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Abstract
Purpose Diet and nutrition are important for cancer prevention. To investigate associations between dietary behavior, 
demographics, and risk of cancer, we assessed dietary behavior and urinary concentration of gallic acid, a polyphenol with 
anticancer properties found in various fruits and vegetables, in racial and ethnic minorities.
Methods Ninety-one (91) participants were recruited from senior centers in East Harlem, New York City, a racially diverse 
and underserved community. A National Institute of Health (NIH)—validated dietary survey questionnaire—was used to 
collect dietary fruits and vegetables consumption data. Demographic and cancer information were also collected. All 91 
participants completed the survey and forty-five (45) participants provided urine samples for gallic acid analysis.
Results Gender differences were significantly associated with dietary behavior and urinary gallic acid concentration (UGAC). 
Female participants had a higher total daily intake of fruits and a significantly higher UGAC compared to male partici-
pants (p < 0.05). Age was negatively associated with the serving quantity of French fries/fried potatoes and white potatoes 
(p < 0.05), while positively associated with the daily intake frequency and daily intake of fruits (p < 0.05). Furthermore, 
Asian race was associated with higher daily intake frequencies of fruits and vegetable soup (p < 0.05), compared to other 
races. In a multivariate analysis, a significant association was observed between the serving quantities of fruits and other 
vegetables and UGAC (p < 0.05) after controlling for demographic characteristics.
Conclusion The observed differences in dietary behavior and UGAC in this study provide limited information on the asso-
ciation between demographic differences and cancer prevalence in elder racial and ethnic minorities. Future research should 
investigate this association further for potential implications in cancer prevention.
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Introduction

Cancer is the second leading cause of death in the United 
States [1]. While cancer affects all groups in the United States, 
cancer disparities disproportionately affect some groups 

compared to others [2]. Black/African-Americans have a 
higher incidence and mortality rate of all cancers compared to 
other racial/ethnic groups in the United States [3]. Hispanics/
Latinos have a higher incidence of late-stage colorectal cancer 
at an earlier age and poorer age adjusted survival compared 
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to non-Hispanic Whites [4]. Furthermore, men have higher 
incidence and mortality rates compared to women [5]. In addi-
tion, income can also affect cancer rates. People living in low-
income and middle-income counties have higher chances of 
dying from cancer than those living in high-income counties 
[6].

Additionally, some cancers have higher incidence in rela-
tion to specific demographic factors. For example, colorec-
tal, stomach, liver, and pancreatic cancers are more common 
among men than women [7–10]. Genetic mutations and bio-
logical differences have been shown to contribute to higher 
incidence of certain cancers in men than women [11, 12], and 
among Black/African-Americans and Hispanics compared to 
Non-Hispanic Whites [13, 14]. However, there are also exter-
nal factors that can contribute to cancer disparities. Diet plays 
a significant etiological role in cancer [15]. Certain cancers 
such as colorectal, stomach, and liver are associated with diet 
[16–18]. A high-fat diet has been linked to increased risk of 
cancer [19], while a diet rich in fruits, vegetables and fiber can 
potentially reduce the cancer risk [20].

In this study, we assessed the dietary behavior and urinary 
gallic acid concentration (UGAC) of residents in East Harlem, 
an underserved neighborhood in New York City. We investi-
gated the association between dietary behavior and UGAC, in 
relation to cancer risk. We used a combination of Food Fre-
quency Questionnaires (FFQ), which are widely used dietary 
self-assessments [21], in conjunction with the urinary bio-
marker gallic acid, which is an objective measure of fruit and 
vegetable intake, to obtain more accurate and comprehensive 
information [22]. Gallic acid (3,4,5, trihydroxybenzoic acid) is 
a dietary polyphenol shown to have important anticancer prop-
erties [23–25]. As a stable polyphenol, gallic acid is efficient 
as a unit of measurement for polyphenol quantification [26].

Previous studies have investigated dietary behaviors associ-
ated with cancer prevention in young people [27, 28]. How-
ever, there are notable gaps in knowledge and lack of nutri-
tional research in the elderly population affected by cancer 
[29], as well as scarce biospecimen availability from diverse 
populations, limiting cancer health disparities research [30]. In 
this study, we aimed to explore dietary behavioral differences 
among diverse elder residents of East Harlem, New York City 
and associations to cancer risk, to understand whether these 
differences can provide insights into cancer prevention strate-
gies that will have impact in addressing cancer health dispari-
ties in racial and ethnic minorities.

