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ABSTRACT

Some evidence indicates that carotenoids may reduce the risk of bladder cancer (BC), but the association is unclear. We conducted a systematic
review and meta-analysis of case-control and cohort studies investigating the relation between carotenoid intake or circulating carotenoid
concentrations and BC risk in men and women. All relevant epidemiologic studies were identified by a search of PubMed and Scopus databases,
and the Cochrane Library from inception to April 2019 with no restrictions. A random-effects model was used to calculate pooled RRs and their 95%
CIs across studies for high compared with low categories of intake or circulating concentrations. We also performed a dose-response meta-analysis
using the Greenland and Longnecker method and random-effects models. A total of 22 studies involving 516,740 adults were included in the meta-
analysis. The pooled RRs of BC for the highest compared with the lowest category of carotenoid intake and circulating carotenoid concentrations
were 0.88 (95% CI: 0.76, 1.03) and 0.36 (95% CI: 0.12, 1.07), respectively. The pooled RR of BC for the highest compared with lowest circulating lutein
and zeaxanthin concentrations was 0.53 (95% CI: 0.33, 0.84). Dose-response analysis showed that BC risk decreased by 42% for every 1 mg increase
in daily dietary β-cryptoxanthin intake (RR: 0.58; 95% CI: 0.36, 0.94); by 76% for every 1 μmol/L increase in circulating concentration of α-carotene
(RR: 0.24; 95% CI: 0.08, 0.67); by 27% for every 1 μmol/L increase in circulating concentration of β-carotene (RR: 0.73; 95% CI: 0.57, 0.94); and by 56%
for every 1 μmol/L increase in circulating concentrations of lutein and zeaxanthin (RR: 0.44; 95% CI: 0.28, 0.67). Dietary β-cryptoxanthin intake and
circulating concentrations of α-carotene, β-carotene, and lutein and zeaxanthin were inversely associated with BC risk. The protocol was registered
at PROSPERO as CRD42019133240. Adv Nutr 2020;11:630–643.
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Introduction
Carotenoids are a fat-soluble and diverse group of natural
pigments of the polyene type (1) and are often present in
red, yellow, or orange vegetables and fruit. Carotenoids from
natural sources can be classified into 2 groups: hydrocarbons,
which do not contain oxygen, such as α-carotene, β-carotene,
and lycopene and xanthophylls, which contain oxygen, such
as β-cryptoxanthin, lutein, and zeaxanthin (2). α-Carotene
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and β-carotene are found in high amounts in carrots; β-
cryptoxanthin is present in oranges and tangerines, tomatoes
contain high amounts of lycopene, and broccoli and spinach
contain lutein and zeaxanthin (3). The most commonly
studied carotenoids are α-carotene, β-carotene, lycopene,
β-cryptoxanthin, lutein, and zeaxanthin because of their
abundance in the diet and comparatively high concentrations
in plasma (4). Carotenoids are hypothesized to reduce the
risk of bladder cancer (BC), most likely due to their capacity
to reduce cell proliferation and transformation, inhibit
the development of precancerous lesions, regulate gap-
junction communication between cells, and scavenge DNA
damaging free radicals (5–9). A few epidemiological studies
have investigated the relations between the carotenoids and
BC risk; however, the results remain inconsistent. One
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meta-analysis, pooling 4 studies, included studies with the
outcome of both BC and other urinary tract cancers and
reported an inverse association between total carotenoid
intake and the risk of BC (OR: 0.67; 95% CI: 0.55, 0.79) (10),
but no meta-analysis has reported an association pooling
all studies including the 6 main types of carotenoids and
the dose-response association between carotenoids and BC
risk. Meanwhile, which carotenoid plays a greater role in
reducing BC risk remains unclear. Therefore, we performed
a meta-analysis and meta-regression to comprehensively and
comparatively assess the associations between carotenoids
and the risk of BC.

Methods
This systematic review protocol was registered at PROS-
PERO as CRD42019133240.

