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Abstract
BACKGROUND
Lifestyle factors such as body mass index (BMI), alcohol drinking, and cigarette
smoking, are likely to impact the prognosis of gastric cancer, but the evidence has
been inconsistent.

AIM
To investigate the association of lifestyle factors and long-term prognosis of
gastric cancer patients in the China National Cancer Center.

METHODS
Patients with gastric cancer were identified from the China National Cancer
Center Gastric Cancer Database 1998-2018. Survival analysis was performed via
Kaplan-Meier estimates and Cox proportional hazards models.

RESULTS
In this study, we reviewed 18441 cases of gastric cancer. Individuals who were
overweight or obese were associated with a positive smoking and drinking
history (P = 0.002 and P < 0.001, respectively). Current smokers were more likely
to be current alcohol drinkers (61.3% vs 10.1% vs 43.2% for current, never, and
former smokers, respectively, P < 0.001). Multivariable results indicated that BMI
at diagnosis had no significant effect on prognosis. In gastrectomy patients,
factors independently associated with poor survival included older age (HR =
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1.20, 95%CI: 1.05-1.38, P = 0.001), any weight loss (P < 0.001), smoking history of
more than 30 years (HR = 1.14, 95%CI: 1.04-1.24, P = 0.004), and increasing pTNM
stage (P < 0.001).

CONCLUSION
In conclusion, our results contribute to a better understanding of lifestyle factors
on the overall burden of gastric cancer and long-term prognosis. In these patients,
weight loss (both in the 0 to 10% and > 10% groups) but not BMI at diagnosis was
related to survival outcomes. With regard to other factors, smoking history of
more than 30 years conferred a worse prognosis only in patients who underwent
gastrectomy. Extensive efforts are needed to elucidate mechanisms targeting the
complex effects of lifestyle factors.

Key words: Gastric cancer; Lifestyle factors; Prognosis; Cohort study; Body mass index;
Cigarette smoking

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Lifestyle factors are likely to impact the prognosis of gastric cancer, but the
evidence has been inconsistent. We conducted a single-center, large-scale bidirectional
cohort study to investigate the association of lifestyle factors with long-term prognosis in
patients with gastric cancer in China. Among these patients, weight loss but not body
mass index at diagnosis, was related to survival outcomes. With regard to other factors,
smoking history of more than 30 years conferred a worse prognosis only in patients who
underwent gastrectomy.

Citation: Zhao LL, Huang H, Wang Y, Wang TB, Zhou H, Ma FH, Ren H, Niu PH, Zhao DB,
Chen YT. Lifestyle factors and long-term survival of gastric cancer patients: A large
bidirectional cohort study from China. World J Gastroenterol 2020; 26(14): 1613-1627
URL: https://www.wjgnet.com/1007-9327/full/v26/i14/1613.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i14.1613

INTRODUCTION
Gastric cancer is the third leading cause of cancer-related mortality and the sixth most
common cancer globally[1]. More than 70% of new cases occur in developing countries,
and half of the world’s total cases occur in Eastern Asia, mainly in China[2]. As the
patient population grows, factors contributing to improved or adverse survival are
becoming a focus of increasing interest.

Obesity defined as high body mass index (BMI) results from the expansion of white
adipose tissue, commonly referred to as fat. To date, evidence for the association
between BMI and prognosis in gastric cancer patients has been inconsistent. Some
studies[3-8] have reported that being overweight was associated with improved long-
term survival for gastric cancer patients who underwent gastrectomy, whereas other
results[9-16]  showed that  BMI was not  a  prognostic  factor.  Three studies[17-19]  even
demonstrated poor survival of gastric cancer patients with higher BMI. However,
some previous studies have used coarse categories, such as BMI < 25.0 and ≥ 25[8,15,20,21].
Furthermore,  these  results  may not  apply  to  the  Chinese  population  due  to  the
different BMI categorization criteria for Asians; therefore, the association between
BMI and prognosis is unclear in China.

