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Abstract: This study aimed to investigate the impact of body mass

index (BMI) on the short-term and long-term results of a large cohort of

gastric cancer (GC) patients undergoing gastrectomy.

Recently, the ‘‘obesity paradox’’ has been proposed, referring to the

paradoxically ‘‘better’’ outcomes of overweight and obese patients

compared with nonoverweight patients. The associations between

BMI and surgical outcomes among patients with GC remain contro-

versial.

A single-institution cohort of 1249 GC patients undergoing gas-

trectomy between 2000 and 2010 were categorized to low-BMI

(<18.49 kg/m2), normal-BMI (18.50–24.99 kg/m2), and high-BMI

(�25.00 kg/m2) groups. The postoperative complications were classi-

fied according to the Clavien-Dindo system, and their severity was

assessed by using the Comprehensive Complication Index (CCI). The

impact of BMI on the postoperative complications and overall survival

was analyzed.

There were 908, 158, and 182 patients in the normal-BMI, low-BMI,

and high-BMI groups, respectively. The overall morbidity in the high-

BMI group (24.7%) was higher than that in either the low-BMI or the

normal-BMI group (20.9% and 15.5%, respectively; P¼ 0.006), but the

mean CCI in the low-BMI group was significantly higher (8.32� 19.97)

than the mean CCI in the normal-BMI and high-BMI groups

(3.76� 11.98 and 5.58� 13.07, respectively; P< 0.001). The

Kaplan–Meier curve and the log-rank test demonstrated that the

low-BMI group exhibited the worst survival outcomes compared with
n, MD, Zong-Guan PhD, FACS,
u, MD, PhD

subgroup analysis, a low BMI was associated with poorer survival in the

cases of stage III–IV diseases.

Low BMI was associated with more severe postoperative compli-

cations and poorer prognosis. Despite a higher risk of mild postoperative

complications, the high-BMI patients exhibited paradoxically

‘‘superior’’ survival outcomes compared with the normal-BMI patients.

These findings confirm the ‘‘obesity paradox’’ in GC patients under-

going gastrectomy.

(Medicine 94(42):e1769)

Abbreviations: AJCC = American Joint Committee on Cancer,

ARDS = acute respiratory distress syndrome, BMI = body mass

index, CCI = Comprehensive Complication Index, CI = confidence

interval, CNS = central nervous system, GC = gastric cancer, GI =

gastrointestinal, HR = hazard ratio, IC = intermediate care, ICU =

intensive care unit, JGCA = Japanese Gastric Cancer Association,

MRVpat = median reference value from patients, MRVphys =

median reference value from physicians, WHO = World Health

Organization.

INTRODUCTION

G astric cancer (GC) is the fourth most common cancer
worldwide and has become the third leading cause of

cancer deaths.1 Despite the considerable effectiveness of sur-
gical resections in conjunction with necessary adjuvant therapy,
the prognosis varies greatly among GC patients with diverse
baseline characteristics. Therefore, individualized treatment is
required to improve the surgical outcomes in these patients.2

Recently, several studies have reported that the body mass index
(BMI) may exhibit an impact on postoperative complications
and could be associated with the long-term survival of GC
patients.3–6 Thus, the impact of BMI on surgical outcomes in
GC patients has attracted significant attention in the clinical
setting.

In recent years, the surgical outcomes of patients in
different BMI subgroups has become a widely discussed
topic.7,8 Despite the evident link between obesity and surgical
difficulties, the effects of BMI on both postoperative compli-
cations and long-term survival are disputed.3,9 The ‘‘obesity
paradox’’ describes the paradoxically ‘‘superior’’ outcomes of
overweight and obese patients compared with nonoverweight
patients, which is in contrast to the commonly held belief that a
high BMI is associated with an increased risk of death in the
general population.10,11 To our knowledge, although the mech-
ositive effects of the BMI remain poorly
sity paradox’’ has been addressed in
rding surgical oncology.4,10
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Therefore, based on a cohort of unselected, single-institu-
tion patients with GC, this study aimed to investigate the effects
of BMI on both postoperative complications and long-term
survival outcomes.

