
Review began 07/31/2024 
Review ended 08/03/2024 
Published 08/08/2024

© Copyright 2024
Zafrakas et al. This is an open access
article distributed under the terms of the
Creative Commons Attribution License CC-
BY 4.0., which permits unrestricted use,
distribution, and reproduction in any
medium, provided the original author and
source are credited.

DOI: 10.7759/cureus.66465

Screening and Diagnostic Mammography During
Pregnancy and Lactation: A Systematic Review of
the Literature
Menelaos Zafrakas  , Panayiota Papasozomenou , Angeliki Gerede , Themistoklis Mikos ,
Apostolos Athanasiadis , Grigoris Grimbizis 

1. 1st Department of Obstetrics and Gynecology, Aristotle University of Thessaloniki, Thessaloniki, GRC 2. Obstetrics
and Gynecology, School of Health Sciences, International Hellenic University, Thessaloniki, GRC 3. 3rd Department of
Obstetrics and Gynecology, Aristotle University of Thessaloniki, Thessaloniki, GRC 4. Obstetrics and Gynecology,
Aristotle University of Thessaloniki, Thessaloniki, GRC 5. 1st Department of Obstetrics and Gynecology, Medical
School, Aristotle University of Thessaloniki, Thessaloniki, GRC

Corresponding author: Menelaos Zafrakas, prof.zafrakas@gmail.com

Abstract
In recent years, the age of childbearing has been increasing in Western countries, and consequently the need
to conduct mammography during pregnancy and lactation is also increasing. The aim of the present study
was to systematically review the existing evidence regarding the overall use of mammography during
pregnancy and lactation. A systematic review of the literature was conducted in PubMed, Epistemonikos,
and clinicaltrials.gov, by using the search terms “pregnancy” AND “mammography”, and “lactation” AND
“mammography”. The review protocol was prospectively registered in PROSPERO (CRD42024543971).
Initially, 1,038 articles were identified; the titles and abstracts of 441 studies were screened; 40 studies were
retrieved; after assessment of full texts, 20 studies were included for data extraction and further analysis. All
20 studies were retrospective; 14 studies included women with pregnancy-associated breast cancer, five
studies included women with breast symptoms during pregnancy and/or lactation and one study included
young breast cancer patients under age 40. Overall, 420 diagnostic and one incidental screening
mammography examinations were performed during pregnancy and/or lactation with a 78.6% cumulative
detection rate of breast cancer. The role of mammography was confounded by the use of breast ultrasound
in most studies. In conclusion, the use of mammography during pregnancy and lactation is based on
empirical data from retrospective studies, not directly addressing this issue. Hence, well-designed, focused,
prospective clinical studies are needed in order to improve existing evidence regarding the use of diagnostic
and screening mammography during pregnancy and lactation.
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Introduction And Background
Breast cancer is the most commonly diagnosed malignancy and the leading cause of cancer deaths in women
worldwide; it ranks first in 157 countries for incidence and first in 112 countries for mortality [1].
Mammography is the most important method for breast cancer screening, as it is the only modality with
demonstrated mortality reduction, based on data from randomized clinical trials [2-4]. Most authorities
recommend initiation of screening mammography for average-risk women at age 40 [5, 6], and even earlier
for high-risk women with a family history of breast cancer, taking into account that 8.4% of breast cancer
cases occur in women aged 35-44 years old and that breast cancer incidence is increasing with increasing
age [7]. Besides screening, mammography is widely used in the diagnostic workup of women with signs and
symptoms of benign breast disease and/or breast cancer.

In recent years, the fertility rate of women aged 35-39 and ≥40 years is increasing both in the European
Union [8] and the USA [9]. It is anticipated that this trend will continue in the future, as a consequence of the
increasing use of oocyte donation and oocyte cryopreservation, commonly referred to as “social freezing”, so
that even more women will be pregnant or lactating in their 40s [10-12]. Furthermore, trends in rates and
duration of breastfeeding have been steadily increasing in recent years [13].

