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摘要
Background: In systematic reviews and meta-analysis, researchers o�en pool the results of the sample mean and standard deviation

from a set of similar clinical trials. A number of the trials, however, reported the study using the median, the minimum and maximum

values, and/or the first and third quartiles. Hence, in order to combine results, one may have to estimate the sample mean and

standard deviation for such trials.  

Methods: In this paper, we propose to improve the existing literature in several directions. First, we show that the sample standard

deviation estimation in Hozo et al.'s method (BMC Med Res Methodol 5: 13, 2005) has some serious limitations and is always less

satisfactory in practice. Inspired by this, we propose a new estimation method by incorporating the sample size. Second, we

systematically study the sample mean and standard deviation estimation problem under several other interesting settings where the

interquartile range is also available for the trials.  

Results: We demonstrate the performance of the proposed methods through simulation studies for the three frequently encountered

scenarios, respectively. For the first two scenarios, our method greatly improves existing methods and provides a nearly unbiased

estimate of the true sample standard deviation for normal data and a slightly biased estimate for skewed data. For the third scenario,

our method still performs very well for both normal data and skewed data. Furthermore, we compare the estimators of the sample

mean and standard deviation under all three scenarios and present some suggestions on which scenario is preferred in real-world

applications.  

Conclusions: In this paper, we discuss different approximation methods in the estimation of the sample mean and standard deviation

and propose some new estimation methods to improve the existing literature. We conclude our work with a summary table (an Excel

spread sheet including all formulas) that serves as a comprehensive guidance for performing meta-analysis in different situations.

關鍵字
作者關鍵字: Interquartile range; Median; Meta-analysis; Sample mean; Sample size; Standard deviation

作者資訊
通訊作者地址:
Hong Kong Baptist University Hong Kong Baptist Univ, Dept Math, Kowloon Tong, Hong Kong, Peoples R China.

通訊地址: Tong, TJ (通訊作者)

Hong Kong Baptist Univ, Dept Math, Kowloon Tong, Hong Kong, Peoples R China.

地址:

[ 1 ]  Hong Kong Baptist Univ, Dept Comp Sci, Kowloon Tong, Hong Kong, Peoples R China

[ 2 ]  Northwestern Univ, Dept Stat, Evanston, IL USA

[ 3 ]  Hong Kong Baptist Univ, Dept Math, Kowloon Tong, Hong Kong, Peoples R China

電子郵件地址: tongt@hkbu.edu.hk

贊助

贊助機構 補助編號

Hong Kong Research Grants Council
HKBU12202114

HKBU202711

Hong Kong Baptist University  FRG2/13-14/005

FRG2/11-12/110

引用文獻網路
於 Web of Science 核心合輯

1,576
被引用次數


被高度引用的論文

建立引用文獻追蹤

所有被引用次數計數

1,586 於 所有資料庫

查看較多計數

13 

參考文獻

檢視 Related Records

 您可能也會喜歡... 

Optimally estimating the sample mean

from the sample size, median, mid-range,

and/or mid-quartile range.

STATISTICAL METHODS IN MEDICAL

RESEARCH (2018 )

SIMEX estimation for single-index model

with covariate measurement error.

ASTA-ADVANCES IN STATISTICAL ANALYSIS

(2019 )

The ImageJ ecosystem: An open platform

for biomedical image analysis.

MOLECULAR REPRODUCTION AND

DEVELOPMENT (2015 )

Optimally estimating the sample standard

deviation from the five-number summary.

RESEARCH SYNTHESIS METHODS (2020 )

The association between severe COVID-19

and low platelet count: evidence from 31

observational studies involving 7613

participants.

BRITISH JOURNAL OF HAEMATOLOGY

(2020 )

檢視所有建議

最近被以下文獻引用:

Wong, Yen Jun; Noordin, Noorliza Mohd;

Keshavjee, Salmaan; 等.
Impact of latent tuberculosis infection on

health and wellbeing: a systematic review

and meta-analysis.

EUROPEAN RESPIRATORY REVIEW (2021)

Mello, Arthur T.; Borges, Dayanne S.; de

Lima, Luana P.; 等.
Effect of oral nutritional supplements with

or without nutritional counselling on

mortality, treatment tolerance and quality

of life in head-and-neck cancer patients

receiving (chemo)radiotherapy: a

systematic review and meta-analysis.

