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Purpose: Alpha-1 antitrypsin deficiency is associated with the development of chronic
obstructive pulmonary disease (COPD), whereas increased levels of serum alpha-1lantitrypsin
occur in response to inflammation. The effects of alpha-1 antitrypsin levels on the clinical
course of COPD had been unclear. We investigated the association of serum alpha-1
antitrypsin levels with the clinical course of COPD patients based on data from a 10-year
prospective cohort study.

Patients and methods: We analyzed 278 COPD patients who participated in the Hokkaido
COPD cohort study and who did not meet the criteria for alpha-1 antitrypsin deficiency. We
divided the subjects into 3 groups according to quartiles of serum alpha-1 antitrypsin levels
at baseline: lower group (<116 mg/dL, n = 66); middle group (116 to <141 mg/dL, n = 145);
and higher group (>141 mg/dL, n = 67). The annual change in forced expiratory volume in 1
s (FEV)) and events of COPD exacerbation were monitored during the first 5 years, and
mortality was followed-up during the entire 10 years.

Results: At baseline, the higher group showed lower body mass index; higher computed
tomography emphysema score; lower diffusing capacity; higher levels of acute-phase pro-
teins; and higher blood neutrophil counts. Longitudinal analyses revealed that in the higher
group, the annual decline in FEV| was rapid and the 10-year mortality was higher, but there
was no association between serum alpha-1 antitrypsin levels and time to first exacerbation.
Conclusion: COPD subjects with higher serum alpha-1 antitrypsin levels were associated
with a worse systemic inflammation status and higher 10-year mortality.

Keywords: chronic obstructive pulmonary disease, alpha-1 antitrypsin, inflammation, lung
function decline, mortality

Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by persistent
airflow limitation with chronic lung inflammation, which is activated by exposure
to cigarette smoking, aerotoxins, infections, and biomass fume.! An imbalance
between proteases derived from inflammatory cells and epithelial cells, such as
neutrophil elastase, and anti-proteases, such as alpha-1 antitrypsin, has been
thought to be associated with the pathogenesis of COPD, especially pulmonary
emphysema.” Indeed, alpha-1 antitrypsin deficiency is one of the most important
causes of COPD all over the world, except in Eastern Asia, including Japan. On the
other hand, alpha-1 antitrypsin is also well known as one of the acute-phase
proteins. To date, several types of inflammatory markers, including C-reactive
protein (CRP), fibrinogen, and blood neutrophil count, have been reported to be
associated with the clinical course of patients with COPD, including exacerbation,
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lung function decline, poor quality of life (QOL), and
mortality.” However, it has been unclear how alpha-1
antitrypsin, which is an anti-protease and inflammatory
marker, is related with the clinical course of COPD
patients who are not deficient in alpha-1 antitrypsin.

The Hokkaido COPD cohort study was a carefully
designed, multicenter, observational cohort study that pri-
marily aimed to examine the natural history and prognosis
of Japanese patients with COPD.*” In this present study,
we aimed to investigate the association of serum alpha-1
antitrypsin levels with the baseline clinical characteristics
and longitudinal clinical course of COPD patients who
were prospectively followed for over 10 years in the
Hokkaido COPD cohort study.

Materials and Methods

Participants

The recruitment of the COPD patients has been described
previously.*”’ Briefly, Japanese patients with COPD were
recruited at Hokkaido University Hospital, Sapporo, Japan
and its 9 affiliated hospitals from May 2003 to May 2005.
All were aged over 40 years and were either current or
former smokers with a smoking history of at least 10 pack-
years. Subjects with clinically diagnosed asthma were care-
fully excluded by respiratory specialists.” During the
first year of follow-up, the diagnosis was reconfirmed
based on the spirometry criteria of the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines.'
A total of 279 subjects with COPD (GOLD 1, 26%;
GOLD 2, 45%; GOLD 3, 24%; and GOLD 4, 5%) were
eligible for subsequent follow-up. One patient who met the
criteria for alpha-1 antitrypsin deficiency (ie, serum alpha-1
antitrypsin level <90 mg/dL) was excluded from this study.
As aresult, we analyzed 278 subjects with COPD (GOLD 1,
26%; GOLD 2, 45%; GOLD 3, 24%; and GOLD 4, 5%) in
this study. This study was conducted in accordance with the
Declaration of Helsinki and received approval from the
ethics committee of Hokkaido University School of
Medicine (med02-001) and written informed consent was
obtained from all participants.

