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Abstract

Objectives: The association between frailty, mortality and sex is complex, but a limited literature
is available on this topic, particularly for older hospitalized patients. Therefore, the objective of
our study was to prospectively evaluate sex differences in frailty, assessed by the Multidimensional
Prognostic Index (MPI) and mortality, institutionalization, and re-hospitalization in an
international cohort of older people admitted to hospital.

Study design: We used data from nine public hospitals in Europe and Australia, to evaluate sex
differences in mortality, frailty and the risk of institutionalization and re-hospitalization, during
one year of follow-up.

Main outcome measures: People aged 65 years or more admitted to hospital for an acute
medical condition or for a relapse of a chronic disease were included. A standardized
comprehensive geriatric assessment, which evaluated functional, nutritional, and cognitive status,
risk of pressure sores, comorbidities, medications and cohabitation status, was used to calculate
the MPI to measure frailty in all hospitalized older people. Data regarding mortality,
institutionalization and re-hospitalization were also recorded for one year.

Results: Altogether, 1140 hospitalized patients (mean age = 84.2 years; 694 women = 60.9%)
were included. The one-year mortality rate was 33.2%. In multivariate analysis, adjusted for age,
MPI score, centre and diagnosis at baseline, although women had higher MPI scores than men, the
latter had higher in-hospital (odds ratio, OR = 2.26; 95% confidence intervals, Cl = 1.27-4.01) and
one-year post-discharge mortality (OR = 2.04; 95%CI = 1.50-2.79). Furthermore, men were less
frequently institutionalized in a care home than female patients (OR = 0.55; 95%CI: 0.34-0.91),
but they were also more frequently re-hospitalized (OR = 1.42; 95%ClI: 1.06-1.91) during the year
after hospital discharge.

Conclusion: Older hospitalized men were less frail, but experienced higher in-hospital and one-
year mortality than women. Women were admitted more frequently to nursing homes and
experienced a lower risk of rehospitalization. These findings suggest important differences
between the sexes and extends the ‘male-female health-survival paradox’ to acutely ill patient
groups.

Keywords
Sex; Multidimensional Prognostic Index; Prognosis; Hospital; Cohort study

1. Introduction

It is widely known that women live longer than men worldwide, regardless of other
demographic and clinical characteristics [1]. At the same time, women tend to experience a
greater burden of multi-morbidity and frailty than men, particularly in older age [2].

Previous systematic reviews showed that the prevalence of frailty was significantly higher in
older women than men, both using phenotypic and cumulative deficit models of frailty [3,4].
These findings overall suggest that women have a poorer health status and higher levels of
frailty, and a lower risk of mortality, than men [2]. This phenomenon has been defined as the
‘male-female health-survival paradox’ [5].
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Indeed, data on sex differences in frailty and mortality seems to be equivocal. While some
studies in older community-dwelling people reported that women showed lower mortality
rates than men, after taking in consideration the role of frailty [6,7], other studies reported
that frailty is more important, as predictor of mortality, in female than in male subjects [8-
11].

Notably, most studies that addressed this question were limited to community dwelling
populations. Thus, whether the frailty-mortality paradox also affect older persons who are
acutely ill or are hospitalized is unknown. Addressing this question is important because the
older population account for 50% of hospitalized adults [12] despite accounting for only
13% of the population in the United States, and with the aging of the population this
percentage will increase. Moreover, frailty is associated with several negative outcomes in
hospitalized older people, including increased length of stay, mortality, institutionalization
[13,14]. In addition, it has been reported that older women tend to be excluded from certain
acute therapeutic interventions more than men, and such selective exclusion may be revealed
looking at differential mortality [15].

Finally, to the best of our knowledge, no previous study assessed sex differences in
outcomes of public health importance, particularly institutionalization and risk of re-
hospitalization, after hospital discharge.

The aim of this study was to prospectively evaluate sex differences in frailty, assessed by the
multidimensional prognostic index (MPI) [16,17] and mortality, institutionalization, and re-
hospitalization in an international cohort of older people admitted to hospital, during 12
months of follow-up.

