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Abstract

Summary Disability overcomes mortality burden in older adults with hip fracture, expanding unhealthy lifespan. Building
comprehensive assessment, pre-fracture functional status and 30-day post-surgical recovery are the most powerful predictors
of 5-years survival. A tool supporting estimation of long-term survival may optimize the appropriate delivery of targeted
interventions.

Background Older people with hip fractures are highly heterogeneous patients, impacting health and economic systems.
The availability of tools to estimate survival may help optimize patients’ outcomes and treatment management decisions.
Methods A prospective observational study was conducted on older patients with hip fractures who received baseline and
30-day comprehensive assessment from discharge, focusing on functional status based on Basic Activity of Daily Living
(BADL). The primary outcome was to identify predictors of 5-year survival and develop nomograms to be adopted at admis-
sion or 30 days after discharge.

Result Among 231 hip fracture patients, 5-year survival was 38.3% in men and 61.9% in women; women experienced a 1.8
higher likelihood of survival than men. Pre-fracture functional status predicted mortality as a function of age. At hospital
admission, pre-fracture BADL level was a protective factor (HR 0.742; 95% CI 0.668-0.825), while male gender (HR 1.840;
95% CI 1.192-2.841), age (HR 1.070; 95% CI 1.037-1.105), and multimorbidity (HR 1.096; 95% CI 1.007-1.193) were
independent mortality risk factors. At the 30-day follow-up visit, the BADL recovery gap was an independent predictor of
5-year survival (HR 1.439; 95% CI 1.158-1.789), in addition to male gender (HR 1.773; 95% CI 1.146-2.744), age (HR
1.046; 95% CI 1.010-1.083), and pre-fracture BADL (HR 0.621; 95% CI 0.528-0.730), while comorbidity disappeared (HR
1.083; 95% CI1 0.994-1.179).

Conclusion More than half of hip fracture patients are still alive 5 years after surgical repair. Pre-fracture functional status
and a 30-day functional recovery gap are the main predictors of survival. Nomograms may help to define prognosis and
suitable interventions.
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Introduction

Fragility fractures due to falls will escalate to approxi-
mately 6 million cases annually by 2050, worldwide [1],
posing severe challenges to medical and economic systems
[2]. Though mortality rates range from 12 to 37% within
the first year, the burden of disability overcomes that of
mortality, especially among individuals aged 65-80 [3].
Furthermore, hip fracture survivors face a high risk of
contra-lateral fracture, nearly 70% in the first 2 years [4],
and peri-implant fragility fractures leading to complex
surgical and medical challenges [5].

The orthogeriatric care model (OGC) has been dem-
onstrated to improve patients’ survival and quality of life.
Comprehensive geriatric assessment (CGA), as an instru-
mental tool in the OGC setting, drives patients’ manage-
ment by addressing individual complexity and frailty,
and then personalizing care decisions [6, 7]. Pre-fracture
functioning and quality of life are pivotal domains of
the CGA and may support the adoption of interventions
proportional to patients’ clinical response and progno-
sis. To date, few studies report about patients’ functional
independence prior to experiencing a hip fracture. They
poorly investigated the prognostic value of pre-fracture
functional level with regard to survival and quality of life,
still focusing on the effect of canonical risk factors on
mortality [8]. Indeed, prognostic scores are routinely used
to estimate short-term mortality associated with fracture
and following surgical and anesthesiologist procedures,
i.e., including the American Society of Anesthesiologists
(ASA) physical status classification system [9], the Mul-
tidimensional Prognostic Index (MPI) [10], and the Charl-
son Complication Index (CCI) [11].

