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Abstract

Background Cognitive impairment, including dementia, and hip fracture are both common among older patients.
Both conditions are associated with increased morbidity and mortality. Cognitive impairment is often underdiag-
nosed and may remain undetected in hip fracture patients. Little is known about the prevalence, specific character-
istics, and outcomes of hip fracture patients with cognitive impairment. This analysis aimed to compare hip fracture
patients with and without cognitive impairments regarding their health conditions, hospital care, and the risk of com-
plications and mortality.

Methods This study used data derived from the EMAAge project, a prospective multi-center cohort study conducted
in Berlin, Germany. Patients aged 40 years and older with hip fracture were stratified into three cognitive status
groups: no cognitive impairment (NCI), moderate cognitive impairment (MCl), and severe cognitive impairment (SCl).
Categorization was based on patients’ ability to engage in interviews and their performance on the 6-item Cognitive
Impairment Test (6-CIT). Standardized mean differences were used to compare various health-related parameters

and health care utilization measures. Regression models, both adjusted and unadjusted, were calculated for the num-
ber of complications and the mortality rate.

Results Cognitive impairment was present in 37% of the 310 hip fracture patients in the study cohort. Patients
with cognitive impairment had a worse baseline health profile, delayed admission to the emergency department,
a longer time to surgery, and were less likely to be referred to a rehabilitation program. In the adjusted regression
model for the number of complications, the incidence rate ratio was 1.237 (p=0.292) for MCl patients and 2.065
(p<0.001) for SCI patients compared with NCI patients. The adjusted odds ratio for mortality was 1.046 (p=0.942)
for MCl patients and 2.875 (p=0.060) for SCI patients.

Conclusions Hip fracture patients with cognitive impairment, particularly severe impairment, arrive at the ED

in a considerably poorer state of health and are at a higher risk of adverse outcomes, including complications

and mortality. Timely identification of this at-risk group upon arrival appears to be essential to providing adequate
care. This study highlights the need for interventions and research aimed at improving prevention, emergency care
and outcomes for this vulnerable group, addressing their specific risk factors, and promoting the quality of care

in hospital and after discharge.
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Introduction

As life expectancy continues to increase globally, we
will experience an elderly demographic shift [1] and a
growth in the number of cognitively impaired patients
[2]. About 1.8 million people in Germany have been
diagnosed with dementia or Alzheimer’s disease, and
this number is expected to double in about 40 years
[3, 4]. Worldwide, the number of dementia patients is
expected to increase to 67.5 million by 2030, and by
2050, forecasts estimate around 131.5 million patients
with dementia [5-7]. However, more than 50% of
patients with dementia have not been formally diag-
nosed with the condition [8, 9]. A recent review esti-
mated that around 37.0-50.0% of surgical patients
had unrecognized cognitive impairment [10]. Patients
and even caregivers benefit from early diagnosis and
treatment of cognitive impairments because they are
associated with various risks, e.g. accelerated cogni-
tive decline and a faster reduction in quality of life
[11]. Dementia, as the main manifestation of cognitive
impairment in old age, is an independent risk factor for
suffering a hip fracture, one of the most common and
serious injuries in older people [12].

Cognitive impairment includes a spectrum rang-
ing from subjective cognitive decline, mild cognitive
impairment (MCI) to dementia, with MCI often con-
sidered an intermediate stage between normal cogni-
tive aging and dementia [13, 14]. MCI can be defined
as a cognitive state situated between normal cognition
and dementia, while functional abilities are largely
maintained. Dementia is typically characterized by the
fact that the cognitive impairment has become severe
enough to impair the person’s daily functioning [15].
MCl is often considered an intermediate stage between
normal cognitive aging and dementia [16].

In 2019, 1.4 million cases of hip fractures were cap-
tured worldwide [17] and this number is predicted
to rise to up to 4.5 million by the year 2050 [1, 18].
Total health care costs per patient, including the ini-
tial stay plus health and social care costs in the first
year after a hip fracture, exceed $50,000 [19]. Femoral
neck fractures were the most frequent fracture in Ger-
many between 2009 and 2019, with an incidence of
120/100,000 citizens. Pertrochanteric fractures showed
the second-highest incidence, with 109/100,000 citi-
zens. The incidence of all hip fracture types increased
by between 23% and 38% in this period of 10 years,
explained by the demographic changes [20].

As only 40-60% of individuals suffering from a hip
fracture regain the level of mobility they had before the
fracture and 10-20% of affected individuals need to be
institutionalized, hip fractures are a health hazard for
elderly patients, negatively influencing their independ-
ence [1]. Approximately 22% of patients die within the
year following a hip fracture [21, 22].

The proportion of cognitively impaired patients among
hip fracture cases is high: estimates go up to 42% [23].
However, cognitive status is often not systematically
assessed in clinical care. Hence, the specific needs and
increased vulnerability of cognitively impaired hip frac-
ture patients may remain unaddressed. Overall, there is
insufficient data on the prevalence of cognitive impair-
ments in hip fracture patients, their health condition,
hospital care, and outcomes. To improve hospital and
post-discharge care for these patients, a better under-
standing of their situation compared with non-impaired
patients is needed [24].

The aim of our study was to examine the risk of com-
plications and mortality in hip fracture patients with
and without cognitive impairment. To achieve this, we
investigated differences in patient characteristics, medi-
cal care, healthcare delivery, and health-related outcomes
among patients with severe, moderate, and no cognitive
impairment who sustained a hip fracture.

