
Abstract. Background/Aim: A recent nationwide survey using
the National Clinical Database in Japan identified a high
proportion of low-weight patients, who are defined as low body
mass index (BMI) patients, in comparison with Western
countries. This study was designed to investigate the influence
of low BMI on short- and long-term outcomes after curative
gastrectomy for gastric cancer. Patients and Methods: Overall,
1,281 consecutive gastric cancer patients, who underwent
curative gastrectomy with radical lymphadenectomy from 1997
through 2012 were retrospectively analyzed. Low BMI and
non-low BMI were defined as a BMI<18.5 and BMI>18.5
kg/m2, respectively. Results: Compared to patients with BMI
higher than 18.5, those with BMI<18.5 had a significantly
shorter duration of surgery (p<0.001) and tended to have
lower blood loss (p=0.058). There was no difference in
preoperative serum albumin level (p=0.592) and the incidence
in postoperative abdominal infection complications (p=0.925)
between the two groups. Whereas, BMI<18.5 was significantly
associated with female gender, anemia, deeper tumor depth
and nodal metastasis. Univariate and multivariate analyses
revealed that the BMI<18.5 was an independent poor
prognostic factor for overall survival [p=0.010, HR 1.6
(95%CI=1.32-2.30)]. Concerning recurrence, the cumulative
incidence rate was significantly higher in patients with
BMI<18.5 than those without (p=0.045). Conclusion: Low
weight did not have adverse effects on short-term outcomes
including postoperative complications. However, there was a
negative prognostic impact of low BMI, suggesting the

requirement of meticulous treatments and follow-up in these
gastric cancer patients. 

Body mass index (BMI) is an indicator of underweight,
normal weight and overweight as well as of the prevalence
of various diseases and associated outcomes (1, 2).
Individuals with BMI less than 18.5, BMI between 18.5 and
25 and BMI over 25 are considered underweight, normal
weight and overweight, respectively. Recently, high BMI as
a disease entity imposes a major healthcare burden in Japan,
US and other societies, and more than 20% of east Asia and
60% of the US adult population have high BMI. High BMI
has become a significant global problem (3). Regarding
gastric cancer patients, high BMI has been reported as a
crucial risk factor for postoperative complications in
previous Japanese and Western country studies (4-8).

The prevalence and degree of a high BMI are increasing in
Asian countries due to Westernization of diet and lifestyle.
However, there still exists a vast difference in BMI
distribution between Asian and Western countries. Namely,
east Asian population including Japanese is generally slender,
with a lower BMI than Westerners. In most of Asian countries,
the average BMI is below 25 kg/m2, which is the cutoff value
that the World Health Organization (WHO) uses to define
overweight individuals (9). Also, a recent nationwide survey
using the National Clinical Database in Japan identified high
proportion of preoperative low BMI patients in comparison
with Western countries (10). Nevertheless, until now, only a
few studies have investigated the clinical impact of
preoperative low BMI on gastric cancer patients (11, 12) and
its clinical features are still to be defined.

The purpose of the present study was to investigate
whether preoperative low BMI is associated with
postoperative short-term and long-term outcomes. The results
of our study may provide evidence that the preoperative low
BMI may not affect short-term outcomes including
postoperative complications, but affect long-term prognostic
outcomes, suggesting the requirement of meticulous
treatments and follow-up in those patients with gastric cancer.
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Patients and Methods

