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Abstract

Objective: To compare the prevalence of modifiable risk factors for cancer
and other chronic diseases between adult cancer survivors and persons with no
history of cancer.
Design: Cross-sectional.
Setting: Population-based sample residing in California and Hawaii.
Subjects: A total of 177 003 men and women aged 45–75 years who participated in
the Multiethnic Cohort Study (MEC). Logistic regression was used to examine
adherence to recommendations regarding modifiable risk factors among cancer
survivors (n 16 346) when compared with cohort members with no history of
cancer (n 160 657).
Results: Cancer survivors were less likely than cohort members with no history of
cancer to meet recommendations specified in the World Cancer Research Fund/
American Institute for Cancer Research (WCRF/AICR) 2007 report (OR 5 0?97;
95 % CI 0?96, 0?99). No difference between groups was seen for adherence to
dietary recommendations alone (OR 5 0?99; 95 % CI 0?98, 1?01). Site-specific
analyses showed that results for colorectal cancer were similar to those for
all cancers combined, but survivors of breast (OR 5 1?04; 95 % CI 1?02, 1?07) and
prostate (OR 5 1?04; 95 % CI 1?01, 1?07) cancer were more likely to meet dietary
recommendations. Latino survivors were less likely to adhere to WCRF/AICR
recommendations than Latino controls; however, differences across ethnic groups
were not significant (Pinteraction 5 0?64).
Conclusions: The modest differences found between adult cancer survivors and
persons with no history of cancer suggest that a diagnosis of cancer in itself may
not be associated with improvements in health behaviours related to cancer and
other chronic diseases.

Keywords
Cancer survivors

Health behaviours
Diet and cancer

Owing to advances in cancer treatment and screening,

there are now over 10 million cancer survivors in the

USA(1). Given the ageing of the US population and esti-

mates of 5-year survival as high as 64 %(1), this number is

expected to continue to increase. Cancer survivors are at

increased risk for recurrent disease or second primary

malignancies, as well as for higher mortality from other

chronic diseases including CVD, diabetes and osteo-

porosis(2); they also have higher mortality rates from non-

cancer causes than does the general population(3).

As the number of cancer survivors continues to

grow, tertiary prevention strategies aimed at reducing

disease burden in this population are becoming increas-

ingly important. Because of limited evidence on health

behaviours and cancer survival, recommendations for

cancer survivors are based primarily on cancer prevention

guidelines for the general population(4). Poor diet and

physical inactivity operating independently or through

obesity-mediated pathways, as well as alcohol consump-

tion and smoking, form the foundation for cancer preven-

tion recommendations with respect to modifiable health

behaviours(4–6). On the basis of estimates that approxi-

mately two-thirds of all cancer deaths may be attributable to

tobacco use, poor diet, physical inactivity and excess

weight(7), improvements in these behaviours after a diag-

nosis of cancer may have a significant impact on the overall

health and life expectancy of cancer survivors.

Better information regarding the extent to which

cancer survivors are altering their health behaviours fol-

lowing the diagnosis of cancer can provide a basis for

targeted programmes to reduce their long-term morbidity

and mortality. Previous studies have found that survivors
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report improvements in modifiable health behaviours(8–12)

(for a complete review, see Demark-Wahnefried et al.(2));

although prevalence studies cannot directly assess beha-

vioural changes among cancer survivors, data from

national health surveys have failed to show differences

in health behaviours between cancer survivors and the

general population(13–16). Therefore, the purpose of the

present study was to examine whether modifiable health

behaviours differed between cancer survivors and partici-

pants with no history of cancer at baseline in the Multi-

ethnic Cohort Study (MEC) and whether associations

remained consistent across cancer sites or among ethnic

groups. Specifically, differences in dietary intake, physical

activity, BMI, smoking and alcohol consumption were

examined. Recommendations by the World Cancer

Research Fund/American Institute for Cancer Research

(WCRF/AICR) 2007(4) for reducing the risk of cancer

associated with nutrition and physical activity were com-

pared for behaviours addressed in the report. On the basis

of the findings of previous reports, we hypothesized that

there would be few differences between cancer survivors

and participants reporting no history of cancer with respect

to the health behaviours examined. A lack of previous

data for several ethnic groups examined in the present

study precluded any a priori hypotheses regarding ethnic

differences in health behaviours of cancer survivors.

