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Introduction
Erectile dysfunction (ED) is a medical condition charac-
terized by the persistent inability to achieve and maintain 
a penile erection firm enough to perform satisfactory 
sexual intercourse. This disorder, along with premature 
ejaculation, is considered the most common form of male 
sexual dysfunction [1, 2]. ED affects around 1–10% of 
adults under 40 and around 30–50% of men between 40 
and 70 years old. It is estimated that there will be 322 mil-
lion cases of ED worldwide by 2025 [2, 3]. ED is a com-
plex condition influenced by various vascular, hormonal, 
neurological, and psychological factors. Risk factors 
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Abstract
Background  Erectile dysfunction (ED) is a common condition with various contributing factors, including lifestyle 
and dietary habits. Caffeine, a widely consumed stimulant, has been linked to multiple physiological effects on 
vascular function and hormonal balance that might influence sexual function. This meta-analysis aims to evaluate the 
association between caffeine intake and the risk of ED by analyzing data from cohort studies.

Methods  A systematic search was conducted across PubMed, Web of Science, Scopus, and Embase databases, 
and a manual search was conducted on Google Scholar for studies on the relationship between caffeine intake and 
ED in adult men. The search included observational studies published up to April 1, 2024. Four cohort studies were 
included, and their data were extracted and analyzed by STATA version 18.

Results  Four included cohort studies comprised 51,665 cohort members. The study population included adult males, 
on average, aged 18 to 80. The results indicate that there was no significant relationship between coffee consumption 
and the risk of ED (relative risk [RR] = 0.94, 95% CI: 0.86–1.03; p = 0.999).

Conclusions  The current evidence suggests no significant relationship between caffeine intake and ED, but limited 
studies limit conclusions. Future research should focus on larger sample sizes, standardized outcome assessments, 
and different dosages and forms of caffeine consumption.
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include sedentary lifestyle, obesity, smoking, excessive 
alcohol consumption, drug abuse, insulin resistance, 
diabetes, atherosclerosis, hypertension, and endocrine 
disorders. These factors contribute to the development 
and progression of ED, emphasizing the importance of 
healthy behaviors and controlling underlying health con-
ditions [2–5].

Caffeine intake has become a topic of interest among 
researchers due to its ubiquitous usage and physiological 
effects, among other lifestyle factors being studied. Caf-
feine is a commonly consumed psychoactive compound 
that has an impact on both the central nervous system 
and cardiovascular system [6]. Caffeine is renowned for 
its stimulating properties and is frequently included in 
coffee, tea, and other drinks and edibles [7]. Caffeine gen-
erally functions by inhibiting adenosine receptors, which 
promote sleep and relaxation. This leads to heightened 
alertness and a decrease in the experience of exhaustion. 
Coffee and its primary component, caffeine, have poten-
tial health advantages as it contains abundant antioxi-
dants and anti-inflammatory compounds [8, 9].

A plausible biological basis links caffeine to vascular 
function, including its impact on erectile function, given 
the penis’s high vascularity. Research indicates that caf-
feine in coffee can elevate testosterone levels [10, 11]. 
Additionally, caffeine may improve ED by upregulating 
cavernous cyclic guanosine monophosphate (cGMP), 
which relaxes cavernous smooth muscle and enhances 
blood flow through penile arteries [12, 13]. This process 
could potentially alleviate ED. Some studies suggest that 
moderate caffeine consumption might offer protective 

benefits against ED by improving endothelial function 
and boosting nitric oxide production [12, 14]. Despite 
these facts, other research warns that caffeine could have 
acute adverse effects on cardiovascular health, particu-
larly impacting endothelial function, which may counter-
act its potential benefits for erectile function [8, 15–18]. 
The impact of coffee consumption on urological diseases, 
particularly ED, is still uncertain [17, 19, 20].

This research seeks to find the association between 
caffeine intake and the risk of ED through a system-
atic review and meta-analysis of cohort studies. Under-
standing this relationship is crucial for guiding dietary 
recommendations and lifestyle modifications aimed at 
improving men’s sexual health and overall well-being.

Method
Methodology
The current meta-analysis followed the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses 
(PRISMA) guidelines to ensure adherence to the stan-
dard methodology for meta-analyses [21]. 

Literature search strategy
A comprehensive search was conducted in PubMed/
MEDLINE, Web of Science, Scopus, and Google Scholar 
using a combination of Medical Subject Headings 
(MeSH) terms for caffeine and ED. The guidelines and 
nomenclature provided by the National Center for Bio-
technology Information (NCBI) utilized these MeSH 
terms. The search encompassed literature published up 
to April 1, 2024, and was restricted to studies published 
in English. Two reviewers independently evaluated each 
article, with any discrepancies resolved through discus-
sion (see Table 1).

