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ABSTRACT
Objectives  Previous studies found that low education 
or income level was associated with insufficient 
fruit and vegetable consumption (IFVC) among the 
general population. However, cancer survivors can be 
heterogeneous from the general population in many 
aspects. Our objective was to disentangle their association 
among cancer survivors.
Design  Nationwide cross-sectional survey in the USA.
Setting  2017 Behaviour Risk Factor Surveillance System.
Participants  5409 cancer survivors.
Exposure and outcome  Educational level (graduated 
from college/technical school, attended college/technical 
school and high school or less) and annual household 
income (≥US$75 000, US$35 000 to <US$75 000 and 
<US$35 000) were exposures of interest. IFVC, which was 
defined as <5 servings/day according to the American 
Cancer Society recommendation, was treated as the 
outcome.
Data analysis  Multivariable logistic regression corrected 
for sampling weight was performed to estimate the 
association. Subgroup analyses and interaction tests were 
performed by age, gender, obesity and physical activity.
Results  Overall, 4750 survivors (weighted percentage: 
88.5%) had IFVC. Participants with lower education had 
a significantly higher rate of IFVC (high school or less vs 
college graduates: adjusted OR=2.17, 95% CI 1.45 to 
3.25, p trend <0.01). The association between income and 
IFVC was almost null. Associations did not differ in most 
subgroups; however, the association of lower education 
appeared to be more substantial among physically inactive 
survivors (p interaction <0.01).
Conclusion  Low educational background, not low 
income, was associated with IFVC among cancer survivors. 
Prospective cohort studies are needed to verify the 
conclusion.

INTRODUCTION
Several decades ago, cancer was a refractory 
disease due to the lack of accurate detection 
methods and effective antitumour medica-
tion. However, improvements in medical 
techniques and clinical treatment modalities 
have allowed a great proportion of patients 
with cancer to survive for longer periods of 

time after diagnosis.1 To date, the number of 
cancer survivors continues to increase and 
now accounts for about 5% of the US popu-
lation.2 More than 16.9 million people in 
the USA have personal histories of cancer in 
2019 and this number is estimated to reach 
22.1 million by 2030.1 This trajectory under-
scores the importance of tertiary prevention 
in cancer survivors, which can help survivors 
maintain general health and promote quality 
of life.

A diet with sufficient fruit and vegetable 
can be beneficial to cancer survivors, which 
is critical in tertiary prevention.3 Fruit and 
vegetable contain a myriad of nutrients and 
phytochemicals, including fibre, vitamins, 
antioxidants, potassium, flavonoids and other 
compounds4 that potentially inhibit cancer 
progression5 and reduce mortality.6 7 Epide-
miological studies have shown that a diet with 
sufficient fruit and vegetable was associated 
with a lower mortality in breast6 and colon 
cancer survivors7 as well as better quality of 
life.8 The American Cancer Society (ACS) 
suggests that cancer survivors should consume 
at least five servings of fruit and vegetable per 

Strengths and limitations of this study

►► The large sample size in Behavioural Risk Factor 
Surveillance System (BRFSS) ensures a good power 
and reduces imprecision.

►► Subgroup analysis helps us verify whether the im-
pact of education is stronger in certain groups, like 
physically inactive survivors.

►► Cancer diagnosis was measured by self-report, 
which is less valid compared with medical record 
review.

►► BRFSS measured fruit and vegetable consumption 
during the past 1 month, which might not be suffi-
cient to reflect participants’ long-term or constant 
intake level.
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day.9 However, previous research shows that only a small 
fraction (15%–20%) of survivors have sufficient fruit and 
vegetable intake.10

Previous studies found that unfavourable education 
or income level was associated with insufficient fruit 
and vegetable consumption (IFVC) among the general 
population.11 A systematic review focusing on low-income 
and middle-income countries found that high socioeco-
nomic status (measured through education, income or 
composite indicators) was associated with higher fruit 
and/or vegetable consumption, diet quality and food 
diversity.12 However, cancer survivors can be heteroge-
neous from the general population in many aspects. For 
example, due to high medical expenditure, many survi-
vors experience economic hardship,13 which may affect 
their fruit and vegetable purchase. Survivors with higher 
education are more likely to change their dietary habits14 
when being informed of cancer diagnosis. Such evidence 
suggests that the association pattern of education or 
income among cancer survivors may differ from that 
of the general population. Given the limited evidence 
regarding associations between educational background 
and income and fruit and vegetable consumption among 
cancer survivors, we used the 2017 Behavioural Risk 
Factor Surveillance System (BRFSS) data to disentangle 
these relationships.

