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Background: In the patients with acute exacerbated chronic obstructive pulmonary disease (AECOPD), the 
gut displays ischemia, anoxia and oxidative stress, which lead to the intestinal barrier failure. Therefore, it is 
desirable to screen for effective intestinal barrier-related biomarkers to monitor the disease severity. 
Methods: We conducted a prospective observational study in 40 patients with AECOPD and 10 patients 
with stable chronic obstructive pulmonary disease (COPD). The serum levels of I-FABP, citrulline, D-Lactate, 
DAO, and α-GST, as well as the APACHE II scores were recorded. Person correlation analysis, logistic 
regression models and receiver operating characteristic (ROC) curve analyses were used in our study.
Results: Patients with AECOPD had significantly higher levels of I-FABP, D-Lactate, and DAO than 
did those with stable COPD. However, the serum citrulline level was significantly decreased in the patients 
with stable COPD than in those with AECOPD and the serum α-GST was not significantly changed. 
Additionally, we observed that there was a higher levels of I-FABP, D-Lactate, and DAO and a lower level 
of citrulline in patients with severe COPD than in patients with nonsevere COPD [APACHE II (nonsevere 
COPD) <20; APACHE II (severe COPD) ≥20]. Correlation analysis showed that I-FABP and D-Lactate 
had a significantly positive correlations with the APACHE II score, and citrulline had a significantly negative 
correlations with the APACHE II score. Following, treatment, the levels of I-FABP and D-lactate were 
decreased and the level of citrulline was increased. Moreover, we screened out the citrulline and DAO, which 
independently affected the diagnosis of severe COPD by stepwise logistics regression analysis. Additionally, 
we found that the combination of serum citrulline and DAO can more effectively diagnose the severe COPD 
than any single biomarker can, which may be a supportive and convenient method that can be used clinically. 
Conclusions: Serum I-FABP, citrulline and D-Lactate could be used to assess the disease severity. 
Citrulline and DAO can diagnose the severe COPD and the combination is more effective.
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Introduction

The characterization of chronic obstructive pulmonary 
disease (COPD), which involves recurrent inflammation, 
oxidative stress,  protease/antiprotease imbalance, 
environmental insult, and host genetics, is predominantly 
associated with abnormal inflammatory processes in the 
lungs, which leading to irreversible airflow limitation (1,2). 
Acute exacerbation of chronic obstructive pulmonary 
disease (AECOPD), as a serious event,  is associated with 
considerably high in-hospital (24%) and 1-year (59%) 
mortality rates (3). Severe episodes of the patients with 
AECOPD should be admitted to the intensive care unit 
(ICU) or respiratory intensive care unit (RICU). The Acute 
Physiology and Chronic Health Evaluation (APACHE II), 
is a classification system of disease severity, based upon 
initial values of 12 routine physiologic measurements, age, 
and previous health status which could provide a general 
measure of disease severity including AECOPD, and is the 
most used score in clinical studies to date (4). However, 
several studies have indicated that the process is complex 
and tedious due to many variables used in its calculation 
leading to the consideration of other methods in assessing 
AECOPD severity (5,6).

In critically ill patients, the intestine is a vulnerable 
organ, and intestinal barrier dysfunction is common (7). 
Gastrointestinal disturbance as a potential extrapulmonary 
systemic consequence of hospitalized AECOPD  has 
been studied in COPD patients (8,9). Some biomarkers 
in serum had been proposed as markers in monitoring 
intestinal barrier function (7,10,11). For example, blood 
intestinal fatty acid-binding protein (I-FABP) is uniquely 
located at the top of intestinal mucosal villi and is easily 
to be released into the circulation following enterocyte 
membrane integrity loss (12). The main source of citrulline 
in the body is synthesized by enterocytes in the upper part 
of the villi and the low plasma citrulline concentration is 
due to the loss of intestinal barrier function in critically ill 
patients (13). D-Lactate is a product of intestinal bacterial 
metabolism and is transferred to the portal circulation 
because of increased intestinal mucosal and capillary 
permeability (14). Diamine oxidase (DAO) is particularly 
abundant in enterocytes at the top of small intestinal villi, 
from where it is released into the peripheral circulation 
and then inactivated in the liver (15). The α-glutathione-
S-transferase (α-GST) is present in the liver and small 
intestines and has been suggested to be a sensitive marker 
of small bowel ischemia (13). Therefore, whether there 

was a correlation exists between these intestinal barrier-
related biomarkers and the disease severity and whether 
these intestinal barrier-related biomarkers could be used 
as a potential biomarkers to predict or assess the disease 
severity in AECOPD patients remain unclear.

