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Abstract
Background/Aim: The purpose of this study was to investigate the estimated prevalence of 
dementia and the relationship between cognitive impairment and fear of falling in patients 
with hip fractures. Methods: Analysis 1 included 100 patients with hip fractures. Analysis 2 
included a subgroup of subjects with ≥75 years of functional independence: 46 patients with 
hip fractures and 46 control subjects without hip fractures, and presence or absence of de-
mentia. We used an informant-rated questionnaire including the AD8 for screening for de-
mentia, the Barthel Index for assessing activities of daily living, and the Short Falls Efficacy 
Scale-International (FES-I) for assessing fear of falling. Results: The estimated prevalence of 
dementia was 66% in patients with hip fractures. There were significant fracture and demen-
tia effects, with significant covariate effects of age and gender on the Short FES-I scores. Con-
clusion: Our results suggested that more than two-thirds of patients with hip fractures had 
dementia. Fear of falling may reflect not only physical functions but also cognitive impair-
ments. © 2017 The Author(s)
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Introduction

In patients with hip fractures, specialized rehabilitation for dementia might contribute 
to reduce postoperative complications and functional decline, which is a risk factor for insti-
tutionalization and higher mortality [1, 2]. Early donepezil treatment and specialized physical 
therapy for very mild Alzheimer disease (AD) improved the patient’s ability to learn cane gait 
and decreased the number of falls in a case report [3]. The early detection of dementia in 
patients with hip fractures has possibilities for a great beneficial effect on postoperative 
treatment and rehabilitation. According to a systematic review by Seitz et al. [4], the esti-
mated prevalence of dementia in patients with hip fractures was 19.2% (95% confidence 
interval: 11.4–30.6%) and the estimated prevalence of cognitive impairment was 41.8% 
(95% confidence interval: 37.0–46.8%). The systematic review described various Western 
countries’ data such as the USA, the UK, Canada, etc. [4]. However, in previous reports, the 
estimated prevalence rate of dementia or cognitive impairment in patients with hip fractures 
varied widely. Also, there was no study of the estimated prevalence of dementia in Asian 
countries such as Japan. 

The main cause of hip fractures was simple falls in approximately 78% [5]. A previous 
systematic review reported various independent risk factors with falling such as physical and 
psychological factors. In the systematic review, the physical risk factors for falling included 
physical disability, visual and hearing impairments, walking aid use, etc. [6], whereas the 
psychological risk factors for falling included only 3 domains: cognitive impairment [6], de- 
pression [6], and fear of falling [6, 7]. Focusing on symptoms of dementia, cognitive impairment 
was a core symptom of dementia [8] and depression was a common symptom of the behav-
ioral and psychological symptoms of dementia [9, 10]. Anxiety and fear regarding the future 
were types of psychological symptoms of dementia [9, 10]. However, fear of falling has not 
been reported as a symptom of dementia, and the relationship between dementia and fear of 
falling was not clear. Recently, a few studies of fear of falling in patients with dementia have 
been published. A previous study reported that patients with AD and mild cognitive impairment 
(MCI) had more concerns about falling than cognitively healthy subjects [11]. However, the 
relationship between cognitive impairment and fear of falling in patients with hip fractures 
was not clear.

The purpose of this study was to investigate the estimated prevalence of dementia and 
the relationship between cognitive impairment and fear of falling in patients with hip frac-
tures.

Methods 

Study Protocol
Figure 1 shows the study protocol of this research. In Analysis 1, we calculated the esti-

mated prevalence of dementia in 100 patients with hip fractures using the AD8 for screening 
of dementia [12, 13]. We used the Barthel Index [14] for the functional evaluation of basic 
activities of daily living (ADL), and a score of ≥80 was operationally defined as functionally 
independent in this study. To exclude the effects of age and physical dysfunction, we limited 
the subjects using the inclusion criteria: age ≥75 years and Barthel Index scores ≥80 in 
Analysis 2. As a scale of fear of falling, we used the Short Falls Efficacy Scale-International 
(FES-I) [15] for elderly people with/without hip fractures. We excluded 1 subject because  
of a lack of data on the Short FES-I. The subjects of Analysis 2 included 46 patients with hip 
fractures and 46 control subjects without hip fractures controlled for age, gender, Barthel 
Index scores, and presence or absence of dementia.
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Analysis 1: Estimated Prevalence of Dementia in Patients with Hip Fractures
Participants 1: Group with Hip Fractures
The group with hip fractures included 100 inpatients with hip fractures who were 