Search strategy
A literature search was performed from inception to April
2019 using the PubMed and Scopus databases and the
Cochrane library, without restrictions, using the following
search terms: (carotenoid or α-carotene or β-carotene or
β-cryptoxanthin or lutein & zeaxanthin or lycopene) and
(urinary bladder neoplasms or bladder cancer or bladder
neoplasm or bladder tumor or cancer of bladder or tumor of
bladder). Moreover, the reference lists from retrieved articles
were reviewed to search for further relevant studies. This
study was conducted in accordance with the PRISMA (11)
and MOOSE guidelines (12).

Eligibility criteria
Studies were included in the meta-analysis if they met
the following criteria: 1) population-based epidemiological
study design; 2) the exposure of interest was intake of
carotenoids or α-carotene or β-carotene or β-cryptoxanthin
or lutein and zeaxanthin or lycopene; or circulating concen-
trations of carotenoids or α-carotene or β-carotene or β-
cryptoxanthin or lutein and zeaxanthin or lycopene; 3) the
outcome of interest was BC; and 4) OR or RR estimates
with 95% CIs were reported. If data was duplicated in
>1 study, the study with the largest number of cases was
included.

Data extraction
The following data was extracted from each study: the
first author’s last name, publication year, country where the
study was performed, study period, participant sex and age,
sample size (cases and controls or cohort size), measure and
range of exposure, variables adjusted for in the analysis,
and OR or RR estimates with corresponding 95% CIs for
the highest versus lowest categories or for each category of
carotenoid intake and circulating carotenoid concentrations.
The ORs or RRs reflecting the greatest degree of control

for potential confounders for use in the main analyses were
extracted.

Individual study quality and risk of bias
Individual study quality and risk of bias was assessed
using the 9-star Newcastle–Ottawa Scale (13). This is an
8-item instrument allowing the assessment of the patient
population and selection, study comparability, follow-up,
and the outcome of interest. Interpretation of the scale was
performed by awarding points, or “stars,” for high-quality
elements. The number of stars was then used to compare
study quality in a quantitative manner. The maximum
score was 9 points, representing the highest methodological
quality. Data extraction was conducted independently by
2 authors (SHW and YNL), with disagreements resolved by
consensus.

Assessment of quality of evidence across studies
(grading of the evidence)
The quality and strength of the evidence across studies
was assessed using the Grading of Recommendations As-
sessment, Development and Evaluation (GRADE) system
(14). Included observational studies started at low-quality
evidence by default and then were downgraded or upgraded
based on prespecified criteria. Criteria to downgrade in-
cluded study limitations (weight of studies showed risk of bias
according to the Newcastle–Ottawa Scale), inconsistency
(substantial unexplained interstudy heterogeneity, P < 0.10),
indirectness (presence of factors relating to the population,
exposures, and outcomes that limit generalizability), impre-
cision [95% CIs were wide or overlap no effect (i.e. CIs
include RR of 1.0)], and publication bias (significant evidence
of small-study effects). Criteria to upgrade included a large
size effect (RR >2 or RR <0.5 in the absence of plausible
confounders), a dose-response gradient, and attenuation by
plausible confounding effects.

