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Objective: To investigate the correlation between serum cystatin C (Cys-C) and beta-2 (2) microglobulin (B2-MG) levels and renal
injury in elderly patients with acute exacerbations of chronic obstructive pulmonary disease (AECOPD) with a view to detecting renal
injury in its early stages.

Methods: A total of 106 patients with AECOPD were enrolled and divided into three groups according to their oxygen partial
pressure (PO,) levels: severe hypoxia group, moderate hypoxia group, and mild hypoxia group. Another 60 healthy subjects were
selected as the control group. General clinical data were collected from all the study subjects, along with measurements of arterial
blood gas, Cys-C, B2-MG, serum creatinine (Scr), urea nitrogen (BUN), partial pressure of carbon dioxide (PCO,), and high-
sensitivity C-reactive protein (hs-CRP).

Results: The levels of hs-CRP, Cys-C, B2-MG, Scr, and BUN were highest in the severe hypoxia group, followed by the moderate
hypoxia group, then the mild hypoxia group, and lowest in the control group. The differences between the groups were statistically
significant for these indicators (P < 0.05). Apart from in the cases of Scr and BUN, there were no statistically significant differences
between the mild group and the control group (P > 0.05). The levels of Cys-C and B2-MG were positively correlated with the levels of
hs-CRP, PCO,, Scr, and BUN and negatively correlated with PO, levels. hs-CRP and PO, were high-risk factors influencing Cys-C
levels, and B2-MG was a risk factor influencing Cys-C levels. The level of PO, was a high-risk factor influencing 2-MG levels, and
PCO,; and Cys-C were risk factors influencing f2-MG levels.

Conclusion: Renal injury was found to be present in patients with AECOPD and worsened with increasing degrees of hypoxia.
Hypoxia and inflammation might be risk factors for renal injury in patients with AECOPD, Cys-C and $2-MG could be sensitive
indicators for the early detection of renal injury.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a disease that seriously affects the human respiratory system, but it is
preventable and treatable It is usually characterized by persistent airflow limitation caused mainly by an excessive
pulmonary inflammatory response to pollutants in the airways, such as cigarettes and smoke.' Currently, COPD is the
fourth leading cause of death worldwide and imposes a heavy economic burden on sufferers.”

The main organ involved in COPD is the pulmonary tissue, and its causes may be attributed to chronic tissue
inflammation and long-term hypoxia. The extra-pulmonary comorbidities of COPD have been gaining attention and
recent studies have suggested a possible association between COPD and renal insufficiency.’ Acute exacerbations of
chronic obstructive pulmonary disease (AECOPD) may be diagnosed in patients with COPD when there is an increase in
the frequency and degree of coughing, an increase in sputum volume, or a change in sputum properties, together with an
increase in the degree of dyspnea. Long-term ischemia and hypoxia in patients with AECOPD and the impact of
inflammation and carbon dioxide retention can eventually result in or aggravate renal injury, and the early detection and
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treatment of renal injury in patients with COPD has received much attention in recent years. At present, serum creatinine
(Scr) is routinely used to detect and evaluate renal injury, but usually there is no abnormal change in Scr in the early
stages of renal injury, and when levels rise, it often indicates that the kidney already has a rapidly progressing irreversible
injury. Such an injury has a negative effect on the prognosis of patients and increases mortality rates. It is known that
changes in Scr levels can be affected by age, gender, diet, muscle quality, drugs, and other factors, which means that any
change may not accurately reflect a renal function injury. Thus, clinicians need more sensitive and timely biological
indicators. One major member of the cysteine protease inhibitor superfamily is serum cystatin C (Cys-C), which is
a soluble, non-glycosylated, secreted protein that is continuously produced by nucleated cells in the body and is widely
present in body fluids. Moreover, its secretion and excretion are constant and are not affected by many factors. Since
Cys-C can freely pass through the glomerular filtration membrane and be completely reabsorbed and catabolized by the
renal proximal tubules, and the tubules themselves cannot secrete Cys-C, it is an ideal indicator for the glomerular
filtration rate (GFR).> The production, synthesis, and release of beta-2 (B2) microglobulin ($2-MG) are constant in the
normal population; it is filtered through the glomerulus, and 99% is reabsorbed and catabolized in the proximal tubule. It
has been used not only to assess tubular function but also to monitor glomerular function. As a new biological marker,
the level of B2-MG increases earlier than Scr in acute renal injury and is not affected by muscle metabolism. It has
previously been suggested that p2-MG is a better predictor for acute renal injury than Ser.®

The present study aimed to investigate the role of Cys-C and f2-MG as biomarkers for the early identification of renal
injury due to hypoxia and inflammatory factors in elderly patients with AECOPD by means of correlation analysis.