Study Protocol

On the lst visit, information on demographics, including
sex; age; height; weight; smoking history; medical history;
and medications and information on respiratory symptoms
were collected. Until the 5th year of the study, information
on COPD exacerbations was collected every month. Any

change in smoking status, medical history, and pharma-
cotherapy was monitored. Spirometry before and after
bronchodilator inhalation was performed every 6 months.
Diffusion capacity testing, chest computed tomography (CT)
scan, and health-related QOL assessment by St. George’s
(SGRQ) were
every year. The severity of emphysema was visually

Respiratory  Questionnaire performed
assessed by 3 independent pulmonologists, according to
the modified Goddard scoring system.*>*® Exacerbation
was defined as worsening or new onset of either (1) 2
major symptoms among increased dyspnea, change in spu-
tum purulence, or increased sputum volume or (2) any 1|
major symptom plus any minor symptom of fever, increased
cough, or wheezing that required a change in prescription.®

After the 5th year, spirometry after bronchodilator inha-
lation and diffusion capacity testing was performed
every year for those who agreed with the extension of
a regular follow-up program until the 10th year. Spirometry
data after the diagnosis of lung cancer were not used in this
study. Majority of the subjects continued to visit the out-
patient clinics for appropriate medical care even if they
the
Therefore, telephone interview and/or medical chart review

dropped out from regular follow-up program.
to monitor the annual mortality data for 10 years was needed

in only a minority of the study population.

Measurement of Blood Biomarkers

We measured the serum alpha-1 antitrypsin levels at enrol-
ment using the nephelometry method (SRL Inc., Tokyo,
Japan). The Japanese clinical criterion for alpha-1 anti-
trypsin was a level below 90 mg/dL. Plasma CRP and
haptoglobin levels at enrolment were measured using
Human CardiovascularMAP v1.0 (Myriad RBM, Austin,
TX, USA).° Circulating blood cell counts were measured
annually until the 5th year of the study.

Statistical Analysis

The annual changes in post-bronchodilator FEV; during the
first 5 years were estimated by a linear mixed-effects model.”
Differences among the groups were analyzed using one-way
analysis of variance (ANOVA), Kruskal-Wallis test with the
Mann—Whitney test, or Chi-square test, as appropriate.
Bivariate correlations were analyzed using the Spearman’s
rank correlation coefficient. The trend among the groups was
analyzed using the Jonckheere—Terpstra test. Association
between serum alpha-1 antitrypsin levels and the annual
changes in post-bronchodilator FEV, was analyzed using
the linear regression model. Exacerbation-free survival and

submit your manuscript

2886

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2019:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Takei et al

mortality were analyzed using the Kaplan-Meier method
with the log-rank test and the Cox proportional hazards
model. Statistical significance was defined as p <0.05. All
analyses were performed using R version 3.1.2 software (The
R Foundation; http://www.r-project.org/).

