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A B S T R A C T

Introduction: This study aimed to compare the clinical efficacy of sexual stimulation with that of
placebo in the treatment of distal ureteral stones.
Methods: We searched PubMed, Web of Science, Cochrane Library, and Google Scholar from
January 1, 2000 to December 31, 2022 for studies comparing the efficacy of sexual stimulus with
that of placebo for the treatment of distal ureteral stones. RevMan 5.3 software was used to pool
the data. The study protocol was registered on PROSPERO (Registration Number:
CRD42023432408).
Results: A total of six randomized controlled trials comprising 535 cases of distal ureteral stones
were included in this study. Among these, 273 cases were associated with sexual intercourse or
masturbation 3–4 times a week, while 262 cases only received symptomatic treatment. The
pooled results showed that the 2-week [risk ratios (RR) = 1.77, 95 % confidence interval (CI):
1.34, 2.33] and 4-week [RR = 1.48, 95 % CI: 1.29, 1.69] ureteral stone expulsion rates of the
sexually stimulated group were significantly higher than those of the placebo group (ps < 0.01).
Additionally, sexual stimulation was associated with a shorter ureteral stone expulsion time
[weighted mean differences (WMD) = − 3.74, 95 % CI: − 6.27, − 1.22, p < 0.01] and a decreased
prevalence of renal colic attacks [WMD = − 0.61, 95 % CI: − 1.01, − 0.22, p < 0.01] compared
with those of the placebo group.
Conclusion: Appropriate sexual stimulation can enhance the spontaneous expulsion of distal
ureteral stones in patients presenting with tolerable pain.

1. Introduction

Urolithiasis is one of the most prevalent urological diseases, affecting 5–10 % of the global population and associated with a 50 %
lifetime recurrence rate [1]. According to the latest statistics, the annual medical expenditure for urolithiasis in the U.S. is up to 5.3
billion U.S. dollars, exhibiting an increasing trend over the years and placing a heavy burden on the patient population and society [2].

It has been established that 14 % of the cases with urolithiasis involve ureteral stones, and the expulsion of stones is largely
dependent on the size and location of the calculi [3]. A meta-analysis reported that the spontaneous expulsion rates for proximal,
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middle and distal ureteral stones were 12 %, 22 %, 45 %, respectively, while calculi with a size of <4 mm, 4–6 mm and >6 mm had
expulsion rates of 55 %, 35 % and 8 %, respectively [4]. Clinically, it is hard to predict the expulsion time, and the expulsion is
generally accompanied by unbearable pain; in long-term cases, infections and renal dysfunction may be observed. Accordingly, it is
essential to promote the expulsion of stones and concurrently decrease related symptoms. As recommended by the American Uro-
logical Association and European Association of Urology, medical expulsive therapy (MET) should be scheduled for patients carrying
newly diagnosed ureteral stones with a size of <10 mm and having well-controlled symptoms [1,5]. Medical treatment consists of
α-adrenoreceptor antagonists, calcium channel blockers, phosphodiesterase inhibitors and corticosteroids. Among these, α-adrenor-
eceptor antagonists are the most prescribed given their ability to reduce smooth muscle tone and peristaltic frequency of the ureter [5].

Importantly, at our hospital, we tend to use more minimally invasive or even non-invasive methods to promote stone removal. A
recent randomized controlled trial (RCT) conducted by Doluogl et al. [6] first reported that sexual intercourse 3–4 times a week could
significantly promote the expulsion of distal ureteral stones <6 mm in size and reduce analgesic use. They discovered that sexual
activity produces high levels of nitric oxide (NO) that stimulates the non-adrenergic non-cholinergic (nitrogenous) nerves at the distal
ureter, reducing ureteral tonus and peristalsis [6]. It not only promotes the passage of stones, but also reduces the use of analgesics. In
support of this hypothesis, a series of studies have shown the effectiveness and safety of sexual stimulation in the expulsion of ureteral
stones. We undertook a meta-analysis to provide a comprehensive evaluation of the role of sexual stimulation in the expulsion of distal
ureteral stones.

