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Background: The survival benefit of excess body weight is controversial across
various subpopulations. We assessed the effect of weight status on all-cause
mortality among patients with type 2 diabetes (T2DM) undergoing subtotal gastrectomy for gastric cancer. Methods: Medical charts of 210 patients with T2DM
treated at 2 university hospitals were examined retrospectively. All patients had
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INTRODUCTION
Excess body weight is associated with negative health
outcomes, including diabetes, cancer, and all-cause mortality1-4); however, it has been difficult to address heterogeneity
of the effect of weight status on mortality according to
population characteristics, especially in older adults5-7). Considering that detecting heterogeneity of the weight status
effect poses serious analytical challenges, attempting to define a subpopulation group and assess group-specific results
is essential8).
We confined our study population to patients with con-

current gastric cancer and type 2 diabetes (T2DM) who underwent subtotal gastrectomy for cancer, considering the
potential effects of those 2 diseases and surgery on weight
status and mortality. Patients with gastric cancer are generally older adults, and overall survival of this cancer seems
to be increasing with progress in surgery and perioperative
medicine9,10). Cancer often induces progressive weight loss
by the cachectic process or anorexia11), and postoperative
weight loss is well recognized as a reduction in calorie intake
and malabsorption12).
T2DM also influences weight status due to medical treatments or lifestyle modifications after diagnosis, and patients
with diabetes have approximately twice the mortality risk
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13)
of individuals without diabetes . T2DM status has been
known to be influenced by gastrectomy for cancer and postoperative weight loss14,15). According to a previous meta-analysis, about half of nonobese T2DM patients experienced diabetes improvement after subtotal gastrectomy for cancer16).
The aims of the present study were, first, to assess the
weight status effect on mortality in T2DM patients undergoing
subtotal gastrectomy for cancer, and second, to identify
any potential baseline characteristics, including age, that
could differentiate patients with and without survival benefits.

MATERIALS AND METHODS
1. Study Population
The medical charts of 2,085 patients with gastric cancer
who had undergone a radical subtotal gastrectomy between
January 1993 and December 2012 at 2 university hospitals
were retrospectively reviewed. Patients who did not have
diabetes or had a body mass index (BMI; weight in kilograms
divided by height in meters squared) <18.5 kg/m2, diabetes
secondary to a specific disease or glucocorticoid treatment,
other endocrinopathies, surgical history of other organ resection, distant metastasis, and recurrence of gastric cancer
were excluded from this study. A total 210 T2DM patients
were consequently included. Informed consent was obtained
from all patients before surgery. This study was approved
by the Institutional Review Board (approval number: ED 14008).

2. T2DM and Weight Status
T2DM was diagnosed using either fasting plasma glucose
levels or oral glucose tolerance test results, in accordance
17)
with the American Diabetes Association . Patients were considered to have diabetes if they had a history of diabetes
and diabetes medication use. Normal weight, overweight,
and obesity were defined as BMI 18.5-24.9 kg/m2, 25-29.9
kg/m2, and ≥30 kg/m2, respectively18). Participants were classified according to their weight status at gastric cancer diagnosis.

3. Surgical Procedures
Participants in this study had undergone a subtotal gastrectomy to treat gastric cancer lesions in the distal part
of the stomach. The extent of resection was determined
according to the location of the primary tumor and lymph
node status. Patients underwent Billroth I (BI) reconstruction
following a complete Kocher maneuver in order to mobilize
the duodenum and a tension-free, side-to-end hand-sutured
gastroduodenostomy. For patients undergoing Billroth II (BII)
reconstruction, the duodenum was transected approximately

2 cm distal to the pylorus with a linear stapler, followed by
a distal gastrectomy and BII anastomosis using a hand-sutured
or stapled technique. Hand-sutured extracorporeal anastomosis was performed between the gastric remnant and the
chosen jejunal loop, approximately 10-15 cm distal to the
ligament of Treitz. BII reconstruction was selected for cases
in which the tumor was close to the pylorus, suprapyloric
and infrapyloric lymph node invasion was noted, or the tension
was too high to perform BI anastomosis. BI reconstruction
was performed for intestinal continuity. A vagotomy was
routinely performed during lymph node dissection in all
patients.

