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Abstract
Introduction: Kidney cancer is among the 10 most common cancers in both men and women. As we
know, obesity and overweight is one of the con�rmed risk factors. However, several studies found that
overweight or obese patients with kidney cancer had a better prognosis than normal weight patients, as
known as the “obesity paradox”. Therefore, in this study, we aimed to conduct a systematic meta-
analysis of peer- reviewed literature to investigate the association between obesity or overweight and
kidney cancer outcomes.

Methods and analysis: Our review will assess case-control or cohort studies on prognosis of kidney
cancer patients who are classi�ed as obese, overweight or normal weight before 1 August 2020.
Databases to be searched include PubMed/MEDLINE, Scopus, Web of Science and Embase. Two authors
will independently conduct eligible studies selection process, perform data extraction and appraise the
quality of included studies. Original case-control or cohort studies published in English will be considered
for inclusion. The outcomes of interest will be progression-free survival, cancer- speci�c survival and
overall survival. Meta-analyses will be performed to calculate pooled estimates.

Ethics and dissemination: Our study will be based on published data, and thus there is no requirement for
ethics approval. The results will be shared through publication in a peer- reviewed journal and
presentations at academic conferences.

PROSPERO registration number: CRD42021223347

Strengths And Limitations Of This Study
This will be the most comprehensive and up-to-date systematic review to sum up the evidence on the
association between overweight or obesity and prognosis of kidney cancer.

We minimize the potential reviewer bias by letting two independent reviewers to screen for eligible
studies, extract the data and assess the quality of the included studies.

We only include papers published in English.

A considered heterogeneity is anticipated between studies because of differences in study design
and length of follow- up.

The main possible limitation of this study is that most of the studies might use BMI as the criteria of
overweight and obese, which cannot precisely de�nite whether patients are obese or overweight or
normal weight, considering the situation of visceral obesity.

1. Introduction
Kidney cancer is among the 10 most common cancers in both men and women. In 2020, about 73,750
new cases of kidney cancer (45,520 in men and 28,230 in women) were diagnosed. About 14,830 people
(9,860 men and 4,970 women) died from this disease. 1In the United States, kidney cancer incidence



Page 3/10

rate(age-adjusted to the US Standard Population)have increased at an annual percent change of about
3.4% from 2000 to 2007, 0.7% from 2007 to 2017.2 Not only in the United States, the incidence of kidney
cancer in other countries should not be underestimated. In China, the estimated age-standardized
incidence rates (age adjusted to World Standard Population) in 2020 reached 3.3/100000.3

The lifetime risk for developing kidney cancer in men is about 1 in 46 (2.18%). The lifetime risk for
women is about 1 in 79(1.26%).2 Renal cell carcinoma (RCC), also known as renal cell cancer or renal cell
adenocarcinoma, is the most common type of kidney cancer. About 9 out of 10 kidney cancers are renal
cell carcinomas. Scientists have found several risk factors that could make people more likely to develop
RCC. Among all risk factors, people who are very overweight have a higher risk of developing RCC.
Obesity may cause changes in certain hormones that can lead to RCC. Note-worthily, several studies4 5 6

have found that patients who are overweight or obese might have better prognosis than those of normal
weight, which is called the “obesity paradox”. However, the �ndings have been inconsistent. A large
cohort of U.S. men and women conducted by Calle et al. in 2003 concluded that increased body weight
was associated with increased mortality rates of RCC.7 A recent meta-analysis by Kim et al. published in
2020, demonstrated a favorable effect of body mass index (BMI) on kidney cancer outcomes.8 However,
there were several limitations: First of all, we have found several high-quality researches that Kim missed
through our comprehensive search. Secondly, their search was performed between inception and
December 2018, however, there are �ve more researches9–13 published since then, and their conclusions
are not consistent. Among these studies, Marchioni M et al.10 and Zhou W et al.13 resulted in opposition
to the “obesity paradox”. The other three studies9 11 12 found better prognosis in patients classi�ed as
overweight or obesity. Therefore, it is important to synthesize all the studied we have searched. Also, we
have got high-grade clinical data from The Cancer Genome Atlas(TCGA) and The National Cancer
Institute’s Clinical Proteomic Tumor Analysis Consortium (CPTAC), through the analysis of these two
databases and the combination with results of meta-analysis, we believe that we can get the most
comprehensive and convincing conclusions.