2. Materials and methods

2.1. Search strategy and literature selection

This meta-analysis was performed according to the Preferred Reporting Items for Systemic Reviews and Meta-analysis (PRISMA)
statement [7]. PubMed, Web of Science, Cochrane Library, and Google Scholar databases were systematically searched from January
1, 2000 to December 31, 2022, to retrieve all randomized controlled trials (RCTs) comparing the efficacy of sexual stimulus and
placebo for the treatment of distal ureteral stones. There was no language restriction. Search terms included: “sexual stimulation”,
“sexual stimulus”, “sexual stimuli”, “sexual intercourse”, “masturbation”, “ureteral stones”, “ureteral calculi”, “ureteric stones”, “distal
ureteral stones.” Our study protocol was registered on PROSPERO (Registration Number: CRD42023432408).

The criteria for including studies in this meta-analysis were as follows: 1) RCT studies; 2) The study participants were patients
diagnosed with distal ureteral stones and aged>18 years, with no restrictions on sex, nation and race/ethnicity; 3) In the experimental
group, patients were advised to engage in sexual intercourse or masturbation at least three times per week; in the placebo group,
participants were instructed not to engage in sexual intercourse or masturbation during the study; 4) All the patients were advised to
drink 1.5–2.0 L of water daily, and informed that they would receive symptomatic treatment on demand that would be non-steroidal
anti-inflammatory drugs to be taken orally or as an intramuscular injection when attacked by renal colic; 5) At least one of the
following outcome measures was included in the study: stone expulsion rate, stone expulsion time, analgesic use.

The criteria for excluding studies from this meta-analysis were as follows: 1) Non-RCT studies; 2) Duplicate studies; 3) Data not
available or extractable from the study; 3) Studies comprising patients with erectile dysfunction, renal insufficiency, urinary infection,
fever, high grade hydronephrosis, solitary kidney, history of ureteral surgery or previous endoscopic procedures, ureteric strictures,
stones ≥15 mm in size, stone located in the mid- or proximal ureter.

2.2. Data extraction and quality assessment

Two researchers independently performed the literature search and assessed the eligibility of each study according to the inclusion/
exclusion criteria by reading the titles and abstracts. Any points of disagreement were resolved by discussion with a third researcher.
The following contents were extracted: 1) General data, including the first author, publication time, nation, literature type; 2) Patient
characteristics, including sex, age, grouping information, interventions, stone size, observation time; 3) Outcome measures, including
stone expulsion rate, stone expulsion time, analgesic use. An assessment of research quality was carried out using the modified Jadad
scale. According to the criteria for this assessment, studies with a Jadad score of >4 points were considered of high quality, where the
maximus Jadad score is 7 points.

2.3. Statistical analysis

Statistical analysis was performed by Revman 5.3 software (Cochrane Collaboration, Oxford, United Kingdom). Dichotomous
variables were expressed as Risk Ratios (RR) with a 95 % confidence interval (CI), and continuous categories were expressed as
weighted mean differences (WMD). A P-value <0.05 was deemed statistically significant. Heterogeneity was assessed using the χ2 and
I2 statistics. A random-effects model was used upon significant heterogeneity (I2≥ 50 %, p≤ 0.1); otherwise, a fixed-effects model was
used. A Forest plot was generated to visualize the results.
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3. Results

3.1. Search results and study characteristics

A flow diagram of the literature screening process is displayed in Fig. 1. A total of six high-quality RCTs were included in this study.
The basic information and quality assessment of the included studies are detailed in Table 1. Four of the included studies allocated
patients into three groups: experimental group, MET group, and placebo group [6,8–10]; the remaining two RCTs did not involve an
MET group [11,12]. Accordingly, our meta-analysis only compared the experimental group to the placebo group. A total of 535 pa-
tients were included in the present meta-analysis, where 273 (51.0 %) patients formed the experimental group and had sexual in-
tercourse or masturbated 3–4 times a week, and 262 (49.0 %) participants of the placebo group only received symptomatic treatment.
The study participants were predominantly men (n = 465, 86.9 %), and the average follow-up time was approximately 2–4 weeks.

Symptomatic treatment: usage of non-steroidal anti-inflammatory drugs when attacked by renal colic. NA: Not available.
All the patients were advised to drink 1 0.5–2.0 L of water daily, and they would receive symptomatic treatment on demand.

