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Abstract

Objective: There is inconsistent evidence and limited data in the Hispanic population concerning
fruit and vegetable intake and cancer risk. This study explored the effect of fruit and vegetable
intake on cancer risk in Mexican-Americans.

Methods: Participants in this cross-sectional study were drawn from the Cameron County
Hispanic Cohort. Consumption of fruits and vegetables were assessed using a validated
questionnaire. Cancer was self-reported by the participants based on being told by a health care
provider that they had cancer.

Results: Among 2,381 participants with available dietary data, 82 reported a diagnosis of cancer.
Participants who met recommendations of 5 or more servings of fruit and vegetable per day had a
significantly 86% lower risk for reported cancer compared with those who did not meet
recommendations, after adjusting for other covariates. Every portion increment of total fruit and
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vegetable intake was significantly associated with the reduced cancer risk by 11% with the
adjustment of other covariates.

Conclusions: Fruit and vegetable intake was inversely associated with cancer risk in Mexican-
Americans. Improving the consumption of fruit and vegetable might be an effective area for
further research as part of a strategy for cancer prevention and control among Mexican-Americans
independent of other factors.
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INTRODUCTION

Two key components of lifestyle that most profoundly affect susceptibility to chronic disease
are diet and physical activity. We previously reported that physical activity has an inverse
effect on both metabolic conditions as well as risk for cancer (1). We now turn to a study of
diet characterized by a high intake of fruits and vegetables that are associated with a lower
risk of developing cardiovascular disease (2), hypertension (3) and diabetes (4). However,
the evidence for the association between fruit and vegetable intake and cancer risk is
controversial. A critical review suggested an inconsistent inverse relation between the
consumption of fruit and vegetable and the risk of cancer based on the results from case-
control and cohort studies (5). A meta-analysis of 13 cohort studies reported that the
summary relative risk was 0.96 (95% confidence interval [CI]: 0.95-0.97) for any cancer
incidence for each increase of 200 g/day fruit and vegetable intake (6). Only a few studies
reported the associations in the Hispanic population and the evidence also showed
inconsistent results (7—11). A case-control study also observed that low fruit and vegetable
consumption did not contribute (independent of cigarette smoking) to the excess lung cancer
risk in Mexican-Americans (8), while the multiethnic cohort study reported increased risks
of prostate cancer were observed in relation to higher intakes of light green lettuce and dark
leafy green vegetables among different ethnic groups including Hispanic people (11). In
addition, some studies (12-15) included a small portion of Hispanic population and reported
the associations of fruit and vegetable intake and bladder cancer risk. Castelao et al found
inverse associations of vegetables and citrus fruits/juices with bladder cancer risk (15). Wu
et al did not find significant associations between intake of fruits or vegetables and bladder
cancer risk (14), and Park et al reported a significant finding in Hispanics (13). The two
studies (13, 14) were limited by not including repeated diet measurements during long time
follow-up as participants may have changed their diets substantially over time. The study by
Lin et al did not find a significant association for intakes of total fruits or citrus fruits, but a
significant one for cruciferous vegetable intake with bladder cancer risk (12). Given the
inconsistent evidence and limited data in the Hispanic population, this study aimed to
explore the association of fruit and vegetable intake on the occurrence of self-reported
cancer in a randomly selected cohort of Mexican-American participants.
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Study Participants

This study was approved by the Committee for the Protection of Human Subjects of the
University of Texas, Health Science Center at Houston and the Institutional Review Board of
the University of Texas Health Science Center, San Antonio. All study participants gave
written informed consent. This cross-sectional analysis used data from the Cameron County
Hispanic Cohort (CCHC), an ongoing homogenous community-dwelling Mexican-
American cohort study (16, 17). Study participants were recruited from randomly selected
tract/blocks according to the 2000 Census as described previously (16, 17). At the baseline
survey conducted between 2003 and 2016, 4,071 participants aged 18 years or older were
recruited from their households in three predominantly Mexican-American cities along the
Rio Grande Border with Mexico.

