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I. A. About the uniform requirements 

A small group of editors of general medical journals met informally in Vancouver, British Columbia, in 
1978 to establish guidelines for the format of manuscripts submitted to their journals. This group became 
known as the Vancouver Group. Its requirements for manuscripts, including formats for bibliographic 
references developed by the National Library of Medicine (NLM), were first published in 1979. The 
Vancouver Group expanded and evolved into the International Committee of Medical Journal Editors 
(]CMJE), which meets annually. The lCMJE has gradually broadened its concerns to include ethical 
principles related to publication in biomedical journals. The JCJME has produced multiple editions of the 
Uniform Requirements for Manuscripts Submitted to Biomedical Journals. Over the years, issues have 
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arisen that go beyond manuscript preparation, resulting in the development of a number of Separate 
Statements on editorial policy. The entire Uniform Requirements document was revised in 1997; sections 
were updated in May 1999 and May 2000. ln May 2001, the JCMJE revised the sections related to potential 
conflict of interest. In 2003, the committee revised and reorganized the entire document and incorporated 
the Separate Statements into the text. The committee prepared this revision in 2008. 

The total content of the Uniform Requirements for Manuscripts Submitted to Biomedical Journals may be 
reproduced for educational, not-for-profit purposes without regard for copyright; the committee encourages 
distribution of the material. 

Journals that agree to use the Uniform Requirements are encouraged to state in their instructions to authors 
that their requirements are in accordance with the Uniform Requirements and to cite this version. Journals 
that wish to be listed on www.lCMJE.org as a publication that follows the Uniform Requirements should 
contact the ICMJ E secretariat office. 

The ICMJE is a small working group of general medical journals, not an open-membership organization. 
Ocasionally, the ICMJE will invite a new member or guest when the committee feels that the journal or 
organization will provide a new perspective. Open membership organizations for editors and others in 
biomedical publication include the World Association of Medical Editors www.WJ\ME.org and the 
Counci I of Science Editors ww\-v.counci lofscienceeditors. 
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I. B. Potential users of the uniform requirements 

The ICMJE created the Uniform Requirements primarily to help authors and editors in their mutual task of 
creating and distributing accurate, clear, easily accessible reports of biomedical studies. The initial sections 
address the ethical principles related to the process of evaluating, improving, and publishing manuscripts in 
biomedical journals and the relationships among editors and authors, peer reviewers, and the media. The 
latter sections address the more technical aspects of preparing and submitting manuscripts. The ICMJE 
believes that the entire document is relevant to the concerns of both authors and editors. 

The Uniform Requirements can provide many other stakeholders-peer reviewers, publishers, the media, 
patients and their families, and general readers-with useful insights into the biomedical authoring and 
editing process. 
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I. C. How to use the uniform requirements 

The Uniform Requirements state the ethical principles in the conduct and reporting of research and provide 
recommendations relating to specific elements of editing and writing. These recommendations are based 
largely on the shared experience of a moderate number of editors and authors, collected over many years, 
rather than on the resu Its of methodical, planned investigation that aspires to be "evidence-based." 
Wherever possible, recommendations are accompanied by a rationale that justifies them; as such, the 
document serves an educational purpose . 

Authors will find it helpful to follow the recommendations in this document whenever possible because, as 
described in the explanations, doing so improves the quality and clarity of reporting in manuscripts 
submitted to any journal, as well as the ease of editing. At the same time, every journal has editorial 
requirements uniquely suited to its purposes. Authors therefore need to become familiar with the 
Instructions to Authors specific to the journal they have chosen for their manuscript-for example, the 
topics suitable for that journa I, and the types of papers that may be submitted (for example, original 
articles, reviews, or case repo1ts)-and should follow those instructions. 

II.Ethical Considerations in the Conduct a_Qd Repq.!._ting_ of 13_esearch 
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II. A. Authorship and contributorship 

II. A. 1 Byline authors An "author" is generally considered to be someone who has made substantive 
intellectual contributions to a published study, and biomedical authorship continues to have important 
academic, social, and financial imp I ications (I). In the past, readers were rarely provided with information 
about contributions to studies from persons listed as authors and in Acknowledgments (2). Some journals 
now request and publish information about the contributions of each person named as having participated 
in a submitted study, at least for original research. Editors are strongly encouraged to develop and 
implement a contributorship policy, as well as a policy on identifying who is responsible for the integrity of 
the work as a whole. 

3' While contributorship and guarantorship policies obviously remove much of the ambiguity surrounding 
~ contributions, they leave unresolved the question of the quantity and quality of contribution that qualify for 

authorship. The ICJME has recommended the following criteria for authorship; these criteria are still 
appropriate for journals that distinguish authors from other contributors. 

,) 
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• Authorship credit should be based on 1) substantial contributions to conception and design, 
acquisition of data, or analysis and interpretation of data; 2) drafting the article or revising it 
critically for important intellectual content; and 3) final approval of the version to be published. 
Authors should meet conditions I, 2, and 3. 

• When a large, multicenter group has conducted the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals work, the group should identify the individuals who accept direct 
responsibility for the manuscript (3). These individuals should fully meet the criteria for 
authorship/contributorship defined above and editors will ask these individuals to completejou.rnal 
specific author and conflict-of-interest disclosure forms. When submitting a manuscript authored by 
a group, the corresponding author should clearly indicate the preferred citation and identify al.I 
individual authors as well as the group name. Journals generally list other members of the group in 
the Acknowledgments. The NLM indexes the group name and the names of individuals the group 
has identified as being directly responsible for the manuscript; it also lists the names of collaborators 
if they are I isted in Acknowledgments. 

• Acquisition of funding, collection of data, or general supervision of the research group alone does 
not constitute authorship. 
All persons designated as authors should qualify for authorship, and all those who qualify should be 
listed. 

• Each author should have participated sufficiently in the work to take public responsibility for 
appropriate portions of the content. 

Some journals now also request that one or more authors, referred to as "guarantors," be identified as the 
11 persons who take responsibility for the integrity of the work as a whole, from inception to published article, 

and publish that information. 

~~ Increasingly, authorship ofmulticenter trials is attributed to a group. All members of the group who are 
n tr named as authors should fully meet the above criteria for authorship/contributorship. 

The group should jointly make decisions about contributors/ authors before submitting the manuscript for 
publication. The corresponding author/guarantor should be prepared to explain the presence and order of 
these individuals. It is not the role of editors to make authorship/contributorship decisions or to arbitrate 
conflicts related to authorship. 

II. A. 2. Contributors listed in acknowledgments All contributors who do not meet the criteria for 
authorship should be listed in an acknowledgments section. 
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Examples of those who might be acknowledged include a person who provided purely technical help, 
writing assistance, or a department chairperson who provided only general support. Editors should ask 
corresponding authors to declare whether they had assistance with study design, data collection, data 
analysis, or rnanuscript preparation. If such assistance was available, the authors should disclose the 
identity of the individuals who provided this assistance and the entity that supported it in the published 
article. Financial and material support should also be acknowledged. 

Groups of persons who have contributed rnaterial ly to the paper but whose contributions do not justify 
authorship may be listed under such headings as "clinical investigators" or "participating investigators," 
and their function or contribution should be described-for example, "served as scientific advisors," 
"critically reviewed the study proposal," "collected data," or "provided and cared for study patients." 
Because readers may infer their endorsement of the data and conclusions, these persons must give written 
permission to be acknowledged. 

·11 ,. 
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11. B. Editorship 

II. B. 1. The role of the editor The editor of a journal is the person responsible for its entire content. 
Owners and editors ofrnedicaljournals have a common endeavor-publication ofa reliable, readable 
journal produced with due respect for the stated aims of the journal and for costs. Owners and editors, 
however, have different functions. Owners have the right to appoint and dismiss editors and to make 
important business decisions in which editors should be involved to the fullest extent possible. Editors 
must have full authority for determining the editorial content of the journal. The concept of editorial 
freedorn should be resolutely defended by editors even to the extent of their placing their positions at stake. 
To secure this freedom in practice, the editor should have direct access to the highest level of ownership, 
not to a delegated rnanager 

Editors of medical journals should have a contract that clearly states his or her rights and duties, the general 
terms of the appointrnent, and the mechanisms for resolving conflict. 

1! An independent editorial advisory board may be useful in helping the editor establish and rnaintain 
editorial policy. 

II. B. 2. Editorial freedom The lCMJE adopts the World Association of Medical Editors' definition of 
editorial freedom. According to this definition, editorial freedorn, or independence, is the concept that 
editors-in-chief have full authority over the editorial content of their journal and the timing of pub I ication 
of that content. Journal owners should not interfere in the evaluation, selection, or editing of individual 
articles either directly or by creating an environment that strongly influences decisions. Editors should base 
decisions on the validity of the work and its irnportance to the journal's readers not on the commercial 
success of the journal. Editors should be free to express critical but responsible views about all aspects of 
medicine without fear of retribution, even if these views conflict with the commercial goals of the 
publisher Editors and editors' organizations have the obligation to support the concept of editorial freedom 
and to draw major transgressions of such freedom to the attention of the international rnedical, academic, 
and lay communities. 

-· ~ 

. ·~ 
II. C. Peer review 

Unbiased, independent, critical assessment is an intrinsic part of all scholarly work, including the scientific 
Uniform Requirernents for Manuscripts Submitted to Biomedical Journals process. Peer review is the 
critical assessrnent of manuscripts submitted to journals by experts who are not part of the editorial staff 
Peer review can therefore be viewed as an important extension of the scientific process. Although its actual 
value has been little studied and is widely debated (4), peer review helps editors decide which manuscripts 
are suitable for their journals and helps authors and editors to improve the qua I ity of reporting. A peer- 
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II. D. Conflicts of interest 

Public trust in the peer-review process and the credibility of published articles depend in part on how well 
conflict of interest is handled during writing, peer review, and editorial decision making. Conflict of 
interest exists when an author (or the author's institution), reviewer, or editor has financial or personal 
relationships that inappropriately influence (bias) his or her actions (such relationships are also known as 
dual commitments, competing interests, or competing loyalties). These relationships vary from negligible 
to great potential for influencing judgment. Not all relationships represent true conflict of interest. On the 
other hand, the potential for conflict of interest can exist regardless of whether an individual believes that 
the relationship affects his or her scientific judgment. Financial relationships (such as employment, 
consultancies, stock ownership, honoraria, and paid expert testimony) are the most easily identifiable 
conflicts of interest and the most I ikely to undermine the cred ibi I ity of the journal, the authors, and of 
science itself. However, conflicts can occur for other reasons, such as personal relationships, academic 
competition, and intellectual passion. 

All participants in the peer-review and publication process must disclose all relationships that could be 
viewed as potential conflicts of interest. Disclosure of such relationships is also important in connection 
with editorials and review articles, because it can be more difficult to detect bias in these types of 
publications than in reports of original research. Editors may use information disclosed in conflict-of 
interest and financial-interest statements as a basis for editorial decisions. Editors should publish this 
information if they believe it is important in judging the manuscript. 

II. D. 1 Potential conflicts of interest related to individual authors' commitments When authors submit 
a manuscript, whether an article or a letter, they are responsible for disclosing all financial and personal 
relationships that might bias their work. To prevent ambiguity, authors must state exp! icitly whether 
potential conflicts do or do not exist. Authors should do so in the manuscript on a conflict-of-interest 
notification page that follows the title page, providing additional detail, if necessary, in a cover letter that 
accompanies the manuscript. (See Section IV A. 3. Conflict-of-Interest Notification Page) 

Authors should identify Individuals who provide writing or other assistance and disclose the funding 
source for this assistance. 

Investigators must disclose potential conflicts to study participants and should state in the manuscript 
whether they have done so. 

Editors also need to decide whether to publish information disclosed by authors about potential conflicts. If 
doubt exists, it is best to err on the side of publication. 

II. D. 2. Potential conflicts of interest related to project support Increasingly, individual studies receive 
funding from commercial firms, private foundations, and government. The conditions of this funding have 
the potential to bias and otherwise discredit the research. 

·~ Scientists have an ethical obligation to submit creditable research results for publication. Moreover, as the 
persons directly responsible for their work, researchers should not enter into agreements that interfere with 
their access to the data and their ability to analyze them independently, and to prepare and publish 
manuscripts. Authors shou Id describe the role of the study sponsor, if any, in study design; collection, 
analysis, and interpretation of data; writing the report; and the decision to submit the report for publication. 
If the supporting source had no such involvement, the authors should so state. Biases potentially introduced 
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when sponsors are directly involved in research are analogous to methodological biases. Some journals, 
therefore, choose to include information in the Methods section about the sponsor's involvement. 

Editors may request that authors of a study funded by an agency with a proprietary or financial interest in 
the outcome sign a statement, such as "l had full access to all of the data in this study and I take complete 
responsibility for the integrity of the data and the accuracy of the data analysis." Editors should be 
encouraged to review copies of the protocol and/or contracts associated with project-specific studies before 
accepting such studies for publication. Editors may choose not to consider an article if a sponsor has 
asserted control over the authors' right to publish. 

II. D. 3. Potential conflicts of interest related to commitments of editors, journal staff, or reviewers Ed 
itors should avoid selecting external peer reviewers with obvious potential conflicts of interest-for 
example, those who work in the same department or institution as any of the authors. Authors often provide 
editors with the names of persons they feel should not be asked to review a manuscript because of 
potential, usually professional, conflicts of interest. When possible, authors should be asked to explain or 
justify their concerns; that information is important to editors in deciding whether to honor such requests. 

Reviewers must disclose to editors any conflicts of interest that could bias their opinions of the manuscript, 
and they should recuse themselves from reviewing specific manuscripts if the potential for bias exists. As 
in the case of authors, silence on the part of reviewers concerning potential conflicts may mean either that 
conflicts exist and the reviewer has failed to disclose them or conflicts do not exist. Reviewers must 
therefore also be asked to state explicitly whether conflicts do or do not exist. Reviewers must not use 
knowledge of the work, before its pub! ication, to further their own interests. 

Editors who make final decisions about manuscripts must have no personal, professional, or financial 
involvement in any of the issues they might judge. Other members of the editorial staff, if they participate 
in editorial decisions, must provide editors with a current description of their financial interests (as they 
might relate to editorial judgments) and recuse themselves from any decisions in which a conflict of 
interest exists. Editorial staff must not use information gained through working with manuscripts for 
private gain. Editors should publish regular disclosure statements about potential conflicts of interests 
related to the commitments of journal staff. 

C 

II 

Tl 

II. E. Privacy and confidentiality 

II. E. 1 Patients and study participants Patients have a right to privacy that should not be violated 
without informed consent. ldentifying information, including names, initials, or hospital numbers, should 
not be published in written descriptions, photographs, or pedigrees unless the information is essential for 
scientific purposes and the patient (or parent or guardian) gives written informed consent for publication. 
Informed consent for this purpose requires that an identifiable patient be shown the manuscript to be 
published. Authors should disclose to these patients whether any potential identifiable material might be 
available via the Internet as well as in print after publication. Patient consent should be written and 
archived either with the journal, the authors, or both, as dictated by local regulations or laws. Applicable 
laws vary from locale to locale, and journals should establish their own policies with legal guidance. 

;:: Nonessential identifying details should be omitted. lnformed consent should be obtained if there is any 
.. ·.:. 
~ doubt that anonymity can be maintained. For example, masking the eye region in photographs of patients is 
'~ inadequate protection of anonymity. If identifying characteristics are altered to protect anonymity, such as 

in genetic pedigrees, authors should provide assurance, and editors should so note, that such alterations do 
not distort scientific meaning. 

The requirement for informed consent should be included in the journal's lnstructions for Authors. When 
informed consent has been obtained, it should be indicated in the published article. 
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II. E. 2. Authors and reviewers Manuscripts must be reviewed with due respect for authors' 
confidentiality. In submitting their manuscripts for review, authors entrust editors with the results of their 
scienti fie work and creative effort, on which their reputation and career may depend. Authors' rights may 
be violated by disclosure of the confidential details during review of their manuscript. Reviewers also have 
rights to confidentiality, which must be respected by the editor Confidentiality may have to be breached if 
dishonesty or fraud is alleged but otherwise must be honored. 

Editors must not disclose information about manuscripts (including their receipt, content, status in the 
reviewing process, criticism by reviewers, or ultimate fate) to anyone other than the authors and reviewers. 
This includes requests to use the materials for legal proceedings. 

Editors must make clear to their reviewers that manuscripts sent for review are privileged communications 
and are the private property of the authors. Therefore, reviewers and members of the editorial staff must 
respect the authors' rights by not publicly discussing the authors' work or appropriating their ideas before 
the manuscript is published. 

Reviewers must not be allowed to make copies of the manuscript for their files and must be prohibited 
from sharing it with others, except with the editor's permission. Reviewers should return or destroy copies 
of manuscripts after submitting reviews. Editors should not keep copies of rejected manuscripts. 

Reviewer comments should not be published or otherwise publicized without permission of the reviewer, 
author, and editor 

Opinions differ on whether reviewers should remain anonymous. Authors should consult the Information 
for Authors of the journal to which they have chosen to submit a manuscript to determine whether reviews 
are anonymous. When comments are not signed, the reviewers' identity must not be revealed to the author 
or anyone else without the reviewers' permission. 

Some journals publish reviewers' comments with the manuscript. No such procedure should be adopted 
without the consent of the authors and reviewers. However, reviewers' comments should be sent to other 
persons reviewing the same manuscript, which helps reviewers learn from the review process. Reviewers 
also may be notified of the editor's decision to accept or reject a manuscript. 

II. F. Protection of human subjects and animals in research 

When reporting experiments on human subjects, authors should indicate whether the procedures followed 
were in accordance with the ethical standards of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000 (5). lf doubt exists 
whether the research was conducted in accordance with the Helsinki Declaration, the authors must explain 
the rationale for their approach and demonstrate that the institutional review body explicitly approved the 
doubtful aspects of the study. When reporting experiments on animals, authors should indicate whether the 
institutional and national guide for the care and use of laboratory animals was followed. 

.,.. Ill. PUBLISHING AND EDITORIAL ISSUES RELATED TO PUBLICATION IN 
BIOMEDICAL JOURNALS 

111. A. Obligation to publish negative studies 

Editors shou Id consider seriously for pub! ication any carefully done study of an important question, 
relevant to their readers, whether the results for the primary or any additional outcome are statistically 
significant. Failure to submit or publish findings because of lack of statistical significance is an important 
cause of publication bias. 
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Ill. B. Corrections, retractions, and "expressions of concern" 

Editors must assume initially that authors are reporting work based on honest observations. Nevertheless, 
two types of difficulty may arise. 

First, errors may be noted in published articles that require the publication ofa correction or erratum on 
part of the work. The corrections should appear on a numbered page, be listed in the Table of Contents, 
include the complete original citation, and link to the original article and vice versa ifonline. 1t is 
conceivable that an error could be so serious as to vitiate the entire body of the work, but this is unlikely 
and should be addressed by editors and authors on an individual basis. Such an error should not be 
confused with inadequacies exposed by the emergence of new scientific information in the normal course 
of research. The latter requires no corrections or withdrawals. 

The second type of difficulty is scientific fraud. If substantial doubts arise about the honesty or integrity of 
work, either submitted or published, it is the editor's responsibility to ensure that the question is 
appropriately pursued, usually by the authors' sponsoring institution. Ordinarily it is not the responsibility 
of the editor to conduct a full investigation or to make a determination; that responsibility lies with the 
institution where the work was done or with the funding agency. The editor should be promptly informed 
of the final decision, and if a fraudulent paper has been published, the journal must print a retraction. If this 
method of investigation does not result in a satisfactory conclusion, the editor may choose to conduct his or 
her own investigation. As an alternative to retraction, the editor may choose to pub! ish an expression of 
concern about aspects of the conduct or integrity of the work. 

The retraction or expression of concern, so labeled, should appear on a numbered page in a prominent 
section of the print journal as well as in the online version, be listed in the Table of Contents page, and 
include in its heading the title of the original article. lt should not simply be a letter to the editor ldeally, 
the first author of the retraction should be the same as that of the article, although under certain 
circumstances the editor may accept retractions by other responsible persons. The text of the retraction 
should explain why the article is being retracted and include a complete citation reference to that article, 

The validity of previous work by the author ofa fraudulent paper cannot be assumed. Editors may ask the 
author's institution to assure them of the validity of earlier work published in their journals or to retract it. 
If this is not done, editors may choose to publish an announcement expressing concern that the validity of 
previously published work is uncertain. 

Editors who have questions related to editorial or scientific misconduct may find it useful to consult the 
excellent flow charts that the Committee on Publication Ethics (COPE) has developed 
(www.publicationethics.org.uk). COPE, which was formed in 1997, is a forum in which editors of peer 
reviewed journals can discuss issues related to the integrity of the scientific record; it supports and 
encourages editors to report, catalogue, and instigate investigations into ethical problems in the publication 
process. COPE's major objective is to provide a sounding board for editors struggling with how best to deal 
with possible breaches in research and publication ethics. 

Ill. C. Copyright 

Many biomedical journals ask authors to transfer copyright to the journal. However, an increasing number 
of "open-access" journals do not require transfer of copyright. Editors should make their position on 
copyright transfer clear to authors and to others who might be interested in using editorial content from 
their journals. The copyright status of articles in a given journal can vary· Some content cannot be 
copyrighted (for example, articles written by employees of the U.S. and some other governments in the 
course of their work); editors may agree to waive copyright on others; and still others may be protected 
under serial rights (that is, use in publications other than journals, including electronic publications, is 
permitted). 
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Ill. D. Overlapping publications 

Ill. D. 1 Duplicate submission Most biomedical journals will not consider manuscripts that are 
simultaneously being considered by other journals. Among the principal considerations that have led to this 
policy are: I) the potential for disagreement when two (or more) journals claim the right to publish a 
manuscript that has been submitted simultaneously to more than one; and 2) the possibility that two or 
more journals will unknowingly and unnecessarily undertake the work of peer review, edit the same 
manuscript, and publish the same article . 

However, editors of different journals may decide to Uniform simultaneously or jointly publish an article if 
they believe that doing so would be in the best interest of public health. 

Ill. D. 2. Redundant publication Redundant (or duplicate) publication is publication ofa paper that 
overlaps substantially with one already published in print or electronic media. 

Readers of primary source periodicals, whether print or electronic, deserve to be able to trust that what they 
are reading is original unless there is a clear statement that the author and editor are intentionally 
republishing an article. 

The bases of this position are international copyright laws, ethical conduct, and cost-effective use of 
resources. Duplicate pub! ication of original research is particularly problematic, since it can result in 
inadvertent double counting or inappropriate weighting of the results ofa single study, which distorts the 
available evidence. 

Most journals do not wish to receive papers on work that has already been reported in large part in a 
published article or is contained in another paper that has been submitted or accepted for publication 
elsewhere, in print or in electronic media. This policy does not preclude the journal considering a paper 
that has been rejected by another journal, or a complete report that follows publication ofa preliminary 
report, such as an abstract or poster displayed at a professional meeting. It also does not prevent journals 
from considering a paper that has been presented at a scientific meeting but was not published in full or 
that is being considered for pub! ication in a proceedings or sim i Jar format. Brief press reports of scheduled 
meetings are not usually regarded as breaches of this rule, but they may be if additional data or copies of 
tables and figures amplify such reports. The rCMJE does not consider results posted in clinical trial 
registries as previous publication if the results are presented in the same, lCMJE-accepted registry in which 
initial registration of trial methods occurred and if the results are posted in the form ofa brief structured 
abstract or table. The ICMJE also believes that the results registry should either cite full publications of the 
results when available or include a statement that indicates that the results have not yet been published in a 
peer-reviewed journal. 

When submitting a paper, the author must always make a complete statement to the editor about all 
submissions and previous reports (including meeting presentations and posting of results in registries) that 
might be regarded as redundant or duplicate publication. The author must alert the editor if the manuscript 
includes subjects about which the authors have published a previous report or have submitted a related 
report to another publication. Any such report must be referred to and referenced in the new paper Copies 
of such material should be included with the submitted rna-iuscript to help the editor decide how to handle 
the matter 

If redundant or duplicate publication is attempted or occurs without such notification, authors should 
expect editorial action to be taken. At the least, prompt rejection of the submitted manuscript should be 
expected. If the editor was not aware of the violations and the article has already been published, then a 
notice of redundant or duplicate publication wil I probably be pub I ished with or without the author's 
explanation or approval. 
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Preliminary reporting to public media, govern.mental agencies, or manufacturers of scientific information 
described in a paper or a letter to the editor that has been accepted but not yet published violates the 
policies of many journals. Such reporting may be warranted when the paper or letter describes major 
therapeutic advances or public health hazards, such as serious adverse effects of drugs, vaccines, other 
biological products, or medicinal devices, or reportable diseases. This reporting should not jeopardize 
publication, but should be discussed with and agreed upon by the editor in advance. 

Ill. D. 3. Acceptable secondary publication Certain types of articles, such as guidelines produced by 
governmental agencies and professional organizations, may need to reach the widest possible audience. In 
such instances, editors sometimes deliberately publish material that is also being published in other 
journals, with the agreement of the authors and the editors of those journals. Secondary publication for 
various other reasons, in the same or another language, especially in other countries, is justifiable and can 
be beneficial provided that the following conditions are met. 

The authors have received approval from the editors of both journals; the editor concerned with 
secondary publication must have a photocopy, reprint, or manuscript of the primary version. 

2. The priority of the primary publication is respected by a publication interval ofat least I week 
(unless specifically negotiated otherwise by both editors). 

3. The paper for secondary publication is intended for a different group ofreaders; an abbreviated 
version cou Id be sufficient. 

4. The secondary version faithfully reflects the data and interpretations of the primary version. 
5. The footnote on the title page of the secondary version informs readers, peers, and documenting 

agencies that the paper has been published in whole or in part and states the primary reference. A 
suitable footnote might read: "Th is article is based on a study first reported in the [title of journal, 
with full reference]." 
Permission for such secondary publication should be free of charge. 

6. The title of the secondary publication should indicate that it is a secondary publication (complete 
republication, abridged republication, complete translation, or abridged translation) ofa primary 
publication. Of note, the NLM does not consider translations to be "republications" and does not cite 
or index translations when the original article was published in a journal that is indexed in 
MEDUNE. 

7 Editors of journals that simultaneously publish in multiple languages should understand thatNLM 
indexes the primary language version. When the full text ofan article appears in more than one 
language in ajournal issue (such as Canadian journals with the article in both English and French), 
both languages are indicated in the MEDLlNE citation (for example, Mercer K. The relentless 
challenge in health care. Healthc Manage Forum. 2008 Summer, 21(2):4-5. English, French. No 
abstract available. PM!D: 18795553.) 
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Ill. D. 4. Competing mnanuscripts based on the same study Publication of manuscripts to air the 
disputes of co investigators may waste journal space and confuse readers. On the other hand, if editors 
knowingly publish a manuscript written by only some ofa collaborating team, they could be denying the 
rest of the team their legitimate coauthorship rights and journal readers access to legitimate differences of 
opinion about the interpretation of a study 

Two kinds of competing submissions are considered: submissions by coworkers who disagree on the 
analysis and interpretation of their study, and submissions by coworkers who disagree on what the facts are 
and which data should be reported. 

Setting aside the unresolved question of ownership of the data, the fol lowing general observations may 
help editors and others address such problems. 
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Ill. D. 4. a. Differences in analysis or interpretation: If the dispute centers on the analysis or interpretation 
of data, the authors should submit a manuscript that clearly presents both versions. The difference of 
opinion should be explained in a cover letter The normal process of peer and editorial review may help the 
authors to resolve their disagreement regarding analysis or interpretation. 

If the dispute cannot be resolved and the study merits publication, both versions should be published. 
Options include publishing two papers on the same study, or a single paper with two analyses or 
interpretations. In such cases, it would be appropriate for the editor to publish a statement outlining the 
disagreement and the journal's involvement in attempts to resolve it. 

Ill. D. 4. b. Differences in reported methods or results: If the dispute centers on differing opinions of what 
was actua I ly done or observed during the study, the journal editor should refuse pub I ication until the 
disagreement is resolved. Peer review cannot be expected to resolve such problems. If there are allegations 
of dishonesty or fraud, editors should inform the appropriate authorities; authors shou Id be notified of an 
editor's intention to report a suspicion of research misconduct. 

Ill D. 5. Competing manuscripts based on the same database: Editors sometimes receive manuscripts from 
separate research groups that have analyzed the same data set (for example, from a public database). The 
manuscripts may differ in their analytic methods, conclusions, or both. Each manuscript should be 
considered separately If interpretation of the data is very similar, it is reasonable but not mandatory for 
editors to give preference to the manuscript that was received first. However, editorial consideration of 
multiple submissions may be justified under these circumstances, and there may even be a good reason to 
publish more than one manuscript because different analytical approaches may be complementary and 
equally valid. 
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Ill. E. Correspondence 

The corresponding author/guarantor has primary responsibility for correspondence with the journal, but the 
ICMJE recommends that editors send a copy of any correspondence to all listed authors. 

Biomedical journals should provide the readership with a mechanism for submitting comments, questions, 
or criticisms about pub! ished articles, as we! I as brief reports and commentary unrelated to previously 
published articles. 

This probably but not necessarily takes the form of a correspondence section or column. The authors of 
articles discussed in correspondence should be given an opportunity to respond, preferably in the same 
issue in which the original correspondence appears. Authors of correspondence should be asked to declare 
any competing or conflicting interests. 

Published correspondence may be edited for length, grammatical correctness, and journal style. 
Alternatively, editors may choose to publish unedited correspondence, for example in rapid-response 
sections on the Tnternet. The journal should declare its editorial practices in this regard. Authors should 
approve editorial changes that alter the substance or tone of a letter or response. In all instances, editors 
must make an effort to screen out discourteous, inaccurate, or libelous statements and should not allow ad 
horninern arguments intended to discredit opinions or findings. 

Although editors have the prerogative to reject correspondence that is irrelevant, uninteresting, or lacking 
cogency, they have a res pons i bi I ity to allow a range of opinions to be expressed. The correspondence 
column should not be used merely to promote the journal's or the editors' point of view. 

In the interests of fairness and to keep correspondence with in manageable proportions, journals may want 
to set time limits for responding to published material and for debate on a given topic. Journals should also 
decide whether they would notify authors when correspondence bearing on their published work is going to 
appear in standard or rapid-response sections. Journals should also set policy with regard to the archiving 
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of unedited correspondence that appears online. These policies should be published both in print and 
electronic versions of the journal. 
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Ill. F. Supplements, theme issues, and special series 

Supplements are collections of papers that deal with related issues or topics, are published as a separate 
issue of the journal or as part of a regular issue, and are usually funded by sources other than the journal's 
publisher Supplements can serve useful purposes: education, exchange of research information, ease of 
access to focused content, and improved cooperation between academic and corporate entities. Because 
funding sources can bias the content of supplements through the choice of topics and viewpoints, journals 
should consider adopting the following principles. 

