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Abstract

Older adults admitted to internal medicine wards represent a growing population at high risk of sepsis, characterized by
frailty, multimorbidity, functional impairment and reduced physiological reserve. While sepsis outcomes have been exten-
sively studied in intensive care settings, less is known about prognostic determinants in non-ICU wards. Using data from
the Italian REPOSI registry (2009-2023), we analyzed patients aged >65 years hospitalized in internal medicine and geri-
atric wards. Clinically recognized sepsis was identified through documented clinical diagnoses and corresponding ICD-9
codes. Latent Class Analysis (LCA) was used to explore multimorbidity patterns within the sepsis cohort. The primary
aim was to evaluate factors associated with in-hospital mortality in older adults with sepsis. Secondary analyses compared
baseline characteristics between septic and non-septic cases, assessed in-hospital mortality determinants according to sepsis
onset setting (community- vs hospital-acquired), and explored factors associated with prolonged length of stay (LOS) in
community-acquired sepsis. Additional descriptive analyses evaluated geographic distribution, infection sources and treat-
ment patterns. Among 8880 patients, 504 (5.7%) had clinically recognized sepsis; more than half were hospital-acquired.
In-hospital mortality was high (23.8%) and markedly higher in hospital-acquired sepsis. Two distinct multimorbidity patterns
emerged: an oncologic—hepatologic profile and a diffuse chronic multimorbidity profile characterized by cardio—renal-meta-
bolic, respiratory, and neuropsychiatric conditions. In community-acquired sepsis, the chronic multimorbidity profile was
independently associated with increased mortality, whereas this association was not observed in hospital-acquired sepsis.
Across the cohort, advanced age, functional dependence and hypoalbuminemia emerged as key factors independently asso-
ciated with in-hospital mortality. Exploratory LOS analyses in community-acquired sepsis showed a modest association
between prolonged hospitalization and higher anticholinergic burden. Additional descriptive analyses showed that lower
respiratory tract infections were the most frequent source of both community- and hospital-acquired sepsis, while hospital-
acquired cases showed greater heterogeneity of infectious sources and treatment patterns. In internal medicine wards,
clinically recognized sepsis in older adults may reflect underlying clinical vulnerability rather than an isolated acute event.
Multimorbidity patterns and geriatric-related clinical dimensions appear to influence outcomes, particularly in community-
acquired sepsis. Integrating multimorbidity, nutritional and functional assessments into sepsis evaluation may improve risk
stratification and support more personalized management in older hospitalized patients.
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Introduction

Sepsis is a major clinical challenge in internal medicine
wards, where the hospital population is predominantly
older, multimorbid and clinically vulnerable [1, 2]. In this
setting, sepsis often develops subacutely, with subtle and
atypical features that may delay diagnosis and treatment
in patients with a complex clinical pattern, where organ
dysfunction intertwines with frailty, comorbidities, func-
tional impairment and iatrogenic factors [3].

Although extensively investigated in intensive care
units (ICUs), the burden of sepsis in internal medicine
wards remains relatively underexplored, despite high mor-
tality, disability, and prolonged hospital stays [4, 5].

Emerging evidence indicates that sepsis is a biologi-
cally heterogeneous condition with distinct clinical phe-
notypes influenced by the type of pathogens, infection
sources and comorbidity patterns. This heterogeneity
contributes to variable outcomes, underscoring the need
for integrated stratification models capturing clinical com-
plexity, multimorbidity and geriatric vulnerability.

At an epidemiological level, both incidence and mortal-
ity of sepsis are increasing in Europe, with an estimated
400,000 — 800,000 sepsis cases each year and a fatality
rate between 15 and 25% [5]. In Italy, sepsis-related deaths
increased from 18,939 (3%) in 2003 to 49,010 (8%) in
2015, in parallel with population aging, multimorbidity,
invasive procedures, and antimicrobial resistance [6].

The Sepsis-3 definition framed sepsis as a life-threat-
ening organ dysfunction caused by a dysregulated host
response to infection [7]. However, in older adults, com-
monly used scores (qSOFA, SOFA, SIRS, NEWS) rely
heavily on vital signs and show limited sensitivity in
this age group, where physiological responses are often
blunted, and they fail to capture functional reserve [8, 9].

Geriatric domains including multimorbidity, nutritional
and functional status are strong prognostic determinants
and should be incorporated into risk stratification [10-12].
Since vulnerability is driven by specific combinations of
comorbidities rather than their mere number, person-
centered analytical approaches such as the Latent Class
Analysis (LCA) are particularly suitable [13].

From these premises and gaps of knowledge, the pre-
sent study, based on the Italian REPOSI registry, aimed
to characterize clinically recognized sepsis in older adults
hospitalized in internal medicine wards, with particular
focus on multimorbidity patterns and in-hospital mortality.
Secondary analyses explored determinants of in-hospital
mortality according to sepsis onset (community-acquired
vs hospital-acquired) and factors associated with pro-
longed length of stay in community-acquired sepsis, while
additional descriptive analyses assessed infection sources,
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antimicrobial treatment patterns, and geographical distri-
bution within the registry.

