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Abstract

Background This multi-center cohort study aimed to investigate whether sex and prediagnosis lifestyle affect the
prognosis of gastric cancer.

Methods Patients with gastric cancer were from four gastric cancer cohorts of the National Cancer Center of China,
The First Hospital of Lanzhou University, Lanzhou University Second Hospital, and Gansu Provincial Cancer Hospital.
Prediagnosis lifestyle factors in our study included body mass index (BMI) at diagnosis, usual BMI, weight loss, the
history of Helicobacter pylori (Hp) infection, and the status of smoking and drinking.

Results Four gastric cancer cohorts with 29,779 gastric cancer patients were included. In total patients, female
patients had a better prognosis than male patients (HR=0.938, 95%Cl: 0.881-0.999, P=0.046). For prediagnosis
lifestyle factors, BMI at diagnosis, usual BMI and the amount of smoking were statistically associated with the
prognosis of gastric cancer patients. Female patients with smoking history had a poorer survival than non-smoking
females (HR=0.782, 95%Cl: 0.616-0.993, P=0.044). Tobacco consumption > 40 cigarettes per day (HR=1.182, 95%CI:
1.035-1.350, P=0.013) was independent adverse prognostic factors in male patients. Obesity paradox was observed
only in male patients (BMI < 18.5, HR=1.145, 95%Cl: 1.019-1.286, P=0.023; BMI: 23-27.4, HR=0.875, 95%Cl: 0.824~

0.930, P<0.001; BMI=27.5, HR=0.807, 95%Cl: 0.735-0.886, P<0.001).
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Introduction
Gastric cancer, the fifth most prevalent cancer worldwide
and the fourth leading cause of cancer-related deaths, is
twice as common in males as in females [1, 2]. However,
it remains to be discussed whether sex disparity exists in
the prognosis of gastric cancer. In most studies, female
patients had a better prognosis than male patients [3—
12], whereas several other studies showed no indepen-
dent sex-related associations with overall survival (OS)
[13-16]. Three studies even showed that males with gas-
tric cancer had a better prognosis [17-19].

Extensive evidence indicates that prediagnosis life-
style factors such as cigarette smoking [20—22], alcohol
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Conclusions Sex and some prediagnosis lifestyle factors, including BMI at diagnosis, usual BMI and the amount of
smoking, were associated with the prognosis of gastric cancer.

Keywords Gastric cancer, Sex disparity, Prediagnosis lifestyle factors, Prognosis, Gastrectomy

consumption [21, 22], BMI [23-25], and Hp infection
[26-28] might significantly affect the prognosis of gas-
tric cancer. To date, evidence for the association between
prediagnosis lifestyle factors and prognosis in gastric
cancer patients has been inconsistent. The prediagnosis
lifestyle habits of males and females are quite different.
And it is possible that this difference between male and
female gastric cancer patients might modify the relation-
ship between sex and the prognosis of gastric cancer.

Thus, we conducted a multi-center cohort study using
four gastric cancer cohorts from the National Cancer
Center of China, The First Hospital of Lanzhou Univer-
sity, Lanzhou University Second Hospital, and Gansu
Provincial Cancer Hospital to clarify the effects of sex
and prediagnosis lifestyle on the prognosis of gastric can-
cer patients. The findings of our study might assist clini-
cians in identifying high-risk groups with risk factors,
forecasting prognoses, and devising personalized treat-
ment strategies.

Methods
Study population and data source
In this multi-center cohort study, gastric cancer patients
from four gastric cancer cohorts of the National Cancer
Center of China, The First Hospital of Lanzhou Univer-
sity, Lanzhou University Second Hospital, and Gansu
Provincial Cancer Hospital between January 2000 and
December 2020 were included in the study. The four
cohorts accommodated 30,034 gastric cancer patients.
The prospective database of four cohorts tracks data on
patient anthropometrics, demographics, clinical history,
past medical history, smoking and alcohol consump-
tion, family history, diagnostic tests, tumor characteris-
tics, therapeutic interventions, complications, pathologic
data, and outcomes. Except for outcomes, the rest of the
data belong to the clinicopathological factors of gastric
cancer. All data were backed up by source documents
and the accuracy of the data entered into the database
was periodically reviewed. The main exclusion criteria
was patients with incomplete gender or age informa-
tion. All patients met the inclusion criteria except for
the 255 patients with missing data. Finally, a total of
29,779 gastric cancer patients were included. Data com-
parison among four gastric cancer cohorts was shown in
Table S1.

After the analyses of all included gastric cancer
patients, we further analyzed two detailed subgroups
to avoid the risk of error in survival outcomes due to

different treatment methods: gastrectomy patients, and
no surgery patients.

