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Introduction: Patients with acute exacerbations of chronic obstructive pulmonary disease (AECOPD) often suffer from malnutrition, 
and traditional assessment methods struggle to fully capture muscle loss. The value of total pectoralis major area (tPMA) measured by 
CT remains to be determined. This study aimed to investigate the relationship between tPMA and malnutrition in patients with 
AECOPD and its diagnostic value.
Methods: A total of 123 patients with AECOPD were enrolled (35 in the malnutrition group and 88 in the non-malnutrition group). 
Clinical and imaging parameters were compared between the two groups. Logistic regression analysis was used to assess the 
independent association between tPMA and malnutrition, and ROC curves were employed to evaluate its diagnostic performance 
when used alone or in combination with albumin (ALB) or total protein (TP). Spearman correlation analysis was used to examine the 
relationship between tPMA and other nutritional and disease severity indicators.
Results: tPMA levels were significantly lower in the malnourished group than in the non-malnourished group (P < 0.01). tPMA was 
a protective factor against malnutrition in patients with AECOPD (OR = 0.998, P < 0.001); this association remained statistically 
significant after adjusting for confounding factors (P < 0.05). The AUC of tPMA for the standalone diagnosis of malnutrition was 
0.770; when combined with ALB or TP, the AUC increased to 0.901 and 0.916, respectively (P < 0.05). tPMA was positively 
correlated with nutritional indicators and negatively correlated with the NRS2002 and CAT (P < 0.05).
Discussion: tPMA is an independent associated factor against malnutrition in patients with AECOPD; when combined with ALB or 
TP, it significantly improves diagnostic performance and can serve as an objective adjunctive assessment indicator.
Keywords: acute exacerbation of chronic obstructive pulmonary disease, malnutrition, pectoralis major cross-sectional area, muscle 
loss, computed tomography

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is one of the most common chronic respiratory diseases.1 It is 
characterized by structural changes in the airways and/or alveoli, leading to persistent airflow limitation. Acute 
exacerbation of chronic obstructive pulmonary disease (AECOPD) typically refers to worsening clinical symptoms.2 

Repeated acute exacerbations intensify inflammation, cause significant decline in lung function, and further accelerate 
disease progression while increasing treatment difficulty. The World Health Organization projects that by 2030, COPD 
will become the third leading cause of death globally.3 Additionally, COPD is strongly associated with extrapulmonary 
comorbidities such as heart disease, osteoporosis, diabetes, and muscle wasting.4,5 AECOPD represents a critical event in 
disease progression, significantly increasing morbidity and mortality. Its inflammatory state also induces systemic effects, 
particularly muscle wasting and malnutrition, further worsening patient prognosis.6 The prevalence of malnutrition 
among AECOPD patients reaches 30%-60%.7 When AECOPD is complicated by malnutrition, the mortality risk nearly 
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triples, closely associated with adverse outcomes including higher acute exacerbation risk and mortality,8–10 while also 
imposing substantial economic burdens. Therefore, early identification and intervention of nutritional risk in AECOPD 
patients are crucial for improving clinical outcomes.

Currently, we generally diagnose malnutrition using the Global Leadership Initiative on Malnutrition (GLIM). The 
diagnosis of malnutrition is based on the GLIM diagnostic criteria, which require at least one clinical criterion—such as 
unintentional weight loss, low BMI, or reduced muscle mass—and one etiological criterion—such as reduced food 
intake, inflammation, or a disease state. Because patients with AECOPD have chronic inflammation, which can be 
considered consistent with etiological criteria, some AECOPD studies use a body mass index cutoff of 18.5 kg/m2 to 
diagnose malnutrition.11,12 However, BMI is typically influenced by multiple factors. For instance, AECOPD combined 
with heart failure and chronic kidney disease increases fluid retention, leading to fluid overload and weight gain that does 
not accurately reflect nutritional status.13 Traditional nutritional assessment tools like BMI may fail to comprehensively 
capture the complex body composition changes and occult muscle wasting observed in AECOPD patients.14 This has 
prompted researchers to seek more precise, objective, and readily accessible indicators for assessing nutritional status in 
COPD patients. One study demonstrated that the Pectoralis Major Cross-sectional Area (PMA), quantified via computed 
tomography (CT) at the level of the aortic arch during total inspiration, outperforms BMI in evaluating muscle wasting.15 

PMA can be conveniently measured via routine chest CT scans and plays a crucial role in assessing muscle mass and 
atrophy in COPD patients.16 Research has confirmed that PMA is a crucial indicator for assessing total body muscle mass 
and is negatively correlated with declining lung function and emphysema severity in COPD patients.15,17 Therefore, 
pectoralis major cross-sectional area is considered a promising alternative indicator for evaluating the overall nutritional 
status and disease severity in patients with acute exacerbation of COPD (AECOPD).17,18

Although previous studies have demonstrated an association between pectoralis major area and overall COPD 
severity,17,18 and low skeletal muscle area has been established as a prognostic marker for mortality in various patient 
populations,19 detailed investigations into its relationship with the specific risk of malnutrition in patients with AECOPD 
remain relatively limited. First, previous studies have primarily used PMA as a prognostic indicator for mortality or the 
frequency of acute exacerbations, rather than assessing its diagnostic value for malnutrition as an independent, treatable 
outcome. Second, although biochemical markers (albumin, total protein) are commonly used for nutritional assessment in 
patients with AECOPD, their diagnostic accuracy is limited by confounding factors associated with acute-phase 
inflammation; and the added value of combining CT muscle measurements with these traditional markers has not yet 
been quantified. Third, during acute exacerbations, the potential synergistic effects of combining structural muscle 
reserves (tPMA) with functional protein markers (ALB/TP) that reflect complementary pathophysiological dimensions 
have not yet been explored.