BRITISH JOURNAL OF NUTRITION (2021)

Web of Science InCites Journal Citation Reports Essential Science Indicators EndNote Publons Kopernio Master Journal List 登入  說明  繁體中文 

工具  檢索與追蹤  檢索歷史 勾選的清單

出版者提供的免費全文 查閱全文 新增至勾選的清單全文選項  匯出...A

 3  of  3 

 全新推出！ BETA

檢索 回到檢索結果

javascript:toggle_unified_funding()
http://apps.webofknowledge.com/home.do?SID=F1TVPIAFD2c7ZmBiy1D
http://apps.webofknowledge.com/OutboundService.do?SID=F1TVPIAFD2c7ZmBiy1D&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_TW&daisIds=734786
javascript:sup_focus('addressWOS:000364591900001-1')
http://apps.webofknowledge.com/OutboundService.do?SID=F1TVPIAFD2c7ZmBiy1D&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_TW&daisIds=32258781
javascript:sup_focus('addressWOS:000364591900001-2')
http://apps.webofknowledge.com/OutboundService.do?SID=F1TVPIAFD2c7ZmBiy1D&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_TW&daisIds=100051
javascript:sup_focus('addressWOS:000364591900001-1')
http://apps.webofknowledge.com/OutboundService.do?SID=F1TVPIAFD2c7ZmBiy1D&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_TW&daisIds=507550
javascript:sup_focus('addressWOS:000364591900001-3')
javascript:hide_show('show_resc_blurb', 'inline');hide_show('show_resc_blurb_link', 'none');hide_show('hide_resc_blurb_link', 'inline')
javascript:;
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1TVPIAFD2c7ZmBiy1D&field=TS&value=Interquartile+range&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1TVPIAFD2c7ZmBiy1D&field=TS&value=Median&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1TVPIAFD2c7ZmBiy1D&field=TS&value=Meta-analysis&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1TVPIAFD2c7ZmBiy1D&field=TS&value=Sample+mean&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1TVPIAFD2c7ZmBiy1D&field=TS&value=Sample+size&uncondQuotes=true
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=F1TVPIAFD2c7ZmBiy1D&field=TS&value=Standard+deviation&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_2', 'inline');hide_show('show_research_pref_org_exp_link_2', 'none');hide_show('hide_research_pref_org_exp_link_2', 'inline')
javascript:hide_show('research_pref_org_exp_link_3', 'inline');hide_show('show_research_pref_org_exp_link_3', 'none');hide_show('hide_research_pref_org_exp_link_3', 'inline')
mailto:tongt@hkbu.edu.hk
http://apps.webofknowledge.com/CitingArticles.do?product=WOS&REFID=486305886&SID=F1TVPIAFD2c7ZmBiy1D&search_mode=CitingArticles&parentProduct=WOS&parentQid=13&parentDoc=3&excludeEventConfig=ExcludeIfFromFullRecPage
javascript:void(0);
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=Wos1pAlertingPCTAdd&product=WOS&SID=F1TVPIAFD2c7ZmBiy1D&component=pct&forwardTo=None&qid=13&doc=3&colName=WOS&num_cited=1576');
http://apps.webofknowledge.com/CitingArticles.do?REFID=486305886&SID=F1TVPIAFD2c7ZmBiy1D&search_mode=CitingArticles&parentProduct=WOS&parentQid=13&parentDoc=3&product=UA&betterCount=1586&excludeEventConfig=ExcludeIfFromFullRecPage&fromPID=WOS&toPID=UA
http://apps.webofknowledge.com/InterService.do;jsessionid=E23942ED5A143C4662FCCEAA3A5F5174?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d13%26log_event%3dyes%26product%3dWOS%26SID%3dF1TVPIAFD2c7ZmBiy1D%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&srcAlt=%e5%9b%9e%e5%88%b0+Web+of+Science%3cspan+class%3d%22TMMark%22%3eTM%3c%2fspan%3e&UT=WOS:000364591900001&search_mode=CitedRefList&SID=F1TVPIAFD2c7ZmBiy1D&parentProduct=WOS&parentQid=13&parentDoc=3&recid=WOS:000364591900001&PREC_REFCOUNT=13&fromRightPanel=true
http://apps.webofknowledge.com/InterService.do;jsessionid=E23942ED5A143C4662FCCEAA3A5F5174?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d13%26log_event%3dyes%26product%3dWOS%26SID%3dF1TVPIAFD2c7ZmBiy1D%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&srcAlt=%e5%9b%9e%e5%88%b0+Web+of+Science%3cspan+class%3d%22TMMark%22%3eTM%3c%2fspan%3e&UT=WOS:000364591900001&parentProduct=WOS&parentQid=13&search_mode=RelatedRecords&SID=F1TVPIAFD2c7ZmBiy1D&parentDoc=3
