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 Background: One of the most important factors in the pathogenesis of COPD (chronic obstructive pulmonary disease) is ox-
idative stress. GGT (gamma-glutamyltransferase) has been regarded as a novel marker of oxidative stress over 
the last few years. This study aimed to compare the serum levels of GGT during stable and acute exacerba-
tions of COPD at a single center.

 Material/Methods: The research included 117 patients with AECOPD (acute exacerbation of chronic obstructive pulmonary dis-
ease), 107 patients with stable COPD, and 112 control subjects. Serum GGT, spirometry function, and other 
clinical parameters (anthropometric and biochemical measurements) were evaluated and compared among 
the subjects.

 Results: Serum GGT was elevated in patients with stable COPD in comparison to the control subjects. Its level was in-
versely related to lung function. It was also significantly higher in AECOPD patients compared to stable COPD 
patients. We also found that a GGT level of 21.2 IU/L displays a reliable diagnostic prediction of COPD and that 
a GGT level of 26.5 IU/L can be applied to predict the exacerbation of COPD.

 Conclusions: Our research demonstrates that serum GGT level is inversely associated with pulmonary function and may 
serve as a biomarker during the progression of COPD. The monitoring of GGT values can be applied to evalu-
ating COPD and its exacerbation risk.
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Background

Chronic obstructive pulmonary disease (COPD) is the fourth 
leading cause of death worldwide and the only chronic disease 
that has continuously showed an increase in mortality [1–3]. 
COPD patients who frequently experience exacerbations have 
adverse impacts on their life quality, spirometry function, and 
prognosis [4]. Moreover, exacerbation also increases social and 
financial costs [5,6]. Consequently, effective and timely pre-
vention of COPD exacerbation is of great significance for pa-
tients and medical workers. Acute exacerbation of COPD is de-
fined as an event in the course of the disease, characterized 
by a change in the patient’s baseline dyspnea, cough, and/or 
sputum production, that is beyond normal day-to-day varia-
tions, and may warrant a change in regular medication [7,8]. 
However, there is still a lack of effective biomarkers for COPD 
and its acute exacerbation.

It is known that the most important factors in the pathogene-
sis of COPD are inflammation and oxidative stress [9]. In COPD, 
inflammation occurs in the airways, blood vessels, and lung 
parenchyma and has generalized effects. Oxidative stress has 
been determined to be involved in many processes associated 
with chronic inflammation. It produces direct damaging effects 
to the lungs and activates the molecular mechanisms that ag-
gravate pulmonary inflammation [9].

Serum gamma-glutamyltransferase (GGT) is present in high 
concentrations in the biliary tree and is traditionally used in 
clinical practice as a biomarker for liver disease [10]. Since 
GGT is found in several other organs, including the lungs, it is 
unlikely to be a specific marker solely for biliary or liver dis-
ease [11]. Over the last few years GGT has become regarded 
as a novel biomarker for oxidative stress, and many studies 
have shown that GGT values within set reference ranges are 
predictive of several diseases, including chronic kidney dis-
ease, cardiovascular disease, type 2 diabetes, and cancer [12]. 
Nowadays, serum GGT levels are being applied as a marker for 
oxidative stress [13]. There are several previous studies on the 
relationship between GGT and COPD [14–18]. However, their 
results are not consistent. Bozkus et al. demonstrated that se-
rum GGT may be helpful in grading the severity of COPD [15], 

while some scientists found serum GGT were similar in patients 
with different severity of disease [17]. Ermis et al. found sig-
nificantly higher the GGT activity in COPD patients compared 
to healthy controls [14], while other scientists found no differ-
ence [16]. In addition, they did not compare healthy controls, 
stable COPD, and AECOPD at the same time, nor did they an-
alyze their relationship with lung function.

Therefore, the present study aimed to compare the serum lev-
els of GGT during stable and acute exacerbations of COPD at a 
single center. We sought to examine serum GGT activity and to 
elucidate its predictive value in the development of COPD. We 
also aimed to investigate its relationship to pulmonary function.

