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Introduction

Chronic obstructive pulmonary disease (COPD) is a 
common respiratory disease characterized by persistent 
airflow limitation and mainly occurs in the elderly 
population. Acute exacerbation of COPD (AECOPD) is an 
acute event characterized by a worsening of the patient’s 
respiratory symptoms that are beyond normal day-to-day 

variations and leads to a change in medication (1). AECOPD 
has become an important disease of hospitalized elderly 
patients. In 2020, COPD will represent the fifth largest 
disease burden worldwide and the third largest cause of 
death worldwide (2). The occurrence and development of 
COPD are associated with airway inflammation and systemic 
immune disorders (2). The main protein components of 
human serum albumin, globulin, C-reactive protein (CRP), 
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and prealbumin (PA) play an important role in immunity 
and inflammation throughout the body (3). The albumin/
globulin ratio (AGR) can be calculated by measuring the 
total serum protein and albumin concentrations. The AGR 
can be used for prognostic evaluation of tumors (4,5). 
Although serum albumin and globulin were thought to 
correlate with AECOPD progression, few reports have 
described the application of the AGR to AECOPD (3,6). 
This study was performed to assess the relationship between 
the AGR and AECOPD in elderly patients and explore 
the application value of the AGR in AECOPD assessment, 
progression, and prognosis in the elderly population.

Methods

Study population

We retrospectively analyzed the data of patients with 
COPD in the Department of Respiratory Medicine, First 
Affiliated Hospital, Guangxi Medical University, China 
from January 2014 to September 2016. The inclusion 
criteria of AECOPD patients were: diagnosed with COPD 
according to Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) criteria; presentation of an acute 
exacerbation (increased dyspnoea, increased sputum 
purulence, increased sputum volume); age ≥60 years, and 
were able to tolerate pulmonary function tests; the results 
of relevant laboratory tests can be inquired in their medical 
records. The exclusion criteria were heart, liver, kidney, 
brain and other important organ diseases; autoimmune 
disease; and malignant tumors. After screening, 252 
AECOPD patients were enrolled (228 men and 24 women; 
age range, 60–96 years; mean age, 71.76±9.36 years). In 
accordance with the pulmonary function classification, 
AECOPD patients were assigned to GOLD I, II, II, and IV 
groups. Infection was present in 136 AECOPD patients and 
absent in 116. Of the 136 AECOPD patients with infection, 
50 (36.76%) patients were bacterial infection, 14 (10.29%) 
patients were virus infection, 31 (22.79%) patients were 
atypical pathogen infection, 4 (2.94%) patients were fungal 
infection and 37 (27.21%) cases were mixed infection. The 
inclusion criteria of stable COPD patients were: diagnosed 
with COPD according to the GOLD criteria: age ≥60 years; 
without acute exacerbation in the last 6 months; results of 
relevant laboratory tests can be inquired in their medical 
records. The exclusion criteria were the same as AECOPD. 
After screening, 89 stable COPD patients were enrolled 
(80 men and 19 women, age range, 60–93 years; mean age, 

70.23±6.12 years). The healthy control group comprised 
persons undergoing a physical examination at the Medical 
Examination Center of our hospital during the same period. 
The inclusion criterion for the control group was an age of 
≥60 years. The exclusion criteria were respiratory system 
diseases, cardiovascular and cerebrovascular diseases; and 
dysfunction of important organs including the heart, liver, 
kidney, and brain; malignant tumors; autoimmune diseases; 
and a history of medical treatment in the past 3 months. In 
total, 115 controls were enrolled (103 men and 12 women; 
age range, 60–99 years; mean age, 71.23±5.46 years). This 
study was approved by the Ethics Committee of the First 
Affiliated Hospital of Guangxi Medical University, China 
(No. 2018-KY-E-020).

