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Impact of nutrition and physical 
activity on outcomes 
of hospital‑acquired pneumonia
Jin Ho Jang1, Taehwa Kim1, Hye Ju Yeo1,2,17*, Woo Hyun Cho1,2,17*, Kyung Hoon Min3, 
Jee Youn Oh3, Sang‑Bum Hong4, Ae‑Rin Baek5, Hyun‑Kyung Lee6, Changhwan Kim7, 
Youjin Chang8, Hye Kyeong Park9, Heung Bum Lee10, Soohyun Bae11, Jae Young Moon12, 
Kwang Ha Yoo13, Hyun‑Il Gil14, Beomsu Shin15, Kyeongman Jeon16 & the Korean HAP/VAP 
Study Group*

Frailty is an important risk factor for adverse health‑related outcomes. It is classified into several 
phenotypes according to nutritional state and physical activity. In this context, we investigated 
whether frailty phenotypes were related to clinical outcome of hospital‑acquired pneumonia (HAP). 
During the study period, a total of 526 patients were screened for HAP and 480 of whom were 
analyzed. The patients were divided into four groups according to physical inactivity and malnutrition: 
nutritional frailty (Geriatric Nutritional Risk Index [GNRI] < 82 and Clinical Frailty Scale [CFS] ≥ 4), 
malnutrition (GNRI < 82 and CFS < 4), physical frailty (GNRI ≥ 82 and CFS ≥ 4), and normal (GNRI ≥ 82 
and CFS < 4). Among the phenotypes, physical frailty without malnutrition was the most common 
(39.4%), followed by nutritional frailty (30.2%), normal (20.6%), and malnutrition (9.8%). There was a 
significant difference in hospital survival and home discharge among the four phenotypes (p = 0.009), 
and the nutritional frailty group had the poorest in‑hospital survival and home discharge (64.8% and 
34.6%, respectively). In conclusion, there were differences in clinical outcomes according to the four 
phenotypes of HAP. Assessment of frailty phenotypes during hospitalization may improve outcomes 
through adequate nutrition and rehabilitation treatment of patients with HAP.
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Frailty is an important risk factor for adverse health-related outcomes including falls, hospitalization, dementia, 
and mortality. It is characterized by increased vulnerability to poor resolution of homeostasis after a stressor 
and is associated with increased severity and mortality in infectious  diseases1–3. This condition affects multi-
ple domains of human functioning and has a multidimensional nature based on different pathophysiological 
mechanisms. There are several phenotypes, such as nutritional frailty, sarcopenia, and physical frailty, accord-
ing to nutritional state and physical  activity4. Both low physical activity and malnutrition play a significant role 
in the onset and progression of frailty  syndrome5. They share several risk factors in common, and each factor 
promotes a vicious cycle by causing weight loss, sarcopenia, and decreased energy expenditure in the frailty 
 cycle6,7. Therefore, it is fundamental to identify reversible factors according to the phenotypes to maximize the 
effect of treatment in frailty.

In a previous studies, we found that each factors including nutritional status, sarcopenia and physical activity 
was significantly associated with clinical outcomes in various respiratory  diseases8–12. However, there has been 
a limitation in that it is not a multidimensional measure. Recently, several studies have shown an association 
between frailty and mortality in coronavirus  disease13–18. However, there is a lack of studies considering com-
bined nutritional states.

Hospital-acquired pneumonia (HAP) is one of the most common and morbid hospital-acquired  infections19. 
The incidence of HAP is high in patients who are older (elderly patients) or who have comorbidities, longer hos-
pitalization, immune compromise, and high aspiration risk of oropharyngeal  material20. Therefore, malnutrition 
and physical inactivity are critical for the development of HAP and the associated outcomes. However, no study 
has conducted a detailed assessment of frailty phenotypes according to nutritional status and physical activity, 
and its prognostic significance in HAP. Therefore, we evaluated that each frailty phenotypes, in accordance with 
physical inactivity or nutritional status, may impact on clinical outcome in HAP.

Methods
Study design and population. This study was conducted in the Korean HAP/ventilator-associated pneu-
monia (VAP) study group. A multicenter retrospective cohort study was conducted at 13 tertiary or univer-
sity-affiliated hospitals in Korea from July 1, 2019 to December 31,  201921. Regular audits were conducted by 
an employee of the principal institution (Samsung Medical Center) to verify the quality of the reported data. 
This study was approved by the institutional review board of each participating hospital, including the Pusan 
National University Yangsan Hospital Review Board (approval no. 05–2020-067, see Appendix, Supplemental 
Digital Content S1, which). The need for informed consent from the patients was waived because of the ret-
rospective observational study design (see Appendix, Supplemental Digital Content S2, which). All methods 
were carried out in accordance with relevant guidelines and regulations. Adult patients aged ≥ 19 years who had 
a hospitalization period of 3 days or more and those with a pneumonia-related code as per the International 
Classification of Diseases, 10th revision, (J13-J18, J85) at discharge were screened for eligibility. Patients who 
developed pneumonia within 48 h after referral from other hospitals or those who received antibiotics for more 
than 72 h from other hospitals were excluded from this study. HAP was defined according to the 2016 American 
Thoracic Society / Infectious Disease Society of America  guidelines22.