Patients and operative procedures. Between 1997 and 2012, 1281
consecutive gastric cancer patients underwent curative gastrectomy
with radical lymphadenectomy at the Department of Digestive
Surgery, Kyoto Prefectural University of Medicine. Patients with
Stage IV cancer were excluded from this study. Patients underwent
preoperative assessments including gastric endoscopy, computed
tomography (CT) scans, and laboratory tests. Based on the
preoperative diagnosis, total or distal gastrectomy and appropriate
lymphadenectomy was performed, mainly according to the Japanese
guidelines for the treatment of gastric cancer (13, 14). Patients with
clinical T1 and N0 tumors underwent D1 or D1+ lymphadenectomy
whereas patients with clinical T2 or more advanced tumors and/or
those with N1 or more advanced tumors underwent D2 or D2+
lymphadenectomy. In the D2 dissection, the perigastric lymph nodes
and all second-tier lymph nodes were completely retrieved.
Depending on the location of the tumor, lymphadenectomy was
added along the distal side of the splenic artery (No.11d) and at the
splenic hilum (No.10), together with splenectomy or splenectomy
with distal pancreatectomy (14, 15).

Resected specimens were examined and evaluated by pathologists
based on classifications of the 14th JCGC (16) and the 7th TNM
staging manual (17). As a result, 709 patients were staged as pStage
I, 236 as pStage II and 336 as pStage III. All enrolled patients
underwent pathologically or macroscopic curative resection (R0).
Histological types were classified as differentiated (papillary
adenocarcinoma, or moderately or well-differentiated adenocarcinoma)
or undifferentiated (poorly differentiated or undifferentiated
adenocarcinoma, signet-ring cell carcinoma, or mucinous
adenocarcinoma) based on the 14th JCGC (16).

Assessment of clinical impact of low BMI in gastric cancer. To
evaluate the clinical impact of low BMI, we firstly investigated
survival curves according to each category of BMI in all stage and
stage II-III gastric cancer patients (Figure 1). Secondly, survival rate
difference and cumulative recurrence ratio difference between low
BMI and non-low BMI were investigated (Figure 2). Thirdly, the
clinicopathological factors associated with low BMI (Table I) and
multivariate analysis were investigated using Cox’s proportional
hazard model (Table II). 

Statistical analysis. The χ2 test and Fisher’s exact probability test
were performed for categorical variables, while the Student’s t-test
and Mann-Whitney U-test for unpaired data of continuous variables
were performed to compare clinicopathological characteristics
between the two groups. Survival curves were estimated using the
Kaplan–Meier method, and statistical differences were examined
using the log-rank test. Univariate and multivariate survival analyses
were performed using the likelihood ratio test of the stratified Cox
proportional hazards model and p<0.05 was considered statistically
significant.

Results

Comparison of overall survival and cumulative recurrence
ratio according to each BMI level in gastric cancer. Figure
1 shows overall survival curves according to each BMI level
in gastric cancer patients of all pathological stages (A) and

pathological stage II-III (B). The number of patients in each
BMI group was 214 (16.7%) with BMI>25, 921 (71.9%)
with BMI between 18.5 and 25 and 146 (11.4%) with
BMI<18.5. The 5-year survival rates of all-stage patients
with i) BMI>25, ii) 18.5<BMI<25 and iii) BMI<18.5 were
i) 78.0%, ii) 73.8% and iii) 63.4%, respectively. Regarding
stage II-III patients, the 5-year survival rates of patients with
i) BMI>25, ii) 18.5<BMI<25 and iii) BMI<18.5 were i)
51.3%, ii) 44.2% and iii) 33.3%, respectively. These data
suggest that preoperative low BMI was associated with poor
survival independent of pathological stage. 

Figure 2 shows that comparison of overall survival and
cumulative recurrence ratio between patients with BMI>18.5
and BMI<18.5 in gastric cancer. Patients with BMI<18.5 had
significantly poorer prognosis than those with BMI>18.5
(p=0.010). The cumulative incidence of recurrence rate was
significantly higher in patients with BMI<18.5 than those
without (p=0.045). There was no difference of recurrence
patterns between both groups.

