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Purpose: This study aimed to develop and validate a clinical prediction model for intensive care unit-acquired weakness (ICU-AW) 
in sepsis patients, in order aid the early identification of high-risk patients and enable targeted intervention measures.
Patients and Methods: This prospective observational study was a single-center study conducted in a tertiary hospital in Shenzhen, 
China. Eligible inpatients diagnosed with sepsis between January 2023 and June 2024 were enrolled. The least absolute shrinkage and 
selection operator (LASSO) regression model was used to optimize the feature selection for the risk prediction model for ICU-AW in 
sepsis patients. Multivariable logistic regression analysis was applied to build a predicting model that incorporated the features 
selected in the LASSO regression model. Receiver operating characteristic (ROC) and calibration curves, and decision curve analysis 
(DCA) were applied to assess the model.
Results: A total of 344 patients were included in the present study. Among these patients, 257 and 87 patients were assigned to the 
modeling and validation groups, respectively. Six independent predictors were identified: age, multiple organ dysfunction syndrome 
(MODS), use of neuromuscular blocking agents (NMBAs), duration of mechanical ventilation, duration of sedation, and Acute 
Physiology and Chronic Health Evaluation II (APACHE II) score. The nomogram revealed good performance, with an area under the 
ROC curve (AUC) of 0.905 (95% CI: 0.871–0.940) for the modeling group and 0.861 (95% CI: 0.784–0.939) for the validation group. 
The calibration curves indicated a good agreement between the predicted and observed outcomes. The DCA demonstrated a broad 
benefit threshold and good clinical effectiveness.
Conclusion: The risk prediction model constructed in the present study demonstrated good predictive performance, providing 
a valuable reference for clinical practitioners to identify the risk of ICU-AW in patients with sepsis and implement prompt intervention.

Plain Language Summary:   

(1) A multivariable model was established to predict the ICU-AW in septic patients, with easily obtainable predictive factors 
accessible from hospital information systems.

(2) The nomogram revealed good discriminative ability, calibration, and clinical utility, serving as a valuable tool for early 
identification and intervention.

(3) The limitations included the single-center design (restricting generalizability), small external validation cohort, and Medical 
Research Council (MRC) score-based ICU-AW diagnosis (only for conscious/cooperative patients), which potentially induced 
selection bias, and restricted the applicability to Chinese populations.
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Introduction
Sepsis is a life-threatening organ dysfunction caused by the dysregulated response of the body to infection, and is one of 
the most common causes of high morbidity and mortality in patients admitted to the intensive care unit (ICU).1,2 In recent 
years, with the standardization of sepsis diagnosis and treatment, and improvements in organ support technologies, the 
early mortality rate of this condition has significantly decreased.3 However, more sepsis survivors experience intensive 
care unit-acquired weakness (ICU-AW), which has become a common and severe complication among patients with 
sepsis. The pathogenesis of ICU-AW may involve excessive inflammatory responses following infection and trauma, 
leading to damage to neuromuscular tissues and interference with neuromuscular junction conduction. Compared with 
other patients, patients with sepsis have a higher incidence of ICU-AW.4 Muscle atrophy occurs in 50–100% of patients 
with sepsis in the ICU, and approximately 25–75% of sepsis survivors develop ICU-AW,5 resulting in delayed 
extubation, prolonged ICU stays, increased medical costs, and severe impacts on the quality of life of patients and long- 
term prognosis.6 The main characteristics of ICU-AW include significant reductions in muscle volume and quality, but its 
onset is often insidious, and usually identified only when muscle strength has noticeably declined.7

At present, the pathogenesis, risk factors, and diagnostic criteria for ICU-AW in patients with sepsis are not yet fully 
clear, which may lead to inadequate awareness or delayed diagnosis among healthcare providers.8 Therefore, it is crucial 
to construct a risk prediction model for ICU-AW in patients with sepsis. Although several researchers have explored this 
area,4,9 limitations such as small sample size (264 and 60 patients in the study conducted by Liu et al and Li et al, 
respectively,4,9 potential increase in sampling bias and reduction in result generalizability) and retrospective study design 
have hindered the promotion and application of constructed risk prediction models for ICU-AW in patients with sepsis. 
Furthermore, initial designs did not consider data on some participants in a related study, including comorbidities, the use 
of neuromuscular blocker agents (NMBAs), and etiology at admission, and the model was not externally validated.10 

Thus, the present prospective observational study developed and validated a clinical prediction model for ICU-AW in 
adult patients with sepsis, with the aim of providing healthcare providers with a basis for the early and rapid assessment 
and identification of high-risk patients for ICU-AW, and enabling targeted intervention measures.

Material and Methods
Study Design and Participants
The present prospective observational study was conducted by convenient sampling, enrolling sepsis patients admitted to 
the ICU of a grade A tertiary hospital in Shenzhen between January 2023 and June 2024. The ICU has 32 beds, and is 
staffed by 31 physicians and 85 specialized nurses. The three primary patient populations managed in the ICU of the 
investigators included trauma, severe pneumonia, and sepsis. In 2025, a total of 1026 critically ill patients were admitted 
to the ICU, which included 471 patients diagnosed with sepsis. Established in collaboration with the University of 
Southern California, USA in 2015, the hospital serves as a demonstration institution for the “Urban Regional Trauma 
Center” program.

