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Abstract
Purpose Due to pre-existing illnesses, elderly hip fracture pa-
tients represent a vulnerable patient population. The present
study was conducted to investigate the effects of various pre-
existing conditions on the outcomes of hip fracture patients.
Methods A total of 402 surgically treated geriatric hip fracture
patients were included in this prospective, single-centre study.
Upon admission, patient age, gender and fracture type were
documented, among other information. Patients were divided
into six groups according to their pre-existing illness (neuro-
logical, cardiovascular, respiratory, gastrointestinal, renal or
musculoskeletal). Outcomes in all six patient groups were
measured using the following outcome parameters: length of
hospital stay, mobility, functional results and mortality rate at
discharge and at the one-year follow-up examination.

Results Reduced values for the pre-fracture Barthel index (BI)
were detected in patients with neurological (p < 0.001) and
kidney-related diseases (p = 0.001). Neurological and kidney-
related diseases were associated with reduced values on the BI
(p < 0.001; p = 0.002) and Tinetti test (TT) (p < 0.001;
p = 0.004) as well as an increased mortality rate (p < 0.001;
p < 0.001) at the one-year follow-up. In addition, patients with
respiratory (p = 0.004) and gastrointestinal disorders
(p = 0.007) had an increased mortality rate in the medium term.
Conclusions Pre-existing conditions are common among ge-
riatric hip fracture patients. Pre-existing neurological and
kidney-related diseases had the highest impact on functional
outcomes and mortality rates at the end of acute care and in the
medium term. In contrast to pre-existing cardiovascular dis-
ease, pre-existing neurological, kidney, respiratory and gastro-
intestinal disorders were also found to be associated with in-
creased mortality rates in the medium term.

Keywords Pre-existing condition . Hip fracture . Geriatric
fracture . Outcome . Complication

Introduction

Due to frailty and pre-existing conditions, elderly patients sus-
taining a hip fracture represent a vulnerable patient popula-
tion. Prolonged hospital stays [1], a high rate of peri-operative
complications [2] and increased mortality rates following the
first post-operative year [3] are only a few indicators that
support this assertion.

Many perioperative risk factors have previously been iden-
tified to improve the outcomes of hip fracture patients. Among
them, the reduction of time to surgery [4], post-operative man-
agement in the intensive care unit (ICU) [5], implementation
of ortho-geriatric co-management [6] and standardized
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relocation into rehabilitation facilities [7] represent ap-
proaches for improving the post-operative outcomes of geri-
atric hip fracture patients. Although such improvements in
peri- and post-operative patient care have led to significant
declines in complications and mortality rates, patient out-
comes are still very much dependent on the pre-existing con-
dition itself. In this context, many studies have investigated
the effects of single comorbidities on outcomes in hip fracture
patients. Among other pre-existing illnesses, e.g. dementia
[8], Parkinson’s disease [9] and kidney failure [10] have been
shown to be associated with inferior results in hip fracture
patients.

The present study was performed to investigate the effects
of different pre-existing diseases, categorized by organ sys-
tems, on the functional outcome and mortality rate in the peri-
operative phase and at the one-year follow-up examination.
The aim was to rank pre-existing conditions in regard to their
impact on the outcomes of geriatric hip fracture patients.

Patients and methods

Patients aged ≥60 years who had sustained a hip fracture were
included in this prospective, single-centre observational study.
The criteria for exclusion wasmultiple trauma (Injury Severity
Score (ISS) ≥ 16) and malignancy-associated fractures. All
patients were surgically treated with either internal fixation
or hip arthroplasty. The recruitment period was from April 1,
2009, to September 30, 2011. Approval was obtained from the
local ethics committee for this study (AZ 175/08). Each pa-
tient or their legal representative gave written informed
consent.

On admission to our hospital, patient age, gender,
American Society of Anesthesiologists (ASA) score and frac-
ture type were documented. Additionally, the time interval
from hospital admission until surgery and the length of hos-
pital stay were documented. The methods have previously
been described in more detail in other publications including
this patient cohort [11–13].

Assessment of pre-existing conditions

On hospital admission, previous medical conditions were re-
corded and classified into six different subgroups. The groups
were categorized by pre-existing diseases related to the neu-
rological system, cardiovascular system, respiratory system,
gastrointestinal tract, kidneys or urinary tract and musculo-
skeletal system.