Data collection. Information of the following clinical variables was collected from the case report form: 
(1) demographic characteristics, including age, sex, body mass index (BMI), Geriatric Nutritional Risk Index 
(GNRI), Clinical Frailty Scale (CFS), Charlson Comorbidity Index (CCI), and comorbidities; (2) clinical out-
comes, including clinical response to HAP, hospital mortality, readmission to the intensive care unit (ICU), and 
discharge destination.

Assessment of physical inactivity and malnutrition. We used CFS as an assessment tool to assess 
the physical inactivity of patients. The CFS was developed from the Canadian Study of Health and Aging and 
has been widely used to predict the outcomes of older people hospitalized with acute  illness23. The CFS is a 
scale from 1 (very fit) to 9 (terminally ill) and evaluates specific domains including comorbidity, function, and 
 cognition24. Physical inactivity was defined as a score greater than CFS 4 because level 4 indicated living with 
limitation of  activities25. The GNRI was calculated as (1.519 × serum albumin [g/dL] + 41.7 × present weight [kg]/
ideal body weight [IBW, kg])26. IBW was calculated according to the Lorentz formula, calibrated for the patient’s 
height and sex. Malnutrition was defined as a GNRI of <  8227.

Definition. Sepsis and septic shock were defined by clinical criteria according to the Third International 
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3)28. Immunocompromised patients were defined as 
those with CD4 + counts below 200 cells/mm3 in human immunodeficiency virus infection, those with neutro-
phil counts < 1000 cells/mm3, or those taking immunosuppressants after organ transplantation. History of using 
high-dose or long-term steroids was over 20 mg/day of prednisone or its equivalent for at least 2 weeks.

Clinical responses were classified following baseline comparison of symptoms and signs. Clinical cure defined 
as the improvement of all signs and symptoms associated with pneumonia (e.g. fever, purulent sputum, leuko-
cytosis, and oxygenation)22, clinical failure was defined as persistence or worsening of signs, symptoms, or both, 
associated with pneumonia, or occurring within 3 days after the termination of treatment. Clinical recurrence 
was defined as occurrence of a new event of pneumonia 72 h after antibiotic discontinuation.

Statistical analysis. All statistical analyses were performed using MedCalc, version 11.3.6.0 (MedCalc 
Software, Mariakerke, Belgium), and SPSS, version 26 (IBM Corp., Armonk, NY, USA). Categorical variables are 
expressed as numbers with percentages, and continuous variables are expressed as means with standard devia-
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tions. One-way analysis of variance or Kruskal–Wallis test was used to compare continuous variables, as appro-
priate. Categorical variables were compared using the χ2 test or Fisher’s exact test, as appropriate. Cox regression 
analysis was performed to identify predictors of hospital mortality and failure of home discharge. We confirmed 
that all data satisfies the proportional hazard assumption for cox regression analysis using Scheonfeld residuals. 
The follow-up period for each Cox regression analysis is defined as from admission to discharge of hospital. We 
selected independent variables based on clinical significance, and the number of events per dependent variable 
(hospital mortality or failure of home discharge). After univariate analyses, significant (p < 0.05) values were 
entered into stepwise backward multivariate Cox regression analyses. In the multivariate Cox analysis for hospi-
tal mortality, connective tissue disease, immunocompromised state, hematologic malignancies, solid malignant 
tumors, physical inactivity, SOFA score, sepsis and septic shock were included. In the multivariate Cox analysis 
for fail to home discharge, solid malignant tumors, physical inactivity, and malnutrition were included. Survival 
curves and rates were determined by Kaplan–Meier analyses, and group differences in survival were compared 
using the Breslow test.

Results
Baseline characteristics of patients according to frailty phenotypes. During the study period, a 
total of 206,372 patients were hospitalized and 526 of whom were screened for HAP/VAP (2.54/1000 patients). 
Among them, 480 were analyzed, with the exception of 39 patients who did not undergo measurement of serum 
albumin and 7 patients who did not have height or weight measurements at the time of admission (Fig. 1A). The 
included patients were divided into four groups according to physical inactivity and malnutrition (nutritional 
frailty, physical frailty, malnutrition, and normal group, Fig. 1B). The physical frailty group without malnutri-
tion was the most common (39.4%), followed by nutritional frailty (30.2%), normal (20.6%), and malnutrition 
(9.8%).

Table 1 shows the baseline characteristics of patients across frailty phenotypes. There was no significant 
difference in age among the four groups. There was no significant difference in age groups, such as the elderly 
and very elderly, among the four groups. Mean BMI was significantly lower in the nutritional frailty group than 
in the other three groups (p < 0.001), and malnutrition, physical frailty, and normal were lower in that order 
(p < 0.001). In addition, the mean CCI of the nutritional frailty and physical frailty groups was significantly higher 
than that of the normal group (nutritional frailty vs. normal, p < 0.001; physical frailty vs. normal, p < 0.001). 
Chronic neurological disease was common in the nutritional frailty and physical frailty groups (34.5% and 
32.8%, respectively; p = 0.001). However, comorbidities such as immunocompromised state and solid malignant 
tumor were most common in the malnutrition group (immunocompromised, p = 0.022; solid malignant tumor, 
p = 0.019). Sepsis was more frequent in the nutritional frailty, physical frailty, and malnutrition groups than in 
the normal group (p = 0.007).