2. Methods

2.1. Study population

This is a secondary analysis of a longitudinal, multicenter, cohort study including 9 Acute
Geriatric Units across Europe (Genova, San Giovanni Rotondo and Padova, Italy; Madrid,
Spain; Cologne, Germany; Rotterdam, the Netherlands; Poitiers, France; Prague, Czech
Republic) and Adelaide, Australia, conducted according to the World Medical Association’s
2008 Declaration of Helsinki, the guidelines for Good Clinical Practice, and the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.

Inclusion criteria were: 1) age = 65 years; 2) admitted to hospital for an acute medical
condition or for a relapse of a chronic disease; 3) ability to provide an informed consent or
availability of a proxy for informed consent and willingness to participate in the study; 4)
complete CGA during hospitalization. No selective exclusion criteria were used, but 61
patients dropped out at 1-year follow-up. These subjects were excluded from the analysis
since we didn’t know the censorship date.

Participants were included consecutively in each setting and for participating to the study at
least 50 participants should be included. No cut-off was posed for the maximum of
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participants to be included for each setting. The recruitment period was from February 2015
to July 2016, with the end of one-year follow-up in August 2017.

The study was initially approved by the Ethics Committee of the leading center (Padova) and
the documentation was sent and approved by the other centers. The Ethical Committees of
each center then approved this observational study. Informed consent was given by
participants who underwent initial evaluation and/or their proxies for their clinical records to
be used in this study. All patient records and information were anonymized and de-identified
prior to the analysis.

2.2. Multidimensional Prognostic Index (MPI)

The MPI, recorded in the first 48 h after admission, was calculated from information
obtained through a standard CGA that considered the following eight different domains

[16,17]:
1.

Functional status as evaluated by Katz’s Activities of Daily Living (ADL) index
[18], which defines the level of dependence/independence in six daily personal
care activities (bathing, toileting, feeding, dressing, urine and bowel continence
and transferring (in and out of bed or chair);

Independence in the Lawton’s Instrumental Activities of Daily Living (IADL)
[19] which assesses independence in eight activities that are more cognitively
and physically demanding than ADL, i.e. managing finances, using telephone,
taking medications, hopping, using transportation, preparing meals, doing
housework and washing;

Cognitive status through the Short Portable Mental Status Questionnaire
(SPMSQ) [20], a ten item questionnaire investigating orientation, memory,
attention, calculation, and language; validated versions were used in each local
language.

Co-morbidity was examined using the Cumulative Illness Rating Scale (CIRS).20
The CIRS uses a 5-point ordinal scale (score 1-5) to estimate the severity of
pathology in each of 13 systems, including cardiac, vascular, respiratory, eye-ear-
nose-throat, upper and lower gastrointestinal, hepatic, renal, genitourinary,
musculoskeletal, skin disorder, nervous system, endocrine-metabolic and
psychiatric behavioural disorders. Based on the ratings, the Comorbidity Index
(CIRS-CI) score, which reflects the number of concomitant diseases, was derived
from the total number of categories in which moderate or severe levels (grade
from 3 to 5) of disease were identified (range from 0 to 13). Comorbidities, at
hospital admission, were reported using the International Classification of
Disease, 10th version.

Nutritional status was investigated with the Mini Nutritional Assessment Short
Form (MNA-SF) [21], which includes information on: a) anthropometric
measures (body mass index, BMI; weight loss); b) neuropsychological problems
and recent psychological stress; ¢) mobility; d) decline in food intake.
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6. Risk of developing pressure sores was evaluated through the Exton Smith Scale
(ESS), a five items questionnaire determining physical and mental condition,
activity, mobility and incontinence [22].

7. Medication use was defined according to the Anatomical Therapeutics Chemical
(ATC) classification code system and the number of drugs used by patients at
admission was recorded. Patients were defined as drug users if they took a
medication included in the ATC classification at the moment of hospital
admission.

8. Cohabitation status included living alone, in an institution, or with family
members.

For each domain, a tripartite hierarchy was used, i.e. 0 = no problems, 0.5 = minor problems,
and 1 = major problems, based on conventional cut-off points derived from the literature for
each item. The sum of the calculated scores from the eight domains was divided by 8 to
obtain a final MPI risk score ranging from 0 = no risk to 1 = higher risk of mortality [16].
The MPI assessment requires between 15-25 minutes and the results can be automatically
generated using the MPI calculator software downloaded from the www.mpiage.eu website.

