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Prospective study of dietary 
changes in cancer survivors for five 
years including pre‑ and post‑ 
diagnosis compared with those 
in cancer‑free participants
Yuri Ishii 1, Ribeka Takachi 2,5*, Junko Ishihara 3,5, Taiki Yamaji 4, Motoki Iwasaki 1,4, 
Manami Inoue 1,5, Shoichiro Tsugane 1,6 & Norie Sawada 1

The number of long‑term survivors after a cancer diagnosis is increasing. Few investigations have 
compared survivors’ diets to their original pre‑diagnosis dietary pattern or with the patterns of 
cancer‑free controls. We examined the dietary changes in survivors for five years (i.e. before to after 
diagnosis) in cancer survivors, comparing them with cancer‑free controls in a prospective cohort 
study in Japan. Using 1995–1998 for the baseline and 2000–2003 for the follow‑up survey, a validated 
food frequency questionnaire was administered to 33,643 men and 39,549 women aged 45–74 years. 
During the follow‑up period, 886 men and 646 women had developed cancer. Participants that had 
not been diagnosed with cancer served as controls. There was a greater decrease in the calorie intake 
(median change: − 168 kcal/d [Interquartile range: − 640, 278]) in male cancer survivors compared to 
controls (− 33 kcal/d [− 453, 380], P < .001). On comparison with cancer‑free controls, multiple linear 
regression analysis revealed a significantly larger reduction in energy‑adjusted ethanol intake for 
male cancer survivors (β =  − 0.36). There was no difference in changes in fruit and vegetable or red 
meat intake and no other significant differences in dietary changes between survivors and controls 
for either gender. This suggests that most dietary changes in survivors after cancer diagnosis are not 
systematically different from those that occur in people without a cancer diagnosis.

Abbreviations
BMI  Body mass index
CI  Confidence intervals
FFQ  Food frequency questionnaire
IQR  Interquartile range
JPHC Study  Japan public health center-based prospective study
PHC  Public health center

The age-standardized incidence rate of cancers has entered a phase of decline  globally1. However, the number 
of cancer patients has been  increasing2 in tandem with the increasing percentage of aged individuals in the 
 population3. The survival rates of cancers are  increasing4, suggesting that the number of long-term survivors after 
diagnosis will continue to increase. Thus,  guidelines5,6 and accurate data on diet and lifestyles after diagnosis in 
association with prognosis and recurrence are increasingly important for public health management in survivors.
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Persons diagnosed with cancer may try to improve their diet in accordance with recommendations they 
receive at the time of diagnosis. However, there is little evidence on whether consequent changes are lost or 
retained over time, compared to those who are not diagnosed with cancer. Some studies of dietary changes in 
cancer survivors have been  retrospective7–10. Several studies have examined these changes prospectively, but 
among survivors  only11–16. To our knowledge, few prospective studies have examined changes in dietary patterns 
among survivors compared with changes over time among cancer-free  participants17,18, one of which examined 
changes in specific elements, such as fruit and vegetable  intake18. Both were conducted in Western countries, 
 Norway17 and  France18, and no data have been reported for Asian populations. Asian populations tend to differ 
from Western populations with regard to the proportions of site-specific cancers (higher incidence of gastric 
and lower incidence of breast cancers)2 and dietary pattern (such as consumption of higher proportions of rice 
and lower proportions of red meat)19.

Here, we examined changes in consumption of food groups over five years in a large-scale prospective cohort 
study in Japan. Food groups were used as a suitable means of expressing the results of changes in dietary behavior. 
Elements of change in diet, including ethanol, were selected from The Third Expert  Report6 of the WCRF/AIRC 
as having strong evidence (convincing or probable) and a suggestive causal relationship for primary preven-
tion of breast, colorectal, and gastric cancer, the latter being the major cancers in Japan; or from a report on 
guidelines for cancer survivors by the American Cancer Society aimed at improving  prognosis5. Total caloric 
intake was analyzed as the amount of food consumed, and sodium intake as the result of intake of various salted 
foods, or salty cooking behavior. In addition, green tea and coffee were added based on a cancer risk assessment 
for  Japanese20, and rice and miso soup were included as foundational items of the traditional Japanese  diet21. 
Participants within the study who developed cancer were analyzed before and after diagnosis, while those who 
did not develop cancer served as controls.