Statistical analysis
The measure of effect of interest was the OR or RR and
the corresponding 95% CI. As the risk of BC was low, OR
from case-control studies approximately estimated RR. The
primary outcome was BC risk expressed as RR estimates
with corresponding 95% CIs in relation to dietary carotenoid
intake or circulating concentrations of carotenoids. We
reported all results as RR for simplicity and ease of inter-
pretation. The associations of carotenoid intakes/circulating
concentrations of carotenoids with BC risk were estimated
using DerSimonian and Laird random-effect (15) models by
comparing the highest with the lowest (the referent) category.
Heterogeneity among studies was evaluated by the Cochran
Q test [considered significant for P values <0.10 (16, 17)]
and the I2 parameter, which represented the percentage
of total variation across studies that was attributable to
heterogeneity rather than to chance (heterogeneity between
studies was considered low, moderate, and high according
to I2 values of 25%, 50%, and 75%) (18). For 1 study that
reported results for participants <65 y and those >65 y
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separately (19), the 2 RR estimates were combined, and
the pooled RR estimate was then included in the meta-
analysis. For 7 studies (20–26) that reported results for
dietary intake of α-carotene, β-carotene, β-cryptoxanthin,
lutein and zeaxanthin, and lycopene separately, the RR
estimates from 5 types of carotenoids were combined for
each of the 7 studies, and the pooled RR estimates were
then included in the meta-analysis to examine the association
between dietary total carotenoid intake and the risk of
BC. For 1 study (27) that reported results for circulating
concentrations of α-carotene, β-carotene, β-cryptoxanthin,
lutein, zeaxanthin, and lycopene separately, the RR estimates
from 6 types of carotenoids were combined, and the pooled
RR estimates were then included in the meta-analysis to
examine the association between circulating concentrations
of total carotenoids and the risk of BC. In addition, we further
conducted subgroup analyses for dietary carotenoid intake
by sex (men versus women), study design (case-control
compared with cohort), origin of participants (Europeans
versus Americans), study quality (8 + stars versus 7 stars),
respectively, and compared the difference of effect sizes
within each subgroup using the method described by Deeks
and Altman (28).

Furthermore, a dose-response association between
carotenoid intake/circulating carotenoid concentrations
and BC risk was estimated by the method of Greenland
et al. (29) and Orsini et al. (30) to compute slopes from the
natural logarithm of the RR across exposure categories.
Only studies that reported the number of cases and
controls and the RR and its variance estimate for 2 or
more quantitative exposure categories were included. The
median level of carotenoid intake (mg/d) or circulating
carotenoid concentrations (μmol/L) for each category was
assigned to each corresponding RR. For the studies not
providing the median of the highest category, the intake
level was defined as 1.2 times the highest category. (31). The
summary RR estimates were obtained from DerSimonian
and Laird random-effect (15) models applied to the dose-
response slopes. Heterogeneity among studies was evaluated
by the Cochran Q test (16, 17) and the I2 parameter
(18). An estimated linear dose-response trend was pooled
under the assumption of log-linearity of the exposure
response association using random effects models for
meta-analysis and a P value for the linearity was calculated
(30). A potential nonlinear dose-response relation was
modeled by using restricted cubic splines with 4 knots
percentiles 5%, 35%, 65%, and 95% of the distribution of
carotenoid intake/circulating concentrations of carotenoids.
A P value for nonlinearity was calculated by testing if the
coefficient of the second and third splines were equal to
zero.

Publication bias was assessed by constructing funnel plots
and 2 formal tests: the Begg-adjusted rank correlation test
(32) and the Egger’s regression test (33). Furthermore, the
trim-and-fill method (34) was used to analyze whether the
adjusted OR was significant compared with the original

pooling estimates. The meta-analyses were carried out using
the statistical package Stata (version 14.2, Stata Corporation).

Results
Literature search
The detailed steps of our literature search are shown
in a flow diagram (Figure 1). Briefly, we identified 17
potentially relevant articles concerning dietary carotenoid
intake (19–26, 35–43), 4 articles on circulating carotenoid
concentrations (27, 44–46), and 2 articles on β-carotene
supplementation (42, 47) in relation to risk of BC. A total of
22 studies were included in the meta-analysis. As 1 study (42)
reported both dietary carotenoid intake and supplementation
of β-carotene intake, it was not only included in studies
for dietary carotenoid intake (n = 17), but also included
in studies examining supplementation of β-carotene intake
(n = 2).

