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Background: Chronic Obstructive Pulmonary Disease (COPD) progression in the elderly is notably influenced by nutritional, immune, 
and inflammatory status. This study aimed to investigate the impact of adequate energy supply on these indicators in COPD patients.
Methods: COPD patients meeting specific criteria were recruited and categorized into energy-adequate and energy-deficient groups 
based on their energy supply. Comparable demographic factors such as age, gender, smoking and drinking history, COPD duration, 
inhaled drug classification, and home oxygen therapy application were observed. Notable differences were found in BMI and inhaled 
drug use between the two groups.
Results: The energy-adequate group exhibited significant improvements in various health indicators, including lymphocyte count, 
hemoglobin, CRP, total cholesterol, prealbumin, albumin, PNI, SII, SIRI, CAR, and CONUT scores in the secondary auxiliary 
examination. These positive changes suggest a notable enhancement in nutritional, immune, and inflammatory status.
Conclusion: This research highlights the substantial benefits of adequate energy supply in elderly COPD patients. The observed 
improvements in nutritional, immune, and inflammatory markers underscore the importance of addressing energy needs to positively 
influence disease-related outcomes in this population. These findings have implications for developing targeted interventions to 
optimize the well-being of elderly individuals with COPD.
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Background
Chronic Obstructive Pulmonary Disease (COPD) is an umbrella term encompassing various chronic respiratory condi-
tions characterized by partially reversible airway limitation. Among its principal manifestations are chronic bronchitis 
and emphysema, as extensively discussed in recent literature.1–3 COPD has become a pressing global public health 
concern, particularly due to its rising prevalence among the elderly population. The World Health Organization ranks 
COPD as the third leading cause of death worldwide.4–6 Patients afflicted with COPD frequently present with chronic 
cough, sputum production, and respiratory distress, significantly diminishing their quality of life.7,8 Furthermore, COPD 
often brings along a host of complications, including cardiovascular diseases, osteoporosis, and depression, adding to the 
complexity of patient care and management.9–12

Recent studies have underscored the pivotal role of nutritional status in affecting the quality of life and survival rates of 
individuals with COPD.13–16 In the realm of nutrition, suboptimal nutritional status has been linked to accelerated pulmonary 
function decline and an elevated risk of acute exacerbations.17–19 Moreover, immune function plays a central role in the 

International Journal of Chronic Obstructive Pulmonary Disease 2024:19 1391–1402               1391
© 2024 Gao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Chronic Obstructive Pulmonary Disease           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 16 November 2023
Accepted: 8 April 2024
Published: 19 June 2024

http://orcid.org/0009-0008-9053-2647
http://orcid.org/0009-0007-8043-2573
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


progression of COPD, with patients often experiencing heightened immune system activation, resulting in sustained 
inflammatory responses and airway remodeling. This systemic inflammation extends beyond the respiratory system, impact-
ing other organ systems and giving rise to a myriad of complications.20–22

Notably, despite the mounting evidence pointing to the association between nutrition and COPD, the specific role of 
energy supply in COPD management remains an understudied and insufficiently understood aspect. Adequate energy 
supply holds the potential to enhance patients’ nutritional status and optimize their immune function, thereby reducing 
inflammatory responses and enhancing the quality of life among elderly COPD patients.23,24 Furthermore, comprehend-
ing how energy supply influences the clinical manifestations and progression of COPD can provide valuable insights for 
optimizing COPD management and treatment strategies through nutritional intervention to enhance patient well-being.

To bridge this knowledge gap and shed light on the impact of energy supply on COPD patients, we have selected key 
assessment indicators, including the Prognostic Nutritional Index (PNI),25 Systemic Immune-Inflammation Index (SII),26 

Systemic Inflammation Response Index (SIRI),27 C-reactive protein/Albumin Ratio (CAR),28 and Control Nutritional Status 
(CONUT) score.29 These indicators serve as proxies for patients’ nutritional and immune status, offering a comprehensive 
window through which we can explore their relationship with COPD. By scrutinizing these assessment indicators, we aim to 
gain deeper insights into how energy supply influences the health status of elderly COPD patients.