Results

Figure 1 shows the distribution of serum alpha-1 antitrypsin
levels. The subjects were classified into 3 groups according
to the quartiles of distribution of serum alpha-1 antitrypsin
levels: lower group (<116 mg/dL or 25th percentile), middle
group (116 to <141 mg/dL), and higher group (>141 mg/dL
or 75th percentile). Table 1 shows the baseline background
characteristics of the 3 groups based on the serum alpha-1
antitrypsin levels. Although age, sex, smoking status, post-
bronchodilator FEV, and QOL score were not significantly
different among the groups, the higher group had signifi-
cantly lower body mass index (BMI) and diffusion capacity
and higher emphysema score on CT, compared with those of
the other groups. On the other hand, the lower group had
milder dyspnea symptoms, which were assessed by the mod-
ified Medical Research Council (mMRC) dyspnea scale.
Regarding comorbidities, diabetes mellitus was more preva-
lent in the lower group than in the other groups. The serum
alpha-1 antitrypsin levels were weakly correlated with BMI
(p = —0.21, p < 0.01, Supplementary Figure 1A) and CT
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Figure | Distribution of serum AAT levels. We divided all subjects into 3 groups
according to quartile: lower group (<I16 mg/dL, n = 66), middle group (116 to
<141 mg/dL, n = 145), and higher group (>141 mg/dL, n = 67).Abbreviation: AAT,
alpha-| antitrypsin.

emphysema score (p = 0.15, p = 0.01, Supplementary
Figure 1B).

Since alpha-1 antitrypsin is one of the acute-phase pro-
teins, we analyzed its association with the other inflammatory
markers and found that the higher and middle groups had
significantly higher plasma CRP and haptoglobin levels com-
pared with those of the lower group (Figure 2A and B), and
that the higher group had significantly higher blood neutrophil
count compared with that of the other groups (Figure 2C).
Furthermore, the serum alpha-1 antitrypsin levels had weak
but significant correlations with CRP (p = 0.20, p = 0.001,
Supplementary Figure 2A); haptoglobin (p = 0.18, p = 0.003,

Supplementary Figure 2B); and blood neutrophil counts (p =
0.16, p = 0.006, Supplementary Figure 2C). In addition, the
higher serum alpha-1 antitrypsin group tended to continue to

have higher blood neutrophil counts compared to the other
groups during the first 5 years of this study (Figure 3).

Table 2 and Figure 4 show that the higher serum alpha-1
antitrypsin group was associated with rapid annual FEV,
decline during the first 5 years (p = 0.047 for ANOVA, p =
0.02 for trend), whereas the linear regression models with or
without adjustment for confounders did not show significant
association between the serum alpha-1 antitrypsin levels and
the annual FEV, decline (Table 3). Pharmacotherapy with
anticholinergics or inhaled corticosteroids was less frequent
in the lower group than in the other groups (Table 2).
Although there was no association between serum alpha-1
antitrypsin levels and the development of exacerbation
(Figure 5A), the higher group clearly had a higher 10-year
mortality compared with that of the other groups (p = 0.01,
Figure 5B). Multivariate Cox proportional hazards models
showed that higher serum alpha-1 antitrypsin levels were
significantly associated with 10-year mortality, independent
of the BMI or emphysema score on CT at baseline (Table 4).
Further, higher serum alpha-1 antitrypsin levels tended to be
associated with 10-year mortality, after adjustments for both
BMI and emphysema score on CT (Table 4). There were no
significant relationships between serum alpha-1 antitrypsin
levels and causes of death (Supplementary Table 1).

Discussion

Alpha-1 antitrypsin is a main inhibitor of serine proteases,
such as neutrophil elastase. Alpha-1 antitrypsin deficiency is
well known to be one of the most important causes of COPD
all over the world, except in Eastern Asia where the fre-
quency of functionally deficient SERPINA gene alleles is
extremely low.'"® On the other hand, alphal-antitrypsin is
also a well-known acute-phase protein whose plasma
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Table | Relationship Between Serum AAT Levels and the Baseline Characteristics of Subjects with COPD

AAT <Il16 AAT 116 to <141 AAT >141 P value

Number of subjects 66 145 67
Age, years 68 (8) 70 (8) 70 (8) 0.11°
Female sex, N (%) 4 (6) 7(5 6 (9 0.51¢
BMI, kg/m? 23 (3) 22 (3) 21 (3) <0.001°
Current smoker, N (%) 12 (18) 42 (29) 22 (33) 0.14¢
Smoking index, pack-years 66 (37) 63 (27) 58 (29) 0.31°
Lung function