Materials and methods

Participants

Study participants were recruited by Collaborative Institu-
tional Training Initiative (CITI) certified research assistants 

at senior centers, managed by Union Settlement. The study 
was approved by the Institutional Review Board (IRB) at 
The City University of New York. Nine-one (91) partici-
pants completed the demographic information and dietary 
survey, while forty-five (45) participants also provided urine 
samples. The age of all participants ranged between 54 and 
87 years old, with a mean age of 72.3 years.

The study team informed and consented participants 
before any information was collected from them. ID codes 
were assigned to participants on their survey forms and 
urine samples. No incentive or payment was provided to the 
enrolled participants.

Data collection

A seven-item questionnaire was used to measure demo-
graphics. In the questionnaire, information regarding gender, 
age, race/ethnicity, marital status, education, and income 
was collected. To assess dietary behavior, we used the FFQ 
from the Eating at America’s Table Study (EATS) [31], as 
previously described [32]. In summary, dietary information 
regarding various foods including fruits, vegetables, and 
beverages was collected. Furthermore, urine samples of the 
consenting participants were collected on site to determine 
UGAC. The samples were transported in coolers back to the 
laboratory for analysis. If the participants did not consent 
to urine storage, the sample was discarded after analysis. If 
consented, each sample was aliquoted and stored at -80 °C 
for future analysis [32].

Analysis of urinary gallic acid concentration (UGAC)

Analysis of UGAC was performed adapting the Fast Blue 
4-benzoylamino-2,5-diethoxybenzenediazonium chloride 
hemi salt (FBBB) method. Briefly, a gallic acid standard 
curve with a range of dilutions (0, 25, 50, 100, 250, and 
50 µg/mL) was generated. Each urine sample was diluted to 
25 µL in 975 µL of water. The standards and samples were 
incubated for 90 min at room temperature after the addi-
tion of 100 µL of 0.1% solution of FBBB and 400 µL of 5% 
sodium hydroxide. Absorbance was measured to quantify 
the gallic acid concentration in the urine samples at 420 nm 
using a Spectra Max i3 at 37 °C [32].

Statistical analysis

To examine the associations among demographic predictors, 
dietary behavior, and UGAC, we conducted bivariate analy-
sis using correlation for continuous variables, and t test and 
ANOVA for categorical variables and continuous variables, 
as previous stated [32]. The dietary information was ana-
lyzed as total daily intake, daily intake frequency, and serv-
ing quantity. Using the 2005 myPyramid calculation, total 
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daily intake was obtained by multiplying the daily frequency 
and the serving quantity. Intake frequency was standard-
ized as the times per day each item was consumed. Serving 
quantity was calculated as cup equivalents and measured 
serving cup size of each item, every time it was consumed. 
We conducted all statistical analysis with SPSS 21.0. Tests 
of statistical significance and 95% CIs were two-sided. A p 
value lower than 0.05 is considered statistically significant, 
and a p value lower than 0.1 is considered as marginally 
significant to detect potential significant trends.

Results

Demographics

The mean age of all participants was 72.3, with a stand-
ard deviation of 8.29 (Table 1). Most participants self-
identified as female (82.2%), and reported an income 
lower than $50,000 (85.3%). Slightly less than half of 

them self-identified as Hispanic/Latino (45.1%) and had 
high school or lower education (48.3%). With regard to 
marital status, only more than one fifth of the participants 
were married (23.3%). Among all recruited participants, 
two male and one female participant reported cancer inci-
dence (Table 1). Participants identified as Hispanic/Latino, 
Black/African-American and White. Two of them reported 
being widow and one married. Additionally, one reported 
to have completed high school, one some college and the 
other completed graduate school. All three participants 
with cancer prevalence reported an annual income lower 
than $50,000. Demographics between participants who 
provided urine samples were compared to demograph-
ics of participants who did not provide urine samples 
(Table 1). Notably, there was a significantly higher per-
centage (p < 0.05) of female participants who did not pro-
vide urine samples (91.1%) compared to the percentage of 
female participants who provided urine samples (73.3%). 
No other significant differences were identified between 
participants who provided urine samples and participants 
who did not provide urine samples.