Material and Methods

Study	population

This study was based on data from 3675 individuals who were 
hospitalized or examined in our institution with reproducible or 
acceptable spirometry results between December 1, 2016 and 
January 31, 2019. All subjects in this research were 40 years or 
older and either COPD patients or control subjects whose de-
mographic (age, sex) and clinical (COPD status, smoking sta-
tus, comorbidities) data were recorded. Blood samples were 
drawn for diagnostics and screening, including GGT activity, 
hepatic function, and renal function, at the time of admission 
or medical examination. Participants with pulmonary diseas-
es other than COPD, a history of asthma, or pulmonary tuber-
culosis, which could also bring about airflow limitations, were 
excluded from the study. Additionally, people with abnormal 
liver or biliary tract function; neoplastic pathologies; gastroin-
testinal, renal, and endocrine diseases; or regular alcohol con-
sumption were eliminated from the study. Thus, a final total 
336 participants were involved in the final analyses. (Details 
of the exclusions are presented in Figure 1)

The diagnostic criteria for COPD were based on the Global 
Initiative for Chronic Obstructive Pulmonary Disease [7,19]. The 
COPD population comprised 107 patients in the stable phase 
(without the need for hospitalization or therapy modification 

Total recruited
n=3,675

Data available for  analysis (n=336)

AECOPD
Stable COPD
Control subjects

n=117
n=107
n=112

Excluded (total=3,339)

• Presence of pulmonary disease (except COPD)
• History of asthma
• History of pulmonary tuberculosis
• Abnormal function of the liver or bilitary tract
• Neoplasm
• Gastrointestinal disease
• Renal disease
• Endocrine disease
• Regular alcohol consumption

n=722
n=409
n=343
n=422
n=92
n=310
n=103
n=394
n=544

Figure 1.  Participant recruitment and follow-up 
flow chart.
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for at least 3 months) and 117 patients with acute exacerba-
tion of chronic obstructive pulmonary disease (AECOPD). Acute 
exacerbation was defined as a quick deterioration of a patient’s 
state with the appearance of the following clinical manifesta-
tions: aggravated breathlessness, stickier and thicker sputum, 
or needing therapy modification. The control group was the 
population without respiratory diseases. Similar to the exclu-
sion criteria mentioned above, this group also excluded liver or 
biliary tract dysfunction, tumor lesions, gastrointestinal, renal 
and endocrine diseases, and people who often drank alcohol.

The study was implemented based on the principles of the 
Helsinki Declaration. Due to the retrospective nature of the 
study, the requirement for informed written consent was waived. 
This research was approved by the Institutional Ethics Review 
Board of the Affiliated Hospital of Zunyi Medical University. All 
personal information has already been anonymized and de-
identified prior to analysis to protect patient privacy.

Anthropometric	and	biochemical	measurements

Epidemiological (age, sex, comorbidities, and smoking status) 
data were collected, and the weights and heights of the sub-
jects were measured. Body mass index (BMI) was calculated 
as the ratio of body weight (kg) to height squared (m2). Blood 
specimens were obtained, processed, and delivered to the 
Medical Examination Department, and analyzed within 12 h.

The serum levels of GGT, total bilirubin, alanine aminotrans-
ferase (ALT), aspartate transaminase (AST), blood urea nitro-
gen (BUN), and creatinine were measured by a Hitachi 7020 
automatic biochemistry analyzer (Hitachi, Japan).

Using a commercially available enzyme-linked immunosorbent 
assay (ELISA) kit (Gudo Biotech, Shanghai, China), GGT pro-
tein level was determined in serum. The main process of the 
ELISA method was as follows: Allow all reagents to reach room 
temperature (20–25°C) for 15–30 min; Remove the enzyme 
plate and add 50 μL standard solution into the blank micro-
pore according to the order of the standard; add a 50 μL sam-
ple into the blank micropore and add 50 μL distilled water to 
the blank control; add 10 μL biotin into the sample hole; add 
100 μL enzyme-labeling solution into each pore; seal the en-
zyme label plate with sealing glue and incubate at 37°C 1 h; 
fully clean the enzyme label plate 3-5 times to keep sufficient 
water pressure in each hole; dry the enzyme plate thoroughly 
with absorbent paper after washing; add 50 μL of chromogen-
ic reagent A and B to each hole; react in the dark for 15 min at 
20–25°C; and add 50 μL termination solution to each hole to 
terminate the reaction. Then, the absorbance data were col-
lected and recorded by enzyme-linked immunosorbent assay. 
Curve-fitting statistical software was used to plot a 4-param-
eter logistic curve ft to the standards, and the results were 

then calculated for the test samples. The normal range for se-
rum GGT levels for our laboratory is 10–60 IU/L.