Methods

Study design

The EMAAge study is an observational, prospective
multi-center cohort study of adult patients admitted
to a hospital due to a hip fracture [25]. Conducted as
part of the Emergency and Acute Medicine Network
for Health Care Research in Berlin (EMANet) [26], the
study received approval from the local ethics commit-
tee of Charité-Universititsmedizin Berlin (EA1/362/16)
and registered in the German Clinical Trials Register
(DRKS00014273). Written consent was obtained from all
participants.

Setting

The EMAAge study was conducted from 2017 to 2019
in six inner-city emergency departments (EDs) in Ber-
lin and included patients who sought ED treatment
because of a hip fracture. The hospitals represented
different levels of care, including two university hospi-
tals. All clinical records of patients approaching the ED
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with suspected hip fracture were screened by a team
of study nurses in the ED of the respective study site.
After confirmation of the diagnosis, they approached
patients within seven days after ED presentation during
the in-hospital stay for information about and inclu-
sion in the study. Following the acquisition of informed
consent, participants were interviewed using a tablet-
based, standardized questionnaire. This comprised
instruments for different patient-reported outcomes
and questions on patients’ health status and health care
situation. A follow-up interview was conducted six
months after discharge via telephone or as a paper-and-
pencil questionnaire via mail.

The study questionnaires were available in German,
English, Arabic, and Turkish.

In addition, the study entailed the collection of clini-
cal data pertaining to the initial hospitalization from
hospital information systems (HIS) using a standardized
electronic case report form (eCRF). Further details of the
study design and recruitment within the EMAAge study
have been described previously [27].

Participants & recruitment

All adult patients admitted to one of the six participat-
ing emergency departments (EDs) with a diagnosis of
hip fracture, as defined by the International Classifica-
tion of Diseases (IC) codes S72.0, S72.1, and S72.2 were
eligible for inclusion in the study. Individuals who were
critically ill or who lacked the requisite language skills
in German, English, Turkish, and Arabic were excluded
from participation in the study. In cases where patients
lacked the requisite cognitive abilities to engage in the
interview process independently due to dementia, rela-
tives or legal guardians were invited to participate on
the patients’ behalf. This decision was informed by prior
diagnoses of dementia and, if no diagnosis was docu-
mented, by the assessment of clinical personnel at the
respected wards. In alignment with the World Health
Organization (WHO) Global Status Report on the Public
Health Response to Dementia, the present analysis was
conducted on all participants in the EMAAge study who
were aged 40 years or older [28].

Of the 1.024 screened patients, 510 were eligible, and
344 patients consented to study participation. Reasons
for ineligibility were a diagnosis other than the study
diagnosis, critical illness, or language barriers. Compari-
son of our cohort with an unbiased sample of hip frac-
ture patients, based on HIS data, showed no differences
in gender or age. However, there are indications that the
burden of comorbidities is slightly higher in our cohort
compared to the general hip fracture population. Of the
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510 patients who met the eligibility criteria, 166 declined
to participate in the study [29].

Variables, measurements, definitions, and outcomes

For the purposes of this analysis, the participants were
classified into three distinct groups. The participants
were divided into three groups based on their cognitive
status: those with no cognitive impairment (NCI, group
1), those with mild cognitive impairment (MCI, group 2),
and those with severe cognitive impairment (SCI, group
3). Cognitive impairment was defined in accordance with
the test results of the 6-item cognitive impairment test
(6-CIT), a validated dementia screening test suitable for
use in a variety of clinical settings [30]. The test includes
items on orientation, attention, memory, and calcula-
tions. The scoring system ranges from 0 to 28 points.
Scores of 0-7 indicated normal cognitive function,
scores from 8 indicate at least mild cognitive impair-
ment. Patients unable to participate in the interview and
the cognitive test due to a pre-existing dementia (proxy
interviews) were categorized as severely cognitively
impaired (SCI).

Outcomes

The outcomes of this study can be summarized as fol-
lows: (a) Mortality, defined as all-cause mortality occur-
ring within six months of study enrollment; and (b)
The number of complications experienced during the
index hospital stay for hip fracture treatment. All docu-
mented post-surgical complications mentioned in the
medical chart were recorded and categorized according
to Carpintero et al. [31]. The following events and con-
ditions were defined as complications: anemia, urinary
tract infections, delirium, cardiac or pulmonary compli-
cations, electrolytic and metabolic disorders, and sepsis,
or systemic inflammatory response syndrome (SIRS). The
number of complications was calculated for each patient.

Measures and variables

Sociodemographic variables included age at presenta-
tion to the ED and sex. Level of education was recorded
using the CASMIN classification and grouped into high,
intermediate and basic education [32]. The living situa-
tion included the categories ‘living independently alone,
‘living with other people; and ‘living in a facility’ (nursing
home).

Health parameters and hospital care

Fracture types were classified as femoral neck fracture,
pertrochanteric fracture, subtrochanteric fracture and
periprosthetic fracture. The interval between fall and
presentation to the ED was self-reported in the following
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categories: “on the day of hospital admission’, “on the day
before hospital admission” or “more than one day before
admission”. Duration of time-to-surgery was determined
by the interval between admission to the ED and the
start of surgery. Surgical procedures were classified as:
no surgery, implantation of total hip arthroplasty (THA),
implantation of hemiprosthetic hip replacement (HHR),
dynamic hip screw (DHS), proximal femoral nail (PFN),
and screw osteosynthesis (SO). THA and HHA were cat-
egorized under arthroplasty, while DHS, PEN, and SO
were classified as internal fixation. Length of stay (LOS)
in the intensive care unit (ICU) was documented in days,
in case of several ICU stays, the LOS consisted of all days
spent in ICU. Duration of the overall hospital stay was
captured in days.