Table 1  Participants’ 
demographics

All cases (N = 91) Cancer cases (N = 3)

Frequency/mean Percent (%)/SD Frequency/
mean

Percent (%)/SD

Gender
 Male 16 17.8 2 66.7
 Female 74 82.2 1 33.3

Age 72.32 8.29 69 1.73
Race
 Hispanic/Latino 41 45.1 1 33.3
 Black/African-American 29 31.9 1 33.3
 Asian 8 8.8 0 0
 White 6 6.6 1 33.3
 Other 7 7.7 0 0

Marital status
 Married 21 23.3 1 33.3
 Single 34 37.8 0 0
 Divorced/separated 11 12.2 0 0
 Widowed 24 26.7 2 66.7

Education
 Less than high school 18 20.2 0 0
 Completed high school 25 28.1 1 33.3
 Some college 26 29.2 1 33.3
 Completed college 13 14.6 0 0
 Graduate school 7 7.9 1 33.3

Income
  < $50,000 58 85.3 2 100.0
 $50,000–$75,000 6 8.8 0 0

  > $75,000 4 5.9 0 0
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UGAC in participants who provided urine samples

Of the 45 participants who provided urine samples, 19 
samples had undetected urinary gallic acid concentrations 
(Supplemental Table 1). The values equating to zero were 
considered undetected. One of the participants with can-
cer prevalence had an undetected UGAC. Of the detected 
UGAC, two participants reported cancer prevalence. Over-
all, the mean gallic acid concentration among the partici-
pants with cancer (1.78 µg/mL) was much lower than the 
average UGAC among all the 45 participants (9.25 µg/mL).

Gender differences in dietary behavior and UGAC 

As shown in Table 4, female participants had significantly 
higher total daily intake of 100% juice (e.g., orange, apple, 
grape, or grapefruit juice), and higher total daily intake of 
fruit than male participants (p < 0.05). Additionally, female 
participants had a higher daily intake frequency of 100% 
juice and fruit, and a higher serving quantity of fruit than 
male participants (p < 0.05) (Tables 5 and 6). Furthermore, 
female participants had a higher daily intake frequency of 
other vegetables than male participants (p < 0.05). Moreover, 
female participants had a significantly higher UGAC than 
their male counterparts (p < 0.05) (Table 2).

Dietary behavior differences in relation to age

While age was positively associated with fruit daily intake 
frequency and total daily intake (p < 0.05) and was margin-
ally significantly associated with other vegetable daily intake 
frequency (p < 0.1) (Tables 4 and 5), age was later nega-
tively associated with the serving quantity of French fries 
and other white potatoes (p < 0.05) (Table 6).

Dietary behavior differences in relation to race/
ethnicity

We found that race/ethnicity was marginally associated with 
total daily intake of French fries (p < 0.1) (Table 4). Spe-
cifically, Hispanic/Latino and Other participants had higher 
total daily intake of French fries compared to other race/eth-
nicity profiles. In addition, Asian participants had a higher 
daily intake frequency of fruit (p < 0.05) and higher daily 
intake frequency of vegetable soup compared to other racial/
ethnic groups (p < 0.05) (Table 5).

Dietary behavior and UGAC differences in relation 
to marital status

Marital status was significantly associated with the daily 
intake frequency of French fries (Tables 2, 3, 4, 5, and 6). 
While married participants had a lower daily intake fre-
quency of French fries compared to other marital groups, 

Table 2  Associations among demographics, dietary behaviors, and 
gallic acid concentration (N = 91)

The values in bold represent the values with statistical significance
1 Pearson’s r, 2Independent 3ANOVA t test

Gallic acid 
concentration

p value

Demographics
Age1 − 0.085 0.578
Gender2 0.009
 Female 11.94
 Male 1.83

Race3 0.775
 White 1.31
 Black 11.78
 Hispanic/Latino 10.48
 Asian 0
 Other 2.49

Material  Status2 0.08
 Married 1.06
 Other 12.26

Education2 0.59
 High school or below 7.80
 Some college or higher 10.76

Income2 0.45
  < $50,000 7.39
  ≥ $50,000 2.36
Fruit and vegetable daily total intake
100% juice 0.10 0.518
Fruit 0.201 0.185
Lettuce salad 0.108 0.481
French fries or fried potatoes − 0.114 0.461
Other white potatoes − 0.115 0.452
Cooked dried beans 0.179 0.246
Other vegetables 0.139 0.375
Tomato sauce − 0.101 0.514
Vegetable soup 0.012 0.937
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(p < 0.05), they had higher daily intake frequency and 
total daily intake of vegetable soup (p < 0.05). In addi-
tion, although marital status was marginally associated 
with UGAC (p = 0.08), this association became significant 
(p < 0.05) after controlling for age, gender, education, and 
intake frequency of French fries.   