Spirometry	data

Spirometry testing was performed using dry rolling seal lung 
volume meters (SensorMedics, USA) by professional staff with 
patients in a seated position. A bronchodilator was not given 
before the spirometry test. The forced expiratory volume in one 
second (FEV1) and the forced vital capacity (FVC) were measured 
according to the criteria presented by the American Thoracic 
Society (ATS) [20]. All participants had at least 3 acceptable 
and reproducible respiratory curves with a difference of less 
than 150 ml between the 2 highest FEV1 and FVC results be-
ing required for inclusion in the analysis. The percent predict-
ed values of the following predictive equations, as described 
by Jia et al. [21], were determined to calculate lung function:

In women:
Predicted FEV1=–0.5237–0.0218 (age) +2.2994 (height) +0.0044 
(weight)
Predicted FVC=–2.0625–0.0167 (age) +3.4905 (height) +0.0054 
(weight)

In men: 
Predicted FEV1=–1.9611–0.0288 (age) +3.7928 (height)
Predicted FVC=–4.7766–0.0219 (age) +5.8139 (height)

Participants with pre-bronchodilator FEV1/FVC (forced expi-
ratory volume in one second/forced vital capacity ratio) <0.7 
were required to undergo post-bronchodilator spirometry test-
ing. Participants with post-bronchodilator FEV1/FVC <0.7 were 
categorized as having COPD.

Statistical analyses

Statistical analyses were performed with SPSS software (ver-
sion 19.0) and GraphPad Prism (version 6.0). All data were 
tested for normal distribution using the Shapiro-Wilk test 
and for homogeneity of variances using Levene’s test. If the 
data were normally distributed and showed similar varianc-
es, a one-way analysis of variance (ANOVA) was performed to 
compare means among the 3 groups. When the ANOVA re-
sults showed significant differences, multiple comparisons of 
means were used to perform a Tukey HSD post hoc test. If the 
data did not show similar variances, a non-parametric Kruskal-
Wallis analysis for comparing the median was performed and 
a Mann-Whitney analysis for multiple comparisons was also 
used if the Kruskal-Wallis analysis showed significant differ-
ences. Our missing data analysis procedures used missing at 
random (MAR) assumptions. We used the the MICE (multivari-
ate imputation by chained equations) method of multiple mul-
tivariate imputation.
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Correlations between GGT activity and the other parameters 
were measured with Pearson or Spearman correlation analy-
sis, as appropriate. A value of P<0.05 was regarded as statis-
tically significant in all tests.

Receiver-operating characteristic (ROC) analysis was per-
formed to calculate the cut-off values of serum GGT levels 
to predict COPD and its exacerbation with optimal specifici-
ty and sensitivity.

Results

As is depicted in Table 1, there was no significant difference 
among the 3 groups on the basis of age, sex, comorbidities 
(hypertension, coronary heart diseases, and heart failure), BMI, 
ALT, AST, total bilirubin, BUN, serum creatinine, and overall 
smoking status (all P>0.05).

All spirometric results, except the FVC, were better in patients 
with stable COPD when compared to those with AECOPD, but 
were worse than those in the control participants (Table 1).

A statistically significant increase of serum GGT activity was 
found in stable COPD patients when compared to healthy con-
trols (24.0±7.2 vs. 17.4±5.7; P<0.001), and serum GGT activity 
was found to be remarkably higher in AECOPD patients when 

compared to patients with stable COPD (32.9±9.9 vs. 24.0±7.2; 
P<0.001) (Figure 2).