Materials and methods
Study population. The Japan Public Health Center-based Prospective Study (JPHC study) was started in 
1990 (cohort I) and 1994 (cohort II) in 11 public health center (PHC) areas. Participants (n = 140,420) were 
aged 40–69 years at the time of the initial self-administered surveys. Enrolled individuals were informed of the 
objectives and contents of the study. Informed consent was obtained from each participant implicitly when they 
completed the questionnaires. After the initial survey, 5-year and 10-year follow-up self-administered surveys 
were conducted in 1995–1998 and 2000–2003, respectively, to update the information on diet, lifestyle habits, 
and health condition of these individuals. Details of the JPHC study have been described  previously22. Because 
the questionnaires used in the 5-year and 10-year follow-up surveys requested more comprehensive informa-
tion on dietary intake than the initial survey, this study used data from the 5- year and 10-year surveys for 
the baseline and follow-up measurements, respectively. Hereafter in this manuscript, the 5-year survey will be 
referred to as the baseline survey and the 10-year survey as the follow-up survey. Exclusion criteria were non-
Japanese nationality, incorrect birth date, multiple registrations, or leaving the area before the start of the study 
(n = 275); lack of complete data on cancer incidence (n = 7078; all in Katsushika in Tokyo prefecture);death, 
moving out, or loss or refusal to follow-up before the baseline surveys (n = 12,062); and cancer diagnosis before 
the baseline survey (n = 2389). We further excluded persons with a self-reported history of cancer at the baseline 
survey (n = 637) or who had died, moved out, or were lost to or refused follow-up before the follow-up sur-
veys (n = 3719). The remaining 81,896 participants yielded a response rate of 81.4% for the baseline survey and 
88.8% for the follow-up survey. Of 81,896 study participants, 1,191 with incomplete responses on diet and 3,138 
with missing information on ethanol intake were excluded. Participants (n = 1,516) with missing or implausible 
values for body mass index (BMI) as a potential confounder (< 100 cm or > 199 cm for height or < 20 kg for 
body weight) were excluded from the analysis. We further excluded 2,922 participants who reported implausible 
energy intake at baseline and follow-up surveys (lower and upper 1st percentile, 884 and 5,024 kcal/day for men 
and 741 and 4,440 kcal/day for women, respectively, for the baseline and 729 and 5,189 kcal/day for men and 
596 and 4,668 kcal/day for women, respectively, for the follow-up survey). In this survey, percentile values were 
employed so that the same number of people were excluded by the upper and lower percentiles to avoid biasing 
exclusion toward those with low intakes only. In addition, to ensure the scale of the survey despite exclusions 
based on two surveys, we defined possible serious errors as the lower or upper 1  percentile23 (looser inclu-
sion criteria). Finally, the study included 73,192 participants (33,643 men and 39,549 women). The study was 
approved by the Institutional Review Boards of the National Cancer Center in Tokyo, Japan (approval number: 
2001-021), and all study procedures were performed in accordance with the relevant guidelines and regulations 
in Japan.

Food frequency questionnaires. We examined the changes in calories, 2 nutrients, and in 16 foods and 
food groups before and after the cancer diagnosis, and compared results with the cancer-free control participants. 
These dietary intakes were estimated from validated food frequency questionnaires (FFQs) used for the baseline 
and follow-up surveys, whose validity for the estimation of nutrient and food groups has been  documented24–28. 
The FFQs asked about usual consumption using 138 food and beverage items during the previous year. The 
questionnaire contained nine frequency categories for food items ranging from “almost never” to “seven or 
more times per day.” Nine frequency choices for beverages ranged from “almost never” to “10 or more glasses 
per day.” Standard portion sizes were specified for each food item in three amount choices: small (50% smaller 
than standard), medium (standard) and large (50% larger). The amount of foods and beverages consumed (g/
day) was calculated from the responses. Energy and nutrient intake were calculated using the Standard Tables of 
Food Composition in Japan 2015 (7th Revised Edition)29.
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Spearman’s rank correlation coefficients for food groups between energy-adjusted nutrient intake based on 
the FFQ and those based on 28-day (or 14-day for one public health center area in Okinawa) dietary records 
among subsamples of the  cohorts24–28. The coefficients for food groups ranged from 0.22 (vegetables) to 0.75 
(coffee) for men and from 0.22 (grains) to 0.80 (coffee) for women in cohort I and cohort II.