Dietary differences in relation to educational 
attainment

Participants with high school or lower education had signifi-
cantly higher daily intake frequency and total daily intake 
of cooked dried beans (p < 0.05), and higher daily intake 

frequency of tomato sauce compared to other education lev-
els (p < 0.05) (Tables 4 and 5).

Dietary differences in relation to income

We found that higher income was significantly associated 
with higher total daily intake and daily intake frequency of 
lettuce salad (p < 0.05), and it was also marginally signifi-
cantly associated with total daily intake of vegetable soup 
(p < 0.1) (Tables 4 and 5).

Multivariate analysis between dietary behavior 
and UGAC 

Associations between UGAC and certain dietary behaviors 
became significant after controlling for demographic vari-
ables (Supplemental Table 2). The association between daily 
intake frequency of dried beans and UGAC became margin-
ally significant (p < 0.1) after controlling for income, which 
indicated that people who have higher daily intake frequency 
of dried beans are more likely to have higher UGAC. The 
serving quantity of other vegetables became significantly 
(p < 0.05) associated with UGAC after controlling for mari-
tal status, and the association between serving quantity of 
fruit and UGAC also became significant (p < 0.05) after 
controlling for age, gender, marital status, education, and 
income, indicating that participants with a higher serving 
quantity of other vegetables and fruits are more likely than 
others to have higher UGAC level.

Discussion

This study has found that there are significant dietary behav-
ior differences in the diverse neighborhood of East Harlem, 
New York City.

We observed significant dietary associations based on 
age. Older participants had a significantly higher total daily 
intake of fruits and frequency intake of vegetables, while 
they had a significantly lower serving quantity of French 
fries and other white potatoes. This may explain the rising 
incidence of colorectal cancer at a younger age [33]. We also 
saw that Hispanic/Latino participants, along with those iden-
tifying as Other, had a higher intake of French fries, while 
Asian participants had significantly higher fruit intake and 

Table 3  Associations among demographics, dietary behaviors, and 
gallic acid concentration (N = 91)

The values in bold represent the values with statistical significance
1 Fruit and vegetable intake frequency refers to how often the partici-
pants’ intake fruit and vegetables was in the last month per day
2 Fruit and vegetable intake quantity (cup equivalents) refers to how 
many/much fruit or vegetables the participants consumed each time

Gallic acid 
concentration

p value

Fruit and vegetable daily intake frequency1

100% juice 0.072 0.642
Fruit 0.086 0.576
Lettuce salad 0.081 0.596
French fries or fried potatoes − 0.131 0.395
Other white potatoes − 0.136 0.372
Cooked dried beans 0.085 0.579
Other vegetables 0.101 0.519
Tomato sauce − 0.118 0.442
Vegetable soup − 0.074 0.628
Fruit and vegetable intake quantity2

100% juice 0.027 0.884
Fruit 0.246 0.112
Lettuce salad 0.046 0.777
French fries or fried potatoes 0.023 0.898
Other white potatoes − 0.112 0.486
Cooked dried beans 0.166 0.305
Other vegetables 0.271 0.083
Tomato sauce 0.08 0.639
Vegetable soup 0.175 0.322
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vegetable soup intake frequencies than other racial groups. 
This may explain the increasing incidence of early onset 
colorectal cancer in Hispanics [34]. While it has been shown 
that Blacks/African-Americans have a higher incidence and 
mortality rate of cancers compared to other racial/ethnic 
groups in the United States, we did not observe significant 
dietary behavior associations with Black/African-American 
participants. Future studies will need to be performed to fur-
ther explore the potential role of dietary behavior in cancer 
risk among Blacks/African-Americans.

We also observed particular dietary behaviors related 
to income. Although most participants reported an annual 
income lower than $50,000, participants with a higher 
income had a higher total daily intake and daily higher fre-
quency of intake of salad. Although from the same district, 
people with higher income had a dietary behavior reflective 
of a healthier diet. Previous work has shown that healthier 

food options are limited by access due to food prices [35]. 
As such, these are factors that can contribute to cancer 
disparities.

After controlling for marital status, other vegetable 
serving quantity was significantly associated with UGAC. 
That is, among participants reporting the same marital sta-
tus, those with a higher quantity of vegetable intake were 
more likely to have higher UGAC levels. Furthermore, after 
controlling for age, gender, marital status, education, and 
income, the association between fruit serving quantity and 
UGAC was also significant. That is, among participants with 
the same demographic characteristics, those with a higher 
fruit intake quantity are more likely to have a higher UGAC. 
These results validate the presence of gallic acid in various 
fruits and vegetables, as previous studies have shown [36]. 
Additionally, they demonstrate the utility of UGAC as a bio-
marker of a healthy diet.

