
O R I G I N A L  R E S E A R C H

Risk Factor Analysis and Nomogram for Early 
Progression of COVID-19 Pneumonia in Older 
Adult Patients in the Omicron Era
Daoda Qi1,*, Yang Chen1,*, Chengyi Peng1, Yuan Wang2, Zihao Liang2, Jingjing Guo1, Yan Gu 1

1Department of Geriatrics, The Second Hospital of Nanjing, Nanjing University of Chinese Medicine, Nanjing, People’s Republic of China; 2Clinical 
Research Center, The Second Hospital of Nanjing, Affiliated to Nanjing University of Chinese Medicine, Nanjing, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Yan Gu; Jingjing Guo, Department of Geriatrics, The Second Hospital of Nanjing, Nanjing University of Chinese Medicine, Nanjing, 
People’s Republic of China, Tel +86 25 83626297, Email guyan703@foxmail.com; guojingjing0017@126.com 

Background and Objective: Timely recognition of risk factors for early progression in older adult patients with COVID-19 is of 
great significance to the following clinical management. This study aims to analyze the risk factors and create a nomogram for early 
progression in older adult patients with COVID-19 in the Omicron era.
Methods: A total of 272 older adults infected with COVID-19 admitted from December 2022 to February 2023 were retrospectively 
recruited. Risk factor selection was determined using the logistic and the least absolute shrinkage and selection operator (LASSO) 
regression. A nomogram was then created to predict early progression, followed by the internal validation and assessment of its 
performance through plotting the receiver operating characteristic (ROC), calibration, and decision curves.
Results: A total of 83 (30.5%) older adult patients presented an early progression on chest CT after 3–5 days of admission under 
standard initiate therapy. Six independent predictive factors were incorporated into the nomogram to predict the early progression, 
including CRP > 10 mg/L, IL-6 > 6.6 pg/mL, LDH > 245 U/L, CD4+ T-lymphocyte count <400/µL, the Activities of Daily Living 
(ADL) score ≤40 points, and the Mini Nutritional Assessment Scale-Short Form (MNA-SF) score ≤7 points. The area under the curve 
(AUC) of the nomogram in discriminating older adult patients who had risk factors in the training and validation cohort was 0.857 
(95% CI 0.798, 0.916) and 0.774 (95% CI 0.667, 0.881), respectively. The calibration and decision curves demonstrated a high 
agreement in the predicted and observed risks, and the acceptable net benefit in predicting the early progression, respectively.
Conclusion: We created a nomogram incorporating highly available laboratory data and the Comprehensive Geriatric Assessment 
(CGA) findings that effectively predict early-stage progression in older adult patients with COVID-19 in the Omicron era.
Keywords: early progression, CGA, nomogram, COVID-19, omicron era

Introduction
Adults infected with COVID-19 typically exhibit clinical symptoms persisting for days or weeks, with an average 
duration of 6.87 days in vaccinated individuals.1 However, older individuals often endure a considerably extended 
COVID-19 course due to their compromised physical condition and underlying health conditions.2 During the pandemic 
caused by Omicron variant, even though the mortality rate of the whole population is low, the mortality in the elderly is 
still high,2 especially in the early days of the epidemic prevention policies changed.

The Comprehensive Geriatric Assessment (CGA) represents a multidimensional tool employed for evaluating overall 
health status, physical functionality, activities of daily living, nutritional well-being, frailty, pain assessment, prevalent 
geriatric conditions, cognitive function assessment, mental health evaluation, and analyzing the social environment. 
Following the assessment, tailored intervention strategies are developed and implemented to safeguard the health and 
functional well-being of older adults, ultimately enhancing their overall functional capacity and quality of life.3
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To date, various predictive models have been developed to anticipate COVID-19 risk factors, with increasing interest 
in the utility of nomograms in clinical practice. Nomograms are notable for their visual approach in computing predictive 
model probabilities, highlighting the significance of selected variables, and their straightforward application. Previous 
studies have created nomograms to predict in-hospital mortality,4 failure of non-invasive respiratory strategies,5 risk of 
the Intensive Care Unit (ICU) admission in COVID-19 patients,6 etc. However, there are currently little data addressing 
the risk factors of early-stage progression. Moreover, there was no study combining the risk factors with CGA status in 
older adult patients. Hence, the objective of this study is to develop a nomogram approach that integrates CGA and 
validation clinical indicators for predicting risk factors associated with early imaging progression among older adult 
individuals infected with the Omicron variant of COVID-19.