In addition, several nomograms are currently being
investigated to predict 1-year mortality following hip frac-
ture [12, 13]. Despite technical soundness, these scores
display several limitations due to poor prediction in the
acute and post-acute phases and poor feasibility in high-
volume trauma wards. Moreover, focusing on the cumula-
tive and relative risk of mortality may frame discussions
in a negative fashion, potentially discouraging surgeons
and anesthetists from offering interventions and deterring
patients and families from agreeing with them. Even if the
sickest individual would be at 20 times greater relative
risk of dying than the fittest patient, their absolute risk
of dying remains small [14]. Therefore, there is an urgent
need to predict orthogeriatric patients’ long-term prog-
nosis and quality of life beyond the acute phase. On one
side, tools improving the detection of patients’ prognosis
may enable distinction between those requiring restorative
interventions, such as total hip replacement rather than
hemiarthroplasty [15], or may identify people in need of
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structured falls and fracture secondary prevention pro-
grams [16], from those who can benefit from alternative
or palliative care. Effective tools should be designed to
capture patients’ features relevant to prognosis at the first
contact, then enhance decision-making about treatments
that support individuals’ intrinsic capacities [17, 18], ulti-
mately impacting healthcare outcomes and quality of life.
We sought to investigate predictors of 5-year survival from
index events and develop a predictive nomogram model for
orthogeriatric patients. Introducing such a nomogram may
significantly enhance clinicians’ decision-making by optimiz-
ing care outcomes through informed decisions on surgery
types, rehabilitation programs, or secondary prevention strat-
egies. Furthermore, it may provide a visual representation
and personalized benefit-risk assessment tool facilitating the
patient-clinician communication alliance for care [19].

Material and methods
Study design and participants

From February 2016 to February 2017, a prospec-
tive observational study was conducted among subjects
aged > 65 years consecutively admitted to the orthogeriatric
outpatient clinic of an academic hospital. Patients hospital-
ized for hip fragility fractures received orthopedic care man-
agement with geriatric consultation and recommendations to
return for a 30-day post-surgical assessment, as previously
reported [20]. During the 30-day visit, the traumatologist
invited patients to the interdisciplinary service (FLS-CP).
According to their preferences and goals, some patients
opted to join the FLS-CP, receiving a traumatologist’s and
geriatrician’s evaluation based on CGA. They received indi-
cations about the healing process, weight-bearing, throm-
boprophylaxis, exercise, rehab program, drug revision, diet
advice, and fall and fracture prevention interventions. All
patients returned the summary notes to their GPs involved
in the care process. A trained geriatrician with orthogeriatric
competencies conducted patient and caregiver assessment
and used standard approaches and scales for the interview.
The study was consistent with the Helsinki Declaration’s
ethical standards. The regional healthcare system ethics
committee approved the study with registration number
2257/14.

Data collection and definitions

Baseline participants’ data were gathered from clinical
records, including demographics, type of fracture, time to
surgery, type of surgery, weight-bearing, and pre-fracture
functional level. Classification of hip fractures was con-
sistent with the Orthopaedic Trauma Association [21].
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Decisions about the type of surgical repair were made based
on a consensus by two surgeons, with prosthetic replace-
ment as the primary surgical indication for a medial fracture
and osteosynthesis for a lateral femur fracture. Pre-fracture
and 30-day post-surgery functional abilities were classi-
fied by using the Basic Activity of Daily Living (BADL)
score, ranging from O to 6 [22], and the Instrumental Activ-
ity of Daily Living (IADL) score, ranging from O to 8 [23].
Patients were classified as independent in BADL if they
could perform at least five tasks. BADL and IADL tools
are presented in the supplementary material (Table 1s). The
30-day BADL recovery gap was defined as the difference
between pre-fracture BADL and 30-day post-surgery BADL,
meaning that a difference equal to O represents a full func-
tional recovery, while a higher difference unveils an incom-
plete functional recovery. The TADL independence was
defined according to gender-specific thresholds as women
able to perform at least 6 of 8 and men able to perform at
least 3 of 4 tasks [20].

Participants who entered FLS-CP received CGA, with
additional information about anthropometric parameters,
including body mass index (BMI), hand-grip strength [24],
cognition, mood, and behavioral symptoms; the number of
comorbidities and comorbidity index (Cumulative Illness
Rating Scale) [25]; social-environmental aspects; and other
risk factors, previous fractures, and bone fragility diagnos-
tics and treatments. All subjects survived at least 30 days
post-fracture. A previous paper from our group reported the
attrition from admission due to hip fracture to the 30-day
visit for the eligible group [20]. The regional administra-
tive registry provided information about vital status, and the
last check of vital status was performed 62 months after the
last and 70 months after the first patient's admission to the
orthogeriatric outpatient visit, respectively (issue released
on 30 March 2022).

Primary and secondary outcomes

The primary endpoint was identifying 5-year survival among
orthogeriatric patients who underwent hip fracture repair
and attended 30-day follow-up visits. The secondary end-
points were evaluating the impact of pre-fracture or post-
operative medical, surgical, and functional characteristics on
5-year survival. The final aim was to develop a nomogram
to enhance clinicians’ skills in forecasting 5-year survival,
starting at admission or the 30-day visit from surgery.

