ORIGINAL ARTICLE
pISSN 2288-6575 « elSSN 2288-6796
httpy//dx.doiorg/104174/astr2016.904.207
Annals of Surgical Treatment and Research

ASTR

Relationship between low body mass index and
morbidity after gastrectomy for gastric cancer

Jong-Man Kim'2, Ji-Ho Park'?, Sang-Ho Jeong'2?, Young-Joon Lee'23, Young-tae Ju'?3, Chi-Young Jeong'23,
Eun-Jung Jung'23, Soon-Chan Hong'??, Sang-Kyung Choi'?3, Woo-Song Ha'23

"Department of Surgery, Gyeongsang National University School of Medicine and Gyeongsang National University Hospital, Jinju,
2Gyeongnam Regional Cancer Center, Gyeongsang National University Hospital, Jinju, °Institute of Health Science, Gyeongsang
National University, Jinju, Korea

Purpose: This study aimed to evaluate the association between low body mass index (BMI) and morbidity after gastric
cancer surgery.

Methods: A total of 1,805 patients were included in the study. These subjects had undergone gastric cancer surgery at a
single institution between January 1997 and December 2013. Clinicopathologic and morbidity data were analyzed by divi-
ding the patients into 2 groups: underweight patients (BMI < 18.5 kg/m?) and nonunderweight patients (BMI = 18.5 kg/m?).
Results: The overall complication rate as determined by our study was 24.4%. Pulmonary complications occurred more
frequently in the underweight group (UWG) than in the non-UWG (10.5% vs. 3.8%, respectively; P = 0.012). Multivariate
analysis revealed two independent factors responsible for postoperative pulmonary complications—weight of the patients
(UWG vs. non-UWG, 10.8% vs. 3.8%; P < 0.007) and stage of gastric cancer (early stage vs. advanced stage, 3.1% vs. 6.8%;
P < 0.023). Multivariate analysis revealed that underweight (UWG vs. non-UWG, 10.8% vs. 3.8%, respectively, P < 0.007)
and advanced cancer stage (early stage vs. advanced stage, 3.1% vs. 6.8%, respectively, P = 0.023) were significant risk
factors for postoperative pulmonary complications.

Conclusion: We concluded that underweight patients had a higher pulmonary complication rate. Additionally, underweight
and advanced cancer stage were determined to be independent risk factors for the development of postoperative

pulmonary complications.
[Ann Surg Treat Res 2016;90(4):207-212]
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INTRODUCTION

Gastric cancer is the fourth most common form of cancer
worldwide, and almost a million new cases are diagnosed
annually [1]. Although the mortality rate due to gastric cancer
decreased slightly from 774,000 in 1990 to 700,000 in 2012, it is
the third-most common cause of cancer-related deaths, followed
by lung cancer and hepatoma [2]. In Korea, gastric cancer has
been the most commonly diagnosed cancer since 1999, when

the Korea Central Cancer Registry first reported the incidence
of gastric cancer [3].

Malnutrition is a condition that results from consuming a
diet that has not enough or excess nutrients, resulting in health
problems. Specifically, malnutrition is often used to refer
to a state of under-nourishment, where there is insufficient
intake of calories, proteins, carbohydrates, vitamins, and
minerals [4]. Cancer patients tend to lose weight and suffer
from malnutrition because of poor oral intake and alterations
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in metabolic pathway(s). The prevalence of malnutrition in
cancer patients is reported to be around 10%-85%, which varies
according to the type, location, grade, and stage of the tumor [5].
Underweight people typically find it difficult to sustain normal
health. Being underweight is a condition generally defined as
either having a body mass index (BMI) of < 185 kg/m’ [6] or
body weight < 15%-20% of the normal value for a particular age
and height [7].

