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Background: The causal association between coffee consumption and the risk of OA is
limited. This study was conducted to identify the potential causal effects of coffee
consumption on total, knee, hip, and self-reported OA.

Methods: Genome-wide association studies (GWAS) of OA were derived from the UK
Biobank, comprising 50,508 participants of European ancestry (10,083 with cases and
40,425 controls), and genetic data for specific diagnosed knee OA (4462 cases and
17,885 controls), hip OA (12,625 cases and 50,898 controls), and self-reported OA
(12,658 cases and 50,898 controls). Primary and secondary genetic instruments (11
SNPs and 8 SNPs) were selected as instrumental variants from GWAS among 375,833
and 91,462 participants. Two-sample Mendelian randomization (MR) analyses were
performed to test the effects of the selected single nucleotide polymorphisms (SNPs)
and the OA risk. The causal effects were primarily estimated using weighted median and
inverse-variance weighted method with several sensitivity analyses.

Results: The MR analyses suggested that genetically predicted 1% increase of coffee
consumption was associated with an increased risk of overall OA (OR:1.009, 95%
CI:1.003-1.016), knee OA (OR:1.023, 95% CI:1.009-1.038), self-reported OA
(OR:1.007, 95% CI:1.003-1.011), but not hip OA (OR: 1.012, 95%CI:0.999-1.024)
using primary genetic instruments. Similar results were found when using secondary
genetic instruments that genetically predicted coffee consumption (cups/day).
Additionally, the sensitivity analyses for leave-one-out methods supported a robust
association between exposure traits and OA.
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Conclusion: Our findings indicate that genetically predicted coffee consumption exerts a
causal effect on total, knee, and self-reported OA risk, but not at the hip. Further research
is required to unravel the role of coffee consumption in OA prevention.
Keywords: coffee consumption, osteoarthritis, SNP, Mendelian randomization, Kenn, hip
INTRODUCTION

Osteoarthritis (OA) is the most prevalent degenerative joint
dysfunction worldwide and one of the principal causes of years
lived with disability, as stated by the 2010 World Health
Organization Global Burden of Disease study (1–3). This
chronic disease is clinically characterized by chronic pain,
crepitus, morning stiffness, and radiographic discoveries in
diarthrodial joints such as the knee and hip. The incidence and
prevalence of OA have risen rapidly in the past few years. The
pathogenesis of OA is complex and not completely explained,
but adverse lifestyles and health conditions, including excessive
physical labor (4), drinking alcohol (5), smoking (6), Type 2
diabetes, and obesity (7, 8), as well as an increase of sex
hormone-binding globulin (SHBG), calcium, testosterone (T)
and estradiol (E2) (9), and an overburden of pathologic factors
such as inflammatory cytokines and matrix degradation are
known to contribute (10, 11). Additionally, previous
epidemiological studies have reported an association between
coffee consumption and OA risk (12). Therefore, it has aroused
our interest that the causal relationship between habitual coffee
consumption and the progression or suppression of OA
is confirmed.

Coffee is the most popular beverage consumed in modern
society and has been given substantial attention concerning its
benefits and health risk (13). Coffee contains many biologically
active substances like trigonelline, magnesium, potassium,
niacin, lignans, heterocyclic amines, and acrylamide related to
type 2 diabetes, cardiovascular disease, Alzheimer’s disease,
Parkinson’s disease, cancer, and osteoarthritis (14, 15). The
function of articular cartilage is dependent on the biological
composition of its extracellular matrix, which comprises collagen
and proteoglycans (16). In the process of OA, a gradual
deterioration trend for collagens and proteoglycans is typically
detected (17). A poor feature of articular cartilage is induced by
prenatal caffeine exposure in male adult offspring rats (18). The
molecular mechanism between caffe ine intake and
chondrogenesis’s retardation highlights that down-regulation
of the insulin-like growth factor 1 (IGF-1) is observed in fetal
growth plate cartilage in the signaling pathway (19). IGF-1 is a
cardinal biomarker for keeping the function of the cartilage
phenotype and cartilage anabolism (20). Therefore, an
underlying causal association between coffee intake and OA
risk is assumed based on these researches.