Comparison of clinicopathological characteristics between
patients with the BMI>18.5 and BMI<18.5 in gastric cancer.
Table I shows the comparison of clinicopathological
characteristics between the two groups. Compared to patients
with the BMI>18.5, those with the BMI<18.5 had a
significantly shorter duration of surgery (p<0.001) and
tended to have lower blood loss (p=0.058). There was no
difference of preoperative serum albumin level (p=0.592)
and the incidence in postoperative abdominal infection
complications (p=0.925) between both groups. Whereas,
BMI<18.5 was significantly associated with female
(p<0.001), anemia (p=0.014), deeper tumor depth (p=0.001)
and nodal metastasis (p=0.018).

Prognostic impact of preoperative low BMI. Next, the
prognostic impact of preoperative low BMI was investigated.
Univariate and multivariate analyses using Cox’s proportional
hazards model revealed that preoperative albumin of less than
3.0 g/dl, blood loss during surgery of more than 250 ml,
abdominal infectious complications which are classified as
being more than grade II in the Clavien–Dindo classification,
pT2 or greater, nodal metastasis and the BMI<18.5 [p=0.010,
HR=1.6 (95%CI=1.32-2.30)] was an independent poor
prognostic factor for overall survival (Table II).

Discussion

Several recent studies demonstrated that host-related factors
have a great influence on the prognosis of gastric cancer
patients based on inflammation status (18), age and
comorbidity (19), malnutrition (20) and complications (21, 22).
Whereas, preoperative low BMI condition has received minor
attention in the risk analysis for patients with gastric cancer,
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Figure 1. Comparison of overall survival curves according to BMI level in gastric cancer. Overall survival curves according to BMI level in gastric
cancer patients of all pathological stages (A) and pathological stage II-III (B). 

Figure 2. Comparison of overall survival and cumulative recurrence ratio between patients with BMI>18.5 and BMI<18.5 in gastric cancer. (A)
Patients with the BMI<18.5 significantly had poorer prognosis than those with BMI>18.5 (p=0.010). (B) The cumulative incidence of recurrence
rate was significantly higher in patients with the BMI<18.5 than those without (p=0.045). 



thus far. In this study, it was demonstrated that preoperative
low BMI did not have adverse effects on short-term outcomes
including postoperative complications. However, there was a
negative impact on the long-term prognostic outcome,
suggesting the requirement of meticulous treatments and
follow-up in low BMI patients with gastric cancer.

Cancer cachexia has been recognized as a low weight
condition associated with an increased risk of postoperative
complications (23), in particular infectious complications
(24). However, in the present series, it appeared that low
BMI was not different from cancer cachexia and did not
influence the short-term outcomes including complications
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Table I. Association between clinicopathologic characteristics and preoperative low BMI in gastric cancer.

                                                                                  n                                                       Preoperative low BMI                                                  p-Value*

