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Abstract
Introduction
The authors conducted meta-analyses regarding the association between cellular and mobile phone use and brain tumor development by applying various radiofrequency-electromagnetic radiation (RF-EMR) exposure subcategories. With changing patterns of mobile phone use and rapidly developing Wireless Personal Area Network (WPAN) technology (such as Bluetooth), this study will provide insight into the importance of more precise exposure subcategories for RF-EMR.

Methods
The medical librarian searched MEDLINE (PubMed), EMBASE, and the Cochrane Library until 16 December 2020.

Results
In these meta-analyses, 19 case-control studies and five cohort studies were included. Ipsilateral users reported a pooled odds ratio (OR) of 1.40 (95% CI 1.21–1.62) compared to non-regular users. Users with years of use over 10 years reported a pooled OR of 1.27 (95% CI 1.08–1.48). When stratified by each type of brain tumor, only meningioma (OR 1.20 (95% CI 1.04–1.39)), glioma (OR 1.45 (95% CI 1.16–1.82)), and malignant brain tumors (OR 1.93 (95% CI 1.55–2.39)) showed an increased OR with statistical significance for ipsilateral users. For users with years of use over 10 years, only glioma (OR 1.32 (95% CI 1.01–1.71)) showed an increased OR with statistical significance. When 11 studies with an OR with cumulative hours of use over 896 h were synthesized, the pooled OR was 1.59 (95% CI 1.25–2.02). When stratified by each type of brain tumor, glioma, meningioma, and acoustic neuroma reported the pooled OR of 1.66 (95% CI 1.13–2.44), 1.29 (95% CI 1.08–1.54), and 1.84 (95% CI 0.78–4.37), respectively. For each individual study that considered cumulative hours of use, the highest OR for glioma, meningioma, and acoustic neuroma was 2.89 (1.41–5.93) (both side use, > 896 h), 2.57 (1.02–6.44) (both side use, > 896 h), and 3.53 (1.59–7.82) (ipsilateral use, > 1640 h), respectively. For five cohort studies, the pooled risk ratios (RRs) for all CNS tumors, glioma, meningioma, and acoustic neuroma, were statistically equivocal, respectively. However, the point estimates for acoustic neuroma showed a rather increased pooled RR for ever-use (1.26) and over 10 years of use (1.61) compared to never-use, respectively.

Discussion
In this meta-analysis, as the exposure subcategory used became more concrete, the pooled ORs demonstrated higher values with statistical significance. Although the meta-analysis of cohort studies yielded statistically inconclusive pooled effect estimates, (i) as the number of studies included grows and (ii) as the applied exposure subcategories become more concrete, the pooled RRs could show a different aspect in future research. Additionally, future studies should thoroughly account for changing patterns in mobile phone use and the growing use of earphones or headphones with WPAN technology.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12940-024-01117-8.
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Introduction
A long debate about the relationship between RF-EMR exposure from cell phones and brain tumor incidence has existed since early 2000. Many researchers have conducted meta-analyses and subgroup analyses to clarify this relationship [1–4]. However, a definitive positive association was not observed in these studies. The Hardell group’s studies reported moderate positive associations for glioma and acoustic neuroma incidence. In contrast, the Interphone group investigators could not find a statistically significant association for all types of brain tumors in light users. Only heavy cellphone users reported statistically significant associations for glioma and acoustic neuroma. The other third group, which pertains to neither the Hardell group nor the Interphone group, reported results that supported the Interphone group’s results in general [5–7]. In particular, Coureau et al. reported an increased OR with statistical significance for glioma in heavy users [8].
In recent years, the pattern of mobile phone use has changed rapidly. With the introduction of 3G phones for data transmission (so-called ‘smartphones’ such as iPhones or Android phones), people started using their mobile phones for other purposes than mere calling: web surfing, watching movies and videos through YouTube or other applications, connecting to social network services like Facebook or Twitter, text messaging, morning alarm, recording schedules, catching a taxi, etc. This change increases the exposure time to RF-EMR from mobile phones and makes the exposure irregular according to a person’s characteristics of mobile phone use. In addition, the widespread Wireless Personal Area Network (WPAN) technology, such as Bluetooth, is making mobile phone use more continuous and prolonged. In particular, this WPAN technology makes the distance between the head and the mobile phone farther. Therefore, RF-EMR exposure patterns are becoming more complicated for researchers to anticipate than before.
In consideration of these rapidly changing mobile phone technologies, the currently used proxies for RF-EMR exposure assessment are crude and insufficient to clarify the relationship between RF-EMR exposure from cell phones and brain tumor incidence. Auvinen et al. (2006) deeply discussed the difficulties in accurately measuring RF-EMR exposure dose from cellular phones in various real-world settings [9]. Theoretically, the accurate assessment of RF-EMR exposure should be based on (i) site-specific, (ii) time-integral of (iii) specific absorption rate (SAR). The usual exposure measures, such as the years of mobile phone use, the cumulative duration of calls, and the number of calls per week, are rough indicators of mobile phone use. As for the third ‘SAR’ component, the SAR consists of two proxy indicators of exposure, ‘mobile phone use time’ and ‘power.’ The output power range varies considerably across phone models, the network used, the location of use, and the technologies applied to the cellular or mobile phone. For example, if discontinuous transmission (DTX) technology were applied to a mobile phone, the power during a complete silent period would be reduced to about 10% of the emitted power when the DTX technology was not applied [10]. The calculation of power should consider these complex characteristics related to cellphone use. As for the first ‘site-specific’ component, the distance between the phone and the brain should be carefully considered. However, with advancing WPAN technology, the distance between the phone and the brain is becoming distant these days. Recently, more people have been using wireless Bluetooth headsets or earphones not only when they call people but also when they listen to music or watch a video or short clips on YouTube or TikTok. This important factor should be considered in future studies. Finally, as for the second ‘time-integral’ component, the appropriate exposure measure would be a weighted average of the cumulative time of cellphone use, weighted by the power at each time, stratified by the side of the head, also considering the use of WPAN (Bluetooth) hands-free devices. Today, nearly all essential life services are available through applications on mobile phones. Therefore, the time spent on mobile phones is becoming continuous and irregular, except for the time spent in mere calling. Therefore, the accurate exposure assessment of RF-EMR would become more difficult in future studies and should be carefully assessed by adequate experts. Strict rigor for exposure assessment of RF-EMR should be adhered to in future cohort studies.
This study aims to synthesize evidence regarding the association between cellphone use and the risk of brain tumors. In particular, the authors conducted a series of meta-analyses and subgroup analyses using various exposure measuring categories, from crude to more precise ones. In consideration of crude exposure classifications used in previous meta-analyses, this study will give insight into the importance of more precise exposure subcategories in investigating this topic.

