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Objective: Comorbidities are characteristic of COPD. However, little is known about the
secondary manifestations of COPD in the gastrointestinal tract. Therefore, we aimed to explore
the long-term effects of gastrectomy in patients with spirometry-defined COPD or those at risk
of COPD.

Participants: Subjects included 87 patients either with COPD or at risk of COPD (symp-
tomatic) who underwent gastrectomy between December 2003 and October 2013 (group A),
and 174 patients either with COPD or at risk of COPD, matched by age (5 years), sex, and
forced expiratory volume in 1 second (FEV)) as percentage of predicted (FEV % predicted)
(£5%) (group B).

Methods: All patients underwent routine blood chemistry and pulmonary function tests, arterial
blood gas analysis, 6-minute walk test (6MWT), high-resolution chest computed tomography
scans, and nutritional assessments.

Results: The mean duration postgastrectomy was 18.3+15.4 years. The mean FEV and FEV %
predicted were 2.07+0.76 L and 74.6124.5%, respectively. Univariate analysis indicated that group
A patients had significantly lower body mass index, fat-free mass index, and serum hemoglobin
and albumin concentration (all P=0.00), and walked a significantly shorter distance in the 6MWT
(P<<0.05). Multivariate linear regression analysis for the distance in the 6 MWT indicated that
increased residual volume (RV) to total lung capacity (TLC) as percentage of predicted (%RV/
TLC) alone was an independent and significant predictor of reduced distances in the 6MWT.
Conclusion: We concluded that nutritional insufficiency in patients with COPD (or those at
risk of COPD) who previously underwent gastrectomy might lead to hyperinflation and conse-
quently, decreased exercise capacity.

Keywords: chronic obstructive pulmonary disease, nutritional insufficiency, 6-minute walk
test

Introduction

COPD is associated with a high prevalence of comorbid conditions, including lung can-
cer, cardiovascular diseases, metabolic diseases, and musculoskeletal diseases.! There is
a growing clinical interest in the manifestations of COPD in organs other than the lungs,
particularly the gastrointestinal tract. For example, Rutten et al* provided evidence of
associated intestinal dysfunctions in patients with COPD. Current information suggests
that various endogenous nutritional and functional changes associated with the stomach
may be related to COPD. Ghrelin deficiency, for example, is profoundly associated with
weight loss;* Nagaya et al* investigated whether administration of ghrelin improves
cachexia and functional capacity in patients with COPD. Their preliminary results
suggest that repeated administration of ghrelin reduces muscle wasting and improves
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body composition, functional capacity, and sympathetic
augmentation in cachectic patients with COPD.

Bariatric surgical procedures, such as vertical sleeve
gastrectomy, are considered effective therapeutic options for
the treatment of obesity and are associated with considerable
improvements in comorbidities, including type 2 diabetes
mellitus. Cummings et al’ examined whether weight loss after
gastric bypass surgery might be accompanied by impaired
ghrelin secretion. Hanusch-Enserer et al® suggested that
gastric banding decreases the plasma ghrelin concentration
and leads to body weight changes. There is also some doubt
as to the role of leptin versus that of ghrelin.” However, the
current understanding is that a high plasma concentration
of the peptide YY,
signal mimicking the fed state, is observed in patients after

a physiological gut-derived satiety

gastric bypass or sleeve gastrectomy.® Infusions of normal

, 36 has been

found to significantly decrease appetite and reduces food

postprandial concentrations of peptide YY

intake.” Research also suggests an important role for the
nuclear farnesoid-X receptor (also known as NR1H4) as a
molecular factor underpinning the beneficial effects of this
type of weight loss surgery.'® However, little is known about
the physical and physiological effects of the surgery, such
as its effect on lung function tests or routine activity long
after gastrectomy.