3.2. Stone expulsion rate

The stone expulsion rate was reported in all RCT studies (n = 6) included in this meta-analysis. The pooled results showed that
sexual stimulation yielded a significantly higher 2-week ureteral stone expulsion rate than the placebo group [RR = 1.77, 95 % CI:
1.34, 2.33, I2= 67%, p< 0.01] (Fig. 2). Five studies reported the 4-week stone expulsion rate; similar to the 2-week data, these studies
reported a significantly higher stone expulsion rate for the sexual stimulation group compared to the placebo group [RR = 1.48, 95 %
CI: 1.29, 1.69, I2 = 67 %, p < 0.01] (Fig. 3).

Fig. 1. Literature screening process of our meta-analysis.
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Table 1
Characteristics and quality assessment of included studies.

Study Country Therapy in the
experimental group

Therapy in the
placebo group

Therapy in the
MET group

Sample size:
experiment/
placebo/MET

Age:
Mean ± SD,
years

Stone size:
Mean ± SD,
mm

Duration of
treatment

Included population Jadad
score

Doluoglu
2015 [6]

Turkey Sexual intercourse at
least 3 times per
week

symptomatic
treatment

received 0.4 mg
tamsulosin daily

31/23/21 34.9 ± 10.6/
34 ± 10.4/
39.3 ± 8.1

4.7 ± 0.8/
4.9 ± 0.8/5
± 1

4 weeks Married males diagnosed with
distal ureteral stones 6 mm in size.

6

Abdel-Kader
2017
[11]

Egypt Sexual intercourse
3–4 times per week

symptomatic
treatment

NA 28/28/NA 36.5 ± 10.7/
37.3 ± 12.5/
NA

7.03 ± 1.59/
6.69 ± 1.33/
NA

4 weeks Married males diagnosed with
distal ureteral stones 5–10 mm in
size.

5

Bayraktar
2017
[10]

Turkey Sexual intercourse at
least 3 times per
week

symptomatic
treatment

received 0.4 mg
tamsulosin daily

66/64/60 38.6 ± 14.1/
36.92 ± 12.4/
34.4 ± 13.5/

7.01 ± 1.4/
7.1 ± 1.3/
7.09 ± 1.4

4 weeks Married males diagnosed with
distal ureteral stones 5–10 mm in
size.

6

Li 2020 [9] China Sexual intercourse at
least 3 times per
week

symptomatic
treatment

received 0.4 mg
tamsulosin daily

70/68/71 35.1 ± 8.3/
34.1 ± 8.4/
35.3 ± 8.1

11.1 ± 2.4/
11.9 ± 2.3/
10.6 ± 1.9

2 weeks Married males diagnosed with
distal ureteral stones 7–15 mm in
size that underwent SWL within 24
hours.

5

Turgut 2021-
1 [12]

Turkey Sexual intercourse
3–4 times per week

symptomatic
treatment

NA 35/35/NA 36.4 ± 10.8/
37.1 ± 12.4/
NA

7.01 ± 1.6/
6.67 ± 1.4/
NA

4 weeks Married females diagnosed with
distal ureteral stones <10 mm in
size.

6

Turgut 2021-
2 [8]

Turkey Masturbation at least
3–4 times per week

symptomatic
treatment

received 0.4 mg
tamsulosin daily

43/44/41 37 ± 5/38.4
± 6.8/37.6 ±

4.6

6.93 ± 1.1/
6.87 ± 1.1/
7.1 ± 0.9

4 weeks Adult males diagnosed with distal
ureteral stones 5–10 mm in size.

6

C.-X.Peng
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3.3. Stone expulsion time

Five RCT studies included in this meta-analysis reported the stone expulsion time. The pooled results showed that sexual stimu-
lation significantly reduced the time for stone expulsion compared to the placebo group [WMD = − 3.74, 95 % CI: − 6.27, − 1.22, I2 =
79 %, p < 0.01] (Fig. 4).

3.4. Analgesic use

It is widely established that usage of non-steroidal anti-inflammatory medications is required upon the onset of renal colic. All RCT
studies included in this meta-analysis reported data on analgesic use, and the pooled results revealed that sexual stimulation was
associated with a significant decrease in analgesic use [WMD = − 0.61, 95 % CI: − 1.01, − 0.22, I2 = 88 %, p < 0.01] (Fig. 5).