Post-BD FEV,, L 1.90 (0.66) 1.75 (0.66) 1.59 (0.65) 0.03°

Post-BD FEV,, % predicted 68 (19) 65 (23) 60 (21) 0.09°

Post-BD FEV,/FVC 0.52 (0.12) 0.51 (0.13) 0.49 (0.12) 0.39°

DLco, % predicted® 82 (23) 78 (24) 70 (27) 0.01°

Kco, % predicted” 70 (23) 64 (24) 55 (23) 0.001°
Patient-reported outcomes

Chronic bronchitis, N (%) 9 (14) 16 (11) 5(7) 0.48¢

mMRC dyspnea scale 22, N (%) 26 (39) 84 (58) 39 (58) 0.03¢

SGRQ total score 29 (18) 32 (17) 34 (19) 0.28°
CT emphysema score 1.0 (0.5-1.8) 1.2 (0.7-2.2) 1.5 (0.8-2.3) 0.03¢
Comorbidities

Any cardiovascular disease 11 (17) 38 (26) 13 (19) 0.25¢

Ischemic heart disease 4 (6) 12 (8) 34 0.57¢

Diabetes 8 (12) 3(2) 2(3) 0.004¢

Notes: Data are shown as mean (standard deviation), median (interquartile range), or number (%). °N = 277, bOne-way analysis of variance, “Kruskal-Wallis test, dChi-

square test.

Abbreviations: AAT, alpha-| antitrypsin in mg/dL; BMI, body mass index; post-BD, post-bronchodilator; FEV,, forced expiratory volume in | s; FVC, forced vital capacity;
DLco, carbon monoxide diffusion capacity; Kco, carbon monoxide transfer coefficient; mMRC, modified Medical Research Council; SGRQ, St. George’s Respiratory

Questionnaire; CT, computed tomography.

concentrations increase in response to inflammation. So far,
few studies have examined the influence of circulating alpha-
1 antitrypsin levels on the longitudinal clinical course of
COPD patients without alpha-1 antitrypsin deficiency.'' In
this study, we found that higher serum alpha-1 antitrypsin
levels were associated with lower BMI, lower diffusion
capacity, higher CT emphysema score, and higher systemic
inflammatory markers in COPD patients at baseline. In addi-
tion, we found that subjects with higher serum alpha-1 anti-
trypsin groups were associated with rapid lung function
decline and higher 10-year mortality. To our best knowledge,
this was the first study that investigated the association
between serum alpha-1 antitrypsin levels and the longitudinal
changes in lung function and mortality in patients with
COPD.

Previous studies have reported that inflammatory mar-
kers, such as CRP, fibrinogen, tumor necrosis factor-a,
interleukin-8, and interleukin-6, were increased in patients
with COPD, compared with healthy subjects.®'*'* In addi-

tion, some studies revealed that subjects with elevated

inflammatory markers had more frequent exacerbations,
worse lung function, and higher mortality, compared with
those without inflammation.'*"!” Because the serum alpha-
1 antitrypsin levels were correlated with the other systemic
inflammatory markers in this study, a higher serum alpha-1
antitrypsin level seemed to reflect a worse systemic inflam-
mation status in patients with COPD, which may lead to
weight loss and pathologic changes in the COPD lungs,
such as pulmonary emphysema. Hepatocytes are the main
producers of alpha-1 antitrypsin as well as other acute-
phase proteins such as CRP; therefore, the producing
activity of hepatocytes supposed to be elevated by chronic
systemic inflammatory status. Higashimoto et al reported in
a cross-sectional study that serum alpha-1 antitrypsin levels
were inversely correlated with BMI in Japanese patients
with COPD,'® which was consistent with our results.
Furthermore, Senn et al reported that serum alpha-1 anti-
trypsin levels were inversely correlated with BMI and FEV,
in the general population.'® We have previously shown that
lower BMI and more emphysema on chest CT were
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Figure 2 Box plots of the association of the serum AAT levels with the other inflammatory markers. (A) C-reactive protein, (B) haptoglobin, (C) blood neutrophil count. *p