METHODS
BRFSS and study population
BRFSS is an annual cross-sectional telephone survey 
conducted in the USA since 1984 by the Centres for 
Disease Control and Prevention. The survey collects 
data from adult US residents (≥18 years) regarding their 
health-related risk behaviours, chronic health condi-
tions and use of preventive services. Survey questions 
went through technical review, cognitive testing and 
field testing before being placed on the questionnaire. 
The BRFSS collects information from all 50 states, the 
District of Columbia, Puerto Rico, the US Virgin Islands, 
Guam, American Samoa and Palau. Detailed information 
about BRFSS can be found at www.​cdc.​gov/​brfss/​about/​
index.​htm. For our current study, a total of 5409 cancer 
survivors without missing data of exposure, outcome and 
other covariates were included for analysis. Specifically, 
we treated cancer survivors as people self-reporting histo-
ries of cancer diagnosis based on definitions from the 
National Coalition for Cancer Survivorship.15

Patient and public involvement
Survey respondents were selected as described above and 
were not involved in the design of this study.

Measures
The 2017 BRFSS asked four questions to assess how many 
servings of fruit and vegetable participants consumed 
per day during the past month, which included intake of 
the following items: (1) fruit (non-juice), (2) dark green 

vegetable, (3) potato (not including fries or fried potato) 
and (4) other types of vegetable. We defined IFVC as <5 
servings/day.16 17

Educational background and annual household 
income were exposures of interest in the analysis. Partic-
ipants self-reported the highest grade or year of school 
completed as well as the annual household income from 
all sources in the BRFSS. We categorised education and 
income as the following ordinal variables to ensure each 
level had sufficient and similar number of observations: 
(1) education: graduated from college/technical school, 
attended college/technical school and high school or less 
and (2) income: ≥US$75 000, US$35 000 to <US$75 000 
and <US$35 000.

Demographic characteristics included age, gender, 
race and marital status. We treated age as an ordinal 
variable (<65, 65–74 and ≥75 years) to approximate 
tertiles. We categorised race as white, black and other. 
We reclassified self-reported marital status as married 
(married couple or member of an unmarried couple) 
and not married (never married, divorced, widowed or 
separated) because being unmarried could be associated 
with a significant decrease in quantity and variety of fruit 
and vegetable intake.18 Health-related lifestyle indicators, 
which included smoking, alcohol drinking, obesity and 
physical activity, were included for analysis since they 
were closely associated with our exposures of interest 
and dietary behaviours.19 We categorised smoking status 
as never smoked, current smoker or former smoker. We 
defined heavy alcohol drinking as consuming ≥14 drinks/
week for male respondents or ≥7 drinks/week for female 
respondents.20 Obesity was defined as having a body mass 
index ≥30 kg/m2. Physical inactivity was defined as having 
no physical activity or exercise (eg, running, callisthenics, 
golf, gardening or walking) during the past month.21 
The BRFSS treated respondents’ general health as a 
binary variable (fair or poor vs good, very good or excel-
lent).22 Major comorbidities, including diabetes mellitus, 
high blood cholesterol, high blood pressure, myocardial 
infarction, coronary heart disease, stroke, chronic kidney 
disease, arthritis, asthma, chronic obstructive pulmonary 
disease and depressive disorder, were also measured via 
self-report. Participants’ self-reported histories of routine 
clinical check-ups and healthcare coverage that included 
health insurance, prepaid plans (eg, Health Mainte-
nance Organization), government plans (eg, Medicare) 
and Indian Health Service.23 Cancer-related indicators 
included time elapsed since cancer diagnosis, number of 
cancers diagnosed and cancer type.

All sociodemographic and health-related factors were 
selected based on previously published articles and a 
priori knowledge regarding the associations between 
these factors and our exposures of interest and IFVC.