Therefore, this retrospective study aims to achieve three specific objectives: (1) to investigate the association between 
bilateral tPMA and malnutrition in hospitalized patients with AECOPD; (2) to assess whether tPMA provides additional 
diagnostic value beyond existing clinical and biochemical markers; and (3) to evaluate the diagnostic performance of 
a multimodal model combining tPMA with serum albumin or total protein. We propose the following hypotheses: (a) 
after adjusting for confounding factors, tPMA is independently associated with malnutrition; (b) a combined assessment 
approach yields superior discriminatory ability compared to a single-test approach; (c) this multimodal approach aligns 
with the conceptual framework of comprehensive nutritional assessment by simultaneously addressing both structural 
and functional dimensions. These findings may provide a basis for developing comprehensive nutritional screening 
protocols for AECOPD patients in acute care settings.

Method
Study Design and Subjects
This study employed a retrospective cohort design to investigate the relationship between tMPA and malnutrition in 
patients with AECOPD. The study recruited patients with AECOPD who were hospitalized at Anshun People’s Hospital 
between December 2022 and August 2023 (identified based on consecutive admission records and ICD-10 codes). 
Inclusion criteria:6 (1) Met the diagnostic criteria for AECOPD:20 According to the Global Initiative for Chronic 
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Obstructive Lung Disease (GOLD) 2023 guidelines, AECOPD is defined as an acute exacerbation of respiratory 
symptoms (dyspnea, cough, and/or sputum production) that exceeds the range of normal daily fluctuations and requires 
escalation of treatment or hospitalization. The severity of the acute exacerbation was classified as moderate (requiring 
systemic corticosteroids and/or antibiotics in an outpatient or emergency setting) or severe (requiring evaluation in the 
emergency department or hospitalization); (2) Age ≥ 45 years; (3) Alert and oriented with normal communication ability; 
(4) Chest CT scan completed within 72 hours of admission. Exclusion criteria: (1) Missing height or weight data 
preventing BMI calculation; (2) Patients with other pulmonary diseases, such as bronchial asthma, bronchiectasis, and 
lung cancer; (3) Patients with psychiatric disorders or cognitive impairment; (4) Patients with organic diseases (including 
severe liver or kidney failure, malignant tumors); (5) Patients who did not undergo a chest CT scan or whose CT image 
quality was insufficient to assess muscle mass-related indicators; (6) Patients who were lost to follow-up. This study was 
approved by the hospital’s Institutional Review Board (Ethics No.: 2023 Specialty 1), and all patients provided informed 
consent and participated voluntarily. The study protocol complied with the Declaration of Helsinki.

Malnutrition is defined as a body mass index (BMI) <18.5 kg/m2, calculated based on height and weight measured 
within 24 hours of admission. We acknowledge that this definition represents a simplified operational criterion and does 
not fully align with the Global Leadership Initiative on Malnutrition (GLIM) criteria—which require the simultaneous 
fulfillment of phenotypic criteria (weight loss, reduced muscle mass, low BMI) and etiological criteria (reduced food 
intake, disease burden/inflammation). Due to the retrospective nature of this study, a comprehensive GLIM assessment 
(including history of weight change, direct quantification of muscle mass via other methods, and evaluation of systemic 
inflammation) was not feasible; this constitutes a methodological limitation that may result in the misclassification of 
patients with normal BMI but sarcopenia.

Data Collection
The study collected baseline demographic data (gender, age), smoking history, height, body mass index (BMI), 
comorbidities (hypertension, coronary heart disease, diabetes), COPD duration, number of AECOPD episodes, and 
clinical indicators during hospitalization.

General Information
Collected data included gender, age, smoking status, body mass index (BMI), mid-arm circumference (MAC), calf 
circumference (CC), comorbidities, NRS2002 score, disease duration, number of acute exacerbations within the 
past year, CAT score, and mMRC grading for all study subjects.6

During hospitalization, all patients underwent pulmonary function testing. Data collected included forced vital 
capacity (FVC), forced expiratory volume in 1 second (FEV1), and FEV1%/pre (FEV1 as a percentage of predicted 
value). Participants were classified according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
criteria: GOLD Stage 2 (50% ≤ FEV1%/pre < 80%), GOLD Stage 3 (30% ≤ FEV1%/pre < 50%), and GOLD Stage 4 
(FEV1%/pre < 30%).

The smoking index (SI) reflected smoking history = number of packs smoked per day × number of years smoked 
(pack-years).

Comorbidities: Collect self-reported baseline medical history at admission (hypertension [HT], diabetes mellitus 
[DM], coronary heart disease [CHD]).

BMI Measurement: Instruct patients to measure height and weight on the morning of the second day after admission, 
after emptying bowels and bladder, wearing light clothing and without shoes. Take two measurements and calculate the 
average. BMI = weight (kg) / height2 (m2).

