029 0.0223 0.90

rs574367 T G 0.21 1.0247 0.4243 8.06E‑09 NA 0.0284 0.0194 0.14

rs66723169 A C 0.23 1.2124 0.4243 9.88E‑17 NA 0.0087 0.0195 0.66

rs73073176 C T 0.87 1.5199 0.4690 5.56E‑25 NA 0.0246 0.0253 0.33
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with IVW: OR = 1.0004, 95%CI: 0.9753–1.0303, P = 0.98 
for MR-Egger regression, and OR = 1.0077, 95%CI: 
0.9963–1.0191, P = 0.19 for the weighted median model. 
Heterogeneity and horizontal pleiotropy were not 
observed utilizing Cochran’s Q-test  (PMR-Egger = 0.9582, 
 PIVW = 0.9605) and MR-Egger intercept test (P = 0.5192) 
with MR-PRESSO test was conducted for further vali-
dation (P = 0.97) (Fig.  2). The Leave-One-Out plot and 
Scatter plot were shown in Figs. 3 and 4. We noticed that 
the left terminus of the confidence interval of rs4410790 
exceeded the invalid line in the Leave-One-Out test, 
based on the previous heterogeneity and pleiotropy tests, 
the small number of SNPs was considered to be the rea-
son. By contraries, it illustrated the outstanding effect of 
rs4410790 on the casualty from binary coffee consump-
tion to the risk of periodontitis.

Intriguingly, as for the causal effect of continuous coffee 
intake on the liability of periodontitis, little evidence sug-
gested a statistically significant association of genetically 
predicted periodontitis with the binary consumption of 
coffee in Table S1: Beta = 0.2210, Se = 0.3574, P = 0.54.

Causality from periodontitis to coffee consumption
Heading for the objective of eliminating the bias caused 
by retrocausality, causality tests were conducted pre-
viously. Utilizing the 6 Periodontitis-related SNPs, we 

found no significant results sustaining the latent reverse 
causation whether binary coffee consumption or contin-
uous coffee consumption served as the outcome in IVW 
method: OR = 0.9988, 95%CI: 0.9856–1.0122, P = 0.86 for 
the binary, and Beta = -0.0016, Se = 0.0048, P = 0.73 for 
the continuous (Table S2, S3), with heterogeneity and 
pleiotropy tested negative. Indeed, no obvious causal 
effect was observed from the risk of periodontitis to cof-
fee consumption.

Discussion
The authors implemented multiple MR approaches to 
address the possible causal association between coffee 
intake and infection risk of periodontitis. To the best 
of our knowledge, up to now, the causal relationship 
between coffee intake and periodontitis has remained 
unclarified. Though a previous study reported the anti-
microbial activity and the protective effect on Por-
phyromonas gingivalis, one of the risk indicators of 
periodontitis, of chlorogenic acid which works as an 
essential ingredient of coffee [32]. Nevertheless, there is 
no evidence for the accurate correlation between coffee 
consumption according to Yeonjae Rhee et. al’s meta-
analysis based on existing 2 cohort studies and 4 cross-
sectional studies focusing on the association, while the 
conventional design (cases versus controls), reverse effect 

Fig. 3 Scatter plot for the effect of continuous coffee consumption on periodontitis through genetic variants



Page 6 of 9Liao et al. Genes & Nutrition           (2023) 18:13 

and ambiguous temporal sequence still existed [13]. For 
the objective of avoiding the influence of confounding 
risk factors and reverse causality, the study was carried 
forward through bidirectional Mendelian randomization 
and the specified definition of binary and continuous cof-
fee consumption.

In line with the above findings, the MR-based study 
indicated continuous coffee intake had a causality on the 
risk of periodontitis, with no evidence suggesting the 
causal effect of binary coffee consumption on periodon-
titis. Reverse causality was also not found.