This research endeavors to address the existing gap in knowledge concerning the role of energy supply in COPD 
management. It underscores the significance of ensuring sufficient energy intake in improving the nutritional, immune, 
and inflammatory status of elderly COPD patients. We aspire to uncover the specific effects of energy supply on this 
patient population through rigorous analysis and research, providing robust evidence and clinical guidance. This study is 
poised to offer a novel perspective and a solid theoretical foundation for the treatment of COPD, with the ultimate goal of 
enhancing the quality of life and increasing survival rates among elderly COPD patients. By unveiling the intricate 
relationship between energy supply and COPD, we anticipate opening up new avenues for research, thus propelling 
advancements in COPD treatment and management.

Materials and Methods
Diet and Energy Supply
Upon the initial admission of COPD patients, laboratory examination data were collected. Subsequent admissions of 
patients also involved the gathering of laboratory examination data. A survey on the dietary habits of patients in the six 
months prior to their second hospitalization was conducted. The Simplified Food Frequency Questionnaire (FFQ25) was 
employed to assess the dietary intake over the past half year. The daily nutritional intake was calculated.30 Subsequently, 
the Basal Energy Expenditure (BEE) was computed using the Harris-Benedict formula, and the required energy was 
estimated utilizing an energy recommendation formula. Patients were categorized as having inadequate energy supply if 
they did not meet at least 70% of the required energy intake, otherwise classified as having adequate energy supply.

Selection of Research Subjects
Patients hospitalized in the Respiratory Medicine and General Medicine departments of Tianyou Hospital affiliated with 
Wuhan University of Science and Technology from July 2022 to May 2023, diagnosed with COPD, were selected. All 
patients provided informed consent in accordance with the Helsinki Declaration. (1) Inclusion criteria: ① Previously 
diagnosed with Chronic Obstructive Pulmonary Disease and meeting the GOLD 2023 diagnostic criteria, hospitalized 
due to an acute exacerbation of COPD; ② Age ≥65 years; ③ Able to cooperate to complete relevant surveys.31 (2) 
Exclusion criteria: ① Patients with tumors, immune system diseases, and blood-related diseases; ② Patients with 
metabolic diseases such as thyroid dysfunction, active pulmonary tuberculosis, digestive system diseases; ③ Patients 
with respiratory failure and cor pulmonale; ④ Patients had not received treatment at this institution in the past 8 to 12 
months. The study has been reviewed and approved by the Ethics Committee of Tianyou Hospital affiliated with Wuhan 
University of Science and Technology, with approval number [LL-2022-11-02-01].
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Questionnaire Survey on Dietary Habits of COPD Patients Over the Last Six Months
This dietary survey questionnaire is divided into three parts: (1) Basic personal information, including name, age, gender, 
and BMI; (2) COPD-related information, including years since diagnosis, medication usage, use of inhalation drugs, and 
home oxygen therapy status; (3) A dietary survey using the simplified Food Frequency Questionnaire (FFQ25) to 
evaluate the dietary habits of patients over the past six months.30

Collection of Laboratory Examination Data
Collect the following indicators at the time of the patient’s two admissions: white blood cell count, neutrophil count, 
lymphocyte count, monocyte count, hemoglobin concentration, platelet count, prealbumin concentration, globulin 
concentration, albumin concentration, C-reactive protein (CRP) concentration, and total cholesterol concentration.32 

For the auxiliary examination results from 8 to 12 months ago, they are defined as the first hospital admission auxiliary 
examination and labeled as “-1”. For the auxiliary examination results after this admission, they are defined as the second 
hospital admission auxiliary examination and labeled as “-2”. Calculate the difference between the two auxiliary 
examination results and label it as “-D-value”.

