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Diabetes is a risk factor for several types of cancer,
but the specific relationship between diabetes and kid-
ney cancer is not well understood. We conducted a
search strategy in scientific databases for case-con-
trol and cohort studies on this topic. We analyzed 17
studies and found that diabetes was significantly asso-
ciated with the risk of developing kidney cancer and
that this risk was slightly stronger for women and for
people living in Asia. These findings were not influ-
enced by obesity, cigarette smoking, or hypertension.
We conclude that diabetes is an independent risk fac-
tor for the development of kidney cancer.

Diabetes and cancer are two diseases with the highest epi-
demiological surveillance worldwide because of their
associated morbidity and mortality, as well as the pres-
ence of common risk factors that may promote the onset
of both entities, including age, obesity, metabolic syn-
drome, smoking, and others (1,2). According to the World
Health Organization, as of 2014, 422 million people had
diabetes worldwide, and by 2012, diabetes was the eighth
leading cause of mortality worldwide, accounting for 1.5
million deaths (2). Meanwhile, according to the Global
Cancer Observatory, in 2018, 18.1 million new cases of all
cancers occurred, of which 2.23% were kidney cancer.
The documented incidence of kidney cancer has increased
over time, in part because of the increased frequency of
abdominal diagnostic imaging, which has improved case
detection (3). In 2018, there were 9.5 million deaths from
cancer, and of these, the raw mortality rate for kidney
cancer was 2.3 per 100,000 (1).

Epidemiological studies have identified diabetes as an
essential risk factor for the development of malignancies
in different organs such as the liver, biliary tract, pancreas,

colon, uterus, bladder, and kidneys (4). Biological events
that might explain the association between diabetes and
kidney cancer include hyperinsulinism, hyperglycemia,
and the inflammatory activity that diabetes generates in
the body, with different expressions and dysregulation of
cytokines that can promote oxidative stress, angiogenesis,
and uncontrolled cell proliferation (5–7). Two systematic
reviews and meta-analyses have been conducted (8,9),
the most recent in 2013, suggesting a positive association
between these two diseases. Nevertheless, new data con-
tinue to emerge related to this association. Therefore, this
study aimed to determine the association between diabe-
tes and risk of kidney cancer based on the latest available
data.

Research Design and Methods

We accomplished the recommendations described by
the Cochrane Collaboration and PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses) for conducting and writing systematic reviews.

Eligibility Criteria

The inclusion criteria for our study were: 1) articles
describing case-control and cohort studies, 2) with the
exposure variable type 1 and/or type 2 diabetes, and 3)
with information available with which to calculate odds
ratios (ORs), relative risks (RRs), or hazard ratio (HRs)
with 95% CIs. We excluded studies that included the
diagnosis of gestational diabetes, those with partici-
pants <18 years of age, and those not calculating OR,
RR, or HR as an association measure.
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Information Sources

We performed a search in the MEDLINE, Embase,
LILACS (Latin American and Caribbean Health Sciences
Literature), and CENTRAL (Cochrane Central Register
of Controlled Trials) indexes from inception to the pre-
sent (Supplementary Material). To ensure literature sat-
uration, we scanned references from relevant articles
identified through the search, conferences, thesis data-
bases, and the Open Gray, Google Scholar, and Clinical-
Trials.gov websites, among others. There were no
language or setting limits.

Study Selection

All the authors independently screened the results for a
relevant title/abstracts and then full-text articles
according to the inclusion and exclusion criteria. We
then manually searched for references listed in the
selected articles.

Data Extraction

We extracted the following information: first author’s
last name, year of publication, country, and continent
of origin; duration of follow-up; cases in exposed and
unexposed groups by sex; diabetes type, method of
exposure determination, diagnostic criteria for diabetes,
and time of exposure for diabetes; association measure
estimates and their corresponding 95% CIs controlling
for the significant potential confounders; and covariates
controlled for in the analysis.

Assessment of Bias Risk Within Studies

We assessed the risk of bias based on the New Cas-
tle–Ottawa Scale (NOS). This scale evaluates three cate-
gories within each study: study design, comparability,
and event, using a numeric grading scale from 0 to 9.
Studies graded 0–3 were determined to be of low qual-
ity, those graded 4–6 were considered to be of interme-
diate quality, and those graded 7–9 were deemed high-
quality studies (10).

