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Background and Objectives: To investigate the efficacy of beclomethasone and aminophylline combined with 
enteral nutrition in the treatment of elderly patients with chronic obstructive pulmonary disease (COPD) and the 
associated effects of these drugs on patient nutritional status and immune function. Methods and Study Design: 
In total, 115 elderly patients with COPD were included and were randomized into an enteral nutrition (EN) group 
and a control (CON) group. Aminophylline, in combination with beclomethasone, was administered to the CON 
group, whereas aminophylline and beclomethasone in combination with EN was administered to the EN group. 
Results: Patients in the EN group showed significant improvement in partial pressure of carbon dioxide, forced 
expiratory volume in 1 sec/ expiratory forced vital capacity, and partial pressure of oxygen than those in the CON 
group. The levels of IgM, IgG, and IgA as well as the number of CD4+/CD8+ and CD4+/CD3+ T cells were 
higher in the EN group than those in the CON group (p<0.05); the EN group also exhibited higher levels of in-
flammatory cytokines, such as tumor necrosis factor-α and interleukin (IL)-1β (p<0.05), and lower levels of IL-6 
than the CON group. In addition, patients in the EN group showed a significant increase in serum total protein, 
albumin, and transferrin levels than those in the CON group (p<0.05). Conclusions: Elderly patients with COPD 
showed a marked response to a regimen of beclomethasone, aminophylline, and EN, which significantly im-
proved their immune function and nutritional status. 
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INTRODUCTION 
The incidence of chronic obstructive pulmonary disease 
(COPD) has accelerated in the last decade, posing a seri-
ous threat to the health of elderly individuals.1 COPD is a 
chronic inflammatory lung disease commonly caused by 
smoking and is characterized primarily by progressive 
and persistent airflow obstruction.2 Epidemiological sur-
veys have shown that COPD will be the third leading 
cause of human mortality in the 2020s.3 Currently, medi-
cations such as aminophylline, salbutamol, and beclome-
thasone are the principal treatments for COPD. The bron-
chodilatory effects of aminophylline and salbutamol sig-
nificantly alleviate the condition.4 Moreover, beclome-
thasone, as a current treatment option for asthma, can also 
be effective in treating recurrent episodes of wheezing, 
cough, chest tightness, and dyspnea through inhalation 
therapy.5 

Patients with COPD often exhibit a long-term reaction 
to an inflammatory stimulus, have an altered cellular and 
humoral immunity, and show production of a large num-
ber of inflammatory factors, which promote neutrophil 
proliferation and activation.6 Indeed, the levels of IgA, 

 
 
IgG, and IgM in vivo are highly correlated with the pa-
tient’s immune function. Experiments have shown that 
patients with COPD have higher IgG and IgA levels than 
healthy controls and that humoral immunity plays a key 
role in the onset of COPD.7 

Patients with COPD are also prone to malnutrition, 
which, combined with a weak immune system in elderly 
patients, often leads to infections or even severe respirato-
ry and heart failure.8 The prognostic outcomes of patients 
are closely related to the control of infection. Studies 
have demonstrated that 25–40% of patients with COPD 
were malnourished.9 Studies focusing on patients with 
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COPD found that nutritional support, in combination with 
conventional therapies, resulted in a significant increase 
in treatment efficacy.10 However, little research has been 
performed regarding the use of enteral nutrition (EN) in 
the treatment course of patients with COPD. 

In this study, we further analyzed the efficacy of be-
clomethasone and aminophylline combined with EN in 
the treatment of patients with COPD. Our measures in-
cluded assessing the clinical therapeutic effects of the 
treatment, changes in patient immune function, and pa-
tient nutritional status. 
 
METHODS 
Study subjects 
This study included elderly patients with COPD who 
were admitted to the Department of Respiratory Medicine 
in our hospital from March 2019 to March 2020. All pa-
tients met strict exclusion and inclusion criteria. Patients 
were informed of the risks of this study and signed con-
sent forms were collected. After evaluation, the ethics 
committee of Hunan Provincial People’s Hospital ap-
proved this study.  