MAC measurement: With both upper limbs hanging naturally, measure the circumference at the midpoint between the 
acromion and olecranon process on the non-dominant side using a tape measure. Take two measurements and calculate 
the average. CC measurement: With the subject standing naturally with feet shoulder-width apart, measure the circum
ference at the thickest part of the non-dominant calf using a tape measure. Take two measurements and calculate the 
average.
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NRS2002 Assessment Scale: Trained personnel from the Nutrition Department of Anshun People’s Hospital 
administered standardized questionnaires to all subjects during on-site surveys. NRS2002 total score = Disease Status 
+ Nutritional Status + Age. A score ≥3 indicates malnutrition risk, while <3 indicates no malnutrition risk.

Pectoralis Major Muscle Cross-Sectional Area (PMA) Measurement
All patients underwent volume scanning, thin-slice imaging, and chest CT scans in the supine position during both full 
inspiration and expiration. CT images were acquired using a first-generation dual-source CT scanner (Somatom 
Definition; Siemens Healthineers, Forchheim, Germany) in the craniocaudal direction with the following parameters: 
140 kVp, 100 mA, 0.9–1 beam spacing, and slice thicknesses of 0.6 mm and 3 mm. The pectoralis major muscle cross- 
sectional area was measured from chest CT images. The PM cross-sectional area was quantified on a single axial chest 
CT slice at the apex of the aortic arch,17 including the left pectoralis major muscle cross-sectional area (Left PMA), right 
pectoralis major muscle cross-sectional area (Right PMA), and the total bilateral pectoralis major muscle cross-sectional 
area (tPMA) calculated as their sum. PMA quantification was performed using Aquarius iNtuition software (TeraRecon 
Inc., Durham, NC). The total area of bilateral PM (in cm2) was quantified by an experienced radiologist who was blinded 
to the diagnoses and outcomes of all subjects.

Other Clinical Biochemical Indicators
Peripheral venous blood was drawn from all subjects under fasting conditions for complete blood count (CBC) and 
biochemical testing. Collected blood samples were transported to the Anshun People’s Hospital Laboratory within 
2 hours for analysis of white blood cells (WBC), neutrophils (NEUT), lymphocytes (LY), monocytes (MONO), platelet 
count (PLT), hemoglobin (Hb), serum total protein (TP), serum albumin (ALB), and C-reactive protein (CRP). The 
following indices were calculated: neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), plate
let-to-lymphocyte ratio (PLR), and Prognosis Nutrition Index (PNI). PNI = Serum Albumin + 5 × Lymphocyte Count.

All subjects underwent arterial blood gas analysis using the first blood sample drawn from the radial artery after 
admission, while resting quietly without supplemental oxygen. Parameters collected included pH, PaO2, and PaCO2.

Statistical Analysis
The distribution of continuous variables was assessed using the Shapiro–Wilk test. Variables with a skewed distribution 
(P < 0.05) were expressed as the median (interquartile range), and intergroup comparisons were performed using the 
Mann–Whitney U-test; variables with a normal distribution were expressed as the mean ± standard deviation, and 
comparisons were performed using the independent samples t-test; categorical variables were compared using the chi- 
square test or Fisher’s exact test.

We used univariate logistic regression analysis to assess the factors associated with malnutrition in patients with 
AECOPD and calculated the odds ratios (OR) and their 95% confidence intervals (CI). Multivariate logistic regression 
was used to evaluate the independent association between the tPMA and malnutrition. To address potential multi
collinearity among nutritional parameters (tPMA index, MAC, CC, ALB, TP), we calculated the variance inflation factor 
(VIF) for each predictor variable; variables with a VIF value >5 were considered to have moderate multicollinearity and 
were therefore addressed by simplifying the model. To avoid overfitting, we monitored the event-to-variable ratio (EPV) 
for each variable; the final model ensured EPV ≥ 10 by limiting the number of predictor variables. Standardized odds 
ratios (per standard deviation increase) were calculated for continuous predictor variables to facilitate clinical interpreta
tion. Model calibration was assessed using the Hosmer-Lemeshow goodness-of-fit test.

The Spearman rank correlation coefficient was used to assess the bivariate association between the tPMA index and 
clinical parameters. To address the issue of multiple comparisons, the Bonferroni correction was applied; the corrected 
significance threshold was set at α = 0.05/n (where n represents the number of pairwise tests conducted). The 
interpretation criteria for correlation coefficients were as follows: |r| < 0.30 indicates a weak correlation, 0.30–0.50 
indicates a moderate correlation, and >0.50 indicates a strong correlation.

Using receiver operating characteristic (ROC) curve analysis, we evaluated the diagnostic performance of the tPMA 
index, albumin (ALB), total protein (TP), and their combinations in predicting malnutrition. Combined models (tPMA + 

https://doi.org/10.2147/COPD.S616277                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2026:21 4

Lu et al                                                                                                                                                                               

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



ALB; tPMA + TP) were constructed using predictive probabilities derived from multivariate logistic regression, with 
malnutrition status as the binary outcome variable. The areas under the curve (AUC) of the respective ROC curves were 
statistically compared using the DeLong test.

Statistical analyses were performed using Stata version 17.0. In the primary analyses, a two-sided P-value of <0.05 
was considered statistically significant; the Bonferroni correction was used for multiple comparisons.

Result
Comparison of Baseline Characteristics and Clinical Indicators
This study included 123 patients with acute exacerbation of chronic obstructive pulmonary disease (AECOPD), 
comprising 35 patients in the malnutrition group and 88 in the non-malnutrition group. No statistically significant 
differences were observed between groups in gender, age, smoking history (pack-years), height, hypertension, coronary 
heart disease, diabetes, COPD duration, or frequency of AECOPD episodes (P>0.05), indicating comparable baseline 
characteristics (Table 1). However, significant differences existed in multiple nutrition-related indicators and disease 
severity measures. Compared with the non-malnourished group, the malnourished group exhibited significantly lower 
body mass index (BMI), mid-arm circumference (MAC), and calf circumference (CC) (P<0.01). The Nutrition Risk 
Screening 2002 (NRS2002) score was significantly elevated in the malnourished group (P<0.01), indicating higher 
nutritional risk.