Diseases summarized under the term ‘neurological dis-
eases’ included, for example, a diagnosis of Parkinson’s dis-
ease, Alzheimer’s disease, stroke, or dementia. Hypertension,
myocardial infarction, heart valve damage, and pericarditis are
examples of diseases that were included under the term

‘cardiovascular diseases’. Pre-existing diseases of the ‘respi-
ratory system’ included a diagnosis of pneumonia, chronic
obstructive pulmonary disease, lung cancer, or bronchial asth-
ma. Diseases that were summarized as ‘gastrointestinal dis-
eases’ included, for example, a diagnosis of gastrointestinal
cancer, Crohn’s disease, colitis or gall bladder inflammation.
Renal insufficiency, dialysis dependency, kidney cancer and
urinary tract infection are examples of diseases that were clas-
sified as the ‘kidneys or urinary tract’. Pre-existing diseases
summarized under the term ‘musculoskeletal system’ includ-
ed a medical history of arthritis or fracture fixation, muscular
dystrophy or gout.

Outcome parameters

Patient functional results were monitored using the Barthel
index (BI) and Tinetti test (TT) at discharge as well as at one
year postoperative. Furthermore, the overall lengths of hospi-
tal stay and the in-hospital mortality rate were documented at
the time of hospital discharge and at the one-year follow-up
examination.

Data entry and statistics

Data were collected in a FileMaker database® (FileMaker
Inc., Santa Clara, CA, USA). Double entry with a plausibility
check was performed to ensure data quality. IBM SPSS
Statistics 22 (Statistical Package for the Social Sciences,
IBM Cooperation, Armonk, N.Y., USA) was used for the
statistical analysis.

The normality of the data distribution was determined
using the Shapiro-Wilk test. Afterwards, for metric variables
such as age, ASA score, BI, TT result and length of hospital
stay, a Mann-Whitney U test was used to compare patients
with different pre-existing comorbidities. Fisher’s exact test
was performed to examine differences in categorical variables,
such as gender distribution, type of surgery and the mortality
rate, between patient groups. A chi-square test was conducted
to determine the distribution of the different fracture types. For
all tests, significance was assumed at p < 0.05.

Results

A total of 402 hip fracture patients who met the inclusion
criteria participated in this study (Fig. 1). The baseline char-
acteristics and treatment data for all patients are illustrated in
Table 1. In addition, Table 1 provides patient data of the six
different subgroups classified by pre-existing diseases.

Whereas, the subgroups of patients with pre-existing neu-
rological (p = 0.002) and urinary diseases (p = 0.007) were
significantly older, patients with conditions related to the re-
spiratory (p < 0.001), gastrointestinal (p < 0.016) and urinary
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systems (p < 0.001) differed significantly in terms of gender
distribution compared to the entire study population, with in-
creased rates of males. No differences between the predefined
subgroups and the entire study population were observed for
the parameters ‘fracture location’ or ‘time to surgery’. Patients
with a medical history of neurological (p = 0.002),

cardiovascular (p < 0.001), respiratory (p = 0.022), gastroin-
testinal (p = 0.031) or kidney disease (p = 0.001) had signif-
icantly increased ASA scores compared to the entire study
population. Whereas, pre-fracture functional abilities as
measured by the BI were significantly worse among pa-
tients with pre-existing neurological (p < 0.001) and

Table 1 Baseline data of all patients included in the study. Patient data are presented separately based on pre-existing conditions

Pre-existing diseases

Whole
study
population
(n = 402)

Nervous
system
(n = 178)

Cardio-
vascular system
(n = 339)

Respiratory
system (n = 80)

Gastro-intestinal
system (n = 78)

Urinary tract/
kidneys (n = 103)

Musculo-skeletal
system (n = 115)

Age in years
(mean ± SD)

81 ± 8 83 ± 8
p = 0.002*

82 ± 8
p = 0.140*

80 ± 9
p = 0.411*

81 ± 8
p = 0.879*

83 ± 8
p = 0.007*

81 ± 8
p = 0.806*

Gender

Male 109 (27%) 48 (27%) 93 (27%) 42 (53%) 30 (39%) 42 (41%) 32 (28%)

Female 293 (73%) 130 (73%) 246 (73%) 38 (47%) 48 (61%) 61 (59%) 83 (72%)

p = 1.000** p = 0.877** p < 0.001** p = 0.016** p < 0.001** p = 0.901**

Fracture location

Femoral neck 195 (49%) 103 (46%) 160 (47%) 37 (46%) 154 (48%) 47 (45%) 56 (49%)

Trochanteric 186 (46%) 107 (48%) 161 (48%) 38 (48%) 151 (46%) 50 (49%) 51 (44%)

Subtrochanter-
ic

21 (5%) 14 (7%) 18 (5%) 5 (6%) 19 (6%) 6 (6%) 8 (7%)

p = 0.381*** p = 0.473*** p = 0.844*** p = 0.432*** p = 0.784*** p = 0.590***

ASA score
(mean ± SD)