Study methods

AECOPD patients presenting with all of the following 
criteria were divided into the with infection group (7): 
they met the clinical feature for respiratory infection; and 
were diagnosed with lung inflammation by pulmonary 
iconography; the results of sputum culture or serological 
examination were positive. The body mass index (BMI) was 
equal to weight (kg)/height (m2). Pulmonary function was 
determined using the MasterScree PFT Pulmonary Function 
Testing System (JAEGER, Bavaria, Germany). Quality 
control reached the American thoracic society standard. 
No bronchodilators were used for 24 hours before testing. 
Bronchodilator testing was conducted after inhaling 400 μg 
of salbutamol for 20 minutes. Laboratory indicators included 
the serum CRP, albumin, total protein, immunoglobulin 
G (IgG), and PA concentrations. Fasting venous blood  
(5 mL) was obtained in the morning and centrifuged, serum 
CRP, albumin, total protein, IgG, and PA levels of patients 
were examined at the first day of hospitalization. Serum 
was analyzed with a 7,600 automatic biochemical analyzer 
(Hitachi, Tokyo, Japan), and the AGR was calculated as 
follows: AGR = albumin/(total protein—albumin).

Statistical analysis

Data were analyzed using SPSS 17.0 software (SPSS 
Inc., Chicago, IL, USA). Since the raw CRP data were 
asymmetrical, the logarithmic transformation (LogCRP) 
was used to obtain a normal distribution. Measurement data 
are expressed as the mean ± standard deviation. Differences 
between groups were compared using an independent 
sample t-test, and differences among groups were compared 
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using one-way analysis of variance. Unidirectionally ordered 
measurement data were compared among the groups using 
a nonparametric rank sum test (Kruskal-Wallis test). The 
optimal cutoff value of each index was analyzed by a receiver 
operating characteristic curve. The corresponding value was 
obtained at the maximum Youden index. After grouping 
according to the optimal cutoff values, the presence of 
infection among the groups was compared using the chi-
square test. The relationship between the AGR and hospital 
stay (day) was analyzed using Pearson correlation analysis. A 
P value of <0.05 was considered statistically significant.

Results

Comparison of each index among AECOPD patients, 
stable COPD patients, and healthy controls

The AGR, IgG and PA were significantly lower in patients 

with stable COPD and AECOPD than in healthy controls 
(P<0.001), but logarithm of the serum C-reactive protein 
(LogCRP) was higher in patients with stable COPD and 
AECOPD than in healthy controls (P<0.001). The LogCRP 
(P=0.006) and IgG (P=0.049) were higher in AECOPD than 
in stable COPD, but the AGR (P=0.003), and PA (P=0.019) 
were lower in AECOPD than in stable COPD (Figure 1). 

Comparison of each index in patients with different GOLD 
stages 

Among the patients with AECOPD, the AGR progressively 
decreased as the pulmonary function classification increased 
(P<0.001). The PA level (P<0.001) and LogCRP (P=0.024) 
were significantly different but the IgG level (P=0.450) was 
not significantly different among patients with different 
GOLD stages (Table 1). 
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Figure 1 (A) AGR, (B) LogCRP, (C) IgG, and (D) PA in AECOPD patients, stable COPD patients, and healthy controls. Data are presented 
as box plots representing median values with interquartile ranges. P values of <0.05 indicate a statistically significant difference. The P values 
were calculated by. one-way analysis of variance. AGR, albumin/ globulin ratio; LogCRP, logarithm of the serum C-reactive protein; IgG, 
immunoglobulin G; PA, prealbumin; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; COPD, chronic obstructive 
pulmonary disease.
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Comparison of each index between AECOPD patients with 
and without infection

Patients with infection were older than those without 
infection (P=0.006). The AGR (P=0.001) and PA level 
(P=0.002) were lower in those with than without infection. 
LogCRP was higher in patients with than without infection 
(P=0.012). The IgG level (P=0.936) and BMI (P=0.090) 
were not significantly different between the two groups 
(Table 2). 

