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Previous studies have provided limited evidence for the effect of carrot intake on bladder cancer incidence. This study aimed to evaluate the association between carrot consumption and bladder cancer risk in the Prostate, Lung, Colorectal, and Ovarian Cancer (PLCO) Screening cohort. PLCO enrolled 154,897 participants between November 1993 and July 2001 from 10 clinical screening centers throughout the United States. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated using Cox regression model adjusting for confounders. A meta-analysis was also performed based on all available prospective studies with DerSimonian and Laird random-effects model to calculate summary relative risk (RR) and 95% CI. After a median of 12.5 years of follow-up, 762 incident bladder cancer cases occurred. We found no statistically significant association between dietary carrot intake and bladder cancer risk. The multivariate-adjusted HR of bladder cancer for participants in the highest category of total carrot intake compared with those in the lowest category was 0.96 (95% CI: 0.76–1.22; P for trend = 0.436). Corresponding adjusted HR was 0.98 (95% CI 0.90–1.06) per 1 SD increment of carrot intake. A meta-analysis based on two previous cohort studies and our study also found no significant association between carrot intake and bladder cancer risk (Summary HR 1.02, 95% CI 0.95–1.10) without obvious heterogeneity between studies (P = 0.859, I2 = 0.0%). In summary, analysis of the PLCO cohort did not provide evidence that dietary consumption of carrot was associated with the risk of bladder cancer.
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INTRODUCTION

Bladder cancer is the ninth most common cancer worldwide and is responsible for 430,000 cancer cases per year (1). Approximately 75% of patients present with non-muscle-invasive disease, whereas the remaining 25% have muscle-invasive disease (2). Despite the significant progress that has been made recently in immunotherapy, there remains an urgent need to improve bladder cancer prevention and outcomes (3, 4). Smoking is the most important risk factor for bladder cancer with an attributable risk of ~50% (5). Occupational carcinogen exposure amounts to 5–6% of the attributable-risk of bladder cancer (6). Less-established risk factors included such as lack of physical activity (7) and high intake of processed red meat (8).

Carrot has high amounts of α-carotene and β-carotene and may contribute to cancer prevention (9). Carotenoid was found to be able to inhibit oxidative damage to DNA at low concentrations and have been hypothesized to be anticancer agents (10, 11). It has been shown that β-carotene upregulates the PPAR-γ-mediated expression of antioxidant enzymes (12, 13). Several epidemiological studies have shown a potential inverse association between dietary carrot intake and bladder cancer risk (14–16) and a meta-analysis reported that carrot consumption was significantly associated with a decreased risk of bladder cancer (17). However, only two prospective studies (18, 19) were eligible in this meta-analysis with inconsistent results. To contribute to the conflicting and limited evidence base, we examined the association between dietary carrot consumption and bladder cancer risk in the Prostate, Lung, Colorectal and Ovarian (PLCO) cohort. The role of α-carotene and β-carotene intake in bladder cancer risk was also not completely clear and thus we further investigated the potential relationship between consumption of α-carotene or β-carotene and bladder cancer risk in the PLCO cohort.



METHODS


Subjects and Study Design

The study design and methods of Prostate, Lung, Colorectal and Ovarian (PLCO) screening trial have been previously described (20). Briefly, the PLCO study is a population-based clinical trial aimed to determine whether certain screening tests would reduce death from prostate, lung, colorectal, and ovarian cancer. PLCO consisted of 154,897 eligible participants and enrolled between November 1993 and July 2001. The participants were from 10 clinical screening centers throughout the United States. Each of the 10 screening centers developed a recruitment plan. Various methods were used, including direct mail, community outreach, and mass media. PLCO participants were younger (within the 55–74 age range), were less racially diverse, and had higher education level than the 2000 US population of that age. In addition, they were more likely to be white and married (21). PLCO study was approved by the institutional review boards of the National Cancer Institute (NCI) and each of the participating centers. Informed consent was obtained from each eligible participant in the study. Our study was approved by the NCI with the number of PLCO-446.