Methods
Subjects
A total of 272 adults over the age of 65 years, who were hospitalized at our center with confirmed COVID-19 infections 
during the period from December 2022 to February 2023, were enrolled in this retrospective study (Figure 1).

Inclusion Criteria and Exclusion Criteria
Inclusion criteria: (1) adults over the age of 65 years; (2) COVID-19 diagnosis in accordance with the 10th edition of 
China’s Guidelines for the Diagnosis and Treatment of COVID-19 Infection; (3) underwent chest computed tomography 
(CT) examinations on admission and 3–5 days after treatment; (4) complete clinical data were available; (5) cooperated 
with the experiments.

Exclusion criteria: (1) history of pulmonary nodules, lung cancer, pulmonary tuberculosis, or other severe pulmonary 
diseases; (2) mental illnesses. Informed consent was obtained from all subjects.

Data Collection
Clinical data of eligible subjects were collected as follows: (1) baseline characteristics, including the gender, age, 
COVID-19 vaccination, underlying diseases and malignancies; (2) complete blood counts, including the white blood 
cells (WBC), neutrophils (NEU), lymphocytes (LYM), and neutrophil-to-lymphocyte ratio (NLR); (3) inflammatory 
factors, including the C-reactive protein (CRP), procalcitonin (PCT), and interleukin 6 (IL-6); (4) liver and kidney 
function, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (γ- 

Figure 1 Flow chart of study design.
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GT), albumin (ALB), globulin (GLB), and serum creatinine (Scr); (5) disease severity indicators, including lactate 
dehydrogenase (LDH); (6) immune-related indicators (lymphocyte subset counting), including CD4+ T-lymphocyte count 
(CD4+ T-LYM), CD8+ T-lymphocyte count (CD8+ T-LYM), CD4+ T-lymphocyte count/CD8+ T-lymphocyte count 
(CD4+/ CD8+), B-lymphocyte count (B-LYM), and natural killer cell count (NKC); (7) chest CT imaging data.

Comprehensive Geriatric Assessment
CGA was conducted for all enrolled subjects, encompassing the evaluation of nutritional status, the Activities of Daily 
Living (ADL), and frailty.

Briefly, nutritional status was assessed via grading the Prognostic Nutritional Index (PNI) and the Mini Nutritional 
Assessment Scale-Short Form (MNA-SF) score. PNI was calculated based on the individualized ALB level and LYM 
count as previously reported.7 MNA-SF consisted of six sections: appetite or eating problems, recent weight loss, 
mobility impairment, acute illness/stress, dementia or depression, and body mass index (BMI). An MNA-SF score 
ranging from 0 to 7 points indicated malnutrition.

ADL assessment comprised the evaluation of ten fundamental functional tasks, including feeding, bathing, grooming, 
dressing, bowel and bladder control, toilet use, bed-to-chair-and-back transfers, mobility on level surfaces, and navigat-
ing stairs. ADL scores were categorized as independent (80–100 points), minimally dependent (60–79 points), partially 
dependent (40–59 points), very dependent (20–39 points), and totally dependent (<20 points).8

Frailty assessment utilized the FRAIL scale, which considered dimensions such as fatigue, resistance, ambulation, 
illness, and weight loss. Subjects with scores of 3–5 points were categorized as frail, those with 1–2 points as pre-frail, 
and those with 0 points as healthy.9

Initiate Therapeutic Regimen
Patients received standard treatments as deemed necessary in accordance with the guidelines outlined in the 10th edition 
of China’s Guidelines for the Diagnosis and Treatment of COVID-19 Infection. These treatment modalities encompassed 
a comprehensive approach, including general management, oxygen therapy (respiratory support therapy if SPO2≤93%), 
antiviral therapy (Paxlovid or Molnupiravir), anti-inflammatory factor therapy (Baricitinib or Tocilizumab), antibiotics, 
symptomatic measures, and anticoagulation therapy.