Study characteristics
Among the 22 included studies (n = 516,740), 17 were on
dietary carotenoid intake and 11 were on total carotenoid
intake. Four cohort studies (21, 23, 24, 26) and 7 case-
control studies (19, 20, 22, 25, 39–41) involved a total of
10,348 cases (Table 1). Eight (19, 21, 24–26, 39–41) of
11 studies were conducted in the USA and 3 (20, 22, 23)
in Europe. Nine (20–26, 39, 43) of 17 studies examining
dietary carotenoid intake were on dietary α-carotene intake,
14 (20–26, 35–39, 42, 43) on dietary β-carotene intake,
7 (21–26, 39) on dietary β-cryptoxanthin intake, 8 (20–
26, 39) on dietary lutein/zeaxanthin intake, and 8 (20–26,
39) on dietary lycopene intake. Only 2 reports provided
results for dietary β-carotene supplement use alone (42, 47).
Three nested case-control studies (44–46) and 1 hospital-
based case-control study (27) on circulating carotenoid
concentrations comprised a total of 1086 cases and 1210
controls; 3 (27, 44, 45) were conducted in the USA and 2
(27, 44) of 3 measured plasma carotenoid concentrations
and 1 (45) of 3 measured serum carotenoid concentrations,
and 1 (46) was conducted in 10 European countries and
measured plasma carotenoid concentrations. Three (27, 45,
46) of 4 studies on circulating carotenoid concentrations
were on total carotenoids, α-carotene, β-cryptoxanthin, and
lutein and zeaxanthin, and 4 on circulating concentrations
of β-carotene and lycopene (Table 1). The quality criteria
of the 22 included studies range from 7 to 9 stars. Studies
with a lower quality score generally did not select the
community controls, but hospital controls or the selected
cohort did not represent the community. All 22 included
studies adjusted for the important risk factor of cigarette
smoking (48).

Supplemental Table 1 shows a summary of the GRADE
assessments for the associations between BC risk and intake
of total carotenoids in all studies and in studies stratified
by sex (men and women), study design (case-control and
cohort), and study quality; intake of 6 different types of
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FIGURE 1 Flowchart of selection of studies for inclusion in the meta-analysis.

carotenoids; circulating concentrations of carotenoids and
6 different types of circulating carotenoid concentrations.
The evidence for a lack of harm was rated as very low
quality for total sugars and fructose because of downgrades
for serious inconsistency and imprecision and low quality
for sucrose because of a downgrade for serious imprecision
and an upgrade for a significant inverse dose-response
gradient.

The quality of evidence was high for circulating concen-
trations of lutein and zeaxanthin due to no serious risk of bias,
inconsistency, indirectness, and imprecision and an upgrade
for a dose-response gradient. The quality of evidence was
moderate for total carotenoid intake in men due to no serious
risk of bias, indirectness, and imprecision and a downgrade
for inconsistency and an upgrade for a dose-response

gradient. The quality of evidence was low for total carotenoid
intake in case-control studies, total carotenoid intake in stud-
ies with quality of 8+ stars, total carotenoid intake in studies
with quality of 7 stars, β-cryptoxanthin intake, lycopene
intake, circulating concentrations of α-carotene, circulating
concentrations of β-carotene, circulating concentrations of
lycopene, and dietary β-carotene supplementation; or very
low for total carotenoid intake, total carotenoid intake in
women, total carotenoid intake in cohort studies, α-carotene
intake, β-carotene intake, lutein and zeaxanthin intake,
circulating concentrations of total carotenoids, and circulat-
ing concentrations of β-cryptoxanthin. The reason for the
grades of low to very low quality was because evidence was
only available from predominantly low-quality observational
studies.
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High versus low carotenoid intake or circulating
carotenoid concentrations
The multivariable-adjusted RRs for each individual study and
all studies combined for the highest versus lowest categories
of dietary carotenoid intake or circulating carotenoid con-
centrations are shown in Figure 2. Results from individual
studies on dietary total carotenoid intake in relation to BC
risk were inconsistent with both inverse and positive asso-
ciations reported. The association of circulating carotenoid
concentrations with BC risk was not statistically significant
in 3 individual studies (44–46), but statistically significant
in 1 study (27). The adjusted pooled RRs of BC for the
highest versus lowest categories of total carotenoid intake
and circulating carotenoid concentrations were, respectively,
0.88 (95% CI: 0.76–1.03) and 0.36 (95% CI: 0.12–1.07).
Statistically significant heterogeneity was present among

studies of total carotenoid intake (χ2 = 39.26, P < 0.0001;
I2 = 74.5%) and among studies of circulating carotenoid
concentrations (χ2 = 13.48, P = 0.001; I2 = 85.2%).
The funnel plot for the association between dietary total
carotenoid intake and the risk of BC was asymmetric and the
Egger test (bias = −13.14, P = 0.07) suggested publication
bias (Figure 3), but the Begg test (P = 1.00) did not sug-
gest publication bias. Furthermore, the trimmed-and-filled
adjusted RR was the same as the original result. The Begg test
(P = 0.60) and Egger test (bias = −9.14, P = 0.47) showed
no evidence of publication bias for circulating carotenoid
concentrations.