Information on survival status and cancer diagnosis. Information on survival status, including sur-
vival between the baseline and follow-up survey, was collected annually from the residential registers from each 
municipality in the study area. Death certificates for persons in the residential registry are forwarded to the 
Japanese Ministry of Health Labor and Welfare, and are coded for inclusion in the national Vital Statistics. Resi-
dency registration and death registration are required by the Basic Residential Register Law and Family Registry 
Law, respectively, and are thought to be complete. The occurrence of cancer was confirmed from the following 
two data sources: active patient notification from major local hospitals in the study area, and data linkage with 
population-based cancer registries with the permission of the local governments responsible for the cancer reg-
istries. Cases of cancer were coded according to the International Classification of Diseases for Oncology, Third 
 Edition30. In our cancer registry system of present study, the proportion of cases for which information was 
available from death certificates only was 0.8%. Participants with any cancer diagnosed between study periods 
were defined as survivors in this study. Site-specific cancers (C18, C19, and, C20 as colorectal, C16 as gastric, 
and C50 as breast cancers) that are major cancers in Japan were also analyzed separately. If a participant was 
diagnosed with more than one cancer, the cancer that had the earlier diagnosis was used for the analysis.

Statistical analysis. Individual changes in dietary intake were calculated by subtracting intake values at 
baseline from those at follow-up based on the respective FFQ. The Wilcoxon signed-rank test was used to deter-
mine the significance of any change of intake between baseline and follow-up survey. Changes among cancer 
survivors were compared with those among cancer-free the controls. The Mann–Whitney U-test was used to 
compare controls and survivors for all cancers, and the Kruskal–Wallis test was used for controls and survivors 
for specific cancer types. Because this comparison of controls and survivors for specific cancer types was con-
ducted by univariate analysis, multiple comparisons were not performed. Statistical significance was considered 
at the P < 0.01 level in this analysis because of the large number of participants. For these univariate analyses, 
Bonferroni correction (with statistical significance considered at the P < 0.0005 level for both genders) was fur-
ther made because of the number of exposures. Only those items for which significant differences were found in 
these univariate analyses were considered in further multivariate analysis. Relative changes in energy-adjusted 
intake (/1000 kcal by the density method), expressed as the ratio of the follow-up intake value to the baseline 
intake value as the dependent variable, were calculated using linear regression analysis with the existence of a 
cancer diagnosis as the independent variable. Those with zero intake in the baseline survey only were excluded, 
because it was impossible to calculate from each item as follows: for men, ethanol (n = 1473, 3.0% of survivors, 
4.4% of controls); rice (n = 261, 0.3% of survivors, 0.8% of controls); and milk and dairy products (n = 1117, 4.3% 
of survivors, 3.3% of controls) were excluded. For women, rice (n = 344, 0.6% of survivors, 0.9% of controls) and 
vegetables (n = 102, 0.2% of survivors, 0.3% of controls) were excluded. These relative changes were calculated 
by the following formula:

(energy-adjusted intakes by follow-up survey − those by baseline survey)/energy-adjusted intakes by baseline 
survey.

Multiple linear regression analysis was carried out to adjust for the following potential confounders: age 
(continuous), PHC area (10 areas), BMI (< 18.5, 18.5–24.9, 25–29.9, or ≥ 30), living alone (yes/no), physical 
activity in metabolic equivalent task-hours/day (< 30, 30–34.9, 35–39.9, ≥ 40, or missing), smoking status (never, 
past, current < 20, or ≥ 20 cigarettes/d), and quintiles of energy intake at baseline survey. P values were 2-sided, 
and statistical significance was determined at P < 0.05. All analysis was conducted using commercial software 
(SAS version 9.4; SAS Institute Inc., Cary NC, USA).

Ethics statement. Enrolled individuals were informed of the objectives and contents including follow-up, 
of the study. Informed consent was obtained from each participant implicitly when they completed the question-
naires of the JPHC Study. The study was approved by the Institutional Review Boards of the National Cancer 
Center in Tokyo, Japan (approval number: 2001-021), and all procedures in this study were performed in accord-
ance with the relevant ethical guidelines regulations in Japan. Detailed information on the study was mailed to 
each participant and is published on the study website (http:// epi. ncc. go. jp/ jphc).

Results
We confirmed 1,532 cases of newly diagnosed cancer (886 cases among men and 646 cases among women) 
among the 73,192 participants by December 31, 2002. By site, these were 226 cases of colorectal, 244 cases of 
gastric, and 416 cases of other cancers among men, and 134 cases of colorectal, 91 cases of gastric, 158 cases of 
breast, and 263 cases of other cancers among women. Mean duration between diagnosis and follow-up dietary 
measurement was 2.1 years for the survivors.