Historically, a close relationship between peptic ulcer-
ation and emphysema has been observed, mainly from clini-
cal observations. Reliable data are limited, as only two studies
have examined the relationship between peptic ulcers and
the severity of emphysema.!! Authors have also suggested
that peptic ulcers may be related to some aspect of chronic
airflow obstruction.!!

In view of this finding, we hypothesized that there is a
close association between COPD and various gastric diseases
and thus, studying postgastrectomy patients with COPD
could be advantageous. However, there has been a dramatic
decrease in the use of gastrectomy in developed countries in
favor of new, more effective treatments. For instance, partial
or total gastrectomy was previously the main treatment for
peptic ulcers; however, curing Helicobacter pylori infection
appears to decrease recurrent ulceration and the severity of
the perforation associated with it.!> Thus, the number of
patients who undergo gastrectomy to treat peptic ulcers or
early gastric cancer is likely to decrease rapidly in the near
future, making it difficult to test our hypothesis. At the same
time, changes in emphysema symptoms after banding or
gastric bypass surgery in patients with marked obesity are
also important from a clinical aspect.

In this context, we explored the long-term effects of
gastrectomy on patients with spirometry-defined COPD and
symptomatic patients who were at risk of COPD.

The preliminary data were presented at the American
Thoracic Society conference in 2014, as an abstract.

Materials and methods

Study population and study design

We recruited patients with a definite COPD diagnosis (post-
bronchodilator forced expiratory volume in 1 second [FEV |/
forced vital capacity [FVC] <70%) and patients showing
respiratory symptoms compatible with COPD but without
airflow obstruction (postbronchodilator FEV /FVC >70%),
defined as the at-risk group. All patients had undergone gas-
trectomy (group A) for gastric ulcer or early gastric cancer
during the previous 10 years at various medical institutions,
and subsequently, all presented with respiratory complaints
from December 2003 to October 2013 at the Respiratory
Care Clinic of Nippon Medical School in Tokyo, Japan, a
secondary referral clinic primarily for patients with COPD.
Patients who had undergone gastrectomy within 180 days
before the start of the study were excluded. For each patient
in group A, two patients matched by age (5 years), sex, and
FEV as a percentage of predicted (FEV % predicted) (+5%)
were randomly selected for the control group (group B). No
patients in groups A and B showed exacerbations; all had
been in a stable condition for at least 3 months.!

This study was approved by the ethics committee of the
Nippon Medical School (approval number: 18-11-31), and
informed written consent of the participants was obtained
before enrollment.

Exclusion criteria

Patients who had received any chemotherapy or radiation
therapy for malignancy, including for gastric cancer,
were excluded. In addition, patients were excluded if they
presented with complications, such as bronchial asthma,
bronchiectasis, diffuse panbronchiolitis, sinobronchial
syndrome, pulmonary tuberculosis, nontuberculous
mycobacteriosis, pneumoconiosis, lymphangioleiomyo-
matosis, congestive heart failure, interstitial pneumonitis,
and lung cancer.

Clinical, physiological, and imaging
measurements

All patients underwent routine blood chemistry and
pulmonary function tests, arterial blood gas analysis, a
6-minute walk test (60MWT), high-resolution chest computed
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tomography (HRCT), nutritional assessments, assessment of
the number of comorbidities, and a multidimensional assess-
ment, as elucidated below.

Pulmonary function tests

Pulmonary function tests were performed by a well-trained
technician according to the American Thoracic Society
guidelines," using specialized equipment for lung function
testing with computer processing (CHESTAC 55; CHEST
M.L, Inc., Tokyo, Japan). The diagnosis and classification
of COPD was based on the Global Initiative for Chronic
Obstructive lung Disease (GOLD) criteria using postbron-
chodilator responses,' and the reference values were based
on the guidelines created by the Japan Thoracic Society.!'