The American College of Radiology Expert Panel on Breast Imaging considers mammography to be safe
during pregnancy and recommends that breast cancer screening should be tailored to patient age and breast
cancer risk [14]. More recently, the United States National Comprehensive Cancer Network (NCCN)
published its updated guidelines on breast cancer screening and included the recommendation of providing
mammography to women during pregnancy and lactation [15]. However, evidence-based data from clinical
trials investigating the use of screening and diagnostic mammography during pregnancy and lactation
appear to be scarce. In particular, the German Working Group for Gynecological Oncology gives a Grade C
recommendation to the statement “Breast imaging and biopsy like as in non-pregnant patients”, with Level
of Evidence (LoE) category 4, without explicitly mentioning mammography [16]. Given the ever-increasing
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number of women in Europe and North America getting pregnant and breastfeeding in their 40s and late 30s
and the paucity of evidence-based data on this issue, the purpose of the present study was to carry out a
systematic review of clinical studies regarding the use of mammography in pregnancy and lactation.

Review
Materials and methods
The present systematic review of the literature has been prospectively registered in the Prospective Register
of Systematic Reviews (PROSPERO) (CRD42024543971) and it is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [17]. The review question
was the following: What is the body of clinical evidence supporting the use of mammography in pregnant
and lactating women? The following databases were searched: PubMed, Epistemonikos, and
clinicaltrials.gov. The following search terms were used: 1) “pregnancy” AND “mammography”, and 2)
“lactation” AND “mammography”. Identified studies were then filtered in order to include only papers in
English, studies in humans, and studies in females 19-44 years old. There was no restriction regarding
publication dates. Retrieved studies and relevant review articles were hand searched for further studies. The
following inclusion criteria were set: randomized controlled trials, observational studies, case control studies
and cohort studies. The following exclusion criteria were used: Clinical Guidelines, any type of review
articles, case reports and case series. In addition, PubMed, the Cochrane Library and PROSPERO were
searched for any published review articles focusing on the use of mammography in pregnancy and lactation,
by using the search term “mammography” for review articles and then screening the titles for the use of
mammography in pregnancy and lactation.

The PICO criteria, i.e. Participants/Population, Intervention(s), Comparator(s)/control, and Outcomes were
used for the selection of studies, as follows. Participants/population: Pregnant and lactating women
undergoing screening or diagnostic mammography; Intervention(s): Screening or diagnostic mammography;
Comparator(s) / control: Pregnant and lactating women who did not undergo screening or diagnostic
mammography; Outcome(s): Diagnosis of breast cancer during pregnancy and lactation.

The titles and abstracts of studies identified by using the search strategy described above were screened
independently by two authors (MZ and PP) in order to identify studies that meet the inclusion criteria, and
conflicts were resolved by discussion or referral to a third author (AG). The full texts of identified studies
were retrieved and independently assessed for eligibility by two authors (MZ and PP), and conflicts were
resolved by discussion or referral to a third author (AG), and justification of exclusion was documented.

Risk of bias (quality) assessment: Two reviewers (MZ and PP) independently assessed the risk of bias using
the Risk Of Bias In Non-randomised Studies of Interventions (ROBINS-1) tool in included studies [18].
Disagreements between the two authors (MZ and PP) over the risk of bias in particular studies were resolved
by discussion or referral to a third reviewer (AG).

Data from studies were extracted independently by two authors (MZ and PP) and conflicts were resolved by
discussion or referral to a third author (AG). Data extracted included first author, year of publication,
country where the study was conducted, study design, total number of breast cancer patients, number of
patients with breast cancer diagnosed during pregnancy, number of patients with breast cancer diagnosed
during lactation and/or postpartum, age of patients, number of diagnostic and number of screening
mammography examinations performed during pregnancy and/or lactation, sensitivity and specificity of
mammography for breast cancer, and if any other imaging studies were used.