http://apps.webofknowledge.com/InterService.do?fromPID=WOS&product=UA&toPID=UA&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26excludeEventConfig%3dExcludeIfFromFullRecPage%26search_mode%3dGeneralSearch%26qid%3d13%26log_event%3dyes%26product%3dWOS%26SID%3dF1TVPIAFD2c7ZmBiy1D%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&SID=F1TVPIAFD2c7ZmBiy1D&qid=19&action=forward&highlighted_tab=UA&last_prod=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&search_mode=RecommendedArticles&queryNatural=no&fromMiniSummary=RecommendedArticles&doc=1&URL=%2Ffull_record.do%3Fsearch_mode%3DRecommendedArticles%26qid%3D19%26page%3D1%26excludeEventConfig%3DExcludeIfFromMostRecent%26fromMiniSummary%3DRecommendedArticles%26product%3DUA%26SID%3DF1TVPIAFD2c7ZmBiy1D%26colName%3DWOS%26recordID%3DWOS%3A000432625800013%26doc%3D1
http://apps.webofknowledge.com/InterService.do?fromPID=WOS&product=UA&toPID=UA&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26excludeEventConfig%3dExcludeIfFromFullRecPage%26search_mode%3dGeneralSearch%26qid%3d13%26log_event%3dyes%26product%3dWOS%26SID%3dF1TVPIAFD2c7ZmBiy1D%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&SID=F1TVPIAFD2c7ZmBiy1D&qid=19&action=forward&highlighted_tab=UA&last_prod=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&search_mode=RecommendedArticles&queryNatural=no&fromMiniSummary=RecommendedArticles&doc=2&URL=%2Ffull_record.do%3Fsearch_mode%3DRecommendedArticles%26qid%3D19%26page%3D1%26excludeEventConfig%3DExcludeIfFromMostRecent%26fromMiniSummary%3DRecommendedArticles%26product%3DUA%26SID%3DF1TVPIAFD2c7ZmBiy1D%26colName%3DWOS%26recordID%3DWOS%3A000460882400006%26doc%3D2
http://apps.webofknowledge.com/InterService.do?fromPID=WOS&product=UA&toPID=UA&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26excludeEventConfig%3dExcludeIfFromFullRecPage%26search_mode%3dGeneralSearch%26qid%3d13%26log_event%3dyes%26product%3dWOS%26SID%3dF1TVPIAFD2c7ZmBiy1D%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&SID=F1TVPIAFD2c7ZmBiy1D&qid=19&action=forward&highlighted_tab=UA&last_prod=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&search_mode=RecommendedArticles&queryNatural=no&fromMiniSummary=RecommendedArticles&doc=3&URL=%2Ffull_record.do%3Fsearch_mode%3DRecommendedArticles%26qid%3D19%26page%3D1%26excludeEventConfig%3DExcludeIfFromMostRecent%26fromMiniSummary%3DRecommendedArticles%26product%3DUA%26SID%3DF1TVPIAFD2c7ZmBiy1D%26colName%3DWOS%26recordID%3DWOS%3A000358486700004%26doc%3D3
http://apps.webofknowledge.com/InterService.do?fromPID=WOS&product=UA&toPID=UA&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26excludeEventConfig%3dExcludeIfFromFullRecPage%26search_mode%3dGeneralSearch%26qid%3d13%26log_event%3dyes%26product%3dWOS%26SID%3dF1TVPIAFD2c7ZmBiy1D%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&SID=F1TVPIAFD2c7ZmBiy1D&qid=19&action=forward&highlighted_tab=UA&last_prod=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&search_mode=RecommendedArticles&queryNatural=no&fromMiniSummary=RecommendedArticles&doc=4&URL=%2Ffull_record.do%3Fsearch_mode%3DRecommendedArticles%26qid%3D19%26page%3D1%26excludeEventConfig%3DExcludeIfFromMostRecent%26fromMiniSummary%3DRecommendedArticles%26product%3DUA%26SID%3DF1TVPIAFD2c7ZmBiy1D%26colName%3DWOS%26recordID%3DWOS%3A000552172000001%26doc%3D4
