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The number of cancer survivors is increasing; however, optimal health manage-

ment of cancer survivors remains unclear due to limited knowledge. To elucidate

the risk of non-communicable diseases, and the effect of lifestyle habits on risk

of non-communicable diseases, we compared cancer survivors and those who

never had cancer (non-cancer controls) using a population-based prospective

cohort study. The baseline survey of 2292 participants was carried out from 2004

to 2006, and the follow-up survey of 2124 participants was carried out in 2011.

We compared the baseline characteristics and the risk of non-communicable dis-

eases between cancer survivors and non-cancer controls. Analyzed participants

included 124 cancer survivors (men ⁄women, 57 ⁄ 67), and 2168 non-cancer controls

(939 ⁄ 1229). Several lifestyle factors and nutritional intake significantly differed

between survivors and non-cancer controls, although smoking status did not dif-

fer between the groups (P = 0.30). Univariate logistic regression analysis showed

increased risk of death (odds ratio [OR], 3.64; 95% confidence interval [CI], 2.19–

6.05) and heart disease (OR, 2.60; 95% CI, 1.06–6.39) in cancer survivors. Increased

risk of heart disease was also significant (OR, 2.95; 95% CI, 1.05–8.26; P = 0.04) in

the multivariate analysis of the smoking-related cancer subgroup. Current smok-

ing significantly increased risk of death (OR, 2.42; 95% CI, 1.13–5.18). Specific

management should be implemented for cancer survivors. More intense manage-

ment against smoking is necessary, as continued smoking in cancer survivors may

increase the risk of second primary cancer. Moreover, cancer survivors are at a

high risk of heart disease; thus, additional care should be taken.

T he number of cancer survivors is increasing in accordance
with an ageing population and owing to recent progress in

earlier cancer diagnosis and improved cancer treatment.(1–3)

Health management (reducing modifiable risk factors for non-
communicable diseases, including second primary cancer) for
cancer survivors is a crucial issue not only for oncologists, but
also for primary care physicians, who play an important role.
Such management should aim at prevention of non-communi-
cable diseases, including second primary cancer.(3–5)

Healthy lifestyle habits, including physical activity, healthy
diet, healthy weight, and smoking cessation, are related with
better health outcomes and quality of life.(6,7) However, guide-
lines for health management in cancer survivors remain rela-
tively general, as there is still only limited knowledge of
detailed effects or risks of lifestyle habits on health out-
comes.(6–9) For example, cancer survivors are considered to be
at a high risk of non-communicable diseases such as cardio-
vascular disease, diabetes, dyslipidemia, or stroke compared
with those who never had cancer,(6) but the effect of lifestyle

habits on the actual risk for non-communicable diseases is
unknown.(6) Therefore, health management and prevention of
non-communicable diseases for cancer survivors remain
unclear.(5,6) Considering that prognosis of cancer survivors is
adversely affected by comorbid non-communicable dis-
eases,(10,11) there is a need to clarify whether the current non-
specific strategy is sufficient. Two facts suggest that specific
guidance for cancer survivors is needed: (i) adhering to a
healthy lifestyle decreases the risk of recurrence and mortality
in specific cancers;(7) and (ii) the risk of second primary cancer
and its lesions differs depending on the primary cancer.(12,13)

Specific guidance for health management and prevention of
non-communicable diseases in cancer survivors has not yet
been established, owing to limited evidence regarding the
effect of lifestyle habits on non-communicable diseases in can-
cer survivors and the risk of non-communicable diseases in
cancer survivors. To elucidate the risk of non-communicable
diseases, including second primary cancer, and the effect
of lifestyle habits on risk of non-communicable diseases, we
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compared cancer survivors and those who never had cancer
using a prospective cohort study of healthy participants. These
data will provide important information for primary care prac-
titioners and oncologists to conduct good health management
and patient education.

Materials and Methods

Study population. The Yamagata Study (Takahata) is a popu-
lation-based cohort study of the general Japanese population
aged over 40 years. Takahata City is 300 km north of Tokyo,
Japan; in 2010, 15 244 of its inhabitants were over 40 years old.
The study design has been described elsewhere.(14,15) In brief,
the baseline survey of 2292 participants was carried out from
2004 to 2006. Of these, 2124 participants completed the follow-
up survey in 2011. The study profile is shown in Figure 1. Both
surveys were carried out in conjunction with a health check-up,
at which anthropometric traits and data from blood chemical
tests were obtained. Japanese universal health coverage is based
upon either residence-based, or employment-based insurance.
Participants of this study were recruited at health check-ups for
those who were covered by residence-based insurance, run by
the local government (Takahata City). Medical history of cancer
and other lifestyle-related diseases and information on lifestyle
such as nutrition, physical activity, and smoking status were
obtained using a self-administered questionnaire. This study was
approved by the Ethics Committee of the Yamagata University
School of Medicine (Yamagata, Japan), and written informed
consent was obtained from all participants.

Assessment of cancers. Participants with a medical history of
cancer at baseline were defined as cancer survivors, and those
who had never had cancer were defined as non-cancer controls.
Cancer incidence and information regarding death from any
cause from 2006 to 2008 was provided by the Yamagata Pre-
fectural Cancer Registry, which was sufficient in quality; in
2008, the rates of death certificate notification and death cer-
tificate only were 14.2% and 3.5%, respectively.(16) History of
cancer was classified into stomach, lung, breast, colorectal,
liver, hematopoietic, or other; of these, stomach, lung, breast,
colorectal, and liver cancer were defined as smoking-related

cancers.(17,18) The cancer registry before the baseline survey
was also included as cancer survivors.