Laboratory parameters

Laboratory parameters were collected from the first
laboratory test at ED admission, including C-reactive
protein (CRP, normal values<5 mg/l; pathological val-
ues>5 mg/L), leukocytes (normal values<10.5/nL,
pathological values>10.5/nL), sodium (normal values
135-145 mmol/L, pathological values<135 and >145
mmol/L), hemoglobin (normal values for men 13.5-17 g/
dL and for women 12-16 g/dL, pathological values for
men<13.0 g/dL and women<12 g/dL) and creatinine
(normal values for men<1.1 g/dL and women<0.9 g/dL,
pathological values for men>1.1 g/dL and women>0.9 g/
dL). Using the formula as in Levey et al. [33], glomeru-
lar filtration rate (GFR; normal values>90 ml/min,
mildly reduced kidney function 60—-89 ml/min, moder-
ately to severely reduced kidney function to kidney fail-
ure<60 ml/min) was calculated based on age, sex, and
creatinine level.

Baseline health characteristics

The burden of comorbidities was characterized accord-
ing to the Charlson Comorbidity Index (CCI) and based
on all comorbidities documented in the medical record,
including ICD-Code, and free text documentation [34].
Information on long-term care dependency as defined
by German law was collected, representing the patients’
dependence on caregivers and ability to manage daily life.

Malnutrition was evaluated using the Short Nutritional
Assessment Questionnaire (SNAQ) [35].

Life satisfaction was documented by asking patients to
rate their overall satisfaction in life on a Likert Scale from
“not at all satisfied’, scored as 0, to “completely satisfied’,
scored as 10 [36]. The subjective level of social support
was measured by the number of people one could rely on
(none; 1-2; 3—5; more than 5).
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Follow-up parameters

In the follow-up survey, patients were asked about their
current care level and life satisfaction. In addition, infor-
mation on health care utilization, such as physical ther-
apy and occupational therapy, hospital re-admissions,
and ED re-visits within the 6 months after surgery were
collected.

All variables are presented in Supplement Table 1.

Data analysis

In the first step of the analyses, health and health care
parameters were analyzed, comparing patients with
regard to their cognitive status (three groups). For cat-
egorical variables, we calculated absolute frequencies
and proportions, and for metric variables, means and
standard deviations. To evaluate the sizes of differences
between the three cognition groups, standardized mean
differences (SMD) were calculated. For each parameter,
the average SMD of all three SMDs is reported, which
allows for easy comparison of the various parameters.

To elucidate the association between cognitive status
and the two outcomes in greater detail, a multivariable
logistic regression was conducted for the outcome of
mortality and a multivariable negative binomial regres-
sion was performed for the number of complications.
According to the findings of previous studies, the regres-
sion model on complications was adjusted for age, gen-
der, leukocyte levels, hyponatremia, GFR, pre-fracture
care dependency, CCI, and malnutrition [37]. The model
of mortality was adjusted for age, gender, CCI, malnutri-
tion, pre-fracture care dependency, post-surgical com-
plications (number of complications: none, one, two, or
more complications), and whether patients were directly
referred to a rehabilitation facility [38]. To control for
center effects, the dichotomous variable “study center”
(university hospital (2 sites) and general hospital (4 sites))
was included in both models. In addition, we calculated
an unadjusted version for both regression models.

Multiple imputation were used to handle missing val-
ues within the regression models. The imputation models
consisted of the variables in the corresponding analysis
model and the CASMIN variable in addition. For the
imputation of the malnutrition variable, we first imputed
the three SNAQ variables and did a passive imputation.
For both imputation models, we used the R package mice
with m=20 imputations [39]. The application of impu-
tation permitted the calculation of multiple models,
including those comprising patients for whom no data
pertaining to cognition were available.

The analyses in this paper are explorative and not
confirmatory. Therefore, correction for multiple testing
was not performed. Due to the exploratory character of
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the models, we did not apply a certain p-value level to
assume variables were worth considering as relevant
for the outcomes. Descriptive statistics were performed
using the statistics program IBM SPSS Statistics (version
27). The models were done using R version 4.1.1.

Results

Participants

The sample comprised of 323 patients aged 40 years and
older, of whom 310 patients had valid information on
cognitive status. Of this sample, 66.8% (n=207) were
female and 33.2% (n=103) were male. The mean age
was 76 years (SD 11.49). No signs of cognitive impair-
ment were detected in 196 (63.2%) participants, while
50 (16.1%) participants were identified as cognitively
impaired during the initial screening process. An addi-
tional 64 (20.7%) participants were unable to take part in
the initial interview due to severe cognitive impairments
and were included through a proxy (close relative or legal
guardian). A total of =210 patients and proxies partici-
pated in the follow-up interview 6 months after hospital
admission.