4. Discussion

The past decade has witnessed significant medical progress as multiple invasive/non-invasive approaches have been developed for
the management of ureteral stone expulsion, including conservative therapy, MET, external shock wave lithotripsy (ESWL), ureter-
orenoscopic lithotripsy, percutaneous nephrolithotomy, and laparoscopic ureterolithotomy [13]. Among these, MET remains the
mainstay of treatment for distal ureteral stones <10 mm in size [5,14]. It is widely believed that MET can increase the stone passage
rate by 65 % [14]. Many factors, including the stone location, size, number, type, ureteral spasm, mucosal inflammation and edema,
and the ureteral anatomy, have been established to influence the expulsion of ureteral stones [15]. Importantly, routine MET for

Fig. 2. Forest plot of 2-week ureteral stone expulsion rate.

Fig. 3. Forest plot of 4-week ureteral stone expulsion rate.

Fig. 4. Forest plot of the stone expulsion time.
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ureteral stones can decrease edema and induce relaxation of the ureteral smooth muscle layer, thereby allowing stone passage [14,15].
α-adrenoreceptor antagonists remain the most commonly used MET drugs in clinical practice. However, they are associated with

common side effects, including dizziness, headache, orthostatic hypotension, syncope, and abnormal ejaculation [16]. It has been
shown that the incidence of side effects varies according to the different types of α-adrenoreceptor antagonists prescribed. Tamsulosin
is the most used clinically, with a side effect prevalence of 20 % [17]. Therefore, many patients discontinue treatment due to various
side effects. Doluogl et al. [6] first reported the effect of sexual stimulation in the treatment of distal ureteral stones that is more
efficient, less expensive, has fewer side effects, and provides a novel therapeutic option to treat ureteral calculi.

In the present study, we sought to reveal whether sexual stimulation (3–4 times a week of sexual intercourse or masturbation) could
promote the passage of distal ureteral stones. Similar to the mechanism of phosphodiesterase 5 inhibitors (PDE5i), sexual stimulation
promotes ureteral stone expulsion through the NO/cyclic guanosine monophosphate (cGMP) pathway to relax ureteral smooth muscle.
It is known that ureteral peristalsis is a myogenic process mediated by neurogenic factors. Biologically, the smooth muscle activity in
the distal ureter and the ureterovesical junction is regulated by a combination of noradrenergic, cholinergic, and non-adrenergic non-
cholinergic nerves [18]. NO is a well-recognized non-adrenergic non-cholinergic inhibitory neurotransmitter that acts as an important
gaseous regulator in different visceral organs and is important for smooth muscle relaxation. An increasing body of evidence suggests
that the distal ureter is rich in nitrergic nerve fibers that are responsible for the synthesis of NO that regulates the key transmitters
involved in ureteral peristalsis, resistance to urinary flow, and regional blood flow [19–21].

Similarly, NO plays an important role in triggering and maintaining human sexual activity [22]. It has been established that NO is
the main neurotransmitter responsible for penile erection and clitoral congestion [23,24]. Interestingly, the level of circulating NO
increases following sexual stimulation until orgasm [20]. High NO concentrations are known to exert a positive effect on ureteral
smooth muscle relaxation, altering the activities in the Ca2+ and K+ channels in smooth muscle cells by activating soluble guanylyl
cyclase and elevating the level of cyclic guanosine monophosphate in cells [25,26]. Over the years, selective PDE5is have been widely
used to treat erectile dysfunction in men. Multiple PDE5is, such as Sildenafil, Vardenafil and Tadalafil, have been demonstrated to
promote the expulsion of ureteral stones by increasing blood NO concentrations [27]. Hedlund et al. [20] found that sublingual
administration of NO donors, such as isosorbide dinitrate, could reduce the ureteral smooth muscle tone. It was also found that NO
could suppress the release of norepinephrine from the neuromuscular junctions [25]. These findings corroborate that either externally
ingested or self-generated NO can reduce the peristaltic frequency, basal tone and decrease the incidence of spasms, providing a
theoretical foothold for developing new methods to enhance the expulsion of ureteral stones.

