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Abstract

Background Italy is expected to experience the largest

growth in persons C65 years ([20 % by 2020). This de-

mographic shift allows for geriatric research on predictive

clinical and biological markers of outcomes related to

frailty, re-hospitalization and mortality.

Aims To describe rationale and methods of the Report-

AGE study project of acute care patients in Italian National

Research Center on Aging (INRCA) research hospitals.

Methods Report-AGE study is a large observational study

on health conditions and outcomes of hospitalized elderly

patients (C65 years). The primary objective of the study is

to create a high-level data resource of demographics,

comprehensive geriatric assessments, clinical and

diagnostic information, as well as biological and molecular

markers in all older patients admitted to INRCA Hospitals.

Assessments in physical and nutritional parameters, co-

morbid health conditions, and associations with frailty

parameters are ongoing in older hospitalized adults fol-

lowing an acute event. Study collection began in Septem-

ber 2011.

Results Up to date, there are 3479 patients C65 years

(mean age: 85 ± 7years) with 1543 men and 1936 women

enrolled. Data have been recorded regarding functional and

clinical parameters before, during hospital admission and at

discharge. Data collection for primary outcome analyses

related to re-hospitalization and mortality is estimated for

September 2016.

Discussion This study aims at collecting precise clinical

data, comprehensive geriatric assessment, risk factors, and

biological data from acute care patients. Data will also be

used to identify mechanisms underlying frailty in this

specific population.

Conclusion This study provides a descriptive epi-

demiological collection of the health conditions of older in-

patients.

Keywords Biomarkers � Health outcomes � Acute care

hospital � Comprehensive geriatric assessment � Older

Introduction

Global demographics have underlined that persons over

65 years of age will double from 7.4 to 14.7 % between

2010 and 2040 [1] and those over the age of 80 (the

‘‘oldest-old’’) are projected to grow more rapidly than the

older population itself. In 2002, 12 % of the over 65

population accounted for 50 % of all hospitalizations [2].
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Hospital admissions of this growing population are ex-

pected to rise to 21 % by 2030 [3]. Italy is expected to

experience the largest growth in the 65 and older group

over the next years, with this population projected to

comprise an estimated 22.1 % by the year 2020 [2]. Italy

holds the greatest potential as ‘‘the largest living laboratory

for geriatric and gerontological research’’ [3] to identify

and treat precise clinical and biological markers on nega-

tive outcomes in older patients.

Up to now, numerous and large community-dwelling

prospective studies in older populations have only identi-

fied predictive markers of disability, frailty, mortality and

hospitalization [4–6], while fewer and more heterogeneous

studies have been dedicated to testing for predictive

markers on negative outcomes in older hospitalized adults

[7, 8]. Older persons are at an increased risk for hospital

admission due to an age-related reduction of functional

reserve in physiological systems, resulting in increased

vulnerability to illness, physical dependency and frailty.

Frailty, the spiral of reduced functional reserve and in-

creased vulnerability to disease [9], represents a key

prognostic marker in acute/hospital care settings [9, 10]. A

previous study found that medical, functional, and biolo-

gical characteristics, linked with the frailty phenotype [9,

10], were among the most important predictors of func-

tional decline associated with hospitalization [11]. Frailty

is associated with an increased risk of a range of adverse

outcomes during hospitalization, including: (1) the onset of

geriatric syndromes, such as delirium, dizziness, functional

decline, incontinence, pressure ulcers [12]; (2) polyphar-

macy and adverse drug events [13]; (3) prolonged hospital

stays, institutionalization, re-hospitalization and mortality

[14, 15]. Diverse prognostic indexes integrating multiple

domains have shown to predict 1- and 2-year mortality in

hospitalized elders [8, 16]. However, frailty markers of

functionality necessary to maintain high independency and

adequate quality of life in an acute event and following

have not been precisely identified.

There is a continuously growing rise in hospitalization

for acute events in older frail persons with chronic co-

morbidities. Considering that there are little data for hos-

pitalized older patients, an extremely vulnerable group of

individuals, the need for functional and prognostic infor-

mation remains essential for decisions concerning long-

term clinical planning, discharge, and follow-up [17]. In

addition, the role of innovative biomarkers of frailty and

diseases on adverse outcomes needs investigation com-

pared to traditional prognostic factors [18].

The Report-AGE project is currently ongoing with the

main objective to create one of the world’s largest data

resources regarding demographics, comprehensive geriatric

assessments, clinical and diagnostic information, as well as

biological and molecular markers in all older patients

admitted to the Hospital Network of the Italian National

Research Center on Aging (INRCA) throughout Italy.