Table 4  Associations between demographics and fruit/vegetable daily total intake (N = 91)

The values in bold represent the values with statistical significance
1 Pearson’s r, 2Independent t test, 3ANOVA
† p < 0.1, *p < .05, **p < .01, ***p < .001, two-tailed
** p < 0.01 This is a value for statistical significance. It is present in the notes of Table 4 to maintain the uniformity of the notes in Tables 4, 5, 
and 6

100% juice Fruit Lettuce salad French fries/
fried pota-
toes

Other 
white 
potatoes

Cooked 
dried 
beans

Other 
vegeta-
bles

Tomato sauce Vegetable soup

Age1 0.01 0.21* 0.01 − 0.16 0.06
0

− 0.02 0.11 0.00 0.03

Gender2 * ***
 Female 0.78 1.07 0.53 0.03 0.13 0.20 0.74 0.10 0.14
 Male 0.18 0.37 0.28 0.03 0.32 0.20 0.38 0.18 0.12

Race3 †

 White 0.15 0.77 0.21 0.00 0.14 0.19 0.77 0.08 0.04
 Black 0.55 0.66 0.33 0.02 0.25 0.16 0.65 0.07 0.14
 Hispanic/Latino 0.84 0.89 0.54 0.04 0.12 0.26 0.62 0.15 0.14
 Asian 0.70 1.97 0.47 0.01 0.05 0.10 0.65 0.01 0.33
 Other 0.67 1.68 0.90 0.07 0.14 0.13 0.96 0.22 0.10

Material  status2 *
 Married 0.32 0.97 0.57 0.01 0.13 0.21 0.44 0.11 0.26
 Other 0.79 0.96 0.44 0.03 0.17 0.20 0.70 0.12 0.12

Education2 *
 High school or below 0.73 1.05 0.55 0.03 0.14 0.28 0.69 0.14 0.16
 Some college or higher 0.62 0.88 0.41 0.03 0.16 0.14 0.63 0.07 0.14

Income2 * †

  < $50,000 0.66 0.82 0.30 0.03 0.20 0.19 0.67 0.13 0.12
  ≥ $50,000 0.49 1.17 0.99 0.04 0.08 0.31 0.50 0.05 0.28
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In the present study, only two male participants and one 
female participant reported having cancer. All of them had 
income lower than $50,000, and two of them were wid-
owed. Additionally, only two out of the three participants 
with cancer had detectable UGAC. Notably, the UGAC in 
these participants with cancer was lower in comparison to 
the UGAC from most of all the studied samples. Although 
these findings are not generalizable, they may be reflective 
of known factors of cancer risk. Furthermore, the fact that 
all participants with cancer had either no detectable UGAC 
or low detectable UGAC appears to be in agreement with 
the higher risk of cancer among people with a diet low in 
fruits and vegetables.

Our study has several limitations. The sample size of 
91 participants was relatively small. Furthermore, only 45 

participants provided urine samples. Still, we found mean-
ingful associations between dietary intake and UGAC within 
our study population. Additionally, we did not collect infor-
mation regarding alcohol consumption, smoking, and cur-
rent or previous occupations of participants. Another limita-
tion is the use of a FFQ for assessment of dietary behavior. 
As a self-reported survey, the FFQ may include some bias 
and may not account for some cultural differences. Further-
more, we used gallic acid as the only nutritional biomarker 
due to its anticancer properties and its prevalence in fruits 
and vegetables. However, we acknowledge the spectrum of 
existing nutritional biomarkers and the possibility of using 
other metabolites as nutritional biomarkers. We will con-
sider these limitations in future studies and incorporate a 
more comprehensive questionnaire for data collection. 