In our meta-analysis, we found that the 2-week and 4-week expulsion rates in the experimental group were significantly higher than
in the placebo group, and experimental group needed less ureteral stone expulsion time. Sexual activity induces the release of a
significant quantity of NO from nerve endings that can act on the distal ureter to decrease tension in the ureteral wall, improve urine
flow, elevate pressure above the stone, inhibit ureteral peristalsis, reducing distal stone resistance, and ultimately creating a potent
pressure gradient that facilitates stone expulsion [11]. In addition to improving ureteral factors, NO has the potential to enhance renal
blood flow and glomerular filtration rate, thereby increasing urine volume and facilitating the passage of stones [28]. Recently, Jayant
et al. [29] conducted an RCT to compare the clinical effect of tamsulosin versus tamsulosin plus tadalafil in ureteral stone expulsion.
They found that adding tadalafil yielded a higher rate of ureteral stone excretion (83.6 % vs 65.5 %, p= 0.031) and less expulsion time
(14.9± 4.4 vs 16.7 ± 4.8 days, p= 0.003). In this regard, a meta-analysis by Bai et al. [30] showed that treatment with tadalafil alone
or with tamsulosin in patients with distal ureteral stones resulted in a higher stone expulsion rate and shorter stone passage time,
consistent with our findings. Interestingly, Li et al. [9] reported that sexual intercourse at least 3 times a week in patients receiving
ESWL could significantly reduce the formation of steinstrasse and enhance stone expulsion.

Presently, nonsteroidal anti-inflammatory drugs are frequently employed for pain management in cases of acute ureteral
obstruction. We also documented a decreased prevalence of renal colic attacks and analgesic use in patients that underwent sexual
stimulation. Theoretically, faster stone clearance could potentially decrease the necessity for analgesic use. Elevating endogenous NO
levels has been shown to markedly decrease the incidence of renal colic in patients with ureteral stones. Li et al. [9] demonstrated that
patients in the sexual stimulation group exhibited lower visual analog scale pain scores in comparison to those in the placebo group,
indicating improved pain experience among the former. This may be one of the reasons that sexual stimulation can reduce the need for
analgesia.

Of the six RCT studies we included in the present meta-analysis, four studies included anMET group [6,8–10]. We analyzed the data
for the experimental and MET groups; however, no statistically significant difference was found in outcomes such as stone expulsion

Fig. 5. Forest plot of analgesic use.
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rate, stone expulsion time, and analgesic use between the two groups. Other data had high heterogeneity, so we did not include the
sexual stimulation group versus MET analysis in our study. However, Doluoglu et al. [6] demonstrated that sexual stimulation resulted
in higher 2-week expulsion rate and shorter expulsion time compared to MET. We found that patients in their study had the smallest
stones suggesting that sexual stimulation was most effective for stones under 6 mm in size. They included the youngest patients who
hadmore frequent, longer, and higher-quality sexual activity, and this may also have influenced the results. In the other three RCTs, no
significant difference in stone expulsion rate or time between the two groups was evident [8–10]. First, a factor of concern was the
possibility that the patients may not effectively adhere to the prescribed intervention. Second, different types of stones have varying
compositions and shapes, affecting their ability to be expulsed. For example, smooth stones like calcium oxalate are easier to pass,
while rough stones like calcium phosphate are more difficult [31]. Third, sex factors may be important: men have higher sexual desire
than women in scientific studies for sexualities, while men who are more dominant in sexual activities are more likely to reach orgasm
[12]. Lastly, nation and race or ethnicity factors combine with varying diets and climates, resulting in different types of ureteral stones,
as well as differing sexual cultures [32]. These factors may explain the differing results from various previous studies.

All studies included in our meta-analysis were from randomized, double-blind, placebo-controlled trials. We found that all these
RCTs were of high quality, according to the modified Jadad scale. Our study has some limitations. First, our study included a relatively
small number of studies that originated from specific locations (e.g., Turkey, Egypt), restricting the applicability of the results to a
wider population. We hope that more researchers will conduct this valuable research in future. We will add studies from various
geographic regions to strengthen our study in the future. Second, it remains unclear whether the patients in both intervention and
placebo groups strictly followed the specified measures, and we are unaware as to whether the enrolled patients reached orgasm. To
improve accuracy, one may consider increasing patient follow-up frequency to minimize the impact of patient compliance and recall
errors on the results. Third, we did not consider factors like stone composition, sex, race, ethnicity, and other parameters that impact
stone expulsion. To minimize their influence on the results, these factors can be used for subgroup analysis. Further, the effect of other
involuntary types of erection, such as sleep-related erections, on the study results could not be controlled or excluded.

5. Conclusion

We conclude that sexual stimulation can efficiently promote the expulsion of distal ureteral stones, reduce the expulsion time, and
concurrently decrease the need for analgesics.
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