METHODS

Patient Selection
After the approval of the Biomedical Ethics Committee of

West China Hospital, a consecutive group of patients with GC
who underwent gastrectomy between January 2000 and Decem-
ber 2010 were retrospectively collected using the patients
database of gastrointestinal surgery department of West China
Hospital (Sichuan, China). The detailed methods for recruiting
patients in the database have been previously described.12

Briefly, clinicopathological data were collected from the
medical charts, including the demographic data, types of
surgery, tumor location, pathological characteristics, TNM
stage (according to the American Joint Committee on Cancer,
AJCC 7th edition),13 and adverse events. Complaints of weight
loss �10% in the 1 year before admission were recorded as a
recent weight loss. The follow-up data were updated at 3-month
intervals through outpatient visits, telephone calls, or office
visits. The data were censored in November 2014. Cases with no
records of BMI, complication, postoperative therapies or fol-
low-up were excluded from this analysis. The personal infor-
mation of the individuals was redacted during the analyses.

BMI Assessment and Classification
The height and weight of each patient were measured and

recorded by trained staff at the time of hospitalization. The BMI
was calculated as the weight (kg) divided by the square of the
height (m) and was categorized according to the World Health
Organization (WHO) classification, with cut-off points of
<18.49 kg/m2 (underweight), 18.50–24.99 kg/m2 (normal
weight), 25.00–29.99 kg/m2 (overweight), and �30 kg/m2

(obese).14 The patients in this cohort were assigned to the
low-BMI group (underweight), normal-BMI group (normal
weight), and high-BMI (overweight and obese) based on their
respective BMI values.

Surgical Management
The surgical variables, including the resection pattern,

extent of lymphadenectomy, operation time, blood loss, number
of lymph nodes retrieved, postoperative complications, and
postoperative hospital stay, were obtained. The pattern of
resection was determined based on the tumor’s location and
the resection margins, but the BMI was not considered as a
factor in the selection of the surgery. In principle, a distal
gastrectomy was considered as the standard procedure for the
low-third GC and was generally followed by a Billroth-I
gastroduodenostomy, Billroth-II gastrojejunostomy, or a
Roux-en-Y gastrojejunostomy according to the surgeons’ pre-
ference. A total gastrectomy with a Roux-en-Y esophagojeju-
nostomy was performed for cases with middle and/or upper-
third GC. For upper-third GC cases with no gross involvement
of surrounding structures, a proximal gastrectomy with an
esophagogastrostomy was performed. In accordance with the
standards of the Japanese Gastric Cancer Association (JGCA)
(Ver. 3), the lymphadenectomies were performed and classified

Chen et al
as D1, D1þ, or D2.15 The extent of the lymphadenectomy was
mainly determined based on the preoperative staging, and
macroscopic evaluation.
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Assessment of Complications
Early adverse events within 30 days after the surgery

were recorded as postoperative complications (abdominal or
systemic) and were further classified into 5 grades on the basis
of the revised version of the Clavien-Dindo classification
system with reference to the therapy.16 Additionally, the
Comprehensive Complication Index (CCI), a numerical
analogue scale from 0 to 100, was calculated to rank the
severity of the combined complications in a single patient
using the following formula, as previously described:
CCI¼H(

P
MRVphys�MRVpat)/2 (Table 1).17

Statistics
The R software, version 3.1.2 (R Core Team, Austria),

was used to complete all statistical analyses and graphics.18

The patients’ characteristics and clinicopathological variables
were obtained and compared across the BMI groups. An 1-
way ANOVA and Pearson x2 test were used for the univariate
analyses where appropriate. Post hoc tests, including Tukey
honest significant difference method, were performed when an
overall significant difference occurred among the groups. The
methods for survival analysis have been previously
described.12,19 Briefly, an event was defined as death from
any cause, including postoperative death. The Kaplan–Meier
method was used to analyze the survival rates. Cox pro-
portional hazards model was used to analyze each single
prognostic factor and the Efron method was used to determine
the associations. The variables with a P-value of 0.05 or less in
the univariate analysis were considered potential candidates
for the final model of main effects and were evaluated in a
stepwise Cox proportional hazards model. In multivariate
analysis, the variables with a P-value >0.05 were discarded
in a backward stepwise procedure for the selection of signifi-
cant predictors. P-values less than 0.05 were considered
statistically significant.

RESULTS

Clinicopathological Characteristics
From January 2000 to December 2010, a total of 1936

consecutive patients with GC who underwent gastrectomy were
identified, of which 287 cases with no follow-up records, 156
cases with incomplete complication information, and 149 cases
with no records of postoperative therapies were excluded.
Additionally, 96 cases were also excluded due to incomplete
BMI data (Supplementary Figure 1, http://links.lww.com/MD/
A465). Finally, a total of 1248 patients were analyzed in this
study. For the entire cohort, the mean BMI was 21.79� 3.04 kg/
m2, with a range of 14.06 to 35.54 kg/m2. There were 908
patients (72.76%) in the normal-BMI group (18.50–24.99 kg/
m2), 158 patients (12.66%) in the low-BMI group (<18.49 kg/
m2), and 182 patients (14.58%) in the high-BMI group (BMI
�25 kg/m2). The patients’ clinicopathological characteristics
were summarized in Table 2. There was a significant difference
in the mean number of lymph nodes harvested across the BMI
groups (25.8� 13.3 vs. 24.3� 14.1 vs. 21.0� 14.0 in the low-,
normal-, and high-BMI groups, respectively; P¼ 0.002). In
particular, there was no statistical significance with respect
to recent weight loss (>10%) across the BMI groups. More
advanced diseases (stage III–IV) were more frequent in the

