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Abstract
AIM: To investigate gastric cancer screening and pre-
ventive behaviors among the relatives of patients with 
gastric cancer [i.e., gastric cancer relatives (GCRs)].

METHODS: We examined the Korean National Health 
and Nutrition Examination Survey 2005 (KNHANES Ⅲ) 
database and compared the gastric cancer screening 
and preventive behaviors of GCRs (n  = 261) with those 
of non-GCRs (n  = 454) and controls without a family 
history of cancer (n  = 2842).

RESULTS: The GCRs were more likely to undergo 
gastric cancer screening compared with the control 
group (39.2% vs  32.3%, adjusted odds ratio: 1.43, CI: 
1.05-1.95), although the absolute screening rate was 
low. Dietary patterns and smoking rates did not differ 
significantly between the groups, and a high propor-

tion of GCRs reported inappropriate dietary habits (i.e., 
approximately 95% consumed excessive sodium, 30% 
were deficient in vitamin C, and 85% were deficient in 
dietary fiber).

CONCLUSION: The gastric cancer screening and 
preventive behaviors of GCRs have yet to be improved. 
To increase awareness among GCRs, systematic family 
education programs should be implemented.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is the most common cancer, and the third 
leading cause of  death from cancer, in Korea[1]. It is also 
the fourth most prevalent cancer in the world[2], although 
recent trends show stabilization of  incidence rates and a 
continued decrease in cancer death rates[3]. 

Prevention of  gastric cancer can be broadly divided 
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into primary and secondary prevention. Primary preven-
tion is essentially behavioral modification, which seeks to 
control the etiological agents of  gastric cancer[4]. Several 
modifiable risk factors contribute to the development of  
gastric cancer. Infection with Helicobacter pylori (H. pylori) 
is a well-established risk factor[5], and the potential of  
preventing gastric cancer by eradicating H. pylori infec-
tion has been emphasized in the recent studies[6,7]. Salt 
intake levels of  at least 10 g/d (4000 mg Na) significantly 
increase the risk of  gastric cancer[8]. Fresh fruits and 
vegetables contain sufficient amounts of  vitamin C and 
dietary fiber, which strongly reduce the risk of  gastric 
cancer[4,9]. A previous study found that subjects in the 
bottom third of  the distribution of  vitamin C intake had 
a 2.5-fold higher risk of  developing gastric cancer[10]. Ad-
ditionally, there is a significant dose-dependent relation-
ship between smoking and gastric cancer[11]. 

Secondary prevention relies on early detection, which 
can be achieved through regular cancer screenings[12]. This 
form of  prevention is a priority in Korea, which has one 
of  the highest incidence rates of  stomach cancer in the 
world. The Korean National Cancer Screening Program 
(KNCSP) recommends that individuals aged 40 years or 
older undergo biennial gastric cancer screening (Table 1). 
Although the effect of  mass screening remains controver-
sial, it may help by identifying cancer at an early stage[13,14]. 
According to a study in Korea, the proportion of  early 
gastric cancer (EGC) was 96% in a repeated screening 
group and 71% in an infrequent screening group, among 
patients with newly diagnosed gastric cancer[15]. The 5-year 
survival rate of  EGC is greater than 90%[16].

A positive family history of  gastric cancer is one of  
the most important factors, increasing the risk of  devel-
oping the disease by three-fold[17,18]. There is evidence 
that there may be a synergistic interaction between family 
history and H. pylori infection in the development of  gas-
tric cancer[18]. In addition, patients with a family history 
tend to have larger or more deeply infiltrated tumors[15]. 
As many risk factors of  gastric cancer are modifiable, it 
is meaningful to investigate gastric cancer screening and 
preventive behaviors among high risk groups, such as the 
relatives of  patients with gastric cancer [i.e. gastric cancer 
relatives (GCRs)] such that early detection and preven-
tion can be achieved. The main purpose of  this study is 
to investigate the current status of  gastric cancer screen-
ing and preventive behaviors in GCRs.

MATERIALS AND METHODS
Study design
We performed a cross-sectional study of  Koreans (n = 
3557) who were at least 40 years old, with the aim of  
investigating the gastric cancer screening rates and pre-
ventive behaviors of  GCRs compared with those of  the 
general population. To differentiate the impact of  family 
history of  gastric cancer from that of  other cancers, we 
studied subjects with a family history of  cancer other 

than gastric cancer [i.e., non-GCRs (NGCRs)] and sub-
jects without a family history of  any cancer (controls).

