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ABSTRACT
Objectives: To determine mortality predictors following fall related fractures in older patients.
Materials and methods: Patients aged ≥ 70 years hospitalized for fall related fractures were prospectively 

evaluated. Mortality was the main outcome. Age, functional-cognitive function, medications, comorbidities, 
fall history, fear of falls were also assessed. 

Outcomes: A total of 100 patients were enrolled. Ninety-one out of 100 (91%) suffered a hip fracture; 
92 (92%) had surgery. The one-year post-discharge mortality was 20%. Univariate analysis revealed that 
older age, increased Charlson comorbidity index, low abbreviated mental test on admission, low modified 
Barthel index (MBI), fear of falls and delirium were significantly correlated with one-year post discharge 
mortality (p=.03, p=.003, p=.04, p=.005, p=.004, p=.015, respectively). 

Conclusion: Age, fear of falls and Charlson comorbidity index are predictors of one-year mortality after 
hospitalization for fracture. It is of utmost importance to identify older patients suffering from fracture at 
risk of dying that may benefit from patient-centered care. 
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INTRODUCTION

More than one-third of communi-
ty-living adults aged over 65 fall 
each year (1). Approximately 
10% of falls result in major injury 
such as fracture, serious soft tis-

sue injury or brain trauma (2). These injuries may 
cause decreased function, disability and loss of 
autonomy (3, 4).

Falls represent a frequent problem of aged 
people, requiring often orthopedic manage-
ment. Orthopedic older patients are in need of 
holistic geriatric assessment, taking into account 
age, gender, comorbidities, medications, previ-
ous falling events as well as time and type of re-
quired surgical intervention. Other factors such 
as delirium, dementia, functional state, depres-
sion and fear of falls (FoF) should be also evalu-
ated with the proper available tools (5, 6). Charl-
son comorbidity index (CCI) predicts the ten-year 
mortality for a patient who may have a range of 
comorbid conditions (7). The modified Barthel 
index (MBI), which is assessing the level of de-
pendence using ten domains of activity (gro o-
ming, toilet use, feeding, transferring, walking, 
dressing, climbing stairs, bathing and fecal/uri-
nary incontinence), may evaluate the functional 
abilities and activities of daily living (ADLs) (8).  

The aim of this study was (a) to document the 
sociodemographic and clinical characteristics of 
patients suffering a fall related fracture, (b) to es-
timate the one-year mortality post discharge, 
and (c) to identify predictors for death.

MATERIALS AND METHODS

A prospective observational single-center co-
hort study was carried out in the Orthopae-

dics–Traumatology Department of the Heraklion 
University Hospital, Heraklion, Crete, Greece, 
during a one-year period. All patients 
aged ≥70 years cared for a fall related fracture 
were included in the study. Each patient was 
followed-up for one-year after discharge or until 
death. 

At recruitment, information was extracted 
from the patient’s medical record, along with a 
semi-structured personal interview with the pa-
tient or carer. Data regarding age, gender, living 
conditions, family status, past medical history, 
comorbidities, medication, use of assisting de-

vice for walking, fracture diagnosis, fall and frac-
ture history (the year before admission), FoF, 
present fall circumstances, duration of hospita-
lization, complications, and outcome were eva-
luated. The Charlson comorbidity index was cal-
culated for each patient (7). Functional abilities 
and activities of daily living (ADLs) were assessed 
using MBI (8). Patients with MBI ≥12 were con-
sidered functionally independent. Mental status 
was assessed using the abbreviated mental test 
(AMT) (9). A score of less than 9 implied the 
presence of cognitive impairment. If confusion 
or delirium was suspected, based on clinical 
evaluation, the confusion assessment method 
(CAM) was used (10). To have a positive CAM 
result, presence of acute confusion and inatten-
tion and either disorganized thinking or altered 
level of consciousness should be demonstrated 
(10).  

One-year post discharge, a phone semi-struc-
tured interview with the patient or his/her care-
giver was conducted. Data about the following 
parameters were obtained: death during the 
preceding months, need for nursing home care 
and full or incomplete recovery.