4. Postoperative Management
All patients returned to our centers for follow-up at least
every 6 months during the first 3-year postsurgery. Complete
evaluations were performed on all patients, both prior to
surgery and during the follow-up period. Routine follow-up
included a review of prescribed medication, an assessment
of nutritional behaviors, anthropometric and clinical parameter measurements, and blood sampling for laboratory tests.
In this study, no patients received neoadjuvant chemotherapy
or radiotherapy; patients with stage II or higher cancers
were treated postoperatively with 5-fluorouracil-based adjuvant chemotherapy.

5. Main Outcome Measures and Covariates
The primary outcome of this study was all-cause mortality,
which is a robust and unbiased index that does not require
adjudication to avoid biased clinical assessments or documentation19). Follow-up mortality data through December
31, 2013 were validated with information obtained from the
Korean National Statistical Office’s Microdata Service System, using a unique personal identification number.
The covariates in this study included age, sex, BMI, glycated
hemoglobin level, fasting plasma glucose level, hypoglycemia
medications, smoking status, total cholesterol level, blood
pressure, cancer stage, adjuvant chemotherapy, type of reconstruction, and Charlson comorbidity index measured at
baseline. Gastric cancer staging was performed according
to the American Joint Committee on Cancer staging manual20). We used the Charlson comorbidity index, which has
been used to compare various comorbidities according to
the strength of their relationships with mortality, to quantify
the comorbidity burden21).

6. Statistical Analyses
Categorical and continuous variables were presented as
percentages and mean±standard deviation (SD), respectively.
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Patient characteristics at baseline were stratified by weight
status and compared using the Pearson chi-square test for
categorical variables and Student t-test or Mann-Whitney
test for continuous variables. Kaplan-Meier survival curves
with log-rank chi-square were used to compare mortality
by weight status.
Multivariable Cox proportional hazards regression models
were used to estimate adjusted hazard ratios for investigating
the association between weight status and all-cause mortality. Variables with a p-value ≤0.20 in the univariate analyses were considered for the multivariable Cox regression
model. We used a backward elimination process (variables
with p<0.05 were retained) to build the multivariable model.
Log-log survival plots were used to evaluate the proportional
hazards assumption, and no relevant violation was found.
To reduce the potential for confounding in this observational study, results were rigorously adjusted for differences
in patient baseline characteristics using weighted Cox proportional hazards regression models with inverse probability
weighting (IPW)22). Weights for normal weight and overweight/obese patients were calculated as the inverse of 1
minus propensity score and inverse of the propensity score,
respectively. Propensity scores were estimated using multiple
logistic regression analysis regardless of the outcomes. We
developed a full nonparsimonious model including the variables presented in Table 1. Model discrimination was assessed

using the C-statistic, and model calibration was estimated
using the Hosmer-Lemeshow test. The model was found to
be well calibrated, with reasonable discrimination (C-statistic=0.71) based on overall data (Hosmer-Lemeshow test;
p=0.24).
To evaluate whether the effect of weight status varied
across subgroups, we tested the interaction between group
assignments and risk factor categories. Differences in the
effect of overweight/obese between subgroups were assessed with a Cox proportional hazards model, by including
an interaction term between the subgroup category and
the study group. Statistical analyses were performed using
Stata 13 (Stata Corp., College Station, TX, USA). A 2-tailed
p-value <0.05 was considered statistically significant.