According to the extant studies, it is foreseeable that 
coffee consumption has a prospective effect on the 
progression of periodontitis. Coffee contains a variety 
of chemical compositions, caffeine (1,3,7-trimethyl-
xanthine) is one of the main alkaloid components in 
coffee fruits and the source of the bitter taste of coffee 
[13]. Kamagata-Kiyoura, Y et al. reported that the pos-
sible implication of routine caffeine intake in the accel-
eration of pathological conditions of periodontitis [33]. 
A study in rats that evaluated the function of caffeine 

suggested that Caffeine increased bone loss in ligated 
teeth [34]. Dal-Fabbro et  al. reported that excessive 
caffeine intake increases bone resorption associated 
with periapical periodontitis in rats, and the inflam-
matory pattern deriving from periapical periodonti-
tis alters the expression of RANKL, IL-1β, and TRAP 
[35]. Not come singly but in pairs, another research for 
rats also demonstrated that daily intake of high doses 
of caffeine may enhance ligature-induced periodontitis 
progression [36]. However, as another major compo-
nent of coffee, chlorogenic acid plays a divergent role 
on periodontitis by exerting anti-inflammatory prop-
erties [37]. A recent study indicated that chlorogenic 
acid could attenuate inflammation in Human gingi-
val fibroblasts [38]. Li, Han and his colleagues found 
that bone loss in mouse periodontitis could be allevi-
ated by sustained release of chlorogenic acid-loaded 
nanomicelles [39]. Therefore, we regard the differen-
tiated effects of coffee ingredients as an explanation 
for the relatively weak effect size of continuous coffee 
consumption, and no strong association was found 

Fig. 4 Leave‑One‑Out plot for sensitivity test for the effect of continuous coffee consumption on periodontitis
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between whether consume coffee and the infection of 
periodontitis. On the contrary, Song Jianan et al. found 
that the combination of caffeine and chlorogenic acid 
attenuated LPS-induced PGE2 release and enhanced 
the anti-oxidative effect, prompting potential modifi-
cation still to be discovered [40].

We acknowledge that the study was equipped with 
some strengths. To begin with, Mendelian Randomi-
zation endowed us with the capacity of discovering 
causality by simulating randomized control trials in 
observational settings. With a high level of confidence, 
MR avoids the input of substantial time cost, funding, 
and confounding bias for SNPs, which were assigned at 
conception randomly. Second, compared with conven-
tional designed observational studies with multivari-
able regression models and other statistical analyses, the 
genetic potency of the filtered instrument variants ena-
bles MR to avoid the reverse causal effect. Third, it is the 
first study implementing MR analysis to focus on the 
causality between coffee consumption and the infection 
risk of periodontitis. Considering the high prevalence of 
periodontitis and plentiful coffee consumption world-
wide, revealing the causality between continuous coffee 
consumption and binary coffee-consuming behavior and 
infection of periodontitis is instructive, which may affect 
public health policies for periodontitis prevention and 
treatment. Fourth, coffee consumption was defined as 
binary and continuous coffee consumption respectively, 
bestowing the ability to pertinently concern the behavior 
and the exact amount and indicating more nuanced con-
clusions on us.

Nevertheless, there also exist limitations. First, the 
participants were limited to the European population. 
The scalability and consistency among other popula-
tions remained to be validated. Second, a relatively small 
amount of SNPs may cause the instability of sensitiv-
ity tests, while F-statistics’ deficiency in reverse causal-
ity analyses may cause weak instrument bias. Third, the 
effect scale of causality from continuous coffee consump-
tion on the liability of periodontitis is relatively small, 
and variant kinds of coffee and decaffeinated coffee and 
different ingredients should also be focused on, studies 
concerning the heterogeneity of chronic and acute peri-
odontitis and the validation on the stability of the causal-
ity discovered in the article can also be considered in the 
future.

Conclusion
The study strengthened the evidence of the causal-
ity from continuous coffee consumption to the infec-
tion risk of periodontitis, while the association between 

coffee-consuming behavior and the risk of periodon-
titis failed to be demonstrated. Given the general treat-
ment for patients infected with periodontitis, intensive 
attention should be given to a definite amount of coffee 
consumption instead of focusing on the behavior of con-
suming coffee, and further studies were required to vali-
date the result and potential modifying effect.
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