Methods
Literature search and inclusion criteria
A medical librarian in the medical library of the author’s affiliation (Medical Library, the Catholic University of Korea, Seoul, Republic of Korea) conducted the search process. The medical librarian searched MEDLINE (PubMed), EMBASE, and the Cochrane Library (until 10 July 2024). The search terminologies and search queries used are provided in Supplementary material A.
The inclusion criteria were as follows: (i) The article should deal with the risk of brain tumors for analog (1G), digital (2G), and mobile phone (3G) users because of potential RF-EMR exposures. (ii) The article should be in English. (iii) The article should be an original research article. Review articles, conference abstracts, letters to the editor, and commentaries were excluded from the final article selection. (iv) Cohort studies were included but analyzed separately. Cordless phone users were excluded from the analysis because cordless phones are not being used currently, and individual home-based cordless phones are almost substituted with personal cellular or mobile phones. Cellular and mobile phone technologies are developing so fast, and the power of emitted RF-EMR is changing rapidly. Therefore, the old technology, cordless phones, was excluded from the analysis because of its low significance in future public health implications.
As for cordless phones, only several Hardell group studies included the RF-EMR from cordless phones as the exposure of interest. In these studies, the risk of malignant brain tumors and astrocytoma was increased. For meningioma, only the ipsilateral exposure increased the risk. The interphone group studies did not consider cordless phone use. This difference could lead to a bias in estimating risks: this could bias the results towards unity based on the increased risk shown by Hardell et al. [5]. However, we aim to estimate the brain tumor risks of RF-EMR exposure from cellular phones. Therefore, we excluded cordless phones from the RF-EMR exposure source.
Numerous studies have been conducted by researchers all over the world to examine the brain tumor risks due to the RF-EMR emitted from cellular and mobile phones until the present. Researchers sometimes reported the results from the same data to multiple articles. In several cases, they reported an outcome from a recent study together with the outcomes from previous studies. Therefore, carefully selecting included studies was paramount to conducting these meta-analyses with validity. The authors meticulously classified and summarized the included and excluded studies to avoid the inclusion of duplicated outcomes.
As for this duplicated outcome issue, two points should be clarified. First, one article could report multiple outcomes (two or three outcomes) if risk estimates for different types of brain tumors were reported simultaneously. In other words, even if 20 articles were included in the final selection, the number of synthesized risk estimates (outcomes) could be 30. Second, for ipsilateral/contralateral uses and years of use over/under 10 years, sometimes studies classified as duplicated can provide an unduplicated risk estimate because of different selection of reporting criteria (laterality and years of use). Therefore, we meticulously checked the studies with duplicated data to find unduplicated risk estimates. If these unduplicated risk estimates were found, these were included in the final meta-analyses.
The following items were summarized for the included and excluded studies: Each study was classified into three groups: (i) Interphone: the studies conducted as a part of the Interphone international study; (ii) Hardell: the studies conducted by the Hardell group; and (iii) The third group: the studies conducted by the other groups. The frequency bands of cellular or mobile phones, study period, study country, the number of cases and controls, and the types of brain tumors analyzed were recorded.

Selection and recall bias for the amount of cellphone use and misclassification and recall bias for ipsilateral/contralateral use
Instead of the typical rating of risk of bias for each included study, the authors analyzed the risk of bias regarding selection and recall bias for the amount of cell phone use and misclassification and recall bias for ipsilateral/contralateral use. A major reason was that typical risk of bias rating tools such as the National Toxicology Program Office of Health Assessment and Translation Risk of Bias rating tool (NTP OHAT RoB rating tool, Supplementary material B) were not appropriate for assessing individual studies regarding this topic. For example, the first and second questions were appropriate for assessing randomized controlled trials, not epidemiological studies, including cohort and case-control studies. The fifth, sixth, and seventh questions do not have a significant or practical meaning in this study topic. Regarding the ninth question, the reliability of the brain tumor reporting system could be important. However, most studies usually used the national reporting system for brain tumors. Therefore, the ninth question could not have a practical significant meaning in this topic. Based on these reasons, the authors concluded that focusing on selection and recall bias for the amount of cell phone use and misclassification and recall bias for ipsilateral/contralateral use would be more practical and significant.

Examination for possible publication bias
To examine possible publication bias, the authors plotted Begg’s funnel plot and conducted Egger’s regression test with a significance level of 0.05 for the included risk estimates.

Data extraction
For each reported risk estimate, the type of brain tumor, laterality or duration of use, and the odds ratios (ORs) were provided in separate tables.

Main meta-analyses and subgroup analyses
For the selection between a fixed-effect or random-effect model, a random-effect model was selected considering the heterogeneity among included studies. A fixed or random effect model should be selected based on a theoretical understanding of the subject matter [11]. Therefore, Higgin’s I-square statistic and Cochran’s Q-test results were used only as supplementary indexes. Higgin’s I-square statistics above 25% and Cochran’s Q test results with a significance level of less than 0.1 were considered ‘heterogeneous.’
The main meta-analyses and subgroup analyses were divided into four categories: (i) The first category was regular users vs. non-regular users. (ii) The second category was laterality (ipsilateral and contralateral vs. non-regular users, respectively). (iii) The third category was years of use (> 10 and < 10 years). (iv) The analyses regarding the first, second, and third categories were also conducted stratified by each type of brain tumor (glioma, meningioma, acoustic neuroma, pituitary tumor, malignant tumor). A pooled point estimate with a 95% confidence interval (CI) was provided for all meta-analyses.
For the second and third categories, a meta-ANOVA analysis was conducted. A meta-ANOVA analysis is a moderator analysis used in meta-analyses to find an effect difference among subgroups according to a study-level moderator variable (for example, study period, study country, publication type, etc.). If a moderator variable is a categorical variable, a meta-ANOVA analysis is used, and if a moderator variable is a continuous variable, a meta-regression analysis is used. Moderator analyses enable the examination of the difference in effect size between subgroups and the effect of a moderator variable on the effect size [12]. The statistical significance was set at 0.05 for meta-ANOVA analysis.

Meta-analysis for the total cumulative hours of use > 896 h
A separate meta-analysis was conducted for subjects with the cumulative hours of use > 896 h. If an OR for ipsilateral use with cumulative hours of use over 896 h was available in a study, the OR was used for the individual study for this meta-analysis.

Cumulative meta-analyses according to the publication year and the precision of each included study
Cumulative meta-analyses according to the publication year and the precision of each included study were conducted separately for regular users, ipsilateral/contralateral users, years of use > 10 years/<10 years, and total cumulative hours of use > 896 h.

Results of cohort studies
The results of cohort studies were provided separately. A detailed discussion was added to the discussion section.


Results
Screening and selection processes
Figure 1 provides the screening and selection processes for this meta-analysis. A total of 1,103 articles were identified from three databases, including PubMed, EMBASE, and the Cochrane Library. After the exclusion of 300 duplicate articles, 803 articles remained. Through primary screening using titles and abstracts, 502 articles were excluded. And then, for the remaining 301 articles, a full-text review was conducted, with an additional 271 articles excluded. After that, only 25 case-control and 5 cohort studies articles remained. Among these articles, six case-control studies that dealt with benign or malignant parotid tumors were excluded (6 articles). Finally, 19 case-control studies and 5 cohort studies remained. Relevant data were extracted for these 19 case-control studies and 5 cohort studies.
[image: ]
Fig. 1Screening and selecting processes for this meta-analysis



Included and excluded case-control studies
Supplementary materials C-1 and C-2 provide the summary table for included studies and that for excluded studies due to duplicated data, respectively. The types of brain tumors included were glioma, meningioma, acoustic neuroma, pituitary tumors, malignant tumors, all brain tumors, and benign brain tumors. Duplicated data were marked as ‘Du’ and excluded from meta-analyses.

Selection and recall bias for the amount of cellphone use and misclassification and recall bias for ipsilateral/contralateral use
Supplementary materials D-1 and D-2 provide the authors’ bias rating regarding selection and recall bias for the amount of cellphone use and misclassification and recall bias for ipsilateral and contralateral use for case-control and cohort studies, respectively.

Examination for possible publication bias (case-control studies)
Supplementary material E provides the funnel plot and Egger’s regression test result. Egger’s p-value was 0.38.

Selection between a fixed-effect and a random-effect model
All meta-analyses conducted in this study showed a statistically significant Cochran’s Q test result. Therefore, a random-effect model was applied throughout all analyses of this study.
We applied a conventional meta-analysis model to this study and did not apply a multi-level meta-analysis model. This was because there was no interdependence between risk estimates from each study. Supplementary materials F-1 and F-2 provide a summary of study populations for case-control studies and cohort studies, respectively. Because studies with duplicated data were checked meticulously, marked as ‘Du’ in Supplementary C-2, and excluded from the final evidence synthesis, we could confirm that there was no interdependence among the risk estimate from each study, as the reader could check in Supplementary material F-1.