Descriptives

Tables 1 and 2 present the characteristics of all indi-
viduals and the differences between the three cognition
groups. In terms of the average standardized mean dif-
ferences, cognition status showed a strong association
with dependency on long-term care both pre-fracture
(SMD=1.235) and at follow-up (SMD=1.221). Moder-
ate effects were seen in the age of the patients, educa-
tional level (SMD =0.469), living situation (SMD =0.753)
the type of hip fracture (SMD=0.442), the burden of
comorbidities (CCI: SMD=0.678), the occurrence
of delirium (SMD=0.521), and the number of com-
plications (SMD=0.533), and subjective social sup-
port (SMD=0.682). The admission laboratory values
of leukocytes (SMD=0.366) and CRP (SMD=0.328),
urinary tract infection (SMD=0.349), ICU treatment
(SMD =0.373), Life satisfaction (at baseline: SMD =0.493;
at follow-up: SMD =0.373), and mortality (SMD =0.489)
showed considerable differences. No relevant difference
was seen in length of surgery (SMD=0.047), length of
stay (SMD=0.089), gender distribution (SMD=0.136),
the sodium level at admission (SMD =0.184), and the fre-
quency of physical therapy after discharge (SMD =0.165).
In almost all parameters, SCI had worse characteristics
than MCI and NCI: they arrived with greater delay in
the ED, had worse laboratory values, more comorbidi-
ties, more complications, and a higher 6-month mortal-
ity rate. In two parameters, SCI scored better than MCI
and NCI: they received more occupational therapy after
discharge and had fewer hospital readmissions. In most
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parameters, the MCI group showed worse results than
the NCI group and better results than the SCI group.
They had the highest chances to receive rehabilitation
directly after discharge, whereas their utilization of phys-
ical therapy in the community was lower than in both
other groups.

Outcomes

The number of complications was strongly associated
with cognitive status, especially SCI, even when adjust-
ing for other important risk factors. In the negative bino-
mial regression model for the number of complications,
the incidence rate ratio for SCI was twice as high as for
NCI (IRR=2.065; p<0.001). For MCI, the IRR was 1.52
(»=0.046) in the unadjusted model and 1.237 (p=0.292)
in the adjusted model. In addition, age, comorbidities,
and hyponatremia considerably increased the likelihood
of complications (Table 3). Mortality was strongly associ-
ated with SCI (unadjusted OR=7.597; p<0.001) but not
with MCI (unadjusted OR=1.58; p=0.408). The inclu-
sion of potential confounders reduced the effect strongly:
the adjusted OR for SCI were only 2.875 (p=0.060). The
most important confounders were age (aOR=1.048;
p=0.042), signs of malnutrition (aOR=2.351; p=0.036),
the occurrence of complications (one complication:
aOR=3.189; p=0.036; two or more complications:
aOR=3.356; p=0.046), and the direct referral to rehabili-
tation (aOR=2.375; p=0.052) (Table 4).

Discussion

The aim of this study was to investigate the differences
in patient characteristics, medical care, healthcare deliv-
ery, and the risk of complications and mortality among
patients with severe, moderate, and no cognitive impair-
ment who sustained a hip fracture. In our study, 16%
(n=>50) of patients with hip fracture showed MCI, while
21% (n=64) had SCL. In total, 37% displayed cognitive
impairment, which is in line with comparable studies that
reported 25 to 40% of hip fracture patients to be affected
with cognitive impairment [40—43]. We found differences
in almost all descriptive parameters. The most notable
differences were observed between the SCI group and
the other two groups (NCI and MCI), particularly with
regard to the burden of comorbidities, pre-fracture care
dependency, living situation, subjective social support,
age, and education. Differences between NCI and MCI
tended to be small.

When comparing our study to others, it is notable that
many studies frequently examine patients with demen-
tia while simultaneously excluding patients with other
cognitive impairments. In only a few studies, the Mini-
Mental State Examination was utilized post-surgery [44,
45], which is comparable to our grouping in terms of the
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Table 1 Baseline characteristics of total sample and according to cognition status