Based on the above issues, we conducted a prospective 
correlation and diagnosis analyses to further assess the 
value of intestinal barrier-related biomarkers in predicting 
or assessing the disease severity in AECOPD patients. 
We present the following article  in accordance with the 
STROBE Statement reporting checklist (available at http://
dx.doi.org/10.21037/apm-20-1060).

Methods

Design and patient selection 

This is a prospective observational study conducted by the 
Department of Respiratory Medicine, Second Affiliated 
Hospital of the Army Military Medical University (AMMU), 
China. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and approved 
by The Army Military Medical University Human Ethics 
Committee (2018-037-02). Informed consent was taken 
from all the patients. Based on the formula and actual 
situation, A total of 40 patients with AECOPD and 
another 10 with stable COPD were recruited from June 
2018 to July 2019 as the AECOPD group and control 
groups, respectively. The inclusion criteria were a clinical 
diagnosis of AECOPD according to the Global Initiative 
for Obstructive Lung Disease (GOLD) guideline 2014 (16); 
consecutive patients aged between 40 and 90 years, and a 
BMI of 15–30 kg/m2; Patients were excluded if they had 
diseases other than COPD, such as, a history of GI, asthma, 
lung cancer, or other relevant lung diseases, and a history 
of severe infection, malignant tumors, and autoimmune 
diseases.

Sample collection

Peripheral blood (5 mL) was sampled from the 40 
AECOPD patients and the 10 stable COPD patients 
within 24 hours of admission by a skilled nurse specialized 
in collecting blood. The blood samples were sent to the 
laboratory, immediately and were allowed to stand at room 
temperature for 1h, The samples were centrifuged to 
separate the serum at 1,000 g for 15 minutes at 4 ℃, and 
then the collected supernatant was further centrifuged at 
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16,000 g for 10 minutes at 4 ℃. The supernatants were then 
collected and used for further study. The APACHE II score 
was assessed by a skilled doctor.

Laboratory analysis

The human serum I-FABP, citrulline, D-Lactate, DAO, 
and α-GST concentrations were measured using the ELISA 
kit provided by Sangon Biotech (Shanghai, China) and 
the results were expressed as pg/mL of I-FABP, μmol/L of 
citrulline, mmol/L of D-Lactate, mIU/mL of DAO and  
ng/mL of α-GST. The severity of disease was assessed 
by the APACHE II score. Patients with AECOPD were 
divided into nonsevere COPD and severe COPD groups 
according to the APACHE II score (nonsevere COPD <20; 
severe COPD ≥20).

Variables

The serum intestinal barrier-related biomarkers levels were 
compared between stable COPD patients and AECOPD 
patients. Patients with AECOPD were divided into 
nonsevere COPD and severe COPD groups according 
to the APACHE II score (nonsevere COPD <20; severe 
COPD ≥20). The serum intestinal barrier-related 
biomarkers levels were compared between patients with 
nonsevere COPD and severe COPD. The correlation was 
analyzed between the biomarker levels and the APACHE II 
score. The sensitivity and specificity of the biomarkers for 
diagnosing the severe COPD were calculated.

Statistical analyses

Data analyses were performed using SPSS (version 13.0). 

As shown in the Table 1, the distribution analysis was 
performed using tests of normality and the data were in 
a normal distribution (P>0.05). Therefore, the data were 
presented as the means ± standard deviation. Comparisons 
were determined by Student’s t-tests, chi-square tests, 
ANOVA and paired t-tests. Pearson correlation analysis was 
used to analyze the correlation of biomarkers expression 
with the APACHE II score. The receiver operating 
characteristic curve was performed to evaluate the validity 
of these biomarkers when assessing the disease severity. A P 
value <0.05 was considered to be significant.