Data Collection and Dietary Assessment

The baseline questionnaire included self-reported information on demographic information, medical history, health behaviors and other factors. Dietary data were collected using the Diet History Questionnaire (DHQ) version 1.0, which queried frequency and portion size intakes of 124 individual food items and supplement use over the previous year (22). The DHQ has been validated to be as good as or better than two widely used food frequency questionnaires (FFQs) at the time the PLCO study was carried out (22). The USDA 1994 to 1996 Continuing Survey of Food Intakes by Individuals (23) were used to calibrate DHQ data and calculate the daily intake of carrots, α-carotene and β-carotene. The DHQ has been validated against 24-h dietary recalls (one in each season) among 1,640 nationally representative participants in the Eating at America's Table Study (22).



Subject Selection

Individuals were excluded from this study if they did not return a baseline questionnaire (n = 4,920); did not complete DHQ or the DHQ was not valid (n = 48,256); participants with extreme energy (i.e., lowest or highest 1%) intakes (n = 2,033); had died of an unknown cause or had an undetermined case status (n = 37). Therefore, the cohort for analysis consisted of 99,650 participants.



Outcome Assessment

Participants were followed until cancer diagnosis or death, or end of follow-up (December 31, 2009). Study participants were mailed a questionnaire annually to screen cancer cases. Cancer diagnoses were then ascertained via medical record review. Deaths were identified by annual mailed questionnaires and periodic linkage to the National Death Index. The primary outcome of interest was the incidence of bladder cancer. In this analysis, bladder cancer case was defined as primary carcinoma of the urinary bladder (International Classification of Diseases for Oncology, Second Edition, codes C67.0–C67.9).



Statistical Analysis

The carrot, α-carotene and β-carotene intakes were firstly examined as quintiles. Total energy intake was adjusted using the residual method (24). A multivariate Cox proportional hazards model was used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs). Models were established to adjust for covariates of known or suspected risk factors for bladder cancer, including age at trial entry (categorical), sex (male vs. female), race (White, Non-Hispanic vs. Other), body mass index (BMI, < 25 kg/m2 vs. ≥ 25 kg/m2), education (≤ high school vs. ≥ some college), smoking status (never vs. former ≤ 15 years since quit vs. former > 15 years since quit vs. former year since quit unknown vs. current smoker ≤ 1 pack per day vs. current smoker >1 pack per day vs. current smoker intensity unknown), drinking status (never vs. former vs. current), randomization arm (intervention vs. control), family history of any cancer (yes vs. no), marital status (married vs. not married), Supplemental Beta-Carotene (continuous), Supplemental Calcium (continuous), Supplemental Vitamin A (continuous), Supplemental Vitamin C (continuous), Supplemental Vitamin D (continuous), and Supplemental Vitamin E (continuous). Tests of multiplicative interaction were performed using likelihood-ratio tests compared models with and without the interaction term. The proportional hazards (PH) assumption was examined using the Schoenfeld residual test (25). Restricted cubic spline models (26) were fitted with three knots (i.e., 10th, 50th, and 90th percentiles) to determine the dose-response trend in the association between carrot intake (as a continuous variable) and bladder cancer risk after full adjustment.



Meta-Analysis

A literature search and selection were performed with PubMed through February 2021 with the following inclusion criteria: (i) assessed the association between carrot intake and bladder cancer risk, (ii) risk estimates with their 95 % CIs were given or sufficient data were reported for calculation, and (iii) the study design was prospective, such as cohort, nested case-control, case-cohort and clinical trial. Two previously published prospective studies (18, 19) and the PLCO cohort were included in the final meta-analysis. If an individual study reported results for different exposures (e.g., raw and cooked carrots) but did not give the overall results, we combined the corresponding risk estimates using the methods proposed by Hamling et al. (27). A DerSimonian and Laird random-effects model (28) was used to calculate summary relative risk (RR) and 95% CI. Heterogeneity among studies was assessed by Q statistic and the I2 score (29). All statistical analyses were performed using the software STATA version 15 (Stata Corp, College Station, TX, USA). All tests were two-sided.