Characteristics of participants. The baseline characteristics of participants are shown in Table 1. With 
the exception of breast cancer patients, survivors were older than the cancer-free control participants among 
both men and women. The distribution by BMI category was similar in controls and survivors other than for 
gastric cancer in men (relatively low proportion of overweight) and for breast cancer (relatively high proportion 
of obesity) in women. There were more former smokers among survivors than controls, while nonsmokers were 

http://epi.ncc.go.jp/jphc
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less common among survivors than among controls. The proportion of participants living alone was similar in 
both populations, although with a relatively lower proportion of men in gastric cancer survivors.

Comparison of changes in crude intakes. Crude intakes of energy, nutrients, and food groups estimated 
by FFQs and those changes over five years are shown in Table 2 for men and Table 3 for women, respectively. 
Changes in nutrient intakes as a result of changes in food habits are shown in Supplemental tables S1 and S2. At 
baseline, intake levels in survivors were similar to those in the cancer-free controls among both men and women. 
Most nutrients and food groups examined showed significant changes between baseline and follow-up surveys 
for both cancer-free controls and survivors of all cancers among both sexes. Most nutrients or food groups 
showed no statistically significant difference in the change in intake between cancer-free controls and survivors 
for either gender. In men, total energy intake decreased in both survivors and controls over five years, with a sig-
nificantly greater decrement in survivors (median change: − 168 kcal/d [Interquartile range {IQR}: − 640, 278]) 
than controls (− 33 kcal/d [IQR: − 453, 380], P < 0.001). Reductions in total energy intake in male gastric cancer 
survivors were the largest among all survivors of site-specific cancers (gastric cancer: − 255 kcal/d [IQR: − 810, 
168], colorectal cancer: − 159 kcal/d [− 581, 268]; other cancers: − 115 kcal/d [− 571, 335], P < 0.001). Also, eth-
anol intake decreased significantly more in male survivors than in cancer-free controls, with corresponding 
median [IQR] and P values of − 1.5 g/d [− 23.0, 0], 0 g/d [− 9.0, 5.0], and P < 0.001, respectively, for ethanol. Rice 
intake increased both in survivors of all cancers (34.7 g/d [− 88.3, 104.3]) and controls (64.5 g/d [− 55.0, 134.6]), 

Table 1.  Characteristics of participants according to cancer diagnosis and specific cancer site: the Japan Public 
Health Center-based Prospective Study, 1995 and 1998 (n = 73,192). MET– h Metabolic equivalent task–hours.

Men (n = 33,643) Women (n = 39,549)

Cancer-free 
controls All cancers

Major site-specific cancers (n = 886)

Cancer-free 
controls

Total 
cancers

Major site-specific cancers (n = 646)

Colorectal 
cancer

Gastric 
cancer

Other 
cancers

Colorectal 
cancer

Gastric 
cancer

Breast 
cancer

Other 
cancers

Number of 
participants 32,757 886 226 244 416 38,903 646 134 91 158 263

Age 
(mean ± SD) 56.4 ± 7.6 61.5 ± 7.1 60.2 ± 7.0 61.8 ± 6.5 62.1 ± 7.3 56.8 ± 7.6 58.0 ± 7.9 59.4 ± 7.4 60.0 ± 7.4 55.8 ± 7.1 58 ± 8.4

Body mass index (kg/m2, %)

  < 18.5 2.5 3.4 3.1 2.5 4.1 3.5 3.1 3.0 4.4 3.2 2.7

  ≥ 18.5, < 25 67.7 69.8 69.5 75.8 66.3 67.1 64.9 62.7 69.2 63.9 65.0

  ≥ 25, < 30 27.5 25.4 27.0 20.1 27.6 26.1 28.6 32.1 24.2 28.5 28.5

  ≥ 30 2.2 1.5 0.4 1.6 1.9 3.3 3.4 2.2 2.2 4.4 3.8

Physical activity (MET–h/d, %)