These same principles apply to theme issues or special series that have external funding and/or guest 
editors. 

The journal editor must take full responsibility for the policies, practices, and content of 
supplements, including complete control of the decision to publish all portions of the supplement. 
Editing by the funding organization should not be permitted. 

2. The journal editor must retain the authority to send supplement manuscripts for external peer review 
and to reject manuscripts submitted for the supplement. These conditions should be made known to 
authors and external supplement editors before beginning editorial work on the supplement. 

3. The journal editor must approve the appointment of any external editor of the supplement and take 
responsibility for the work of the external editor 

4. The sources of funding for the research, publication, and products of the funding source that are 
considered in the supplement should be clearly stated and prominently located in the supplement, 
preferably on each page. Whenever possible, supplements should be funded by more than one 
sponsor 

S Advertising in supplements should follow the same policies as those of the rest of the journal. 
6. Journal editors must enable readers to distinguish readily between ordinary editorial pages and 

supplement pages. 
7 Journal editors and supplement editors must not accept personal favors or remuneration from 

sponsors of supplements. 
8. Secondary publication in supplements (republication of papers published elsewhere) should be 

clearly identified by the citation of the original paper Supplements should avoid redundant or 
duplicate publication. Supplements should not republish research results, but republication of 
guidelines or other material in the public interest might be appropriate. 

9. The principles of authorship and disclosure of potential conflicts of interest discussed elsewhere in 
this document should be applied to supplements. 

II 

~ Ill. G. Electronic publishing 
:., 

Most biomedical journals are now published in electronic as well as print versions, and some are published 
only in electronic form. Because electronic publishing (which includes the Internet) is the same as 
publishing in print, in the interests of clarity and consistency the recommendations of this document should 
be applied to electronically published medical and health information. 

The nature of electronic publication requires some special considerations, both within and beyond this 
document. At a minimum, Web sites should indicate the following: Names, appropriate credentials, 
aff I iations, and relevant conflicts of interest of editors, authors, and contributors; documentation and 
attribution of references and sources for a II content; information about copyright; disclosure of site 
ownership; and disclosure of sponsorship, advertising, and commercial funding. 
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Linking from one health or medical Internet site to another may be perceived as an implicit 
recommendation of the quality of the second site. Journals thus should exercise caution in linking to other 
sites; when users are linking to another site, it may be helpful to provide an explicit statement that they are 
leaving the journal's site. Links to other sites posted as a result of financial considerations should be clearly 
indicated as such. All dates of content posting and updating should be indicated. In electronic layout as in 
print, advertising and promotional messages should not be juxtaposed with editorial content, and 
commercial content should be clearly identified as such. 

Electronic publication is in flux. Editors should develop, make available to authors, and implement policies 
on issues unique to electronic publishing. These issues include archiving, error correction, version control, 
choice of the electronic or print version of the journal as the journal of record, and pub I ication of ancillary 
material. Under no circumstances should a journal remove an article from its Web site or archive. lf a 
correction or retraction becomes necessary, the explanation must be labeled appropriately and 
communicated as soon as possible on a citable page in a subsequent issue of the journal. 

Preservation of electronic articles in a permanent archive is essential for the historical record. Access to the 
archive should be immediate and should be controlled by a third party, such as a library, instead of the 
publisher Deposition in multiple archives is encouraged. 
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Ill. H. Advertising 

Most medical journals carry advertising, which generates income for their publishers, but advertising must 
not be allowed to influence editorial decisions. Journals should have formal, explicit, written policies for 
advertising in both print and electronic versions; Web site advertising policy should parallel that for the 
print version to the extent possible. Editors must have full and final authority for approving advertisements 
and enforcing advertising policy . 

When possible, editors should make use of the judgments of independent bodies for reviewing 
advertising.Readers should be able to distinguish readily between advertising and editorial material. The 
juxtaposition of editorial and advertising material on the same products or subjects should be avoided. 
lnterleafing advertising pages within articles interrupts the flow of editorial content and should be 
discouraged. Advertising should not be sold on the condition that it will appear in the same issue as a 
particular article. 

Journals should not be dominated by advertising, but editors should be careful about publishing 
advertisements from only one or two advertisers, as readers may perceive that these advertisers have 
influenced the editor Journals should not carry advertisements for products that have proved to be 
seriously harmful to health-for example, tobacco. Editors should ensure that existing regulatory or 
industry standards for advertisements specific to their country are enforced, or develop their own standards. 
The interests of organizations or agencies should not control classified and other nondisplay advertising, 
except where required by law. Finally, editors should consider all criticisms of advertisements for 
publication. 

")J _,- 
:.:;: _, Ill. I. Medical journals and the general media 

The public's interest in news of medical research has led the popular media to compete vigorously for 
information about research. Researchers and institutions sometimes encourage reporting research in the 
nonmedical media before full publication in a scientific journal by holding a press conference or giving 
interviews. The public is entitled to important medical information within a reasonable amount of time, and 
editors have a responsibility to facilitate the process. Biomedical journals are published primarily for their 
readers, but the general public has a legitimate interest in their content: An appropriate balance between 
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these considerations should guide the journal's interaction with the media. Doctors in practice need to have 
reports available in full detail before they can advise their patients about the reports' conclusions. 

Moreover, media reports of scientific research before the work has been peer reviewed and fully vetted 
may lead to dissemination of inaccurate or premature conclusions. 

An embargo system has been established in some countries to prevent publication of stories in the general 
media before publication of the original research in the journal. The embargo creates a "level playing 
field," which most reporters appreciate since it minimizes the pressure on them to publish stories which 
they have not had time to prepare carefully. Consistency in the timing of public release of biomedical 
information is also important in minimizing economic chaos, since some articles contain information that 
has great potential to influence financial markets. On the other hand, the embargo system has been 
challenged as being self-serving of journals' interests and an impediment to rapid dissemination of 
scientific information. 

Editors may find the following recommendations useful as they seek to establish policies on these issues. 

Editors can foster the orderly transmission of medical information from researchers, through peer 
reviewed journals, to the public. This can be accomplished by an agreement with authors that they 
wi II not pub I icize their work while their manuscript is under consideration or awaiting publication 
and an agreement with the media that they will not release stories before publication of the original 
research in the journal, in return for which the journal will cooperate with them in preparing accurate 
stories . 

• Editors need to keep in mind that an embargo system works on the honor system; no formal 
enforcement or policing mechanism exists. The decision ofa significant number of media outlets or 
biomedical journals not to respect the embargo system would lead to its rapid dissolution. 
Very little medical research has such clear and urgently important clinical implications for the 
public's health that the news must be released before full publication in a journal. However, if such 
exceptional circumstances occur, the appropriate authorities responsible for pub I ic health should 
decide whether to disseminate information to physicians and the media in advance and should be 
responsible for this decision. lfthe author and the appropriate authorities wish to have a manuscript 
considered by a particular journal, theed itor shou Id be consulted before any pub I ic release. lf editors 
acknowledge the need for immediate release, they should waive their policies limiting prepublication 
publicity. 
Policies designed to limit prepublication publicity should not apply to accounts in the media of 
presentations at scientific meetings or to the abstracts from these meetings (see Redundant 
Publication). Researchers who present their work at a scientific meeting should feel free to discuss 
their presentations with reporters, but they should be discouraged from offering more detail about 
their study than was presented in the talk. 

• When an article is soon to be pub I ished, editors should help the media prepare accurate reports by 
providing news releases, answering questions, supplying advance copies of the journal, or referring 
reporters to the appropriate experts. This assistance should be contingent on the media's cooperation 
in timing the release of a story to coincide with pub I ication of the article. 
Editors, authors, and the media should apply the above-stated principles to material released early in 
electronic versions of journals. 

Ill. J. Obligation to register clinical trials 

The ICMJE believes that it is important to foster a comprehensive, publicly available database of clinical 
trials. The ICMJE defines a clinical trial as any research project that prospectively assigns human subjects 
to intervention or concurrent comparison or control groups to study the cause-and-effect relationship 
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between a medical intervention and a health outcome. Medical interventions include drugs, surgical 
procedures, devices, behavioral treatments, process-of-care changes, and the like. The ICMJE member 
journals will require, as a condition of consideration for publication in their journals, registration in a 
public trials registry. The details of this policy are contained in a series of editorials (see Editorials, under 
Frequently Asked Questions). The ICMJE encourages editors of other biomedical journals to adopt similar 
policy. 

The ICMJE does not advocate one particular registry, but its member journals will require authors to 
register their trial in a registry that meets several criteria. The registry must be accessible to the public at no 
charge. It must be open to all prospective registrants and managed by a not-for-profit organization. There 
must be a mechanism to ensure the validity of the registration data, and the registry should be electronically 
searchable. An acceptable registry must include at minimum the data elements listed in Table I Trial 
registration with missing fields or fields that contain uninformative terminology is inadequate. 

It is important to note that the ICMJE requires registration of trial methodology but does not require 
registration of trial results; it recognizes the potential problems that could arise from the posting of research 
results that have not been subjected to an independent peer-review process. However, the ICMJE 
understands that the U.S. Food and Drug Administration Amendments Act of2007 (FDAAA) does require 
researchers to register results. The ICMJE will not consider to be previous publication results posted in the 
same primary clinical trial registry as the initial registration if the results are posted in the tabular form 
dictated by the FDAAA. Researchers should be aware that editors of journals that follow the ICMJE 
recommendations may consider more detailed description of trial results and results published in registries 
other than the primary registry (in the case ofFDAAA, ClinicalTrials.gov) to be prior publication. The 
ICMJE anticipates that the climate for results registration will change dramatically over coming years and 
the ICMJE may need to amend these recommendations as additional agencies institute other mandates 
related to results registration. 

The lCMJE recommends that journals publish the trial registration number at the end of the abstract. The 
ICMJE also recommends that, whenever a registration number is available, authors list the registration 
number the first time they use a trial acronym to refer to either the trial they are reporting or to other trials 
that they mention in the manuscript. 

IV. MANUSCRIPT PREPARATION AND SUBMISSION 

fl 

~· 
-· 

IV. A. Preparing a manuscript for submission to a biomedical journal 

Editors and reviewers spend many hours reading manuscripts, and therefore appreciate receiving 
manuscripts that are easy to read and edit. Much of the information in a journal's Instructions to Authors is 
designed to accomplish that goal in ways that meet each journal's particular editorial needs. The following 
information provides guidance in preparing manuscripts for any journal. 

IV. A. 1. a. General principles The text of observational and experimental articles is usually (but not 
necessarily) divided into the following sections: Introduction, Methods, Results, and Discussion. This so 
called "IMRAD" structure is not an arbitrary publication format but rather a direct reflection of the process 
of scientific discovery. Long articles may need subheadings within some sections (especially Results and 
Discussion) to clarify their content. Other types of articles, such as case reports, reviews, and editorials, 
probably need to be formatted differently 

Electronic formats have created opportunities for adding details or whole sections, layering information, 
crosslinking or extracting portions of articles, and the like only in the electronic version. Authors need to 
work closely with editors in developing or using such new publication formats and should submit 
supplementary electronic material for peer review. 
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Double spacing all portions of the manuscript- including the title page, abstract, text, acknowledgments, 
references, individual tables, and legends-and generous margins make it possible for editors and 
reviewers to edit the text line by line and add comments and queries directly on the paper copy. If 
manuscripts are submitted electronically, the f !es shou Id be double-spaced to faci I itate printing for 
reviewing and editing. 

Authors should number all of the pages of the manuscript consecutively, beginning with the title page, to 
facilitate the editorial process. 

IV. A. 1 b. Reporting guidelines for specific study designs Research reports frequently omit important 
information. Reporting guidelines (Table 2] have been developed for a number of study designs that some 
journals may ask authors to follow. Authors should consult the Information for Authors of the journal they 
have chosen. The.general requirements listed in the next section relate to reporting essential elements for 
all study designs. Authors are encouraged also to consult reporting guidelines relevant to their specific 
research design. For reports of randomized, controlled trials, authors should refer to the CONSORT 
statement. Th is guide! ine provides a set of recommendations comprising a I ist of items to report and a 
patient flow diagram. 

IV. A .2. Title page The title page should have the following information: 

,, 
~ 
• .. , ,~ .. 
,.-, 

~: 

.,, 

Article title. Concise titles are easier to read than long, convoluted ones. Titles that are too short may, 
however, lack important information, such as study design (which is particularly important in 
identifying randomized, controlled trials). Authors should include all information in the title that will 
make electronic retrieval of the article both sensitive and specific. 

2. Authors' names and institutional affiliations. Some journals publish each author's highest academic 
degree(s), while others do not. 

3. The name of the department(s) and institution(s) to which the work should be attributed. 
4. Disclaimers, if any. 
5. Contact information for corresponding authors. The name, mailing address, telephone and fax 

numbers, and e-mail address of the author responsible for correspondence about the manuscript (the 
"corresponding author;" this author may or may not be the "guarantor" for the integrity of the study). 
The corresponding author should indicate clearly whether his or her e-mail address can be published. 

6. The name and address of the author to whom requests for reprints should be addressed or a statement 
that reprints are not available from the authors. 

7 Source(s) of support in the form of grants, equipment, drugs, or all of these. 
8. A running head. Some journals request a short running head or footline, usually no more than 40 

characters (including letters and spaces) at the foot of the title page. Running heads are published in 
most journals, but are also sometimes used within the editorial office for filing and locating 
manuscripts. 

9. Word counts. A word count for the text only (excluding abstract, acknowledgments, figure legends, 
and references) allows editors and reviewers to assess whether the information contained in the paper 
warrants the amount of space devoted to it, and whether the submitted manuscript fits within the 
journal's word limits. A separate word count for the Abstract is useful for the same reason. 

10. The number of figures and tables. It is difficult for editorial staff and reviewers to determine whether 
the figures and tables that should have accompanied a manuscript were actually included unless the 
numbers of figures and tables are noted on the title page. 

IV A. 3. Conflict-of-interest notification page To prevent the information on potential conflicts of interest 
from being overlooked or misplaced, it needs to be part of the manuscript. However, it should also be 
included on a separate page or pages immediately following the title page. Individual journals may differ in 
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where they include this information, and some journals do not send information on conflicts of interest to 
reviewers. (See Section 11. D. Conflicts of Interest.) 

IV. A. 4. Abstract The abstract (requirements for length and format vary) should follow the title page. lt 
should provide the context or background for the study and should state the study's purpose, basic 
procedures (selection of study subjects or laboratory animals, observational and analytical methods), main 
findings (giving specific effect sizes and their statistical significance, if possible), and principal 
conclusions. It should emphasize new and important aspects of the study or observations. 

Articles on clinical trials should contain abstracts that include the items that the CONSORT group has 
identified as essential (www.consort-statement.org/9 I 190). 

Because abstracts are the only substantive portion of the article indexed in many electronic databases, and 
the only portion many readers read, authors need to be carefu I that they accurately reflect the content of the 
article. Unfortunately, the information contained in many abstracts differs from that in the text (6). The 
format required for structured abstracts differs from journal to journal, and some journals use more than 
one format; authors need to prepare their abstracts in the format specified by the journal they have chosen. 
The ICMJE recommends that journals publish the trial registration number at the end of the abstract. The 
lCMJE also recommends that, whenever a registration number is available, authors list that number the 
first time they use a trial acronym to refer to either the trial they are reporting or to other trials that they 
mention in the manuscript. 

IV A. 5. Introduction Provide a context or background for the study (that is, the nature of the problem and 
its significance). State the specific purpose or research objective of, or hypothesis tested by, the study or 
observation; the research objective is often more sharply focused when stated as a question. Both the main 
and secondary objectives should be clear, and any prespecified subgroup analyses should be described. 
Provide only directly pertinent references, and do not include data or conclusions from the work being 
reported. 

IV. A. 6. Methods The Methods section should include only information that was available at the time the 
plan or protocol for the study was being written; all information obtained during the study belongs in the 
Results section. 

IV A. 6. a. Selection and description of participants Describe your selection of the observational or 
experimental participants (patients or laboratory animals, including controls) clearly, including eligibility 
and exclusion criteria and a description of the source population. Because the relevance of such variables 
as age and sex to the object of research is not always clear, authors should explain their use when they are 
included in a study report-for example, authors should explain why only participants of certain ages were 
included or why women were excluded. The guiding principle should be clarity about how and why a study 
was done in a particular way. When authors use such variables as race or ethnicity, they should define how 
they measured these variables and justify their relevance. 

IV A. 6. b. Technical information: Identify the methods, apparatus (give the manufacturer's name and 
address in parentheses), and procedures in sufficient detail to allow others to reproduce the results. Give 
references to established methods, including statistical methods (see below); provide references and brief 
descriptions for methods that have been published but are not well-known; describe new or substantially 
modified methods, give the reasons for using them, and evaluate their limitations. Identify precisely all 
drugs and chemicals used, including generic name(s), dose(s), and route(s) of administration. 

Authors submitting review manuscripts should include a section describing the methods used for locating, 
selecting, extracting, and synthesizing data. These methods should also be summarized in the abstract. 

IV A. 6. c. Statistics: Describe statistical methods with enough detail to enable a knowledgeable reader 
with access to the original data to verify the reported results. When possible, quantify findings and present 
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them with appropriate indicators of measurement error or uncertainty (such as confidence intervals). Avoid 
relying solely on statistical hypothesis testing, such as P values, which fail to convey important information 
about effect size. References for the design of the study and statistical methods shou Id be to standard works 
when possible (with pages stated). Define statistical terms, abbreviations, and most symbols. Specify the 

·- computer software used. 
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lV A. 7 Results: Present your results in logical sequence in the text, tables, and illustrations, giving the 
main or most important findings first. Do not repeat all the data in the tables or illustrations in the text; 
emphasize or summarize only the most important observations. Extra or supplementary materials and 
technical detail can be placed in an appendix where they will be accessible but will not interrupt the flow of 
the text, or they can be publ ished solely in the electronic version of the journal. 

When data are summarized in the Results section, give numeric results not only as derivatives (for 
example, percentages) but also as the absolute numbers from which the derivatives were calculated, and 
specify the statistical methods used to analyze them. Restrict tables and figures to those needed to explain 
the argument of the paper and to assess supporting data. Use graphs as an alternative to tables with many 
entries; do not duplicate data in graphs and tables. Avoid nontechnical uses of technical terms in statistics, 
such as "random" (which implies a randomizing device), "normal," "significant," "correlations," and 
"sample." Where scientifically appropriate, analyses of the data by such variables as age and sex should be 
included. 

IV A. 8. Discussion Emphasize the new and important aspects of the study and the conclusions that follow 
from them. Do not repeat in detail data or other information given in the Introduction or the Results 
section. For experimental studies, it is useful to begin the discussion by summarizing briefly the main 
findings, then explore possible mechanisms or explanations for these findings, compare and contrast the 
results with other relevant studies, state the limitations of the study, and explore the implications of the 
findings for future research and for clinical practice. 

Link the conclusions with the goals of the study but avoid unqualified statements and conclusions not 
adequately supported by the data. In particular, avoid making statements on economic benefits and costs 
unless the manuscript includes the appropriate economic data and analyses. Avoid claiming priority or 
alluding to work that has not been completed. State new hypotheses when warranted, but label them clearly 
as such. 
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IV. A. 9. References IV A. 9. a. General considerations related to references: Although references to 
review articles can be an efficient way to guide readers to a body of literature, review articles do not always 
reflect original work accurately Readers should therefore be provided with direct references to original 
research sources whenever possible. On the other hand, extensive lists of references to original work on a 
topic can use excessive space on the printed page. Small numbers of references to key original papers often 
serve as well as more exhaustive lists, particularly since references can now be added to the electronic 
version of published papers, and since electronic literature searching allows readers to retrieve published 
literature efficiently. Avoid using abstracts as references. References to papers accepted but not yet 
published should be designated as "in press" or "forthcoming"; authors should obtain written permission to 
cite such papers as well as verification that they have been accepted for publication. Information from 
manuscripts submitted but not accepted should be cited in the text as "unpublished observations" with 
written permission from the source. 

Avoid citing a "personal communication" unless it provides essential information not available from a 
pub! ic source, in which case the name of the person and date of communication shou Id be cited in 
parentheses in the text. Fdr scientific articles, obtain written permission and confirmation of accuracy from 
the source of a personal communication. 
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Some but not all journals check the accuracy of all reference citations; thus, citation errors sometimes 
appear in the published version of articles. To minimize such errors, verify references against the original 
documents. Authors are responsible for checking that none of the references cite retracted articles except in 
the context of referring to the retraction. For articles published in journals indexed in MEDLINE, the 

·- ICMJE considers PubMed the authoritative source for information about retractions. 

Authors can identify retracted articles in MEDLINE by using the following search term, where pt in square 
brackets stands for publication type: Retracted publication [pt] in PubMed. 
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IV A. 9. b. Reference style and format: The Uniform Requirements style for references is based largely on 
an American National Standards Institute style adapted by the NLM for its databases. Authors should 
consult NLM's Citing Medicine for information on its recommended formats for a variety of reference 
types. 

References should be numbered consecutively in the order in which they are first mentioned in the text. 
Identify references in text, tables, and legends by Arabic numerals in parentheses. References cited only in 
tables or figure legends should be numbered in accordance with the sequence established by the first 
identification in the text of the particular table or figure. The titles of journals should be abbreviated 
according to the style used in the list of Journals Indexed for MEDL1NE, posted by the NLM on the 
Library's Web site. Journals vary on whether they ask authors to cite electronic references within 
parentheses in the text or in numbered references following the text. Authors should consult with the 
journal to which they plan to submit their work. 

IV. A. 10. Tables Tables capture information concisely and display it efficiently; they also provide 
information at any desired level of detail and precision. Including data in tables rather than text frequently 
makes it possible to reduce the length of the text. 

Type or print each table with double spacing on a separate sheet of paper Number tables consecutively in 
the order of their first citation in the text and supply a brief title for each. Do not use internal horizontal or 
vertical lines. Give each column a short or an abbreviated heading. Authors should place explanatory 
matter in footnotes, not in the heading. Explain all nonstandard abbreviations in footnotes, and use the 
following symbols, in sequence: 

* .,. ·I· § II (l * * +i· ·I .. ,· , ,+, , , II, , I ,+·· 

,=, 
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_; 

Identify statistical measures of variations, such as standard deviation and standard error of the mean. 

Be sure that each table is cited in the text. 

If you use data from another published or unpublished source, obtain permission and acknowledge that 
source fully. 

Additional tables containing backup data too extensive to publish in print may be appropriate for 
publication in the electronic version of the journal, deposited with an archival service, or made available to 
readers directly by the authors. An appropriate statement should be added to the text to inform readers that 
this additional information is available and where it is located. Submit such tables for consideration with 
the paper so that they will be available to the peer reviewers. 

IV A. 11 Illustrations (Figures) Figures should be either professionally drawn and photographed, or 
submitted as photographic-quality digital prints. In addition to requiring a version of the figures suitable for 
printing, some journals now ask authors for electronic files of figures in a format (for example, JPEG or 
GlF) that will produce high-quality images in the Web version of the journal; authors should review the 
images of such files on a computer screen before submitting them to be sure they meet their own quality 
standards. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3142758/?report=printab]e 9/12/2017 

Case 3:16-md-02741-VC   Document 652-5   Filed 10/28/17   Page 20 of 101



Uniform requirements for manuscripts submitted to biomedical journals: Writing and e. Page 21 of 24 

, __ 

:, ,, 

. , ·, 

,_, 
r, 
,,:\ 

~- 

11 
:, 

$ 
c; 
'' 

For X-ray films, scans, and other diagnostic images, as well as pictures of pathology specimens or 
photom icrographs, send sharp, glossy, black-and-white or color photographic prints, usually 127 x 173 mm 
(5 x 7 inches). Although some journals redraw figures, many do not. Letters, numbers, and symbols on 
figures should therefore be clear and consistent throughout, and large enough to remain legible when the 
figure is reduced for publication. Figures should be made as self-explanatory as possible, since many will 
be used directly in slide presentations. Titles and detailed explanations belong in the legends-not on the 
illustrations themselves. 

Photomicrographs should have internal scale markers. Symbols, arrows, or letters used in 
photorn icrographs shou Id contrast with the background. Photographs of potentially identifiable people must 
be accompanied by written permission to use the photograph . 

Figures should be numbered consecutively according to the order in which they have been cited in the text. 
If a figure has been published previously, acknowledge the original source and submit written permission 
from the copyright holder to reproduce the figure. Permission is required irrespective of authorship or 
publisher except for documents in the public domain. 

For illustrations in color, ascertain whether the journal requires color negatives, positive transparencies, or 
color prints. Accompanying drawings marked to indicate the region to be reproduced might be useful to the 
editor Some journals pub I ish i I lustrations in color only if the author pays the additional cost. Authors 
shou Id consu It the journal about requirements for figures submitted in electronic formats. 

IV. A. 12. Legends for illustrations (figures) Type or print out legends for illustrations using double 
spacing, starting on a separate page, with Arabic numerals corresponding to the illustrations. When 
symbols, arrows, numbers, or letters are used to identify parts of the illustrations, identify and explain each 
one clearly in the legend. Explain the internal scale and identify the method of staining in 
photom icrographs. 

IV. A. 13. Units of measurement Measurements of length, height, weight, and volume should be reported 
in metric units (meter, kilogram, or liter) or their decimal multiples. 

Temperatures should be in degrees Celsius. Blood pressures should be in millimeters of mercury, unless 
other units are specifically required by the journal. Journals vary in the units they use for reporting 
hematologic, clinical chemistry, and other measurements. Authors must consult the lnformation for 
Authors of the particular journal and shou Id report laboratory information in both local and International 
System of Units (SI). Editors may request that authors add alternative or non-SI units, since SI units are not 
universally used. Drug concentrations may be reported in either SI or mass units, but the alternative should 
be provided in parentheses where appropriate. 

IV. A. 14. Abbreviations and symbols Use only standard abbreviations; use of nonstandard abbreviations 
can be confusing to readers. Avoid abbreviations in the title of the manuscript. The spelled-out 
abbreviation followed by the abbreviation in parenthesis should be used on first mention unless the 
abbreviation is a standard unit of measurement. 

§ IV. B. Sending the manuscript to the Journal 
~ ~ An increasing number of journals now accept electronic submission of manuscripts, whether on disk, as an 
·:!; e-mail attachment, or by downloading directly onto the journal's Web site. Electronic submission saves 

time and money and allows the manuscript to be handled in electronic form throughout the editorial 
process (for example, when it is sent out for review). For specific instructions on electronic submission, 
authors should consult the journal's Instructions for Authors. 
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If a paper version of the manuscript is submitted, send the required number of copies of the manuscript and 
figures; they are all needed for peer review and editing, and the editorial office staff cannot be expected to 
make the required copies. 

Manuscripts must be accompanied by a cover letter, which should include the following information. 
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A full statement to the editor about all submissions and previous reports that might be regarded as 
redundant publication of the same or very similar work. Any such work should be referred to 
specifically and referenced in the new paper Copies of such material shou Id be included with the 
submitted paper to help the editor address the situation. 
A statement of financial or other relationships that might lead to a conflict of interest, if that 
information is not included in the manuscript itself or in an authors' form . 
A statement that the manuscript has been read and approved by all the authors, that the requirements 
for authorship as stated earlier in this document have been met, and that each author believes that the 
manuscript represents honest work if that information is not provided in another form (see below). 
The name, address, and telephone number of the corresponding author, who is responsible for 
communicating with the other authors about revisions and final approval of the proofs, if that 
information is not included in the manuscript itself. 

The letter should give any additional information that may be helpful to the editor, such as the type or 
format of article in the particular journal that the manuscript represents. 

If the manuscript has been submitted previously to another journal, it is helpful to include the previous 
editor's and reviewers' comments with the submitted manuscript, along with the authors' responses to those 
comments. Editors encourage authors to submit these previous communications. Doing so may expedite 
the review process. 

Many journals now provide a presubmission checklist to help the author ensure that all the components of 
the submission have been included. Some journals now also require that authors complete checklists for 
reports of certain study types (for example, the CONSORT check I ist for reports of randomized, control led 
trials). Authors should look to see if the journal uses such checklists, and send them with the manuscript if 
they are requested. Letters of permission to reproduce previously published material, use previously 
published illustrations, report information about identifiable persons, or to acknowledge people for their 
contributions must accompany the manuscript. 
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VI.ABOUT THE INTERNATIONAL COMMITTEE OF MEDICAL JOURNAL EDITORS ~ ·- ·- - . 

The ICMJE is a group of general medical journal editors whose participants meet annually and fund their 
work on the Uniform Requirements for Manuscripts. The ICMJE invites comments on this document and 
suggestions for agenda items. 

~ 
11, 

VII. AUTHORS OF THE UNIFORM REQUIREMENTS FOR MANUSCRIPTS 
SUBMITTED TO BIOMEDICAL JOURNALS - - ··--· -·· --- ---- ---· --·--- - - - ---------- ---·- - ----- 
The ICMJE participating journals and organizations and their representatives who approved the revised 
Uniform Requirements for Manuscripts in September 2008 include Annals of lnternal Medicine, British 
Medical Journal, Canadian Medical Association Journal, Croatian Medical Journal, Journal of the 
American Medical Association, Nederlands Tijdschrift voor Geneeskunde (The Dutch Medical Journal), 
New England Journal of Medicine, New Zealand Medical Journal, The Lancet, The Medical Journal of 
Australia, Tidsskrift for Den Norske .Lsgeforening (The Journal of the Norwegian Medical Association), 
Ugeskrift for Laeger (Journal of the Danish Medical Association), the U.S. NLM, and the World 
Association of Medical Editors. 

•] VIII. USE, DISTRIBUTION, AND TRANSLATION OF THE UNIFORM 
REQUIREMENTS 
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Users may print, copy, and distribute this document without charge for not-for-profit, educational purpose. 

The ICMJE does not stock paper copies (reprints) of this document. 

The ICM.IE policy is for interested organizations to link to the official English language document at 
www.lCM.IE.org. The ICMJE does not endorse posting of the document on Web sites other than that of the 
ICMJE. 
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The ICMJE welcomes organizations to reprint or translate this document into languages other than English 
for nonprofit purposes. However, the ICMJE does not have the resources to translate, back-translate, or 
approve reprinted or translated versions of the document. Thus, any translations should prominently 
include the following statement. "This is a (reprint /(insert language name) language translation) of the 
ICMJE Uniform Requirements for Manuscripts Submitted to Biomedical Journals. (insert name of 
organization) prepared this translation with support from (insert name of funding source, if any). The 
ICMJE has neither endorsed nor approved the contents of this reprint/translation. The ICMJE periodically 
updates the Uniform Requirements, so this reprint/translation prepared on (insert date) may not accurately 
represent the current official version at w,vw.lCMJE.org. The official version of the Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals is located at ,vww.lCMJE.org." 