Statistical Analysis

For meta-analysis calculation purposes, we selected
HRs with 95% CIs as the summary measure for results
of all included studies. This ratio was calculated using
the method described by DerSimonian and Laird (11),
assuming a random effect model. Statistical heterogene-
ity between studies was calculated using the I2 statistic
(12), considering 25, 50, and 75% as cutoffs for low,
intermediate, and high heterogeneity, respectively. All

statistical analyses were performed using Review Man-
ager, v. 5.3, software.

Specific Analyses

Publication bias was evaluated using the funnel plot
graphical method. Sensitivity analyses were con-
ducted by type of study, with adjustment for the
covariates of obesity, hypertension, and cigarette
smoking because these factors are strongly related
to kidney cancer occurrence (13–15). Subgroup anal-
yses were performed to investigate the possible origin
of heterogeneity between studies considering the
variables of continent of origin, sex, and time of
exposure.

Results

Study Selection

Through our search of databases, we found 42 potential
articles for full-text analysis. We included 17 studies for
the final analysis (Figure 1) (16–32).

Characteristics of Included Studies

Of the included studies, 12 were cohort studies
(16–19,25–32) and five were case-control studies
(20–24) (Tables 1 and 2). In total, we analyzed
2,296,993 people diagnosed with diabetes and
5,425,793 people without diabetes from the cohort
studies. Also, we included for analysis 3,037 patients
diagnosed with renal cancer, and 7,309 control subjects
without kidney cancer.

With regard to the geographical distribution of the pop-
ulations analyzed, one of the studies included popula-
tions from different regions (24); five included
populations from Europe, including Italy (22,25),
Iceland (26), Greece (21), and Sweden (23); six were
conducted in Asia, including China (32), Israel (31),
Japan (18), and Taiwan (20,27,28), and five were from
North America, all of which were conducted in the
United States (16,17,19,29,30).

With regard to type of diabetes included in the studies, six
studies did not report type of diabetes (16,21,22,24,30,31),
four included people with type 1 or type 2 diabetes
(20,23,25,28), and seven included only people with
type 2 diabetes (17–19,26,27,29,32). None of the studies
were conducted in a population that was exclusively
diagnosed with type 1 diabetes (Tables 1 and 2).

With regard to covariate adjustments for hypertension,
obesity, and cigarette smoking, five studies adjusted by
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the three variables simultaneously (29%), of which one
was a case-control study (20) and four were cohort
studies (15,25,26,29); nine adjusted based on at least
one of the three variables (53.9%), of which three were
case-control studies (22–24) and six were cohort stud-
ies (17–19,28,29,32); two adjusted by other covariates
(11.7%), both of which were cohort studies (25,31);
and one case-control study did not have any adjust-
ments (21) (Tables 1 and 2).

Risk of Bias Within Studies

Among the studies included, we assessed 13 as being of
high quality based on the NOS (16–19,21,23,26–32).
We rated the remaining studies as being of intermediate
quality (20,22,24,25). None of the studies included
were deemed to be of low quality (Tables 1 and 2).

Diabetes as a Risk Factor for Kidney Cancer

We found an association between diabetes and kidney
cancer (HR 1.36, 95% CI 1.25–1.48, I2 5 60%)
(Figure 2).

Sensitivity Analyses

In the cohort study subgroup, we included 12 studies
(16–19,25–32), and in the case-control subgroup, we
included five studies (20–24). The cohort studies
yielded an HR of 1.38 (95% CI 1.25–1.52, I2 5 71%),
whereas the case-control subgroup yielded an HR of
1.29 (95% CI 1.08–1.53, I2 5 0%). There were no sta-
tistically significant differences between the groups.

Adjustment for Covariates

We divided the included studies into two subgroups: those
with adjustment for the covariates of obesity, hypertension,

FIGURE 1 Flowchart of the study selection process.
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and/or cigarette smoking (16–24,26–30,32) and those
with no adjustment (25,31). We found an HR of 1.26
(95% CI 1.20–1.33, I2 5 10%) in the covariate adjustment
group and an HR of 1.64 (95% CI 1.38–1.95, I2 5 49%) in
the group with no adjustment. There were no significant
differences between groups.