Statistical analysis

The Shapiro—Wilk test assessed the normal distribution of var-
iables. The chi-square test with Yates’ continuity correction
and Fisher’s exact test compared categorical variables, and the
Mann—Whitney’s U-test compared ordinal and non-normally

distributed continuous variables. Survival curves were cal-
culated using the Kaplan—Meier product-limit method and
the log-rank test to evaluate differences in expected event
probability between age groups. Bivariate and multivariate
Cox proportional-hazard regression models examined the risk
factors affecting the prognosis, incorporating all the variables
that showed a significant p-value in bivariate analysis.

Time to event was estimated as the difference between
the date of death and the date of baseline evaluation for
deceased participants and between the last database update
(30 March 2022) and the baseline visit for those alive at the
end of the follow-up period.

To avoid multicollinearity, highly correlated variables,
tested using Spearman’s rho correlation coefficient, were
dropped from the models. Bivariate and multivariate regres-
sions underwent 200 bootstrap resamples to reduce overfit
bias, with goodness of fit tested using Harrell’s concordance
index (C-index). Hazard ratios (HRs) with 95% confidence
intervals were calculated. Multivariate Cox regression coef-
ficients were used to develop a survival-based nomogram,
internally validated with calibration plots. The agreement of
S-year survival probabilities between estimated outcomes by
nomogram and actual observations was determined using the
receiver operating characteristics (ROC) curve. Statistical
analysis used IBM-SPSS® version 26.0 (IBM Corp., Armonk,
NY, USA, 2019). In all analyses, a two-sided p-value <0.05
was considered significant. Nomogram and calibration plots
were carried out using NOMOCOX and PMCALPLOT Stata
modules [26], respectively (Stata Corp, 2015; Stata Statistical
Software, Release 14; College Station, TX: StataCorp LP).

Results

Table 1 presents participant characteristics for the entire
sample and stratified by gender and 5-year vital status,
i.e., survivors or decedents, from hospital discharge. Over-
all, most participants were women (79.6%), with a mean
age of 82.7 years. After 5 years, 38.3% (n 29) of men and
61.9% (n 70) of women were alive (p 0.006). Follow-up
periods were similar between sexes according to their final
vital status. Survivors had a longer follow-up (65.8 +3.1
in men and 66.2 +3.5 in women; p 0.526) than decedents
(33.9+13.5 in men and 35.6+13.3 in women; p 0.748).
Survived women were younger at baseline (80.1 +7.7 years
vs 86.8 +5.6 years; p <0.0001) and at the end of the follow-
up (86.0+7.7 years vs 90.2+5.6 years; p<0.0001) com-
pared to the deceased counterparts. Men’s age at baseline
(84.2+8.5vs 82.9+4.9; p 0.174) was similar, but survivors
were older at the follow-up end (90.0+8.4 vs 86.0+4.7; p
0.021) than their deceased counterparts.

Pre-fracture independence in BADL was higher in sur-
vivors (65%), with 40.2% of women and 46.8% of men
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Table 1 Participants' baseline characteristics in the entire sample and grouped by gender and their 5-year vital status