Clinical outcomes according to frailty phenotypes. Clinical outcomes are shown in Table  2. The 
clinical cure rate was higher in the normal group than in the other groups (p = 0.006). There were no significant 
differences in the length of hospital stay, ICU readmission, and step-down or step-up referral. Hospital survival 
showed a significant difference among the four groups, and the survival rate of the nutritional frailty group was 
the lowest (64.8%, p = 0.009). In addition, home discharge had a significant difference among the four groups, 
and the proportion of home discharge was lowest in the nutritional frailty group (43.6%, p = 0.040).

Predictors of hospital mortality for patients with HAP. The results of the Cox proportional hazards 
regression are presented in Table 3. Connective tissue disease (CTD), immunocompromised state, hematologi-
cal malignancies, solid malignant tumors, physical inactivity (CFS ≥ 4), initial Sequential Organ Failure Assess-
ment (SOFA) score, sepsis, and septic shock were significantly associated with hospital mortality in the univari-
ate analysis, but CTD (hazard ratio [HR] 2.50; 95% confidence interval [CI] 1.12–5.54; p = 0.025), hematological 
malignancies (HR, 2.45; 95% CI 1.50–4.02; p < 0.001), solid malignant tumors (HR, 1.72; 95% CI 1.20–2.48; 
p = 0.003), physical inactivity (HR, 1.64; 95% CI 1.07–2.51; p = 0.023), and initial SOFA score (HR, 1.08; 95% CI 
1.03–1.13; p = 0.001) remained significant in the multivariate analysis.

The Kaplan–Meier survival curve showed that nutritional frailty resulted in a higher risk of mortality 
(χ2 = 7.86, p = 0.049, Fig. 2A). The risk of hospital-related mortality was high in the order of the nutritional 
frailty, physical frailty, malnutrition, and normal groups (p = 0.009).

Predictors of failure to home discharge. Cox proportional hazards regression analysis was performed 
to verify the predictors of failure to home discharge (Table 4). In the univariate Cox analysis, solid malignant 
tumor (HR, 0.65; 95% CI 0.49–0.88; p = 0.005), physical inactivity (HR, 1.49; 95% CI 1.11–2.00; p = 0.009), and 
malnutrition (HR, 1.44; 95% CI 1.06–1.96; p = 0.021) were significant factors. In the multivariate Cox analysis, 
solid malignant tumor (HR, 0.65; 95% CI 0.48–0.88; p = 0.005), physical inactivity (HR, 1.43; 95% CI, 1.07 to 
1.93; p = 0.017), and malnutrition (HR, 1.43; 95% CI 1.05–1.94; p = 0.024) continued to be significantly associ-
ated with failure to home discharge.

As shown in Fig. 2B, nutritional frailty caused a higher risk of failure to home discharge (χ2 = 19.94, p < 0.001). 
The probability of being discharged to home was highest in the normal, followed by malnutrition, physical frailty, 
and nutritional frailty groups (p = 0.040).
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Discussion
In this study, the clinical characteristics and outcomes of HAP were significantly different in each frailty pheno-
type according to physical activity and nutritional status. A total of 80% of patients have been accompanied by 
physical inactivity and/or malnutrition. Among the phenotypes, the physical frailty group without malnutrition 
was most common (39.4%), followed by nutritional frailty, both malnutrition and physical inactivity, and was the 
second most common (30.2%). Survival and function status at hospital discharge were the worst in the nutritional 
frailty group. Physical inactivity and malnutrition were significantly associated with hospital-related mortality 
and functional status at discharge. Therefore, both physical inactivity and malnutrition are critical for complete 
functional recovery and survival in patients with HAP.

Recently, frailty syndrome has been considered important in the prognosis of pneumonia, but there is still a 
lack of understanding of this condition in HAP. Frailty syndrome is a complex concept with a multidimensional 
perspective and reversible clinical conditions. Despite the widespread importance of this syndrome in clinical 

Figure 1.  (A) Flowchart of the patient enrollment process. During the study period, 526 patients were screened 
for HAP/VAP. Among them, 480 were included and divided into four groups according to physical inactivity 
and malnutrition. HAP hospital-acquired pneumonia. (B) Phenotypes of frailty. Patients were divided into four 
groups according to physical inactivity and malnutrition: nutritional frailty, physical frailty, malnutrition, and 
normal.
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management, there is no consensus or guideline regarding specific phenotypes. Classification of phenotypes is 
essential to clinically predict the response to treatment and to individualize therapeutic approaches such as nutri-
tion or  rehabilitation29,30. Early screening of each phenotype facilitates a multidisciplinary team-based approach 
for patients with priority, and this may consequently improve prognosis.