 
Inclusion and exclusion criteria 
Inclusion criteria: GOLD diagnostic criteria for COPD: 
forced expiratory volume in 1 sec (FEV1) <50%, 
FEV1/expiratory forced vital capacity (FVC) <0.7; age 
>65 years. Exclusion criteria included patients with a 
history of diagnosed malignancy and asthma; unstable 
COPD; prostate cancer; benign prostatic hyperplasia; and 
history of cardiovascular, renal, hepatic, gastrointestinal, 

or endocrine disease, obesity, or surgery within 2 months 
prior to the study period (Figure 1). 

 
Methods 
This single-blind, single-center, randomized controlled 
trial categorized patients into a control group (CON group) 
and an EN group using the randomized number table 
method. The EN group was administered with amino-
phylline, beclomethasone, and EN. The group was also 
administered necessary general symptomatic measures, 
including, but was not limited to, relieving cough and 
asthma, treating infections, providing continuous low-
flow oxygenation, and correcting acid-base and water-
electrolyte imbalances.  

The EN program was implemented as follows: the nu-
tritionist created an individualized EN plan based on the 
patient’s current biochemical test indicators and formu-
lated a three-meal diet plan based on the patient’s age, 
BMI index, and daily activity intensity. The nutritionist 
then observed the patient’s condition changes and appro-
priately adjusted their diet and EN intake. 

Common energy calculations for patients were as fol-
lows: 

1) Energy supply was calculated according to the for-
mula: daily calories required = expected value of H-B × 
activity coefficient (classified as bed rest 1.2; light activi-
ty 1.3; moderate activity coefficient 1.5; vigorous activity 
1.75) × C (correction coefficient’ 1.16 for males and 1.19 
for females) × 1.2 

2) The predicted value of H-B was calculated using the 
Harris Benedict formula: 

 

 

 
Figure 1. Flow chart of the study design as well as exclusion and inclusion criteria 
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Male daily energy requirement (kJ/d) = [66.47 + 5.0 × 
height (cm) + 13.75 × weight (kg) – 6.76 × age (years)] × 
4.184 

Female daily energy requirement (kJ/d) = {[55.1 + 1.85 
× height (cm) + 9.56 × weight (kg) – 4.68 × age (years)] 
× 4.184 

3) The Resul Enteral Nutrition Solution (Fresenius Ka-
bi Deutschland GmbH, Germany, the main ingredients 
are shown in Table 1) was adopted as the basic prepara-
tion of EN for patients, and additional components 
(shown in Table 2) were added appropriately according to 
patient biochemical examination results. 

4) Foods with a low respiratory quotient were chosen 
to avoid excessive carbon dioxide. 

The CON group was administered aminophylline, be-
clomethasone, and routine treatments as described in the 
EN group. The patients in this group received normal 
food. 

 
Randomization and blinding 
A random table was generated using SPSS 23.0 (SPSS 
Inc., Chicago, Illinois, USA) and was used to sequentially 
enroll eligible participants in order of patient admission. 
It was also used to categorize patients into the CON and 
EN groups in a 1:1 ratio. The researchers grouped the 
patients and informed the physicians.  

 
Observation indicators 
Pulmonary function-related tests 
The partial pressure of carbon dioxide (PaCO2), 
FEV1/FVC, and partial pressure of oxygen (PaO2) were 
determined in the hospital’s pulmonary examination room 
before and after 4 weeks of treatment. 

 
Immune function assay 
Fasting blood was collected each morning for 4 consecu-
tive weeks. The samples were allowed to sit for approxi-
mately 30 min in a cool, dark environment before centri-
fuging at 3,000 rpm for 10 min to obtain the serum, which 
was immediately stored at -80°C. The levels of serum 
IgM, IgG, and IgA were determined using the TIIA 

method. The FCM method was used to detect the levels 
of different T cell subgroups, and all operations were per-
formed in strict accordance with the instructions. 