Entire sample Men (n 47) p Women (n 184) p
(n231)
Alive after 5 years, n (%) 132 (57.1) Survivors Decedents Survivors Decedents (n=70) 0.006
(n=18) (n=29) (n=114)
Demographic, anthropometric and follow-up data
Age at baseline, years 82.7+7.5 84.2+8.5 82.9+4.9 0.174 80.1+7.7 86.8+5.6 <0.0001
(mean +SD)
Body mass index, kg/m? 243+39 252+2.6 238+3.4 0.198 23.5+42 229+3.9 0.233
(mean + SD)
Age at 30-day post-surgical visit  83.2+7.5 84.6+8.4 83.3+5.0 0.182 80.6+7.7 87.3+5.6 <0.0001
(mean + SD), years
Age at last follow-up 87.5+7.1 90.0+8.4 86.0+4.7 0.021 86.0+7.7 90.2+5.6 <0.0001
(mean +SD), years
Follow-up (mean+SD), months ~ 52.8+17.9 65.8+3.1 339+135 <0.0001 66.2+3.5 35.6+13.3 <0.0001
Functional parameters before and after hip fracture
Pre-fracture BADL score 45+1.7 51+14 3.8+1.9 0.012 5.1+£1.3 36+1.8 <0.0001
(mean+ SD)
Pre-fracture BADL score>5, n 150 (65) 13 (72) 14 (48) 0.106 93 (81) 30 (43) <0.0001
(%)
Pre-fracture IADL score 39+3.1 4.0+2.8 23+25 0.043 53+3.0 23+25 <0.0001
(mean+ SD)
Hand-grip strength, kg 14.0+6.8 22.9+10.0 159+7.2 0.076 149+59 10.2+4.8 <0.0001
(mean +SD)
Post-fracture BADL score 23+1.8 29+20 1.5+1.5 0.007 31+1.8 1.21+1.1 <0.0001
(mean+ SD)
Post-fracture IADL score 19+19 23+2.1 1.3+1.7 0.051 2.6+2.0 0.8+1.0 <0.0001
(mean+ SD)
Functional recovery gap in BADL 2.2+1.4 22415 23+1.6 0.711 20+13 24+1.5 <0.0001
score (mean + SD)
Hip fracture-related features
Hip fracture type, n (%)
Lateral 143 (61.9) 10 (55.6) 13 (44.8) 0.678 74 (64.9) 46 (65.7) 0.999
Medial 88 (38.1) 8 (44.4) 16 (55.2) 40 (35.1) 24 (34.3)
Surgery, n (%)
Prosthesis 100 (43.3) 10 (55.6) 16 (55.2) 0.678 45 (39.5) 29 (41.4) 0.914
Osteosynthesis 131 (56.7) 8(44.4) 13 (44.8) 69 (60.5) 41 (58.6)
Time to surgery, days 4.0+2.1 4.1+2.6 37+19 0.815 3.8+2.1 44+22 0.074
(mean+ SD)
Surgery <48 h, n (%) 54 (23.4) 6 (33.3) 8 (27.6) 0.928 29 (25.4) 11 (15.7) 0.171
Weigth-bearing, n (%)
Delayed 21 (9.1) 1(5.6) 517.2) 0.384 11 (9.6) 4(5.7) 0.503
Early 210 (80.9) 17 (94.4) 24 (82.8) 103 (90.4) 66 (94.3)
Disease-related variables
Disease, number (mean + SD) 49422 4.6+1.3 5.7+2.7 0.057 45+2.2 5.1+2.1 0.209
Comorbidity index (mean+SD)  6.7+2.7 6.1+2.4 8.1+2.7 0.023 6.2+2.7 73+23 <0.0001
Chronic diseases >4, n (%) 117 (50.6) 8 (44.4) 17 (58.6) 0.518 53 (46.5) 39 (55.7) 0.288

Legend: Survivors are participants who were still alive at the end of the follow-up; decedents are those who died during the follow-up. Differ-
ences among censored and participants who died have been estimated using the Mann-Whitney test, chi-square test with Yates’ correction or

Fisher exact test

SD standard deviation, BADL Basic Activities of Daily Living, JADL Instrumental Activities of Daily Living
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reporting gender-specific IADL independence. In both
sexes, pre- and post-fracture BADL were highly preserved
in those who survived compared to those who died. With
regards to pre- and post-fracture IADL performance, women
who survived confirmed higher scores as compared to
those who died, while just a tendency was observed in men.
Muscle strength measured by handgrip was significantly
higher in survived women than in deceased (14.9+5.9 vs
10.2+4.8; p<0.0001), and a similar trend was observed in
men (22.94+10.0 vs 15.9+7.2; p 0.076). The 30-day BADL
recovery gap was significant in deceased than survived
women (2.4+1.5 vs 2.0+ 1.3; p<0.0001), but similar in
men independent of their final vital status (p 0.711). Survi-
vors and deceased women and men showed a similar propor-
tion of fracture type, surgical repair type, time to surgery,
early or delayed weight-bearing, and BMI. The comorbidity
index was higher in the deceased as compared to survivors
inmen (8.1+2.7 vs 6.1 +2.4; p 0.023) and women (7.3 +£2.3
vs 6.2+2.7, p<0.0001), while multimorbidity, defined as
the coexistence of more than 4 chronic diseases, was similar
between gender and their 5-year vital status.