Methods/design

Study design

This is an ongoing prospective study of older patients

consecutively admitted to participating acute care wards in

INRCA acute care research hospitals located in Italian cities

of Ancona, Fermo, Cosenza and Casatenovo that started in

September 2011 (Fig. 1). After receiving information de-

scribing the study, potential participants are screened for

eligibility. Eligibility criteria includes: age C65 years, ad-

mission to one of the INRCA research hospitals, written

informed consent. In the case of a participant’s cognitive

decline or poor capability of judgment, a proxy (relative or

caregiver) is invited to give consent in addition to receiving

consent of the participant. Exclusion criteria include: lack

of informed consent from the patient or caregiver.

The Ethical Committee of the Italian National Research

Center on Aging has approved the study protocol.

Study procedures

The first baseline study data collection occurs at the time of

hospital admission. Baseline data collection includes using

a minimum data set. The minimum data set comprises de-

mographic information, geriatric multidimensional assess-

ment data, clinical, biological and diagnostic information

routinely collected during hospital stay (within the first 24 h

following hospital admission). The questionnaires used for

data collection are identical in all INRCA participating re-

search hospitals and quality control of data collection is

performed at each center. The data regarding ad hoc in-

vestigations to identify biological markers are collected

using a separate and detailed data sheet. A more detailed

description of study procedures has been described [19].

Markers of frailty syndrome include: muscular weak-

ness (handgrip strength) during hospitalization, informa-

tion (self-reported) regarding other frailty markers before

hospitalization will include: unintentional weight loss, poor

endurance (exhaustion), slowness and low physical activity

[9]. Frailty will be considered present if 3 or more criteria

are present. A pre-frail syndrome will be considered if 1 or

2 criteria are present [9].

Collection of biological samples and data storage

Blood samples are taken on the day of study enrolment

(within 24 h following admission) and are stored at -80�C
until needed to perform analyzes on biological markers and
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polymorphisms. Trained and dedicated staff in the hospi-

tals properly prepare blood samples before shipment to the

centralized laboratory. Biological samples of plasma,

serum, buffy coat, and whole blood are coded before being

sent to the centralized laboratory in the Scientific and

Technological Area of INRCA in Ancona, Italy for

biobanking. Laboratory staff of the operating units in-

volved in the project will be allowed access to the samples

to carry out the analyses. A database is organized for pri-

vacy protection on an INRCA server. Access will be

governed through a Hypertext transfer protocol over secure

socket layer (HTTPS) secure protocol. Study protocol staff

at different sites have access to both the server and the

database to insert data. Biological samples will be used

only for the purposes of this investigation and destroyed

5 years after the end of the study.

INRCA Scientific Committee has coordinated the study

and a contact has been identified at each hospital.

Study measurements of geriatric multidimensional

assessment and clinical data (to be performed within 24 h

from admission and within 24 h prior to discharge).

(1) Demographics and clinical data collection (identifi-

cation information, personal data at admission,

assessment date, cognitive function, communication

and vision, mood and behavior, physical function,

incontinence, diagnosis of the disease, health condi-

tions, oral and nutrition status, skin conditions,

medications, treatment and procedures, advanced

directives, discharge potential, discharge, assessment

information, anamnestic–clinical data, standardized

clinical assessment, physical performance tests).

(2) The interRAI Acute Care Instrument [20].

(3) Assessment of the functional capacities will be

performed using specific performance tests of

physical performance, including short physical per-

formance battery (SPPB) [21] and handgrip strength

[22].

(4) Information regarding drug consumption: prior to

admission, during hospital stay and at discharge

[23].

(5) Diagnostic and treatment procedures carried out

during hospitalization (including information from

X-rays, computerized tomography, ultrasounds, elec-

trocardiograms, magnetic resonance imaging, etc).

(6) Biobanking and study measurements of biological

markers (to be performed within 24 h of admission).