Similarly, the prognostic effects of alcohol drinking and smoking status at diagnosis
of gastric cancer are also contradictory, although cigarette smoking is known to be
associated with stomach cancer risk[22,23]. Alcohol drinking at diagnosis was reported
to decrease survival in patients with gastric cancer in some studies[24,25], while several
other studies[26,27] did not confirm this finding. Some studies[28-31] have shown a positive
association between smoking and overall survival (OS) in gastric cancer, while other
studies[24,26,32] have found that smoking status was not statistically related to prognosis.
There is a deficiency in most published studies, especially prospective studies, which
have not adjusted for potentially significant covariates such as gastrectomy.

Thus, we conducted a single-center, large-scale bidirectional cohort study in the
China  National  Cancer  Center  to  investigate  the  three  major  lifestyle  factors
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mentioned above - BMI, alcohol drinking, and smoking - and attempted to clarify the
association of these factors with the OS of patients with gastric cancer.

MATERIALS AND METHODS

Population
All patient records were abstracted from the China National Cancer Center Gastric
Cancer Database. The China National Cancer Center Gastric Cancer Database is a
clinical  gastric  cancer database based on a huge bidirectional  cohort,  which was
sourced from the China National Cancer Center, a single but large-volume institution
with patients from all over China from 1998 to 2018. After the diagnosis of gastric
cancer was confirmed by pathology, 18441 patients were included in this study. The
AJCC 8th edition was used for TNM staging. The median follow-up of gastric cancer
patients was 62.7 ± 3.5 mo until December 2018. 1818 patients were lost during the
follow-up period with a loss rate of 9.86%. The geographical locations of these gastric
cancer patients are shown in Figure 1.

After the analyses of all included gastric cancer patients irrespective of surgery, we
further analyzed three detailed subgroups: Consisting of gastrectomy patients, no
surgery  patients,  and  only  gastric  cancer  patients  with  curative  gastrectomy.
Gastrectomy was defined as surgery with or without D2 lymphadenectomy, while
curative  gastrectomy was  defined  as  patients  who  underwent  surgery  with  D2
lymphadenectomy and had negative margins.

Statistical analysis
BMI at diagnosis was calculated as weight at diagnosis (kg) of gastric cancer divided
by the square of height (m2). For the analysis of BMI according to the Asian criteria,
patients were stratified according to the following BMI categories: Underweight (<
18.5 kg/m2),  healthy weight (≥ 18.5 to < 23 kg/m2),  overweight (≥ 23 to < 27.5.0
kg/m2) and obese (≥ 27.5 kg/m2).

Other lifestyle variables related to cigarette  smoking included smoking status
(never,  current,  and former smokers),  time since quitting smoking (1-9 and ≥ 10
years), number of cigarettes per day (≤ 20, 21-39, and ≥ 40), and duration of smoking
(1-29 and ≥ 30 years). For alcohol drinking, drinking status (never, current, and former
drinkers) and amount of alcohol consumed per day (light drinkers, < 15.0 g; moderate
drinkers, ≥ 15.0 g to < 53.5 g; and heavy drinkers, ≥ 53.5 g) was included. Subjects who
quit smoking or drinking within one year before the present admission were regarded
as current smokers or drinkers, respectively.

Categorical variables were compared using the χ2 test, and continuous variables
were analyzed by the Student’s t-test. Survival curves were plotted for total patients,
no-surgery, gastrectomy and only curative gastrectomy groups, respectively, using
the Kaplan-Meier method and compared using the log-rank test. Hazard ratios (HRs)
and  95%  confidence  intervals  (CIs)  were  used  to  estimate  the  risk  of  death  by
employing the multivariate Cox proportional hazards models with adjustment for
gender,  age,  pTNM stage,  adjuvant  therapies,  and gastrectomy.  The group with
healthy weight (≥ 18.5 to < 23 kg/m2) was the reference group. A two-sided P value
less than 0.05 was considered statistically significant. All the statistical analyses were
performed using SAS software v9.4 (SAS Institute, Inc., Cary, NC, USA).