Materials and Methods

Study Subjects and Grouping

A total of 106 elderly patients with AECOPD who visited the Internal Medicine Department of the Second Hospital of
Beijing between January 2018 and December 2021 were enrolled in the study. All enrolled patients had a definite
diagnosis of COPD. This study was conducted in accordance with the declaration of Helsinki and with the approval of
the Ethics Committee of the Second Hospital of Beijing. Written informed consent was obtained from all the
participants.

The patients were divided into three study groups based on oxygen partial pressure (PO,) levels in the arterial blood
gas analysis on admission: 60 mm Hg < PO, < 80 mm Hg = mild hypoxia group (Group A with 32 cases), 40 mm Hg <
PO, < 60 mm Hg = moderate hypoxia group (Group B with 38 cases), and PO, < 40 mm Hg = severe hypoxia group
(Group C with 36 cases). During the same period, another 60 healthy subjects who visited the hospital for a physical
examination were selected as the control group. This group consisted of 36 male patients and 24 female patients, with an
average age of (79.44 + 11.30) years. The differences between the four groups in age and gender were not statistically
significant (both P > 0.05), and the data were comparable.

Inclusion and Exclusion Criteria

The inclusion criteria for patients with AECOPD was as follows: (1) the patient met the diagnostic criteria for COPD in
the Revised Guidelines for the Diagnosis and Management of Chronic Obstructive Pulmonary Disease issued by the
Respiratory Diseases Branch of the Chinese Medical Association;’ (2) the patient was in an acute exacerbation phase at
the time of consultation, ie, with complaints of a sudden exacerbation of coughing, sputum, and shortness of breath, and
the degree of exacerbation exceeded the range of daily variation to the extent that the original therapeutic plan had to be
adjusted; (3) the patient was older than 65 and their medical data record was complete; and (4) the patient or a family
member signed an informed consent form.

The exclusion criteria were as follows: (1) patients with multiple organ failures from various causes; (2) patients with
primary or secondary kidney disease, such as hypertensive renal injury, chronic glomerulonephritis, systemic lupus
erythematosus nephritis, and diabetic renal injury; (3) patients with malignant tumors; (4) patients complicated with
hematological and bone marrow diseases; (5) patients with coronary artery disease or heart failure; and (6) patients who
had been administered nephrotoxic drugs six weeks or less before admission.
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Data Collection and Detection Indicators
General Data
General data, including gender, age, body mass index (BMI), blood pressure, and smoking index were recorded for all

enrolled subjects.

Detection Indicators

Each patient’s PO, and carbon dioxide partial pressure (PCO,) in arterial blood were measured upon admission, and
blood specimens were collected under fasting conditions on the morning of the second day after admission. The serum
levels of high-sensitivity C-reactive protein (hs-CRP), Scr, urea nitrogen (BUN), Cys-C, and f2-MG were measured
uniformly. Levels of Cys-C were measured using the latex-enhanced immunoturbidimetric method, with a kit produced
by DiyaLaibo Biotechnology Co., Ltd (China, Jiangsu), while f2-MG was measured using the latex immunoturbidimetric
method, with a kit produced by Biosino Biotechnology and Science Inc.(China, Beijing). The Scr and BUN levels were
measured using the picric acid urea method, with a kit also produced by Biosino Biotechnology and Science Inc. All
indicators were measured using a Beckman AUS5800 automatic biochemical analyzer, which was operated in strict

accordance with the relevant instructions.

Statistical Analysis

The SPSS 20.0 software package was used for data processing. The measurement data that satisfied the normal
distribution were expressed as mean = standard deviation (X & 5). An independent-sample ¢-test was used to compare
the means between two groups, one-way analysis of variance was used to compare the means between multiple groups,
and a y* test was used for countable data. The correlations of the levels of Cys-C and p2-MG with other variables were
analyzed using Spearman correlation analysis, and multiple linear regression analysis was constructed based on the
results of the correlation analysis. P < 0.05 was considered statistically significant.