Study measurements of biomarkers and analyses

Analysis of biological markers of endothelial function,

immunological markers of inflammation and stress, pros-

trate disease, miRNAs, hematopoietic stem cell precursors,

nutritionally important trace metals, alleles of metalloth-

ionein and zinc transporters and polymorphisms of disease-

associated genes and mitochondrial DNA. Blood samples

are collected within 24 h of admission and stored at

-80 �C to analyze biological markers and polymorphisms

using the following approaches:

Acute Care Units of INRCA Research Hospitals in 
Anconaa, Fermob, Cosenzac, Casatenovod - Italy 

Screening criteria (age ≥ 65 years, signed written consent)

MDS Routine 
biochemical 
parameters

Clinical and biochemical assessments within 24 hours of hospital 
admission

Diagnostic 
instrumental 
parameters

Biobanking 
for future 
testing

Data collected in Electronic clinical charts 

Centralized database 

Centralized laboratory for 
storage and future assessments

a Ancona: Units of Geriatrics and Geriatric Emergency Care; Internal Medicine and Geriatrics; Cardiology; Neurology; Urology
b Fermo: Unit of Geriatrics
c Cosenza: Unit of Geriatrics
d Castenovo: Unit of Pulmonary Medicine

Fig. 1 Study flowchart
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– The quantity of ADMA, SDMA and L-arginine will be

determined with plasma isolated by HPLC.

– Detection of plasminogen activator inhibitor-1 (PAI-1)

will be determined with a commercially available

enzyme immunoassay kit.

– Evaluation of plasma trace metals (Zn, Fe, Se, Cu). The

elements will be directly measured in serum or plasma

collected with heparin by inductively coupled plasma

mass spectrometry (ICP-MS). This determination will

be performed on all patients and associated with the

primary study endpoints.

– The markers of oxidative stress will be analyzed in

plasma samples by ELISA.

– Analysis of circulating microRNA (miRNA) by

miRNA expression profiling through miRNA microar-

ray and real-time PCR analysis

– Determination of telomere length in circulating leuko-

cytes. The analysis of telomere length will be per-

formed by reverse transcription polymerase chain

reaction (RT-PCR), using approximately 50 ng of

DNA per sample extracted from peripheral blood.

– Determination of epigenetic modifications of DNA in

circulating leukocytes in order to identify altered gene

regions and if these have a prognostic role. (analysis of

DNA methylation by methylight method and/or whole-

genome tiling arrays)

– Measurement of cytokines and anti-inflammatory

molecules, in addition to neuregulin-1 (NRG-1), which

has recently been identified as a prognostic marker for

chronic heart disease.

– Genotyping as follows: (i) a genetic polymorphism that

can influence zinc homeostasis (MT1A); (ii) polymor-

phisms present in the genes coding for both the

principal pro- and anti-inflammatory cytokines (IL-6,

IL-1, TNF-alpha, IL-10, IL-2, IL-17, IL-8), as well as

pro- and anti-inflammatory chemokines (MCP-1 and

RANTES); (iii) molecules involved in pathogenetic

mechanisms and individual responses to stress from

physical activity (e.g., E23 K polymorphism of the KIR

6.2 gene); (iv) polymorphisms of the metalloproteinas-

es, MMP1 MMP2 and MMP9, of tissue inhibitors of

metalloproteases (TIMPs) and alpha-2 macroglobulin,

that are involved in the maintenance of the extracellular

matrix, of particular relevance to cardiovascular dis-

ease, including heart failure; (v) polymorphisms asso-

ciated with the current disease of a patient (e.g., APOE

for neurodegenerative diseases and IGF-1 for metabolic

diseases such as type 2 diabetes).

– Evaluation of polymorphisms of mitochondrial DNA,

since these play a primary role in several age-associ-

ated diseases, using the Affymetrix platform; (vi)

Determination of the ‘‘whole genome’’ using Affyme-

trix Chip Array 6.0. and polymorphism analysis using

real-time PCR and specific primers. Frequency allele

will be evaluated in the various subjects. The presence

of specific allelic variants will be associated with

plasma levels of trace elements and endpoints of the

study.

Outcome measurements

The principal goals of the Report-AGE project are:

1. To assess the association of baseline frailty parameters

with:

• incident functional limitation (loss in at least 1

point in ADL or SPPB, or walking speed B1 m/s)

• incidence and change in severity of frailty-related

health conditions (pre-frail condition to frailty)

• recovery of physical function after an acute event

(improvements in ADLs, SPPB scores, walking

speed)

• baseline measures of strength and physical perfor-

mance (handgrip strength, SPPB, walking speed)

2. To access the contribution of episodes of severe acute

illness to changes in body weight and composition

[anthropometric measures of body mass and bioelec-

trical impedance analysis (BIA)] and the relationship

of these episodes to risk of functional limitation, re-

hospitalization and mortality.

3. To assess the ways how changes in physical function-

ality parameters can influence disease-related states

such as cardiovascular disease risk factors such as

lipids, blood pressure and glucose tolerance.

4. To assess the interdependency of nutrition and physical

functional, co-morbid health conditions, and their

association with change in frailty parameters in older

hospitalized adults

5. To provide a solid scientific database which can be

used to test for critical outcomes to develop effective

strategies for maintaining health in older persons

following an acute event.