RESULTS

Clinical characteristics
In this study, we included 18441 gastric cancer patients diagnosed between 1998 and
2018 (Table 1). Of these subjects, more than half were males (13533, 73.4%) with a
median age of 58.5 years.  Of the total  subjects,  84.5% experienced weight loss at
diagnosis when compared with their usual weight, 40.5% had a smoking history, and
33.2% had a drinking history. During the follow-up period, 4717 (25.6%) deaths were
recorded in our database.

Compared to those with a healthy BMI at diagnosis, overweight and obese patients
had more weight loss (0% to 10%) than patients with healthy weight (81.6% vs 81.9%
vs 75.9%, P < 0.001). Underweight patients were more likely to be diagnosed at a later
stage than other groups (pTNM IV, 17.0% vs 13.7% vs 10.6% vs 9.6%, P < 0.001).

Current drinkers tended to be at a later pTNM stage (stage IV, 44.2% vs 12.6% vs
11.9%, P < 0.001) with a proximal location in the stomach (47.0% vs 33.4% vs 34.5%)
than never or former drinkers. In terms of cigarette smoking, former smokers were
older  (aged ≥  66  years,  37.9% vs  30.0  vs  23.0%,  P  <  0.001)  than never  or  current
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Figure 1

Figure 1  The geographical locations of gastric cancer patients in the China National Cancer Center Gastric
Cancer Database, 1998–2018.

smokers. Current smokers were also more likely to be current alcohol drinkers (61.3%
vs 10.1% vs 43.2%, P < 0.001) as compared to never or former smokers.

Survival outcomes in univariate analysis
Figure 2 shows the Kaplan-Meier curves for OS of different BMIs at diagnosis in total
gastric  cancer  patients,  no  surgery,  gastrectomy,  and only  curative  gastrectomy
patients.  The median OS of  total  patients  for  each BMI category was as  follows:
underweight, 12.5 years; healthy weight, 13.0 years; overweight, 13.6 years; and obese,
13.6  years  (P  <  0.001).  For  no  surgery  patients,  the  results  were  as  follows:
Underweight, 5.7 years; healthy weight, 5.0 years; overweight, 5.9 years; and obese,
6.1  years  (P  =  0.26).  For  the  gastrectomy group,  survival  status  was  as  follows:
Underweight,  14.0 years;  healthy weight,  14.0 years;  overweight,  14.2 years;  and
obese, 14.4 years (P < 0.001). For the only curative gastrectomy group, survival status
was as follows: Underweight, 14.1 years; healthy weight, 14.3 years; overweight, 14.3
years; and obese, 14.5 years (P = 0.002). The 3- and 5-year OS for different gastrectomy
groups are presented in Supplementary Table 1.

Kaplan-Meier survival comparisons (Supplementary Figure 1 and Supplementary
Table 2) showed no association between smoking status and the OS of gastric cancer
patients,  even stratified in  the  only curative  gastrectomy group.  With regard to
alcohol drinking, there was a significant difference between drinking status among no
surgery patients (P = 0.009), but not in the other groups (Supplementary Figure 2 and
Supplementary Table 3). Survival of those with both smoking and alcohol drinking
status  was also  analyzed (Figure 3  and Supplementary Table  4),  and significant
differences were observed in the total and gastrectomy groups.