Statistical analysis
As this is a complete-case analysis, no statistical method 
was used to handle missing data. The 2017 BRFSS used 
iterative proportional fitting to weight data. This allowed 
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incorporation of telephone survey data and introduc-
tion of more demographic characteristics, which better 
reflected the sociodemographic distribution of each 
individual state. We used number of observations and 
weighted percentages (%) of covariates to descriptively 
summarise the overall sample and subpopulation defined 
by IFVC, and we used χ2 tests to compare distributions of 
these covariates by IFVC. When summarising education 
and income, we reported number of observations for each 
level and calculated weighted point estimates and 95%CIs 
of IFVC prevalence. We used logistic regression corrected 
for sampling weight to estimate ORs and 95% CIs of 
education and income. In crude models, only one inde-
pendent variable (education or income) was included. In 
multivariable logistic regression, we included education 
and income simultaneously and adjusted for age, gender, 
race, marital status, smoking status, alcohol drinking, 
physical activity, obesity, general health, number of comor-
bidities, healthcare coverage, clinical check-up, comor-
bidity, time elapsed since cancer diagnosis and number of 
cancers. We conducted tests for trends by treating educa-
tion and income as continuous variables in the model. 
Based on parameters in the multivariable model, we used 
‘margins’ in Stata with unconditional variance–covari-
ance matrix to calculate model-adjusted probability of 
IFVC by education levels within each stratum of income 
(or by income levels within each education stratum). Two 
sets of sensitivity analyses were conducted in addition to 
the primary logistic regression models. Specifically, the 
sensitivity analysis was restricted to survivors who only had 
one cancer (n=4284) or survived for more than 1 year 
(n=4699) to preclude the impact from antitumour treat-
ment that might affect dietary behaviours. To verify the 
robustness of primary analysis, we used a linear regres-
sion model treating fruit and vegetable consumption as a 
continuous variable to calculate the mean difference for 
education and income; the model adjusted for the same 
set of covariates.

Several factors, including age (<65 vs ≥65 years), 
gender (female vs male) and health-related factors, could 
substantially affect people’s dietary pattern.24–27 Thus, we 
conducted subgroup analyses stratified by these variables 
to explore if there were interactions between education 
and income and these factors in relation to IFVC. We chose 
obesity and physical inactivity as the indicators of adverse 
lifestyle factors; smoking and heavy alcohol drinking were 
not considered due to the uneven distribution within 
the variable. We added interaction terms between educa-
tion and income and age, gender, obesity and physical 
inactivity into the model and used Wald tests to examine 
whether there was a significant interaction. In addition, 
we estimated adjusted OR (aOR) and model-adjusted 
probability of IFVC for breast and prostate cancer and 
melanoma because they had large sample sizes compared 
with other types of cancer and their favourable survival 
endowed more opportunities for tertiary prevention.

For current analysis, two-sided p values <0.05 were 
considered to be statistically significant. All statistical 

analyses were conducted using Stata, V.15.0 (College 
Station, Texas, USA: StataCorp, LLP).

RESULTS
Table  1 descriptively summarises demographic charac-
teristics and health-related factors of the overall sample. 
Among the 5409 cancer survivors, 4750 (weighted 
percentage: 88.5%) had IFVC. Overall, most of the 
participants were aged ≥65 (64.5%) years and the mean 
age was 66.9 (SD: 11.0) years. Over half of the survivors 
were women (57.2%) and the majority of survivors was 
white (94.1%). Over one-third of study participants were 
unmarried (39.4%). In terms of lifestyle behaviours, 
approximately half of the survivors were never-smokers 
(52.0%), most survivors were not heavy drinkers (95.4%) 
and 28.1% of survivors were physically inactive during the 
past month. Prevalence of obesity was 34.7% and about a 
quarter (25.7%) of survivors were living with poor or fair 
general health. By pooling all types of comorbidities, the 
data showed only 11.3% had no comorbidity, while 18.6% 
had one comorbidity and 70.1% had at least two comor-
bidities. Most survivors (84.6%) reported that they had 
a clinical check-up last year and 97.4% had healthcare 
coverage. Overall, about half (51.5%) of the survivors had 
cancer diagnoses within the recent 10 years and 79.2% 
of them had only one cancer. In aspects of cancer type, 
the prevalence of female breast cancer, prostate cancer, 
gastrointestinal cancer and melanoma was 15.5%, 10.1%, 
5.1% and 13.2%, respectively. Pearson’s χ2 tests indi-
cated that survivors who were men, not married, current 
smoker, physically inactive, obese, self-reporting a favour-
able general health or living with ≥2 comorbidities were 
more likely to have IFVC (ps<0.05).