High-resolution computed tomography

We performed helical HRCT scans. The CT scans were
obtained after deep inspiration. The percentage of low
attenuation area (LAA%) was calculated using previously
reported methods.!® The cutoff level between the normal lung
density and the LAA was defined as —960 Hounsfield units.
The LAA% for the upper, the middle, and the lower zones
of the bilateral lung fields were calculated, and the overall
mean values were used as representative values.'® The upper
section was obtained at 1 cm above the superior margin of the
aortic arch, the middle section at 1 cm below the carina, and
the lower section at approximately 3 cm above the top of the
diaphragm. We performed the helical HRCT scans at 1.25
mm collimation, 0.8-second scan time (rotation time), 120
kV, and 100-600 mA, with a LightSpeed Pro16 CT Scanner
(GE Healthcare Japan Co., Tokyo, Japan).

Anthropometry and body composition
We recorded patients’ body height and weight. Body mass
index (BMI) was calculated as:
BMI = weight (kg)/height (m)? (1)
Fat-free mass (FFM) and fat mass (FM) were measured by
bioelectrical impedance analysis, at frequencies of 5, 50, 250,
and 500 kHz (InBody 3.2; Biospace Co. Ltd., Seoul, Republic
of Korea). The FFM index (FFMI) was calculated as:
FFMI = FFM/height (m)? (2)

and the FM index (FMI) was calculated as:

FMI = FM/height (m)’ 3)

At the time of each patient’s first visit, we also obtained
information regarding the use of prescribed medications.

Comorbidity
The number of comorbidities was expressed according to the
Charlson Comorbidity Index.'

Multidimensional assessment

We assessed patients using the BMI, airflow obstruction,
dyspnea, and exercise capacity (BODE) index, as reported
previously."”

Statistical analysis

Discrete variables were expressed as counts (percentages) and
continuous variables as mean + standard deviation (SD). The
comparability of the groups was analyzed by the }* test, the
Fisher exact test, the Student’s ¢-test, and the Mann—Whitney
U-test, as appropriate. The Kolmogorov—Smirnov test was
applied to assess normal distribution. We investigated the
predictors of exercise capacity using linear and logistic
regression models. The data were analyzed using the PASW
Statistics 18 for Windows software package (IBM Japan,
Ltd). All P-values were two-sided; a P-value of <0.05 was
considered statistically significant.

Results

Demographic and clinical characteristics of patients in both
groups A and B are shown in Table 1. Group A consisted
of 87 individuals, and group B consisted of 174 individuals.
The mean ages of the patients in groups A and B were
71.447.7 and 71.317.6 years, respectively, and both groups
showed a male predominance (252:9 [male to female]). In
group A, the mean time that had elapsed postgastrectomy was
18.3£15.4 years; the gastrectomies had been performed for
mitigation of peptic ulcer (n=28), malignancy (n=58), or for
unclarified reasons (n=1). The patients had undergone partial
(n=66) or total (n=21) gastrectomy. There were no signifi-
cant differences in pharmacological interventions between
groups A and B. The data of the pulmonary function tests
from both Groups A and B gave mean of FEV, and FEV %
predicted values of 2.07£0.76 L and 74.61+24.5%, respec-
tively. Based on the diagnostic criteria for COPD, 47 patients
were diagnosed with COPD and 40 as being at risk of COPD
in group A. In group B, 92 patients were diagnosed with
COPD and 82 as at risk of COPD. There was no significant
difference between the two groups in this respect (P=0.86).
Stages I, 11, III, and IV of COPD (as per the GOLD clas-
sifications) were observed in ten, 21, 14, and two patients,
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Table | Demographic and clinical characteristics of the patients

