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Introduction: Urinary tract infection (UTI) has a lifetime incidence of >50% in women. A wide variety of
clinical, physiological, and lifestyle risk factors for UTI have been identified, but the exact relationship
between post-toilet anal and perineal hygiene practices, especially the wiping direction with toilet paper,
and UTI risks has not been investigated yet. Therefore, this study cross-sectionally investigated the post-
toilet wiping habit and lifetime UTI events in the general population.

Methods: Individuals who visited two hospitals in Japan between April 2020 and March 2023 were initially
recruited. Self-reported questionnaires regarding post-toilet wiping habits and past UTI events were
collected, and their relationship was investigated in males and females. Subgroup analyses by age were
further performed to estimate the impact of age on the relationship.

Results: A total of 294 individuals (141 males and 153 females) agreed to participate and answered the
question of post-toilet wiping direction. The number of individuals with post-toilet wiping with the arm
from the front between the legs was 32 (23%) in males and 68 (44%) in females. The lifetime UTI events
were more frequent in females than in males (p<0.0001). The impact of post-toilet wiping with the arm from
the front between the legs on UTI events, adjusting for the age and history of diabetes mellitus, was not
statistically significant both in males and females (p>0.10 for both). Meanwhile, when the relationship was
evaluated by different age groups, wiping habits from the front and UTI were significantly associated with
each other in middle-aged women aged 40-59, whereas they were not in younger and older age groups.

Conclusion: Approximately 40-50% of women performed post-toilet wiping with the arm from the front
between the legs. This post-toilet wiping habit was suggested to be a potential risk of UTI in women,
especially in middle-aged subgroups, and may be better to be changed to wiping from behind.
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Introduction

Urinary tract infection (UTI) is known to have various risk factors and predisposing conditions, such as
diabetes mellitus, sexual intercourse, menstrual hygiene, holding urine for a long time, dehydration, and
urinary incontinence [1-6]. UTI is known to occur several times more frequently in women than in men, with
a supposed lifetime incidence of more than 50% in women [7,8]. The most common isolated pathogen in
women with UTI is Escherichia coli, suggesting the potential importance of post-toilet anal and perineal
hygiene practices to prevent UTI [9-11]. However, the exact relationship between the post-toilet anal
hygiene practices, including the wiping direction with toilet paper, currently remains unknown. Establishing
such practicable post-toilet anal hygiene management to reduce UTIs will contribute to the better well-
being of women in the general population. Therefore, this cross-sectional observational study investigated
the relationship between the post-toilet wiping style and the lifetime incidence of UTI events among males
and females in the general population.

Materials And Methods
Study design

The present study initially recruited individuals who visited the following two hospitals in Japan between
April 2020 and March 2023: Kesennuma City Municipal Motoyoshi Hospital (Kesennuma, Japan) and Tohoku
University Hospital (Sendai, Japan). Those who were recruited from the former visited the hospital for a
regular medical check-up, and those who were recruited from the latter visited for a detailed examination
with unexplained miscellaneous physical complaints and/or laboratory data abnormalities. Although it is
known that UTI is not common in males with a normal anatomical urinary tract, this study enrolled both
males and females to clarify the sex difference for the impact of post-toilet wiping direction on UTI events.
The most common physical symptoms among those who visited Tohoku University Hospital were
unexplained pain or paresthesia in the body (30-40%), followed by chronic fatigue (15-20%). Among those
who were recruited, those who agreed to participate in this study and offered written informed consent were
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evaluated in the subsequent analyses.

Collected data

From the participants, data regarding age, sex, direction of wiping the bottom with toilet paper after
toileting, and lifetime total events of UTI were collected. As a potential risk factor for UTI, the history of
diabetes mellitus (DM) was also collected. The age and lifetime UTI events were used as the quantitative
variables, while the sex and post-toilet wiping direction were used as the qualitative variables. Illustrations
showing the evaluated type of post-toilet wiping are shown in Figure /. The left panel shows a wiping with
the arm from the front between the legs (i.e., finger movement from the back to the front), while the right
panel shows a wiping with the arm behind the bottom (i.e., finger movement from the front to the back).