Educational level and household income were evenly 
distributed and two-sample proportion tests showed 
that the weighted prevalence of IFVC increased with 
the decline of educational level and household income. 
Overall, participants with an education background at or 
lower than high school, as compared with those gradu-
ating from college or technical school, had a significantly 
higher rate of IFVC (crude OR (cOR)=2.76, 95% CI 1.91 
to 3.98; aOR=2.17, 95% CI 1.45 to 3.25) in both crude 
and multivariable models; the statistical test suggested 
a significant trend (p trend <0.01). Although the crude 
model showed a significant association between house-
hold income and IFVC (<US$35 000 vs ≥US$75 000/year: 
cOR=2.00, 95% CI 1.38 to 2.89, p trend <0.01), the effect 
measure turned null in the multivariable analysis (<US$35 
000 vs ≥US$75 000/year: aOR=1.02, 95% CI 0.65 to 1.62, 
p trend=0.90) (table 2). Effect measures of other covari-
ates are presented in online supplemental table 1. Associ-
ation patterns of education and income among survivors 
with only one cancer and survivors living for more than 
1 year after cancer diagnosis were largely similar to esti-
mates obtained in the primary analysis (table  2). By 
treating fruit and vegetable servings as the outcome in 
multivariable linear regression, the model suggested that 
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Table 1  Characteristics of 5409 cancer survivors from 2017 BRFSS

Overall*
No IFVC
(≥5 servings/day)†

IFVC
(<5 servings/day)†

Characteristics (N=5409, %)
(n=659, 
weighted%=11.5)

(n=4750, 
weighted%=88.5) P value‡

Age (year) 0.07

 � <65 1919 (35.5) 273 (13.0) 1646 (87.0)

 � 65–74 1928 (35.6) 221 (9.7) 1707 (90.3)

 � ≥75 1562 (28.9) 165 (10.2) 1397 (89.8)

Gender <0.01

 � Female 3091 (57.2) 443 (14.4) 2648 (85.6)

 � Male 2318 (42.9) 216 (7.8) 2102 (92.2)

Race 0.19

 � White 5087 (94.1) 616 (11.5) 4471 (88.5)

 � Black 174 (3.2) 18 (8.7) 156 (91.3)

 � Other 148 (2.7) 25 (22.4) 123 (77.6)

Marital status§ <0.01

 � Not married 2131 (39.4) 228 (8.2) 1903 (91.8)

 � Married 3278 (60.6) 431 (13.1) 2847 (86.9)

Smoking status <0.01

 � Never 2810 (52.0) 409 (14.0) 2401 (86.0)

 � Current smoker 616 (11.4) 51 (6.1) 565 (93.9)

 � Former smoker 1983 (36.7) 199 (10.5) 1784 (89.5)

Alcohol drinking¶ 0.29

 � Not heavy drinker 5158 (95.4) 634 (11.7) 4524 (88.3)

 � Heavy drinker 251 (4.6) 25 (8.0) 226 (92.0)

Physical activity** <0.01

 � Inactivity 1517 (28.1) 105 (5.5) 1412 (94.5)

 � Activity 3892 (72.0) 554 (14.0) 3338 (86.1)

Obesity (BMI ≥30 kg/m2) 0.02

 � Not obese 3532 (65.3) 478 (12.8) 3054 (87.2)

 � Obese 1877 (34.7) 181 (9.0) 1696 (91.0)

General health 0.02

 � Poor or fair 1389 (25.7) 131 (12.5) 1258 (87.5)

 � Good, very good, or excellent 4020 (74.3) 528 (8.6) 3492 (91.4)

Number of comorbidity†† 0.01

 � 0 610 (11.3) 110 (16.9) 500 (83.1)

 � 1 1008 (18.6) 128 (11.2) 880 (88.8)

 � ≥2 3791 (70.1) 421 (10.5) 3370 (89.5)

Diabetes mellitus 0.48

 � No 4312 (79.7) 534 (11.7) 3778 (88.3)

 � Yes 1097 (20.3) 125 (10.4) 972 (89.6)

High blood cholesterol 0.10

 � No 2680 (49.6) 363 (12.7) 2317 (87.3)

