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A b s t r a c t

Introduction: Gynecological diseases, including infections, endocrine disor-
ders, and tumors, significantly impact women’s quality of life. Emerging evi-
dence suggests that metabolic factors, nutrition, and dietary habits, such as 
coffee consumption, may influence these conditions. This study employed 
two-sample Mendelian randomization (2SMR) to investigate the relation-
ship between coffee intake and gynecological diseases.
Material and methods: Publicly available genome-wide association study 
(GWAS) data from the Integrative Epidemiology Unit (IEU) GWAS database 
were analyzed using the TwoSampleMR R package. Data on coffee consump-
tion were extracted from the UK Biobank. Instrumental variables were se-
lected based on p < 5 × 10–8 and F-statistic > 10, and causal relationships 
were assessed using inverse variance weighting (IVW) and the Wald ratio 
(WR) method. Heterogeneity and pleiotropy were tested using MR-Egger 
regression. A  negative control analysis using skin color was performed to 
address confounding by population stratification.
Results: The 2SMR analysis identified significant associations between cof-
fee intake and reduced risks of ovarian cancer (OR = 0.07, 95% CI: 0.01–0.84), 
ovarian cyst (OR = 0.68, 95% CI: 0.49–0.95), and endometriosis (OR = 0.99, 
95% CI: 0.99–1.00). Conversely, increased risks were noted for endometrioid 
ovarian cancer (OR = 7.88, 95% CI: 1.05–59.22). Analysis of different coffee 
types revealed that ground coffee was associated with decreased risks of 
ovarian cancer and endometriosis, while decaffeinated coffee showed posi-
tive associations with ovarian cancer and endometriosis. 
Conclusions: Coffee intake, especially ground coffee, may lower the risk of 
certain gynecological diseases. However, decaffeinated coffee may increase 
these risks. Further research is needed to understand the mechanisms be-
hind these findings.

Key words: gynecological diseases, coffee consumption, Mendelian 
randomization, ovarian cancer, endometriosis, nutritional epidemiology.

Introduction

Gynecological diseases, including infections, endocrine disorders, and 
tumors, significantly impact women’s health and quality of life. Ef﻿fective 
treatments for many gynecological diseases are still lacking, and cur-
rent medications often provide only temporary relief, accompanied by 
unwanted side effects, while disease may recur when medication is dis-
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continued. Understanding the underlying mecha-
nisms and risk factors associated with the onset 
and progression of gynecological disorders is cru-
cial to minimizing their impact on women’s health. 
Notably, metabolic disorders have been linked to 
many gynecological diseases, in addition to infec-
tions [1]. Extensive epidemiological studies have 
highlighted the significant influence of nutritional 
factors and dietary habits in the development of 
gynecological diseases [2, 3]. Understanding diet’s 
impact on gynecology is key to improving diagnos-
tics and treatments for gynecological diseases.

Coffee, known for its diverse bioactive com-
pounds, has significant effects on long-term hu-
man health [4]. Numerous studies have focused 
on the health outcomes associated with coffee in-
take, revealing links to various benefits, including 
reduced overall mortality rates [5] and decreased 
risks of cardiovascular death [5, 6], liver disease 
[7, 8], type 2 diabetes [9], and Parkinson’s dis-
ease [4, 10]. Intervention trials show that coffee, 
primarily caffeine, enhances short-term glucose 
metabolism and insulin sensitivity [11, 12]. A me-
ta-analysis showed that each additional daily cup 
of coffee reduces type 2 diabetes risk by 7% [13]. 
Caffeine, the key component in coffee, has been 
reported to influence estradiol levels and is asso-
ciated with metabolic regulation [14–16].

Different coffee types and preparation methods 
significantly affect bioactive compounds such as 
caffeine, chlorogenic acids, and diterpenes. Ground 
coffee retains more diterpenes than filtered coffee, 
while decaffeinated coffee has negligible caffeine. 
Such variations may influence health effects, high-
lighting the need to study different coffee types and 
their links to gynecological diseases, as preferences 
shape intake patterns [17]. Individual preferences 
for specific coffee types may further contribute to 
distinct health effects, underscoring the importance 
of exploring these associations in greater detail.