We further investigated the levels of inflammatory fac-
tors, such as tumor necrosis factor (TNF)-α, interleukin 
(IL)-6, and IL-1β in the serum of the participants accord-
ing to the corresponding kit instructions (Jiangsu Edisha 
Biochemical Reagents Company). 

 
Monitoring indicators related to nutritional status  
Fasting blood samples collected from study participants 
for 4 consecutive weeks were sent to the hospital labora-
tory for determining   total protein, albumin, and transfer-
rin. 

 
Statistical analysis 
Data analysis was performed using SPSS 23.0 (SPSS 
Inc.). Student’s t-test was employed to analyze differ-
ences between groups, while the rank-sum test was used 
to validate and analyze ranked data between groups. 
Counted data were analyzed using the χ2 test. Measure-
ments were expressed as means ± standard deviations 
(mean ± SD). Results with p<0.05 were considered statis-
tically significant. 
 
RESULTS 
Comparison of baseline data 
One hundred and fifteen patients with COPD treated at 
our hospital were enrolled in this study and randomly 
assigned to the CON group (N=58) or the EN group 
(N=57). All patients completed the study. Baseline data, 
including age, sex, smoking and alcohol history, and 
medical history, were not statistically different between 
the two groups (p>0.05) (Table 3). 
 
Inter-group comparison of lung function indicators 
Before treatment, differences in lung function indicators 
between the two groups were not significant. After treat-
ment, PaCO2, FEV1/FVC, and PaO2 were significantly 
improved in the EN group than in the CON group 
(p<0.05), suggesting that EN could help improve pul-

 
Table 1. Components of the enteral nutrition solution 
Constituent Content/100 mL solution 
Protein 3.8 g 
Fat 3.4 g 
Saturated fatty acids 1.6 g 
Unsaturated fatty acids 1.3 g 
Medium chain triglycerides 1.2 g 
Carbohydrates 13.8 g 
Sugar 0.5 g 
 
 
Table 2. Various components used 
 
Component name Application 
Concentrated whey protein powder Whey protein concentrate 
Trace elements  Human body requires various mineral trace elements 
Vitamins Contains various fat-soluble vitamins as well as vitamin B and C 
Dietary fibers Contains dietary fiber combination 
Probiotic components Contains seven probiotic combinations 
MCT  Contains 8-carbon and 10-carbon fatty acids 
NHA  NHA’s omega-3 unsaturated fatty acids 
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monary function in elderly patients with COPD (Figure 2). 
 
Inter-group comparisons of immune function 
Immune function was not significantly different between 
the groups before treatment. After completion of treat-
ment, the EN group showed higher IgM, IgG, and IgA 
levels as well as increased CD4+/CD8+ and CD4+/CD3+ 
T cell counts than the CON group, suggesting that pa-
tients with COPD showed a significant recovery of im-
mune function after EN support. Moreover, the levels of 
inflammatory cytokines such as IL-1β and TNF-α in-
creased (p<0.05), whereas those of IL-6 decreased in the 
EN group than in the CON group (p<0.05) (Figure 3-5). 
 

Inter-group comparisons of nutritional status 
Total protein and serum albumin did not differ signifi-
cantly between the two groups before treatment. After 4 
weeks, the EN group exhibited a significant increase in 
total protein and serum albumin than the CON group 
(Figure 6). Our findings are shown in the conceptual dia-
gram (Figure 7). 
 
DISCUSSION 
The elderly are especially prone to the adverse health 
effects of COPD. Studies have found that the nutritional 
status of patients improves rapidly after receiving EN and 
their lung function also improves significantly.11 When 
comparing the efficacy of a commonly used treatment 

Table 3. General baseline patient information 
 
Parameter CON group EN group p value 
Male/Female 26/32 27/31 0.632 
Age (years) 68.3±4.3 68.2±4.6 0.638 
BMI (kg/cm2) 20.6±1.3 20.5±1.4 0.676 
Age (years) 59.2±6.1 60.1±5.8 0.176 
Smoking (yes/no) 21/48 22/47 0.698 
Drinking (yes/no) 27/42 26/42 0.679 
Insomnia time (months) 4.32±0.13 4.28±0.28 0.283 
 
Data are expressed as n or mean±SD.  
 