Predictors of 5-year survival

At hospital admission (Table 2, Model 1), the Cox regression
model identified pre-fracture BADL level as protective fac-
tor (HR 0.742; 95% CI 0.668-0.825) against 5-year mortality,
confirming male gender (HR 1.840; 95% CI 1.192-2.841), age
(HR 1.070; 95% CI 1.037-1.105), and multimorbidity (HR
1.096; 95% CI 1.007-1.193) as risk factors. At the 30-day
follow-up, the BADL recovery gap added value in predicting
mortality (HR 1.439; 95% CI 1.158-1.789) (Table 2, Model

2), confirming the role of male gender (HR 1.773; 95% CI
1.146-2.744), age (HR 1.046; 95% CI 1.010-1.083), and pre-
fracture BADL (HR 0.621; 95% CI 0.528-0.730). Although
the small sample size, gender-related survival estimates are
reported in the supplementary material (Table 2s) of the sup-
plementary material. Notably, the 30-day BADL recovery gap
was found an independent risk factor for mortality (HR 1.439;
95% CI 1.158-1.789), with the role of comorbidity disappear-
ing (HR 1.083; 95% CI 0.994-1.179). Both models showed
a good C-index (0.74; 95% CI 0.69-0.79and 0.75; 95% CI
0.71-0.80).

Survival analysis by pre-fracture physical
functioning

Kaplan-Maier curve examined the participant’s survival
according to the age tertile distribution and compared par-
ticipants by thresholds of pre-fracture BADL independence
(Fig. 1). The younger participants (aged 60—80 years old and
belonging to the lowest tertile), with preserved pre-fracture
BADL (>5) experienced higher survival rates than those
with low pre-fracture BADL performance (< 5). The trajec-
tories between the groups spliced after 1 year and progres-
sively amplified (log-rank test p <0.0001; Fig. 1A). After
5 years from baseline, almost 85% of the participants with
preserved BADL independence (>5) were still alive com-
pared to 31% of those with impaired BADL (<5). Partici-
pants aged 81-87 years and belonging to the middle tertile
showed a similar trend up to 2.5 years from baseline, with
survival curves progressively splitting from 2.5 to 5 years
(log-rank test p 0.0004, B). About 71% of the middle ter-
tile group with preserved pre-fracture BADL was alive after

Table 2 Predictors of 5-year

. . B (SE) p-value HR (95% CI)
mortality among orthogeriatric
patients in the final Cox Model 1 (at admission)
regression model Gender
Female (reference) 0
Male 0.610 (0.222) 0.006 1.840 (1.192-2.841)
Age 0.068 (0.016) <0.0001 1.070 (1.037-1.105)
Pre-fracture BADL independence —0.298 (0.054) <0.0001 0.742 (0.668-0.825)
Chronic diseases, number 0.092 (0.043) 0.033 1.096 (1.007-1.193)
Model 2 (30-day post-surgical visit)
Gender
Female (reference) 0
Male 0.573 (0.223) 0.010 1.773 (1.146-2.744)
Age 0.045 (0.018) 0.012 1.046 (1.010-1.083)
Pre-fracture BADL independence —0.476 (0.082) <0.0001 0.621 (0.528-0.730)
30-day functional recovery gap, A 0.364 (0.111) 0.001 1.439 (1.158-1.789)
Chronic diseases, number 0.079 (0.044) 0.069 1.083 (0.994-1.179)

Legend: B regression coefficient, SE standard error, HR hazard ratio, CI confidence interval, A absolute

mean difference

@ Springer



1024

Osteoporosis International (2025) 36:1019-1030

5 years, compared to 29% of those functionally compro-
mised at baseline (Fig. 1B). In the oldest group (aged 87 +),
the survival curves showed no significant differences accord-
ing to previous functional status (Fig. 1C).