  < 30 38.0 38.8 38.5 34.8 41.3 33.7 36.4 34.3 39.6 25.9 42.6

  ≥ 30, < 35 28.8 30.7 32.3 32.4 28.8 44.4 43.0 44.8 38.5 56.3 35.7

  ≥ 35, < 40 7.8 7.4 9.3 6.1 7.2 6.2 5.7 4.5 6.6 5.1 6.5

  ≥ 40 22.6 20.4 17.7 22.1 20.9 13.1 11.8 11.2 14.3 11.4 11.4

 Missing 2.8 2.6 2.2 4.5 1.7 2.6 3.1 5.2 1.1 1.3 3.8

Smoking status (%)

 Past smoker 18.0 24.3 25.7 19.3 26.4 0.9 0.9 1.5 0.0 1.3 0.8

 Never 
smoked 35.0 28.0 25.7 29.5 28.4 91.0 89.0 88.1 87.9 89.9 89.4

 Current 
smoker 46.0 46.6 48.2 49.6 44.0 4.9 6.8 5.2 9.9 7.6 6.1

 Missing 1.0 1.1 0.4 1.6 1.2 3.2 3.3 5.2 2.2 1.3 3.8

 Living alone 
(%) 2.5 2.7 2.7 0.8 3.8 5.7 5.6 5.2 11 3.2 5.3

Public health center area (%)

 Ninohe 10.7 6.0 7.1 5.3 5.8 11.5 11.0 9.0 9.9 14.6 10.3

 Yokote 13.8 14.4 19.9 17.2 9.9 14.5 17.2 24.6 19.8 15.8 13.3

 Saku 12.4 13.4 13.7 15.6 12.0 11.4 14.4 12.7 11.0 12.7 17.5

 Okinawa 8.0 4.4 6.6 1.6 4.8 7.6 7.7 5.2 4.4 13.3 6.8

 Mito 20.5 22.6 16.4 29.5 21.9 18.8 16.4 14.2 15.4 17.1 17.5

 Nagaoka 3.1 5.1 7.1 6.1 3.4 3.0 4.3 5.2 6.6 1.3 4.9

 Kochi 7.7 5.5 5.8 6.6 4.8 7.8 6.5 5.2 3.3 8.2 7.2

 Nagasaki 8.2 14.7 11.1 11.1 18.8 9.2 10.4 11.2 16.5 5.7 10.6

 Miyako 9.9 8.4 6.2 2.9 12.7 9.9 7.4 7.5 7.7 5.7 8.4

 Suita 5.7 5.5 6.2 4.1 6.0 6.4 4.6 5.2 5.5 5.7 3.4
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with significantly smaller changes in survivors than controls (P < 0.001). The results for grains were similar to 
those for rice, which accounts for the major part of grain intake. Milk and dairy product or coffee intake did not 
materially change between the baseline and follow-up surveys in survivors of all cancers and controls, although 
these did show statistical significance (P < 0.01 for both). In further Bonferroni correction, the statistical signifi-
cance of milk and dairy products or coffee was lost, whereas the results for total energy, ethanol and rice were 
not changed. Additionally, the reduction in energy intake among male survivors was larger for short-period 
(< 1 year from the diagnosis to the follow-up dietary measurement) survivors than for longer-period (> 4 years) 
survivors: corresponding median changes [IQR] for short- and longer-period survivors were − 159 kcal/d [− 596, 
284] and − 98 kcal/d [− 558, 343], respectively) Also, the reduction in ethanol intake among male survivors was 
slightly greater for the short-period survivors (− 1.7 g/d [− 27.1, 0]) than for the longer-period survivors (0 g/d, 
[− 23.0, 0.4]).