Studies on coffee’s impact on gynecological 
diseases show conflicting results, with some sug-
gesting protective effects and others reporting 
no association or harm. These discrepancies of-
ten stem from confounding factors, limited epi-
demiological data, and neglect of variables such 
as coffee type, preparation method, and caffeine 
metabolism. Research gaps, particularly regarding 
long-term effects and dose-response relation-
ships, highlight the need for more robust studies.

Correlation analysis cannot establish causation, 
as it cannot confirm whether one variable directly 
causes another or if the relationship is confounded. 
This is a key challenge in studying coffee’s effects 
on gynecological diseases, where observational 
studies face issues such as confounding, reverse 
causality, and self-report biases. While randomized 
controlled trials (RCTs) are the gold standard for 

causal inference, their feasibility is limited by re-
source and ethical constraints. Mendelian random-
ization (MR) offers an alternative by using genetic 
variants to assess causality more reliably.

MR offers several significant advantages over 
traditional observational studies, particularly when 
investigating causal relationships between ex-
posure factors, such as coffee consumption, and 
disease outcomes. MR offers genetic variations 
as instrumental variables, enabling researchers to 
infer causal associations without the confounding 
biases typical of observational studies. The core 
concept of Mendelian randomization was based on 
the law of independent assortment (Mendel’s sec-
ond law), in which genetic variations are randomly 
assigned, similar to the random grouping in an RCT 
[18]. MR avoids behavioral, social, or psycholog-
ical confounding by using genetic variants, which 
precede disease outcomes. Furthermore, because 
genetic variations precede disease outcomes, MR 
helps establish the direction of causality, providing 
more reliable insights into how exposures lead to 
specific health outcomes, rather than the reverse. 
In this way, MR offers a more robust approach to 
addressing causal questions that traditional meth-
ods cannot definitively answer.

Therefore, in this study, we aimed to address 
the research gaps regarding the role of coffee con-
sumption in gynecological diseases. Specifically, 
we conducted 2SMR analysis to investigate the 
association between overall coffee consumption 
and the risk of several common gynecological dis-
eases. Additionally, we explored whether different 
coffee types, including ground coffee, instant cof-
fee, filtered coffee, and decaffeinated coffee, exert 
differential effects on these diseases. This study 
seeks to provide novel insights into the causal rela-
tionships between coffee intake and gynecological 
health, contributing to a deeper understanding of 
how dietary factors influence disease risk.

Material and methods

Ethics statement

This study entailed the analysis of publicly avail-
able summary genome-wide association studies 
(GWAS) data derived from the Integrative Epide-
miology Unit (IEU) GWAS database. No direct en-
gagement with human participants or the gath-
ering of fresh data occurred. Consequently, this 
investigation qualifies as secondary data analysis, 
thus exempting it from the necessity of obtaining 
informed consent. 

Data preprocessing for exposure and 
outcome

The IEU GWAS database, which includes 
42,346 GWAS summary datasets, was utilized 
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for conducting 2SMR analysis with the TwoSam-
pleMR R package (version 0.5.6) (https://mrcieu.
github.io/TwoSampleMR) [19]. Coffee consump-
tion data were sourced from two surveys within 
the UK Biobank, specifically Field IDs 1498, 1508, 
and 100240. Field ID 1498 recorded the number 
of cups of coffee consumed per day, with partic-
ipants responding to the question: “How many 
cups of coffee do you drink each DAY? (Include 
decaffeinated coffee)”. The average daily coffee 
consumption among participants was 2.13 cups. 
Additionally, Field ID 1508 captured the types of 
coffee consumed, including decaffeinated, instant, 
ground, and other types, with data gathered from 
participants who reported consuming at least 
one cup of coffee per day, or less, as indicated in 
Field 1498. For coffee type data (Field ID 1508), 
responses from participants who reported “Do not 
know” or “Prefer not to answer” were excluded. 
Further, Field ID 100240 recorded whether partici-
pants consumed any coffee the previous day, with 
the question: “Did you drink any coffee yester-
day?” This survey included all forms of coffee, in-
cluding hot, cold/iced, instant, shop-bought (such 
as Starbucks), machine-made, or hand-made, but 
excluded substitutes such as Barley Cup or Dan-
delion Coffee.