2.9 ± 0.6 3.0 ± 0.6 3.0 ± 0.6 3.1 ± 0.6 3.1 ± 0.6 3.1 ± 0.6 3.0 ± 0.6

p = 0.002* p < 0.001* p = 0.022* p = 0.031* p = 0.001* p = 0.117*

Pre-fracture BI
(mean ± SD)

80 ± 25 69 ± 28 79 ± 25 82 ± 20 74 ± 28 73 ± 26 78 ± 24

p < 0.001* p = 0.515* p = 0.704* p = 0.075* p = 0.001* p = 0.273*

Time to surgery
(mean ± SD)

18 ± 13 18 ± 13 18 ± 13 20 ± 15 20 ± 17 13 ± 14 19 ± 15

p = 0.677* p = 0.669* p = 0.139* p = 0.320* p = 0.240* p = 0.552*

Length of
hospital stay
(mean ± SD)

14 ± 6 13 ± 6 14 ± 6 13 ± 6 14 ± 8 15 ± 8 15 ± 8

p = 0.005* p = 0.519* p = 0.216* p = 0.676* p = 0.070* p = 0.445*

Statistically significant p-values are illustrated in bold letters

SD = standard deviation; * = Mann-Whitney U test; ** = Fisher’s exact test; *** = χ 2 test

477 patients met the 
inclusion criteria 

75 patients declined to participate 

402 patients were 
included in the study 

90 patients had incomplete data sets or 
were lost to follow-up  

312 patients were 
available for the one-
year follow-up 

539 hip fracture patients were surgically treated during the study period 

62 patients were excluded for 
-  malignancy-related fracture 
-  polytrauma (ISS 
-  age 

16)

Fig. 1 Flowchart of the study
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kidney diseases (p = 0.001), the length of hospital stay
was significantly different only for patients with pre-
existing neurological illness compared to the entire study
population (p = 0.005).

An analysis of outcome parameters revealed pre-existing
neurological and kidney diseases to be a risk factor for signifi-
cantly inferior functional abilities. Thiswas indicated by reduced
values on the BI at discharge (neurological diseases, p = 0.001;
kidney diseases, p = 0.001) and at the one-year follow-up ex-
amination (neurological diseases, p < 0.001; kidney diseases,
p = 0.002) as well as by reduced values on the TT at discharge
(neurological diseases, p = 0.001; kidney diseases, p = 0.001)
and at the one-year follow-up examination (neurological dis-
eases, p < 0.001; kidney diseases, p = 0.004) (Table 2).

Additionally, pre-existing kidney and gastrointestinal dis-
eases were associated with an increased probability of dying
during the acute care treatment (kidney diseases, p = 0.016;
neurological diseases, p = 0.003). An analysis of the mortality
rate at the one-year follow-up examination revealed pre-
existing neurological (p < 0.001), respiratory (p = 0.007), gas-
trointestinal (p = 0.033) and kidney diseases (p < 0.001) to be
other indicators for unfavourable clinical courses, at least in
the medium term (Table 2).

Discussion

The current study aimed to analyse the impact of organ-
specific, pre-existing conditions on the clinical course of
geriatric hip fracture patients. The principal findings re-
vealed that pre-existing neurological and kidney-related
diseases favoured not only inferior functional results but
also increased mortality rates at the end of acute care and in
the medium term, respectively. Additionally, patients with
pre-existing respiratory and gastrointestinal disorders had
higher mortality rates in the medium term.

With 402 patients included in this prospective, observation-
al study, the number of patients investigated was large com-
pared to other single-centre studies on this topic [14, 15]. The
predominantly female cohort included in this series is typical
for a geriatric patient population with a comparatively high
ASA score at hospital admission [16]. However, subgroup
analysis of patients with pre-existing respiratory, gastrointes-
tinal and kidney diseases revealed a significantly increased
proportion of men compared to the total study population.
As shown in cohort studies of Western industrial populations
born before the year 1950, smoking is much more common
among men than women [17]. This increased rate of male
smokers most likely contributed to the shift in gender rela-
tions, especially in terms of pre-existing lung diseases such
as chronic obstructive pulmonary disease, lung cancer and
bronchial asthma, as well as in terms of gastrointestinal cancer
and chronic renal failure. Regarding ASA scores, significantly T
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elevated scores were noted in most of the subgroups with the
exception of patients who presented with pre-existing muscu-
loskeletal diseases. In this context, the musculoskeletal dis-
eases, such as previous fractures or joint replacements,
seemed not to affect the general health condition as much as
diseases of other organ systems.

Interestingly, the period between trauma and surgical fixation
wasnotaffectedinanyof theinvestigatedsubgroups.Particularly,
in the subgroupofpatientswithcardiovasculardiseases,delays in
‘time to surgery’were suspected to have occurred, as cardiovas-
cular diseases are often associated with oral anticoagulation that
must be compensated before hip surgery [18].