All participants responded to a detailed baseline survey of demographic characteristics,
lifestyle including diet, physical activity, family and medical history, and other exposures.
Participants were asked to fast for at least 10 hours overnight before a study visit at the
Clinical Research Unit. Anthropometric measurements, including current weight and height,
were taken (16, 17). Body mass index (BMI) was calculated as weight in kilograms divided
by height squared in meters (kg/m?2) (16). Waist circumference (WC) was measured at the
level of the umbilicus and hip circumference (HC) at the level of the maximum width of the
buttocks with participants in a standing position and breathing normally, to the nearest 0.2
cm. Waist-to-Hip (WHR) ratio was calculated as waist circumference divided by hip
circumference. The average of three blood pressures (BP) measurements taken 5 minutes
apart was used. Physical activity in a typical week according to intensity, frequency (times /
week) and duration (minutes / time) was assessed using the International Physical Activity
Questionnaire short-form (IPAQ)(18) before April 2010 or the Godin Leisure-Time Exercise
Questionnaire instruments (19) after April 2010 as reported previously (20). The metabolic
equivalent adjusted minutes (MET adjusted minutes) of moderate and vigorous physical
activity in the past week was calculated based on responses (21). The MET intensity of
physical activity was classified as light intensity (< 3 METS), moderate intensity (3-6
METSs), and vigorous intensity (> 6 METS) (21). Physical activity = 600 MET adjusted
minutes per week was considered meeting United States physical activity guidelines
(USDHHS, 2008)(21).

Fruit and vegetable intake

Using a validated Two-item Dietary Questionnaire (22, 23), fruit and vegetable consumption
was assessed by asking participants how many portions of fruits and vegetables they
consumed daily since 2008. A portion size was generally considered a 1/2 cup of fresh,
frozen, or canned produce or a medium sized piece of produce (20). Consumption of five or
more fruit and vegetable portions a day was considered meeting US dietary guidelines (24).

Identification of Cancer

Cancer diagnosis was identified in participants at their enrollment and initial interview as
being told by a health care provider that they had cancer.
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Laboratory Measurements

All participants provided a blood sample at their initial baseline visit. After collection,
fasting samples were placed on ice and centrifuged within 30 minutes of collection. All
plasma samples were stored at —80°C until laboratory analyses were conducted. Fasting lipid
panel and plasma glucose analyses were performed by a local CLIA certified laboratory.

Definition of metabolic risk

Given the close relationship between metabolic risk and cancer (25), metabolic risk will be
considered as a covariate in the analysis. Metabolic risk was defined as having > 3 of the
following metabolic abnormalities: WC = 102 cm in men or = 88 cm in women; systolic BP
(SBP) = 130 mmHg and/or diastolic BP (DBP) = 85 mmHg or on antihypertensive
medication; triglyceride = 150 mg/dL; high-density lipoprotein cholesterol < 40 mg/dL in
men or < 50 mg/dL in women; fasting glucose = 100 mg/dL or on diabetes medication (26,
27).

Statistical analysis

Descriptive results and the models were adjusted for the probability sampling weights also
taking into consideration clustering effects arising from the census block and household
(16). Survey-weighted linear regression was used to obtain the t-test statistics to make
comparisons for continuous data. Survey-weighted chi-square test was used to obtain the
Rao-Scott F adjusted chi-square statistic to make comparisons for categorical data. Survey-
weighted logistic regression modeling was performed to estimate the odds ratios (OR)s for
cancer risk and their 95% Cls meeting recommendations of > 5 servings of fruit and
vegetable per day (yes vs no) after adjusting for other covariates, respectively. Similar
logistic regression modeling was also used to estimate the effect (ORs and their 95% CIs) of
total portions of fruit and vegetable intake per day on cancer risk. In order to compare if the
effect of fruit and vegetable intake is more important than physical activity on cancer risk (1)
as they are two important lifestyle factors, logistic regression modeling was used to estimate
the combined effect of meeting recommendations of both fruit and vegetable intake > 5
servings per day and physical activity = 600 MET adjusted minutes on the risk of cancer, the
effect of meeting recommendations of fruit and vegetable intake alone, and the effect of
meeting recommendations of physical activity alone. Potential confounders adjusted for in
multivariable-adjusted survey-weighted logistic regression models included age, gender,
BMI, cigarette smoking status, meeting physical activity guideline, metabolic risk, and per
capita income. The possible interaction terms such as income with fruit and vegetable
intake, and other possible terms were also included in the model.