Mendelian randomization (MR) is a genetic epidemiology
design, which improves the power of causal inference by applied
proxies germline genetic variants as instrumental variables for
exposure (e.g., coffee intake) on an outcome (e.g., OA) (21).
Single nucleotide polymorphism sites (SNPs) are randomly
n.org 2
assigned at conception, bias from reverse causation, and
residual confounding is avoided (22). Although observational
studies found the association between coffee intake and bone
health, such as bone mass index, fracture, rheumatoid arthritis,
and osteoarthritis (12, 23, 24), data are limited for the
relationship of genetically predicted habitual coffee intake
concerning the bone disease. One MR analysis support that
coffee intake is causally associated with an increased risk of
OA (25). However, the study is limited to the unclear selection
and less quantity for SNPs. The causal evidence cannot be ruled
out due to low statistical power, pleiotropy, and collider bias (14).

The purpose of the current study was to explore whether there
was a causal relationship between coffee consumption and OA by
a two-sample MR analysis.
METHODS

Genetic Instrument Selection
The European population’s genome-wide association meta-
analysis (GWAS) dataset identified SNPs associated with coffee
consumption. As for primary genetic instruments, 15 significant
SNPs associated with coffee intake were obtained from a GWAS
meta-analysis that comprised over 370,000 participants of
European ancestry (25). This GWAS adjusted for age, sex,
BMI, total energy, the proportion of 24 hours recalls self-
reported as capturing “typical intake,” and top twenty principal
components (25). Habitual coffee intake was retrieved based on
the item: “How many cups of coffee do you drink each day
(include decaffeinated coffee)? “ Meanwhile, the effects of SNPs
were interpreted as 1% change of coffee consumption per effect
allele (25). As for secondary genetic instruments, 10 significant
SNPs associated with the cups of coffee consumed per day were
identified from another GWAS, including 91,462 participants
released by the Coffee and Caffeine Genetics Consortium
(CCGC) (26). All instrumental variables were associated with
the exposure (e.g., coffee consumption) at a genome-wide
significance level (P<5×10-8) with linkage disequilibrium (LD)
r2<0.001 at a 10,000 kb window, which confirmed the
independence for the selected genetic variants. In this MR
study, 11 and 8 independent SNPs with moderate LD were
selected as genetic instruments for habitual coffee consumption
after excluding four SNPs (rs117692895, rs4719479, rs12699844,
and rs73073176 in chromosome 7) and two SNPs (rs6968554 in
chromosome 7; rs247083 in chromosome 15) in primary genetic
instruments and secondary genetic instruments, respectively.
Detailed information on the relationship between the selected
SNPs and exposures is shown in Table 1.
November 2021 | Volume 12 | Article 768529
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Genetic Summary Data of Osteoarthritis
The primary outcome in this study was the clinically diagnosed
OA. The summary-level data for OA were obtained from the large
GWAS conducted by the UK Biobank, enrolling 50,508
participants of European ancestry (10,083 with cases and 40,425
controls). Moreover, the secondary outcomes were specific
diagnosed knee OA (4462 cases and 17,885 controls) and hip
OA (12,625 cases and 50,898 controls), and self-reported OA
(12,658 cases and 50,898 controls). Study protocols related to these
data have been released and described in the previous studies (27–
29). All summary data can be obtained from the UK Medical
Research Council Integrative Epidemiology Unit Open GWAS
Project database (httep://gwas.mrcieu.au.uk). The relevant ethics
committees approved all studies that contributed data to these
analyses, and all participants provided written informed consent.
Statistical Analysis
The conventional MR method was applied in this study (https://
mrcieu.github.io/TwoSampleMR/articles/perform_mr.html#mr-
methods-1) (30). The random-effects inverse-variance weighted
(IVW) model was conducted to examine the causal association,
and this approach was considered as the main analysis because of
the potential observed heterogeneity (31, 32). The IVW method
combines individual MR effects across SNPs to derive an overall
weighted effects of the potential causal association. Furthermore,
the forest plots were showed to visualize the MR-derived odds
ratio (OR) of overall, knee, hip, and self-reported OA risk for 1%
or one cup per day increase in genetically predicted coffee intake.
In the sensitivity analyses, “leave-one-out”method was performed
to estimate that the causal association was reliant on any single
SNP. In addition, Steiger-MR was used to test whether the SNPs
explained significantly more variance in exposure than outcome
(the opposite may indicate reverse causation).
Frontiers in Endocrinology | www.frontiersin.org 3
The IVW method assumes that all genetic variants should
satisfy three assumptions for the instrumental variables.
1) strongly associated with coffee intake, 2) not associated with
confounders of the association between coffee intake and OA, and
3) the association with OA risk was only found via coffee
consumption (33, 34). Thus, the F statistics were used to test for
weak instrumental variables. F statistics=((n-k-1)/k)(R^2/(1-
R^2)), where R2 is the variance in coffee consumption explained
by the genetic instrument, k is the number of genetic variants, and
n is the sample size. The strengths of the primary (11 SNPs) and
Secondary (8 SNPs) genetic instruments used for analyses were
70.59 and 28.46, respectively. F > 10 was proven to use strong
genetic instruments in MR study. The Cochran’s Q test was used
to quantify the heterogeneity in effect sizes between the genetic
instruments (35), which may indicate horizontal pleiotropy that
could violate the third MR assumption. Potential violation of the
second and third MR assumptions was tested using several
approaches such as the MR-Egger regression (36), the weighted
median (37) and mode (38) methods, and the MR pleiotropy
residual sum and outlier test (MR-PRESSO) (39). The association
between the selected SNPs and exposures was validated in the
PhenoScanner database (http://www.phenoscanner.medschl.cam.
ac.uk/) (Supplementary Table 1). SNP associated with traits other
than coffee consumption at the GWAS significance level
was documented.

