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Implication for health policy/practice/research/medical education:
In a systematic review and meta-analysis to find the association between metabolic syndrome and kidney cancer, we found 
metabolic syndrome was a risk factor for kidney neoplasm. Male gender was more likely than female gender, and age under 50 
years was more likely than age greater than or equal to 50 years to develop kidney neoplasm.  We also detected, hypertension, 
obesity, dyslipidemia, decreased high-density lipoprotein (HDL), and increased triglyceride (TG) were the most influential 
factors in kidney neoplasm, respectively.
Please cite this paper as: Wahidi B, Haghiri A, Vasheghani Farahani M, Abdan Z, Majdaeen M, Mostafaloo N. Association 
between metabolic syndrome and kidney cancer; a systematic review and meta-analysis. J Renal Inj Prev. 2026; 15(4): e38786. 
doi: 10.34172/jrip.38786.

Introduction: Kidney neoplasm ranks as the fourteenth most prevalent malignancy globally. 
While some cancers have been associated with metabolic syndrome, the existing evidence 
on the relationship between metabolic syndrome and kidney neoplasm is inconsistent. 
Accordingly, the present study was designed to assess the association between metabolic 
syndrome and kidney neoplasm risk.
Materials and Methods: Initial studies were searched in the databases of Cochrane Library, 
Scopus, Web of Science, Embase, and PubMed, as well as the Google Scholar search engine. 
The literature search was updated up to 21 June 2026. Data were analyzed statistically using 
the STATA 14 software.
Results: In this study, we found that having metabolic syndrome increased the overall 
risk of kidney neoplasms (OR: 1.97, 95% CI: 1.51, 2.58), as well as the risk in women (OR: 
1.42, 95% CI: 1.32, 1.53), men (OR: 1.58, 95% CI: 1.37, 1.82), individuals under 50 years of 
age (OR: 2.65, 95% CI: 1.90, 3.69), and those aged 50 years or older (OR: 2.10, 95% CI: 1.32, 
3.34). Furthermore, factors such as hypertension (OR: 1.80, 95% CI: 1.47, 2.22), obesity (OR: 
1.45, 95% CI: 1.32, 1.59), dyslipidemia (OR: 1.44, 95% CI: 1.07, 1.94), decreased high-density 
lipoprotein (HDL)  (OR: 1.37, 95% CI: 1.32, 1.42), and increased triglyceride (TG) (OR: 1.22, 
95% CI: 1.11, 1.35) increased the risk of kidney neoplasm. In addition, having one metabolic 
syndrome component (OR: 1.30, 95% CI: 1.23, 1.39), two components (OR: 1.49, 95% CI: 1.40, 
1.59), three components (OR: 1.93, 95% CI: 1.68, 2.22), four components (OR: 2.29, 95% CI: 
1.91, 2.75), and five components (OR: 2.67, 95% CI: 2.16, 3.30) increased the risk of kidney 
neoplasm.
Conclusion: Metabolic syndrome was a risk factor for kidney neoplasm. Male gender was 
more likely than female gender, and age under 50 years was more likely than age greater 
than or equal to 50 years to develop kidney neoplasm. Hypertension, obesity, dyslipidemia, 
decreased HDL, and increased TG were the most influential factors in kidney neoplasm, 
respectively, and the more of these components were present in an individual, the higher the 
risk of kidney neoplasm.
Registration: This study has been compiled based on the PRISMA checklist, and its protocol 
was registered on the PROSPERO (ID: CRD420261441802) website.
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Introduction
Metabolic syndrome is defined as a cluster of 
interrelated metabolic abnormalities, including obesity, 
hyperglycemia, type 2 diabetes mellitus, dyslipidemia, 
and hypertension (1). The increasing prevalence of this 
syndrome has imposed considerable burdens on global 
public health (1). Accumulating evidence indicated that 
metabolic syndrome is associated with an elevated risk of 
cardiovascular disease, stroke, type 2 diabetes, and various 
malignancies (2,3).
Genitourinary malignancies represent a critical threat 
to human health (4). Although factors such as advanced 
age, ethnicity, family history of malignancy and cigarette 
smoking are well-established risk factors, the precise 
etiology of these neoplasms remains unclear (3,5-
7). Kidney neoplasm is the fourteenth most common 
malignancy worldwide, accounting for over 342,000 new 
cases and 131,000 deaths annually (4,8,9). Furthermore, 
epidemiological data indicate a rising global burden of 
kidney neoplasm incidence over the past decade (10). 
Kidney cancer is the third most common urological 
malignancy in men, after prostate and bladder cancers 
(11). Although risk factors including obesity, diabetes, 
tobacco use, and hypertension have been implicated 
in the development of kidney neoplasm, its underlying 
cause remains largely unknown (12). Consequently, 
the identification of high-risk populations for kidney 
neoplasm is of paramount importance (13,14). Previous 
studies suggested that metabolic syndrome is a risk 
factor for kidney neoplasm (15,16), whereas others have 
reported no significant association between metabolic 
syndrome and kidney neoplasm (17). Therefore, the 
aim of the present study was to evaluate the relationship 
between metabolic syndrome and kidney neoplasm.