In women, total energy intake was decreased in both survivors (− 90 kcal/d [− 421, 255]) and controls 
(− 72 kcal/d [− 422, 278]), but not to a significant extent (P = 0.69). Additionally, after adjustment for age and 
other factors, the relative changes in energy intake among women also showed no difference between cancer 
survivors and cancer-free participants (1% [95% confidence intervals (CI): − 2 to 4]). Rice intake was decreased 
in female survivors (− 3.3 g/d [− 90.0, 26.8] for all cancers), especially survivors of gastric cancers (gastric can-
cer: − 19.9 g/d [− 140.0, 31.7], colorectal cancer: − 1.7 g/d [− 60.0, 25.0], breast cancer: − 3.3 g/d [− 60.7, 39.6], 
and other cancers: − 2.3 g/d [− 64.0, 18.0]) in contrast to cancer-free controls (0 g/d [− 53.9, 63.2], P < 0.01). The 
results for grains were similar to those for rice. Intake of vegetables, but not of fruit, was increased more in female 
survivors (27.3 g/d [− 45.9, 124.7]) vs. controls (15.5 g/d [− 63.6, 102.9]) (P < 0.01), especially in survivors of 
breast cancer (breast cancer: 30.7 g/d [− 37.5, 144.5], colorectal cancer: 29.3 g/d [− 43.6, 127.5], gastric cancer: 
21.6 g/d [− 73.5, 98.1], and other cancers: 22.1 g/d [− 49.1, 121.9], P = 0.02). On further Bonferroni correction, 
the statistical significance for grains and vegetables was lost, whereas the results for rice among survivors of all 
cancers and controls only were not changed. There was no difference in the change in red meat intake between 
survivors and controls of either gender (male survivors of all cancers and controls were − 7.3 g/d [− 28.1, 8.9] 
and − 7.3 g/d [− 28.1, 11.7], respectively, P = 0.37, female survivors and controls were: − 7.0 g/d [− 25.8, 8.2] 
and − 6.0 g/d [− 24.4, 9.9], respectively, P = 0.41).

Comparison in relative changes in energy‑adjusted intakes. Relative changes in nutrient and food 
group intakes for cancer survivors compared with those for cancer-free controls are shown in Table 4 for men 
and women. Energy-adjusted intake was used because the energy intake was decreased for both cancer survivors 
and controls in both genders. We analyzed the nutrients and the food groups that showed statistically significant 
differences in the prior comparison by crude intake: ethanol, grains, rice, milk and dairy products in men; and 
grains, rice and vegetable in women. Compared to controls, a significant decrement (β =  − 0.36, [95% CI: − 0.53 
to − 0.20]), especially in gastric cancer survivors (β =  − 0.45, [95% CI: − 0.76 to − 0.14]), was observed in ethanol 
intake among men. Among women, changes in intake between baseline and follow-up did not differ between 
cancer survivors and controls in the fully-adjusted models.

Discussion
This study investigated dietary changes in cancer survivors compared to cancer-free controls by gender based 
on a large-scale prospective cohort study in Japan. Although there was a marked decrease in the energy and 
ethanol intake in male survivors, the changes in many elements of a comprehensive range of nutrients and food 
groups were similar to those of controls, indicating that most dietary changes according to cancer diagnosis and 
subsequent survival were not significant.

A greater reduction in total energy intake in survivors was observed among men only. A previous study that 
included male  survivors11 reported decreased energy intake, consistent with our results, although that study did 
not compare changes with those in cancer-free controls. In the case of females, a prospective study reported no 
difference in the reduction of energy intake over 6 years between survivors and  controls17. These results suggest 
that changes in total energy intake over time for female survivors may not be particularly differ from changes 
in those without a cancer diagnosis.

We found that ethanol intake was decreased in male cancer survivors. Previous studies examining changes 
in ethanol intake are limited. Consistent with our findings, a  study11 examining men and women combined 
found that intake was decreased in survivors, although there was no comparison with cancer-free controls, while 
another  study17 in females showed no change among survivors and no difference compared with controls, again 
consistent with our findings. For women, the proportion of those who did not drink was > 60% of respondents 
for both questionnaires, so it is possible that alcohol-related intake changes could not be detected. Alcohol is 
considered to be a risk for several types of  cancer6, and avoidance of alcohol is recommended to prevent new 
primary tumors in  survivors5.

Among major site-specific cancer survivors, alcohol intake reduction in men with gastric cancer was the most 
prominent change from pre-diagnosis to subsequent survival in men. However, given that this study could not 
use information on cancer stage or treatment, it cannot be ruled out that the decrease may be attributable to 
gastric cancer-specific treatments rather than a change to a healthier lifestyle.

A slightly larger but insignificant increment was observed in vegetable, but not fruit, intakes for cancer 
survivors, especially for breast cancer survivors, than for cancer-free controls over five years among women 
only. Previous studies of breast cancer patients in Europe, which compared dietary changes prospectively with 
those for  controls17,18, reported a slightly larger increment of intakes of both fruit and vegetables in survivors 
than in cancer-free participants (18.1 g and 13.6 g for the differences in changes of fruit and vegetable intake, 
 respectively17, or 3.3% [equivalent to about 20 g] for total fruit and  vegetables18) among a larger number of breast 
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Model 0 Model 1