 � Yes 2729 (50.5) 296 (10.2) 2433 (89.8)

High blood pressure 0.20

 � No 2290 (42.3) 322 (12.5) 1968 (87.5)

Continued
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Overall*
No IFVC
(≥5 servings/day)†

IFVC
(<5 servings/day)†

Characteristics (N=5409, %)
(n=659, 
weighted%=11.5)

(n=4750, 
weighted%=88.5) P value‡

 � Yes 3119 (57.7) 337 (10.6) 2782 (89.4)

Myocardial infarction 0.41

 � No 4890 (90.4) 601 (11.2) 4289 (88.8)

 � Yes 519 (9.6) 58 (13.6) 461 (86.4)

Coronary heart disease 0.32

 � No 4816 (89.0) 591 (11.2) 4225 (88.9)

 � Yes 593 (11.0) 68 (13.8) 525 (86.2)

Stroke 0.72

 � No 5019 (92.8) 609 (11.4) 4410 (88.6)

 � Yes 390 (7.2) 50 (12.4) 340 (87.6)

Chronic kidney disease 0.37

 � No 4981 (92.1) 610 (11.7) 4371 (88.3)

 � Yes 428 (7.9) 49 (9.4) 379 (90.6)

Arthritis 0.02

 � No 2631 (48.6) 355 (13.2) 2276 (86.8)

 � Yes 2778 (51.4) 304 (9.8) 2474 (90.2)

Asthma 0.37

 � No 4621 (85.4) 558 (11.8) 4063 (88.3)

 � Yes 788 (14.6) 101 (10.0) 687 (90.0)

COPD 0.10

 � No 4677 (86.5) 598 (12.0) 4079 (88.0)

 � Yes 732 (13.5) 61 (8.3) 671 (91.7)

Depressive disorder 0.49

 � No 4193 (77.5) 502 (11.2) 3691 (88.8)

 � Yes 1216 (22.5) 157 (12.3) 1059 (87.7)

Had clinical check-up last year 0.29

 � Had no check-up 831 (15.4) 94 (9.6) 737 (90.4)

 � Had check-up 4578 (84.6) 565 (11.8) 4013 (88.2)

Had healthcare coverage 0.98

 � Had no coverage 143 (2.6) 17 (11.4) 126 (88.6)

 � Had coverage 5266 (97.4) 642 (11.5) 4624 (88.5)

Survival time (year) 0.65

 � 0–4 1679 (31.0) 202 (12.4) 1477 (87.6)

 � 5–9 1105 (20.4) 127 (10.7) 978 (89.3)

 � ≥10 2625 (48.5) 330 (11.1) 2295 (88.9)

Number of cancer 0.90

 � 1 4284 (79.2) 509 (11.5) 3775 (88.5)

 � ≥2 1125 (20.8) 150 (11.3) 975 (88.7)

Cancer types <0.01

 � Breast (only female) 836 (15.5) 122 (18.6) 714 (81.4)

 � Prostate 544 (10.1) 41 (5.8) 503 (94.2)

 � Gastrointestinal‡‡ 273 (5.1) 26 (7.0) 247 (93.0)

Table 1  Continued

Continued
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lower educational level was significantly associated with 
an increased fruit and vegetable consumption; effect 
measures of income were non-significant in linear regres-
sion (see online supplemental table 2).

Results of model-adjusted probability (figure  1A, B) 
showed the same association patterns as the primary 
analysis. Specifically, probability of IFVC was very similar 
across different levels of income regardless of educational 
attainment; in each stratum of income, the probability of 
IFVC increased as educational level decreased. Detailed 
estimates are included in online supplemental table 3.

The association of IFVC with education and income 
did not differ in subgroups defined by age, gender and 
obesity (table 3). The aORs of educational levels among 
each age group were similar to those in primary multi-
variable analysis (p interaction=0.83, p trend <0.01 for 
age <65 years, p trend=0.01 for age ≥65 years). Although 
point estimates of aORs of lower income (<US$35 000) 
were in different directions by age groups, the Wald test 
did not support a significant interaction either (p inter-
action=0.08). There was no evidence suggesting a signifi-
cant interaction between education/income and gender 
in relation to IFVC (p interaction=0.20 for education, p 
interaction=0.75 for income). There was no significant 
interaction between obesity and education/income in 
relation to IFVC (p interaction=0.42 for education, p 
interaction=0.20 for income). However, results (table 3) 
showed that the impact of lower educational level was 
more substantial among survivors with inactive lifestyle 
(high school or less vs graduated from college/technical 
school: aOR=6.21, 95% CI 2.98 to 12.93, p interaction 
<0.01); no significant interaction was observed between 
inactivity and income (p interaction=0.07).