Methods

Study population

The MEC is a longitudinal study designed to investigate

the role of lifestyle and dietary factors in the aetiology

of cancer in a multiethnic population of US adults and

has been described previously in detail(17). Briefly, from

1993 to 1996, 215 831 men and women between 45 and

75 years of age at recruitment and residing in Hawaii

or California consented to participate in the study by

completing a baseline questionnaire. Participants were

comprised primarily of five main self-reported ethnic

groups – African Americans, Japanese Americans, Latinos,

Native Hawaiians and Whites – and were recruited through

drivers’ licence records, voter registration lists and Health

Care Financing Administration files to obtain adequate and

representative samples for each ethnic group. Participants

reporting mixed ethnicity were classified using the follow-

ing hierarchy: African American, Native Hawaiian, Latino,

Japanese American, White and others. More than 95%

of all non-Hawaiians reported only one ethnic group. At

cohort entry, participants completed a twenty-six-page

questionnaire with questions pertaining to demographic

characteristics, anthropometrics, medical history, family his-

tory, reproductive history, cancer screening practices, occu-

pational history, physical activity and diet. The study was

approved by the Institutional Review Boards of the Uni-

versity of Hawaii and the University of Southern California.

For the present analysis, participants who were not classified

into one of the five main ethnic groups (n 13994), who

reported implausible dietary values of 3 SD from a truncated

normal distribution using the middle 80% of logged energy

values and 3?5 SD for logged fats, proteins and carbohydrates

within each sex–ethnic group (n 8265) or had missing

covariate data (n 16569) were excluded. Therefore, data on

177003 participants were available for analysis.

Measures

Identification of cancer survivors

Cancer survivors for the present study were identified

either through the baseline questionnaire or through the

tumour registry linkage. In the baseline questionnaire,

participants were asked whether they had ever been told

by a doctor that they had cancer of the stomach, breast,

prostate, cervix, uterus, colon or rectum, melanoma,

other skin or other cancers not listed. Participants were

considered to be cancer survivors if they answered ‘yes’

to having cancer at any site other than non-melanoma

skin cancer in the baseline questionnaire or if they were

identified as a case before cohort entry through linkage to

the Surveillance, Epidemiology, and End Results (SEER)

cancer registries for Hawaii (Hawaii Tumor Registry) and

California (the Cancer Surveillance Program for Los

Angeles County, California State Cancer Registry). Of

participants included in the present analysis, 8362

reported a history of cancer and were registry confirmed;

2600 additional cases were found in the registries,

whereas 5384 self-reported cases could not be linked to

the two statewide registries. In addition to possible false-

positive reports, the latter number could reflect cases

diagnosed outside Hawaii and California. Only 33 % of

registry cases not self-reported were among the specific

sites listed on the survey, despite the high prevalence of

these cancers. Because no differences by source of cancer

information were observed in preliminary analyses, all

results included non-duplicative cases identified either by

questionnaire or by tumour registry.

Dietary assessment

Dietary intake information was obtained for the MEC

using a Quantitative FFQ (QFFQ) designed for use in this

multiethnic population. Food items included in the

questionnaire were those identified from 3 d measured

food records as the minimum set that could explain

$85 % of nutrient intake for nutrients of interest in each

ethnic group(17). Foods traditionally consumed by ethnic

populations targeted in the study were added to the

questionnaire regardless of their contribution to nutrient

intake. A calibration study of the QFFQ was conducted

using three 24 h recalls from a random subsample of

participants selected within sex–ethnic groups and

revealed a high correlation between the QFFQ and 24 h

recalls for energy-adjusted nutrients(18). Dietary values
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were computed from the QFFQ using the food compo-

sition database designed and maintained by the Cancer

Research Center of Hawaii(17).