Results 

Levels of intestinal barrier-related biomarkers in patients 
with stable COPD or AECOPD

To detect the levels of intestinal barrier-related biomarkers, 
a total of 40 patients with AECOPD and 10 patients with 
stable COPD were recruited. The baseline characteristics 
are shown in Table 2. The mean ages of AECOPD, and stable 
COPD patients were 70.85±9.13 and 72.70±11.13 years,  
respectively. Among the AECOPD patients, 33 were men 
and 7 were women; among the stable COPD patients, 
8 were men and 2 were women. The body mass index 
(BMI) was 20.97±3.84 kg/m2 in the AECOPD group and 
19.26±1.77 kg/m2 in the stable COPD group. Overall, no 
difference was found between the two groups. Next, the 
levels of intestinal barrier-related biomarkers were detected 
by ELISA between patients with stable COPD or AECOPD 
with no missing data. A significant increase was found in the 
levels of I-FABP, D-lactate and DAO values in AECOPD 
patients compared with those in stable COPD patients 
(Table 3 and Figure 1. However, the values of citrulline were 
decreased in AECOPD patients compared with those in 
stable COPD patients (Figure 1). No difference was noted 
in the α-GST value (Figure 1). 

Correlation of intestinal barrier-related biomarkers with 
the severity of AECOPD

To study the biomarker expression according to the 
degree of severity in patients with AECOPD, the patients 
were divided into nonsevere COPD and severe COPD 
groups according to the APACHE II score (nonsevere 
COPD <20; severe COPD ≥20) (17). The I-FABP values 
were 487.00±128.60 and 621.78±101.38 pg/mL in the 
nonsevere COPD and severe COPD, respectively (Table 4).  

Table 1 Tests of normality

Detection 
indicators

Stable COPD AECOPD

Statistic df Sig. Statistic df Sig.

I-FABP 0.87 10 0.10 0.98 40 0.71

Citrulline 0.99 10 0.88 0.97 40 0.33

D-Lactate 0.85 10 0.06 0.97 40 0.32

DAO 0.95 10 0.62 0.95 40 0.08

α-GST 0.97 10 0.89 0.97 40 0.43

I-FABP, intestinal fatty acid-binding protein; DAO, diamine oxidase; 
α-GST, α-glutathione-S-transferase.
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Data analysis showed that the levels of I-FABP were 
gradually increased with the severity of AECOPD (Figure 2).  
Similarly, the D-lactate and DAO values were also gradually 
increased with the severity of AECOPD (Figure 2). 
However, the citrulline values were 17.86±1.64 µmol/L and 
15.29±1.62 µmol/L in the nonsevere COPD and severe 
COPD groups, respectively. Data analysis showed that 
the levels of citrulline were gradually decreased with the 
severity of AECOPD (Figure 2).

To compare the relevance between these biomarkers and 
disease severity, Pearson correlation analysis was used in 
the current study. A strong association was found between 
the serum I-FABP level and APACHE II score (r =0.62; 
P<0.05; Figure 3). Likewise, D-lactate had a strong positive 
association with the APACHE II score (r =0.80; P<0.05; 
Figure 3). Additionally, Pearson’s correlation of citrulline 
was −0.89, which suggested that citrulline had a strong 
negative correlation with the APACHE II score (P<0.05; 
Figure 3). However, no correlation was found between DAO 
and the APACHE II score (P>0.05) (Figure 3).

The I-FABP and D-Lactate levels are declined and the 
Citrulline levels are increased following treatment

Having demonstrated the linkage of the intestinal barrier-
related biomarker levels with the severity of AECOPD, we 

speculated that the levels of these biomarkers would reduce 
or increase as the disease resolved following treatment. 
Accordingly, paired analysis of samples collected before and 
after treatment demonstrated a reduction in the I-FABP 
serum levels in 29 of 40 patients after the completion of 
treatment (Figure 4A). Paired analysis of samples collected 
before and after treatment demonstrated an increase in 
the citrulline serum levels in 30 of 40 patients after the 
completion of treatment (Figure 4B). Reduced serum levels 
of D-lactate were found in 29 of 40 patients after the 
completion of treatment (Figure 4C). This result indicated 
that these indicators improved with the improvement of the 
disease condition.