<0.05 vs AAT <I16.Abbreviation: AAT, alpha-| antitrypsin.

associated with future rapid lung function decline.’ In this
study, we found that subjects with higher serum alpha-1
antitrypsin groups were associated with rapid lung function
decline, whereas the linear regression analysis between
serum alpha-1 antitrypsin levels and annual FEV, decline
did not show statistical significance, indicating that serum
alpha-1 antitrypsin levels do not have strong effect on future
lung function decline in COPD patients independent of
other cofounders such as BMI and emphysema score on
CT. By contrast, subjects with higher serum alpha-1 anti-
trypsin groups were associated with a higher 10-year

mortality, and the serum alpha-1 antitrypsin levels remained
significant or exhibited a tendency after adjustment for BMI
or emphysema score on CT or both of them (Table 4). Taken
together, measurement of serum alpha-1 antitrypsin levels
is clinically important in COPD patients even without
alpha-1 antitrypsin deficiency because it reflects systemic
status and is associated with the clinical course of COPD,
including lung function decline and mortality.

On the other hand, it is important to note that although the
elevation of serum alpha-1 antitrypsin levels was clearly
associated with higher other inflammatory markers, it was

International Journal of Chronic Obstructive Pulmonary Disease 2019:14
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not associated with COPD exacerbations in this study.
Ingebrigtsen et al reported that elevated plasma alpha-1 anti-
trypsin levels were associated with increased risk of exacer-
bations, whereas genetically lower alpha-1 antitrypsin levels
(ie, presence of Z-allele in the SERPINA gene) were also
The lack of

a relationship between serum alpha-1 antitrypsin levels and

associated with increased exacerbation.!!

exacerbations in this study may have been due to the rela-
tively low frequency of exacerbations in our cohort.®

We also found that subjects with lower serum alpha-1
antitrypsin levels had a higher prevalence of diabetes,

Table 2 Relationship Between Serum AAT Levels and the
Longitudinal Characteristics of the Subjects with COPD During
the First 5 Years

AAT AAT AAT P value
<Ilé6 116 to >141
<141
Number of subjects 66 145 67
Annual post-BD FEV, —25 (24) -33 (22) =35 (27) 0.047°
change (mL/year)®
Exacerbation frequency, 0(0-0.40) | O 0 (0-0.20) | 0.72¢
events/year (0-0.20)
Pharmacotherapy
Anticholinergics 25 (38) 82 (57) 39 (58) 0.02¢
Ba-receptor agonists 20 (30) 55 (38) 29 (43) 0.30¢
Inhaled corticosteroids | 4 (6) 27 (19) 8 (12) 0.04¢

Notes: Data are shown as mean (standard deviation), median (interquartile range),
or number (%). ®N = 260, ®One-way analysis of variance, “Kruskal-Wallis test, “Chi-
square test.

Abbreviations: AAT, alpha-| antitrypsin in mg/dL; post-BD, post-bronchodilator;
FEV|, forced expiratory volume in | s.

Figure 4 Bar plots of the annual changes in post-bronchodilator FEV, according to
the serum AAT levels. °P value for the trend derived by the Jonckheere—Terpstra
test.Abbreviation: AAT, alpha-| antitrypsin.

despite the absence of a relationship between serum
alpha-1 antitrypsin levels and any cardiovascular disease.
In fact, several in vivo and in vitro studies have shown that
lower alpha-1 antitrypsin levels were involved with the
pathogenesis of both type 1 and type 2 diabetes.”**'
Although not yet validated, the mechanism postulated
was that alpha-1 antitrypsin protects pancreatic B cells
from apoptosis. There were some studies about the effi-
cacy of alpha-1 antitrypsin augmentation therapy for type
1 diabetes.”® Therefore, we should pay attention to the
presence of diabetes in patients with low serum alpha-1
antitrypsin levels.