Definition of Early-Stage Imaging Progression on Chest CT
All recruited patients underwent chest CT examinations on admission and 3–5 days after treatment. Early-stage imaging 
progression on chest CT was characterized by the presence of ground glass opacity (GGO), an increased number and/or 
enlarged extent of consolidation shadows, and the absorption of one pulmonary lesion accompanied by the emergence of 
a new lesion or the progressive merging of existing lesions (Supplemental Figure 1A). Conversely, cases where GGO 
decreased, the number of consolidation shadows diminished, and the scope of consolidation either reduced or remained 
similar following treatment were classified as progression-free on chest CT (Supplemental Figure 1B).

Statistical Analysis
Statistical analyses were carried out utilizing SPSS 23.0 and the R package. Measurement data were expressed as mean ± 
standard deviation (X ± SD) and compared by the Student’s t-test between groups. Enumeration data were expressed as 
the percentage and compared by the chi-square test. Risk factors for early-stage progression were identified by the 
univariable and backward stepwise multivariable logistic regression analysis. The odds ratio (OR) and corresponding 
95% confidence interval (CI) were calculated. Using the least absolute shrinkage and selection operator (LASSO) 
regression, selected factors were then incorporated to create a nomogram. The 1000 bootstrap resamples were used to 
conduct the internal validation of the nomogram. The discriminating ability of the nomogram was assessed by plotting 
the receiver operating characteristic (ROC) curves and calculating the area under the curve (AUC) in the training and 
validation cohort (a random allocation in a ratio of 7:3). Calibration and decision curve analysis (DCA) were performed 
to assess the goodness-of-fit and the net benefit of the nomogram. All reported P-values were two sided, and confidence 
intervals referred to 95% boundaries, and a P-value ≤0.05 was considered statistically significant.
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Results
Clinical Data of Older Adult Patients
A total of 272 eligible older adult patients infected with COVID-19 were recruited in the study and subsequently 
categorized into two groups: those with early progression (n = 83) or progression-free (n = 189) after initiating therapy. 
Table 1 presented a comprehensive overview of the clinical characteristics observed. Significantly older age and a higher 
proportion of subjects with malignancies were detected in the progression group than those in the progression-free group 
(both P<0.05). In terms of hematological parameters, the progression group displayed significantly lower WBC, NEU, 
and LYM counts compared to the progression-free group (all P<0.05). Furthermore, inflammatory markers, including 
CRP, PCT, and IL-6, were notably elevated in the progression group as compared to the progression-free group (all 
P<0.05). Additionally, patients in the progression group exhibited significantly higher levels of AST, LDH, and Scr 

Table 1 Clinical Data of 272 Older Adult Patients Infected with Omicron Sub-Variants of 
COVID-19 with Early Progression or Progression-Free on Chest CT

Early Progression  
Group (n=83)

Progression-Free  
Group (n=189)

P

Baseline characteristics

Gender (n, %) 0.769

Male 37 (44.6%) 79 (41.8%)

Female 46 (55.4%) 110 (58.2%)
Age (years) 78.0 (70.0–85.0) 75.0 (68.0–84.0) 0.041
Vaccination (n, %)

0 61 (73.5%) 116 (61.4%) 0.159
1 18 (21.7%) 48 (25.4%)

2 3 (3.61%) 16 (8.47%)

3 1 (1.20%) 9 (4.76%)
Underlying diseases (n, %)

Hypertension 42 (50.6%) 108 (57.1%) 0.386

Chronic heart diseases 8 (9.64%) 16 (8.47%) 0.935
Diabetes 28 (33.7%) 53 (28.0%) 0.423

Malignancies (n, %) 22 (26.5%) 29 (15.3%) 0.045

Complete blood counts

WBC (×109/L) 4.80 (3.40–6.79) 5.64 (4.29–7.49) 0.020
NEU (×109/L) 3.57 (2.22–5.70) 4.21 (2.96–5.63) 0.040
LYM (×109/L) 0.75 (0.55–1.02) 0.80 (0.62–1.27) 0.049
NLR 4.38 (3.05–9.34) 4.64 (2.75–8.58) 0.767