Use of AGR, PA, and LogCRP to determine whether 
AECOPD is combined with infection in the elderly 
population

The optimal cutoff values of the AGR, LogCRP, and PA 

level were calculated by the receiver operating characteristic 
curve for determining whether AECOPD was associated 
with infection. The optimal cutoff value of the AGR was 
1.37, and area under the curve (AUC) was 0.718 [95% 
confidence interval (CI), 0.647–0.789; P<0.001]. The 
optimal cutoff value of the PA level was 145.00 mg/L, and 
the AUC was 0.632 (95% CI, 0.555–0.709; P=0.001). The 
optimal cutoff value of LogCRP was 1.002 (10.046 mg/L), 
and the AUC was 0.618 (95% CI, 0.550–0.685; P=0.001) 
(Figure 2). After grouping according to the optimal cutoff 
value, the chi-square test results demonstrated that the 
combined infection rate was different in elderly patients 
with AECOPD with an AGR of <1.37 versus ≥1.37 
(P<0.001) and between those with a PA level of <145.00 and 

Table 1 Comparison of each index among AECOPD patients with different GOLD stages

Parameters GOLD I (n=28) GOLD II (n=69) GOLD III (n=124) GOLD IV (n=31) P value

AGR 1.74±0.26 1.56±0.37 1.36±0.34 1.22±0.28 <0.001

LogCRP 0.83±0.37 1.03±0.47 1.11±0.46 1.16±0.66 0.024

IgG (g/L) 10.69±2.15 10.98±2.79 11.25±0.46 9.88±0.34 0.450

PA (mg/L) 240.88±5.81 193.23±6.59 169.08±2.51 171.68±6.86 <0.001

Data are presented as mean ± standard deviation. P values of <0.05 indicate a statistically significant difference. The P values were 
calculated by the Kruskal-Wallis test. AECOPD, acute exacerbation of chronic obstructive pulmonary disease; GOLD, Global Initiative 
for Chronic Obstructive Pulmonary Disease; AGR, albumin/globulin ratio; LogCRP, logarithm of the serum C-reactive protein; IgG, 
immunoglobulin G; PA, prealbumin.

Table 2 Comparison of each index between patients with AECOPD 
with and without infection

Parameters
With combined 

infection (n=136)
Without combined 
infection (n=116)

P value

Age (years) 73.31±9.53 70.23±8.36 0.006

BMI (kg/m
2
) 20.24±3.14 21.03±4.02 0.090

AGR 1.37±0.39 1.52±0.32 0.001

LogCRP 1.14±0.50 0.97±0.45 0.012

IgG (g/L) 11.07±2.86 11.02±2.71 0.936

PA (mg/L) 170.92±9.32 197.58±6.07 0.002

Data are presented as mean ± standard deviation. P values of 
<0.05 indicate a statistically significant difference. The P values 
were calculated by the independent-samples t-test. AECOPD, 
acute exacerbation of chronic obstructive pulmonary disease; 
BMI, body mass index; AGR, albumin/globulin ratio; LogCRP, 
logarithm of the serum C-reactive protein; IgG, immunoglobulin 
G; PA, prealbumin. 

Figure 2 ROC analysis for optimal cutoff values of AGR, PA and 
LogCRP. The optimal cutoff values of AGR, PA, and LogCRP 
were 1.37, 145.00 mg/L, and 1.002, respectively. ROC, receiver 
operating characteristic; AGR, albumin/globulin ratio; LogCRP, 
logarithm of the serum C-reactive protein; PA, prealbumin.
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Table 3 Comparison of the AECOPD patients combined infection rate after grouping according to the optimal cutoff value

Variables
With combined  

infection (n=136)
Without combined 
infection (n=116)

Sensitivity (%) Specificity (%) P value

AGR <0.001

<1.37 (n=112) 85 (75.89) 27 (24.11)
62.50 76.72

≥1.37 (n=140) 51 (36.43) 89 (63.57)

PA (mg/L) <0.001

<145.00 (n=67) 55 (82.09) 12 (17.91)
40.44 89.66

≥145.00 (n=185) 81 (43.78) 104 (56.22)