Data elements

BMI was calculated as weight (kg) of gastric cancer
patients divided by the square of height (m?). The weight
in the formula when calculating BMI at diagnosis was the
weight at diagnosis, whereas usual BMI was calculated
by the weight of gastric cancer patients before they lost
weight, also known as the usual weight. The term “usual
weight” refers to an individual’s average weight over a
period of time when they are not experiencing significant
weight gain or loss. It serves as a baseline for tracking
weight changes and assessing health status, which was
recorded in the prospective database based on patient-
reported. Patient-reported is part of the standard medi-
cal approach in completing a history of lifestyle. Patients
were stratified according to the Asian criteria of BMI
classification: underweight (< 18.5 kg/m?), healthy weight
(>18.5 to <23 kg/m?), overweight (=23 to <27.5 kg/m?)
and obese (>27.5 kg/m?).

Lifestyle variables were one aspect of clinicopatho-
logical factors, which was recorded in the prospective
database based on patient-reported. Lifestyle variables
associated with smoking included smoking history (never
and smokers), duration of smoking (short-term,1-10;
mid-term,11-20; and long-term, > 20 years), and number
of cigarettes per day (<20, 21-39, and >40). For alcohol
drinking, drinking history (never and drinkers), dura-
tion of drinking (short-term,1-10; mid-term,11-20; and
long-term, > 20 years), and amount of alcohol consumed
per day (light drinkers, 1-50 ml; moderate drinkers,
51-100 ml; and heavy drinkers, > 100 ml) were included.
Subjects who smoke or drink regularly more than one
year before the present admission were regarded as
smokers or drinkers, respectively.

Upper endoscopy is performed as one of the initial
diagnostic tests in gastric cancer patients. Some patients
completed the rapid urease test, which could detect the
presence of Hp within half an hour, with an accuracy rate
of 90%.

Follow-up and survival information

The follow-up was performed through outpatient clinical
visits, telephone contact, and death registries. Last fol-
low-up was performed in August 31st, 2022. The median
and interquartile range (IQR) follow-up time were 38.10
months, 16.53 months (IQR1), and 74.13 months (IQR3),
respectively. The main long-term outcome was overall
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survival (OS), which was defined as the total time from
the diagnosis of gastric cancer to the date of death or the
last date the patient was confirmed alive.

Missing data

Patients with incomplete important clinicopathological
and prognostic information were excluded in the study.
We assumed the data to be missing at random, and pair-
wise deletion was employed to handle the missing data.

Statistical analysis

All statistical analyses were done using R (version 4.2.1)
and SPSS (version 26). Comparisons between two groups
were examined using the t test for continuous variables
and chi-square test for categorical variables. Survival
analysis was performed via Kaplan-Meier estimates
and compared using the log-rank test. The cox regres-
sion analysis was performed to identify the relationship
between prognostic factors and survival. Independent
risk factors with a p-value of less than 0.10 in the uni-
variate analysis and some clinically meaningful variables
were adopted for the multivariate analysis. Hazard ratios
(HRs) and 95% confidence intervals (CIs) were used to
estimate the risk of death. A p-value of less than 0.05 was
considered statistically significant and all the tests were
two-sided.

Results

Baseline characteristics

The baseline characteristics of the gastric cancer
patients from four gastric cancer cohorts were pre-
sented in Table 1. The number of female patients was
much less than that of male patients (25.72% vs. 74.28%,
P<0.001). In comparison to male patients, female
patients were younger in age (aged<50 years, 30.2% vs.
17.5%, P<0.001). Female gastric cancer patients showed
a higher percentage of distal (73.5% vs. 57.7%, P<0.001),
diffuse (27.2% vs. 16.3%, P<0.001), signet-ring cell carci-
noma (39.3% vs. 24.7%, P<0.001), HER-2 negative (52.2%
vs. 46.7%, P<0.001), and linitis plastica (4.2% vs. 2.1%,
P<0.001). The stage of gastric cancer was more advanced
in female patients than that of male patients (T4, 47.6%
vs. 45.2%; N3, 30.1% vs. 27.7%; M1, 14.4% vs. 11.8%; TNM
IV, 14.4% vs. 11.9%). Male patients tended to develop
vascular invasion (35.9% vs. 33.3%, P<0.001). There was
no significant difference in treatment between male and
female patients (gastrectomy: 76.6% vs. 76.8%, P=0.75;
perioperative therapy: 75.36% vs. 74.61%, P=0.506).