Inflammatory factors

CRP (mg/L) 19.9 (10.0–52.1) 10.0 (10.0–30.5) 0.001
PCT (ng/mL) 0.07 (0.03–0.27) 0.04 (0.02–0.08) <0.001
IL-6 (pg/mL) 22.7 (6.25–64.3) 7.30 (3.70–35.0) <0.001

Liver and kidney function

ALT (U/L) 23.8 (15.3–41.1) 21.1 (13.7–29.6) 0.117

AST (U/L) 31.0 (20.9–43.8) 24.4 (16.4–35.5) 0.001
γ-GT (U/L) 33.0 (22.0–57.5) 27.0 (17.8–54.5) 0.163
LDH (U/L) 289 (216–332) 223 (188–286) <0.001
ALB (g/L) 32.9 (30.5–36.6) 34.3 (31.4–37.5) 0.056
GLB (g/L) 26.9 (5.50) 27.8 (4.77) 0.233

Scr (μmol/L) 81.0 (64.0–100) 72.0 (60.1–91.0) 0.023

(Continued)
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compared to those in the progression-free group, suggesting impaired liver and kidney function in the former (all 
P<0.05). T-cell subset counting data revealed significantly lower CD4+ T-LYM, CD8+ T-LYM, and B-LYM in patients of 
the progression group than those of the progression-free group, suggesting hypoimmunity within them (all P<0.05).

CGA Status of Older Adult Patients
CGA showed significantly lower PNI, MNA-SF, and ADL scores and a higher FRAIL score in patients of the progression 
group than those in the progression-free group, suggesting a less favorable nutritional status, decreased quality of life, 
and increased frailty among patients in the progression group (all P<0.05).

Risk Factors for the Early Progression
To streamline the predictive model and enhance its reproducibility and applicability across diverse healthcare settings, the values 
of the 18 factors above with statistically significant differences were converted into binary variables according to the clinical 
reference limits. To create a simple nomogram involving highly available factors, 272 subjects were randomly allocated into the 
training cohort (n = 191) and validation cohort (n = 81) in a ratio of 7:3. Comparative analysis of clinical data between these two 
cohorts revealed no significant differences, except for the absolute value of neutrophils (Supplemental Table 1).

Logistic regression analysis of the training cohort was performed to identify potential factors for predicting the progression. 
Univariable logistic regression highlighted that a history of malignancies, LYM < 0.8×109/L, CRP > 10 mg/L, PCT > 0.052 ng/ 
mL, IL-6 > 6.6 pg/mL, LDH > 245 U/L, CD4+ T-LYM < 400/µL, B-LYM < 50/µL, PNI > 40, MNA-SF score ≤ 7 points, ADL 
score ≤ 40 points, and FRAIL score ≥3 points were significantly correlated with the early-progression. Subsequently, by 
employing backward stepwise multivariable logistic regression, CRP > 10 mg/L (OR, 4.037; 95% CI 1.818–9.427; P=0.001), 
IL-6 > 6.6 pg/mL (OR, 3.661; 95% CI 1.527–9.444; P=0.005), LDH > 245 U/L (OR, 2.811; 95% CI 1.264–6.484; P=0.013), 
CD4+ T-LYM < 400/µL (OR, 3.002; 95% CI 1.177–8.327; P=0.026), MNA-SF score ≤ 7 points (OR, 3.706; 95% CI 1.487–9.815; 
P=0.006), and ADL score ≤40 points (OR, 3.374; 95% CI 1.381–8.685; P=0.009) were identified as independent risk factors for 
the early progression in older adult patients (Table 2).

Table 1 (Continued). 