The dataset on coffee consumption (UK Bio-
bank, ukb-b-5237), comprising 604,070 records 
from 501,487 participants, focused on daily cof-
fee intake and excluded responses outside the 
0-99 cup range. Responses indicating more than 
10 cups per day were verified. Furthermore, en-
tries marked as “Do not know”, “Prefer not to 
answer”, or “Less than one” were excluded from 
the analysis. Regarding coffee type data (Field ID 
ukb-d-1508), 471,172 records from 393,733 par-
ticipants were analyzed, with exclusions applied 
to responses marked as “Do not know” or “Prefer 
not to answer”. Notably, the data on coffee con-
sumption did not include participant age or the 
duration of coffee exposure, which may limit the 
scope of interpretation. The sample sizes for all 
utilized coffee data are presented in Supplemen-
tary Table SI, along with a detailed overview of the 
UK Biobank field IDs and the coffee-related survey 
questions.

Coffee consumption was treated as a contin-
uous variable, measured as the number of cups 
consumed per day, and recorded as numeric 
values. Coffee type was treated as a categorical 
variable, comprising the following categories: 
ground coffee, instant coffee, decaffeinated cof-
fee, filtered coffee, and filtered coffee with milk. 
To reduce confounding, comparisons were pri-
marily conducted between coffee types differing 
in caffeine content but prepared using similar 
techniques (e.g., filtered coffee vs. decaffeinat-

ed coffee). Variables with multiple simultaneous 
differences (e.g., filtered coffee with milk vs. de-
caffeinated coffee) were avoided in the primary 
analysis to ensure meaningful comparisons. Gy-
necological diseases, including ovarian cancer, 
ovarian cysts, endometriosis, and endometrioid 
ovarian cancer, were treated as binary outcomes, 
with each condition coded as 1 for presence and 
0 for absence based on GWAS-derived summary 
statistics.

Instrumental variables (IVs) pertinent to cof-
fee were selected based on a p-value threshold of  
< 5 × 10–8 and an F-statistic > 10, to affirm the 
robustness and independence of the IVs. Linkage 
disequilibrium (LD) analysis, employing the Eu-
ropean (EUR) genotype from the 1000 Genomes 
Project as a  reference, was conducted to ensure 
IV independence, setting the maximum LD R2 val-
ue at 0.01 with a search distance of 1000 kb. The 
methodology of the 2SMR analysis is delineated 
in Figure 1.

Data harmonization and causal effect 
evaluation

Data harmonization was achieved using the 
harmonise_data() function in the TwoSampleMR 
package [19], ensuring alignment of SNP effects 
across both exposure and outcome datasets to 
the same allele. Inverse variance weighting (IVW) 
was applied to assess causal relationships for mul-
tiple genetic variants associated with coffee con-
sumption and types. The Wald ratio (WR) method 

Figure 1. Workflow of two-sample MR analysis
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was employed for individual SNP causal effect 
measurement.

Heterogeneity and horizontal pleiotropy 
analysis

Heterogeneity in the instrumental variables 
was assessed using the MR-Egger method, con-
sidering a p-value > 0.05 indicative of negligible 
heterogeneity. MR-Egger regression analysis was 
applied to exposure data (coffee intake or types) 
involving more than 3 SNPs. The regression inter-
cept from MR-Egger analysis served to evaluate 
horizontal pleiotropy, with a  Q_p-value > 0.05 
suggesting minimal likelihood of horizontal pleiot-
ropy, thereby allowing its effect to be disregarded.

Population stratification and negative 
control analysis

To address potential confounding from popula-
tion stratification in our Mendelian randomization 
(MR) analyses, a negative control outcome analy-
sis was conducted. Following Liu et al. [20], skin 
color was chosen as the negative control due to 
its biological independence from coffee intake but 
potential susceptibility to population structure. 
The analysis utilized the same MR framework as 
the primary analysis, ensuring consistent instru-
mental variable (IV) selection and statistical evalu-
ation. IVs were harmonized using the harmonise_
data() function in the TwoSampleMR R package, 
and causal estimates were calculated using in-
verse variance weighting (IVW) for multiple SNPs 
and the Wald ratio for single SNPs.