RESULTS

After a median of 12.5 years of follow-up, 762 incident bladder cancer cases occurred. Carrot from diet ranged from 0 to 205.3 g/day, with a median value of 4.31 g/day. Compared to participants who had the highest carrot intake (i.e., quintile 5), participants with the lowest carrot intake (i.e., quintile 1), were younger, had higher BMI, were less likely to be non-Hispanic white, married and current drinkers, were less likely to have a family history of cancer, consumed less total energy and supplements, were more likely to be male and current smokers, and were more likely to have below-college education level (Table 1).


Table 1. Main characteristic of participants in the PLCO cancer screening trial by carrot intake.
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We found no statistically significant association between dietary carrot intake and the risk of bladder cancer (Table 2). The multivariate-adjusted HR of bladder cancer for participants in the highest category of total carrot intake compared with those in the lowest category was 0.96 (95% CI: 0.76–1.22; P for trend = 0.436). Corresponding adjusted HR was 0.98 (95% CI 0.90–1.06) per 1 SD increment of carrot intake. These associations were not modified by smoking status and BMI (P for interaction > 0.05).


Table 2. Association between energy-adjusted intake of carrot/carotene and bladder cancer risk in the PLCO cancer screening trial.
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A spline regression plot of bladder cancer risk in relation to carrot intake has been shown in Figure 1, which suggested that consumption of carrot was not associated with bladder cancer incidence. There was no statistical evidence for nonlinearity (P for nonlinearity > 0.05). Similar results were obtained when excluding cases diagnosed within the first two years of follow-up (Fully adjusted model: HRQ5vs.Q1 = 0.96, 95% CI 0.76–1.23), when excluding participants with family history (Fully adjusted model: HRQ5vs.Q1 = 0.83, 95% CI 0.57–1.20), and when further adjusted for hypertension (Fully adjusted model: HRQ5vs.Q1 = 0.95, 95% CI 0.75–1.21).


[image: Figure 1]
FIGURE 1. Dose-response analysis was performed using restricted cubic spline model for the association between energy-adjusted dietary carrot intake and bladder cancer risk in males (A) and females (B). Solid lines represent point estimates and dashed lines represent 95% CIs. HRs were calculated by restricted cubic spline regression with three knots (i.e., 10th, 50th, and 90th percentiles) adjusting for age, sex, race, BMI, education, smoking status, drinking status, marital status, family history of cancer, arm, Supplemental Beta-Carotene, Supplemental Calcium, Supplemental Vitamin A, Supplemental Vitamin C, Supplemental Vitamin D, and Supplemental Vitamin E. HR, hazard ratio; CI, confidence interval; BMI, body mass index.


α-carotene and β-carotene are found in high amounts in carrots. There were no statistically significant associations between consumption of α-carotene (Fully adjusted model: HRQ5vs.Q1 = 0.92, 95% CI 0.73–1.16; P for trend = 0.369) or β-carotene (Fully adjusted model: HRQ5vs.Q1 = 0.97, 95% CI 0.76–1.23; P for trend = 0.544) and bladder cancer risk (Table 2).

We also performed a meta-analysis based on two previous cohort studies and our study. As a result, no significant association was found for carrot intake and bladder cancer risk (Summary HR 1.02, 95% CI 0.95–1.10) without obvious heterogeneity between studies (P for heterogeneity = 0.859, I2 = 0.0%).



DISCUSSION

In this large prospective PLCO cohort and meta-analysis of cohort studies, no statistically significant association between carrot intake and bladder cancer risk was observed. Similar results were obtained when excluding cases diagnosed within the first two years of follow-up.