Calculation of Basal Energy Expenditure (BEE)
BEE is calculated according to the Harris-Benedict formula as follows:

Recommended energy for COPD patients = BEE * C * 1.1 * activity factor, where C is a correction factor (1.16 for 
men, 1.19 for women), and 1.1 is to correct the weight for patients with BMI below 18.5 kg/m2. Activity factor: 1.2 
for bedridden, 1.3 for light activity, 1.5 for moderate activity, and 1.75 for intense activity.33 If the patient does not 
achieve 70% of the required energy, it is an insufficient energy supply group. Otherwise, it is a sufficient energy 
supply group.

Scoring Standards
Controlling Nutritional Status (CONUT) Score34 is calculated based on albumin, lymphocytes, and total cholesterol 
levels: Serum albumin level ≥35 g/L scores 0 points, 3034 g/L scores 2 points, 2529 g/L scores 4 points, and <25 g/L 
scores 6 points; Lymphocytes >1.6×109/L scores 0 points, (1.21.6)×109/L scores 1 point, (0.81.1)×109/L scores 2 
points, <0.8×109/L scores 3 points; Total cholesterol >180 mg/dl scores 0 points, 140,179 mg/dl scores 1 point, 
100,139 mg/dl scores 2 points, <100 mg/dl scores 3 points. Scores ranging from 01 point indicate normal nutrition, 24 
points indicate mild malnutrition, 58 points indicate moderate malnutrition, and 912 points indicate severe 
malnutrition.

Prognostic Nutritional Index (PNI) = Albumin content (g/L) + 5× Lymphocyte count (109/L).35 Systemic Immune- 
Inflammation Index (SII) = (Platelet count × Neutrophil count)/Lymphocyte count.36 Systemic Inflammatory Response 
Index (SIRI) = (Neutrophil count × Monocyte count)/Lymphocyte count.37 C-Reactive Protein/Albumin Ratio (CAR) = 
C-Reactive Protein concentration/Albumin concentration × 100%.38

Statistical Methods
Data analysis and graphing were performed using SPSS 26.0 software and GraphPad Prism 9. For continuous variables, 
normality will first be tested. If data are normally distributed, mean ± standard deviation (x ± s) will be used, and 
independent sample t-tests will be applied to compare the two groups. Non-normally distributed data will be presented as 
median (interquartile range) [M(Q1, Q3)] and comparisons between groups will be performed using the Mann–Whitney 
U-test. Count data will be presented in number or percentage, with intergroup comparisons performed using χ2 tests. 
A P-value <0.05 will be considered statistically significant.
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Results
Significant Disparities in BMI and Inhalation Drug Usage Between Elderly COPD 
Patients with Adequate and Inadequate Energy Supply
In this study, 119 qualified COPD patients were successfully enrolled, dominated by males (71.4%, 85 people), and 
females accounted for 28.6% (34 people). All study participants were aged between 65 and 99, with an average age of 
77.53 and a standard deviation of 8.62, presenting a research group mainly composed of elderly patients.

Based on whether the energy supply met the recommended standards, we classified the subjects into two groups: 
those meeting energy requirements (77 people) and those who did not (42 people). After a thorough discussion and 
comparison of both groups in multiple aspects (including age, gender, smoking history, drinking history, COPD duration, 
classification of inhaled drugs, and the usage of home oxygen therapy), no statistically significant differences were found 
(P>0.05) in these aspects. However, significant statistical differences were found in BMI and inhaled drug use between 
the two groups (P<0.05) (Table 1), meaning these factors could potentially influence our research outcomes.

In summary, our sample population exhibited certain diversities, yet most aspects (except BMI and inhalation drug 
usage) demonstrated no significant difference between the two groups, providing a relatively balanced basis for exploring 
the impact of energy adequacy on elderly COPD patients.