Meta-analyses and subgroup analyses for regular users, ipsilateral/contralateral uses, and years of use over/under 10 years (case-control studies)
Supplementary material G provides the list of included effect estimates for meta-analyses and subgroup analyses from each included study. The ORs for these three categories, regular users/non-regular users, ipsilateral/contralateral uses, and years of use over/under 10 years, were summarized in Supplementary material G-1, G-2, and G-3, respectively.
Table 1 summarizes the results of meta-analyses and subgroup analyses for regular users, ipsilateral/contralateral uses, and years of use over/under 10 years. Supplementary material H provides the forest plots for these meta-analyses and subgroup analyses. The pooled OR for regular users was 0.98 (95% CI 0.90–1.07). The pooled OR for ipsilateral uses and contralateral uses was 1.40 (95% CI 1.21–1.62) and 1.04 (95% CI 0.93–1.16), respectively. The pooled OR for years of use over and under 10 years was 1.27 (95% CI 1.08–1.48) and 0.96 (95% CI 0.88–1.04), respectively. The Q-statistic and p-value were 9.02 and 0.002, respectively, for the laterality of use category. The Q-statistic and p-value were 10.43 and 0.001, respectively, for the years of use category.
Table 1Summarized results of meta-analyses and subgroup analyses (case-control studies)


	Category
	Subcategory
	The number of outcomes
	Odds Ratio (95% CI)
	Meta-ANOVA analysis

	Regular user
	Regular users
	30
	0.98 (0.90–1.07)
	None

	Non-regular users
	1.00

	Laterality of use
	Ipsilateral uses
	25
	1.40 (1.21–1.62)*
	Q = 9.02, p = 0.002*

	Contralateral uses
	25
	1.04 (0.93–1.16)

	Years of use
	Over 10 years
	19
	1.27 (1.08–1.48)*
	Q = 10.43, p = 0.001*

	Under 10 years
	34
	0.96 (0.88–1.04)


*Statistically significant




Meta-analyses and subgroup analyses stratified by tumor types (case-control studies)
The results of meta-analyses and subgroup analyses stratified by tumor types are provided in Table 2. For regular users, the pooled OR for meningioma was 0.86 (95% CI 0.77–0.95). For ipsilateral uses, the pooled OR for meningioma, glioma, and malignant tumors was 1.20 (95% CI 1.04–1.39), 1.45 (95% CI 1.16–1.82), and 1.93 (95% CI 1.55–2.39), respectively. For years of use over 10 years, the pooled OR for glioma was 1.32 (95% CI 1.01–1.71). All other pooled ORs were statistically equivocal.
Table 2Results of meta-analyses and subgroup analyses according to tumor types (case-control studies)


	Category
	Subcategory
	Tumor type
	Number of outcomes
	Odds ratio (95% CI)

	Regular user
	Regular vs. non-regular users
	All brain tumor
	3
	1.13 (0.84–1.51)

	Meningioma
	6
	0.86 (0.77–0.95)*

	Acoustic neuroma
	7
	1.01 (0.79–1.31)

	Glioma
	6
	1.08 (0.86–1.35)

	Malignant tumor
	5
	0.91 (0.71–1.16)

	Pituitary tumor
	3
	0.74 (0.26–2.13)

	Laterality of use
	Ipsilateral
	All brain tumor
	1
	1.74 (0.91–3.33)

	Contralateral
	All brain tumor
	1
	2.07 (0.95–4.52)

	Ipsilateral
	Meningioma
	6
	1.20 (1.04–1.39)*

	Contralateral
	Meningioma
	6
	1.03 (0.87–1.23)

	Ipsilateral
	Acoustic neuroma
	8
	1.38 (0.91–2.08)

	Contralateral
	Acoustic neuroma
	8
	1.14 (0.87–1.51)

	Ipsilateral
	Glioma
	8
	1.45 (1.16–1.82)*

	Contralateral
	Glioma
	8
	0.96 (0.77–1.19)

	Ipsilateral
	Malignant tumor
	2
	1.93 (1.55–2.39)*

	Contralateral
	Malignant tumor
	2
	1.03 (0.83–1.28)

	Years of use
	Over 10 years
	Meningioma
	5
	1.08 (0.90–1.30)

	Under 10 years
	Meningioma
	7
	0.90 (0.79–1.02)

	Over 10 years
	Acoustic neuroma
	6
	1.38 (0.93–2.05)

	Under 10 years
	Acoustic neuroma
	11
	1.04 (0.88–1.23)

	Over 10 years
	Glioma
	4
	1.32 (1.01–1.71)*

	Under 10 years
	Glioma
	7
	0.98 (0.77–1.26)

	Over 10 years
	Malignant tumor
	3
	1.35 (0.68–2.70)

	Under 10 years
	Malignant tumor
	7
	0.92 (0.76–1.11)

	Over 10 years
	Pituitary tumor
	1
	1.00 (0.53–1.90)

	Under 10 years
	Pituitary tumor
	2
	0.89 (0.67–1.19)


*Statistically significant
For all analyses, the comparison group was non-regular users with an odds ratio of 1.00




Meta-analysis of total cumulative hours of use over 896 h (case-control studies)
The characteristics of included studies for the meta-analysis of cumulative hours of use over 896 h are provided in Table 3. Of eleven effect estimates, seven were an increased OR with statistical significance. The remaining four effect estimates were statistically equivocal. Of these seven increased ORs with statistical significance, three were from glioma, the other two were from meningioma, and the remaining two were from acoustic neuroma. Figure 2 provides the forest plots for this meta-analysis. The pooled OR was 1.59 (95% CI 1.25–2.02). When stratified by each type of tumor, the pooled OR for glioma, meningioma, and acoustic neuroma was 1.66 (95% CI 1.13–2.44), 1.29 (95% CI 1.08–1.54), and 1.84 (95% CI 0.78–4.37), respectively.
Table 3Characteristics of included case-control studies for the meta-analysis with cumulative use over 896 h


	Study
	Group
	Publication year
	Period
	Country
	Laterality
	Cumulative hours
	Case
	Control
	Tumor type
	Odds Ratio (95% CI)

	Hardell et al. (2015) [13]
	Hardell
	2015
	1997–2003, 2007–2009
	Sweden
	both
	> 1486
	367
	618
	glioma
	2.00 (1.60–2.60)*

	Yoon et al. (2015) [14]
	The third group
	2015
	2002–2008
	South Korea
	ipsilateral
	> 900
	68
	60
	glioma
	0.77 (0.32–1.84)

	Carlberg et al. (2015) [15]
	Hardell
	2015
	1997–2003, 2007–2009
	Sweden
	both
	> 1486
	336
	618
	meningioma
	1.30 (1.10–1.60)*

	Coureau et al. (2014) [8]
	The third group
	2014
	2004–2006
	France
	both
	> 896
	131
	233
	glioma
	2.89 (1.41–5.93)*

	Coureau et al. (2014) [8]
	The third group
	2014
	2004–2006
	France
	both
	> 896
	127
	216
	meningioma
	2.57 (1.02–6.44)*

	Hardell et al. (2013) a [16]
	Hardell
	2013
	1997–2003, 2007–2009
	Sweden
	both
	> 1486
	56
	618
	acoustic neuroma
	2.20 (1.50–3.40)*

	The INTERPHONE Study Group (2011) [17]
	Interphone
	2011
	2000–2004
	13 Countries
	ipsilateral
	> 1640
	815
	1421
	acoustic neuroma
	3.53 (1.59–7.82)*

	The INTERPHONE Study Group (2010) [18]
	Interphone
	2010
	2000–2004
	13 Countries
	both
	> 1640
	1277
	1281
	meningioma
	1.15 (0.81–1.62)

	The INTERPHONE Study Group (2010) [18]
	Interphone
	2010
	2000–2004
	13 Countries
	both
	> 1640
	1252
	1232
	glioma
	1.40 (1.03–1.89)*