Data analysis

All analyses were conducted utilizing the 
TwoSampleMR package (version 0.5.6) in R (ver-
sion 3.6 or higher), ensuring rigorous evaluation 
of the data and findings presented.

Results

Exposure and outcome data analysis

The GWAS summary data encompassing 14 
traits related to coffee intake and types were iden-
tified as exposure variables from the IEU GWAS 
database (Supplementary Table SI). Conversely, 
22 traits pertaining to gynecological diseases (in-
cluding endometriosis, ovarian cyst, and ovarian 
cancer) were collated as outcome variables for 
2SMR analysis (Supplementary Table SII). The 
comprehensive workflow of the 2SMR analysis is 
illustrated in Figure 1.

Causal effects of coffee intake on 
gynecological diseases

In exploring the nexus between coffee con-
sumption and the incidence of gynecological 
diseases, 2SMR analysis revealed nominally 
significant causal relationships between coffee 
intake and a subset of gynecological conditions 
including ovarian cancer, ovarian cyst, endome-
trioid ovarian cancer, and endometriosis (Sup-
plementary Table SIII and Figure 2). MR-Egger 
regression indicated heterogeneity between 
coffee intake and the outcomes of ovarian can-
cer and endometriosis, whereas no significant 
pleiotropy was detected, allowing for the omis-
sion of its impact on causal effect estimations  
(p > 0.05, Supplementary Tables SIV, SV). Forest 
plots elucidated the odds ratios (ORs) and 95% 
confidence intervals (CIs) across varying levels 
of coffee consumption. Specifically, elevated cof-
fee intake was correlated with a diminished risk 
of ovarian cancer (OR = 0.07, 95% CI: 0.01–0.84), 
endometriosis (OR = 0.99, 95%  CI: 0.9–1.00), 
and ovarian cysts (OR = 0.68, 95%  CI: 0.49–
0.95). The association for endometriosis (OR = 
0.99, 95%  CI: 0.99–1.00) suggests a  very mini-
mal effect, with the confidence interval close to 

Figure 2. The forest plot illustrates significant findings from the two-sample Mendelian randomization (2SMR) 
analysis examining the associations between coffee intake and gynecological diseases. Coffee intake was evaluat-
ed using two distinct variables: ukb-b-9508, a binary measure representing coffee consumption (consumed vs not 
consumed), and ukb-b-5237, an ordinal categorical variable capturing coffee intake levels, with odds ratios (ORs) 
comparing the highest intake category (e.g., ≥ 5 cups/day) to the lowest category (non-drinkers). The figure reports 
ORs alongside 95% confidence intervals (CIs), with statistical significance defined as p < 0.05

Coffee intake 	 Diseases 	 GWAS ID 	 OR (95% CI) 	 P-value

ukb-b-5237 	 Ovarian cyst 	 finn-b-N14_OVARYCYST 	 0.68 (0.49–0.95) 	 0.025 

ukb-b-5237 	 Endometriosis 	 ukb-d-N80 	 0.99 (0.99–1.00) 	 0.048 

ukb-b-9508 	 Ovarian cancer 	 ieu-a-1229 	 0.07 (0.01–0.84) 	 0.036

ukb-b-5237 	 Endometrioid ovarian cancer 	 ieu-a-1125 	 5.08 (1.22–21.10) 	 0.031 

ukb-b-9508 	 Endometrioid ovarian cancer 	 ieu-a-1125 	 7.88 (1.05–59.22) 	 0.045

	 –5	–4	–3	–2	–1	 0	 1	 2	 3	 4

b
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1.00, indicating no strong evidence of a signifi-
cant association. In contrast, coffee intake was 
associated with a  higher risk of endometrioid 
ovarian cancer, with wide confidence intervals  
(OR = 7.88, 95%  CI: 1.05–59.22; ukb-b-5237: 
OR = 5.08, 95% CI: 1.22–21.10), suggesting sub-
stantial uncertainty in this estimate. 