Malnutrition has been shown to be an important risk factor
for perioperative morbidity and mortality [8]. People with
very low body weights may have insufficient stamina and
weak immunity, along-with increased susceptibility to in-
fections. Most immunological disorders are induced by the
deficiency of specific nutrients, or malnutrition. Such disorders
are frequently caused by low T-cell production, abnormal
functioning of monocytes, macrophages, neutrophils, and
leukocytes; thymus-mediated damage to the immune system
(which results in diminished reaction to new antigens); and
deterioration of lymphoid tissue.

Although many studies have examined the nutritional state
after gastrectomy [9], few reports have in particular focused
on the preoperative low BMI in relation to postoperative
complications. This study aimed to evaluate the association
between low BMI and postoperative morbidity following gastric
cancer surgery.

METHODS

Between January 1997 and December 2013, data were collect-
ed for 1,805 patients who underwent gastric cancer surgery at a
single institution. The following inclusion criteria were applied
to select the patients: patients must have had primary gastric
cancer, patients must have undergone gastrectomy, and he/she
should not have been subject to preoperative chemotherapy.
Patients who had other primary malignancies, and subjects
with recurrent or remnant gastric cancer were excluded from
this analysis. Demographic features including BMI, operative
procedures, pathological results (based on the American Joint
Committee on Cancer TNM 7th edition), and postoperative
complications were reviewed [10].

The term complication was described according to our pre-
vious report on complications occurring after gastric ulcer
operation. [11]. Among them is pulmonary complication, de-
fined as the presence of atelectasis, pleural effusion, pneu-
monia, pulmonary edema, or pneumothorax on plain chest
radiography or CT with clinical manifestations such as fever,
leukocytosis, and dyspnea.

We divided the patients into 2 groups according to the BMI
criteria 2013, namely the underweight group (UWG; BMI <
185 kg/m®) and the non-UWG (BMI > 185 kg/m’) [12]. We
investigated the types of complications and their rates between

the 2 groups. Additional multivariate analysis was performed
to analyze the independent risk factors for postoperative
pulmonary complications.

Statistical analyses were performed with IBM SPSS Statistics
ver. 21.0 (IBM Co., Armonk, NY, USA). Chi-square test and
t-test were conducted to compare nominal and continuous
variables, respectively. Independent risk factors for morbidity
were evaluated by binary logistic regression. Variables with a
P-value of <0.05 in the univariate analysis were analyzed in
the multivariate analysis. Values of P < 0.05 were considered
statistically significant.

RESULTS

Patient characteristics
The average age of the patients was 61.2 = 11.4 years. Of the

subjects, 68.4% (n = 1,235) and 31.6% (n = 570) were male and
female patients, respectively. Depending on the method of
approach, 56.3% (n = 1,016) of the cases had undergone open
surgery, while 43.7% (n = 789) had undergone laparoscopic
surgery. In terms of the type of resection, 72.6% (n = 1,310)
of the patients had undergone distal gastrectomy, 23.8% (n
= 429) had undergone total gastrectomy, and 3.7% (n = 66)
had undergone proximal gastrectomy. The most common re-
construction type was Billroth II (40.8%; n = 736), followed
by Billroth I (29.8%; n = 537), Roux-en-Y gastrojejunostomy
(24.4%; n = 450), esophagogastrostomy (2.4%; n = 45), Roux-
en-Y esophagojejunostomy (2.0%; n = 36), and double tract
anastomosis (1.3%, n = 24). Sixty point six percent (n = 1,094)
had stage I cancer, 173% (n = 312) had stage 1I cancer, and 22.1%
(n = 399) had stage I1I cancer (Table 1).

With respect to the patient characteristics, the surgical ap-
proach method and cancer stage were significantly different
between groups. We assume that is because surgeons prefer
open surgery more than laparoscopic surgery for patients with
advanced stage, and that patients can lose weight more easily
than early stage patients. Percentage of patients in the UWG
who had undergone open surgery was higher than that of
patients in the non-UWG (72.7% vs. 54.9%, respectively, P <
0.005). Also, the UWG included more stages II and 111 cancer
patients (54.0% vs. 38.1%), while the non-UWG included more
stage I cancer patients (61.8% vs. 460.0%), as shown in Table 1.