In this study, most patients (80%) had either physical inactivity or malnutrition, and approximately one-third 
had both. Regardless of age, these two factors are well-documented problems in hospitalized  populations31,32. 
Baseline physical inactivity and malnutrition were significantly associated with medically or physically poor 
conditions at the time of discharge in HAP. Both factors may result in the loss of muscle strength and function 
and physical dysfunction, as well as increased inflammation and oxidative  stress5,8. These effects may be more 
prominent in sarcopenia patients or malnourished patients who are relatively more vulnerable. Unfortunately, 
this study could not clearly reveal the muscle status of patients. Therefore, further research is required to clarify 
this issue.

This study had limitations, which should be considered. First, the study had a retrospective design. Among 
the many problems created by this design, one of which is about the accuracy of diagnosis of pneumonia. It 
seems likely that, several diagnosis of pneumonia may have been missed, because the patients were enrolled in 
the study using the hospital code of pneumonia. In fact, the prevalence of HAP in our study was smaller than 
in other  studies33. Second, the registry data recorded only hospital-related mortality. Therefore, the results may 
not reflect the full scope of long-term mortality associated with frailty. Third, physical inactivity and malnutri-
tion were defined using the CFS and GNRI, respectively, which are static measurements. They did not include 

Table 1.  Baseline characteristics according to frailty phenotypes. Data are presented as mean ± standard 
deviation or as number (%). BMI body mass index, GNRI geriatric nutritional risk index, CFS Clinical Frailty 
Scale, CCI Charlson Comorbidity Index, SOFA sequential organ failure assessment, CTD connective tissue 
disease, IV intravenous. a HIV-infected patients with CD4 + counts of less than 200 cells/mm3, neutrophil 
counts of less than 1000 cells/mm3, or patients taking immunosuppressive drugs after organ transplantation. 
b Prednisone 20 mg/day or its equivalent taken for at least 2 weeks. c Tracheostomy tube, tracheal tube, and 
others. d Impaired swallowing (esophageal disease, neurologic disease, and recent extubation), impaired 
consciousness, increased chances of gastric contents reaching the lung (reflux and tubal feeding), and impaired 
cough reflex (medications, stroke, and dementia). † Fisher’s exact test was conducted.

Variables Normal (n = 99)
Nutritional frailty 
(n = 145) Physical frailty (n = 189) Malnutrition (n = 47) p value

Age 68.3 ± 13.3 70.2 ± 12.3 70.1 ± 13.1 67.4 ± 14.1 0.395

Age group

Non-elderly < 65 31 (31.3%) 45 (31.0%) 63 (33.3%) 17 (36.2%)

0.166Elderly 65–74 37 (37.4%) 40 (27.6%) 42 (22.2%) 14 (29.8%)

Very elderly 75- 31 (31.3%) 60 (41.4%) 84 (44.4%) 16 (34.0%)

Male 66 (66.7%) 103 (71.0%) 128 (67.7%) 31 (66.0%) 0.856

BMI 24.8 ± 4.1 19.1 ± 2.7 23.6 ± 3.6 19.8 ± 3.1  < 0.001

GNRI 94.3 ± 8.5 73.0 ± 5.3 94.3 ± 8.5 74.2 ± 5.3  < 0.001

CFS 2.4 ± 0.7 6.4 ± 1.6 6.1 ± 1.6 2.6 ± 0.7  < 0.001

CCI 3.8 ± 2.1 5.0 ± 2.5 5.2 ± 2.7 4.5 ± 2.6  < 0.001

SOFA score 4.6 ± 4.5 5.7 ± 4.2 5.5 ± 3.9 4.7 ± 3.4 0.118

Cardiovascular disease 19 (19.2%) 27 (18.6%) 47 (24.9%) 7 (14.9%) 0.326

Chronic lung disease 15 (15.2%) 16 (11.0%) 30 (15.9%) 6 (12.8%) 0.619

Chronic neurological 
disease 13 (13.1%) 50 (34.5%) 62 (32.8%) 10 (21.3%) 0.001

Chronic kidney disease 8 (8.1%) 27 (18.6%) 28 (14.8%) 7 (14.9%) 0.153

Chronic liver disease 6 (6.15) 13 (9.0%) 13 (6.9%) 5 (10.6%) 0.694

Diabetes mellitus 30 (30.3%) 44 (30.3%) 68 (36.0%) 10 (21.3%) 0.244

CTD† 2 (2.0%) 4 (2.8%) 8 (4.2%) 2 (4.3%) 0.735

Immunocompromiseda 2 (2.0%) 8 (5.5%) 11 (5.8%) 7 (14.9%) 0.022

Hematological malignan-
cies 3 (3.0%) 10 (6.9%) 19 (10.1%) 4 (8.5%) 0.189

Solid malignant tumors 38 (38.4%) 52 (35.9%) 53 (28.0%) 24 (51.1%) 0.019

High dose or long-term 
corticosteroid  useb 2 (2.0%) 14 (9.7%) 12 (6.3%) 5 (10.6%) 0.089