Sensitivity and subgroup analyses
Sensitivity and stratified analyses were performed to explore
the heterogeneity among studies of carotenoid intake and

FIGURE 2 Adjusted RRs of bladder cancer for the highest compared with lowest categories of total carotenoid intake (A; 11 studies,
n = 521,015)/circulating carotenoid concentrations (B; 3 studies, n = 1546) in adults. Associations were estimated using DerSimonian and
Laird (15) random-effect models comparing the highest with the lowest (the referent) category.

A meta-analysis on carotenoids and bladder cancer 637



0.0

0.1

0.2

0.3

S
E

 o
f 

lo
g

 R
R

 

−0.5 0 0.5
Log RR

FIGURE 3 The funnel plot for the association between dietary
total carotenoid intake and the risk of bladder cancer (11 studies,
n = 521,015) in adults. DerSimonian and Laird random-effect (15)
models were used to generate the funnel plot. Log RR: the
logarithm of the RR.

BC. A sensitivity analysis omitting 1 study at a time and
calculating the pooled RRs for the remainder of the studies
suggested that the studies by Michaud et al. (23) and Holick
et al. (24) substantially influenced the pooled RR. After
excluding the 2 studies separately, the inverse association was
statistically significant, and the RR for the highest compared
with lowest category of total carotenoid intake was 0.85 (95%
CI: 0.72, 0.998) after excluding the study by Michaud et al.
(23) and 0.85 (95% CI: 0.72, 0.99) after excluding the study
by Holick et al. (24). When excluding both studies, the inverse
association was statistically significant, and the RR for the
highest versus lowest category of total carotenoid intake was
0.81 (95% CI: 0.69, 0.94).

A subgroup analysis for dietary total carotenoid intake
is shown in Table 2. Although the inverse associations
were not different between men and women (P for dif-
ference = 0.84), the association for men was statistically
significant (RR = 0.85; 95% CI: 0.72, 0.99). The associations
appeared to be significantly stronger in case-control studies
(0.77; 0.63–0.94) than in cohort studies (1.09; 0.93, 1.27)
(P for difference <0.001). Although associations were not
statistically significant, they appeared to be stronger in Amer-
icans (inverse) than Europeans (positive). The associations
were stronger for studies that met more quality criteria (≥8
stars; RR = 0.81; 95% CI: 0.68, 0.95) than the studies that
met fewer quality criteria (7 stars; RR = 1.13; 95% CI:
0.95, 1.36). The combined risk estimates of BC risk for the
highest versus lowest categories of the intake of 6 dietary
carotenoids and circulating carotenoid concentrations are
shown in Table 2. Except for circulating concentrations of
lutein and zeaxanthin (RR = 0.53; 95% CI, 0.33, 0.84),
the inverse associations were not statistically significant for
dietary intake and circulating concentrations of α-carotene,
β-carotene, β-cryptoxanthin, lutein and zeaxanthin, and ly-
copene, and for dietary β-carotene supplementation. Except
for men (χ2 = 31.07, P < 0.0001; I2 = 71%; P for the Egger
test = 0.04), other analyses in Table 2 showed no evidence

of publication bias. Furthermore, the Begg test did not show
evidence of publication bias (P = 0.72), and the trimmed-
and-filled adjusted RR was the same as the original result for
men.