Group A Group B P-value
Patients, n 87 174
Age, years 714477 713176 0.96
Sex male/female, n 84/3 168/6 1.00
BMI, kg-m2 19.5+2.9 22.613.1 0.00
Smoking history (pack-years) 63.8439.9 70.2+454 035
Smoking status (current/ex/never)  14/65/2* 19/143/4>  0.45
Charlson Comorbidity Index 1.6+1.4 1.5+0.9 0.76
Therapy
LAMA (use/no use) 53/34 103/71 0.79
LABA (use/no use) 61/26 116/58 0.57
ICS (use/no use) 56/31 98/76 0.21
Theophylline (use/no use) 9178 20/154 0.78
Oral corticosteroid (use/no use) 0/87 2/172 0.32
Pulmonary function tests
%VC, % 90.5+20.2 93.7+185 03I
FEV /FVC, % 66.1117.7  64.2+168 0.68
FEV % pred, % 7461248 74.61+244 1.00
TLC, L 5.7£1.2 5.6%1.1 0.38
%RVITLC, % 115.6+23.7 106.6£24.0 0.0l
%DLCO/VA, % 60.0+23.8  65.61244 0.12
COPD/at risk of COPD* 47/40 92/82 0.86
GOLD stage (I/1/1I/1V) 10/21/14/2< 17/43/28/4¢ 0.98
Blood gas analysis
PaO,, mmHg 88.9+11.0 84.0£10.0 0.00
PaCO,, mmHg 39.144.2 39.544.1 0.48
A-aDO,, mmHg 125+13.3  16.3+10.5 0.00
6MWD, m 453+105  481+98 0.02
Strength of grip, kg 29.747.6 31.3x140 0.10
Borg scale 3.0+2.1 3.1+2.0 051
Leg fatigue 22+1.8 2.0£1.8 037
OCD 80.4+20.0 80.7+20.8 0.84
MMRC 1.1£1.2 1.0+0.9 0.82
BODE index 1.9+2.2 1.2+1.8 0.00
LAA%, % 253+14.0 24.4+149 038
FMI, kg-m™2 3.84+1.74 5.67+1.86 0.00
FFMI, kg:-m=2 16.03+1.72 17.26+1.77 0.00
Hb, g-dL™"' 13.0£1.6 14.3£1.3 0.00
Alb, g-dL™' 4.1£0.3 4.3£0.3 0.00

Notes: Data are presented as mean * SD, unless otherwise stated. Stage | is defined
as FEV,% predicted =80%; stage Il is defined as 50%= FEV,% predicted <80%; stage
Il is defined as 30%= FEV,% predicted <50%; and stage IV is defined as FEV %
predicted <30%. *At risk of COPD is defined as patients who showed symptoms
compatible with COPD but who were not diagnosed with COPD. *n=81. ®n=166.
n=47.n=92.

Abbreviations: %DLCO/VA, diffusing capacity divided by the alveolar volume
as percentage of predicted; %RV/TLC, residual volume to total lung capacity as
percentage of predicted; %VC, vital capacity as percentage of predicted; 6MWD,
6-minute walk distance; A-aDO?2, alveolar-arterial oxygen difference; Alb, albumin;
BMI, body mass index; BODE, body mass index, airway obstruction, dyspnea, and
exercise capacity index; FEV,% predicted, forced expiratory volume in | second as
percentage of predicted; FEV /FVC, forced expiratory volume in | second to forced
vital capacity; FFMI, fat-free mass index; FMI, fat mass index; GOLD, Global initiative
for vhronic Obstructive Lung Disease; Hb, Hemoglobin; ICS, inhaled corticosteroid;
LAA%, percentage of low attenuation area; LABA, long-acting beta -agonist; LAMA,
long-acting muscarinic antagonist; MMRC, modified Medical Research Council; OCD,
oxygen cost diagram; PaCO,, partial pressure of carbon dioxide in arterial blood;
PaO,, partial pressure of oxygen in arterial blood; SD, standard deviation; TLC, total
lung capacity.