RESULTS
1. Baseline Characteristics
The mean age of the study population was 64.3 years
(SD, 8.7 years), and 71.0% of patients were men (Table 1).
Within the study population, 32.4% and 67.6% of patients
underwent BI and BII reconstruction, respectively. Patients
with stage I gastric cancer comprised the largest proportion
of the study population (73.3%), followed by those with stage
II (16.7%) and stage III (10.0%) cancers. Of all patients en-

Table 1. Distribution of covariates stratified by weight status
Characteristic
Normal weight (n=126)
Age (yr)
64.5±8.9
Female sex
28 (22.2)
2
22.3±1.9
Body mass index (kg/m )
Diabetes factors
Glycated hemoglobin (%)
7.31±1.30
Fasting plasma glucose (mg/dL)
149.9±55.4
Disease duration (yr)
8.2±6.8
Hypoglycemic medications
Insulin:OHA:no use
11:104:11 (8.7:82.5:8.7)
Ever smoked
27 (21.4)
Total cholesterol (mg/dL)
165.7±36.8
Systolic blood pressur (mmHg)
122.1±12.8
Diastolic blood pressure (mmHg)
76.7±8.5
Blood pressure medications
62 (49.2)
Cancer stage
I:II:III
97:21:8 (77.0:16.7:6.3)
Adjuvant chemotherapy
45 (35.7)
Type of reconstruction
43:83 (34.1:65.9)
Billroth I:Billroth II
Charlson comorbidity index
1:2:3
91:20:15 (72.2:15.9:11.9)
Values are presented as mean±standard deviation or number (%).
2
2
Normal weight, BMI=18.5-24.9 kg/m ; overweight/obese, BMI ≥25 kg/m .
OHA, oral hypoglycemic agent.
*p-values obtained by t-test and chi-square test.
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Overweight/obese (n=84)
64.0±8.4
33 (39.3)
27.3±2.0

p-value*
0.65
0.008
<0.001

7.37±1.40
147.5±44.5
6.4±5.6

0.74
0.74
0.04

9:71:4 (10.7:84.5:4.8)
15 (17.9)
169.1±38.0
123.3±14.2
77.0±8.5
52 (61.9)

0.51
0.53
0.52
0.53
0.82
0.07

57:14:13 (67.9:6.7:15.5)
35 (41.7)

0.09
0.38

25:59 (29.8:70.2)

0.51

68:8:8 (81.0:9.5:9.5)

0.32
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rolled in this study, 38.1% received adjuvant chemotherapy.
The groups were similar for all observed characteristics, except for the proportion of female patients (normal weight,
22.2%; overweight/obese, 39.3%; p=0.008), mean BMI (nor2
2
mal weight, 22.3 kg/m ; overweight/obese, 27.3 kg/m ; p<
0.001), and mean diabetes duration (normal weight, 8.2 years;
overweight/obese, 6.4 years; p=0.04).
The normal weight group had a mean age of 64.5 years
(SD, 8.9 years), glycated hemoglobin level of 7.31% (SD,
1.30%), and fasting plasma glucose level of 149.9 mg/dL (SD,
55.4 mg/dL). Within the normal weight group, 8.7% and 49.2%
of patients used insulin therapy and blood pressure medication, respectively. The overweight/obese group had a mean
age of 64.0 years (SD, 8.4 years), glycated hemoglobin level
of 7.37% (SD, 1.40%), and fasting plasma glucose level of
147.5 mg/dL (SD, 44.5 mg/dL). Within the overweight/obese
group, 10.7% and 61.9% of patients used insulin therapy
and blood pressure medication, respectively.

2. All-Cause Mortality
The mortality rate was 25.2% (normal weight, 30.2%; overweight/obese, 17.9%) after a median follow-up duration of
6.1 years (interquartile range, 3.5-8.3 years; maximum, 14.4
years). A borderline significant difference in mortality risk
was shown between the groups (Fig. 1) in the Kaplan-Meier
curve (log-rank chi-square=2.9, p=0.08). According to multivariable Cox proportional hazards regression analyses, overweight/obese was independently associated with a decreased
risk of all-cause mortality compared with normal weight (hazard ratio [HR], 0.49; 95% confidence interval [CI], 0.26-0.94;
p=0.03) (Table 2). After IPW adjustment, patients in the overweight/obese group continued to have significantly lower
all-cause mortality compared with those in the normal weight
group (HR, 0.51; 95% CI, 0.34-0.77; p=0.001).