In old age, more patients tended to become underweight, but
the difference was not statistically significant (P = 0.071). The
incidence rate of underlying chronic pulmonary obstructive
disease and renal failure were not significantly higher in the
UWG than in the non-UWG. The UWG had shorter operation
time than the non-UWG.

Complications in patients
The overall complication rate amongst all patients was 24.4%
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Table 1. Comparison of characteristics in patients between the UWG and non-UWG

Factor Total number

Age (yr) 61.2+11.4
Sex
Male 1,235 (68.4)
Female 570 (31.6)
Approach method
Open method 1,016 (56.3)
Laparoscopic method 789 (43.7)
Resection type
Distal gastrectomy 1,310 (72.6)
Total gastrectomy 429 (23.8)
Proximal gastrectomy 66 (3.6)
Reconstruction type
Billroth | 537 (29.8)
Billroth 11 736 (40.8)
Roux-en-Y, GJ 428 (23.7)
Roux-en-Y, EJ 35(1.9)
Esophagogastrostomy 45 (2.5)
Double tract 24 (1.3)
TNM stage
I 1,094 (60.6)
Il 312 (17.3)
m 399 (22.1)
Risk factor
Age = 65 yr 801 (44.4)
Operation time > 300 min 789 (43.7)
COPD 44 (2.4)
Renal failure 9 (0.5)

Values are presented as mean =+ standard deviation or number (%).

Body mass index (kg/m”)

P-value
<18.5 (n =139) >18.5 (n=1,666)
61.7 +13.3 61.2+11.2 0.594
0.071
103 (74.1) 1,132 (69.9)
36 (25.9) 534 (32.1)
0.005
101 (72.7) 915 (54.9)
38 (27.3) 751 (45.1)
0.161
93 (66.9) 1,217 (73.0)
42 (30.2) 387 (23.2)
4(2.9) 62 (3.7)
0.126
30 (21.6) 507 (30.4)
61 (43.9) 675 (40.5)
42 (30.2) 386 (23.2)
2(1.4) 33 (2.0)
4(2.9) 41 (2.5)
0 (0) 24 (1.4)
0.012
64 (46.0) 1,030 (61.8)
30 (21.6) 282 (16.9)
45 (32.4) 354 (21.2)
72 (51.8) 729 (43.8) 0.071
48 (34.5) 741 (44.5) 0.023
5(3.6) 39 (2.3) 0.387
1(0.7) 8 (0.5) 0.513

UWG, underweight group; GJ, gastrojejunostomy; EJ, esophagojejunostomy; COPD, chronic pulmonary obstructive disease.

(n = 450). With respect to the rates of each complication,
wound problems were noted in 59% (n = 106) of the patients;
anastomotic leakage, in 5.8% (n = 104); pulmonary problems,
in 4.4% (n = 79); pancreatic leakage, in 4.1% (n = 74); bleeding,
in 2.6% (n = 47); and ileus, in 1.9% (n = 34). In pulmonary
problems, the most common complication was pleural effusion
(50.6%), followed by atelectasis (25.3%), pneumonia (20.2%), pul-
monary edema (10.1%), and pneumothorax (5.0%).

Total complication rates for both the UWG and non-UWG
were similar (26.6% vs. 24.2%, respectively). The 2 groups
differed significantly in terms of pulmonary problems (10.8% vs.
3.8%; P = 0.012). However, they did not exhibit any statistically
significant difference when the following characteristics were
compared: total complication rate, anastomotic leakage, fluid
collection, pancreatic leakage, wound problem, bleeding, ileus,
urologic problems, renal problems, hepatic problems, heart
problems, vasculitis, outlet obstruction, and stasis (P > 0.05)
(Table 2, Fig. 1).