Based on the chronological order of admission, patients were divided into two groups: data obtained from 261 
patients with sepsis (January-December 2023) were assigned to the modeling group for nomogram construction and 
internal validation, while 87 patients (January-June 2024) were assigned to the validation group for external model 
validation. The inclusion criteria were as follows: (1) age ≥18 years old; (2) patients diagnosed with sepsis within 
48 hours after admission, according to the Sepsis 3.0 diagnostic criteria;11 (3) patients or their families who provided 
informed consent, and voluntarily participated in the present study. The exclusion criteria were, as follows: (1) length of 
stay in the ICU was <72 hours; (2) patients who had cerebrovascular disease, central nervous system disorders, Guillain- 
Barré syndrome, or spinal cord injury; (3) patients with quadrilateral joint surgery, fractures or lower limb thrombosis, or 
patients who required immobilization; (4) patients who could not undergo the muscle strength assessment for various 
reasons.

Sample size was determined using the Tests for the Odds Ratio in Logistic Regression with One Binary X (Wald Test) 
module in the PASS 2021 software (NCSS, LLC, Kaysville, UT, USA). The calculation was based on a two-sided Wald 
test with a significance level (α) of 0.05 and a statistical power (1−β) of 0.90. Based on our clinical experience and the 
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literature review,12,13 the incidence in the non-exposed group (without constraint implementation) was P0 = 0.339, while 
the incidence in the exposed group (with implementing constraints) was P1 = 0.661, reflecting an expected odds ratio of 
3.802 and an exposure rate of 44.7%. Under these parameters, the minimum required sample size was calculated as 107 
cases. Considering a potential 20% dropout rate, the enrollment was targeted to collect 134 cases. Finally, a total of 348 
cases were included for the present study, with the modeling group and validation group allocated at a 3:1 ratio. 
Therefore, the modeling group (261 cases) was used for internal validation, while the validation group (87 cases) was 
used for external validation. The present study was approved by the ethics committee of Shenzhen Nanshan People’s 
Hospital, Shenzhen, China (Approval number: #KY-2022-012-01).

Data Collection and Definitions
A clinical survey form was developed based on the literature and expert consultations. The survey included the 
following: (1) General information: age, sex, body mass index (BMI), and arm circumference (from the midpoint of 
the line connecting the acromion to the olecranon of the ulna) at admission to the ICU; (2) Cause of disease: lung 
infection, urinary tract infection, abdominal cavity infection, bloodstream infection, multiple organ dysfunction syn
drome (MODS), diabetes, hypertension, septic shock, and application of restraints; (3) Treatment factors: duration of 
mechanical ventilation (total number of hours from the initiation of mechanical ventilation via endotracheal intubation or 
tracheostomy to its discontinuation), establishment mode of mechanical ventilation (the type of invasive airway method 
used for mechanical ventilation throughout the ICU hospitalization), the use of sedatives and analgesics, duration of 
sedation (the total number of days from the start to the end of continuous sedative infusion during mechanical ventilation, 
converted from cumulative hours of sedative administration when intermittent dosing was used), the use of NMBA, the 
use of glucocorticoids, the use of vasoactive drugs, and renal replacement therapy; (4) Laboratory test indicators: blood 
lactic acid, fasting blood glucose, blood calcium, C-reactive protein, procalcitonin, and serum albumin values. All 
indicators were the test results for the fasting venous blood samples collected in the morning when the patient was 
admitted to the ICU. (5) The relevant rating scales included the Acute Physiology and Chronic Health Evaluations 
Scoring System II (APACHE II), the Sequential Organ Failure Assessment (SOFA), and the Nutritional Risk Screening 
2002 (NRS 2002) scores, which were assessed within 24 hours after entering the ICU.

At present, the most widely used assessment tool for ICU-AW is the Medical Research Council (MRC) score.7 The 
evaluation criteria for ICU-AW were as follows: new, flaccid, symmetric muscle weakness during ICU admission, normal 
cranial nerve function, and MRC score <48 points. The MRC primarily evaluates the level of motion of 12 muscle groups 
(bilateral shoulder abduction, elbow flexion, wrist extension, hip flexion, knee extension, and ankle dorsiflexion). Each 
muscle group is assigned 0–5 points. The total score of the 12 indicator groups is 0–60 points, in which 0 point represents 
quadriplegia and 60 points represent normal muscle strength. If the total score was <48 points, ICU-AW was diagnosed.

Assessment of ICU-AW
Before the study began, the researchers conducted centralized and professional training for all study participants. In 
addition, rehabilitation therapists conducted bedside training on the MRC score for the ICU nursing staff. Finally, on-site 
evaluations were performed to determine the evaluation ability of the clinical data collection personnel, ensuring that any 
issues encountered during the investigation can be promptly resolved. After the study began, the researchers strictly 
followed the inclusion and exclusion criteria to determine whether the patient could be enrolled to the study, and 
provided an informed consent. During sedation treatment, the use of sedative drugs was reduced or stopped to maintain 
a Richmond Agitation Sedation Scale (RASS) score between −1 and 1. Trained ICU nurses assessed the MRC score 
daily. If the MRC score was <48 on two consecutive assessments with a 24-hour interval, the patient was classified as 
ICU-AW. In contrast, if the MRC score was ≥48 or above in both assessments, the patient was classified as non-ICU-AW, 
and patients who could not be evaluated were not included. If the patient developed ICU-AW, the evaluations were 
halted, while if the patient did not develop ICU-AW, the evaluations were continued until the patient completed the ICU 
treatment. In addition, the researchers verified the completeness, precision, and authenticity of the collected data weekly 
by reviewing the electronic medical records of the patients and clinical indicator collection forms.
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Statistical Analysis
All analyses were performed using SPSS 23.0 (IBM, Armonk, NY, USA) and R 4.0.2 (The R Project for Statistical 
Computing, www.r-project.org). Normally distributed continuous variables were presented in mean ± standard 
deviation, and comparisons between groups were performed using two independent samples t-test. Non-normally 
distributed continuous variables were expressed in median and interquartile range (IQR). Group comparisons were 
performed using the Mann–Whitney U-test. Categorical variables were presented in n (%), and analyzed using the 
Chi-square test.