The prediagnosis lifestyle of male patients differed
greatly from that of female patients. Overweight and
obese patients were more likely to be male, in terms of
BMI at diagnosis (overweight, 39.6% vs. 33.2%; obese,
10.6% vs. 9.1%). Of the total male patients, 44% had
smoking history and 34.9% had drinking history. In
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contrast to male patients, only 4.6% female patients had
smoking history (P<0.001) and 3.8% had drinking his-
tory (P<0.001). In addition, the amount of smoking and
drinking were higher in male patients than in female
patients, and they also had a longer duration of tobacco
and alcohol (tobacco consumption>40 cigarettes per day:
10.7% vs. 5.0%, P<0.001; alcohol consumption>100 ml
per day: 56.6% > 32.9%, P<0.001; smoking years >20 year:
61.8% vs. 43.9%, P<0.001; drinking years>20 year: 60.7%
vs. 59.5%, P<0.001).

After stratification by type of gastrectomy, baseline
characteristics of gastric cancer patients differ slightly.
In gastrectomy patient subgroup (Table S2), the propor-
tion of patients with the most advanced gastric cancer
was less than that in the total patients (TNM IV: 3.2% vs.
12.5%). For postoperative complications, male patients
were more likely to suffer from complications after sur-
gery than female patients (4.1% vs. 3.4%, P=0.014).
Regards to other baseline characteristics, the gastrectomy
patients showed similar trends with total patients, except
for the duration of drinking. Female patients had a longer
duration of alcohol consumption than males (drinking
years>20 year: 63.1% vs. 60.9%, P<0.001). The propor-
tion of the most advanced gastric cancer patients in no
surgery patient subgroup (Table S3) was much more than
that in the total patients (TNM IV: 82.5% vs. 12.5%).
Compared with the total patients, most baseline charac-
teristics showed similar trends. However, there was no
significant difference in the amount of alcohol consump-
tion between male and female patients (P=0.449).

Overall survival (OS)

Figure 1 showed the Kaplan-Meier curves for OS of
different genders in total gastric cancer patients. The
median OS (Table S4) of total patients was as follows:
overall, 46.99 months; male patients, 46.43 months; and
female patients, 48.65 months. And female patients had
a better OS than males (P=0.017). Figure 2 showed the
Kaplan-Meier curves for OS of different BMI at diagno-
sis in total gastric cancer patients. Except obese patients,
the OS of female patients was better than that in male
patients (BMI<18.5, median OS: 34.55 vs. 31.81 months,
P=0.032; BML: 18.5-22.9, median OS: 45.01 vs. 41.71
months, P=0.005; BMI: 23-27.4, median OS: 68.33 vs.
60.07 months, P=0.01; BMI>27.5, median OS: 65.52 vs.
70.04 months, P=0.484). When usual BMI were taken
into account (Figure S1), only the healthy weight patients
had sex disparity in OS (BMI: 18.5-22.9, median OS:
46.97 vs. 42.97 months, P=0.004).

For non-smoking patients (Fig. 3), male patients had
a worse OS than female patients (median OS: 43.58 vs.
48.72 months, P<0.001). However, there was no signifi-
cant difference in OS between male and female patients
among smoking patients (median OS: 41.71 vs. 45.01
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Table 1 Characteristics of gastric cancer patients of four cohorts
Characteristics Overall (N=29779) Male (N=22120) Female (N=7659) Pvalue
N % N % N %
Sex
Male 22,120 74.3%
Female 7659 25.7%
Age at diagnosis (years)
18-34 884 3.0% 410 1.9% 474 6.2% <0.001
35-50 5282 17.7% 3446 15.6% 1836 24.0%
51-64 14,259 47.9% 11,000 49.7% 3259 42.6%
>65 9354 31.4% 7264 32.8% 2090 27.3%
Smoking history
Yes 9938 33.9% 9592 44.0% 346 4.6% <0.001
Never 19,403 66.1% 12,221 56.0% 7182 95.4%
Smoking years
Short-term (1-10 year) 832 9.6% 772 9.2% 60 21.1% <0.001
Mid-term (11-20 year) 2527 29.2% 2427 29.0% 100 35.1%
Long-term (20 yr+) 5292 61.2% 5167 61.8% 125 43.9%
No. of cigarettes (per day)
<20 (<1 pack) 7317 83.0% 7058 82.7% 259 92.5% <0.001
21-39 567 6.4% 560 6.6% 7 2.5%
>40 (=2 packs) 929 10.5% 915 10.7% 14 5.0%
Drinking history
Yes 7877 26.9% 7590 34.9% 287 3.8% <0.001
Never 21,402 73.1% 14,173 65.1% 7229 96.2%
Drinking years
Short-term (1-10 year) 713 13.2% 679 12.9% 34 21.5% 0.003
Mid-term (11-20 year) 1417 26.2% 1387 26.4% 30 19.0%
Long-term (20 yr+) 3287 60.7% 3193 60.7% 94 59.5%
Amount of alcohol consumption
Light drinkers (1-50 ml) 878 17.2% 844 17.0% 34 23.8% <0.001
Moderate drinkers (51-100 ml) 1371 26.9% 1309 26.4% 62 43.4%
Heavy drinkers (100 ml+) 2855 55.9% 2808 56.6% 47 32.9%
BMI(kg/m?) at diagnosis
<185 2318 8.6% 1531 7.7% 787 11.4% <0.001
18.5-22.9 11,582 43.2% 8400 42.1% 3182 46.3%
23-274 10,179 37.9% 7893 39.6% 2286 33.2%
>27.5 2747 10.2% 2123 10.6% 624 9.1%
Usual BMi(kg/m?)
<185 1187 5.0% 775 4.4% 412 6.7% <0.001
18.5-22.9 8776 36.6% 6267 353% 2509 40.5%
23-274 10,367 43.3% 7957 44.8% 2410 38.9%
>27.5 3618 15.1% 2757 15.5% 861 13.9%
Weight loss as % of usual weight
None 15,261 58.0% 11,335 58.1% 3926 57.7% <0.001
0-10 7606 28.9% 5769 29.5% 1837 27.0%
>10 3464 13.2% 2419 124% 1045 15.3%
H Pylori infection
Negative 1525 46.8% 1144 46.3% 381 48.4% 0.292
Positive 1735 53.2% 1329 53.7% 406 51.6%
Primary tumor location
Proximal 9006 32.4% 7516 36.4% 1490 20.9% <0.001
Distal 17,155 61.7% 11,923 57.7% 5232 73.5%
Total 1622 5.8% 1224 5.9% 398 5.6%