Demographic characteristics and health behaviours

Demographic information on age, sex, ethnicity and edu-

cational attainment was collected through the baseline

questionnaire. Self-reported height and weight were used

to calculate BMI (kg/m2). Table 1 shows how the recom-

mendations were operationalized for the present study.

Smoking status was assessed by asking participants if they

had ever smoked more than twenty packs of cigarettes in

their lifetime. Those reporting ‘no’ were considered to be

never smokers; those reporting ‘yes, but I quit smoking’

were former smokers; and those reporting ‘yes, and I

currently smoke’ were classified as current smokers. A BMI

within the normal range (18?5–24?9kg/m2) was considered

in agreement with the recommendation, although the

WCRF/AICR advice is to ‘be as lean as possible within the

normal range of body weight’(4). Women who reported

consuming one or less and men who reported consuming

two or less alcoholic beverages per day were classified as

meeting the WCRF/AICR recommendation for alcohol

consumption. Physical activity was estimated from baseline

questions on work and leisure-time physical activity and

sedentary activities; engaging in at least an average of

30min of moderate or vigorous physical activity per day

was considered adequate. Values for dietary variables were

obtained from the QFFQ and dichotomized to reflect

adherence to the WCRF/AICR recommendations whenever

possible or to be in agreement with the 2005 Dietary

Guidelines for Americans(19). Participants reporting

intakes of $400 g of fruit and vegetables per day, ,500 g

of red meat per week, ,2?4g of Na per day, $25g of

dietary fibre per day, ,30% of total energy from fat and

,10% of total energy from saturated fat were considered as

meeting recommendations.

Two index scores were created from questionnaire

variables. For adherence to the WCRF/AICR recommenda-

tions specified in the 2007 report(4), we assigned one point

for meeting recommendations that could be oper-

ationalized (BMI, physical activity, alcohol consumption,

fruit and vegetables, red meat and Na). We then added the

values for each participant, allowing for a maximum pos-

sible score of 6. To assess whether a history of cancer had a

unique impact on dietary behaviours, an index score was

created to examine adherence to dietary recommendations

for several food items (fruit and vegetables, red meat, Na,

fibre, total fat) specifically addressed in the WCRF/AICR

2007 report or listed as having a ‘probable’ or ‘suggestive’

role in the aetiology of cancer(4). Saturated fat intake was

also included in the dietary index score, given its consistent

association with CVD. One point was assigned for meeting

each dietary recommendation and the values were then

added, allowing for a maximum possible score of 6.

Statistical analysis

Descriptive statistics were calculated for demographic

characteristics, BMI, smoking status, alcohol consump-

tion, physical activity and diet for cancer survivors and

participants with no history of cancer. Age, sex, ethnicity

and educational level were found to differ by cancer

Table 1 Recommendations for health behaviours examined in the present study

Health behaviour Recommendation Study construct

Smoking The panel also emphasizes the importance of not
smoking and avoiding exposure to tobacco smoke*

Current smoking

BMI (kg/m2) Maintain body weight within the normal range from the
age of 21 years*

BMI (18?5–24?9 kg/m2)

Alcohol consumption If alcoholic drinks are consumed, limit consumption to
no more than two drinks per day for men and one
drink per day for women*

Meeting WCRF/AICR recommendation

Physical activity Be moderately physically active, equivalent to brisk
walking, for at least 30 min/d

Meeting WCRF/AICR recommendation

As fitness improves, aim for $60 min of moderate, or
for $30 min of vigorous, physical activity per day*

Fruit and vegetable intake Eat at least five portions per servings of a variety of
non-starchy vegetables and of fruits per day*

Fruit and vegetables ($400 g/d)

Red meat intake People who eat red meat to consume ,500 g/week,
very little if any amount is to be processed*

Red meat (,500 g/week)

Na intake Limit consumption of processed foods with added salt
to ensure an intake of ,2?4 g Na/d*

Na (,2?4 g/d)

Dietary fibre Relatively unprocessed cereals (grains) and/or pulses
(legumes) and other foods that are a natural source
of dietary fibre to contribute to a population average
of at least 25 g of NSP per day*