Dose-response meta-analysis
The dose-response relation between dietary carotenoid
intake/circulating carotenoid concentrations and BC risk was
next assessed. The dose and effect sizes for each individual
study are shown in Supplemental Table 2. As only 4
studies reported the number of cases and controls and the
RR and its variance estimate for 2 or more quantitative
exposure categories of total carotenoid intake, the 4 studies
were included in the dose-response analysis. The linear
trend between total carotenoid intake and BC risk was not
statistically significant (Figure 4A) (P = 0.15). The dataset,
Stata code, and output are detailed in Supplemental Table 3.

The inverse linear and nonlinear associations were not
statistically significant for dietary intake of total carotenoids
(Figure 4A), α-carotene (Figure 4B), β-carotene (Figure 4C),
lutein and zeaxanthin (Figure 4E), and lycopene (Figure 4F),
dietary β-carotene supplementation (Figure 5), and circu-
lating concentrations of total carotenoids (Figure 6A), β-
cryptoxanthin (Figure 6D) and lycopene (Figure 6F). How-
ever, the inverse linear association was statistically significant
for dietary intake of β-cryptoxanthin (RR = 0.58; 95% CI:
0.36, 0.94) (Figure 4D), and circulating concentrations of
α-carotene (RR = 0.24; 95% CI: 0.08, 0.67) (Figure 6B),
β-carotene (RR = 0.73; 95% CI, 0.57, 0.94) (Figure 6C),
and lutein and zeaxanthin (RR = 0.44; 95% CI: 0.28,
0.67) (Figure 6E). These analyses showed no evidence of
publication bias.

Discussion
The findings from this meta-analysis of case-control and
prospective cohort studies indicate that the risk of BC
decreased by 42% for every 1 mg increase in daily dietary
β-cryptoxanthin intake, by 76% for every 1 μmol/L increase
in circulating concentrations of α-carotene, by 27% for
every 1 μmol/L increase in circulating concentrations of
β-carotene, and by 56% for every 1 μmol/L increase in
circulating concentrations of lutein and zeaxanthin. Dietary
total carotenoid intake was associated with a 15% reduced
risk of BC in men. Circulating concentrations of lutein
and zeaxanthin was associated with a 47% reduced risk
of BC.

In our analysis comparing the highest with the lowest
dietary total carotenoid intake, the largest study gave a
significant larger RR estimate (23), but specific reasons why
the RR from that study was higher are not clear. Therefore,
we conducted a sensitivity analysis to estimate the overall
RR after excluding this study. The findings showed that the
overall risk estimate was statistically significant after the
exclusion of this study (15% decreased risk when comparing
high with low intake). The study with a larger sample
size gave the largest RR and also affected the overall RR;
after excluding the study (24), the inverse association was
statistically significant (15% decreased risk when comparing
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TABLE 2 Pooled risk estimates of bladder cancer risk associated with high versus low carotenoid intake and circulating carotenoid
concentrations in adults as defined in each original study: overall and subgroup analysis1

Test for heterogeneity
of RRs

Factors stratified Studies, n Participants, n RR (95% CI) I2 Parameter, %2 χ2 P value P3

Dietary intake
Total carotenoids

All studies 11 366,246 0.88 (0.76, 1.03) 74.5 39.26 <0.0001
Sex 0.84

Men 10 172,261 0.85 (0.72, 0.99) 71.0 31.07 <0.0001
Women 6 193,985 0.86 (0.67, 1.09) 79.6 24.47 <0.0001

Study design <0.0001
Case-control 7 12,925 0.77 (0.63, 0.94) 64.7 16.98 0.009
Cohort 4 353,321 1.09 (0.93, 1.27) 56.8 6.95 0.074

Origin of the participants 0.02
Europeans 3 32,410 1.05 (0.92, 1.20) 39.7 3.32 0.19
Americans 8 333,836 0.80 (0.64, 1.004) 76.9 30.32 <0.0001

Study quality <0.0001
7 stars 3 117,692 1.13 (0.95, 1.36) 51.7 4.14 0.13
8+ stars 8 248,554 0.81 (0.68, 0.95) 63.4 19.13 0.008