2.3. Main outcomes

All the participants were followed for 12 months from hospital discharge. Mortality was
consequently categorized as in-hospital or post discharge. Vital status was assessed by
consulting the Registry Offices of the cities in which the patients were resident.

Overall mortality (in-hospital and one-year, at home death) was considered as primary
outcome of our paper, whilst institutionalization (in terms of long-term care or nursing home
access), re-hospitalization (within one year from discharge) and access to homecare services
were considered as secondary outcomes. The secondary outcomes were investigated using
administrative data and phone interviews.

2.4, Statistical analysis

A sample size of 1000 participants was deemed sufficient, assuming a fixed Type | error
alpha of 5% and a statistical power of 80%, to detect an increase in mortality at one-year
equivalent to a risk of at least 36% per those participants classified as MPI 2 and to a hazard
ratio of at least 37% for those participants classified as MPI 3, set the MPI class 1 as the
reference. It was taken a one-year mortality for the reference class equal to 10% [23].

General characteristics were reported as frequencies (percentages) and mean = standard
deviation (SD), for categorical and continuous variables, respectively. Mortality incidence
rates were computed as the number of deaths per person-year, by sex, and compared using
the log-rank test. Comparisons between men and women were performed using the chi-
square test and the Student’s #test for independent groups, for categorical and continuous
variables, respectively.

Logistic binary regression analysis was run, taking as exposure sex and overall, in-hospital
and at home, mortality as outcomes. Similar analyses were run for institutionalization and
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re-hospitalization as outcomes. The strength of the association between sex and primary/
secondary outcomes were reported as odds ratios (ORs) with their 95% confidence intervals
(Cls), adjusted for age, MPI at admission, center and primary diagnosis. The primary
diagnosis was recorded through medical information at the admission and classified using
the ICD10.

Two-sided alternatives with a significance level a = 0.05 were considered for all the tests.
STATA 12 (StataCorp, Stata Statistical Software: Release 12, College Station, TX, USA)
software was used.

3. Results

3.1. Characteristics of the study population

The study population included 1140 hospitalized patients (mean age 84.2 + 7.4 years), with
694 women (= 60.9%) and 446 men (= 39.1%).

Table 1 shows the characteristics of the participants by sex. Women were significantly older
(p < 0.0001) and had a significant higher mean MPI value on admission (p = 0.029) than
men. Consequently, men were categorized more frequently than women in mild risk of
mortality (MPI 1) (19.1 vs. 12.1%; p = 0.005). Regarding the single items of the MPI,
women reported significant lower CIRS scores than men (p < 0.001), and they lived more
frequently alone than men before hospitalization (40.8 vs. 20.0%, p < 0.001) (Table 1).

As regards the diagnoses at hospital discharge, men were hospitalized more frequently than
women for cancer (7.7% vs. 3.2%; p = 0.002) or for respiratory diseases (19.3% vs.13.3%; p
= 0.009), while women were hospitalized more frequently than men for fractures and falls/
traumas (16.4 vs. 8.1%; p < 0.001) (Table 1).

3.2. Sex and mortality

Table 2 shows the association between sex and mortality. The mortality rate, by sex, is
graphically reported in Fig. 1. In multivariate analysis adjusting for age, MPI at admission,
centre and diagnosis at discharge, men died more frequently than women (OR = 2.04;
95%Cl: 1.50-2.79; p < 0.001). These findings were confirmed when considering in-hospital
mortality (OR = 2.26; 95%Cl: 1.27-4.01; p = 0.005) or one-year mortality after discharge
(OR =2.11; 95%CI: 1.49-3.00; p < 0.001) as separate outcomes (Table 2).

3.3. Sex and risk of institutionalization and re-hospitalization

Overall, after adjusting for potential confounders, men were less frequently institutionalized
than women, (OR = 0.55; 95%CIl: 0.34-0.91; p = 0.02), but they were more frequently re-
hospitalized (OR = 1.42; 95%CI: 1.06-1.91; p = 0.02), during follow-up (Table 3).

4. Discussion

In this prospective observational study of a large international cohort of hospitalized older
individuals, we found that women, albeit more frail and older, reported a significant lower
mortality rate than men. Moreover, men were less frequently institutionalized than women,
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but they were more frequently re-hospitalized during one year of follow-up. Overall, these
findings extend the ‘male-female health-survival paradox’ [24], i.e. that women, even if they
are more frail, are less likely to die than men, to the acute care setting.