Early Progression  
Group (n=83)

Progression-Free  
Group (n=189)

P

T-cell subset counting

CD4+ T-LYM (/µL) 252 (136–346) 327 (179–485) 0.001
CD8+ T-LYM (/µL) 175 (87.0–289) 211 (114–346) 0.041
CD4+/ CD8+ 1.40 (0.98–2.01) 1.47 (0.96–2.39) 0.416

B-LYM (/µL) 68.0 (34.5–138) 96.0 (58.0–159) 0.008
NKC (/µL) 142 (65.5–250) 158 (96.0–292) 0.066

CGA

Nutritional statue

PNI 37.0 (33.9–40.9) 39.1 (35.6–42.9) 0.006
MNA-SF score (points) 7.00 (5.00–8.00) 8.00 (6.00–10.0) <0.001

ADL score (points) 35.0 (25.0–57.5) 75.0 (40.0–95.0) <0.001
FRAIL score (points) 3.00 (3.00–4.00) 3.00 (2.00–3.00) 0.001

Notes: The bold texts were considered the differences of statistically significant (P<0.05). 
Abbreviations: COVID-19, coronavirus disease 2019; CT, computed tomography; WBC, white blood cells; NEU, 
neutrophils; LYM, lymphocytes; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; PCT, procalcitonin; IL-6, 
interleukin-6; ALT, alanine aminotransferase; AST, aspartate aminotransferase; γ-GT, gamma-glutamyltransferase; LDH, 
lactate dehydrogenase; ALB, albumin; GLB, globulin; Scr, serum creatinine; CD4+ T-LYM, CD4+ T-lymphocyte count; 
CD8+ T-LYM, CD8+ T-lymphocyte count; CD4+/CD8+, CD4+ T-lymphocyte count/ CD8+ T-lymphocyte count; B-LYM, 
B-lymphocyte count; NKC, natural killer cell count; CGA, the Comprehensive Geriatric Assessment; PNI, Prognosis 
Nutrition Index; MNA-SF, the Mini Nutritional Assessment Scale-Short Form; ADL, the Activities of Daily Living.
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Factor Selection and Nomogram Creation
Factors incorporated into the nomogram were selected by LASSO regression. Through cross-validation, a set of non-zero 
coefficients was selected from 18 significantly different clinical data identified between the early progression group and 
the progression-free group. The log lambda (λ) associated with CRP, IL-6, LDH, CD4+ T-LYM, ADL score, and MNA- 
SF score were determined to be 0.41, 0.20, 0.29, 0.28, 0.60, and 0.45, respectively (Figure 2). Notably, factors selected 
via LASSO regression were consistent with risk factors identified by multivariable logistic regression, including the high- 
level inflammatory factors (CRP and IL-6) and the index of disease severity (LDH), the hypoimmunity indicator (CD4+ 

T-LYM), and CGA data (ADL and MNA-SF scores). We then created a nomogram to directly predict the early 
progression by calculating the total points of predicted values (Figure 3).

Performance Validation of the Nomogram
ROC curves were constructed to assess the diagnostic utility of the nomogram, with AUC as the performance metric. In 
the training cohort, the AUC for discriminating early progression was 0.857 (95% CI 0.798–0.916), while in the 

Table 2 Univariable and Multivariable Logistic Regression to Identify Risk Factors for Older Adult Patients Infected with 
Omicron Sub-Variants of COVID-19 with Early Progression on Chest CT

Univariate Analysis Multivariate Analysis

β OR [95% CI] P β OR [95% CI] P

History of malignancies 0.788 2.199 [1.020–4.677] 0.041
LYM < 0.8×109/L 0.698 2.010 [1.055–3.917] 0.036

CRP > 10 mg/L 1.179 3.250 [1.695–6.389] <0.001 1.395 4.037 [1.818–9.427] 0.001

PCT > 0.052 ng/mL 0.904 2.468 [1.294–4.822] 0.007
IL-6 > 6.6 pg/mL 1.165 3.207 [1.569–7.024] 0.002 1.298 3.661 [1.527–9.444] 0.005

LDH > 245 U/L 1.311 3.709 [1.909–7.475] <0.001 1.034 2.811 [1.264–6.484] 0.013

CD4+ T-LYM < 400/µL 1.582 4.865 [2.237–11.82] <0.001 1.099 3.002 [1.177–8.327] 0.026
B-LYM < 50/µL 0.992 2.698 [1.346–5.408] 0.005

PNI > 40 0.907 2.477 [1.227–5.303] 0.014

MNA-SF score ≤ 7 points 1.691 5.426 [2.653–11.91] <0.001 1.31 3.706 [1.487–9.815] 0.006
ADL score ≤ 40 points 1.763 5.828 [2.882–12.53] <0.001 1.216 3.374 [1.381–8.685] 0.009

