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Background: Long-term bedridden elderly individuals face a high risk of community-acquired pneumonia (CAP) amid China’s aging
population, yet the specific mortality impact remains insufficiently studied.

Objective: To compare the clinical characteristics and in-hospital mortality between long-term bedridden and ambulatory elderly
patients with CAP, and to identify risk factors for mortality.

Methods: This retrospective study included 453 patients aged >75 years hospitalized with CAP from March 2016 to March 2019,
divided into a bedridden group (n = 162) and a non-bedridden group (n = 291). Data on demographics, comorbidities, frailty (modified
Frailty Index-5, mFI-5), functional status (Barthel Index), and laboratory parameters (eg, hs-CRP) were collected. Logistic regression
analysis was used to identify predictors of in-hospital mortality.

Results: The bedridden group had a significantly higher mortality rate (27.16% vs 2.06%, P < 0.001) and elevated hs-CRP levels
(40.2 + 44.0 mg/L vs 19.9 + 20.3 mg/L). Multivariate analysis identified bedridden status (OR = 11.99, 95% CI: 4.31-33.40),
respiratory failure (OR = 6.80, 95% CI: 3.03—15.28), and renal dysfunction (elevated serum creatinine; OR = 1.01, 95% CI: 1.00-1.02)
as independent risk factors for mortality.

Conclusion: Long-term bedridden status is an independent predictor of in-hospital mortality in elderly CAP patients with inflam-
matory response potentially playing a critical role.
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Introduction

China’s accelerated demographic aging has led to a surge in the geriatric population, exacerbating healthcare challenges
in an aging society. Age-related declines in physical function increase the prevalence of multiple comorbidities, frailty,
and geriatric syndromes among older adults. Currently, approximately 40 million disabled and semi-disabled older adults
exist in China, with mobility limitations rising sharply with age—from 5% in the 60—69 group to over 60% in
centenarians.' During the aging process, the body is often in a state of persistent low-grade inflammation, which is
now recognized as a key mechanism underlying aging and functional decline. Furthermore, hs-CRP accelerates the aging
process by driving chronic inflammation, which induces alterations in DNA methylation, exacerbates genomic instability,
and promotes cellular senescence.” Long-term bedridden status, often resulting from falls, strokes, or other debilitating
conditions, amplifies these issues, causing muscle atrophy, malnutrition, and impaired immunity. Notably, bedridden
patients exhibit heightened systemic inflammation, as measured by elevated high-sensitivity C-reactive protein (hs-CRP),
a key biomarker of innate immune activation and inflammaging.® This hyperinflammatory state predisposes them to
aspiration pneumonia and severe outcomes from infections like community-acquired pneumonia (CAP). Recent studies

confirm that bedridden status significantly increases short-term mortality,* underscoring the need to explore its impact
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on CAP prognosis. This study aims to compare clinical outcomes between bedridden and ambulatory elderly CAP
patients, focusing on hs-CRP as an indicator of inflammatory dysregulation to identify mortality risk factors and guide
clinical interventions.

Materials and Methods

This retrospective study included older patients (>75 years old) admitted to the Department of Geriatrics of Peking
University Third Hospital due to community-acquired pneumonia (CAP) from March 2016 to March 2019. Patients were
divided into two groups based on their functional status at admission: long-term bedridden group and non-bedridden
group. General data for all enrolled patients were collected through the hospital medical record system, including
demographic data, comorbid diseases, functional status, and relevant laboratory test results.

Inclusion Criteria
CAP Diagnosis Confirmation: The diagnosis of CAP was primarily based on clinical and radiographic criteria as per the
IDSA/ATS guidelines,® including the presence of acute respiratory symptoms (eg, cough, fever, sputum production)
along with new infiltrates on chest imaging. Microbiological identification of pathogens was not routinely performed for
all patients as this was a retrospective study based on clinical practice data. Therefore, the analysis of specific viral or
bacterial contributors to mortality was not feasible within the scope of this study.