Multivariate analysis
Comparison of UWG and non-UWG patients' characteristics

revealed that pulmonary complication rates were significantly
different between the 2 groups, as determined by univariate
analysis. We performed multivariate analysis to investigate in-
dependent risk factors for postoperative pulmonary complica-
tions.

According to the multivariate analysis, underweight (odds
ratio [OR], 2.58; 95% confidence interval [CI], 1.4-4.73) and
advanced cancer stage (OR, 1.74; 95% CI, 1.06-2.84) were found
to be significant independent risk factors for pulmonary compli-
cations (P < 0.05) (Table 3).

DISCUSSION

This study was conducted to evaluate the association bet-
ween low BMI and postoperative morbidity after gastric cancer
surgery. The surgical approach method and cancer stage signi-
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ficantly differed between the UWG and non-UWG. Compared to
those in the non-UWG, more patients in the UWG underwent
open surgery and had advanced stage. This is because patients
with advanced stage cancer tended to be underweight due to
dyspepsia, cancer cachexia, anorexia, and so on and advanced
stage cancer is more frequently treated with open surgery
than with laparoscopic surgery. When the complication rates

Table 2. Characteristics of postoperative morbidity (classified
according to body mass index)

Body mass index (kg/m’)

Complication P-value
<18.5 (n=139) 218.5 (n = 1,666)

Leakage 8(5.8) 96 (5.8) 0.594
Fluid collection 2 (1.4) 43 (2.6) 0.312
Pancreas leakage 6 (4.3) 68 (4.1) 0.512
Wound problem 6 (4.3) 100 (6.0) 0.275
Bleeding 6 (4.3) 41 (2.5) 0.143
lleus 5(3.6) 29 (1.7) 0.116
Pancreatitis 0 (0) 17 (1.0) 0.258
Pulmonary problem 15 (10.8) 64 (3.8) 0.012
Urogenic problem 3(2.2) 28 (1.7) 0.432
Acute renal failure 1(0.7) 8(0.5) 0.518
Hepatic problem 1(0.7) 13 (0.8) 0.707
Heart problem 3(2.2) 15 (0.9) 0.153
Vasculitis 0(0) 2 (0.1) 0.853
Outlet obstruction 0 (0) 1(0.1) 0.926
Stasis 0(0) 7 (0.4) 0.578
Others 32.2) 36 (2.2) 0.642
Overall 37 (26.6) 413 (24.8) 0.298

complication

Values are presented as number (%).

of UWG and non-UWG patients were compared, we observed
that pulmonary problems were more apparent in the UWG. We
speculated that underweight patients were unable to endure
the aggressiveness of gastric surgery as compared to non-
underweight patients.

Multivariate analysis was performed to determine other fac
tors responsible for pulmonary complications. In addition to our
initial tentative conclusion, we observed a significantly higher
rate of postoperative pulmonary complications in advanced
stage patients.

Generally, advanced stage patients undergo more aggressive
lymph node dissection and stomach resection than early stage
patients. Therefore, advanced stage patients are subject to
greater injury than early stage patients during surgery, and con-

14
H UWG .
124 [ Non-UWG oo

o

Fig. 1. Characteristics of postoperative morbidity between the
underweight group (UWG) and non-UWG. *P = 0.005.

Table 3. Multivariate analysis of correlation between postoperative pulmonary complications and perioperative charac-

teristics
Total number Pulmonar
Factor (n =1,805) complication}; (%) P-value OR 95% Cl
Sex 0.742 1.086 0.66-1.76
Male 1,235 53 (4.3)
Female 570 26 (4.6)
Underlying pulmonary disease 0.615 1.208 0.57-2.52
Yes 60 (6.7)
No 1,745 75 (4.3)
Stage 0.023 1.743 1.06-2.84
Early (I) 1,094 34 (3.1)
Advanced (11, 1) 711 45 (6.3
Body mass index (kg/mz) 0.017 2.577 1.40-4.73
<18.5 139 15(10.8)
>18.5 1,666 64 (3.8)
Approach method 0.147 1.489 0.87-2.52
Open 1,016 56 (5.5)
Laparoscopy 789 23 (2.9

OR, odds ratio; Cl, confidence interval.
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sequently may develop severe postoperative complications.