Data collection of non-communicable diseases. Data on inci-
dence of diabetes, hypertension, heart disease (heart failure
and angina pectoris), dyslipidemia, and stroke (intracranial
hemorrhage, subarachnoid hemorrhage, and cerebral infarction)
were obtained at the follow-up survey in 2011 based on a
known diagnosis. Moreover, undiagnosed participants at base-
line and at the follow-up survey were included as having these
conditions according to the following criteria: diabetes was
defined as either fasting plasma glucose ≥126 mg ⁄dL, post-
prandial glucose ≥200 mg ⁄dL, glycosylated hemoglobin
(HbA1c) ≥6.5%, or those on treatment for diabetes; hyperten-
sion was defined as either systolic blood pressure ≥140 mmHg,
diastolic blood pressure ≥90 mmHg, or those on treatment for
hypertension; and dyslipidemia was defined as either triglyc-
eride ≥150 mg ⁄dL, low-density lipoprotein cholesterol
≥140 mg ⁄dL, high-density lipoprotein cholesterol <40 mg ⁄ dL,
or those on treatment for dyslipidemia.(14,19,20) Participants
who had corresponding disease at baseline were excluded.
Incidence of death was determined by reviewing death certifi-
cates through to January 3, 2012.

Assessment of lifestyle factors. Weight and height were mea-
sured by an examiner and used to calculate body mass index
(BMI; kg ⁄m2). Blood pressure was measured using a mercury
manometer. Smoking status was assessed as never-smoker
(participants who had never smoked), former smoker (partici-
pants who smoked in the past but had already quit smoking at
baseline), or current smoker (participants who smoked at base-
line). Daily nutritional intake status was assessed using the
brief self-administered diet history questionnaire.(21) Physical
activity status was assessed using the Japan Arteriosclerosis
Longitudinal Study Physical Activity Questionnaire, which
allows total energy and activity-specific energy to be quantified
in metabolic equivalents–hours per day (METs-h ⁄day).(22) We
converted Japan Diabetic Society HbA1c values to that of the
National Glycohemoglobin Standardization Program by adding
0.4% to the Japan Diabetic Society value.(19) Other methods in
collection of the data in the Yamagata Study (Takahata) have
been described in detail elsewhere.(14,15)

Participants enrolled in the Yamagata Study (Takahata) (n = 3522)

Analysis of participants at baseline (n = 2292)

Excluded: Baseline data: unavailable (n = 3)

 Data of nutritional intake: available (n = 1873)
 Data of physical activity: available (n = 1834)

Analysis of the following outcomes at follow-up survey  (n = 2124)

Death  (n = 2114)
Cancer  (n = 2116)

Diabetes (n = 1089)

Hypertension (n = 831)
Heart disease (n = 1053)
Dyslipidemia (n = 1057)

Stroke (n = 1132)

 Medical history of cancer: unavailable (n = 1227)

Fig. 1. Flowchart showing selection of participants
for this study. Participants with a medical history of
the following conditions at baseline were excluded
from the corresponding analysis: diabetes (n = 151),
hypertension (n = 676), heart disease (n = 231), dys-
lipidemia (n = 188), and stroke (n = 66). †Numbers
of participants whose medical history of cancer was
available.
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Statistical analysis. Continuous data were compared between
cancer survivors and non-cancer controls using F-test fol-
lowed by Student’s t-test. If a P-value >0.20 was observed,
then Welch’s t-test was used. Categorical data were compared
using Pearson’s v2-test with Yates’ continuity correction.
When any category’s expected values were <5, Fisher’s exact
test was carried out. We conducted a logistic regression anal-
ysis to calculate the odds ratio (OR) of the outcomes by
comparing cancer survivors and non-cancer controls. Multi-
variate models included possible confounders as covariates,
based on the known risk factors for non-communicable dis-
eases: age, sex, BMI, physical activity, smoking status, fruit
and vegetable intake, red meat intake, alcohol intake, and salt
intake.(5,23) As there were few outcome events, models for
several diseases were over-fitted; thus, interaction terms were
not added to the model for a reliable analysis. We graphically
checked that continuous variables were linear on the logit
using a generalized additive model with a smoothing spline
with the gam function from the mgcv package using R soft-
ware version 3.1.2 (R Foundation for Statistical Computing,
Vienna, Austria). Any variable that could not achieve linear-
ity on the logit as a continuous variable was categorized in
the corresponding analysis (Fig. S1). Age was categorized
into quarters (40–55, 56–63, 64–71, 72–87 years), BMI was
categorized into three groups (<18.5, 18.5–24.99, ≥25 kg ⁄m2),
physical activity was categorized into quarters (25.8–32.0,
32.0–35.2, 35.2–39.3, 39.3–46.0 METs-h ⁄day), intake of fruit
and vegetable was categorized into two groups (<400,
≥400 g ⁄day), intake of red meat was categorized into two
groups (<500, ≥500 g ⁄day), alcohol intake was categorized
into three groups (0, <150, ≥150 g ⁄week), and salt intake
was categorized into two groups (<6, ≥6 g ⁄day).(5,23) Multi-
collinearity was assessed using the variance inflation factor
(VIF) with the vif function from the DAAG package in R,
and the largest VIF value was 4.4, indicating that there was
no collinearity in the models. Available participants with no
missing data were included in each analysis. We also carried
out the same analysis for logistic regression models, after
excluding outliers using the Smirnov–Grubbs test. All
reported P-values are two-sided; a P-value <0.05 was consid-
ered to be statistically significant. Statistical analyses were
carried out with R software.

Results

The number of cancer survivors and non-cancer controls at the
baseline survey was 124 (men ⁄women; 57 ⁄ 67) and 2168 (939
⁄1229), respectively. Lesions of the primary cancers were as
follows: gastrointestinal (GI) cancer (n = 50), smoking-related
cancer (n = 81), and others (n = 46). Six cases were included
as they were registered to the cancer registry before the base-
line survey. Multiple primary cancer was seen in six cases.
The baseline characteristics are shown in Tables 1 and S1.