Variables included in the multivariate logistic regression analysis were selected using a two-step approach. First, all 
candidate variables were analyzed using the univariate analysis (Chi-square/Fisher’s exact test for categorical variables, 
t-test/Mann–Whitney U-test for continuous variables). Then, variables with a p-value of <0.05 in univariate analysis were 
retained as potential predictors. Second, variables retained from univariate screening were further refined using the least 
absolute shrinkage and selection operator (LASSO) regression analysis, which penalizes regression coefficients to 
automatically select the most predictive variables, and reduce model overfitting. Merely variables selected through the 
combined univariate screening and LASSO regression refinement process were entered into the final multivariate logistic 
regression model to identify the independent risk factors for ICU-AW, and construct the regression equation.

The visual nomogram was constructed using the R software based on the final regression equation, in order to predict 
the risk of ICU-AW in sepsis patients. The bootstrap resampling method (1000 automatic samples) was used for the 
internal and external validation of the model. The area under the receiver operating characteristic curve (AUC) was used 
to evaluate the model’s discriminatory ability, while calibration curves and the Brier score were used to assess calibration 
accuracy. Clinical utility was evaluated using decision curve analysis (DCA). A two-sided p-value of <0.05 was 
considered statistically significant.

Results
Demographic Characteristics
Among the 348 eligible sepsis patients during the study period, four patients were excluded, because these patients died 
before reaching the endpoint event (Figure 1). Finally, a total of 344 patients were analyzed. The modeling group 
included 257 patients, with a median age of 63.36 (IQR: 53.00, 75.00) years old. Among these patients, 178 were male, 
and 79 were female. Furthermore, among these patients, 130 patients developed ICU-AW, resulting in an incidence rate 
of 50.58%. The validation group included 87 patients, with a median age of 62.93 (IQR 53.00, 74.00) years old. Among 
these patients, 56 were male, and 31 were female. Furthermore, among these patients, 40 patients developed ICU-AW, 
resulting in an incidence rate of 45.98%. There were no statistically significant differences in clinical characteristics 
between the modeling and validation groups (all p>0.05) (Table 1).

Univariate Analysis
The univariate analysis results of the present study revealed that the two groups were different in terms of patient age, 
MODS, use of NMBAs, use of glucocorticoids, duration of mechanical ventilation, use of sedative and analgesic drugs, 
duration of sedation, use of renal replacement therapy, blood lactate levels, APACHE II score, and SOFA score. The 
difference was statistically significant (p<0.05) (Table 2). Thus, a total of 11 variables were incorporated into the LASSO 
regression analysis.

LASSO Regression Analysis
Variables identified in the univariate analysis were incorporated into the LASSO regression. At the optimal λ value of 
0.04074497, 10 significant predictors with nonzero coefficients were selected via 10-fold cross-validation. The results did 
not demonstrate multicollinearity among the following variables: age, MODS, use of NMBAs, use of glucocorticoids, 
duration of mechanical ventilation, use of sedatives and analgesics, duration of sedation, blood lactate, APACHE II score, 
or SOFA score (Figures 2 and 3).
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Multivariate Analysis
The occurrence of ICU-AW was taken as the dependent variable, and 10 variables selected by univariate analysis were 
entered as independent variables in the binary logistic regression model. The following were entered as continuous 
variables: age, duration of mechanical ventilation, duration of sedation, blood lactate level, APACHE II score, and SOFA 
score. The remaining five variables (MODS, use of NMBAs, use of glucocorticoids, and use of sedatives and analgesics) 
were coded as binary variables (no = 0, yes = 1). The results revealed the following as significant predictors of ICU-AW 
in sepsis patients: age (OR: 1.044), MODS (OR: 3.349), use of NMBA (OR: 16.293), duration of mechanical ventilation 
(OR: 1.004), duration of sedation (OR: 1.243), and APACHE II score (OR: 1.101) (Table 3).