Methods
Study design

This retrospective study is based on data from the REPOSI
(REgistro POliterapie SIMI) registry, an ongoing collabo-
rative initiative launched in 2008 by the Italian Society of
Internal Medicine (SIMI), the Istituto di Ricerche Farmaco-
logiche Mario Negri IRCCS, and the Fondazione Ospedale
Policlinico IRCCS Ca’ Granda Maggiore. The registry
involves multiple internal medicine and geriatric hospital
wards across Italian regions. Detailed information on the
REPOSI project has been reported in Mannucci et al. [14].
Patients aged 65 years and older were recruited. Recruit-
ment took place during four predefined index weeks each
year. Written informed consent was obtained from all partic-
ipants prior to enrolment. The study protocol was approved
by the ethics committee of each participating center. Infor-
mation on health status, clinical events and drug therapy
were recorded at admission, during hospital stay, and at dis-
charge. Functional status (Barthel Index), nutritional sta-
tus as estimated by serum albumin, and other clinical and
laboratory variables were assessed at hospital admission
and used as baseline indicators for the analyses. Frailty was
assessed using a Frailty Index based on the deficit accumu-
lation approach proposed by Rockwood and Mitnitski and
previously implemented in the REPOSI registry [15, 16].
The index incorporates socio-demographic, physical, cogni-
tive, functional, and clinical deficits and provides a quantita-
tive measure of biological vulnerability, with higher scores
indicating greater frailty. The REPOSI registry collects
clinical and laboratory data at admission and at discharge
from internal medicine wards and does not capture clinical
status at sepsis onset. Consequently, available data do not
allow assessment of acute illness severity at sepsis onset
(e.g., full SOFA score), because in patients with sepsis pre-
sent at admission they reflect post—-emergency department
conditions, no measurements being available at the onset of
hospital-acquired sepsis. All diseases were classified accord-
ing to the International Classification of Diseases, 9th revi-
sion (ICD-9) and all drugs were coded using the Anatomical
Therapeutic Chemical (ATC) classification system [17, 18].
The initial analytical cohort comprised 10,253 individuals
enrolled in the REPOSI registry between 2008 and 2023.
For the purposes of this analysis, cases enrolled in the
2008 edition of the registry (n=1332) were excluded, as
the Cumulative Illness Rating Scale (CIRS) was not col-
lected on that year by study design. Additionally, patients
with missing, inconsistent, or clearly erroneous data
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regarding either CIRS scores or medication use at the time
of hospital admission were excluded (n=41). Thus, the
final study cohort consisted of 8880 individuals (Fig. 1).

Inclusion in the sepsis group required a documented
sepsis diagnosis from at least one of the following sources:
reason for hospitalization, admission diagnoses, indication
for drug therapy, intercurrent clinical events during hospi-
talization, or cause of death. Sepsis cases were identified
using ICD-9 codes (Supplementary Table S1). Additional
registry labels for severe sepsis and septic shock were
extracted.

Baseline comorbidities were defined using ICD-9 codes
as follows: malignancy (140-208), chronic respiratory dis-
ease (491, 493, 515, 518), chronic heart disease and hyper-
tensive heart and renal disease (402, 404, 428), chronic
kidney disease (585), diabetes mellitus (250), chronic liver
disease (571, 070), and neuropsychiatric disorders (433,
434, 438, 348, 290, 291, 340, 335, 357, 332).

Antimicrobial treatment for sepsis was classified
according to ATC groups JO1 and JO2, and vasoactive
agents [adrenaline (CO1CA24), noradrenaline (CO1CA03)]
and dopamine (CO1CA04) were also considered (Supple-
mentary Table S2).

To further characterize sepsis, the most likely source of
infection was identified by reviewing multiple records within
the REPOSI registry and classified into predefined catego-
ries, including lower respiratory tract, urinary tract, intra-
abdominal, gallbladder, skin or soft tissue, septic arthritis,
cardiac or unknown origin, based on corresponding ICD-9
codes (Supplementary Table S1). Because of the structure of
the REPOSI registry, catheter-related bloodstream infections
(CRBSI) and other device-associated infections could not be
identified as distinct causes of sepsis.

Statistical analysis

Patients baseline characteristics, drug therapy, comorbidi-
ties and clinical parameters at admission were described
using frequencies and percentages for categorical variables,
and medians with interquartile ranges for continuous ones.
Group differences were assessed using chi-square tests for
categorical variables and Wilcoxon rank-sum tests for con-
tinuous ones and reporting p-values.