respectively, in group A, and in 17, 43, 28, and four patients,
respectively, in group B. There was also no significant differ-
ence between the two groups in this respect (P=0.98). Among
the various parameters of the pulmonary function tests, the
residual volume (RV) to total lung capacity (TLC) as per-
centage of predicted (%RV/TLC) of group A was greater
than that of group B (P=0.01). Since the difference in air
trapping (as reflected by difference in RV/TLC) between the
cases and the controls was 3.4% (45.519.5% in group A and
42.149.8% in group B [P=0.01]) and the minimal important
difference in RV/TLC was reported to range from 2.8 to
4.0%,'8 this difference in air trapping could have induced
the symptomatic differences between these two groups. The
BMI and the FFMI in group A were significantly lower than
those in group B (P=0.00). Concentrations of both serum
hemoglobin and albumin were significantly lower in group
A than in group B (P=0.00 for both) (Table 1). The distance
obtained in the 6MWT was significantly less for group A
(453+105 m) than for group B (481198 m) (P=0.02). The
BODE index in group A was significantly higher than that
in group B (P=0.00).

A comparative analysis of patients who underwent partial
gastrectomy and those who underwent total gastrectomy in
group A is shown in Table 2. The BMI (P=0.016), FFMI
(P=0.035), FMI (P=0.022), and hemoglobin levels (P=0.003)
were significantly lower in the patients who underwent total
gastrectomy compared with those who underwent partial
gastrectomy.

Univariate and multivariate association
with the 6MWT

We performed univariate analyses using the 6 MWT distance
values for groups A and B (Table 3).

Subsequently, we performed multivariate linear regres-
sion analyses using various clinical and demographic
parameters, and observed significant differences between
groups A and B (Table 4). In group A, advanced age,
increased %RV/TLC, and decreased diffusing capacity for
carbon monoxide (DLCO) divided by the alveolar volume
(VA) as percentage of predicted (% DLCO/VA) were inde-
pendent and significant predictors of reduced distances in
the 6MWT; while in group B, advanced age, decreased
body height, decreased vital capacity (VC) as percentage
of predicted (%VC), and decreased %DLCO/VA were
independent predictors of reduced distances in the 6MWT.
Comparisons between the two groups revealed %RV/TLC
as a specific indicator for determining the distances covered
in the 6MWT in group A (Table 4).
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Table 2 Comparison of patients who underwent partial
gastrectomy with those who underwent total gastrectomy in

group A
Partial Total P-value
gastrectomy gastrectomy

Patients, n 66 21

Age, years 70.847.9 72.9+6.6 0.28
BMI, kg-m2 19.9+3.0 18.3+2.6 0.02
%VC, % 90.9+18.6 89.2424.9 0.79
FEV,, Ls' 2.05+0.74 2.04+0.84 0.90
FEV /FVC, % 65.0+16.3 69.5+21.3 0.26
FEV,% pred, % 73.2422.9 79.2+30.1 0.28
TLC, L 5.75%1.15 5.71+1.54 0.97
%RV/TLC, % 114.3+23.0 119.7425.8 0.52
%DLCO/VA, % 61.5+23.7 55.3+24.3 0.40
6MWD, m 453+113 451471 0.84
Strength of grip, kg 30.3+7.8 27.746.5 0.32
MMRC 1.0£1.1 |.4+1.5 0.40
BODE index 1.942.1 2023 0.95
LAA%, % 26.0£14.1 23.0+13.6 0.40
FMI, kg-m2 4.08+1.76 3.05+1.42 0.02
FFMI, kg-m™ 16.26+1.67 15.26+1.70 0.04
Alb, g-dL! 4.1+0.3 4.140.4 0.48
Hb, g-dL™' 13.3+1 .4 12.0+1.7 0.00

Note: Data are presented as mean * SD, unless otherwise stated.
Abbreviations: %DLCO/VA, diffusing capacity divided by the alveolar volume
as percentage of predicted; %RV/TLC, residual volume to total lung capacity as
percentage of predicted; %VC, vital capacity as percentage of predicted; 6MWD,
6-minute walk distance; Alb, albumin; BMI, body mass index; BODE, body mass
index, airway obstruction, dyspnea, and exercise capacity index; FEVI, forced
expiratory volume in | second; FEV % pred, forced expiratory volume in | second as
percentage of predicted; FEV,/FVC, forced expiratory volume in | second to forced
vital capacity as percent of predicted; FFMI, fat-free mass index; FMI, fat mass index;
Hb, Hemoglobin; LAA%, percentage of low attenuation area; MMRC, Modified
Medical Research Council; SD, standard deviation; TLC, total lung capacity.