Post-toilet wiping direction with toilet paper
(A) Wipe with the arm from the front between legs  (B) Wipe with the arm from behind
Finger movement: from the back to the front Finger movement: from the front to the back

e

FIGURE 1: lllustrations of post-toilet wiping style

Post-toilet wiping with toilet paper (A) with the arm from the front between the legs and (B) with the arm from
behind is shown. The finger movements in the left panel are from the back to the front, while those in the right
panel are from the front to the back.

Statistical analyses

The distributions of the quantitative variables were described as the median and interquartile range (IQR;
25-75 percentiles). Quantitative variables between independent groups were compared with the Mann-
Whitney U test. The frequency of a specific characteristic between two groups was compared with the chi-
square test or Fisher’s exact test according to the expected frequency of individuals in each subgroup.
Multivariable analyses simultaneously using explanatory variables of categorical (e.g., sex, history of DM,
post-toilet wiping direction) and quantitative data (e.g., age, lifetime UTI events) were performed with the
analysis of covariance (ANCOVA). A p-value threshold of p<0.05 was used. All statistical analyses were
performed with the R Statistical Software version 4.1.3 (R Foundation, Vienna, Austria).

Ethics

This study was approved by the Institutional Review Board of the Tohoku University Graduate School of
Medicine (approval number: 20201063). Written informed consent was obtained from all participants. The
study was performed in accordance with the latest version of the Declaration of Helsinki, as revised in 2013.

Results
Participants

Among the overall 328 individuals (157 males and 171 females) who agreed to participate in this study, 294
individuals (141 males and 153 females) answered both questions of (1) post-toilet wiping direction of the
anus with toilet paper and (2) total lifetime events of UTI that required oral antibiotics. The collected data
by gender from the 294 individuals is summarized in Table I. The distribution of age did not differ between
the male and female participants (median 47 years [IQR 34-59 years] vs. median 48 years [IQR 34-60 years];
p=0.9245, Mann-Whitney U test). The total number of UTI events was significantly lower in males compared
to females (median 0 [IQR 0-0] vs. median 0 [IQR 0-2]; p<0.0001, Mann-Whitney U test). The age-adjusted
lifetime UTI events were still significantly higher in females compared to males (p<0.0001, ANCOVA). Nearly
half of the women had a post-toilet wiping habit with the arm from the front between the legs, while only
20-30% of the men had this habit (p=0.0001, Fisher’s exact test).

2024 Akaishi et al. Cureus 16(4): €58107. DOI 10.7759/cureus.58107 20of 6


javascript:void(0)
https://assets.cureus.com/uploads/figure/file/981678/lightbox_c9ac4890f47b11eebb62c1f365ae79ac-Figure-1-300-dpi-.png
javascript:void(0)

Cureus

Characteristics Males (n=141) Females (n=153) P
Age 47 (34-59) years 48 (34-59) years 0.9442
Tohoku University Hospital, n (%) * 75 (53%) 92 (60%)

0.2792
Motoyoshi Hospital, n (%) * 66 (47%) 61 (40%)
History of DM, n (%) 11 (7.8%) 6 (3.9%) 0.2113
Lifetime UTl events, n T 0 (0-0) times 0 (0-2) times <0.0001

Post-toilet wiping habit in overall participants, n (%)

Wipe with the arm from the front between legs 32 (23%) 68 (44%)
Others (Wipe with the arm from behind) 107 (76%) 84 (55%) 0.0001
Others (Do not wipe) 2 (1.4%) 1(0.7%)

Post-toilet wiping habit in those aged 39 years or younger, n (%)

All 49 55
Wipe with the arm from the front between legs 13 (27%) 23 (42%)
0.1529
Others (Wipe with the arm from behind) 36 (73%) 32 (58%)
Others (Do not wipe) 0 (0.0%) 0 (0.0%)

TABLE 1: Demographics and post-toilet wiping habits among the participants by gender

Distributions of age and lifetime UTI events are described as the median and interquartile range.
DM: diabetes mellitus; UTI: urinary tract infection

* Individuals from Tohoku University Hospital (n=167) visited the hospital for detailed examinations with unexplained miscellaneous physical symptoms or
laboratory abnormalities. None of them visited the hospital with the complaint of repeated UTI events. Individuals from Motoyoshi Hospital (n=129) visited
the hospital to undergo a regular medical check-up.