Lauren type
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Table 1 (continued)
Characteristics Overall (N=29779) Male (N=22120) Female (N=7659) Pvalue
N % N % N %
Intestinal 4327 19.3% 3572 21.5% 755 13.1% <0.001
Diffuse 4280 19.1% 2710 16.3% 1570 27.2%
Mixed 3059 13.7% 2403 14.5% 656 11.4%
Unknown 10,704 47.8% 7912 47.7% 2792 484%
Signet ring cell
Yes 5708 28.5% 3667 24.7% 2041 39.3% <0.001
No 14,345 71.5% 11,191 75.3% 3154 60.7%
Type of gastrectomy
Gastrectomy 22,685 76.6% 16,841 76.6% 5844 76.8% 0.75
No surgery 6922 23.4% 5152 23.4% 1770 23.2%
Surgical Margin
Negative 20,580 97.1% 15318 97.2% 5262 96.9% 0.183
Positive 608 2.9% 438 2.8% 170 3.1%
Pathologic T stage
TO+Tis 165 0.8% 126 0.8% 39 0.7% <0.001
T 4093 19.3% 2891 18.3% 1202 22.1%
T2 2351 11.1% 1792 11.3% 559 10.3%
T3 4905 23.1% 3854 24.4% 1051 19.3%
T4 9737 45.8% 7151 45.2% 2586 47.6%
Pathologic N stage
NO 7964 36.8% 5930 36.8% 2034 36.7% 0.001
N1 3640 16.8% 2757 17.17% 883 15.9%
N2 3903 18.0% 2949 18.3% 954 17.2%
N3 6139 28.4% 4469 27.7% 1670 30.1%
Pathologic M stage
MO 20,299 87.5% 15,166 88.2% 5133 85.6% <0.001
M1 2899 12.5% 2036 11.8% 863 14.4%
Pathologic TNM stage
0 163 0.7% 126 0.7% 37 0.6% <0.001
| 4866 21.0% 3573 20.9% 1293 21.6%
Il 4846 21.0% 3636 21.2% 1210 20.2%
Il 10,348 44.8% 7757 45.3% 2591 43.2%
v 2899 12.5% 2036 11.9% 863 14.4%
HER-2
Negative 7272 48.0% 5309 46.7% 1963 52.2% <0.001
+ 4585 30.3% 3414 30.0% 1171 31.1%
++ 2158 14.3% 1725 15.2% 433 11.5%
+++ 1126 7.4% 929 8.2% 197 5.2%
Linitis plastica
Yes 639 2.7% 378 2.1% 261 4.2% <0.001
No 23,424 97.3% 17,482 97.9% 5942 95.8%
Grade
Poorly 9854 46.0% 6648 41.6% 3206 59.0% <0.001
Poorly-Moderately 5648 26.4% 4528 28.3% 1120 20.6%
Moderately 4467 20.8% 3650 22.8% 817 15.0%
Well-Moderately 712 3.3% 582 3.6% 130 2.4%
Well 731 3.4% 575 3.6% 156 2.9%
Undifferentiated 17 0.1% 13 0.1% 4 0.1%
Nerve invasion
Yes 6569 34.7% 4896 34.8% 1673 34.3% 0.621
No 12,375 65.3% 9173 65.2% 3202 65.7%

Vascular invasion
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Table 1 (continued)