Smoking status did not differ between the groups (P = 0.16).
We also compared blood chemical values at the baseline sur-
vey between cancer survivors and non-cancer controls
(Table S2). Gamma-glutamyl transferase (P = 0.01), cholines-
terase (P = 0.03), iron (P = 0.03), albumin (P = 0.02), total
cholesterol (P = 0.003), and low-density lipoprotein choles-
terol (P = 0.04) were significantly lower in the cancer survivor
group compared to the non-cancer controls.
The ORs of the outcomes comparing cancer survivors and

non-cancer controls are shown in Table 2. The outcomes
included deaths (172), onset of cancer (95), diabetes (95),

hypertension (452), heart disease (50), dyslipidemia (623), and
stroke (43) during the follow-up period. The risk of death
(OR, 3.64; 95% confidence interval [CI], 2.19–6.05) and heart
disease (OR, 2.60; 95% CI, 1.06–6.39) in cancer survivors was
unfavorable compared to non-cancer controls. In multivariate
models, the association between being a cancer survivor and
death (OR, 1.23; 95% CI, 0.50–3.05) and the onset of cancer
(OR, 1.54; 95% CI, 0.67–3.56) was not significant. Current
smoking significantly increased the risk of death (OR, 2.42;
95% CI, 1.13–5.18; data not shown). These results did not dif-
fer even after excluding the outliers. The OR of each lifestyle
factor is shown in Table 3.
Information regarding smoking status and cancer onset was

available for 2000 of the 2165 non-cancer controls; cancer
onset was observed for 4.1% (68 ⁄1661) of never or former
smokers and 5.3% (18 ⁄339) of current smokers. In contrast,
information regarding smoking status and cancer onset was
available for 116 of the 124 cancer survivors; cancer onset
was observed in 6.7% (7 ⁄104) of never or former smokers and
16.7% (2 ⁄12) of current smokers. Of the nine cases of second
primary cancer, seven cases were smoking-associated: six
cases were in never or former smokers, and one case was in a
current smoker. The relative risk of second primary cancer
caused by current smoking was 2.48 (95% CI, 0.58–10.59) in
cancer survivors, and 1.30 (95% CI, 0.78–2.15) in non-cancer
controls.
We also compared the characteristics and outcomes of non-

communicable diseases according to the lesions of the primary
cancer (Tables 4, S3). Survivors of GI cancer and smoking-re-
lated cancer were older than non-cancer controls (P < 0.001
for both). Smoking status significantly differed only in GI can-
cer survivors (P = 0.02); however, there was no difference in
the proportion between cancer survivors and non-cancer con-
trols (GI cancer, P = 0.46; smoking-related cancer, P = 0.12;
cancer of other lesions, P = 0.37), when current smokers were
compared with never and former smokers. Alcohol intake sta-
tus did not differ between GI cancer survivors and non-cancer
controls (P = 0.41). Increased risk of second primary cancer
(OR, 2.26; 95% CI, 1.01–5.06) and heart disease (OR, 3.37;
95% CI, 1.25–9.07) was observed in smoking-related cancer
survivors. Increased risk of heart disease was also significant
in the multivariate analysis (OR, 2.95; 95% CI, 1.05–8.26;
P = 0.04).

Discussion

In this population-based study, we investigated differences in
lifestyle and the risk of non-communicable diseases, including
the onset of cancer, between cancer survivors and non-cancer
controls. The current results may indicate that smoking cessa-
tion is not emphasized enough for cancer survivors, although
cancer survivors have been reported to be at high risk for the
development of second primary cancers. We also suggest that
being a cancer survivor per se is a possible risk factor for
some non-communicable diseases.
We believe that intense management against smoking is nec-

essary for cancer survivors. Smoking is a major cause of can-
cer, and it increases the risk of smoking-related cancers up to
approximately 3–5-fold in cancer survivors.(24) The increased
risk caused by smoking in cancer survivors in our study (rela-
tive risk, 2.48) is comparable to those in previous studies.(24,25)

Our results and previous studies showed that smoking
increases the risk of primary cancer in non-cancer controls by
1.5-fold;(25) thus, it is reasonable to conclude that the risk of
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Table 1. Characteristics compared between cancer survivors and non-cancer controls

Characteristics† All participants Non-cancer controls Cancer survivors P-value

General characteristics (n = 2292) (n = 2168) (n = 124)

Age, years 62.4 (0.2) 62.2 (0.2) 66.8 (0.8) <0.001

Sex

Men 996 (43.5%) 939 (43.3%) 57 (46.0%) 0.626

Women 1296 (56.5%) 1229 (56.7%) 67 (54.0%)

METs,‡ METs-h ⁄ day 36.1 (0.1) 36.2 (0.1) 35.2 (0.5) 0.066

BMI, kg ⁄m2 23.5 (0.1) 23.5 (0.1) 23.3 (0.3) 0.485

<18.5 122 (5.3%) 113 (5.2%) 9 (7.3%) 0.429

≥18.5, <25 1488 (64.9%) 1405 (64.8%) 83 (66.9%)

≥25 682 (29.8%) 650 (30.0%) 32 (25.8%)

Blood pressure, kPa

Systolic 17.84 (0.04) 17.84 (0.05) 17.91 (0.18) 0.717

Diastolic 10.57 (0.03) 10.57 (0.03) 10.60 (0.11) 0.807

Smoking status

Never 1588 (69.3%) 1497 (69.0%) 91 (73.4%) 0.155

Former 322 (14.0%) 302 (13.9%) 20 (16.1%)

Current 382 (16.7%) 369 (17.0%) 13 (10.5%)

Nutritional intake§ (n = 1873) (n = 1766) (n = 107)