All patients at baseline No Cognitive Moderate Severe Cognitive Average
n=310 Impairment Cognitive Impairment (SCI) Standardized mean
(NCI) Impairment (MCl) n =64 difference
n=196 n=50
n (%) n (%) n (%) n (%) (SMD)P
Sociodemographics
Age, mean (SD) 76.12 (11.49) 73.70(11.87) 78.06 (9.17) 82.03 (9.45) 0.538
Sex” 0.136
Male 103 (33.2) 68 (34.7) 20 (40.0) 15 (23.4)
Female 207 (66.8) 128 (65.3) 30 (60.0) 49 (76,6)
Educational Status (CASMIN Classification)® 0.469
Basic 149 (49.2) 76 (39.2) 29 (61.7) 44 (71.0)
Intermediate 91 (30.0) 66 (34.0) 12 (25.5) 13(21.0)
High 63 (20.6) 52 (26.8) 6(12.8) 5(8.1)
Living situation 0.753
Living with others 108 (35.0) 78 (40.0) 18 (36.0) 12(18.8)
Living alone 148 (47.9) 104 (53.3) 25 (50.0) 19(29.7)
Living in a facility 53(17.2) 13(6.7) 7 (14.0) 33(516)
Health parameters and hospital care
Fracture type 0442
Femoral neck fracture 141 (45.5) 103 (52.6) 14 (28.0) 24 (37.5)
Pertrochanteric fracture 145 (46.8) 74 (37.8) 34 (68.0) 37 (57.8)
Subtrochanteric fracture 19 (6.1) 14(7.1) 2 (4.0) 3(4.7)
Periprosthetic fracture 5(1.6) 5(2.6) 0(0) 0(0)
Time of fall 0.293
Same day as presentation in ED 247 (79.9) 160 (81.6) 42 (84.0) 45 (71.4)
On the day before presentation 28 (9.1) 16 (8.2) 3(6.0) 9(14.3)
inED
Several days before presentation 27 (8.7) 18(9.2) 3(6.0) 6 (9.5)
in ED
Unknown 7(2.2) 2(1.0) 2(4.0) 3(4.8)
Laboratory values
C-reactive protein (CRP)E >5 ma/I 93 (414) 47 (34.6) 15 (40.5) 31 (58.5) 0.328
Leukocytes® >10.5/nl 139 (45.6) 74 (38.3) 25 (50.0) 40 (64.5) 0.366
Sodium® <135 mmol/I 38(13.2) 19(10.9) 6(12.0) 13 (20.6)
Hemoglobin: 8: <13.0 g/dl; @ <120 126 (414) 72(37.7) 19(38.0) 35(55.6) 0.243
g/dl
Glomerular Filtration Rate ml/min (GFR)
>90 95 (30.6) 71(36.2) 10 (20.0) 15(234) 0.286
60-89 106 (34.2) 66 (33.7) 19 (38.0) 20 (31.3)
<60 109 (35.2) 59 (30.1) 21 (42.0) 29 (45.3)
Health parameters at baseline
Charlson Comorbidity Index (CCl) 0.678
0 87(28.1) 75(383) 9(18.0) 3(4.7)
1 69 (22.3) 33(16.8) 16 (32.0) 20(31.2)
2 53(17.1) 37(189) 5(10.0) 11(17.2)
>3 101 (32.6) 5(26.0) 20 (40.0) 30 (46.9)
Signs of malnutrition (SNAQ) 72 (24.4) 34 (17.5) 15(31.9) 23 (42.6) 0376
Care dependency at baseline, yes 116 (38.9) 42 (21.9) 18 (39.1) 56 (91.8) 1.235
Life satisfaction at Baseline, mean 6.74 (SD 2.68) 7.24 (SD 2.40) 6.48 (SD 2.74) 5.22 (SD 3.0 0.493
(SD)

Social support: persons to rely on: 0.682




Birkner et al. BMC Geriatrics (2025) 25:99 Page 7 of 14
Table 1 (continued)
All patients at baseline No Cognitive Moderate Severe Cognitive Average
n=310 Impairment Cognitive Impairment (SCI) Standardized mean
(NCI) Impairment (MCI) n =64 difference
n=196 n=50
n (%) n (%) n (%) n (%) (SMD)°P
None 14 (4.6) 6(3.1) 4(83) 4(6.5)
1-2 109 (35.7) 57(29.2) 16 (33.3) 36 (58.1)
3-5 113 (37.0) 73(37.4) 23 (47.9) 17 (274)
More than 5 66 (21.6) 58(29.7) 5(104) 3(4.8)
Parameters of hospital stay
Time to surgery, in minutes, mean 1140 (SD 1521) 1025 (SD 950) 910 (SD 631) 1659 (SD 2784) 0.273
(SD)
Surgical procedure 0.277
No surgery 6(1.9) 3(1.5) 1(2.0) 2(3.1)
Arthroplasty 111 (35.5) 77 (39.3) 11(22.0) 23(35.9)
Internal Fixation 196 (62.6) 116 (59.2) 38(76.0) 39 (60.9)
Length of surgery, in minutes, mean 78.77 (SD 38.48) 79.54 (SD 39.83) 76.90 (SD 33.59) 77.90 (SD 38.39) 0.047
(SD)
Complications, yes 163 (52.6) 83 (42.3) 29 (58.0) 51(79.7) 0.542
Number of complications, mean 1.17(SD 1.71) 0.81(SD 1.43) 1.24 (SD 1.44) 2.23(SD2.21) 0.533
(SD)
Occurrence of specific complications after surgery, yes
Cardiac or pulmonary 33(10.6) 15(7.7) 6(12.0) 12(18.8) 0222
Urinary tract infection 69 (22.3) 32(16.3) 12 (24.0) 25(39.1) 0.349
Anemia 81(26.1) 42 (214) 15 (30.0) 24(37.5) 0.238
Delirium 47 (15.2) 16 (8.2) 6(12.0) 25 (39.1) 0.521
Admission to intensive care unit 110(34.2) 62 (28.4) 19 (38.0) 29(537) 0373
(ICV), yes
LOS ICU, in days, mean (SD) 322(SD5.12) 2.25(SD4.10) 3.00 (SD 4.63) 4.85 (SD 6.40) 0330
LOS in days, mean (SD) 11.65 (SD 10.12) 11.22 (SD 8.96) 12.19 (SD 9.40) 12.56 (SD 13.54) 0.085
Direct referral to rehabilitation 190 (63.3) 115 (61.5) 39 (78.0) 36 (57.1) 0.304
Mortality within 6 months after sur- 40 (12.9) 13 (6.6) 5(10.0) 22 (34.4) 0.489

gery

AThe variable sex did not record any patients with diverse sex

B Variables with more than 5% missing data (CASMIN: 5.5%, C-reactive Protein: 27.0%, Sodium: 7.1%)

CThere were no patients with leukopenia, defined as a leukocyte laboratory value below 3.8/nl, at admission to ED

P The mean value of all three SMDs between all cognition groups

gradation of cognitive impairment severity [46]. In most
previous studies, no distinction was made between differ-
ent levels of cognitive impairment.