Characteristics Overall (N=29779) Male (N=22120) Female (N=7659) Pvalue

N % N % N %

Yes 8170 35.2% 6172 35.9% 1998 333% <0.001
No 15,040 64.8% 11,034 64.1% 4006 66.7%

ELNs
<30 13,032 65.9% 9771 66.5% 3261 64.3% 0.005
>30 6734 34.6% 4923 33.5% 1811 35.7%

Perioperative therapy
Yes 12,102 752% 9034 754% 3068 74.6% 0.506
No 3997 24.8% 2953 24.6% 1044 25.4%

Postoperative complications
Yes 886 3.8% 689 4.0% 197 3.3% 0016
No 22,324 96.2% 16,517 96.0% 5807 96.7%

months, P=0.532). With regard to alcohol drinking
(Fig. 4), the result was similar. The female patients with-
out drinking history had a better OS than male patients
who never drank (median OS: 49.27 vs. 44.70 months,
P<0.001), but there was no gender difference in OS
among drinking patients (median OS: 41.17 vs. 51.3
months, P=0.778).

Among patients who were diagnosed at an early pTNM
stage (pPTNM I and II, Fig. S2), females showed better OS
than males (median OS: not reached vs. 211.25 months,
P<0.001; median OS: 148.53 vs. 111.27 months, P=0.012,
respectively). For later pTNM stage (pTNM III and 1V),
there was no significant difference between female and
male patients in OS (median OS: 38.70 vs. 37.49 months,
P=0.671; median OS: 16.20 vs. 14.63 months, P=0.265,
respectively).

The history of Hp infection also affected the OS of
gastric cancer patients differently between different sex
(Fig. S3). Female patients showed a better survival than
males in non-Hp infection group (median OS: 123.81 vs.
85.00 months, P=0.039), but this result was not observed
in patients with Hp infection (median OS: 71.50 vs. 89.02
months, P=0.396).

After patients were divided into two subgroups based
on whether they had surgery, there was a significant dif-
ference in the effect of sex on OS (Fig. S4). In the gas-
trectomy patient group, the OS of female patients was
significantly better than that of male patients (median
OS: 79.05 vs. 72.76 months, P<0.001). However, for no
surgery patients, male gastric cancer patients had a bet-
ter OS than female patients (median OS: 20.10 vs. 17.76
months, P=0.044).

Survival outcomes in univariate and multivariate analyses

Univariate analysis (Table 2) showed female patients had
better survival than male patients (HR=0.955, 95%CI:
0.92-0.992, P=0.017). The history of Hp infection had no
effect on the survival of male and female patients respec-
tively (male patients: HR=1.056, 95%CI: 0.922-1.209,

P=0.432; female patients: HR=0.782, 95%CI: 0.61-1.001,
P=0.051). Variables with a P-value of less than 0.10 in the
univariate analysis or considered clinically relevant were
involved in the multivariate analysis, including sex, age
at diagnosis, smoking history, the duration of smoking,
the amount of smoking, drinking history, the duration
of drinking, the amount of alcohol consumption, BMI at
diagnosis, usual BMI, weight loss, tumour location, type
of gastrectomy, the grade of tumour, signet ring cell and
pITNM stage.

The results of univariate analysis among the gastrec-
tomy patients were showed in Table S5. For no surgery
patients (Table S6), there was no significant difference
on survival among female patients with different BMI at
diagnosis (female patients: BMI<18.5, reference; BMI:
18.5-22.9, P=0.851; BMI: 23-27.4, P=0.190; BMI>27.5,
P=0.075). Usual BMI did not affect the survival in no
surgery patients (BMI<18.5, reference; BMI: 18.5-22.9,
P=0.670; BMI: 23-27.4, P=0.398; BMI1>27.5, P=0.073).

Multivariable analysis (Table 3) showed female patients
had a better prognosis than male patients in the total
patients (HR=0.938, 95%CIL: 0.881-0.999, P=0.046).
Alcohol consumption was not associated with prognosis,
regardless of the patient’s gender. Smoking history had
no relationship with the prognosis in total patient group
(P=0.461). After gender stratification, smoking history
was associated with poor survival only in female patient
group (HR=0.782, 95%CI: 0.616—0.993, P=0.044). Smok-
ing history was not associated with the OS in male
patient group (P=0.761). However, smoking more than
40 cigarettes per day was associated with worse prog-
nosis than others in total and male patient groups (total
patients: HR=1.166, 95%CI: 1.021-1.330, P=0.023; male
patients: HR=1.182, 95%CIL: 1.035-1.350, P=0.013). This
indicates that smoking habits affected the prognosis of
gastric cancer patients.