The primary aim of the study was to evaluate factors
associated with in-hospital mortality in older adults with
clinically recognized sepsis admitted to Internal Medicine

Fig. 1 Flow-chart of the popula-
tion selection

Initial population: 10,253

EXCLUDED

1,332: CIRS evaluation not available

k4

v

by study design (study 2008-2009)

41: no/wrong information on
drugs/CIRS at admission

Patients available: 8,880

3

8,376: do not have sepsis

120: dead

504: patients with sepsis
- 219 at admission
- 285 post-admission

58: transferred

v

326: discharged
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wards. Secondary analyses compared baseline characteris-
tics between septic and non-septic cases and assessed mor-
tality determinants according to sepsis onset setting (com-
munity- vs hospital-acquired). We also explored prolonged
length of stay (LOS), measured as days from admission to
discharge or death dichotomized according to the median
value, but only for cases of in sepsis diagnosed at admission,
because LOS in hospital-acquired sepsis may reflect hos-
pitalization preceding sepsis onset. Additional descriptive
analyses assessed geographic distribution, infection sources
and treatment patterns.

Latent Class Analysis (LCA) was applied to identify
homogeneous multimorbidity subgroupsamong patients
presenting with at least two chronic conditions, which were
compared with those with no/low comorbidity. LCA is a
probabilistic, model-based clustering technique that assigns
individuals to mutually exclusive groups according to the
similarity of their response patterns across observed vari-
ables [19]. The model included seven chronic conditions
recorded at admission: malignancy, chronic respiratory
disease, chronic heart failure, hypertensive heart and renal
disease, chronic kidney disease, chronic liver disease, neu-
ropsychiatric disorders and diabetes mellitus. The analy-
sis included 229 patients presenting two or more of these
comorbidities, whereas patients with none or one comor-
bidity (n=275) were grouped into a “No/Low Comorbidity
category” and used as the reference group in subsequent
analyses.

The optimal number of classes was determined by bal-
ancing statistical fit and clinical interpretability, using
the Bayesian Information Criterion (BIC) and the Akaike
Information Criterion (AIC). Class assignment and charac-
terization were based on posterior probabilities, observed-
to-expected ratios (O/E), and exclusivity measures (Supple-
mentary Tables S7-S8).

Class composition was assessed using O/E ratios and
exclusivity, which reflect the relative overrepresentation of
conditions within each class. Conditions were considered
part of a class pattern if the O/E ratio was > 1.5 or exclusiv-
ity > 25%, and the latent classes were named accordingly.

The latent classes identified in the final model were used
to create a categorical variable, which was included as a pre-
dictor in subsequent analyses. Participants with 0—1 comor-
bidity, who were not included in the LCA, were considered
as the reference group to allow comparison with multimor-
bid patients.

Associations between variables and outcomes were first
explored using univariate logistic regression. Multivari-
able models were adjusted for age and sex, and then for
relevant clinical covariates: Barthel index, serum albu-
min, serum glucose, body mass index (BMI), anticholin-
ergic drug cognitive burden (ACB) index, admission year
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(2010-2016 vs. 2017-2023), and LCA class membership
[20]. For each model, odds ratio (OR), 95% confidence
intervals (CIs) and p-values were reported. To improve
interpretability, selected continuous variables were
rescaled before inclusion in regression models: glucose
was modelled per 10-mg/dl increase and Barthel Index
per 10-point increase. Missing data were handled through
multiple imputation, performed using chained equations
applied to albumin, glucose, BMI and Barthel index, with
the goal to preserve statistical power given the moderate
sample size.

All analyses were performed using Stata/IC v15.1
(StataCorp, College Station, TX).

Results
General characteristics of the study population

Among the 8880 patients included in the study, 504 (5.7%)
had a diagnosis of sepsis: 219 cases (43.5%) were com-
munity-acquired, while the majority (285 cases, 56.5%)
developed sepsis during hospitalization (Fig. 1). Differ-
ences according to sepsis setting onset were observed.
Hospital-acquired sepsis was associated with higher in-
hospital mortality compared with community-acquired
sepsis, respectively 36.1% vs. 14.9% (Supplementary
Tables S9-S10). In addition, multimorbidity patterns
showed differential prognostic relevance according to the
sepsis onset setting. The chronic multimorbidity profile
identified by LCA (class 2) was independently associated
with in-hospital mortality in community-acquired sepsis,
whereas no significant association was observed in hospi-
tal-acquired cases (Supplementary Tables S9-S10).

Within the sepsis cohort, 51 patients had a documented
diagnosis of septic shock and 95 of severe sepsis accord-
ing to the registry coding in use during the study period.