Long-term bedridden status defined as: Inability to walk or stand upright for >1 month; All ADL performed
exclusively in bed; Dependence on caregiver assistance for self-care.

Exclusion Criteria

Non-CAP diagnoses or severe CAP requiring ventilator support; Malignant tumors with life expectancy <1 year; Acute
myocardial infarction, cerebrovascular accident, or other acute infectious diseases; Refusal of informed consent by
patients or legal representatives.

Functional Status Assessment

The Barthel Index was used to assess the self-care ability of patients at admission. A score of <60 indicated that the
patient was not fully self-reliant in daily activities. Additionally, the modified Frailty Index-5 (mFI-5)” was used to
evaluate the frailty status of patients. The mFI-5 score includes five components: diabetes, hypertension requiring
treatment, chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF), and non-independent func-
tional state (Barthel score <60). Each component is scored as 1 point, with a total score >2 indicating frailty.

Comorbidity Assessment

The comorbidity status of patients was evaluated using the age-corrected Charlson Comorbidity Index (ACCI).® This
index combines an age-equivalent score with the Charlson Comorbidity Index, with each decade of age over 40 years
adding 1 point to the cumulative score. The ACCI includes 19 diseases, each assigned a specific point value based on its
impact on mortality. A total score >5 indicates multiple comorbidities.

Laboratory Tests

Laboratory tests performed at admission included complete blood count, hemoglobin levels, serum albumin, serum
creatinine, total cholesterol, and high-sensitivity C-reactive protein (hs-CRP) measured via immunoturbidimetric assay.
These tests were used to assess the overall health status, systemic inflammation, and potential complications in patients.

Statistical Methods

Data analysis was performed using SPSS 23.0 software (SPSS, Chicago, IL, USA). Normally distributed continuous data
were expressed as mean + standard deviation (SD), and comparisons between groups were conducted using independent
sample #-tests. Categorical data were expressed as counts and percentages, and comparisons were made using chi-square
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tests. Logistic regression analysis was used to identify the main factors influencing mortality during hospitalization.
A p-value of <0.05 was considered statistically significant.

Ethics

This study was approved by the Ethics Committee for Medical Science Research of Peking University Third Hospital
(Ethics Number: 2024—-370-2) and complies with the Declaration of Helsinki.All data were anonymized to protect patient
privacy, and informed consent was obtained from all participants or their legal representatives.

Results

A total of 453 older patients (=75 years old) admitted to the Department of Geriatrics of Peking University Third
Hospital due to CAP from March 2016 to March 2019 were included in this study. The study included 453 patients (mean
age 84.03 + 8.18 years; 62.47% male), comprising 162 in the long-term bedridden group and 291 in the non-bedridden
group (Table 1).

Comparing the long-term bedridden group with the non-bedridden group, the results showed that there were
statistically significant differences between the two groups in gender, age, Barthel index, mFI-5 score, and ACCI
score (P < 0.05). In terms of comorbid diseases, not only was the ACCI higher in the long-term bedridden group, but
there were also its own characteristics in comorbid diseases. The prevalences of atrial fibrillation, cognitive impairment,
heart failure, and lower limb deep vein thrombosis had statistically significant differences (P<0.05). While the

Table | Baseline Characteristics of the Study

Population
Characteristics Value
Age (years) 84.03+8.18
Gender (M%) 283 (62.47%)
Barthel Index 46.61+35.35
mFI-5 Score 2.05+1.05
Hypertension (%) 324 (71.52%)
ASCVD (%) 145 (32.01%)
AF (%) 111 (24.50%)
Heart Failure (%) 129 (28.48%)
Chronic cerebral infarction (%) 69(15.23%)
Dementia (%) 92 (20.31%)
DVT (%) 70 (15.45%)
Respiratory Failure (%) 93 (20.53%)
WBC (x10°) 7.99%3.67
HGB (g/L) 114.63£21.27
Albumin (g/L) 33.66+4.99
TC (mmol/L) 3.65%1.02
Creatinine (umol/L) 106.58+81.03
Uric Acid (mmol/L) 310.61+140.33
BNP (pg/mL) 2735.08+5431.06
Hs-CRP (mg/L) 27.13+32.37