Dietary fibre ($25 g/d)

Total fat Keep total fat intake between 20% and 35% of energy- % Energy from fat (,30 %)
Saturated fat Consume ,10% of energy from SFA- % Energy from saturated fat (,10 %)

WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research.
*WCRF/AICR 2007 report Food, Nutrition, Physical Activity, and the Prevention of Cancer: A Global Perspective(4).
-Dietary Guidelines for Americans 2005(19).
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status and were therefore included as covariates in

regression models. BMI was also found to differ and was

included only in models of specific behaviours, as it was a

component of the WCRF/AICR score and did not affect

diet score results. Unconditional multivariable logistic

regression was used to obtain OR and 95 % CI for cancer

survivors as compared with participants with no history of

cancer. Because regression models indicated that beha-

viours did not differ by time from diagnosis, cancer status

source (questionnaire or registry) or by age in decades,

results stratified on these subgroups are not presented.

The heterogeneity of effect of health behaviours across

ethnic groups was tested by a Wald test of the cross-

product terms between ethnicity and behaviour, with a

P value of #0?05 being considered as significant. All data

analyses were performed using the SAS statistical software

package version 9?2 (SAS Institute Inc., Cary, NC, USA).

Results

Through the questionnaire and tumour registry linkage,

16 346 unique prevalent cases of cancer were identified

at baseline (Table 2). Unadjusted results showed that

cancer survivors reported meeting a greater number of

WCRF/AICR and dietary recommendations than did par-

ticipants with no history of cancer (Table 3). Survivors

were older, more often female and of African-American or

white ethnicity, and were less often reported to be current

smokers or to meet physical activity recommendations.

The proportion of participants meeting dietary recom-

mendations was similar for cancer survivors and for par-

ticipants with no history of cancer (Table 3).

Adjusted for age, sex, ethnicity and educational attain-

ment, survivors of cancer at any site were less likely to meet

WCRF/AICR recommendations, although not to differ on

meeting dietary recommendations alone, than participants

with no history of cancer (Table 4). Findings for survivors

of colorectal cancer were similar to those of survivors of

cancer at any site for adherence to both index scores;

however, breast and prostate cancer survivors reported

diets that were more likely to meet recommendations.

With regard to specific behaviours, survivors of cancer

at any site were more likely to be underweight or former

smokers, and less likely to meet the physical activity or

saturated fat recommendations. Survivors of colorectal

cancer were more likely to report being obese or former

smokers and less likely to report meeting the physical

activity recommendation. Breast cancer survivors were

less likely to meet the recommendation regarding physi-

cal activity or to be a current smoker, but were more

likely to meet recommendations regarding red meat, Na,

total fat and saturated fat intake. Interestingly, survivors of

prostate cancer were less likely to be former or current

smokers or to meet the physical activity recommendation,

but more likely to meet the recommendations regarding

alcohol and red meat consumption.

African-American, Japanese-American, Native Hawaiian

and white survivors of cancer at any site did not differ from

participants with no history of cancer with regard to meeting

WCRF/AICR or dietary recommendations (Table 5). How-

ever, Latino cancer survivors were less likely than their

counterparts with no history of cancer to meet WCRF/AICR

recommendations, although not the dietary recommenda-

tions alone. Tests of heterogeneity for specific behaviours

showed differences among ethnic groups on smoking

status, alcohol consumption, physical activity, dietary fibre

and energy from fat (P , 0?05). Japanese-American cancer

survivors were the only group with a lower likelihood of

current smoking and increased likelihood of consuming

$25g of dietary fibre per day. White cancer survivors were

the only ethnic group less likely to meet the recommen-

dation regarding alcohol consumption, and African-

American survivors were the only ethnic group less likely

to consume ,30% of energy from fat.