An increased average age was detected at the time of
hospital admission among patients with neurological and
kidney diseases. This circumstance might have contrib-
uted to the fact that in these two subgroups, patients
were obviously more dependent, as indicated by signif-
icantly reduced pre-fracture BI values. For patients with
pre-existing neurological illness, reduced skills in activ-
ities of daily living also led to a significant extension of
the hospital stay. This effect could not be detected in
patients with pre-existing renal disease.

Based on a prospective community-based study, Kisoli et al.
investigated the level of functional disability, as measured with
the BI, in a geriatric population including patients with different
pre-existing neurological diseases [19]. Their study results indi-
cated that patients with a diagnosis of a stroke, dementia or
Parkinson’s disease were significantly more impaired than an
unaffected background population. Similar results were pub-
lished by Fritz et al. concerning motor impairments in patients
with different types of neurological diseases [20]. In a prospec-
tive cross-sectional study, they showed that balance and gait
impairments were quite common, as indicated by reduced
values on the TT. Among the patients investigated, motor im-
pairments were least severe in patients with a diagnosis of
Alzheimer’s disease, more advanced in patients with a diagnosis
of Parkinson’s disease and the most pronounced in those with
Lewy body dementia. Therefore, the results of Kisoli et al. and
Fritz et al. are consistent with our findings in terms of reduced
activities of daily living and inferior motor abilities in neurolog-
ically ill patients. Additionally, reduced functional abilities were
detected in the subgroup of patients with renal impairments in
the present study, as measured by inferior values on the BI and
the TT. Our results thus confirm the findings of Parsons et al.,
who published data on a population-based cohort study with
more than 3000 elderly men [21]. Their study demonstrated that
reduced physical activity was significantly associated with re-
duced chronic renal function as measured by the glomerular
filtration rate. The results from a cross-sectional study published
by Chao et al. further showed that acute kidney injury negative-
ly influenced the functional status in geriatric patients, as mea-
sured by the BI [22]. In their study, the presence of an acute
kidney injury was not only associated with a significantly lower

BI but also increased severity of an acute kidney injury was
associated with a significant decrease in the BI.

Based on our study results, patients with pre-existing kid-
ney diseases were not only shown to be at risk for inferior
functional results but also for increased mortality rates. This
fatal inverse correlation between reduced scores on the BI and
TT and an increased probability of dying has also been de-
scribed by Morishita et al. [23]. In a review of the literature,
they showed that impaired activities of daily living as well as
reduced physical activities were associated with a higher mor-
tality risk in patients with chronic kidney disease and in pa-
tients with a need for dialysis, respectively.

Similar results were observed for patients with pre-existing
neurological diseases in the present study. Although the mor-
tality rate during the acute care treatment failed to reach sta-
tistical significance, a significantly increased one-year mortal-
ity rate was discovered in this subgroup of patients. In this
context, the results of the present study are consistent with
those of Penrod et al. In an analysis of pooled data from three
longitudinal studies on 2692 geriatric hip fracture patients,
they showed that dementia had a significantly negative impact
on survival at six months after hip fracture [24].

Elevated mortality rates for patients with respiratory and
gastrointestinal diseases indicate the overall severity of dis-
eases associated with these two pre-existing conditions. In
contrast, musculoskeletal diseases failed to show an increased
mortality rate, which is most likely due to their subordinate
influence on the general disease severity as measured by the
ASA score. Interestingly, cardiovascular diseases were also
not associated with an increased mortality rate. This circum-
stance is most likely related to the fact that most of the patients
were assigned to this subgroup because of pre-existing elevat-
ed blood pressure. As shown in a German population-based
cohort study, the age-standardized overall prevalence of arte-
rial hypertension is high, at 74% for men and 70% for women,
respectively [25]. Nevertheless, due to an increase in anti-
hypertensive medication consumption and a higher awareness
of the condition itself, most of the negative effects correlated
with hypertension are compensated, leading to overall insig-
nificant mortality rates among patients in this subgroup.

Strengths and limitations

Despite a thorough study design, the results should be
interpreted within the context of certain limitations. First, this
was an observational study; thus, conclusions cannot be
drawn in terms of causality, and the relationships described
can only be interpreted as associations. Nevertheless, the pres-
ent study examined and followedmore than 400 prospectively
enrolled patients with hip fractures, resulting in a large study
compared to other single-centre studies on this topic.

Second, the conditions examined were only analysed in
terms of organ systems and not in terms of single diseases,
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which prohibits the evaluation of the impact of each individual
pre-existing disease. Although, as the purpose of the present
study was to provide an organ system-based overview on the
impact of pre-existing conditions on outcomes in a geriatric
hip fracture population, this approachwas the most applicable.
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