In terms of pulmonary function, the forced vital capacity (FVC) and forced expiratory volume in one second (FEV1) 
were significantly lower in the malnourished group compared to the non-malnourished group (P<0.05), while the FEV1/ 

Table 1 Comparison of General Baseline Characteristics Between Groups

Non-Malnutrition Group (n=88) Malnutrition Group (n=35) P-value

Sex 0.60

Male (%) 72 (82%) 30 (86%)
Female (%) 16 (18%) 5 (14%)

Age,mean (SD) 68.4 (7.9) 67.6 (6.7) 0.59

SI, median (IQR) 46.5 (11.3, 63.0) 50.3 (39.0, 60.0) 0.49
BMI, median (IQR) 22.1 (19.8, 24.9) 18.3 (17.4, 18.4) <0.01

Height, median (IQR) 163.0 (158.0, 168.0) 161.0 (156.0, 169.0) 0.38

HT (%) 23 (26%) 8 (23%) 0.71
CHD (%) 7 (8%) 2 (6%) 0.67

DM (%) 8 (9%) 3 (9%) 0.93

NRS2002, median (IQR) 3.0 (2.0, 4.0) 6.0 (5.0, 7.0) <0.01
MAC, mean (SD) 28.9 (2.8) 25.8 (2.6) <0.01

CC, mean (SD) 33.1 (3.1) 30.3 (3.1) <0.01

COPD duration(years), median (IQR) 6.0 (3.5, 14.5) 7.0 (3.0, 13.0) 0.98
AECOPD, median (IQR) 1.0 (1.0, 2.0) 1.0 (0.0, 2.0) 0.72

FVC (L), median (IQR) 2.3 (1.6, 2.8) 1.9 (1.4, 2.4) 0.02

FEV1 (L), median (IQR) 0.9 (0.6, 1.3) 0.7 (0.5, 0.9) <0.01
FEV1/FVC, median (IQR) 42.1 (35.2, 51.2) 38.4 (33.8, 45.9) 0.13

FEV1pre, median (IQR) 38.4 (25.7, 54.2) 28.4 (20.9, 35.4) <0.01

GLOD, median (IQR) 3.0 (2.0, 4.0) 4.0 (3.0, 4.0) <0.01
mMRC, median (IQR) 3.0 (2.0, 3.0) 4.0 (3.0, 4.0) <0.01

CAT, mean (SD) 16.8 (5.3) 22.4 (4.9) <0.01

Duration of hospitalization, median (IQR) 8.0 (7.0, 10.0) 9.0 (6.0, 11.0) 0.56

Abbreviations: SI, Smoking Index; BMI, Body Mass Index; HT, Hypertension; CHD, Coronary Heart Disease; DM, Diabetes Mellitus; NRS2002, 
Nutrition Risk Screening 2002; MAC, Upper Arm Circumference; CC, Calf Circumference; AECOPD, Acute Exacerbation of Chronic Obstructive 
Pulmonary Disease; FVC, Forced Vital Capacity; FEV1, Forced Expiratory Volume in 1 Second; FEV1/FVC, FEV1/forced expiratory volume in 
one second ratio; FEV1pre, FEV1 as a percentage of predicted value; GLOD, Global Initiative for Chronic Obstructive Lung Disease; mMRC: 
Modified Medical Research Council Dyspnea Scale; CAT: COPD Patient Self-Assessment Questionnaire; SD: Standard Deviation; IQR: Interquartile 
Range;
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FVC ratio and FEV1pre showed no statistically significant differences. Significant differences were also observed 
between the two groups in Global Initiative for Chronic Obstructive Lung Disease (GOLD) staging, modified Medical 
Research Council (mMRC) dyspnea scale scores, and COPD Assessment Test (CAT) scores. The malnourished group 
exhibited higher values for these indicators compared to the non-malnourished group (P<0.01), indicating more severe 
dyspnea and poorer disease control.

Regarding clinical biochemical indicators (Table 2), serum albumin (ALB) and total protein (TP) levels were 
significantly lower in the malnourished group compared to the non-malnourished group (P<0.01), while C-reactive 
protein (CRP) levels were significantly elevated (P<0.05). More importantly, the left pectoralis major muscle cross- 
sectional area (Left PMA), right pectoralis major muscle cross-sectional area (Right PMA), and total bilateral pectoralis 
major muscle cross-sectional area (tPMA) were significantly lower in the malnourished group than in the non- 
malnourished group (P<0.01).