Total energy, kJ ⁄ day 9336.6 (65.7) 9328.4 (68.1) 9471.1 (240.8) 0.570

Carbohydrate 322.5 (2.2) 322.5 (2.3) 329.8 (9.0) 0.412

% of total energy 58.5 (0.2) 58.6 (0.2) 58.4 (0.6) 0.883

Sugar 21.2 (0.2) 21.1 (0.2) 22.3 (1.0) 0.249

Protein 76.7 (0.7) 76.4 (0.7) 81.7 (2.8) 0.092

% of total energy 13.6 (0.1) 13.6 (0.1) 14.4 (0.3) 0.004

Animal protein 39.3 (0.5) 39.1 (0.6) 42.8 (2.2) 0.107

% of total energy 6.9 (0.1) 6.9 (0.1) 7.5 (0.3) 0.022

Vegetable protein 37.5 (0.3) 37.4 (0.3) 38.9 (1.1) 0.204

% of total energy 6.7 (0.02) 6.7 (0.02) 6.8 (0.1) 0.285

Fat 57.3 (0.5) 57.1 (0.6) 60.6 (1.9) 0.087

% of total energy 22.9 (0.1) 22.9 (0.1) 24.1 (0.4) 0.008

Animal fat 23.4 (0.3) 23.3 (0.3) 25.4 (1.1) 0.070

% of total energy 9.3 (0.1) 9.2 (0.1) 10.2 (0.4) 0.012

Vegetable fat 33.8 (0.3) 33.8 (0.3) 35.2 (1.2) 0.289

% of total energy 13.6 (0.1) 13.6 (0.1) 13.9 (0.3) 0.362

Saturated fatty acid 14.0 (0.1) 14.0 (0.1) 14.9 (0.5) 0.093

% of total energy 5.6 (0.04) 5.6 (0.04) 6.0 (0.2) 0.018

Monounsaturated fatty acid 20.0 (0.2) 19.9 (0.2) 21.1 (0.7) 0.110

% of total energy 8.0 (0.05) 7.9 (0.05) 8.4 (0.2) 0.016

Polyunsaturated fatty acid 15.9 (0.1) 15.9 (0.1) 16.7 (0.5) 0.141

% of total energy 6.4 (0.04) 6.4 (0.04) 6.6 (0.1) 0.118

Cholesterol, g 9 10�3 ⁄ day 330.7 (4.1) 329.1 (4.2) 356.8 (16.4) 0.114

Fiber 15.0 (0.1) 14.9 (0.1) 16.3 (0.6) 0.025

Soluble fiber 3.3 (0.04) 3.3 (0.04) 3.6 (0.1) 0.027

Insoluble fiber 10.8 (0.1) 10.8 (0.1) 11.8 (0.4) 0.017

Alcohol 12.2 (0.6) 12.6 (0.6) 5.9 (1.4) <0.001

0 g ⁄week 1009 (53.9%) 941 (53.3%) 68 (63.6%) 0.013

<150 g ⁄week 496 (26.5%) 466 (26.4%) 30 (28.0%)

≥150 g ⁄week 368 (19.6%) 359 (20.3%) 9 (8.4%)

Salt 12.8 (0.1) 12.8 (0.1) 13.3 (0.4) 0.177

<6 44 (2.3%) 41 (2.3%) 3 (2.8%) 0.737

≥6 1829 (97.7%) 1725 (97.7%) 104 (97.2%)

Sodium, g 9 10�3 ⁄ day 5083.6 (37.2) 5071.2 (38.3) 5288.0 (150.7) 0.176

Potassium, g 9 10�3 ⁄ day 2724.8 (25.8) 2711.0 (26.6) 2952.9 (103.5) 0.029

Calcium, g 9 10�3 ⁄ day 616.5 (6.4) 613.3 (6.6) 669.8 (27.1) 0.040

Magnesium, g 9 10�3 ⁄day 292.5 (2.5) 291.5 (2.6) 309.9 (9.9) 0.088

Phosphorus, g 9 10�3 ⁄ day 1158.3 (10.7) 1153.7 (11.1) 1233.7 (42.2) 0.083

Iron, g 9 10�3 ⁄ day 9.2 (0.1) 9.1 (0.1) 10.0 (0.3) 0.019

Zinc, g 9 10�3 ⁄ day 9.4 (0.1) 9.4 (0.1) 10.0 (0.3) 0.049

Copper, g 9 10�3 ⁄ day 1.5 (0.01) 1.4 (0.01) 1.5 (0.04) 0.044
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cancer onset is exacerbated more by smoking in cancer sur-
vivors compared to non-cancer controls, although the small
sample size precludes a definitive conclusion. Therefore, more
intense management promoting smoking cessation should be

provided for cancer survivors to help prevent second primary
cancer.
However, the smoking rate of cancer survivors and non-

cancer controls was similar, indicating that smoking cessation

Table 1 (continued)