The MR-Egger approach is an adaption for Egger regression
that allows for directional pleiotropy by introducing an intercept
in the weighted regression model. Horizontal pleiotropy was
indicated when values were away from zero for the intercept
term (36). Based on this approach, unbiased estimates are
performed in the presence of pleiotropic instruments assuming
that the magnitude of pleiotropic effects is independent of the
size of the instrumental variables—SNPs associated with coffee
intake (36).
TABLE 1 | Characteristics of SNPs for habitual coffee consumption from the GWAS meta-analysis.

GWAS chr Pos SNP Closest gene EA OA EAF Effect SE P value N

Primary (% change) 1 177873210 rs574367 SEC16B T G 0.21 1.05 0.18 8.E-09 376372
Primary 2 631606 rs10865548 TMEM18 G A 0.83 1.54 0.19 4.46E-15 376372
Primary 2 27730940 rs1260326 GCKR C T 0.61 1.36 0.15 2.62E-19 376372
Primary 7 17284577 rs4410790 AHR C T 0.63 3.94 0.15 5.59E-141 376372
Primary 7 73037956 rs34060476 MLXIPL G A 0.13 1.89 0.22 5.06E-18 376372
Primary 7 75615006 rs1057868 POR T C 0.29 1.97 0.16 5.26E-33 376372
Primary 11 56272114 rs597045 OR8U8 A T 0.69 1.07 0.16 6.62E-11 376372
Primary 14 33075243 rs1956218 AKAP6 G A 0.56 0.82 0.15 3.62E-08 376372
Primary 15 75027880 rs2472297 CYP1A1/2 T C 0.27 4.54 0.17 5.19E-155 376372
Primary 18 57808978 rs66723169 MC4R A C 0.23 1.47 0.18 9.88E-17 376372
Primary 22 24747031 rs2330783 SPECC1L-ADORA2A G T 0.99 4.53 0.63 1.57E-12 376372
Secondary (Cups/day) 2 27584444 rs1260326 GCKR T C 0.41 -0.04 0.01 1.06E-07 91462
Secondary 4 89258106 rs1481012 ABCG2 A G 0.89 0.06 0.01 1.13E-06 91462
Secondary 7 17251102 rs4410790 AHR T C 0.37 -0.14 0.01 1.48E-57 91462
Secondary 7 72673793 rs7800944 MLXIPL T C 0.72 -0.05 0.01 7.82E-09 91462
Secondary 7 75454041 rs17685 POR A G 0.29 0.07 0.01 9.06E-14 91462
Secondary 11 27636492 rs6265 BDNF T C 0.19 -0.05 0.01 3.40E-07 91462
Secondary 15 72814933 rs2472297 CYP1A2 T C 0.24 0.15 0.01 6.45E-47 91462
Secondary 17 25373221 rs9902453 EFCAB5 A G 0.54 -0.04 0.01 2.26E-06 91462
N
ovember 20
21 | Volu
me 12 | Article
Chr, chromosome; Pos, position for SNP; Closet gene, the nearest gene to coffee consumption associated SNP; Effect, the per-allele effect on coffee consumption; P value, the value for
the genetic association; GWAS, genome-wide association study; SNP, single-nucleotide polymorphism; EA, effect allele; OA, other allele; EAF, effect allele frequency; SE, standard error.
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Weighted median method orders the estimates in MR using
each instrument weighted for the inverse of their variance, and
the median result is selected and shows the single MR estimate
with confidence intervals based on bootstrapping technique (37).
The weighted median requires and assumes that at least half of
the instruments are valid (40).

The mode-based causal estimate consistently estimates the
true causal effect when the most instruments with consistent MR
estimates are valid (38).