Risk Factors for Malnutrition in Patients with AECOPD
The results of the binary logistic regression analysis (Table 3) showed that multiple factors were significantly associated 
with the risk of malnutrition in patients with AECOPD. Upper arm circumference (MAC, OR=0.654, P<0.001), calf 

Table 2 Comparison of Clinical Indicators Between the Two Groups

Non-Malnutrition Group (n=88) Malnutrition Group (n=35) P-value

pH, median (IQR) 7.4 (7.4, 7.5) 7.4 (7.3, 7.5) 0.18
PO2, median (IQR) 69.5 (60.0, 81.0) 69.0 (58.0, 88.0) 0.89

PCO2, median (IQR) 41.5 (36.0, 52.0) 50.0 (42.0, 55.0) 0.05

TP, median (IQR) 68.8 (67.0, 69.7) 65.4 (64.4, 66.5) <0.01
ALB, median (IQR) 36.8 (36.2, 38.3) 34.9 (34.2, 35.9) <0.01

CRP, median (IQR) 12.2 (5.0, 52.6) 19.6 (11.1, 58.3) 0.02

CAR, median (IQR) 0.3 (0.1, 1.4) 0.6 (0.3, 1.6) 0.02
Ur, median (IQR) 6.0 (4.9, 7.9) 5.9 (4.6, 7.6) 0.86

Cr, median (IQR) 76.6 (66.0, 86.9) 77.4 (62.2, 98.5) 0.92
UA, median (IQR) 336.0 (288.0, 421.0) 351.0 (273.0, 425.0) 0.54

WBC, median (IQR) 7.5 (5.8, 9.5) 6.8 (6.1, 7.7) 0.29

NEUT, median (IQR) 5.5 (4.1, 7.9) 5.1 (4.2, 5.9) 0.27
LY, median (IQR) 1.1 (0.8, 1.4) 1.0 (0.7, 1.4) 0.52

MONO, median (IQR) 0.5 (0.4, 0.6) 0.5 (0.4, 0.7) 0.96

HB, mean (SD) 140.3 (26.2) 132.0 (22.6) 0.10
PLT median (IQR) 159.0 (124.0, 204.5) 160.0 (120.0, 192.0) 0.88

NLR, median (IQR) 4.8 (3.1, 9.0) 5.4 (3.3, 8.3) 0.98

LMR, median (IQR) 2.3 (1.5, 3.2) 2.1 (1.5, 2.5) 0.20
PLR, median (IQR) 156.8 (107.2, 216.7) 174.3 (110.4, 220.9) 0.60

D-dimer, median (IQR) 0.3 (0.3, 0.5) 0.4 (0.3, 0.5) 0.84

FIB, median (IQR) 4.0 (3.3, 5.1) 3.6 (2.8, 4.6) 0.14
FDP, median (IQR) 1.7 (1.6, 2.3) 1.6 (1.6, 1.8) 0.24

FAR, median (IQR) 0.1 (0.1, 0.1) 0.1 (0.1, 0.1) 0.98

PNI, median (IQR) 42.1 (40.6, 45.7) 39.8 (38.4, 42.7) <0.01
LAC, median (IQR) 1.1 (0.8, 1.5) 1.0 (0.7, 1.2) 0.19

Left PMA, median (IQR) 845.4 (628.5, 1032.5) 596.1 (508.2, 717.1) <0.01

Right PMA, median (IQR) 899.5 (772.4, 1092.3) 600.0 (510.2, 794.9) <0.01
tPMA, median (IQR) 1763.7 (1427.9, 2215.0) 1177.7 (1025.1, 1462.3) <0.01

Abbreviations: PH, Blood pH; PO2, Arterial oxygen partial pressure; PCO2, Arterial carbon dioxide partial pressure; TP, Total 
protein; ALB, Albumin; CRP, C-reactive protein; CAR, C-reactive protein/albumin ratio; Ur, Urea; Cr, Serum creatinine; UA, Uric 
acid; WBC, White blood cells; NEUT, Neutrophils; LY, Lymphocytes; MONO, Monocytes; HB, Hemoglobin; PLT, Platelets; NLR, 
Neutrophil-to-lymphocyte ratio; LMR, Lymphocyte-to-monocyte ratio; PLR, Platelet-to-lymphocyte ratio; D-dimer, D-dimer; FIB, 
Fibrinogen; FDP, Fibrin degradation products; FAR, Fibrinogen/Albumin Ratio; PNI, Prognostic Nutritional Index; LAC: Lactate; Left 
PMA: Left Pectoralis Major Muscle Cross-sectional Area; Right PMA: Right Pectoralis Major Muscle Cross-sectional Area; tPMA: 
Total Pectoralis Major Muscle Cross-sectional Area.
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circumference (CC, OR=0.707, P<0.001), NRS2002 score (OR=9.141, P<0.001), FVC (OR=0.483, P=0.016), FEV1 
(OR=0.192, P=0.006), FEV1pre (OR=0.966, P=0.007), GLOD stage (OR=2.026, P=0.009), mMRC score (OR=3.730, 
P<0.001), CAT score (OR=1.231, P<0.001), serum total protein (TP, OR=0.376, P<0.001), and albumin (ALB, 
OR=0.256, P<0.001) were all associated with malnutrition in patients with AECOPD.

Notably, left pectoralis major cross-sectional area (OR=0.996, P<0.001), right pectoralis major cross-sectional area 
(OR=0.996, P<0.001), and total bilateral pectoralis major cross-sectional area (OR=0.998, P<0.001) were identified as 
a factor associated with malnutrition in patients with AECOPD. This indicates that a reduction in pectoralis major muscle 
cross-sectional area is significantly associated with an increased risk of malnutrition.