Data source
We analyzed data from the 2005 Korea National Health 
and Nutrition Examination Survey (KNHANES Ⅲ), 
which was conducted by the Korea Centers for Disease 
Control to evaluate the health and nutrition status of  
the Korean population. The KNHANES Ⅲ categorized 
the nation into 600 regions at the first stage, selecting 20 
households from each region at the second stage. Data 
collected from the samples were adjusted to represent the 
entire population of  Korea. The questionnaire consisted 
of  four parts: a health interview survey, a health behavior 
survey, a health examination survey, and a nutrition sur-
vey. Information about family histories of  cancer were 
obtained from the health examination survey, cancer 
screening behaviors and smoking behaviors were assessed 
using the health behavior survey, and 1 d food intake (i.e. 
for the last 24 h prior to the survey) was evaluated using 
the nutrition survey.

Study subjects
The completion rate of  the health examination survey in 
KNHANES Ⅲ was 70.2%. Of  the 7597 subjects who 
responded to the health examination survey, we excluded 
respondents under the age of  40 years (n = 4008), former 
and current patients with stomach cancer (n = 23), and 
those who did not complete questions about their family 
history (n = 9). Data from the remaining 3557 respon-
dents were analyzed (Figure 1). The following questions 
from the health examination survey supplement were 
used to categorize the subjects into three groups: (1) “Has 
your father, mother, brother or sister ever been clinically 
diagnosed with any form of  cancer?” (responses included 
“yes” or “no”) and (2) “If  you responded ‘yes’, write the 
type of  the cancer.” These questions were asked three 
times to identify exactly which family member, if  any, had 
a history of  cancer. According to the answers, respon-
dents were categorized into the following three groups: (1) 
GCRs; (2) NGCRs; and (3) controls. We defined “cancer 
family history” as subjects whose parents or siblings had 
a history of  cancer. 

We compared the screening patterns for other com-
mon cancers (i.e., breast, cervical, and colon cancers) with 
those of  gastric cancer. We excluded subjects with a his-
tory of  breast, cervical, or colon cancer, respectively. Only 
females were included in the analysis of  breast and cervi-
cal cancer. Only subjects 50 years and older were included 
in the analysis of  colon cancer. 

Variables
Factors known or thought to affect gastric cancer screen-
ing behavior were used as covariates, including socioeco-
nomic factors (e.g., sex, age, education level, marital sta-
tus, and income), health-related behaviors (e.g., smoking 
and alcohol consumption), and psychological factors (e.g., 
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self-reported health status)[19].
Gastric cancer screening behaviors were assessed via 

the question, “When was the last time you were screened 
for gastric cancer (i.e., gastroscopy or upper gastroin-
testinal series)?” Responses included, “Less than 1 year 
ago”, “1 year to 2 years ago”, “More than 2 years ago” 
and “Never”. In accordance with the KNCSP guidelines, 
we distinguished screened and unscreened subjects based 
on whether they had undergone gastric cancer screen-
ing within the previous 2 years, and whether they had 
received a mammography or ultrasonography for breast 
cancer, a pap smear for cervical cancer, or a colonoscopy 
or barium enema for colon cancer within the past 2, 2, or 
5 years, respectively (Table 1). 

The 1 d intakes of  sodium, vitamin C, and dietary 
fiber were calculated using the subjects’ responses to the 
interviewer-administered 24-h dietary recall, a tool that 
has been used in American surveys because of  the accu-
rate and complete self-reported information that it pro-

vides[20]. In our analyses, sodium, vitamin C, and dietary 
fiber were dichotomized according to current dietary rec-
ommendations, with a maximum recommended sodium 
intake of  2000 mg[21], a minimum recommended vitamin 
C intake of  60 mg[22], and a minimum recommended di-
etary fiber intake of  20 g[23].