First Admission Auxiliary Examination Reveals No Significant Differences in Multiple 
Biochemical Indicators Between Elderly COPD Patients Meeting and Not Meeting 
Energy Standards
While exploring the results of a preliminary auxiliary examination before patients’ admission, we conducted a thorough 
analysis of the performance of two groups of patients (those meeting energy requirements and those not meeting energy 
requirements) across multiple biochemical markers and scoring systems. Specifically, we considered the following 
parameters: white blood cell count, neutrophil count, lymphocyte count, platelet count, monocyte count, hemoglobin, 
C-reactive protein (CRP), total cholesterol, prealbumin, albumin, globulin, and several scores based on these parameters, 
including the CONUT score, Prognostic Nutritional Index (PNI), Systemic Immune-Inflammation Index (SII), Systemic 
Inflammatory Response Index (SIRI), and C-reactive protein/Albumin Ratio (CAR).

Table 1 Comparison of Basic Data Between Group with Energy Met the Standards and Group with Energy Did Not Meet the 
Standards

Project Group with Energy Met the 
Standards (N = 77)

Group with Energy Did Not Meet 
the Standards (N = 42)

t, χ2 or 
F value

P value

Age (X� s, years) 76.60 ± 7.67 79.24 ± 10.00 −1.608 0.111
Gender [N (%)] 0.180 0.671

Male 54 (70.1%) 31 (73.8%)

Female 23 (29.9%) 11 (26.2%)
BMI (X� s, kg/m2) 22.85 ± 2.87 20.84 ± 3.56 3.149 0.002

Smoking history [N (%)] 33 (42.9%) 19 (45.2%) 0.063 0.802

Alcohol consumption history [N (%)] 12 (15.6%) 9 (21.4%) 0.639 0.424
Duration of chronic obstructive pulmonary 

disease [M (Q1, Q3), years]

10 (5.50, 20.00) 10 (6.75, 20.00) −0.053 0.957

Inhaled medication classification [N (%)] 6.647 0.084
None 11 (14.3%) 14 (33.3%)

LABA + LAMA 4 (5.2%) 3 (7.1%)

ICS + LABA 22 (28.6%) 10 (23.8%)
ICS + LABA + LAMA 40 (51.9%) 15 (35.7%)

Use of inhaled medication [N (%)] 65 (84.4%) 28 (66.7%) 5.014 0.025

Use of home oxygen therapy [N (%)] 11 (14.3%) 7 (16.7%) 0.12 0.729

Abbreviations: BMI, stands for Body Mass Index; LABA, stands for Long-acting Beta-2 Agonist; LAMA, stands for Long-acting M Receptor Antagonist; ICS, stands for 
Inhaled Corticosteroid.
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Upon detailed analysis of these data, we discovered no statistically significant differences between the two groups 
across all these markers and scoring systems, with all P-values exceeding 0.05. This study indicates no notable disparities 
between elderly COPD patients who met energy requirements and those who did not in these particular health and 
nutritional markers (Table 2). This finding implies that, from the perspective of this suite of biochemical markers and 
scoring systems, whether or not the energy supply was met did not exhibit a significant impact in this pre-admission 
examination. It also provides a relatively stable and balanced baseline to further explore the potential impacts of meeting 
energy requirements on other aspects of elderly COPD patients.

Second Admission Auxiliary Examination Shows Elderly COPD Patients Meeting 
Energy Standards Perform Better on Multiple Key Biochemical Indicators
Upon delving into the results of the secondary auxiliary examination upon readmission, we meticulously compared the 
performance of the energy-meeting group and the non-energy-meeting group across a range of biochemical markers and 
scoring systems. This phase of examination allowed us to gain deeper insights into the differences and similarities in 
biochemical parameters between these two groups of patients.

Following careful analysis, we discovered no statistically significant differences between the two groups in white blood 
cell count, neutrophil count, platelet count, monocyte count, and globulin (P>0.05), indicating a relative consistency in these 
particular markers between elderly COPD patients who met energy requirements and those who did not. However, we also 
noted that there were significant statistical differences between the two groups in lymphocyte count, hemoglobin, C-reactive 
protein (CRP), total cholesterol, prealbumin, albumin, CONUT score and rating, Prognostic Nutritional Index (PNI), Systemic 
Immune-Inflammation Index (SII), Systemic Inflammatory Response Index (SIRI), C-reactive protein/Albumin Ratio (CAR), 
and total protein (P<0.05), suggesting that the status of energy provision significantly influences these markers (Table 3).