Univariate analysis (Supplementary Table 5) showed that overweight and obese
patients had better survival than those with normal weight (HR = 0.92, 95%CI: 0.88-
0.96, P < 0.001 and HR = 0.89, 95%CI: 0.83-0.96, P = 0.001, respectively), while the
discrepancy in survival rate was attenuated in the gastrectomy group (HR = 0.95,
95%CI: 0.90-1.00, P = 0.04 and HR = 0.91, 95%CI: 0.84-0.99, P = 0.03, respectively).
However, for curative gastrectomy patients, only the overweight group showed an
improved survival (HR = 0.94, 95%CI: 0.89-1.00, P = 0.049). Weight loss of > 10% of
the usual weight was a significant risk factor for mortality in the four groups (P <
0.001). As shown in Table 2, smoking history of more than 30 years was a prognostic
factor  of  poor  survival  for  total  patients  and  gastrectomy  patients  (P  <  0.001).
However,  drinking  status,  even  heavy  drinking,  was  not  a  negative  prognostic
indicator.
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Figure 2

Figure 2  Kaplan-Meier survival curves for overall survival of patients with a different body mass index at
diagnosis. A: Total gastric cancer patients; B: No surgery patients; C: Gastrectomy patients; D: Only curative
gastrectomy patients. BMI: Body mass index.

Survival outcomes in multivariable analysis
The J-shaped relationship between BMI at diagnosis and survival in patients after
multivariate-adjusted analysis of different gastrectomy groups is shown in Figure 4.
The HR for total gastric cancer patients was the lowest (HR = 0.90; 95%CI: 0.86-0.94) at
a  BMI  of  25.96,  followed  by  a  BMI  of  28.20  for  no  surgery  patients,  25.47  for
gastrectomy patients, and 25.50 for only curative gastrectomy patients. However, the
multivariable  results  (Table  2)  indicated  that  BMI  at  diagnosis  did  not  affect
prognosis.
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Table 2  Multivariate survival analysis

Prognostic factors

Total (n = 18322)1 No surgery (n = 3142)2 Gastrectomy (n = 15180)3

Only curative
gastrectomy (n =
13695)4

HR
95%CI

P
value HR

95%CI
P
value HR

95%CI
P
value HR

95%CI
P
valueLow-

er
Upp-
er

Low-
er

Upp-
er

Low-
er

Upp-
er

Low-
er

Up
per

Gender

Male 1.00 1.00 1.00 1.00

Female 1.05 1.00 1.11 0.06 1.07 0.97 1.19 0.19 1.05 0.99 1.11 0.13 1.04 0.97 1.11 0.25

Age at diagnosis (yr)

Younger (≤ 35) 1.00 1.00 1.00 1.00

Middle-aged (36-65) 1.07 0.95 1.19 0.26 0.94 0.76 1.15 0.54 1.14 0.99 1.30 0.06 1.15 1.00 1.33 0.05

Older (≥ 66) 1.10 0.98 1.23 0.12 0.89 0.72 1.11 0.30 1.20 1.05 1.38 0.01 1.21 1.05 1.40 0.01

BMI (kg/m2) at diagnosis

< 18.5 1.00 0.92 1.09 0.99 1.01 0.87 1.18 0.90 1.00 0.90 1.10 0.93 1.02 0.92 1.14 0.72

18.5-22.9 1.00 1.00 1.00 1.00

23-27.4 0.97 0.93 1.02 0.22 0.92 0.84 1.02 0.11 0.99 0.94 1.05 0.73 0.99 0.94 1.05 0.74

≥ 27.5 0.99 0.92 1.06 0.72 0.95 0.82 1.10 0.48 1.01 0.93 1.10 0.85 1.02 0.93 1.11 0.74

Weight loss as % of usual weight

None 1.00 1.00 1.00 1.00

0-10 1.14 1.07 1.20 < 0.001 1.16 1.04 1.30 0.01 1.13 1.05 1.20 0 1.11 1.04 1.19 0

≥ 10 1.24 1.15 1.34 < 0.001 1.22 1.06 1.40 0.01 1.25 1.14 1.38 < 0.001 1.22 1.10 1.34 0

Smoking status

Never smokers 1.00 1.00 1.00 1.00

Current smokers 1.02 0.94 1.10 0.66 1.05 0.89 1.23 0.57 1.01 0.92 1.11 0.78 1.03 0.93 1.14 0.58

