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Abstract
Although respiratory failure (RF) is frequent among older medical patients admitted to  non-intensive hospital units, inherent 
data are scarce. We determined whether RF predicted adverse hospital outcomes independently of its causative illnesses. 
In a retrospective observational study from the Geriatric Risk Assessment and Care Evaluation database, we included 1093 
patients consecutively admitted to a geriatric hospital unit (2022–2024). Study outcomes included hospital death, length 
of hospital stay (LOS) and post-discharge institutionalization (discharge to nursing homes or other long-term facilities). 
RF was diagnosed according to admission peripheral oxygen saturation ≤ 91%, or oxygen therapy/non-invasive ventilation 
during hospitalization, or specific diagnostic discharge codes. The predictive role of RF was investigated controlling for 
RF causative illnesses, frailty measured by the Multidimensional Prognostic Index (MPI), and C-reactive protein. The RF 
prevalence was 43%. Compared to controls, RF patients had higher hospital mortality (25.4% vs. 6.0%) and longer LOS, 
but comparable institutionalization rate. The fully adjusted odds ratio (OR) of RF for hospital mortality was 3.98 (95% 
Confidence Interval [CI] 2.53–6.28) and further increased after exclusion of 106 acute-on-chronic RF patients (4.71, CI 
2.96–7.49). MPI, C-reactive protein, and sepsis emerged as additional significant predictors of mortality. RF also predicted 
longer LOS (F 6.78, p 0.009) in a linear regression model, along with age, MPI, pneumonia, pulmonary embolism, stroke, 
and sepsis. RF was highly prevalent and predicted hospital mortality and longer LOS per se, independently of its causative 
acute illnesses, frailty, and systemic inflammation. Older patients should be actively screened for RF during hospitalization.

Keywords  Respiratory failure · Geriatric hospital wards · Hospital mortality · Length of hospital stay · Non-intensive 
medical patients

Introduction

Respiratory failure (RF) is a medical condition characterized 
by the presence of critical hypoxia in the arterial blood. RF 
is the final outcome of various acute and acute-on-chronic 
disorders mainly regarding the cardio-respiratory system, 
such as heart failure, pneumonia, exacerbation of chronic  
obstructive pulmonary disease, but also sepsis and other 
systemic diseases [1].

In a nationwide administrative Italian study, RF was the 
first discharge diagnosis from hospital wards among patients 
aged ≥ 75 years admitted from the Emergency Department 
(ED) [2]. RF is therefore supposed to be a highly prevalent 
acute syndrome among medical older patients hospitalized 
outside the Intensive Care Units (ICUs). This issue, how-
ever, was investigated only by a few studies conducted in 
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small samples of adult subjects, which calculated a preva-
lence of critical hypoxia of about 10–20% in medical non-
intensive hospital units [3–5]. Recently, we reported a RF 
prevalence of 20% in older patients in medical units enrolled 
in a nationwide study [6]. In another recent study of patients 
admitted to a geriatric acute care unit only through the ED, 
the prevalence rose to 48% [7]. In these studies, RF was 
associated with frailty and overall severity of acute illness 
[6] and emerged as an independent predictor of short-term or 
in-hospital death after accounting for older age, comorbid-
ity, education, recent hospitalization, frailty, delirium, and 
severity of illness [6, 7]. RF, however, remains a syndrome 
in which hypoxia is the result of underlying and causative 
illnesses. In a seminal study of Ray et al., the hospital prog-
nosis of RF older patients significantly improved if the ill-
nesses that caused RF were correctly diagnosed and treated 
since arrival in the ED [1]. Therefore, RF may not have an 
independent prognostic role per se, but its negative prog-
nostic impact could merely reflect the effect of its triggering 
illnesses. This issue was never previously investigated.

We analyzed the Geriatric Risk Assessment and Care 
Evaluation (GRACE) database, jointly developed by S. 
Giovanni-Addolorata Hospital and SIGOT (Società Italiana 
di Geriatria Ospedale e Territorio, Italian Society of Hospi-
tal and Community Geriatrics). Our aims were to calculate 
the prevalence of RF in a sample of older patients hospital-
ized in a geriatric acute care unit and to determine whether 
the RF syndrome, even mild RF that is treated outside the 
ICUs, predicted adverse hospital outcomes irrespective of 
its underlying and associated diseases and of other recog-
nized predictors of risk, such as clinical frailty and systemic 
inflammation.