A positive association between low education (high 
school or less vs graduated from college) and IFVC was 

observed for breast cancer (aOR=2.73, 95% CI 1.52 to 
4.88, p trend <0.01) and melanoma (aOR=1.92, 95% CI 
0.98 to 3.77, p trend=0.04), although statistical signifi-
cance was not observed for the latter; effect measures 
of education among prostate cancer survivors were 
not significant. There were no significant associations 
between income and IFVC for breast and prostate cancer 
and melanoma (see online supplemental table 4). Model-
adjusted probability of IFVC among survivors of breast 
and prostate cancer and melanoma is presented in online 
supplemental table 5.

DISCUSSION
In general, we found that a high rate (88.5%) of partic-
ipants did not adhere to the ACS recommended five 
servings of fruit and vegetable per day. Low-level educa-
tion was found to be positively associated with IFVC. 
While low-level household income was also positively 
associated with IFVC in unadjusted logistic regression, 
the relationship was not significant in the multivariable 
logistic regression. The association patterns were largely 
unchanged among cancer survivors with only one cancer 
or surviving for more than 1 year since diagnosis. The 
impact of lower education on IFVC appeared to be more 
substantial among physically inactive survivors, whereas 
there was no significant interaction between age, gender 
or obesity and education in relation to IFVC. No interac-
tion was observed for income.

The findings on educational level are in line with 
conclusions from previous population-based research, 
but the results on income are not consistent. Mayer et 
al investigated 619 cancer survivors using a nationwide 
survey in the USA during 2002–2003 and reported that 
survivors with an education background lower than high 

Overall*
No IFVC
(≥5 servings/day)†

IFVC
(<5 servings/day)†

Characteristics (N=5409, %)
(n=659, 
weighted%=11.5)

(n=4750, 
weighted%=88.5) P value‡

 � Melanoma 715 (13.2) 83 (12.6) 632 (87.4)

 � Other 3041 (56.2) 387 (10.9) 2654 (89.2)

Note: Number of observations and weight percentages (%) were reported for study characteristics. Boldface indicates statistical significance 
(p<0.05).
*Column percentage was reported for the overall sample.
†Row percentage was reported for subpopulation defined by IFVC.
‡χ2 test was used to compare distributions of variables differed by IFVC.
§Not married was defined as never married, divorced, widowed, or separated. Respondents who were a member of a married or unmarried 
couple were defined as married.
¶Men having more than 14 drinks per week and women having more than 7 drinks per week were considered as heavy drinkers.
**People who did not participate in any physical activities or exercises (eg, running, callisthenics, golf, gardening, or walking for exercise) in 
addition during the past month were considered as inactivity.
††Comorbidities were diabetes mellitus, high blood cholesterol, high blood pressure, myocardial infarction, coronary heart disease, stroke, 
chronic kidney disease, arthritis, asthma, COPD and depressive disorder.
‡‡Gastrointestinal cancer included oesophageal cancer, gastric cancer, and colorectal cancer.
BMI, body mass index; BRFSS, behavioural risk factor surveillance system; COPD, chronic obstructive pulmonary disease; IFVC, insufficient 
fruit and vegetable consumption.

Table 1  Continued
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school were less likely to eat at least five servings of fruit 
or vegetable per day (OR=0.6, 95% CI 0.4 to 0.8).28 Given 
the potential secular variation, cancer survivors of the 
current era may have different dietary patterns or health 
awareness compared with survivors studied 15 years ago, 
suggesting the conclusions need further verification using 
a more recent data. Another population-based study in 

the USA analysed 2865 breast cancer survivors and found 
that, when compared with their peers with education at 
or less than high school, women who had graduated from 
college were more likely to have a substantial increase in 
fruit and vegetable consumption after cancer diagnosis, 
although the association patterns of income were largely 
non-significant.29 However, it did not disentangle whether 