	Takebayashi et al. (2006) [19]
	Interphone
	2006
	2000–2004
	Japan
	both
	> 900
	166
	53
	acoustic neuroma
	0.67 (0.25–1.83)

	Hardell et al. (1999) [20]
	Hardell
	1999
	1994–1996
	Sweden
	both
	> 968
	138
	277
	all tumors
	1.06 (0.33–3.40)


*Statistically significant
¶For the number of cases and controls, only the numbers of the reference group and corresponding cumulative hours group were included
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Fig. 2Forest plots for meta-analysis of total cumulative use over 896 h (case-control studies)



Results of cumulative meta-analyses according to publication year and precision of each included study (case-control studies)
Figure 3 provides the results of cumulative meta-analyses according to the publication year, and the precision of each included study for ipsilateral users, years of use > 10 years, and total cumulative use > 896 h. The results of cumulative meta-analyses for regular users, contralateral users, and years of use < 10 years are provided in Supplementary material I.
For the cumulative meta-analysis according to publication year for ipsilateral users (Figs. 3 − 1), from 2005 to 2007 (k = 11), the pooled OR decreased from 2.90 (95% CI 1.38–6.10) to 1.40 (95% CI 1.08–1.82). After 2007 (k = 11), even though further studies were added, the point estimate of pooled OR did not change. However, the 95% CI was narrowed from (1.08–1.82) to (1.21–1.62). This phenomenon reflects that the reported individual OR was stabilized since 2007 after the formerly reported rather larger ORs for ipsilateral users.
For the cumulative meta-analysis according to precision for ipsilateral users (Figs. 3 − 2), until the 15th addition (k = 15), the pooled OR showed a rather stabilized estimate (1.71 (95% CI 1.49–1.96)). However, from then to the 25th addition (k = 25), the pooled OR decreased to 1.40 (95% 1.21–1.62). This indicates the studies with a lower precision had a lower OR estimate, and this could have biased the pooled OR downwards.
For the cumulative meta-analysis according to the precision for years of use > 10 years group (Fig. 3–3), the pooled OR increased from 1.10 (95% CI 0.86–1.40) to 1.46 (95% CI 1.16–1.85) until the 11th addition (k = 11). However, from then, the pooled OR decreased to 1.27 (95% CI 1.08–1.48) until the 19th addition (k = 19). This phenomenon indicates that the addition of the studies with a lower precision could have biased the pooled OR downwards.
For the cumulative meta-analysis according to publication year for the total cumulative hours of use > 896 h group (Figs. 3–4), after the stabilization of the pooled point OR in the 6th addition (k = 6) with 1.59 (95% CI 1.19–2.12), the pooled point OR did not change significantly until the 11th addition (k = 11). However, the 95% CIs were narrowed continuously from the 6th addition to the 12th addition, from (1.19–2.12) to (1.27–1.91). This phenomenon indicates that the included studies showed a moderate increased OR with statistical significance since 2013.
For the cumulative meta-analysis according to precision for the total cumulative hours of use > 896 h group (Figs. 3–5), the pooled OR increased until the 7th addition (k = 7) to 1.90 (95% CI 1.39–2.59). After that, the pooled OR decreased until the 11th addition (k = 11) to 1.59 (95% CI 1.25–2.02). This phenomenon indicates that the addition of the studies with a lower precision could have biased the pooled OR downwards.
[image: ]
Fig. 3Results of cumulative meta-analyses according to publication year and precision for ipsilateral users, years of use > 10 years, and total cumulative use > 896 h (case-control studies)



Included cohort studies and evidence synthesis
Supplementary material J provides the characteristics of included cohort studies. The study period spread from 1982 to 2012. Two studies were conducted in Denmark [21, 22], and the other two studies were conducted in the UK [23, 24]. Another study was conducted in six countries, including Denmark, Finland, France, Sweden, the Netherlands, and the UK [25]. Supplementary material F-2 provides the summary of the study population for each cohort study. Based on this summary, we could confirm that there is no interdependence among the risk estimates from each study.
Supplementary material K provides the summary of risk ratios (RRs) reported in each cohort study. An increased RR with statistical significance (2.46 (95% CI 1.07–5.64)) was reported only once in Benson et al. (2013) for acoustic neuroma in the over 10 years of use vs. never-use category [23]. On the contrary, the RR for the ever-use vs. never-use category for glioma from Schuz et al. (2022) showed a decreased RR with statistical significance (0.89 (95% CI 0.80–0.99)) [24]. All other RRs were statistically equivocal.
Table 4 provides the summary of pooled RR for each tumor for ever-use vs. never-use and over 10 years of use vs. never-use categories, respectively. An increased point RR was reported only for acoustic neuroma in ever-use vs. never-use and over 10 years of use vs. never-use categories, respectively (1.26 (95% CI 0.98–1.61) and 1.61 (95% CI 0.91–2.85), respectively). However, the CI for these two RRs were statistically equivocal, including 1. The pooled RRs for all other categories were statistically equivocal. Supplementary material L provides the forest plots for each analysis.
Table 4Summary of pooled risk ratio (cohort studies)


	Pooled RR (95% CI)
	All CNS tumors
	Meningioma
	Acoustic neuroma
	Glioma

	Ever-use vs. never-use
	1.00 (0.95–1.04)
	0.98 (0.88–1.10)
	1.26 (0.98–1.61)
	0.96 (0.86–1.08)

	Over 10 years of use vs. never-use
	1.00 (0.92–1.08)
	0.98 (0.85–1.14)
	1.61 (0.91–2.85)
	0.92 (0.82–1.02)


Pooled RR, Pooled Risk Ratio, 95% CI, 95% Confidence Interval





Discussion
In this meta-analysis regarding the association between cellular phone use and brain tumors, 19 case-control studies and five cohort studies were included. For regular users, the pooled OR was statistically equivocal compared to non-regular users. Ipsilateral users showed an increased pooled OR with statistical significance compared to non-regular users. Users with years of use over 10 years showed an increased pooled OR with statistical significance. When stratified by each type of brain tumor, all types of brain tumors showed a statistically equivocal pooled OR except for meningioma, with a decreased OR with statistical significance. For ipsilateral users, only meningioma, glioma, and malignant brain tumors showed an increased OR with statistical significance. For users with years of use over 10 years, only glioma showed an increased OR with statistical significance. When 11 studies with an OR with cumulative hours of use over 896 h were synthesized, the pooled OR was increased by 59% with a 95% CI from 25 to 102%. In particular, the risk of glioma was increased by 66%, with a 95% CI from 13 to 144%. For five cohort studies, the pooled RRs for all CNS tumors, glioma, meningioma, and acoustic neuroma, were statistically equivocal, respectively. However, the point estimates for acoustic neuroma showed a rather increased pooled RR for ever-use and over 10 years of use compared to never-use, respectively.
Non-stratified results by types of brain tumor: Table 1
                        
The results reported in Table 1 are already well-known from other meta-analyses [1, 3]. The pooled OR was statistically equivocal (0.98 (95% CI 0.90–1.07)) for simple regular users compared to non-regular users. However, the pooled OR for ipsilateral uses (1.40 (95% CI 1.21–1.62) and over 10 years of uses (1.27 (95% CI 1.08–1.48)) were increased with statistical significance, respectively. As the authors commented on in the introduction, Auvinen et al. insisted that the accurate assessment of RF-EMR exposure should be based on (i) site-specific, (ii) time-integral of (iii) specific absorption rate (SAR) [9]. Even though we cannot apply the most accurate exposure assessment method at this time, as the results in Table 1 indicate, a more accurate exposure subcategory (ipsilateral use and years of use over 10 years) can reveal a previously unobserved association when a less accurate exposure subcategory (regular users vs. non-regular users) was applied.