Medicine � Volume 94, Number 42, October 2015
lower BMI group. Additionally, among the low-BMI patients,
the proportion of patients with advanced disease (stage III–IV)
was greater among patients with recent weight loss (Fig. 1).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Clavien-Dindo Classification and CCI System

Grade Definition MRVphys MRVpat
Weight

(MRVphys�MRVpat) CCI

Grade I Any deviation from the normal postoperative course
without the need for pharmacological treatment or
surgical, endoscopic, and radiological interventions

15 20 300 (15� 20) 8.7

Allowed therapeutic regimens are as follows: drugs as
antiemetics, antipyretics, analgetics, diuretics,
electrolytes, and physiotherapy. This grade also
includes wound infections opened at the bedside

Grade II Requiring pharmacological treatment with drugs other
than those allowed for grade I complications

35 50 1750 (35� 50) 20.9

Blood transfusions and total parenteral nutrition are also
included

Grade III Requiring surgical, endoscopic, or radiological
intervention

IIIa Intervention not under general anesthesia 50 55 2750 (50� 55) 26.2
IIIb Intervention under general anesthesia 65 70 4550 (65� 70) 33.7

Grade IV Life-threatening complication (including CNS
complications)

�
requiring IC/ICU management

IVa Single-organ dysfunction (including dialysis) 80 90 7200 (80� 90) 42.4
IVb Multiorgan dysfunction 90 95 8550 (90� 95) 46.2

Grade V Death of a patient � � � 100
�

Adapted from Dindo et al16 and Slankamenac et al17. CCI is calculated using the following formula: CCI¼H(SMRVphys�MRVpat)/2.
CCI¼Comprehensive Complication Index, CNS¼ central nervous system, IC¼ intermediate care, ICU¼ intensive care unit, MRVpat¼median

p
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Postoperative Complications
A total of 10 patients died within 30 days postoperatively:

3 (1.9%) in the low-BMI group, 6 (0.7%) in the normal-BMI
group, and 1 (0.5%) in the high-BMI group (P¼ 0.251). The
overall postoperative morbidity risk was significantly higher
among the high-BMI patients (n¼ 45, 24.7%) and the low-BMI
patients (n¼ 33, 20.9%) than among the normal-BMI group
(n¼ 141, 15.5%, P¼ 0.006). As shown in Table 3, the patients
in the high-BMI group were more likely to have wound infec-
tions (P¼ 0.017), abdominal hemorrhages (P¼ 0.023), and
cardiac complications such as arrhythmias (P¼ 0.006), whereas
the low-BMI patients had a higher rate of mechanical obstruc-
tion (P¼ 0.018), sepsis (P¼ 0.023), and pulmonary compli-
cations such as pneumonia (P¼ 0.004) and pleural effusion
(P< 0.001).

The classification of the severity of the complications
among the BMI groups is presented in Table 4. In comparison
with the normal-BMI (2.6%) and high-BMI groups (3.3%),
more of the patients in the low-BMI group (7.6%) exhibited
severe complications (�IIIb) (P¼ 0.006). The mean CCI of all
of the patients in the low-BMI group (8.32� 19.97) was higher
than the mean CCI in both the normal-BMI (3.76� 11.98) and
high-BMI groups (5.58� 13.07) (P< 0.001). In subgroups of
the patients with complications, the CCI was highest in the low-
BMI group, with a mean CCI of 39.82.

Long-Term Survival
The Kaplan–Meier survival curves for the normal-BMI,

low-BMI, and high-BMI groups following gastrectomy are

reference value from patients, MRVphys¼median reference value from�
Death is arbitrarily defined with a CCI of 100.
presented in Figure 2. The 5-year overall survival (OS) was
60.7% in the high-BMI group, 50.8% in the normal-BMI group,
and 39.2% in the low-BMI group (P< 0.001). The 5-year OS of

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
patients with stage III–IV disease in the high-BMI group was
superior to that of the patients in the other two groups (17.6%,
27.3%, and 44.4% in the low-BMI, normal-BMI, and high-BM
groups, respectively; P< 0.001). However, no significant sur-
vival differences were observed among the BMI groups in stage
I–II patients (71.1%, 73.1%, and 72.4% in the low-BMI,
normal-BMI, and high-BMI groups, respectively; P¼ 0.939)
(Figure 2).