The collection completion date to begin analyses on

primary outcomes is estimated for September 2016.

Statistics

Required sample size calculations (G-Power Version

3.1.5) will be used for all potential investigations on

clinical outcomes. All statistical analyses will be con-

ducted using the SPSS software version 18 (Chicago, IL,

USA). Continuous variables will be expressed using as

means with standard deviations (SD) and medians with

ranges. For variables with a normal distribution,
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statistical comparisons between groups will be made

using an analysis variance test. If the data are not nor-

mally distributed, statistical comparisons will be made

using the Kruskal–Wallis test. Measurements with dis-

crete distribution will be expressed as percentages (%)

and analyzed by the Chi squared or Fisher’s exact test

when appropriate.

Risk estimates on clinical outcomes will be carried out

by applying logistic regression analyses and Cox regression

models to calculate the odds ratio (OR) with a confidence

interval of 95 %.

Results

Preliminary results of the study indicate that there are a

total of 3479 older persons enrolled. As expected, there

are more women (n = 1936) compared to men

(n = 1543) enrolled. The population is largely repre-

sented by older persons living in the community (ap-

proximately 75 %) (see Table 1). The variations regarding

the changes in activities of daily living, cognitive per-

formance before hospital admission, during hospital ad-

mission and at discharge are described in Table 2.

Variations in pain and balance are reported in Table 2. At

the moment, data regarding routine biochemical assays

are available.

Discussion

This is the first ongoing epidemiological study of an ex-

isting integrated healthcare system aimed at providing

high-quality data to identify predictable biological and

clinical markers of health outcomes in older acute care

patients. Aging is associated with adaptive changes of or-

gans and systems, predisposing them to reduced functional

reserve, resulting in increased vulnerability to illness and

physical dependency. This state constitutes the condition of

‘‘frailty’’, which is associated with increased risk of mul-

tiple adverse events such as falls, fractures, disability, in-

stitutionalization and death [10, 24]. To reduce the burden

of disease and disability, which significantly reduce the

quality of life of the elderly, it is necessary to reach a high

level of management efficiency to implement needed pre-

vention measures of disability in the frail elderly. This type

of study will be able to identify necessary markers for

future randomized trials in older persons.

Age-related physical and cognitive decline are not only

the result of the aging process itself, but also highly

prevalent in chronic diseases, such as cardiovascular dis-

ease, chronic obstructive pulmonary disease (COPD), dia-

betes, cancer, all of which often coexist [25–27]. An

increased number of comorbidities is also a risk factor for

malnutrition, which in turn leads to disability. Protein and

calorie malnutrition, together with sarcopenia, contributes

Table 1 Descriptive characteristics of reportage according to gender (years 2011–2014)

Characteristic Total (n = 3479) Men (n = 1543) Women (n = 1936) P value

Age (years), mean ± SD 84.42 ± 6.60 83.23 ± 6.60 85.37 ± 6.44 \0.001

Admitted from (%) 0.010

Primary doctor 72.4 75.2 70.2 0.001

Emergency room 8.1 7.5 8.5 0.267

Long-term care 18.2 16.2 19.9 0.005

Acute care 0.9 1.0 0.9 0.776

Other 0.3 0.1 0.5 0.080

Living arrangement (%) \0.001

Alone 13.5 8.6 17.5 \0.001

Spouse 33.3 56.0 15.1 \0.001

With relatives 22.9 13.3 30.6 \0.001

With non-relatives 30.3 22.1 36.8 \0.001

Length of stay (days), mean ± SD 9.07 ± 4.52 8.80 ± 4.51 9.28 ± 4.51 \0.001

Death in hospital (%) 7.6 7.9 7.4 0.608

Marital status (%) \0.001

Single 7.7 7.1 8.2 0.254

Married 44.7 69.1 24.7 \0.001

Widow 46.9 22.8 66.5 \0.001

Separated or divorced 0.7 1.0 0.6 0.185

Acute care transferred from other acute care hospitals; long-term care long-term care facilities, nursing homes, rehabilitation hospitals; other

assisted living, psychiatric hospitals
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Table 2 Descriptive characteristics of comprehensive geriatric assessment (CGA) (years 2011–2014)

CGA tool Before

admission

At

admission

At

discharge

P value (admission vs.

discharge)