Results
The study search, screening and selection process is presented in the PRISMA flowchart in Figure 1.
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FIGURE 1: PRISMA flowchart presenting the study search, screening
and selection process

In total, 1,038 articles were identified using the following keywords in PubMed, Epistemonikos, and
clinicaltrials.gov: “pregnancy” AND “mammography”, and “lactation” AND “mammography”. After
removing duplicate entries, articles not written in English, studies not in human subjects, and articles with
participants’ age other than 18-44 years (n=597), 441 studies were left for screening. After screening the
titles and abstracts, 401 studies were excluded and 40 studies were sought for retrieval; the list of these 40
studies is presented in Appendix 1. All 40 studies were retrieved and after assessment of the full text, 20
studies were excluded and 20 studies were selected for final analysis according to the study inclusion and
exclusion criteria. The reasons for the exclusion of retrieved studies are presented in Appendix 2. In brief,
six studies were excluded because they were case reports or case studies; three studies because they were
reviews of the literature; and 11 due to study content. No additional studies were found after searching the
literature of retrieved studies and relevant reviews. It is noteworthy that there were no relevant randomized
controlled trials identified in clinicaltrials.gov and PubMed by choosing the relevant filter. Furthermore,
there were no published review articles focusing on the use of mammography in pregnancy and lactation
found in PubMed, the Cochrane Library, and PROSPERO.

An overview of the risk of bias quality assessment of the 20 included studies is presented in Table 1. As
mentioned above, since there were no randomized controlled trials identified, the Risk Of Bias In Non-
randomised Studies of Interventions (ROBINS-1) tool [18] was used to assess all 20 included studies. Details
on the risk of bias quality assessment of the included studies according to the ROBINS-1 tool [18] are
presented in Appendices 3 and 4. In brief, two studies had critical, 14 serious, and four moderate risk of bias.

Study
Domain 1

confounding

Domain 2

selection of

participants

Domain 3

classification of

interventions

Domain 4 deviations

from intended

interventions

Domain 5

missing

data

Domain 6

measurement of

outcomes

Domain 7

selection of

reported result

 

Overall

Hu et al. 2021

[19]
CR CR SR MR CR CR SR SR

Chung et al.

2020 [20]
CR SR LR LR MR MR MR MR

Reyes et al.

2020 [21]
CR CR SR SR MR MR SR SR

Taşkın et al.

2019 [22]
CR CR SR SR MR MR SR SR
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Wang et al.

2019 [23]
CR CR SR SR MR MR SR SR

Johansson et

al. 2019 [24]
CR CR SR SR CR CR SR CR

Pugh et al.

2018 [25]
CR CR SR SR CR CR SR CR

Myers et al.

2017 [26]
CR CR LR LR MR MR MR MR

Langer et al.

2014 [27]
CR CR SR SR MR MR SR SR

Córdoba et al.

2013 [28]
CR CR SR SR MR MR SR SR

Taylor et al.

2011 [29]
CR CR SR SR MR MR SR SR

Robbins et al.

2011 [30]
CR SR LR LR MR MR MR MR

Son et al.

2006 [31]
CR CR SR SR MR MR SR SR

Yang et al.

2006 [32]
CR CR SR SR MR MR SR SR

Bock et al.

2006 [33]
CR SR LR LR MR MR MR MR

Obenauer &

Dammert

2006 [34]

CR CR SR SR MR MR SR SR

Ahn et al.

2003 [35]
CR CR SR SR MR MR SR SR

Samuels et al.

1998 [36]
CR CR SR SR MR MR SR SR

Liberman et

al. 1994 [37]
CR CR SR SR MR MR SR SR

Ishida et al.