FRAIL score ≥ 3 points 1.406 4.078 [1.872–9.925] 0.001

Abbreviations: COVID-19, coronavirus disease 2019; CT, computed tomography; OR, odds ratio; CI, confidence interval; LYM, lymphocytes; CRP, C-reactive 
protein; PCT, procalcitonin; IL-6, interleukin-6; LDH, lactate dehydrogenase; CD4+ T-LYM, CD4+ T-lymphocyte count; B-LYM, B-lymphocyte count; PNI, Prognosis 
Nutrition Index; MNA-SF, the Mini Nutritional Assessment Scale-Short Form; ADL, the Activities of Daily Living.

Figure 2 Factors selection by LASSO regression. (A) A total of 9 factors with the smallest mean-squared error were initially selected (the dotted line on the left). To 
prevent overfitting and to simply the nomogram, 6 factors with no more than one-standard error were finally adopted (the dotted line on the right). (B) LASSO coefficient 
profiles of 18 factors. A vertical line was depicted at the selected log (λ) and 6 non-zero coefficients were screened.
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validation cohort, it stood at 0.774 (95% CI 0.667–0.881) (Figure 4A and B). After 1000 bootstrap resampling, the AUC 
of the nomogram in the two cohorts was 0.857 (95% CI 0.796–0.911) and 0.775 (95% CI 0.660–0.879), respectively 
(Figure 4C and D).

To further evaluate the model’s performance, calibration curves were generated to assess goodness of fit. The Brier scores for 
the training cohort and validation cohort were calculated as 0.128 and 0.207, respectively. Notably, both cohorts exhibited Brier 
scores below 0.25, indicative of the nomogram’s high predictive accuracy. In addition, the calibration curves of the nomogram and 
bootstrap resampling closely approximated the ideal curve, affirming a strong agreement between predicted probabilities and 
actual outcomes in both the training and validation cohorts (Figure 5). Finally, DCA was performed, and an acceptable net benefit 
was obtained at a threshold probability of 0.04 or above (Figure 6).

Discussion
In contrast to prior prediction models, our study introduced a novel nomogram that integrates readily accessible 
laboratory data and CGA outcomes. This nomogram effectively predicted the early imaging progression in elderly 
individuals infected with COVID-19 during the Omicron era.

According to the 10th edition of China’s Guidelines for the Diagnosis and Treatment of COVID-19 Infection, chest 
CT plays a pivotal role in clinical classification, early identification of severe/critical cases, and inpatient discharge 
criteria for COVID-19. Chest CT imaging, which is consistent with clinical findings, can reflect the severity of COVID- 
19 patients.10 Therefore, early detection of rapid chest CT imaging progression in older adult COVID-19 patients serves 
as an early warning sign for disease exacerbation, enabling timely interventions and appropriate treatments.

Aging contributes to the heightened severity and mortality observed in older adult COVID-19 patients.11 Cellular 
senescence and chronic inflammation are hallmark features of aging, while immune senescence is one of the important 
phenotypes of cell senescence.12 Emerging evidence suggested that changes in CD4+ T-LYM can drive chronic 
inflammation and accelerate the aging phenotype, rendering individuals more susceptible to infections and less respon-
sive to vaccinations.13 On the other hand, considering COVID-19 as an acute inflammatory process, severely infected 
patients may experience the impact of inflammation storms, leading to inevitable trends such as fever, decreased appetite, 
and weight loss. In our study, immune indicators (CD4+ T-LYM) and inflammatory markers (CRP and IL-6) emerged as 

Figure 3 The nomogram to predict the risk for the early progression in older adult patients infected with Omicron sub-variants of COVID-19. 
Abbreviations: CRP, C-reactive protein; IL-6, interleukin-6; LDH, lactate dehydrogenase; CD4+ T-LYM, CD4+ T-lymphocyte count; MNA-SF, the Mini Nutritional 
Assessment Scale-Short Form; ADL, the Activities of Daily Living.
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Figure 5 Calibration curves of the nomogram to predict older adult patients of early-stage imaging progression in the training cohort (A), and validation cohort (B). The 
ideal line (dotted line), apparent line (blue line), and bias-corrected line (red line) represented the ideal reference line, model calibration curve, and 500 bootstrap 
resampling, respectively.