Characteristics† All participants Non-cancer controls Cancer survivors P-value

Manganese, g 9 10�3 ⁄ day 4.2 (0.03) 4.2 (0.03) 4.5 (0.1) 0.047

Beta-carotene, g 9 10�6 ⁄ day 4117.5 (61.1) 4092.8 (63.0) 4525.3 (250.9) 0.101

Vitamin A, g 9 10�6 ⁄ day 765.9 (15.6) 758.1 (15.5) 894.1 (94.7) 0.160

Retinol, g 9 10�6 ⁄ day 420.3 (13.9) 414.6 (13.7) 514.4 (89.3) 0.272

Vitamin D 16.2 (0.3) 16.0 (0.3) 17.8 (1.2) 0.161

Vitamin E, tocopherol, g 9 10�3 ⁄ day 8.0 (0.1) 8.0 (0.1) 8.6 (0.3) 0.071

Vitamin K, g 9 10�6 ⁄ day 473.2 (5.4) 471.0 (5.6) 508.9 (24.4) 0.106

Vitamin B1, g 9 10�3 ⁄ day 0.8 (0.01) 0.8 (0.01) 0.9 (0.03) 0.014

Vitamin B2, g 9 10�3 ⁄ day 1.5 (0.01) 1.4 (0.01) 1.6 (0.06) 0.013

Niacin, g 9 10�3 NE ⁄ day 17.5 (0.2) 17.4 (0.2) 18.4 (0.8) 0.253

Pantothenic acid, g 9 10�3 ⁄ day 7.3 (0.1) 7.3 (0.1) 7.8 (0.3) 0.030

Vitamin B6, g 9 10�3 ⁄ day 1.4 (0.01) 1.4 (0.01) 1.5 (0.1) 0.100

Folic acid, g 9 10�3 ⁄ day 386.9 (4.0) 384.5 (4.1) 426.4 (17.2) 0.014

Vitamin B12, g 9 10�6 ⁄ day 10.7 (0.2) 10.7 (0.2) 11.8 (0.8) 0.138

Vitamin C, g 9 10�3 ⁄ day 116.5 (1.4) 115.5 (1.5) 132.5 (5.9) 0.005

Fruits and vegetables 216.5 (3.4) 214.5 (3.5) 249.2 (13.6) 0.017

Fruits 84.2 (1.9) 82.7 (1.9) 109.9 (8.9) 0.004

Vegetables 132.3 (2.1) 131.9 (2.1) 139.3 (8.0) 0.407

Meat 37.3 (0.7) 37.1 (0.7) 41.1 (2.7) 0.167

BMI, body mass index; METs, metabolic equivalents. †Standard errors are shown within parentheses unless otherwise specified. ‡Data were avail-
able for 1834 participants (1732 non-cancer controls and 102 survivors) pa. §Units are in grams per day unless otherwise specified.

Table 2. Logistic regression analysis for death, second primary cancer, and non-communicable diseases in cancer survivors and non-cancer

controls

Outcomes
Univariate analysis† Multivariate analysis‡

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Death

Non-cancer controls Reference – Reference –

Cancer survivors 2.05 (1.07–3.95) 0.03 1.23 (0.50–3.05) 0.65

Cancer onset

Non-cancer controls Reference – Reference –

Cancer survivors 1.87 (0.92–3.82) 0.09 1.54 (0.67–3.56) 0.31

Diabetes

Non-cancer controls Reference – Reference –

Cancer survivors 1.11 (0.46–2.64) 0.82 0.97 (0.40–2.36) 0.95

Dyslipidemia

Non-cancer controls Reference – Reference –

Cancer survivors 0.97 (0.57–1.65) 0.92 0.95 (0.55–1.64) 0.86

Heart disease§

Non-cancer controls Reference – Reference –

Cancer survivors 2.60 (1.06–6.39) 0.04 2.05 (0.80–5.22) 0.13

Hypertension

Non-cancer controls Reference – Reference –

Cancer survivors 0.75 (0.41–1.39) 0.36 0.56 (0.29–1.08) 0.08

Stroke¶

Non-cancer controls Reference – Reference –

Cancer survivors 1.22 (0.37–4.06) 0.74 0.88 (0.25–3.09) 0.84

†Number of participants was 2114 (non-cancer controls ⁄ survivors, 1998 ⁄ 116) for death, 2116 (2000 ⁄ 116) for cancer onset, 1089 (1026 ⁄ 63) for dia-
betes, 1057 (997 ⁄ 60) for dyslipidemia, 1053 (993 ⁄ 60) for heart disease, 831 (787 ⁄ 44) for hypertension, and 1132 (1066 ⁄ 66) for stroke. ‡Number
(non-cancer controls ⁄ survivors) of participants were 1556 (1467 ⁄ 89) for death, 1558 (1469 ⁄ 89) for cancer onset, 1089 (1026 ⁄ 63) for diabetes,
1057 (997 ⁄ 60) for dyslipidemia, 1053 (993 ⁄ 60) for heart disease, 831 (787 ⁄ 44) for hypertension, and 1132 (1066 ⁄ 66) for stroke. §Heart disease
includes heart failure and angina pectoris. ¶Stroke includes intracranial hemorrhage, subarachnoid hemorrhage, and cerebral infarction.
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support was insufficient for cancer survivors. This is one of
the biggest problems in cancer prevention for cancer survivors.
Insufficient support of smoking cessation for the cancer sur-
vivors would be in part due to the lack of knowledge in gen-
eral physicians, resulting from the limited research on health
management for cancer survivors. In Japan, there is no nation-
wide smoking cessation program specific for cancer survivors.
The prevalence of smoking in the general population is
approximately 15% in the USA, with the 20% rate in Japan
about 10–15 years behind.(26) The USA began taking
antismoking measures prior to Japan, and many medical soci-
eties support smoking cessation; moreover, services such as
Quitline are available. In Japan, the environment for smoking
cessation is not as well maintained. Notwithstanding, smoking
prevalence in cancer survivors is similar in Japan and the
USA. This is due to the paucity of smoking cessation services
specific for cancer survivors in both countries: only approxi-
mately 70–80% of designated cancer hospitals provide smok-
ing cessation services,(27,28) and clinicians possibly lack
knowledge to support smoking cessation and feel reluctant to
even carry out the initial evaluation.(29,30) Smoking cessation
is a big challenge for cancer survivors.(29) Therefore, support
for smoking cessation should be widely provided in clinical
practice, and its benefits should be clarified in future research.
In addition to support for smoking cessation, the current

results show that the following health management targets may
be necessary for cancer survivors. First, the risk of heart dis-
ease was higher in cancer survivors compared to non-cancer
controls. This implies a need for additional care for heart dis-
ease among cancer survivors. Smoking is a mutual risk factor
for heart disease and cancer, and chemotherapy may be

cardiotoxic or increase cardiac load in relevant cases;(31–33)

hence, survivors would be at risk of heart disease. Second,
subgroup analysis showed an excess risk of cancer onset
among smoking-associated cancer survivors. Cancer survivors
also need management for prevention of second primary can-
cer. Furthermore, most of the second primary cancers in smok-
ing-
associated cancer survivors were also smoking-associated. This
reinforces the need to support smoking cessation, especially in
smoking-associated cancer survivors, given that the prevalence
of smoking was comparable between smoking-related cancer
survivors and non-cancer controls. As cancer survivors would
be more likely to die before the cancer onset because of
comorbid conditions or complications(24) and with the effect of
confounding factors like age, increased risk of cancer onset
was scarcely detectable only in smoking-associated cancer sur-
vivors. Risk of second primary cancer and its lesions differs
depending on the primary cancer;(12,13) thus, the effect of
smoking on those risks needs to be elucidated. For this, a lar-
ger study with sufficient statistical power is needed.
Baseline characteristics differed between cancer survivors