There were significant negative correlations between GGT lev-
els and forced expiratory volume in one second as the per-
centage of the predicted value (FEV1%) (r=–0.2977, P<0.001) 
and FEV1/FVC (r=–0.4558, P<0.001) (Figure 3).

GGT activity was further tested using an ROC curve for diag-
nostic specificity and sensitivity (Figure 4). Analysis showed 

Characteristics Control subjects (n=112) Stable COPD (n=107) AECOPD (n=117)

Sex, Male/Female 58/54 57/50 60/57

Age, y  60.1±10.2  62.8±11.2  65.4±9.8

BMI, kg/m2  23.2±3.5  22.3±3.3  22.3±3.7

Smoking status, never/former/current 37/35/40 39/30/38 40/41/36

FVC, L  2.6±0.9  2.9±1.1  2.1±0.9

FEV1, L  2.2±0.7  1.7±0.6*  1.1±0.6#

FEV1, %  87.8±9.8  71.2±10.5*  46.5±12.7#

FEV1/FVC (%)  81.2±6.3  59.7±8.7*  53.7±12.3#

Hypertension, n (%)  30 (25.2)  29 (25.7)  34 (28.6)

Heart failure, n (%)  3 (2.5)  4 (3.5)  4 (3.4)

Coronary heart disease, n (%)  11 (9.2)  11 (9.7)  12 (10.1)

BUN, mmol/L  5.3±2.9  5.7±1.7  5.8±1.8

Creatinine, μmol/L 75.7 15.6 76.2

AST, IU/L  22.4±5.5  21.1±4.6  23.5±7.5

ALT, IU/L  16.6±5.7  17.5 ±7.5  19.4 ±8.6

Total bilirubin, μmol/L  9.8±3.5  10.5 ±5.7  10.3 ±4.4

Table 1.  Demographic and clinical characteristics of all the subjects. Data are shown as mean±SD or number (percentage). * P<0.001 
vs. control group, # P<0.001 vs. stable COPD group.
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Figure 2.  Serum gamma-glutamyltransferase (GGT) levels in the 
3 groups.
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that a cut-off value for serum GGT activity of 21.2 IU/L exhib-
ited good diagnostic accuracy for the evaluation of oxidative 
stress (AUC=0.789; 95% CI, 0.681–0.823; P <0.001), with 61.11% 
sensitivity and 77.21% specificity (Figure 4A). The cut-off val-
ue for the prediction of acute exacerbation was 26.5 IU/L, with 
69.75% sensitivity and 74.34% specificity (AUC=0.762; 95% CI, 
0.701–0.823; P <0.001) (Figure 4B).

Discussion

A few studies have investigated or discussed the relationship 
between GGT and COPD [14–18], but none of them compared 
healthy controls, stable COPD, and AECOPD at the same time, 
and some of their results are contradictory. One research team 
found significant ly higher GGT activity in COPD patients com-
pared to healthy controls [14], while another group found no 
difference [16]. In addition, none of the research groups men-
tioned above analyzed the relationship between GGT and 
lung function. We compared serum GGT levels among healthy 

individuals, stable COPD patients, and AECOPD patients, and 
studied the associations with pulmonary function.

We evaluated the possibility of applying serum GGT as a bio-
marker in monitoring the level of oxidative stress in COPD pa-
tients. We found higher GGT values in the sera of individu-
als with clinically stable COPD compared to control subjects. 
Furthermore, serum GGT activity was remarkably higher in 
subjects with AECOPD compared with patients in the sta-
ble phase. This is consistent with previously published data 
for C-reactive protein (CRP) [22–24], but in contrast with re-
sults for GGT obtained from research with limited samples (29 
COPD patients) [16]. Systemic inflammation has been prov-
en to be critical in the pathogenesis of COPD, although the 
precise mechanism remains unclear. There have been many 
studies proving the positive correlation between the degree 
of airflow limitation and increased activity of inflammatory cy-
tokines such as CRP [25,26]. It has also been proven that an 
increase in GGT activity in inflammatory reactions increases 
antioxidant defense [27].
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Figure 3.  Correlations between GGT and forced expiratory volume in one second as the percentage of the predicted value (FEV1%) (A), 
GGT and forced expiratory volume in one second/forced vital capacity ratio (FEV1/FVC) (B).
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Figure 4.  Receiver-operating characteristic (ROC) curves for GGT activity to evaluate COPD (A) and its acute exacerbation (B). 
AUC – area under the curve.
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The present study demonstrated that a GGT level of 21.2 IU/L 
provides a reliable diagnostic prediction of COPD, and a GGT 
level of 26.5 IU/L acts as an indicator for determining the ex-
acerbation of COPD in clinical practice.