Methods

The GRACE database

The GRACE is a retrospective observational cohort study of 
all patients consecutively admitted to the Acute Care Geriat-
ric Unit of the Azienda Ospedaliera S. Giovanni-Addolorata, 
Rome, Italy. Data collection started in November 2022 and 
is currently ongoing. The methodology of GRACE study 
is described in detail elsewhere [8]. For the present study, 
we analyzed the first enrolled 1093 patients consecutively 
hospitalized in the Unit from November 2022 to April 2024. 
Clinical data from admission to discharge were anonymously 
extracted from the electronic medical records and the Hos-
pital Discharge Record (HDR). Extracted data included 6 
categories: (I) socio-demographic variables; (II) department 
of origin; (III) laboratory measures and vital parameters at 
admission; (IV) Comprehensive Geriatric Assessment at 

admission; (VI) diagnoses and procedures coded in the HDR 
after discharge; and (VII) hospital outcomes.

The department of origin included the ED or other hospi-
tal wards. Collected laboratory measures at hospital admis-
sion included hemoglobin, C-reactive protein (CRP), and 
serum creatinine. Vital parameters at admission included 
systolic blood pressure, heart rate, temperature, and periph-
eral oxygen saturation measured by pulse oximetry (SpO2). 
Oxygen therapy and a treatment of non-invasive ventilation 
during hospital stay were also reported in the database.

The Comprehensive Geriatric Assessment was carried out 
within the first 2 days of hospital stay obtaining the Multidi-
mensional Prognostic Index (MPI), a validated tool for pre-
dicting mortality in hospitalized older people and resulting 
from the score of 8 scales exploring 8 different domains [9], 
as follows: the Activities of Daily Living scale for measuring 
the ability to perform the basic activities of living [10]; the 
Instrumental Activities of Daily Living to assess the abil-
ity in instrumental tasks [11]; the 10-item Short Portable 
Mental Status Questionnaire for investigating cognitive sta-
tus [12]; the Cumulative Illness Rating Scale for assessing 
comorbidity [13]; the Short Form of the Mini Nutritional 
Assessment, designed for a rapid screening of malnutri-
tion [14]; the Exton-Smith Scale for measuring the risk of 
developing pressure sores [15]; the number of drugs taken 
by the patient within the first 2 days of hospitalization; and 
cohabitation status (i.e., living with family, residence in a 
long-term facility, living alone). The results of these scales 
were included in a software calculating the final MPI score, 
ranging from 0 to 1. MPI categorized patients as having 
low (MPI value ≤ 0.33), moderate (between 0.34 and 0.66), 
and severe risk (> 0.66) of mortality at 6 and 12 months of 
follow-up [9]. Dates of hospital admission and discharge, 
and illnesses coded according to the International Classi-
fication of Diseases, 9th Revision, Clinical Modification 
[ICD-9-CM] were extracted from the HDRs. All HRDs were 
coded after careful review of medical records by a trained 
staff physician and then controlled by one of the authors 
(L.P.). Random controls regarding the matching between 
codes and diagnoses documented in the medical records 
were performed at least once a year by medical personnel 
of the hospital direction.

As this study was based on a secondary analysis of anony-
mously extracted data, approval of the hospital institutional 
review board was obtained to transfer clinical data from the 
electronic applications to a single encrypted database.

Diagnosis of RF and other illnesses

A monitoring protocol of the study hospital unit requests to 
measure SpO2 at admission and then at least once per day 
(during the morning round), as well as in occasion of each 
urgent intervention due to any clinical deterioration. Since 
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diagnostic criteria for diagnosing RF are not absolute [16], 
we used a broad definition that included in the RF group 
patients who had at least one of the following conditions: 
SpO2 ≤ 91% at admission measured on room air or during 
oxygen therapy/non-invasive ventilation; oxygen therapy 
or non-invasive ventilation during hospital stay; and one or 
more of the following codes reported in the HRD: 51881, 
51882, 5184, 5185, 51884, and 51883.