Association Between Total Bilateral Pectoralis Major Muscle Cross-Sectional Area and 
Malnutrition Risk
This study included a total of 123 patients with AECOPD, of whom 35 (28.5%) were in the malnutrition group. To avoid 
overfitting, we calculated VIF values and simplified the model based on these values and the clinical significance of the 
variables. Following the EPV principle (requiring EPV ≥ 10), the final model included a maximum of 3–4 independent 
variables. Combining the results of variable selection with clinical significance, tPMA, MAC, and ALB were ultimately 
included in the multivariate logistic regression model (see Supplementary Table 1). To assess the independent association 
between tPMA and malnutrition in AECOPD patients, we constructed a stepwise logistic regression model (Table 4); In 
the unadjusted model (Model 1), tPMA was significantly negatively associated with malnutrition (OR = 0.998, P < 
0.001). After adjusting for age and sex (Model 2), the effect of tPMA remained unchanged (OR = 0.998, P < 0.001). 
After further adjustment for MAC and ALB (Model 3), tPMA was an independent associated factor against malnutrition 
(OR = 0.998, P = 0.024); for every 100 m2 increase in tPMA, the risk of malnutrition decreased by approximately 20%. 
ALB was the strongest protective factor (OR = 0.246, P < 0.001). In the sensitivity analysis incorporating the CAT score 
(Model 4), the effect of tPMA remained consistent (OR = 0.998, P = 0.025), suggesting robust results.

In addition, to compare the magnitude of the effects of each variable, we standardized the continuous variables (mean 
= 0, standard deviation = 1). Multivariate logistic regression analysis showed (see Supplementary Table 2): ALB was the 
strongest protective factor; for every 1-standard-deviation increase (approximately 4 g/L), the risk of malnutrition 
decreased by 95.1% (OR = 0.049, P < 0.001); for every 1 standard deviation increase in tPMA (approximately 
500 mm2), the risk decreased by 65.7% (OR = 0.343, P = 0.025).

Table 3 Binary Logistic Regression Analysis of Risk Factors for 
Malnutrition in Patients with AECOPD

OR SE Z-value P-value 95% CI

MAC 0.654 0.061 −4.54 <0.001 (0.544,0.785)

CC 0.707 0.063 −3.90 <0.001 (0.594,0.842)

NRS2002 9.141 3.944 5.13 <0.001 (3.923,21.296)
FVC 0.483 0.146 −2.40 0.016 (0.266,0.874)

FEV1 0.192 0.116 −2.73 0.006 (0.059,0.629)

FEV1pre 0.966 0.012 −2.71 0.007 (0.942,0.990)
GLOD 2.026 0.546 2.62 0.009 (1.195,3.435)

mMRC 3.730 1.228 4.00 <0.001 (1.956,7.111)
CAT 1.231 0.058 4.40 <0.001 (1.122,1.350)

TP 0.376 0.071 −5.20 <0.001 (0.260,0.544)

ALB 0.256 0.070 −4.97 <0.001 (0.150,0.438)
Left PMA 0.996 0.001 −3.67 <0.001 (0.995,0.998)

Right PMA 0.996 0.001 −3.88 <0.001 (0.994,0.998)

tPMA 0.998 0.001 −3.91 <0.001 (0.997,0.999)
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Diagnostic Value of tPMA for AECOPD with Malnutrition
This study evaluated the diagnostic value of total pectoralis major muscle area (tPMA), serum albumin (ALB), total 
protein (TP), and their combined use for diagnosing AECOPD with malnutrition (Table 5 and Figure 1). The area under 
the curve (AUC) for TP was 0.894 (95% CI: 0.836, 0.952), with an optimal cutoff value of 66.85, sensitivity of 0.81, and 
specificity of 0.83. ALB’s AUC was 0.871 (95% CI: 0.805, 0.936), with an optimal cutoff value of 36.15, sensitivity of 
0.75, and specificity of 0.86. The AUC for tPMA was 0.770 (95% CI: 0.673, 0.867), with an optimal cutoff value of 
1483.50, sensitivity of 0.70, and specificity of 0.80. When tPMA was combined with ALB, diagnostic performance 
significantly improved, with an AUC of 0.901 (95% CI: 0.842, 0.959), sensitivity of 0.83, and specificity of 0.84. 
Combining tPMA with TP further enhanced diagnostic performance, yielding the highest AUC of 0.916 (95% CI: 0.867, 
0.965), sensitivity of 0.91, and specificity of 0.78. All AUC comparisons were performed using the DeLong test, for 
example: tPMA+ALB vs. ALB (ΔAUC = +0.03, P =0.003); tPMA+ALB vs. tPMA (ΔAUC = +0.131, P < 0.001); tPMA 
+TP vs. TP (ΔAUC = +0.022, P =0004); tPMA+TP vs. tPMA (ΔAUC = +0.146, P < 0.001); This indicates that 
combining tPMA with traditional nutritional indicators can provide a more accurate diagnosis of malnutrition.

Correlation Analysis
To investigate the correlation between tPMA and various clinical indicators, this study performed Spearman correlation 
analysis on 10 core variables (Figure 2 and Table 6). To control for Type I errors arising from multiple comparisons, 
a Bonferroni correction was applied (10 variables, 45 comparisons in total; corrected α = 0.05/45 ≈ 0.00111).