1992 [38]
CR CR SR SR MR MR SR SR

TABLE 1: Overview of the risk of bias quality assessment of the 20 included studies according to
the ROBINS-1 tool
SR = Serious risk, CR = Critical risk, MR = Moderate Risk, L = Low Risk

Data extracted from the 20 included studies are presented in Table 2. Regarding the year of publication eight
studies were published after 2015 [19-26], eight studies were published between 2005 and 2014 [27-34] and
four studies were published between 1992 and 2004 [35-38]. Regarding the country where studies were
conducted, eight studies were carried out in North America (seven in the USA [19, 20, 25-26, 30, 32, 37] and
one in Canada [36]), six studies in Europe (two in Spain [21, 28], two in Germany [33-34], one in Sweden [24],
and one in France [27]), five in Asia (two in South Korea [31, 35], one in Turkey [22], one in China [23], and
one in Japan [38]), and one study was carried out in Australia [29].

  Study Country  Study design

Number of breast cancer patients
Age mean

(range)

Mammography exams
Other

imaging
Total Pregnant  Lactating Diagnostic Screening Sensitivity Specificity

Hu et al. 2021 [19] USA
Retrospective (single

center)
145 10 14 34.6 (<40) 24 0 n.a. n.a. BUS
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Chung et al. 2020 [20] USA
Retrospective (single

center)

5 (out of

167)
0 5 35.1 (17-52) 98 0 100% (5/5) 61% BUS

Reyes et al. 2020 [21] Spain
Case Control (single

center)
42 42 0 37 (n.a.) 36 0

56.5%

(13/23)
n.a. BUS

Taşkın et al. 2019 [22] Turkey
Retrospective (single

center)
47 9

38 PABC*

postpartum
32 (25-44) 47 0

87.2%

(41/47)
n.a.

BUS,

MRI

Wang et al. 2019 [23] China
Retrospective (single

center)
142 30 112 30.3 (24-44) 48 0

83.3%

(40/48)
n.a. BUS

Johansson et al. 2019 [24] Sweden Case Control (Registry) 135ǂ 41
94 PABC*

postpartum
n.a. (15-44) 105 0 n.a n.a. BUS

Pugh et al. 2018 [25] USA Retrospective (Registry) 65 PABC* n.a. n.a. 34.9 (n.a.) 4 0 n.a. n.a. No

Myers et al. 2017 [26] USA
Retrospective (single

center)
53 9 24 36 (29-43) 32 1 91% (30/33) n.a.

BUS,

MRI

Langer et al. 2014 [27] France
Retrospective (single

center)
113 21

80 PABC*

postpartum
33.7 (24-42) 89 0

80.9%

(72/89)
n.a. BUS

Córdoba et al. 2013 [28] Spain
Retrospective (single

center)
25 25 0 36 (23-48) 24 0 66% (15/24) n.a. BUS

Taylor et al. 2011 [29] Australia
Retrospective population

study
22 10

6 (and 5 non-

lactating)
35 (28-40) 19 1 74% (14/19) n.a.

BUS,

MRI

Robbins et al. 2011 [30] USA
Retrospective (single

center)

4 (out of

147)
1

2 (and 1

postpartum)
32.3 (19-47) 85 0 100% (4/4)) 93% BUS

Son et al. 2006 [31] S. Korea
Retrospective (single

center)

6 (out of

49)
6 0 31.4 (23-37) 5 0 20% (1/5) n.a. BUS

Yang et al. 2006 [32] USA
Retrospective (single

center)
23 23 0 34§ (24-45) 20 0 90% (18/20) n.a. BUS

Bock et al. 2006 [33] Germany
Retrospective (single

center)

5 (out of

25)
5 0 33.8 (30-38) 18 0 100% (5/5)¥ 100% BUS

Obenauer & Dammert

2006 [34]
Germany

Retrospective (single

center)

2 (out of

27)
0 0 33 (25-41) 18 0 100% (2/2) n.a.