Stratified results by types of brain tumor: Table 2
                        
In Table 2, the results of meta-analyses and subgroup analyses stratified by tumor types are provided. For regular users, the pooled OR for meningioma showed a decreased pooled OR with statistical significance (0.86 (95% CI 0.77–0.95)). Similarly, in a recent meta-analysis published in 2020, the authors reported that a decreased pooled risk estimate was observed in the 0–5 years of use subgroup when stratified by laterality and years of use [26]. Other subgroups in this study reported a statistically equivocal pooled risk estimate. However, this protective effect for meningioma should be interpreted cautiously. In our study, when stratified by laterality of use and years of use over or under 10 years, any decreased pooled OR with statistical significance was not observed at all. Rather, an increased pooled OR with statistical significance for meningioma was observed for ipsilateral uses (1.20 (95% CI 1.04–1.39)). These contrasting results could be understood as a type of Simpson’s paradox [27]. Therefore, we can understand that the stratified results, increased pooled ORs with statistical significance, would be correct compared to the unstratified result, a decreased pooled OR with statistical significance.
When stratified by types of brain tumors, meningioma, glioma, and malignant tumors showed an increased pooled OR with statistical significance for ipsilateral users, and glioma showed an increased pooled OR with statistical significance for users with years of use over 10 years.

Results for cumulative hours of use over 896 h: Table 3; Fig. 2
                        
When ORs for cumulative hours of use over 896 h were combined (regardless of tumor type), the pooled OR showed 59% increased odds of brain tumor. In particular, the pooled OR for glioma and acoustic neuroma showed 66% and 84% increased odds, respectively, even though the 95% CI for acoustic neuroma was not statistically significant. Even though the number of included studies was relatively small, the used exposure subcategory was improved compared to the previously used two exposure subcategories (consideration of laterality of use and years of use over/under 10 years) because cumulative hours of use were considered.

Results of cumulative meta-analyses: Fig. 3
                        
The results of cumulative meta-analyses according to publication year indicated that the ORs for ipsilateral users were relatively higher in initial studies from 2005 to 2006 but have stabilized since 2007. On the contrary, the ORs for cumulative hours of use over 896 h were relatively lower in initial studies from 1999 to 2006 but have stabilized since 2010. This indicates a possibility that initial studies could report rather biased results. The results of cumulative meta-analyses according to precision indicated that the pooled OR was biased downwards with the addition of studies with lower precision. This indicates that the results of studies with a lower precision should be interpreted cautiously.

Results for cohort studies: Table 4
                        
Because exposure is determined before the outcome, cohort studies have a temporal structure that allows them to evaluate causality, making them capable of providing more reliable scientific evidence [28]. In the meta-analysis of cohort studies, all CNS tumors, meningioma, acoustic neuroma, and glioma showed a statistically equivocal pooled RR. Only the pooled point RR for acoustic neuroma showed an increased estimate.
For this meta-analysis of cohort studies, first, the number of included studies was too small to conclude on this topic. For each type of brain tumor, from two to five study outcomes were included. Second, the applied exposure subcategory needs to be more accurate in light of the aforementioned i) site-specific, (ii) time-integral of (iii) specific absorption rate (SAR) (in the introduction). At least cumulative hours of use should be applied in future cohort studies.

Influence of changing patterns of mobile phone use on RF-EMR exposure dose
With the conversion from 2G cellular phones through 3G and 4G mobile phones to current 5G mobile phones, transmission of large data became possible. With the introduction of 3G technology, all aspects of our society and daily lives have changed drastically. Currently, we are using mobile phones nearly continuously and putting mobile phones near our bodies even when we are not using them. For example, if people use their mobile phone for morning-alarming purposes, they might put their mobile phone near the bed, sometimes even beside their head, all night. These changed patterns of mobile phone use could increase exposure to RF-EMR from cellular and mobile phones. Therefore, precise exposure assessment for RF-EMR from mobile phones would become more complex in future studies.

Influence of WPAN technology on the RF-EMR exposure dose
WPAN technology, such as Bluetooth, has been applied to smartphones in recent years. Among many devices, wireless earphones or headphones can be connected to smartphones without cords due to this WPAN technology. After the introduction of these devices with WPAN technology, there was no need to attach smartphones to the ear during calls. This technology reduced the RF-EMR dose to the head in general compared to the period before this technology.

Possible under-estimation due to the relatively short observation spans
Because brain tumors require a latency period to develop [29], an accurate assessment of brain tumor risk associated with RF-EMR exposure requires a long observation span. However, each included study did not consider a sufficient latency period in their study design. This could have led to a possible underestimation of brain tumor risk. Future studies with long observation spans might resolve this problem.

Age as a confounder: starting age of exposure and age of diagnosis
For accurate assessments of brain tumor risks from RF-EMR exposure, both the starting age of exposure and the age of brain tumor diagnosis should be considered at the same time. However, these types of information are not reported or considered unanimously in all individual studies. Because age is an essential confounder in the development of brain tumors, the starting age of exposure and age of diagnosis should be considered in future studies.

Previous studies that adjusted for selection and recall bias for the amount of cellphone use and misclassification and recall bias for ipsilateral/contralateral use
Momoli et al. adjusted for recall and selection bias due to low and unrepresentative participation data using billing records from network operators and non-participation questionnaires in the Canadian Interphone study [30]. In this study, the OR changed from 1.0 (95% CI 0.7–1.5) and 2.0 (95% CI 1.2–3.4) to 1.1 (95% CI 0.7–1.6) and 2.2 (95% CI 1.3–4.1) for regular users and cumulative hours of use over 558 h, respectively, for glioma. The OR changed from 1.3 (95% CI 0.8-2.0) and 1.0 (95% CI 0.4–2.4) to 1.4 (95% CI 0.8–2.2) and 1.4 (95% CI 0.5–3.6) for regular users and cumulative hours of use over 558 h, respectively, for meningioma. The OR changed from 0.7 (95% CI 0.4–1.2) and 0.7 (95% CI 0.3–1.6) to 0.7 (95% CI 0.4–1.2) and 0.7 (95% CI 0.3–1.8) for regular users and cumulative hours of use over 558 h, respectively, for acoustic neuroma. Based on these results, Momoli et al. concluded that adjustments for selection and recall biases did not materially affect the interpretation of results.
Vrijheid et al. re-analyzed the results of the Interphone study, considering possible recall errors and selection bias [31]. In this study, most results showed that the original results could have been underestimated under varying scenarios of recall errors and selection bias, except for when selection bias resulting from underselection of unexposed controls applied.


Conclusion
In this meta-analysis, as the applied exposure subcategories became more concrete, the pooled ORs showed more increased values with statistical significance. Even though the meta-analysis of cohort studies showed statistically equivocal pooled effect estimates, (i) as the number of included studies increases and (ii) as the applied exposure subcategory becomes more concrete, the pooled RRs could show a different aspect in future studies. Furthermore, changing patterns of mobile phone use and increasing use of earphones or headphones with WPAN technology should be sufficiently considered in future studies. Relatively short observation spans for brain tumor incidence and age of starting exposure and brain tumor diagnosis should also be considered in future studies. Previous studies that adjusted for selection and recall bias for the amount of cellphone use and misclassification and recall bias for ipsilateral/contralateral use showed possible underestimations of previous risk estimates. Future studies should try to adjust for these biases in their study design.

Acknowledgements
The authors appreciate the work of Najin Kim in the Medical Library of the Catholic University of Korea, Seoul, Republic of Korea (ORCID: https://​orcid.​org/​0000-0001-7280-9579) for building the search query, conducting the literature search, and double-checking the included studies.

Author contributions
Conceptualization, Methodology, Software, Validation, Formal analysis, Writing – Original Draft, Writing –Review & Editing, Visualization: Jinyoung MoonInvestigation, Resources, Data Curation: Jungmin KwonSupervision, Project administration: Yongseok Mun.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Data availability
This research is a meta-analysis. Therefore, anyone can find the data used in the included individual research paper.