Results

Comparison of the General Characteristics

Of all 106 patients, 55 were male and 51 were female, with an average age of (75.46 £ 8.62) years. The differences
between the study groups and the control group in age, gender, BMI, smoking index, systolic blood pressure, and
diastolic blood pressure were not statistically significant (P > 0.05). The PO, levels in the study groups were lower than
those in the control group, and the difference was statistically significant (P < 0.05). The levels of hs-CRP, PCO,, Scr,
BUN, Cys-C, and B2-MG in the study groups were higher than those in the control group, and the differences were
statistically significant (P < 0.05) (see Table 1).

Comparison of Serum Cystatin C, Beta-2 Microglobulin, Partial Pressure of Carbon

Dioxide, Serum Creatinine, and Urea Nitrogen

Compared with the control group, the levels of hs-CRP, Cys-C and f2-MG were significantly higher in the study groups,
and the differences were statistically significant (all P < 0.05). The levels of hs-CRP, Cys-C, and 2-MG were highest in
Group C, followed by Group B, then Group A, and lowest in the control group, and the differences were statistically
significant (all P < 0.05). The levels of Scr and BUN were highest in Group C group, followed by Group B group, then
Group A, and lowest in the control group, and the differences between Group A and the control group were not
statistically significant (P > 0.05), but the differences between the remaining groups were (all P < 0.05). The PCO, levels
were also highest in Group C, followed by Group B, then Group A, and lowest in the control group, and the differences
between Group C and the other groups as well as between Group B and Group A were statistically significant (all P <
0.05). The levels of PO, were highest in the control group, followed by Group A, then Group B, and lowest in Group C,
and the differences were statistically significant (all P < 0.05) (see Table 2).
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Table | Analysis of the General Characteristics Among Different Groups of Subjects

Item The Patient The Control P
Group (n=106) Group (n=60)

The average age (Year) 75.46+8.62 79.44+11.30 0.203
Gender (Male/Female) 51/55 32/28 0.695
BMI/(Kg/m?) 27.05+3.88 26.43+3.56 0.650
Smoking index (Yes/No) 57/49 27/33 0.428
Systolic blood pressure(mmHg) 124.06+17.43 118.22£10.79 0.328
Diastolic blood pressure(mmHg) 60.43£9.49 63.33%11.79 0.394
hs-CRP(mg/L) 13.84+7.66 1.66 +0.80 0.000
PCO,(mmHg) 52.38+13.68 42.51+8.14 0.037
PO, (mmHg) 58.16+14.03 96.99+6.29 0.000
Scr(pumol/L) 98.12+43.04 58.80 £7.49 0.008
BUN/(mmol/L) 11.47+4.78 7.69+1.60 0.002
Cys-C(mg/L) 6.58+2.58 0.86+0.31 0.021
B2-MG(mg/L) 6.82+2.75 1.96+0.80 0.000

Table 2 Comparison of the Levels of hs-CRP, Cys-c, $,-MG, Scr, and BUN Among Different Groups

Item The Control Group | The Mild Hypoxia The Moderate Hypoxia The Severe Hypoxia
Group (Group A n=32) | Group (Group B n=38) Group (Group C n=36)

Hs-CRP(mg/L) 1.66 +0.80 5.74%3.01° 16.22+2.51° 2401 +2.73°

PCO2(mmHg) 42.51+8.14 42.1244.79% 51.69+8.94° 71.95+10.05¢

PO2(mmHg) 96.99+6.29 72.51+5.80° 54.82+5.58" 38.46+1.59°

Scr(umol/L) 58.80 £7.49 74.2013.62%° 90.48+24.10> 154.66 +53.65°

BUN(mmol/L) 7.69+1.60 8.57+2.58% 11.57+3.47% 16.47+5.72¢

Cys-C(mg/L) 0.86+0.31 4.08+1.42%< 7.020.70 10.27+0.81°

B2-MG(mg/L) 1.96+0.80 4.37+0.73%< 6.85+1.08" I1.16£1.32¢

Note: Compared to the mild hypoxia group, *P<0.05; compared to the severe hypoxia group, °P<0.05; compared with the control group, “P<0.05.