Discussion

In a cross-sectional analysis utilizing baseline data from

the MEC, few differences were found between cancer

survivors and participants with no history of cancer with

respect to meeting recommendations regarding modifi-

able health behaviours that may reduce the risk of cancer

and other chronic diseases. Survivors of cancer at any

site and those of colorectal cancer were less likely to

meet WCRF/AICR recommendations, whereas breast and

prostate cancer survivors were more likely to meet dietary

recommendations. However, the magnitude of these dif-

ferences suggests that a diagnosis of cancer is not asso-

ciated with meaningful differences in health behaviours

Table 2 Site of diagnosis for cancer survivors*

Cancer site n %

Total 16 346 100?0
Breast: females/males 3436/24 21?0/0?2
Prostate 2407 14?7
Melanoma 1977 12?1
Colorectum 1741 10?7
Cervix 1525 9?3
Endometrium 1018 6?2
Lung 480 2?9
Thyroid 380 2?3
Bladder 331 2?0
Stomach 268 1?6
Ovary 250 1?5
Kidney 226 1?4
Hodgkin’s lymphoma 127 0?8
Non-Hodgkin’s lymphoma 88 0?5
Leukaemia 70 0?4
Liver 52 0?3
Myeloma 45 0?3
Pancreas 40 0?2
Others 1861 11?4

*Case status obtained from the baseline questionnaire or tumour registry
linkage.
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in a large, multiethnic sample of older adults. It should be

noted that the MEC was based on general population

sampling and that participants were shown to be rea-

sonably representative, on the basis of comparisons with

US Census data(17). Similarities between cancer survivors

and participants with no history of cancer were found to

be consistent across ethnic groups.

Although Latino survivors had the lowest likelihood of

meeting WCRF/AICR recommendations compared with

their controls, the differences by ethnic group were not

significant. Differences between ethnic groups for meeting

dietary recommendations were detected; although for no

ethnic group did associations differ from unity.

Our findings that the prevalence of overweight and

obesity, current smoking, alcohol consumption and diet

was similar for cancer survivors and older adults with no

history of cancer are generally consistent with those of

previous studies(13–16). Coups and Ostroff(13) reported

similar findings for diet, physical activity, alcohol con-

sumption, current smoking and BMI in the 2000 National

Health Interview Survey (NHIS). Bellizzi et al.(14) also

found no difference in current smoking or alcohol use

Table 3 Baseline demographic characteristics and health behaviours of participants in the Multiethnic Cohort Study by history of cancer
status

Cancer survivors No history of cancer

n % n %

Total 16 346 100?0 160 657 100?0
Demographics

Age at recruitment (years)
45–54 2981 18?2 55 078 34?3
55–64 4736 29?0 54 157 33?7
65–75 8629 52?8 51 422 32?0

Sex
Male 6766 41?4 74 873 46?6
Female 9580 58?6 85 784 53?4

Race/ethnicity
African American 3135 19?2 25 841 16?1
Japanese American 4152 25?4 47 746 29?7
Latino 2696 16?5 35 278 22?0
Native Hawaiian 1094 6?7 11 980 7?5
White 5269 32?2 39 812 24?8

Education
#8th grade 1495 9?1 15 659 9?7
9th–12th grade 5731 35?1 52 373 32?6
Some college or vocational 4983 30?5 48 302 30?1
College graduate 4137 25?3 44 323 27?6

BMI (kg/m2)
Underweight 439 2?7 2825 1?8
Normal weight 6747 41?3 64 012 39?8
Overweight 5961 36?5 61 877 38?5
Obese 3199 19?6 31 943 19?9

Health behaviours
Smoking status

Never smoker 6718 41?1 70 686 44?0
Former smoker 7364 45?1 63 825 39?7
Current smoker 2264 13?9 26 146 16?3

Alcohol consumption
Meets recommendation* 14 219 87?0 139 718 87?0

Physical activity
Meets recommendation- 9408 57?6 99 766 62?1

Diet
Fruit and vegetables ($400 g/d) 12 194 74?6 117 514 73?2
Red meat (,500 g/week) 12 211 74?7 112 478 70?0
Na (,2?4 g/d) 5973 36?5 54 021 33?6
Dietary fibre ($25 g/d) 6644 40?6 64 946 40?4
% Energy from fat (,30%) 8202 50?2 79 000 49?2
% Energy from saturated fat (,10%) 11 055 67?6 109 066 67?9