Statistical analysis
The STATA program (version 10.0) was used to analyze 
the data. The chi-squared test was used to analyze the gen-
eral characteristics, cancer screening, and preventive be-
haviors of  each group. Adjusted means and adjusted rates 
of  each group were analyzed via analysis of  covariance, 
after adjustment for age, sex, education, marital status, 
smoking status, alcohol consumption, income, and self-
reported health status. Crude odds ratios were analyzed 
via simple logistic regression, while adjusted odds ratios 
(aORs) were analyzed via multiple logistic regression, after 
adjustment for factors that affect gastric cancer screen-
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Selected household members for health 
examination survey (n  = 10 816)

Health examination survey of KNHANES Ⅲ 
respondents (n  = 7597)

Eligible subjects (n  = 3566)

Respondents of cancer family history, 
age ≥ 40 yr (n  = 3557)

Gastric cancer relatives (n  = 261)

Excluded
   Non-respondents of cancer family history (9 excluded)

Excluded
   Age < 40 yr (4008 excluded)
   Former gastric cancer patients (23 excluded)

Survey completion rate: 70.2%

Control (n  = 2842)

Non-gastric cancer relatives (n  = 454)

Family history of cancer (-)

Family history of gastric cancer (-)
(+)

Figure 1  Selection of gastric cancer relatives and controls.

Table 1  The national cancer screening program in Korea

Cancer Target population Frequency Test or procedure Co-payment1 (US $)

Stomach 40 and over (adults) Every 2 yr Endoscopy or Upper Gastrointestinal Series 7
Colorectal 50 and over (adults)  Every 1 yr2 Fecal Occult Blood Test3    0.5
Breast   40 and over (women) Every 2 yr Mammography and Clinical breast exam    3.5
Cervix   30 and over (women) Every 2 yr Pap smear 0

1Co-payments only applied to people with a higher income (i.e. upper 50%), and account for 20% of the total price. No co-payment is applied to the low-
income population (i.e., lower 50%). There is no co-payment for cervical cancer screening regardless of income level; 2Colorectal screening is provided every 
2 years to most of the target population, with the exception of low-income people or manual laborers; 3Colonoscopy or barium enema are performed if the 
fecal occult blood test is positive.
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ing behaviors, as mentioned above. Association analysis 
weights were used to minimize selection bias.

RESULTS
Characteristics of subjects
The socioeconomic environment, health behaviors, and 
psychological factors of  the subjects are shown in Table 2.  
Of  the 3557 subjects in the study population, 715 had a 
family history of  cancer and 261 had a family history of  
gastric cancer. The factors listed in Table 2 were used as 
variables in subsequent multivariate logistic regression 
analyses.

Gastric cancer screening behavior 
Our analysis of  gastric cancer screening rates revealed 
that GCRs were significantly more likely than the con-
trol group to undergo gastric cancer screening (39.2% 

vs 32.3%, aOR: 1.43, CI: 1.05-1.95). The gastric cancer 
screening rate of  NGCRs was not significantly different 
from that of  the control group (37.2% vs 32.3%, aOR: 
1.08, CI: 0.83-1.41) (Table 3).

The rate of  gastric cancer screening was higher among 
younger than older GCRs (42.4% vs 31.0%), and higher 
among younger GCRs than among controls (aOR 1.53 vs 
1.08) Similarly, GCRs with a high income were screened 
more often than were GCRs with middle or low incomes 
(68.4% vs 41.8% and 17.0%, respectively), or controls (aOR: 
2.70 vs 1.56 and 0.70, respectively). Gastric cancer screen-
ing did not vary according to education level (Table 4). 

Other cancer screening behaviors 
The prevalence rates of  cancer screening were slightly 
higher in GCRs and NGCRs compared with control 
subjects, although these differences were not consistently 
significant. Female NGCRs were more likely to undergo 
breast cancer screening (40.8% vs 29.6%, aOR: 1.42, CI: 
1.02-2.00) and cervical cancer screening (53.9% vs 39.9%, 
aOR: 1.51, CI: 1.04-2.20) when compared with controls. 
Female GCRs were slightly more likely to undergo breast 
cancer screening compared with the control group (40.9% 
vs 29.6%, aOR: 1.40, CI: 0.95-2.08), although this differ-
ence was insignificant. The groups did not differ with 
regards to colon cancer screening. 

Gastric cancer preventive behaviors
Gastric cancer preventive behaviors were similar among 
the three groups (Table 5). Sodium consumption was 
elevated in all three groups. The proportion of  individu-
als with excessive sodium intake (i.e. more than 2000 mg 
per day) was more than 90% in all three groups, even in 
GCRs (94.6%). There was a tendency toward higher in-
take of  vitamin C in GCRs and NGCRs compared with 
the control group [mean ± SE (mg): 110.0 ± 6.2 and 
114.1 ± 4.9 vs 98.5 ± 1.6, respectively], but this difference 
was not statistically significant after adjustment. Approxi-
mately 30% of  the subjects in each groups consumed less 
than 60 mg vitamin C per day. The average consumption 
of  dietary fiber was not significantly different among the 
groups. The proportion of  individuals with a deficient 
intake of  dietary fiber (< 20 g/d) was approximately 85% 
in all three groups. The current smoking rate was similar 
in the three groups.