2. Objectives
We therefore plan to conduct this systematic review and meta-analysis of epidemiological studies to
comprehensively summarize the evidence for the effects of overweight and obesity on the prognosis of
kidney cancer. The aim of this proposed study is to determine whether overweight or obesity have a
positive effect on the prognosis of kidney cancer and to summarize the current data.

3. Methods And Analysis
This study has been registered on PROSPERO (CRD42021223347) on December 12, 2020.14 The
systematic review will be performed following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement.15 This research protocol is in accordance to the guideline of
Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015.16Any



Page 4/10

changes or modi�cations of the methods stated in this protocol will be updated via PROSPERO and
reported in the �nal systematic review itself. One of the cohorts we are going to analyze is from The
Cancer Genome Atlas(TCGA), a project jointly initiated by the National Cancer Institute (NCI, National
Cancer Institute) and National Human Genome Research Institute (NHGRI, National Human Genome
Research Institute) in 2006, which is a very important source of data for cancer researchers. Another
cohort is from The National Cancer Institute’s Clinical Proteomic Tumor Analysis Consortium (CPTAC), a
national effort to accelerate the understanding of the molecular basis of cancer through the application
of large-scale proteome and genome analysis, or proteogenomics.

3.1. Eligibility criteria
The Population, Exposure, Comparator and Outcome (PECO) framework will be used to clarify the
eligibility criteria.17

3.1.1. Types of populations
We will include studies which have clear de�nition of overweight or obesity, while studies doesn’t meet
this requirement will be excluded. We will also include studies on kidney cancer independently, while
those involving other cancers on the same person will be excluded.

3.1.2. Types of exposures
We will include studies which used any classi�cation criteria related to overweight or obesity such as
body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR), and visceral fat area (VFA),
etc.

3.1.3. Types of comparators
The included comparator will be patients with normal weight. We will include all these comparisons of
overweight or obesity versus normal weight. When overweight or obesity was used as the comparator in
original studies, we will use the reciprocal method (1/x) to convert the effect estimates of normal weight
versus overweight or obesity. We will exclude all other types of comparators.

3.1.4. Types of outcome measures
The primary outcome is overall survival (OS). The second outcomes are cancer-speci�c survival (CSS)
and progression-free survival (PFS). OS is the period from the date of diagnosis to the date of death
caused by any reason. CSS is the period from the date of diagnosis to the date of death caused by RCC.
Patients who died from causes other than RCC are not counted in this measurement. PFS is the period
from the date of diagnosis until the date of the �rst occurrence of a new tumor event (NTE), which
includes progression of the disease, locoregional recurrence, distant metastasis, new primary tumor, or
death with tumor. As long as one of these outcomes is available, the study will be included.

3.1.5. Types of studies
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We will include a broad set of epidemiological studies that investigate the effects of overweight or
obesity to the prognosis of kidney cancer over any period. Eligible study designs include prospective or
retrospective cohort study, case-control study, nested case-control study, and case-cohort study. There is
no eligible randomized controlled trial or non-randomized intervention study in the preliminary search due
to rigorous ethical principles. We will exclude all other study designs such as non-original studies, cross-
sectional studies, case series, animal model researches, cell line researches, and other mechanism
researches.