Table 1 reports the characteristics of the study pop-
ulation, stratified by the presence or absence of sepsis.
Patients with sepsis were, on average, older, with lower
Barthel Index scores, higher clinical frailty scores, greater
comorbidity burden at admission, were more frequently
admitted from residential facilities rather than home and
were often previously hospitalized within the previous 12
months. In addition, patients with sepsis more frequently
exhibited hypoalbuminemia, neuropsychiatric and neo-
plastic diseases, greater need for urinary catheterization
during hospitalization, and had a longer length of stay.
Geographical and temporal analyses revealed a relatively
higher prevalence of sepsis in Northern regions and during
the 2017-2023 period (Table 1).
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Table 1 Demographic and
clinical characteristics of
patients with and without sepsis
(N = 8880)

Variable No Sepsis Sepsis p-value®
(n = 8376) (n=504)

Age (years), median (IQR) 80 (74-85) 82 (75-87) <0.001

Gender, n (%) 0.27
Female 4234 (50.5) 242 (48.0)
Male 4142 (49.5) 262 (52.0)
Length of Stay (days), median (IQR) 9 (6-14) 14 (8-22) <0.001

Origin, n (%) <0.001
Home 7811 (94.4) 440 (88.5)
Nursing home 237 (2.9) 37(7.4)
Other (specify) 222 (2.7) 20 (4.0)

Ward, n (%) 0.22
Geriatrics 1624 (19.4) 109 (21.6)
Internal Medicine 6,752 (80.6) 395 (78.4)

Region, n (%) 0.002
North 3793 (45.3) 268 (53.2)
Center 2268 (27.1) 113 (22.4)
South and Islands 2315 (27.6) 123 (24.4)
Previous 12 months hospital admissions, n (%) 2841 (34.0) 232 (46.1) <0.001
Frailty index, median (IQR) 7.5 (5.8-10) 9.5 (7-12.5) <0.001
Barthel index before admission, median (IQR) 91 (68-100) 73 (31-96) <0.001
Albumin (g/dl), median (IQR) 3.4 (3.0-3.8) 3.0(2.5-3.3) <0.001
Glucose (mg/dl), median (IQR) 108 (91-138) 113 (92-144) 0.065
Body Mass Index (BMI) (kg/m?), median (IQR) ~ 25.35 (22.58-28.44)  24.61 (22.10-27.68)  0.004
ACB index, median (IQR) 10 (0-22) 14 (0-29) <0.001
Malignancy, n (%) 1194 (14.3) 113 (22.4) <0.001
Chronic Respiratory disease, n (%) 711 (8.5) 34 (6.7) 0.17
Heart failure, n (%) 2561 (30.6) 152 (30.2) 0.84
Renal diseases, n (%) 1815 (21.7) 134 (26.6) 0.01
Diabetes, n (%) 2,302 (27.5) 131 (26.0) 0.47
Chronic liver diseases, 7 (%) 821 (9.8) 43 (8.5) 0.35
Neuropsychiatric diseases, n (%) 1913 (22.8) 161 (31.9) <0.001
CIRS severity at admission, median (IQR) 1.62 (1.38-1.85) 1.69 (1.46-1.92) <0.001
CIRS comorbidity at admission, median (IQR) 3 (2-4) 3(2-4) 0.001
N. of drugs, median (IQR) 5 (4-8) 6 (4-8) 0.80
Polytherapy, n (%) 5242 (62.6) 322 (63.9) 0.56

Urinary catheter at admission, n (%) <0.001
No 7848 (95.4) 423 (85.8)
Yes 381 (4.6) 70 (14.2)

Admission Year, n (%) <0.001
2010-2016 4504 (53.8) 161 (31.9)
2017-2023 3872 (46.2) 343 (68.1)

Data are presented as number (percentage) [n (%)] for categorical variables or median (interquartile range)
[median (IQR)] for continuous variables unless otherwise specified

 p-values were obtained using the Wilcoxon rank-sum test for continuous variables and the chi-square test

for categorical variables

BMI Body Mass Index, IQR Interquartile Range, CIRS Cumulative Illness Rating Scale, ACB Anticholiner-

gic Cognitive Burden

Missing values: Length of stay (n=20); Origin (n=113); Previous hospital admissions (n=9); Barthel
Index (n=1,528); Albumin (n=3,208); Glucose (n=460); BMI (n=1,232); CIRS (n=14); Urinary catheter

(n=158)
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Latent class analysis (LCA)

LCA identified two multimorbidity patterns with at least two
selected chronic conditions. The first, Oncologic—Hepato-
logic, was characterized by a high prevalence of malignancy
and chronic liver diseases with limited co-occurrence of
other chronic conditions. The second, Chronic Multimorbid-
ity, included patients with predominant chronic respiratory
disorders frequently coexisting with cardio-renal-metabolic
and neuropsychiatric comorbidities. Patients with no/low
comorbidity were retained as the reference group.

Further details are provided in Supplementary
Table S7-S8.

Mortality

In-hospital mortality was higher in patients with sepsis
than in non-septic cases (23.8% vs 3.0%; Table 1). Among
patients with sepsis with available discharge outcome, mor-
tality differed markedly according to sepsis onset setting,
being more than twice in sepsis developed during hospitali-
zation than in sepsis already present ad admission (36.1% vs.

Table 2 Association of patient characteristics with in-hospital mortality in

14.9%; 91/252 vs. 29/194). Notably, the excess in-hospital
mortality observed among patients with sepsis was largely
driven by hospital-acquired episodes, which were associ-
ated with a substantially higher risk of death compared with
community-acquired sepsis.