and non-cancer controls. Cancer survivors abstained from alco-
hol, indicating that current management regarding alcohol con-
sumption is providing sufficient results. However, 5 ⁄41
(12.2%) of GI cancer survivors still consumed more than
150 g alcohol per week. Physicians should be aware of this
population and continue to emphasize alcohol abstinence, as
alcohol is an established risk factor for GI cancer.(5,23) In addi-
tion, cancer survivors tended to be malnourished, as indicated
by cholinesterase, albumin, total cholesterol, and low-density
lipoprotein levels (Table S2), especially in GI cancer survivors.

Table 4. Subgroup analysis of cancer lesions in cancer survivors and non-cancer controls

Non-cancer

controls

GI cancer

survivors†
P-value

Smoking-related

cancer survivors‡
P-value

Cancer survivors

of other lesions§
P-value

Characteristics¶ (n = 2168) (n = 50) (n = 81) (n = 43)

Age, years 62.2 (0.2) 69.4 (1.0) <0.001 68.3 (0.9) <0.001 64.1 (1.5) 0.20

Sex

Men 939 (43.3%) 37 (74.0%) <0.001 44 (54.3%) 0.053 14 (30.4%) 0.11

Women 1229 (56.7%) 13 (26.0%) 37 (45.7%) 32 (69.6%)

METs, METs-h ⁄ day 36.2 (0.1) 35.2 (0.9) 0.306 35.0 (0.7) 0.097 35.7 (0.6) 0.43

BMI,‡‡ kg ⁄m2 23.5 (0.1) 22.7 (0.4) 0.086 23.3 (0.3) 0.668 23.4 (0.5) 0.85

<18.5 133 (5.2%) 4 (8.0%) 0.350 6 (7.4%) 0.327 3 (6.5%) 0.84

≥18.5, <25 1405 (64.8%) 35 (70.0%) 56 (69.1%) 29 (63.0%)

≥25 650 (30.0%) 11 (22.0%) 19 (23.5%) 14 (30.4%)

Univariate logistic

regression analysis‡‡

OR (95% CI) OR (95% CI) OR (95% CI)

Death Reference 4.02 (1.83–8.84) 0.001 2.97 (1.48–5.95) 0.002 0.47 (0.06–3.43) 0.45

Second primary cancer Reference 2.07 (0.73–5.90) 0.173 2.26 (1.01–5.06) 0.048 1.09 (0.26–4.56) 0.91

Diabetes Reference 1.44 (0.42–4.89) 0.563 0.88 (0.26–2.91) 0.830 1.32 (0.39–4.46) 0.66

Hypertension Reference 0.83 (0.31–2.22) 0.705 0.83 (0.38–1.80) 0.632 0.60 (0.24–1.51) 0.28

Heart disease§§ Reference 3.08 (0.89–10.72) 0.077 3.37 (1.25–9.07) 0.016 2.81 (0.81–9.73) 0.10

Dyslipidemia Reference 0.39 (0.17–0.89) 0.026 0.89 (0.47–1.67) 0.714 1.00 (0.43–2.37) 0.99

Stroke¶¶ Reference 1.03 (0.14–7.76) 0.980 1.28 (0.30–5.49) 0.737 0.99 (0.13–7.45) 0.99

BMI, body mass index; CI, confidence interval; METs, metabolic equivalents; OR, odds ratio. †Cancer survivors of stomach and colorectal cancer.
Non-cancer controls and gastrointestinal (GI) cancer survivors were compared. ‡Cancer survivors of stomach, lung, breast, colorectal, liver, and
prostate cancer. Non-cancer controls and smoking-related cancer survivors were compared. §Survivors of cancer other than GI or smoking-related
cancer. Non-cancer controls and cancer survivors of other regions were compared. ¶Standard errors are shown within parentheses unless other-
wise specified. ††Data were available for 1834 (non-cancer controls ⁄GI ⁄ smoking-related ⁄ others, 1732 ⁄ 40 ⁄ 66 ⁄ 39) participants. ‡‡Number (non-
cancer controls ⁄GI ⁄ smoking-related ⁄ other) of participants was 2114 (1998 ⁄ 47 ⁄ 76 ⁄ 43) for death, 2116 (2000 ⁄ 47 ⁄ 76 ⁄ 43) for cancer onset, 1089
(1026 ⁄ 25 ⁄ 39 ⁄ 27) for diabetes, 1057 (997 ⁄ 25 ⁄ 41 ⁄ 22) for dyslipidemia, 1053 (993 ⁄ 24 ⁄ 37 ⁄ 26) for heart disease, 831 (787 ⁄ 16 ⁄ 26 ⁄ 19) for hyperten-
sion, and 1132 (1066 ⁄ 26 ⁄ 42 ⁄ 27) for stroke. §§Heart disease includes heart failure and angina pectoris. ¶¶Stroke includes intracranial hemorrhage,
subarachnoid hemorrhage, and cerebral infarction.

Cancer Sci | November 2015 | vol. 106 | no. 11 | 1613 © 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

Original Article
www.wileyonlinelibrary.com/journal/cas Nakamura et al.