Changes in ratio 
to the baseline 
intake

Absolute changes 
in intake

N β CI β CI Mean SD Mean SD

Male

Ethanolb 32,170

Cancer–free controls REF REF 0.25 2.46  − 0.9 11.7

Cancer  − 0.44 (− 0.61 to  − 0.28)  − 0.36 (− 0.53 to  − 0.20)  − 0.19 1.06  − 5.3 13.5

Colorectal cancer  − 0.41 (− 0.74 to  − 0.08)  − 0.36 (− 0.68 to  − 0.03)  − 0.15 0.66  − 5.2 14.8

Gastric cancer  − 0.55 (− 0.86 to  − 0.24)  − 0.45 (− 0.76 to  − 0.14)  − 0.30 1.05  − 6.1 12.3

Other cancer  − 0.39 (− 0.63 to  − 0.16)  − 0.32 (− 0.56 to  − 0.08)  − 0.14 1.22  − 4.8 13.4

Grainsb 33,643

Cancer–free controls REF REF 0.12 0.46 16.9 92.3

Cancer 0.01 (− 0.02–0.04) 0.00 (− 0.03–0.03) 0.13 0.50 16.2 96.9

Colorectal cancer 0.02 (− 0.04–0.09) 0.02 (− 0.04–0.08) 0.15 0.43 22.6 92.4

Gastric cancer  − 0.01 (− 0.07–0.05)  − 0.01 (− 0.07–0.05) 0.12 0.53 9.7 98.2

Other cancer 0.01 (− 0.03–0.06) 0.00 (− 0.04–0.05) 0.14 0.52 16.5 98.6

Riceb 33,382

Cancer–free controls REF REF 2.38 19.56 27.6 94.0

Cancer 0.43 (− 0.88–1.73) 0.22 (− 1.10–1.53) 2.81 19.00 27.8 99.9

Colorectal cancer  − 0.11 (− 2.67–2.46)  − 0.28 (− 2.84–2.28) 2.27 13.16 35.8 89.4

Gastric cancer 1.99 (− 0.47–4.46) 1.86 (− 0.60–4.33) 4.37 27.18 21.0 107.2

Other cancer  − 0.20 (− 2.09–1.69)  − 0.48 (− 2.37–1.41) 2.18 15.54 27.4 100.8

Milk and dairy productsb 32,526

Cancer–free controls REF REF 2.26 25.04  − 3.9 99.9

Cancer 1.08 (− 0.62–2.78) 1.08 (− 0.63–2.79) 3.34 19.64 9.4 119.0

Colorectal cancer 0.83 (− 2.52–4.18) 0.73 (− 2.62–4.09) 3.09 15.50 13.4 112.8

Gastric cancer 0.65 (− 2.57–3.86) 0.66 (− 2.56–3.89) 2.90 13.25 3.7 137.7

Other cancer 1.46 (− 0.99–3.91) 1.50 (− 0.96–3.96) 3.72 24.20 10.5 110.4

Female

Grainsb 39,549

Cancer–free controls REF REF 0.06 0.42 0.3 88.2

Cancer  − 0.04 (− 0.07 to  − 0.01)  − 0.04 (− 0.07 to  − 0.01) 0.01 0.40  − 10.7 90.5

Colorectal cancer  − 0.05 (− 0.12 − 0.03)  − 0.04 (− 0.11–0.03) 0.01 0.34 -9.9 90.4

Gastric cancer  − 0.03 (− 0.12–0.05)  − 0.04 (− 0.13–0.04) 0.02 0.63  − 18.8 121.7

Breast cancer  − 0.07 (− 0.13–0.00)  − 0.06 (− 0.12–0.01)  − 0.01 0.35  − 14.0 74.7

Other cancer  − 0.03 (− 0.08–0.02)  − 0.03 (− 0.08–0.02) 0.03 0.36  − 6.4 86.8

Riceb 39,205

Cancer–free controls REF REF 2.56 17.76 11.9 90.7

Cancer  − 1.19 (− 2.57–0.19)  − 1.13 (− 2.50–0.24) 1.36 10.16  − 1.6 88.5

Colorectal cancer  − 1.84 (− 4.85–1.17)  − 1.67 (− 4.65–1.32) 0.72 7.67  − 9.3 94.2

Gastric cancer  − 1.31 (− 4.97–2.34)  − 1.23 (− 4.86–2.39) 1.24 11.06  − 12.0 96.8