Declarations
Competing interests
The authors declare no competing interests.


[image: Creative Commons]Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by-nc-nd/​4.​0/​.

References
	1.
Yang M, Guo W, Yang C, Tang J, Huang Q, Feng S, Jiang A, Xu X, Jiang G. Mobile phone use and glioma risk: a systematic review and meta-analysis. PLoS ONE. 2017;12(5):e0175136.Crossref


	2.
Prasad M, Kathuria P, Nair P, Kumar A, Prasad K. Mobile phone use and risk of brain tumours: a systematic review of association between study quality, source of funding, and research outcomes. Neurol Sciences: Official J Italian Neurol Soc Italian Soc Clin Neurophysiol. 2017;38(5):797–810.Crossref


	3.
Bortkiewicz A, Gadzicka E, Szymczak W. Mobile phone use and risk for intracranial tumors and salivary gland tumors - a meta-analysis. Int J Occup Med Environ Health. 2017;30(1):27–43.


	4.
Myung SK, Ju W, McDonnell DD, Lee YJ, Kazinets G, Cheng CT, Moskowitz JM. Mobile phone use and risk of tumors: a meta-analysis. J Clin Oncology: Official J Am Soc Clin Oncol. 2009;27(33):5565–72.Crossref


	5.
Levis AG, Minicuci N, Ricci P, Gennaro V, Garbisa S. Mobile phones and head tumours. The discrepancies in cause-effect relationships in the epidemiological studies - how do they arise? Environ Health. 2011;10(1):59.Crossref


	6.
Hardell L, Carlberg M, Hansson Mild K. Re-analysis of risk for glioma in relation to mobile telephone use: comparison with the results of the interphone international case-control study. Int J Epidemiol. 2011;40(4):1126–8.Crossref


	7.
Choi Y-J, Moskowitz JM, Myung S-K, Lee Y-R, Hong Y-C. Cellular phone use and risk of tumors: systematic review and Meta-analysis. Int J Environ Res Public Health. 2020;17(21):8079.Crossref


	8.
Coureau G, Bouvier G, Lebailly P, Fabbro-Peray P, Gruber A, Leffondre K, Guillamo J-S, Loiseau H, Mathoulin-Pélissier S, Salamon R. Mobile phone use and brain tumours in the CERENAT case-control study. Occup Environ Med. 2014;71(7):514–22.Crossref


	9.
Auvinen A, Toivo T, Tokola K. Epidemiological risk assessment of mobile phones and cancer: where can we improve? Eur J cancer Prevention: Official J Eur Cancer Prev Organisation (ECP). 2006;15(6):516–23.Crossref


	10.
Wiart J, Dale C, Bosisio AV, Le Cornec A. Analysis of the influence of the power control and discontinuous transmission on RF exposure with GSM mobile phones. IEEE Trans Electromagn Compat. 2000;42(4):376–85.Crossref


	11.
Borenstein M, Hedges LV, Higgins JP, Rothstein HR. Introduction to meta-analysis. Wiley; 2011.


	12.
Hedges LV, Pigott TD. The power of statistical tests for moderators in meta-analysis. Psychol Methods. 2004;9(4):426–45.Crossref


	13.
Hardell L, Carlberg M. Mobile phone and cordless phone use and the risk for glioma–analysis of pooled case-control studies in Sweden, 1997–2003 and 2007–2009. Pathophysiology. 2015;22(1):1–13.Crossref


	14.
Yoon S, Choi J-W, Lee E, An H, Do Choi H, Kim N. Mobile phone use and risk of glioma: a case-control study in Korea for 2002–2007. Environ Health Toxicol 2015, 30.


	15.
Carlberg M, Hardell L. Pooled analysis of Swedish case-control studies during 1997–2003 and 2007–2009 on meningioma risk associated with the use of mobile and cordless phones. Oncol Rep. 2015;33(6):3093–8.Crossref


	16.
Hardell L, Carlberg M, Söderqvist F, Mild KH. Pooled analysis of case-control studies on acoustic neuroma diagnosed 1997–2003 and 2007–2009 and use of mobile and cordless phones. Int J Oncol. 2013;43(4):1036–44.Crossref


	17.
The_INTERPHONE_Study_Group. Acoustic neuroma risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Cancer Epidemiol. 2011;35(5):453–64.


	18.
The_INTERPHONE_Study_Group. Brain tumour risk in relation to mobile telephone use: results of the INTERPHONE international case-control study. Int J Epidemiol. 2010;39(3):675–94.


	19.
Takebayashi T, Akiba S, Kikuchi Y, Taki M, Wake K, Watanabe S, Yamaguchi N. Mobile phone use and acoustic neuroma risk in Japan. Occup Environ Med. 2006;63(12):802–7.Crossref


	20.
Hardell L, Näsman A, Påhlson A, Hallquist A, Hansson Mild K. Use of cellular telephones and the risk for brain tumours: a case-control study. Int J Oncol. 1999;15(1):113–9.


	21.
Schuz J, Steding-Jessen M, Hansen S, Stangerup SE, Caye-Thomasen P, Poulsen AH, Olsen JH, Johansen C. Long-Term Mobile phone use and the risk of vestibular Schwannoma: a Danish Nationwide Cohort Study. Am J Epidemiol. 2011;174(4):416–22.Crossref


	22.
Frei P, Poulsen AH, Johansen C, Olsen JH, Steding-Jessen M, Schuz J. Use of mobile phones and risk of brain tumours: update of Danish cohort study. BMJ (Clinical Res ed). 2011;343(oct19 4):d6387–6387.Crossref


	23.
Benson VS, Pirie K, Schüz J, Reeves GK, Beral V, Green J. Mobile phone use and risk of brain neoplasms and other cancers: prospective study. Int J Epidemiol. 2013;42(3):792–802.Crossref


	24.
Schüz J, Pirie K, Reeves GK, Floud S, Beral V. Cellular Telephone Use and the risk of Brain tumors: Update of the UK million women study. JNCI: J Natl Cancer Inst. 2022;114(5):704–11.Crossref


	25.
Feychting M, Schüz J, Toledano MB, Vermeulen R, Auvinen A, Harbo Poulsen A, Deltour I, Smith RB, Heller J, Kromhout H, et al. Mobile phone use and brain tumour risk – COSMOS, a prospective cohort study. Environ Int. 2024;185:108552.Crossref


	26.
Chen F, Wang P, Lan J, Hu M, Zheng J, Li Y, Hou C, Zhou D. Wireless phone use and adult meningioma risk: a systematic review and Meta-analysis. Br J Neurosurg 2020:1–7.


	27.
Wagner CH. Simpson’s Paradox in Real Life. Am Stat. 1982;36(1):46–8.Crossref


	28.
Concato J, Shah N, Horwitz RI. Randomized, controlled trials, observational studies, and the hierarchy of research designs. N Engl J Med. 2000;342(25):1887–92.Crossref


	29.
Armitage P, Doll R. The age distribution of cancer and a multi-stage theory of carcinogenesis. Br J Cancer. 2004;91(12):1983–9.Crossref


	30.
Momoli F, Siemiatycki J, McBride ML, Parent ME, Richardson L, Bedard D, Platt R, Vrijheid M, Cardis E, Krewski D. Probabilistic multiple-Bias modeling Applied to the Canadian Data from the Interphone Study of Mobile phone Use and Risk of Glioma, Meningioma, Acoustic Neuroma, and parotid gland tumors. Am J Epidemiol. 2017;186(7):885–93.Crossref


	31.
Vrijheid M, Deltour I, Krewski D, Sanchez M, Cardis E. The effects of recall errors and of selection bias in epidemiologic studies of mobile phone use and cancer risk. J Expo Sci Environ Epidemiol. 2006;16(4):371–84.Crossref




Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12940_2024_1117_Fig2_HTML.png
Study logOR
Hardell et al. (2015) 0.6931
Yoon et al. (2015) -0.2614
Carlberg et al. (2015) 0.2624
Coureau et al. (2014) 1.0613
Coureau et al. (2014) 0.9439
Hardell et al. (2013) a 0.7885

The INTERPHONE Study Group (2011) 1.2613
The INTERPHONE Study Group (2010) 0.1398
The INTERPHONE Study Group (2010) 0.3365

Takebayashi et al. (2006) -0.4005
Hardell et al. (1999) 0.0583
Random effects model

Heterogeneity: I° = 61%, t° = 0.0837, p < 0.01

Study logOR
tumor.type = glioma

Hardell et al. (2015) 0.6931
Yoon et al. (2015) -0.2614
Coureau et al. (2014) 1.0613

The INTERPHONE Study Group (2010) 0.3365
Random effects model

tumor.type = meningioma

Carlberg et al. (2015) 0.2624
Coureau et al. (2014) 0.9439
The INTERPHONE Study Group (2010) 0.1398
Random effects model

Heterogeneity: I = 23%, 1 = < 0.0001, p =0.27

tumor.type = acoustic neuroma

Hardell etal. (2013) a 0.7885
The INTERPHONE Study Group (2011) 1.2613
Takebayashi et al. (2006) -0.4005
Random effects model

Heterogeneity: I~ = 70%, t~ = 0.4:

tumor.type = all tumors
Hardell et al. (1999) 0.0583

Random effects model

Heterogeneity: 17 = 61%, t° = 0.0837, p < 0.01

SE(logOR)

0.1339
0.4445
0.1059
0.3667
0.4687
0.2221
0.4058
0.1748
0.1531
0.5126
0.5946

SE(logOR)

0.1339
0.4445
0.3667
0.1531

0.1059
0.4687
0.1748

0.2221
0.4058
0.5126

0.5946

Test for subgroup differences: 1: =2.04,df =3 (p =0.56)

0dds Ratio OR  95%-Cl Weight

—— 200 [154;260] 14.8%

077 [032,184] 53%

- 130 [1.06;1.60] 15.8%

% 280 [141;593] 69%

257 [1.03;644] 4.9%

o 220 [1.42,340] 11.3%

=353 [150.7.82] 6.0%

e 115 [0.82;162] 13.1%

—— 1.40 [1.04,1.89] 14.0%

067 [0.25:1.83] 4.3%

1.06 [0.33;3.40] 3.4%

| | = | 159 [126;2.02] 100.0%
02 05 1 2 5

0dds Ratio OR  95%-Cl Weight

— 200 [1.54;2.60] 14.8%

077 [0.32;184] 5.3%

“—=—— 280 [141;593] 6.9%

— 140 [1.04;1.89] 14.0%

- 1.66 [1.13; 2.44] 41.0%

= 1.30 [1.06;1.60] 15.8%

257 [1.03;6.44] 4.9%

e 115 [0.82;162] 13.1%

<> 1.29 [1.08; 1.54] 33.9%

A 220 [1.42;340] 11.3%

——=——— 353 [1.59,7.82] 6.0%

067 [0.25,1.83] 4.3%

=== 1384 [0.78;4.37] 21.7%

1.06 [0.33;3.40] 3.4%

| | = | 159 [125;202] 100.0%
02 05 1 2 5





OEBPS/navigation.xhtml

    
      Contents


      
        		Relationship between radiofrequency-electromagnetic radiation from cellular phones and brain tumor: meta-analyses using various proxies for RF-EMR exposure-outcome assessment