Table 4 Multivariate Logistic Regression Analysis of Factors Affecting Malnutrition in Patients with AECOPD 
(Nested Model)

variable Model 1 Model 2 Model 3# Model 4

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

tPMA 0.998*** 

(0.997,0.999)

0.998*** 

(0.997,0.999)

0.998* 

(0.997,1.000)

0.998* 

(0.997,1.000)
Age – 0.943 (0.885,1.005) 0.893 (0.818,0.976)* 0.887 (0.809,0.972)**

Sex – 0.558 (0.159,1.956) 2.645 (0.421,16.61) 0.609 (0.137,2.710)

MAC – – 0.774 (0.589,1.017) 0.844 (0.638,1.117)
ALB – – 0.246*** 

(0.130,0.465)

0.249*** 

(0.130,0.480)
CAT – – – 1.144 (1.010,1.297)*

Pseudo R2 0.149 0.180 0.493 0.525
Log likelihood −62.54 −60.21 −37.24 −34.78

Hosmer-Lemeshow test P-value 0.316 0.710 0.895 0.433

Notes: Model 1: Unadjusted; Model 2: Model 1 adjusted for gender and age; Model 3 (Final Model): Model 2 adjusted for MAC and ALB; 
Model 4 (Sensitivity Analysis): Model 3 adjusted for CAT; *P<0.05, **P<0.01, ***P<0.001; #The model showed good calibration according to 
the Hosmer-Lemeshow test (χ2 = 3.56, P = 0.895).

Table 5 Diagnostic Value of Bilateral Pectoralis Major Total Cross-Sectional Area, 
Serum Albumin, and Total Protein Individually and in Combination in Patients with 
AECOPD and Malnutrition

AUC 95% CI Cutoff Value Sensitivity Specificity

TP 0.894 (0.836,0.952) 66.85 0.81 0.83

ALB 0.871 (0.805,0.936) 36.15 0.75 0.86

tPMA 0.770 (0.673,0.867) 1483.50 0.7 0.8
tPMA+ALB 0.901 (0.842,0.959) 0.34 0.83 0.84

tPMA+TP 0.916 (0.867,0.965) 0.19 0.91 0.78
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tPMA showed moderate positive correlations with BMI, MAC, ALB, and PNI, suggesting that a larger pectoralis 
major muscle area is associated with better overall nutritional status in patients. tPMA was positively correlated with 
FEV1 and negatively correlated with GLOD and CAT, indicating that a larger pectoralis major muscle area is 
associated with better lung function and milder dyspnea. tPMA showed a weak negative correlation with age, 
suggesting that the pectoralis major muscle area tends to decrease with advancing age. BMI was highly positively 
correlated with MAC, ALB was highly positively correlated with PNI, and FEV1 was highly negatively correlated 
with GLOD, suggesting multicollinearity among these indicators, consistent with previous VIF diagnostic results. 
These findings further support the value of tPMA as a potential indicator for assessing nutritional status and disease 
severity in patients with AECOPD.

Figure 1 ROC curves for diagnosing malnutrition in AECOPD patients. (A) tPMA alone; (B) ALB alone; (C) TP alone; (D) Comparison of the Combined tPMA-ALB Model 
with ALB; (E) Comparison of the Combined tPMA-ALB Model with tPMA; (F) Comparison of the Combined tPMA-TP Model with TP; (G) Comparison of the Combined 
tPMA-TP Model with tPMA. Combined models were constructed using logistic regression-derived predicted probabilities. AUC comparisons were performed using 
DeLong’s test.
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Discussion
This study is the first to systematically evaluate the relationship between tPMA and malnutrition in patients with 
AECOPD. Key findings include: (1) tPMA levels were significantly lower in the malnourished group of AECOPD 
patients compared to the non-malnourished group; ② Multivariate logistic regression analysis showed that tPMA is an 
independent associated factor against malnutrition (OR = 0.998, P = 0.025); for every 1-standard-deviation increase 
(approximately 500 mm2), the risk of malnutrition decreased by approximately 65.7%; ③ tPMA was moderately 
positively correlated with BMI, MAC, ALB, and PNI, and negatively correlated with NRS2002, GLOD staging, and 

Figure 2 Spearman correlation heatmap between total pectoralis major muscle area (tPMA) and clinical indicators. Green indicates positive correlation; red indicates 
negative correlation. Color intensity corresponds to correlation strength.

Table 6 Correlation Analysis of Total 
Cross-Sectional Area of Bilateral 
Pectoralis Major Muscles (tPMA) with 
Other Clinical Indicators (Bonferroni- 
Corrected for 45 Comparisons, 
Corrected α = 0.05/45 ≈ 0.00111)

Variables tPMA

r P-value

BMI,kg/m2 0.591 <0.001

MAC,cm 0.520 <0.001
NRS2002 score −0.485 <0.001

FEV1,L 0.384 <0.001

GOLD grade −0.245 0.006
CAT score −0.342 <0.001

ALB,g/L 0.351 <0.001

PNI 0.411 <0.001
Age −0.247 0.006
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CAT score; ④ ROC curve analysis showed that the AUC for tPMA in diagnosing malnutrition was 0.770, with an 
optimal cutoff value of 1483.50 mm2; when tPMA was used in combination with total protein, the AUC increased to 
0.916 (DeLong test, P < 0.001), with a sensitivity of 0.91, indicating that the combined diagnostic model possesses 
excellent discriminatory ability.