3.1.6. Types of effect measures
We will include all these relative effect estimates, including relative risk ratios (RR), hazard ratios (HR),
and odds ratios (OR). If one original study reports the effect estimate from two or more alternative
models that have not been adjusted or adjusted for different confounding factors, then we will
systematically choose the largest adjusted estimate in the model adjusted for more covariates, rather
than those from models adjusted for fewer. For example, if a study proposes estimates of the effects
from a crude unadjusted model (Model A), a model adjusted for gender (Model B), and a model adjusted
for gender, age, and pathological stages (Model C), we will give priority to the estimate from Model C.

3.2. Information sources and search

3.2.1. Electronic bibliographic databases
The following databases will be searched from the database inception to August 1, 2020:
PubMed/MEDLINE, EmBase, Web of Science with English published only. Both free-text terms and terms
at keyword databases such as Medical Subject Headings (MeSH) and Emtree will be used to de�ne the
keywords. For example, ‘renal carcinoma’, ‘kidney carcinoma’, ‘kidney cancer’. Meanwhile, common terms
in the �eld of prognosis and studies regarding overweight or obesity will be used in our search strategy.
Various forms of words, synonyms, plural words, and acronyms for ‘cancer of kidney’, ‘kidney neoplasms’,
‘BMI’ and so on will also be used in varying combinations. Full details of search strategy are presented in
online supplementary �le 1.

3.2.2. Hand-searching and expert consultation
Reference list of all original researches, relevant reviews, editorials, and letters; of relevant reviews,
editorials, and letters will be manually searched for additional references. Errata or retractions from
eligible studies will be searched on PubMed, and the date when this was done will be reported in the
review.

3.3. Study selection
All literature records identi�ed in the search will be imported into the Covidence software18 and duplicates
will be identi�ed and deleted. Afterwards, two authors (SYL and YPL) will independently screen titles and
abstracts, only papers considered potentially relevant according to the inclusion criteria will be retrieved
for further consideration. Authors will record speci�c reasons for exclusion in the full-text screening. A
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third author (SRW) will resolve any discrepancies. A fourth author (HNJ) will check all procedures before
approving the data extraction. The process of study selection will be reported as per PRISMA guidelines.

3.4. Data extraction and data items
Two authors (SYL and YPL) will independently extract data, and a third author (SRW) will resolve
con�icts. The extracted data items will include study characteristics (including authors, publication year,
study country, participants’ age, gender, year of sample collection, and outcome), exposure (including
BMI, WC, WHR or VFA, and the de�nitions of obesity and overweight), study design (including summary of
study design, sample size, follow-up period, statistical analysis models used, and effect estimates and
corresponding 95% con�dence intervals (CIs)), risk of bias (including selection bias, reporting bias,
confounding bias). Data will be extracted through a standardized data compilation form (see online
supplementary �le 2) in duplicate to avoid errors. Data will be entered into and managed with the
Microsoft Excel software. Pairs of data-extraction forms will be checked for discrepancies. If data are
missing or incomplete in any study, we will contact with the authors to obtain such data.

3.5. Risk of bias in individual studies
Two authors (SYL and YPL) will independently assess methodological quality and risk of bias for each
study by using the Risk of Bias In Non-randomized Studies of Interventions (ROBINS-I) tool.19Any
divergences will be resolved by discussion or consultation with a third author (SRW). All quality assessors
will trial the ROBINS-I criteria until they have synchronized their understanding and application of the
ROBINS-I tool. The ROBINS-I scale covers seven distinct domains: confounding, selection, intervention
classi�cation, deviations from intended interventions, missing data, measurement of outcomes and
selection of reported results. The risk of bias for each outcome across individual studies will be
summarized as a narrative statement, and supported by a risk of bias table presenting domain speci�c
judgements. We will report the study-level risk of bias assessments by domains in a summary table
(online supplementary �le 3).

3.6. Synthesis of results

3.6.1. Quantitative synthesis
In the primary meta-analysis, we will use the maximally adjusted effect estimates and corresponding 95%
con�dence intervals (CI) to summarize the effect of overweight or obesity on the prognosis of kidney
cancer. In order to get more rigorous and conservative results, we will use random effects model, rather
than �xed effects model to summarize the effect sizes. The random effects model will assume that there
is considerable heterogeneity between studies.