Table 2  Associations of IFVC with education and income among cancer survivors in the USA

Variable IFVC/N Weighted IFVC prevalence (95% CI) cOR (95% CI) aOR (95% CI)*

Overall sample N=5409 – 5409 5409

Education level†

 � Graduated from college 1784/2146 81.9 (78.9 to 84.5) REF REF

 � Attended college 1360/1524 89.7 (86.9 to 91.9)‡ 1.93 (1.38 to 2.68) 1.76 (1.27 to 2.45)

 � High school or less 1606/1739 92.6 (90.1 to 94.5)‡ 2.76 (1.91 to 3.98) 2.17 (1.45 to 3.24)

p trend <0.01 p trend <0.01

Household income per year

 � ≥US$75 000 1329/1575 84.8 (81.6 to 87.5) REF REF

 � US$35 000 to <US$75 000 1629/1879 88.6 (86.0 to 90.7)‡ 1.39 (1.00 to 1.93) 0.96 (0.68 to 1.35)

 � <US$35 000 1792/1955 91.8 (89.3 to 93.7)‡ 2.00 (1.38 to 2.89) 1.02 (0.65 to 1.62)

p trend <0.01 p trend=0.90

 � Only had one cancer n=4284 – 4284 4284

Education level†

 � Graduated from college 1430/1705 82.2 (78.8 to 85.1) REF REF

 � Attended college 1080/1213 89.5 (86.3 to 92.0)‡ 1.85 (1.27 to 2.68) 1.68 (1.15 to 2.44)

 � High school or less 1265/1366 92.5 (89.5 to 94.7)‡ 2.68 (1.75 to 4.11) 2.00 (1.25 to 3.18)

p trend <0.01 p trend <0.01

Household income per year

 � ≥US$75 000 1102/1291 84.9 (81.3 to 88.0) REF REF

 � US$35 000 to <US$75 000 1274/1469 88.5 (85.5 to 91.0) 1.37 (0.94 to 1.99) 0.98 (0.66 to 1.44)

 � <US$35 000 1399/1524 91.8 (88.9 to 93.9)‡ 1.97 (1.30 to 2.99) 1.02 (0.60 to 1.73)

p trend <0.01 p trend=0.93

 � Survived for more than 1 year n=4699 – 4699 4699

Education level†

 � Graduated from college 1558/1871 81.7 (78.4 to 84.5) REF REF

 � Attended college 1180/1326 89.8 (86.8 to 92.2)‡ 1.98 (1.39 to 2.82) 1.88 (1.32 to 2.67)

 � High school or less 1394/1502 93.3 (90.7 to 95.2)‡ 3.13 (2.08 to 4.72) 2.54 (1.64 to 3.94)

p trend <0.01 p trend <0.01

Household income per year

 � ≥US$75 000 1156/1370 85.2 (81.8 to 88.1) REF REF

 � US$35 000 to <US$75 000 1416/1633 88.4 (85.6 to 90.7) 1.33 (0.93 to 1.88) 0.85 (0.60 to 1.22)

 � <US$35 000 1560/1696 92.2 (89.6 to 94.2)‡ 2.05 (1.37 to 3.07) 0.97 (0.59 to 1.59)

p trend <0.01 p trend=0.87

Note: OR and 95% CI were calculated from logistic regression corrected for sampling weight in BRFSS.
*The multivariable model included education and income simultaneously and adjusted for age, gender, race, marital status, smoking status, 
alcohol drinking, physical activity, obesity, general health, healthcare coverage, clinical check-up, comorbidity, survival time, and number of 
cancer.
†College-level education also included technical school.
‡Two-sample proportion test indicated a significant difference from reference group in aspects of IFVC.
aOR, adjusted OR; BRFSS, Behavioural Risk Factor Surveillance System; cOR, crude OR; IFVC, insufficient fruit and vegetable consumption.
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survivors with favourable educational background or 
income level were more likely to meet the recommended 
dietary requirement. A prospective study measured 
average fruit and vegetable intake of 2134 prostate cancer 
survivors during 2004–2005 and reported positive associ-
ations of consumption level with education and income; 
however, this outcome was based on a χ2 test and could be 
biassed due to confounders.30 These issues were carefully 
considered and addressed in current analysis by using the 
recent nationwide survey data.