Numerous studies have confirmed that muscle mass (PMA) in patients with COPD is closely associated with disease 
severity, lung function, and prognosis.17,18,21,22 For example, Qiao et al found that PMA in patients with COPD was 
associated with clinical characteristics and disease severity.17 Li et al also noted that PMA in patients with COPD was 
lower than in healthy controls and was associated with respiratory symptoms.21 A prospective cohort study by Zhou et al 
demonstrated that reduced PMA is associated with the severity of airflow limitation and an increased risk of future acute 
exacerbations.22 Other studies have also shown that reduced muscle mass in COPD patients is closely linked to 
malnutrition.23,24 Building on these findings, this study is the first to analyze malnutrition as an independent outcome 
measure, rather than focusing solely on mortality or the frequency of acute exacerbations, thereby expanding the 
application value of PMA in nutritional assessment of patients with AECOPD. It is worth noting that assessments of 
other muscle groups have also been conducted in COPD patients. For example, the cross-sectional area of the rectus 
femoris is associated with the severity of airflow limitation and the severity of AECOPD.25 The cross-sectional area of 
the erector spinae muscles has also been identified as a poor prognostic indicator for hospitalized AECOPD patients.26 

These studies further support the importance of assessing muscle mass via imaging modalities such as CT in the 
management of COPD patients.20,27,28 This study focuses on the pectoralis major—a muscle group that can be 
conveniently measured on routine chest CT scans, offering the unique advantage of requiring no additional scans and 
incurring no extra medical costs.

This study found that traditional nutritional indicators—including BMI, MAC, CC, ALB, and TP—were significantly 
lower in the malnourished group of AECOPD patients compared to the non-malnourished group. This is consistent with 
the general characteristics of malnutrition in COPD patients reported in previous studies and reflects the objective 
presence of protein-energy wasting.8 Correlation analysis further revealed that tPMA was significantly positively 
correlated with BMI, MAC, ALB, and PNI, and negatively correlated with the NRS2002 score, GLOD stage, and 
CAT score. These results confirm the validity of the pectoralis major muscle as a surrogate marker for systemic muscle 
loss and disease severity,17,18 and support the view that pectoralis major muscle cross-sectional area is negatively 
correlated with lung function and disease severity in COPD patients.15,17

A key finding of this study is that the diagnostic performance is significantly improved when tPMA is used in 
combination with serum albumin, with a greater discriminatory ability than either marker used alone (DeLong test: P < 
0.05). This synergistic effect can be explained by complementary pathophysiological mechanisms:29 tPMA reflects 
skeletal muscle structural reserves and serves as a comprehensive indicator of chronic nutritional status, physical activity 
levels, and long-term systemic catabolism;30 serum albumin/total protein, on the other hand, represents acute-phase 
hepatic synthetic function and is dynamically influenced by inflammatory cytokine activity, capillary leakage, and 
nutritional intake during acute exacerbations.31 The complementarity of these two markers across the “structure- 
function” and “chronic-acute” dimensions forms the basis for their combined diagnostic value. From a clinical perspec
tive, this combined diagnostic approach facilitates precise stratification based on pathophysiological mechanisms:31 ① 

Low tPMA but normal albumin: Suggests chronic muscle wasting with preserved acute synthetic capacity; such patients 
may benefit from structured nutritional rehabilitation and resistance training; ② Normal tPMA but low albumin: Suggests 
acute inflammatory protein loss; anti-inflammatory treatment and acute-phase nutritional support should be prioritized; ③ 

Both are abnormal: Represents the highest-risk phenotype, requiring intensive multidisciplinary intervention.
The practical value of tPMA should be understood within specific clinical contexts: ① Acute care settings: When 

laboratory testing turnaround times lead to diagnostic delays (eg, emergency admission for AECOPD), measuring tPMA 
via routine chest CT provides immediate, concurrent nutritional risk information without the need for additional blood 
draws, increased costs, or extended wait times. ② When biochemical markers are compromised: Albumin levels may be 
reduced due to acute inflammation, liver dysfunction, or fluid overload; total protein levels are influenced by hydration 
status and immunoglobulin levels. In such cases, muscle mass assessed via CT provides a relatively stable nutritional 
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indicator that is not affected by inflammation. ③ Resource-limited settings: When comprehensive metabolomic testing is 
unavailable, tPMA based on chest imaging can facilitate basic nutritional risk stratification.

Although this study provides evidence of an association between tPMA and malnutrition in patients with AECOPD, 
several limitations remain: this study employed a single-center, retrospective design, which may introduce selection bias; 
therefore, the findings require validation in prospective, multicenter cohort studies. This study used a BMI < 18.5 kg/m2 

as the criterion for malnutrition rather than the GLIM criteria, which encompass both phenotypic and etiological aspects, 
potentially leading to some classification bias. As this study employed a cross-sectional design, causal inferences cannot 
be drawn; the causal relationship between tPMA and malnutrition requires confirmation through longitudinal studies. 
tPMA is a static measure of muscle mass and does not fully capture changes in muscle function. Future studies could 
incorporate functional assessments, such as the 6-minute walk test,32–34 to provide a more comprehensive evaluation of 
muscle status. Currently, there is a lack of established reference ranges for pectoralis major area in the Chinese AECOPD 
population, which limits the standardized application of tPMA; in sarcopenia, fat infiltration is an equally important 
pathological change; therefore, without additional analysis, CT cannot distinguish between muscle mass and fat 
infiltration.

In summary, this study has established a strong association between tPMA and malnutrition in patients with 
AECOPD. Not only is tPMA an independent predictor of malnutrition, but its combination with traditional biochemical 
markers can significantly improve the diagnostic accuracy for malnutrition. Future studies should further explore the 
combination of tPMA with other muscle assessment methods and functional indicators, and conduct prospective 
validation in multicenter cohorts using comprehensive GLIM criteria to define malnutrition, in order to clarify the 
value of tPMA in guiding nutritional interventions and improving clinical outcomes in patients with AECOPD.
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