Eligibility criteria
The inclusion criteria for studies in this meta-analysis 
were as follows: (1) caffeine intake (caffeine supplemen-
tation, coffee, tea, caffeinated beverages); (2) adults older 
than 18 years old men; (3) cohort studies design of the 
study. Studies were excluded if they were designed as 
case-control studies or other non-cohort study designs 
or lacked sufficient data. Two authors conducted inde-
pendent literature screening, and any discrepancies 
were resolved through discussion until a consensus was 
reached (see Table 1).

Data extraction
Following the full-text review, the selected papers were 
included for data extraction. Two investigators inde-
pendently extracted data from each eligible study. Data 
extraction was conducted using a standardized docu-
mentation form, capturing the following parameters: 
the last name of the first author, publication year and 

Table 1  Search strategy adopted in the present systematic 
review and meta-analysis
Search Strategy Details
Search string “caffeine” OR “coffee” OR “caffeinated” AND “erectile” 

OR “erection” OR “penile” OR “erectile dysfunction” OR 
“penile dysfunction” “erectile disorders” OR “penile 
disorders”

Databases PubMed/MEDLINE, Web-of-Science, Embase, Scopus,
manual search in Google Scholar

Inclusion 
criteria

‐ P (patients/population): general population/pa-
tients suffering from erectile dysfunction
‐ I (intervention/exposure): caffeine supplementa-
tion, coffee, tea, caffeinated drinks/beverages.
‐ C (comparisons/comparators): coffee consumers 
versus non-consumers; different kinds of coffee 
(caffeinated/decaffeinated)
‐ (outcome): incidence of erectile dysfunction
‐ S (study design): Cohort study

Exclusion 
criteria

Experimental studies investigating in vitro or animal 
models. Study design: editorial, commentaries, 
expert opinions, letters to the editor, review articles, 
original non-cohort studies, and articles with insuf-
ficient details.

Time filter None (from inception)
Language filter None (any language)
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country, sample size, participant age, BMI (body mass 
index), the incidence of ED, and details regarding the 
amount and type of caffeine consumed. Two investigators 
independently extracted data from each eligible study to 
ensure accuracy and consistency.

Quality assessment
To evaluate the quality of the included studies, two 
researchers independently appraised the appropriate-
ness of the research questions tested and the methods 
employed. Any disagreements were resolved through 
consensus between the researchers. This process ensured 
a comprehensive evaluation of study quality.

Statistical analysis
Data analysis for this study was conducted using STATA 
version 18. Statistical significance was determined using 
a threshold of p-values less than 0.05. Cochran’s Q and 
I-squared tests were employed to assess between-study 
heterogeneity, categorized as follows: I² < 25% indicating 
no heterogeneity, I² = 25–50% indicating moderate het-
erogeneity, and I² > 50% indicating high heterogeneity. 
Corresponding 95% confidence intervals (CIs) were also 
calculated to provide a range of plausible values for the 
true effect size [22].

Publication bias
Publication bias was assessed using Begg’s funnel plot 
to examine its symmetry visually. Additionally, Egger’s 
regression asymmetry test and Begg’s adjusted rank cor-
relation were used to evaluate funnel plot asymmetry for-
mally. In cases where publication bias was detected, the 
trim-and-fill method was applied. This method estimates 
potentially missing studies due to publication bias and 
adjusts the overall effect estimate accordingly.

Results
Study characteristics
A total of 342 studies were identified through data-
base searches, with the following distribution: PubMed 
(n = 40), Web of Science (n = 60), Embase (n = 64), and 
Scopus (n = 178). After removing 56 duplicates, 286 
studies remained for screening. Following a review of 
titles and abstracts, 271 studies were excluded due to 
reviews, randomized controlled trials (RCTs), or stud-
ies conducted in vitro, in vivo, etc., leaving 15 studies for 
full-text eligibility screening. After a thorough full-text 
assessment, 11 studies were excluded due to insufficient 
data or for not being cohort studies. Ultimately, 4 cohort 
studies were included in the quantitative synthesis (meta-
analysis) (see Fig. 1).

Included cohorts
This meta-analysis included 51,665 men from four cohort 
studies [8, 16–18]. The articles were published between 
2004 and 2017. Three of these studies [8, 16, 18] were 
conducted in America, while one was conducted in Fin-
land [17]. The duration of follow-up for incident ED cases 
ranged from 3 to 24 years (see Table 2).