Correlation Analysis Between Serum Cystatin C and Beta-2 Microglobulin with Each

Influencing Factor

The Spearman correlation analysis showed that Cys-C levels were positively correlated with hs-CRP (» = 0.979, P < 0.
001), PCO, (r=0.775, P <0.001), Scr (r = 0.674, P < 0.001), and BUN (» = 0.675, P < 0.001) and negatively correlated
with PO, (r = —0.975, P < 0.001), and there was no correlation with mean age, gender, BMI, smoking index, systolic
blood pressure, or diastolic blood pressure. The levels of f2-MG were highly and positively correlated with hs-CRP (» =
0.962, P < 0. 001), PCO, (r = 0.737, P < 0.001), Scr (r = 0.668, P < 0.001), and BUN (» = 0.688, P < 0.001) and
negatively correlated with PO, (» = —0.965, P < 0.001), and there was no correlation with mean age, gender, BMI,

smoking index, systolic blood pressure, or diastolic blood pressure. The level of Cys-C was positively correlated with
B2-MG (r = 0.950, P < 0. 001) (see Table 3).

Multivariate Linear Regression Analysis of the Factors Influencing Serum Cystatin
C and Beta-2 Microglobulin

Multivariate linear regression analysis was conducted with Cys-C and B2-MG as the dependent variables and hs-CRP,
PCO,, PO,, Scr, and BUN as the independent variables. The results showed that hs-CRP (B = 0.139, P < 0.01) and PO,
(B=-0.073, P <0.01) were high-risk factors influencing Cys-C levels, and 2-MG (= 0.152, P < 0.05) was a risk factor
influencing Cys-C levels. The level of PO, (B = —0.033, P < 0.01) was a high-risk factor influencing $2-MG levels, and
PCO, (B = 0.048, P < 0.05) and Cys-C (B = 0.317, P < 0.05) were risk factors influencing f2-MG levels.
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Table 3 Correlation Analysis of the Levels of Cys-C and 2-MG with Each Influencing

Factor
Item Cys-C p2-MG
r P r P

The average age (Year) —0.026 0.848 0.119 0.381
Gender (Male/Female) 0.109 0.289 0.083 0.422
BMI/(Kg/m?) 0.050 0.630 0.082 0.427
Smoking index (Yes/No) 0.017 0.872 0.003 0.980
Systolic blood pressure(mmHg) 0.080 0.436 0.082 0.425
Diastolic blood pressure(mmHg) | 0.090 0.383 0.132 0.199
Hs-CRP(mg/L) 0.979 0.001 0.962 0.000
PCO2 (mmHg) 0.775 0.023 0.737 0.000
PO2(mmHg) —0.975 0.000 —0.965 0.000
Scr (umol/L) 0.674 0.000 0.668 0.000
BUN (mmol/L) 0.675 0.000 0.688 0.000

Discussion

A common, preventable, and treatable respiratory disease, COPD’s main pathological feature is chronic progressive
airflow limitation characterized by long-term recurrent chronic inflammation of the airways, pulmonary parenchyma, and
blood vessels. The pathological mechanism of COPD is not yet fully understood, but previous studies have shown that
patients with COPD are in a state of chronic hypoxia and systemic inflammatory activation, which affects not only the
lungs and airways but also the skeletal system, cardiovascular system, and urinary system.® In a study of 356 elderly
patients with COPD, the incidence of renal insufficiency was found to be 43%, compared with 23% in older adults
without COPD, and the incidences of acute renal injury and chronic renal injury were significantly higher in patients with
hypercapnia or hypoxemia than in the healthy population, and this not only prolonged the length of hospital stays but also
led to increased mortality.” Understanding how to detect and treat renal injury in patients with COPD at an early stage is
therefore a pressing issue.

It is known that Scr and BUN levels only change significantly when renal function is already significantly damaged
and that they are vulnerable to many factors, such as tumor, muscle content, and high protein food intake. In other words,
Scr and BUN levels cannot accurately reflect renal function damage, especially in its early stages.* Both Cys-C and
B2-MG are small molecules with stable levels in the body; they are not affected by the external environment and are
mainly absorbed in the renal tubular epithelium and degraded and excreted in urine. In the case of renal tubule injury, the
re-absorption of both Cys-C and B2-MG is reduced, and the serum levels in patients in the early stage of injury are
increased.'® In the present study, the correlation between Cys-C and P2-MG and renal injury in its early stages was
investigated in patients with AECOPD with different degrees of hypoxia.