Construction of the Nomogram
Based on the six independent predictors selected by logistic regression analysis, a nomogram was constructed to predict 
the risk of ICU-AW in sepsis patients (Figure 4). The final regression equation underlying the nomogram was as follows: 

Figure 1 Patient enrollment flowchart.
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Table 1 Comparison of ICU-AW in Sepsis Patients Between the Modeling and Validation Groups

Variable Modeling Group 
(n=257)

Validation Group 
(n=87)

X2/Z p

Age (years), median (IQR) 63.36 (53.00, 75.00) 62.93 (53.00, 74.00) −0.341Δ 0.733
Sex, n (%) 0.940* 0.332

Male 178 (69.26) 56 (64.37)
Female 79 (30.74) 31 (35.63)

Body mass index (kg/m2), median (IQR) 22.41 (19.80, 24.90) 21.63 (19.10, 24.00) −1.766Δ 0.077

Arm circumference at ICU admission (cm), median (IQR) 25.27 (22.75, 28.00) 25.04 (22.00, 28.00) −0.380Δ 0.704
Abdominal infection, n (%) 0.349* 0.555

Yes 39 (15.18) 12 (13.79)

No 218 (84.82) 75 (86.21)
Urinary tract infection, n (%) 0.019* 0.892

Yes 27 (10.51) 7 (8.05)

No 230 (89.49) 80 (91.95)
Pulmonary infection, n (%) 0.098* 0.754

Yes 213 (82.88) 71 (81.61)

No 44 (17.12) 16 (18.39)
Bloodstream infection, n (%) 0.377* 0.539

Yes 19 (7.39) 10 (11.49)

No 238 (92.61) 77 (88.51)
Septic shock, n (%) 1.069* 0.586

Yes 201 (78.21) 66 (75.86)

No 56 (21.79) 21 (24.14)
MODS, n (%) 1.866* 0.172

Yes 47 (18.29) 14 (16.09)

No 210 (81.71) 73 (83.91)
Diabetes, n (%) 0.478* 0.489

Yes 39 (15.18) 12 (13.79)

No 218 (84.82) 75 (86.21)
Hypertension, n (%) 2.947* 0.086

Yes 44 (17.12) 10 (11.49)

No 213 (82.88) 77 (88.51)
Application of restraints, n (%) 1.569* 0.210

Yes 132 (51.36) 36 (41.38)

No 125 (48.64) 51 (58.62)
Use of NMBAs, n (%) 0.115* 0.735

Yes 62 (24.12) 19 (21.84)

No 195 (75.88) 68 (78.16)
Use of glucocorticoids, n (%) 0.269* 0.604

Yes 140 (54.47) 46 (52.87)

No 117 (45.53) 41 (47.13)
Use of vasoactive drugs, n (%) 0.683* 0.409

Yes 160 (62.26) 49 (56.32)

No 97 (37.74) 38 (43.68)
Mechanical ventilation modes, n (%) 0.683* 0.409

Without mechanical ventilation 40 (15.56) 20 (22.99)

Orotracheal intubation 177 (68.87) 49 (56.32)
Tracheotomy 29 (11.28) 9 (10.34)

Both 11 (4.28) 9 (10.34)

Duration of mechanical ventilation (hour), median (IQR) 174.98 (26.00, 298.00) 164.22 (22.00, 298.00) −0.714Δ 0.475

(Continued)
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Table 1 (Continued). 

Variable Modeling Group 
(n=257)

Validation Group 
(n=87)

X2/Z p

Use of sedatives and analgesics, n (%) 0.059* 0.807
Yes 200 (77.82) 62 (71.26)

No 57 (22.18) 25 (28.74)

Duration of sedation (day), median (IQR) 5.12 (1.00, 9.00) 4.84 (0.00, 9.00) −0.983Δ 0.326
Use of renal replacement therapy, n (%) 0.002* 0.963

Yes 105 (40.86) 33 (37.93)

No 152 (59.14) 54 (62.07)
Blood lactate (mmol/L), median (IQR) 3.68 (1.20, 4.73) 3.75 (1.38, 5.14) −0.382Δ 0.703

Fasting blood glucose (mmol/L), median (IQR) 8.32 (6.40, 9.90) 8.07 (6.20, 9.80) −0.778Δ 0.437

Blood calcium (mmol/L), median (IQR) 2.05 (1.94, 2.15) 2.07 (1.93, 2.15) −0.246Δ 0.805
C-reactive protein (mg/L), median (IQR) 64.60 (8.04, 111.06) 59.33 (5.63, 101.20) −1.103Δ 0.270

Procalcitonin (ng/mL), median (IQR) 10.24 (0.26, 11.13) 10.74 (0.23, 9.80) −0.117Δ 0.907

Serum albumin (g/L), median (IQR) 31.53 (26.45, 35.40) 32.37 (26.10, 38.00) −0.787Δ 0.431
APACHE II score (points), median (IQR) 23.46 (17.50, 27.50) 22.77 (17.00, 27.00) −0.740Δ 0.459

SOFA score (points), median (IQR) 9.09 (7.00, 11.00) 9.07 (5.00, 11.00) −0.064Δ 0.949

NRS 2002 score (points), median (IQR) 3.07 (2.00, 4.00) 3.30 (2.00, 4.00) −1.429Δ 0.153

Notes: *for the X2 value; Δ for the Z value. 
Abbreviations: ICU-AW, intensive care unit-acquired weakness; IQR, interquartile range; MODS, multiple organ dysfunction syndrome; NMBAs, 
neuromuscular blocking agents; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; NRS 2002, 
Nutritional Risk Screening 2002.