Nomogram development

Nomograms for predicting 5-year survival were developed
using estimates from the Cox proportional model (Fig. 2).
The nomogram for predicting survival likelihood at hospi-
tal admission includes four variables: age, sex, pre-fracture
BADL, and number of diseases. The nomogram for predict-
ing 5-year survival based on the 30-day post-surgical assess-
ment consists of five variables: age, sex, pre-fracture BADL,
comorbidity, and actual BADL recovery gap. The nomogram
calculates a score from the sum of the points corresponding
to each predictor variable. The probability of 5-year survival
at hospital admission (Fig. 2A) and 30 days from hospital

Age 60-80 years
100
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E Pre-fracture BADL
S 60 —_ <5
= —_—>=5
S 50
c
@
40
30
Log-rank test p<0.0001
20p 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80
Time (months)
Number at risk
Group: <5
16 16 14 12 9 6 5 0 0
Group: >=5
65 65 64 62 60 57 55 8 0
Age >87 years
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920
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R
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E Pre-fracture BADL
S 60 —_ <5
s — s
S 50
2
@
40
30
Log-rank test p=0.359
20pQ 1 1 1 1 I 1 1 L

0 10 20 30 40 50 60 70 80

Time (months)
Number at risk
Group: <5
38 38 32 28 22 18 14 1 0
Group: >=5
35 35 30 27 22 19 17 4 0

Fig.1 Kaplan—Meier curves for long-term survival after hip frac-
ture repair by age tertiles at the entry study and pre-fracture func-
tional independence. Legend: pre-fracture functional independence
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discharge (Fig. 2B) was derived from the total score. Cali-
bration plots for internal validation of the two models, i.e.,
at admission (Model 1) and 30-day post-surgical assess-
ment (Model 2), are reported in the supplementary material
(Fig. 1s) of the supplementary materials. The plots showed a
good agreement between the estimated and the actual 5-year
survival probabilities, with AUC of 0.795 and 0.815 for
Model 1 and Model 2, respectively. Table 3 reports the points
to be used according to the values assumed by the variables
in Model 1 (at admission) and Model 2 (30-day post-surgical
visit) of the monograms, respectively.

Discussion

This prospective observational study is looking for predic-
tors of 5-year survival in patients who underwent surgical
repair after hip fracture. Overall, women experience a 1.8

Age 81-87 years
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g sof
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20n 1 | \ I 1 ! | 1

0 10 20 30 40 50 60 70 80
Time (months)
Number at risk
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Group: >=5

49 49 47 43 M 37 35 5 0

estimated as BADL>5 vs BADL <5. Thresholds for age tertile:
60-80 years (A), 81-87 years (B), more than 87 years (C)
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higher likelihood of survival compared to men, with about
62% of women and 38% of men still alive after 5 years from
the index event. Pre-fracture functional status predicts mor-
tality as a function of age. Patients aged 60—86 years with
pre-fracture BADL independence show better survival com-
pared to those with BADL impairment; the survival advan-
tage based on functioning disappears in those aged 86 years
and older. The 30-day functional recovery gap is a detri-
mental factor for mortality, independent of age, gender, pre-
fracture BADL performance, and chronic diseases. Building
on these findings, we developed a survival nomogram to aid
clinicians in estimating long-term survival at both hospital
admission and 30-day post-surgical assessment.

Despite the small sample size of men compared to
women, our findings are consistent with previous research
reporting higher survival rates in women compared to men
following hip fractures. Gender disparity is noticeable from
the acute phase, becomes higher in the first three months,
and persists up to 15 years post-injury [27, 28]. Women
exhibited the expected pattern with older age correlated with
high mortality rates. Conversely, men experienced higher
mortality risk at younger ages, with older men showing
longer survival than their younger counterparts.

The discrepancy in gender-related mortality has been
extensively debated. Some researchers attribute the higher
mortality risk among younger men to their heavier burden
of comorbidity compared to women, independent of spe-
cific diseases [28]. Others suggest that differences in body
composition, hormonal profiles, and low-grade inflammation
may explain gender-related mortality risk [29]. Additionally,
unexplained excess mortality among men has been observed
in several acute medical conditions, including stroke [30].
More research is warranted to elucidate the pathological
pathways underlying the gender effect on mortality.