Prior IV antibiotics use 
within 90 days 72 (72.7%) 105 (72.4%) 133 (70.4%) 38 (80.9%) 0.557

Artificial  airwayc 25 (25.3%) 50 (34.55) 57 (30.25) 12 (25.5%) 0.407

Risk of  aspirationd 60 (60.6%) 97 (66.9%) 124 (65.6%) 27 (57.4%) 0.550

Sepsis 51 (51.5%) 105 (72.4%) 125 (66.1%) 33 (70.2%) 0.007

Septic shock 12 (12.1%) 16 (11.0%) 21 (11.1%) 5 (10.6%) 0.991
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longitudinal measurements of physical impairment or nutritional status. Despite these limitations, this study 
included a large-scale population of patients with HAP as a multicenter registry. Given the limited sample size 
and design, it is not enough to draw a causality from this study. However, this data is raising possible question 
for future analysis. GNRI and CFS are representative objective scoring systems that well reflect malnutrition 
and physical inactivity,  respectively24,34,35. To date, no study has investigated the phenotypes of frailty and its 
prognostic significance in HAP. This study provides concrete insight into the importance of physical inactivity 
and malnutrition in HAP. Early recognition and correction of physical inactivity and malnutrition may not 
only increase survival but also reduce the physical sequelae. Further studies on specific therapeutic approaches 
depending on the frailty phenotypes in HAP are required.

Conclusion
Based on physical activity and nutritional status, frailty syndrome, which affects the prognosis of HAP, was 
divided into four phenotypes. Physical inactivity and malnutrition negatively affected hospital outcomes in HAP 
patients. Physical and nutritional phenotyping of frailty suggests a novel prognostic perspective and therapeutic 
target in this population. Assessment of physical inactivity and malnutrition is required during hospitalization for 
adequate nutritional support and rehabilitation treatment. Further research is warranted to clarify the usefulness 
of the classification of frailty syndrome phenotypes for prognostication and therapeutic targets.

Table 2.  Clinical outcomes according to phenotypes of frailty. Data are presented as mean ± standard 
deviation, median (IQR), or number (%). † Fisher’s exact test was conducted. †† Data are presented as median 
[interquartile range]. Kruskal–Wallis test was used. ICU intensive care unit, IQR interquartile range. 
a Improvement of all signs and symptoms associated with pneumonia. b Persistence or worsening of signs, 
symptoms, or both, associated with pneumonia, symptoms, signs of pneumonia, or both, occurring again 
within 3 days after termination of treatment. c Occurrence of a new event of pneumonia 72 h after antibiotic 
discontinuation.

Variables Normal (n = 99) Nutritional frailty (n = 145) Physical frailty (n = 189) Malnutrition (n = 47) p value

Clinical response†

Clinical  curea 80 (80.8%) 84 (57.9%) 113 (59.8%) 33 (70.2%)

0.006Clinical  failureb 17 (17.2%) 59 (40.7%) 71 (37.6%) 13 (27.7%)

Clinical  recurrencec 2 (2.0%) 2 (1.4%) 5 (2.6%) 1 (2.1%)

Hospital stay,  days†† 25 (14–45) 31 (19.5–62.0) 31 (18.5–52) 35 (24–63) 0.054

Hospital survival 83 (83.8%) 94 (64.8%) 131 (69.3%) 36 (76.6%) 0.009

ICU readmission 13 (13.1%) 41 (28.3%) 55 (29.1%) 17 (36.2%) 0.006

Home discharge 54 (65.1%) 41 (43.6%) 68 (51.9%) 20 (55.6%) 0.040

Transfer†

Step down referral 25 (25.3%) 47 (32.4%) 61 (32.3%) 15 (31.9%)
0.247

Step up referral 4 (4.0%) 6 (4.1%) 2 (1.1%) 1 (2.1%)

Table 3.  Results of Cox regression analysis for hospital mortality. HR hazard ratio, CI confidence interval, CFS 
clinical frailty scale, SOFA sequential organ failure assessment. a HIV-infected patients with CD4 + counts of 
less than 200 cells/mm3, neutrophil counts of less than 1000 cells/mm3, or patients taking immunosuppressive 
drugs after organ transplantation.

Variables

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Connective tissue disease 2.29 (1.06–4.92) 0.034 2.50 (1.12–5.54) 0.025

Immunocompromised  statea 1.95 (1.16–3.30) 0.012

Hematological malignancies 1.78 (1.12–2.84) 0.015 2.45 (1.50–4.02)  < 0.001

Solid malignant tumors 1.42 (1.01–2.00) 0.043 1.72 (1.20–2.48) 0.003

Physical inactivity (CFS ≥ 4) 1.64 (1.08–2.50) 0.021 1.64 (1.07–2.51) 0.023

SOFA score 1.10 (1.06–1.14)  < 0.001 1.08 (1.03–1.13) 0.001

Sepsis 1.56 (1.05–2.29) 0.026

Septic shock 2.31 (1.55–3.45)  < 0.001
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Figure 2.  (A) Survival according to phenotypes of frailty. There was a significant difference in the cumulative 
survival possibility among the four phenotypes. (B) Home discharge according to phenotypes of frailty. There 
was a significant difference in the cumulative home discharge possibility among the four phenotypes.