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12940_2024_1117_Fig3_HTML.png
Study 0dds Ratio OR  95%Cl Pvalue Tau2 Tau I2
Adding Hardell et al. (2005) b, acoustic neuroma (k=1) —#—— 290 [1.38,610] <001 .
/Adding Hardell et al. (2005) b, acoustic neuroma (k=2) —#%—— 354 [194,644] <001 0 0 0%
‘Adding Hardell et al. 2005) b, meningioma (k=3) ——#—— 254 [127,507) <0.01 02310 0.4807 63%
Adding Hardell et al. (2006) ¢, maignant tumor (k= — 211 [1.42:313] <0.01 0.0755 0.2748 49%
/Adding Hardell et al. (2006) ¢, maignant tumor (k=5) = 204 [1.58;264] <0.010.0280 0.1674 34%
Adding Hepworth et al. (2006), glioma (k=6) — 186 [1.38;251] <0.01 0.0856 0.2925 71%
/Adding Takebayashi et al. (2006), acoustic neuroma (k=7) - 171 [1.28;229] <0.01 0.0939 0.3064 71%
/Adding Klaeboe et al (2007), acoustic neuroma (k=8) = 158 [1.18;212] <0.010.1118 0.3344 72%
AAdding Klaeboe et al (2007), glioma (k=9) = 148 [1.13,195] <0.010.1106 0.3326 73%
/Adding Klaeboe et al (2007), meningioma (k=10) - 140 [1.08;182]  0.010.1148 0.3388 75%
Adding Takebayashi et al. (2008), glioma (k=11) - 139 [109:177) <0.010.1055 0.3249 72%
/Adding Takebayashi et al. (2008), meningioma (k=12) - 136 [1.09;171] <0.010.0975 0.3122 69%
‘Adding Hardhell et al (2009), meningioma (k=13) = 135 [1.11,165] <0.010.0778 0.2790 67%
Adding Aydin et al. (2011), all tumors (k=14) = 137 [1.13;166] <0.010.0741 0.2723 65%
Adding The INTERPHONE Study Group (2011), acoustic neuroma (k=15) = 131 [1.07,160] <0.010.0983 0.3135 72%
/Adding Corona et al. (2012), acoustic neuroma (k=16) L 131 [1.09;158] <0.010.0885 0.2975 70%
/Adding Hardell et al. (2013) a, acoustic neuroma (k=17) &5 134 [1.12,160] <0.010.0876 0.2960 70%
/Adding Coureau et al (2014), glioma (k=18) L 3 135 [1.13;161] <0.01 0.0864 0.2939 69%
Adding Coureau et al (2014), meningioma (k=19) = 136 [114;162] <001 00852 02918 67%
Adding Pettersson etal. (2014), acoustic neuroma (k=20) L3 136 [1.14,161] <001 0.0828 02878 66%
Adding Calberg et al. (2015), meningioma (k=21) = 134 [115.157) <0.010.0700 0.2545 64%
/Adding Hardhell et al. (2015), glioma (k=22) t 3 136 [1.16;159] <0.01 0.0707 0.2858 63%
‘Adding Hardhell et al (2015), glioma (k=23) * 139 [1.19,162] <0.010.0731 0.2703 67%
Adding Hardhell et al. (2015), glioma (k=24) = 142 (1.22,165] <0.010.0758 0.2753 68%
Adding Yoon et al. (2015), glioma (k=25) = 140 [121:162] <0.010.0751 0.2741 67%
Random effects model : ; > | 140 [121;162]  <0.010.0751 0.2741 67%
02 05 1 2 5
Study 0Odds Ratio OR  95%-Cl P-value Tau2 Tau 2
Adding Aydin et al. (2011), all tumors (k=1) - 009 E X
Adding Calberg et al. (2015), meningioma (k=2) — 0.07 0.0077 00878 11%
Adding Corona et al. (2012), acoustic neuroma (k=3) = <001 0 0 0%
Adding Coureau et al. (2014), glioma (k=4) = <001 0 0 0%
Adding Coureau et al. (2014), meningioma (k=5) — <001 0 0 0%
Adding Hardell etal. (2005) b, acoustic neuroma (k=6) —— <0.01 0.0261 0.1617 28%
Adding Hardell etal. (2005)b, acoustic newoma (k=7) = <0.010.0899 02999 55%
Adding Hardell etal. (2005) b, meningoma (k=8) —— <0.01 0.0635 02519 47%
Adding Harcell et al. (2008) ¢, malignant tumor (k=9) - <0.010.0488 02209 47%
/Adding Hardell et al. (2006) ¢, malignant tumor (k=10) —— <0.01 0.0512 02263 51%
Adding Hardell etal. (2013) a, acoustic neuroma (k=11) = <0.01 0.0411 02027 47%
Adding Hardhell et al. (2009). meningioma (k=12) - <0.010.0372 01928 47%
Adding Hardhell et al. (2015), glioma (k=13) = o <0.01 0.0356 0.1887 45%
Adding Hardhell et al (2015), glioma (k=14) - <00100284 01686 44%
Adding Hardhell et al. (2015), glioma (k=15) = <0.01 0.0271 0.1648 44%
/Adding Hepworth et al. (2006), gioma (k=16) = <0.010.0332 0.1821 52%
Adding Klaeboe et al. (2007), acoustic neuroma (k=17) = <0.01 0.0410 02024 56%
Adding Kiaeboe el al. 2007), glioma (k=18) - <0.01 0.0480 02192 60%
Adding Kiaeboe et al. (2007), meningioma (k=19) - <0.01 0.0558 02383 64%
Adding Pettersson et al. (2014), acoustic neuroma (k=20) aanl <0.01 0.0551 02348 62%
Adding Takebayashi et al. (2006), acoustic neuroma (k=21) = <0.01 0.0569 02386 62%
Adding Takebayashi et al. (2008), glioma (k=22) = <0.01 0.0546 02337 60%
Adding Takebayashi et al (2008), meningioma (k=23) - <001 00530 02302 59%
Adding The INTERPHONE Study Group (2011), acoustic neuroma (k=24) L <0.01 0.0758 02753 68%
Adding Yoon ot al. (2015), glioma (k=25) = <0.010.0751 02741 67%
Random effects model ] = <0.01 0.0751 0.2741 67%
05 1 2
Study 0dds Ratio OR  95%Cl P-value Tau2 Tau 12
Adding Calberg et al. (2015), meningioma (k=1) -~ 044 . o
Adding Calberg et al. (2015), meningioma (k=2) e 033 0 0 0%
Adding Christensen et al. (2005), maligrant tumor (k=3) 0.71 00131 0.1143 27%
Adding Coureau et al. (2014), glioma (k=4) 0.45 00168 0.1296 28%
Adding Coureau et al. (2014), meningioma (k=5) 0.30 00096 0.0979 15%
Adding Han et al. (2012), acoustic neuroma (k=6) 017 0 0 0%
Adding Hardell etal. (2006) c, malignant tumor (k=7) 0.07 00559 0.2365 54%
Adding Hardell etal. (2006) ¢, malignant tumor (k=8) 0.03 00538 0.2320 51%
Adding Hardell etal. (2013) a, acoustic neuroma (k=9) <0.01 00498 02231 48%
Adding Hardell etal. (2013) a, acoustic neuroma (k=10) <0.01 00446 02112 43%
Adding Hardhell et al. (2009), acoustic neuroma (k=11) <0.01 00688 0.2624 53%
Adding Hardhell et al. (2009), meningioma (k=12) <0.01 0.0570 0.2388 49%
Adding Hardhell et al. (2015), glioma (k=13) <0.01 0.0423 02058 44%
Adding Hardhell et al. (2015), glioma (k=14) <001 00351 0.1873 42%
Adding Pettersson et al. (2016), acoustic neuroma (k=15) <0.01 00339 0.1842 41%
Adding Schoemaker et al. (2009), pituitary tumor (k=16) <0.01 00326 0.1806 40%
Adding The INTERPHONE Study Group (2010), glioma (k=17) <0.01 00407 0.2016 48%
Adding The INTERPHONE Study Group (2010), meningioma (k=18) <0.01 00519 0.2278 55%
Adding The INTERPHONE Study Group (2011), acoustic neuroma (k=19) <0.01 00609 0.2468 59%
Random effects model 1.27 [1.08;1.48]  <0.01 0.0609 0.2468 59%
15
Study OR 95%-Cl P-value Tau2 Tau 12
Adding Hardell et al. (1999) (k=1) + 1.06 [0.33;3.40] 0.92 . . .
Adding Takebayashi et al. (2006) (k=2) 081 [0.38;1.74] 060 0 0 0%
Adding The INTERPHONE Study Group (2010) (k=3) 109 [0.79;148] 061 0 0 0%
Adding The INTERPHONE Study Group (2010) (k=4) 124 [1.00;154] 005 0 0 0%
Adding The INTERPHONE Study Group (2011) (k=5) 1.36 [0.91,205]  0.14 0.1113 0.3336 53%
Adding Hardell et al. 2013) a (k=6) 151 [1.04;219]  0.03 0.1219 0.3491 61%
Adding Coureau et al. (2014) (k=7) 164 [1.14,236) <0.01 0.1395 0.3735 62%
Adding Coureau et al. (2014) (k=8) L 170 [1.21;239] <0.01 0.1257 0.3545 59%
Adding Hardell et al. (2015) (k=9) —— 174 [1.32,229] <0.01 0.0879 0.2964 59%
Adding Yoon et al. (2015) (k=10) —— 165 [1.25;219] <0.01 0.1058 0.3253 60%
Adding Carlberg et al. (2015) (k=11) —— 159 [1.25,202] <0.01 0.0837 0.2893 61%
Random effects model — 1.69 [1.25;2.02] <0.01 0.0837 0.2893 61%
[
05 1 2

Study 0Odds Ratio OR  95%-Cl P-value Tau2 Tau
Adding Hardell et al. (2015) (k=1) 200 [1.54;260] <0.01
Adding Yoon et al. (2015) (k=2) 1.36 [0.54,341] 051 0.3478 0.5898 76%
Adding Cariberg et al. (2015) (k=3) 142 [092;220]  0.11 0.1039 0.3223 77%
Adding Coureau et al. (2014) (k=4) 160 [1.05;244] 003 0.1211 0.3479 74%
Adding Coureau et al. (2014) (k=5) 169 [1.17,245] <001 0.1012 0.3182 69%
Adding Hardell et al. (2013) a (k=6) 1.77 [1.31;240] <0.01 0.0766 0.2767 67%
Adding The INTERPHONE Study Group (2011) (k=7) 190 [1.39;259] <0.01 0.0963 0.3104 68%
Adding The INTERPHONE Study Group (2010) ) 1.76 [1.30,2.37) <0.01 0.1106 0.3325 69%
Adding The INTERPHONE Study Group (2010) (k=9) 168 [1.31,2.16] <0.01 0.0825 0.2872 65%
Adding Takebayashi et al. (2006) (k=10) 162 [1.26;2.08] <0.01 0.0907 0.3012 65%
Adding Hardell et al. (1999) (k=11) 159 [1.25;202] <0.01 0.0837 0.2893 61%

Random effects model

1.59 [1.25; 2.02]

12

<0.01 0.0837 0.2893 61%





OEBPS/css/sidebar.gif





OEBPS/images/12940_2024_1117_Fig1_HTML.png
Studies identified from the databases using keywords and bibliographies
of relevant articles (n=1,103):
PubMed (n=433), EMBASE (n=664), and Cochrane Library (n=6)

> Exclude duplicate article (n=300)

Remaining articles (n=803)

Exclusion of studies using titles and abstracts (n=502)
Exclusion of studies under full-text review (n=271)

Remaining articles (n=25, case-control studies)
Remaining articles (n=5, cohort studies)

é| Exclusion of parotid tumor studies (n=6)
/

p

Remaining articles (n=19, case-control studies)
Remaining articles (n=5, cohort studies)
Extraction of relevant data






OEBPS/css/cc-by-nc-nd.png
(OO