Materials and Methods
The protocol of this study was designed based on the 
Preferred Reporting Items for Systematic Review and 
Meta-Analysis (PRISMA) checklist (18) and registered in 
the PROSPERO website. 

Search strategy
To identify related sources, the Cochrane Library, Scopus, 
Web of Science, Embase, and PubMed databases, as well 
as the Google Scholar search engine, were searched up to 
21 June 2026. The searches were conducted without any 
time or language restrictions. Standard keywords, along 
with their Medical Subject Headings (MeSH) equivalents 
were conducted for the search. Logical operators (AND, 
OR) were employed during the advanced search stage 
to combine the keywords (see Supplementary file 1). 
In addition, the reference lists of selected studies were 
manually examined to identify further relevant sources.

PICO components
•	 Population: Studies that examined the association 

between metabolic syndrome and kidney neoplasm.
•	 Exposure: Having metabolic syndrome.
•	 Comparison: Non‑ metabolic syndrome.
•	 Outcome: Kidney neoplasm.

Inclusion criterion
Studies that examined the association between metabolic 
syndrome and kidney neoplasm. 

Exclusion criteria
Meta-analysis or systematic review studies- those that 
did not report data- conference abstracts- studies without 
accessible full texts, despite sending emails to authors- 
and repeated studies.

Quality assessment
Two researchers independently assessed the quality of 
the included articles using the Newcastle‑Ottawa Scale. 
Except for one item, this scale awards at most one star per 
question, yielding overall scores from 0 (lowest quality) 
to 10 (highest quality), with scores below 5 designating 
low‑quality studies (19).

Data extraction
Data were extracted by two researchers independently 
using SPSS 19 software. Extracted data consisted of the 
first author, year, total number, country, design, and 
association between metabolic syndrome and kidney 
neoplasm by hazard ratio (HR) or odds ratio (OR).

Statistical analysis
We used log‑transformed ORs and HRs for data 
processing, then pooled the results from the different 
studies. Heterogeneity among the selected studies was 
evaluated using the I² index, and a random‑effects model 
was finally chosen to combine the overall estimates. Data 
were analyzed statistically with STATA 14 at a significance 
level of P < 0.05 for all tests.

Results
Out of 645 records initially identified, 399 duplicates 
were removed, leaving 246 studies for further screening. 
Following abstract review, 27 articles were excluded due 
to incomplete abstracts or unavailable full texts. The full 
texts of the remaining 219 articles were then assessed for 
eligibility; of these, 105 studies were omitted owing to 
insufficient data required for the analysis. Furthermore, 
100 studies were excluded based on other pre-specified 
criteria, ultimately yielding 14 articles (Figure 1).

A total of 14 observational studies, encompassing 
10,264,494 individuals with metabolic syndrome, were 
evaluated in this review. Further details regarding the 
included primary studies are presented in Table 1.

Finding from Figure 2 demonstrated a statistically 
significant positive correlation between metabolic 
syndrome and heightened risk of kidney neoplasm (OR: 
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Figure 1. PRISMA 2020 flow diagram of the study

Table 1. Summarized information of the studies

Author, year Country Design Duration of study Total number Age group (year)

Jung M, 2026 (15) USA Case-control 2007–2022 48587 59.6

Deng L, 2024 (16) China Cohort between 2006 and 2010 4657 49.26

Suarez Arbelaez MC, 2023 (20) USA Cross-sectional from Jul 2015 to Feb 2022 1011728 65

Jiang R, 2023a (21) China Cohort from May 2006 to Dec 2007 31359 54.52

Bulut S, 2014(22) Turkey Case-control between Jul 2010 and Jun 2013 117 57.01

Wang L, 2024 (23) UK Cohort 2006–2010 98193 58.2

Jiang R, 2023b (24) China Cohort May 2006 to Dec 2019 217 61.09

Lee HY, 2023 (25) South Korea Cohort between Jan 2009 and Dec 2009 12758 ≥20

Li X, 2020 (26) China Cohort 2006-2008 104274 51.21

Oh TR, 2019 (27) South Korea Cohort from 2009 to 2010 7613865 ≥20

Ko S, 2016 (17) South Korea Cohort 2002-2013 12618 ≥20

Haggstrom C, 2013 (male) (28) Norway, Austria, and Sweden Cohort 2003-2006 278920 42