Diagnostic properties of plasma biomarkers for patients 
with severe COPD 

Finally, bivariate logistic regression analysis was used to 
screen effective warning factors for diagnosing severe 
COPD. The I-FABP, citrulline, D-lactate, DAO and α-GST 
were treated as independent variables, and the severity of 
AECOPD was treated as the dependent variable (nonsevere 
=0; severe =1). From the results of stepwise logistics 
regression analysis, we screened out citrulline and DAO 
that independently affected the diagnosis of severe COPD  
(Table 5).  The regression equation was as follows: 

Table 2 Baseline characteristics of patients with stable COPD or AECOPD

Basic information Stable COPD (n=10) Acute exacerbation of COPD (n=40) P value

Age (mean ± SD, years) 72.70±11.13 70.85±9.13 0.57

Sex ratio (man:woman) 8:2 33:7 0.06

BMI,  kg/m2 19.26±1.77 20.97±3.84 0.18

APACHEII – 16.17±5.79

AECOPD, acute exacerbation of COPD; COPD; chronic obstructive pulmonary disease.

Table 3 Biomarker levels in stable COPD patients and AECOPD patients

Detection indicators Stable COPD (n=10) AECOPD (n=40) P value

I-FABP (pg/mL) (mean ± SD) 279.10±16.29 663.53±25.25 0.00

Citrulline (umol/L) (mean ± SD) 30.54±1.87 15.14±0.42 0.00

D-Lactate (mmol/L) (mean ± SD) 4.46±0.27 8.40±0.27 0.00

DAO (mIU/mL) (mean ± SD) 7.14±0.22 16.17±0.44 0.00

α-GST (ng/mL) (mean ± SD) 33.98±1.61 33.62±0.72 0.82

AECOPD, acute exacerbated chronic obstructive pulmonary disease; COPD; chronic obstructive pulmonary disease; I-FABP, intestinal 
fatty acid-binding protein; DAO, diamine oxidase; α-GST, α-glutathione-S-transferase.
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y=5.69−1.13×1 +0.56×2 (×1 represents citrulline; ×2 
represents DAO). ROC curve analysis was used to evaluate 
the diagnostic power of citrulline and DAO (Table 6). ROC 
curves disclosed that citrulline could diagnose severe COPD 
(AUC: 0.86), and the curve yielded optimal cut-off values of 

14.28 µmol/L (sensitivity: 0.87; specificity: 0.80) (Figure 5A).  
The AUCs were decreased for DAO to diagnose severe 
COPD (AUC: 0.82) (Figure 5B). The curve-yielded optimal 
cut-off value was 18.34 mIU/mL for DAO (sensitivity: 
0.60; specificity: 0.83). Thus, the specificity and sensitivity 

Figure 1 Levels of intestinal barrier-related biomarkers in patients with stable COPD or AECOPD. (A) The concentration of I-FABP was 
detected by ELISA in AECOPD patients and stable COPD patients, and the I-FABP level was increased in AECOPD patients. (B) The 
concentration of citrulline was detected by ELISA in AECOPD patients and stable COPD patients, and the citrulline level was decreased 
in AECOPD patients. (C) The concentration of D-lactate was detected by ELISA in AECOPD patients and stable COPD patients, and 
the D-lactate level was increased in AECOPD patients. (D) The concentration of DAO was detected by ELISA in AECOPD patients and 
stable COPD patients, and the DAO level was increased in AECOPD patients. (E) The concentration of α-GST was detected by ELISA 
in AECOPD patients and stable COPD patients, and the α-GST level was invariable. AECOPD, acute exacerbated chronic obstructive 
pulmonary disease; COPD; chronic obstructive pulmonary disease.

Table 4 Biomarker levels in 40 patients with AECOPD

Detection indicators Non-severe group (N=30) Severe group (N=10) P value

APACHEII 13.53±3.56 24.10±4.53 0.00

I-FABP (pg/mL) (mean ± SD) 618.02±142.65 800.06±131.67 0.01

Citrulline (μmol/L) (mean ± SD) 16.06±1.99 12.40±2.55 0.00

D-Lactate (mmol/L) (mean ± SD) 7.86±1.42 10.01±1.50 0.00

DAO (mIU/mL) (mean ± SD) 15.65±2.52 17.74±3.00 0.04

AECOPD, acute exacerbated chronic obstructive pulmonary disease; I-FABP, intestinal fatty acid-binding protein; DAO, diamine oxidase.
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values of citrulline to diagnose severe COPD were high. 
The specificity values of DAO were high, but the sensitivity 
values were low. ROC curve analysis was further conducted, 
and the AUC value of the combination of citrulline and 
DAO to diagnose severe COPD was 0.95. The diagnostic 
efficacy of the two-marker combination was greater than 
that of any single biomarker (Figure 5C).