When two or more studies from the same cohort or data source are eligible for inclusion in the meta-
analysis, we will prioritize in this order: 1) the study with the highest quality score and the lowest risk of
bias; 2) the study with the most credible methods to de�ne overweight or obesity. 3) the study with the



Page 7/10

largest sample size; 4) the study with the longest follow-up; 5) the study with the maximal adjustment for
relevant potential confounding factors.

Comprehensive Meta Analysis version 2.2.046 (Biostat, Englewood, NJ, USA) will be used for all analyses.
Statistical signi�cance was de�ned as two-sided P-values less than 0.05 in the major meta-analysis. In all
subgroup analyses, we will use the Bonferroni method to correct the level of statistical signi�cance.

3.6.2. Heterogeneity inspection
The heterogeneity between studies will be measured by the index of heterogeneity, and Cochran Q-
statistics test. Based on the I2 statistics, an I2 value of ≤ 50% represents low heterogeneity, 30–50%
moderate heterogeneity, 50–75% substantial heterogeneity, and > 75% considerable heterogeneity. For Q-
statistics, heterogeneity will be assumed at a p value less than 0.05. If there is substantial between-study
heterogeneity, we will perform meta-regression and subgroup analyses to explore potential sources of the
heterogeneity. Meta-regression analyses will be performed according to sample size, year of study
publication. Subgroup analyses are elaborated in the section of 3.6.4. Sensitivity analysis.

3.6.3. Publication bias
In order to assess potential publication bias, we will conduct the Begg’s and Egger’s tests and further
rigorously adjust the aggregate results by applying the Duval and Tweedie’s trim and �ll method. We will
also use funnel plots to ascertain presence of publication bias, if ten or more eligible studies are included
in our systematic review.

3.6.4. Sensitivity analysis
We will perform a broad set of sensitivity analyses to evaluate the robustness of the �ndings, as follows:

We will conduct a sensitivity analysis using �xed-effect models.

We will combine the minimum adjusted effect estimates and compare these results with the primary
results from the maximum adjusted effects using the Confounding RR method, which is de�ned as
the ratio of pooled results of the maximum adjusted to the minimum adjusted data.20 Confounding
RRs are used to assess whether the underlying confounders controlled in each individual studies
may affect the results.

To assess the potential impact of residual confounding bias, we will perform an E-value analysis.21

E-value shows the minimum strength of association that a hypothetical residual confounding factor
would need to have with both the exposure to overweight or obesity and the study outcomes to fully
explain the observed effect.

A sensitivity analysis will be performed by removing the research( or database) with the highest
weight to evaluate its impact on the results and to explore potential sources of heterogeneity among
studies.

A sensitivity analysis including only the high-quality studies will be performed.
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We will perform prede�ned subgroup analyses by geographic area (according to WHO Regions or
World Bank Income Country Groups), sample size (≥ median vs. <median), year of study publication
and gender (female vs. male), if eligible studies in each subgroup are no less than three. Otherwise,
by excluding the subgroup with less than three studies, these afore-mentioned subgroup analyses
will be performed as sensitivity analyses

We will also conduct cumulative meta-analyses based on the sample size of each individual studies
from small to large, from the publication year of the study to the latest time.

3.7. Quality of evidence assessment
Critical appraisal of the certainty of each evidence will be useful for dealing with and interpreting
con�icting �ndings. We will use the GRADE approach to grade the quality of evidence as “high”,
“moderate”, “low”, or “very low”.22 The GRADEproGDT software online version will be used to summarize
the quality of evidence. All authors will jointly assess the quality of evidence of the entire body of
evidence.

3.8. Patient and public involvement
No patient or public will be involved in our study directly as we only use data that existed in studies
published.
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