Although three case-control studies (14–16) have provided some evidence of a potential inverse association between carrot intake and bladder cancer risk, these studies may be prone to selection and recall biases. Our results, which were based on a prospective cohort study, were comparable to the findings reported by Sakauchi et al. in 2005 (18). They investigated the association between dietary habits and risk of urothelial cancer in the JACC Study and found that higher carrot intake was not associated with the risk of urothelial cancer. By contrast, Zeegers et al. (19) reported that there was a statistically significant inverse association between cooked carrots intake and urothelial cancer risk in the Netherlands Cohort Study. The inconsistent results between the previous studies and the present study may be caused by the differences in sample size, method of exposure assessment, and the adjusted confounders.

Carrot consumption has been inversely associated with various health outcomes, including colorectal cancer (30), lung cancer (31), prostate cancer (32), breast cancer (33), and stroke mortality (34). However, in our study, we failed to find a significant association between carrot intake and bladder cancer risk. In addition, we also investigated the potential effect of α-carotene and β-carotene on bladder cancer and found that neither of them was associated with the bladder cancer risk. These findings were consistent with the results of a recent meta-analysis based on eligible observational studies, which reported that dietary intakes of α-Carotene and β-carotene were not statistically significantly associated with bladder cancer risk (35).

The strengths of the current study included the prospective design, large population size, a comprehensive list of potential confounders, and long duration of follow-up, which substantially decreased the chance of reverse causality and provided substantial power to detect differences in bladder cancer incidence if they truly existed. The broad ranges of dietary carrot intake allowed us to comprehensively evaluate the effects of carrot at different intake levels.

This study had several limitations. First, despite full adjustment for established and suspected confounders, we could not exclude the possibility of residual or unmeasured confounding. Second, the vast majority of participants included in this study were non-Hispanic Whites, which may limit its generalizability to other populations. Third, only a single measurement for dietary intake was performed at baseline and thus we were not able to take into account diet change over time. Finally, PLCO study did not provide data for raw and cooked carrot separately, which made it impossible to evaluate their effect on bladder cancer risk.

In summary, analysis of the PLCO cohort did not provide evidence that dietary consumption of carrot, α-carotene or β-carotene was associated with the risk of bladder cancer.
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Quintie 5 19,930 110 0.51(0.41-0.65), p < 0.001 0.97 (0.76-1.2), p = 0.807

pfor trend < 0,001 p for trend = 0,544

PLCO, prostate, lung, colorectal and ovarian; HR, hazard ratio; Cl, confidence interval,

“Adjusted for age (categorical), sex (male vs. female), race (White, Non-hispanic vs. Other), body mass index (<25 kg/m? vs. 225 kg/m?), education (<high school vs. >some college),
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pack per day vs. curent smoker intensity unknown), alcohol drinking status (never vs. former vs. current), randomization am (intervention vs. control), family history of any cancer (ves
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Vitamin C (continuous), Supplemental Vitamin D (continuous), and Supplemental Vitamin E (continuous).
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Variables

Age (y), mean (SD)

Female (, %)

Arm (1, %)

Screen

Control

Smoking (n, %)

Never

Current

Former

Education (1, %)

<High school

>Some college

BMI (n, %)

<25.0 kg/m?

>25.0 kg/m?

Race (n, %)

White, Non-hispanic

Other

Drinking (1, %)

Never

Former

Current

Total energy intake (kcal/d), mean (SD)
Marital status (n, %)

Married

Not married

Family history of cancer (n, %)

No

Yes

Supplemental Beta-Carotene (mog/day), mean (SD)
Supplemental Calcium (mg/day), mean (SD)
Supplemental Vitamin A (.u./day), mean (SD)
Supplemental Vitamin C (mg/day), mean (SD)
Supplemental Vitamin D (meg/day), mean (SD)
Supplemental Vitamin E (mg/day), mean (SD)

Q1 (n = 20945)