Causal effects of coffee types on 
gynecological diseases

Further analysis explored the causal relation-
ships between specific coffee types (ground, fil-
tered, filtered with milk, and decaffeinated) and 
four gynecological conditions. The associations 
are summarized in Figure 3 and Supplementa-
ry Table SVI–SVIII. Ground coffee consumption, 

treated as a binary variable (consumed or not con-
sumed), was associated with a decreased risk of 
ovarian cancer (OR = 0.09, 95% CI: 0.01–0.84) and 
endometriosis of the uterus (OR = 0.98, 95% CI: 
0.97–0.99). Conversely, decaffeinated coffee con-
sumption was positively associated with an in-
creased risk of ovarian cancer (OR = 1.05, 95% CI: 
1.00–1.10) and endometriosis (OR = 1.02, 95% CI: 
1.00–1.03). Filtered coffee and filtered coffee with 
milk were also associated with reduced risks of 
endometriosis of the uterus (filtered coffee: OR = 
0.99, 95% CI: 0.99–1.00; filtered coffee with milk: 
OR = 0.98, 95%  CI: 0.97–0.99). However, decaf-
feinated coffee and instant coffee showed poten-
tial detrimental effects on endometriosis of the 
uterus and endometrioid ovarian cancer. These 
findings suggest that the effects of coffee on gy-

	 0	 0.5	 1.0	 1.5	 2.0	 2.5	 3.0	 3.5	 4.0

b

	 0	 0.025	 0.050	 0.075	 0.100

b

	 –0.0375	 –0.025	 –0.0125	 0

b

	 –4.5	 –4.0	 –3.5	 –3.0	 –2.5	 –2.0	 –1.5	 –1.0	 –0.5	 0

b

Figure 3. Forest plot of significant two-sample Mendelian randomization (2SMR) results between coffee types and 
gynecological diseases. Coffee types were treated as binary variables (consumed vs not consumed) and analyzed 
for their associations with gynecological diseases. A – Instant coffee and instant coffee with milk. B – Decaffein-
ated coffee. C – Filtered coffee and filtered coffee with milk. D – Ground coffee. The odds ratios (ORs) and 95% 
confidence intervals (CIs) are presented for each coffee type. Only significant results (p < 0.05) are displayed

A 
Coffee types 	 Diseases 	 OR (95% CI) 	 P-value 

Added milk to instant coffee 	 Endometriosis of uterus 	 7.68 (1.00–58.87) 	 0.049 

Instant coffee intake 	 Endometrioid ovarian cancer 	 1.88 (1.02–3.43) 	 0.041 

B 
Coffee types 	 Diseases 	 OR (95% CI) 	 P-value 

Decaffeinated coffee 	 Endometriosis 	 1.02 (1.00–1.03) 	 0.042 

	 Ovarian cancer 	 1.05 (1.00–1.10) 	 0.034 

C 
Coffee types 	 Diseases 	 OR (95% CI) 	 P-value 

Added milk to filtered coffee 	 Endometriosis 	 0.98 (0.97–0.99) 	 0.036 

Filtered coffee intake 	 Endometriosis of uterus 	 0.99 (0.99–1.00) 	 0.013 

D 
Coffee types 	 Diseases 	 OR (95% CI) 	 P-value 

Ground coffee 	 Endometriosis of uterus 	 0.08 (0.01–0.62) 	 0.015 

		  0.98 (0.97–0.99) 	 0.039 

	 Ovarian cancer 	 0.09 (0.01–0.59) 	 0.011 

		  0.09 (0.01–0.84) 	 0.034 
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necological diseases vary depending on the type 
of coffee consumed.

Evaluation of population stratification 
using negative control outcome

To assess the potential influence of population 
stratification, a  negative control outcome analy-
sis was performed using skin color as the control 
outcome, a  trait biologically unrelated to coffee 
intake but potentially influenced by similar con-
founders. No significant associations were found 
between coffee intake (or its subtypes) and skin 
color, with p-values ranging from 0.399 to 0.889 
(Table I). Similarly, no significant associations 
were observed between gynecological diseases 
and skin color, with p-values ranging from 0.081 
to 0.978 (Table II). These findings indicate that 
residual population stratification or genetic con-
founding is unlikely to have biased the causal as-
sociations observed in this study.