Malnutrition in cancer survivors arises from causes other than
nutritional intake,(34) as energy intake (Tables 1, S3) and
energy intake per body weight (data not shown) did not differ
between cancer survivors and non-cancer controls. Dietary
management is generally directed toward limiting intake (often
caloric) or endorsing frugal meals, although some survivors
need the opposite and should be encouraged to have sufficient
nutrition to avoid malnourishment. We could not infer the
cause of other differences observed in food and nutritional
intake or blood chemical values, thus we were unable to deter-
mine whether these differences between cancer survivors and
non-cancer controls result from the cancer per se; the potential
causal relationship needs to be addressed in a larger popula-
tion-based or interventional study. We emphasize the impor-
tance of this study, because the general public wants to know
what kind of foods they should eat or avoid in order to reduce
the risk of non-communicable diseases. At present, recommen-
dations and management of dietary habits for cancer survivors
is the same as that for the general public for factors other than
those revealed in the present study.
The strength of this study was that detailed information

regarding lifestyle was obtained after the onset of cancer for
cancer survivors. Also, the onset of non-communicable dis-
eases, including the onset of second cancer after the baseline
survey, was prospectively obtained. These allowed us to inves-
tigate the risk of non-communicable diseases caused by being
a cancer survivor. We observed an increased risk of death,
cancer onset, and heart disease for cancer survivors; although
statistical power was insufficient, an increased risk was verified
in multivariate analysis for heart disease. Conversely, our
results indicated that known risk factors, such as age, smoking,
and unknown confounding factors had a larger effect than
being a cancer survivor on the risk of non-communicable dis-
eases, especially in diseases other than heart disease; for exam-
ple, age was significantly higher in cancer survivors. Note that
for stroke, although intracranial and subarachnoid hemorrhages
were included, due to the lack of information in the question-
naire, it could not be differentiated whether these strokes were
caused by cerebrovascular disease or by another cause. This is
highly important, because smoking is an evident risk factor for
cerebrovascular disease. In addition, the influence of GI cancer
history should also be considered, as its incidence was greatest
(40.3%). Another limitation is that we could not compare the
difference in the risk of each lifestyle factor between cancer
survivors and non-cancer controls, due to the number of partic-
ipants and events that were available. Selection bias exists for

cancer survivors in this study as survivors included those who
had survived for a certain period of time and could come to
the health check-up. In other words, survivors who had an
undesirable course after the diagnosis of cancer were unable to
participate in this study. Therefore, participants who had an
undesirable course might be more likely not to have adhered
to a healthy lifestyle than those who participated in this study.
Moreover, we could not take into account the time period of
being a cancer survivor, as it was not obtained in the question-
naire. Self-reported history of cancer at baseline and the short
follow-up period were also limitations of this study.
Our population-based cohort study in a Japanese general

population was consistent with the results of previous studies.
Specific health management for cancer survivors as suggested
above may also apply to other developed nations in Europe
and North America, but this needs to be verified in future stud-
ies. In addition, information regarding differences in lifestyle
and risk of non-communicable diseases between cancer sur-
vivors and non-cancer controls is limited in the Asian popula-
tion. The current results suggest that a large study in an Asian
population would be worthwhile. We are now advancing a
prospective cohort study of approximately 20 000 people, with
detailed information of lifestyles, aiming in part to validate the
results of the current study.
In conclusion, the current study indicates that smoking,

known but undetermined lifestyle habits, and other unknown
factors are associated with the risk of non-communicable dis-
eases in cancer survivors. These data are valuable in that they
elucidate the need to establish specific health management for
cancer survivors with a focus on the prevention of non-com-
municable diseases, including second primary cancer. The need
for smoking cessation is commonly accepted, although cancer
survivors need more intense management against smoking. In
addition, cancer survivors should receive additional care for
heart disease.

Acknowledgments

This work was supported by Project Future, Relay for Life, Japan Can-
cer Society. We would like to thank Editage for English language edit-
ing.

Disclosure Statement

The authors have no conflict of interest.

References

1 Coleman MP, Forman D, Bryant H et al. Cancer survival in Australia,
Canada, Denmark, Norway, Sweden, and the UK, 1995–2007 (the Interna-
tional Cancer Benchmarking Partnership): an analysis of population-based
cancer registry data. Lancet 2011; 377: 127–38.

2 Smith BD, Smith GL, Hurria A, Hortobagyi GN, Buchholz TA. Future of
cancer incidence in the United States: burdens upon an aging, changing
nation. J Clin Oncol 2009; 27: 2758–65.

3 DeSantis CE, Lin CC, Mariotto AB et al. Cancer treatment and survivorship
statistics, 2014. CA Cancer J Clin 2014; 64: 252–71.

4 McCabe MS, Bhatia S, Oeffinger KC et al. American Society of Clinical
Oncology statement: achieving high-quality cancer survivorship care. J Clin
Oncol 2013; 31: 631–40.

5 Report of the Joint WHO/FAO Expert Consultation. Diet, Nutrition and the
Prevention of Chronic Diseases, WHO Technical Report Series, No. 916,
2003

6 Rock CL, Doyle C, Demark-Wahnefried W et al. Nutrition and physical
activity guidelines for cancer survivors. CA Cancer J Clin 2012; 62: 243–74.

7 National Comprehensive Cancer Network. NCCN Clinical Practice Guideli-
nes in Oncology. Fort Washington: Survivorship, 2014.

8 Wolin KY, Dart H, Colditz GA. Eight ways to stay healthy after
cancer: an evidence-based message. Cancer Causes Control 2013; 24:
827–37.

9 From Cancer Patient to Cancer Survivor. Lost in Transition. Washington
DC: The National Academies Press, 2005.

10 Barone BB, Yeh HC, Snyder CF et al. Long-term all-cause mortality in can-
cer patients with preexisting diabetes mellitus: a systematic review and
meta-analysis. JAMA 2008; 300: 2754–64.

11 Yabroff KR, Lawrence WF, Clauser S, Davis WW, Brown ML. Burden of
illness in cancer survivors: findings from a population-based national sample.
J Natl Cancer Inst 2004; 96: 1322–30.

12 Liu L, Lemmens VE, De Hingh IH et al. Second primary cancers in subsites
of colon and rectum in patients with previous colorectal cancer. Dis Colon
Rectum 2013; 56: 158–68.