Mean 95 % CI Mean 95 % CI

WCRF/AICR recommendations met -

-

3?72 3?70, 3?73 3?66 3?65, 3?66
Dietary recommendations met -

-

3?44 3?42, 3?47 3?34 3?34, 3?35

WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research.
*WCRF/AICR recommendation for those who choose to drink alcohol is #1 drink/d for women and #2 drinks/d for men.
-WCRF/AICR physical activity recommendation is to engage in at least 30 min of moderate or vigorous physical activity per day.
-

-

Max score is 6.
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Table 4 OR and 95 % CI for selected health behaviours in cancer survivors v. persons without cancer at baseline in the Multiethnic Cohort Study

Any site (n 16 346) Colorectal cancer (n 1741) Breast cancer (n 3436)* Prostate cancer (n 2407)

Total number of cases OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI

WCRF/AICR recommendations- 0?97 0?96, 0?99 0?93 0?89, 0?97 1?00 0?97, 1?03 1?04 1?00, 1?08
Dietary recommendations- 0?99 0?98, 1?01 0?97 0?94, 1?01 1?05 1?02, 1?08 1?04 1?01, 1?07
BMI (kg/m2)-

Underweight 1?28 1?15, 1?42 1?29 0?95, 1?75 1?01 0?82, 1?23 0?84 0?53, 1?33
Normal weight 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
Overweight 0?96 0?93, 1?00 1?11 1?00, 1?24 1?06 0?97, 1?15 0?99 0?90, 1?09
Obese 1?02 0?97, 1?07 1?18 1?02, 1?36 1?06 0?96, 1?17 0?96 0?84, 1?09

Smoking status-

-

Never smoker 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
Former smoker 1?22 1?18, 1?27 1?21 1?08, 1?35 1?10 1?02, 1?19 0?87 0?79, 0?95
Current smoker 1?00 0?95, 1?06 0?97 0?82, 1?13 0?77 0?69, 0?87 0?72 0?63, 0?82

Alcohol
Not meeting WCRF/AICR recommendation-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
Meeting recommendationy 1?02 0?97, 1?07 0?91 0?82, 1?00 0?98 0?87, 1?11 1?33 1?17, 1?51

Physical activity
Not meeting WCRF/AICR recommendation-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
Meeting recommendationJ 0?85 0?82, 0?88 0?81 0?74, 0?90 0?90 0?84, 0?96 0?90 0?82, 0?98

Diet
Fruit and vegetables (g/d)-

-

,400 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
$400 1?00 0?97, 1?04 1?00 0?89, 1?11 1?04 0?96, 1?13 1?05 0?96, 1?16

Red meat (g/week)
$500-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
,500 1?03 0?99, 1?08 1?02 0?91, 1?14 1?11 1?01, 1?22 1?12 1?02, 1?23

Na (g/d)
$2?4-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
,2?4 0?99 0?96, 1?02 0?98 0?88, 1?08 1?08 1?01, 1?16 1?00 0?91, 1?09

Dietary fibre (g/d)
,25-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
$25 1?00 0?97, 1?03 0?91 0?83, 1?01 1?06 0?99, 1?14 1?09 1?00, 1?18

% Energy from fat
$30-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
,30 0?97 0?94, 1?00 0?95 0?86, 1?05 1?10 1?02, 1?18 1?03 0?95, 1?13

% Energy from saturated fat
$10-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
,10 0?95 0?92, 0?99 0?94 0?84, 1?05 1?11 1?02, 1?20 1?09 1?00, 1?20

WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research; Ref., reference category.
*Analysis included only females.
-Adjusted for age, ethnicity, sex and education.
-

-

Adjusted for age, ethnicity, sex, education and BMI.
yWCRF/AICR recommendation for those who choose to drink alcohol is #1 drink/d for women and #2 drinks/d for men.
JWCRF/AICR physical activity recommendation is to engage in at least 30 min of moderate or vigorous physical activity per day.