Ex-smokers 0.93 0.84 1.03 0.17 0.95 0.76 1.19 0.66 0.93 0.82 1.04 0.20 0.91 0.81 1.03 0.15

Time since quitting smoking

Short-term (1–9 yr) 1.00 1.00 1.00 1.00

Long-term (≥ 10 yr) 1.04 0.91 1.19 0.55 1.02 0.78 1.34 0.87 1.05 0.90 1.22 0.51 1.07 0.91 1.25 0.42

No. of cigarettes (per day)

≤ 20 (1 pack) 1.00 1.00 1.00 1.00

21-39 1.07 0.93 1.22 0.36 1.29 1.00 1.66 0.05 0.98 0.84 1.16 0.84 0.99 0.83 1.17 0.87

≥ 40 (≥ 2 packs) 1.03 0.92 1.16 0.59 0.91 0.72 1.15 0.43 1.09 0.95 1.24 0.22 1.08 0.94 1.24 0.30

Duration of smoking (yr)

1-29 1.00 1.00 1.00 1.00

≥ 30 1.08 1.00 1.16 0.05 0.94 0.81 1.09 0.40 1.14 1.04 1.24 0 1.13 1.04 1.24 0.01

Alcohol consumption

Never drinkers 1.00 1.00 1.00 1.00

Current drinkers 0.82 0.58 1.18 0.29 1.54 0.71 3.37 0.28 0.75 0.50 1.12 0.16 0.88 0.59 1.32 0.54

Ex-drinkers 0.86 0.59 1.24 0.42 1.33 0.63 2.80 0.46 0.75 0.49 1.16 0.19 0.86 0.56 1.32 0.48

Amount of alcohol consumption

Light drinkers (< 15.6 g/d) 1.00 1.00 1.00 1.00

Moderate drinkers (≥ 15.6 g/d to
< 53.5 g/d)

1.25 0.86 1.81 0.25 0.97 0.45 2.13 0.95 1.27 0.83 1.94 0.28 1.07 0.70 1.64 0.75

Heavy drinkers (≥ 53.5 g/d) 1.25 0.88 1.79 0.21 0.78 0.37 1.66 0.52 1.37 0.91 2.06 0.13 1.15 0.77 1.73 0.50

pTNM

I 1.00 1.00 1.00 1.00

II 1.48 1.33 1.66 < 0.001 3.65 0.45 29.50 0.23 1.48 1.32 1.65 < 0.001 1.38 1.23 1.56 < 0.001

III 2.31 2.12 2.52 < 0.001 4.07 0.56 29.79 0.17 2.29 2.10 2.49 < 0.001 2.19 2.00 2.39 < 0.001

IV 3.19 2.86 3.55 < 0.001 4.41 0.62 31.18 0.14 3.42 3.04 3.86 < 0.001 3.16 2.79 3.58 < 0.001

Type of gastrectomy

Gastrectomy 1.00 - - -

No surgery 1.51 1.40 1.63 < 0.001 - - - - - - - - - - - -
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1Adjust for gender, age, pTNM stage, adjuvant therapies, gastrectomy.
2Adjust for gender, age, pTNM stage.
3Adjust for gender, age, pTNM stage, adjuvant therapies.
4Adjust for gender, age, pTNM stage, adjuvant therapies.

For total gastric cancer patients, any weight loss (P < 0.001), advanced pTNM stage
(P  < 0.001),  and gastrectomy status (HR = 1.51, 95%CI: 1.40-1.63, P  < 0.001) were
independently associated with mortality. In the surgery group, factors independently
associated with poor survival included older age (≥ 66 years) (HR = 1.20, 95%CI: 1.05-
1.38, P = 0.001), any weight loss (0 to 10%, HR = 1.13, 95%CI: 1.05-1.20, P < 0.001 and >
10%, HR = 1.25, 95%CI: 1.14-1.38, P < 0.001), smoking history more than 30 years (HR
= 1.14,  95%CI:  1.04-1.24,  P  =  0.004),  and  advanced  pTNM stage  (P  <  0.001).  An
additional  mortality-related factor  for  the  only  curative  gastrectomy group was
middle age (36-65 years) (HR = 1.15, 95%CI: 1.00-1.33, P = 0.047).