We do not require individuals or organizations that reprint or translate the Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals to obtain formal, written permission from the ICMJE. 
However, the ICMJE requests that such individuals or organizations provide the ICMJE secretariat with the 
citation for that reprint or translation so that the ICMJE can keep a record of such versions of the 
document. 

IX. INQUIRIES 
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Before sending an inquiry, please consult Frequently Asked Questions at www.lCM.JE.org, as this section 
of the Web site provides answers to the most commonly asked questions. Inquiries about the Uniform 
Requirements should be sent to Christine Laine, MD, MPH at the ICMJE Secretariat office, American 
College of Physicians, 190 N. Independence Mall West, Philadelphia, PA 19106-1572, USA. e-mail 
claine(ci),acponline.org. Please do not direct inquiries about individual studies, individual journal styles, or 
individual journal policies to the lCMJE secretariat office. The lCMJE does not archive individual journal 
contact information. Manuscripts intended for submission to ajournal must be sent directly to the journal, 
not to the !CMJE. 
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Publication Ethics: Sponsorship, Authorship, and Accountability 

Articles from Journal of Pharmacology & Pharmacotherapeutics are provided here courtesy of Wolters Kluwer - 
Med know Publications 
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Monitoring and Treatment 

Minimum Latency & Types or Categories of Cancer 

John Howard, M.D., Administrator 
World Trade Center Health Program 

Revision: May 1, 2013 
(Replaces Administrator's White Paper on Minimum Latency & Types of Cancer dated October 17, 2012} 

Note for May 1, 2013 Revision: As new scientific information becomes available to the World Trade Center (WTC} 
Program Administrator on minimum latencies for the types or categories of cancers on the List of WTC-Related 
Health Conditions found at 42 C.F.R. § 88.1, minimum latencies may be modified. The Administrator's May 1, 
2013 revision to the White Paper on Minimum Latency & Types or Categories of Cancer changes minimum latencies 
for mesothelioma and the category of lymphoproliferative and hematopoietic cancers. 

Executive Summary 

The WTC Program Administrator has determined minimum latencies for the following five types or 
categories of cancer eligible for coverage in the WTC Health Program: 

(1) Mesothelioma-11 years, based on direct observation after exposure to mixed forms of 
asbestos, which represents a change from the October 17, 2012 version of the Administrator's 
White Paper on Minimum Latency & Types or Categories of Cancer; 

(2) All solid cancers (other than mesothelioma, lymphoproliferative, thyroid, and childhood 
cancers)-4 years, based on low estimates used for lifetime risk modeling of low-level ionizing 
radiation studies; 

(3) Lymphoproliferative and hematopoietic cancers (including all types of leukemia and 
lymphoma)-0.4 years (equivalent to 146 days), based on low estimates used for lifetime risk 
modeling of low-level ionizing radiation studies, which represents a change for 
lymphoproliferative cancers only from the October 17, 2012 version of the Administrator's 
White Paper on Minimum Latency & Types of Categories of Cancer; 

. (4) Thyroid cancer-2.5 years, based on low estimates used for lifetime risk modeling of low 
level ionizing radiation studies; and 

(5) Childhood cancers (other than lymphoproliferative and hematopoietic cancers)-1 year, 
based on the National Academy of Sciences findings. 
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I. Introduction 

According to the James Zadroga 9/11 Health and Compensation Act of 2010 ("Act") {42 U.S.C. 

§§ 300mm to 300mm-61), a determination that an individual's 9/11 exposure is substantially likely to be 
a significant factor in aggravating, contributing to, or causing an individual's health condition must be 
made based on an assessment of the following: (1) the individual's exposure to airborne toxins, any 
other hazard, or any other adverse condition resulting from the terrorist attacks; and (2) the type of 
symptoms and temporal sequence of symptoms (42 U.S.C. § 300mm-22{a){2)). With regard to the 
temporal sequence of symptoms, cancers do not occur immediately after exposure to a causative agent 
and they usually take many years up to several decades to manifest clinically. The formation of a tumor 
is a complex process, and tumor progression occurs by a sequence of randomly occurring changes in 
genetic material that alter cell functions such as proliferation, survival, and growth inhibition, as well as 
other cellular changes needed to overcome the normal barriers to becoming malignant. Based on the 
requirement in the Act to consider the temporal sequence of symptoms, the Administrator determined 
that a minimum time period (i.e., latency) must have elapsed between the initial date of the individual's 
9/11 exposure and the date of the initial diagnosis of the individual's cancer for the cancer to be 
certified. 

The assessment of minimum latency periods for various types or categories of cancer is 
straightforward when exposures occur at a single point in time or regularly. However, most human 
exposures to carcinogens vary significantly over time, making a precise determination of minimum 
latency periods difficult. 

The basis for selecting minimum latencies to specific types or categories of cancer is described in 
the sections below. However, at the outset it is important to understand that the scientific literature 
assessing minimum latency periods for specific types of cancer is scarce. Estimates of minimum 
latencies are available in the scientific literature for only a small number of the covered cancers 
associated with exposure to carcinogenic agents present in the aftermath of the 9/11 attacks (also 
referred to as "9/11 agents"). Similarly, observations of minimum latencies are available for only a few 
of the cancers that the Administrator added to the List of WTC-Related Health Conditions ("List") 
eligible for coverage under the WTC Health Program associated with other agents. 

Therefore, the Administrator derived minimum latency estimates using several methods based 
on the best available scientific evidence for each type or category of cancer considered. 

II. Methods Used to Determine Minimum Latency Estimates (Latency Methods) 

The four specific methods used by the Administrator to select minimum latency estimates for 
types or categories of cancer are described below in order of the best available science, as judged by the 
Administrator The methods are as follows: 

Latency Method 1. Studies reporting minimum latency estimates for cancer from a 9/11 agent based on 
direct observation of latencies. 
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In this approach, the population studied must be large enough to develop a reasonable estimate 
of the lower bound of the distribution of latencies, which is the estimate of the minimum 
latency. 

Latency Method 2: Authoritative Recommendations 

When estimates of minimum latency are not available using Latency Method 1, the 
Administrator reviewed available recommendations on minimum latency from authoritative 
bodies, such as the National Academy of Sciences, and selected the shortest latency period. 

Latency Method 3: Studies reporting observed latencies for a cancer from another agent, with 
preference given to agents chemically analogous to a 9/11 agent. 

In this approach, the population studied must be large enough to develop a reasonable estimate 
of the lower bound of the distribution of latencies, which is the estimate of the minimum 
latency. 

Latency Method 4: Statistical Modeling 

When estimates of minimum latency are not available from studies with direct observations of 
minimum latencies (Latency Methods 1 and 3], or from authoritative recommendations [Latency 
Method 2], the Administrator looks to estimates of the minimum latency periods used in 
statistical models and published in the scientific literature. The two modeling approaches are 
described below. 

4A. Estimates of cancer latency obtained by statistical modeling in epidemio/ogic studies of the 
association between exposure to an agent and a type of cancer. 

Using this method, an investigator excludes exposure for some period of time (e.g., 10 or 
20 years) before diagnosis is made. Exposure time is excluded because any exposure that 
occurs after a cancer develops in an individual does not contribute to the developmental 
time for that cancer Several time periods may be tested, and the time period that yields 
the strongest association between exposure and the cancer is used as the estimate of the 
minimum latency period.1 • 

48. Estimates of cancer latency obtained from statistical models used to estimate the lifetime 
risk of /ow-level ionizing radiation-related cancers. 

The use of a radiation-induced cancer latency estimate is supported by scientific literature 
indicating shared mechanisms of carcinogenesis that apply to most solid tumors.2 

Furthermore, cancers that may develop as a result of radiation exposure are 
indistinguishable from those that occur as a result of exposure to other carcinogens.3 

If multiple estimates of minimum latency based on statistical modeling in epidemiologic studies 
were available in the scientific literature, the Administrator's policy is to resolve any 
uncertainties inherent in this method [Latency Method 4] in favor of the WTC Health Program 
member by selecting the shortest latency period. 

This procedure is referred to as "lagging" in epidemiologic studies. 
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The strength of the available scientific evidence for estimates of minimum latency for each type 
of cancer or category of cancer was evaluated. The Administrator selected minimum latencies for use in 
the evaluation of a case of cancer for certification in the WTC Health Program based on that evaluation. 

Ill. Basis for Selecting Minimum Latencies 

A. Mesothelioma 

The basis for adding mesothelioma to the List was exposure to chrysotile asbestos, which was 
the only form of asbestos identified in any of the settled surface dust samples in the New York City 
disaster area.4 However, a literature search did not identify any studies which reported a minimum 
latency that was specific for chrysotile exposure [Latency Method 1] for more than a few individuals. All 
reported latencies in these studies were greater than 20 years. Also, the Administrator was unable to 
find recommendations on minimum latency from other authoritative sources [Latency Method 2] 
Therefore, the Administrator has decided to rely on estimates of latency in the scientific literature for 
exposures to mixed forms of asbestos [Latency Method 3]. 

A review of 21 studies by Lanphear and Buncher covered a large variety of occupations, and 
identified 1,105 cases of asbestos-related mesothelioma.5 The studies reported a median latency period 
of 32 years, with 96% of cases diagnosed at least 20 years following initial exposure and 33% of cases 
diagnosed 40 years after initial exposure. Lanphear and Buncher reported a minimum latency of 11 
years. The minimum latencies of malignant mesothelioma reported in other studies of exposures to 
mixed forms of asbestos ranged from 13 to 15 years.6-10 

Therefore, based on the best available scientific evidence and following the methodology 
presented in this revised White Paper on Minimum Latency and Types or Categories of Cancer, the 
Administrator selected a minimum latency of 11 years for use in the evaluation of a case of 
mesothelioma for certification in the WTC Health Program. For a cancer occurring in a person less than 
20 years of age, see Section 111, E. 

B. Solid Cancers (other than mesothelioma, lymphoproliferative, thyroid, and childhood 
cancers) 

Latency estimates based on a small number of individuals in direct observational studies have 
been reported for a few of the solid cancers included on the List. Those latency estimates are as follows: 

• The minimum interval between the onset of gastro-esophageal reflux disease (GERO) and 
diagnosis of esophageal cancer (latency) has been reported to be 20 vears.!' However, in 
individuals with GERO who have also been exposed to 9/11 agents acting as cancer initiators or 
promoters, the Administrator notes that the minimum latency may be significantly shortened; 

• The minimum latency of 12 years has been reported for liver cancer associated with vinyl 
chloride exposure.12 Additional 9/11 agents are known to cause liver cancer, however direct 
observations of latency [Latency Methods 1 and 3] or authoritative recommendations [Latency 
Method 2] are not available for those agents. 
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• Minimum latency estimates have been reported in the literature for lung cancer associated with 

exposure to asbestos (19 vears)," 13· 14 to chromium (5 years)." and to soot (9 years).15 

Additional 9/11 agents are known to cause lung cancer, however direct observations of latency 
[Latency Methods 1 and 3] or authoritative recommendations [Latency Method 2] are not 
available. 

Latency estimates are available in the scientific literature for other covered solid cancers 
associated with exposures to agents not known to be present at the sites of the 9/11 terrorist attacks. 
For example, a minimum latency of 20 years has been reported for chlorinated biphenyl-related 
melanoma 16 and a minimum latency of 4 years has been reported for urinary bladder cancer associated 
with aromatic amine exposure.17 Specific 9/11 agents are known to cause melanoma and bladder 
cancer, however direct observations of latency [Latency Methods 1 and 3] or authoritative 
recommendations [Latency Method 2] are not available. 

For some types of solid cancers on the List, estimates of minimum latency were found in the 
scientific literature based on statistical modeling in epidemiologic studies of associations between an 
exposure and cancer [Latency Method 4A]. Estimates of latency using this method have been reported 
for nasopharyngeal cancer associated with formaldehyde exposure {15 vears}" and for asbestos-related 
cancer of the pleura {30 vears)." 

For solid cancers as a group, an estimate of minirnumlatencv of 4 years is available from 
statistical modeling of risk between exposure to low-level ionizing radiation and solid cancers [Latency 
Method 48] 19

' 
20 

Therefore, based on the best available scientific evidence and following the methodology 
presented in this revised White Paper on Minimum Latency and Types or Categories of Cancer, the 
Administrator selected a minimum latency of 4 years for use in the evaluation of all types and categories 
of solid cancers other than mesothelioma, lymphoproliferative, thyroid, and childhood cancers) for 
certification in the WTC Health Program. For a cancer occurring in a person less than 20 years of age, 
see Section Ill, E. 

C. Lymphoproliferative and Hematopoietic Cancers 

Latency estimates vary widely for different lymphoproliferative and hematopoietic 
malignancies. For leukemia and lymphoma, direct observations of latency are not available in the 
literature for 9/11 agents [Latency Method 1]. Also, the Administrator was unable to find 
recommendations on minimum latency from other authoritative sources [Latency Method 2]. The only 
estimates of minimum latency found in the scientific literature were based on statistical modeling in 
epidemiologic studies of associations between an exposure and cancer [Latency Methods 4A and 48]. 
The reported minimum latency estimate using statistical modeling in epidemiologic studies for acute 
non-lymphocytic leukemia and benzene exposure is 1.5 years,21' 22 and for lymphoproliferative and 
hematopoietic malignancies resulting from formaldehyde exposure is 2 years [Latency Method 4A).23 

For chronic lymphocytic leukemia, a minimum latency estimate of 15 years has been reported for 
ionizing radiation exposure [Latency Method 48).24 A minimum latency period of 2 years has been 
reported for non-Hodgkin lymphoma25 following treatment of Hodgkin disease with chemotherapy and 
radiotherapy, which is similar to the latency for secondary acute leukemia [Latency Method 3].26 
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Evaluation of the latencies of leukemias, including chronic lymphocytic leukemia, and 
lymphomas from exposures to occupational and environmental agents is difficult for a number of 
reasons. First, the nomenclature used in the histological classification of these diseases is in flux. 
Second, a particular lymphoid neoplasm may manifest both lymphoid and leukemic features. Third, 
there is substantial overlap in the estimates of latency periods for lymphomas, which range from 2 to 10 
years, and leukemias, which range from 1.5 to 15 years. This similarity in estimates of the minimum 
latencies for lymphoproliferative and hematopoietic malignancies is demonstrated as noted above and 
in risk models for radiation-induced leukemia and for chemotherapy-related acute myelocytic 
leukemia,19 as well as acute non-lymphocytic leukemia from benzene exposure.21 Moreover, leukemia 
that develops after exposure to benzene is similar to atomic bomb irradiation or therapy-induced 

leukemia.27 

Although latencies based on direct observations for some types of lymphomas and leukemias 
have been reported in the scientific literature, the nomenclature, classification, and latency overlap 
issues discussed above cast doubt on the reliability of these observations for use in the WTC Health 
Program. For these reasons, the Administrator has decided to rely on the estimate of minimum latency 
for all lymphoproliferative and hematopoietic malignancies of 0.4 years based on low estimates used for 
lifetime risk modeling of low-level ionizing radiation studies for lymphomas and leukerntas." 

Therefore, based on the best available scientific evidence and following the methods presented 
in this revised White Paper on Minimum Latency and Types or Categories of Cancer, the Administrator 
has selected a minimum latency of 0.4 years or 146 days for use in the evaluation of cases of 
lymphoproliferative and hematopoietic cancers for certification in the WTC Health Program. For a 
lymphoproliferative or hematopoietic cancer occurring in a person less than 20 years of age, the 
Administrator has also selected this minimum latency of 0.4 years, see Section 111,E. 

D. Thyroid Cancer 

For thyroid cancer, direct observations or estimates of latency for 9/11 agents (Latency Method 
1) or other agents (Latency Method 3) are not available in the literature. Also, the Administrator was 
unable to find recommendations on minimum latency from other authoritative sources [Latency Method 
2]. Therefore, the Administrator has decided to rely on estimates of minimum latency based on the 
statistical modeling of risk for associations between exposure to low-level ionizing radiation and thyroid 
cancer of 2.5 years [Latency Method 48].20 

Therefore, based on the best available scientific evidence and following the methodology 
presented in this revised White Paper on Minimum Latency and Types or Categories of Cancer, the 
Administrator selected a minimum latency of 2.5 years for use in the evaluation of a case of thyroid 
cancer for certification in the WTC Health Program. For a cancer occurring in a person less than 20 years 
of age, see Section 111,E. 

£. Childhood Cancers 

The most common cancers in children are leukemia {34%), brain and nervous system tumors 
(34%), lymphomas (8%), Wilms tumor of the kidney (5%), bone cancers (4%), rhabdomyosarcoma (3%), 
and retinoblastoma (3%).28 One of the differences between childhood cancers and adult cancers is that 
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childhood cancers typically have a shorter latency period. After reviewing the scientific literature, the 
Administrator has determined that estimates of minimum latency by Latency Methods 1, 3, and 4 are 
not available for this broad category of cancer types. However, the National Academy of Sciences has 
reported that childhood cancers have a latency period of 1 to 10 years [Latency Method 2].29 

Therefore, based on the best available scientific evidence and following the methodology 
presented in this revised White Paper on Minimum Latency and Types or Categories of Cancer, the 
Administrator selected a minimum latency of 1 year for use in the evaluation of cases of childhood 
cancer for certification in the WTC Health Program (excluding lymphoproliferative and hematopoietic 
cancers in children, for which the Administrator selected the minimum latency of 0.4 years). For 
purposes of the WTC Health Program, a childhood cancer means all types of cancer occurring in a 
person less than 20 years of age (42 C.F.R. §88.1). 

IV. Summary 

The Administrator has selected minimum latencies for the following five types or categories of 
cancer· 

(1) Mesothelioma-11 years; 

(2) All solid cancers (other than mesothelioma, lymphoproliferative, thyroid, and childhood 
cancers) - 4 years; 

(3) Lymphoproliferative and hematopoietic cancers (including all types of leukemia and 
lymphoma) - 0.4 years (146 days); 

(4) Thyroid cancer - 2.5 years; and 

(5) Childhood cancers (other than lymphoproliferative and hematopoietic cancers)-1 year 
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Residential Exposure to Pesticide 
During Childhood and Childhood 
Cancers: A Meta-Analysis 
Mei Chen. PhD, MS, Chi-Hsuan Chang, MSc. Lin Tao. PhD, Chensheng Lu, PhD. MS 

CONTEXT: There is an increasing concern about chronic low-level pesticide exposure during 
childhood and its influence on childhood cancers. 

OBJECTIVE: In this meta-analysis, we aimed to examine associations between residential 
childhood pesticide exposures and childhood cancers. 

DATA souncrs. We searched all observational studies published in PubMed before February 2014 
and reviewed reference sections of articles derived from searches. 

sruuv SELECTION: The literature search yielded 277 studies that met inclusion criteria. 

011r11 EXTRACTION: Sixteen studies were included in the meta-analysis. We calculated effect sizes and 
95% confidence intervals (Cls) by using a random effect model with inverse variance weights. 

RES\JLTS: We found that childhood exposure to indoor but not outdoor residential insecticides 
was associated with a significant increase in risk of childhood leukemia (odds ratio [OR] = 
1.47; 95% Cl, 1.26-1.72; /2 = 30%) and childhood lymphomas (OR= 1.43; 95% Cl, 1.15-1.78; 
/2 = 0%). A significant increase in risk of leukemia was also associated with herbicide exposure 
(OR= 1.26; 95% Cl, 1.10-1.44; /2 = 0%). Also observed was a positive but not statistically 
significant association between childhood home pesticide or herbicide exposure and childhood 
brain tumors. 

UMIT/.\TIONS: The small number of studies included in the analysis represents a major limitation 
of the current analysis. 

coNcLUs10Ns: Results from this meta-analysis indicated that children exposed to indoor 
insecticides would have a higher risk of childhood hematopoietic cancers. Additional research 
is needed to confirm the association between residential indoor pesticide exposures and 
childhood cancers. Meanwhile, preventive measures should be considered to reduce children's 
exposure to pesticides at home. 
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Although pesticides are essential for 
eradication of pests in agriculture and 
for public health, they are toxic 
chemicals and can affect children's 
health in a variety of settings, such as 
at home, in parks and gardens, and on 
school grounds. Children greatly 
increase their chances of pesticide 
exposure when they play on 
pesticide-treated surfaces such as 
a floor or lawn and then put their 
hands into their mouths. It is known 
that households with children 
commonly use and store pesticide 
producrs.l=' The use of pesticides at 
child care facilities,4 on athletic 
fields,5 and on school grounds6 could 
all present potential exposures and 
health hazards to children. 

Because children's immune systems 
are still developing, they may provide 
less protection than adult immune 
systems. To be specific, their 
enzymatic and metabolic systems 
may be less able to detoxify and 
excrete pesticides than those of 
adults. Therefore, they are more 
vulnerable to pesticides. 
Epidemiologic studies also support 
the idea that pesticide exposure can 
have greater impact on children's 
health than on adults' health.7,8 
Children exposed to pesticides at 
home or at school have experienced 
acute toxic effects on their 
respiratory, gastrointestinal, nervous, 
and endocrine systems, as well as 
other serious medical outcomes.6,9.10 
Concern about the health effects of 
low-level exposure to pesticides in 
children has been increasing in recent 
years, generating a substantial 
number of epidemiologic studies 
demonstrating associations between 
pesticide exposures and childhood 
cancers.11-16 However, most of 
these studies focused on parental 
occupational exposure or agricultural 
exposure, not exposure in the home. 
We found a few systematic reviews 
examining the association between 
residential pesticide exposure and 
childhood cancers. But the 
association was not elucidated in 
these reviews, because authors 

included parental occupational 
exposure data or studies investigating 
multiple risk factors that increase 
chance findings through multiple 
statistical testing.12-14 

The aim of our study was to perform 
a systematic review of the currently 
available epidemiologic evidence to 
estimate the relationship between 
residential ( or nonoccupational and 
nonagricultural) childhood pesticide 
exposure and childhood cancers. We 
sought to provide scientific evidence 
for preventive actions and for making 
legislative decisions. 

METHODS 

Data Source and Study Selection 

We conducted a literature search 
in PubMed for articles published 
before February 2014. We used 
combinations of the following 
keywords to identify relevant articles: 
[residential, urban, indoor, house, 
home, household, domestic or school) 
AND [pesticide, insecticide, herbicide, 
fungicide, organochlorine or 
organophosphorus) AND [children, 
childhood, youth, teenager, 
adolescent, toddler, infant, neonate, 
prenatal or postnatal) AND [cancer, 
tumor, malignancy, neoplasm, 
neurcblastorna, lymphoma, leukemia, 
sarcoma, astrocytoma, glioma, 
craniopharyngiorna, ependymoma, 
rhabdomyosarcoma or retinoblastoma]. 
The search was limited to human 
studies and written in English. All 
abstracts were screened to determine 
their suitability for review. 

We included original epidemiologic 
studies reporting on nonoccupational 
pesticide exposure and children's 
health. We used the following criteria 
to exclude articles from the meta 
analysis. We excluded those not 
reporting original results (eg, review 
articles, ecologic studies, or case 
reports); toxicological studies; studies 
conducted in occupational settings, 
on hazardous waste sites, on farms, 
or in proximity to agricultural 
pesticides; studies involving only 

adults or children with Down 
syndrome or without reporting 
children's health outcomes; studies 
with only pesticides in general (no 
specific pesticide groups) or studies 
with a list of chemicals including 
pesticides; studies without soecific 
windows of exposure; or duplicate 
studies that included subjects already 
included in a more complete or more 
recent study examining a greater 
number of subjects. 

Two authors of this article (M.C. and 
C.L.) independently retrieved and 
screened all the titles and abstracts 
of studies according to the 
predetermined selection criteria. We 
also manually screened references in 
the selected articles for additional 
relevant studies. The full texts of the 
studies with potential eligibility were 
obtained and assessed independently 
by the 2 authors (M.C. and C.L.) for 
final inclusion. Any discrepancies 
were resolved by consensus. 

Data Extraction 

From each eligible study, 2 authors 
(M.C. and C.c.) extracted information 
about the study design, location, 
study period, study population and 
control characteristics, exposure 
assessment method, outcomes, and 
key findings. The same 2 authors 
independently extracted and 
tabulated the most relevant 
estimators, namely odds ratios (ORs) 
and 95% confidence intervals (Cls). 
ORs and Cls are 2 commonly used 
estimators in most meta-analyses 
dealing with health risks associated 
with environmental chemical 
exposures.12,13,15,17-21 The results 
were compared and consensus was 
obtained before the meta-analysis. 

After classification of the studies, the 
data were subgrouped and calculated 
by pesticide categories, exposure 
locations, and type of cancer in the 
following stratified meta-analyses: 

• Pesticide category and exposure 
locations: 
• Indoor pesticide exposure 

• Indoor insecticide exposure 
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• Outdoor pesticide exposure 
• Herbicide exposure 

• Outdoor insecticide exposure 

Cancer types: acute leukemia, 
leukemia, lymphoma, hematopoietic 
cancers (leukemia and lymphoma), 
childhood brain tumor, and all 
childhood cancers (including 
neuroblastoma, Wilms tumor, and 
soft tissue sarcoma) 

We analyzed data from professional 
home treatment (ie, the work clone by 
licensed pest control professionals) 
by performing a meta-analysis on 
data with professional home 
treatment together with parental 
home treatment or by using data for 
professional home treatments alone 
(if number of studies was :::C:2). We 
calculated dose effect by performing 
a separate meta-analysis on data of 
the highest frequency of pesticide 
uses. 

Data Analysis 

We performed the meta-analysis by 
using the Comprehensive Meta 
Analysis version 2 (Biostat, Inc, 
Englewood, NJ) in accordance with 
Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) 
guide\ines.22 The random effects 
model was used in this analysis. The 
random effects summary of ORs and 
95% Cls was estimated to provide an 
indicator of the overall strength of 
association between childhood 
pesticide exposure and childhood 
cancers. These associations are 
illustrated in the forest plots. In the 
plots, the Cl for each study is 
represented by a horizontal line and 
the estimate of summary OR by a box 
square. The box area is proportional 
to the weight, which is the inverse of 
the variance of the effect estimate 
from each individual study in the 
meta-analysis. The diamond and 
broken vertical line for type of cancer 
represent the subtotal summary 
estimate, with CI indicated by its 
width. The null hypothesis is 1 and is 
represented by the central vertical 
dashed line from top to bottom of the 

plot. All statistical tests were 2 sided, 
and a P value of <.05 was considered 
statistically significant . 

Assessment of iteteroqeneit» 

Because the current review includes 
a limited number of studies, and the 
conventional statistical approach to 
evaluating heterogeneity using 
a,/ test (Cochran's Q) has low power 
when there are few studies,23 we 
used the /2 statistic to quantify the 
amount of variation in results across 
studies that is due to heterogeneity. 
/
2 can be interpreted as a measure of 
the percentage of the total variation 
that cannot be explained by chance.23 

An /2 value of 25%, 50%, or 75% can 
be taken to mean low, moderate, or 
high degrees of heterogeneity.23 A 
value of 0% indicates no observed 
heterogeneity, and estimations from 
either the fixed effects model or 
random effects model would be the 
same. The P values for heterogeneity 
are based on the Q statistic. 

Pubilcution !Jias 

Publication bias was tested with 
funnel plots and Egger's test.24 The 
funnel plot was made by the natural 
logarithm of the estimate of ORs 
versus the SE from all included 
individual studies in a meta-analysis. 
We tested funnel plot asymmetry, 
which can result from unpublished 
small studies without statistically 
significant effects, by using the linear 
regression method.24 

Sensitivity Anolysis 

To measure the robustness and 
determine whether some of the 
factors (or possible biases) have 
a major effect on the results of this 
meta-analysis, we conducted several 
sensitivity analyses by 

• Removing the study with highest 
weight 

• Removing the studies reporting 
extreme ORs (the highest and the 
lowest) 

• Removing hospital-based studies 
(or performing a meta-analysis 

including only population-based 
studies) 

• Removing extended exposure win 
dows or ill-defined pesticide 
categories 

RESULTS 

Study Identification and 
Characteristics 

Figure 1 describes this study's 
identification, screening, and 
selection process. From the initial 277 
articles identified from PubMed 
search, 239 were excluded based on 
their titles or abstracts, and 17 were 
excluded based on the full text. We 
excluded 3 other studies from the 
analysis. One had a duplicated 
population, another had a study 
population located in a region with 
high agricultural pesticide use, and 
a third had insufficient data to permit 
the calculation.25-27 No additional 
articles were identified from the 
references cited in the included 
articles. A total of 16 articles met the 
full inclusion criteria and were 
eventually included in the meta 
analysis.28-43 

The characteristics of the studies used 
in the meta-analysis are shown in 
Table 1. All 16 studies are case 
controlled studies published between 
1993 and 2012. The participation rates 
for most studies ranged between 65% 
and 96% for case groups and between 
61 % and 99% for control groups. 
The sample sizes ranged From 4532 to 
1184 cases,38 and the upper age limits 
of case groups were between 9 and 
19 years. Among these studies, 10 
focused on hematopoietic malignancies, 
5 on childhood brain tumor (CBT), and 
2 on Wilms tumor and neuroblastoma. 
Four other studies reported data on 
> 1 malignancy.36-38·41 

The current meta-analysis was run 
separately for the 2 windows of 
exposure: before and after birth to 
diagnosis, and after birth to diagnosis. 
Because the outcomes from either 
window of exposure were similar (as 
shown in Supplemental Table 3), the 
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"O 
QI 
"O 
:, u 
C 

Records identified through 
database searching 

(n = 277) 

1 
I 

Records after duplicates removed 

I (n = 275) 

1 
Records screened Records excluded 

I (n = 275) I (n = 239) 

1 
Full-text articles excluded: 

Full-text articles assessed Not meet one or more of 
for eligibility our inclusion criteria 

(n = 36) (n = 17) 

l 
Studies included in 

Article excluded: 

qualitative synthesis 1 participants presented in 

(n = 19) duplicate articles 
1 only P value presented 

! 1 half population was from 
agricultural area 

Studies included in 
(n = 3) 

quantitative synthesis 
(meta-analysis) 

(n = 16) 

FIGUf!E I 
PRISMA 2009 Flow Diagram. (Reprinted with permission from Moher D, Liberati A, Tetzlaff J, Altman 
OG; The PRISMA Group. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The 
PRISMA Statement. PLoS Med. 2009;6(6):e1000097) 

following results and discussion focus 
on the window from prenatal and 
after birth until diagnosis. 

Publication Bias 

We examined the main findings from 
all studies and included them in an 
inverse funnel plot of log-transformed 
odds ratio versus SE. Although we 
were limited by the small number 
of studies included, we saw no 
clear trend of publication bias (or 
asymmetry) from visual inspection of 
the plot, with Egger's test P values 
at .92, .10, and .14 for indoor 
pesticides, herbicides, and outdoor 
pesticide exposures, respectively. 