In the univariate analyses, the OS was associated with age,
BMI group, hemoglobin (<10 g/dL), albumin (<3.5 g/dL),
recent weight loss (>10%), severe complications (�IIIb), type
of gastrectomy, extent of lymphadenectomy, operation time
(�240 minutes), blood loss (�200 ml), number of lymph nodes
retrieved (�15), postoperative hospital stay (�10 days), poten-
tially curative resection (R0), tumor location, T stage, N stage,
and M stage. The variables with a P-value of 0.05 or less in the
univariate analysis were pooled in a multivariate analysis. The
multivariate analysis revealed that the age, BMI group, severe
complications (�IIIb), type of gastrectomy, number of lymph
nodes retrieved (�15), potentially curative resection (R0), T
stage, N stage, and M stage were independent predictors of the
OS (Table 5, Supplementary Table 1, http://links.lww.com/MD/
A465). The hazard ratio (HR) in the high-BMI and low-BMI
patients relative to those of normal-BMI patients were 0.764
(95% confidence interval (CI): 0.588–0.993, P¼ 0.044) and
1.380 (95% CI: 1.102–1.727, P¼ 0.005), respectively. Con-
sidering the different survival rates observed among the tumor
stages, an additional Cox model was used to compare the effect
of BMI on the mortality risk in different AJCC stages (Figure 3).

hysicians.
Only patients with stage III and IV disease exhibited a strong
survival difference; the low-BMI patients exhibited a higher
mortality risk than the normal- and high-BMI patients.
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TABLE 2. Baseline Characteristics of Patients According to BMI Groups

Low-BMI
(n¼ 158)

Normal-BMI
(n¼ 908)

High-BMI
(n¼ 182) P-Value

Age, year (median, range) 57 (26–85) 58 (21–86) 59 (35–85) 0.111
Gender 0.009

Male 100 63.3% 668 73.6% 141 77.5%
Female 58 36.7% 240 26.4% 41 22.5%

Hemoglobin (<10 g/dL) 55 34.8% 220 24.2% 31 17.0% <0.001
Albumin (<3.5 g/dL) 55 34.8% 108 11.9% 9 4.9% <0.001
Weight loss (>10%) 49 31.0% 238 26.2% 43 23.6% 0.281
Comorbidities 87 55.1% 570 62.8% 129 70.9% 0.010

Respiratory disease 63 39.9% 335 36.9% 77 42.3% 0.344
Cardiovascular disease 14 8.9% 100 11.0% 41 22.5% 0.000
Gastrointestinal disease 41 25.9% 261 28.7% 56 30.8% 0.617
Endocrine disease 9 5.7% 66 7.3% 25 13.7% 0.007
Urology disease 17 10.8% 114 12.6% 29 15.9% 0.327
Hematology disease 28 17.7% 138 15.2% 25 13.7% 0.587
Malignancy 7 4.4% 32 3.5% 3 1.6% 0.321

Type of gastrectomy 0.104
Distal 97 61.4% 480 52.9% 104 57.1%
Total 41 25.9% 248 27.3% 40 22.0%
Proximal 20 12.7% 180 19.8% 38 20.9%

Lymphadenectomy 0.527
D1 43 27.2% 244 26.9% 48 26.4%
D1þ 51 32.3% 304 33.5% 72 39.6%
D2 64 40.5% 360 39.6% 62 34.1%

Operation time (�240 min) 49 31.0% 360 39.6% 89 48.9% 0.003
Blood loss (�200 ml) 27 17.1% 235 25.9% 72 39.6% <0.001
No. of lymph nodes retrieved (�15) 128 81.0% 678 74.7% 116 63.7% <0.001
Postoperative hospital stay (�10 days) 63 39.9% 329 36.2% 69 37.9% 0.653
Potentially curative resection (R0) 131 82.9% 780 85.9% 171 94.0% 0.005
Tumor location 0.336

Upper 37 23.4% 269 29.6% 49 26.9%
Middle 19 12.0% 127 14.0% 21 11.5%
Lower 99 62.7% 490 54.0% 111 61.0%
Whole stomach 3 1.9% 22 2.4% 2 1.1%