 

 
Figure 2. Comparison of the pulmonary function-related indexes between the enteral nutrition (EN) and control (CON) groups. A. PaCO2. 
B. PaO2. C. FEV1/FVC. PaCO2: arterial partial pressure of carbon dioxide; PaO2: arterial partial pressure of oxygen; FEV1/FVC: forced 
expiratory volume in 1 sec/forced vital capacity; CON: control group; EN: enteral nutrition group; *p<0.05 compared with the CON group. 
#p<0.05 compared with the pre-treatment group.  
 

 

 
 
Figure 3. Comparison of the humoral immune function-related indexes between the enteral nutrition (EN) and control (CON) groups. A. 
Changes in IgG levels before and after enteral nutrition treatment. B. Changes in IgA levels before and after enteral nutrition treatment. C. 
Changes in IgM levels before and after enteral nutrition treatment. CON: control; EN: enteral nutrition group. *p<0.05 compared with the 
CON group. #p<0.05 compared with the pre-treatment group.  
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regimen (beclomethasone + aminophylline) with be-
clomethasone + aminophylline + EN, we found that the 
PaCO2, FEV1/FVC, and PaO2 were improved significant-
ly in the EN group than those in the CON group. The lev-
els of IgM, IgG, and IgA, which are related to humoral 
immunity, were higher in the EN group than those in the 
CON group. Moreover, there was an increased number of 
CD4+/CD8+, CD4+, and CD3+ T cells in the EN group, 
indicating that EN accelerated the recovery of cellular 
immune function. The levels of TNF-α and IL-1β were 
higher in the EN group than in the CON group (p<0.05), 
whereas IL-6 levels were significantly lower in the EN 

group than in the CON group (p<0.05). Moreover, the EN 
group had significantly higher serum total protein, albu-
min, and transferrin levels than the CON group. 

When elderly patients with COPD develop severe mal-
nutrition, they are also at a very high risk of developing 
infections.12 Studies related to pulmonary function have 
found that the resistance in patient airways increases sig-
nificantly during acute exacerbations, severely decreasing 
compliance, which further increases airway resistance 
owing to excessive secretions and reduction in pulmonary 
function.13 It has also been noted that elderly patients with 
COPD are often severely malnourished, have significant 

 
 
Figure 4. Comparison of the cellular immune function-related indexes between the enteral nutrition (EN) and control (CON) groups. A. 
Changes in the levels of CD3+ T cells before and after enteral nutrition treatment. B. Changes in the levels of CD4+ T cells before and 
after enteral nutrition treatment. C. Changes in the levels of CD4+/CD8+ T cells before and after enteral nutrition treatment. CON: control 
group; EN: enteral nutrition group. *p<0.05 compared with the CON group. #p<0.05 compared with the pre-treatment group.  
 
 

 
 
Figure 5. Comparison of serum inflammatory cytokine indexes in the enteral nutrition (EN) and control (CON) groups. A. Changes in 
serum inflammatory cytokine TNF-α levels before and after enteral nutrition treatment. B. Changes in serum inflammatory cytokine IL-1β 
levels before and after enteral nutrition treatment. C. Changes in serum inflammatory cytokine IL-6 levels before and after enteral nutrition 
treatment. CON: control group; EN: enteral nutrition group; TNF-α: tumor necrosis factor-α; IL-6: interleukin-6; IL-1β: interleukin-1β. 
*p<0.05 compared with the CON group. #p<0.05 compared with the pre-treatment group.  
 