The “twosampleMR” package (version 0.5.5) and R software
version 3.6.1 were used for all statistical analyses. Bonferroni
correction (P = 0.05/2 exposures/4 outcomes = 0.0625) was
implemented for multiple comparisons. Two-sided P values were
computed, with P < 0.00625 regarded as statistically significant.
RESULTS

Causal Associations Between Coffee
Consumption and Overall OA
The primary and secondary genetic instruments using IVW with
random effect analyses provide strong evidence for the causal
association between genetically predicted coffee consumption and
Frontiers in Endocrinology | www.frontiersin.org 4
overall OA (OR:1.009, 95%CI:1.003-1.016; OR:1.270, 95%CI:1.099-
1.469) (Figures 1A, B). The estimates for each SNP on overall OA
were shown in Supplementary Figures 1, 2. The scatter plot for
two analyses was attached as Supplementary Figures 3, 4.

As for primary genetics instruments, Cochran’s Q statistic
suggested a slight sign of heterogeneity: Q value (df)=18.34 (9),
P=0.03 for MR Egger method; Q value (df)= 19.56 (10), P=0.03
for IVW method. However, the significant effect was support for
Weight Median methods that can be given priority when the
model with heterogeneity but no pleiotropy (OR:1.008, 95%
CI:1.002-1.014). In addition, there was no indication of
pleiotropy when the intercept was derived from the MR-Egger
regression (Egger intercept:0.01, P value:0.46). Furthermore, no
outliers were detected with potential pleiotropy using the MR-
PRESSO method. Moreover, the P-value for the MR-PRESSO
Global test was 0.073, which also suggested no significant sign of
heterogeneity. The leave-one-out analysis results suggested no
influential SNPs from the causal link between coffee intake and
OA in the replication analyses (Supplementary Figure 5).
Steiger filtering identified 2 instruments explaining more
variation in total OA than in caffe consumption. Removing
those slightly attenuated the identified effect estimate, which
was still suggestive of a significant effect of genetic liability to
A

B

FIGURE 1 | Forest plot of MR study using (A)> primary genetic instruments with total OA. MR, Mendelian randomization; OR, odds ratio; CI, confidence interval;
IVW, inverse variance weighted; OA, Osteoarthritis. Forest plot of MR study using (B) secondary genetic instruments with total OA. MR, Mendelian randomization;
OR, odds ratio; CI, confidence interval; IVW, inverse variance weighted; OA, Osteoarthritis.
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higher cups of coffee intake per day on risk of total OA in the
primary analyses (Supplementary Table 2).

In the secondary analyses, Cochran’s Q statistic suggested no
sign of heterogeneity: Q value (df)=4.50 (6), P=0.61 for MR-Egger
method; Q value (df)= 7.39 (7), P=0.38 for IVW method. The
associations were consistent with using the weighted median
method (OR = 1.228, 95% CI: 1.025–1.472; P = 0.026). In
addition, there was no indication of pleiotropy when the
intercept was derived from the MR-Egger regression (Egger
intercept:0.02, P value:0.14). Furthermore, no outliers were
detected with potential pleiotropy using the MR-PRESSO
method. The leave-one-out analysis results suggested no
influential SNPs from the causal link between coffee intake and
OA in the replication analyses (Supplementary Figure 6). Steiger
filtering suggested that the direction of the effect was correct for all
the coffee consumption instruments in the secondary analyses.

Causal Associations Between Coffee
Consumption and Knee OA
As for primary genetic instruments, IVW with random effect
suggested marginally significant evidence for the causal
association between coffee consumption and OA (OR:1.01,95%
Frontiers in Endocrinology | www.frontiersin.org 5
CI:0.999-1.025). However, strong heterogeneity was found in
both MR-Egger (Q value:32.81, P value<0.0001) and IVW
methods (Q value: 32.96, P value<0.0001), respectively. The
hypothesis of the pleiotropy test was satisfied in the fitting
model. By MR PRESSO method, one SNP (rs34060476) was
detected as an outlier, and the Global test was 0.012. Based on
leave-one-out methods, we found 4 SNPs (rs4410790, rs597045,
rs34060476, and rs1956218) that were potential sources of
heterogeneity (Supplementary Figure 11). After excluding
these SNPs (rs4410790, rs597045, rs34060476 and rs1956218),
results from the Weight Median and IVW methods suggested a
strong causal association (OR:1.019,95%CI:1.008-1.030;
OR:1.023, 95%CI:1.009-1.038) (Figure 2A). The forest and
scatter plots were performed in Supplementary Figures 7,
9, respectively.