Univariate analyses (Pearson Chi square for 
categorical variables and Spearman ρ for con-
tinuous variables) initially assessed the associa-
tion between one-year survival and the following 
variables: FoF and living alone (treated as cate-
gorical variables), and age (years), duration of 
hospitalization (days), CCI, AMT and MBI scores 
(as continuous variables). In the following multi-
variate analysis, individual variables of potential 
clinical value for assessing risk of dying within 
one-year post discharge were examined through 
logistic regression models. Predictors in each 
model were variables shown by univariate analy-
sis associated with the dependent variable at 
p<0.01. AMT and MBI scores were strongly cor-
related to each other (r=-0.577) and were not 
entered together in models. Instead, a categori-
cal variable was created to indicate possible de-
mentia by taking into account prior clinical dia-
gnosis, AMT and MBI scores. To prevent over fitting, 
no more than three categorical predictors were 
used in each model. Statistics were calculated 
with GraphPad Prism 4.0 (GraphPad Software, 
Inc., San Diego, CA, USA). 

The present study has been approved by the 
hospital’s Ethical Committee. Informed consent 
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has been given by each patient or caregiver and 
confidentiality of personal data was ensured.

OUTCOMES 

During the one-year recruitment, 100 patients 
were admitted to the Department of Ortho-

pedics with a fall related fracture. Most of them 
suffered a hip fracture (91%). Their sociodemo-

graphic features, functional status and comor-
bidities are shown in Table 1. 

According to information given upon admis-
sion, 29 patients were living alone, 34 with 
spouse, 24 with relatives (other than a spouse), 
13 with a carer and six were nursing home resi-
dents. All patients had well preserved cognitive 
function and ability to accomplish daily living ac-

TABLE 1. 
Clinical and 
sociodemo-
graphic 
characteristics 
of all patients 
(those who 
survived the 
first-year post 
discharge and 
those who 
died)
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tivities, except for all nursing home residents 
who had dementia. The most common comor-
bidities were as follows: hypertension (77%), 
musculoskeletal problems (64%), eye disorders 
(56%), hearing impairment (36%) and depres-
sion under treatment (32%). Depression and hy-
pertension were more prevalent among women 
(p<.001 and p=.006, respectively). The average 
number of drugs used daily was 5.6, with antihy-
pertensives being the most common, followed 
by anticoagulants and antidepressants. The mean 
duration of hospitalization was nine days. Ninety 

two out of the 100 study patients underwent 
ope ration for fracture. On average, surgery was 
performed 5.5 days after admission. Two pa-
tients did not require surgery, while six suffering 
hip fracture, all older than 84 years, were not 
operated due to severe comorbidities. Six deve-
loped post-operative complications: three of 
them had urinary tract infections, one respiratory 
tract infection, one hematoma and another one 
severe anemia due to blood loss. 

No patient died during hospitalization and 
none was lost to follow up. Twenty (20%) pa-
tients, all with hip fracture, died within one year 
after discharge. The two groups, those who died 
and those who survived, did not differ regarding 
prevalence of dementia, depression, and poly-
pharmacy, while they had similar lengths of hos-
pitalization (Table 1). Univariate analysis re-
vealed that survival rates were significantly higher 
(p<.05) for persons who lived alone, being au-
tonomous, were aged under 85, did not develop 
delirium during hospitalization and did not ex-
press FoF (Figure 1). 

Logistic regression models adjusted for age (in 
years), living conditions (living alone), FoF, Charl-
son index (Base model A) revealed that age, FoF 
and CCI were significant predictors of death du-
ring the following year [X2 (4) = 24.946, p < .001, 
Nagelkerke R2 = .361]. More specifically, the risk 
of death was increased by 12% for every year 
after the age of 70, six-fold by FoF and by 49% 
for every unit increase on the CCI. This model 
was successful in predicting survivorship by an 
accuracy of 96.2% and death by 31.3%. In sup-
plementary models, dementia, delirium, AMT, 
and MBI were entered as single additional pre-
dictors to the base model. However, model fit 
was not significantly improved in any case 
(X2 (3) = 0.001, p = .9, X2 = 0.266, p =.6, 
X2 = 0.492, p = .4, X2 = 1.351, p = .3). 