In the multivariate analysis (Table 2), three admission
variables were independently associated with in-hospital
mortality among patients with sepsis: advanced age (OR
1.05; 95% CI 1.02-1.09; p = 0.001), lower Barthel Index
(OR 0.90 per 10-point increase; 95% CI 0.90-1.00; p =
0.02), and lower albumin levels (OR 0.59 per 1 g/dL increase
in serum albumin; 95% CI 0.36-0.97; p = 0.043). A border-
line association with lower in-hospital mortality was also
observed for admissions during 2017-2023 compared with
2010-2016 (OR 0.61; 95% CI 0.37-0.99; p = 0.05).

When analyses were stratified by sepsis onset setting, differ-
ent mortality patterns emerged: in community-acquired sepsis,
age and Barthel Index remained significant predictors of mortal-
ity, in line with the overall septic cohort, whereas serum albumin
levels were not (Supplementary Table S9). In this subgroup,
multimorbidity phenotypes identified by LCA were variably
associated with mortality: compared with the reference group,

sepsis: logistic regression model (N = 446)

Variable Discharged Dead Univariate Multivariate p-value
(n =326) (n =120) OR (95% CI) OR (95% CI)
Age (years), mean (+SE) 80.1 (0.4) 83.7 (0.7) 1.06 (1.03-1.10) 1.05 (1.02-1.09) 0.001
Barthel index (per 10-point increase), mean (+ SE) 66.1 (2.0) 49.5 (3.7) 0.90 (0.82-0.90) 0.90 (0.90-1.00) 0.02%*
Albumin (g/dl), mean (+ SE) 3.0(0.1) 2.8 (0.1) 0.49 (0.32-0.76)  0.59 (0.36-0.97) 0.04%*
Glucose (per 10 mg/dL increase), mean (+ SE) 131.1 (4.2) 131.9 (6.9) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 0.99
BMI (kg/m?), mean (+ SE) 25.1(0.3) 24.4 (0.5) 0.97 (0.92-1.02)  0.989 (0.94-1.05)  0.76
ACB index, mean (+SE) 20.7 (1.5) 27.3(2.8) 1.01 (1.00-1.01) 1.01 (1.00-1.01) 0.06
Gender, n (%)
Female (Ref.) 151 (46.3) 59 (49.2) Ref Ref 0.66
Male 175 (53.7) 61 (50.8) 0.89 (0.59-1.36) 1.07 (0.67-1.68)
Admission Year, n (%)
2010-2016 (Ref.) 103 (31.6) 45 (37.5) Ref Ref 0.05%*
2017-2023 223 (68.4) 75 (62.5) 0.77 (0.50-1.19)  0.61 (0.37-0.99)
LCA class, n (%)
No/Low comorbidity (Ref.) 189 (58.0) 52 (43.3) Ref Ref 0.07
Oncologic-liver disease 45 (13.8) 21 (17.5) 1.70 (0.93-3.10) 2.01 (1.05-3.85)
Chronic multimorbidity with respiratory involvement 92 (28.2) 47 (39.2) 1.86 (1.16-2.96) 1.51 (0.91-2.54)

All models were developed using Multiple Imputation to handle missing data for Barthel Index, Albumin, Glucose and BMI

Continuous variables are presented as mean (standard error) and categorical variables are expressed as frequencies (percentage). Odds ratios
refer to a one-unit increase unless otherwise specified; for glucose, odds ratios refer to a 10 mg/dL increase; for the Barthel Index to a 10-point

increase

Global p-value of the multivariate model (chi-square test): <0.0001

SE Standard Error, OR Odds Ratio, CI Confidence Interval, LCA Latent Class Analysis, BMI Body Mass Index, ACB Anticholinergic Cognitive

Burden, Ref. Reference Category

2 p-value refers to the multivariate analysis: “ p < 0.05, ™ p < 0.01,

p <0.001

The analysis includes 446 septic patients; 58 patients transferred to other wards or hospitals were excluded due to unavailable in-hospital out-

come

@ Springer



Internal and Emergency Medicine

the chronic multimorbidity class was associated with higher
odds of death (OR 4.34; 95% CI 1.45-12.96; p = 0.03), whereas
cases in the oncologic—hepatologic class showed no statistically
significant increase in mortality (OR 2.78; 95% CI 0.64—-12.05).
These associations were not observed in the overall septic cohort
(Table 2). In contrast, in hospital-acquired sepsis, age was the
only variable independently associated with in-hospital mortal-
ity (Supplementary Table S10).

Length of hospital stay (LOS)

Median LOS was longer among patients with sepsis than
in non-septic cases (14 days [IQR 8-22] vs. 9 days [IQR
6-14], p < 0.001) (Table 1). Because the exact timing of sep-
sis onset was unavailable for hospital-acquired cases, LOS
analyses were considered to be more appropriately inter-
pretable in community-acquired sepsis. In this subgroup,
prolonged LOS was independently associated with a higher
anticholinergic drug burden (OR 1.02 per one-point increase;
95% CI 1.00-1.03; p = 0.013), while age, Barthel Index score,
serum albumin levels and LCA class were not (Supplementary
Table S11).

