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Objective: Epidemiologic studies investigating the association between dietary
carbohydrates as well as glycemic index and glycemic load (markers of carbohydrate
quality) and bladder cancer risk have yielded inconsistent results. The aim of the present
meta-analysis is to summarize the evidence on this association.

Materials and Methods: A comprehensive literature search of articles published by
December 2019 was performed in PubMed, Scopus, and Web of Science databases.
A random-effects model was used to calculate the pooled odds ratios (ORs) and their
corresponding 95% confidence intervals (Cls).

Results: Twelve observational studies were included in the final analysis. There was
no evidence of an association between consumption of carbohydrates and bladder
cancer risk (pooled OR, 1.04; 95% CI, 0.92-1.17). No statistically significant association
between glycemic load and bladder cancer was likewise found (pooled OR, 1.10; 95% ClI,
0.85-1.42). However, there was a significant positive association between glycemic index
and bladder cancer risk (pooled OR, 1.25; 95% ClI, 1.11-1.41). In the dose-response
analysis, the pooled OR (95% Cl) per 10 units of glycemic index per day was 1.02 (95%
Cl, 1.01-1.04).

Conclusion: In this meta-analysis, glycemic index showed a positive linear association
with bladder cancer risk.

Keywords: bladder cancer, carbohydrates, glycemic index, glycemic load, meta-analysis

INTRODUCTION

Bladder cancer is a common human malignancy, with an estimated 429,800 new cancer cases and
165,100 deaths in 2012 worldwide (1). Despite recent improvement in diagnosis and therapy, the
clinical outcome of bladder cancer remains poor, especially for muscle-invasive bladder cancer in
elderly patients (2). Well-established risk factors for bladder cancer include tobacco smoking and
exposure to certain chemicals in the working and general environments (3). Emerging evidence
has shown that metabolic syndrome, obesity, low physical activity, and type 2 diabetes are related
to an increased risk of bladder cancer (4-8), suggesting that insulin resistance may play a role in
the etiology of bladder cancer.

Carbohydrates are one of the main dietary components affecting an individual’s insulin secretion
and blood glycemic response (9). Glycemic index is a measure of the blood glucose-raising potential
of the carbohydrate-containing test food relative to a reference food, typically glucose, or white
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FIGURE 2 | A forest plot showing risk estimates of the association between carbohydrates and bladder cancer risk.

TABLE 2 | Subgroup analysis of the association between dietary carbohydrate, Gl, and GL, and the risk of bladder cancer.

Carbohydrate Gl GL
No. of OR p-value HeterogeneityNo. of OR p-value Heterogeneity No. of OR p-value Heterogeneity
studies (95% Cl) (p/12) studies (95% CI) (p/1?) studies (95% CI) (p/1?)
Study design
Cohort 3 0.97 0.705 0.624/0.0% 2 1.24 0.067 0.202/37.4% 2 1.01 0.920 0.827/0.0%
(0.84-1.13) (1.02-1.49) (0.78-1.32)
Case—control 6 1.17 0.126 0.669/0.0% 2 1.24 0.027 0.757/0.0% 2 1.30 0.488 0.013/83.8%
(0.96-1.43) (0.99-1.56) (0.62-2.72)
Study region
North America 4 1.08 0.813 0.897/0.0% 2 1.23 0.007 0.314/13.7% 2 0.95 0.596 0.933/0.0%
(0.89-1.50) (1.06-1.42) (0.77-1.16)
Europe 4 1.15 0.284  0.132/46.6% 2 1.31 0.043 0.363/0.0% 2 1.58 0.098 0.189/42.0%
(0.82-1.28) (1.01-1.71) (0.92-2.54)

Gl, glycemic index; GL, glycemic load; No., number; OR, odds ratio; Cl, confidence interval.

glycemic index and bladder cancer risk (Phonlinearity = 0-389). The
curve showed a significant increase in bladder cancer risk with
increasing units of glycemic index. The pooled OR (95% CI) per
10 units of glycemic index per day was 1.02 (95% CI, 1.01-1.04)
(Figure 5).

DISCUSSION

In this meta-analysis of observational studies, we found
that a higher glycemic index was significantly related to a
greater risk of bladder cancer. No association was observed
between risk of bladder cancer and carbohydrate intake or
glycemic load. To the best of our knowledge, this is the

first meta-analysis to evaluate the association between dietary
carbohydrates, glycemic index, or glycemic load and bladder
cancer risk.