We have some speculations about mechanisms behind 
the association patterns in our analysis. First, several 
studies show that education can improve survivors’ health 
awareness. Advanced education can help survivors better 
understand health benefits of eating sufficient fruit and 
vegetable like progression risk reduction and improve-
ment in survival30 31; this may finally reduce their likeli-
hood of low-level intake.32 33 Second, education decreases 
worry and fear of cancer harm (eg, shorter life expectancy, 
recurrence and lower life quality),34 which can be barriers 
to healthy dietary behaviours.35 For example, Skaali et 
al34 showed that medium-level education (11–12 years), 
as compared with high-level education (≥13 years), was 
significantly associated with a higher fear of recurrence 
score among 1336 long-term testicular cancer survivors 
(OR=1.51, 95% CI 1.18 to 1.93) in Norway. Third, we spec-
ulate that educational level can be the key confounder 
between income and IFVC because the effect measures 
of income became null when education and income 
were included in the multivariable model simultaneously 
and the a priori knowledge suggested income could be 
a surrogate or downstream event of educational attain-
ment.36 This may imply that individuals’ food intakes are 
influenced more by their educational attainment than the 
adequacy of their household incomes. Finally, physical 
inactivity is an indicator of adverse lifestyle behaviour and 
it may have synergistic effects with poor health awareness 
conferred by low education,37 38 which partially explains 

why the effect measures of low-level education are more 
substantial among inactive survivors.

The current study has several strengths in design and 
analysis. To our knowledge, this is the first study to use 
BRFSS data to characterise associations between educa-
tion and income and IFVC among cancer survivors; the 
large sample size in BRFSS ensures a good power for 
statistical analysis and reduces imprecision. Second, the 
weighted analysis reduces impact of selection bias and 
multiple sets of sensitivity analyses further validate robust-
ness of the association identified in the primary analysis. 
Additionally, potential effect modification by several 
covariates has been investigated in subgroup analyses and 
can help us verify if the impact of education or income is 
stronger in certain groups, allowing researchers to estab-
lish a more targeted health intervention programme. 
However, several limitations should be considered when 
interpreting the results. First, cancer diagnosis and other 
illnesses were all measured by self-report, which can be 
less valid compared with medical record review. Second, 
the BRFSS lacks discrimination among the categories of 
fruit and vegetable intake, and it only measured fruit and 
vegetable consumption during the past 1 month, which 
might not be sufficient to reflect participants’ long-term 
or constant intake level. Besides, we could not ascertain 
whether the current dietary behaviour represents an 
improvement when compared with dietary behaviour 
before cancer diagnosis. The high prevalence of IFVC 
among cancer survivors may mask the insufficient attempt 
to enhance the dietary behaviour. Third, survivors of 
gastrointestinal cancer are more likely to be affected in 
aspects of dietary behaviours due to clinical characteris-
tics and treatments of the tumour,39 whereas numbers of 
survivors of oesophageal, gastric and colorectal cancer 
are very limited in the BRFSS data set, making the conclu-
sion less generalisable to these survivors. Finally, the 2017 
BRFSS is a cross-sectional study and causal relationship 
between exposures and outcome cannot be investigated.

Figure 1  Point estimates and 95% CIs of model-adjusted probability of IFVC by education levels within each stratum of 
income (A) or by income levels within each stratum of education (B). The logistic regression in primary analysis was used for 
calculation. IFVC, insufficient fruit and vegetable consumption.
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Our study provides several health implications. Particu-
larly, the results suggest that education plays a key role in 
survivors’ adherence to the ACS recommendation of five 
servings of fruit and vegetable each day and increasing 
survivors’ health awareness and knowledge can be 
fundamental in dietary intervention. While educational 
attainment can hardly be modifiable, diet-related health 
education is viable as shown in several knowledge-based 
dietary intervention programmes,40 especially for cancer 
survivors with low education background. In conclusion, 
this research suggests that low education background, but 
not low income, maybe a barrier to fruit and vegetable 
consumption among cancer survivors. Such effects may 
differ by negative lifestyle factors like physical inactivity, 
but this needs further verification in studies with more 
comprehensive measures of lifestyle behaviours. Future 
studies with a comprehensive measure of dietary intake 
(eg, the category and amount) will be needed to verify 
the conclusions in this study.
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