Caffeine and ED
The results of this meta-analysis indicate that there was 
no significant relationship between coffee consumption 
and the risk of ED (relative risk [RR] = 0.94, 95% CI: 0.86–
1.03). The I-squared statistic was 34.9%, indicating mod-
erate heterogeneity.

Figure 2 demonstrates the results of the four included 
cohort studies. Each study’s RR and 95% confidence 
interval are shown. The RR ranged from 0.69 to 1.1, with 
overlapping confidence intervals. The summary diamond 
represents the overall pooled RR of 0.88 (95% CI: 0.86–
1.03) from the meta-analysis, indicating that coffee con-
sumption was not significantly associated with the risk of 
ED.

The distribution of studies included in the meta-anal-
ysis. The symmetrical distribution of studies suggests a 
low risk of publication bias. This finding is further sup-
ported by Egger’s regression test, which yielded a p-value 
of 0.999, indicating no evidence of minor study effects or 
publication bias among the included studies Fig. 3.

Discussion
This meta-analysis of cohort studies aimed to discover 
the association between caffeine intake and the risk of 
ED in men. To the best of our knowledge, this is the first 
systematic review and meta-analysis uniquely focused on 
this aim. In this current study, we did not find a signifi-
cant correlation between caffeine intake and the risk of 
developing ED, which adds a new dimension to the ongo-
ing debate about the effects of caffeine on sexual health. 
Caffeine consumption has been linked to various poten-
tial health benefits, including improvements in cognitive 
function, enhanced physical performance, and a possible 
reduction in the risk of chronic diseases [23].

Caffeine is an alkaloid in familiar dietary sources like 
coffee and tea. Coffee is abundant in caffeine, antioxi-
dants, and anti-inflammatory compounds, making it a 
valuable source of these beneficial components [5, 24–
27]. It has been suggested that it offers beneficial effects 
in preventing or managing chronic diseases. Previous 
studies highlighted the role of ED in health. Experience 
of unsatisfactory sexual performance can lead to stress, 
affect self-confidence, and contribute to relationship 
problems, ultimately affecting men’s overall quality of life 
[28, 29].
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A few studies have indirectly mentioned the association 
between caffeine intake and ED, with mixed results. Allen 
et al. [30], in their meta-analysis study, studied the fac-
tors affecting sexual dysfunction and health-related life-
style. Regarding caffeine intake, they reported that there 
is no significant association between caffeine intake and 
ED. In another study, Lopez et al. [8] found that higher 
caffeine intake (equivalent to 2–3 daily cups of coffee, or 
170–375  mg/day) was associated with reduced odds of 
ED in men. This may suggest a beneficial effect of mod-
erate caffeine consumption on the vascular system and 
erectile function. Conversely, Shirai et al. [31] observed 
improvements in erection frequency, firmness, confi-
dence, and overall satisfaction in men with ED who con-
sumed 40 mg/day of caffeine. This supports the idea that 
caffeine supplementation might enhance certain aspects 
of erectile function, at least in men already experiencing 
ED. A prospective cohort study by Lopez [16] in 2018, 
however, found no association between long-term coffee 
intake and the risk of ED. This aligns with our findings 
and suggests that the duration and pattern of caffeine 

consumption may not significantly influence the risk of 
ED.

Additionally, Shiri et al.‘s population-based follow-up 
study indicated no significant impact of coffee consump-
tion on the occurrence of ED [17]. In a large observa-
tional study involving 21,403 participants, Lopez et al. 
also found no significant correlation between overall or 
regular coffee consumption and ED [16]. These studies 
further corroborate our results and highlight the consis-
tency across diverse population-based research.

Interestingly, our findings contrast with those of Shaeer 
et al. [32], who reported a significant correlation between 
caffeine consumption and increased prevalence of ED in 
a large cross-sectional study. Similarly, another study by 
Lopez et al. [8] found that caffeine intake was associated 
with reduced odds of prevalent ED, particularly with 2–3 
cups of coffee per day, which contradicts our findings.

Discrepancies in the impact of caffeine on ED across 
different studies can be attributed to several factors, 
including variability in study design, such as sample size, 
population characteristics, and assessment methods. 

Fig. 1  PRISMA flowchart diagram
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Table 2  The characteristics of studies that evaluated the association between erectile dysfunction risk and increased caffeine intake 
among adult men
Author/year Country Study 

Design
Sam-
ple 
size

Follow-up 
period

Age 
(y)

Exposure Received 
dose

OR, 
RR

Main findings

Lopez et al.
2017

USA Cohort 21,403 1998–2010 40–
75

Coffee 65% of par-
ticipants = at 
least one cup 
of coffee, 
11% of par-
ticipants = 4 or 
more cups of 
coffee daily

1.00 
(0.90, 
1.11)

Long-term coffee intake was not 
associated with the risk of ED in a 
prospective cohort study.