To illustrate the dose-response relationship between fruit and vegetable intake and cancer
risk, we also used a restricted cubic spline logistic regression analysis (28) to evaluate the
risk of cancer with daily total portions of fruit and vegetable intake. Knots were placed at the
5t 50t and 95t percentiles of the distribution of fruit and vegetable intake.

Statistical analyses were carried out by using SAS version 9.4 (SAS Institute, Cary, NC). All
statistical tests were based on 2-sided probability.
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At the time of this study, a total of 4,071 individuals were enrolled in the CCHC. Based on
the availability of data, 1,608 participants without data on cancer/fruit and vegetable intake
were excluded from the analyses. The characteristics of participants included in the analysis
were not different from those excluded from the analysis. Of the remaining 2,463
participants, the mean age of this subset was 45.4 (standard deviation: 16.2) years; geometric
mean per capita annual income was 5,480 (standard deviation: 2.6) US dollars, and 35%
were males (Table 1). A total of 19.8% (n=153) of the participants met minimum
recommendations for = 5 servings of fruit and vegetable per day.

Eighty-two participants of the cohort (3.33%) reported the history of cancers and 2,381
reported no cancers (Table 1). Participants with history of cancers were more likely to be
older and to have higher WHR, and less likely to meet the recommended guidelines for
consuming fruit and vegetable more than 5 servings per day, or to meet the recommended
guidelines for physical activity of more than 600 MET adjusted minutes per week (all
F5<0.0001). There was no statistically significant difference in gender, employment status,
ever cigarette smoking status, ever alcohol drinking, per capita annual household income,
education, language used in the interview, family history of cancer, BMI, WC, and
metabolically healthy status between participants with and without cancers. Table 2 shows
the frequency of specific cancer sites. Seven had breast cancer among 38 subjects who
provided 16 cancer sites and 44 subjects did not give cancer sites. Among 82 participants
with cancers, 1 had both brain and uterus cancer.

Compared with those who did not meet recommendations, participants who met
recommendations of 5 or more servings of fruit and vegetable per day had 87% lower odds
of reporting for cancers (OR=0.13; 95% CI: 0.05-0.31) after adjusting for age and gender
(Table 3). The multivariable-adjusted model showed that the inverse association between
meeting fruit and vegetable intake recommendation and cancer remained to be statistically
significant (adjusted OR=0.14; 95% CI: 0.06-0.36) after further adjusting for smoking,
BMI, meeting physical activity guideline, metabolic risk, per capita income and census
tracts and blocks. Total portions of fruit and vegetable intake a day were significantly
associated with the reduced risk of cancer after adjusting for age and gender; when daily
total intake of fruit and vegetable increased 1 portion, the risk for cancer decreased 13%
(OR=0.87; 95% CI: 0.78-0.97). The association did not materially change in the
multivariable-adjusted model (OR=0.89; 95% CI: 0.80-0.99); when daily total intake of fruit
and vegetable increased one portion, the risk for cancer decreased 11%. The multivariable-
adjusted results did not materially change replacing BMI with WHR, or further adjusted for
the language used in the interview. All interaction terms were not statistically significant and
did not affect the results.

Table 4 showed the combined effect of fruit & vegetable and physical activity on cancer
frequency. Compared with those who met neither fruit & vegetable nor physical activity
recommendations, participants who met fruit & vegetable recommendations alone had a
92% reduced frequency of cancer, participants who met physical activity recommendations
alone had an 84% reduced frequency of cancer, and participants met both recommendations
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had an 80% reduced the risk of cancer. These results might reflect a small increase in the
association of fruit & vegetable intake on cancer occurrence than physical activity alone.

Figure 1 visually depicts the shape of the dose-response relationship between total portions
of fruit and vegetable intake per day and cancer risk after adjusting for potential
confounding variables in a restricted cubic spline model. Total portions of fruit and
vegetable intake per day were inversely but not significantly associated with the risk of
cancer (P for overall association = 0.26). If the total portions of fruit and vegetable intake
were more than 4 per day, the ORs for cancer decreased with the increasing daily intake of
fruit and vegetable.