Discussion 

The main highlight of our study was the finding that 
the levels of I-FABP and D-lactate were significantly 
increased and that of citrulline was decreased as COPD 
was exacerbated. Additionally, I-FABP and D-Lactate 
were strong positive correlated with the disease severity. 

Citrulline was strong negative correlated with the disease 
severity. Following treatment, the levels of I-FABP and 
D-lactate were decreased and those of citrulline were 
increased. Moreover, we screened out the citrulline and 
DAO, which independently affected the diagnosis of severe 
COPD, and ROC analysis showed that the combination of 
Citrulline and DAO for effectively diagnosing the severe 
COPD was more reliable than any single biomarker. 

In the patients with AECOPD, gastrointestinal 
disturbance is a potential extrapulmonary systemic 
consequence that will result in the translocation of bacteria 
and release of toxins from the intestinal lumen to the 
systemic circulation and ultimately aggravating the original 
disease (18-20). In recent years, several serum biomarkers 
reflect to intestinal barrier damage have attracted the 

Figure 2 Intestinal barrier-related biomarker expression according to the degrees of severity in patients with AECOPD. (A) Comparison of 
the concentration of I-FABP in nonsevere COPD and severe COPD. The level of I-FABP was gradually increased. (B) Comparison of the 
concentration of citrulline in nonsevere COPD and severe COPD. The level of citrulline was gradually decreased. (C) Comparison of the 
concentration of D-lactate in nonsevere COPD and severe COPD. The level of D-lactate was gradually increased. (D) Comparison of the 
concentration of DAO in nonsevere COPD and severe COPD. The level of DAO was gradually increased. AECOPD, acute exacerbated 
chronic obstructive pulmonary disease; COPD; chronic obstructive pulmonary disease.
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attention of researchers because these biomarkers may react 
the degree of the patient’s condition and predict the risk of 
the following intestinal barrier dysfunction (21,22). I-FABP, 
Citrulline, DAO, and α-GST are located in enterocytes 
and are easily to be released into the circulation following 
the loss of gut barrier function (23). D-lactate is a product 
of intestinal bacterial metabolism and would transfers 
to the portal circulation because of increased intestinal 
mucosal and capillary permeability (14). In the study, we 
found that patients with AECOPD had significantly higher 
levels of I-FABP, D-Lactate and DAO and lower levels of 
citrulline than patients with stable COPD. However, the 
increase in α-GST was not significant. To further research 
the relevance between these biomarkers and the disease 

severity, the patients were divided into nonsevere COPD 
and severe COPD groups according to the APACHE II 
score (nonsevere COPD <20; severe COPD ≥20) (17). 
Our results showed that the I-FABP, D-lactic and DAO 
values were also gradually increased with the severity of 
AECOPD. However, the levels of citrulline were gradually 
decreased with the severity of AECOPD. I-FABP, an 
intestinal barrier biomarker, has been reported to be 
associated with the severity of psoriasis, and the relationship 
may represent a new therapeutic approach for psoriasis (24). 
Regarding citrulline, the concentration ranged from 20 to 
60 μmol/L in healthy adults (25). Additionally, we noticed 
that the citrulline concentrations were decreased (less 
than 20 µm/L) in critically ill patients (26,27). In Crohn’s 

Figure 3 Correlation between the APACHE II score and the level of biomarkers. (A) Correlation between the APACHE II score and 
I-FABP. There was a strong positive association between serum I-FABP and the APACHE II score. (B) Correlation between the APACHE 
II score and citrulline. There was a strong negative association between serum citrulline and the APACHE II score. (C) Correlation between 
the APACHE II score and D-lactate. There was a strong positive association between serum D-lactate and the APACHE II score. (D) 
Correlation between the APACHE II score and DAO. No association was found between the serum DAO and APACHE II score.
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disease (CD), D-LA and DAO have a good prognostic 
values for predicting CD activity (28). In the present 
study, our findings suggested that monitoring changes in 
these biomarkers might aid in the evaluation of the disease 
severity of AECOPD patients.