An abnormal increase of the GGT value is commonly consid-
ered to be a biomarker of liver damage resulting from other 
causes, including hepatitis virus, parasites, and bile duct dis-
eases. All these associated diseases had been excluded before 
enrollment. Other factors that can affect serum GGT levels, such 
as diets high in fruit and vegetables, drugs, and alcohol intake 
were reported [28,29]. People who often drank alcohol were 
excluded from the study, and there was no significant differ-
ence in smoking status among the 3 groups. However, specif-
ic dietary factors were not compared in detail in this study, 
which might have some impact on the results.

Up to now, the mechanisms underlying the association of GGT, 
traditionally viewed as a hepatic enzyme, with lung function 
and COPD, have been unclear. A possible explanation is that 
GGT is associated with respiratory function as a marker of 
oxidative stress [27,30]. GGT activity is activated by the bur-
den of oxidative stress to maintain glutathione (an essential 
intracellular antioxidant) [31]. One study demonstrated that 
the values of antioxidant vitamins were inversely related to 
GGT activity [32] and that GGT activity positively indicated F2-
isoprostanes, a generally accepted marker of oxidative stress. 
An elevated oxidant burden has been regarded as a vital part 
of the pathophysiology of COPD [33]. Many scientists have 
reported that excessive oxidative stress can cause transcrip-
tional regulation of inflammatory genes, hyperplasia of mu-
cous glands, and irreversible damage of the antioxidant sys-
tem in airway epithelial cells [34]. Studies have demonstrated 
that worsened pulmonary function is related to antioxidant 
reduction, which is consistent with oxidative stress playing 
an important role in COPD development [27]. Consequently, 
our research may have indicated the link between oxidative 
stress and COPD.

Several studies showed an association between COPD and 
low BMI [35–38]. However, there was no significant correla-
tion between them in our study. BMI depends on weight and 
the square of height. Since mass increases to the third power 
of linear dimensions, taller people with the same body shape 
have a higher BMI [39]. BMI ignores variations in physical char-
acteristics, and also fails to consider loss of height through ag-
ing. Due to these shortcomings, some scientists say that BMI is 
an easy but inaccurate measure, which should be revised [40].

Our study has several strengths and limitations. The lack of 
baseline difference in liver function (except for GGT) or com-
plications within the 3 groups suggests that the elevated GGT 
values are the result of the COPD itself and its exacerbation. 
Considering variations due to racial differences, we selected 
the predictive equations most suitable to the population of 
south-west China. Moreover, technical errors in the spirom-
etry test were minimized by applying a standardized guide-
line for evaluation.

The most important limitation of our research was the relative-
ly small sample size, which limits forming strong conclusions, 
and a larger epidemiological study is needed. In addition, the 
serum levels of GGT of 21.2 IU/L for COPD and of 26.5 IU/L 
were very close to each other and might not be useful in clin-
ical practice. Finally, the common causes of acute exacerba-
tion of COPD, such as infection, were not investigated in this 
study, and this needs to be addressed in subsequent research.

Conclusions

We found that in individuals aged 40 years or older, representa-
tive of the south-western Chinese population, increased serum 
GGT values are related to decreased lung function and increased 
prevalence of COPD. Therefore, serum GGT may be a poten-
tial marker to indicate the risk of COPD and a useful parame-
ter to evaluate exacerbation. Confirmation of the underlying 
mechanism needs further clarification through future studies.
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