Discussion
In this study, we observed several changes in patients with
COPD who underwent gastrectomy. These patients demon-
strated significant nutritional insufficiencies, significantly
reduced exercise capacities, and shorter distances in the
6MWT compared with the patients who had not undergone
gastrectomy. Univariate analysis revealed that age was an
independent factor in determining the distances covered
in the 6BMWT. Multivariate linear regression analysis and
comparisons between the two groups showed that increased
%RV/TLC alone was an independent and significant predic-
tor of reduced distances in the 6MWT. These data support
the hypothesis that postgastrectomy, patients may experi-
ence reduced exercise capacity because of nutritional insuf-
ficiency. Moreover, these contributing physiological factors
may indicate that hyperinflation is connected to the nutritional
disorders resulting from gastrectomy.

Postgastrectomy syndrome, which frequently occurs after
total or partial gastrectomy, is a lifelong source of problems

Table 3 Correlation between the 6-minute walk distance values
and clinical and demographic parameters

Parameter Group A Group B
Correlation P-value Correlation P-value
coefficient coefficient

Age -0.563 0.00 -0.453 0.00

Height 0.422 0.00 0.281 0.00

BMI 0.179 0.11 0.254 0.00

CCl —0.254 0.02 -0.165 0.03

%VC 0.352 0.00 0.413 0.00

FEV % pred 0.399 0.00 0.449 0.00

%RV/TLC —-0.282 0.01 -0.329 0.00

%DLCO/VA 0.424 0.00 0.486 0.00

A-aDO, 0412 0.00 —-0.266 0.00

Strength of grip  0.573 0.00 0.399 0.00

MMRC -0.633 0.00 —0.545 0.00

LAA% -0.229 0.05 -0.328 0.00

FMI —0.100 0.39 0.021 0.80

FFMI 0.449 0.00 0.405 0.00

Hb 0.302 0.0l 0.148 0.06

Alb 0.288 0.0l 0.309 0.00

Abbreviations: %DLCO/VA, diffusing capacity divided by the alveolar volume
as percentage of predicted; %RV/TLC, residual volume to total lung capacity as
percentage of predicted; %VC, vital capacity as percentage of predicted; A-aDO2,
alveolar—arterial oxygen difference; Alb, albumin; BMI, body mass index; CClI,
Charlson Comorbidity Index; FEV,% pred, forced expiratory volume in | second
as percentage of predicted; FFMI, fat-free mass index; FMI, fat mass index; Hb,
Hemoglobin; LAA%, percentage of low attenuation area; MMRC, Modified Medical
Research Council.

for patients. The difficulties associated with this syndrome
include postprandial epigastric fullness, dumping syndrome,
cholecystic dysfunction, malnutrition, and regurgitant
gastroesophagitis.!” Segmental resection of the stomach was
first described at the end of the 19th century by Mikulicz, who
devised the procedure to preserve the pylorus when performing

Table 4 Multiple regression analyses for the 6-minute walk
distance values in groups A and B

Parameters B* B** 95% ClI P-value
Group A
Age, years —8.346 -0.569 —10.741 to —5.951 0.000
%RVITLC, % —1.740 -0.361 -2.577t0-0.903  0.000
%DLCO/VA, % 1.048 0223 0233 to 1.874 0.014
R=0.563
Group B
%DLCOIVA, % 1.683  0.423 1.176 to 2.190 0.000
%VC, % 2029 0380 1.359to0 2.699 0.000
Age, years -2.335 -0.179 -4.088t0-0.582 0.009
Height, centimeters 2.123  0.132  0.029 to 4217 0.047
R=0.463

Notes: *Unstandardized coefficient. **Standardized coefficient.