In the secondary analyses, the causal relationship was
supported for the IVW method (OR:1.410, 95% CI:1.085-1.832),
and The effect was slightly attenuated with the Weight Median
method, yielding a null causal estimation between coffee
consumption and OA (OR:1.251, 95% CI: 0.923-1.696)
(Figure 2B). The forest and scatter plots were performed in
Supplementary Figures 8, 10, respectively. There was no
A

B

FIGURE 2 | Forest plot of MR study using (A) primary genetic instruments with knee OA after excluding four SNPs (rs4410790, rs597045, rs34060476, and
rs1956218). MR, Mendelian randomization; OR, odds ratio; CI, confidence interval; IVW, inverse variance weighted; OA, Osteoarthritis. Forest plot of MR study
using (B) secondary genetic instruments with knee OA. MR, Mendelian randomization; OR, odds ratio; CI, confidence interval; IVW, inverse variance weighted;
OA, Osteoarthritis.
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heterogeneity and outlier in the model (P >0.05). The leave-one-
out analyses revealed that the result was essentially consistent after
removing SNP in turn (Supplementary Figure 12).

Steiger filtering suggested that 3 and 1 SNPs associated with
knee OA explained more variation in coffee consumption and
these were removed in primary and secondary dataset,
respectively. The exclusion of these SNPs, despite attenuating
the two analyses effect estimate, were suggestive of an effect of
genetic liability to higher coffee consumption on knee OA
(Supplementary Table 2).

Causal Associations Between Coffee
Consumption and Hip OA
The causal association between coffee consumption and hip
OA was not found based on IVW analyses, either primary or
secondary genetic instruments (OR:1.012, 95% CI: 0.999-1.024;
OR: 1.199, 95% CI: 0.896-1.606) (Figures 3A, B). The hypothesis
of both heterogeneity and pleiotropy was testified (P >0.05). The
forest and scatter plots were performed in Supplementary
Figures 13–16, and the plot for leave-one-out analyses was
shown in Supplementary Figures 17, 18. Steiger filtering which
explain more variation in the outcome across two analyses, the
Frontiers in Endocrinology | www.frontiersin.org 6
effect estimate attenuated further, providing limited evidence of a
direct effect of genetic liability to higher coffee consumption on the
risk of hip OA (Supplementary Table 2).

Causal Associations between Coffee
consumption and Self-reported OA
A significant causal relationship was found between genetically
predicted coffee consumption and self-reported OA in primary
and secondary genetic instruments (Figures 4A, B). In primary
analyses, the OR for OA was 1.007 (95% CI:1.003-1.011) using the
IVW method and 1.007 (95% CI:1.002-1.012) using the Weight
Median method; In secondary analyses, the OR for OA was 1.249
(95%CI:1.101-1.417) using the IVW method and 1.223 (95%
CI:1.044-1.433) using weighted median. There was no
significant heterogeneity and pleiotropy (P >0.05). None outlier
was confirmed in MR PRESSO analyses. Detailed forest and
scatter plots were shown in Supplementary Figures 19–22. The
plot for leave-one-out analyses was shown in Supplementary
Figures 23, 24.

Steiger filtering suggested that the effect direction was correct
for all the coffee consumption SNPs, and no SNP was removal
(Supplementary Table 2).
A

B

FIGURE 3 | Forest plot of MR study using (A) primary genetic instruments with hip OA. MR, Mendelian randomization; OR, odds ratio; CI, confidence interval; IVW,
inverse variance weighted; OA, Osteoarthritis. Forest plot of MR study using (B) secondary genetic instruments with hip OA. MR, Mendelian randomization; OR,
odds ratio; CI, confidence interval; IVW, inverse variance weighted; OA, Osteoarthritis.
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DISCUSSION

This conventional MR study used summary-level data from two
large GWAS datasets and UK Biobank to estimate the potential
causal association between coffee intake and OA types. Based on
the primary and secondary genetic instruments results, coffee
consumption was causally associated with increased risk of OA,
including total OA and self-reported OA. Habitual coffee
consumption was shown to be causal for knee OA, but not hip
OA. Therefore, the most novel finding from this study is that
coffee consumption is a potential risk for OA, and this causal
effect was different with specific join sites. This causal association
is free of reverse causation, selection bias, and sample sizes.