Table 5  Associations between demographics and fruit/vegetable daily intake frequency (N = 91)

The values in bold represent the values with statistical significance
1 Pearson’s r, 2Independent t test, 3ANOVA
† p < 0.1, *p < .05, **p < .01, ***p < .001, two-tailed
** p < 0.001 This is a value of statistical significance. It is included in the notes of Tables 5 and 6 to maintain the uniformity of the notes in 
Tables 4, 5, and 6

100% juice Fruit Lettuce salad French fries/
fried pota-
toes

Other 
white 
potatoes

Cooked 
dried 
beans

Other vegetables Tomato sauce Vegetable soup

Age1 0.08 0.25* 0.08 − 0.06 0.11
0

0.00 0.21† 0.11 0.15

Gender2 ** * *
 Female 0.67 1.24 0.69 0.11 0.19 0.27 0.73 0.17 0.17
 Male 0.21 0.68 0.38 0.13 0.31 0.30 0.41 0.32 0.16

Race3 ** **
 White 0.21 0.89 0.44 0.02 0.17 0.31 1.02 0.18 0.07
 Black 0.60 0.89 0.55 0.07 0.31 0.24 0.68 0.13 0.15
 Hispanic/Latino 0.60 0.96 0.73 0.16 0.18 0.34 0.57 0.27 0.15
 Asian 0.72 2.60 0.42 0.03 0.08 0.36 0.93 0.03 0.47
 Other 0.54 1.93 0.77 0.13 0.17 0.17 0.79 0.22 0.09

Material  status2 * *
 Married 0.36 1.26 0.62 0.05 0.19 0.38 0.50 0.16 0.28
 Other 0.66 1.09 0.63 0.12 0.22 0.27 0.71 0.21 0.14

Education2 * *
 High school or 

below
0.49 1.18 0.71 0.13 0.21 0.40 0.64 0.28 0.18

 Some college or 
higher

0.63 1.13 0.56 0.09 0.20 0.21 0.70 0.10 0.17

Income2 *
  < $50,000 0.50 1.06 0.50 0.12 0.25 0.31 0.68 0.23 0.15
  ≥ $50,000 0.51 1.26 1.13 0.15 0.12 0.41 0.56 0.15 0.26
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Nevertheless, our findings have meaningful implications 
for recognizing dietary behavior differences that can impact 
cancer prevention strategies with implications for cancer 
health disparities.

This study provides meaningful information on dietary 
behavior in a diverse community in New York City. While 
we observed some statistically significant differences in 
dietary behavior based on demographics such as gender, 
race/ethnicity, income, and age, additional larger studies 
are warranted to confirm the generalizability of our find-
ings to minority groups in other cities, and to investigate the 
non-significant associations uncovered in our study. Future 
research should investigate additional confounding risk fac-
tors that have significant implications for cancer prevention.
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tary material available at https:// doi. org/ 10. 1007/ s10552- 022- 01581-y.
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Table 6  Associations between demographics and fruit/vegetable serving quantity (N = 91)

1 Pearson’s r, 2Independent t test, 3ANOVA
† p < 0.1, *p < .05, **p < .01, ***p < .001, two-tailed
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100% juice Fruit Lettuce salad French fries/
fried pota-
toes

Other white 
potatoes

Cooked 
dried 
beans

Other vegeta-
bles

Tomato sauce Vegetable soup

Age1 − 0.21 0.02 − 0.17 − 0.35** − 0.23*
0

− 0.18 − 0.06 − 0.13 − 0.16

Gender2 *
 Female 0.92 0.76 0.48 0.28 0.69 0.67 0.86 0.45 0.79
 Male 0.98 0.57 0.64 0.26 0.80 0.69 0.77 0.52 0.87

Race3

 White 0.91 0.75 0.42 0.20 0.82 0.75 0.75 0.40 0.72
 Black 0.84 0.71 0.60 0.26 0.66 0.60 0.86 0.43 0.85
 Hispanic/

Latino
1.03 0.73 0.62 0.29 0.74 0.72 0.82 0.46 0.80

 Asian 0.75 0.75 0.78 0.20 0.74 0.42 0.72 0.33 0.78
 Other 1.04 0.82 0.75 0.37 0.74 0.75 1.13 0.80 1.13

Material 
 status2

 Married 0.81 0.74 0.70 0.28 0.68 0.62 0.85 0.49 0.87
 Other 0.96 0.75 0.60 0.27 0.73 0.68 0.82 0.46 0.81

Education2

 High school 
or below

1.06 0.70 0.58 0.25 0.72 0.65 0.81 0.46 0.80

 Some college 
or higher

0.85 0.76 0.67 0.31 0.71 0.68 0.85 0.45 0.85

Income2

  < $50,000 0.99 0.74 0.55 0.25 0.73 0.62 0.81 0.44 0.78
  ≥ $50,000 0.83 0.73 0.85 0.34 0.72 0.75 0.81 0.35 0.90

https://doi.org/10.1007/s10552-022-01581-y


937Cancer Causes & Control (2022) 33:929–937 

1 3

Informed consent Written consent was obtained from all participants 
in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.
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