The ICD-9 codes 51883 and 51884 (acute-on-chronic RF) 
were attributed to patients who reported long-term oxygen 
therapy before admission and presented an acute respiratory 
deterioration since admission or during hospitalization  [7]

The SpO2 ≤ 91% cut-off was chosen for the following 
reasons: this [6, 7] and an even more conservative diag-
nostic cut-off (SpO2 ≤ 92% or partial pressure of oxy-
gen ≤ 70 mmHg on room air) [1] were clinically meaning-
ful, as they were used in previous studies that demonstrated 
worse hospital outcomes in populations of RF older patients 
observed in non-intensive settings; when SpO2 was meas-
ured on room air, this cut-off allowed to capture also patients 
with mild hypoxemia; conversely, when it was measured in 
patients treated with oxygen therapy or non-invasive ventila-
tion, it identified patients with moderate-to-severe RF.

The ICD-9-CM codes used to categorize the other ill-
nesses included in the analysis are listed in the Supplemen-
tary Table.

Study outcomes

Length of hospital stay (LOS) was calculated as the differ-
ence between the discharge and the admission dates. In-hos-
pital death was defined as death during the stay in the study 
unit, and being discharged alive was the reference category. 
The third study outcome was “institutionalization” after hos-
pital discharge, i.e., discharge to long-term facilities, includ-
ing any long-term care and rehabilitation facility, nursing 
homes, and hospices, with discharge to home (including 
discharge against medical advice) as the reference category.

Analytic strategy and statistical analysis

A set of clinical variables was compared across the two 
groups with and without RF (univariate analysis). Then, 
multivariate models were constructed, including clinical 
variables that were significantly different in RF compared 
to non-RF patients, in order to determine whether RF was 
independently associated with the study outcomes that were 
significantly different between the two groups in the uni-
variate analysis. Initial models included age, sex, MPI, and 
CRP as covariates. Additional models further included, as 
covariates, comorbidities with different prevalence across 
the two groups (pneumonia, pulmonary embolism, pleural 
effusion, acute heart failure, chronic obstructive pulmonary 

disease, stroke, lung neoplasms, and sepsis). These models 
were built both in the total sample (N = 1093) and in the 
subsample (N = 987) including only acute RF patients, i.e., 
obtained excluding the 106 patients with acute-on-chronic 
RF (codes 51884 or 51883).

Categorical variables are presented as frequencies, while 
continuous variables as means with standard deviations. Dif-
ferences of clinical and laboratory variables between patients 
with and without RF were compared by the t-test or the chi-
square test, as appropriate. The association between RF and 
LOS was studied via multivariable regression analysis mod-
els. Multivariate logistic regression was used to assess the 
association of RF with both in-hospital mortality and post-
discharge institutionalization. All analyses were performed 
using SAS on Demand for Academics—SAS Studio version 
9.04 (SAS Institute Inc., Cary, NC, USA). All statistical tests 
were two sided. P values < 0.05 were considered significant.

Results

Table  1 illustrates the characteristics of patients with 
and without RF and univariate comparisons between the 
two groups. Patients diagnosed with RF were older and 
more frequently females. Both LOS (18.8 ± 15.0 versus 
14.3 ± 11.2 days) and in-hospital mortality (25.4% versus 
6%) were significantly greater in RF patients as compared to 
those without RF. Sepsis, pneumonia, pulmonary embolism, 
chronic obstructive pulmonary disease, pleural effusion, 
heart failure, and lung neoplasms were significantly more 
prevalent in RF patients, while stroke was less prevalent.

At admission in the ward, 42 patients had SpO2 ≤ 91%; 
in 35 of these patients, SpO2 was measured during oxygen 
therapy or non-invasive ventilation, while in 7 patients it was 
measured on room air.

In the subsample of 987 patients obtained removing the 
106 patients with acute-on-chronic RF (codes 51884 or 
51883), the remaining prevalence of acute RF was 37.5% 
(370 patients). The in-hospital mortality of these 370 
patients with acute RF was 28.9% (107 patients), as opposed 
to 6% (37 patients) of the 617 patients without RF and to a 
25.4% mortality (121 patients) of the total RF group (476 
patients) including both acute and acute-on-chronic RF 
patients.