DISCUSSION
This retrospective study investigated how lifestyle factors in gastric cancer patients
were associated with prognosis, including BMI at diagnosis, smoking, and drinking
status.  A  primary  finding  of  this  study  was  that  BMI  at  diagnosis  was  not
independently associated with long-term survival after adjusting for risk factors,
although weight loss of both 0 to 10% and > 10% of their usual weight were adverse
prognostic factors in gastric cancer patients.

We included 18441 patients  in  this  study,  a  larger  cohort  than most  previous
studies, and followed them for more than ten years. Four subgroups, total patients, no
surgery, gastrectomy, and only curative gastrectomy, were analyzed to eliminate the
effect  of  gastrectomy which may affect  the  survival  outcomes.  After  controlling
confounding variables, it was found that percentage weight loss of the usual weight
was associated with an increased risk of mortality in gastric cancer patients compared
to those without weight loss. It is possible that human adipose tissue may have the
function of preserving nutrients and increase the chance of survival when the human
body suffers stress, such as anti-cancer treatment[6,33,34]. Weight loss may be due to
gastric cancer-induced dysphagia, odynophagia, anorexia or cancer cachexia, thus it
has a negative effect on survival[35].

Weight management strategies for gastric cancer patients have attracted a lot of
attention; however, the relationship between obesity and cancer prognosis is complex.
Many previous retrospective studies have also evaluated the association between BMI
and the prognosis of gastric cancer in the general population; however, most of these
studies only analyzed patients with gastrectomy. A recent study[6] from Korea, which
included a cohort of 7765 patients in a single institution, noted that patients who were
overweight or mild-to-moderately obese (BMI 23 to < 30 kg/m2) preoperatively had
better OS than those with healthy weights. This result was similar to that in another
study carried out in Japan, which included 7925 patients[8]. The reasons for the above
outcomes may be due to the following: Primarily, it is more likely that obese patients
who have suffered gastric cancer have less aggressive tumors[36,37], which is consistent
with the features in our study, i.e.  the occurrence of pTNM IV tumors was more
common in underweight patients. Furthermore, patients who were overweight or
obese could achieve an ideal BMI after gastrectomy, thus acquiring better long-term
prognosis[37]. Also, a prospective study[38] involving 1033 patients showed that among
patients  of  60  and  older  that  lower  BMI  was  associated  with  all-cause  death,
displaying a J-shaped pattern (HR= 2.28 for BMI < 18.5; HR = 1.61 for 25 vs 23.0 to <
25.0 kg/m2). Conversely, higher BMI was also reported to promote the peritoneal
dissemination of gastric cancer and had a worse survival rate[17].  In summary, the
clinical analysis mainly concluded that obesity was associated with improved survival
of  patients  with gastric  cancer.  McQuade et  al[39]  indicated that  high BMI cancer
patients had improved response and survival  following treatment with targeted
therapy and checkpoint blockade immunotherapy, although a mechanistic link was
not elucidated[39,40].

Research targeting the tumor microenvironment also investigated the impact of
obesity on immune responses during cancer progression and therapy[41-43]. Trevellin et
al[44] reported that esophageal peritumoral adipose tissue and its secretion of tumor-
promoting factors are directly correlated with increased tumor growth. One study
cultured periprostatic and subcutaneous adipose tissue with prostate cancer cells and
concluded that periprostatic adipose tissue in obese individuals provided a favorable
environment for prostate cancer progression[45]. Adipocytes undergoing lipolysis were
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Figure 3

Figure 3  Kaplan-Meier survival curves for overall survival of patients with a history of both smoking and
drinking. A: Total gastric cancer patients; B: No surgery patients; C: Gastrectomy patients; D: Only curative
gastrectomy patients.