Breast cancer  − 1.05 (− 3.82–1.72)  − 1.10 (− 3.85–1.65) 1.50 9.97 2.6 82.6

Other cancer  − 0.91 (− 3.05–1.24)  − 0.84 (− 2.97–1.29) 1.65 11.06 3.2 85.8

Vegetablesb 38,802

Cancer–free controls REF REF 0.38 1.76 17.3 89.3

Cancer 0.11 (− 0.02–0.25) 0.11 (− 0.03–0.24) 0.49 1.15 33.1 102.3

Colorectal cancer 0.10 (− 0.20–0.39) 0.10 (− 0.20–0.39) 0.48 1.01 29.4 88.2

Gastric cancer 0.10 (− 0.26–0.46) 0.11 (− 0.25–0.47) 0.48 1.06 32.8 125.5

Breast cancer 0.13 (− 0.15–0.40) 0.12 (− 0.15–0.40) 0.51 1.10 40.9 106.9

Other cancer 0.12 (− 0.09–0.33) 0.11 (− 0.11–0.32) 0.50 1.28 30.4 97.6

Table 4.  Relative  changesa in energy-adjusted nutrient and food group intakes in  cancer survivors compared 
with  controls for male (n = 33,643) and female (n = 39,549). β: Difference in the intake changes compared with 
cancer–free controls, CI: 95% confidence intervals. a  Changes are expressed as the ratio to the baseline intake 
according to following formula: (follow–up survey intake − baseline survey intake)/baseline survey intake; 
intakes were energy − adjusted by the density method. b  The unit of intake is g/day. Model 0: Univariate model. 
Model 1: Model was adjusted for age (continuous), public health center area, body mass index in kg/m2 (< 18.5, 
18.5 − 24.9, 25 − 29.9, ≥ 30), living alone (yes/no), physical activity in metabolic equivalent task − hours/day 
(< 30, 30–34.9, 35–39.9, and ≥ 40), smoking status (never, past, current < 20, and current ≥ 20 cigarettes/d), and 
quintile of energy intake. Significant values are in [bold].
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cancer cases(n =  56317 or  269918), contrary to our findings. This difference in findings might be owing to the small 
number of breast cancer survivors (158 cases) caused by the relatively low incidence of this cancer in  Japan2, 
although the reported difference in increments was at most 13 g or 3.3% between survivors and cancer-free 
 controls17,18. Also, no differences were observed in the reductions in red meat intake between cancer survivors 
and controls in either gender. A previous study in women reported no difference in red meat intake  reduction17, 
similar to our results. These results also suggest that dietary changes in intakes among survivors may not be 
attributed to a cancer diagnosis.

There are some limitations to this study. First, the period from diagnosis to the follow-up dietary survey was 
uneven. The mean interval was 2.1 years. One report noted that dietary changes were largest immediately after 
the cancer diagnosis (during the treatment/recovery period), after which intakes gradually returned to levels 
before  diagnosis31. Thus, due to the short observation period, the results may have overestimated dietary changes 
as shown in separate calculations by observation period for energy and ethanol intake among men. In addition, 
survivors would have included severe cancers, which also would have led to an overestimation of changes. Second, 
rice, a traditional Japanese staple food, is generally consumed in a refined form. Although this study did not 
examine the consumption of whole grains, it is unlikely that many Japanese people consume unrefined brown 
rice  frequently32, albeit that further research on this question is warranted.

Evidence to date on the diet of cancer survivors in relation to prognosis includes studies that use the diet 
prior to diagnosis as  exposure33–37. Our findings of few and small changes from before the diagnosis in several 
nutrients and food groups in survivors indicate that cancer diagnosis and subsequent early survival do not cause 
drastic dietary changes. These findings may aid in the evaluation of the contribution of pre-diagnosis diets and 
may create future research opportunities on dietary habits in association with prognosis.

In conclusion, the dietary changes over five years, including before and after cancer diagnosis, in cancer 
survivors were small compared with changes among cancer-free controls in a prospective large-scale population-
based cohort study. These findings suggest that most dietary changes in cancer survivors are not systematically 
different from those that occur in people without a cancer diagnosis.

Data availability
The minimal datasets used and/or analyzed during the current study available from Dr. Norie Sawada, Prin-
cipal Investigator of the JPHC Study, on reasonable request. For information on how to submit an application 
for gaining access to JPHC data and/or biospecimens, please follow the instructions at https:// epi. ncc. go. jp/ en/ 
jphc/ 805/ 8155. html.
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