BUS,

MRI

Ahn et al. 2003 [35] S. Korea
Retrospective (single

center)
22 10 12 33 (26-49) 15 0

86.7%

(13/15)
n.a. BUS

Samuels et al. 1998 [36] Canada
Retrospective (single

center)
19 10

4 (1 n.a. & 4

postpartum)
31 (23-41) 8 0 62.5% (5/8) n.a. BUS

Liberman et al. 1994 [37] USA
Retrospective (single

center)
85 12 19 34 (24-41) 23 0 78% (18/23) n.a. BUS

Ishida et al. 1992 [38] Japan
Case Control (multi-

center)
192 72 120 32.3 (n.a.) 50 0 68% (34/50) n.a. BUS

Total   1152 330 541  764 1
78.6%

(330/420)
  

TABLE 2: Data extracted from the 20 included studies
n.a. = not available; BUS = Breast Ultrasound; MRI = Magnetic Resonance Imaging

*PABC = Pregnancy-Associated Breast Cancer, defined as breast cancer during pregnancy and during the first year postpartum.

ǂ 135 women diagnosed with breast cancer during pregnancy or within one year postpartum; in total there were 273 women diagnosed with breast cancer
during pregnancy and during the first two years postpartum and 273 matched controls.

¥ There was a case of malignant breast lymphoma missed by mammography (characterized as BIRADS-3)

§ median
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Regarding study design, 17 were retrospective cohort studies (15 were conducted in a single center [19-20,
22-23, 26-28, 30-37], one was registry-based [25], and one was population-based [29]) and three were case-
control studies (one in a single center [21], one was registry-based [24], and one in multiple centers [38]). In
14 studies [21-29, 32, 35-38] the study population consisted of patients with pregnancy-associated breast
cancer, i.e. breast cancer diagnosed during pregnancy and within one or two years after delivery, with the
total number of patients ranging between 19 and 273; five studies [20, 30-31, 33-34] included women with
breast symptoms during pregnancy and/or lactation, with the number of breast cancer cases ranging
between two and six, and the total number of women presenting with breast symptoms ranging between 27
and 167; finally, in one study the study population consisted of 145 young breast cancer patients under age
40, with 10 cases diagnosed during pregnancy and 14 during lactation. The mean patient age across studies
was between 30.3 and 37 years.

Overall, the number of diagnostic mammography examinations performed during pregnancy and/or
lactation ranged between 5 and 98, while there was only one incidental case of mammography for breast
cancer screening performed during lactation [26]. The detection rate of breast cancer with mammography
varied between 20 and 100%; the cumulative detection rate of breast cancer with mammography performed
during pregnancy and lactation was 78.6% (330 out of 420 breast cancer cases). In two case-control studies,
the sensitivity of mammography was lower in pregnant breast cancer patients as compared with non-
pregnant patients in the control groups; 68% vs. 74% [38] and 56.5% vs. 61.7% [21]. Specificity of
mammography was reported only in three studies and it was 61% [20], 93% [30] and 100% [33]. Breast
ultrasound was also performed in 19 studies [19-24, 26-38], breast MRI in four studies [22, 26, 29, 34], while
there was only one study in which mammography was the only imaging method used [25]. In all four studies
[22, 26, 29, 34], MRI was performed postpartum, except one case in one study [29] where MRI was performed
during the first trimester of a pregnancy that was later terminated.

Discussion
Breast cancer is the most common malignancy diagnosed during pregnancy [39-40]. The term "pregnancy-
associated breast cancer" (PABC) has been used for years and includes those cases diagnosed during
pregnancy as well as those diagnosed within one [27] or two [24] years after delivery, irrespective of whether
a woman is breastfeeding or not. However, the use of this term has been challenged recently, and
investigators with expertise in the field proposed that the term PABC should no longer be used [41]. Given
that women in Europe and North America are increasingly postponing pregnancy to a more advanced age [9-
10] and that most authorities recommend starting breast cancer screening at the age of 40 [6-7, 42], the
possibility that mammography may have to be used during pregnancy and lactation is also increasing.