H
e
alth

b
e
h
av

io
u
rs

o
f
can

ce
r

su
rv

iv
o
rs

1
8
0
1

https://doi.org/10.1017/S136898001000340X Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S136898001000340X


Table 5 OR and 95 % CI by ethnicity for selected health behaviours in cancer survivors (any site) v. persons without cancer at baseline in the Multiethnic Cohort Study

White (n 5269) African American (n 3135) Native Hawaiian (n 1094) Japanese American (n 4152) Latino (n 2696)

Total number of cases OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI P value*

WCRF/AICR recommendations- 0?97 0?95, 1?00 0?98 0?95, 1?02 0?96 0?91, 1?02 0?98 0?95, 1?01 0?95 0?92, 0?99 0?64
Dietary recommendations- 1?00 0?98, 1?02 0?98 0?95, 1?00 0?99 0?95, 1?04 1?02 0?99, 1?05 0?98 0?96, 1?01 0?01
BMI (kg/m2)-

Underweight 1?29 1?06, 1?56 1?37 0?99, 1?88 1?61 0?97, 2?68 1?19 1?02, 1?39 1?49 0?99, 2?24 0?12
Normal weight 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
Overweight 0?99 0?93, 1?06 0?91 0?83, 1?00 0?89 0?76, 1?04 0?97 0?90, 1?05 1?02 0?93, 1?12
Obese 1?09 1?00, 1?18 0?95 0?86, 1?05 1?08 0?92, 1?26 1?08 0?94, 1?24 1?03 0?92, 1?15

Smoking status-

-

Never smoker 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
Former smoker 1?17 1?10, 1?25 1?28 1?17, 1?39 1?31 1?14, 1?51 1?31 1?22, 1?41 1?22 1?12, 1?34 ,0?01
Current smoker 1?07 0?98, 1?17 1?11 1?00, 1?24 1?05 0?88, 1?26 0?85 0?75, 0?96 0?88 0?77, 1?00

Alcohol
Not meeting WCRF/AICR recommendation-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
Meeting recommendationy 0?93 0?86, 0?99 1?21 1?06, 1?39 0?96 0?79, 1?17 1?14 1?00, 1?29 1?04 0?90, 1?20 ,0?01

Physical activity
Not meeting WCRF/AICR recommendation-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
Meeting recommendationJ 0?89 0?83, 0?94 0?84 0?78, 0?91 0?73 0?64, 0?83 0?87 0?81, 0?92 0?85 0?78, 0?92 0?04

Diet
Fruit and vegetables (g/d)

,400-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
$400 0?98 0?91, 1?04 0?96 0?89, 1?04 1?01 0?87, 1?17 1?07 0?99, 1?16 1?04 0?95, 1?15 0?10

Red meat (g/week)
$500 -

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
,500 1?06 0?99, 1?15 1?09 1?00, 1?19 1?11 0?98, 1?27 0?98 0?91, 1?07 0?98 0?90, 1?07 0?53

Na (g/d)
$2?4 -

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
,2?4 1?04 0?97, 1?10 0?96 0?89, 1?03 1?03 0?89, 1?18 1?00 0?93, 1?07 0?93 0?85, 1?02 0?10

Dietary fibre (g/d)
,25-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
$25 0?96 0?90, 1?02 0?98 0?91, 1?06 1?01 0?89, 1?15 1?10 1?03, 1?17 0?97 0?90, 1?05 0?03

% Energy from fat
$30-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
,30 1?02 0?96, 1?08 0?89 0?83, 0?97 0?91 0?80, 1?03 1?01 0?94, 1?08 0?97 0?89, 1?05 0?01

% Energy from saturated fat
$10-

-

1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref. 1?00 Ref.
,10 0?99 0?93, 1?05 0?93 0?86, 1?00 0?89 0?78, 1?03 0?98 0?88, 1?09 0?96 0?89, 1?04 0?25

WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research; Ref., reference category.
*P value refers to test of heterogeneity for the effect of health behaviours across ethnic groups.
-Adjusted for age, sex and education.
-

-

Adjusted for age, sex, education and BMI.
yWCRF/AICR recommendation for those who choose to drink alcohol is #1 drink/d for women and #2 drinks/d for men.
JWCRF/AICR physical activity recommendation is to engage in at least 30 min of moderate or vigorous physical activity per day.
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between cancer survivors and non-cancer controls; how-

ever, in contrast to the present study and previous find-

ings(13), reported survivors were more likely (9%) to

engage in physical activity when combining data from the

1998–2001 NHIS. Mayer et al.(16) found no differences in

BMI, physical activity, current smoking or fruit and vege-

table consumption between cancer survivors and the

general population in the National Cancer Institute’s

2003 Health Information National Trends Survey. Rogers

et al.(15) examining prostate cancer survivors surveyed in

the 2002 Behavioral Risk Factor Surveillance System

reported results similar to ours for BMI, but in contrast

found that survivors were more likely to consume fruit and

vegetables but not to differ in current smoking or alcohol

consumption. Our finding that cancer survivors were less

likely to engage in physical activity has been observed in

only one other study and was restricted to participants

40–64 years of age(13). Discrepancies in the findings among

studies may reflect such factors as differences in the dis-

tributions of cancers, differences in analytical approaches

and differences in the age distributions of study samples.

The fact that a diagnosis of cancer was not associated

with meaningful differences in the behavioural risk factors

for cancer is of concern, given the higher risk of cancer

and other chronic diseases for cancer survivors. Although

evidence directly linking health behaviours in cancer sur-

vivors to reductions in disease is limited, improvements in

these behaviours are likely to be of benefit in this popu-

lation. However, as previously discussed(13), improve-

ments in modifiable health behaviours may be of less

relevance among those with advanced disease or poorer

prognosis, with changes in certain behaviours more or less

beneficial for specific cancers. Further studies examining

behaviour change within individuals after a diagnosis of

cancer(20–22) with sufficient follow-up time are needed to

examine the impact of specific behaviours on subsequent

disease risk more comprehensively.

Strengths of the present study include: (i) the repre-

sentativeness of the study population; (ii) the large

number of cases; (iii) stratification by cancer site and

ethnicity; (iv) the ethnic diversity of the sample and novel

findings among Native Hawaiian, Japanese-Americans

and Latino cancer survivors; (v) registry confirmation of

cases and analyses demonstrating similar results for cases

identified by questionnaire or registry; and (vi) detailed

dietary information. There were some limitations as well.

First, all data on health behaviours were obtained from

self-report collected after a diagnosis of cancer and

were thus subject to potential recall bias. In addition, the

QFFQ has been found to rank individuals well on dietary

factors, but has not been validated for identification of

individuals meeting dietary recommendations. However,

the accuracy would be expected to be similar for cancer

survivors and others. Second, the cross-sectional nature

of the present study prevents any ability to assess changes

in behaviours over time. Because the health behaviours

examined are thought to be risk factors for disease, small

differences in these behaviours may be indiscernible if

they were engaged in less frequently by survivors before

their diagnosis of disease. Third, data utilized in the

present study examined patterns of behaviour between

1993 and 1996 and, therefore, may not reflect current

behaviours. Fourth, for some comparisons, the large

sample size could possibly detect as significant those

findings that are unimportant clinically.

In conclusion, cancer survivors do not appear to differ

from the general population with respect to meeting

recommendations regarding diet, physical activity, smok-

ing, alcohol consumption or BMI, despite their increased

risk of disease. Treatment practices for cancer survivors,

with a more focused approach on behaviour modification

during the post-treatment period in order to capitalize on

the ‘teachable moment’, as well as follow-up programmes

aimed at behavioural maintenance, may assist cancer

survivors to achieve improved health-related behaviours.

Additional longitudinal studies are needed to determine

the extent to which cancer survivors are engaging in long-

term behaviour modification, and whether subsequent

changes translate into a reduced risk of disease.
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