Study Synthesis 

Table 2 summarizes the results of the 
subgroup meta-analyses and the 
assessment of heterogeneity. The 
results of 13 studies on home 

pesticide exposure, grouped by types 
of childhood cancer and listed by 
years of publication, are shown in 
Fig 2. Exposure to indoor insecticides 
during childhood was associated with 
a significant increase in risk of 
childhood leukemia (OR= 1.47; 95% 
Cl, 1.26-1.72; /2 = 30%) and 
childhood lymphomas (OR = 1.43; 
95% er, 1.15-1.78; 12 = 0%). 

Additional subgroup analysis 
combining studies on acute leukemia 
(AL) yielded elevated risks for 
exposure to both home pesticides 
(OR= 1.55; 95% Cl, 1.38-1.75) and 
indoor insecticides (OR = 1.59; 95% 
Cl, 1.39-1.81) with significantly lower 
heterogeneities (/2 of 0%). When we 
combined studies on leukemia and 
lymphoma, we observed a statistically 
significant association between 
childhood hematopoietic 
malignancies and home pesticide 

exposure during childhood (11 out 
of 12 data were from indoor 
insecticides). There was low 
heterogeneity (OR = 1.46; 95% er, 
1.32-1.60; /2 s; 5%). A positive but 
not statistically significant association 
between home pesticide exposure 
during childhood and CBT was 
observed (OR = 1.22; 95% Cl, 
0.83-1.81, /2 = 23%) and this 
association decreased after data were 
combined with those for professional 
home treatment (OR= 1.11, 95% 
Cl, 0.87-1.42; /2 = 5%). 

We conducted sensitivity analysis on 
the results to test whether these 
results were influenced by 1 or 2 
studies (Supplemental Table 3). 
Sensitivity analysis conducted by 
removing highest weights, excluding 
extreme ORs, or deleting hospital and 
friends controls did not change the 
associations between home pesticide 
(or indoor insecticide) exposure and 
childhood AL, leukemia, lymphoma, 
and childhood hematopoietic 
malignancies (shown in Supplemental 
Table 3), and statistical significance 
remained. Heterogeneities were 
significantly lower (most /2 were 0%) 
after extreme ORs were removed in 
the sensitivity analyses. When we 
replaced the indoor pesticide data of 
Ma et a\37 with insecticide data in the 
rerun meta-analysis, the result was 
very similar. This finding was 
consistent with the statement by 
those authors that "there was 
a considerable overlap between the 
definition as well as the results 
between indoor pesticides and 
insecticides." 

Subgroup analysis on dose and 
multiple-agent effect yielded 
a statistically significant higher risk 
for childhood leukemia (OR = 1.92; 
95% Cl, 1.27-2.89) and 
hematopoietic malignancies (OR = 
2.04; 95% Cl, 1.40-2.97). However, 
when the studies on professional 
home treatment were grouped 
together, the seemingly significant 
increase in risk for childhood leukemia 
became not statistically significant. 
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;;; TABLE 1 Overview of the Case-Controlled Studies Included in the Meta-Analysis 
C, 
;; Study Sample Size (case/control) Age (y) Study Population. Location. and Period Exposure Assessment Cases Controls -< ;;o 
;=; 
en Davis et al (1993), USA 45/85 SlO Patients in Missouri. diagnosed Maternal phone interview CBT Noncancer friends or other 
< 
0 1985-1989 cancer matched with age c 
3 and gender 
"' 
"' 

Leiss et al (1995), USA 252/222 <15 Patients in Denver. 1976-1983 Parental interview CBT, Leu, Lym, STS Noncancer population matched 
c;n by gender. age, region 
:, 
C Pegoda et al ( 1997), USA 224/218 S19 Patients from West Coast, 1984-1991 Maternal phone interview CBT Noncancer population matched 3 
CT by gender. age, region ~ _,,, Infante-Rivard et al (1999). Canada 491/491 S9 Patients from metropolitan Montreal, Parental phone interview ALL Noncancer population matched 
a diagnosed 1980-1993 by age. gender. region "' 0 Meinet et al (2000), Germany 1184,234, 940/2588 Sl5 Patients from West Germany, Mail and parental phone Leu, NHL Noncancer population matched g- , diagnosed 1992-1994 interview by gender. age, region 
"' a Buckley et al (2000). USA 268/268 S20 Patients in US, 1986-1990 Maternal phone interview NHL Noncancer population matched 
u, 

by age, gender, and race 
0 Daniel et al (2001), USA 390/296 <19 Hospital patients in US and Parental phone interview Neuroblastoma Noncancer population matched 0 
:!:' Canada. 1992-1994 by age, region ::; 
C Ma et al (2002). USA 162/162 S14 Hospital patients in northern Maternal in-home personal ALL, Leu Noncancer population matched 0, 
Cl. California, 1995-1999 interview by gender. age, mother's " Cl. race. region 
:;j, 
c Menegaux et al (2006), France 280/288 <15 Hospital patients in France, Maternal personal interview AL Hospital noncancer children 
3 diagnosed 1995-1999 matched by age, gender, 
CT 
'< hospital, race er, 
C Rudant et al (2007). France 1060/1681 <15 Patients in France, diagnosed Maternal phone interview AL. HL. NHL Noncancer population matched 
" ~ 2003-2004 by age, gender 
0 Urayama et al (2007). USA 294/369 <15 Patients from northern and central In-home interviews with ALL Noncancer children matched ::; 
(/) California. diagnosed since 1995 caretaker by age, gender. Hispanic (1) 

~ status. maternal race. region " 3 Cooney et al (2007). USA 523/517 <16 Patients in US and Canada, 1999-2002 Maternal phone interview Wilms tumor Noncancer children matched 
Ci' 
('1) by age and region ..., 

Nielsen et al (2010), USA 201/285 S10 Patients in US west coast, 1984-1991 Maternal in-person interview CBT Noncancer children matched 
N by age and gender 
0 Bailey et al (2011). Australia 388/870 <15 Patients in Australia. 2003-2007 Parental questionnaires and ALL Noncancer population matched - 
--.j 

phone interviews by gender. age, region 
Ding et al (2012). China 176/180 S14 Hospital patients in Shanghais Maternal in-person interview ALL Noncancer hospital children 

China. 2010-2011 and children's urine matched by gender and age 
collections 

Greenop et al (2013), Australia 288/917 S14 Patients in Australia. 2005-2010 Maternal in-person interview CBT Noncancer population matched 
by gender. age, and region 

ALL. acute lymphoblastic leukemia: HL. Hodgkin lymphoma; Leu, leukemia; Lym, lymphoma; NHL, non-Hodgkin lymphoma; STS, soft tissue sarcoma . 

..._, 
"' "' 
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TABLE 2 Meta-Analysis Using Random Effects Model for the Relationship Between Childhood 
Cancer and Exposure to Residential Pesticides During Childhood 

Subgroup Study N 

Indoor oesticides'" 
(A) AL 

Add professional home treatment 
Indoor insecticides 

(8) Leukemia 
Add professional home treatment 
Dose and multiple agents effects' 
Professional treatment only 
Indoor insecticides 

(C) Lymphoma 
Indoor insecticides 

(D) Hematopoietic cancers 
Add professional home treatment 
mdoor insecticides 
Dose and multiple agents ettcct" 

(E) CBTs"·'.1 
Add professional home treatment 

(F) All cancers'" 
Outdoor pesticide":" 
(A) Leukemia 

Herbicide 
Yard insccticices'' 

(B) Lymphoma 
Herbicide 
Yard insecticides; 

(C) Hematopoietic cancers 
Herbicide 
Yard insecticides 

(D) CBTs 
Herbicide 
Yard insecticides' 

(E) All cancers" 
Herbicide 
Yard insecticides'' 

6 
7 
5 
8 
9 
3 
3 

4 
12 
13 
11 
4 
4 
5 

20 

6 
5 
3 

3 
2 

10 
8 
5 
3 
2 
2 

16 
12 
8 

Summary Heterogeneity 

OR 95% Cl p p 

\,59 \.40-\,80 .839 0 
1.55 \.38-1.75 .794 0 
1.59 \.39-1.8\ ,725 0 
1.48 1.29-1.70 .267 20 
\.46 1.29-1.65 .327 13 
1.92 1.27-2.89 .959 0 
2.04* 1.05-3.95 .061 64 
1.47 1.26-1.72 .197 30 
1.43 1.15-1.78 .578 0 
1.43 1.15-1.78 .578 0 
1.47 1.33-1.62 .457 0 
1.46 1.32-1.60 ,513 0 
1.46 1.31-1.63 .388 5 
2.04 1.40-2.97 .894 0 
1.22 0.83-1.81 .275 23 
1.11 0.87-1.42 .380 5 
1.40 1.28-1.52 .390 5 

1.15 0.95-1.38 .190 33 
1.26 1.10-1.44 .762 0 
1.11 0.60-2.05 ,002 84 
0.86 0.62-1.19 .131 47 
1.52* 1.02-2.27 .090 58 
1.12 0.78-1.59 .314 2 
1.04 0.88-1.23 .086 41 
1.33 1.16-1.52 .350 10 
1.09 0.75-1.58 .007 71 
0.95 0.47-1.89 .012 77 
1.98 0.94-4.14 .409 0 
1.29 0.86-1.92 .548 0 
1.10 0.93-1.32 .001 62 
1.35 1.16-1.55 .221 23 
1.14 0.89-1.45 .028 55 

'The summary ORs became not statistically significant in the sensitivity analysis when we removed ill-defined herbicide or 
highest weight or extreme ORs. Study N: number of studies included. Hematopoietic cancers include leukemia and 
lymphoma. All cancers include ncuroblastoma and Wilms tumor and soft tissue sarcomas in outdoor pesticides, Study 
results with case numbers <3 are not included in the summary. 
" In the study" where insecticides against different types of nuisance were reported. data with the highest OR were used. 
1' In the studies where results or different exposure windows in the same study were reported. the windows away from 
birth were used. 
'The data or > 10 per year were used in the study," and the data or >5 per year were used in the study.37 
ti Whr.n both cancer-free controls and cancer controls were reported. cancer-free controls were used. 
11 The crude OR and 95% Cl were calculated hasad on the data in lhe article."2 
1 Where > I home pesticide usage was reported. home pesticides for nuisance pests were used. 
• In the study" where the results were essentially the same during pregnancy and during childhood. the data reported 
from pregnancy through childhood were treated as during childhood. 
" Includes studieslS--'"·" and Oils associated with yard pesticides were replaced by yard insecticides in studies."·'" 
' Includes 2 data from the study." 
, Includes 2 studies."·"' 
'In adclition to all yard insecticides in each subgroup. an additional study'" was included and ORs associated with yard 
pesticides were replaced by yard insecticides. 

Part of the reason could be the small 
number of studies included. 

Combining all studies reporting 
childhood cancers (including 
neurcblastorna+' and Wilms turnor-v] 
with childhood home pesticide 
exposure yielded a meta-rate 

summary OR of 1.40 (95% Cl, 
1.28-1.52) with a low degree of 
heterogeneity (/2 of 5%). Therefore, 
the results show that there is 
a statistically significant risk of 
childhood cancers associated with 
exposures to home pesticides, 

especially indoor insecticides, during 
childhood. 

Outdoor pesticides include outdoor 
insecticides, herbicides, and 
fungicides. Table 2 and Fig 3 show the 
cancer risks from exposure to 
residential herbicides during 
childhood. A statistically significant 
association between childhood 
leukemia and exposure to herbicides 
(OR = 1.26; 95% CJ, 1.10-1.44-, /2 = 
0%) was observed, and the sensitivity 
analysis confirmed the robustness of 
this association. The greatest risk 
estimates were observed in the 
association between childhood 
exposure to herbicides and the risk of 
leukemia. The observed association 
with increase in risk of childhood 
lymphoma became not statistically 
significant during the sensitivity 
analyses. No association appeared 
between herbicide exposure and CBT 
When studies on all types of 
childhood cancers were combined, 
including neuroblastoma31 and 
Wilms tumor.t? a statistically 
significant association with 
residential herbicide exposure was 
observed (OR = 1.35; 95% Cl, 
1.16-1.55; /2 = 23%). We did not find 
any statistically significant 
association between exposure to 
outdoor pesticides or outdoor 
insecticides and any types of 
childhood cancers (Fig 4). Because 
only a few studies were available on 
exposure to residential fungicides and 
childhood cancers, we did not include 
exposure to fungicides in the current 
analysis. 

DISCUSSION 

In this meta-analysis, we examined 16 
epidemiologic studies on the possible 
association between residential 
pesticide exposure during childhood 
and childhood cancers. Overall, the 
results suggest that cancer risks are 
related to the type of pesticide and 
where it was used. Exposure to 
residential indoor insecticides but not 
outdoor insecticides during childhood 
was significantly associated with an 

724 
Downloaded from by guest on September I I, 2017 

CHEN et al 

Case 3:16-md-02741-VC   Document 652-5   Filed 10/28/17   Page 39 of 101



Study name % Weight Odds ratio [95% Cl] 

Childhood Brain Tumor 
Davis el al. 1993 5 3.40 [1,10- 10.55) 
Leiss el al. 1995 6 1.10 [0.40 - 3.01] 
Pogoda el al. 1997 26 1.00 [0.63-1.58] 
Nielsen el al. 2010 17 1.19 [0.67-2.11) 
Greenop el al. 2013' 46 1 .03 [0.74 - 1 .44] 
Sllbtotal (t' = 4. 7%, P-vallle = .380) 100 1.11 [0.87 - 1.42) 

Leukemia 

Leiss el al. 1995 5 0.90 [0.54 - 1.51) 
Infante-Rivard et al. 1999 --- 6 2. 13 [1 .30 - 3.48) 
Meinel et al. 2000 15 1.20 [0.90 - 1.60] 
Ma et al. 2002 6 1.60 [0.97 -2.63) 
Menegaux el ill. 2006 9 1.70(1.15-2.51] 
Rudant et al. 2007 • 33 1.50 [1.27 - 1.77] 
Urayama el al. 2007 --- 8 1.65[1,10-2.47] 
Bailey et al. 2011 · 12 1.33 [0.97 - 1.83) 
Ding el al. 2012 -:-- 7 1,63 [1.04 - 2.55] 
Sllbtotal (t' = 12.9%, P-va/lle = .327) <$> 100 1.46 [1.29 - 1.65) 

Lymphoma 
Leiss et al. 1995 .- 14 1.60 [0.89 - 2.87) 
Meinel el al. 2000 :- 17 1.70 [1.00 - 2.89] 
Rudant el al. 2007, HL a-:- 24 1.10 [0.71-1,71) 
Rudant el al. 2007, NHL -ii- 45 1 .50 [1.09 - 2.07] 
Subtotal (I'= 0.0%, P-va/ue = .578) <> 100 1.43 [1.15 - 1.78) 

0.25 0.50 1.00 2.50 7.50 

Odds Ratio 

FIGURE 2 
Meta-analysis of the association between childhood cancers and exposure to home pesticides 
during childhood. *Professional home treatments. 

increasing risk of childhood cancers 
including leukemia, AL, and 
lymphoma but not CBT Among the 
5 studies reporting CBT outcomes in 
the analyses, 4 studies did not 
provide specific exposure locations, 
although the applications were 
probably indoors. This ambiguity 
about where pesticides were used 
could dilute the true effects of 
residential pesticides and therefore 
result in the association toward the 
null. Similarly, the fact that adding 
professional home treatment in 
hematopoietic cancers and CBT 
lowers the summary ORs could also 
result from the ambiguity of exposure 
location. The greatest risk estimates 
were observed in the association 
between childhood exposure to 
indoor insecticides arid the risk of AL. 
The risk of childhood hematopoietic 
malignancies increased with the 
frequency of use. These observations 

provide additional support to the 
positive exposure-response 
relationship between indoor 
insecticide use and the increased risk 
of childhood hematopoietic 
malignancies, 

We did not observe any significant 
childhood cancer risk associated with 
exposure to outdoor pesticides. 
However, when we looked into the 
different categories of outdoor 
pesticides, we found that exposure to 
herbicides was associated with 
a slightly higher risk of childhood 
cancers in general, which include 
leukemia, lymphoma, and CBT, 
although statistical significance 
appeared only in association with 
leukemia. No significant association 
between outdoor insecticides and 
childhood cancers was observed. This 
result emphasizes how important it is 
to specify the type and location of the 
pesticide when analyzing pesticide 

exposure and childhood cancer. 
Because of the small number of 
studies included in the current meta 
analysis, more studies are needed to 
confirm these associations. 

Results from the current analysis are 
in agreement with the main findings 
of 2 previously published studies on 
residential pesticide exposure and 
childhood leukemia.l+!" Both 
observed significant associations 
between insecticide exposure and 
childhood leukemia. Although these 
results were based on a small number 
of studies, the consistency of the main 
findings suggests that there probably 
is a higher risk of childhood leukemia 
with indoor insecticide exposure 
during childhood. We have observed 
a slightly elevated risk of childhood 
leukemia associated with exposure to 
herbicides, with no evidence of 
heterogeneity. This finding is also 
consistent witl;i that reported by Van 
Maele-Fabry et al14 but not by Turner 
et al, 13 and both reported a high 
degree of heterogeneity (/2 of 61% 
and 72%, respectively). Neither our 
study nor the study of Turner et a!13 
observed any association between 
childhood leukemia and exposure to 
outdoor insecticides during 
childhood. Like Van Maele-Fabry 
et al,14 we also did not observe any 
association between childhood 
leukemia and outdoor pesticide 
exposure. 

We also found a positive association 
between childhood lymphoma and 
indoor insecticide exposure. 
Furthermore, the overall childhood 
cancer risk is elevated with childhood 
home pesticide exposure. There was 
a third study reporting that pesticide 
use at home or in the garden was 
statistically associated with the 
elevated risk of lymphoma, leukemia, 
and CBT.20 However, Vinson et aJ20 
did not provide information on 
specific categories of pesticides or 
locations of use in their analysis; most 
of their study results were related to 
occupational exposure. Therefore, we 
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Study name % Weight 

Childhood Brain Tumor 

Davis et al. 1993 •• 72 2.40 (1.01 - 5. 73] 

Pogoda et al. 1997 28 1.20 (0.30 -4.85] 

Subtotal (/2 = 0.0%, P-v,1/ue = .409) 100 1.98 (0.94 - 4.14] 

Leukemia 

Ding et al. 2012 1 1.98 {0.63 - 6.24] 

Infante-Rivard et al. 1999 -'-- 23 1.41 (1.06 - 1.87] 

Ma et al. 2002 - f-·-:- 5 1.10 (0.59-2.0GJ 

Menegaux et al. 2006 6 1.40 (0.81 - 2.42] 

Rudant et al. 2007 • 65 1.20 [1.01 -1.42] 

Subtotal (/2; 0.0%, Pr-votue= , 762) <:> 100 1.26 {1.10 - 1.44] 

Lymphoma 

Buckley et al. 2000 28 2.35 [1.37 - 4.03] 

Ruden! et al. 2007. HL - I*--'- 35 1.10 [0.73-1.66] 

Rudanl et al. 2007, NHL - 37 1.50 [1.01 - 2.22] 

Subtotal (12; 58.4%, P-valt1e; .090) -=::z>,- 100 1.52 (1.02 - 2.27] 

t I t t 

0.25 0.50 1.00 2.50 7.50 

Odds ratio [95% Cl] 

Odds Ratio 

FIGURE 3 
Meta-analysis of the association between childhood cancers and exposure to residential herbicides 
during childhood. 

could not directly compare our results 
with those reported by Vinson et al.20 

Although most of our findings are 
consistent with those of the earlier 
meta-analyses, there are some 
differences. One main difference is 
that several studies included in the 
previous 2 meta-analyses were 
excluded from the current analysis. 
These were studies that either were 
conducted in occupational settings, 
involved only adults, reported only 
pesticides in general (not specifying 
pesticide groups), or included other 
chemicals with pesticides. Therefore, 
we eliminate the effects from these 
studies in the summary ORs. 

Although previous meta-analyses 
took into account exposure locations 
and pesticide categories when 
performing stratification analysis, 
Van Maele-Fabry et al14 reported 
indoor and outdoor exposures but 

gave no information about pesticide 
category. Stratification analyses 
based on categories of pesticide 
exposure were run in the study by 
Van Maele-Fabry et al,14 but no 
analysis was done on the exposure 
location for each category of 
pesticide; therefore, the true risk 
factors could be diluted. There 
were also no results from 
sensitivity analyses provided by 
Van Mae\e-Fabry et al.14· 

Unlike Van Maele-Fabry et al's14 
report and our observation, Turner 
et aJ13 reported a statistically 
significant positive association 
between childhood leukemia and 
exposure to residential outdoor 
pesticides but not outdoor 
insecticides nor herbicides. However, 
these results were inconsistent with 
each other because outdoor 
pesticides were most likely to be 
outdoor insecticides or herbicides. 

In the current meta-analysis, we 
divided studies into 3 subgroups 
based on the pesticide use pattern, 
such as indoor pesticides and 
insecticides, outdoor pesticides and 
herbicides, and outdoor pesticides 
and insecticides. We used a random 
effects model to estimate the 
summary ORs for each subgroup. In 
the home pesticide (mostly indoor 
insecticides) category, although some 
subgroup analyses were conducted 
on only a limited number of studies 
( <5), the observed heterogeneity 
was \ow (/2 :s 13%) in these 
analyses. We also pooled studies to 
increase the accuracy of estimated 
summary ORs for hematopoietic 
malignancy and all cancers, and we 
observed zero or low levels of 
heterogeneity. Similarly, there was 
no observed heterogeneity in the 
herbicide category, including 
estimated summary ORs for 
hematopoietic malignancy and all 
cancers. These results of zero or 
low heterogeneity for indoor 
pesticides and herbicide exposure 
indicated the consistency of 
studies included and suggest that 
combining data is appropriate. 
However, the heterogeneity for 
outdoor pesticide or outdoor 
insecticide exposure was high. 
Because these studies included in the 
current meta-analysis differed in 
study design, study population, 
and the exposure and timing of 
exposure, the heterogeneity of the 
associations should be interpreted 
with caution. 

Overall, our study has shown that 
childhood cancer risks are related to 
the type of pesticide use and its 
application locations during 
childhood. Childhood exposure to 
residential indoor insecticides was 
associated with an increasing risk of 
childhood cancers but not outdoor 
insecticides. 

Although meta-analysis is a useful 
tool to assess causal relationships by 
combining results from different 
studies, outcomes can be constrained 
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Study name ¾ Weight Odds ratio (95% Cl] 

Childhood Brain Tumor 

Davis el al. 199:l 27 1.60 [0.71 - 3.63] 

Leiss el al. 1995 -II- 36 0.50 [0.31 -0.82] 

Pagoda el al. 1997 37 1.20 [0.76 - 1.90] 

Subtotal (I'= 77.6%, P-value = .012) 100 0.95 {0.47 - 1.89} 

Leukemia 

Leiss et al. 1995 21 1.10 [0.80 - 1.51] 

Infante-Rivard el al. 1999 4 2.27 [0.93 - 5.55] 

Meinel et al. 2000 32 1.00 [0.82 - 1.22] 

Ma et al. 2002 9 1.20 [0.68-2.13] 

Menegaux et al. 2006 13 1.70 [1.09 - 2.66] 

Rudant et al. 2007 21 1.00 {0.73 - 1.36] 

Subtotal /12 = 32.8%, P-va/ue = .190) 100 1.15 [0.95- 1.38] 

Lymphoma 

Leiss et al. 1995 26 0.60 [0.38 - 0.95) 

Meinel et al. 2000 27 0.80 [0.52 - 1.24) 

Rudant et al. 2007. HL 21 0.90 [0.52 - 1 .56] 

Rudant cl al. 2007. NHL 26 1.30 [0.82 - 2.06] 

Subtotal (/2= 46.7%, P-value = .131) 100 0.86 [0.62 - 1.19] 

0.25 0.50 1.00 2.50 7,50 

Odds Ratio 

FIGURE 4 
Meta-analysis of the association between childhood cancers and exposure to residential outdoor 
pesticides during childhood. 

by the limitations of the original 
studies. In the current analysis, the 
small number of studies is a major 
limitation. Very few studies have 
assessed pesticide exposures and 
childhood cancers. In addition, other 
limitations such as selection bias, 
recall bias, misclassification, and 
publication bias might limit the 
applicability of the findings to the 
general population. To deal with 
the potential selection bias 
associated with hospital or friend 
controls, we performed a sensitivity 
analysis by excluding Davis et al32 
and Menegaux et al39 from each 
pesticide category to reinforce the 
associations. 

To reduce recall bias and 
misclassification, the studies we 
included used several strategies to 
reduce confounding factors and 
biases, such as restriction of entry to 
study of subjects with confounding 

factors, matching controls to have 
equal distribution of confounders, 
using standardized questionnaires, 
identical interviewing procedures 
for both cases and controls, and 
adjustment of the results. 
Publication bias refers to the fact 
that studies with less significant 
findings may be less publishable 
than those with positive outcomes; 
therefore, they would be unavailable 
for meta-analyses. For example, 
one of the studies from the current 
analysis stated that "neither 
residential use of insecticides nor 
use of pesticides in the garden was 
found to be significantly more 
frequent in any group of cases with 
solid tumors compared with 
controls, therefore no quantitative 
data were provided."38 Although 
the results from the current 
meta-analysis do not seem to be 
significantly influenced by 

publication bias, this bias cannot 
be completely excluded. Note that 
when Van Maele-Fabry et al14 
assessed the impact of exclusion of 
nonpublished data and studies in 
languages other than English, they 
found that rerunning the meta 
analysis and including nonpublished 
and non-English-language studies 
did not substantially modify the 
results. 

A positive exposure-response 
relationship between residential 
indoor insecticide use and 
occurrence of childhood cancers was 
observed in the current study. Some 
studies have also shown that 
maternal pesticide exposure during 
pregnancy was associated with 
childhood cancers.35,37,39 Although 
current data do not establish the 
most critical exposure period for the 
occurrence of childhood cancers, 
their development is probably 
multifactorial and probably 
includes gene-environment 
interactions.11,4-4·-46 Some studies 
assert a possible association 
between pesticide exposure with 
genetic predisposition and 
defined subtypes of childhood 
cancers.26,42,4·3 Additional studies 
are needed to examine the potential 
mechanisms by which childhood 
exposure to pesticides could lead to 
the development of childhood 
cancers. 

CONCLUSIONS 

The current meta-analysis has 
revealed positive associations 
between exposure to home pesticides 
and childhood cancers, with the 
strongest association observed 
between indoor insecticide exposure 
and acute childhood leukemia. 
Although epidemiologic research is 
limited in identifying the association 
between the adverse health outcomes 
in young children and pesticide 
uses in residential areas, the findings 
from the present meta-analysis and 
those previously published have 
consistently demonstrated 
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associations between pesticide 
exposure and childhood cancers. 
While the research community is 
working toward a better 
understanding of the causality of 
pesticides in various childhood 
diseases, more and more pesticides 
are being used in farming, in 
landscape maintenance, and in the 
home. Therefore, public health 
policies should be developed to 
minimize childhood exposure to 

pesticides in the home. States and 
local authorities can establish 
programs, such as integrated pest 
management, to minimize 
residential pesticide uses, especially 
indoor uses.47,48 In the meantime, 
parents, school and daycare 
teachers, and health care providers 
can learn about common pesticide 
types and labeling information and 
can stay aware of the short- and 
long-term effects of these 

chemicals.49,50 Every effort should 
be made to limit children's exposure 
to pesticides. 

ABBREVIATIONS 
AL: acute leukemia 
CBT· childhood brain tumor 
Cl: confidence interval 
OR: odds ratio 
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BACKGROUND. The associarlon between pesticide exposure and non-Hodgkin lym 
phoma (NHL) in adults has been the subject of numerous case-control and cohort 
studies. However, to the authors' knowledge, data regarding pesticide exposures in 
children diagnosed with NHL have been lacking. 
METHODS. The Children's Cancer Group conducted a study comparing 268 chil 
dren who developed NHL or leukemia with bulk disease with a group of matched, 
randomly selected regional population controls. The telephone interviews of both 
the case and control mothers included selected questions regarding occupational 
and home exposures to pesticides around the time of the index pregnancy ar.J 
exposure of' the child. 
RESULTS. A significant association was found between risk of NHL and increased 
frequency of reported pesticide use in the home (odds ratio !ORI = 7.:! for use most 
days; trend P = 0.05), professional exterminations within the home (OH = 3.0; P 
= 0.002). ,111d postnatal exposure (OH = 2.4; P = 0.001 ). Elevated risks were found fur 
'f-cell and B-cell lymphomas; for lymphoblastic, large cell, and Burkitt. morphologies; 
and in both young (age < G years) and older children. There was an increased risk of 
NHL with occupational exposure to pesticides {OR = l.7) 1ha1 was not significant 
overall, but that was significant for Burkitt lymphoma (OH = 9.G; P < 0.05). 
CONCLUSIONS. The results or Lhe current study provide further evidence linking 
pesticide exposure to the risk of NHL, but the authors were unable to implicate any 
specific agent. Cancer 2000;89:2315-21. © 2000 /vmerican Cancer Society. 
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Lymphomas are the third most common tumor of childhood, with 
an incidence rate of 21 7 per million in children age< 15 years.' 

Approximately 60% of these cases are non-Hodgkin lymphoma 
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(NHL). The incidence rate of NI-IL has increased over 
the last few decades" for reasons remain largely un 
known, but some attention has been focused on in 
creasing pesticide exposures as a contributing factor. 
Investigauons into the association between pesticide 
exposures and NHL risk among adults have included 
both cohort" and case-control studics.:"!" 

A central difficulty in these studies has been ac 
curate exposure assessment. ln the cohort studies, 
exposure may be assignee! in aggregate rather than 
individually (e.g., agricultural workers may be as 
sumed to have exposure to herbicides) and the nature 
of the exposure (the pesticides in use) may not be 
documented adequately . .Despite such obvious and 
substantial exposure misclassification, cohort studies 
have shown a surprising degree of consistency in link 
ing pesticide-related activities to the risk of NHL. 
Case-control studies have the advantage of assigning 
exposure to individuals, but misclassification of the 
specific agcnt(s) involved and the intensity and dura 
tion of exposure still may be substantial. Again, de 
spite problems of exposure assessment, findings from 
case-control studies have lent support to the pesticide 
hypothesis. 

Few studies to elate have been conducted in pe 
diatric populations. 111·'9 The Children's Cancer Group 
(CCG) recently completed a case-control study of 
childhood NHL (CCG-EO!.l) to evaluate the potential 
etiologic role of environmental factors (primarily in 
fectious agents) but with additional questions con 
cerning a broad range of exposures including pesti 
cides. The current study reports the findings of the 
CCG-E08 study with respect to self-reported home 
pesticide use and occupational exposures ro pesti 
cides. 