LogCRP <0.001

≥1.002 (n=145) 94 (64.83) 51 (35.17)
69.11 56.03

<1.002 (n=107) 42 (39.25) 65 (60.75)

Data are presented as n (%) or %. P values of <0.05 indicate a statistically significant difference. The P values were calculated by the chi-
square test. When LogCRP is 1.002, the corresponding nominal concentration of CRP is 10.046 mg/L. AECOPD, acute exacerbation of 
chronic obstructive pulmonary disease; AGR, albumin/globulin ratio; PA, prealbumin; LogCRP, logarithm of the serum C-reactive protein.

≥145.00 mg/L (P<0.001). The combined infection rate was 
higher in patients with a LogCRP of ≥1.002 than <1.002 
(P<0.001). High sensitivity and specificity were obtained 
when 1.37 was used as the optimal cutoff value of AGR for 
determining the presence of infection (sensitivity, 62.50%; 
specificity, 76.72%) (Table 3). 

Relationship between AGR and hospital stay

The Pearson correlation analysis results demonstrated that 
the AGR was negatively correlated with the hospital stay 
(r=−0.583, P<0.001) (Figure 3). After grouping according to 

the optimal cutoff value of the AGR (1.37), the hospital stay 
was significantly longer in patients with an AGR of <1.37 
than ≥1.37 (P<0.001) (Figure 3).

Discussion

Elderly individuals are the main population affected by 
COPD (2). With the gradual development of population 
aging, the incidence and mortality of COPD have 
been increasing annually (2). Frequent attacks of acute 
exacerbation can accelerate the progressive decline of 
pulmonary function, lower the patient’s quality of life, 

Figure 3 The relationship between hospital stay and AGR. (A) Pearson correlation analysis of the correlation between hospital stay 
and AGR; (B) histogram comparison of the hospital stay between patients with an AGR of <1.37 and ≥1.37. P values of <0.05 indicate a 
statistically significant difference. The P value and r value in (A) were calculated by Pearson correlation analysis. The P value in (B) was 
calculated by the independent-samples t-test. AGR, albumin/globulin ratio.
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increase the mortality rate, and result in a heavier social and 
economic burden (2). Although pulmonary function testing 
is important in the diagnosis and continued assessment 
of AECOPD, such testing is not yet available in primary 
hospitals, and elderly patients’ tolerance to the test is poor.

The AGR is a simple indicator of biochemical liver 
function and is mainly affected by the serum albumin and 
globulin concentrations. The AGR can be used as an index 
for predicting mortality after myocardial infarction (8). 
Pal et al. (9) indicated that the AGR could be used for the 
early diagnosis of gestational hypertension. In the present 
study, the AGR was associated with the occurrence and 
development of AECOPD. A higher pulmonary function 
classification was associated with a lower AGR. The 
AGR can be utilized as an index with which to evaluate 
the severity of AECOPD. We found that stable COPD 
patients and AECOPD patients had lower AGR levels than 
healthy controls. We suspect that there are some causes of 
changes in the AGR in patients with COPD. One cause is 
chronic inflammation. Small airway inflammation is a major 
lesion associated with COPD and an important cause of 
progressive lung damage; accordingly, we found that CRP 
and PA levels became remarkably altered with aggravation 
of lung function damage. Cornwell et al. (10) demonstrated 
that neutrophils and lymphocytes are the main cells 
infiltrating the airway walls of patients with COPD. The 
AGR is associated with neutrophils and lymphocytes (11). 
IgG is the main component of globulin. We found that IgG 
in stable COPD patients and AECOPD patients were lower 
than that in healthy controls, which may be associated with 
a disorder of immune function in patients with COPD (12).  
In the present study, IgG in patients with AECOPD is 
higher than that in stable COPD patients, which may be 
one cause of AGR in AECOPD patients lower than that 
in stable COPD patients. Feghali-Bostwick et al. (13) 
demonstrated that COPD patients had massive deposition 
of IgG during acute exacerbation, which may be the reason 
for the higher level of globulin in AECOPD patients than 
stable COPD patients. The other cause of changes in the 
AGR is hypoalbuminemia, which is common in patients 
with COPD. A previous study showed that 21.35% of 
elderly patients with COPD also had hypoalbuminemia (14).  
A national cohort study revealed that a higher age is 
associated with greater declines in the albumin level and 
more complications and that a low albumin concentration 
is a risk factor for acute respiratory failure in patients with 
COPD (15). Finally, we suspect that the administration 
of drugs before admission may be one cause of decreases 