In the present systematic review, data from 20 relevant primary studies were extracted and analyzed further
[19-38]. By using a comprehensive search strategy, we did not identify any randomized clinical trials or any
other prospective study evaluating the role of screening and diagnostic mammography during pregnancy
and lactation. Furthermore, all 20 studies included in the present systematic review addressed the review
question rather indirectly. Thus, it was not surprising that the quality assessment of the included studies
raised serious concerns of potential bias.

In five studies included in the present systematic review, mammography was performed in women with
breast symptoms during pregnancy and/or lactation [20, 30-31, 33-34], but the total number of women with
breast cancer in these studies was rather low, ranging between two and six. In 14 other studies [21-29, 32,
35-38], mammography was performed in women with breast cancer diagnosed during pregnancy and/or
lactation and/or within one or two years after delivery, with the total number of patients ranging between 19
and 273; however, mammography was not performed in all these women, since most patients were examined
with breast ultrasound with or without mammography [19-24, 25-38] and in four studies also with breast
MRI postpartum [22, 26, 29, 34]. In total, mammography was performed in 420 pregnant and lactating
women with breast symptoms yielding 330 breast cancer cases, with a cumulative detection rate of 78.6%;
there was only one coincidental case of mammography performed for screening during lactation [26]. The
specificity of mammography was reported only in three studies [20, 30, 33]. It is worth noting that in one of
these studies [20], the addition of mammography to ultrasound in a cohort of lactating women lowered
specificity from 67% to 61%. In contrast, the other two studies included both pregnant and lactating women
and specificity was higher for mammography than ultrasound, i.e. 93% vs. 86% [30] and 100% vs. 89% [33];
this discrepancy may be due to differences in study populations and different equipment used. Taken
together, these findings suggest that evidence regarding the role of diagnostic mammography in pregnancy
and lactation is rather limited and blurred by the confounding effect of ultrasound. Moreover, there is in
essence no direct evidence supporting the use of mammography for screening in this specific population of
women.

Although breast ultrasound is considered to be the method of choice in evaluating breast symptoms during
pregnancy and lactation [43], still mammography may provide additional diagnostic clues or even detect
lesions not visible on breast ultrasound. Intriguingly, the latest NCCN guidelines for breast cancer screening
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recommend mammography but not ultrasound during pregnancy and lactation [16]. However, in the setting
of breast cancer screening of the general population, the role of breast ultrasound has been evaluated in
clinical trials mainly in combination with mammography, rather than as a standalone method, and it is
firmly established that breast ultrasound detects additional cancers [44]. In pregnancy and lactation, neither
mammography nor breast ultrasound have been evaluated for breast cancer screening. Ideally, a randomized
controlled trial would be desirable for this purpose, but such a trial would need a large number of healthy
pregnant and/or lactating women in their 40s to be recruited and many years of follow-up, in order to find
out whether screening this population would lead to a reduction in breast cancer mortality with an
acceptable false positive rate; a prospective cohort study in pregnant and lactating women would be a
plausible alternative, yet even this would not be an easy task to be accomplished.

Due to certain practical technical issues, it remains to be seen if and to what extent mammography will be
used in everyday practice for screening and diagnosis of breast cancer during pregnancy and lactation. It is
well established that the scatter dose of radiation emitted during standard full-field digital mammography
affecting the fetus is very low [45]. However, are pregnant women and their obstetricians alike willing to
discuss the option of performing a mammography in the first trimester of pregnancy just for breast cancer
screening or breast symptoms already clarified by the use of breast ultrasound? Regarding lactation, it has
been advocated that the breasts should be emptied from milk before mammography [46]; this is dictated by
common sense in order to avoid milk ejection during breast compression between the mammography plates,
but does this practice influence in any way the diagnostic accuracy of mammography? Needless to say that
no data exist regarding the use of novel, increasingly used mammographic techniques, such as digital breast
tomosynthesis (DBT) and contrast-enhanced mammography (CEM) during pregnancy and lactation,
especially since the use of contrast media during pregnancy is contraindicated [46].