The percentage of lymphocyte count reduction is related to the risk of deterioration.39 C-reactive protein (CRP) serves as an 
inflammation marker.40 Prealbumin is sensitive to acute changes in nutritional status and has become the preferred indicator of 

Table 2 Comparison of Initial Auxiliary Examinations Between Group with Energy Met the Standards and Group with Energy Did Not 
Meet the Standards

Project Group with Energy Met the 
Standards (N = 77)

Group with Energy Did Not 
Meet the Standards (N = 42)

t, χ2 or 
F value

P value

White Blood Cell-1 [M (Q1, Q3), *109] 6.66 (5.18, 8.77) 6.57 (5.21, 7.65) −0.431 0.666

Neutrophil-1 [M (Q1, Q3), *109] 4.76 (3.34, 6.25) 4.52 (3.40, 5.88) −0.286 0.775
Lymphocyte-1 [X� s, *109] 1.33 ± 0.59 1.2 8 ± 0.68 0.432 0.666

Platelet-1 [M (Q1, Q3), *109] 186.00 (157.00, 226.50) 201.50 (164.75, 226.50) −0.325 0.745

Monocyte-1 [X� s, *109] 0.42 (0.35, 0.56) 0.43 (0.35, 0.53) −0.359 0.72
Hemoglobin-1 [X� s, g/L] 129.75 ± 17.27 127.45 ± 16.86 0.7 0.485

CRP-1 [M (Q1, Q3), mg/L] 7.70 (2.20, 45.40) 15.25 (2.28, 69.30) −0.445 0.656

Total Cholesterol-1 [M (Q1, Q3), mmol/L] 3.93 (3.39, 4.72) 3.89 (3.13, 4.92) −0.12 0.905
Prealbumin-1 [X� s, mg/L] 175.95 ± 62.57 183.41 ± 60.20 −0.629 0.53

Albumin-1 [X� s, g/L] 40.54 ± 5.73 40.17 ± 4.00 0.365 0.716

Globulin-1 [M (Q1, Q3), g/L] 26.80 (24.00, 32.60) 27.90 (20.03, 31.00) −0.781 0.435
CONUT Score-1 [M (Q1, Q3), points] 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) −0.598 0.55

PNI-1 [X� s] 47.18 ± 7.52 46.56 ± 5.28 0.476 0.635

SII-1 [M (Q1, Q3)] 661.54 (419.21, 1051.28) 684.93 (395.03, 1440.59) −0.386 0.669
SIRI-1 [M (Q1, Q3)] 1.61 (1.01, 3.26) 1.63 (0.78, 3.06) −0.342 0.732

CAR-1 [M (Q1, Q3)] 0.19 (0.05, 1.24) 0.45 (0.06, 1.59) −0.411 0.681

CONUT Grade-1 [N (%)] 1.017 0.601
Normal 17 (22.1%) 9 (21.4%)

Mild 49 (63.9%) 24 (57.1%)

Moderate 11 (14.3%) 9 (21.4%)

Abbreviations: CRP, stands for C-reactive protein; CONUT, Score stands for Control of Nutritional Status score; PNI, stands for Prognostic Nutritional Index; SII, stands 
for Systemic Immune-Inflammation Index; SIRI, stands for Systemic Inflammatory Response Index; CAR, stands for C-reactive protein/albumin ratio.
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malnutrition in critically ill patients.41 Patients who met their energy requirements showed significantly higher levels of 
lymphocyte percentage, hemoglobin concentration, total cholesterol concentration, prealbumin concentration, and albumin 
concentration compared to those who did not meet their energy requirements, indicating sufficient nutrition in the former group. 
Furthermore, patients who met their energy requirements had markedly lower levels of C-reactive protein (CRP) than those who 
did not, suggesting a lower level of inflammation in the former group (Table 3).