α-carotene 9 364,699 0.94 (0.80, 1.09) 46.1 16.71 0.053
β-carotene 14 447,351 0.95 (0.88, 1.03) 35.9 21.85 0.08
β-cryptoxanthin 7 360,758 0.90 (0.80, 1.02) 44.3 12.57 0.08
Lutein and zeaxanthin 8 362,365 0.91 (0.76, 1.10) 51.5 16.48 0.04
Lycopene 8 362,365 0.99 (0.87, 1.12) 13.2 9.22 0.32

Circulating carotenoid concentrations
Total carotenoids 3 2014 0.36 (0.12, 1.07) 85.2 13.48 0.001
α-carotene 3 2191 0.52 (0.21, 1.27) 67.1 6.08 0.048
β-carotene 4 2296 0.67 (0.28, 1.62) 74.0 11.53 0.009
β-cryptoxanthin 3 2191 0.64 (0.22, 1.86) 69.6 6.57 0.04
Lutein and zeaxanthin 3 2191 0.53 (0.33, 0.84) 34.0 6.06 0.19
Lycopene 4 2296 0.76 (0.39, 1.49) 49.0 5.88 0.12

Dietary supplementation
β-carotene 2 132,607 0.94 (0.70, 1.26) 0.0 0.1 0.75

1The associations of carotenoid intakes/circulating carotenoid concentrations with bladder cancer risk were estimated using DerSimonian and Laird random-effect (15) models
by comparing the highest with the lowest (the referent) category.
2Heterogeneity among studies was evaluated by the Cochran Q test (16, 17) and the I2 parameter, which represents the percentage of total variation across studies that is
attributable to heterogeneity rather than chance (49).
3P values test for the homogeneity comparison between subgroups.

high with low intake). After excluding both studies, the in-
verse association was statistically significant (19% decreased
risk when comparing high with low intake). In addition, a
subgroup analysis showed that the inverse association was
statistically significant in men (0.85; 0.72, 0.99) in case-
control studies (0.77; 0.63, 0.95) and in studies that met more
quality criteria (≥8 stars; RR = 0.81; 95% CI: 0.68–0.95).
Our analysis also suggested that the order of effect on the
risk of BC might be α-carotene >lutein and zeaxanthin >β-
cryptoxanthin >β-carotene, but we did not find significant
results for lycopene in our meta-analysis. Except for total
dietary carotenoid intake and the subgroup analysis for men,
all other analyses showed no evidence of publication bias.
However, the trimmed-and-filled adjusted RR was the same
as the original result for the 2 analyses, indicating that the
publication bias may not affect the findings from our meta-
analysis.

Thus far, biological mechanisms to explain the chemo-
preventive actions of carotenoids are still being explored.
The antimutagenic effects of carotenoids and solvent extracts

from fruits and vegetables rich in carotenoids have been
reported (50). α-Carotene, β-carotene, lutein, and lycopene
increase cellular gap junctional communication, which
would improve homeostasis and cell-cell communication,
restrict the clonal expansion of initiated cells, and be
associated with a reversion of the malignant process (51,
52). Many carotenoids act as antioxidants by decreasing free
radicals and reactive oxygen species (51, 53, 54). β-Carotene
has been shown to inhibit the early as well as later phases of
carcinogenesis and prevent cancer progression by affecting
cellular differentiation and proliferation and improving the
immune response (53, 55). Evidence shows that in cultured
cells, β-carotene (56), lycopene (57), and lutein (58) are able
to induce apoptosis which protects against carcinogenesis,
tumorigenesis, and cancer (59). Various carotenoids, such as
β-carotene and lycopene, have been found to exert efficient
protection against aflatoxin B1 mutagenicity, carcinogenicity,
and genotoxicity in rats, due to the apparent induction of
detoxifying enzymes (60). It has been shown that α-carotene
prevents lipid peroxidation, inhibiting the formation and
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FIGURE 4 Dose-response relations between dietary intake of total carotenoids (A; n = 191,744), α-carotene (B; n = 363,092), β-carotene
(C; n = 444,126), β-cryptoxanthin (D; n = 360,758), lutein and zeaxanthin (E; n = 360,758), and lycopene (F; n = 360,758) and RRs of
bladder cancer in adults. Data were modeled with random-effects restricted cubic spline models with 4 knots (5th, 35th, 65th, and 95th

percentiles) and using the Greenland and Longnecker method (29) to estimate the covariances of multivariable-adjusted RRs. Lines with
long dashes represent the pointwise 95% CIs for the fitted nonlinear trend (solid line). Lines with short dashes represent the linear trend.