Few epidemiological studies are related to the association
between coffee consumption and OA. In the cross-sectional
study from the Korea National Health and Nutrition
Examination Survey, daily coffee drinking more than 7 cups
were associated with the high risk of OA in Korean men. This
association was a linear trend with increasing coffee
consumption (12). However, in the scope of clinic medicine or
basic experiment, much data points to the effective negative
impacts of caffeine consumption on hyaline cartilage (30). The
adverse effects of caffeine on the articular cartilage were reported
Frontiers in Endocrinology | www.frontiersin.org 7
in rat models, and low-dose prenatal caffeine exposure (PCE)
significantly affected fetal articular integrity in some pregnant
women (19, 41, 42). Previous studies revealed that rat offspring
with PCE had irregular surface cartilage with uneven and altered
chondrocytes in the tangential zone (18). Additionally, caffeine
directly affects chondrocytes by inhibiting adenosine receptors,
well-known as anti-inflammatory and anabolic effects on
chondrocytes and other articular cells (43, 44). Finally, indirect
effects of caffeine between inflammatory factors and articular
cartilage have been proposed in previous studies, and caffeine
consumption was associated with the inflammatory cytokine IL-
1 and TNF-a (45).

Two MR studies in the past reported the causal association
between coffee consumption and risk of OA. In the one MR
study, the GWAS meta-analyses were consistent of eight
Caucasian cohorts (18,176) and European ancestry (91,462),
which revealed a positive causal association between coffee
consumption and OA (46). However, fewer power samples, a
small number of SNPs, weak instrument variants, and an unclear
process cannot be completely demonstrated. In another
Mendelian randomization phenome-wide association study
(MR-PheWAS), the causal association between the full range
of disease outcome and instrumented habitual coffee
A

B

FIGURE 4 | Forest plot of MR study using (A) primary genetic instruments with self-reported OA. MR, Mendelian randomization; OR, odds ratio; CI, confidence
interval; IVW, inverse variance weighted; OA, Osteoarthritis. Forest plot of MR study using (B) secondary genetic instruments with self-reported OA. MR, Mendelian
randomization; OR, odds ratio; CI, confidence interval; IVW, inverse variance weighted; OA, Osteoarthritis.
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consumption were examined with 333,214 participants ofWhite-
British ancestry in the UK Biobank and found the causal
relationship between consumption coffee and total OA (47).
Nevertheless, it is unclear how the selected SNPs satisfy the
hypothesis of linkage disequilibrium, strong instrument variants,
statistic power, and discharge of covariates. Significantly, the
single type of outcome or exposure may increase the probability
of false positives. In our study, four types of outcome were
identified in the MR study, such as total OA, knee OA, hip OA
and self-reported OA, which increased the robustness results.
We also found the modification of coffee consumption on
different joint sites (knee and hip).

MR method is less likely to possess bias from humans
compared to retrospective analyses and case-control prospective
studies. The frequency and amount of coffee consumption are
often imprecise in a survey, and recall bias is unavoidable in the
observational study. Additionally, data collection and analysis can
be costly; the MR methods can mitigate this issue to some extent;
sequential application of different algorithms in sensitivity
analyses can improve the accuracy and reliability of results. In
our study, five MR algorithms were used to estimate this causal
association, including IVW, MR-Egger, weighted median,
weighted mode, and MR-PRESSO. In this study, the results
from the IVW (Primary: OR=1.009, P<0.01; Secondary:
OR=1.27, P<0.001) and weighted median (Primary: OR=1.008,
P<0.01, Secondary: OR=1.22, P<0.05) methods supported an
inverse causative association between coffee consumption and
OA. However, the MR-Egger method revealed no causal
association between coffee consumption and OA (Primary:
OR=1.004, P=0.46; Secondary: OR=1.02, P= 0.87). Based on
previous studies, the IVW and weighted median algorithms
were superior to the MR-Egger, which estimates that both the
intercept and the slope with only five instrumental variants are not
robust enough (48).

This study has several key strengths. Firstly, a large sample size
with summary-level genetic data was available in this study, and
replicative analyses (Primary and Secondary genetic instruments)
were used to improve the study’s credibility. Secondly, the MR-
PRSSOmethodwas conducted tofindoutliers and demonstrate the
pleiotropy test. Thirdly, we replicated our results by using the
different definitions and joint sites for OA and found similar
results and modifications on specific joints. Lastly, the “leave-one-
out” method was performed as sensitivity analyses increased the
robustness of the results.

There were some limitations in this study. Firstly, the results
were not applicable to other populations due to the potential
biased that the data only derived from European populations.
Secondly, any nonlinear relationships or stratification effects
were not conducted because of the summary-level data. Lastly,
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the type of coffee beans, the amount of intake, the ways of
roasting and brewing were important for exploring the causal
association on exposure, and further study should consider the
effect of coffee consumption as a whole.