Notes: Summarizes Baseline Characteristics of 453 Elderly
Patients with Community-Acquired Pneumonia, Including Age,
Gender, Functional Status (Barthel Index), Frailty Scores (mFI-5),
and Comorbidities Such as Hypertension and Atrial Fibrillation
Abbreviations: mFI-5, modified Frailty Index-5; ASCVD,
Atherosclerotic Cardiovascular Disease; AF, Atrial Fibrillation;
DVT, Deep Vein Thrombosis; WBC, White Blood Cell Count;
HGB, Hemoglobin; TC, Total Cholesterol; BNP, Brain
Natriuretic Peptide.
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Table 2 Comparative Analysis of Clinical Parameters Between Bedridden and Non-Bedridden
Older CAP Patients

Characteristics Non-Bedridden Group | Long-Term Bedridden Group P

Age (years) 82.24+8.35 87.25+6.78 <0.001
Gender (M%) 194, 66.67% 89, 54.94% 0.013
Barthel Index 67.06+24.16 9.88+18.54 <0.001
mFI-5 Score 1.84+1.05 2.44+0.95 <0.001
Hypertension (%) 210, 72.16% 114, 70.37% 0.685
ASCVD (%) 97, 33.33% 48, 29.63% 0.699
AF (%) 59, 20.27% 52, 32.10% 0.005
Heart failure (%) 30, 10.31% 46, 28.40% <0.001
Cognitive impairment, (%) 28, 9.62% 64, 39.51% <0.001
DVT (%) 33, 11.34% 37, 22.84% <0.001
WBC (x10%) 7.56%3.51 8.79+3.82 <0.001
HGB (g/L) 117.72420.17 108.88+22.13 <0.001
Albumin (g/L) 34.70+4.80 31.73+4.79 <0.001
TC (mmol/L) 3.75+1.02 3.47£1.01 0.007
Creatinine (umol/L) 101.57+54.49 115.57+113.83 0.078
Uric Acid (mmol/L) 309.27+123.17 313.13+168.35 0.785
BNP (pg/mL) 2064.51+4356.94 3864.03+6736.89 <0.001
Hs-CRP (mg/L) 19.9 +20.3 40.2 + 44.0 <0.001

Notes: Compares Demographic, Clinical, and Laboratory Parameters Between Long-Term Bedridden and Non-
Bedridden Elderly CAP Patients, Highlighting Significant Differences (p < 0.05) in Age, Frailty, and Comorbidities Like
Atrial Fibrillation and Heart Failure.

Abbreviations: mFl-5, modified Frailty Index-5; ASCVD, Atherosclerotic Cardiovascular Disease; AF, Atrial Fibrillation;
DVT, Deep Vein Thrombosis; WBC, White Blood Cell Count; HGB, Hemoglobin; TC, Total Cholesterol; BNP, Brain
Natriuretic Peptide.

prevalences of atherosclerotic cardiovascular disease (ASCVD), hypertension, and diabetes had no statistically signifi-
cant differences (P>0.05). In addition, the laboratory objective test results at admission showed that there were
statistically significant differences in white blood cell count, hemoglobin level, total albumin level, and total cholesterol
level (P<0.05). Marked differences in inflammatory biomarkers were observed. Bedridden patients presented with
significantly higher levels of high-sensitivity C-reactive protein (Hs-CRP) (40.2 + 44.0 mg/L vs 19.9 = 20.3 mg/L,
p < 0.001) compared to the non-bedridden group, indicating a more severe systemic inflammatory response and a higher
likelihood of bacterial infection or sepsis (Table 2).