Publication Bias Analyses

We performed a publication bias analysis using the
visual exploration of a funnel plot. It resulted in a sym-
metrical graph, which indicates no publication bias
(Figure 3).

Subgroup Analyses

Sex
We included seven studies for meta-analysis
(17,18,24,25,28,29,31), as the remaining 10 studies
did not included results by sex. We found an HR of
1.41 (95% CI 1.13–1.75, I2 5 80%) in women and an
HR of 1.29 (95% CI 1.14–1.46, I2 5 56%) in men.
There were no significant differences between
groups (x2 5 0.44, df 5 1, P 5 0.51, I2 5 0%)
(Figure 4).

Geographical Location
Sixteen studies were grouped in three categories
according to their continent of origin: five from Europe
(21–23,25,26), six from Asia (18,20,27,28,31,32), and
five from North America (16,17,19,29,30). One study
was from multiple countries and therefore was not
included in this analysis. We found an HR of 1.21 (95%
CI 0.99–1.19, I2 5 0%) in studies from Europe, an HR
of 1.46 (95% CI 1.28–1.66, I2 5 80%) in studies from
Asia, and an HR of 1.23 (95% CI 1.08–1.39, I2 5 16%)
in studies from North America. There were no signifi-
cant differences between groups (x2 5 3.98, df5 2,
(P5 0.14, I2 5 49.8%) (Figure 5).

Exposure Time
We created two subgroups: five studies with<5 years of
diabetes exposure (17,19,23,31,32), for which we found an
HR of 1.93 (95% CI 1.13–3.31, I2 5 98%), and six studies
with>5 years of diabetes exposure (17,19,23,25,31,32),
for which we found an HR of 1.38 (95% CI 1.26–1.52, I2 5
16%). Six studies were not included, as they did not report
exposure time. Nevertheless, there were no statistically
significant differences between groups (x2 5 1.42, df5 1,
P5 0.23, I2 5 29.5%) (Figure 6).

HR [95% CI]HR [95% CI] HR [95% CI]

FIGURE 2 Meta-analysis of association between diabetes and kidney cancer. A, result for the time interval 90–1,460 days before kidney
cancer diagnosis; B, result for the time interval 1,461–3,650 days before kidney cancer diagnosis; G, general result; M, result for men;
W, result for women.
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Discussion

Summary of Main Findings

The main finding of this systematic review and meta-
analysis, which included cohort and case-control studies
from different geographical areas of the world, suggests
that diabetes increases the risk of kidney cancer. This
association seems to be higher in women than in men,
in Asia and North America than in Europe, and in peo-
ple with <5 years of diabetes exposure, although these
differences were not statistically significant. The sensi-
tivity analysis showed that the main result was slightly
attenuated by studies that adjusted for obesity, hyper-
tension, and cigarette smoking, but it remained statisti-
cally significant after adjustment. This finding suggests
that diabetes is an independent risk factor for the inci-
dence of kidney cancer.

Association Between Diabetes and Kidney Cancer

Our results are consistent with those described in the
systematic reviews of Bao et al. (8), which showed an
increased 40% risk of kidney cancer in people with

diabetes, and Larsson and Wolk (9), which showed an
increased risk of 42% in this population.

Elevated blood glucose levels can trigger metabolic pro-
cesses such as increased insulin and IGF-1 levels and
promote the presence of proinflammatory cytokines in
tissues that activate signaling pathways involved in cell
growth and thus the development of tumors. Therefore,
diabetes may increase the risk of cancer in a biologically
plausible manner (5–7). None of the included studies
evaluated the dose-response relationship between A1C
in people with diabetes and the risk of renal cancer.
Future research on this topic is needed.

The covariate adjustments could explain the high hetero-
geneity observed within the meta-analysis. However, this
finding should be taken cautiously because there were
few studies included in the no-adjustment subgroup. Nev-
ertheless, adjustment for covariates did not affect the asso-
ciation between diabetes and kidney cancer risk.