In summary, the results of the secondary auxiliary examination upon readmission indicate that while certain 
biochemical markers exhibited no differences between the two groups, the majority of indicators and scoring systems 
displayed significant disparities, underscoring the importance of ensuring elderly COPD patients receive adequate energy 
supply to optimize their biochemical parameters and potentially improve their prognosis.

Elderly COPD Patients Meeting Energy Requirements Demonstrate More Positive 
Changes in Key Biochemical and Immune Indicators Between Two Consecutive 
Hospital Admissions
We further investigated the changes in various indicators between the two groups of patients during two hospital 
admissions. Initially, we calculated the differences in indicators between the two admissions and compared the changes 
in these differences between the groups to better understand the long-term effects of meeting energy requirements on 
elderly COPD patients. Our data revealed significant statistical differences (P < 0.05) between the two groups in 
prognostic nutritional index (PNI), systemic immune inflammation index (SII), systemic inflammation response index 
(SIRI), C-reactive protein to albumin ratio (CAR), albumin, CONUT score, and prealbumin (Table 4). Specifically, there 
were minimal differences in PNI (Figure 1), albumin concentration (Figure 2), and prealbumin concentration (Figure 3) 
before and after in the energy-adequate group, whereas these indicators showed significant changes in the energy- 
inadequate group compared to the energy-adequate group. This outcome indicates a significant difference in the trend of 
changes in these specific indicators between the energy-adequate and energy-inadequate groups, suggesting that energy 

Table 3 Comparison of Secondary Auxiliary Examination Data Between Group with Energy Met the Standards and Group with 
Energy Did Not Meet the Standards

Project Group with Energy Met the 
Standards (N = 77)

Group with Energy Did Not 
Meet the Standards (N = 42)

t, χ2 or 
F value

P value

White Blood Cell-2 [M (Q1, Q3), *109] 6.81 (5.05, 8.93) 5.95 (4.66, 9.53) −0.175 0.861

Neutrophil-2 [M (Q1, Q3), *109] 4.75 (3.13, 6.63) 4.91 (3.33, 8.03) 0.784 0.433
Lymphocyte-2 [X� s, *109] 1.06 (0.72, 1.43) 0.45 (0.32, 0.58) −3.162 0.002

Platelet-2 [M (Q1, Q3), *109] 182.0 (150.0, 219.5) 175.0 (131.0, 227.3) −1.034 0.301

Monocyte-2 [X� s, *109] 0.47 ± 0.20 0.46 ± 0.18 0.283 0.778
Hemoglobin-2 [X� s, g/L] 131.78 ± 16.05 118.24 ± 21.57 3.883 <0.001

CRP-2 [M (Q1, Q3), mg/L] 8.80 (1.95, 38.80) 47.00 (9.50, 89.63) 3.203 0.001
Total Cholesterol-2 [M (Q1, Q3), mmol/l] 4.09 ± 0.10 3.28 ± 1.06 2.632 0.01

Prealbumin-2 [X� s, mg/L] 177.22 ± 67.37 124.77 ± 52.76 4.365 <0.001

Albumin-2 [X� s, g/] 40.62 ± 3.67 35.47 ± 4.36 7.071 <0.001
Globulin-2 [M (Q1, Q3), g/L] 30.10 (26.85, 33.70) 29.35 (27.68, 32.00) −0.264 0.792

CONUT Score-2 [M (Q1, Q3), points] 3.0 (2.0, 4.0) 5.0 (3.0, 6.0) 4.974 <0.001

PNI-2 [X� s] 46.39 ± 5.15 39.59 ± 5.28 6.83 <0.001
SII-2 [M (Q1, Q3)] 673.69 (433.45, 1747.98) 1216.75 (590.84, 2345.74) 2.099 0.036