This study had several limitations. First, we did not
perform SERPINA gene genotyping. In previous studies

Table 3 Multiple Regression Analysis for Lung Function Decline
During the First 5 Years

p* P value
Model I: Crude model
Serum AAT —0.09 0.13
Model 2: Serum AAT + cofounders
Serum AAT —0.05 0.40
Emphysema score —-0.21 <0.001
Blood neutrophil count® -0.05 0.46
Blood eosinophil count® 0.23 <0.001

Notes: *standardized partial regression coefficient, *log-transformed.
Abbreviation: AAT, alpha-| antitrypsin.
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from Western countries, serum alpha-1 antitrypsin levels
were regulated by the SERPINA gene single-nucleotide
polymorphisms, mainly in the Z-allele and S-allele,”* both
of which were clearly associated with lower serum alpha-1
antitrypsin levels compared with the normal M-allele.
Nevertheless, quite few individuals in a Japanese popula-
tion had the Z-allele and S-allele.** Seyama et al reported
that among more than 120 million Japanese individuals, the
estimated number of patients with alpha-1 antitrypsin

Table 4 Multiple Cox Proportional Hazards Models for 10-Year
Mortality

Hazards Ratio P value
(95% CI)
Model I: Crude model
Serum AAT 1.01 (1.00-1.02) 0.005
Model 2: Serum AAT + BMI
Serum AAT 1.01 (1.00-1.02) 0.03
BMI 0.90 (0.85-0.96) <0.001
Model 3: Serum AAT + Emphysema
score
Serum AAT 1.01 (1.00-1.02) 0.04
Emphysema score 1.38 (1.13-1.68) 0.001
Model 4: Serum AAT + BMI +
Emphysema score
Serum AAT 1.01 (0.999-1.02) 0.09
BMI 0.92 (0.87-0.98) 0.0l
Emphysema score 1.28 (1.04-1.57) 0.02

Abbreviations: AAT, alpha-| antitrypsin; BMI, body mass index.

deficiency was only 24 (95% confidence interval, 22-27),
and that the S- or Z-allele was not observed at all.'” This
explains the absence of benefit in genotyping the SERPINA
gene in Japanese subjects. Second, we measured the serum
alpha-1 antitrypsin levels only once at baseline. Therefore,
the intra-individual variations of serum alpha-1 antitrypsin
levels were unclear. Since alpha-1 antitrypsin is one of the
acute-phase proteins, its serum levels must be affected by
acute inflammation. In this study, the blood samples were
collected from patients in a clinically stable state which
were free from worsening of their symptoms above daily
variation or acute febrile illness. Ideally, we should remea-
sure these inflammatory markers on a later date to minimize
the effect of the underlying acute inflammatory situation on
our results. However, considering the fact that no subjects
had experienced proximate exacerbations, and that higher
serum alpha-1 antitrypsin levels at baseline were associated
with sustained higher blood neutrophil counts for several
years (Figure 3), we suspect that serum alpha-1 antitrypsin
levels seem to reflect the chronic inflammatory state in
COPD npatients instead of an acute inflammatory state.
Third, we did not examine alpha-1 antitrypsin levels in
lung tissues, including airway epithelial cells; therefore,
we could not assess whether a higher serum alpha-1 anti-
trypsin level was protective for the lung tissues. Finally, the
sample size in this study was relatively smaller than that of
previous large-scale clinical studies. Nevertheless, this
study was carefully designed and performed with very
high quality.

International Journal of Chronic Obstructive Pulmonary Disease 2019:14

submit your manuscript

2891

Dove


http://www.dovepress.com
http://www.dovepress.com

Takei et al

Dove

Conclusion

In conclusion, higher serum alpha-1 antitrypsin levels were
associated with elevations of the other inflammatory mar-
kers, lower BMI, more emphysema, rapid lung function
decline, and higher mortality in COPD patients who were
not alpha-1 antitrypsin-deficient. Serum alpha-1 antitrypsin
could be a clinically important for predicting the clinical
course of patients with COPD.

Abbreviations

COPD, chronic obstructive pulmonary disease; CRP,
C-reactive protein; QOL, quality of life; GOLD, Global
Initiative for Chronic Obstructive Lung Disease; CT, computed
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