As illustrated in Table 2, RF was an independent deter-
minant of LOS, together with older age and lower MPI 
(Table 2, model 1). When controlling for prevalent con-
ditions underlying or associated with RF, the role of RF 
as an independent determinant of LOS remained virtually 
unchanged in the total sample (Table 2, model 2) and mostly 
in the subsample without acute-on-chronic RF patients, i.e., 
including only those with acute RF (model 3).
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Table 1   General and clinical 
variables in patients with and 
without respiratory failure

MPI Multidimensional Prognostic Index, CIRS Cumulative Illness Rating Scale, SpO2 peripheral oxygen 
saturation; COPD Chronic Obstructive Pulmonary Disease

No repiratory failure
(n = 617)

Respiratory failure
(n = 476)

p value

Age (years) 84.8 ± 6.9 85.9 ± 7.1 0.019
Women (%) 53.5 63.0 0.031
MPI score
 < 0.333 (%)
 0.333–0.666 (%)
 > 0.666 (%)

0.558 ± 0.209
18.3
44.6
37.1

0.632 ± 0.202
10.5
37.6
51.9

 < 0.0001

CIRS severity 2.0 ± 0.4 2.2 ± 0.5  < 0.0001
CIRS comorbidity 4.1 ± 2.3 4.8 ± 2.5  < 0.0001
Length of stay (days) 14.3 ± 11.2 18.8 ± 15.0  < 0.0001
In-hospital mortality (%) 6.0 25.4  < 0.0001
Post-discharge institutionalization (%) 27.8 30.7 0.34
Body temperature (°C) 36.2 ± 0.4 36.2 ± 0.4 0.23
Systolic blood pressure (mmHg) 137.1 ± 21.1 132.9 ± 22.8 0.0012
Heart rate (beats × minute) 78.6 ± 13.5 81.8 ± 14.5  < 0.0001
SpO2 (%) 96.2 ± 1.7 94.9 ± 2.7  < 0.0001
Hemoglobin (g/dl) 11.8 ± 1.9 11.6 ± 2.2 0.11
C-reactive protein (mg/dL) 5.5 ± 5.0 8.3 ± 7.6  < 0.0001
Creatinine (mg/dl) 1.2 ± 1.0 1.3 ± 1.0 0.55
Sepsis (%) 4.8 12.4  < 0.0001
Pneumonia (%) 5.1 28.8  < 0.0001
Pulmonary embolism (%) 1.8 4.1 0.0082
COPD (%) 1.6 12.8  < 0.0001
Pleural effusion (%) 5.4 18.9  < 0.0001
Acute heart failure (%) 13.1 29.3  < 0.0001
Acute coronary syndrome (%) 0.6 0.7 0.84
Stroke (%) 13.7 9.7 0.028
Renal failure (%) 19.2 19.3 0.9
Lung neoplasms (%) 2.1 5.4 0.0012

Table 2   Determinants of 
length of hospital stay at linear 
regression analysis models

MPI Multidimensional Prognostic Index, COPD Chronic Obstructive Pulmonary Disease
* In the subsample obtained excluding patients with codes 51884 or 51883, i.e., those with acute-on-chronic 
RF (who reported long-term oxygen therapy prior to hospital admission)

Model 1 Model 2 Model 3*

F value p value F value p value F value p value

Age 9.86 0.0017 11.82 0.0006 11.42 0.0008
Female sex 4.07 0.044 2.97 0.085 5.14 0.024
MPI 19.36  < 0.0001 11.89 0.0006 12.13 0.0005
Respiratory failure 24.75  < 0.0001 6.78 0.0094 7.42 0.0066
C-reactive protein 0.38 0.54 0.30 0.58 0.65 0.42
Pneumonia 13.73 0.0002 10.41 0.0013
Pulmonary embolism 4.40 0.036 2.40 0.12
Acute heart failure 0.53 0.47 1.20 0.27
Stroke 14.86 0.0001 14.25 0.0002
COPD 0.43 0.51 0.54 0.46
Pleural effusion 1.81 0.18 1.93 0.17
Lung neoplasms 1.00 0.32 2.66 0.10
Sepsis 44.39  < 0.0001 40.79  < 0.0001
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When investigating the determinants of in-hospital 
mortality, unadjusted logistic regression showed that RF 
was associated with a fivefold higher odds of in-hospi-
tal mortality (Odds Ratio [OR] 5.34, 95% Confidence 
Interval [CI] 3.61–7.90, p < 0.0001). Three sets of mul-
tivariable logistic regression models, including the same 
covariates as models predicting LOS, were constructed 
(Table 3). In model 1—including age, sex, MPI, and CRP 