DISCUSSION
To our knowledge, this is the first study of  gastric cancer 
screening and preventive behaviors among GCRs. The 
strengths of  this study are the use of  a nationally repre-
sentative sample and the inclusion of  three comparison 
groups to more clearly reveal relationships. Our findings 
suggest that GCRs undergo gastric cancer screening more 
often than others, although the gastric cancer screening 
rate among GCRs was still relatively low (39.2%). The 
rates of  breast cancer, cervical cancer, and colon cancer 
screening were not significantly higher in GCRs than in the 
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Table 2  Characteristics of gastric cancer relatives and con-
trols n  (%)

Controls 
(n  = 2842)

Non-gastric 
cancer 

relatives 
(n  = 454)

Gastric 
cancer 

relatives 
(n  = 261)

P 1

Sex
   Male 1258 (44.3) 190 (41.9) 105 (40.2)    0.321
   Female 1584 (55.7) 264 (58.2) 156 (59.8)
Age (yr)
   40-49 1024 (36.0) 211 (46.5) 104 (39.9) < 0.001
   50-59   710 (25.0) 118 (26.0)   85 (32.6)
   60-69   665 (23.4)   85 (18.7)   51 (19.5)
   ≥ 70   443 (15.6) 40 (8.8) 21 (8.1)
Education
   Elementary 1136 (40.0) 116 (25.6)   79 (30.3) < 0.001
   Middle to high 
   school

1271 (44.7) 246 (54.2) 146 (55.9)

   University and 
   higher

  435 (15.3)   92 (20.3)   36 (13.8)

Marital status
   Married 2188 (77.0) 387 (85.4) 211 (80.8) < 0.001
   Single   653 (23.0)   66 (14.6)   50 (19.2)
Smoking status
   Non-smoker 1588 (57.3) 260 (59.8) 152 (59.6)    0.657
   Ex-smoker   582 (21.0)   86 (19.8)   45 (17.7)
   Current smoker   602 (21.7)   89 (20.5)   58 (22.8)
Alcohol drinking
   None 1524 (55.0) 241 (55.4) 145 (56.9)    0.841
   More than once 
   a month

1248 (45.0) 194 (44.6) 110 (43.1)

Income (US $/mo)2

   < 1000   801 (28.2)   87 (19.2)   48 (18.4) < 0.001
   1000-5000 1825 (64.2) 315 (69.4) 192 (73.6)
   ≥ 5000 216 (7.6)   52 (11.5) 21 (8.1)
Self-reported health status
   Good   873 (30.8) 149 (33.0)   82 (31.7)    0.502
   Intermediate 1017 (35.9) 171 (37.8)   96 (37.1)
   Bad   946 (33.4) 132 (29.2)   81 (31.3)
Stress
   Low 1822 (65.7) 294 (67.6) 168 (65.9)    0.703
   Moderate   770 (27.8) 120 (27.6)   73 (28.6)
   High 180 (6.5) 21 (4.8) 14 (5.5)

1P values were calculated by using a c2 test; 21 US $ = 1000 won.
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control group. The dietary patterns and smoking behaviors 
of  GCRs were similar to those of  the other two groups.

The finding that GCRs undergo more frequent gas-

tric cancer screening is consistent with previous reports 
for other cancers. Female relatives of  patients with breast 
cancer are more likely to undergo mammogram screen-
ing than are females without a family history of  breast 
cancer[24]. Similarly, men with a family history of  pros-
tate cancer are more likely to undergo prostate cancer 
screening. These findings suggest that a family history of  
cancer creates a greater sense of  vulnerability and is an 
important factor in the decision to undergo screening[25]. 
Nonetheless, the screening rates for cancers other than 
gastric cancer were not different from those of  the con-
trols, suggesting that gastric cancer screening behaviors 
in GCRs is incidental and opportunistic, and not neces-
sarily the result of  a formal, systematic training on the 
importance of  cancer screening in general. In addition, it 
is supposed that GCRs are motivated to undergo gastric 
cancer screening because of  worries about possible can-
cer development rather than recognition of  the benefits 
of  screening. This hypothesis is also explained by the fact 
that individuals’ awareness of  the benefits of  screening, 
which is thought to be the result of  educational cam-
paigns, was no higher in GCRs than in the control group 
(63.9% vs 64.4%, Table 6). The diagnosis of  cancer in 
a first-degree relative may spur a person into action, as 
suggested by the Health Belief  Model[26], which might 
explain the increased rate of  gastric cancer screening in 
GCRs. 