recognized  as  a  source  of  lipids  for  cancer  cells[46].  Furthermore,  a  recent  study
published in Nature Medicine demonstrated that obesity (BMI ≥ 30 kg/m2) resulted in
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Figure 4

Figure 4  Body mass index at diagnosis and overall survival in multivariate-adjusted analysis. A: Total gastric cancer patients; B: No surgery patients; C:
Gastrectomy patients; D: Only curative gastrectomy patients. BMI: Body mass index.

immune aging,  tumor progression and PD-1-mediated T cell  dysfunction across
multiple  species  and  tumor  models[43].  However,  in  our  clinical  study,  BMI  at
diagnosis was not independently associated with long-term survival in multivariable
analyses, even in the stratified gastrectomy group. Further investigations are needed
to clarify the paradoxical effects of obesity between clinical and basic research in
future studies.

Evidence  on  the  prognostic  effect  of  drinking  has  been  inconsistent.  A  meta-
analysis of 6856 cases from 7 countries showed that drinkers had a lower survival
rate,  although  there  was  significant  heterogeneity  among  the  seven  studies
included[47]. Our study revealed no significant association between drinking status
and long-term prognosis, even in the subgroup of heavy drinkers (≥ 53.5 g/d). These
differences may be partly attributed to the genetic distinction of populations with
different race and from different regions.

It was found that cigarette smoking was related to gastric cancer risk[22,23,48], and may
also have effects on prognosis. It has been demonstrated in most studies that smoking
has a null or inverse influence on OS[25-27,49]. Minami et al[24] reported a clear association
between starting smoking at an earlier age and prognosis. A possible explanation for
this  is  that  smoking  increases  serum  estrogen  metabolites,  which  have  been
postulated to induce a more aggressive tumor at a younger age. Moreover, it has been
reported in two published studies[24,31] that the risk of death caused by cancer increases
if the patients undergoing curative gastrectomy have a smoking history. This was
comparable with our research. In our multivariable analysis, we found that smoking
history of more than 30 years conferred a worse prognosis in both the gastrectomy
and curative gastrectomy groups. This may indicate that long-term cigarette smoking
has  a  significant  effect  on  the  risk  of  mortality  in  patients  who  underwent
gastrectomy. Although the cause of  this association is  unclear,  it  is  possible that
smoking has  an adverse  effect  on the pulmonary,  circulatory,  and immunologic
systems, and on wound healing[32,50]. The cumulative chronic toxic effects of long-term
smoking  may  delay  the  recovery  of  gastrectomy  patients  with  reduced  body
condition and cause poor survival outcomes.

Several limitations need to be considered in this study. Firstly, we do not have data
on changes in lifestyle factors during treatment, or in the post-treatment phase. These
measures collected systematically would allow for a better understanding of whether
change following diagnosis is associated with cancer prognosis. Secondly, BMI has
been used as the most common measure of indicating obesity due to its simplicity of
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measurement  and  availability.  However,  waist  circumference  and  actual  body
composition, particularly fat and muscle percentages, may be more reflective of the
degree of obesity. Thirdly, the study was conducted in a single institution; therefore,
the  results  might  not  be  used  as  a  reference  for  the  whole  Chinese  population.
However, the results may provide a reference value as the number of gastric cancer
patients was large, and the patients were from Northern and Eastern areas in China.
The strength of this study is that the groups analyzed included total patients, no
surgery, gastrectomy and curative gastrectomy groups.

In conclusion, our results contribute to a better understanding of lifestyle factors on
the overall burden of gastric cancer with regard to long-term prognosis. Among the
total  patients,  weight  loss  (both the 0  to  10% and > 10% groups)  but  not  BMI at
diagnosis was related to survival outcomes. Other factors, such as smoking history of
more than 30 years conferred a worse prognosis only in patients who underwent
gastrectomy. Extensive efforts are needed to elucidate mechanisms targeting the
complex effects of lifestyle factors.
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