Table 2 Comparison of ICU-AW in Patients with Sepsis

Variable ICU-AW Group 
(n=130)

Non-ICU-AW Group 
(n=127)

X2/Z p

Age (years), median (IQR) 68.02 (53.00, 77.00) 58.60 (49.00, 72.00) −4.481Δ <0.001
Sex, n (%) 1.193* 0.275

Male 86 (66.15) 92 (72.44)

Female 44 (33.85) 35 (27.56)
Body mass index (kg/m2), median (IQR) 22.21 (19.10, 25.00) 22.62 (20.30, 24.00) −0.551Δ 0.582

Arm circumference at ICU admission (cm), median (IQR) 25.21 (22.00, 29.00) 25.33 (23.00, 27.00) −0.056Δ 0.955

Abdominal infection, n (%) 0.179* 0.672
Yes 100 (76.92) 98 (77.17)

No 30 (23.08) 29 (22.83)

Urinary tract infection, n (%) 3.122* 0.077
Yes 18 (13.85) 9 (7.09)

No 112 (86.15) 118 (92.91)

Pulmonary infection, n (%) 0.064* 0.800
Yes 19 (14.62) 20 (15.75)

No 111 (85.38) 107 (84.25)

Bloodstream infection, n (%) 0.788* 0.375
Yes 19 (14.62) 15 (11.81)

No 111 (85.38) 112 (88.19)

Septic shock, n (%) 1.995* 0.158
Yes 97 (74.62) 104 (81.89)

No 33 (25.38) 23 (18.11)

MODS, n (%) 18.221* <0.001
Yes 37 (28.46) 10 (7.87)

No 93 (71.54) 117 (92.13)

(Continued)
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Logit(P) = −6.345 + 0.043 × age + 1.209 × MODS + 2.791 × use of NMBAs + 0.004 × duration of mechanical 
ventilation + 0.218 × duration of sedation + 0.096 × APACHE II score, where P was the predicted probability of ICU- 
AW occurrence. In order to estimate P, each predictor was assigned a specific number of points on the nomogram scale. 
The points for all predictors were summed, and the total score was located on the bottom “Total Points” scale to 

Table 2 (Continued). 

Variable ICU-AW Group 
(n=130)

Non-ICU-AW Group 
(n=127)

X2/Z p

Diabetes, n (%) 1.295* 0.255
Yes 23 (17.69) 16 (12.60)

No 107 (82.31) 111 (87.40)

Hypertension, n (%) 1.484* 0.223
Yes 29 (22.31) 25 (19.69)

No 101 (77.69) 102 (80.31)

Application of restraints, n (%) 0.015* 0.904
Yes 63 (48.46) 56 (44.09)

No 67 (51.54) 71 (55.91)

Use of NMBAs, n (%) 47.517* <0.001
Yes 55 (42.31) 7 (5.51)

No 75 (57.69) 120 (94.49)

Use of glucocorticoids, n (%) 96.368* <0.001
Yes 110 (84.62) 30 (23.62)

No 20 (15.38) 97 (76.38)

Use of vasoactive drugs, n (%) 0.005* 0.943
Yes 111 (85.38) 86 (67.72)

No 19 (14.62) 41 (32.28)

Mechanical ventilation modes, n (%) 5.247* 0.812
Without mechanical ventilation 31 (23.85) 38 (29.92)

Orotracheal intubation 84 (64.62) 77 (60.63)
Tracheotomy 10 (7.69) 9 (7.09)

Both 5 (3.85) 3 (2.36)

Duration of mechanical ventilation (hour), median (IQR) 279.55 (204.00, 370.00) 67.94 (6.00, 87.00) −11.193Δ <0.001
Use of sedatives and analgesics, n (%) 19.842* <0.001

Yes 116 (89.23) 84 (66.14)

No 14 (10.77) 43 (33.86)
Duration of sedation (day), median (IQR) 8.37 (3.00, 13.00) 1.99 (00.00, 3.00) −9.092Δ <0.001

Use of renal replacement therapy, n (%) 10.699* 0.001

Yes 66 (50.77) 39 (30.71)
No 64 (49.23) 88 (69.29)

Blood lactate (mmol/L), median (IQR) 3.93 (1.60, 4.80) 3.43 (1.08, 3.64) −2.699Δ 0.007

Fasting blood glucose (mmol/L), median (IQR) 8.50 (6.40, 10.25) 8.13 (6.50, 8.50) −1.615Δ 0.106
Blood calcium (mmol/L), median (IQR) 2.07 (2.01, 2.18) 2.07 (1.98, 2.15) −1.587Δ 0.112

C-reactive protein (mg/L), median (IQR) 67.80 (11.66, 111.06) 61.32 (4.96, 108.55) −1.368Δ 0.171

Procalcitonin (ng/mL), median (IQR) 13.54 (0.17, 15.80) 6.86 (0.50, 7.09) −1.023Δ 0.306
Serum albumin (g/L), median (IQR) 31.41 (26.75, 35.00) 32.81 (28.10, 36.80) −1.787Δ 0.074

APACHE II score (points), median (IQR) 26.24 (21.00, 29.00) 20.62 (12.00, 26.00) −5.134Δ <0.001

SOFA score (points), median (IQR) 9.90 (8.00, 12.00) 8.26 (5.00, 11.00) −3.522Δ <0.001
NRS 2002 score (points), median (IQR) 3.02 (2.00, 4.00) 3.03 (2.00, 4.00) −0.367Δ 0.714

Notes: *for the X2 value; Δfor the Z value. 
Abbreviations: ICU-AW, intensive care unit-acquired weakness; IQR, interquartile range; ICU, intensive care unit; MODS, multiple organ dysfunction syndrome; 
NMBAs, neuromuscular blocking agents; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; NRS 2002, 
Nutritional Risk Screening 2002.
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determine the corresponding predicted probability of ICU-AW. Higher total scores indicated a higher predicted risk of 
ICU-AW.