                                                                                                                     BMI<18.5                                          BMI≥18.5

Total                                                                     1281                            146                                                   1135                                                   
Gender                                                                                                                                
   Male                                                                    872                              77                53%                              795             70%                              
   Female                                                                 409                              69                47%                              340             30%                         <0.0001
Age (y)                                                                                                                               
   <75                                                                    1023                            108                74%                              915             81%                              
   ≥75                                                                      258                              38                26%                              220             19%                            0.0595 
Location                                                                                                                              
   Upper                                                                  326                              37                25%                              289             25%                              
   Middle or Lower                                                955                            109                75%                              846             75%                            0.9749 
Preoperative hemoglobin (g/dl)                                                                                        
   <8.0                                                                       24                                7                  5%                                17               1%                              
   ≥8.0                                                                   1257                            139                95%                            1118             99%                            0.0146
Preoperative albumin (g/dl)                                                                                               
   <3.0                                                                       16                                3                  2%                                13               1%                              
   ≥3.0                                                                   1265                            143                98%                            1122             99%                            0.5923 
Duration of suegery (min)                                                                                                 
   <230                                                                    322                              63                43%                              259             23%                              
   ≥230                                                                    959                              83                57%                              876             77%                         <0.0001
Blood loss (ml)                                                                                                                  
   <250                                                                    590                              78                53%                              512             45%                              
   ≥250                                                                    691                              68                47%                              623             55%                            0.0577 
Abdominal infectious complications                                                                                
   absence                                                              1182                            135                92%                            1047             92%                              
   presence                                                                99                              11                  8%                                88               8%                            0.9256 
Histology                                                                                                                            
   Differentiated                                                      638                              62                42%                              576             51%                              
   Undifferentiated                                                  643                              84                58%                              559             49%                            0.0595 
Lympahtic invasion (ly)                                                                                                    
   ly0                                                                        711                              71                49%                              640             56%                              
   ly1-3                                                                    570                              75                51%                              495             44%                            0.0758 
Venous invasion (v)                                                                                                           
   v0                                                                         893                              93                64%                              800             70%                              
   v1-3                                                                     388                              53                36%                              335             30%                            0.0930 
TNM classification                                                                                                            
pT categories                                                                                                                      
   T1                                                                        653                              65                45%                              588             52%                              
   T3-4                                                                     628                              81                55%                              547             48%                            0.0973 
pN categories                                                                                                                     
   N0                                                                        812                              84                58%                              728             64%                              
   N1-3                                                                    469                              62                42%                              407             36%                            0.1188 
pStege                                                                                                                                 
   I                                                                           709                              69                47%                              640             56%                              
   II                                                                          236                              24                16%                              212             19%                              
   III                                                                         336                              53                37%                              283             25%                            0.0130

p-Values were calculated by Chi-square or Fisher's exact test. *Statistically significant values (p<0.05) are shown in bold.



after curative gastrectomy. When analyzing surgical factors,
patients with a low-BMI had a significantly shorter duration
of surgery (p<0.001) and tended to have lower blood loss
(p=0.058). In particular, the incidences of infectious
complications in the low BMI group were similar to those in
the non-low BMI control group (low BMI vs. non-low BMI:
8% vs. 8%). Therefore, the influence of low BMI on
perioperative short-term outcomes is not detected. Also, in
the nutritional condition, there was no significant difference
of preoperative albumin level between low the BMI and non-
low BMI patients (p=0.592). These data suggested that
patients with a low BMI do not always indicate malnutrition

in Japanese and Asian patients, where the majority is slender
and the average BMI is below 25 kg/m2. Although some low
BMI patients may be due to malnutrition, low BMI should
be separately evaluated from a malnutrition in the analysis
of short-term outcomes. 

Regarding the long-term prognostic outcomes in gastric
cancer patients following curative gastrectomy, low BMI was
independently associated with poor prognosis [p=0.010,
HR=1.6 (95%CI=1.32-2.30)], as well as preoperative low
nutrition, abdominal infectious complications, intraoperative
blood loss and disease progression (Table II). Although there
was no correlation between low BMI and clinical factors such
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Table II. Univariate and multivariate analyses to indentify prognostic effect of low BMI in gastric cancer.

Characteristics                                                          n                 5-yr SR (%)         Univariatea                                        Multivariateb

                                                                                                                                     p-Value                    HR                        95% CI                   p-Value
                                                                                                                 