The main limitations of the present systematic review were that the comprehensive search of the literature
did not yield any studies directly addressing the review question, that all studies found were retrospective in
design, including only two case-control studies reporting the sensitivity of mammography in pregnant
breast cancer patients as compared with non-pregnant controls. On the other hand, the strength of this pre-
registered systematic review is its originality, since to the best of our knowledge and after the appropriate
search described above no such study has been published thus far.

Conclusions
In the present systematic review evaluating the use of mammography in pregnancy and lactation only
retrospective clinical studies, not directly addressing the review question were identified; in particular, only
evidence regarding the role of diagnostic mammography in pregnancy and lactation was found, and its role
was confounded by the in parallel use of breast ultrasound; furthermore, no substantial direct evidence
regarding screening mammography in pregnancy and lactation was found. Hence, well-designed prospective
clinical studies are needed in order to delineate the role of diagnostic and screening mammography during
pregnancy and lactation.

Appendices
Appendix 1: List of 40 studies sought for retrieval
1. Breast Imaging and Intervention during Pregnancy and Lactation. Peterson MS, Gegios AR, Elezaby MA,
Salkowski LR, Woods RW, Narayan AK, Strigel RM, Roy M, Fowler AM. Radiographics. 2023
Oct;43(10):e230014. doi: 10.1148/rg.230014. PMID: 37708073

2. Application of nanotechnology in breast cancer screening under obstetrics and gynecology through the
use of CNN and ANFIS. Zheng N, Yao Z, Tao S, Almadhor A, Alqahtani MS, Ghoniem RM, Zhao H, Li S.
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 Study Reason of exclusion

1 Peterson et al. 2023 Case study

2 Zheng et al. 2023 Study content

3 Schad et al. 2020 Case report

4 Taron et al. 2019 Study content

5 Saadatmand et al. 2019 Study content

6 Khalil et al. 2018 Case report

7 Knabben et al. 2017 Review article

8 Chetlen et al. 2016 Study content

9 Woolston 2015 Study content

10 Vashi et al. 2013 Review article

11 Fatima et al. 2010 Study content

12 Loehberg et al. 2010 Study content

13 Ayyappan et al. 2010 Review article

14 Agrawal et al. 2007 Case report

15 Behrman et al. 2007 Study content

16 Jacobs et al. 2004 Study content

17 Talele et al. 2003 Case Report

18 Mercado et al. 2002 Case Report

19 Swinford et al. 1998 Study content

20 Ekbom et al. 1995 Study content

TABLE 3: Reasons for exclusion of retrieved studies

Appendix 3: Risk of bias quality assessment of the 20 included studies
according to the ROBINS-1 tool pre-intervention and at-intervention
domains
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Study
Domain 1  Bias due to
confounding