To ensure that the CCI did not account for fail-
ure of dementia, delirium, AMT, and MBI to 
emerge as significant predictors, a reduced base 
model was constructed (Base Model B) using age 
in years, living alone, and FoF as predictors, where 
dementia, AMT or MBI were entered as single ad-
ditional predictors (X2 = 19.109, p < .001, 
Nagelkerke R2 = .285; see Table 2), but model fit 
was not significantly improved by the addition of 
any of these three variables (X2 = 0.435, p = .5, 
X2 = 0.513, p = .5, X2 = 1.820, p = .2, X2 = 2.437, 
p = .07).

TABLE 2. Results of logistic regression models predicting 
death within one-year post surgery

FIGURE 1. Survival rates according to clinical and sociodemographic 
characteristics
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CONCLUSION

The present study has shown a mortality rate 
of 20% during the first year after discharge 

among older patients treated for fractures after a 
fall. This finding is in accordance with the litera-
ture reporting 14 to 30% similar death rates (3). 
The present findings confirm those by other au-
thors describing significant correlation of older 
age (> 85 years old), increased CCI, low AMT at 
admission, low MBI, FoF and delirium with one-
year mortality after discharge (3, 5, 11-14). A sys-
tematic review and meta-analysis by Smith et al 
in 2014, showed four key characteristics associ-
ated with risk of mortality within the year follo-
wing hip fracture surgery: abnormal ECG, cogni-
tive impairment, age > 85 years and pre-fracture 
mobility (15). Although in the present population 
the prevalence of dementia was low and, in most 
cases, mild to moderate as indicated by the high 
level of independency observed, there was an 
association of dementia with one-year post hos-
pitalization mortality. Other investigators have 
also reported male gender and polypharmacy as-
sociated with mortality after hip fractures, a fin-
ding which was not confirmed by the present 
study (12, 16-18). 

Multivariate analysis revealed only age, FoF 
and CCI as significant predictors of death during 
the first year after a fall related hip fracture. It is 
important to note that the functional status, as 
expressed by MBI, was not a predictor of the 
one-year mortality as also observed by Katelaris 
et al (19). 

Fear of falls, which was reported by 52% of all 
study patients independently of previous similar 
events, revealed a significant predictor for 
one-year mortality; FoF can lead to inactivity and 
avoidance of performing exercises to improve 
muscle strength and postural control and that 
may further lead to decreased physical perfor-
mance and increased fall rate (20). The present 
findings support recent notion that FoF is an in-
creasingly recognized mortality predictor, easily 

detected. A seven-year follow-up longitudinal 
study in geriatric population showed that partici-
pants with FoF, especially males aged 65 years 
and older, had an increased risk of mortality 
(aHR 1.17, 95% CI 1.00–1.38) after adjusting for 
covariates (21). Focusing in a population with a 
hip fracture, two other longitudinal studies re-
port FoF as a mortality risk factor (22, 23). Having 
in mind that accumulating evidence identifies 
FoF as a modifiable situation, routine screening 
for FoF can be suggested among geriatric pa-
tients, especially those with hip fractures to opti-
mize health services distribution.  

Findings regarding the importance of CCI as a 
mortality predictor are controversial in the litera-
ture.  Hindmarsh et al found CCI as a significant 
predictor of mortality after hip fracture in a retro-
spective study from New South Wales, Australia 
(12). However, Bullow et al did not confirm CCI 
as a mortality predictor among patients of the 
Swedish Hip Arthroplasty Registry (24). 

Strengths of the present study is the prospec-
tive design, the relative long duration of observa-
tion (one-year post discharge), the comprehen-
sive geriatric assessment resulting in a holistic 
approach of the old age patient with a fall related 
fracture and the identification of an easily de-
tected mortality predictor, namely FoF. However, 
this study has some limitations: it included a rela-
tively small number of patients, and all of them 
were from a single center.

We conclude that older age, increased CCI 
and FoF are important predictors of one-year 
mortality post discharge after a fall related frac-
ture. Hence, assessing these predictors for iden-
tifying aged patients with increased risk of dying 
in everyday clinical practice may help to reduce 
post fracture mortality. q 
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