Additionally, with regards to postoperative lung problems, a
study reported that protein deficiency can reduce respiratory
muscle strength, vital capacity, and peak expiratory flow rate,
resulting in the development of pneumonia and atelectasis [13].

There are some studies that explain the relation between
specific factors and postoperative pulmonary complications.
The nutritional state, for example, protein deficiency or
low albumin levels, and recent weight loss can induce pul-
monary complications [13-17]. Older patients can develop
more serious pulmonary complications than younger patients
[14,15,18,19]. Additional risk factors for postoperative pulmo-
nary complications include smoking history, COPD, long ope-
ration time, upper abdominal surgery, chronic respiratory
disease, emergency operation, renal failure, and significant
intraoperative blood loss [18,19]. In our institution, there was no
difference in the rate of underlying pulmonary disease between
the UWG and non-UWG patients.

Contrary to previous studies, investigating with our patients,
we have found out that risk factors such as old age, under-
lying COPD, and renal failure are not more frequent for the
UWG. The operation time was even shorter for the UWG. A
comprehensive view of all these findings suggests that low BMI
is an independent risk factor of pulmonary complication regard-
less of the above-mentioned risk factors (Table 1).

Many studies have described the relationship between mal-
nutrition and other postoperative complications. Numerous
clinical studies have indicated that protein-calorie malnutrition
is an important risk factor for the development of complications
after major abdominal surgery [20-23]. Some studies suggest
that malnutrition is an important factor leading to anastomotic
leakage and wound infections [24,25]. According to a large
prospective randomized trial of preoperative total parenteral
nutrition (TPN) conducted by the Veterans Administration,
patients receiving TPN showed significantly lower rates of
anastomotic leakage and bronchopleural fistulas than those
who did not receive TPN (5% vs. 43%, respectively; P = 0.03).
It was concluded that TPN may be needed for preoperative
nutritional support and massive postoperative nutritional
support to prevent further complications. Bozzetti et al. [20]
documented that pancreatic surgery, old age, weight loss, and

low plasma albumin concentrations were independent risk
factors for the development of postoperative complications
in patients with gastrointestinal cancer, and that nutritional
support significantly reduced the postoperative complications.

Contrary to the above studies, some studies suggest that no
correlation exists between BMI and postoperative complica-
tions. A small-scale study reported that malnutrition was not
associated with complications after colorectal surgery, and that
perioperative TPN support was unable to reduce postoperative
complications [27]. Hendry et al. [28] reported that BMI was not
related to postoperative complications, unlike the American
Society of Anesthesiologists score, sex, or rectal surgery. In
contrast to our results, one study asserted that a BMI > 27 kg/
m’ is a risk factor for developing complications after abdominal
surgery [29]. Another study reported that the occurrence rate
of ileus, after radical cystectomy for bladder cancer, had a posi-
tive correlation with BMI [30]. There was some controversy
regarding the relationship of BMI with survival. One study
reported the BMI is one of the prognostic factors for stages
II and IIIA gastric cancer. On the other hand, another study
reported that BMI does not adversely affect overall survival or
disease-free survival.

However, there are certain limitations of our study. First, ours
is a retrospective study, and second, the number of underweight
patients included in the study is relatively small. Third, we
failed to use objective scores for analyses of complications and
nutrition research. Finally, we have too insufficient data about
albumin level, recent weight loss, smoking history, and intra-
operative blood loss to investigate risk factors of postoperative
pulmonary complication thoroughly.

To conclude, this study demonstrates that underweight
patients have a higher morbidity rate, especially in relation
to pulmonary complications. Additionally, underweight and
advanced cancer stage could be independent risk factors for
postoperative pulmonary complications.
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