SIRI-2 [M (Q1, Q3)] 1.74 (0.85, 4.49) 3.30 (1.83, 5.96) 2.527 0.011

CAR-2 [M (Q1, Q3)] 0.24 (0.05, 0.10) 1.25 (0.29, 2.81) 3.526 <0.001
CONUT Grade-2 [N (%)] 39.021 <0.001

Normal 14 (18.2%) 1 (2.4%)

Mild 57 (74.0%) 16 (38.1%)
Moderate 6 (7.8%) 25 (59.5%)

Abbreviations: CRP, stands for C-reactive protein; CONUT, Score stands for Control of Nutritional Status score; PNI, stands for Prognostic Nutritional Index; SII, stands 
for Systemic Immune-Inflammation Index; SIRI, stands for Systemic Inflammatory Response Index; CAR, stands for C-reactive protein/albumin ratio.
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supply status can significantly impact the biochemical and immune parameter changes in elderly COPD patients over 
a period of time. This difference underscores the crucial role of sufficient energy supply in maintaining and improving 
some key physiological indicators in elderly COPD patients, serving as an effective intervention strategy to aid in 
managing the health and well-being of this population.

Overall, by comparing the differences between the two admissions, we can observe that meeting or not meeting 
energy standards impacts a series of important indicators in elderly COPD patients, highlighting the central role of 
nutritional intervention in COPD management.

Discussion
Chronic Obstructive Pulmonary Disease (COPD) has long been recognized as a complex condition closely intertwined 
with the nutritional and immune status of affected individuals.17,42 In this study, we undertake a comprehensive 
exploration of the impact of meeting energy supply standards on various facets of elderly COPD patients, encompassing 
their nutritional status, immune function, and inflammatory response. We will delve into these findings, emphasizing their 
implications in the context of existing research.

A noteworthy development in the 2023 GOLD guidelines is the reclassification of COPD, shifting from the previous 
ABCD system to the new ABE classification.43,44 While groups A and B remain unchanged, the merger of the previous 
C and D groups into the new E group underscores the unique challenges faced by E group patients. These individuals 
contend with heightened respiratory resistance, leading to increased resting respiratory effort. This not only triggers 
a heightened systemic inflammatory response but also exacerbates overall oxidative stress. The oxidative stress amplifies 
energy expenditure, a factor compounded by the often compromised digestive function seen in elderly COPD patients. 
Collectively, these factors unequivocally emphasize the critical importance of adequate energy supply, particularly for 
those in the E group.45

Table 4 Comparison of the Difference in Auxiliary Examination Between Group with Energy Met the Standards and Group with 
Energy Did Not Meet the Standards

Project Group with Energy Met the 
Standards (N = 77)

Group with Energy Did Not 
Meet the Standards (N = 42)

t, χ2 or 
F value

P value

PNI-D-value [X� s] −0.10 ± 0.24 −0.79 ± 5.61 6.113 <0.001

SII-D-value [M (Q1, Q3)] 113.47 (−156.50, 573.54) 491.93 (87.18, 1091.63) 2.561 0.010
SIRI-D-value [M (Q1, Q3)] 0.22 (−0.52, 1.31) 1.20 (0.13, 2.66) 2.338 0.019

CAR-D-value [M (Q1, Q3)] 0.002 (−0.230, 0.381) 0.534 (−0.002, 1.333) 3.103 0.002

Albumin - D-value [X� s, g/L] 0.09 ± 4.85 −4.70 ± 3.63 5.601 <0.001
CONUT Score - D-value [M (Q1, Q3), points] 

Prealbumin - D-value [X� s, mg/L]

0 (−1, 1) 

1.27 ± 63.43

2 (0, 3) 

-58.64 ± 55.08

4.533 

5.151

<0.001 

<0.001

Abbreviations: CONUT, Score stands for Control of Nutritional Status score; PNI, stands for Prognostic Nutritional Index; SII, stands for Systemic Immune-Inflammation 
Index; SIRI, stands for Systemic Inflammatory Response Index; CAR, stands for C-reactive protein/albumin ratio.