Haggstrom C, 2013 (female) (28) Norway, Austria, and Sweden Cohort 2003-2006 281468 42

Choe JW, 2021(29) South Korea Cohort between 2009 and 2016 582449 56.4

Lopez-Jimenez T, 2022(30) Spain Case-control between Jan 2008 ans Dec 2017 183284 67.5
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1.97, 95% CI: 1.51, 2.58). Metabolic syndrome conferred 
an increased risk of kidney neoplasm among both female 
(OR: 1.42, 95% CI: 1.32, 1.53), and male (OR: 1.58, 95% 
CI: 1.37, 1.82) participants (Figures 3 and 4). Collectively, 
patients with metabolic syndrome exhibited greater odds 
of kidney neoplasm relative to those without metabolic 
syndrome.

In both the < 50 years (OR: 2.65, 95% CI: 1.90, 3.69) 
and ≥ 50 years (OR: 2.10, 95% CI: 1.32, 3.34), metabolic 
syndrome was associated with an elevated risk of kidney 

neoplasm relative to the non- metabolic syndrome 
population (Figure 5).

Factors such as hypertension (OR: 1.80, 95% CI: 1.47, 
2.22), obesity (OR: 1.45, 95% CI: 1.32, 1.59), dyslipidemia 
(OR: 1.44, 95% CI: 1.07, 1.94), decreased high-density 
lipoprotein (HDL) (OR: 1.37, 95% CI: 1.32, 1.42) and 
increased triglyceride (TG) (OR: 1.22, 95% CI: 1.11, 1.35) 
increased the risk of kidney neoplasm. In contrast, there 
was no significant association between FBG (fasting blood 
glucose) (OR: 1.24, 95% CI: 0.99, 1.56), diabetes (OR: 

Figure 4. Forest plot showing the association between metabolic syndrome and kidney cancer in males.

Figure 3. Forest plot showing the association between metabolic syndrome and kidney cancer in females.

Figure 2. Forest plot showing the association between metabolic syndrome and kidney cancer.
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1.57, 95% CI: 0.83, 2.93), and waist circumference (OR: 
1.34, 95% CI: 0.82, 2.18) and the risk of kidney neoplasm 
(Table 2).

Having one metabolic syndrome component (OR: 1.30, 
95% CI: 1.23, 1.39), two components (OR: 1.49, 95% CI: 
1.40, 1.59), three components (OR: 1.93, 95% CI: 1.68, 
2.22), four components (OR: 2.29, 95% CI: 1.91, 2.75), and 
five components (OR: 2.67, 95% CI: 2.16, 3.30) increased 
the risk of kidney neoplasm (Figure 6).

Figure 7 showed that there was no publication bias 
in the source search phase of this meta-analysis and all 
studies relevant to the current article title were reviewed 
and screened (P = 0.649).

Discussion
The presence of metabolic syndrome was associated with 
an increased risk of kidney neoplasm overall, with risk 
elevations of 97% in the total population, 42% in women, 
and 37% in men. Stratified by age, the increased risk was 
2.65‑fold in individuals under 50 years and 2.10‑fold 
in those aged ≥50 years. Among individual metabolic 
syndrome components, hypertension (80% increased risk), 
obesity (45%), dyslipidemia (44%), decreased HDL (37%), 
and elevated triglycerides (22%) each independently 

contributed to elevated renal cell carcinoma (RCC) risk. 
Furthermore, the presence of one, two, three, four, and 
five metabolic syndrome components was associated with 
risk increases of 30%, 49%, 93%, 2.29‑fold, and 2.67‑fold, 
respectively.

In a meta‑analysis of six studies by Zhou et al, metabolic 
syndrome was identified as a risk factor for RCC 
(HR: 1.44, 95% CI: 1.31, 1.59) (31). Similarly, Du et al 
conducted a meta‑analysis of eight studies and found that 
metabolic syndrome was associated with an increased risk 
of RCC (RR: 1.62, 95% CI: 1.40, 1.87) (32). In line with 
these findings, the present meta‑analysis demonstrated 
that metabolic syndrome significantly increased the risk 
of developing kidney neoplasm. Importantly, our study 
is more comprehensive than previous meta‑analyses, 
incorporating a larger sample size.