Figure 4 ROC curves of the nomogram to discriminate older adult patients of early-stage imaging progression in the training cohort (A), and validation cohort (B). After 
1000 bootstrap resampling, ROC curves with the confidence interval of the Area Under Curve (AUC, blue shadow) in the training cohort (C), and validation cohort (D).
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independent predictors of early progression among older adult COVID-19 patients. This association may be attributed to 
immune deficiencies and chronic inflammation, as described above.

Studies have consistently linked elevated levels of LDH with adverse outcomes in COVID-19 patients, with increased 
LDH levels showing a 6-fold increased chance of severe disease and a 16-fold increased mortality.14 LDH has been 
established as a reliable and specific biomarker for gauging disease progression in COVID-19 pneumonia,14 meanwhile, 
no individual LDH isoenzyme had better predictive utility than total LDH for discriminating COVID-19 severity.15 

Similarly, elevated LDH levels emerged as an independent risk factor in our study.
Alongside the above laboratory indexes, we incorporated CGA into our nomogram to predict early-stage imaging 

progression in older adults infected with Omicron sub-variants of COVID-19 for the first time. CGA is 
a multidisciplinary approach to assess the physical health, functional status, mental health, and social adaptation of 
older adults, which offers vital information to formulate individualized protocols to enhance the health and ability of life. 
Previous studies have applied CGA during the COVID-19 pandemic in foreign countries,16,17 however, without 
combining with other clinical impact factors. To some extent, a lower CGA status exacerbates the impact of immuno-
senescence and chronic inflammation in older adult COVID-19 patients. In the present study, all recruited subjects were 
subjected to CGA, involving the assessment of nutritional status, ADL, and frailty. Significantly lower PNI, MNA-SF 
and ADL scores, and a significantly higher FRAIL score were detected in the early-stage imaging progression group, 
suggesting a poor nutritional status, decreased functional ability, and increased frailty.

Notably, our results highlight the substantial prognostic value of ADL and MNA-SF within CGA in predicting 
COVID-19 outcomes. Okoye et al assessed determinants of cause-specific mortality and loss of independence in daily 
life activities post-hospitalization due to COVID-19, establishing a correlation between specific mortality rates after 
discharge and at least one ADL functional impairment.18 Cangiano et al,19 supported by Covino et al,20 identified low 
ADL scores as a risk factor for COVID-19 mortality. On the other hand, malnutrition is prevalent among the elderly 
population, with research indicating malnutrition rates ranging from 35% to 65% among hospitalized older adult 
patients.21 Studies have shown that COVID-19 patients at nutritional risk, as assessed by NRS2002, MNA-SF, and 

Figure 6 Decision curve analysis for the nomogram.
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NRI, experienced significantly worse clinical outcomes compared to their well-nourished counterparts.22 Similarly, an 
investigation of older adult COVID-19 patients admitted to hospitals in Kuala Lumpur demonstrated a correlation 
between poor nutritional status and various adverse outcomes.23 Additionally, an investigation revealed a significant 
association between ADL scores ≤40 points and malnutrition risk in COVID-19 patients.24 These findings align with our 
results and underscore the reliability of CGA in predicting recovery outcomes in elderly individuals affected by 
COVID-19.

Limitation
We acknowledge certain limitations, including the exclusion of severely ill COVID-19 patients and the relatively small 
sample size, which may impact the robustness of our nomogram.

Conclusion
In keeping with the evolving landscape of the COVID-19 pandemic, research focusing on Omicron variants is 
imperative. Our study introduces, for the first time, a nomogram that combines clinical and CGA data to predict early- 
stage imaging progression in older adult patients infected with Omicron sub-variants of COVID-19. This convenient 
prediction model, incorporating highly accessible factors, aligns with the specific challenges posed by the Omicron era 
and facilitates the early identification of risk factors, enabling swift intervention.

Ethical Approval
This study was approved by the Medical Ethics Committee of Nanjing Second Hospital (No. 2023-LS-ky-020) and 
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