MATERIALS AND METHODS 
Children and adolescents age :S 20 years with NHL 
that was newly diagnosed between February 1986 and 
June 1990 were eligible for the current study. Institu 
tional review board approval was obtained in each 
participating institution before any patients from that 
institution were entered onto the study. In December 
J 986, eligibility was extended to include "lymphoma 
tous leukemia," defined as leukemia with bulk disease 
in the rnediastinurn, peripheral lymph nodes, liver, 
spleen, or other abdominal site and 2= 25% lympho 
blasts i.J1 the bone marrow. These children, in the 
absence of bone marrow involvement, would have 
been diagnosed as having NHL. For simplicity of pre 
sentation, we generally will refer to the patient popu 
lation for this study as "NHL" patients, recognizing 
that a more accurate designation is "NHL plus lym 
phornatous leukemia." 

Of the 31.l patients who met the eligibility require 
ments, 5 (2'fo) were excluded because permission to 
contact was not given by the treating physician, 26 
families (8'Yo) declined to participate, and in 12 cases 
(4%) no suitable control could be identified. 

Pathology slides were requested for central re 
view. For the analysis, the review diagnosis (which was 
available in 81 % of cases) was used to classify cases 
histopathologically. Similarly, rumors were classified 
according to cell type (predominantly B-cell or T-celJ) 
based on immunopathology studies conducted in a 
CCG reference laboratory (supervised by M.E.K.) or, 
when fresh tumor tissue was not avaiJabl.e for central 
review, on information provided by the treating insti 
tution regarding the presence of B or T specific cell 
surface markers. For some tumors that lacked either 
central or institutional data concerning cell type, a celi 
type was inferred based on well established correla 
tions between histopathology and cell lineage. Thus, 
Burkitt lymphoma was inferred to be of B-cell origin. 
In the absence of any data, lymphoblastic tumors were 
inferred to be T-cell, and both large cell and undiffer 
entiated tumors were considered to be of B-cell origin. 
Of the 137 tumors considered to be of B-cell origin, 33 
were inferred with high confidence (i.e., Burkitt lym 
phoma) and 33 were probable B-ceJl tumors. Of 115 
tumors classified as T-cell tumors, 4 7 were inferred. 

Additional eligibility criteria included that the nat 
ural mother speak either English or Spanish and be 
available for an interview and that the household have 
a telephone. Children meeting the eligibility criteria 
were registered with the CCG. Approximately 1-2 
months after diagnosis, the treating physician was 
contacted for permission to contact the mother for an 
interview. On receiving permission, the study coordi 
nator sent a letter to the mother explaining the study 
and followed the letter with a telephone call to sched 
ule a telephone interview. 

Controls were ascertained by a method of random 
digit dialing that has been described elsewhere.i" Con 
trols were matched individually to the cases based on 
date of birth (within 12 months when the case was age 
< 3 years and within 24 months otherwise), gender, 
and race (black vs. non-black). If no match was found 
after 150 numbers had been tried and excluded, 
matching criteria were relaxed. In the final dataset, 
252 controls (94%) were race matched, 254 controls 
(95%) were matched based on 'gender, and 243 con 
trols (91%) differed in age from the case by< 2 years. 
A reference date was established for the case as the 
date l year prior to diagnosis for children aged > 2 
years, 6 months prior to diagnosis for those children 
aged 12-24 months, and the date of diagnosis for 
children age < 12 months at the time of diagnosis. 
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Questions concerning the child were restricted to the 
period between birrh and the reference elate. For the 
control, an equivalent reference elate was chosen so 
that the control bad a reference age (age at the refer 
ence dale) that was as close as possible to the case's 
reference age. The reference age for 254 controls (95%) 
was within 12 months of the reference age of the case. 

The interview included a broad range of questions 
regarding other factors of possible interest such as 
medications, X-rays, parental occupation, medical 
history of the child and family members (including a 
history of lymphoma or ocher malignancies), child 
hood infections. allergies, vaccinations, and immune 
related disorders as well as pesticide exposures of the 
parents and the child. Questions relating lo pesticide 
use were brief and relatively nonspecific; four ques 
tions were asked concerning household exposure in 
the month before the pregnancy, during the preg 
nancy, or while nursing (with the index child). Specif 
ically, questions elicited information regarding fre 
quency of use by the mother of household insect and 
garden sprays, whether the house had been treated by 
professional exterminators, and whether the index 
child came into frequent contact with herbicides or 
insecticides. Tn the occupational section, respondents 
were asked about a list of possible exposures that 
included "pesticides and weedkillers." 

Statistical Methods 
Conditional logistic regression was used to estimate 
relative risks of NHL for each covariate." For some 
analyses, when the asymptotic estimates were infinite, 
an exact conditional logistic approach was neces 
sary." To adjust for possible residual socioeconomic 
confounding, regression models included covariates 
representing maternal educati.onal achievement (cod 
ed as college graduate, some college, high school grad 
uate, and less educated) and maternal race (coded as 
white, non-Hispanic vs. others). 

An overalJ assessment of pesticide exposure was 
obtained by combining data from all five pesticide 
related questions to create an ad hoc "score." This 
score was obtained by adding points for each subject. 
one point for each or l) either parent occupationally 
exposed; 2) the child reported as "frequently" exposed 
to herbicides/ pesticides; 3) insect extermination 
around the home; 4) the use of garden sprays [more 
than once a month); and 5) the use of household 
insecticides at least once per week. An extra point was 
added for household insecticides used "most days." 
This scoring system was arbitrary but had the advan 
tage of combining data from several questions in a 
way that tended to smooth out small sample fluctua 
tions. 

TABLE l 
Morphology and Cell Type for Cases Included in the Current Study 

Cell type 

Morphology T-cell ll-ccll Other' 

Lymphohlastic 70 12 2 
Large cell 11 25 5 
Burkitt 0 61 0 
Undifferentiated 0 2G 
Lymphomarous leukemia 32 l2 
NHL, NOS 2 3 
Total I 15 l3i' 16 

NHI~ nun-Hodgkin ly111phu111a; :-.OS: 1101 otherwise specified. 
""01hct" nllc~my i11d11<\es 11111! c\'11, his1iu1y1i1 . .iml 111,1 dmifmblr. 

RESULTS 
Of the 268 patient cases included in the final data set, 
49 had lymphornatous leukemia and the remainder 
were diagnosed with NHL; 38% of cases with NHL 
were of lymphoblastic subtype, 28% were Burkitt lym 
phoma, 12% were undifferentiated (non-Burkitt) lym 
phoma, and 19% were large cell NHL. Table 1 shows 
the relation between histopathology and the docu 
mented (or infer.reel) cell type. The majority of large 
cell tumors with T-cell phenotype were Ki-1 positive (8 
of 11 tumors). Four of the 12 13-ceJI Iymphoblasric 
tumors were recorded as pre-B phenotype or pre 
pre-B phenotype. In three instances the histologic di 
agnosis was uncertain; in two instances the irnrnuno 
pathology was not definitive, with a mixed lineage in 
one case and 13-cell polyclonality in the other 

Control mothers were slightly, but not signifi 
cantly, more educated than case mothers [Table 2), 
but the cases and controls were matched adequately 
by age and gender There was the same proportion of 
white mothers in the case and control groups, but 
there were differences in the numbers of other racial 
categories. We attempted to match cases and controls 
with respect to black versus non-black race during 
control selection, but this was the criterion most often 
omitted when the matching rules needed to be re 
laxed. To control for possible residual confounding by 
race due to the distribution differences seen in Table 
2, a race variable was included in the majority of 
analyses (coding separately to the two most common 
categories: white and Hispanic). 

Comparisons of cases and controls for the four 
pesticide-related questions are shown in Table 3. The 
frequency of use by the mother of household insecti 
cides around the time of the pregnancy was associated 
positively with NHL risk (odds ratio [OH] = 2.62 for use 
on 1-2 clays per week and OR = 7.33 for use more 
frequently; P value for trend = 0.05). Professional in- 
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TABLE 2 cat ownership (OR = 0.99; 95% Ct O.G~l-1.42). and 
Comparison of Cases and Controls with Respect to Age at the 
Reference Date, Gender, and the Race and Level of Education of the 
Mother" 

i\gl' (yrs) 

Gender 

Race (11101hcr)' 

Ed11ca1io11 (morherl'' 

Cases Controls 

<I 16 (G%) 1A (7%) 
l-2 ll {4%) 9 (3%) 
3-5 64 (24%) 59 (22%) 
(;...10 !Iii (43%) 119 (<14%) 
lit (j) (23%) 63 (24%) 
Male L97 (/Ho) l!l2 (72%) 
Female 71 {26%) 76 (28%) 
White 231 (86%) 231 (86%) 
Black JO 14%) l5 (6%) 
Hispanic 22 (!!%) l6 (6%) 
i\si,111 2 {1%) 4 (l%) 
College degree 4•1 (16%) 52 (19%) 
Some college ~o (30%\ 711 (2\1%) 
High school gr:icluate 112 (-12%) 107 (40%) 
Less cuucateu 29 Ill%) 2{i (10%) 

·' l\nrll' uf the casc-runtrul diffl'H!1u cs were ~i~nitka111. 
"Some mil 111111, do not i!dd Ill' 10 16tt herilUM' of 111issi11g dara, 

sect treatment to the home also was related signifi 
cantly Lo NHL risk (OH = 2.9B; P = 0.002). Direct 
(postnatal) exposure of the child to pesticides, as re 
ported by the child's mother, was associated with NHL 
(OR = 2.35; P == 0.001). Occupational exposures and 
the use of pesticide sprays in the garden showed pos 
itive, but not significant, associations with NHL. 

ORs were examined within immunopatbologic, 
histologic, and age categories to determine whether 
the observed risks were due to associations within a 
subgroup (Table 4). OR estimates in Table 4 were not 
adjusted for maternal education and race because the 
small subgroup size frequently led to cell frequencies 
of zero, with associated infinite estimates. Significant 
associations were observed (for at least one exposure 
variable) for each subgroup of cases with the excep 
tion of the small group of undifferenriared lympho 
mas. The greatest 011s were observed for household 
insecticide use in the lymphoblastic lymphoma sub 
group, for occupational exposure in the Burkitt lym 
phoma group, and for professional insect extermina 
Lion in the large cell and Burkitt lymphoma groups. 
The most statistically significant associations tended 
Lo be for the child's direct exposure, which showed a P 
value< 0.01 in 4 of the subgroups and a P < 0.05 in 4 
other subgroups. 

There were several questions that had indirect 
relevance to the potential for pesticide exposures. 
These included the area of residence (OR = 0.96; 95% 
confidence interval [95% Cl]. 0.65-1.41, for rural vs. 
urban), dog ownership (OR = 0.97; 95% CI, 0.67-1.41), 

frequent contact with farm animals (OR = 0.8G; 95'fo 
Cl, 0.56-1.31). 

The results for the pesticide score are shown in 
Table 5. Significantly elevated risks were present for an 
increasing pesticide score overall (OR for 2 + point 
== 4.0; P value for trend < 0.0001); within B-cell and 
T-cell subgroups (OR = 4 .1 and 3.8, respectively); 
within lymphoblastic (OR= 10.9; P < 0.01), large cell 
(OR= 6.5; P == 0.03), and Burkitt lymphoma (OR= 7.1, ' 
P = 0.0 l) morpho.logic groups; and for both the 
younger (age < Cl years) and older age divisions. 

DISCUSSION 
Zahm and Blair'" compiled reports from 21 cohort 
studies regarding adult NHL and fanning. They found 
11 risk estimates of NHL greater than unity (3 of which 
were statistically significant), with risks ranging from 
0.6-2.6. Of 19 case-control and cross-sectional studies 
(which might be expected to provide more specific 
exposure data), 12 gave risk estimates greater than 
unity (8 of which were statistically significant). The 
authors concluded that these data were equivocal, 
possibly due to the fact that exposure is inferred from 
a broad occupational category: "farming." However, in 
a more recent review, the same authors:' reported th.at 
NHL has been Linked epidemiologically with phenoxy 
acetic acid herbicides, organochlorine pesticides, and 
organophosphate pesticides. 

Studies based on more specific exposure data 
generally have shown higher risk estimates. Hardell ct 
al." reported a 5.5-fold increased risk of lymphoma 
for persons with exposure to phenoxyacetic acid her 
bicides (a class including 2,4-D and 2,4,5-T), and risk 
estimates of 2.4 for DDT (dichlorodiphenyltrichloro 
ethane) and 4.8 for chlorophenol. Hoar et al." found a 
2.2-fold risk for NHL in farmers who used phenox.y 
herbicides, with a > 7-fold increased risk for those 
individuals reporting> 20 days· use of 2,4-D per year. 
Risk also was increased in those individuals not re 
porting the use of protective equipment. In a similar 
study in Nebraska, the risk was 3.3 for farmers han 
dling 2,4-D for> 20 days per year 2'1 La Vecchia et al.25 

reported a significant positive trend with duration of. 
exposure to herbicides, and Persson et al.17 reported 
an NHL risk of 2.3 for individuals in occupations in 
which they are exposed to phenoxy acids. Pearce et 
al." reported a significantly increased risk of 3.7 for 
orchard workers, although no association was noted 
with potential exposure to phenoxy herbicides or 
chlorophenols. Olsson and Brandr'" reported a 10-fold 
elevated risk of cutaneous NHL with exposure to phe 
noxy acids, but a much smaller risk of 1.3-fold overall. 
Woods et al. 11 did not find any association with occu- 
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TABLE 3 
OH for Childhood NHL Associated with Pesticide Exposures (the Person Exposed is Given in Parentheses) 

Exposure 
Pvalue 
(trend) 

I Iousehnld insecticides (mother) 

Carden sprays tnunher) 

Exterminate around home {mother! 

I lerbicidcs or pesticides (child) 

Occupational pesticides (parentl 

Category Cases/controls" OR" 95% Cl 

Never {85/!9!l 1.00 
< 1 per wk ,16/51 0.98 O.G0-158 
1-2 per wk 17/10 2.G2 0.%-7.18 
Musi days 6/1 7.33 0.84-63.85 
Never 23712:,2 1.00 
< 1 per 1110 'J/6 1.82 O.Gl-5.45 
2 1 per 1110 l:118 1.71 0.G7-4.37 
No 237 /256 1.00 
Yes 31/12 VJR 1.4-1-G.lii 
No 214/243 1.00 
Yes 50/23 2.35 1.37--4.03 
No 24 7 /255 1.00 
Yes 2l/l3 1.74 0.82-3.69 

0.05 

ozs 

0.002 

0.001 

0.21 

OR: odds ratio; 9Y¾i CJ: !l5% ronridcncl' interval, 
•
1 Fn~quenl'ir.s m.i~ nol add up to 268 because of m\s$\ng data. 
1, Adji1s1cd for maternal education and race. 

TABLE 4 
Adjusted Odds Ratios for Pesticide-Related Questions, within Subgroups of Cases 

Household Garden Insect Child's Occupational 
No. exposure sprays extermination exposure exposure 

Lineage 
B-c:cll lymphoma 179 4.2" 2.0 2.i' 2i' J.5 
T-ccll lymphoma Ill 4.01, 1.4 3.2" l.5h 1.7 

Histology 
Lymphoblasnc 84 12.s"·" 1.8 3.5' 2.9 0.9 
Large cell •II 2!1 0.9 G.7' 7.01) 5.3 
llurkitt GI p 1.2 8.W ... 4.7" ~.Gil,C 

Undifferentiated 27 - ,1 3.2 0.7 0.2 1.4 
Ly11111!10111a11111s 
,,LI. ,19 O.'I 2.5 0.8 3.9" 2.1 

tlge group 
< G yrs 91 I.I" 8.0" 1.3 I LO" 1.9 
;;, Ii yrs 177 VJ" is .J.Ji' 1.8;' 3.2" 

1\L.L: acute lymphoblnslic leukemia. 
" 0.0 I < P ,·. 0.05 ladjustud for maternal education and race). 
"/' ·~ tl.01 (adjusted for maternal education and rare). 
c Exnrt estimation used. 
11 Kn exposed fi1St>S or controls. 
For liousehnh.J exposun· the odds rati1l is given for USl! more than cmcl' pL'r week {vs. less or1cn) and for gmdt•n sprays the odds ralio is for some use (vs. none}. 

pational exposure to phenoxy herbicides or chloro 
phenols, but there were significant associations with 
two specific occupations: farming and forestry herbi 
cide applicators. A Norwegian study'? of a cohort of 
:l23,292 children showed an increased risk of NHL 
associated with parental occupation in agricultural 
activities, suggesting that whatever factor is involved 
may affect children in the home. To our knowledge 
other studies have failed to demonstrate any associa 
tion between inferred pesticide exposure and NHL 

risk.":" Rothman et al.!" measured serum concentra 
tions of polychlorinated biphenyls (PCBs) and DDT in 
NHL patients and controls and were able to demon 
strate a highly significant association with PCB but no 
relation between serum DDT levels and .NHL risk. 

Other pesticides have been studied less exten 
sively, but statisticaUy significant positive associations 
have been reported for atrazine, chlorophenols, and 
fungicides in general. 

In the CCG-E08 study, the primary focus of which 
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TABLE 5 
Adjusted Odds Ratios (with 95% Cls) for the Pesticide Score, Based on All Pesticide-Related Questions 

Pesticide score 

Two or Trend 
Zero One (95% Cl) more (95% CJ) P value 

All cases J.00 2.5 (1.5-4.1) 4.0 (1.8-11.3) < 0.0001 
Lineage 

B-cell lymphoma 1.00 2.fi (l.5~1.4) 4.1 ll.7-9.9j < 0.0001 
'I-cell lymphoma I.OU 2.8 (1.6-5.1) 3.8 (1.6-9.2) < 0.0001 

Histology 
1.ymphublastic 1.00 3 r. (IA-9.0J )0.9 ll.1-103.4) < 0.01 .J 

Large cell 1.00 4.4 (0.9-20.9) 6.5 (0.8-53.7) 0.03 
Burkitt 1.00 5.3 (1.2-22.7) 7.1 (1.2--'12.4) (I.OJ 
Undifferemi.ued'' 1.00 6/9 m 0.49 
Lymphornatous 1\LL 1.00 1.9 (O.G-5.81 2.5 (04-15.1) 0.44 

,'\gC' group 
< fi yrs' 1.00 20118 10/1 0.003 
,! 6 yrs I.OU 3.1 (1.6-5.8) 2.6 11.1-5.7) 0.0001 

9~~~. Cl: 95% umfnlenre interval: Al.l; acute lymphuhla)lir leukemia. 
·' Ca!il!-rn111rnl frequenries shown in~tca~ of odds ratins, No umvergenrc on logis1ir. rc~rcssion. 
Adjusll'll for nmernnl education and race. 

was the potential role of infections in NHL, questions 
relating to pesticide exposure were very limited. How 
ever, we found evidence or an increased risk or NHL in 
those households with the highest pesticide use. This 
association was apparent for all histologies except un 
differentiated (non-Burkitt) lymphoma, for both B-cell 
and T-cell lymphoma (although more significantly for 
the former), and both in children age < 6 years and in 
older children. Significant associations were observed 
for both maternal exposures during pregnancy (i.e., in 
utero exposure) and direct exposures of the child, 
although clearly these exposures are correlated and, 
with our limited sample size, it. was not possible to 
determine which period was the more crucial. Given 
the small number of cases in the morphologic sub 
groups, substantial variations in the ORs are to be 
expected across these groups for individual questions. 
For this reason, JJ1e aggregate analyses presented in 
Table 5 are more reliable, and the overall impression is 
that the increase in risk related to pesticide exposure is 
not limited to any one subgroup. 

There are several explanations for these findings, 
other than a causal one, that bear consideration. It is 
possible that the significant associations are a "statis 
tical artifact," clue to multiple testing. However, the 
pesticide association was investigated. specifically be 
cause of data from previous studies. In addition, 
chance cannot reasonably be invoked as an explana 
tion for the more extreme Pvalues of< 0.0001 in some 
instances. Alternatively, the association could be due 
to confounding, but the cases and controls were 
matched for age, race, and gender and the random 

digit dialing procedure, which commonly draws a 
control from the same neighborhood as the case,27 has 
a tendency to match with regard to other sociodemo 
graphic factors. The results of the current study diet 
not appear to be affected by adjustment for the moth 
er's education or race. 

The influence of selection bias must be consid 
ered, particularly for control ascertainment, because 
random digit dialing refusals tend to bias the control 
gr~up toward the upper socioeconomic classes. How 
ever, adjustment for sociodemographic characteristics 
was made in the analyses. Perhaps more telling is the 
observation that very little difference was noted in 
case-control responses to the many nonpesticide 
questions (data not shown). It is difficult to determine 
bow selection. factors would create biases targeted 
specifically toward this one section of the question 
naire. 

The same cannot be said for recall bias, which 
selectively could affect questions concerning certain 
topics. An overall recall bias, such as a tendency for 
the more highly motivated parents of cases to overre 
port exposures, would produce systematically ele 
vated ORs for a wide range of exposures; in fact, there 
was no such pattern or responses in the data from the 
current study. However, this does not rule out the 
possibility of selective recall bias; the case parents 
overreport pesticide exposures for NHL, presumably 
because they are aware of reported Jinks between the 
two. This is an issue that will have to be addressed in 
future studies. Validation of exposure is likely to be 
very difficult, particularly because the exposures of 
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interest happened many years ago. An alternative ap 
proach may be to attempt to determine biornarkers of 
exposure within these families. 

The term "pesticides" refers to a group of chemi 
cals that have little in common except their ability to 
kill insects, plants, mammals (particularly rodents). or 
fungi. There literally arc thousands of pesticides in 
use, hundreds of which may be used around the 
home, that differ enormously in their structure and 
mode or action. It is likely that a limited number of 
these compounds may be capable of inducing lym 
phoma; thus our measurement of exposure (to "pes 
ticides") is subject to substantial misclassification 
(both in terms of identifying the agent of interest and 
quautitation of the dose) and the true OR is higher 
than that reported in the current study. 

The current study provided an opportunity to ex 
amine pesticide exposures in a pediatric population of 
NJ IL patients. Although the exposure assessment data 
were limited, the observed significant associations 
warrant further investigation. The CCG currently is 
conducting a larger case-control study of NHL that 
focuses on the role of pesticides in the development of 
this malignancy. 
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Residential Exposure to Pesticide 
During Childhood and Childhood 
Cancers: A Meta-Analysis 
Mei Chen, PhD, MS, Chi-Hsuan Chang, MSc, Lin Tao, PhD, Chensheng Lu, PhD. MS 

GONTEXT: There is an increasing concern about chronic low-level pesticide exposure during 
childhood and its influence on childhood cancers. 

OBJECTIVE: In this meta-analysis, we aimed to examine associations between residential 
childhood pesticide exposures and childhood cancers. 

Mr11 SOURCES: We searched all observational studies published in Pub Med before February 2014 
and reviewed reference sections of articles derived from searches. 

STUUY SELECTION: The literature search yielded 277 studies that met inclusion criteria. 

D/IT/1 EXTRACTION: Sixteen studies were included in the meta-analysis. We calculated effect sizes and 
95% confidence intervals (Cls) by using a random effect model with inverse variance weights. 

RESUUS: We found that childhood exposure to indoor but not outdoor residential insecticides 
was associated with a significant increase in risk of childhood leukemia (odds ratio [OR) = 
1.47; 95% CI, 1.26-1.72; /2 = 30%) and childhood lymphomas (OR= 1.43; 95% Cl, 1.15-1.78; 
r2 = 0%). A significant increase in risk of leukemia was also associated with herbicide exposure 
(OR= 1.26; 95% Cl, 1.10-1.44; 12 = 0%). Also observed was a positive but not statistically 
significant association between childhood home pesticide or herbicide exposure and childhood 
brain tumors. 

LIMJT/\TIONS: The small number of studies included in the analysis represents a major limitation 
of the current analysis. 

CONClUSIONS: Results from this meta-analysis. indicated that children exposed to indoor 
insecticides would have a higher risk of childhood hematopoietic cancers. Additional research 
is needed to confirm the association between residential indoor pesticide exposures and 
childhood cancers. Meanwhile, preventive measures should be considered to reduce children's 
exposure to pesticides at home. 
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Although pesticides are essential for 
eradication of pests in agriculture and 
for public health, they are toxic 
chemicals and can affect children's 
health in a variety of settings, such as 
at home, in parks and gardens, and on 
school grounds. Children greatly 
increase their chances of pesticide 
exposure when they play on 
pesticide-treated surfaces such as 
a floor or lawn and then put their 
hands into their mouths. It is known 
that households with children 
commonly use and store pesticide 
products.1-3 The use of pesticides at 
child care facilities,4 on athletic 
fields,5 and on school grounds? could 
all present potential exposures and 
health hazards to children. 

Because children's immune systems 
are still developing, they may provide 
less protection than adult immune 
systems. To be specific, their 
enzymatic and metabolic systems 
may be Jess able to detoxify and 
excrete pesticides than those of 
adults. Therefore, they are more 
vulnerable to pesticides. 
Epidemiologic studies also support 
the idea that pesticide exposure can 
have greater impact on children's 
health than on adults' health.7,8 

Children exposed to pesticides at 
home or at school have experienced 
acute toxic effects on their 
respiratory, gastrointestinal, nervous, 
and endocrine systems, as well as 
other serious medical outcomes.6,9,10 
Concern about the health effects of 
low-level exposure to pesticides in 
children has been increasing in recent 
years, generating a substantial 
number of epidemiologic studies 
demonstrating associations between 
pesticide exposures and childhood 
cancers.11-16 However, most of 
these studies locused on parental 
occupational exposure or agricultural 
exposure, not exposure in the home. 
We found a few systematic reviews 
examining the association between 
residential pesticide exposure and 
childhood cancers. But the 
association was not elucidated in 
these reviews, because authors 

included parental occupational 
exposure data or studies investigating 
multiple risk factors that increase 
chance findings through multiple 
statistical testing.12-14 

The aim of our study was to perform 
a systematic review of the currently 
available epidemiologic evidence to 
estimate the relationship between 
residential (or nonoccupational and 
nonagricultural) childhood pesticide 
exposure and childhood cancers. We 
sought to provide scientific evidence 
for preventive actions and for making 
legislative decisions. 

METHODS 

Data Source and Study Selection 

We conducted a literature search 
in PubMed for articles published 
before February 2014. We used 
combinations of the following 
keywords to identity relevant articles: 
[residential, urban, indoor, house, 
home, household, domestic or school] 
AND [pesticide, insecticide, herbicide, 
fungicide, organochlorine or 
organophosphorus) AND [children, 
childhood, youth, teenager, 
adolescent, toddler, infant, neonate, 
prenatal or postnatal) AND [cancer, 
tumor, malignancy, neoplasm, 
neuroblastoma, lymphoma, leukemia, 
sarcoma, astrocytorna, gliorna, 
craniopharyngioma, ependymoma, 
rhabdomyosarcoma or retinoblastoma]. 
The search was limited to human 
studies and written in English. All 
abstracts were screened to determine 
their suitability for review. 

We included original epidemiologic 
studies reporting on nonoccupational 
pesticide exposure and children's 
health. We used the following criteria 
to exclude articles from the meta 
analysis. We excluded those not 
reporting original results (eg, review 
articles, ecologic studies, or case 
reports); toxicological studies; studies 
conducted in occupational settings, 
on hazardous waste sites, on farms, 
or in proximity to agricultural 
pesticides; studies involving only 

adults or children with Down 
syndrome or without reporting 
children's health outcomes; studies 
with only pesticides in general (no 
specific pesticide groups) or studies 
with a list of chemicals including 
pesticides; studies without specific 
windows of exposure; or duplicate 
studies that included subjects already 
included in a more complete or more 
recent study examining a greater 
number of subjects. 

Two authors of this article (M.C. and 
C.L.) independently retrieved and 
screened all the titles and abstracts 
of studies according to the 
predetermined selection criteria. We 
also manually screened references in 
the selected articles for additional 
relevant studies. The full texts of the 
studies with potential eligibility were 
obtained and assessed independently 
by the 2 authors (M.C. and C.L.) for 
final inclusion. Any discrepancies 
were resolved by consensus. 

Data Extraction 

From each eligible study, 2 authors 
(M.C. and C.C.) extracted information 
about the study design, location, 
study period, study population and 
control characteristics, exposure 
assessment method, outcomes, and 
key findings. The same 2 authors 
independently extracted and 
tabulated the most relevant 
estimators, namely odds ratios (ORs) 
and 95% confidence intervals [Cls], 
ORs and Cls are 2 commonly used 
estimators in most meta-analyses 
dealing with health risks associated 
with environmental chemical 
exposu res.12,13,15,17-21 The results 
were compared and consensus was 
obtained before the meta-analysis. 

After classification of the studies, the 
data were subgrouped and calculated 
by pesticide categories, exposure 
locations, and type of cancer in the 
following stratified meta-analyses: 

• Pesticide category and exposure 
locations: 
• r ndoor pesticide exposure 

• Indoor insecticide exposure 
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• Outdoor pesticide exposure 
• Herbicide exposure 

• Outdoor insecticide exposure 

Cancer types: acute leukemia, 
leukemia, lymphoma, hematopoietic 
cancers (leukemia and lymphoma), 
childhood brain tumor, and all 
childhood cancers (including 
neuroblastoma, Wilms tumor, and 
soft tissue sarcoma) 

We analyzed data from professional 
home treatment (ie, the work done by 
licensed pest control professionals) 
by performing a meta-analysis on 
data with professional home 
treatment together with parental 
home treatment or by using data for 
professional home treatments alone 
(if number of studies was ~2). We 
calculated dose effect by performing 
a separate meta-analysis on data of 
the highest frequency of pesticide 
uses. 

Data Analysis 

We performed the meta-analysis by 
using the Comprehensive Meta 
Analysis version 2 (Biostat, Inc, 
Englewood, NJ) in accordance with 
Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) 
guidelines.22 The random effects 
model was used in this analysis. The 
random effects summary of ORs and 
95% Cls was estimated to provide an 
indicator of the overall strength of 
association between childhood 
pesticide exposure and childhood 
cancers. These associations are 
illustrated in the forest plots. In the 
plots, the Cl for each study is 
represented by a horizontal line and 
the estimate of summary OR by a box 
square. The box area is proportional 
to the weight, which is the inverse of 
the variance of the effect estimate 
from each individual study in the 
meta-analysis. The diamond and 
broken vertical line for type of cancer 
represent the subtotal summary 
estimate, with Cl indicated by its 
width. The null hypothesis is 1 and is 
represented by the central vertical 
dashed line from top to bottom of the 

plot. All statistical tests were 2 sided, 
and a P value of <.05 was considered 
statistically significant. 