Cassidy et al.
2016

USA Cohort 25,096 1986–2010 40–
75

Coffee and 
Flavonoids

2–3 cups/ day 0.91 
(0.85, 
0.97)

Coffee and tea, which are specific 
flavonoid-rich foods, might reduce ED 
incidence.

Lopez et al.
2015

USA Cohort 3724 2001–2004 < 20 Caffeine and 
Caffeinated 
beverages

8-375 mg/day 0.69 
(0.44, 
1.07)

Caffeine intake reduced the odds 
of prevalent ED, especially an intake 
equivalent to approximately 2–3 daily 
cups of coffee (170–375 mg/day). This 
reduction was also observed among 
overweight/obese and hypertensive, 
but not among diabetic men.

Shiri et al.
2004

Finland Cohort 1442 1994–1999 50–
70

Coffee < 5 cups/day 1.10 
(0.70, 
1.70)

Coffee consumption has no impact 
on the incidence of ED.
Obesity and current smoking 
increased the incidence of ED. Level 
of education, marital status, urban/
rural place of residence, amount of 
alcohol, and coffee consumption had 
no impact on the incidence of ED.

* BMI; body mass index; RR: relative ratio; OR: odd ratio

Fig. 2  Forest plot of RR of ED for coffee consumption
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Differences in how caffeine intake is measured, whether 
through self-report or objective measures and the type 
and amount of caffeine consumed can also contribute 
to inconsistent findings. Additionally, variations in ED 
assessment tools, population characteristics, and con-
founding variables like lifestyle factors and overall health 
play a role. A key factor might be differences in habitual 
caffeine consumption across different nations and cul-
tures, which can influence the observed effects on ED. 
The quality of studies, including potential biases and 
methodological limitations, further impacts the results 
[33]. Lastly, individual biological variability in caffeine 
metabolism may lead to different effects on ED among 
individuals [34].

Besides, animal studies have indicated that caffeine 
consumption may affect erectile function [13, 35]. In an 
animal study on rats conducted by Yang et al. [13] Caf-
feine consumption improved the erectile function of dia-
betic rats by up-regulating cavernous cGMP. An animal 
study showed that caffeine consumption may have an 
erectogenic effect on cavernous tissue and enhance erec-
tile function in rats by increasing cavernous cyclic guano-
sine monophosphate (cGMP) activity [35].

One suggested mechanism for this phenomenon is 
the increased availability of nitric oxide, which improves 
endothelial function [36]. Additionally, caffeine can stim-
ulate prostacyclin production in cavernosal tissue [37]. 
It is worth noting that human corpus cavernosum tis-
sue can produce prostacyclin (PGI2), a vasodilator and 
potent platelet aggregation inhibitor. Given that penile 

erection in humans relies on parasympathetic stimula-
tion, the vasodilatory action of PGI2 may contribute to 
the initiation and maintenance of an erection [38]. It acts 
as a nonselective phosphodiesterase inhibitor; by inhib-
iting phosphodiesterase, caffeine increases the levels of 
intracellular cyclic guanosine monophosphate (cGMP) 
and cyclic adenosine monophosphate (cAMP) [39].

One limitation of our study is the relatively small 
number of cohort studies available for inclusion, which 
may impact the generalizability of the findings. We also 
acknowledge that including only cohort studies rather 
than placebo-controlled randomized trials could intro-
duce inherent bias into the analysis. Additionally, we rec-
ognized that the included studies hold significant weight 
in the overall analysis. The substantial heterogeneity in 
study design and total caffeine consumption within these 
cohorts may significantly impact the data and overall 
conclusions. Despite these limitations, a key strength of 
our study is that it is the first meta-analysis to specifi-
cally focus on the association between caffeine intake and 
ED, providing a comprehensive synthesis of the available 
evidence. Our rigorous methodology and adherence to 
established meta-analytic procedures further enhance 
the reliability of the results.

Conclusion
The current evidence suggests no significant relationship 
between caffeine intake and ED. However, it is essen-
tial to note that the available studies may be limited in 
number, which hinders the ability to draw robust and 

Fig. 3  Egger’s funnel plot for the risk of ED
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definitive conclusions. Further research involving larger 
sample sizes and more comprehensive study designs is 
needed to provide more robust and reliable findings. 
Specifically, future studies should focus on standard-
ized outcome assessments and consider various dosages 
and forms of caffeine consumption to establish a clearer 
causal relationship between caffeine intake and ED.
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