Source of sepsis

Source identification differed between community-acquired and
hospital-acquired sepsis, being available in 42% and 67% of
cases, respectively (Supplementary Tables S3-S4). In both set-
tings, lower respiratory tract infections were the most common
source (32 and 29%), followed by urinary (16 and 18%), intra-
abdominal (15% in both), and hepatobiliary infections. Hospital-
acquired sepsis showed a broader spectrum of sources, including
skin and soft tissue, as well as cardiac infections.

Pharmacological therapies

Across the study period, the most frequently used antimi-
crobials were [-lactam/B-lactamase inhibitor combinations,
followed by third-generation cephalosporins, carbapenems,
glycopeptides, and fluoroquinolones; triazoles/tetrazoles
predominated among antifungals. Between 2010-2016 and
2017-2023 the use of carbapenems and fluoroquinolones
declined, while prescriptions of other antibacterial agents (e.g.,
linezolid, daptomycin, fosfomycin) increased moderately (Sup-
plementary Tables S5a-S5b). Vasoactive amines were rarely
employed (Supplementary Tables S5a-S5b-S6).

Discussion

Older adults with clinically recognized sepsis admitted
to internal medicine and geriatric wards represent a clini-
cally complex population at high risk of adverse outcomes.

While research on sepsis has predominantly focused on
ICU, its burden and determinants in internal medicine
wards remain comparatively underexplored, despite
substantial mortality, disability, and prolonged hospital
stay [31]. Using data from the REPOSI registry, this retro-
spective study provides a real-world description of sepsis
burden and outcomes, including in-hospital mortality and
length of stay [3].

Sepsis burden in internal medicine wards

The prevalence of clinically recognized sepsis in our cohort
(5.7%) aligns with previous European studies conducted
in internal medicine wards, with reported rates ranging
between 4 and 6% [21-23]. The higher prevalence observed
in 2017-2023 likely reflects the increased awareness of
sepsis following the introduction of Sepsis-3 criteria. The
higher prevalence recorded in Northern Italy may reflect
regional demographic differences, participating centres dis-
tribution, local healthcare organization and patient case-mix,
and temporal factors including the COVID-19 pandemic.
More than half of sepsis cases developed during hospitaliza-
tion, underscoring hospital-acquired sepsis as a major clini-
cal problem in medical wards, where it was associated with
prolonged hospitalization and substantially higher mortality
than community-acquired sepsis.

Distinct predictors of in-hospital mortality emerged
according to the sepsis onset setting. Community-acquired
sepsis appeared associated with age, functional impairment
and multimorbidity phenotype, whereas age remained the
predominant determinant of in-hospital mortality in hospi-
tal-acquired sepsis.

Clinical vulnerability, frailty and multimorbidity

Compared with non-septic patients, those with sepsis exhib-
ited greater frailty, multimorbidity, functional impairment
and reduced physiological reserve [15, 24]. Advanced age
emerged as the strongest independent predictor of in-hospi-
tal mortality, confirming its central prognostic role in older
adults with sepsis. Cancer-related immunosuppression and
healthcare exposure may increase susceptibility to infection
and poor outcomes, while neuropsychiatric disorders may
contribute through functional impairment, delayed symptom
recognition and anticholinergic drug burden [25, 26]. Taken
together, these observations suggest that, in older adults,
ward-managed sepsis frequently occurs at the intersection
of infection and pre-existing vulnerability [27].

The application of LCA identified two main classes: an
oncologic—hepatologic profile and a chronic multimorbidity
profile characterized by cardio—renal-metabolic, respiratory,
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and neuropsychiatric diseases. These classes should be inter-
preted as statistically derived, context-dependent constructs
rather than definite biological endotypes. Their composi-
tion reflects the variables available within the registry and
may differ in other populations. Nevertheless, they provide
a clinically meaningful framework for characterizing vulner-
ability heterogeneity and may complement traditional risk
stratification approaches. Comparable applications of LCA
have been previously reported in sepsis research, both in
acute cohorts and among sepsis survivors [28, 29].

Determinants of in-hospital mortality

Overall in-hospital mortality among patients with sepsis was
high (23.8%), consistently with the upper range reported in
European cohorts (15-25%), and was markedly higher in
hospital-acquired sepsis (36.1%) [4, 41]. This estimate is
also consistent with the pooled 30-day mortality of 23.6%
reported for European studies in a large international sys-
tematic review and meta-analysis [30]. Our findings com-
plement the limited evidence from internal medicine and
general ward cohorts, where sepsis is associated with sub-
stantial mortality and remains considerably less studied than
in emergency department and ICU populations [22].

Advanced age, functional impairment, and hypoalbu-
minemia confirmed the prognostic relevance of baseline
vulnerability in older adults with sepsis in the overall cohort.
Lower levels of albuminemia should be interpreted as a
marker of vulnerability rather than a therapeutic target, as its
prognostic value does not imply benefit from albumin sup-
plementation [32]. No consistent associations were observed
between mortality and sex, BMI, or glycemic levels, in line
with findings in the literature [33].