Some studies have explored the relationship between
pre-fracture BADL and health-related outcomes in this
population subgroup. Aranhoff showed that pre-fracture
dependency in BADL predicts increased 1-year mortality
[31]. Our research extends the evidence showing that pre-
served pre-fracture BADL independently predicts 5-year
survival. Moreover, the 30-day BADL recovery gap signifi-
cantly influences 5-year survival independent of several con-
founders, including comorbidity. Other studies reported that
pre-fracture walking outdoors protects against 1-year mor-
tality [32] and that mobility outdoors protects against post-
surgical complications, mortality, length of hospital stay,
and adverse discharge planning [33]. Conversely, limitations
in outdoor mobility were associated with higher mortality
[34]. To date, pre-fracture functional status (e.g., mobility
outdoors or indoors) is partially considered an effect modi-
fier of the management of patients with HF, influencing
for instance surgical technique decisions. Indeed, patients
who were able to walk outdoors prior to the fracture are

typically recommended for total arthroplasty [35]. Beyond
surgical repair, which remains a cornerstone of orthogeri-
atric care, we hypothesis that several short- and long-term
interventions could be implemented and delivered based
on patients’ functional level and recovery. A critical step
in guiding the allocation of interventions proportionate to
patients’ potential benefits, i.e., intensive rehab programs
and optimal secondary prevention of fracture, may be the
estimation of individuals’ long-term survival probability.
Therefore, our first step was to demonstrate the prognostic
value of pre-fracture functional status and the 30-day func-
tional gap based on real-world data and develop a tool easily
applied by various professionals involved in the patients’
care pathway. Although additional studies are warranted in
the orthogeriatric field to validate this approach, existing
evidence suggests that frailty acts as effect modifier for out-
comes related to polypharmacy in long-term care recipients
[36], and to the use of direct oral anticoagulants in commu-
nity-dwelling older adults at risk of stroke [37]. While the
proposed tool primarily incorporates non-modifiable vari-
ables, i.e., age, gender and pre-fracture functional status, we
also demonstrated that the 30-day functional gap is a key
determinant of long-term survival. Therefore, one side, pre-
fracture functional status could serve as an objective marker
of long-term prognosis, informing treatment decisions and
resource allocation in a more strategic and forward-thinking
manner. On the other side, 30-day functional gap may be
an early and dynamic marker of the individuals’ response
to targeted or intensified interventions aimed to positively
enhance patients’ survival and quality of life. Then, tailored
multimodal interventions based on comprehensive manage-
ment [38], early rehabilitation [39], and appropriate nutri-
tional support [40], might improve functional gap, survival,
and quality of life. However, further research is necessary
to evaluate the impact of these interventions on the short-
term recovery gap and validate it as a predictor of long-term
survival in patients undergoing HF surgery.

Although previous studies showed the role of hand-grip
strength in predicting 1-year mortality, walking recovery,
and functional outcomes [41], we failed to confirm hand-grip
strength as an independent predictor of 5-year mortality. We
acknowledge that Short Physical Performance Battery has
been ranked as a pivotal predictor of survival among the old-
est-old [42] and a valuable tool for risk stratification in older
adults with type 2 diabetes [43], but still, it deserves more
investigation in this subgroup. Nonetheless, we add to the
literature by showing that pre-fracture functional BADL inde-
pendence and 30-day functional recovery gap are stronger pre-
dictors of 5-year mortality than comorbidity, which remained
a risk factor at hospital admission, both as score index and
number of diseases. Overall, the relationship between pre-
fracture functional status and survival trajectories claims for
better integration between timely surgery, which remains the
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«Fig.2 Nomograms predict 5-year survival in older adults undergoing
hip fracture surgical repair at admission (A) and 30-day post-surgical
assessment (B). To use the nomogram, the points corresponding to
each predictive variable were obtained, and then the sum of the points
was calculated as the total score. This total score is represented in
the lower axis which is related to the probability of hip fracture peo-
ple would survive up to 5 years from admission or discharge, respec-
tively. For example, a woman aged 65, affected by 1 chronic disease
and with optimal pre-fracture BADL independence level, has a score of
6.65 points (04+6.5+0.15+0) at admission, and then by looking at the
nomogram (A), the probability of being alive after 5 years from admis-
sion is about 95%. If the same woman reports 4 points of functional
recovery gap after 30 days from hospital discharge, the score is 9.95

cornerstone of orthogeriatric care [44], early functional recov-
ery [45], and fracture secondary prevention [46, 47]. Early
post-surgical mobility reduces complications and mortality
[48] and increases home discharge [45].