 More importantly, the absolute screening rate in 
GCRs was only 39.2%, indicating that more than half  
of  the GCRs had not yet undergone regular gastric 
screening. Endoscopic mass screening for gastric cancer 
is effective in identifying cancer at an early stage and is 
cost-effective, especially in moderate- to high-risk popu-

3522 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com

Table 3  Prevalence of cancer screening n  (%)

Controls 
(n  = 2842)

Non-gastric cancer 
relatives (n  = 454)

Gastric cancer relatives 
(n  = 261)

Stomach cancer screening (within 2 yr)
   Crude rate 894 (32.3) 162 (37.2) 100 (39.2)
   Adjusted rate (%, 95% CI)2 32.2 (30.5, 34.0) 35.2 (30.8, 39.8) 38.1 (32.3, 44.2)
   Crude OR (95% CI) 1 (referent) 1.16 (0.89, 1.50)  1.47 (1.08, 2.00)a

   Adjusted OR (95% CI)1 1 (referent) 1.08 (0.83, 1.41)  1.43 (1.05, 1.95)a

Breast cancer screening (within 2 yr)
   Crude rate 456 (29.6) 102 (40.8)   61 (40.9)
   Adjusted rate (%, 95% CI)2 28.9 (26.7, 31.4) 36.5 (30.7, 42.8) 38.5 (31.0, 46.7)
   Crude OR (95% CI) 1 (referent)  1.68 (1.21, 2.33)a  1.53 (1.05, 2.23)a

   Adjusted OR (95% CI)1 1 (referent)  1.42 (1.02, 2.00)a 1.40 (0.95, 2.08)
Cervical cancer screening (within 2 yr)
   Crude rate 596 (39.9) 133 (53.9)   71 (47.7)
   Adjusted rate (%, 95% CI)2 39.1 (36.5, 41.8) 47.3 (40.7, 54.1) 43.2 (35.1, 51.7)
   Crude OR (95% CI) 1 (referent)  1.90 (1.35, 2.68)a 1.33 (0.90, 1.97)
   Adjusted OR (95% CI)1 1 (referent)  1.51 (1.04, 2.20)a 1.14 (0.76, 1.71)
Colon cancer screening (within 5 yr)
   Crude rate 309 (17.5)   55 (23.6)   33 (21.4)
   Adjusted rate (%, 95% CI)2 17.2 (15.4, 19.0) 22.6 (17.7, 28.5) 20.2 (14.6, 27.3)
   Crude OR (95% CI) 1 (referent) 1.17 (0.78, 1.74) 1.48 (0.85, 2.56)
   Adjusted OR (95% CI)1 1 (referent) 1.10 (0.73, 1.67) 1.41 (0.83, 2.41)

aP < 0.05. 1Calculated via multiple logistic regression and adjusted for age, sex, education, marital status, smoking, 
alcohol consumption, income, and self-reported health status; 2Calculated via analysis of covariance adjusted for age, sex, 
education, marital status, smoking, alcohol consumption, income, and self-reported health status. OR: Odds ratio.

Table 4  Gastric cancer screening prevalence by education 
level, age and income subgroups

Controls 
(n  = 2842)

Non-gastric 
cancer relatives 

(n  = 454)

Gastric 
cancer relatives 

(n = 261)

Education level
   Elementary
      n (%) 322 (29.2)   37 (32.5)    27 (35.1)
      aOR (95% CI)1 1 (referent) 0.93 (0.57, 1.51) 1.59 (0.85, 2.96)
   Middle and higher
      n (%) 572 (34.3) 125 (38.9) 73 (41)
      aOR (95% CI)1 1 (referent) 1.13 (0.82, 1.55) 1.36 (0.97, 1.92)
Age group (yr)
   40-59
      n (%) 585 (34.5) 118 (37.7)    78 (42.4)
      aOR (95% CI)1 1 (referent) 1.11 (0.82, 1.49)  1.53 (1.07, 2.17)a