These findings should be interpreted in the light of the
structure of the REPOSI registry, which was not specifically
designed to capture acute physiological derangement at the
time of sepsis onset. As a result, the observed associations
primarily reflect baseline clinical vulnerability rather than
acute illness severity. This interpretation should not imply
that multimorbidity, functional impairment, or nutritional
status outweigh acute illness severity in determining progno-
sis. Rather, acute severity and early management could not
be adequately assessed within the present dataset. Therefore,
our findings identify prognostic factors related to those of
baseline clinical vulnerability which were observable in the
frame of this ward-based population [34].

Distinct prognostic associations emerged according to
sepsis onset. In community-acquired sepsis, mortality was
associated with the chronic multimorbidity phenotype,
whereas from the association for the oncologic—hepatologic
class, a trend did not reach statistical significance. In line
with large national cohort studies indicating that multimor-
bidity is associated with increased risk of sepsis and higher

@ Springer

in-hospital mortality, our findings suggest that multimorbid-
ity may represent a marker of biological vulnerability rather
than a mere clinical background [35]. Although advanced
cancer and severe liver disease are established states of
immune vulnerability, the broader chronic multimorbidity
phenotype identified in the present cohort showed a stronger
association with mortality in community-acquired sepsis
[36, 37]. These observations suggest that specific combina-
tions of chronic conditions, rather than their number alone,
may shape prognosis in community-acquired sepsis. How-
ever, the direction of the association remained consistent
with an increased mortality risk in the oncologic—hepato-
logic phenotype, although the lack of statistical significance
may reflect the heterogeneity of this class, preferential refer-
ral of high-risk patients to specialized units, and limited sta-
tistical power owing to small sample size.

In contrast, in hospital-acquired sepsis, age remained the sole
independent predictor of mortality, while baseline vulnerabil-
ity markers did not retain independent prognostic significance.
This may reflect the influence of time-dependent care processes,
including early administration of proper antimicrobial therapy,
prompt source identification and control, escalation of care
including ICU transfer: factors that are not measured by the Reg-
istry, making the prognostic contribution of baseline vulnerabil-
ity parameters less apparent [38]. Although SOFA scores were
unavailable, exploratory analyses showed substantially higher
mortality among patients with clinically documented severe sep-
sis/septic shock (41.5% vs. 17.3%), supporting the contribution
of acute illness severity to prognosis. Residual confounding due
to unmeasured severity variables (eg. lactate levels, full SOFA
score) cannot be excluded.

Determinants of prolonged hospitalization

Median LOS was longer among patients with sepsis than
non-septic cases (14 vs. 9 days), consistently with medi-
cal ward-based international studies [2]. Because the exact
timing of sepsis onset was unavailable in hospital-acquired
cases, LOS analyses were considered more interpretable in
community-acquired sepsis. In this subgroup, prolonged
LOS (> 14 days) was independently associated with higher
anticholinergic drug burden (ACB index). Higher anticho-
linergic burden may contribute to longer hospitalization
through increased risk of delirium, cognitive decline, falls,
and functional deterioration. As such, it may represent a
potentially modifiable target in hospitalized patients [39].

Infection sources and treatment patterns
Lower respiratory tract infections were the most frequent

source of sepsis, followed by urinary tract, intra-abdominal,
and hepatobiliary infections, in line with large international
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cohorts [5, 40, 41]. Older adults are particularly susceptible
to respiratory and urinary infections because of age-related
vulnerability and multimorbidity [42, 43]. Source identifi-
cation differed between community and hospital-acquired
sepsis. In community-acquired cases, the source remained
unidentified in more than half of patients, likely reflecting
atypical presentations, delayed and limited access to early
diagnostic investigations [44]. In hospital-acquired sepsis,
respiratory and urinary infections remained prevalent, but a
broader spectrum of sources was identified, including skin,
soft-tissue, and cardiac infections, consistent with health-
care-related exposures.

Antimicrobial therapy mainly relied on broad-spectrum
antibiotics, such as p-lactams, cephalosporins, and carbapen-
ems, consistent with international recommendations for ini-
tial sepsis management [45, 46]. Over time, fluoroquinolone,
cephalosporin and antifungal drugs use declined, while
more targeted agents such as fosfomycin, linezolid, and
daptomycin use increased [47]. Despite the trend towards
appropriateness, carbapenem use remained substantial
even in community acquired sepsis, possibly reflecting con-
cerns about multidrug resistant organisms in multimorbid
patients. Antimicrobial treatment patterns were described
for the overall as well as community-acquired sepsis cohorts,
while analyses of hospital-acquired sepsis were limited by
treatment changes during hospitalization. Vasopressor use
was rare, reflecting the ward-based setting, where septic
shock prompts ICU referral [45]. Increased noradrenaline
use likely reflects evolving adherence to sepsis guidelines.
These findings align with real-world studies from non-ICU
settings, where vasopressors are used in fewer than 3% of
cases and highlight differences from critical care settings
[48].