BMI at diagnosis was an independent prognostic fac-
tor in total patient group. Overweight and obesity were
associated with good survival but underweight was the
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Fig. 1 The Kaplan-Meier curves for OS of different genders in total gastric cancer patients

opposite (BMI<18.5, HR=1.161, 95%CIL: 1.055-1.277,
P=0.002; BMIL: 18.5-22.9, reference; BMIL: 23-27.4,
HR=0.880, 95%CI: 0.834-0.928, P<0.001; BMI>27.5,
HR=0.821, 95%CIL 0.756-0.890, P<0.001). After
accounting for sex factor, the effect of BMI at diagnosis
on prognosis was only observed in male patient group.
Overweight and obese male patients had a better prog-
nosis than others, and underweight male patients showed
the worst prognosis (BMI<18.5, HR=1.145, 95%CL:
1.019-1.286, P=0.023; BMI: 18.5-22.9, reference; BMI:
23-27.4, HR=0.875, 95%CIL 0.824-0.930, P<0.001;
BMI>27.5, HR=0.807, 95%CI: 0.735-0.886, P<0.001).

Usual BMI was statistically associated with the prog-
nosis in the total patient group. Overweight and obese
patients before diagnosis of gastric cancer seemed to
have a better prognosis than others (BMI: 23-27.4,
HR=0.894, 95%CI: 0.844-0.947, P<0.001; BMI>27.5,
HR=0.878, 95%CI: 0.813-0.948, P=0.001). However,
unlike the effect of BMI at diagnosis, underweight before
developing gastric cancer was not associated with prog-
nosis (P=0.062). Once sex factor was taken into account,
usual BMI had effect on the OS only in male patient
group (BMI<18.5, P=0.173; BMI: 18.5-22.9, reference;
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BMI at diagnosis (18.5-22.9)
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Fig. 2 The Kaplan-Meier curves for OS of different BMI at diagnosis in total gastric cancer patients. a Underweight patients, b Healthy weight patients, ¢

Overweight patients, d Obese patients

BMI: 23-27.4, HR=0.878, 95%CI: 0.821-0.938, P<0.001;
BMI>27.5, HR=0.856, 95%Cl: 0.784-0.935, P=0.001).

As Table 3 shown, weight loss was associated with poor
prognosis only when the weight lost more than 10% of
usual weight in total gastric cancer patients (HR=1.288,
95%CI: 1.194-1.390, P<0.001). When male and female
patients were studied separately, the results remained the
same as before (male patients: HR=1.433, 95%CIL: 1.203—
1.708, P<0.001; female patients: HR=1.291, 95%CI:
1.118-1.491, P<0.001, respectively).

In the gastrectomy patient subgroup (Table S7), female
patients showed a better prognosis than male patients
(HR=0.897, 95%CI: 0.822-0.978, P=0.014). Most predi-
agnosis lifestyle factors showed similar trends compared
to the total patients. Smoking more than 40 cigarettes per
day was not an independent predictor for poor survival
for gastrectomy patients (P=0.841), which was incon-
sistent with the result presented in total patients. After
stratification by sex, it was still not a poor independent
prognostic factor in either male or female patients (male
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Smoking patients
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Fig. 3 The Kaplan-Meier survival curves for OS of patients with a history of smoking. a Non-smoking patients, b Smoking patients
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Fig. 4 The Kaplan-Meier survival curves for OS of patients with a history of drinking. a Non-drinking patients, b Drinking patients

patients: P=0.847; female patients: P=0.738). In the no
surgery patient subgroup (Table S8), there was no sex
disparity in the prognosis (P=0.589). In addition, pre-
diagnosis lifestyle factors were not associated with the
prognosis of gastric cancer patients without surgery.

Discussion

This multi-center cohort study systematically investi-
gated the prognostic effect of sex disparity and predi-
agnosis lifestyle factors in gastric cancer, including BMI
at diagnosis, usual BMI, weight loss, the history of Hp
infection, and the status of smoking and drinking. To the
best of our knowledge, our analysis represents the larg-
est evaluation of this issue for gastric cancer patients in
China, with the number of 29,779 gastric cancer patients
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Table 2 (continued)

Female
HR

Male

HR

Total
HR

Characteristics

(2024) 24:1149

95%Cl P value 95%Cl Pvalue
low low

Pvalue

95%Cl
low

high
0.844

high

0.838

high
0817

<0.001

0.751 0.667

<0.001

0.785 0.736

<0.001

0.73

0.772

No

Postoperative complications

Yes
No

0.79 <0.001 0.723 0.646 0.81 <0.001 0.691 0.555 0.86 0.001

0.646

0.714
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in four gastric cancer cohorts. To avoid the risk of error
in survival outcomes due to different treatment methods,
we further analyzed two detailed subgroups: gastrectomy
patients, and no surgery patients. In this study, we found
that female patients with gastric cancer had better prog-
nosis than male patients. Smoking history only affected
the prognosis of female patients, while BMI at diagnosis,
usual BMI and the amount of smoking were only inde-
pendent prognostic factors for male patients.