The results of the present study were the same as those of previous studies,'" in that the levels of Cys-C, p2-MG, hs-
CRP, PCO,, Scr, and BUN were significantly increased in the study groups compared with the control group. These
results indicate that the presence of renal injury in the study groups, based on chronic hypoxia and hypercapnia, might be
related to the glomerular hemodynamic changes caused by chronic hypoxia. Chronic hypoxia is likely to lead to
increased glomerular vasoconstriction and decreased blood flow, while ischemia and hypoxia stimulate cytokine expres-
sion and a reduction in the GFR, resulting in impaired renal function.'

In the present study, the changes in renal function in patients with AECOPD and different hypoxic conditions were
analyzed, and it was concluded that renal injury in AECOPD might increase with the increase in the degree of hypoxia,
but the levels of Cys-C and B2-MG were already elevated at the early stage of renal injury. As the degree of hypoxia
increased, the levels of Cys-C and B2-MG increased progressively, and the differences were statistically significant in
multiple comparisons between the different groups. However, the increase of Scr and BUN levels in the mild hypoxia
group was not significant compared with those of the control group, suggesting that the changes in Scr and BUN in
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patients with mild hypoxia would fail to provide a significant indication. Only when the disease progressed to the
moderate or severe stage did changes in Scr and BUN occur, indicating that the increase in Scr and BUN levels was
delayed during early renal injury and influenced by a number of factors. Changes in both Scr and BUN levels occurred
only when the renal function was significantly impaired, and so relying on them as indicators of renal injury might lead to
a delay in the optimal treatment for patients. These findings were consistent with the results of a previous study.'?
Therefore, it would appear that monitoring Cys-C and B2-MG levels rather than Scr and BUN levels is more reliable in
assessing renal injury early on in patients with AECOPD.

The correlation analysis undertaken in the present study showed that Cys-C levels were positively correlated with hs-
CRP, PCO,, Scr, and BUN and negatively correlated with PO,. Levels of f2-MG were positively correlated with hs-CRP,
PCO,, Scr, and BUN and negatively correlated with PO,. These results suggest that long-term chronic hypoxia and
hypercapnia, together with the stimulation of inflammatory factors, produces a large number of oxygen free radicals,
leading to a series of chain reactions like increased intra-renal capillary resistance, reduced renal perfusion, and activation
of the renin-angiotensin system, causing a certain degree of injury to renal tissues. Meanwhile, hypoxia can lead to
apoptosis or differentiation of renal tubular epithelial cells and mesenchymal cells into fibroblasts, leading to tubular
interstitial fibrosis and triggering or aggravating renal injury. All of these effects can lead to renal injury in patients. In
addition, acute exacerbation can increase the release of cytokines and inflammatory mediators in large quantities.
Numerous studies have found that a variety of inflammatory factors, such as tumor necrosis factor (TNF)-a, inter-
leukin-6, and hs-CRP, are released in patients with COPD and that the levels of inflammatory factors increase
significantly as the severity of COPD increases. Both clinical and animal experiments have confirmed that elevated
levels of TNF-a and hs-CRP may lead to the development and progression of renal injury by mediating the immune-

14-16

inflammatory response of the body and causing renal function impairment, resulting in the onset and development of

renal injury.

Conclusion

Renal injury is seen in patients with COPD, and the extent of the renal injury in elderly patients in the acute exacerbation
phase might increase with the degree of hypoxia. Compared with Scr and BUN, levels of Cys-C and 32-MG showed changes
at the early stage of renal injury, so they may be sensitive indicators for the early detection of renal injury. Furthermore, PO,
and hs-CRP might be high-risk factors for both Cys-C and B2-MG, suggesting that hypoxia and the release of inflammatory
factors might be risk factors for renal injury in patients with AECOPD. With the advances in the understanding of Cys-C and
2-MG in renal injury in patients with AECOPD, the early identification of renal injury and effective control of risk factors
could be facilitated, potentially improving the long-term survival of patients with AECOPD.

Ethics Approval and Consent to Participate
This study was conducted in accordance with the declaration of Helsinki. This study was conducted with approval from
the Ethics Committee of the Second Hospital of Beijing. A written informed consent was obtained from all participants.
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