Recently, the relationship between carbohydrates, glycemic
index, or glycemic load and the risk of human cancers
has been widely studied. Schlesinger et al. (29) and Mullie
et al. (30) reported a modest association between high
glycemic index or glycemic load and the risk of breast
cancer based on meta-analysis of prospective cohort
studies. By contrast, there was no evidence of significant
association between glycemic index or glycemic load and
the risk of prostate cancer (31), colorectal cancer (32), or
pancreatic cancer (33). Therefore, the predictive role of
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Author Year Design Region OR (95% ClI)
Augustin 2017 Case-control Italy i —— 1.96 (1.16, 3.31)
George 2009 Cohort USA = E 0.89 (0.41,1.91)
(Female cohort) !
George 2009 Cohort USA — 0.99 (0.72, 1.36)
(Male cohort) !
Hu 2013 Case-control Canada —0——5— 0.92 (0.69, 1.22)
Sieri 2017 Cohort EPIC-Italy :+ 1.17 (0.67, 2.07)

<> 1.10 (0.85, 1.42)
Overall (I-squared = 40.5%, p = 0.151) .
NOTE: Weights are from random effects analysis :

T ! T

.302

FIGURE 3 | A forest plot showing risk estimates of the association between glycemic load and bladder cancer risk.

1 3.31

Overall (I-squared = 0.0%, p = 0.507)

NOTE: Weights are from random effects analysis

Author Year Design Region OR (95% ClI)
Augustin 2017 Case-control Italy = E 1.18 (0.83, 1.67)
George 2009 Cohort USA = : 0.91 (0.60, 1.38)
(Female cohort) !

George 2009 Cohort USA —_— 1.29 (1.07, 1.54)
(Male cohort) !

Hu 2013 Case-control Canada —— 1.26 (1.01, 1.58)
Sieri 2017 Cohort EPIC-ltaly ' = 1.51 (1.01, 2.25)

1.25 (1.11, 1.41)

444

FIGURE 4 | A forest plot showing risk estimates of the association between glycemic index and bladder cancer risk.

1 2.25

glycemic index or glycemic load is not consistent in various
human malignancies.

Our study indicated that there was a positive linear
association between glycemic index and bladder cancer
risk. Glycemic index is an indicator of the quality of
carbohydrate foods. Foods with high glycemic index are
rapidly digested and lead to a rapid peak in blood glucose and
the secretion of insulin (34). Hyperinsulinemia can increase

the bioactivity of insulin-like growth factor 1 (35), which
may potentially mediate the association between glycemic
index and bladder cancer risk. Insulin-like growth factor-1
was able to promote the p-cresidine-induced bladder tumor
development in transgenic mice (36). Obesity (6) and diabetes
(5), characterized with high IGF-I levels, also have been
reported to be positively associated with an increased risk
of bladder cancer. However, a recent study nested within
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FIGURE 5 | A linear dose—response association between glycemic index and bladder cancer risk. The solid line represents the estimated odds ratios (ORs), and the
dotted lines represent the 95% confidence intervals. Circles present the dose-specific ORs reported in each study. The area of each circle is proportional to the inverse

70 80 90

the European Prospective Investigation into Cancer and
Nutrition cohort failed to find any association between plasma
insulin-like growth factor 1 concentrations and bladder cancer
risk (37). Therefore, the specific mechanisms mediating the
relationship between glycemic index and bladder cancer risk
remain unclear.

This meta-analysis has several strengths. First, both high- and
low-level analyses and dose-response analysis were performed
for the association between glycemic index and bladder cancer
risk, with consistent results. Second, there was no evidence
of obvious heterogeneity across studies. Third, we performed
a throughout literature search, and no publication bias was
detected. Fourth, leave-one-out sensitivity analyses showed no
marked difference in results, indicating that the pooled risk
estimates were robust and not driven by any single study.

As with any study, this meta-analysis also has some
limitations. First, individuals with a diet of high carbohydrate
intake, glycemic index, or glycemic load may also have other
unhealthy behavioral and dietary habits and metabolic-related
illness, such as lack of physical activity, excess intake of total
energy, diabetes, and obesity, which may confound the true
association. Second, measurement error of diet may exist. Food
frequency questionnaires are not originally designed to assess
glycemic index and glycemic load. Most dietary questionnaires
have calculated the glycemic index or glycemic load values
according to a limited number of food items, which may affect
the accuracy of exposure assessment. Finally, the inclusion of
case—control studies may lead to recall and selection bias.

In conclusion, in this meta-analysis, glycemic index
showed a positive linear association with bladder cancer
risk. Carbohydrate intake and glycemic load were not associated
with the risk of bladder cancer. Furthermore, large prospective
studies that account for other relevant factors, such as body
weight, diabetes, physical activity, and intake of total energy,
are needed.
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