13 Youlden DR, Baade PD. The relative risk of second primary cancers in
Queensland, Australia: a retrospective cohort study. BMC Cancer 2011; 11:
83.

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

Cancer Sci | November 2015 | vol. 106 | no. 11 | 1614

Original Article
Health management in cancer survivors www.wileyonlinelibrary.com/journal/cas



14 Konta T, Hao Z, Abiko H et al. Prevalence and risk factor analysis of
microalbuminuria in Japanese general population: the Takahata study. Kid-
ney Int 2006; 70: 751–6.

15 Kohno K, Narimatsu H, Shiono Y et al. Management of erythropoiesis:
cross-sectional study of the relationships between erythropoiesis and nutri-
tion, physical features, and adiponectin in 3519 Japanese people. Eur J Hae-
matol 2014; 92: 298–307.

16 Yamagata Prefectural Government. Yamagata Prefectural Cancer Registry
[Japanese]. Updated 2010 Feb 9. [Cited 9 Jul 2015] Available from URL:
http://www.pref.yamagata.jp/kenfuku/iryo/iryojoho/9090002gantouroku.html.

17 Carter BD, Abnet CC, Feskanich D et al. Smoking and mortality – beyond
established causes. N Engl J Med 2015; 372: 631–40.

18 Agudo A, Bonet C, Travier N et al. Impact of cigarette smoking on cancer
risk in the European prospective investigation into cancer and nutrition
study. J Clin Oncol 2012; 30: 4550–7.

19 Seino Y, Nanjo K, Tajima N et al. Report of the committee on the classifi-
cation and diagnostic criteria of diabetes mellitus. J Diabetes Investig 2010;
1: 212–28.

20 Japan Atherosclerosis Society. Japan Atherosclerosis Society (JAS) Guidelines
for Prevention of Atherosclerotic Cardiovacular Diseases 2012 (in Japanese).

21 Sasaki S, Yanagibori R, Amano K. Self-administered diet history questionnaire
developed for health education: a relative validation of the test-version by
comparison with 3-day diet record in women. J Epidemiol 1998; 8: 203–15.

22 Harada A, Naito Y, Inoue S, Kitabatake Y, Arao T, Ohashi Y. Validity of a
questionnaire for assessment of physical activity in the Japan Arteriosclerosis
Longitudinal Study. Med Sci Sports Exerc 2003; 35: S340.

23 World Cancer Research Fund/American Institute for Cancer Research. Food,
Nutririon, Physical Activity, and the Prevention of Cancer: a Global Per-
spective. Washington DC: AICR, 2007.

24 Shiels MS, Gibson T, Sampson J et al. Cigarette smoking prior to first can-
cer and risk of second smoking-associated cancers among survivors of blad-

der, kidney, head and neck, and stage I lung cancers. J Clin Oncol 2014; 32:
3989–95.

25 Inoue M, Hanaoka T, Sasazuki S, Sobue T, Tsugane S, Group JS. Impact of
tobacco smoking on subsequent cancer risk among middle-aged Japanese
men and women: data from a large-scale population-based cohort study in
Japan – the JPHC study. Prev Med 2004; 38: 516–22.

26 OECD. OECD Health Data: non-medical determinants of health, OECD
Health Statistics (database). Updated 2014. DOI: http://dx.doi.org/
10.1787/data-00546-en.

27 Goldstein AO, Ripley-Moffitt CE, Pathman DE, Patsakham KM. Tobacco
use treatment at the U.S. National Cancer Institute’s designated Cancer Cen-
ters. Nicotine Tob Res 2013; 15: 52–8.

28 Japan Society for Tobacco Control. Homepage [Japanese]. [Cited 9 Jul
2015]. Available from URL: http://www.nosmoke55.jp/nicotine/clinic.html.

29 Hanna N, Mulshine J, Wollins DS, Tyne C, Dresler C. Tobacco cessation
and control a decade later: American society of clinical oncology policy
statement update. J Clin Oncol 2013; 31: 3147–57.

30 Cooley ME, Emmons KM, Haddad R et al. Patient-reported receipt of and
interest in smoking-cessation interventions after a diagnosis of cancer. Can-
cer 2011; 117: 2961–9.

31 Center for Disease Control and Prevention (CDC). Million hearts: strategies
to reduce the prevalence of leading cardiovascular disease risk factors – Uni-
ted States, 2011. MMWR Morb Mortal Wkly Rep 2011; 60: 1248–51.

32 Lenihan DJ, Cardinale DM. Late cardiac effects of cancer treatment. J Clin
Oncol 2012; 30: 3657–64.

33 Savji N, Rockman CB, Skolnick AH et al. Association between advanced
age and vascular disease in different arterial territories: a population database
of over 3.6 million subjects. J Am Coll Cardiol 2013; 61: 1736–43.

34 Nicolini A, Ferrari P, Masoni MC et al. Malnutrition, anorexia and cachexia
in cancer patients: a mini-review on pathogenesis and treatment. Biomed
Pharmacother 2013; 67: 807–17.

Supporting Information

Additional supporting information may be found in the online version of this article:

Fig. S1. Checking linearity assumption of each logistic regression using smoothing spline.

Table S1. Food intake according to brief self-administered diet history questionnaire (BDHQ) compared between cancer survivors and non-cancer
controls.

Table S2. Odds ratio of covariates in multivariate logistic regression analysis.

Table S3. Characteristics of subgroups according to cancer lesions.

Cancer Sci | November 2015 | vol. 106 | no. 11 | 1615 © 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

Original Article
www.wileyonlinelibrary.com/journal/cas Nakamura et al.

http://www.pref.yamagata.jp/kenfuku/iryo/iryojoho/9090002gantouroku.html
http://dx.doi.org/10.1787/data-00546-en
http://dx.doi.org/10.1787/data-00546-en
http://www.nosmoke55.jp/nicotine/clinic.html