Pearson’s correlation analysis was used to analyze 

the correlation between the intestinal barrier-related 
biomarkers and the severity of AECOPD. The results 
indicated a positive correlation among I-FABP, D-lactate 
and DAO with the disease severity, but the correlation for 
DAO was not significant. Additionally, citrulline showed 
a strong negative correlation with the disease severity. 

Table 5 Logistic Regression analysis results of the five biomarkers in patients with AECOPD 

Projects B Sig. Exp(B) 95% CI for Exp(B) 

Citrulline (μmol/L) −1.13 0.01 0.32 0.14–0.73

DAO (mIU/mL) 0.56 0.04 1.76 1.03–2.99

Constant 5.70 0.22 298.61

AECOPD, acute exacerbated chronic obstructive pulmonary disease; DAO, diamine oxidase.

Figure 4 Change in the intestinal barrier-related biomarker levels following treatment. (A) The I-FABP level decreased as the disease 
resolved following treatment. (B) The citrulline level increased as the disease resolved following treatment. (C) The D-lactate level 
decreased as the disease was resolved following treatment.
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Table 6 Diagnostic properties of plasma biomarkers to distinguish severe AECOPD from non-severe AECOPD

Projects Area under curve Critical value Susceptibility Specificity P value

Citrulline (μmol/L) 0.86 14.28 0.87 0.80 0.001

DAO (mIU/mL) 0.82 18.34 0.60 0.83 0.02

Y 0.95 0.18 1 0.80 0.00

I-FABP, intestinal fatty acid-binding protein; Y = Combination of Citrulline and DAO. AECOPD, acute exacerbated chronic obstructive 
pulmonary disease; DAO, diamine oxidase.

Figure 5 Diagnostic properties of plasma biomarkers for severe COPD. (A) ROC curve analysis revealed that citrulline could diagnose 
severe COPD. (B) ROC curve analysis revealed that DAO could diagnose severe COPD. (C) ROC curve analysis revealed that the 
combination of citrulline and DAO could diagnose severe COPD. COPD; chronic obstructive pulmonary disease; ROC, receiver operating 
characteristic; DAO, diamine oxidase.
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These findings indicated that I-FABP, citrulline and 
D-lactate could represent the severity of AECOPD well. 
Furthermore, we observed that I-FABP and D-lactate 
gradually decreased and citrulline gradually increased as the 
patient was treated.

Logistic regression analysis was used to screen effective 
warning factors to diagnose severe COPD. Ultimately, we 
found that citrulline and DAO could independently affect 
the diagnosis of severe COPD. To identify the diagnostic 
value of citrulline and DAO, ROC analysis was performed. 
In this study, the AUC values of citrulline and DAO were 
high. The sensitivity and specificity values of citrulline 
to diagnose severe COPD were high. The sensitivity of 
DAO was high, but the specificity was low. Finally, we 
combined the two markers using a logistic regression model 
to further evaluate the diagnosis efficacy. The AUC value 
of the combination was higher than any single one and the 
sensitivity and specificity were also higher, demonstrating 
that the diagnostic efficacy of the two-biomarkers 
combination was greater than that of any single biomarker.

Strengths and limitations of the study

In recent years, the gut-lung axis has been the focus of 
research. However, most studies have focused on how 
lung disease affects the intestinal pathological changes. 
Conversely, we utilized the intestinal barrier-related 
biomarkers to evaluate the disease severity of AECOPD. In 
the future, more work on this topic needs to be done. First, 
we should expand the sample size (because few patients had 
AECOPD during the study period at our hospital) and will 
collaborate with other hospitals to increase the number of 
patients. Additionally, we will expand the variety of diseases. 
Second, the long-term outcome of the patients with 
AECOPD should be considered in our study (the research 
content will be studied in future experiments). Third, more 
indicators should be included to assess the disease severity 
rather than only adopting the APACHE II score.

Conclusions

We found that I-FABP, citrulline and D-lactate were 
strongly correlated with the disease severity of AECOPD. 
Additionally, we screened serum intestinal barrier-related 
biomarkers to predict severe or nonsevere COPD and 
found that serum citrulline and DAO could be used to 
diagnose severe COPD. Additionally, the combination of 

serum citrulline and DAO can more effectively diagnose 
severe COPD than any single biomarker, which may be a 
supportive and convenient method to be used clinically.
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