as covariates—RF was significantly associated with in-
hospital death (OR 4.36, 95% CI 2.88–6.61). In model 2—
including the same covariates as model 1 plus prevalent 
conditions underlying and/or associated with the RF syn-
drome—RF was again strongly associated with in-hospital 
death (OR 3.98, 95% CI 2.53–6.28), as illustrated in Fig. 1. 
This risk of death associated with RF increased in model 

Table 3   Logistic regression analysis models predicting in-hospital mortality

MPI Multidimensional Prognostic Index, SD standard deviation, COPD Chronic Obstructive Pulmonary Disease
* In the subsample obtained excluding patients with codes 51884 or 51883, i.e., those with acute-on-chronic RF (who reported long-term oxygen 
therapy prior to hospital admission)

Model 1 Model 2 Model 3*

OR 95% CI p value OR 95% CI p value OR 95% CI p value

Respiratory failure 4.36 2.88–6.61  < 0.0001 3.98 2.53–6.28  < 0.0001 4.71 2.96–7.49  < 0.0001
Age (5-year increase) 1.03 0.90–1.18 0.7 1.05 0.91–1.22 0.49 1.06 0.91–1.24 0.47
Male sex 1.13 0.78–1.66 0.52 1.05 0.71–1.57 0.8 0.93 0.60–1.42 0.73
MPI (0.25 increase) 1.95 1.50–2.55  < 0.0001 1.79 1.36–2.35  < 0.0001 1.59 1.20–2.11 0.0011
C-reactive protein (per SD 

increase, i.e., 7.5 mg/dl)
1.40 1.19–1.65  < 0.0001 1.28 1.07–1.52 0.0068 1.31 1.09–1.58 0.005

Pneumonia 1.37 0.87–2.15 0.17 1.36 0.83–2.23 0.22
Pulmonary embolism 2.01 0.83–4.88 0.12 2.20 0.86–5.60 0.10
Acute heart failure 0.92 0.56–1.51 0.74 0.88 0.51–1.53 0.66
Stroke 1.66 0.93–2.94 0.09 1.75 0.96–3.19 0.07
COPD 0.81 0.37–1.78 0.59 0.42 0.12–1.45 0.17
Pleural effusion 0.96 0.54–1.69 0.88 0.97 0.52–1.80 0.92
Lung neoplasms 1.40 0.54–3.64 0.49 0.99 0.51–5.57 0.19
Sepsis 4.10 2.43–6.90  < 0.0001 3.75 2.15–6.55  < 0.0001

Fig. 1   Logistic regression 
analysis of clinical variables 
associated with in-hospital mor-
tality. MPI Multidimensional 
Prognostic Index
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3, constructed in the subsample including only patients 
with acute RF (OR 4.71, 95% CI 2.96–7.49).

Post-discharge institutionalization (discharge to nursing 
homes or any long-term facility of patients discharged alive) 
was comparable across the two groups with and without RF 
(Table 1). The unadjusted OR of RF for institutionalization 
was 1.15 (CI 0.86–1.54).

Discussion

The main findings of this study are summarized as follows: 
RF was diagnosed in 43% of hospitalized patients; in-hospi-
tal mortality of RF patients was 25.4% as compared with a 
mortality of 6% in those without RF; the RF syndrome was a 
strong and independent predictor of in-hospital mortality and 
longer LOS, also after accounting for MPI, CRP (expression 
of systemic inflammation) and the illnesses underlying RF; 
and this predictive risk further raised when patients with 
acute-on-chronic RF were excluded from analysis.