When experiencing a fall, patients with moderate to
severe cognitive impairment more frequently had a per-
trochanteric fracture, which is a sign of increased fragility
[47], while patients without cognitive impairment were
more likely to have a femoral neck fracture.

The time of the fall was often further in the past for
patients with SCI, indicating a delayed discovery after
the fall or a delayed response from the patient’s caregiv-
ers. It is possible that the higher number of complications
was also affected by delayed admission to the ED. This
delay, which was observed in SCI, might be traced back

to the limited ability of SCI to express themselves and
the potentially dysfunctional communication between
patients and caregivers. Indirectly, this delayed admission
may have contributed to the increased mortality rate in
SCL

In the case of hip fractures, prompt intervention is cru-
cial. A short time window between injury and surgery
is associated with a lower risk of death and lower rates
of postoperative pneumonia and pressure sores among
elderly patients with hip fracture [48, 49].

Upon arrival in the ED, all laboratory values cap-
tured in our study indicate that patients with cognitive
impairment exhibit worse baseline health conditions,
with the worst values in SCI partially associated with
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Table 2 Characteristics of total follow-up sample and according to cognition status
All patients  No Cognitive Moderate Severe Cognitive Average
n=210" Impairment Cognitive Impairment (SCI) Standardized
(NCI) Impairment (MCI) n=39 mean
n=141 n=30 difference
n (%) n (%) n (%) n (%) (SMD)®
Care dependency, yes 100 48 13 39 1.221
493 35.0 48.1 100
Life satisfaction, mean (SD) 6.61(SD 2.68) 7.24(SD 2.40) 6.48 (SD 2.74) 5.64 (SD 2.52) 0373
Physical therapy within 6 months after surgery, yes 152 (74.9) 105 19 28 0.165
(76.6) (65.5) (75.7)
Occupational therapy within 6 months after surgery, 31(15.8) 16 (12.1) 4(14.3) 11 (30.6) 0.308
yes
Presentation in ED within 6 months after surgery, yes 37 (22.8) 24 (20.7) 4(20.0) 9 (34.6) 0.222
Hospitalization within 6 months after surgery, yes 51(24.8) 37 (26.8) 6 (20.7) 8(20.5) 0.099

AThe follow-up interview was completed by 67.7% of the initial cohort, 12.9% of the participants had deceased and 19.4% were lost to follow-up

B The mean value of all three SMDs between all cognition groups

higher mortality rates after surgery. They also showed
risk signs for adverse events, such as abnormal blood
values and higher inflammation values (CRP). Low
blood hemoglobin [50-54] and severe renal impair-
ment at admission are associated with higher mortality
after hip fracture surgery. Some laboratory parameter
deviations can be explained by advanced age, such as
low GFR and low sodium values [55].

Moreover, the poor acute health state of patients
with cognitive impairment was reflected in the burden
of comorbidities. It is known that the degree of cogni-
tive impairment in older adults with hip fractures may
influence the presence of comorbidities and the poten-
tial complications that may arise [56].

Malnutrition is a condition in old age that is associated
with frailty, poorer outcomes, and increased mortality in
hip fracture patients [57]. There were more malnourished
patients in the cohorts with cognitive impairment, which
may be explained by reduced capacity for self-care or
reduced appetite [58]. Corresponding to our population,
comorbidities, acute diseases, medication, and cognitive
disorders may also be accountable for the malnutrition
of patients [59]. In Germany, rehabilitation programs
are usually planned for three to four weeks. In addition
to orthopedic rehabilitation, which is designed to restore
mobility, there is a distinct program for older patients,
known as geriatric rehabilitation, which aims to enhance
patients’ autonomy across a range of activities. Studies on
hip fracture rehabilitation have shown that it is crucial to
prioritize convenient nutritional intake in patients with
cognitive disorders to preserve their functional abilities
[60] and prevent the progression of cognitive decline
[61].

However, our data showed that SCI had the lowest pro-
portion of direct referrals to rehabilitation. This may be
attributed to considerations by the referring clinical staff.
In order for a patient to participate in a rehabilitation
program, it is necessary for the patient to demonstrate a
presumed capacity for rehabilitation and to possess the
requisite abilities to engage with the program. Future
studies should examine clinical decision-making pro-
cesses involving patients with cognitive impairment and
ways to increase their participation in rehabilitation.

Cognitive impairment is a significant risk factor for
long-term care dependency [62, 63] which was reflected
in the study cohort as approximately 90% of patients with
SCI were already dependent on nursing care at baseline,
compared to just under 40% of MCI patients, and around
20% of patients with NCI. In the follow-up period, the
same trend persisted, with approximately 10% more
patients requiring care in all three groups.

Life satisfaction decreased with increasing cogni-
tive impairment and continued to decline in the follow-
up period. It is known that most patients experience a
decrease in life satisfaction following a hip fracture, as
they often do not regain their pre-fall mobility. Psychoso-
cial factors, including life satisfaction, have a significant
protective effect on hip fracture risk [64].

In addition to subjective assessments, other variables
that contributed to improved outcomes were measur-
able factors, such as the time to surgery and the dura-
tion of the surgical procedure. The time from admission
to surgery was found to be considerably prolonged for
patients with SCI, slightly shorter for those with MCI,
and the shortest for patients with NCI. There may be
several reasons for this. The medical and organizational
admission of patients with cognitive impairment can be
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Table 3 Negative binomial regression model for the number of complications in patients with hip fractures?