Depth of infiltration 0.111
T1 15 9.5% 152 16.7% 61 33.5%
T2 24 15.2% 106 11.7% 31 17.0%
T3 7 4.4% 29 3.2% 7 3.8%
T4 112 70.9% 621 68.4% 114 62.6%

Lymph node involvement 0.010
N0 38 24.1% 278 30.6% 61 33.5%
N1 27 17.1% 162 17.8% 36 19.8%
N2 34 21.5% 142 15.6% 42 23.1%
N3 59 37.3% 326 35.9% 43 23.6%

Distance metastasis 26 16.5% 117 12.9% 8 4.4% 0.001
AJCC stage 0.008

I 26 16.5% 185 20.4% 43 23.6%
II 40 25.3% 264 29.1% 63 34.6%
III 66 41.8% 342 37.7% 68 37.4%
IV 26 16.5% 117 12.9% 8 4.4%

dex
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DISCUSSION

This study was conducted in an unselected and consecutive

AJCC¼American Joint Committee on Cancer, BMI¼ body mass in
cohort of Asian patients diagnosed of GC at a single institution
to assess the association between BMI and surgical outcomes
following gastrectomy, with a focus on both the postoperative

4 | www.md-journal.com
complications and long-term survival. Using the Clavien-Dindo
classification and CCI system, our results revealed that the
postoperative complications related to a high BMI primarily

.

concern minor complications. On the contrary, patients in the
low-BMI group suffered more serious complications compared
with the other 2 groups, resulting in a higher postoperative

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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mortality rate. Indeed, the BMI category was proven to be an
independent prognostic factor in the multivariate Cox model, as
the survival outcomes were gradually associated with the BMI
categories. These findings, in conjunction with recent evidence
that some classes of obesity can be considered ‘‘healthy,’’
provide some insight into the obesity paradox.20,21

FIGURE 1. The distribution of the tumor stages according to the
Due to the simplicity of its measurement, BMI has become
a widely used variable in clinical practice, classifying specific
sets of comorbidities and differential clinicopathological

TABLE 3. Postoperative Complications After Gastrectomy

Low-BMI
(n¼ 158)

Abdominal complications
Wound infection 6 3.8% 45
Nausea 6 3.8% 21
Gastroparesis 2 1.3% 12
Mechanical obstruction 2 1.3% 1
Ileus 3 1.9% 8
Abdominal abscess 3 1.9% 8
Anastomotic fistula 1 0.6% 4
Abdominal hemorrhage 3 1.9% 4
Duodenal stump fistula 0 0.0% 4
GI hemorrhage 1 0.6% 1
Diarrhea 0 0.0% 2

Systemic complications
Arrhythmia 1 0.6% 4
Pneumonia 17 10.8% 39
Pleural effusion 9 5.7% 9
Sepsis 6 3.8% 9
Urinary tract infection 2 1.3% 2
ARDS 2 1.3% 3
Heart failure 0 0.0% 2
Renal failure 2 1.3% 3
Liver failure 1 0.6% 1
CNS complications 1 0.6% 3

In-hospital death 3 1.9% 6

ARDS¼ acute respiratory distress syndrome, BMI¼ body mass index, C

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
characteristics.8 In essence, a low-BMI is typically accom-
panied by low albumin and hemoglobin levels, as we observed
in this cohort, possibly due to poor nutritional status. This
finding becomes particularly obvious in cancer patients because
of the energy disturbance resulting from cachexia.22 On the
contrary, a high BMI involves a serious change in the endocrine

I group, stratified by the signs of recent weight loss.
and metabolic responses, resulting in several specific diseases
known collectively as metabolic syndrome.23 Additionally,
excess adipose tissue may extend the operative time, cause

Normal-BMI
(n¼ 908)

High-BMI
(n¼ 182) P-Value

5.0% 18 9.9% 0.017
2.3% 8 4.4% 0.216
1.3% 3 1.6% 0.936
0.1% 0 0.0% 0.018
0.9% 3 1.6% 0.409
0.9% 1 0.5% 0.398
0.4% 1 0.5% 0.939
0.4% 4 2.2% 0.023
0.4% 3 1.6% 0.082
0.1% 2 1.1% 0.075
0.2% 0 0.0% 0.686

0.4% 5 2.7% 0.006
4.3% 11 6.0% 0.004
1.0% 1 0.5% 0.000
1.0% 3 1.6% 0.023
0.2% 0 0.0% 0.071
0.3% 0 0.0% 0.149
0.2% 1 0.5% 0.571
0.3% 1 0.5% 0.289
0.1% 0 0.0% 0.267
0.3% 1 0.5% 0.808
0.7% 1 0.5% 0.251