1 Lifetime number of UTI events that required oral antibiotics.

Relationship between wiping style and UTI by gender

Next, the relationship between the post-toilet wiping style and the lifetime UTI events was evaluated by
performing the ANCOVA on each of the male and female participants. In each sex group, the lifetime UTI
event was used as the outcome variable, and the age, history of DM, and post-toilet wiping direction were
used as the explanatory variables. In the male participants, the history of DM showed a significant impact on
the lifetime UTI events (p=0.0096), while age (p=0.3448) and post-toilet wiping direction did not (p=0.1134).
In the female participants, age (p=0.0325) and history of DM (p=0.0307) showed a significant impact on the
lifetime UTI events, while the post-toilet wiping direction did not (p=0.7719). Meanwhile, when the
scatterplots between age and lifetime UTI events in each gender are depicted, larger numbers of lifetime
UTI events with the post-toilet wiping with the arm from the front between the legs were suggested in the
middle-aged women of approximately 40-60 years old (Figure 2). Based on this finding, a further subgroup
analysis with women aged 40-59 years (n=61) was performed. This time, the age-adjusted impact of post-
toilet wiping style on lifetime UTI events was statistically significant (p=0.0011, ANCOVA).
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FIGURE 2: Scatterplots between age and total times of urinary tract
infection by gender

Post-toilet wiping style with the arm from the front between the legs was significantly associated with increased
lifetime UTI events in middle-aged women, whereas it was not observed in younger-aged women or in men.

Discussion

In this study, the possible risk of post-toilet wiping of the anus with the arm from the front between the legs
(i.e., finger movement from the back to the front) for the development of UTI was suggested in women, but
it was not suggested in men. More specifically, elevated lifetime UTI events were observed in middle-aged
women aged 40-59 years old but were not observed in younger women aged 40 years or less, suggesting the
long-term effect of the wiping habit on UTI events. This study was the first to statistically demonstrate the
possible relationship between post-toilet wiping style and the development of UTI. Women were more likely
to have the post-toilet habit of wiping the bottom with the arm from the front between the legs compared to
men. Based on the findings of this study, women with this type of habit might be better off performing post-
toilet wiping with the arm from behind to decrease the risk of developing a UTI.

A finding that should be discussed includes the fact that the relationship between post-toilet wiping with

the arm from the front and UTI events was only observed in middle-aged women and not in older women.
Among the possible theories is a recall bias among older women, possibly forgetting that UTI events occurred
more than several decades ago. Another possibility includes the potential pivotal role of menstruation
underlying the UTI in this age group. Since then, many studies have demonstrated a possible association
between menstrual hygiene management practices and urinary or reproductive tract infections [3,12,13]. In

a previous study, approximately 40% of women with UTI self-reported that they had UTI signs after
menstruation [4]. Contaminated vaginal discharges and/or the changed vaginal microbiome during the
menstruation period may underlie these findings [14,15]. If these theories are correct, the post-toilet habit of
wiping the bottom from behind is better to be performed both for vaginal hygiene practice during the
menstruation period and anal hygiene practice after defecation to prevent UTI events.