Table 4.  Cox regression for fail to home discharge. OR odds ratio, CI confidence interval, CFS Clinical Frailty 
Scale, GNRI Geriatric Nutritional Risk Index.

Variables

Univariate Multivariate

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

Solid malignant tumors 0.65 (0.49–0.88) 0.005 0.65 (0.48–0.88) 0.005

Physical inactivity (CFS ≥ 4) 1.49 (1.11–2.00) 0.009 1.43 (1.07–1.93) 0.017

Malnutrition (GNRI < 82) 1.44 (1.06–1.96) 0.021 1.43 (1.05–1.94) 0.024
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Data availability
The data that support the findings of this study are available from the corresponding authors, W. H. C. and H. 
J. Y., upon reasonable request.

Received: 7 December 2021; Accepted: 5 September 2022

References
 1. Clegg, A., Young, J., Iliffe, S., Rikkert, M. O. & Rockwood, K. Frailty in elderly people. Lancet 381, 752–762. https:// doi. org/ 10. 

1016/ s0140- 6736(12) 62167-9 (2013).
 2. Darvall, J. N. et al. Frailty and outcomes from pneumonia in critical illness: a population-based cohort study. Br. J. Anaesth. 125, 

730–738. https:// doi. org/ 10. 1016/j. bja. 2020. 07. 049 (2020).
 3. Luo, J., Tang, W., Sun, Y. & Jiang, C. Impact of frailty on 30-day and 1-year mortality in hospitalised elderly patients with commu-

nity-acquired pneumonia: a prospective observational study. BMJ Open 10, e038370. https:// doi. org/ 10. 1136/ bmjop en- 2020- 038370 
(2020).

 4. Wleklik, M. et al. Multidimensional approach to frailty. Front Psychol 11, 564. https:// doi. org/ 10. 3389/ fpsyg. 2020. 00564 (2020).
 5. O’Connell, M. L., Coppinger, T. & McCarthy, A. L. The role of nutrition and physical activity in frailty: A review. Clin. Nutr. ESPEN 

35, 1–11. https:// doi. org/ 10. 1016/j. clnesp. 2019. 11. 003 (2020).
 6. Boulos, C., Salameh, P. & Barberger-Gateau, P. Malnutrition and frailty in community dwelling older adults living in a rural setting. 

Clin. Nutr. 35, 138–143. https:// doi. org/ 10. 1016/j. clnu. 2015. 01. 008 (2016).
 7. Xue, Q. L. The frailty syndrome: Definition and natural history. Clin. Geriatr. Med. 27, 1–15. https:// doi. org/ 10. 1016/j. cger. 2010. 

08. 009 (2011).
 8. Yeo, H. J. et al. Prognostic significance of malnutrition for long-term mortality in community-acquired pneumonia: A propensity 

score matched analysis. Korean J. Intern. Med. 34, 841–849. https:// doi. org/ 10. 3904/ kjim. 2018. 037 (2019).
 9. Cho, W. H. et al. Prognostic value of sarcopenia for long-term mortality in extracorporeal membrane oxygenation for acute res-

piratory failure. Asaio J 66, 367–372. https:// doi. org/ 10. 1097/ mat. 00000 00000 001006 (2020).
 10. Cho, W. H. et al. Obesity survival paradox in pneumonia supported with extracorporeal membrane oxygenation: Analysis of the 

national registry. J. Crit. Care 48, 453–457. https:// doi. org/ 10. 1016/j. jcrc. 2018. 08. 003 (2018).
 11. Jo, H. J. et al. The impact of multidisciplinary nutritional team involvement on nutritional care and outcomes in a medical intensive 

care unit. Eur. J. Clin. Nutr. 71, 1360–1362. https:// doi. org/ 10. 1038/ ejcn. 2017. 108 (2017).
 12. Kim, T. et al. ICU rehabilitation is associated with reduced long-term mortality from sepsis in patients with low skeletal muscle 

mass: A case control study. Ann. Transl. Med. 7, 430. https:// doi. org/ 10. 21037/ atm. 2019. 08. 117 (2019).
 13. Hewitt, J. et al. The effect of frailty on survival in patients with COVID-19 (COPE): A multicentre, European, observational cohort 

study. Lancet Public Health 5, e444–e451. https:// doi. org/ 10. 1016/ s2468- 2667(20) 30146-8 (2020).
 14. De Smet, R. et al. Frailty and mortality in hospitalized older adults with COVID-19: Retrospective observational study. J. Am. 

Med. Dir. Assoc. 21, 928-932.e921. https:// doi. org/ 10. 1016/j. jamda. 2020. 06. 008 (2020).
 15. Bellelli, G., Rebora, P., Valsecchi, M. G., Bonfanti, P. & Citerio, G. Frailty index predicts poor outcome in COVID-19 patients. 