In a different context, Mariani et al performed a 
meta‑analysis examining the association between 
metabolic syndrome and gastric cancer risk, concluding 
that there was no significant relationship between the two 
(HR: 1.05, 95% CI: 0.92, 1.18) (33). This finding contrasts 
with the results of the current study, indicating that 
metabolic syndrome does not elevate the risk of gastric 
cancer.

Figure 5. Forest plot showing the association between metabolic syndrome and kidney cancer by age group.

Table 2. Association between components of metabolic syndrome and the risk of kidney cancer

Variables OR Low limit Up limit I2 (%) P value 

Obesity 1.45 1.32 1.59 94 <0.001

Hypertension 1.80 1.47 2.22 98.8 <0.001

Dyslipidemia 1.44 1.07 1.94 98.7 <0.001

HDL 1.37 1.32 1.42 0 0.679

TG 1.22 1.11 1.35 70.2 0.001

FBG 1.24 0.99 1.56 64.6 0.037

Diabetes 1.57 0.83 2.93 99.8 <0.001

WC 1.34 0.82 2.18 92.6 <0.001

OR: Odds ratio, HDL: High-density lipoprotein, TG: Triglycerides, FBG: Fasting blood glucose, WC: Waist circumference.
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Figure 6. Forest plot showing the association between number of metabolic syndrome components 1 (a), 2 (b), 3 (c), 4 (d) and kidney cancer.

(a)

(b)

(c)

(d)

(e)
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Conversely, a number of meta‑analyses have reported 
positive associations between metabolic syndrome and 
various other cancers. Esposito et al demonstrated that 
metabolic syndrome is associated with an increased risk 
of common cancers (3). Moreover, Zhong et al reported 
a positive and significant association between metabolic 
syndrome and pancreatic cancer risk (RR: 1.34, 95% CI: 
1.23, 1.46) (34). In a previous meta‑analytic approach, 
Shen et al showed that individuals with metabolic 
syndrome had a higher risk of colorectal cancer compared 
with the general population, an association observed in 
both men and women (RR: 1.36, 95% CI: 1.26, 1.47) (35). 
Likewise, Bhandari et al, in a meta‑analysis focused on 
women, found a direct and significant association between 
metabolic syndrome and breast cancer risk (RR: 1.47, 95% 
CI: 1.15, 1.87) (36). Zhang et al reported that metabolic 
syndrome was directly associated with an elevated risk 
of esophageal cancer (OR: 1.16, 95% CI: 1.08, 1.25) (37). 
In another study, Zhang et al conducted a meta‑analysis 
on lung cancer and concluded that metabolic syndrome 
independently increased lung cancer risk (RR: 1.15, 
95% CI: 1.05, 1.26) (38). Collectively, these studies are 
consistent with the overall finding of our investigation, 
indicating that individuals with metabolic syndrome 
are at greater risk of developing various malignancies 
including pancreatic, colorectal, breast, esophageal, and 
lung cancers and that metabolic syndrome functions as an 
independent risk factor for these neoplasms.

Further supporting evidence comes from Esposito et al, 
whose meta‑analysis indicated that metabolic syndrome 
may increase the risk of prostate cancer by 12% (39). 
Additionally, a meta‑analysis by Yuan et al reported that 
patients with metabolic syndrome had a higher risk of 
bladder cancer compared with those without metabolic 
syndrome (OR: 1.62, 95% CI: 1.08, 2.43) (40). Taken 

together, these studies suggest that metabolic syndrome is 
a risk factor not only for kidney cancer but also for other 
malignancies of the genitourinary tract.

Conclusion
Having metabolic syndrome increased the risk of 
developing kidney neoplasm, and among people with 
metabolic syndrome, men were more likely to develop 
kidney neoplasm than women, and people < 50 years 
of age were more likely to develop kidney neoplasm 
than people ≥50 years of age. Among the factors 
associated with metabolic syndrome, the greatest impact 
on the development of kidney neoplasm belonged to 
hypertension, obesity, dyslipidemia, decreased HDL, and 
increased TG, respectively. In addition, among individuals 
with metabolic syndrome, the risk of incident renal 
neoplasms increases with the accumulation of metabolic 
syndrome components.

Limitations of the study
All the studies reviewed were observational, but the 
number of studies in each category (cohort, cross-
sectional, and case-control) was different from the other 
- different studies reported the risk with different indices 
(HR, OR) - the diagnostic criteria for metabolic syndrome 
may not have been the same in the original studies. 
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