This study had several limitations. First, this study did not evaluate the use of electric bidet seats, which
have rapidly spread across the country in the last several decades. Among the enrolled participants, three
individuals answered that they do not use toilet paper after defecation, suggesting that they only use the
electric bidet and drying function after defecation. Moreover, the use of electric warm-water bidet toilets is
supposed to increase the risk of UTI as the warm-water nozzles are often contaminated with a wide range of
bacteria [16]. Future studies are better suited to incorporate the data on using electric bidet seats and adjust
for their use in the development of UTIs. Another limitation was that the number of older women aged 60
years or older was small in this study. Therefore, this study could not determine the risk of wiping from the
front for developing UTI in older women. Finally, this study did not collect data regarding the age of having
a UTI in each individual. Therefore, the exact relationship between age and the risk of UTT in women
remains uncertain.

Conclusions

The present study demonstrated a significantly higher frequency of UTI events in women compared to men.
Subgroup analyses by age demonstrated a potential risk of post-toilet wiping with the arm from the front
between the legs for the development of UTI in middle-aged women aged 40-59 years old. This relationship
was not observed in younger women, older women, or men. Nearly half of the women in this study
performed post-toilet wiping with the arm from the front between the legs. This wiping habit could be a risk
of developing a UTI, and it may be better to switch to post-toilet wiping from behind to prevent the UTI.

2024 Akaishi et al. Cureus 16(4): €58107. DOI 10.7759/cureus.58107 4 0of 6


https://assets.cureus.com/uploads/figure/file/981685/lightbox_a95e0fa0f47c11eeb13ba30a27defcf4-Figure-2-300-dpi-.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Tetsuya Akaishi
Acquisition, analysis, or interpretation of data: Tetsuya Akaishi

Drafting of the manuscript: Tetsuya Akaishi

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Tohoku University
Graduate School of Medicine issued approval 20201063. This study was approved by the Institutional Review
Board of Tohoku University Graduate School of Medicine (approval number: 20201063). Written informed
consent was obtained from all participants. The study was performed in accordance with the latest version
of the Declaration of Helsinki, as revised in 2013. Animal subjects: All authors have confirmed that this
study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

Acknowledgements

The author would like to thank all the medical staff of Tohoku University Hospital and Kesennuma City
Municipal Motoyoshi Hospital for cooperating in collecting the questionnaires from the participants. The
author also appreciates all participants who agreed to take part in this surveillance.

References

1. Storme O, Tiran Saucedo J, Garcia-Mora A, Dehesa-Davila M, Naber KG: Risk factors and predisposing
conditions for urinary tract infection. Ther Adv Urol. 2019, 11:1756287218814382.
10.1177/1756287218814382

2. Cai T: Recurrent uncomplicated urinary tract infections: definitions and risk factors . GMS Infect Dis. 2021,
9:Doc03. 10.3205/id000072

3. Das P, Baker KK, Dutta A, et al.: Menstrual hygiene practices, WASH access and the risk of urogenital
infection in women from Odisha, India. PLoS One. 2015, 10:e0130777. 10.1371/journal.pone.0130777

4. Jagtap S, Harikumar S, Vinayagamoorthy V, Mukhopadhyay S, Dongre A: Comprehensive assessment of
holding urine as a behavioral risk factor for UTI in women and reasons for delayed voiding. BMC Infect Dis.
2022, 22:521. 10.1186/512879-022-07501-4

5. LeanK, Nawaz RF, Jawad S, Vincent C: Reducing urinary tract infections in care homes by improving
hydration. BMJ Open Qual. 2019, 8:e000563. 10.1136/bmjoq-2018-000563

6. Nitzan O, Elias M, Chazan B, Saliba W: Urinary tract infections in patients with type 2 diabetes mellitus:
review of prevalence, diagnosis, and management. Diabetes Metab Syndr Obes. 2015, 8:129-36.
10.2147/DMS0.S51792

7. Magliano E, Grazioli V, Deflorio L, Leuci Al, Mattina R, Romano P, Cocuzza CE: Gender and age-dependent
etiology of community-acquired urinary tract infections. ScientificWorldJournal. 2012, 2012:349597.
10.1100/2012/349597