   ≥ 60
      n (%) 309 (28.8)   44 (36.1) 22 (31)
      aOR (95% CI)1 1 (referent) 0.99 (0.57, 1.69) 1.08 (0.59, 1.98)
Income (US $/mo)
   < 1000
      n (%) 214 (27.1)   22 (26.2)   8 (17)
      aOR (95% CI)1 1 (referent) 0.86 (0.47, 1.57) 0.70 (0.28, 1.77)
   1000-5000
      n (%) 580 (32.8) 113 (37.7)    79 (41.8)
      aOR (95% CI)1 1 (referent) 1.16 (0.84, 1.60)  1.56 (1.10, 2.21)a

   ≥ 5000
      n (%) 100 (47.4)   27 (53.0)    13 (68.4)
      aOR (95% CI)1 1 (referent) 1.02 (0.46, 2.26) 2.70 (0.82, 8.88)

aP < 0.05. 1Adjusted odds ratios (aOR) were calculated via multiple logistic 
regression.
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lations[14,27]. In Korea, gastric cancer screening is provided 
as a part of  the national cancer screening program, with 
virtually no economic barrier (Table 1). Therefore, the 
gastric cancer screening rate should theoretically be high, 
even in the general population, and GCRs should under-
go at least biennial screening, barring a contraindication. 
Proper educational programs are needed to emphasize 
the benefits of  screening to GCRs, especially those who 
are older and earn a lower income. 

Although GCRs underwent gastric cancer screen-
ing more often than other people, their dietary habits 
and smoking behaviors were not significantly different 
from those of  the control group. Many members of  the 
GCR group had inappropriate dietary habits, with 94.6% 
consuming excessive sodium, 29.9% deficient in vitamin 
C, and 86.2% deficient in dietary fiber. This finding was 
consistent with a previous study of  breast cancer relatives, 
which found that female relatives were more likely to 
undertake medical actions but not lifestyle preventive be-
haviors[28]. However, another study suggested that relatives 
were motivated to change their consumption of  fruits, 
vegetables, and fat once they understood that their behav-

ior could increase their risk of  cancer[29]. It is possible that 
a large proportion of  the subjects did not completely un-
derstand the extent to which unhealthy behaviors increase 
the risk of  gastric cancer. Healthy lifestyle changes are 
most successful when individuals believe that the changes 
will reduce their risk of  adverse conditions[30]. For exam-
ple, perceived vulnerability was a primary motivator for ef-
forts to quit smoking among family members of  lung can-
cer patients[31]. These findings suggest that GCRs should 
be made aware of  the elevated risk of  gastric cancer due 
to unhealthy behaviors. However, a survey has shown that 
the general Korean public did not clearly understand the 
risk factors for gastric cancer[32]. Therefore, family educa-
tion programs should be developed to ensure that GCRs 
are aware of  the risk factors for gastric cancer and the 
importance of  regular screening and preventive behaviors. 
As the cancer diagnosis and treatment provide a teachable 
moment for family members as well as the patients them-
selves[26,31], hospital-based education programs involving 
both patients and family members could be considered as 
a potential method to deliver educational messages about 
gastric cancer screening and other preventive behaviors to 
them. In a similar example, a family-based health educa-
tion and counseling intervention program was effective 
in changing health behaviors of  children with a family 
history of  cardiovascular diseases[33]. Another promis-
ing method of  intervention is clinical treatment that is 
combined with computerized family-history tools, such as 
Family Healthware[34], which provides tailored preventive 
health messages focused on health behaviors and screen-
ing, not only for patients, but also for their doctors to of-
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Table 5  Gastric cancer-preventive behaviors

    Controls (n  = 2842)  Non-gastric cancer relatives (n  = 454) Gastric cancer relatives (n  = 261)