in the serum AGR, such as corticosteroids, which are 
routinely used in elderly patients with COPD, previous 
studies confirmed that long-term use of corticosteroids was 
associated with the occurrence of hypoalbuminemia (16).

Infection is one of the main causes of AECOPD and 
increased mortality (17). Traditional microorganism culture 
has the disadvantages of needing a long time to complete 
and having low sensitivity. Therefore, it would be beneficial 
to guide clinical treatment and improve patients’ quality 
of life by finding a new, simple, and inexpensive testing 
indicator for quick determination of whether infection 
is present in patients with AECOPD. Age, PA level, and 
CRP level are strongly associated with the occurrence of 
infection (18,19). Our results also verified that age, PA 
level, CRP level, and AGR were significantly different 
between patients with and without infection. After grouping 
according to the optimal cutoff values of the PA level, CRP 
level, and AGR, we observed a difference in the rate of 
combined infection. However, the cutoff value of the AGR 
(1.37) had high sensitivity and specificity in determining 
the presence of infection in patients with AECOPD. An 
animal study verified that the AGR was obviously lower 
in cattle with severe infection than in healthy cattle (20). 
The AGR is also an effective marker for ruling out feline 
infectious peritonitis (21). Moreover, Salazar-Kagunye 
et al. (22) found that the AGR was noticeably reduced in 
patients with Clostridium difficile infection. Therefore, we 
believe that the AGR can be applied as a reference marker 
for determining the presence of infection in elderly patients 
with AECOPD. 

The type, severity, and corresponding treatment 
methods of AECOPD are decisive factors that influence the 
hospital stay. A survey of hospitalized residents in southern 
Spain showed that the albumin concentration at admission 
was associated with the hospital stay (23). The present 
study confirmed that the AGR was negatively associated 
with the hospital stay, which was longer in patients with an 
AGR of <1.37 than ≥1.37. These findings suggested that 
in the early stage of admission, the AGR can be used to 
select the appropriate treatment intensity and establish a 
reasonable clinical pathway. Patients with a high AGR and 
less severe clinical condition can move to low-level hospital 
to avoid over-treatment, which can effectively shorten the 
hospitalization time in high-level hospitals and reduce the 
loss of economic and social benefits. The serum albumin 
concentration is a prognostic factor in many lung diseases 
(24,25). We did not follow up on the prognosis of our 
patients, but early studies have shown that the AGR can be 
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utilized to evaluate tumor prognosis (26,27). The AGR was 
combined with two prognostic factors: the serum albumin 
and globulin concentrations. We hypothesized that use of 
the AGR for prognostic evaluation of AECOPD is superior 
to use of the serum albumin concentration.

This study has some limitations. First, this study only 
included the medical records of elderly patients with 
COPD in Nanning of the Guangxi Zhuang Autonomous 
Region of China, and the population representation was 
not strong. Second, changes in related indexes before and 
after treatment were not analyzed, and the patients were 
not followed up after discharge. Third, we did not consider 
various factors that may be related to the AGR, such as the 
patients’ treatment and medication history.

Conclusions

The results of this study provide evidence that use of the 
AGR is beneficial in the assessment of the clinical condition, 
presence of infection, treatment options, clinical path, and 
prognosis in elderly patients with AECOPD.
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