3. Subgroup Analyses

Fig. 1. Kaplan-Meier survival estimates of all-cause mortality in patients stratified by weight
status. Normal weight was defined as body mass index (BMI) 18.5-24.9 kg/m2; patients categorized
as overweight/obese had BMI ≥25 kg/m2.

Table 2. Associations between body mass index or weight status and all-cause mortality
Body mass index (per 1 kg/m2 increase)
Weight status†
HR
95% CI
p-value*
HR
95% CI
p-value*
Unadjusted
0.86
0.78-0.94
0.001
0.60
0.33-1.09
0.09
Multivariable adjusted
0.87
0.79-0.95
0.003
0.49
0.26-0.94
0.03
Adjusted by IPW
0.83
0.75-0.92
<0.001
0.51
0.34-0.77
0.001
HR, hazard ratio; CI, confidence interval; IPW, inverse probability weighting using propensity score.
*p-values obtained by weighted Cox proportional hazard regression models and inverse probability weighting. †Overweight/obese
patients compared with normal weight patients.
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Fig. 2. Forest plots for all-cause mortality. Adjusted hazard ratios for all-cause mortality based
on subgroups in the overweight/obese group compared with the normal weight group. (A)
Multivariable adjusted; (B) inverse probability weighting adjusted (see Table 2).
A significant interaction was identified between the study
groups and age (p=0.01 for interaction) whereas a borderline
interaction was observed for diabetes duration (p=0.08 for
interaction; Fig. 2). The risk of all-cause mortality did not
decrease in patients aged ≥65 years (mean, 71.1 years) in
the overweight/obese group compared with the normal
weight group (HR, 0.68; 95% CI, 0.29-1.59). The risk of allcause mortality was significantly reduced in patients aged
<65 years (mean, 57.5 years) in the overweight/obese group
compared with the normal weight group (HR, 0.18; 95% CI,
0.03-0.97). A reduced risk of all-cause mortality was observed
in patients with diabetes duration <5 years (mean, 2.9 years)
in the overweight/obese group compared with patients in
the normal weight group (HR, 0.35; 95% CI, 0.14-0.89).
However, the risk of all-cause mortality in men with diabetes
duration ≥5 years (mean, 12.0 years) was not significantly
different between the groups (HR, 0.42; 95% CI, 0.12-1.56).

DISCUSSION
To our knowledge, this study is the first to evaluate the
heterogeneity of weight status effect on long-term survival
among patients with T2DM undergoing subtotal gastrectomy
for gastric cancer. We showed that patients with T2DM who
were overweight or obese had a lower all-cause mortality
rate compared to normal weight patients after undergoing
subtotal gastrectomy for cancer. Significant and borderline
interactions between age and diabetes duration were identified within the study groups. The results of the present study
were consistent with prior studies in other prevalent cohorts,
including studies conducted among patients with diabetes23-26).
The methodologic challenges to evaluating the impact
of weight status on mortality in older adults are considerable.
Compared with other age groups, older adults usually have
74 www.e-agmr.org