1-1ssos~ment ot' tteteronenett» 
Because the current review includes 
a limited number of studies, and the 
conventional statistical approach to 
evaluating heterogeneity using 
a x2 test (Cochran's Q) has low power 
when there are few studies,23 we 
used the t2 statistic to quantify the 
amount of variation in results across 
studies that is due to heterogeneity. 
/2 can be interpreted as a measure of 
the percentage of the total variation 
that cannot be explained by chance.23 

An /2 value of 25%, 50%, or 75% can 
be taken to mean low, moderate, or 
high degrees of heterogeneity.23 A 
value of 0% indicates no observed 
heterogeneity, and estimations from 
either the fixed effects model or 
random effects model would be the 
same. The P values for heterogeneity 
are based on the Q statistic. 

Pu/Ji1cu!ion Bias 

Publication bias was tested with 
funnel plots and Egger's test.24 The 
funnel plot was made by the natural 
logarithm of the estimate of ORs 
versus the SE from all included 
individual studies in a meta-analysis. 
We tested funnel plot asymmetry, 
which can result from unpublished 
small studies without statistically 
significant effects, by using the linear 
regression method.24 

Sensitivity Analysis 

To measure the robustness and 
determine whether some of the 
factors (or possible biases) have 
a major effect on the results of this 
meta-analysis, we conducted several 
sensitivity analyses by 

• Removing the study with highest 
weight 

• Removing the studies reporting 
extreme ORs (the highest and the 
lowest) 

• Removing hospital-based studies 
(or performing a meta-analysis 

including only population-based 
studies) 

• Removing extended exposure win 
dows or ill-defined pesticide 
categories 

RESULTS 

Study Identification and 
Characteristics 

Figure 1 describes this study's 
identification, screening, and 
selection process. From the initial 277 
articles identified from PubMed 
search, 239 were excluded based on 
their titles or abstracts, and 17 were 
excluded based on the full text. We 
excluded 3 other studies from the 
analysis. One had a duplicated 
population, another had a study 
population located in a region with 
high agricultural pesticide use, and 
a third had insufficient data to permit 
the calculation.25-27 No additional 
articles were identified from the 
references cited in the included 
articles. A total of 16 articles met the 
full inclusion criteria and were 
eventually included in the meta 
analysis.28-43 

The characteristics of the studies used 
in the meta-analysis are shown in 
Table 1. All 16 studies are case 
controlled studies published between 
1993 and 2012. The participation rates 
for most studies ranged between 65% 
and 96% for case groups and between 
61 % and 99% for control groups. 
The sample sizes ranged from 4532 to 
1184 cases,38 and the upper age limits 
of case groups were between 9 and 
19 years. Among these studies, 10 
focused on hematopoietic malignancies, 
5 on childhood brain tumor (CBT), and 
2 on Wilms tumor and neuroblastoma. 
Four other studies reported data on 
> 1 malignancy.36-38·41 

The current meta-analysis was run 
separately for the 2 windows of 
exposure: before and after birth to 
diagnosis, and after birth to diagnosis. 
Because the outcomes from either 
window of exposure were similar (as 
shown in Supplemental Table 3), the 
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Records identified through 
database searching 

In= 277) 

l 
I 

Records after duplicates removed 

1 In= 275) 

l 
Records screened Records excluded 

I In= 275) (n = 239) 

l 
Full-text articles excluded: 

Full-text articles assessed Not meet one or more of 
for eligibility our inclusion criteria 

(n = 36) In= 17) 

l 
Studies included in 

Article excluded: 

qualitative synthesis 
1 participants presented in 

In= 19) 
duplicate articles 
1 only P value presented 

l 1 half population was from 
agricultural area 

Studies included in 
(n = 3) 

quantitative synthesis 
(meta-analysis) 

In= 16) 

FIGURE ·1 
PRISMA 2009 Flow Diagram. (Reprinted with permission from Moher D, Liberati A, Tetzlaff J, Altman 
DG; The PRISMA Group. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The 
PRISMA Statement. PloS Med. 2009;6(6):e1000097) 

following results and discussion focus 
on the window from prenatal and 
after birth until diagnosis. 

Publication Bias 

We examined the main findings from 
all studies and included them in an 
inverse funnel plot of log-transformed 
odds ratio versus SE. Although we 
were limited by the small number 
of studies included, we saw no 
clear trend of publication bias (or 
asymmetry) from visual inspection of 
the plot, with Egger's test P values 
at .92, .10, and .14 for indoor 
pesticides, herbicides, and outdoor 
pesticide exposures, respectively. 

Study Synthesis 

Table 2 summarizes the results of the 
subgroup meta-analyses and the 
assessment of heterogeneity. The 
results of 13 studies on home 

pesticide exposure, grouped by types 
of childhood cancer and listed by 
years of publication, are shown in 
Fig 2. Exposure to indoor insecticides 
during chilclhoocl was associated with 
a significant increase in risk of 
childhood leukemia (OR= 1.47; 95% 
Cl, 1.26-1.72; /2 = 30%) and 
childhood lymphomas (OR = 1.43; 
95% Cl, 1.15-1.78; /2 = 0%). 

Additional subgroup analysis 
combining studies on acute leukemia 
(AL) yielded elevated risks for 
exposure to both home pesticides 
(OR = 1.55; 95% Cl, 1.38-1.75) and 
indoor insecticides (OR = 1.59; 95% 
Cl, 1.39-1.81} with significantly lower 
heterogeneities (/2 of 0%). When we 
combined studies on leukemia and 
lymphoma, we observed a statistically 
significant association between 
childhood hematopoietic 
malignancies and home pesticide 

exposure during childhood (11 out 
of 12 data were from indoor 
insecticides). There was low 
heterogeneity (OR = 1.46; 95% Cl, 
1.32-1.60; /2 ~ 5%). A positive but 
not statistically significant association 
between home pesticide exposure 
during childhood and CBT was 
observed (OR = 1.22; 95% CI, 
0.83-1.81; /2 = 23%) and this 
association decreased after data were 
combined with those for professional 
home treatment (OR = 1.11; 95% 
CI, 0.87-1.42; /2 = 5%). 

We conducted sensitivity analysis on 
the results to test whether these 
results were influenced by 1 or 2 
studies (Supplemental Table 3). 
Sensitivity analysis conducted by 
removing highest weights, excluding 
extreme ORs, or deleting hospital and 
friends controls did not change the 
associations between home pesticide 
(or indoor insecticide) exposure and 
childhood AL, leukemia, lymphoma, 
and childhood hematopoietic 
malignancies (shown in Supplemental 
Table 3), and statistical significance 
remained. Heterogeneities were 
significantly lower (most /2 were 0%) 
after extreme ORs were removed in 
the sensitivity analyses. When we 
replaced the indoor pesticide data of 
Ma et ai37 with insecticide data in the 
rerun meta-analysis, the result was 
very similar. This finding was 
consistent with the statement by 
those authors that "there was 
a considerable overlap between the 
definition as well as the results 
between indoor pesticides and 
insecticides." 

Subgroup analysis on dose and 
multiple-agent effect yielded 
a statistically significant higher risk 
for childhood leukemia (OR= 1.92; 
95% Cl, 1.27-2.89) and 
hematopoietic malignancies (OR = 
2.04; 95% Cl, 1.40-2.97). However, 
when the studies on professional 
home treatment were grouped 
together, the seemingly significant 
increase in risk for childhood leukemia 
became not statistically significant. 
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~ TABLE 1 Overview of the Case-Controlled Studies Included in the Meta-Analysis 
D 
j; Study Sample Size (case/control) Age (y) Study Population, Location. and Period Exposure Assessment Cases Controls -< :;;:, 
0 
V, Davis et al ( 1993). USA 45/85 $10 Patients in Missouri. diagnosed Maternal phone interview CBT Noncancer friends or other 
< 
0 1985---1989 cancer matched with age c 
~ and gender 
~ Leiss et al ( 1995). USA 252/222 <15 Patients in Denver, 1976-1983 Parental interview CBT, Leu, Lym, STS Noncancer population matched 
i7' by gender. age, region :, 
C Pagoda et al ( 19971. USA 224/218 s 19 Patients from West Coast, 1984-1991 Maternal phone interview CBT Noncancer population matched 3 

~ by gender. age, region 
_,,. Infante-Rivard et al (1999). Canada 491/491 ,,::9 Patients from metropolitan Montreal. Parental phone interview ALL Noncancer population matched 
0 diagnosed 1980-1993 by age, gender. region ~ 
0 Meinel et al (2000), Germany 1184,234, 940/2588 :515 Patients from West Germany, Mail and parental phone Leu, NHL Noncancer population matched 0- 

"' diagnosed 1992-1994 interview ~ by gender. age, region 
"' 0 Buckley et al (2000), USA 268/268 $20 Patients in US, 1986-1990 Maternal phone interview NHL Noncancer population matched 
u, 

o by age, gender, and race 
0 Daniel et al (2001). USA 390/296 <19 Hospital patients in US and Parental phone interview Neuroblastoma Noncancer population matched 
~ Canada. 1992-1994 by age, region :, 
0 Ma et al (2002). USA 162/162 $14 Hospital patients in northern Maternal in-home personal ALL, Leu Noncancer population matched 
"' Q_ California, 1995-1999 interview by gender. age, mother's (') 
Q_ race. region ~ 
0 Menegaux et al (2006), France 280/288 <15 Hospital patients in France. Maternal personal interview AL Hospital noncancer children 
3 diagnosed 1995-1999 matched by age, gender, u 
'< hospital. race rro 
<ii Rudant et al (20071. France 1060/1681 <15 Patients in France, diagnosed Maternal phone interview AL, HL, NHL Noncancer population matched 
~ 2003-2004 by age, gender 
0 Urayama et al (2007), USA 294/369 <15 Patients from northern and central In-home interviews with ALL Noncancer children matched :, 
(/} California, diagnosed since 1995 caretaker by age, gender. Hispanic (> 
"u status, maternal race, region 0 
~ Cooney et al (2007). USA 523/517 <16 Patients in US and Canada, 1999-2002 Maternal phone interview Wilms tumor Noncancer children matched 
~ by age and region 

Nielsen et al (2010). USA 201/285 S10 Patients in US west coast, 1984-1991 Maternal in-person interview CST Noncancer children matched 
N by age and gender 
'.':'. Bailey et al (2011), Australia 388/870 <15 Patients in Australia. 2003-2007 Parental questionnaires and ALL Noncancer population matched 
-.J 

phone interviews by gender. age, region 
Ding et al (2012). China 176/180 $14 Hospital patients in Shanghais Maternal in-person interview ALL Noncancer hospital children 

China, 2010-2011 and children's urine matched by gender and age 
collections 

Greenop et al (2013), Australia 288/917 :514 Patients in Australia, 2005-2010 Maternal in-person interview CBT Noncancer population matched 
by gender. age, and region 

ALL. acute lymphoblastic leukemia: Hl. Hodgkin lymphoma: Leu. leukemia; Lym, lymphoma: NHL, non-Hodgkin lymphoma: STS, soft tissue sarcoma. 

- ,.,, 
"' 
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TABLE 2 Meta-Analysis Using Random Effects Model for the Relationship Between Childhood 
Cancer and Exposure to Residential Pesticides During Childhood 

Subgroup Study N 

Indoor pesticides":" 
(Al AL 

Add professiona I home treatment 
Indoor insecticides 

(8) Leukemia 
Add professiona I home treatment 
Dose and multiple agents effects' 
Professional treatment only 
Indoor insecticides 

(Cl Lymphoma 
Indoor insecticides 

(D) Hernatopoietrc cancers 
Add professional home treatment 
Indoor insecticides 
Dose and multiple agents effect' 

(El CBTs"·0·' 

Add professional home treatment 
(Fl All cancers'" 
Outdoor pesticide":" 
(A) Leukemia 

Herbicide 
Yard insecticides'' 

(B) Lymphoma 
Herbicide 
Yard insecticides' 

(Cl Hematopoietic cancers 
Herbicide 
Yard insecticides 

(D) CBTs 
Herbicide 
Yard insecticides' 

(El All cancers" 
Herbicide 
Yard insecticides' 

6 
7 
5 
8 
9 
3 
3 
7 
4 
4 

12 
13 
II 
4 
4 
5 

20 

6 
5 
3 
4 
3 
2 

10 
8 
5 
3 
2 
2 

16 
12 
8 

Summary Heterogeneity 

OR 95% Cl p p 

1.59 1.40-1.80 .839 0 
1.55 1.38-1.75 .794 0 
1.59 1.39-1.81 .725 0 
1.48 1.29-1.70 .267 20 
1.46 1.29-1.65 .327 13 
1.92 1.27-2.89 .959 0 
2.04* 1.05-3.95 .061 64 
1.4 7 1.26-1.72 .197 30 
1.43 1.15-1.78 .578 0 
1.43 1.15-1.78 .578 0 
1.47 1.33-1.62 .457 0 
1.46 1.32-1.60 .513 0 
1.46 1.31-1.63 .388 5 
2.04 1.40-2.97 .894 0 
1.22 0.83-1.81 .275 23 
1.11 0.87-1.42 .380 5 
1.40 1.28-1.52 .390 5 

1.15 0.95-1.38 .190 33 
1.26 1.10-1.44 .762 0 
1.11 0.60-2.05 .002 84 
0.86 0.62-1.19 131 47 
1.52* 1.02-2.27 .090 58 
1.12 0.78-1.59 .314 2 
1.04 0.88-1.23 .086 41 
1.33 1.16-1.52 .350 10 
1.09 0.75-1.58 .007 71 
0.95 0.47-1.89 .012 77 
1.98 0.94-4.14 .409 0 
1.29 0.86-1.92 .548 0 
1.10 0.93-1.32 .001 62 
1.35 1.16-1.55 .221 23 
1.14 0.89-1.45 .028 55 

'The summary ORs ber.ame not stalistically signifir.ant in the sensitivity analysis when we removed ill-defined herbicide or 
l11gl1est wr.i~ht or extreme ORs. Study N: number of studies included. Hernatopoietic cancers include leukemia and 
lymphorna. All cancers include nnurobtastorna and Wilms turner and soft tissue sarcomas in outc1oor pesticides. Study 
results with case numbers <3 are not included in the summary. 
" In the study·" where insccucidcs against different types of nuisance were reported, data with the highest OR were used. 
11 In the studies where results of different exposure windows in the same study were reported, the windows away from 
birth were used. 
'The data of > 10 per year were used in the study,38 and the data of >S per year were used in the study.37 
d When both cancer-free r.ontrols and cancer controls were reported. cancer-free controls were used. 
" The crude OR and 95% Cl were calculated based on the data in the article.'' 
1 Where > t home pesticide usage was reported, home pesticides for nuisance pests were used. 
• In the study·'" where the results were essentially the same during pregnancy and during childhood, the data reported 
from pregnanr.y through r.hildhood were treated as during childhood. 
" Includes studies'"""·" and Oils associated with yard pesticides were replaced by yard insecticides in studies."·" 
' Includes 2 data from the study." 
1 includes 2 studies.J1.4u 
'In addition lo all yard insecticides in each subgroup. an additional study'" was included and ORs associated with yard 
pesticides were replaced by yard insecticides. 

Part of the reason could be the small 
number of studies included. 

Combining all studies reporting 
childhood cancers (including 
neuroblastorna31 and Wilms tumor-i''] 
with childhood home pesticide 
exposure yielded a meta-rate 

summary OR of 1.40 (95% Cl, 
1.28-1.52) with a low degree of 
heterogeneity (/2 of 5%). Therefore, 
the results show that there is 
a statistically significant risk of 
childhood cancers associated with 
exposures to home pesticides, 

especially indoor insecticides, during 
childhood. 

Outdoor pesticides include outdoor 
insecticides, herbicides, and 
fungicides. Table 2 and Fig 3 show the 
cancer risks from exposure to 
residential herbicides during 
childhood. A statistically significant 
association between childhood 
leukemia and exposure to herbicides 
(OR= 1.26; 95% Cl, 1.10-1.44, /2 = 
0%) was observed, and the sensitivity 
analysis confirmed the robustness of 
this association. The greatest risk 
estimates were observed in the 
association between childhood 
exposure to herbicides and the risk of 
leukemia. The observed association 
with increase in risk of childhood 
lymphoma became not statistically 
significant during the sensitivity 
analyses. No association appeared 
between herbicide exposure and CBT 
When studies on all types of 
childhood cancers were combined, 
including neuroblastoma31 and 
Wilms tumor.I" a statistically 
significant association with 
residential herbicide exposure was 
observed (OR = 1.35; 95% Cl, 
1.16-1.55; /2 = 23%). We did not find 
any statistically significant 
association between exposure to 
outdoor pesticides or outdoor 
insecticides and any types of 
childhood cancers (Fig 4). Because 
only a few studies were available on 
exposure to residential fungicides and 
childhood cancers, we did not include 
exposure to fungicides in the current 
analysis. 

DISCUSSION 
In this meta-analysis, we examined 16 
epidemiologic studies on the possible 
association between residential 
pesticide exposure during childhood 
and childhood cancers. Overall, the 
results suggest that cancer risks are 
related to the type of pesticide and 
where it was used. Exposure to 
residential indoor insecticides but not 
outdoor insecticides during childhood 
was significantly associated with an 
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Study name 

Childhood Brain Tumor 
Davis et al. 1 993 

Leiss et al. 1995 
Pagoda et al. 1997 
Nielsen el al.2010 
Greenop el al. 2013' 
Subtotal (/2 = 4.7%, P-value = .380) 

Leukemia 

Leiss et al. 1995 
Infante-Rivard el al. HJ!)9 
Meinel el al. 2000 
Ma et al. 2002 
Menegaux et al. 2006 
Rudanl et al. 2007 
Urayama ct al. 2007 
Bailey el al. 2011 • 
Ding et al. 2012 
Subtotal (12 = 12.9%, P-va/11e = .327) 

Lymphoma 
Leiss el al. 1995 
Meinel el al. 2000 
Rudanl el al. 2007, HL 
Rudant el al. 2007, NHL 
Subtotal (/2 = 0.0%, P-va/ue = .578) 

-·- • 
-:-- 

0 

-ii- 
<> 

% Weight Odds ratio [95% Cl] 

.. 5 3.4011.10- 10.55] 

6 1.10 [0.40 -3.01] 

26 1.00 [0.63 - 1.58] 

17 1.19 [0.67 -2.11] 
46 1.03 [0.74 -1.44] 

100 1.11 [0.87 - 1.42] 

5 0.90 f0.54 -1.51] 

6 2.13 [1.30 - 3.48] 
15 1.20 [0.90 - 1.60) 

6 1.60 [0.97 - 2.63) 

9 1.70 [1.15-2.51) 

33 1.50 [1.27 - 1.77] 

8 1.65{1.10-2.47) 

12 1.33 [0.97 - 1.83] 

7 1.63 {1.04 - 2.55] 
100 1.46 (1.29-1.65) 

14 1.60 [0.89 - 2.87) 
17 1.70 [1.00 - 2.89) 

24 1.10{0.71-1.71) 

45 1.50 [1.09 - 2.07] 
100 1.43 (1.15-1.78) 

0.25 0.50 1.00 

Odds Ratio 

FIGUlll: 2 
Meta-analysis of the association between childhood cancers and exposure to home pesticides 
during childhood. *Professional home treatments. 

increasing risk of childhood cancers 
including leukemia, AL, and 
lymphoma but not CBT Among the 
5 studies reporting CBT outcomes in 
the analyses, 4 studies did not 
provide specific exposure locations, 
although the applications were 
probably indoors. This ambiguity 
about where pesticides were used 
could dilute the true effects of 
residential pesticides and therefore 
result in the association toward the 
null. Similarly, the fact that adding 
professional home treatment in 
hernatopoietic cancers and CBT 
lowers the summary ORs could also 
result from the ambiguity of exposure 
location. The greatest risk estimates 
were observed in the association 
between childhood exposure to 
indoor insecticides and the risk of AL. 
The risk of childhood hematopoietic 
malignancies increased with the 
frequency of use. These observations 

2.50 7.50 

provide additional support to the 
positive exposure-response 
relationship between indoor 
insecticide use and the increased risk 
of childhood hernatopoietic 
malignancies. 

We did not observe any significant 
childhood cancer risk associated with 
exposure to outdoor pesticides. 
However, when we looked into the 
different categories of outdoor 
pesticides, we found that exposure to 
herbicides was associated with 
a slightly higher risk of childhood 
cancers in general, which include 
leukemia, lymphoma, and CBT, 
although statistical significance 
appeared only in association with 
leukemia. No significant association 
between outdoor insecticides and 
childhood cancers was observed. This 
result emphasizes how important it is 
to specify the type and location of the 
pesticide when analyzing pesticide 

exposure and childhood cancer. 
Because of the small number of 
studies included in the current meta 
analysis, more studies are needed to 
confirm these associations. 

Results from the current analysis are 
in agreement with the main findings 
of 2 previously published studies on 
residential pesticide exposure and 
childhood leukernia.l=!" Both 
observed significant associations 
between insecticide exposure and 
childhood leukemia. Although these 
results were based on a small number 
of studies, the consistency of the main 
findings suggests that there probably 
is a higher risk of childhood leukemia 
with indoor insecticide exposure 
during childhood. We have observed 
a slightly elevated risk of childhood 
leukemia associated with exposure to 
herbicides, with no evidence of 
heterogeneity. This finding is also 
consistent with that reported by Van 
Maele-Fabry et al14 but not by Turner 
et a!,13 and both reported a high 
degree of heterogeneity (/2 of 61 % 
and 72%, respectively). Neither our 
study nor the study of Turner et ai13 

observed any association between 
childhood leukemia and exposure to 
outdoor insecticides during 
childhood. Like Van Maele-Fabry 
et al,14 we also did not observe any 
association between childhood 
leukemia and outdoor pesticide 
exposure. 

We also found a positive association 
between childhood lymphoma and 
indoor insecticide exposure. 
Furthermore, the overall childhood 
cancer risk is elevated with childhood 
home pesticide exposure. There was 
a third study reporting that pesticide 
use at home or in the garden was 
statistically associated with the 
elevated risk of lymphoma, leukemia, 
and CBT.20 However, Vinson et aJ20 

did not provide information on 
specific categories of pesticides or 
locations of use in their analysis; most 
of their study results were related to 
occupational exposure. Therefore, we 
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Study name ¾ Weight 

C/Jild/Jood Brain Tumor 

Davis et al. 1993 :• 72 2.40 [1.01 - 5.73] 

Pogoda el al. 1997 28 1 .20 [0.30 - 4.85] 

Subtotal (12 = 0.0¼, P-va/ue = .409) 100 1.98 (0.94 - 4.14] 

Leukemia 

Ding ct al. 2012 1 1.98 [0.63 - 6.24] 

lnfante-Rivart.l el al. 1999 -:----- 23 1.41 [1.06- 1.87] 

Ma el al. 2002 5 1.1 a [0.59 - 2.06J 

Menegaux et at. 2006 6 1.40 [0.81 - 2.42] 

Ructant el al. 2007 • 65 1.20 [1.01 - 't .42] 

Subtotal (/2= 0.0%, P-va/uc = .762) 0 100 1.26 {1.10 - 1.44} 

Lymphoma 

Buckley el al. 2000 - 28 2.35 [1.37 - 4.03] 

Rudant et al. 2007. HL - lw--:- 35 1.10[0.73-1.66] 

Rudant et al. 2007. NHL -- 37 ., ,50 [1.01 - 2.22] 

Subtotal (/1 = 58.4%, P-va/ue = .090) ~ 100 1.52 (1.02 - 2.27} 

I I I I 

0.25 0.50 1.00 2.50 7.50 

Odds ratio (95¼ Cl] 

Odds Ratio 

FIHURE 3 
Meta-analysis of the association between childhood cancers and exposure to residential herbicides 
during childhood. 

could not directly compare our results 
with those reported by Vinson et al.20 

Although most of our findings are 
consistent with those of the earlier 
meta-analyses, there are some 
differences. One main difference is 
that several studies included in the 
previous 2 meta-analyses were 
excluded from the current analysis. 
These were studies that either were 
conducted in occupational settings, 
involved only adults, reported only 
pesticides in general (not specifying 
pesticide groups), or included other 
chemicals with pesticides. Therefore, 
we eliminate the effects from these 
studies in the summary ORs. 

Although previous meta-analyses 
took into account exposure locations 
and pesticide categories when 
performing stratification analysis, 
Van Maele-Fabry et a114 reported 
indoor and outdoor exposures but 

gave no information about pesticide 
category. Stratification analyses 
based on categories of pesticide 
exposure were run in the study by 
Van Maele-Fabry et al,14 but no 
analysis was done on the exposure 
location for each category of 
pesticide; therefore, the true risk 
factors could be diluted. There 
were also no results from 
sensitivity analyses provided by 
Van Maele-Fabry et al.14· 

Unlike Van Maele-Fabry et al's14 

report and our observation, Turner 
et al13 reported a statistically 
significant positive association 
between childhood leukemia and 
exposure to residential outdoor 
pesticides but not outdoor 
insecticides nor herbicides. However, 
these results were inconsistent with 
each other because outdoor 
pesticides were most likely to be 
outdoor insecticides or herbicides. 

In the current meta-analysis, we 
divided studies into 3 subgroups 
based on the pesticide use pattern, 
such as indoor pesticides and 
insecticides, outdoor pesticides and 
herbicides, and outdoor pesticides 
and insecticides. We used a random 
effects model to estimate the 
summary ORs for each subgroup. In 
the home pesticide (mostly indoor 
insecticides) category, although some 
subgroup analyses were conducted 
on only a limited number of studies 
( <5), the observed heterogeneity 
was low (/2 ~ 13%) in these 
analyses. We also pooled studies to 
increase the accuracy of estimated 
summary ORs for hematopoietic 
malignancy and all cancers, and we 
observed zero or low levels of 
heterogeneity. Similarly, there was 
no observed heterogeneity in the 
herbicide category, including 
estimated summary ORs for 
hematopoietic malignancy and all 
cancers. These results of zero or 
low heterogeneity for indoor 
pesticides and herbicide exposure 
indicated the consistency of 
studies included and suggest that 
combining data is appropriate. 
However, the heterogeneity for 
outdoor pesticide or outdoor 
insecticide exposure was high. 
Because these studies included in the 
current meta-analysis differed in 
study design, study population, 
and the exposure and timing of 
exposure, the heterogeneity of the 
associations should be interpreted 
with caution. 

Overall, our study has shown that 
childhood cancer risks are related to 
the type of pesticide use and its 
application locations during 
childhood. Childhood exposure to 
residential indoor insecticides was 
associated with an increasing risk of 
childhood cancers but not outdoor 
insecticides. 

Although meta-analysis is a useful 
tool to assess causal relationships by 
combining results from different 
studies, outcomes can be constrained 
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Study name ¾ Weight Odds ratio (95% CIJ 

Chile/hood Brain Tumor 

Davis el al. 1993 27 1.60 (0.71 - 3.63) 

Leiss el al. 1995 -II- 36 0.50 (0.31 - 0.82) 

Pegoda el al. 1997 37 1.20 (0.76 - 1.90) 

Subtotal (/2 = 77.6%, P-value = .012) 100 0.95 {0.47 - 1.89] 

Leukemia 

Lerss el al. 1995 21 1.10 [0.80-1.51) 

tntante-Rivard el al. 1999 2.27 [0.93 - 5.55) 

Meinel el al. 2000 32 1.00 [0.82 - 1.22) 

Ma el al. 2002 9 1.20 (0.68 - 2.13J 

Menegaux et al. 2006 13 1.70 [1.09 - 2.66) 

Rudant et al. 2007 21 1.00 [0.73-1.36] 

Subtotal (12 = 32.8%, P-vatue = .190) 100 1.15 {0.95 - 1.38] 

Lymphoma 

Leiss el al. 1995 26 0.60 [0.38 - 0.95] 

Meinel el al. 2000 27 0.80 (0.52 - 1.24] 

Ruclanl e1 al. 2007, HL 21 0.9t {0.52 - 1.56] 

Ruclanl e1 al. 2007, NHL 26 1.30 {0.82 - 2.06] 

Subtotal (t' = 46. 7%, P-value = .131) 100 0.86 {0.62 - 1.19] 

0.25 0.50 1.00 2.50 7.50 

Odds Ratio 

FH.URE 4 
Meta-analysis of the association between childhood cancers and exposure to residential outdoor 
pesticides during childhood. 

by the limitations of the original 
studies. In the current analysis, the 
small number of studies is a major 
limitation. Very few studies have 
assessed pesticide exposures and 
childhood cancers. In addition, other 
limitations such as selection bias, 
recall bias, misclassification, and 
publication bias might limit the 
applicability of the findings to the 
general population. To deal with 
the potential selection bias 
associated with hospital or friend 
controls, we performed a sensitivity 
analysis by excluding Davis et al32 
and Menegaux et al39 from each 
pesticide category to reinforce the 
associations. 

To reduce recall bias and 
misclassification, the studies we 
included used several strategies to 
reduce confounding factors and 
biases, such as restriction of entry to 
study of subjects with confounding 

factors, matching controls to have 
equal distribution of confounders, 
using standardized questionnaires, 
identical interviewing procedures 
for both cases and controls, and 
adjustment of the results. 
Publication bias refers to the fact 
that studies with less significant 
findings may be less publishable 
than those with positive outcomes; 
therefore, they would be unavailable 
Fo,- meta-analyses. For example, 
one of the studies from the current 
analysis stated that "neither 
residential use of insetticides nor 
use of pesticides in the garden was 
found to be significantly more 
frequent in any group of cases with 
solid tumors compared with 
controls, therefore no quantitative 
data were provided."38 Although 
the results from the current 
meta-analysis do not seem to be 
significantly influenced by 

publication bias, this bias cannot 
be completely excluded. Note that 
when Van Maele-Fabry et aJH 
assessed the impact of exclusion of 
nonpublished data and studies in 
languages other than English, they 
found that rerunning the meta 
analysis and including non published 
and non-English-language studies 
did not substantially modify the 
results. 

A positive exposure-response 
relationship between residential 
indoor insecticide use and 
occurrence of childhood cancers was 
observed in the current study. Some 
studies have also shown that 
maternal pesticide exposure during 
pregnancy was associated with 
childhood cancers.35,37,39 Although 
current data do not establish the 
most critical exposure period for the 
occurrence of childhood cancers, 
their development is probably 
multifactorial and probably 
includes gene-environment 
interactions.11,H-'1-6 Some studies 
assert a possible association 
between pesticide exposure with 
genetic predisposition and 
defined subtypes of childhood 
cancers.26,42·43 Additional studies 
are needed to examine the potential 
mechanisms by which childhood 
exposure to pesticides could lead to 
the development of childhood 
cancers. 