The prevalence of RF, including both acute RF and acute-
on-chronic RF, was 43%, i.e., only slightly lower than the 
48% calculated in our recently published administrative 
study of patients hospitalized from the ED in another geri-
atric acute care unit from 2014 to 2016 [7]. In the subsample 
obtained excluding 106 patients with acute-on-chronic RF, 
the prevalence of acute RF was 37.6%. These observations 
suggest that RF, also de novo RF, is a highly frequent acute 
syndrome among older patients hospitalized in non-intensive 
medical wards, affecting almost every second patient. Albeit 
broadly neglected by the current literature, RF in non-ICU 
medical settings seems to have a prevalence widely exceed-
ing that of delirium, a frequent and well-recognized geriatric 
syndrome [6, 17].

We identified a series of cardio-respiratory ill-
nesses that resulted significantly more frequent among 
RF patients and contributed to cause the RF syndrome 
(Table 1). Heart failure was the most frequent, followed 
by pneumonia, pleural effusion, chronic obstructive pul-
monary disease, sepsis, lung neoplasms, and pulmonary 
embolism. Heart failure, chronic obstructive pulmonary 
disease, pneumonia, and sepsis were the most frequent 
causes of RF in our recent study conducted in a geriat-
ric hospital unit [7]. Heart failure,  pneumonia, chronic 
obstructive pulmonary disease, and pulmonary embolism,  
were more frequently encountered in older RF patients 
studied in a French ED by Ray in 2001–2002 [1]. In an 
administrative American survey (2001–2009), also includ-
ing patients admitted to the ICUs, heart failure, pneumo-
nia, sepsis, chronic obstructive pulmonary disease, adult 
respiratory distress syndrome, and myocardial infarction 
were—in order of frequency—the disorders underlying RF 
in persons aged ≥ 85 years [18]. Therefore, in terms of RF 

etiologies, the results of the present study are consistent 
with the existing literature. They indicate that RF of older 
persons hospitalized outside the ICU is the consequence 
of the complex and heterogeneous combination of vari-
ous common acute and acute-on-chronic disorders, with a 
pivotal role played by heart failure [1, 7, 18, 19].

To our knowledge, this is the first study that aimed at 
understanding whether, in older medical in-patients, the RF 
syndrome predicted adverse outcome per se, i.e., irrespec-
tive of its underlying and causative diseases. We provided 
evidence that RF is a potent and independent risk factor for 
both in-hospital death and longer LOS, also after adjust-
ment for important and life-threatening medical conditions 
underlying RF (heart failure, pneumonia, pleural effusion, 
pneumonia, chronic obstructive pulmonary disease, sepsis, 
pulmonary embolism, and lung neoplasms). Interestingly, 
this predictive power was greater when only acute, de novo 
RF—after exclusion of patients with acute-on-chronic RF—
was taken into account. RF independently predicted both 
outcomes also after correction for MPI, a recognized pre-
dictor of poor outcomes in hospitalized medical patients, 
as well as for systemic inflammation as indicated by CRP 
levels. RF predicted in-hospital mortality together with MPI, 
CRP, and sepsis (Fig. 1); it predicted increased LOS along 
with older age, MPI, pneumonia, pulmonary embolism, 
stroke, and sepsis. We therefore established a reasonable 
and consistent pattern of risk factors for both longer LOS 
and in-hospital death in a real-life hospital setting with high 
RF prevalence.

There are some possible explanations for this evidence 
that RF predicted adverse outcomes independently of—and 
overall better than—its underlying diseases. First, unlike per-
sons affected by such illnesses and without RF, those with 
RF are—by definition—characterized by arterial hypoxemia, 
the hallmark of RF. Hypoxemia can arise from a particu-
larly complex interplay of the various causative illnesses. 
This interaction is supposed to achieve a critical threshold of 
clinical severity, also related to higher prevalence and sever-
ity of the underlying illnesses, that determines hypoxemia 
and poor clinical outcomes [1, 7, 19]. Second, even though 
hypoxemia was reasonably controlled by oxygen therapy or 
non-invasive ventilation, it is supposed to produce harms, 
such as tissue hypoxia with organ dysfunction or failure, 
platelet and blood clotting activation, systemic inflamma-
tion, oxidative stress, secondary polycythemia, pulmonary 
hypertension, and others [20]. These effects may increase 
the risk of worse hospital outcomes. Third, hypoxemia (and 
RF), irrespective of clinical severity, prevalence, and criti-
cal combination of the triggering acute diseases, may occur 
more easily in patients who are frail before hospitalization, 
as recently demonstrated [6]. In some patients, RF may 
therefore represent an epiphenomenon of frailty/disability 
or terminal disease [6].
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In this regard, MPI is a widely used measure of frailty 
and a reliable predictor of short and long-term mortality 
[9]. As in our population, MPI had an excellent accuracy 
and calibration in predicting longer LOS and in-hospital 
mortality in acute care geriatric settings [21]. Notably, in 
our population RF predicted in-hospital death and longer 
LOS regardless of MPI. It is possible that RF reflects 
domains of frailty not entirely captured even by a potent 
tool as MPI [6]. RF is also an expression of overall sever-
ity of the acute illness, a partly different clinical domain 
than frailty, and thus poorly explored by MPI [6].