Validation of the Prediction Model
The predictive performance of the model was evaluated by plotting the ROC curve. The AUC for the modeling group 
was 0.905 (95% CI: 0.871–0.940), with an optimal cut-off value of 0.630, a sensitivity of 0.738, and a specificity of 
0.913 (Figure 5). The calibration curve demonstrated a good agreement between the observed and predicted probabilities, 
as supported by the Hosmer-Lemeshow test (X2=7.217, p=0.513) and Brier score (0.127) (Figure 6). For the validation 
group, the AUC was 0.861 (95% CI: 0.784–0.939), with an optimal cut-off value of 0.431, a sensitivity of 0.850, and 
a specificity of 0.787 (Figure 5). The Hosmer-Lemeshow test (X2=10.469, p=0.234) and Brier score (0.153) indicated 
satisfactory calibration, and the calibration curve of the nomogram closely approximated the ideal line (Figure 6). The 
DCA revealed that the net benefit of the model exceeded that of the two reference lines in a reasonable threshold 
probability range (Figure 7), suggesting the superior clinical utility of the model.

Discussion
The present study revealed that the prevalence of ICU-AW in sepsis patients was 50.58%, which is within the 25–75% 
range reported in previous studies.12,13 Relevant studies have revealed that sepsis is an independent risk factor for ICU- 
AW, a clinical entity alternatively termed as, sepsis-associated acquired weakness (SAW). This condition is characterized 
by significant muscle mass reduction, decreased myofiber diameter, and diminished muscle strength, ultimately leading 

Figure 2 Selection process for the tuning parameter λ via cross-validation.
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to persistent physical impairment.3,14 Although the precise pathophysiological mechanisms underlying SAW remain 
incompletely understood, and no definitive therapeutic interventions are presently available, this represents a dynamic 
and potentially reversible condition. Early recognition and timely intervention can effectively attenuate the progression of 
ICU-AW.15 Consequently, the identification of risk factors and development of early risk prediction models for ICU-AW 
in sepsis patients are of paramount clinical importance, since these would allow timely interventions to reduce the 
incidence of ICU-AW, and improve long-term patient outcomes.

Figure 3 Variable selection via LASSO regression analysis.

Table 3 Risk Factors for ICU-AW in Sepsis Patients Using Multivariate Logistic Regression 
Analysis

Index β SE Wald p OR 95% CI

Age 0.043 0.013 3.29 0.001 1.044 1.019–1.074
MODS 1.209 0.491 2.46 0.014 3.349 1.300–9.029

Use of NMBAs 2.791 0.526 5.30 <0.001 16.293 6.153–49.254

Duration of mechanical ventilation 0.004 0.002 2.49 0.013 1.004 1.001–1.007
Duration of sedation 0.218 0.046 4.68 <0.001 1.243 1.140–1.369

APACHE II scores 0.096 0.024 3.98 <0.001 1.101 1.053–1.158

Abbreviations: ICU-AW, intensive care unit-acquired weakness; OR, odds ratio; CI, confidence interval; MODS, 
multiple organ dysfunction syndrome; NMBAs, neuromuscular blocking agents; APACHE II, Acute Physiology and 
Chronic Health Evaluation II.

https://doi.org/10.2147/IJGM.S569937                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2026:19 10

Wang et al                                                                                                                                                                           

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



The nomogram model revealed a good prediction effect. The AUC was 0.905 for the modeling group, and 0.861 for 
the verification group, indicating that the model has good discrimination ability. Furthermore, the Hosmer-Lemeshow test 
results all revealed p>0.05, indicating that the model has good consistency. Moreover, the DCA results suggested that the 
net benefit value of the model is higher than the reference line under a certain threshold probability, indicating that the 
performance of the prediction model in clinical benefit is better.

Figure 4 Nomogram for the risk of ICU-AW in sepsis patients.

Figure 5 Prediction model for ICU-AW risk in the ROC curves for patients with septic shock in the model group and validation group.
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The six predictors in the nomogram are easy to obtain. The medical staff can calculate the total score of the 
predictors, and distinguish high-risk and low-risk groups according to the best critical value (0.630), which is character
ized by strong feasibility and practicability. For example, a sepsis patient admitted to the ICU had the following details: 
45 years old (30 points), combined with MODS (25 points), used NMBA (57 points) in treatment, mechanical ventilation 
time was 200 hours (15 points), sedation time was eight days (35 points), and the APACHE II score was 18 points (27 
points). The total score was 189 points (30+25+57+15+35+27=189 points) by nomogram analysis. This corresponded to 
a risk of ICU-AW of approximately 0.9, which is a high-risk group that requires the implementation of early intervention.

The present study results suggest that age is an independent risk factor for ICU-AW in sepsis patients (OR: 1.044), 
which was also reported in another study.16 Muscle mass and muscle contractility can decline with age, resulting in 
greater weakness than would be expected from muscle atrophy. In severe cases, due to systemic inflammatory responses, 
protein loss, and reduced anabolic stimulation, muscle loss in older patients can be particularly rapid.17 Therefore, for 
older patients, greater attention should be given to muscle strength assessment, which can be assessed at every shift, in 
order to identify abnormal muscle strength in patients in time, and perform rehabilitation training in a timely manner.