CONCLUSIONS 

The current meta-analysis has 
revealed positive associations 
between exposure to home pesticides 
and childhood cancers, with the 
strongest association observed 
between indoor insecticide exposure 
and acute childhood leukemia. 
Although epidemiologic research is 
limited in identifying the association 
between the adverse health outcomes 
in young children and pesticide 
uses in residential areas, the findings 
from the present meta-analysis and 
those previously published have 
consistently demonstrated 
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associations between pesticide 
exposure and childhood cancers. 
While the research community is 
working toward a better 
understanding of the causality of 
pesticides in various childhood 
diseases, more and more pesticides 
are being used in farming, in 
landscape maintenance, and in the 
home. Therefore, public health 
policies should be developed to 
minimize childhood exposure to 

pesticides in the home. States and 
local authorities can establish 
programs, such as integrated pest 
management, to minimize 
residential pesticide uses, especially 
indoor uses.47,48 In the meantime, 
parents, school and daycare 
teachers, and health care providers 
can learn about common pesticide 
types and labeling information and 
can stay aware of the short- and 
long-term effects of these 

chemicals.49,50 Every effort should 
be made to limit children's exposure 
to pesticides. 

AMBREVIATIONS 

AL: acute leukemia 
CBT· childhood brain tumor 
Cl: confidence interval 
OR: odds ratio 
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Inappropriate Reliance on Pwalues in Medical Research 

To the editor: 

~appe et al. (1) reported that women receiving vitamin D and calcium supplementation had J 0% 
Iower cancer risk than women receiving placebo after four years (hazard ratio (HR)=0.70, 95~,; 
confidence interval {Cl); 0.47 to 1.02.). Remarkably, they interpreted this result as indicating uo 
effect. So did the authors of the accornpanying editorial (2), who described U1e 30°/D Iower risk 
for cancer us "the absence of o clear benefit," because the Pvvalne was 0·.06. Given the expected 
bias toward a null result in a trial that tomes from non-adherence coupled with au intent-to-treat 
analysis (3), the interpretation of the authors and editorialists is perplexing. The warning issued 
last year tiy the American S.tHtistical Association (ASA) ( 4) about this type 01' misinterpretation 
of data should be embraced by researchers and journal editors, In particular, the ASA stated: 
11SdonHfi,c eouciusions ... should not be based only on whether a p-value passes a specific 
threshold .. '' Editors in particular ought to guide their readership and the public at large to avoid 
such mistakes and foster more responsible interpretation. ofmedical research. 

Elizabeth E. lfatd1, Ph,JJ. 
Boston University School of Pub he Health 

I .auren A. ·w'isc, So.D. 
Boston University School of Public Health 

Kenneth J. Rotlunan, Dr.PH. 
Research Triangle Institute 
Boston. University School of Public Health 
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Purpose 
Conflicting reports remain regarding the association between vasectomy, a common form of male 
contraception in the United States, and prostate cancer risk. We examined prospectively this 
association with extended follow-up and an emphasis on advanced and lethal disease. 
Patients and Methods 
Among 49,405 US men in the Health Professionals Follow-Up Study, age 40 to 75 years at 
baseline in 1986, 6,023 patients with prostate cancer were diagnosed during the follow-up to 
2010, including 811 lethal cases. In tctal, 12,321 men (25%) had vasectomies. We used Cox 
proportional hazards models to estimate the relative risk (RR) and 95% Cls of total, advanced, 
high-grade, and lethal disease, with adjustment for a variety of possible confounders. 
Results 
Vasectomy was associated with a small increased risk of prostate cancer overall (RR, 1 1 O; 95% 
Cl, 1.04 to 1 17). Risk was elevated for high-grade (Gleason score 8 to 1 O; RR, 1.22; 95% Cl, 1 .03 
to 1 .45) and lethal disease (death or distant metastasis; RR. 1 19; 95% Cl, 1.00 to 1.43). Among 
a subcohort of men receiving regular prostate-specific antigen screening, the association with 
lethal cancer was stronger (RR, 1.56; 95% Cl, 1.03 to 2.36). Vasectomy was not associated with 
the risk of low-grade or localized disease. Additional analyses suggested that the associations 
were not driven by differences in sex hormone levels, sexually transmitted infections, or 
cancer treatment. 
Conclusion 
Our data support the hypothesis that vasectomy is associated with a modest increased incidence 
of lethal prostate cancer The results do not appear to be due to detection bias, and confounding 
by infections or cancer treatment is unlikely. 

J Clin Oneal 32:3033-3038. © 2074 by American Society of Clinical Oncology 

Vasectomy is a common form of contraception in 
the United States with a prevalence of 15%. 1•2 Two 
large cohort studies published in 1993, including the 
Health Professionals Follow-Up Study (HPFS), 
found an increased risk of prostate cancer among 
men with vasectomy':"; other studies have not found 
an association.5•6 A meta-analysis of22 studies esti 
mated a pooled relative risk (RR) for total prostate 
cancer of 1.37 (95% CI, 1.15 to 1.62) comparing 
men with and without vasectomy, although there 
was significant heterogeneity between studies. 
Among the five cohort studies included, the. RR was 
1.22 (95% CI, 0.90 to 1.64).7 Since then, additional 
studies have been published. One prospective co 
hort of Maryland men reported an RR of2.03 (95% 
CI, 1.24 to 3.32) for the association between vasec 
tomy and incident prostate cancer." However, two 

population-based case-control studies in Washing 
ton state" and New ZealandtO and a hospital-based 
case-control study in China, Nepal, and the Repub 
lic ofKorea11 found no association. 

Criticisms of the studies reporting positive as 
sociations of vasectomy with prostate cancer risk 
focus on bias and confounding. Detection bias may 
explain the positive results because men who opt for 
vasectomy may choose more medical care in general 
and see a urologist at an earlier age than do men who 
do not choose vasectomy." This might lead to in 
creased screening and increased diagnosis of early 
stage and low-grade prostate cancers. Publication 
bias has also been proposed given the small effect 
size noted in most studies. 12 Possible confounding 
by sexually transmitted infections (STis)7 has also 
been discussed. 

In this study, we extend follow-up from the 
prospective HPFS cohort by two decades with more 

© 2014 by American Society of Clinical Oncology 3033 
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than 6,000 patients with prostate cancer to investigate more compre 
hensively the association between vasectomy and prostate cancer risk," 
including the risk of advanced, high-grade, and lethal cancers. To 
address previous criticisms, we controlled for intensity of prostate 
specific antigen (PSA) screening and other possible confounders, To 
further reduce the potential for bias due to screening and to increased 
clinical relevance, we focus on the incidence of advanced and lethal 
prostate cancer, as well as the incidence of prostate cancer in a highly 
screened subgroup. 

' . . . . .. · . , ... PATiENTS 0AND"MEtH'oos ' . '. : ' '.· 
.~ . ' . . •. ·. . . . . . : .. • .. ' 

The HPFS is a prospective cohort study of 51,529 male health professionals in 
the United States age 40 to 75 years at baseline in 1986. The men are sent 
biennial questionnaires collecting information on lifestyle and health out 
comes. Men who reported a cancer diagnosis (except nonmelanorna skin 
cancer) before baseline were excluded, leaving 49,405 men who were observed 
prospectively until 201.0. The 1-IPFS is approved by the Human Subjects Com 
miuee at the I-Jarva rd School of Public Health. 

Assessment of Vasectomy History 
Men were asked on the 1986 questionnaire whether they had had a 

vasectomy and, if so, to identify the period: 1955 to 1964, 1965 to 1974, 1975 to 
1979, or 1980 to 1986. Men were asked on each biennial questionnaire through 
2000 if they had had a vasectomy since the previous questionnaire and, if so, in 
which year. By 2000, only 58 men (0.1%) reported a new vasectomy in the 
previous 2 years (the youngest age in the cohort in 2000 was 54 years), and the 
question. was not asked in subsequent years. 

In 1992, men were asked at what age they had had a vasectomy if it was 
before 1986. This more precise timing information was used to assign the 
date and age at vasectomy for 70% of the 11,113 men who had reported a 
vasectomy before 1986. Date and age at vasectomy for the remaining men 
were assigned by using the midpoint of the 10-year period categories from 
the 1986 questionnaire. 

Ascertainment of Prostate Cancer Cases 
Prostate cancer diagnoses were initially identified by self-reports from 

the participants or their next of kin and confirmed by review of medical 
records and pathology reports. Deaths were ascertained through reports from 
family members and searches of the National Death Index. An end points 
committee, which used all available data, assigned cause of death. Medical 
records confirmed approximately 90% of prostate cancer cases, and the re 
maining 10% were based on self-reports or death certificates. We observed 
men with prostate cancer by sending additional questionnaires every 2 years 
and collecting medical records to ascertain treatment, disease progression, and 
diagnosis of metastases. 

We excluded men with stage TIa cancers. We defined advanced stage 
prostate cancer as stage T3b, T4, Nl , or Ml at diagnosis; development of 
lymph node or distant metastasis; or death as a result of prostate cancer before 
the end offollow-up, lethal cancers, a subset of advanced cancers, were those 
that caused death or metastasis to bone or other organs before the end of 
follow-up. Localized cancers were stage Tl or T2 and NO, MO at diagnosis and 
did not progress to any metastasis or death during the follow-up period. 
Cancers were also categorized as high grade (Gleason score 8 to 10), Gleason 
grade 7, or low grade (Gleason score 2 to 6) at diagnosis based on prostatec 
tomy or biopsy pathology reports; Gleason grade was not a vailable for all men. 

Statistical Analysis 
Each participant contributed person-time from the date that he returned 

the base Line questionnaire in 1986 until prostate cancer diagnosis, death, or the 
end offollow-up, January 31, 2010. We used Cox proportional hazards regres 
sion to calculate age-adjusted and multi variable-adjusted hazard ratios (HRs) 
and 95% Cls of total prostate cancer and lethal, advanced, localized, high 
grade, Gleason grade 7, and low-grade prostate cancers. All models were 
stratified by age and calendar time. 

Participants were classified according to vasectomy status in each period, 
comparing risk among men with and without vasectomy. In addition, we 
divided men with vasectomy into exposure groups based on median time since 
vasectomy ( < 23, 2: 23 years) and median age at vasectomy ( < 38, 2: 38 years). 

Multivariable models were adjusted for race, height (quartiles), body 
mass index (six categories or missing), vigorous physical activity (quintiles), 
smoking (never, former smoker who quit 2: 10 years ago, former smoker who 
quit< 10 years ago, current, or missing), type 2 diabetes mellitus (yes or no), 
family history of prostate cancer, history of PSA testing, multivitamin use (yes 
or no), and intakes of supplemental vitamin E and alcohol (quintiles) calcu 
lated from food frequency questionnaires. To account for diagnostic bias, we 
adjusted for PSA testing .in the previous period (yes or no) and for higher 
intensity of past testing (yes for men reporting PSA tests in half or more of all 
questionnaires since 1994). All covariates except race and height were updated 
in each questionnaire cycle. Geographical region, religion, self-reported his 
tory of gonorrhea and syphilis, frequency of ejaculation, intakes of tomato 
sauce and o-linolenic acid, and body mass index at age 21 years were not 
included in the final models because they were not associated with vasectomy 
and had little effect on the RR estimates. 

To investigate the effects of PSA testing on the results, we did additional 
analyses within a highly screened subcohort of men who reported having PSA 
tests in 1994 (the first year PSA resting was asked) and 1996, with follow-up 
from 1996 through 2010. These results were also adjusted for intensity of PSA 
testing during follow-up. 

We leveraged existing plasma biornarker data on a subset of men within 
the cohort. To further investigate possible confounding by ST!s, we calculated 
the age-adjusted prevalence of seropositivity for Chlamydia trachomatis, 
Tridiomonas vagina/is, human papilloruavirus (HPV), and human herpesvi 
rus type 8 (HHV-8) according Lo vasectomy status in a subset of693 controls 
from a nested case-control study of prostate cancer. To explore possible mech 
anisms underlying associations with vasectomy, we compared age-adjusted 
plasma concentrations of sex hormones (testosterone, free testosterone, 
estradiol, and sex hormone-binding globulin) among 663 controls ac 
cording to vasectomy status at the time of blood sample. Detailed methods 
describing the assays and analyses can be found in previous publica 
tions1J·1• and in the Appendix. 

The cohort consisted of 49,405 men at baseline in 1986, at which time 
22% reported having had a vasectomy. Vasectomy status was updated 
every2 years until 2000. By 2000, 12,321 of the men (25%) in the entire 
cohort reported having had a vasectomy. Characteristics of the study 
population at baseline among men with and without a vasectomy 
by 2000 are shown in Table l. Compared with those without a 
vasectomy, men reporting a vasectomy were more likely to be 
white, to consume alcohol, and to take multivitamins. M.en with 
vasectomy reported more PSA testing than those without vasec 
tomy. Among men with prostate cancer, those wi.th vasectomy had 
lower PSA levels at diagnosis. 

During 24 years of follow-up, 6,023 cases of prostate cancer were 
diagnosed, i.ndudi.ng 732 high-grade and 811 lethal cases. The 
multivariable-adiusted relative risk of total prostate cancer in men 
who had a vasectomy compared with those who did no twas l.J.0 (95% 
CI, 1.04 to 1.17; Table 2). Vasectomy was not significantly associated 
with the risk oflow-grade cancer. However, men who had a vasectomy 
had an increased risk of both lethal (RR, 1.19; 95% CI, 1.00 to 1.43) 
a.nd advanced stage disease (RR, 1.20; 95% CI, 1.03 to 1.40). The RR of 
developing high-grade cancer was also increased (RR, 1.22; 95% CI, 
1.03 to 1.45) for men with a vasectomy. When we examined cases of 
prostate cancer diagnosed since our initial report in 1990,3 findings 
were qualitatively similar. 
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able 1. Age-Standardized Baseline Characteristics of the Study Population and 
Highly Screened Subcohort According to Vasectomy Status by 2000, Health 

Professionals Follow-Up Study 

Total Cohort, 
1986, Vasectomy 

Status 

Highly Screened 
Subcohort. 1 996, 
Vasectomy Status 

No Yes No Yes 

'N .. ·.~.-.:.. 'I 1 '· ·' •i 
Age, years 
Time since .vasectomv, ·_years 
Age at vasectomy, years 
Body mass index.: kg/rri2 

Height, inches 
Race/eth'nicity, % 
. wiiite . 
I 1 .._•, ' 

"African,American · • 
Asian··, ' · 

Current smokers, % 
.Viqorous activity, % upper . 

· quintile· · ., ·· 
0

Diab~iei~ % ' 
Family history, of prostate· 

s~n"c,;er, %,' .• 
Multivitamin use, % 

;-Alcbtio,I intake; g/day · 
Supplemental vitamin E. mg/day 

. PSA "testing "history, 2008 
PSA test from 2006-2008 (%1 

. No: ot"biennial questionnaires 
\vith ·psi\·test, 1994-2008 

."1lmax -~ ·91 
· PSA test' on at least half of all 

·:·.questionnaires, 1994-2008," ,% ·, '. 
Case characteristics· 

No. of prostate cancer cases 
Age at diagnosis, years 
Letha I cases, % t 
Adva need cases, % t 
Localized cases, %t 
Gleason grade, % 

8-10 
7 
2-6 

Median PSA at diagnosis, 
ng/mL:J: 

Mean PSA at diagnosis, ng/mL 
Primary treatment, % 

Radical prostatectomy 
Radiation 
Hormonal therapy 
Active surveillance 
Other 

.37,084" 12,3?1 '_10,161 3,740 
55.5 51.8 66.8 63.1 

15.8 25.5 
38.6 39.4 

25 .. 6 25.4" 25.8 25.7 
70 70 70 70 

95 97 96 98' 
1 '<1, <.1· 
2· 1 ·< 1 

10 

'15 
3 

12 
41 
10.a· 

37.6 

59 

4.8 

69 

4,499 
70.7 
15 
20 
73 

14 

35 
50 

7.0 
18.5 

45 
36 
8 
9 
2 

10 

17 
3 

12 
43 
12.9" 
39.8 

67 

5.2 

75 

1,524 
68.1 
12 
16 
76 

15 
38 
47 

6.5 
111 

47 
36 
7 
8 
2 

4 

18 
6 

15 
51 
10.4 
55.5 

74 

7.0 

97 

1,191 
73.0 
8 

11 
84 

12 
36 
53 

6.6 
11.7 

37 
44 

8 
10 
2 

5 

··19 

5 

16 
51 
12.5"' 

55.5 

80 

7.1 

97 

474 
70.2 
9 

12 
83 

13 
43 
45 

6.1 
9.3 

40 
42 

8 
9 
2 

Abbreviation: PSA, prostate-specific antigen. 
"lncide rit cases, standardized to age distribution of cases overall and within 

the highly screened subcohort, respectively. 
tLetha I prostate cancer: prostate cancer death or distant metastasis. Ad 

vanced: lethal or stage T3b or T4 or Nl or Ml, or spread to lymph nodes or 
other me-tastases during follow-up. Localized: Tl or T2 and NO/MO at diagnosis 
with no spread to lymph nodes or other metastases or death during follow-up. 
tMedia n PSA was not standardized to age at diagnosis. 

27% reported a vasectomy by 2000. There were 1,665 incident cases 
of prostate cancer in this subcohort between 1996 and 2010, in 
cluding 179 high-grade and 127 lethal cases. Characteristics of the 
highly screened subcohort at baseline by vasectomy status are 
shown in Table l. 

Vasectomywas not associated with total prostate cancer incidence or 
with risk oflow-grade or localized prostate cancer in the highly screened 
subcohort (Table 2). However, vasectomy was associated with an in 
creased risk of high-grade (RR, 1.28; 95% CI, 0.91 to l..81) and grade 7 
cancers (RR, 1.22; 95% CI, 1.02 to 1.47), although the association with 
high-grade cancers did not achieve statistical significance in this smaller 
cohort. Notably, men who had undergone vasectomy had a statistically 
significant 56% increased risk ofletbal prostate cancer (RR, 1.56; 95% CI, 
1.03 to 2.36) in the highly screened cohort. 

The association between vasectomy and prostate cancer did not 
differ by time elapsed since vasectomy or by age at vasectomy (Table 
3). The associations with lethal and advanced disease were similar by 
time elapsed since vasectomy, which was also true when we further 
divided time since vasectomy into 10-year categories (data not 
shown). There was a suggestion that the increased risk was more 
pronounced among men who were younger at the ti me of vasectomy 
(Pvalue for difference= .08 for lethal, .09 for advanced); however, th.is 
pattern was not apparent when we examined age at vasectomy in 
quartiles ( data not shown) . 

To examine the possibility of confounding by STis, we compared 
the prevalence by vasectomy status of several pathogens measured 
serologically among 693 men without prostate cancer, of whom 185 
(27%) had a vasectomy. Men who had undergone vasectomy had a 
significantly higher age-adjusted prevalence ofHPV (22.2% v 14.3%, 
P = .01). However, there was no significant difference in age-adjus.ed 
prevalence of Chlamydia (4.7% v 2.7%, P = .10), Tvaginalis (9.9% v 
8.5%,P = .28), or I-IHV-8 infection (16.5% v 18.3%,P = .56) between 
men with and without vasectomy. Only Tvaginalis and I-IHV-8 have 
been associated with prostate cancer risk in this cohort. 13-15 

We assessed whether treatment varied by vasectomy status. Age 
and grade-adjusted distribution of active surveillance, radical prosta 
tectomy, radiation, or hormonal treatment was similar between 
groups (Table 1). 

To investigate the possible role of sex hormones as mediators of 
the association between vasectomy and prostate cancer, we analyzed 
levels of total testosterone, free testosterone, sex hormone-binding 
globulin, and estradiol among 663 men without prostate cancer at the 
time of blood draw. There were no significant differences in levels of 
any measured hormone between men with and without a vasectomy 
(data not shown). 

Prostate-specific antigen testing is one of the strongest predictors 
of prostate cancer diagnosis and thus may act as an important con 
founder of the vasectomy association. To address this concern, we 
examined a subcohort of 13,901 highly screened men, of whom 

With 24 years of follow-up and more than 6,000 cases of prostat€ 
cancer, our updated analysis in the HPFS supports a positive asso 
ciation between vasectomy and the risk of advanced or lethal 
prostate cancer. After accounting for differences in PSA screening, 
vasectomy was not associated with the risk of low-grade or local 
ized disease. 

There have been mixed findings from other cohort and case 
control studies."·5•8•16 Our analysis represents the largest cohort study 
with the longest follow-up to date to examine the relationship of 
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Table 2. Relative Risk and 95% Cls ot Prostate Cancer by Vasectomy Status Among the Full Study Population and Highly Screened Subcohort, Health 
Professionals Follow-Up Study 

Total Cohort, 1986-2010 Highly Screened Subcohort, 1996-2010 

Vasectomy Status Vasectomy Status 

Yes Yes 

No RR 95% Cl p No RR 95% Cl p 

., Total ·~\o.state ·c~ncer: 
No. ot·patients ·I .~.499 ... 1,524 1,191 474 ·" 
... 'Age~adjJsted' RR· 1.00 1.14 l.08to 1.21 <".001 1.00 1.05 '0.94 to 1 1 B .37 
', ~ . . 
Fully adjusted RR" 1.00 1 10 1:0410 1 17 .001 1.00 1·.05 0.94 to 1 17 .41 

Grade 8-10 prostate cancer 
No. ot patients 544 188 126 53 
Age-adjusted RR" 1.00 1.24 1.04 to 1.46 .02 1.00 1.23 0.88 to 1.72 .23 

Fully adjusted RR" 1 .00 1.22 1.03 to 1.45 .02 1.00 1.28 0.91 to 1.81 15 
. Grade .7 prostate cancer I 
, ... • No. ~t patients . ·• ,:303 524 374 187 

Age-adjusted RR"' ' 1.23 · d1 tol.37 1.00 < .001 1.00 1.22 l.02to1.47 .03 

', Fully adjusted RR" 1.00 1 18 1.06 to 1.31 .002 1.00 1.22 1.D2to1.47 .03 
Grade 2-6 prostate cancer 

No. at patients 1,870 656 545 201 
Age-adjusted RR" 1.00 1 14 1.04 to 1.25 .004 1.00 0.96 0.81 to 1 13 .62 

Fully adjusted RR" 1.00 1.08 0.99 to 1 19 .09 1.00 0.95 0.80 to 1.12 .52 
· lethal\>rostate cancert '. 
1 
, ... No. o't"patie~ts ' , · 

,:·, 
644 167 90 37 I 

,,. 
!', 

:, ,A.ge-adjusted RR" ' 1.00 1.20 .1 .00 to 1 .43 .05 1.00 1.48 0.99 to 2,22 .06 

fully ad)ustetl RR'. .. : .. 1.00 1.19 1.00 10 1.43 .05 1.00 1.56 1.03 to 2.36 .04 ,. 
Advanced prostate cancert 

No. at patients 821 231 119 49 

Age-adjusted RR" 1.00 1.21 l.04to 1.41 .01 1.00 1.32 0.93 to 1.87 12 

Fully adjusted RR" 1.00 1.20 1.03 to 1 .40 .02 1.00 1.35 0.95 to 1.93 1(' 

Localized prostate csncerr 
,. 

No., of patients' 2,996 :, 1,082 ,905 368 <I 

Age-adjusted RR" 1.00 1.14 1.06 to 1.23 <.001 1.00 1.05 0.92 to 1 19 :46 

'Fullv.adiustao RR" 1.00 I 1.09 1.02 to 1 17 .02 1.00 1.04 -0.92 to 1 ·1s .55 

Abbreviation: RR, relative risk. 
·Age-adjusted model adjusted for age in months and calendar time. Multivariable model also adjusted tor race, height !quartiles). current body mass index (six categories). vigorous 

physical activity {quintiles). smoking (never. former smoker who quit ;;,,c 10 years ago, former smoker who quit < 10 years ago. or current). diabetes. family history of prostate cancer. 
moltivitarrm'use (yes or no). intake of supplemental vitamin E and alcohol (both quintiles), and history of prostate-specific antigen testing. 
tlethal prostate cancer: prostate cancer death or distant metastasis. Advanced: lethal or stage T3b or T4 or N1 or Ml, or spread to lymph nodes or other 

metastases during follow-up. Localized: Tl or T2 and NO/MO at diagnosis with no spread to lymph nodes or other metastases or death during follow-up. 

vasectomy to total and lethal prostate cancer.7•9•10 Three previous 
cohort studies have examined the association of vasectomy with 
advanced stage disease, with all finding increased but not statisti 
cally significant RRs ranging from 1.4 to 2.1.3'4'8 In contrast, the six 
case-control studies that have examined the association of vasec 
tomy with advanced stage disease found no statistically significant 
associations (RR range, 0.73 to l.l).10•

16
-
20 Only one cohort study 

has investigated the risk of high-grade prostate cancer with vasec 
tomy and did not find an association." However, a retrospective 
review of522 consecutive patients who underwent prostate biopsy 
found a statistically significant higher mean Gleason score in pa 
tients with a history ofvasectomy.21 

A criticism of previous studies is that individuals who elect vasec 
tomy have closer medical follow-up, resulting in increased screening for 
and detection of prostate cancer. Indeed, in the total cohort, we noticed a 
trend toward more intensive screening among men with a history of 
vasectomy, and PSA at diagnosis was higher in men without vasectomy, 
suggesting that they were potentially diagnosed with more advanced dis- 

ease. Thus, although detection bias might explain m1 increased risk of 
screen-detected localized cancer among men with vasectomy, it cannot 
explain our findings of the higher risk oflethal or advanced disease among 
this group. In addition, in our subcohort ofhighly screened men reporting 
early adoption of PSA screening, and with adjustment for ongoing PSA 
testing, we still noted increased risks of high-grade and lethal prostate 
cancer, further suggesting that detection bias does not explain the ob 
served associations. 

We explored relationships between vasectomy and serologic ev 
idence ofSTis, because some STJs may be associated with both vasec 
tomy and prostate cancer risk. In this cohort, however, vasectomy was 
associated only with HPV, whereas prostate cancer risk was positively 
associated only with T vagina/is and HHV-8 infections.13•22 Thus, 
confounding by STis does not seem to explain our findings, although 
we cannot rule out differences in an unidentified, unmeasured STJ. In 
addition, treatment choices do not explain the association as the 
groups elected similar treatments when age and grade at diagnosis 
were controlled. 
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Table 3. Relative Risk and 95% Cls of Prostate Cancer by Time Since Vasectomy and Age at Vasectomy Among the Full Study Population, Health Professionals 
Follow-Up Study, 1986-2010 

Time Since Vasectomy Age at Vasectomy 

< 23 years .e 23 years < 38 years .e 38 years 

None RR 95% Cl p RR 95% Cl p None RR 95% Cl p RR 95% Cl p 

···T~t~I P[o'sta:e·cancer I; 
No. of cases : 4.499, 378 1,118 4,4_99 _615 881 
'Age-adjust~d RR", ,1 1.00 1.15 1.03 to 1.29 ,01 1.14 1.06 to ·1 .22 < .001 1.00 '1.19 .1.09.to 1.29 < .001 1.12 1.04 to 1.20 .004 

I 
Fully 'adjusted RR" 1.00 ) ;12 1.01 to 1.25 .04 1.10 1.02 to 1.17 .008 1.00 1.14 1.04101.24 .003 1.08 1.0010 1.16 .05 

Grade 8-1 0 prostate cancer 
No. of cases 544 41 144 544 72 113 
Age-adjusted RR" 1.00 1.24 0.89 to 1.72 .21 1.24 1.03 to 1.50 .03 1.00 1.27 0.99 to 1.64 .06 1.22 0.99 to 1.50 .06 
Fully adjusted RR" 1.00 1.22 0.88 to 1.71 .23 1.22 1.01 to 1.48 .04 1.00 1.27 0.98 to 1.64 .07 1.20 0.97 to 1.48 .09 

'Grade 7 .orostete cancer ,.·1,l.' 

; No. of 'ds'es 1,303 123' " 387 {303, 220 290 
Age_:adjustecl, R~- o.97 to 1.43 

' . 
1.00 1.18 ·10 1.24 1.10 to) .39 < .001 1.00 1.27 1.10101.48 .001 1.19 1:0410· 1.35 .01 

:· · Fully adjusted RR" :1.00 1.14 0.94 to 1.38 19 1.18 1.05 to 1.32 .01 1.00 1.21 1 .. 04 to 1.40 .01 1.14' 1.00 to 1.30 .05 
Grade 2-6 prostate cancer 

No. of cases 1,870 176 472 1,870 269 379 
Age-adjusted RR" 1.00 1.24 1.06tol.46 .01 1.12 1.01 to 1.24 .03 1.00 1.18 1.04 to 1.35 .01 1.13 1.01 to 1.26 .03 
Fully adjusted RR" 1.00 1.18 1.00 to 1.39 .05 1.06 0.9510 1.17 .30 1.00 1.11 0.97 to 1.27 11 1.07 0.96 to 1.20 .23 

· Lethal prostate cancert 
·,i No: of cases 644' 50 114 . , , .. •644 55 109 
,l: ·Age-adjusted RR-'' 1.00 1.18 0.88 to 1.60 .27 1.20 0.98 to 1.48 .08 ,1.00 1.29 0.97 to 1.71 ,00 1.16 0.94to 1.43 16 
·,. F~lly'adjuste?. RR" 1.00 1.18 0.87 to 1.60 .28 1.20 0.98 to 1 .48 .08 1.00 1.29 0.97 to 1.72 .08 1.16 0.9410 1.42 17 
Advanced prostate cancert 

No. of cases 821 65 161 821 89 137 
Age-adjusted RR" 1.00 1.12 0.86 to 1.46 .40 1.25 1.05 to 1.48 .01 1.00 1.42 1.13 to 1.78 .003 1.11 0.92 to 1.33 .28 
Fully adjusted RR" 1.00 1.11 0.85 to 1.44 .44 1.23 1.04 to 1.47 .02 1.00 1.40 1.11 to 1.76 .004 1.10 0.91 to 1.32 .32 

Localized P(O~t~te,cance'.t.'1 
·1:· No: of cases 2,996 '268 '795 2,996 436 628 

Ag~:'.'djusted ~A" 1.00 1.'23 1'.08 to 1.40_, .OQ2 1.12 1.04°!0 i .22 .005 1.00 1.15 1.04101.28 .01 1.14 1.05 to 1.25 .003 
Fully adiusted RR"· 1.00 1 18 1.04101.35 .01 ' 1.07 0.98 to 1 16 .12 1.00 1.09 0.99 to 1.21 .09 1.09 1.00101.19 .05, 

NOTE. Totals by time since vasectomy and age at vasectomy do not sum to total number of men with vasectomy because of missing data on year of vasectomy. 
Abbreviation: RR, relative risk. 
"Age-adjusted model adjusted for age in months and calendar time. Multivariable model also adjusted for race, height (quartiles), current body mass index (six categories), vigorous 

physical activity (quintiles), smoking (never, former smoker who quit> 10 years ago, former smoker quit who< 10 years ago, or current). diabetes, family history of prostate cancer, 
multivitamin use (yes or no), intake of supplemental vitamin E and alcohol (both quintiles). and history of prostate-specific antigen testing. 
tlethal prostate cancer: prostate cancer death or distant metastasis. Advanced: lethal or stage T3b or T4 or N1 or Ml, or spread to lymph nodes or other 

metastases during follow-up. Localized: Tl or T2 and NO/MO at diagnosis with no spread to lymph nodes or other metastases or death during follow-up. 