NS¼ central nervous system, GI¼ gastrointestinal.

www.md-journal.com | 5



TABLE 4. Effect of BMI Group on Postoperative Complications Using Clavien-Dindo Classification and CCI System

Low-BMI
(n¼ 158)

Normal-BMI
(n¼ 908)

High-BMI
(n¼ 182) P-Value

Presence of any complications 33 20.9% 141 15.5% 45 24.7% 0.006
Clavien-Dindo classification <0.001

I 5 3.2% 54 5.9% 19 10.4%
II 6 3.8% 46 5.1% 14 7.7%
IIIa 10 6.3% 17 1.9% 6 3.3%
IIIb 4 2.5% 9 1.0% 2 1.1%
IVa 2 1.3% 6 0.7% 3 1.6%
IVb 3 1.9% 3 0.3% 0 0.0%
V 3 1.9% 6 0.7% 1 0.5%

Severe complications� IIIb 12 7.6% 24 2.6% 6 3.3% 0.006
CCI of all patients

�
8.32� 19.97 3.76� 11.98 5.58� 13.07 <0.001

CCI of patients with complications
�

39.82� 25.75 24.20� 20.78 22.56� 17.62 <0.001

Chen et al Medicine � Volume 94, Number 42, October 2015
more blood loss, impair the dissection of the lymph nodes and
cause the entire operation to be more difficult.24 Thus, it is
reasonable to hypothesize that all of these features may even-
tually result in poorer surgical outcomes for both low-BMI and
high-BMI patients.

In previous studies that assessed the association between
BMI and postoperative complications, the overall morbidity
was represented by counting only the single most severe
complication, rather than combining it with the other compli-
cations of the individuals.5,9,25,26 Thus, a confounding bias may
have occurred, considering that the definitions and the interpret-
ation of complications varies greatly among different medical
centers. In our view, the overall morbidity is an essential
outcome measurement; however, the effect of BMI on the
severity of the complication is of more concern in general
practice. The Clavien-Dindo classification and CCI system
used in the present study provided an ideal method for yielding
a standardized assessment of the burden and severity of the
postoperative complication in each patient.16,17 Using this
method, we stratified the postoperative complications by their
severity with reference to the therapy, and we then incorporated
all of the complications that occurred in a single patient, which
allowed us to assess the effect of the BMI on the surgical
complications from the perspective of their severity.

This study demonstrated a higher overall morbidity in the
high-BMI group than in the low-BMI group, which is consistent
with previous studies reporting a U-shaped association between
BMI and the surgical outcome.4 The higher overall morbidity
among the high-BMI patients primarily resulted from the high
incidence of wound infections, which corresponded to nearly
40% of the patients with complications in the high-BMI group.
Despite the surgical complexity caused by excessive subcu-
taneous fat,9 the high-BMI patients were more likely to exhibit
insulin resistance and poor glycemic control, both of which
have been confirmed as risk factors for slow wound recov-
ery.27,28 Furthermore, the metabolic states of high-BMI patients
may alter the volume of the distribution and clearance of drugs,
impairing the effectiveness of standard antibiotic agents, which

BMI¼ body mass index, CCI¼Comprehensive Complication Index.�
Reported as mean� standard deviation.
may also contribute to the relationship between a high BMI and
wound infection.29 Thus, we suggest that the high-BMI patients
were at greater risk for overall postoperative complications than

6 | www.md-journal.com
the patients in the other BMI groups due to technical difficulties
and metabolic disturbances.

However, in addition to the unequal distribution of mor-
bidity across the BMI groups, we noted substantial differences
within the severity of the complications across the BMI groups.
Based on the CCI measurement, the patients in the low-BMI
group were likelier to suffer complications that were more
frequent and more severe compared with the high-BMI patients.
The higher CCI of the postoperative complications in the low-
BMI patients were primarily due to a combination of infections,
including pneumonia, pleural effusion, and sepsis. This finding
is not unexpected, given that malnutrition has been considered a
major risk factor for morbidity and mortality due to infec-
tions.30,31 With a higher risk of advanced GC, the underweight
patients were more likely to suffer from malnutrition secondary
to impaired oral intake, cancer-related anorexia, and increased
catabolic energy expenditure.22,32 These major aberrations in
energy metabolism in turn impair the immunologic response.33

Based on these considerations, we believe that a more cautious
therapeutic strategy, including nutritional supplementation and
prophylactic antibiotics, should be recommended for under-
weight patients who require a gastrectomy to help prevent any
severe adverse events.34