Abbreviations: %DLCO/VA, diffusing capacity divided by the alveolar volume
as percentage of predicted; %RV/TLC, residual volume to total lung capacity
as percentage of predicted; %VC, vital capacity as percentage of predicted;
Cl, confidence interval.
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gastric ulcer surgery.?® This technique was eventually
abandoned because it caused delayed gastric emptying.
In 1967, Maki et al developed an improved concept of
segmental gastrectomy: pylorus-preserving gastrectomy,"
but dramatic decreases in the occurrence of gastric ulcers
limited the opportunity to perform the operation. However,
pylorus-preserving gastrectomy has emerged as a surgi-
cal technique for gastric cancer, the incidence of which
has increased remarkably over the last two decades.!” In
our study, approximately two-thirds of all gastrectomized
patients underwent this surgical procedure for gastric can-
cer. We have shown that patients who underwent a total
gastrectomy showed greater nutritional insufficiency than
those who underwent partial gastrectomy. However, we
did not investigate whether the use of pylorus-preserving
gastrectomy affects nutritional insufficiency several years
after surgery as there was insufficient information available
for most of the patients.

The present study was performed using a cross-sectional
design, and data were not available to indicate whether
defined COPD was present at the time of each gastrectomy.
Each patient had a complex background, defined by different
severities of COPD, age, and sex. Therefore, we compared
the patients with COPD and a history of gastrectomy to those
without gastrectomy, using a case-control model: the patients
were matched by age (£5 years), sex, and FEV % predicted
(£5%). The two groups differed with respect to BMI but not
with respect to smoking history (expressed as pack-years) and
medications prescribed for management of COPD.

It has been established that nutritional status is one of
the most important clinical determinants of postgastrectomy
outcomes. Weight loss is a common problem in patients
who have undergone gastrectomy, mainly due to impaired
food intake and malabsorption.?! The pathophysiology of
patients with COPD includes narrowing of the peripheral
airways, decreased parenchymal tethering of the airways,
loss of alveolar surface area, pulmonary hyperinflation, and
air trapping.”? Continued malnutrition was associated with
and could lead to emphysema, which was observed in 13.5%
of people in the Warsaw Ghetto during World War I1* and
in patients with anorexia nervosa.** However, our data did
not support a direct relationship between the severity of
emphysema (assessed on chest HRCT) and nutritional insuf-
ficiency. This is likely due to the relatively milder nutritional
insufficiency in postgastrectomy patients as compared with
that suffered by people in the Warsaw Ghetto.”* However,
the gastrectomy group did show reduced exercise capacity
and hyperinflation.

Gastrectomy was associated with anemia in our study,
which could lead to pulmonary hypertension (PH) and poor
outcomes in subjects with COPD. Anemia is common in
patients with chronic respiratory failure, including COPD,
often because of disturbed iron homeostasis.” Recent studies
have reported that iron deficiency in patients with, not only
idiopathic pulmonary arterial hypertension®® but also, vari-
ous other forms of PH is associated with worsened clinical
outcome,?’ and iron is also thought to play a key role in
many cellular processes, including responses to hypoxia and
oxidative stress, cellular proliferation, and cell metabolism.
The potential importance of iron supplementation in patients
with PH has also been examined.” It has been reported
that hypoxic PH may be attenuated and quality of life and
exercise capacity could be improved through the use of iron
supplementation.?®?* Thus, disturbance of iron homeostasis
could lead to anemia and PH in COPD, and these comorbidi-
ties might possibly be cured by iron supplementation. In fact,
it has also been reported that iron deficiency is common in
patients with COPD and that correction of this iron deficiency
with intravenous iron supplementation can improve their
anemia and dyspnea.*