DISCUSSION

In a Mexican-American cohort, participants who reported 5 or more servings of fruit and
vegetable per day had a significantly 87% lower odds of reporting history of cancer
compared with those who did not meet recommendations, after adjusting for covariates.
Total portions of fruit and vegetable intake per day were inversely associated with cancer
risk; when total intake of fruit and vegetable per day increased by one portion, the risk of
cancer decreased by 11% after adjusting for covariates.

The current evidence of the association of fruit and vegetable intake with cancer risk is
inconsistent. A meta-analysis including 13 cohort studies reported an inverse association
between fruit and vegetable intake and total cancer with a relative risk of 0.97 (95% CI:
0.95-0.99) (6), while another meta-analysis of 16 prospective cohort studies reported a null
association (2). Only a few studies reported the associations in the Hispanic population (7-
10). Some intervention studies reported that increasing fruit/vegetable intake increased
biomarkers associated with the decreased breast cancer recurrence risk (9, 10), the other
observational studies reported null associations between fruit and vegetable consumption
and cancer risk (7, 8). According to the American Heart Association dietary guidelines, the
recommendations for healthful food consumption include 5 or more portions of fruit and
vegetable daily (24). Our study provides further evidence by showing the statistically
significant inverse association between the consumption of fruit and vegetable and the risk
of cancer in Mexican-Americans. Although further longitudinal data are needed, our
findings still provide important support for further research on diet in the prevention and
control of cancer among Mexican-Americans.

Obesity and type 2 diabetes are becoming increasingly prevalent worldwide, and both are
associated with an increased incidence and mortality from many cancers (29). In our study,
metabolic risk incorporating obesity, fasting glucose or on diabetes medication, blood
pressure or on antihypertensive medication, triglyceride, and high-density lipoprotein
cholesterol, was considered as a covariate in the analysis. As our previous study reported
that meeting or exceeding recommended levels of moderate and vigorous physical activity
was associated with a significantly reduced risk of cancer by Mexican-Americans (OR: 0.13;
95% CI: 0.03-0.54) in the CCHC (1), as well as our study showing the impact of physical
activity on metabolic syndrome (30), meeting physical activity guideline is also considered
as a covariate. Thus, our current study findings showed the independent association of fruit
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and vegetable intake and the risk of cancer after excluding the effect of obesity, type 2
diabetes, physical activity and other covariates.

This Two-Item Dietary Questionnaire (22) was developed as a short questionnaire to
estimate fruit and vegetable intake. It categorizes whether respondents achieve the
recommended daily intake of five portions of fruit and vegetables. The Two-item Dietary
Questionnaire was confirmed by biomarkers (plasma ascorbic acid, B-carotene and a.-
tocopherol 24-hour urinary potassium excretion) for those eating less than five portions or
fruit and vegetables a day (22). It is short which should allow it to be completed swiftly and
useful for monitoring dietary preventive approaches in primary care without the use of
invasive and costly biochemical measurements. It has also been used in a number of studies
evaluating changes in dietary behavior following nutritional counselling. Therefore, it was
recommended in 2010 by the National Obesity Observatory as a useful tool in measuring
dietary intake (31).

The following underlying mechanisms might support the relationship between consumption
of fruit and vegetable and cancer risk. As vegetable and fruit and the phytochemicals therein
particularly influence not only inflammatory processes, but also cellular redox processes as
well as endothelial and metabolic processes (32—36), which are involved in the pathogenesis
of various diseases, it is assumed that these mechanisms are primarily responsible for the
risk-reducing effect of vegetable and fruit consumption regarding the single diseases such as
cancer. Fruit and vegetables contain a myriad of nutrients and phytochemicals, including
fiber, vitamin C, carotenoids, antioxidants, potassium, flavonoids and other unidentified
compounds which are likely to act synergistically through several biological mechanisms to
reduce the risk of chronic diseases such as cancer (37). Dietary fiber and fruit and vegetable
intakes have been shown to reduce inflammation and platelet aggregation, and to improve
vascular and immune function (38-40). Antioxidants in fruit and vegetables may neutralize
reactive oxygen species and reduce DNA damage (40), glucosinolates in cruciferous
vegetables induce detoxifying enzymes (41) and intake of fruits, and vegetables and fiber
may modulate steroid hormone concentrations and hormone metabolism (40). In addition,
fruits and vegetables also contain a high water content and thus a low energy density.
Consuming foods of low energy density assist in reducing energy intake and may help in
weight control (24).