Intensive Care Med. 46, 1634–1636. https:// doi. org/ 10. 1007/ s00134- 020- 06087-2 (2020).
 16. Owen, R. K. et al. Comparing associations between frailty and mortality in hospitalised older adults with or without COVID-19 

infection: a retrospective observational study using electronic health records. Age Ageing 50, 307–316. https:// doi. org/ 10. 1093/ 
ageing/ afaa1 67 (2021).

 17. Aw, D., Woodrow, L., Ogliari, G. & Harwood, R. Association of frailty with mortality in older inpatients with Covid-19: A cohort 
study. Age Ageing 49, 915–922. https:// doi. org/ 10. 1093/ ageing/ afaa1 84 (2020).

 18. Miles, A. et al. Outcomes from COVID-19 across the range of frailty: Excess mortality in fitter older people. Eur. Geriatr. Med. 11, 
851–855. https:// doi. org/ 10. 1007/ s41999- 020- 00354-7 (2020).

 19. Magill, S. S. et al. Changes in prevalence of health care-associated infections in US Hospitals. N. Engl. J. Med. 379, 1732–1744. 
https:// doi. org/ 10. 1056/ NEJMo a1801 550 (2018).

 20. Burton, L. A. et al. Hospital-acquired pneumonia incidence and diagnosis in older patients. Age Ageing 45, 171–174. https:// doi. 
org/ 10. 1093/ ageing/ afv168 (2016).

 21. Ko, R. E. et al. Characteristics, management, and clinical outcomes of patients with hospital-acquired and ventilator-associated 
pneumonia: a multicenter cohort study in Korea. Tuberc. Respir. Dis. (Seoul) https:// doi. org/ 10. 4046/ trd. 2021. 0018 (2021).

 22. Kalil, A. C. et al. Management of adults with hospital-acquired and ventilator-associated pneumonia: 2016 Clinical practice guide-
lines by the infectious diseases society of America and the American Thoracic Society. Clin. Infect. Dis. 63, e61–e111. https:// doi. 
org/ 10. 1093/ cid/ ciw353 (2016).

 23. Mendiratta, P. & Latif, R. in StatPearls (StatPearls Publishing Copyright © 2021, StatPearls Publishing LLC., 2021).
 24. Church, S., Rogers, E., Rockwood, K. & Theou, O. A scoping review of the clinical frailty scale. BMC Geriatr. 20, 393. https:// doi. 

org/ 10. 1186/ s12877- 020- 01801-7 (2020).
 25. Rockwood, K. & Theou, O. Using the clinical frailty scale in allocating scarce health care resources. Can. Geriatr. J. 23, 210–215. 

https:// doi. org/ 10. 5770/ cgj. 23. 463 (2020).
 26. Aziz, E. F. et al. Malnutrition as assessed by nutritional risk index is associated with worse outcome in patients admitted with acute 

decompensated heart failure: An ACAP-HF data analysis. Heart Int. 6, e2. https:// doi. org/ 10. 4081/ hi. 2011. e2 (2011).
 27. Huang, S. W., Yin, S. M. & Hsieh, C. H. Association of a low geriatric nutritional risk index with higher adverse outcome in the 

elderly patients with fall injuries: Analysis of a propensity score-matched population. Risk Manag. Healthc. Policy 14, 1353–1361. 
https:// doi. org/ 10. 2147/ rmhp. S2989 59 (2021).

 28. Singer, M. et al. The third international consensus definitions for sepsis and septic shock (Sepsis-3). JAMA 315, 801–810. https:// 
doi. org/ 10. 1001/ jama. 2016. 0287 (2016).

 29. Mirza, S. & Benzo, R. Chronic obstructive pulmonary disease phenotypes: Implications for care. Mayo Clin. Proc. 92, 1104–1112. 
https:// doi. org/ 10. 1016/j. mayocp. 2017. 03. 020 (2017).

 30. Park, C. M. et al. Frailty and hospitalization-associated disability after pneumonia: A prospective cohort study. BMC Geriatr. 21, 
111. https:// doi. org/ 10. 1186/ s12877- 021- 02049-5 (2021).

 31. Wanigatunga, A. A. et al. Effect of hospitalizations on physical activity patterns in mobility-limited older adults. J. Am. Geriatr. 
Soc. 67, 261–268. https:// doi. org/ 10. 1111/ jgs. 15631 (2019).

 32. Kang, M. C. et al. Prevalence of malnutrition in hospitalized patients: A multicenter cross-sectional study. J. Korean Med. Sci. 33, 
e10. https:// doi. org/ 10. 3346/ jkms. 2018. 33. e10 (2018).

 33. Zaragoza, R. et al. Update of the treatment of nosocomial pneumonia in the ICU. Crit. Care 24, 383. https:// doi. org/ 10. 1186/ 
s13054- 020- 03091-2 (2020).