The subgroup analysis did not reveal any statistically sig-
nificant differences. Therefore, the heterogeneity might

FIGURE 3 Funnel plot of publication bias analysis.
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have resulted from the type of diabetes, which authors did
not describe in six of the 17 included studies; in the other
studies, participants were described as having type 2 dia-
betes, diabetes, or either type 1 or type 2 diabetes. Simi-
larly, other variables such as the diagnostic criteria for
diabetes used in the included studies or the sources of the
data collected in these studies may have influenced the
results. In addition, other variables such as the use of met-
formin in the populations with diabetes, which has dem-
onstrated a possible protective effect for the development
of various cancers (33), may have mitigated the real effect
of diabetes on the risk of kidney cancer.

With regard to sex, this systematic review and meta-
analysis showed an increased risk of kidney cancer in
both sexes, but a slightly higher risk among women.
This finding can be explained by differences in glucose
homeostasis and the prevalence of metabolic syn-
drome, as women tend to have higher glucose intoler-
ance and a higher prevalence of metabolic syndrome
than men (31). This occurrence accounts for the possi-
ble biological plausibility that exists between glucotox-
icity and oncogenesis (34).

This study also found a statistically significant associa-
tion between diabetes and the risk of kidney cancer in
populations from Asia and North America, with a higher
risk in Asian populations. However, no association was
found for European populations. These findings are
consistent with those previously described in the study
by Bao et al. (8). Genetic differences between these
populations could account for these results. Neverthe-
less, further investigation is needed.

Finally, this systematic review and meta-analysis found
a more significant association between diabetes and
kidney cancer in people with a lower exposure to diabe-
tes. In this regard, there is a high probability of detec-
tion bias in this association because there was more
active surveillance (more imaging diagnostic techniques
used) in patients with chronic kidney disease in the
population recently diagnosed with diabetes (9).

Strengths and Limitations

This review has several strengths. First, the studies included
in the analysis were of high or intermediate quality based

HR [95% CI] HR [95% CI]

FIGURE 4 Subgroup analysis of diabetes and risk of kidney cancer by sex. M, result for men; W, result for women.
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on NOS assessment. Second, the subgroup analyses
included potential cofounders in the summary association
measure between diabetes and risk of kidney cancer, mak-
ing the study result reliable. Third, the included studies
accounted for different populations around the world,
ensuring adequate external validity for the results.

This study also has limitations. First, there was a
high degree of statistical heterogeneity. There were
also covariates present in studies other than obesity,
hypertension, and cigarette smoking. The studies
included were observational in design and thus
could have had various types of bias, as well as
under-registration of variables that may have

interfered with the outcomes they measured. Addition-
ally, data on diagnoses of diabetes and kidney cancer
were obtained from clinical records or external sources
such as cancer or population registries. This strategy
may have introduced selection and information biases.
Also, type 2 diabetes is the form of the disease most con-
sistently associated with kidney cancer in epidemiologi-
cal studies. Thus, inclusion of individuals with type 1
diabetes in some of the studies could have led to attenu-
ation of the real association between diabetes and kid-
ney cancer. Finally, as stated in the meta-analysis
summary, diabetes is an underdiagnosed disease, which
may have resulted in bias due to misclassification of
exposure.

HR [95% CI] HR [95% CI]

FIGURE 5 Subgroup analysis of diabetes and risk of kidney cancer by geographical location. A, result for the time interval 90–1,460
days before kidney cancer diagnosis; B, result for the time interval 1,461–3,650 days before kidney cancer diagnosis; G, general result;
M, result for men; W, result for women.

FEATURE ARTICLE Diabetes and Kidney Cancer Risk

280 DIABETESJOURNALS.ORG/CLINICAL

D
ow

nloaded from
 http://ada.silverchair.com

/clinical/article-pdf/40/3/270/685533/diaclincd210013.pdf by guest on 10 April 2024

https://diabetesjournals.org/clinical


Practical Implications and Future Research

Based on the results of this study, diabetes may be con-
sidered an independent risk factor for kidney cancer.
Additionally, we suggest incorporating a renal ultra-
sound into the regular follow-up care of patients with
diabetes in primary care.

Conclusion

Diabetes is an independent risk factor for the devel-
opment of kidney cancer. Future studies are needed
to evaluate a possible dose-response interaction of
A1C and kidney cancer risk and to assess kidney can-
cer risk in people with diabetes from other geograph-
ical locations such as Latin America, Africa, and
Oceania.
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