Regarding the impact on the mortality rate during hospitalization, a total of 50 patients died for various reasons
(11.04%), among which 44 patients died in the bedridden group (27.16%) and 6 patients died in the non-bedridden group
(2.06%). The analysis of the causes of death showed that 40 patients died due to aggravated infection, resulting in septic
shock and respiratory failure, 4 patients died due to aggravated heart failure, and 6 patients died due to acute myocardial
infarction and sudden cardiac death during hospitalization.

Taking the death in hospital event during hospitalization as the observation endpoint for Logistic regression analysis,
the results showed that age (OR=1.088, 95% CI =1.017-1.164), admission with respiratory failure (OR=6.799, 95%
CI=3.026-15.275), Chronic renal failure (OR=1.009, 95% CI = 1.003-1.015), frailty assessment by mFI-5 score
(OR=4.122, 95% CI=1.512-11.238), ACCI score (OR=1.567, 95% CI=0.905-2.654), and long-term bedridden status
(OR=11.99, 95% CI=4.305-33.396) were the main influencing factors (Table 3).

Discussion

Our study provides a systematic analysis of clinical characteristics and outcomes in elderly CAP patients who are long-
term bedridden. We established bedridden status as a core independent risk factor for adverse CAP-related outcomes. The
results demonstrate that long-term bedridden status, defined as the inability to perform basic physiological needs
including eating and excretion outside the bed for more than one month, serves as a robust predictor of in-hospital
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Table 3 Logistic Regression Analysis of Factors Influencing in-
Hospital Mortality

Characteristics OR (95% CI) P-value
Long-term bedridden status 11.99 (4.305-33.396) 0.001
Respiratory Failure 6.799 (3.026-15.275) | 0.001
Frailty (mFI-5 score) 4.122 (1.512-11.238) | 0.003
Comorbidity (ACCI) 1.567 (0.925-2.654) 0.024
Age 1.088 (1.017-1.164) 0.031
Chronic renal failure (Ccr<30) | 1.009 (1.003-1.015) 0.097

Notes: Presents Logistic Regression Results Identifying Independent Predictors
of 30-Day in-Hospital Mortality in Elderly CAP Patients, Including Bedridden
Status (OR=11.99, p < 0.001), Respiratory Failure, and Frailty (mFI-5)
Abbreviations: ACCI, Age-corrected Charlson Comorbidity Index; Ccr, crea-
tinine clearance rate (mL/min).

mortality (OR = 11.99, 95% CI: 4.305-33.396). This association is closely linked to a marked inflammatory activation
state, evidenced by significantly elevated levels of high-sensitivity C-reactive protein (hs-CRP) (40.2 + 44.0 mg/L vs
19.9 £ 20.3 mg/L, p < 0.001).

Multivariate analysis further identified respiratory failure (OR = 6.80, 95% CI: 3.03—15.28) and renal insufficiency,
reflected by elevated serum creatinine (OR = 1.01, 95% CI: 1.00-1.02), as critical synergistic predictors. These findings
indicate that inflammatory response, respiratory dysfunction, and renal impairment collectively contribute to
a multifactorial pathophysiological network that exacerbates mortality risk. Notably, bedridden patients exhibited higher
frailty scores, as measured by the mFI-5 index, and greater comorbidity burdens, evaluated through ACCI scores,
aligning with the “bedridden-disability-elevated mortality” cascade reported by Scarborough et al.’

From a mechanistic perspective, long-term bedridden status aggravates chronic inflammation and organ dysfunction
through multiple pathways. Firstly, severely constrained activity space diminishes airway secretion clearance and
increases aspiration risk, thereby promoting infection progression. Secondly, bedridden status alters plasma protein
profiles, characterized by upregulation of pro-inflammatory mediators, including IL-2, IL-7, and IL-12p70—which are
involved in acute T-cell activation and pro-inflammatory responses—and downregulation of anti-inflammatory factors
such as IL-9, PDGF-b, and IL-1Ra.'® This leads to immune dysregulation, persistent inflammation, and neurological
dysfunction."' This process strongly resonates with the “inflammaging” concept proposed by Baechle et al,®> wherein
chronic low-grade inflammation constitutes a hallmark of aging, and bedridden status acts as a potent accelerator.