Patients with MODS have a 15% higher incidence of ICU-AW, when compared to patients without MODS.18 In the 
present study, MODS was identified as an independent risk factor for ICU-AW in sepsis patients (OR: 3.349, 95% CI: 
1.300–9.029), which is consistent with previous research findings.19 The underlying pathophysiological mechanisms may 

Figure 6 Prediction model for ICU-AW risk in the calibration curves for sepsis patients in the modeling and validation groups.

Figure 7 Decision analysis curve for the prediction model.
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involve two interconnected pathways. First, sepsis complicated by MODS triggers a systemic inflammatory response 
characterized by the progressive elevation of pro-inflammatory cytokines. Concurrent prolonged administration of 
antimicrobial agents adversely affects the microvascular environment and metabolic homeostasis, ultimately leading to 
impaired energy metabolism and nutrient supply in neuromuscular tissues, resulting in myocyte injury.13 Second, the 
release of inflammatory mediators increase capillary permeability, causing structural damage to muscle tissues that 
progressively affects the central nervous system. This cascade induces oxidative stress, and stimulates the further massive 
release of pro-inflammatory cytokines, thereby exacerbating muscular dysfunction, and culminating in the development 
of ICU-AW.18,20 De Jonghe et al19 suggested that a reduction in the incidence or duration of MODS by preventing severe 
sepsis and septic shock is expected to result in a reduction in the incidence of ICU-AW. In the context of infectious 
diseases, the implementation of interventional therapy at the earliest possible juncture is imperative for the suppression of 
the inflammatory storm. In cases where sepsis is accompanied by MODS, the judicious administration of antimicrobial 
agents is paramount to curtail the infection, and mitigate the inflammatory response. This approach is instrumental in 
improving the prognoses of ICU-AW patients.

NMBAs are commonly used in the ICU to reduce voluntary respiratory effort in mechanically ventilated patients, 
thereby improving human-machine synchronization, and reducing ventilator-induced injuries. However, the use of 
NMBAs also reduces the excitability of the diaphragm, which can lead to impaired nerve conduction in patients, and 
prolonged duration of mechanical ventilation. Meanwhile, sepsis patients are in a state of systemic inflammation, in 
which NMBAs may further affect immune and inflammatory responses, thereby affecting muscle function and 
recovery.21 A related study21,22 revealed that the use of NMBAs is strongly associated with the appearance of ICU- 
AW. The present study revealed that the use of NMBAs was an independent risk factor for ICU-AW in sepsis patients 
(OR: 16.293). Therefore, NMBAs should be used with caution in the treatment of sepsis patients. That is, the use of 
NMBAs should be limited to 48 hours, in order to minimize harm, while reducing the risk of ICU-AW. However, since 
these results were primarily derived from observational studies that exhibited significant heterogeneity, there is presently 
insufficient evidence to definitively establish a link between the use of NMBA and ICU-AW.

The present study revealed that prolonged mechanical ventilation was strongly associated with ICU-AW in sepsis 
patients, which is consistent with the findings reported by Takahashi et al15 Sepsis is often associated with acute and chronic 
organ dysfunction. Most patients with sepsis experience respiratory dysfunction, and require mechanical ventilation. 
Prolonged mechanical ventilation is an important risk factor for ICU-AW.4 The degree of diaphragmatic injury after 
48 hours of mechanical ventilation has been reported to be positively correlated with the level of ventilatory support, 
leading to diaphragmatic weakness and atrophy.23 The incidence of ICU-AW has been documented to range within 26–65% 
in patients who have been subjected to mechanical ventilation for a duration of 5–7 days. Furthermore, the prevalence of 
ICU-AW in patients who require prolonged mechanical ventilation (defined as a duration of ≥10 days) has been reported to 
reach as high as 67%.23,24 Sepsis affects both the limb muscles and diaphragm, resulting in diaphragm dysfunction and limb 
muscle weakness effectual overlap.15 Furthermore, patients undergoing prolonged mechanical ventilation are typically 
exposed to a combination of protective restraints, increased use of muscle relaxants and sedation, sepsis, hypoxemia, and 
malnutrition, which can collectively contribute to the development of ICU-AW. Therefore, it is imperative to meticulously 
regulate the duration of mechanical ventilation. Clinically, a multifaceted approach that involves lung-protective ventilation 
with low tidal volume, the precise and gradual adjustment of support strength, and the promotion of human-machine 
coordination can be used to curtail the duration of mechanical ventilation, with such measures being tailored to the 
condition and tolerance level of the patient. Furthermore, the implementation of early rehabilitation measures within 
48–72 hours after mechanical ventilation has been shown to reduce the incidence of ICU-AW.

The present study identified sedation duration as an independent risk factor for ICU-AW in sepsis patients (OR: 1.243, 
95% CI: 1.140–1.369). The systemic inflammatory reaction in sepsis triggers sympathetic overactivation, and induces 
a hypermetabolic state. Sedative therapy can mitigate excessive sympathetic stimulation, and reduce metabolic oxygen 
demand.25 Mechanical ventilation, which is a common respiratory support modality for septic ICU patients, typically 
requires sedation to minimize ventilator synchrony, and prevent complications, such as unplanned extubation.4 However, 
prolonged sedation may contribute to neuromuscular dysfunction.25 A relevant animal study revealed that benzodiaze
pine sedatives (eg midazolam) induced more severe diaphragmatic dysfunction, when compared with non- 
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benzodiazepine alternatives (dexmedetomidine or propofol), thereby increasing the risk of ICU-AW.26 Extensive sedation 
has been linked to prolonged braking, invasive ventilation, and increased risk of morbidity and mortality.27 Thus, it is 
important to note the recent emphasis on the role of sedation as a risk factor for ICU-AW.28 Consequently, international 
guidelines have recommended that sedation should be carefully assessed and reduced to the necessary minimum.29 

Therefore, non-benzodiazepine sedatives (eg dexmedetomidine or propofol) should be prioritized for sedation therapy. 
Furthermore, the patient’s condition should be closely monitored, the sedative effect should be evaluated (eg using the 
RASS/Sedation-Agitation Scale [SAS]), the dosage should be adjusted in time, and the use of sedative drugs should be 
minimized. For patients who require continuous sedation, daily sedation interruption (DSI) should be implemented to 
minimize drug accumulation.