Notably, frailty in our study was assessed using the MPI. This CGA-based tool exhibits the
highest validity, reliability and feasibility, when compared to other scoring systems, in the
identification and risk stratification of frail older patients in hospital [25]. The MPI is an
accurate predictor of short- and long-term mortality and length of hospital stay [26] as well
as of the risk of institutionalization, re-hospitalization and access to homecare services in
hospitalized older persons [27].

Previous studies have investigated sex differences in frailty in older people. In a large
European study, the years lived free from frailty or physical limitations were significantly
less for women than men, probably due to socio-economic as well as biological factors [28].
Indeed, also genetic sex differences (i.e. €2 allele prevalence) could partially explain the
differences in healthy aging, frailty and mortality observed between men and women, as
reported in previous studies [29]. Although there are known differences in which men and
women self-reported their health [30], some authors suggest that the greater prevalence of
frailty in older women may represent a male “fitness—-frailty pleiotropy’ and/or a female
“fertility—frailty pleiotropy’, finally resulting in men with lower physiological reserves in old
age [31], and consequently a higher risk of death. In line with this hypothesis, in a recent
randomized placebo-controlled trial, amino acid supplementation significantly improved
frailty status (as assessed by the MPI) in hospitalized older male, but not female, patients
[32].

Other authors suggested that socio-economic issues could be more important than biological
mechanisms in explaining our findings. A study made in the SHARE project showed, in fact,
the presence of various sources of social differences not only in middle-aged, but also in
older people, that may affect more women than men [28]. Our work supports this
hypothesis, since women lived more frequently alone than men (40.8% vs. 20.0%), even if
no significant differences in basic and instrumental daily living activities were reported. In a
large Italian study of hospitalized older people, living alone was associated with a higher
risk of non-home discharge, whereas living alone was not significantly associated with in-
hospital mortality [33], in line with our findings. Another explanation could be that women
reported less comorbidity severity than men, as shown by lower CIRS-SI scores, and were
hospitalized for reasons (e.g. fractures and falls) that are probably less life-threatening than
those reported in men (e.g. cancer). Taking together, our work furtherly confirmed the sex
differences between men and women in mortality, extending our knowledge regarding this
topic in hospital setting.

Our study also reports important differences in secondary outcomes between men and
women. Women, in fact, were admitted to nursing homes more frequently, but were also re-
hospitalized less frequently than men. It is possible that women admitted to a nursing home
received better care, hence reduced risk of re-hospitalization, than men returning at their
home [34]. The higher social isolation of women, living more frequently alone before
hospitalization, might also explain their more frequent admission to a nursing home after
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discharge. We believe that this is an important and novel finding of our work, suggesting
public health interventions in order to strictly monitor women after hospital discharge that
seem more vulnerable in terms of nursing home placements.

The findings of our study should be interpreted within its limitations. First, the follow-up of
these patients was limited to one year, therefore we cannot rule out different sex-related
patterns in negative outcomes with longer follow-up. Second, frailty is not necessarily a
progressive syndrome, and transitions between frailty categories over time frequently occur
at an individual level, potentially affecting our results. Third, we assessed only MPI as
measure of frailty in this cohort. In a previous research, in a similar cohort, all frailty
instruments (based on Study of Osteoporotic Fractures criteria, based on the cumulative
deficits model or based on a comprehensive geriatric assessment) were significantly
associated with short- and long-term all-cause mortality, but MPI showed a significant
higher predictive power than other frailty instruments in hospitalized older patients. Finally,
the causes of death were not included, but this could be a further area of research.

In conclusion, in this cohort of hospitalized older adults, men died more frequently than
women over one year of follow-up. However, women were admitted more frequently than
men in nursing home and experienced a lower risk of re-hospitalization, suggesting
important differences between older men and women.

This work was supported by the MPI_AGE European project co-funded by the Consumers, Health, Agriculture, and
Food Executive Agency (CHAFEA) in the frame of the European Innovation Partnership on Active and Healthy
Ageing Second Health Programme 2008-2013.

The sponsor had no role in the design, methods, subject recruitment, data collections, analysis and preparation of
the paper.
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Fig. 1.
Differences in mortality between male and female sex in hospitalized older people.
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