Discussion

In this study, we conducted a two-sample Men-
delian randomization (2SMR) analysis to explore 
the association between coffee intake, coffee 
types, and gynecological diseases using the IEU 
GWAS dataset. Our findings suggest that coffee 
intake is linked to a  lower risk of ovarian cancer 
and cysts, but a higher risk of endometrioid ovar-
ian cancer. Ground coffee appears to offer more 
protective benefits, particularly for ovarian cancer 
and endometriosis, compared to other types. En-
dometriosis seems more sensitive to coffee, with 
ground coffee, filtered coffee and filtered coffee 
with milk lowering its risk, although decaffeinated 
coffee may increase the risk of ovarian cancer and 
endometriosis. These results highlight the poten-
tial implications of coffee intake for gynecological 
health.

The Mendelian randomization design em-
ployed in this study offers key advantages over 
traditional observational studies, notably by re-
ducing susceptibility to confounding. By utilizing 
genetic variants as instrumental variables, MR 
allows for more reliable causal inferences, over-
coming biases associated with unmeasured con-
founders. Previous observational studies on coffee 
intake and gynecological diseases have yielded 
mixed results, with some suggesting protective ef-
fects, particularly for ovarian cancer, while others 
show no significant association or even adverse 
effects [11]. Such inconsistencies are likely due to 
confounding. MR mitigates these issues, providing 
stronger causal evidence [21]. Although MR stud-
ies have linked coffee consumption to improved 
metabolic health [12], its impact on gynecological 
diseases remains uncertain, necessitating further 

investigation into the long-term effects of differ-
ent coffee types and preparation methods.

Caffeine, the primary bioactive compound in 
coffee, has been linked to endometrial cancer [2] 
and is also implicated in endometriosis. In our 
analysis, coffee intake was associated with an 
increased risk of endometrioid ovarian cancer. 
However, the relationship between coffee con-
sumption and endometriosis remains inconclu-
sive. Our data showed a minimal negative asso-
ciation between coffee intake and endometriosis 
(OR = 0.99, 95%  CI: 0.99–1.00), with a  narrow 
confidence interval indicating no statistical signif-
icance. The weak association may be due to un-
measured confounders or sample size limitations, 
warranting further investigation. Conversely, the 
results for endometrioid ovarian cancer exhibited 
a larger odds ratio (95% CI: 1.05–59.22), but the 
wide confidence intervals suggest considerable 
uncertainty. These findings should be interpreted 
cautiously, and additional studies with larger sam-
ples and refined estimates are needed to validate 
these associations and uncover underlying mech-
anisms.

In our analysis, we compared filtered coffee 
(without milk) with decaffeinated coffee to isolate 
the impact of caffeine while controlling for prepa-
ration methods. This approach minimizes con-
founding factors, such as milk addition. However, 
comparisons involving filtered coffee with milk 
and decaffeinated coffee introduce multiple con-
founders, including milk content and caffeine lev-
els, limiting interpretability. Future studies should 
prioritize comparisons between coffee types pre-
pared using identical techniques, differing primar-
ily in caffeine content. Variations in preparation 
methods (e.g., filtering, brewing time) can alter 
coffee’s chemical composition, potentially con-
founding the results. Controlling for these meth-
odological differences is crucial to ensure reliable 
causal inferences, especially when evaluating sub-
categories such as filtered coffee with milk, where 
milk may interact with bioactive compounds in 
coffee. Our findings underscore the importance of 
carefully considering coffee type when assessing 
its effects on gynecological diseases, particularly 
endometriosis.