Furthermore, renal insufficiency was found to impair drug clearance capacity, intensifying inflammation and multi-
organ failure, consistent with the “inflammatory bridge” hypothesis articulated by Singh et al®> which emphasizes
inflammation as a pivotal biological link between aging and disease. Domestic data further validate these mechanisms
in the Chinese context: analyses based on the China Health and Retirement Longitudinal Study (CHARLS) database
revealed higher prevalences of atrial fibrillation, heart failure, and dementia among bedridden patients in China;'?
multicenter studies also confirmed an elevated incidence of hospital-acquired pneumonia (HAP) in this population,
with HAP mortality (16.56%) significantly correlated with comorbidity counts and ACCI scores,'*'*
bedridden status amplifies mortality risk through diverse infectious pathways.

underscoring that

The clinical implications of these findings are substantial: hs-CRP emerges as a practical and sensitive biomarker for
early detection of high-risk individuals; for long-term bedridden elderly CAP patients, comprehensive monitoring—
encompassing respiratory, renal, and inflammatory parameters—is warranted, coupled with aggressive interventions such
as early antimicrobial therapy and inflammation modulation. Future investigations should explore targeted approaches
against specific inflammatory pathways, for instance, cytokine manipulation or immune rebalancing, to enhance prog-
nostic outcomes. Additionally, domestic datasets provide a critical foundation for developing risk stratification and

precision management strategies tailored to the aging population in China.
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Furthermore, our findings are consistent with and extend previous research in this area. Longitudinal data from China
has confirmed that bedridden status is a powerful predictor of mortality." Similarly, the association between severely
restricted life-space mobility (a conceptual cousin to bedridden status) and increased all-cause mortality has been
previously established in older cohorts.'> Importantly, the risk factors we identified, such as high comorbidity burden,
align with those reported in studies of hospital-acquired pneumonia (HAP) among bedridden patients, underscoring
a common pathophysiological pathway toward adverse outcomes regardless of pneumonia acquisition setting.'*

Limitations

This study has several limitations. First, while the definition of “long-term bedridden” was based on established
functional assessments, the lack of a universally accepted standard may affect the generalizability of our findings.
Second, although CAP diagnosis adhered to international guidelines and incorporated hs-CRP to gauge inflammatory
response, the absence of pathogen identification and detailed severity stratification might overlook inherent heterogeneity
within the patient cohort. Future prospective studies incorporating comprehensive pathogen surveillance are warranted to
elucidate the potential interactions between specific infectious agents and the bedridden-induced inflammatory state on
mortality outcomes. Third, as a single-center retrospective analysis that focused on in-hospital mortality, our results may
not be fully generalizable and likely underestimate the long-term impact of bedridden status. Future prospective, multi-
center studies with extended follow-up are warranted to validate our conclusions and explore the long-term outcomes.

Conclusion

Long-term bedridden status, a comprehensive marker of functional dependency, was identified as a strong and indepen-
dent predictor of in-hospital mortality (OR=11.99) in elderly patients with CAP. Frailty (mFI-5) and multimorbidity
burden (ACCI) also significantly contributed to poor prognosis. Clinically, these findings underscore the imperative for
vigilant monitoring of systemic inflammation (eg, via hs-CRP) and multi-organ function in bedridden patients, prompting
early interventions such as antimicrobial therapy and nutritional support. Future research should prioritize elucidating the
underlying inflammatory pathways to facilitate the development of targeted therapeutic strategies.

Data Sharing Statement
The data used in this study are stored at Peking University Third Hospital and are not publicly available due to ethical
restrictions and patient confidentiality.

Disclosure
The authors declare no conflicts of interest.
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