These have been several studies investigating the impact of
BMI on the long-term outcomes of GC patients who underwent
gastrectomy. A meta-analysis by Wu et al35 demonstrated that
GC patients with a BMI�25 kg/m2 correlated with an increased
surgical difficulty, complication, and poor long-term survival.
In their analyses, the authors hypothesized that the excess
accumulation of visceral fat might impair patient survival as
a result of increased comorbidities and complications. How-
ever, a study from Asia found no significant difference in 5-year
overall survival among patients with BMI <25, 25–30, and
>30 kg/m2.36 In another study, Ejaz et al26 investigated 775
patients using a multi-institutional data set of US population and
found that underweight patients with BMI <18.5 kg/m2 had a
significantly decreased OS after gastrectomy while OS did not
differ among normal-BMI and high-BMI patients. More

recently, Wong et al37 examined 186 patients at a single
institutional in United States and concluded that overall and
disease-free survival were significantly associated with

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



stra
ati

Medicine � Volume 94, Number 42, October 2015 BMI and Gastric Cancer
increased BMI. However, BMI did not associate with OS in
multivariate analysis.

Based on a cohort of unselected, single-institution patients,
our study demonstrated that the high-BMI GC patients exhib-
ited a significantly prolonged OS compared with their normal
counterparts while underweight patients tended to have a
significantly decreased OS. This is contrast to the findings
presented by Lin et al,36 but consistent with several studies
in literature.3,6,26,37 The inconsistent results between these
studies might be attributed to numerous factors including study
population, selection criteria of patients, and sample size.

FIGURE 2. Kaplan–Meier survival analyses according to the BMI,
(D) stage III; (E) stage IV.

�
A small number of high-BMI stage IV p
Among all these factors, the selection criteria of patients are
crucial due to the fact that our present study unselectively
included GC patients with distant metastasis. One important

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
factor in the association between BMI and prognosis is the
tumor stage, wherein the risk of advanced cancers was nearly
doubled in underweight patients compared with the high-BMI
patients in this cohort. It is possible that underweight patients in
the setting of advanced tumors may account for the higher risk
of death in the low-BMI group. However, the BMI group
remained an independent predictor of OS after controlling
for a broad range of stage-related confounding variables, such
as the depth of infiltration, lymph node involvement, distant
metastasis, and potentially curative resection. Furthermore,
taking into account both the BMI group and the cancer stage,

tified by the AJCC stages. (A) All stages; (B) stage I; (C) stage II;
ents were excluded from the corresponding subgroup analysis.
we demonstrated that the survival of the patients with stage III–
IV disease was significantly influenced by their BMI group,
with the poorest prognosis in the low-BMI group and a better
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TABLE 5. Univariate and Multivariate Analysis of Prognostic Factors for Overall Survival

Univariate Analysis Multivariate Analysis

Parameter Category
Hazard Ratio

(95% CI) P-Value
Hazard Ratio

(95% CI) P-Value

Age 1.011 (1.003, 1.018) 0.004 1.01 (1.003, 1.018) 0.007
Gender Female vs. male 0.927 (0.772, 1.113) 0.416
BMI Normal-BMI 1 1

Low-BMI 1.405 (1.124, 0.1755) 0.003 1.380 (1.102, 1.727) 0.005
High-BMI 0.713 (0.550, 0.925) 0.011 0.764 (0.588, 0.993) 0.044

Hemoglobin (<10 g/dL) Yes vs. no 1.352 (1.310, 1.617) <0.001
Albumin (<3.5 g/dL) Yes vs. no 1.572 (1.274, 1.940) <0.001
Weight loss (>10%) Yes vs. no 1.536 (1.293, 1.824) <0.001
Severe complications (�IIIb) Yes vs. no 3.083 (2.180, 4.358) <0.001 1.897 (1.331, 2.705) <0.001
Type of gastrectomy Distal 1 1

Total 1.875 (1.562, 2.250) <0.001 1.249 (1.036, 1.507) 0.020
Proximal 1.334 (1.078, 1.652) 0.008 1.295 (1.037, 1.619) 0.023

Lymphadenectomy D1 1
D1þ 0.726 (0.593, 0.889) 0.001
D2 0.803 (0.661, 0.975) 0.027

Operation time (�240 minutes) Yes vs. no 1.277 (1.086, 1.501) 0.003
Blood loss (�200 mL) Yes vs. no 1.108 (0.927, 1.324) 0.262
No. of Lymph nodes retrieved (�15) Yes vs. no 0.780 (0.646, 0.942) 0.010 0.788 (0.647, 0.959) 0.018
Postoperative hospital stay (�10 days) Yes vs. no 1.213 (1.028, 1.430) 0.022
Potentially curative resection (R0) Yes vs. no 0.265 (0.218, 0.323) <0.001 0.619 (0.487, 0.786) <0.001
Tumor location Upper 1