APACHE II scores are widely used to assess the prognosis, and characterize the severity of the disease in ICU 
patients. Higher APACHE II scores indicate a more severe disease, worse clinical outcomes, and elevated risk of 
mortality.30 The APACHE II score was identified as an independent risk factor for ICU-AW in sepsis patients. The 
present findings revealed that the ICU-AW group had significantly higher APACHE II scores, when compared with the 
non-ICU-AW group (26.24 [21.00, 29.00] vs 20.62 [12.00, 26.00], p<0.001). Each 1 point increase in APACHE II score 
was associated with a 1.101-fold higher incidence of ICU-AW, indicating that patients with higher scores are more 
susceptible to develop ICU-AW. Consistent with the findings reported by Guo et al, higher APACHE II scores (indicative 
of greater systemic pathophysiological derangement) were strongly associated with ICU-AW incidence, which was likely 
due to the prolonged immobilization and metabolic dysregulation in critically ill patients.31 Therefore, medical personnel 
should prioritize the APACHE II score upon admission to the ICU as a key prognostic indicator. The timely correction of 
abnormal physiological parameters may significantly influence patient outcomes, particularly in preventing ICU-AW.

Several previous studies have explored the risk factors and constructed models to predict the ICU-AW in the ICU. Lie et al 
performed a retrospective study for 264 ICU patients, with 114 patients developing ICU-AW. After the univariate and 
multivariate binary logistic regression analyses, they developed a scoring scale that included the APACHE II score, 
mechanical ventilation time, protective constraint, and serum lactic acid level to predict the ICU-AW, with an AUC of 
0.913, a sensitivity of 76.3%, and a specificity of 90.7%.4 Li et al reported a cross-sectional study for 60 sepsis patients in the 
ICU. After the univariate and multivariate binary logistic regression analyses, they concluded that the mean value of the 
APACHE II score, average SOFA score, and its combination can predict the ICU-AW, with an AUC of 0.787, 0.881 and 0.905, 
respectively (sensitivity: 75%, 90% and 90%, respectively; specificity: 80%, 80% and 85%, respectively).9 Another recent 
prospective cohort study conducted by Lei et al developed a nomogram model to predict the ICU-AW based on the analysis of 
116 sepsis patients in the ICU. The model included several serum inflammatory biomarkers, such as C-reactive protein and 
interleukin-6, as well as the muscle thickness (vastus intermedius) and cross-sectional area (rectus femoris) measured by 
ultrasound, with an AUC of 0.966, a sensitivity of 88%, and a specificity of 95.8%.10 All of these previously reported models 
were developed in a single set of ICU patients, without validation groups. Thus, these retrospective studies could lead to 
selection and information bias. Furthermore, ultrasound measurements for muscle thickness and the cross-sectional area are 
not widely available in most clinical settings. Compared to these previous models, the present nomogram prediction model 
carries the advantage of being developed in a prospective study, involving clinically easily accessible variables, being 
validated in a different set of ICU patients, and having a similar prediction accuracy as those in previous models.

The present study has several limitations. As a single-center prospective observational study, the present findings may 
be limited by potential selection bias and reduced generalizability. Furthermore, the relatively small external validation 
cohort requires further multicenter studies with a larger sample size to verify the applicability of the model, and facilitate 
its clinical adoption. In addition, the diagnosis of ICU-AW in the present study was primarily based on the MRC score 
criteria, which are only applicable to patients who are conscious, and able to cooperate with the examination. 
Consequently, there is a possibility that selection bias may have occurred in the inclusion of the study population. For 
ICU-AW in non-responsive, comatose critically ill patients, electrophysiological testing (eg electromyography) and 
muscle ultrasonography may be incorporated as complementary diagnostic modalities to the MRC score. Finally, the 
generalizability of the present prediction model may be limited to the Chinese population, since this was derived and 
validated exclusively using clinical data obtained from patients treated within Chinese healthcare settings. This popula
tion-specific limitation underscores the need for external validation studies in diverse ethnic and healthcare systems 
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before broader international applications can be recommended. Therefore, the validity and reproducibility of the 
prediction model in the present study requires further investigation in future research.

Conclusion
The nomogram model developed in the present study, which incorporated six predictive factors (age, MODS, use of 
NMBAs, duration of mechanical ventilation, duration of sedation, and APACHE II score), demonstrated good discrimi
native ability, calibration, and clinical utility. This can effectively predict the risk of ICU-AW in sepsis patients, providing 
clinicians with a valuable tool for its early identification and intervention. Furthermore, the visual nomogram improved 
the convenience of risk assessment in clinical practice.
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