8. Medina M, Castillo-Pino E: An introduction to the epidemiology and burden of urinary tract infections . Ther
Adv Urol. 2019, 11:1756287219832172. 10.1177/1756287219832172

9. Lee DS, Lee SJ, Choe HS: Community-acquired urinary tract infection by Escherichia coli in the era of
antibiotic resistance. Biomed Res Int. 2018, 2018:7656752. 10.1155/2018/7656752

10.  Czajkowski K, Bros-Konopielko M, Teliga-Czajkowska J: Urinary tract infection in women . Prz
Menopauzalny. 2021, 20:40-7. 10.5114/pm.2021.105382

11. Mao BH, Chang YF, Scaria J, et al.: Identification of Escherichia coli genes associated with urinary tract
infections. J Clin Microbiol. 2012, 50:449-56. 10.1128/JCM.00640-11

12.  Torondel B, Sinha S, Mohanty JR, et al.: Association between unhygienic menstrual management practices
and prevalence of lower reproductive tract infections: a hospital-based cross-sectional study in Odisha,
India. BMC Infect Dis. 2018, 18:473. 10.1186/s12879-018-3384-2

13.  Borg SA, Bukenya JN, Kibira SP, et al.: The association between menstrual hygiene, workplace sanitation
practices and self-reported urogenital symptoms in a cross-sectional survey of women working in Mukono
District, Uganda. PLoS One. 2023, 18:0288942. 10.1371/journal.pone.0288942

14.  Adeoshun FG, Ruppitsch W, Allerberger F, Ayeni FA: Prevalence and antimicrobial properties of lactic acid
bacteria in Nigerian women during the menstrual cycle. Pol ] Microbiol. 2019, 68:203-9. 10.33073/pjm-2019-
020

15.  Holdcroft AM, Ireland DJ, Payne MS: The vaginal microbiome in health and disease-what role do common

2024 Akaishi et al. Cureus 16(4): €58107. DOI 10.7759/cureus.58107 50f6


https://dx.doi.org/10.1177/1756287218814382?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1756287218814382?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3205/id000072?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3205/id000072?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0130777?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0130777?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12879-022-07501-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12879-022-07501-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjoq-2018-000563?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmjoq-2018-000563?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S51792?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2147/DMSO.S51792?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1100/2012/349597?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1100/2012/349597?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1756287219832172?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/1756287219832172?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2018/7656752?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1155/2018/7656752?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5114/pm.2021.105382?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5114/pm.2021.105382?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1128/JCM.00640-11?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1128/JCM.00640-11?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12879-018-3384-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12879-018-3384-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0288942?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1371/journal.pone.0288942?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.33073/pjm-2019-020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.33073/pjm-2019-020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3390/microorganisms11020298?utm_medium=email&utm_source=transaction

Cureus

intimate hygiene practices play?. Microorganisms. 2023, 11: 10.3390/microorganisms11020298

16. Kanayama Katsuse A, Takahashi H, Yoshizawa S, Tateda K, Nakanishi Y, Kaneko A, Kobayashi I: Public
health and healthcare-associated risk of electric, warm-water bidet toilets. ] Hosp Infect. 2017, 97:296-300.
10.1016/j.jhin.2017.07.021

2024 Akaishi et al. Cureus 16(4): €58107. DOI 10.7759/cureus.58107 6 0of 6


https://dx.doi.org/10.3390/microorganisms11020298?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jhin.2017.07.021?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jhin.2017.07.021?utm_medium=email&utm_source=transaction

	Post-Toilet Wiping Style Is Associated With the Risk of Urinary Tract Infection in Women
	Abstract
	Introduction
	Materials And Methods
	Study design
	Collected data
	FIGURE 1: Illustrations of post-toilet wiping style

	Statistical analyses
	Ethics

	Results
	Participants
	TABLE 1: Demographics and post-toilet wiping habits among the participants by gender

	Relationship between wiping style and UTI by gender
	FIGURE 2: Scatterplots between age and total times of urinary tract infection by gender


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