Clinical implications and future directions

These findings indicate that, in internal medicine wards, sep-
sis may reflect the convergence of infection with multimor-
bidity, functional impairment, nutritional compromise, and
pharmacological burden. LCA-derived multimorbidity pat-
terns may help to identify subgroups of patients at differing
risk of mortality and prolonged hospitalization. Integrating
functional status, nutritional markers, and medication review
into routine clinical assessment may improve risk stratifica-
tion. Future studies should validate multimorbidity pheno-
types in other cohorts, incorporate acute severity measures,
and explore biological correlates of vulnerability in order to
advance precision medicine approaches in geriatric sepsis.

Strengths and limitations

The main strengths of this study include its nation-
wide multicentre setting, large sample size, prolonged

observation period, and real-world representation of inter-
nal medicine and geriatric wards across Italy. The study
is based on a retrospective analysis of prospectively col-
lected data from the REPOSI registry, where consecutively
enrolled patients are evaluated according to a standardized
protocol using predefined clinical variables across partici-
pating centres. These design characteristics reduce selec-
tion and information bias, strengthen external validity, and
provide a robust framework for investigating clinically rec-
ognised sepsis in routine internal medicine practice. The
internal consistency of the identified sepsis cohort is fur-
ther supported by the observed prevalence, antimicrobial
treatment patterns and mortality, which are consistent with
previous internal medicine cohorts. The study addresses
an underexplored clinical setting, as most sepsis literature
stems from ICU populations despite the growing burden
of sepsis among older patients admitted to medical wards.
This is particularly relevant given the distinctive biologi-
cal and clinical features of older adults. The integration
of functional, nutritional, pharmacological and multimor-
bidity-related variables together with the application of an
innovative multimorbidity-based approach provides novel
clinical insights.

Limitations include the retrospective design, possible sep-
sis misclassification related to ICD-9 coding, and the lack
of availability of key acute-severity variables (e.g., CRP,
lactate values, dynamic severity variables, full SOFA score),
which limited Sepsis-3 adjudication and comparison of ill-
ness severity with ICU-based sepsis cohorts. Although sev-
eral laboratory and physiological variables were available,
they were generally recorded at ward admission rather than
at sepsis onset and therefore could not reliably reflect the
acute severity of the septic episode. Because REPOSI spans
2008-2023 and was designed to investigate a broad spec-
trum of medical conditions rather than any single disease or
syndrome, it does not systematically collect all condition-
specific variables required for retrospective diagnostic adju-
dication, including all SOFA components. Accordingly, sep-
sis identification relied on clinician-assigned ICD-9 coding
retrieved from multiple predefined registry sections, rather
than on hospital discharge codes alone, a strategy widely
used in large epidemiological studies, but inherently liable to
some degree of misclassification. As with other nationwide
prospective registries, retrospective adjudication of every
recorded diagnosis according to condition-specific diag-
nostic criteria was beyond the scope of the registry design.
Consequently, the present findings should be interpreted as
referring to clinically recognised sepsis rather than retro-
spectively adjudicated Sepsis-3-defined sepsis.

Similarly, the available dataset did not provide suffi-
cient information to identify catheter-related bloodstream
infections (CRBSI) or other device-associated infections as
distinct etiological categories, preventing a more detailed
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characterization of hospital-acquired sepsis [49]. Neverthe-
less, exploratory analyses showed higher mortality in cli-
nician-documented severe sepsis/septic shock, consistently
with the prognostic role of acute severity.

The REPOSI registry includes only patients admitted to
internal medicine and geriatric wards, while patients with
more severe acute presentations may be managed in inten-
sive care units, whereas those with specific infectious or
oncologic conditions and a lower burden of comorbidity may
be preferentially admitted to specialized units. This setting-
related selection may have influenced the case mix and the
distribution of multimorbidity profiles, limiting generaliz-
ability of the identified multimorbidity phenotypes.

Finally, residual confounding, particularly in hospital-
acquired sepsis, cannot be excluded because data on acute
management were not available, including devices, fluid
resuscitation, time-to-antibiotics, antibiotic appropriateness,
and adequacy of hemodynamic support. In hospital-acquired
sepsis, the exact timing of onset was unavailable, therefore,
LOS may partly reflect hospitalization preceding sepsis
onset rather than the sole impact of sepsis itself. Despite
these limitations, the study provides relevant real-world
insights into sepsis among elderly multimorbid patients
admitted to internal medicine and geriatric wards.

Conclusion

In older adults admitted to internal medicine wards, sep-
sis may be understood and managed not merely as an acute
infectious syndrome but as the clinical expression of an
underlying vulnerability shaped by age, multimorbidity
and treatment burden. Integrating geriatric dimensions into
sepsis assessment may help identify high-risk patients and
support more personalized management strategies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-026-04501-z.
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