Figure 1 Bar graph of PNI differences between the Energy Standard Group and the Non-Energy Standard Group across two auxiliary examinations.
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Our study unearths significant differences between two admissions, specifically in lymphocyte count, hemoglobin, 
CRP, total cholesterol, prealbumin, albumin, CONUT score, PNI, SII, SIRI, CAR, and total protein indicators. 
Furthermore, the variations in these indicators between the two admissions highlight that sufficient energy supply can 
markedly improve numerous nutritional and immune-inflammatory parameters in patients.

Initial observations establish a significant association between BMI and adequate energy supply. While our current data does 
not directly demonstrate improved BMI due to sufficient energy intake, prior studies have convincingly illustrated that adequate 
nutrition can effectively enhance BMI.46–48 The CONUT score, originally designed to assess malnutrition, has evolved to predict 
the prognosis of patients with tumors and severe infections, capitalizing on clinical correlations between hypoproteinemia, 
lymphopenia, cholesterol, and infection.25,34 Notably, the primary distinction between PNI and the COUNT score lies in 
cholesterol concentration, with PNI demonstrating predictive value in the prognosis of acute exacerbation of COPD.49

Moreover, during acute infection episodes, clinicians frequently employ albumin and C-reactive protein (CRP) in 
tandem to assess overall nutritional status.28,50,51 Under stressful conditions, catabolic metabolism surges, leading to 
a decline in plasma protein levels. Integrating CRP levels enables the analysis of inflammation degree and the under-
standing of body protein wear due to infection.52 Our study affirms that adequate energy supply effectively ameliorates 
CAR levels, indicating reduced protein wear under equivalent inflammation levels. This underscores the pivotal role of 
ample energy supply in enhancing the nutritional, immune, and inflammatory states of elderly COPD patients.

COPD is inherently a chronic inflammatory disease, with elevated inflammatory cytokine levels observed even during stable 
periods, impacting neutrophil, platelet, and lymphocyte levels.53,54 This provides valuable diagnostic and treatment opportunities 
through accessible auxiliary examinations. SII and SIRI, indicative of systemic inflammation and immune status, are elevated in 
cases of heightened systemic inflammation, known to be associated with COPD exacerbations and severe deteriorations. 
Adequate energy supply, as per our research, demonstrates observable improvements in inflammatory indicators.55

While our study offers valuable insights, it is not without limitations. The gender imbalance in the study population, 
with a predominance of male patients, likely reflects higher smoking rates among males. Additionally, the lack of age 
variation between patient groups can be attributed to effective dietary education or the repeated admissions of some 

Figure 2 Bar graph of Albumin differences between the Energy Standard Group and the Non-Energy Standard Group across two auxiliary examinations.

Figure 3 Bar graph of Prealbumin differences between the Energy Standard Group and the Non-Energy Standard Group across two auxiliary examinations.
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participants. Future research endeavors should aim to validate and expand our findings with larger sample sizes and 
a broader spectrum of variables. Moreover, exploring other facets of nutritional structure could offer a more compre-
hensive understanding of its potential value in COPD management.

Figure 4 Schematic diagram of how adequate energy regulates immune and inflammatory responses in elderly COPD patients.
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Conclusion
In summation, our study underscores the paramount importance of meeting energy supply standards in the management 
of elderly COPD patients (Figure 4). Adequate energy supply contributes to better immune levels and lower inflamma-
tion response in elderly COPD patients, which in turn facilitates disease recovery. Our findings unequivocally demon-
strate that meeting these standards significantly enhances nutritional status, immune function, and inflammatory 
responses in this patient population. While our study has certain limitations, it lays a robust foundation for future 
research, showcasing the potential efficacy of nutritional intervention in improving the prognosis of elderly COPD 
patients. We eagerly anticipate further validation and expansion of our findings, which will undoubtedly contribute to the 
refinement of clinical COPD management practices.
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