multiple health risks and decreased life expectancy, so single-cause mortality has less influence on survival as the patient ages27). In addition, reverse causality attributable to
illness-associated weight loss most strongly affects estimates
derived from older adults. Appropriate statistical analysis
for evaluating the heterogeneity of risk factor effects on
subgroups begins with subgroup analysis and a statistical
test for interaction28,29).
In the purported obesity paradox, the survival benefits
of overweight or obesity have been reported in patients
with heart failure, hypertension, end-stage renal disease,
23,25,26,30-32)
. However,
and more recently, in patients with T2DM
gastrectomy for cancer is a potentially novel setting for
assessing this phenomenon among patients with T2DM.
Gastric cancer remains the most prevalent cancer in East
Asia33). The age at presentation is increasing among patients
with gastric cancer9), specifically in South Korea, and gastric
cancer has become more common in older adults, with 16.1%
of patients aged ≥70 years10). Malnutrition has been widely
recognized in patients with gastric cancer, either owing to
the disease itself or owing to surgical and oncological treatment. For example, patients who undergo gastrectomy lose
7% to 15% of their body weight, usually within a year after
surgery, and do not return to a preoperative weight12). Gastrectomy itself improves the glycemic control of patients
with T2DM, independent of postoperative weight loss15).
According to the findings of the present study, a survival
benefit was observed in a subgroup of overweight/obese
patients aged <65 years but not in those aged ≥65 years.
Human aging could shift the association between BMI and
lower risk of mortality. Older adults aged >70 years appear
to have BMIs that are related to reduced mortality risk across
the overweight or class I obese range34); however, the reduced
mortality risk is either lower or not observed in adults with
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more severe levels of obesity compared with those in the
overweight or class I obese range. Mean BMI (27.3; SD, 2.0
2
kg/m ) in the younger overweight/obese group in the present
study was mainly in the overweight range, which is nearly
equal to the optimal BMI for reduced mortality. However,
a higher optimal BMI for reduced mortality in the older subgroup compared with the younger subgroup resulted in the
loss of significance of the lower mortality rate observed
in the overweight/obese group; this might be explained by
higher perioperative mortality compared with the younger
group35). In a bariatric surgical study involving a population
of older veterans in the United States, no mortality advantage
associated with weight reduction was demonstrated36).
Further assessment for the heterogeneity among older adults
of concurrent gastric cancer and T2DM is needed.
In the present study, a lower mortality rate in the overweight/obese group was observed only in a subgroup of
patients with diabetes duration <5 years (Fig. 2). New-onset
T2DM in older adults appears to have a benign course compared with long-term T2DM, which could have a less confounding effect on the lower mortality rate of the overweight/obese group in our study. Long-term diabetes has
not shown an association with survival advantage, and senile
diabetes does not significantly change the clinical course37).
New-onset T2DM in older adults is related to both improved
glucose control38) and a lower frequency of microvascular
complications, as compared with long-term diabetes39). In
addition, according to a previous meta-analysis, diabetes
duration of <5 years is a clinical predictor for identifying
possible diabetes improvement in patients undergoing subtotal gastrectomy for cancer16).
This study had several limitations. First, because the study
population consisted of Korean adults, the results might not
be generalized to other ethnic groups. In particular, considering ethnic differences in obesity or fat deposition, Asian
populations show a higher prevalence of diabetes compared
with BMI- and waist circumference-matched Western population groups40,41). Second, we did not consider each patient’s postoperative diabetes status in the survival analysis.
The remission or improvement of T2DM after subtotal gastrectomy to treat gastric cancer might influence the weight
status effect on mortality. BMI and diabetes duration have
been identified as clinical predictors for identifying possible T2DM amelioration in patients undergoing subtotal gastrectomy for cancer (higher BMI or diabetes duration<5
years)16). Although we considered these factors when constructing a statistical model of survival analysis, this issue
should be assessed in additional studies. Third, different surgery types have different effects on T2DM and postoperative
BMI changes42,43). We only included subtotal gastrectomy
cases, to decrease the confounding effects of the extent
of gastrectomy. Further research is required to assess the

effect of the extent of gastrectomy and various reconstruction methods. Finally, owing to this study’s retrospective
and nonrandomized design, it is possible that other unknown
factors could confound the association between weight status and mortality among T2DM patients undergoing subtotal
gastrectomy for cancer.
Nevertheless, considering the novel concept of assessing
the heterogeneity of weight status effect on long-term survival among T2DM patients undergoing subtotal gastrectomy,
we believe that our study provides important clues for the
treatment of patients with concurrent gastric cancer and
T2DM, who are generally older adult patients. Further research should be conducted to identify the mechanism of this
response and to determine the associations with other groups
of patients with diabetes, surgical patient groups, or subtypes
that have been assessed thus far, if any, using only small
groups.
In summary, among participants aged <65 years and possibly in patients with diabetes duration <5 years who had undergone subtotal gastrectomy for cancer, significantly reduced
all-cause mortality risk was observed in the overweight/obese
group compared with the normal weight group. A more precise index of weight status reflecting mortality, rather than
BMI, is needed for the population of patients with T2DM
undergoing subtotal gastrectomy for cancer.
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