uptake of carcinogens (61). β-Cryptoxanthin exhibited
chemopreventive properties by quenching singlet oxygen
(62), exhibiting inhibitory activity (63), and stimulating the
expression of RB, an antioncogene, and p73 genes (64).

The present study has some strengths. First, our quan-
titative assessment was based on all available observational
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FIGURE 5 Dose-response relations between β-carotene
supplementations and RRs of bladder cancer (n = 132,607) in
adults. Data were modeled with random-effects restricted cubic
spline models with 4 knots (5th, 35th, 65th, and 95th percentiles) and
using the Greenland and Longnecker method (29) to estimate the
covariances of multivariable-adjusted RRs. Lines with long dashes
represent the pointwise 95% CIs for the fitted nonlinear trend (solid
line). Lines with short dashes represent the linear trend.

studies using a relatively exhaustive search strategy. Sec-
ond, we performed quantitative syntheses and assessed the
quality and strength of the evidence by using the GRADE
assessment. Third, all included studies had adjusted for
cigarette smoking status, an important risk factor of BC.
Fourth, we collected the available studies of the doses and
effects of carotenoid intake or circulating concentrations of
carotenoids at different strata on BC risk; thus, the dose-
response relation was explored comprehensively for the first
time. Finally, we were able to conduct subgroup analysis
across individual studies due to the large number of included
studies.

Our study also has several limitations. First, despite the
inclusion of large, high-quality cohorts and case-control
studies, the inability to rule out residual confounding is
a limitation inherent in all observational studies and a
reason that observational studies start at low quality by
GRADE. Inadequate control for confounders may bias
the results in either direction, toward overestimation or
underestimation of risk estimates. Although most studies
adjusted for other known risk factors for BC, residual or
unknown confounding cannot be excluded as a potential
explanation for the observed findings. A second limitation
is that our results are likely to be affected by some degree of
misclassification of exposure, which can lead to an inaccurate
RR estimate. The inverse associations between circulating
total carotenoid concentration and BC were statistically
significant but not significant for those between carotenoid
intake and BC. This may be because of measurement errors in
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FIGURE 6 Dose-response relations between circulating concentrations of total carotenoids (A; n = 1757), α-carotene (B; n = 2191),
β-carotene (C; n = 2296), β-cryptoxanthin (D; n = 2191), lutein and zeaxanthin (E; n = 2191), and lycopene (F; n = 2296) and RRs of
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percentiles) and using the Greenland and Longnecker method (29) to estimate the covariances of multivariable-adjusted RRs. Lines with
long dashes represent the pointwise 95% CIs for the fitted nonlinear trend (solid line). Lines with short dashes represent the
linear trend.

the assessment of carotenoid intake, leading to an attenuation
of the observed association between carotenoid intake and
BC risk. Third, heterogeneity may be introduced because
of methodological differences among studies, including
different ranges of exposure. Finally, in a meta-analysis
of published studies, publication bias could be of concern
because small studies with null results tend not to be
published. The publication bias did not completly exclude
for total dietary carotenoid intake and the subgroup analysis
for men due to the inconsistency between different tests for
publication bias.

Conclusions
In summary, findings from this meta-analysis of case-
control and prospective cohort studies indicate that daily
dietary β-cryptoxanthin intake is inversely associated with
risk of BC, and total dietary carotenoid intake is inversely
associated with BC risk in men. Circulating concentra-
tions of α-carotene, β-carotene, and lutein and zeaxan-
thin are inversely associated with the risk of BC. The
findings from these observational studies need to be con-
firmed in large randomized clinical trials of carotenoid
supplementation.
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