The biologic mechanisms behind the association between vasec 
tomy and lethal prostate cancer are not clear. Physiologic changes i.n 
men after vasectomy are well known and ra11ge from local effects on 
the testis to effects that have potential systemic implications. 23 Studies 
to understand a potential causative association of vasectomy with 
prostate cancer incidence have focused on bridging these observed 
physiologic changes with mechanisms that may ultimately lead to the 
development of prostate cancer." The challenge lies in the fact that 
there is usually a 20- to 30-year interval between vasectomy and 
detection. of prostate cancer. Previous theories as to the mechanism of 
increased prostate cancer incidence have included immunologic ef 
fects,25 cellular proliferative changes,26 and hormonal i.mbalances27 

secondary to vasectomy. We observed no significant differences in 
circulating levels of sex hormones by vasectomy status in this cohort. 
However, we have only a single blood measurement and cannot assess 
levels over time or changes after vasectomy. 

Some semen proteins are upregulated, whereas others are lost 
after vasectomy,28 which may affect prostate carcinogenesis. For ex 
ample, decreased expression ofTGFBI and TGFBIII proteins i11 the 
semen of men after vasectomy versus controls has been observed." 

Transforming growth factor-B signaling has been implicated in an 
inhibitory role in prostate tumorigenesis.29 Last, infertile men have 
been reported to have a 2.6-fold higher risk of high-grade prostate 
cancer.r'" It is feasible that an overlapping mechanism leads to 
high-grade prostate cancer in men after vasectomy and men who 
are otherwise infertile. 

Because this was an observational study, one limitation was that 
the decision to undergo vasectomy was a matter of preference, intro 
ducing the possibility of confounding. However, the cohort is rich in 
covariate data, and we have adjusted for and considered a broad range 
of risk factors, minimizing the chance for residual confounding. In 
addition, most men had a vasectomy before baseline was reported, so 
there may be some inaccuracies in reporting the timing of vasectomy, 
which could affect the associations for time since vasectomy and age at 
vasectomy. Information on grade of prostate cancer was abstracted 
from the original medical records, and there have been shifts in Glea 
son grading over time. Thus, there may be some misclassification of 
Gleason grading in the cohort. 

Our study found that men with a hisrory ofvasectomyhad a 10% 
increased risk of prostate cancer, with a 19% higher risk of lethal 
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disease. Among highly screened men, the risk oflethal disease was 56% 
higher for those with vasectomy. The cumulative incidence of lethal 
prostate cancer during a 24-year follow-up was 1.6%; thus, these 
relative risks translate to small increases in absolute risk. The decision 
to opt for a vasectomy remains a highly personal one in which the 
potential risks and benefits must be considered. The findings of this 
study warrant continued epidemiologic and experimental research 
into clarifying the association of vasectomy with prostate cancer. 
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Appendix 
We examined associations between vasectomy status and several plasma biomarkers among men without cancer to explore whether 

these were potential con founders or mediators of the association. Between 1993 and 1995, participants in the cohort were asked to provide 
a blood sample for research purposes. Chilled, EDTA-preserved blood specimens were returned to the Harvard School of Public Healtl 
via overnight courier by 18,225 participants. Among 2,077 men without a diagnosis of prostate cancer at the time of blood collection, 
plasma concentrations of sex steroid hormones and sex hormone-binding globulin (SHBG) were measured in the laboratory of Nader 
Rifai, PhD, at the Children's Hospital, Boston, MA, by using the following methods: total testosterone, a chemiluminescent immunoas 
say26 (Elecsys autoanalyzer; Roche Diagnostics, Indianapolis, IN); free testosterone, an enzyme immunoassay" (Diagnostic Systems 
Laboratories, Webster, TX); estradiol, a third-generation radio immunoassay (Diagnostic Systems Laboratory); and SHBG, a coated tube 
noncompetitive immunoradiometric assay (Diagnostic Systems Laboratory). 

Mean circulating sex hormone levels were compared between men with and without a vasectomy at the time of blood draw by 
one-way analysis of variance adjusted for age at diagnosis, smoking, body mass index, fasting status at blood draw, time of day at blood 
draw, and laboratory batch. Testosterone, free testosterone, and estradiol were log-transformed to improve normality, and levels ofSHBG 
were normalized through the calculation of a batch-specific z score because of between-batch variation. 

Plasma antibodies to the sexually transmitted infections Chlamydia trachomatis, Trichomonas vagina/is, human papillomavirus 
(HPV), and human herpesvirus type 8 (HHV-8) were measured in a nested case-control study of prostate cancer, including 632 controls, 
as described elsewhere.12·13 Antibody serostatus for C trachomatis was assessed with the C trachomatis IgG enzyme immunoassay (Ani 
Labsysterns, Helsinki, Finland). Antibody serosta tus for T vagina/is was assessed by enzyme-linked imm unosorbent assay in thela boratory 
of John Alderete, MD. HPV-16, HPV-18, and HPV-33 IgG antibody serostatus were assessed by three in-house enzyme-linked 
irnmunosorbent assays ill the laboratory of Raphael Viscidi, MD. Antibodyserostatus for HHV-8 was assessed byan in-house monoclonal 
antibody-enhanced immunofluorescent assay against multiple lytic HHV-8 antigens in the laboratory of Frank Jenkins. 

To investigate potential confounding by sexual.ly transmitted infections, the age-adjusted prevalence of seropositivity for several 
sexually transmitted infections was compared between men with and without vasectomy at blood draw among men without prostate 
cancer. Logistic regression was used to calculate age-adjusted P values for differences ill the prevalence of the infections. 
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Abstract 
Background-While positive associations have consistently been reported between sleep 
disruption and breast cancer, less is known about its potential role in prostate cancer. 

Methods-Within the prospective AGES-Reykjavik cohort study, we followed 2,102 men 
recruited in 2002-2006 until the end of 2009. Participants answered questions on sleep disruption. 
Information on the occurrence of prostate cancer was obtained through record-linkages across the 
Icelandic Cancer Registry. We used Cox regression models with 95% confidence intervals [Cis] to 
estimate hazard ratios [HR] of prostate cancer by symptoms of sleep disruption. 

Results-During follow-up, 135 men (6.4%) were diagnosed with prostate cancer. Compared to 
men without sleep disruption, those with problems falling and staying asleep were at significantly 
increased risk of prostate cancer [HR, I 7 (95% CI, 1.0-2.9) and 2.1 (95% CI, 1.2-3.7)], 
respectively, with increasing sleep disruption severity. When restricted to advanced prostate 
cancer (c::: stage T3 or lethal disease), these associations became even stronger [HRs 2.1 (95% CI, 
0.7-6.2) and 3.2 (95% CI, 1.1-9.7)]. The results did not change after excluding from the analyses 
men who woke up during the night, indicative of nocturia, suggesting limited risk of reverse 
association. 

Conclusions-Our data suggest that certain aspects of sleep disruption may confer an increased 
risk of prostate cancer and call for additional, larger studies with longer follow-up times. 

Impact-Prostate cancer is one of the leading public health concerns in men; if confirmed in 
future studies the association between sleep disruption and prostate cancer risk may open new 
avenues for prevention. 
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Introduction 
In 2007 the International Agency for Research on Cancer (IARC) designated shift work 
involving circadian disruption as a probable carcinogen in humans (Group 2A) (!). In 
addition to extensive animal and in vitro studies (2), the ruling was based primarily on data 
showing that breast cancer risk among women working night shifts was -50% higher as 
compared to those who had not worked night shifts (3). While data examining this 
hypothesis for prostate cancer risk among men are more sparse (4), two Japanese cohort 
studies and two Canadian case-control studies have suggested an association between shift 
work and prostate cancer risk (5-8), although a Swedish cohort study reported no 
association (9). 

One of the major behavioral consequences of night shift work is displacement of the sleep 
wake cycle, which results in shift workers having difficulty falling asleep and staying asleep 
when they attempt to sleep during the day ( l 0). Short night-time sleep has been shown to be 
associated with an increased risk of prostate cancer in non-shift working men (11), 
suggesting that sleep per se may be an important contributing risk factor. Further, current 
sleep problems seem to be indicative of persistent sleep disruption over time(l2). We 
therefore examined the association between sleep disruption and prostate cancer risk in the 
population-based AGES-Reykjavik cohort. We hypothesized that men with disruption of 
sleep would have an increased risk of prostate cancer as compared to men without sleep 
disruption. 

Materials and Methods 
Study population and material 

The AGES-Reykjavik study included 2,425 men aged 67 to 96 years who were randomly 
drawn from an established population-based cohort, the Reykjavik study, and recruited in 
2002-2006. The AGES-Reykjavik study has been described in detail by Harris et al. (13). At 
study entry all men completed a detailed questionnaire, including the five following 
questions on sleep: (1) "How often do you take medicines to help you sleep?"; (2) "How 
often do you experience not getting to sleep within 30 minutes?"; (3) "How often do you 
wake up during the night having difficulty getting back to sleep?"; (4) How often do you 
wake up early in the morning having difficulty getting back to sleep?", and; (5) "How often 
are you feeling unrested during the day no matter how many hours of sleep you had?". We 
excluded Question #5 in our analysis as it did not address sleep behaviour specifically. 
There were 5 answer categories: "Never or almost never", "Less than once a week", "l-2 
times per week", "3-5 times per week", or "6-7 times per week" We combined the four 
sleep questions in various ways to group symptoms consistent with problems falling asleep, 
problems staying asleep, or both, and the severity of each (Figure l ). Our rationale for the 
combination of the sleep questions was based on the symptomology of different types of 
sleep problems. For example, Questions l and 2 are indicative of difficulty falling asleep, 
which might occur in sleep-onset insomnia, whereas Questions 3 and 4 denote problems 
staying asleep, a common compliant in sleep-maintenance insomnia. The combinations of 
three of more complaints was an attempt to assess severity of sleep complaints. While it is 
not possible to confirm a clinical sleep disorder in the current dataset, the combinations are 
based on logic consistent with known sleep disorders. Those with sleep problems of any 
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type were classified as having any answer other than "Never or almost never", which was 
used for comparison. 

Of the 2,425 men in the cohort we excluded 104 men who did not answer the questions on 
sleep and 215 men who had been diagnosed with prostate cancer before study entry. Thus, 
none of the participants had been diagnosed with prostate cancer at study entry. Further, 4 
men who were censored at diagnosis of other cancer, leaving 2,102 men to form our base 
population. 

Covariates 
We collected information on several factors that could potentially confound the association 
between sleep disruption and prostate cancer. From the questionnaire at study enrollment we 
obtained information on age at study entry; family history of prostate cancer (father/brother/ 
son); visit to doctor during previous 12 months for any type of illness, injury or health 
check-up; level of education (elementary school/secondary school/college/university); 
smoking status (never smoked/ past smoker of at least I 00 cigarettes or 20 cigars in lifetime/ 
current smoker); alcohol use (g/week); and diagnosis of benign prostate disease (yes/no). 
We obtained information on body mass index (BMI, m/kg'') from the clinical examination 
records and presence of diabetes mellitus was based on self-report, a fasting blood glucose 
of:::: 126 mg/d, or medication use. 

Follow-up and ascertainment of outcome 
The men were followed through December 31, 2009 for the occurrence of prostate cancer 
and all-cause mortality. Using unique identification numbers assigned to all Icelandic 
citizens, we performed record linkages across: the nationwide Icelandic Cancer Registry 
(14-16) to obtain information on prostate cancer diagnoses (over 95% are histologically 
verified) (17), and; the Statistics Iceland for Causes of Death Register ( 18) to obtain 
information on prostate cancer-specific death and all-cause mortality. The cancer registry 
receives infomation on TNM stage of prostate cancer from medical records; the TNM stage 
was available for only 68% of the cases. We did not have information on Gleason grade. 
Advanced prostate cancer was defined as anatomic stage T3 or T4 or Nl/M I at diagnosis 
according to the TNM staging system, i.e. when the cancer has spread through the prostatic 
capsule, invaded nearby structures, or has spread to lymph nodes or other organs. To obtain 
a more complete picture of advanced disease, men who died from prostate cancer were also 
classified as having advanced disease, regardless of the stage at diagnosis; all of the death 
specific diagnoses had previously been retreived from the cancer registry (Figure 2). 

Statistics 
We present the distribution of potential covariates according to categories of sleep 
disruption. We used Cox regression models to estimate age-adjusted hazard ratios [HRs] 
with 95% confidence intervals [Cls] for total and advanced incident prostate cancer, as well 
as added potential covariates in two additional multivariable models. The covariates selected 
were based on potential confounding effects or factors other than circadian disruption that 
may be related to sleep and prostate cancer. The second model was further adjusted for 
family history of prostate cancer, education, visit to a doctor in previous 12 months, 
diagnosis of benign prostate disease, BMI and diabetes mellitus; the third model additionally 
controlled for smoking and alcohol consumption. As age- and multivariate-adjusted results 
were similar and power was limited in the analyses, we present age-adjusted HRs as our 
main results. We imputed missing values ofBMI and alcohol use using the mean. For 
ordinal variables, we used the missing indicator method for handling missing data by 
creating a separate category for missing data and a new indicator variable to designate 
missingness. The category with the most missing data was education with 55 missing values 
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(2.6% of all men). We used SPSS Software version I 9.0 (SPSS Inc., 2010, IBM Chicago, 
IL, www.spss.com) for all statistical analysis. 

To assess potential reverse association bias, whereby undiagnosed prostate cancer might 
cause sleep disturbance, we performed several sensitivity analyses. First, we repeated our 
analyses after excluding cases diagnosed within two years after study entry. Second, we 
excluded men who reported waking up during the night (Question #3) since men with 
nocturia related to undiagnosed prostate cancer may be more likely to wake up during the 
night, and hence report sleep disruption. Men reporting taking medication for sleep 
(Question# I) were also excluded in this sensitivity analysis. Therefore, in this secondary 
analysis, we limited sleep disruption to difficulties falling asleep (Question #2) and early 
morning awakening (Question #4). 

Ethical approval 
The study protocol was approved by the Icelandic Ethical Review Board and the Icelandic 
Data Protection Authority. 

Results 
Baseline characteristics 

During the mean 5.0 years of follow-up, 135 of2,102 eligible men (6.4%) were diagnosed 
with prostate cancer. Information on disease staging was available for 92 men (68%) of 
whom 16 ( 17%) had advanced TNM stage. In addition to the 16 men with advanced disease, 
IO men who died from prostate cancer but had localized disease or unknown stage at 
diagnosis were classified as having advanced disease: leaving us with 26 men (19%) with 
advanced prostate cancer. 

The characteristics of the participants are presented in Table I, according to presence or 
absence of sleep disruption. Between 5.7 and 20.5 percent of the men were classified with 
sleep disruption, depending on the type of sleep problem. The comparison group consisted 
of 755 men (36% of total) who did not report any sleep disturbances for any of the four 
questions. The mean age of participants at baseline was 76.4 years and mean BMI 26.9 m/ 
kg2 Men with and without sleep problems were similar with respect to age, education, 
family history of prostate cancer, smoking status, and BMI but those with sleep disruption 
were more likely to have visited a doctor in the previous 12 months and to have been 
diagnosed with diabetes mellitus. The men with problems getting to sleep and staying asleep 
(see Figure I for definitions) were more likely to have benign prostatic disease. Only the 
men with very severe sleep problems were more likely to consume more alcohol. 

Sleep disruption and risk of prostate cancer 
Compared to men who did not report any sleep problems, in age-adjusted analyses, those 
who reported problems falling and staying asleep (Figure I) were significantly at increased 
risk of prostate cancer with a hazard ratio of l .6 (95% CI, 1.0-2.5), 1.7 (95% CI, 1.0-2.9), 
and 2.1 (95% CI, 1.2-3.7), respectively for increase in severity of problems falling or 
staying asleep (Table 2). The association did not change materially after adjustment for 
potential confounding factors. The association was stronger for advanced prostate cancer 
than for overall prostate cancer for all types of sleep problems, especially for very severe 
sleep problems (HR, 3.2; 95% CI, 1.1-9 .7), when compared to men without sleep problems. 

Sensitivity analyses 
After excluding men who were diagnosed with prostate cancer within two years from study 
entry, too few advanced cases remained to conduct the 2-years lagged analyses. However, 
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the association between sleep disruption and prostate cancer remained after excluding men 
with potential symptoms of nocturia (men who reported waking up during the night), with 
an age-adjusted HR of2.2 (95% CI, 1.3-3.7) for overall prostate cancer (68 cases) and and 
3.3 (95% CI, 1.2-9.3) for advanced disease (15 cases). 

Discussion 
In this prospective cohort study we found that men with sleep disruption were at increased 
risk of prostate cancer, particularly advanced prostate cancer, when compared to men who 
did not report any sleep problems. 

The association between sleep disruption and prostate cancer was stronger for advanced 
disease than for overall prostate cancer. This may be a chance finding due to limited number 
of cases in the analyses for advanced cases. It is also possible that underlying mechanisms of 
sleep disturbance, such as circadian disruption and reduced melatonin levels, affect prostate 
cancer progression to a greater extent than prostate cancer initiation (19). Nonetheless, our 
data support the hypothesis that some aspect related to sleep disruption may confer an 
increased risk of prostate cancer 

Most epidemiological studies to date on the effect of sleep or circadian rhythm disruption 
have focused on the impact of shift work on cancer risk. Consistent with the hypotheses for 
sleep disruption, four studies found an increased risk of prostate cancer among night shift 
workers (5-8), although one did not (9). 

To our knowledge the role of sleep disruption per se, separate from the impact of shift work, 
has only been assessed in one study on prostate cancer risk. Kakizaki et al. reported that men 
who slept for 6 hours or less were at non-significant increased risk of prostate cancer (HR, 
1.34; 95% CI, 0.83-2.17) and those who slept for 9 hours or more at lower risk (HR, 0.48; 
95% CI, 0.29-0.79) when compared to men who slept for 7-8 hours (11). Our data are 
consistent with this finding and suggest that impairment of sleep, either through reduced 
sleep duration or greater sleep disruption, increases the risk of prostate cancer. Limited data 
are indeed available on the direct role of melatonin on prostate cancer risk. Shorter sleep 
duration and greater sleep disruption may be viewed as a proxy for increased melatonin 
suppression, given that individuals are likely to be exposed to light when not asleep at night. 
Bartsch et al. have reported that men with prostate cancer have lower melatonin levels when 
compared to men with benign prostate hyperplasia (BPH) and young men (20, 21 ). 
Interestingly blind men, who may also have reduced exposure to light, have lower prostate 
cancer incidence when compared to the general population (22, 23), similar to lower breast 
cancer risk in blind compared to sighted women (24). Further work to establish causality is 
required, however 

Sleep disruption induced by shift work induces a number of physiological changes that have 
been proposed as possible mechanisms underlying the observed increase in cancer risk. The 
endogenous circadian pacemaker, located in the suprachiasmatic nuclei (SCN) of the 
hypothalamus, is a major determinant of the timing, duration and structure of sleep (25) such 
that sleep propensity and consolidation are maximized when sleep occurs during the night. 
Further, disruption of the molecular components of circadian clocks, particularly expression 
of the Periods: gene (Per2) is thought to have tumor-suppressive properties (26, 27). 
Notably, expression levels of Per2 were significantly lower in all proliferative prostate 
diseases compared with normal prostate tissue (28). Also, a major consequence of shift work 
is light-induced inhibition of pineal melatonin secretion, which is acutely suppressed by the 
electric light required to enable night-shift work. Melatonin is produced only during the 
biological night and is the biochemical correlate of darkness; light exposure during the night 
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inhibits melatonin production (29). The presence of melatonin has been shown to inhibit or 
slow down tumor growth both in vitro and i11 vivo, including prostate cancer (30-35), 
whereas suppression of melatonin via constant light exposure or pinealectomy increases 
tumor growth in a dose-dependent manner in experimental models (36). Melatonin is also a 
potent free radical scavenger (37) and may facilitate reduction of oxidative stress implicated 
in prostate cancer progression ( 19). 

The prospective design, complete follow-up and detailed information on a variety of 
potential confounders, constitute important strengths of our study. Nevertheless, several 
potential limitations should be considered. First, our definition of sleep disruption rests on 
the four questions included in the AGES entry questionnaire on problem falling asleep, 
staying asleep, early morning awakening (with difficulty falling back asleep) and use of 
sleep medication. These questions have not been validated against objective measures of 
sleep disruption. Morover, we have no information on the timing or duration of sleep, which 
can be important additonal factors when assessing sleep disruption. Second, we had limited 
clinical information at diagnosis, with stage information for only two-thirds of the cases. 
Our analyses showed that the association was particularly strong for advanced disease, but 
the small number of cases with advanced disease limited our statistical power and yielded 
wide confidence intervals. Third, despite inclusion ofa wide variety of potential 
confounding factors in our models, we cannot exclude the possiblity that residual 
confounding unknown to us may account for these associations. Lastly, and importantly, 
observation time in our study was short (5 years) and the men only provided information on 
sleep problems during the prior few months, whereas the time from prostate cancer onset to 
clinical detection has been estimated to be a decade or more (38, 39). If the carcinogenic 
effect of sleep disruption on tumour progression was mediated through melatonin 
suppression, laboratory studies suggest that the impact of reduced melatonin could be quite 
rapid (36), although there is no parallel clinical evidence in humans. It is also plausible that 
reports about current sleep problems are indicative of persistent sleep disruption over time 
( 12) that may underlie a longer-term disease process. Nevertheless, the short observation 
time in our study may raise concerns of reverse association bias; for example, that men with 
undiagnosed prostate cancer may have symptoms such as nocturia before diagnosis that 
consequently lead to sleep disturbances. Men with urinary symptoms (hence sleep 
disruption) related to prostate cancer, especially advanced cancer, often suffer from nocturia 
(waking up during the night). To address this concern, we conducted sensitivity analyses in 
which we exluded men with symptoms of sleep disturbance that might be indicative of 
nocturia. Notably, the point estimates remained essentially unchanged, to some extent 
alleviating these concerns, although the number of cases were few. 

These data lend support to the hypothesis that sleep disruption may affect prostate 
carcinogenesis. Sleep disruption and light-induced melatonin suppression represent plausible 
biological explanations underlying cancer risk, although prospective studies are needed to 
substantiate their respective roles. Large cohort studies entailing longer observation times, 
allowing for closer investigatons of the temporal ity of the association between sleep 
disruption and prostate cancer, will be needed to address this hypothesis further. 
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Figure 1. 
Categorization of sleep disruption according to combination of four questions (Q) on sleep 
from the AGES-Reykjavik Cohort. 
n=number of participants who have specified sleep problem (any other answer than "never 
or almost never") 
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74 TNM 1/11 

I 5 deceased .. 

92 with availible 

I staging ~ 18 TNM Ill/VJ 
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3 deceased" prostate cancer 

\ cases* 
43 with unknown 

stage ~ 
5 deceased" 

Figure 2. 
Information on TNM staging and causes of death due to prostate cancer. 
* All of the incident cases were identified through record linkage with the Icelandic Cancer 
Registry. 
**Information on cause-specific death was obtained through record linkage with the 
Statistics Iceland. 
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Table 1 

Characteristics of the Male Participants in the AGES-Reykjavik Cohort by Sleep Dismption (four sleep questions), Iceland, 2002-2009. en a,;· 

Problem Problem Problem Falling Severe Sleep 
a 

V cry Severe Sleep "' Total (N= 
Falling Asleep" Staying Asleep" and Staying Problem" No. No Sleep Problemb a. 

Category Characteristic 2,102) No. (0/,,) Problem" No. 
0 

No.(%) or No.(%) or Asleep" No.(%) (%) or Mean (n=755) No.(%) or ~- or Mean (SD) 
M.ean(SD) Mean (SD) or Mean (SD) (SD) (%) or Mean (SD) Mean (SD) g 

g Prevalence of sleep problem 
~ 

::, 662 (31.5) 273 (13.0) 430 (20.5) 352 (16.7) 183 (8.7) 120 (5.7) 0 
..., 
~ Number of cases 135 27 34 29 21 16 49 
~ 

Agee, years 76.4 (5.3) 77.3 (5.1) 76.8 ( 5.3) 76.9 (5.4) 77.0(5.0) 77.2 (5.1) 76.0 (5.2) ~ g 
[ Education Elementary 339 (16.5) 44 (16.6) 70 (16.9) 60 (17.4) 29(16.3) 18 (15.7) 125 (16.9) 

to Secondary 1091 (53.2) 146 (55.1) 218 (52.5) 191 (55.4) 97 (54.5) 59 (51.3) 391 (52.8) 
~- 
~ 

College 255 (12.4) 33 (12.5) 47 (11.3) 36 (10.4) 21 (11.8) 15 (13.0) 101 (13.6) 

~ University 367 (17.9) 42 (15.8) 80 (19.3) 58 (16.8) 31 (17.4) 23 (20.0) 123 (16.6) 

~ Family history of prostate 194 (9.2) 25 (9.2) 33 (7.7) 33 (9 .4) 16 (8.7) 6 (5.0) 70 (9.3) " :< cancer 
> g_ Visit to doctor in previous 12 1714 (81.7) 237 (86.8) 375 (87.2) 302 (85.8) 159 (86.9) 105 (87.5) 569 (75.4) 
Q months 
3 
"' Diagnosed as diabetic 365 (15.7) 57 (20.9) 76 (17.7) 68 (19.3) 39 (21.3) 21 (17.5) 115 (15.2) = [;; 

Smoking status Never 581 (28.2) 61 (23.0) 108 (26.0) 84 (24.3) 40 (22.5) 33 (28.7) 239 (32.3) " :!. 
~ Previously 1234 (60.0) 177 (66.8) 268 (64.4) 218 (63.2) 121 (68.0) 75 (65.2) 428 (57.8) 
" < !=. Current 242 (I 1.8) 27 (10.2) 40 (9.6) 43 (12.5) 17 (9.6) 7 (6.1) 74 (10.0) 
;,- 
er Benign prostate disease 723 (34.4) I 16 (42.5) 157 (36.5) 133 (37.8) 77 (42.1) 47 (39.2) 231 (30.6) " 5· 

22.4 (42.7) 24.2 (45.8) 24.3 (44.7) 24.7 (48.6) 26.5 (51.3) 29.4 (56.6) 20.8 (42.6) -0 Alcohol", glweek 
$'. 
0 Body mass index c, m/kg2 26.9 (3.8) 27.0 (3.8) 26.8 (3.8) 27.0(3.8) 27.0 (3.6) 26.8 (3.6) 27.0 (3.9) 
"' 0 
.t,. 

$'. 8
Less than once per week up to 6 times per week; 

"' '< 
0 6Never or almost never; 

cMean (Standard deviation) 

-0 
"' ~ 
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Table 2 

Estimated Risk of Prostate Cancer by Sleep Disruption" among Males in the AGES-Reykjavik Cohort. en ss 
C: a. 

Category Characteristic No. of Cases Person yea rs Hazard Ratiob (95% C[) Hazard Ratioc (95% Cl) Hazard Ratio,/ (95% Cl) "" a. 
0 

Problem falling asleep Total prostate cancer ~- 
u 

No sleep disruption 49 3809 Ref Ref Ref ~ ~ Q#l +Q#2 
:::, Sleep disruption 27 1385 1.6 (1.0-2.5) 1.6 (1.0-2.6) 1.6 (1.0-2.6) " ~ Advanced disease .gi 
~ No sleep disruption 9 3809 Ref Ref Ref 
;:; 
~ Sleep disruption 6 1385 1.7 (0.6-4.8) 1.9 (0.7-5.4) 1.8 (0.6-5.3) 
OJ Problem staying asleep Total prostate cancer c· ;:; 
~ No sleep disruption 49 3809 Ref Ref Ref 

~ Q#3 + Q#4 
Sleep disruption 34 2211 1.2 (0.8-1.9) 1.2 (0.8-1.9) 1.2 (0.8-1.9) 

~ Advanced disease 
"' > No sleep disruption 9 3809 Ref Ref Ref s ::r 
Q Sleep disruption 9 2211 1.6 (0.6-4.1) 1.7 (0.7-4.4) 1.7 (0.7-4.3) 
3 
0) Problem falling and staying asleep Total prostate cancer :, 
;;; 

No sleep disruption 49 3809 Ref Ref (; Ref 
~- Q#2 +Q#3 

1.3 (0.8-2.0) 
"' 

Sleep disruption 29 1807 1.3 (0.8-2.0) 1.3 (0.8-2.0) 
< ~- Advanced disease 
c," 
er No sleep disruption 9 3809 Ref Ref Ref 0 
5· 

Sleep disruption 8 1807 1.7 (0.6-4.4) 1.7 (0.7-4.6) -0 1.8 (0.7-4.8) 
3:: 
() Severe sleep problem Total prostate cancer 
N 
0 No sleep disruption 49 3809 Ref Ref Ref .... 
3:: Q#I + Q#2 + Q#3 
0) Sleep disruption 21 952 1.7 (1.0-2.9) 1.7 ( 1.0-2.9) 1.7 (1.0-2.9) 
'< 
0 Advanced disease 

No sleep disruption 9 3809 Ref Ref Ref 

Sleep disruption 5 952 2.1 (0. 7-6.2) 2.2 (0.7-6.8) 2.2 (0.7-6.9) 

Very severe sleep problem Total prostate cancer 

No sleep disruption 49 3809 Ref Ref Ref 
Q/11 + Ql/2 + Ql/3+ Q#4 

2.2 (1.2-3.9) Sleep disruption 16 606 2.1 (1.2-3.7) 2.1 (1.2-3.8) 

Advanced disease -0 
"' (fO 

" i3 
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Category Characteristic No. of Cases Person years Hazard Ratioh (95% CI) Hazard Ratioc (95% Cl) Hazard Ratiod (95% CI) 

No sleep disruption 

Sleep disruption 

9 

5 

3809 

606 

Ref 

3.2 (I. 1-9.7) 

Ref 

3.5 (1.1-10.7) 

Ref 

3.8 (1.2-11.7) 

D 
" !") 

!)i 
.gi 
~ 
:3 
~ 
tJ:i 
f ., 
* ~ 
ii" 
;<: 
)> 
Sa 
Q 
3 
§ 
" "' Q 
~- 
., 
< 
==· ;;- 
v" 
0 
5· 
-., 
:;:: 
() 

1:5 
.,:, 
:;:: ., 
'< 
0 

8
Four questions on sleep (Q# I, Q#2, Q#3, and Q#4) combined in different categories. See figure I for the definitions. 

b Age-adjusted HR 

c Additional adjustment for family history of prostate cancer, benign prostate disease, education, visit to a doctor in previous I 2 months, BM!, and diabetes mellirus 

d Additional adjustment for smoking and alcohol 

en 
(JQ. 
C a. ., 
a. 
0 

~- 
~ 
~ 

" ., ~ 
w 
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