Hyperinflation in COPD is characterized by an increase
in absolute lung volumes. This is thought to be partly due to
inadequate emptying of the lungs, which can be caused by an
increase in airway resistance and respiratory system compli-
ance, or a combination of the two.?! The patients who under-
went gastrectomy did not have obvious airflow obstruction
but did have hyperinflation of the lungs. This suggests that
gastrectomy does not increase lung inflammation or tissue
destruction; however, malnutrition does induce decreases
in lung elastin and collagen levels.?? Recently, it was found
that proteoglycan plays an important role in lung health as
well.** Lung elasticity and alveolar stability are observed at
low to medium lung volumes.** Changes in these connective
tissues can cause decreased lung elasticity, which results in
lung hyperinflation.

Determinants of shorter distances in 6MWT are complex
and depend on both physical factors (pulmonary and nonpul-
monary) and psychological factors, as reported in the results
of a large multinational cohort of well-characterized patients
with clinically stable, moderate to very severe COPD.>* In the
present study, we did not quantify the effects of psychological
factors on our results, although they may have some effect
on postgastrectomy patients.’ In a previous study, emphy-
sema and gas trapping, as measured by CT scan, were not
found to be predictive of 6MWT distances.*® In our study,
we found that hyperinflation, expressed as %RV/TLC, was
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predictive of the distances covered in the 6MWT. Since every
1% increase in %RV/TLC resulted in a decrease of 1.740 m
in the 6-minute walk distances in group A (Table 4), a 15%
increase in %RV/TLC was associated with a reduction in the
6-minute walk distances of 26 m, which has been reported
as the minimal important difference.’’

Strengths and limitations

To adequately appreciate our results, the strengths of this
study must be acknowledged. The current study was con-
ducted using a sufficient number of patients with COPD
who had undergone gastrectomy. Patients who received
gastrectomy for gastric cancer, who may have demon-
strated the effects of recurrence or chemotherapy, were not
included in the present study; therefore, the study design
was appropriate to study the effects of gastrectomy alone.
However, our study also had certain limitations. First, a
heterogeneous group of patients with COPD or at risk of
COPD was enrolled in the study. This might have been a
source of potential confounding factors, as patients with
spirometry-defined COPD and patients at risk of COPD
have distinct phenotypes, especially when the effects of
obesity or weight gain are involved;® of note, the Charlson
Comorbidity Index did not differ between the two groups.
Second, this study included only Japanese patients, in whom
the prevalence of emphysema type and weight loss is dif-
ferent from that seen in Caucasians.* In addition, we had
very few women in our study population, possibly because
the morbidity of COPD is three times higher in males than
in females* and because in Japan, the morbidity of gastric
cancer and ulcer is also higher in males than in females.*'*?
We believe these factors, namely the ethnic and sex dif-
ferences, need to be assessed in follow-up studies. Third,
we only estimated hyperinflation as %RV/TLC; we did not
measure dynamic hyperinflation in this study. Further, we
recommend evaluating annual changes in the results of both
the 6MWT and the lung function tests after gastrectomy, as
well as studying different populations, as future research
directions. The study could also be refined by examining the
differences in the histories of patients with marked obesity
who underwent gastrectomy, gastric bypass, or banding.
Finally, our study also could have a healthy survivor bias.
Since we have seen only long-term survivors who under-
went gastrectomy, this study could be limited in its ability
to analyze the overall effects of gastrectomy on pulmonary
outcomes. This should be elucidated in the future, with a
prospective study that could also include subjects without
respiratory complaints at study recruitment.

Conclusion

We concluded that nutritional insufficiency in patients with
COPD (or at risk of COPD) who previously underwent
gastrectomy might lead to hyperinflation and consequently,
decreased exercise capacity.
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