CONCLUSION

In conclusion, there was a positive causal association between
coffee consumption and total OA and self-reported OA, and this
major causal effect was found at knee OA but not at the hip. This
MR study was a complete and detailed analysis of coffee
consumption and OA, which provided new evidence for
prevention or therapeutic strategies for the different OA sites.
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Fagúndez M, Pazos-Pérez A, et al. Caffeine, a Risk Factor for Osteoarthritis
and Longitudinal Bone Growth Inhibition. J Clin Med (2020) 9(4):1163.
doi: 10.3390/jcm9041163

31. Burgess S TS. Mendelian Randomization: Methods for Using Genetic Variants
in Causal Estimation. 1st Edition Ed. New York: Boca Raton, FL: CRC Press
(2015).

32. Burgess S, Butterworth A, Thompson SG. Mendelian Randomization Analysis
With Multiple Genetic Variants Using Summarized Data. Genet Epidemiol
(2013) 37(7):658–65. doi: 10.1002/gepi.21758

33. Didelez V, Sheehan N. Mendelian Randomization as an Instrumental Variable
Approach to Causal Inference. Stat Methods Med Res (2007) 16(4):309–30.
doi: 10.1177/0962280206077743

34. Greenland S. An Introduction to Instrumental Variables for Epidemiologists.
Int J Epidemiol (2018) 47(1):358. doi: 10.1093/ije/dyx275. Erratum for: Int J
Epidemiol. 2000 Aug;29(4):722-9.

35. Greco M FD, Minelli C, Sheehan NA, Thompson JR. Detecting Pleiotropy in
Mendelian Randomisation Studies With Summary Data and a Continuous
Outcome. Stat Med (2015) 34(21):2926–40. doi: 10.1002/sim.6522

36. Bowden J, Davey Smith G, Burgess S. Mendelian Randomization With Invalid
Instruments: Effect Estimation and Bias Detection Through Egger Regression.
Int J Epidemiol (2015) 44(2):512–25. doi: 10.1093/ije/dyv080

37. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent Estimation in
Mendelian Randomization With Some Invalid Instruments Using a
Weighted Median Estimator. Genet Epidemiol (2016) 40(4):304–14.
doi: 10.1002/gepi.21965

38. Hartwig FP, Davey Smith G, Bowden J. Robust Inference in Summary Data
Mendelian Randomization via the Zero Modal Pleiotropy Assumption. Int J
Epidemiol (2017) 46(6):1985–98. doi: 10.1093/ije/dyx102

39. Verbanck M, Chen CY, Neale B, Do R. Detection of Widespread Horizontal
Pleiotropy in Causal Relationships Inferred From Mendelian Randomization
Between Complex Traits and Diseases. Nat Genet (2018) 50(5):693–8.
doi: 10.1038/s41588-018-0099-7

40. Bowden J, Del Greco MF, Minelli C, Davey Smith G, Sheehan NA,
Thompson JR. Assessing the Suitability of Summary Data for Two-
Sample Mendelian Randomization Analyses Using MR-Egger Regression:
The Role of the I2 Statistic. Int J Epidemiol (2016) 45(6):1961–74.
doi: 10.1093/ije/dyw220

41. Tan Y, Lu K, Li J, Ni Q, Zhao Z, Magdalou J, et al. Prenatal Caffeine Exprosure
Increases Adult Female Offspring Rat’s Susceptibility to Osteoarthritis via
Low-Functional Programming of Cartilage IGF-1 With Histone Acetylation.
Toxicol Lett (2018) 295:229–36. doi: 10.1016/j.toxlet.2018.06.1221

42. Shangguan Y, Jiang H, Pan Z, Xiao H, Tan Y, Tie K, et al. Glucocorticoid
Mediates Prenatal Caffeine Exposure-Induced Endochondral Ossification
November 2021 | Volume 12 | Article 768529