IRR Lower 95% CI Upper 95% ClI p-value
Unadjusted model
Intercept 0.805 0.659 0.983 0.034
Moderate cognitive impairment* 1.520 1.009 2.290 0.046
Severe cognitive impairment* 2.762 1.957 3.898 <0.001
Adjusted model
Intercept 0.103 0.032 0326 <0.001
Age 1.015 1.000 1.031 0.055
Gender (male)® 1.307 0.958 1.782 0.092
Elevated leukocyte levels 0.983 0.736 1.312 0.906
Hyponatremia 1.588 1.138 2215 0.007
GFR 60-89° 1.252 0.841 1.864 0.270
GFR<60° 1494 0.984 2.269 0.060
Moderate cognitive impairment* 1237 0.833 1.835 0.292
Severe cognitive impairment* 2.065 1.389 3.070 <0.001
Pre-fracture care dependency 0.946 0.650 1.376 0.770
CCl(=1)? 1.336 0.817 2.186 0.249
CQl (=20 1.460 0.892 2388 0.133
CCl (=3) 2.561 1.653 3.967 <0.001
Malnutrition® 1.104 0.803 1.520 0.542
Study center (general hospital)f 1.057 0.784 1426 0.717

N=323; Reference categories: *women, °GFR > 90, “no cognitive impairment, 4CCI =0, ®no signs of malnutrition, funiversity hospital

9 Regression model using multiple imputation to handle missing values. Variables with missing values: elevated leucozyte levels =7; cognitive impairment=13; pre-
fracture care dependency = 11; malnutrition =21; direct referral to rehabilitation = 10; total number of missing values =41

Table 4 Logistic regression model of 6-month mortality among patients with hip fractures?

OR Lower 95% ClI Upper 95% Cl p-value
Unadjusted Model
Intercept 0.067 0.038 0.118 <0.001
Moderate cognitive impairment® 1.580 0.536 4659 0.408
Severe cognitive impairment® 7.597 3.545 16.281 0.000
Adjusted Model
Intercept 0.000 0.000 0.015 <0.001
Age 1.048 1.002 1.097 0.042
Gender (male)® 0.983 0418 2316 0.969
Moderate cognitive impairmemb 1.046 0315 3472 0.942
Severe cognitive impairment® 2.875 0.959 8616 0.060
Pre-fracture care dependency 1.110 0.392 3.145 0.845
Ca(=1)° 1.361 0.295 6.287 0.693
Ca(=2)° 1.013 0.198 5.189 0.988
CC (=3)° 3.117 0.783 12,406 0.108
Malnutrition® 2351 1.062 5205 0036
Complications n=1¢ 3.189 1.027 9.899 0.046
Complications n>2¢ 3.356 1.106 10.182 0.033
Direct referral to rehabilitation 2375 0.995 5671 0.052
Study center (general hospital)f 0445 0.175 1.127 0.089

b

N=323; Reference categories: ‘women, ®no cognitive impairment, <CCI =0, %no signs of malnutrition, no complications, funiversity hospital

9 Regression model using multiple imputation to handle missing values. Variables with missing values: cognitive impairment =13, pre-fracture care dependency=11,
malnutrition=21, direct referral to rehabilitation = 10, total number of missing values =44
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complicated and prolonged by communication difficul-
ties. As these patients have an increased number of medi-
cations and comorbidities, more time is needed to assess
potential obstacles to surgery. In previous studies, it was
observed that patients with cardiopulmonary conditions
were only admitted for hip surgery after the accompany-
ing symptoms had been clarified, resulting in a temporal
delay between admission and the surgical procedure [65].

As is already established, a time-to-surgery exceeding
39-48 h is associated with an elevated mortality rate in
patients with acute hip fractures [49, 66]. It is therefore
imperative to identify vulnerable groups in the ED and to
implement more expedient treatment regimens for this
population, with the ultimate goal of reducing overall
mortality.

A positive development emerged after the start of our
study: In 2019, a new quality guideline for the treatment
of patients with hip fracture was published by the Ger-
man Joint Federal Committee (G-BA) [67]. This included
the systematic screening of older patients in the ED to
detect certain risk factors such as cognitive impairment
and frailty.

The increased risk of complications in patients with
cognitive impairment has been observed before, both in
patients with hip fracture [5] and other fractures [64]. In
Berggren et al’s study [68], complications such as cardiac
and pulmonary issues, urinary tract infections, and delir-
ium were described with increased frequencies as well.
However, anemia was not separately reported. The higher
risk of anemia as a complication can be explained by the
patient’s poorer condition, with already lower hemo-
globin levels upon admission. Patients with hip fracture
often arrive with anemia [69] and are already poorly pre-
pared for their hip surgery, which often leads to addi-
tional blood loss. Postoperative anemia is an important
risk factor that leads to frailty and weakness [70]. How-
ever, Barceld et al. demonstrated that patients would not
benefit from pre-surgical blood transfusions [22]. Delir-
ium is known to be more frequent in elderly patients with
hip fracture and even more so if dementia has previously
been diagnosed [71].

As cognitively impaired patients more often suffered
from complications, SCI almost twice as often experi-
enced treatment in an intensive care unit (ICU). Treat-
ment in the ICU, however, is associated with an elevated
risk of delirium. Consequently, complications and ICU
treatment can be interdependent, particularly in patients
with cognitive impairment [72, 73].