The study had several limitations. The study was cross-sectional in design; thus, only
associations but not causal relationship may be inferred due to lack of a temporal
relationship between exposure and disease such as fruit and vegetable changes after
diagnosis or the influence of survival on cancer prevalence. One of the advantages of cross-
sectional studies is that since data is collected all at once, it’s less likely that participants will
quit the study before data is fully collected. Prospective studies are needed to further
investigate the effect of fruit and vegetable intake on cancer risk. Our longitudinal data
currently being collected will provide that opportunity once the sample size is sufficient for
analysis. Fruit and vegetable intake was self-reported, which may affect its precision as a
predictor. We only examined the association of fruit and vegetable consumption but other
foods consumed by the participant were not accounted for and thus we are unable to make
broad conclusions about eating patterns generally. Further, our measure of fruit and

Nutr Cancer. Author manuscript; available in PMC 2020 April 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wu et al.

Page 8

vegetable did not adjust for overall diet quality or energy consumption as we do not have full
dietary data. Multi-pass and multiple day 24-hour recall data is certainly the gold standard in
dietary assessment. As administering the 24-hour recalls would bring the participant,
financial, analysis and staff burden for large population studies such as the Cameron County
Hispanic Cohort, we did not use the 24-hour recalls but the more suitable Two-Item Dietary
Questionnaire. Therefore, more brief options have been established, of which the Two-item
Dietary Questionnaire is a recommended tool. Our results clearly indicate that fruit and
vegetable consumption is clearly implicated in the health outcomes for our population that
we can’t dismiss it (23, 42). Also, our results are consistent with those from other studies
using the 24-hour recalls and Food Frequency Questionnaires (6). Cancer diagnosis was
self-reported, which may not include those who had cancers but did not know their status
due to no health insurance, not visiting health providers, death from cancers, or any other
reasons. However, the self-reported approach we used has been validated in one study by
correlating up to 84% of self-reported cancers with pathology from medical records (43) and
cancer prevalence from our results were consistent with those from our previous reports in
the same cohort (44). The recall bias could not be ruled out but the information we have
collected in the study is the best available data in a large sample size study of Mexican-
Americans. The fruit and vegetable intake is collected for a typical week, thus, the recall
bias is also minimized. Per capita income was obtained based on the total income of
participants and their spouses, but not everyone living in the same household, thus the
current calculation of per capita income might cause inaccurate estimation. We could not
completely rule out the possibility of residual confounding due to unmeasured or
inadequately measured covariates.

There were some strengths in our research. First, this is a general population-based
randomly selected Mexican-American cohort with relatively large sample size, thus avoiding
bias inherent in studies drawing from clinic populations or other non-randomly selected
populations with established disease or mixed ethnicity. Second, we first found an inverse
relationship between fruit and vegetable intake and cancer risk in observational studies in
Mexican-Americans, and more importance of fruit and vegetable intake on cancer risk than
physical activity. Finally, detailed information on a wide range of factors related to cancer
was available, allowing us to get a relatively comprehensive analysis of the relevant factors.
If having cancer might have increased fruit and vegetable consumption, as a result, we did
not observe this in our robust baseline cohort population.

CONCLUSION

Increased fruit and vegetable intake was associated with a significant reduction in cancer
risk after excluding the effect of other confounding factors. We have an aging population
with more chronic diseases including cancers. Any research that can lead to potential
mitigation of these trends is not only warranted but should be strongly supported. Fruit and
vegetable intake might be a modifiable protective factor for which Mexican-Americans can
make changes to reduce their risk of cancers. Efforts need to be focused on improving fruit
and vegetable intake intervention and to devising high-quality studies to measure the effect
on cancer risk.
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Figure 1.
Smoothed plot for odds ratios (ORs) of the cancer risk according to total portions of fruit

and vegetable intake per day. The ORs were estimated by using the restricted cubic-spline
logistic regression models with knots placed at the 5%, 50t and 95™ percentiles of total
portions of fruit and vegetable intake per day. The overall association between total portions
of fruit and vegetable intake and the risk of cancer was not significant (= 0.26). The model
was adjusted for age, gender, smoking, body mass index, meeting physical activity
guideline, metabolic risk, per capita income, and census tracts and blocks.
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