http://apps.webofknowledge.com/InterService.do?fromPID=WOS&product=UA&toPID=UA&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26excludeEventConfig%3dExcludeIfFromFullRecPage%26search_mode%3dGeneralSearch%26qid%3d13%26log_event%3dyes%26product%3dWOS%26SID%3dF1TVPIAFD2c7ZmBiy1D%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&SID=F1TVPIAFD2c7ZmBiy1D&qid=19&action=forward&highlighted_tab=UA&last_prod=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&search_mode=RecommendedArticles&queryNatural=no&fromMiniSummary=RecommendedArticles&doc=5&URL=%2Ffull_record.do%3Fsearch_mode%3DRecommendedArticles%26qid%3D19%26page%3D1%26excludeEventConfig%3DExcludeIfFromMostRecent%26fromMiniSummary%3DRecommendedArticles%26product%3DUA%26SID%3DF1TVPIAFD2c7ZmBiy1D%26colName%3DWOS%26recordID%3DWOS%3A000538772400001%26doc%3D5
http://apps.webofknowledge.com/InterService.do;jsessionid=E23942ED5A143C4662FCCEAA3A5F5174?product=UA&toPID=UA&action=AllCitationService&isLinks=yes&highlighted_tab=UA&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d13%26log_event%3dyes%26product%3dWOS%26SID%3dF1TVPIAFD2c7ZmBiy1D%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&srcAlt=%e5%9b%9e%e5%88%b0+Web+of+Science%3cspan+class%3d%22TMMark%22%3eTM%3c%2fspan%3e&UT=WOS:000364591900001&SID=F1TVPIAFD2c7ZmBiy1D&search_mode=RecommendedArticles&parentProduct=WOS&parentQid=13&parentDoc=3&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/InterService.do?fromPID=WOS&product=UA&toPID=UA&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26excludeEventConfig%3dExcludeIfFromFullRecPage%26search_mode%3dGeneralSearch%26qid%3d13%26log_event%3dyes%26product%3dWOS%26SID%3dF1TVPIAFD2c7ZmBiy1D%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&SID=F1TVPIAFD2c7ZmBiy1D&qid=18&action=forward&highlighted_tab=UA&last_prod=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&search_mode=CitingArticles&queryNatural=no&fromMiniSummary=CitingArticles&doc=1&URL=%2Ffull_record.do%3Fsearch_mode%3DMostRecentCitingArticles%26qid%3D18%26page%3D1%26excludeEventConfig%3DExcludeIfFromMostRecent%26product%3DUA%26SID%3DF1TVPIAFD2c7ZmBiy1D%26colName%3DWOS%26recordID%3DWOS%3A000606333300004%26doc%3D1
http://apps.webofknowledge.com/InterService.do?fromPID=WOS&product=UA&toPID=UA&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26excludeEventConfig%3dExcludeIfFromFullRecPage%26search_mode%3dGeneralSearch%26qid%3d13%26log_event%3dyes%26product%3dWOS%26SID%3dF1TVPIAFD2c7ZmBiy1D%26viewType%3dfullRecord%26doc%3d3%26page%3d1&srcDesc=RET2WOS&SID=F1TVPIAFD2c7ZmBiy1D&qid=18&action=forward&highlighted_tab=UA&last_prod=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&search_mode=CitingArticles&queryNatural=no&fromMiniSummary=CitingArticles&doc=2&URL=%2Ffull_record.do%3Fsearch_mode%3DMostRecentCitingArticles%26qid%3D18%26page%3D1%26excludeEventConfig%3DExcludeIfFromMostRecent%26product%3DUA%26SID%3DF1TVPIAFD2c7ZmBiy1D%26colName%3DWOS%26recordID%3DWOS%3A000617006700005%26doc%3D2
javascript:;
javascript: void('InCites')
javascript: void('JCR')
javascript: void('ESI')
javascript: void('EndNote')
javascript: void('PUBLONS')
https://kopernio.com/?utm_source=WOS_home&utm_medium=web&utm_campaign=kopernio_wos_product&ref=wos
https://mjl.clarivate.com/home?utm_source=wos&utm_medium=web&utm_campaign=header-nav
javascript:void(0);
javascript:void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com/WOS_CombineSearches_input.do?product=WOS&SID=F1TVPIAFD2c7ZmBiy1D&search_mode=CombineSearches
http://apps.webofknowledge.com/ViewMarkedList.do?action=Search&product=WOS&SID=F1TVPIAFD2c7ZmBiy1D&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript:;
javascript:;
javascript:void('Links');
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=13&SID=F1TVPIAFD2c7ZmBiy1D&excludeEventConfig=ExcludeIfFromFullRecPage&page=1&doc=2
javascript: void('Next Page')
http://apps.webofknowledge.com/WOS_GeneralSearch_input.do?product=WOS&SID=F1TVPIAFD2c7ZmBiy1D&search_mode=GeneralSearch
http://apps.webofknowledge.com/summary.do?product=WOS&search_mode=GeneralSearch&qid=13&SID=F1TVPIAFD2c7ZmBiy1D&page=