Complications are not only unpleasant but also have
a significant impact on the risk of mortality, which is
strongly impacted by cognitive status. This applied
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most of all to patients with severe cognitive impair-
ments. A large proportion of the increased odds could
be explained by other risk factors, namely age, malnu-
trition, comorbidities, perioperative complications, and
the direct referral to a rehabilitation program. However,
the effect in patients with severe cognitive impairment
remained strong, even after adjustment. For moderate
impairments, the effect disappeared when controlling for
confounders. The association between cognitive impair-
ment and mortality has been observed in several stud-
ies, both for short-term and long-term mortality [5, 38].
Most previous studies did not specifically look at mod-
erately impaired patients, and there is a great heteroge-
neity regarding the adjustment for confounders. It seems
remarkable that moderately impaired patients had the
highest rate of direct rehabilitation. This might be inter-
preted as a sensitivity to the importance of post-surgery
rehabilitation, especially for patients with cognitive
impairment [74].

Following hospital discharge, SCI patients received
enhanced treatment in one care parameter compared
to the other groups: they received physical therapy
more frequently, while patients with MCI received
it less often than patients with NCI. This indicates
that patients with pre-existing cognitive impair-
ment received appropriate care following hip surgery,
while patients whose cognitive impairment was only
noticed during their hospital stay had less support. SCI
patients appear to be well integrated into care struc-
tures that enable therapy, while patients with MCI
might be less integrated and tend to be overwhelmed
after hospital discharge. Occupational therapy was
sought by more patients with cognitive impairment
than patients with NCI in the 6 months after surgery,
with a similarly increased number of SCI patients
compared to MCI patients. To preserve functional
abilities and prevent falling again, it is crucial to begin
rehabilitation, including occupational therapy, imme-
diately after surgery [75, 76].

Patients with SCI were more likely to present to the
ED within six months of undergoing hip surgery than
patients with MCI. However, patients with NCI were
the least likely to present again. Around 23% of our
study population presented in an ED. One previous
study showed frequencies around 14% [77]. Rehospi-
talization occurred in about 25% of the study popu-
lation, and more frequently in the group of patients
with NCI. As SCI patients already benefit from a well-
established daily support network, we proposed that
their caregivers might admit their patients to the ED
as a precaution when unsure about their health state.
This could potentially increase the number of patients
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not qualifying for an in-hospital stay. Readmission to a
hospital after 6 months has been examined previously,
showing frequencies around 12% [78], 18% [77], 31%
[79], and 32% [80].

Strengths & limitations

In terms of our study’s strengths and limitations, it can
be stated that we gathered real-world healthcare data
through a multi-center, prospective study, with minimal
exclusion criteria. This was made possible by conducting
data collection in multiple languages.

Our approach to assessing and categorizing cogni-
tive impairments was based on scientific and practical
considerations: the categorization of severe cognitive
impairment was not based on detailed medical history, or
specific medication due to the problem of unrecognized
impairments. Therefore, the inability to actively partici-
pate in the interview process and the presence of legal
guardians seemed like a pragmatic solution. However,
more specific information on medical history and medi-
cation could have helped to identify vulnerable patients
in more detail. The 6-CIT, which was used to detect
moderate cognitive impairments, is a well-established
and validated screening instrument, comparable to the
more often used MMST. Both instruments only provide a
snapshot. There was a risk of confusing pre-existing cog-
nitive impairments with post-surgical impairments such
as delirium. However, when there were indications of
delirium in the patient record, the interview was delayed
until the condition had diminished.

The inclusion of cognitively impaired patients by proxy
represents both a strength and a limitation. It is of great
importance to include these most vulnerable patients in
health research, and proxies may be the only feasible way
to do this. However, it is inevitable that proxy responses
will be biased to some degree, as they are unlikely to be
identical with the responses that the patient would have
given in person.

As a health services research project, the study relied
on clinical data from the hospital information systems.
Hence, clinical data were not collected to answer our
research questions. Instead, they represent the rou-
tine procedures of hospital health services. With regard
to complications, this can make it difficult to decide
whether an anemia or a urinary tract infection occurred
only after the surgery or had been present prior to the ED
admission. However, when the patient record indicated
pre-existing conditions such as low hemoglobin levels at
admission, it was excluded from complications.

The mortality rate was determined from the state death
register, ensuring the resulting data is highly accurate.
Therefore, if patients relocated to barrier-free housing or
a care facility and were challenging to reach without any
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indication of passing away, the lack of feedback was not
considered indicative of death.

Finally, as an observational study with an exploratory
purpose, our data are not meant to prove causal relations
between cognitive status and the analyzed outcomes.

Conclusions

Hip fracture patients with cognitive impairment are at a
high risk of adverse outcomes. It is of great importance
to identify cognitively impaired patients as soon as pos-
sible when they arrive at the ED. Their health condition
is often worse than that of unimpaired patients, requir-
ing further attention. Ongoing efforts to improve the in-
hospital and follow-up care of older hip fracture patients
need to be directed not only but especially to patients
with cognitive impairment. In Germany, the new quality
guideline for patients with hip fracture and its potential
improvements need to be evaluated, with a special focus
on cognitive impairment.

While many intervention trials exclude patients with
cognitive impairment, more interventions and more
research are needed that specifically address these vul-
nerable patients and their specific risk factors.
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