 

 
 
Figure 6. Comparison of the nutritional status of the enteral nutrition (EN) and control (CON) groups. A. Changes in albumin levels be-
fore and after enteral nutrition treatment. B. Changes in transferrin levels before and after enteral nutrition treatment. C. Changes in total 
protein before and after enteral nutrition treatment. CON: control group; EN: enteral nutrition group. *p<0.05 compared with the CON 
group; #p<0.05 compared with the pre-treatment group.  
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atrophy of the respiratory muscles such as the intercostal 
muscles and diaphragm, and show a severe decrease in 
pulmonary ventilation.14 In addition, lung compliance is 
greatly reduced because of the decrease in the amount of 
pulmonary surfactant and the number of elastic fibers in 
the lung tissue. Patients also have difficulty breathing 
owing to poor lung diffusion. Lung function further dete-
riorates as COPD progresses, and the prognosis only gets 
worse.15 However, previous clinical studies have shown 
that EN therapy is effective in improving lung function in 
patients with COPD.16 

The lung function scores between the EN and CON 
groups were not significantly different prior to treatment; 
however, all were substantially lower than the normal 
value. Patients who received EN exhibited significantly 
improved lung function, which was consistent with the 
results of a previous study. The beneficial effects of good 
nutrition on lung function may be derived from improved 
nitrogen balance, increased amount of muscle protein, 
increased energy to the respiratory muscles, and reduced 
fatigue, ultimately restoring lung function. Moreover, 
previous studies have found that increasing the fat emul-
sion dosage increases caloric intake; decreases protein 
breakdown, carbon dioxide production, and respiratory 
quotient; and improves lung function.17,18 

A follow-up study on COPD found that chronic in-
flammatory responses are present and persist for a very 
long time in most patients with COPD.19 They also found 
that the development of an inflammatory response in pa-
tients with COPD is closely related to malnutrition. In-
deed, the immunity of patients with COPD is significantly 
improved after nutritional therapy. Additionally, im-
proved nutrition reduced patient inflammation, accelerat-
ed recovery of an intact epithelium, decreased inflamma-
tory cytokines, and improved patient prognosis compared 
with conventional treatments.20 The results of our study 
showed that the immunity of patients with COPD in the 
EN group was significantly improved than that of patients 
in the CON group. When patients were malnourished, 
lymphocyte and antibody production was severely sup-
pressed and their humoral and cellular immune functions 

were significantly inhibited. Patients were supplemented 
with omega-3 fatty acids in this study, which caused the 
suppression of proteolysis and the secretion of tumor-
associated factors that promote cachexia, enhancing im-
mune function.21 Upon receiving proper nutrition, patients 
displayed increased levels of IgA, T lymphocytes, and 
cytokines, which resulted in a significant improvement in 
their immune function. 

Some scholars have found that the levels of transferrin 
and albumin increased significantly after receiving EN.22 
The results of this study show that patients treated with 
EN therapy had higher levels of transferrin and albumin 
than those treated with EN solution alone. Patients using 
aminophylline as well as beclomethasone showed a sub-
stantial increase in total body protein, serum protein, al-
bumin, and transferrin, which is consistent with the re-
sults of the above-mentioned study. Previous studies have 
also shown that as a carrier of iron ions, transferrin not 
only promotes erythropoiesis and blood cell maturation 
but also enhances hematopoiesis.23 Albumin is responsi-
ble for maintaining colloidal osmotic pressure and is in-
volved in regulating the synthesis of many substances.24 
Thus, patients treated with EN exhibited improved nutri-
tional status, enhanced anabolic processes, and improved 
hematopoiesis, thus having a better prognosis. 

This study does have several limitations. First, we have 
not fully elucidated the mechanism by which the combi-
nation of beclomethasone and aminophylline with EN 
was successful in the treatment of COPD in the elderly. In 
addition, this study is a single-center randomized clinical 
controlled trial, and multiple large-scale randomized, con-
trolled studies are needed to further validate our results. 

In conclusion, our results show that beclomethasone 
and aminophylline combined with EN can effectively 
improve pulmonary dysfunction, immunity, nutritional 
status, and the condition of elderly patients with COPD. 
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Figure 7. Conceptual diagram to summarize the findings. ↑: EN group is higher than CON group; ↓: EN group is lower than CON 
group; CON: control group; EN: enteral nutrition group.  
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