Gender                                                                                                                              
   Male                                                                    872                     74.6                                                     1                               
   Female                                                                 409                     71.2                    0.349                   1.227                  0.928-1.621                0.152 
Age (y)                                                                                                                             
   <75                                                                    1023                     74.8                                                     1                               
   >75                                                                      258                     67.2                    0.042                   1.117                  0.816-1.528                0.490 
Location                                                                                                                           
   Upper                                                                   326                     66.4                                                     1                               
   Middle or Lower                                                955                     76.0                    0.002                   0.958                  0.721-1.273                0.768 
Preoperative hemoglobin (g/dl)                                                            
   <8.0                                                                       24                     49.0                                                     1                               
   >8.0                                                                   1257                     74.1                    0.011                   1.545                  0.768-3.115                0.222 
Preoperative albumin (g/dl)                                                                                            
   <3.0                                                                       16                     26.7                                                     1                               
   >3.0                                                                   1265                     73.2                  <0.001                    0.388                  0.192-0.786                0.009
Duration of suegery (min)                                                                                              
   <230                                                                    322                     73.5                                                      1                               
   >230                                                                    959                     73.6                     0.871                   1.205                  0.870-1.667                0.262 
Blood loss (ml)                                                                                                                
   <250                                                                    590                     83.5                                                     1                               
   >250                                                                    691                     66.1                  <0.001                    1.481                  1.078-2.035                0.015
Abdominal infectious complications                                                   
   absence                                                              1182                     75.3                                                     1                               
   presence                                                                99                     50.5                  <0.001                    1.776                  1.212-2.604                0.003
Histology                                                                                                                         
   Differentiated                                                      638                     80.3                                                     1                               
   Undifferentiated                                                  643                     67.3                  <0.001                    1.236                  0.938-1.628                0.131 
pT categories                                                                                                                   
   T1                                                                        653                     97.7                                                     1                               
   T2-4                                                                     628                     48.9                  <0.001                    9.009                  4.348-18.51              <0.001
pN categories                                                                                                                   
   N0                                                                        812                     93.1                                                     1                               
   N1-3                                                                    469                     42.1                  <0.001                    2.652                  1.835-3.831              <0.001
Preoperative low BMI                                                                                                     
   >18.5                                                                 1135                     74.8                                                     1                               
   <18.5                                                                   146                     63.4                    0.010                   1.605                  1.332-2.309                0.011

Statistically significant values (p<0.05) are shown in bold. SR: Survival rate, HR: hazard ratio, CI: confidence interval. aKaplan and Meier method,
and the significance was determined by log-rank test. bMultivariate survival analysis was performed using Cox’s proportional hazard model.



as the preoperative low nutrition, abdominal infectious
complications and intraoperative blood loss (Table I), low BMI
had an adverse prognostic effect on overall survival following
gastrectomy. Moreover, the cumulative incidence of recurrences
was significantly higher in patients with low BMI than those
without. It is still unclear which metabolic and molecular
mechanisms are responsible for the relationship between low
BMI and an adverse prognostic outcome, but a combination of
immune, inflammatory, and metabolic processes may play an
important role in the prognostic outcome (24).

Recently, postoperative body weight loss has been
reported to be an independent prognostic factor for
recurrence-free survival (25) and has been associated with
the continuation of adjuvant chemotherapy (25, 26).
Although normal weight and overweight patients could
afford to lose the nutrition in reserve and immune
sufficiency, low-BMI patients may suffer from malnutrition
in early stage of postoperative body weight loss. The
difference in nutritional reserve may be the reason of
different prognosis in accordance to BMI (27, 28). Indeed,
as shown in Figure 1, overweight patients had better
prognosis than those with low BMI and normal weight in
both all stage and stage II-III patients. Therefore, as a
treatment strategy for low-BMI patients, long-term
nutritional maintenance may induce stable immune
competence and suppress the recurrence derived from
micrometastasis after curative surgery (29, 30). 

Regarding postoperative nutritional strategy, Imamura et al.
recently reported that supplementation with an oral elemental
diet reduced postoperative weight loss in gastric cancer patients
undergoing gastrectomy (31). Not only supplementation with
an oral elemental diet, but also other nutritional or immune
targeted treatment strategy may be necessary to reduce
postoperative body weight loss and improve the poor prognosis
of low-BMI patients after gastrectomy. These strategies are
currently under evaluation. Also, meticulous anticancer
treatments and follow-up may be needed in low-BMI patients.
Nevertheless, this study had some limitations because the long
accrual period of the retrospective analysis at a single institute
may reflect possible variations of overall survival time. A large
scale or multicenter prospective cohort study may be warranted
to validate the significance of low BMI in gastric cancer
treatments.
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