Crude Adjusted Crude Adjusted Crude Adjusted 

Na (mg)
   Mean intake (SE)2 5582 (66) 5602 (64)   5574 (166)   5522 (162)   5516 (213)   5483 (212)
   P value 0.86     0.99 0.76     0.50
 High sodium intake (> 2000 mg) 
   Rate, n (%)2    2625 (92.4)    93.8      429 (94.5) 94.9      247 (94.6) 95.1
   Odds ratio1 1 (referent) 1 (referent)  1.67 (1.04, 2.67)a 1.56 (0.95, 2.57) 1.34 (0.71, 2.54) 1.17 (0.61, 2.26)
Vitamin C (mg)
   Mean intake (SE)2   98.5 (1.6) 100.0 (1.6) 114.1 (4.9) 109.7 (4.1) 110.0 (6.2) 107.2 (5.4)
   P value  0.03a     0.15 0.07     0.19
 Low vitamin C intake (< 60 mg) 
   Rate, n (%)2      922 (32.4)    30.7      129 (28.4) 30.5        78 (29.9) 30.8
   Odds ratio1 1 (referent) 1 (referent) 0.79 (0.59, 1.06) 0.91 (0.67, 1.23) 0.79 (0.55, 1.13) 0.89 (0.62, 1.28)
Dietary fiber (g)
   Mean intake (SE)2     8.0 (0.1)     8.0 (0.1)     8.4 (0.2)     8.3 (0.2)     8.3 (0.3)     8.3 (0.3)
   P-value 0.20      0.30 0.08     0.14
 Low fiber intake (< 20 g) 
   Rate, n (%)2    2447 (86.1) 87      383 (84.4) 86.9      225 (86.2) 87.4
   Odds ratio1 1 (referent) 1 (referent) 0.86 (0.44, 1.66) 0.86 (0.44, 1.68) 1.17 (0.50, 2.72) 1.20 (0.50, 2.85)
Current smoking status
   Rate, n (%)2      602 (21.7)    12.9        89 (20.5) 13.2        58 (22.8) 15.4
   Odds ratio1 1 (referent) 1 (referent) 0.95 (0.69, 1.29) 1.04 (0.73, 1.47) 1.10 (0.78, 1.55) 1.18 (0.76, 1.83)

aP < 0.05. 1Adjusted odds ratios were calculated via multiple logistic regression and adjusted for age, sex, education, marital status, smoking, alcohol 
consumption, income, and self-reported health status; 2Adjusted means and adjusted rates were calculated via analysis of covariance adjusted for age, sex, 
education, marital status, smoking, alcohol consumption, income, and self-reported health status.

Table 6  Perception of the benefits of screening n  (%)

Controls 
(n  = 2842)

Non-gastric 
cancer relatives 

(n  = 454)

Gastric cancer 
relatives 

(n  = 261)

Beneficial 1783 (64.4) 292 (67.1) 163 (63.9)
Not beneficial   292 (10.5)   47 (10.8)   36 (14.1)
Have never received   696 (25.1)   96 (22.1)   56 (22.0)
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fer appropriate recommendations.
This study had several limitations. First, we were un-

able to assess the prevalence of  H. pylori existence in 
the subjects because of  the retrospective nature of  the 
study. H. pylori eradication is recommended for patients 
who are first degree relatives of  patients with gastric can-
cer[6,7,35]. Second, the survey did not assess whether the 
subjects were aware of  the causes of  gastric cancer or the 
recommended biennial gastric cancer screening. Third, 
the statistical significance may have been limited by the 
relatively small number of  GCRs. Fourth, as the design 
of  this study is cross-sectional, we have no information 
regarding the gastric screening adherence at follow-up. 
Thus, further research is needed to determine how many 
subjects actually continue to undergo a 2-year screening 
procedure. Fifth, only 70.2% of  the selected household 
members responded to the health examination survey. 
Therefore, it cannot be excluded that the other 29.8% of  
the household members who did not participate in the 
survey were less interested in health. As a result, preven-
tive behaviors could be even worse than the findings of  
this study. Finally, the survey was based on self-reported 
data, which can potentially increase the risk of  inaccuracy. 
However, the validity of  self-reported cancer screen-
ing histories and interviewer-administered 24-h dietary 
recall have been shown to be accurate and reliable[20,36], 
although few studies have examined the validity of  self-
reported upper endoscopy history, which is still used in 
national surveys.

In conclusion, GCRs were found to be more likely 
to undergo gastric cancer screening compared with the 
control group. However, this behavior may be incidental, 
opportunistic, and motivated by concern rather than a 
true recognition of  the benefits of  screening by system-
atic education. The overall gastric cancer screening rate 
was relatively low in GCRs. The GCRs did not differ 
from controls with regards to the 1 d intake of  sodium, 
vitamin C, and dietary fiber and a high proportion of  
GCRs reported inappropriate dietary habits. In addition, 
the smoking rate was similar in GCRs and controls. To 
promote awareness about gastric cancer screening and 
prevention in GCRs, family education programs should 
be developed and implemented in a systematic manner.
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