Middle 0.812 (0.624, 1.056) 0.119
Lower 0.739 (0.618, 0.885) 0.001
Whole stomach 3.366 (2.117, 5.352) <0.001

Depth of infiltration T1 1 1
T2 1.754 (1.093, 2.817) 0.020 1.155 (0.712, 1.874) 0.559
T3 4.446 (2.501, 7.907) <0.001 2.542 (1.404, 4.604) 0.002
T4 6.188 (4.278, 8.950) <0.001 2.472 (1.652, 3.700) <0.001

Lymph node involvement N0 1 1
N1 2.154 (1.602, 2.896) <0.001 1.804 (1.332, 2.442) <0.001
N2 2.687 (2.014, 3.583) <0.001 1.887 (1.392, 2.557) <0.001
N3 6.985 (5.487, 8.892) <0.001 4.546 (3.458, 5.976) <0.001

Distance metastasis Yes vs. no 4.159 (3.397, 5.091) <0.001 1.663 (1.300, 2.125) <0.001
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prognosis in both the normal-BMI and high-BMI groups. In
contrast, the effect of BMI on survival was not large enough
to be appreciable in the patients with stage I–II disease. These
results suggest that only in the patients with advanced cancers
does the prognosis differ greatly among the BMI groups. Thus, we
suppose that the survival differences among the BMI groups are
not entirely the result of the unequal distribution of the tumor
stage, and the patients with a high BMI may be more able to
withstand the cancer-induced consumption and stress compared
with the low-BMI patients, supporting the ‘‘obesity paradox.’’

The ‘‘obesity paradox’’ was firstly documented by Dr.
Carl Lavie study regarding heart failure.38 In the subsequent
studies, the positive effects of BMI have been addressed in
patients with coronary disease, stroke, kidney disease, diabetes,
and certain forms of cancer.20 In a study including over 2
million people, being overweight was associated with a sig-

BMI¼ body mass index, CI¼ confidence interval.
nificantly lower all-cause mortality, whereas grade 1 obesity
was not associated with a higher mortality, suggesting that
individuals with a BMI between 25 and 35 could be considered

8 | www.md-journal.com
healthy rather than ill.21 This finding becomes particularly
interesting considering that the majority of high-BMI patients
in this cohort, who had a superior survival outcome compared
with normal-, and low-BMI patients, were classified either as
overweight or as class I obese. Although the mechanism
underlying the positive effects of BMI are still not well under-
stood, intensive researches on this topic have revealed that
factors secreted by adipose tissue, such as adipokines, may play
essential roles in the ‘‘obesity paradox’’ via the manipulation of
both inflammation and immunity.39 Anyway, this study con-
firmed the existence of ‘‘obesity paradox’’ in GC patients who
underwent gastrectomy, which may facilitate further study to
reveal the potential molecular mechanism underlying this
phenomenon.

Our study has some limitations. First, even with a cohort of
more than 1000 patients, the sample size was still relatively

small in subgroup analyses (eg, the tumor stages). This became
particularly obvious when we sought statistically significant
findings for the postoperative complications between the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 3. The effect of BMI on overall survival in different AJCC stages. The HR (boxes) and 95% CI (error bars represent values) were
calculated after adjusting for age, severe complications (�IIIb), number of lymph nodes retrieved (�15), and potentially curative resection
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groups. Second, as this is a single-institution study based on an
Asian cohort, the distribution of BMI was obviously left shifted
compared to those in Western populations. The range of BMI
included in this study may not characterize the high side of BMI
distribution in Western population (ie, morbidly obesity). Thus,
the results from this study need to be validated in Western
countries before extrapolation to other surgeons or institutions.
Another limitation of our study is that we did not have data for
the postoperative BMI changes. Therefore, we cannot comment
on the impact of surgery on changes in the BMI among patients
with GC who underwent gastrectomy.

In conclusion, the present study suggests that low BMI
may be associated both with more severe postoperative com-
plications and poor prognosis among stage III–IV GC patients.
Despite a higher risk of mild postoperative complications, high-
BMI GC patients undergoing gastrectomy exhibit a paradoxi-
cally ‘‘superior’’ survival outcome compared with normal-BMI
patients, confirming the existence of ‘‘obesity paradox.’’ With a
distinct left-shifted distribution of BMI, Asian GC patients,
particularly those with low BMI, should receive optimized
management based on their BMI.
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