Gastric cancer is closely related to sex. Statistically,
the incidence of gastric cancer in males is almost twice
as high as in females [2]. The effect of sex factor on the
prognosis of gastric cancer has also been extensively
studied, but several controversies about the result still
remained. In most studies, female patients had a bet-
ter prognosis than males [3—12]. However, several other
studies showed that sex had no prognostic effect on OS
[13-16]. Three studies even demonstrated that males
with gastric cancer had a better prognosis than female
patients [17-19]. Our study showed that female patients
had a slightly better prognosis than male patients. Some
studies believed the difference in prognosis between
females and males could be related to the type of gastric
cancer [11, 29, 30]. They found proximal and cardiac gas-
tric cancer were more likely to be males, which was con-
sistent with our research, and patients with these types
of gastric cancer had a poorer prognosis than patients
with distal and non-cardiac gastric cancer. One study
suggested androgen receptors (AR) might play an impor-
tant role in the prognosis of gastric cancer [12]. AR could
play the role of oncoprotein when accepted the action of
androgens, including regulation of cell proliferation and
tumour growth. These reactions might be a major cause
of poor prognosis in male patients. In addition, AR could
provide conditions for the occurrence and progression of
tumors by activating cyclin-dependent kinases (CDKs)
and the vascular endothelial growth factor (VEGF) gene.
The expression of tumour suppressor genes p53 and p27
could be inhibited by the AR, leading to differentiation
and proliferation of gastric cancer cells. Another study
found AR-positive cells were only absent from samples
of female gastric cancer patients with T1 and T2 stage,
which might be the reason why we found that females
had better OS than males in patients with early pTNM
stage in our study [31]. Anyway, our study clearly demon-
strates statistically significant and clinically relevant sex
differences in tumor characteristics and survival among
gastric cancer patients. Therefore, the consideration of
sex disparity in cancer prevention education and treat-
ment decisions is necessary.

Our study suggested that weight loss>10% was signifi-
cantly related to the prognosis of gastric cancer in both
male and female patients. One previous study noted
that this result might be related to the comparatively
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aggressive potential of the tumor in patients who lost
weight, wherein the physical condition of being under-
weight did not cause a progression of the tumor, but
rather the progression of the tumors brought about the
weight loss [32]. In our study, we found underweight
before developing gastric cancer was not associated
with the prognosis of gastric cancer, which partly sup-
ported this opinion. Weight loss may be due to dyspha-
gia, odynophagia, anorexia or cancer cachexia as gastric
cancer progresses to more advanced stages [33, 34]. The
more advanced stages the gastric cancer patients were,
the greater surgical manipulation they required, and the
higher risk for bleeding that requires a transfusion they
had [32]. In additions, human adipose tissue may have
the function of preserving nutrients and increase the
chance of survival, thus it has a negative effect on survival
when weight lost [24, 35, 36].

Although overweight and obesity are considered an
important risk factor for the development of cancer, their
presence appears to be a paradoxical protective factor for
survival in patients [35]. Our study showed this phenom-
enon known as the obesity paradox, and was consistent
with most previous research [23, 24, 33, 37-39]. To our
surprise, after stratified by gender, this phenomenon was
only observed in male patients. No study has yet con-
cluded that the obesity paradox has sex disparity in gas-
tric cancer patients. However, one study found that only
male patients seemed to contribute to the obesity para-
dox observed in patients with acute coronary syndromes
[40]. Another study showed that obesity was associated
with improved prognosis of metastatic melanoma, driven
by strong associations observed only in male patients
treated with targeted or immune therapy [41]. And they
believed it was due to different hormone levels in obese
patients between the sexes. However, in the recent study,
some researchers have suggested that obesity or adipose
tissue is not associated with the prognosis of cancer [42,
43]. Though BMI is widely-used to measure obesity, it
may misclassify body composition (fat versus muscle).
The real factor associated with the prognosis was skeletal
muscle mass rather than fat. However, BMI still holds
significant predictive value for the prognosis of gastric
cancer patients according to the results of our study. The
consideration of BMI in treatment decisions is conducive
to the individualization of gastric cancer patients.