P value (before admission

vs. discharge)

a

ADL (%) \0.001 \0.001

Independent 37.5 30.6 34.5

Supervision 4.5 3.9 4.6

Limited 14.7 14.0 15.5

Extensive 4.9 4.5 4.9

Maximal 7.2 8.1 7.7

Dependent 9.9 12.9 11.5

Total dependency 21.3 25.9 21.3

CPS (%) \0.001 \0.001

Intact 23.8 22.5 25.0

Borderline intact 10.2 9.0 9.9

Mild 16.7 16.1 17.7

Moderate 11.5 10.9 11.8

Moderate severe 13.4 13.5 13.5

Severe 6.8 6.7 5.9

Very severe 17.6 21.3 16.3
aAbility to make oneself understood (%) \0.001 \0.001

Completely understood 39.4 37.2 40.0

Almost always understood 23.6 21.2 23.9

Often understood 12.3 12.9 13.1

Sometimes understood 12.7 13.1 11.9

Rarely or not understood 11.9 15.6 11.1
bAbility to understand others (%) \0.001 \0.001

Complete understanding 40.4 38.7 41.6

Almost always 22.2 20.7 22.4

Often 11.8 11.8 12.3

Sometimes 12.7 13.2 12.1

Rarely or not 12.9 15.7 11.6

b

Pain scale (%) \0.001 \0.001

No pain 77.7 75.3 85.2

Less than daily pain 2.1 2.6 3.6

Mild or moderate pain 13.6 14.5 8.9

Severe pain 6.5 7.6 2.3

Balance problems present or difficulty in

rising from a chair (%)

\0.001 –

No difficulty n/a 43.4 50.4

Difficulty n/a 56.6 49.6

Balance difficulty in rotating 180� in a

standing position (%)

\0.001 –

No difficulty n/a 38.8 46.0
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to creating a vicious cycle leading from frailty to disability.

Sarcopenia is known to be associated with worsening of

cognitive capacity [28, 29]. Indeed, studies have shown

that physical activity is associated with a slowing of cog-

nitive and functional decline [30, 31] and a lower incidence

of comorbidities [32]. Maintaining cognitive function has

shown to improve morbidity and mortality rates [33]. Re-

cent data also indicate that certain disorders of cognitive

function may hold important prognostic significance in

elderly patients with COPD and heart failure. In particular,

in older patients with COPD, deterioration in executive

functioning has been associated with increased mortality

[34]. However, specific biomarkers associated with physi-

cal and cognitive decline, especially following an acute

event are unknown. This study will allow to identify not

only new biomarkers, but also the role of existing

biomarkers on physical and cognitive outcomes in older

frail persons.

In addition, polypharmacy and inappropriate drug pre-

scribing are associated with comorbidity. An increased

number in inappropriate medications can increase the risk

for adverse drug reactions (ADR) [35–37], and on the other

hand, non-adherence to therapy can also further increase

disability and mortality [38] [39]. There is an urgent need

to identify specific agents associated with ADRs, especially

during hospital stay and following discharge.

Comprehensive geriatric assessment has been shown to

predict health outcomes in older persons [40, 41].

At the moment, hospital-acquired disability issues have

only been addressed in a few studies [8, 42, 43]. The

Report-AGE project is designed to implement a stan-

dardized geriatric assessment aimed at identifying the

functional components and their potential interactions

with acute illness in older persons. This project will en-

compass biological, clinical and social perspective in

acute settings on disability measures. Existing data from

epidemiological and clinical Italian studies testing

biomarkers on age-related outcomes have been conducted

in community-dwelling elders [44, 45]. Lastly, strategies

involving targeted intervention to frail patients and/or a

systematic review of hospital care practices will stimulate

quality improvement, which in turn could yield a sig-

nificant reduction in negative outcomes. In conclusion, the

Report-AGE study will provide evidence on specific

clinical, biological, functional and social characteristics of

older patients during hospitalization in the context of a

multidimensional approach. Results from this study are

expected to improve health outcomes in this increasing

population.

Trial status: Recruiting was underway at the time of

manuscript submission.
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Table 2 continued

CGA tool Before

admission

At

admission

At

discharge

P value (admission vs.

discharge)

P value (before admission

vs. discharge)

Difficulty n/a 61.2 54.0

Pain scale evaluates self-reported pain frequency and intensity. Data collected regarding balance abilities was only reported during the hospital

stay (taken at admission and at discharge) (19)

ADL Activities of Daily Living Hierarchy Scale [range 0 (fully independent) to 6 (completely dependent on others)], CPS Cognitive Performance

Scale [range 0 (intact) to 6 (very severe)]
a Personal expression perceived by others
b Verbal comprehension perceived by others (19)
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