Sepsis was associated with adverse outcomes in our 
hospitalized older medical patients. While the clinical 
impact of sepsis was somehow expected, our finding that 
elevated CRP circulating levels independently predicted 
in-hospital death requests particular comment. Increased 
CRP levels are expression of systemic and lung inflam-
mation, as well as of inflammation-related instability of 
atherosclerotic plaques, representing an intriguing link 
between inflammatory/infectious diseases and athero-
thrombotic events [22, 23]. High CRP serum values were 
repeatedly found to herald adverse outcomes in chronic 
obstructive pulmonary disease  [23], heart failure [24], 
cardiovascular diseases [22], pulmonary infections [25], 
and sepsis [26], all conditions underlying RF. An elevated 
CRP was also associated with in-hospital death in unse-
lected older medical patients [27]. To our knowledge, 
however, the interplay between RF and systemic inflam-
mation, signaled by increased circulating CRP, was never 
investigated in the same population. We observed an inde-
pendent and separate contribution of RF and high CRP to 
the risk of in-hospital death of our older medical patients, 
a clinically meaningful result deserving confirmation and 
further insight.

RF did not predict institutionalization in our discharged 
alive patients. This can be attributed, at least in part, to 
the substantial in-hospital mortality of RF patients and is 
consistent with our recent study [7]. The 25.4% in-hospital 
mortality of RF patients was comparable to the 23% cal-
culated in the latter study, and far higher than the 6% rate 
of non-RF patients. When only acute RF was considered, 
in-hospital mortality was 28.9%. These numbers mean that, 
in a non-intensive hospital unit, a diagnosis of RF—even 
mild RF—separated two groups of medical older patients 
with dramatically different rate of in-hospital death and LOS 
[6, 7]. Consequently, a strict SpO2 monitoring is pivotal to 
obtain a timely RF diagnosis, in order to identify promptly 
the pathologic mechanisms generating the syndrome, as well 
as to prioritize tailored medical interventions for these vul-
nerable patients [28]. In the study of Ray, an early diagnosis 
of the diseases underlying RF, obtained since arrival in the 

ED, was associated with a better prognosis during the sub-
sequent hospital stay [1].

This study had limitations. First, its retrospective nature 
precludes any firm conclusion. Second, despite the stand-
ardized coding method, the diagnosis of illnesses other 
than RF was based on administrative data, and a selec-
tive ICD-9 reporting or mis-reporting cannot be ruled out. 
Third, data derive from a single hospital and thus general-
izability is uncertain. Finally, the GRACE protocol did not 
include measures of severity of both RF and overall acute 
illness [8], that are supposed to affect the impact of RF on 
mortality [6]. In a previous study, however, we found that 
the RF-related risk of death in non-intensive medical set-
tings remained significant also after correction for a stand-
ardized measure of severity of overall acute illness [6].

In conclusion, RF was very common in older persons 
acutely hospitalized in a non-intensive medical ward. The 
RF syndrome was a potent risk factor for longer LOS ad 
in-hospital mortality, also after keeping into account the 
prognostic value of its underlying and causative diseases. 
As a clue for identifying and prioritizing more vulnerable 
patients, RF should be searched for, clinically interpreted, 
and carefully managed in older patients hospitalized in 
acute care non-intensive medical units.
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