The effect of smoking on the prognosis of gastric can-
cer has long been investigated. Most previous studies
demonstrated that cigarette consumption might bring
an adverse effect on the prognosis [20, 22, 44—49], but
there were also some studies that showed no relationship
between smoking and the prognosis [50—52]. One study
even found an unexpected association between smoking
and better survival in gastric cancer patients [21]. Con-
sistent with most previous studies, our study suggested

Page 14 of 19

that smoking was associated with a poor prognosis for
gastric cancer. In one study, cigarette smoke exposure
could increase TxA2 release [20]. TxA2 mediated diverse
biologic effects, such as platelet activation, cell contrac-
tion and angiogenesis, which might facilitate tumor
growth and metastasis in smokers. In addition, nicotine
is one of the main ingredients in cigarettes. Although
nicotine was not carcinogenic by itself, it induced pro-
liferation and angiogenesis in several preclinical models
[53-55]. Moreover, smoking had an adverse impact on
the pulmonary, circulatory, and immunologic systems,
and on wound healing, which might reduce the effect of
gastrectomy or other treatments [56, 57]. However, the
impact of cigarette consumption was different between
the sexes. Female patients with smoking history had a
worse prognosis than non-smokers, regardless of how
much they smoked in our study. Among male patients,
smoking only had adverse effects if they smoked more
than 40 cigarettes per day. Although the exact mecha-
nism was unclear, the reason could be that females were
more susceptible to the adverse effects of smoking as a
result of biological differences, such as immunological or
hormonal determinants [58—65]. As such, prediagnosis
smoking habits might contribute to the development of
cancer also appear to exert an influence on cancer out-
comes. Quitting smoking promptly is critical not only
for cancer prevention but also for improving overall
outcomes.

There are many available studies regarding the prog-
nostic effect of drinking on gastric cancer, but the results
were inconsistent. Some studies believed alcohol con-
sumption was associated with poor prognosis [21, 44,
66, 67], but others showed drinking had few impacts in
the survival of gastric cancer patients [22, 48, 50, 51, 68].
Our study showed there was no significant association
between drinking and long-term prognosis, regardless
of the amount and duration of alcohol consumption. As
such, the association between alcohol consumption and
the prognosis of gastric cancer still needs further study.

The history of Hp infection has always been a high-risk
factor for gastric cancer [2]. However, its effect on prog-
nosis has not yet been established. There were many stud-
ies that believed Hp infection would develop the progress
or lead to the recurrence of gastric cancer, which brought
poor prognosis for gastric cancer patients [28, 69-72].
One study found Hp infection was significantly associ-
ated with heparanase expression, which might promote
the invasion and metastasis of gastric cancer and cause
a poorer prognosis in the end [73]. In another study,
the effects of Hp infection on gastric cancer were as fol-
lows: it caused DNA damage and affected the repair of
the tumor microenvironment (TME) to the damage,
activated the oncogenic signaling pathways to promote
cancer growth, and modulated the immune environment
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within the TME [74]. However, more studies have found
the opposite that Hp positive status was associated with
better outcome [26, 27, 75-86]. Those studies suggested
that although Hp infection increased the risk of gastric
cancer, the histological type of gastric cancer induced by
Hp was associated with a better prognosis [75, 77, 86].
And they believed the immune change caused by Hp
infection was beneficial to the prognosis of gastric cancer
patients [26, 78, 82]. In addition, some studies found that
there was no relationship between Hp infection and the
prognosis of gastric cancer [87-89], which were consis-
tent with our research.

One of the main strengths of this study is the large
number of patients included, which allows the identifica-
tion of sex differences with clinical relevance and statis-
tical significance. Another strength is we analyzed three
groups included total patients, gastrectomy, and no sur-
gery groups, which avoids the risk of error in survival
outcomes due to different treatment methods. How-
ever, when interpreting the findings of this study, several
potential limitations need to be considered. Firstly, many
patients may change their lifestyle after the diagnosis of
gastric cancer, such as stopping or limiting their tobacco
and alcohol consumption. This may lead to differences
in survival due to lifestyle changes after diagnosis, which
has a potential confounding effect on the result of our
study. Secondly, the incorrect collection of smoking
and drinking history in patients with gastric cancer may
occur when lifestyle factors were collected in an indirect
manner due to recall bias. Thirdly, the sample of no sur-
gery patients was relatively small. Therefore, the results
might not be used as a reference for patients who cannot
undergo surgery.

Conclusions

In conclusion, our study contributes to a better under-
standing of the effects of sex disparity and prediagnosis
lifestyle factors on the long-term prognosis of gastric
cancer. Female gastric cancer patients had a better prog-
nosis than male patients. For prediagnosis lifestyle fac-
tors, BMI at diagnosis, usual BMI and the amount of
smoking were statistically associated with the prognosis
of gastric cancer patients, but drinking and the history
of Hp infection were not related to survival outcomes.
Female patients with smoking history were at increased
risk of poorer survival than who never smoke. Male
patients who smoked more than 40 cigarettes per day had
a worse prognosis than other male patients. Obesity par-
adox was only observed in male patients. Further inves-
tigation is needed to elucidate mechanisms targeting the
complex effects of sex and prediagnosis lifestyle factors
on prognosis.
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