Building on our sample’s pre-fracture functional features
and post-surgical survival trajectories, we call for more ade-
quate strategies supporting individuals’ intrinsic capacities
[49], enhancing physician decision-making, and tracking the
patients’ functional outcomes starting at the earliest phase.
Accordingly, some national registries have acknowledged

this opportunity by setting the assessment of functional out-
comes at 30 or 120 days post-hip fracture surgery [50].

points (0+6.5+0+0.15+3.3), suggesting about 90% probability of
being alive after 5 years from the 30-day post-surgical assessment (B).
Table 3 reports the points for each helps to calculate the total score

Table 3 Points deriving from the nomograms according to the values assumed by the variables in Model 1 (at admission) and Model 2 (30-day
post-surgical visit)

Model 1 (at admission)

Chronic diseases, number 0 1 2 3 4 5 6 7 8 9 10 11 12
Points 0 0.15 03 04 0.5 0.65 0.8 0.95 1.1 1.25 14 1.5 1.6
Pre-fracture BADL, score 6 5 4 3 2 1 0
Points 0 0.4 09 13 1.8 22 2.6
Age, years 60 65 70 75 80 85 90 95 100
Points 6 6.5 7 7.5 8 8.5 9 9.5 10
Gender, 0=F; 1=M 0 1
Points 0 0.9
Model 2 (30 days from discharge)
Chronic diseases, number 0 1 2 3 4 5 6 7 8 9 10 11 12
Points 0 0.2 04 055 0.7 0.9 1.1 1.25 1.4 1.6 1.8 1.95 2.1
30-day functional recovery gap, A score 0 1 2 3 4 5 6
Points 0 0.8 1.6 25 33 4.1 4.9
Pre-fracture BADL, score 6 5 4 3 2 1 0
Points 0 1.1 21 32 4.3 5.4 6.4
Age, years 60 65 70 75 80 85 90 95 100
Points 6 6.5 7 7.5 8 8.5 9 9.5 10
Gender, 0=F; 1=M 0 1
Points 0 1.3

Legend: A absolute mean difference

Instructions for solving the survival equation (the calculation is more accurate):Survival at time t=exp[— H,(f) Xexp(PI)]. The exp function
calculate the value of e raised to the power of a specific number or expression, where e is the base of the natural logarithm, 2.718281828H(t)
is the baseline cumulative hazard function at time # (0.004 for Model 1 and 0.025 for Model 2, both at 60 months). PI is the Prognostic Index
(b X, +byX,+...b X)) in which b are the coefficients of variables derived from Cox regression and X their valuesModel 1 example: a woman
65 years old, with a pre-fracture BADL independence level of 6, and 1 comorbidity, has an estimated survival probability at 60 months of
exp[—0.004 X exp(0x0.610+65%x0.068+6x —0.298 +1x0.092)] =0.94 and an estimated risk of 1-0.94=6% of death within 5 yearsModel 2
example: the same woman with 4 points of functional recovery gap after 30 days from hospital discharge has an estimated survival probability
at 60 months of exp[—0.025 X exp(0%x0.573 +65x0.045+6x —0.4764+4x%0.364+1x0.079)] =0.88 and an estimated risk of 1-0.88=12% of
death within 5 years. The regression coefficients are obtained from Table 2

Model 1 (at admission)

Gender Age Pre-fracture BADL Chronic diseases 5 year Survival
0 65 6 1 0.94

Model 2 (30 days from discharge)

Gender Age Pre-fracture BADL Delta BADL Chronic diseases 5 year Survival
0 65 6 4 1 0.88
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In this scenario, a nomogram based on easily accessi-
ble data collected by non-specialists at hospital admission
or 30 days from index surgery may offer an opportunity to
improve tailored interventions’ delivery. Compared to pre-
vious ones, our nomograms have been developed from data
prospectively collected [13, 14] and based on CGA, which
remains the best approach. Even though nomograms showed
optimal predictive accuracy and calibration at internal vali-
dation, external validation should be mandatory to estab-
lish whether the tools work satisfactorily in different patient
populations before their implementation in daily practice.

Conclusions

Pre-fracture functional status and 30-day recovery from sur-
gery are the main predictors of 5-year survival among ortho-
geriatric patients, and they should be taken into account
together with other established risk factors. Focusing on pre-
fracture functional status will help identify appropriate strat-
egies and choices to meet high-quality patients’ needs and
foster systems’ resilience. Nomograms based on functional
metrics may be innovative tools to implement and orientate
decision-making processes. However, more investigations
are needed to validate the one we proposed.
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