 34. Cereda, E., Limonta, D., Pusani, C. & Vanotti, A. Assessing elderly at risk of malnutrition: The new Geriatric Nutritional Risk 
Index versus Nutritional Risk Index. Nutrition 22, 680–682. https:// doi. org/ 10. 1016/j. nut. 2006. 02. 003 (2006).

https://doi.org/10.1016/s0140-6736(12)62167-9
https://doi.org/10.1016/s0140-6736(12)62167-9
https://doi.org/10.1016/j.bja.2020.07.049
https://doi.org/10.1136/bmjopen-2020-038370
https://doi.org/10.3389/fpsyg.2020.00564
https://doi.org/10.1016/j.clnesp.2019.11.003
https://doi.org/10.1016/j.clnu.2015.01.008
https://doi.org/10.1016/j.cger.2010.08.009
https://doi.org/10.1016/j.cger.2010.08.009
https://doi.org/10.3904/kjim.2018.037
https://doi.org/10.1097/mat.0000000000001006
https://doi.org/10.1016/j.jcrc.2018.08.003
https://doi.org/10.1038/ejcn.2017.108
https://doi.org/10.21037/atm.2019.08.117
https://doi.org/10.1016/s2468-2667(20)30146-8
https://doi.org/10.1016/j.jamda.2020.06.008
https://doi.org/10.1007/s00134-020-06087-2
https://doi.org/10.1093/ageing/afaa167
https://doi.org/10.1093/ageing/afaa167
https://doi.org/10.1093/ageing/afaa184
https://doi.org/10.1007/s41999-020-00354-7
https://doi.org/10.1056/NEJMoa1801550
https://doi.org/10.1093/ageing/afv168
https://doi.org/10.1093/ageing/afv168
https://doi.org/10.4046/trd.2021.0018
https://doi.org/10.1093/cid/ciw353
https://doi.org/10.1093/cid/ciw353
https://doi.org/10.1186/s12877-020-01801-7
https://doi.org/10.1186/s12877-020-01801-7
https://doi.org/10.5770/cgj.23.463
https://doi.org/10.4081/hi.2011.e2
https://doi.org/10.2147/rmhp.S298959
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1016/j.mayocp.2017.03.020
https://doi.org/10.1186/s12877-021-02049-5
https://doi.org/10.1111/jgs.15631
https://doi.org/10.3346/jkms.2018.33.e10
https://doi.org/10.1186/s13054-020-03091-2
https://doi.org/10.1186/s13054-020-03091-2
https://doi.org/10.1016/j.nut.2006.02.003


9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:15605  | https://doi.org/10.1038/s41598-022-19793-2

www.nature.com/scientificreports/

 35. Abd Aziz, N. A. S. & Teng, M. F. Geriatric Nutrition Risk Index is comparable to the mini nutritional assessment for assessing 
nutritional status in elderly hospitalized patients. Clin. Nutr. 29, 77–85. https:// doi. org/ 10. 1016/j. clnesp. 2018. 12. 002 (2019).

Acknowledgements
We gratefully acknowledge the authors and participants of the Korean HAP/VAP registry.

Author contributions
Conceptualization: W.H.C., H.J.Y. Data curation: S.-B.H., A.-R.B., H.-K.L., W.H.C., C.K., Y.C., H.K.P., J.Y.O., 
H.B.L., S.B., J.Y.M., K.H.Y., H.-I.G., K.J. Formal analysis: J.H.J., W.H.C., H.J.Y. Investigation: All authors. Meth-
odology: J.H.J., W.H.C., H.J.Y. Software: J.H.J., H.J.Y. Writing-original draft preparation: J.H.J., H.J.Y. Writing-
review and editing: All authors.

Funding
This study was funded by the 2019 Research Grant (2019-E2808-00) from the Korean Disease Control and 
Prevention Agency. This research was also supported by a 2022 research grant from Pusan National University 
Yangsan Hospital.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 19793-2.

Correspondence and requests for materials should be addressed to H.J.Y. or W.H.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

 

the Korean HAP/VAP Study Group

Woo Hyun Cho1,2, Kyung Hoon Min3, Jee Youn Oh3, Sang‑Bum Hong4, Ae‑Rin Baek5, 
Hyun‑Kyung Lee6, Changhwan Kim7, Youjin Chang8, Hye Kyeong Park9, Heung Bum 
Lee10, Soohyun Bae11, Jae Young Moon12, Kwang Ha Yoo13, Hyun‑Il Gil14, Beomsu Shin15 & 
Kyeongman Jeon16

https://doi.org/10.1016/j.clnesp.2018.12.002
https://doi.org/10.1038/s41598-022-19793-2
https://doi.org/10.1038/s41598-022-19793-2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Impact of nutrition and physical activity on outcomes of hospital-acquired pneumonia
	Methods
	Study design and population. 
	Data collection. 
	Assessment of physical inactivity and malnutrition. 
	Definition. 
	Statistical analysis. 

	Results
	Baseline characteristics of patients according to frailty phenotypes. 
	Clinical outcomes according to frailty phenotypes. 
	Predictors of hospital mortality for patients with HAP. 
	Predictors of failure to home discharge. 

	Discussion
	Conclusion
	References
	Acknowledgements