Domain 2  Bias in selection of
participants

Domain 3  Bias in classification of
interventions

Hu et al. 2021 CR 1 CR 2 SR 3

Chung et al. 2020 CR 1 SR 4 LR 5

Reyes et al. 2020 CR 1 CR 2 SR 3

Taşkın et al. 2019 CR 1 CR 2 SR 3

Wang et al. 2019 CR 1 CR 2 SR 3

Johansson et al. 2019 CR 1 CR 2 SR 3

Pugh et al. 2018 CR 1 CR 2 SR 3

Myers et al. 2017 CR 1 SR 4 LR 5

Langer et al. 2014 CR 1 CR 2 SR 3

Córdoba et al. 2013 CR 1 CR 2 SR 3

Taylor et al. 2011 CR 1 CR 2 SR 3

Robbins et al. 2011 CR 1 SR 4 LR 5

Son et al. 2006 CR 1 CR 2 SR 3

Yang et al. 2006 CR 1 CR 2 SR 3

Bock et al. 2006 CR 1 SR 4 LR 5

Obenauer & Dammert
2006 CR 1 CR 2 SR 3

Ahn et al. 2003 CR 1 CR 2 SR 3

Samuels et al. 1998 CR 1 CR 2 SR 3

Liberman et al. 1994 CR 1 CR 2 SR 3

Ishida et al. 1992 CR 1 CR 2 SR 3

TABLE 4: Risk of bias quality assessment of the 20 included studies according to the ROBINS-1
tool pre-intervention and at-intervention domains
SR = Serious risk, CR = Critical risk, MR = Moderate Risk, L = Low Risk, 1 = Confounding inherently not controllable, 2 = Selection into the study was
very strongly related to intervention and outcome, 3 = (ii) Major aspects of the assignments of intervention status were determined in a way that could
have been affected by knowledge of the outcome, 4 = Selection into the study was related (but not very strongly) to intervention and outcome and this
could not be adjusted for in analyses, 5 = (i) Intervention status is well defined; and (ii) Intervention definition is based solely on information collected at the
time of intervention.

Appendix 4: Risk of bias quality assessment of the 20 included studies
according to the ROBINS-1 tool post-intervention domains

Study
Domain 4 Bias due to deviations
from intended interventions

Domain 5 Bias due
to missing data

Domain 6  Bias in
measurement of
outcomes

Domain 7 Bias in selection
of the reported result

Hu et al. 2021 MR1 CR2 CR3 SR4

Chung et al.
2020 LR5 MR6 MR7 MR8
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Reyes et al.
2020

SR9 MR6 MR10 SR4

Taşkın et al.
2019 MR1 MR6 MR7 SR4

Wang et al.
2019 SR9 MR6 MR10 SR4

Johansson et
al. 2019 SR9 CR2 CR3 SR4

Pugh et al.
2018 SR9 CR2 CR3 SR4

Myers et al.
2017 LR5 MR6 MR7 MR8

Langer et al.
2014 SR9 MR6 MR10 SR4

Córdoba et al.
2013 SR9 MR6 MR10 SR4

Taylor et al.
2011 SR9 MR6 MR10 SR4

Robbins et al.
2011 LR5 MR6 MR7 MR8

Son et al. 2006 SR9 MR6 MR10 SR4

Yang et al.
2006 SR9 MR6 MR10 SR4

Bock et al.
2006 LR5 MR6 MR7 MR8

Obenauer &
Dammert 2006 SR9 MR6 MR10 SR4

Ahn et al. 2003 SR9 MR6 MR10 SR4

Samuels et al.
1998 SR9 MR6 MR10 SR4

Liberman et al.
1994 SR9 MR6 MR10 SR4

Ishida et al.
1992 SR9 MR6 MR10 SR4

TABLE 5: Risk of bias quality assessment of the 20 included studies according to the ROBINS-1
tool post-intervention domains
SR = Serious risk, CR = Critical risk, MR = Moderate Risk, L = Low Risk, 1 = (i) There were deviations from intended intervention, but their impact on the
outcome is expected to be slight, 2 = (i) (Unusual) There were critical differences between interventions in participants with missing data; and (ii) Missing
data were not, or could not, be addressed through appropriate analysis, 3 = The methods of outcome assessment were so different that they cannot
reasonably be compared across intervention groups, 4 = (ii) There is a high risk of selective reporting from among multiple analyses, 5 = (i) Any deviations
from intended intervention reflected usual practice, 6 = (ii) The analysis is unlikely to have removed the risk of bias arising from the missing data, 7 = (10y
minimally related to intervention status, 8 = (i) The outcome measurements and analyses are consistent with an a priori plan; or are clearly defined and
both internally and externally consistent; and (ii) There is no indication of selection of the reported analysis from among multiple analyses; and (iii) There is
no indication of selection of the cohort or subgroups for analysis and reporting on the basis of the results, 9 = There were deviations from usual practice
that were unbalanced between the intervention groups and likely to have affected the outcome, 10 = (i) The methods of outcome assessment were
comparable across intervention groups; and (ii) The outcome measure is only minimally influenced by knowledge of the intervention received by study
participants; and (iii) Any error in measuring the outcome is only minimally related to intervention status.
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