62.1(6.2)
9,940 (47.5%)

10,621 (50.7%)
10,324 (49.3%)

8,443 (40.3%)
3,075 (14.7%)
9,424 (45.0%)

10,059 (48.0%)
10,843 (51.8%)

6518 (31.1%)
14,127 (67.4%)

17,781 84.9%)
3,150 (15.0%)

1,907 (9.1%)
3,641 (17.4%)
14,683 (70.1%)
1570.1 (661.3)

15,279 (72.9%)
5,624 (26.9%)

9,504 (45.5%)
11,370 (54.5%)
161.8(338.6)
210.8(333.1)
2825.0 (3245.7)
210.7 (354.9)
48(4.8)

127.6 (176.4)

Q2 (n = 18997)

625 (5.9)
8,190 (43.1%)

9,689 (51.0%)
9,308 (49.0%)

8,535 (44.9%)
1,848 (9.7%)
8,612 (45.3%)

8,048 (42.4%)
10,909 (57.4%)

5,958 (31.4%)
12,806 (67.4%)

17,269 (20.9%)
1,721 (9.1%)

1,684 (8.9%)
2,760 (14.5%)

14,062 (74.0%)
1664.6 (649.4)

15,140 (79.7%)
3,819 (20.1%)

8,526 (45.0%)
10,420 (55.0%)
1736 (360.3)
216.3 (332.4)
2903.4 (3276.3)
2205 (356.6)
50(4.8)
133.1(171.8)

PLCO, prostate, lung, colorectal and ovarian; y, year; SD, standard deviation; BMI, body mass index.

Q3 (n = 22183)

62.2(5.2)
10,782 (48.6%)

11,366 (51.29)
10,817 (48.8%)

10,137 (45.7%)
2,107 0.5%)
9,935 (44.8%)

9,738 (43.9%)
12,405 (55.9%)

6913 (31.2%)
14,967 (67.5%)

20,485 (92.3%)
1,693 (7.6%)

1,972 (8.9%)
3,152 (14.2%)
16,529 (74.5%)
1731.1 (660.4)

17,699 (79.8%)
4,445 (20.0%)

9,674 (43.7%)
12,445 (56.3%)
179.4 (368.0)
244.3 (346.9)
29616 (3259.2)
2297 (360.9)
51(48)

140.8 (175.4)

Q4 (n = 18881)

63.0(5.4)
12,116 (64.2%)

9,599 (50.8%)
9,282 (49.2%)

10,626 (56.3%)
1,047 (6.5%)
7,206 (38.2%)

7,304 (38.7%)
11,543 (61.1%)

7,137 (37.8%)
11,504 (60.9%)

17,546 (92.9%)
1,330 (7.0%)

2312 (12.2%)
2,368 (12.5%)

13,650 (72.3%)
1747.9 (634.4)

15,125 (80.1%)
3,723 (19.7%)

8,024 (42.6%)
10,815 (57.4%)
202.4 (386.2)
3200 (373.1)
3264.6 (3282.1)
260.4 (377.8)
56(4.7)

155.6 (172.5)

Q5 (n = 18644)

62.3(65.3)
10,329 (55.4%)

9,466 (50.8%)
9,178 (49.2%)

9,959 (53.4%)
1,019 (6.5%)
7,664 (41.1%)

6,692 (35.9%)
11,920 (63.9%)

6,631 (35.6%)
11,786 (63.2%)

17,660 (94.7%)
980 (5.3%)

2,044 (11.0%)
2,481 (13.3%)

13,628 (73.1%)
1903.0 (679.4)

14,888 (79.9%)
3,729 (20.0%)

7,929 (42.6%)
10,665 (57.4%)
2086 (395.9)
306.8 (373.5)
3870.4 (3450.3)
2795 (399.5)
57(4.7)

164.3 (180.7)

p-value

<0.001
<0.001
0.82

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
<0.001

<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
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