https://doi.org/10.1002/acr.24333
https://doi.org/10.3899/jrheum.170026
https://doi.org/10.1136/ard.2006.056697
https://doi.org/10.1136/ard.2006.056697
https://doi.org/10.1016/j.joca.2010.04.001
https://doi.org/10.1016/j.joca.2010.04.001
https://doi.org/10.1210/jc.2014-1043
https://doi.org/10.1111/obr.13230
https://doi.org/10.1016/j.cytogfr.2018.10.002
https://doi.org/10.1016/j.cytogfr.2018.10.002
https://doi.org/10.1016/j.arr.2017.07.004
https://doi.org/10.1007/s10067-018-4354-1
https://doi.org/10.3945/ajcn.2010.29565
https://doi.org/10.3390/nu10101343
https://doi.org/10.3390/nu10101343
https://doi.org/10.1079/bjn20051371
https://doi.org/10.2519/jospt.1998.28.4.203
https://doi.org/10.1016/S0140-6736(05)71086-2
https://doi.org/10.1016/S0140-6736(05)71086-2
https://doi.org/10.1038/srep17746
https://doi.org/10.1016/j.toxlet.2012.09.007
https://doi.org/10.1210/er.2007-0036
https://doi.org/10.1210/er.2007-0036
https://doi.org/10.1097/MOL.0000000000000721
https://doi.org/10.1210/clinem/dgz210
https://doi.org/10.3390/jcm9103109
https://doi.org/10.3390/jcm9103109
https://doi.org/10.1093/hmg/ddz061
https://doi.org/10.1093/hmg/ddz061
https://doi.org/10.1038/mp.2014.107
https://doi.org/10.1161/CIRCGENETICS.112.964619
https://doi.org/10.1038/nature12873
https://doi.org/10.1038/s41588-018-0079-y
https://doi.org/10.3390/jcm9041163
https://doi.org/10.1002/gepi.21758
https://doi.org/10.1177/0962280206077743
https://doi.org/10.1093/ije/dyx275
https://doi.org/10.1002/sim.6522
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1093/ije/dyx102
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1093/ije/dyw220
https://doi.org/10.1016/j.toxlet.2018.06.1221
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Zhang et al. Coffee Consumption and Osteoarthritis
Retardation and Its Molecular Mechanism in Female Fetal Rats. Cell Death Dis
(2017) 8(10):e3157. doi: 10.1038/cddis.2017.546

43. Choi H, Choi Y, Kim J, Bae J, Roh J. Longitudinal Bone Growth is
Impaired by Direct Involvement of Caffeine With Chondrocyte
Differentiation in the Growth Plate. J Anat (2017) 230(1):117–27.
doi: 10.1111/joa.12530

44. Tesch AM, MacDonald MH, Kollias-Baker C, Benton HP. Endogenously
Produced Adenosine Regulates Articular Cartilage Matrix Homeostasis:
Enzymatic Depletion of Adenosine Stimulates Matrix Degradation.
Osteoarthritis Cartilage (2004) 12(5):349–59. doi: 10.1016/j.joca.2004.01.002

45. Kuo CL, Liu ST, Chang YL, Wu CC, Huang SM. Zac1 Regulates IL-11
Expression in Osteoarthritis. Oncotarget (2018) 9(65):32478–95.
doi: 10.18632/oncotarget.25980

46. Lee YH. Investigating the Possible Causal Association of Coffee Consumption
With Osteoarthritis Risk Using a Mendelian Randomization Analysis. Clin
Rheumatol (2018) 37(11):3133–9. doi: 10.1007/s10067-018-4252-6

47. Nicolopoulos K, Mulugeta A, Zhou A, Hyppönen E. Association Between
Habitual Coffee Consumption and Multiple Disease Outcomes: A
Mendelian Randomisation Phenome-Wide Association Study in the UK
Biobank. Clin Nutr (2020) 39(11):3467–76. doi: 10.1016/j.clnu.
2020.03.009
Frontiers in Endocrinology | www.frontiersin.org 10
48. Burgess S, Thompson SG. Interpreting Findings From Mendelian
Randomization Using the MR-Egger Method. Eur J Epidemiol (2017) 32
(5):377–89. doi: 10.1007/s10654-017-0255-x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhang, Fan, Chen, Xiong, Wu, Shen, Wang, Meng, Lu and Lei.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
November 2021 | Volume 12 | Article 768529

https://doi.org/10.1038/cddis.2017.546
https://doi.org/10.1111/joa.12530
https://doi.org/10.1016/j.joca.2004.01.002
https://doi.org/10.18632/oncotarget.25980
https://doi.org/10.1007/s10067-018-4252-6
https://doi.org/10.1016/j.clnu.2020.03.009
https://doi.org/10.1016/j.clnu.2020.03.009
https://doi.org/10.1007/s10654-017-0255-x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Causal Association of Coffee Consumption and Total, Knee, Hip and Self-Reported Osteoarthritis: A Mendelian Randomization Study
	Introduction
	Methods
	Genetic Instrument Selection
	Genetic Summary Data of Osteoarthritis
	Statistical Analysis

	Results
	Causal Associations Between Coffee Consumption and Overall OA
	Causal Associations Between Coffee Consumption and Knee OA
	Causal Associations Between Coffee Consumption and Hip OA
	Causal Associations between Coffee consumption and Self-reported OA

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