Coffee contains over 1000 bioactive com-
pounds, including caffeine, chlorogenic acid, 
and cafestol, which may influence gynecological 
health. These compounds exhibit anti-inflamma-
tory and antioxidant properties that may reduce 
ovarian cancer risk, with caffeine inhibiting in-
flammatory pathways (e.g., NF-κB signaling) and 
reducing oxidative stress, both implicated in ovari-
an carcinogenesis. Chlorogenic acid may modulate 
immune responses and suppress tumor progres-
sion. However, the increased risk of endometrioid 
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Investigating causal relationships between coffee consumption and gynecological diseases: a Mendelian randomization study
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ovarian cancer could be linked to caffeine’s effect 
on estrogen metabolism, as this subtype is hor-
monally driven. Caffeine’s modulation of estrogen 
levels may increase estrogen bioavailability, po-
tentially explaining the observed risk. Additionally, 
ovarian cancer subtypes, such as endometrioid 
cancer, share genetic and hormonal features with 
conditions such as endometriosis, which may 
amplify coffee’s hormonal effects. These findings 
highlight the need for further research on the 
dose-dependent effects of coffee components on 
estrogen metabolism and their interactions with 
genetic and lifestyle factors.

While vertical pleiotropy, where a genetic vari-
ant affects multiple traits through the same bio-
logical pathway, poses minimal risk in MR studies, 
it still requires attention. MR-Egger regression re-
vealed no significant horizontal pleiotropy, sup-
porting the validity of the genetic instruments 
used. However, vertical pleiotropy could introduce 
subtle biases, necessitating more advanced meth-
ods in future studies to distinguish it from true 
causal effects. To mitigate population stratifica-
tion bias, we performed a negative control analy-
sis using skin color, which is independent of coffee 
intake but subject to similar confounding. No as-
sociations were found, reinforcing the validity of 
our causal estimates. Future MR studies should 
continue using such controls to enhance robust-
ness and address unmeasured confounding.

Several limitations must be acknowledged in 
this study. First, Mendelian randomization as-
sumes that genetic variants are not linked to 
confounders, which could introduce bias. Addi-
tionally, the lack of data on participants’ age and 
duration of coffee exposure limits our ability to 
assess long-term effects. The generalizability of 
our findings may be affected by the specific study 
populations. Another limitation is the potential for 
reverse causation, especially with decaffeinated 
coffee, as individuals with health conditions may 
switch to decaffeinated coffee, biasing the asso-
ciations. Longitudinal data are needed to better 
assess causality. Moreover, we did not take into 
account individual metabolic differences, such as 
variations in caffeine metabolism (e.g., CYP1A2), 
which could influence outcomes. Future studies 
should address these factors. Finally, we did not 
consider broader dietary habits, which may in-
teract with coffee consumption and modify its 
effects. Future research should incorporate these 
variables for a more comprehensive understand-
ing of coffee’s impact on health.

While our study offers valuable insights, several 
directions for future research remain. First, further 
investigation is needed to elucidate the biologi-
cal mechanisms underlying the observed associ-
ations, focusing on specific coffee components, 

their interactions, and changes during processing. 
Second, studying diverse populations and consid-
ering potential effect modifiers, such as genetic 
variations and lifestyle factors, will help assess 
the generalizability of our findings and enhance 
understanding of the interplay between coffee 
consumption and gynecological diseases. Lastly, 
long-term prospective studies and randomized 
controlled trials are essential to establish causality 
and inform evidence-based guidelines for coffee 
consumption in relation to gynecological health. 
Our findings carry significant implications for clin-
ical practice and public health strategies. Health-
care professionals can consider the differential 
effects of coffee types when advising patients, 
offering personalized recommendations based 
on individual risk profiles and medical histories 
to optimize benefits and minimize risks. Public 
health initiatives could leverage these findings to 
design targeted interventions, promote healthier 
coffee choices, and raise awareness of the poten-
tial associations between coffee consumption and 
gynecological disease risks.

In conclusion, our study suggests that coffee 
consumption, particularly ground coffee, may re-
duce the risk of gynecological diseases such as 
ovarian cancer and endometriosis. However, de-
caffeinated coffee appears to increase these risks. 
Using Mendelian randomization, we emphasize 
the need for further research to explore the bio-
logical mechanisms and the impact of coffee type, 
genetic factors, and lifestyle on these associa-
tions. Future studies should guide evidence-based 
health strategies and clinical recommendations.
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