suitable for surgery and admitted to the orthopedics ward from December 2014 to June 
2016 in Miyagi Prefecture in northern Japan. Of 111 enrolled patients during the period, 100 
patients and their family members agreed to participate; we could not gain agreement with 
11 patients’ families for personal reasons. In this study, the Division of Geriatric Behavioral 
Neurology, CYRIC Tohoku University, integrated and analyzed all participating patients’ 
data. We recruited the patients from 5 hospitals: Department of Orthopaedic Surgery, Osaki 
Citizen Hospital (n = 49), Department of Orthopaedic Surgery, Tohoku Medical and Pharma-
ceutical University Hospital (n = 33), Department of Orthopaedic Surgery, Tome Citizen 
Hospital (n = 8), Department of Orthopaedic Surgery, Kurihara Central Hospital (n = 5), 
Department of Orthopaedic Surgery, Matsuda Hospital (n = 3), and Department of Ortho-
paedic Surgery, Kesen-numa City Hospital (n = 2), Japan. In all patients with hip fractures, 
the mean age was 81.1 years (standard deviation [SD] 10.2), the percentage of women was 
73%, and the mean Barthel Index score was 81.4 (SD 26.6). In these patients, the ratio of neck 
fracture type of hip fractures in current injury was 41%, and the ratio of trochanteric frac-
ture type was 59%. The mean length of time from injury to answering this questionnaire  
was 8.9 days (SD 9.1).

Procedure 1: Estimated Prevalence of Dementia
We calculated the estimated prevalence rate of dementia in patients with hip fractures 

using the AD8 for screening dementia. We used the informant-rated questionnaire of health 
state before the injury including the AD8 for patients with hip fractures and their family 
members or caregivers. This questionnaire included the AD8 for estimating the prevalence of 
dementia (AD8 scores ≥2, with dementia) [12, 13]. 

Patients with hip fractures
(n = 100)

Control (n = 46)
Matching: age, gender, Barthel
Index score, dementia (AD8)

Inclusion criteria: ≥75 years, Barthel Index score ≥80

Control: Elderly people without
hip fractures (n = 570)

Analysis 1

Patients with hip fractures (n = 46)
Analysis 2

Estimated prevalence of dementia: AD8 (cutoff 1/2)

Fig. 1. Study protocol. In Analysis 1, we estimated the prevalence of dementia in 100 patients with hip frac-
tures using the AD8 (cutoff score ≥2, dementia). To exclude the effects of age and physical dysfunction, we 
limited the subjects: age ≥75 years and Barthel Index scores ≥80 (independent level in basic activities of 
daily living) in Analysis 2. The subjects of Analysis 2 included 46 patients with hip fractures and 46 control 
subjects without hip fractures matched for age, gender, Barthel Index scores, and presence or absence of  
dementia. We used the Short Falls Efficacy Scale-International (FES-I) for assessing fear of falling in elderly 
people with/without hip fractures.
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Analysis 2: Fear of Falling in Elderly People with/without Hip Fractures
Participants 2: Elderly People with/without Hip Fractures
Group with Hip Fractures. We limited 100 patients with hip fractures according to the 

inclusion criteria age ≥75 years and Barthel Index scores ≥80 to exclude the effects of age 
and physical dysfunction. We excluded 20 patients aged ≤74 years and 23 patients with 
Barthel Index scores <80. Additionally, we excluded 1 subject who lacked data for the Short 
FES-I. Finally, the subjects of Analysis 2 included 46 patients with hip fractures.

Group without Hip Fractures (Control Group). A total of 590 of 1,252 subjects aged ≥75 
years agreed to take part in the Kurihara Project [16] living in Kurihara in Miyagi Prefecture 
in northern Japan, from October 2008 to December 2010. Of these 590 subjects, 20 were 
excluded: 3 subjects had a past history of hip fractures and 17 subjects did not complete the 
questionnaire of this study. Of 570 community dwellers, we selected 46 control subjects 
without hip fractures, matching the patients in the group with hip fractures in age, gender, 
Barthel Index scores, and presence or absence of dementia.

Table 1 shows the characteristics of patients with and without hip fractures. The group 
with hip fractures included 46 patients, and the group without hip fractures included 46 
subjects. In age, there was no significant fracture effect (F = 0.0, p = 0.842) and no dementia 
effect (F = 0.2, p = 0.652) without interaction (F = 0.0, p = 0.943) for two-way analysis of 
variance (ANOVA). In gender, there was no significant difference among the 4 groups (χ2 = 
1.5, p = 0.684) for χ2 tests. In Barthel Index scores, there was no significant fracture effect  
(F = 0.1, p = 0.754), but a significant dementia effect (F = 9.3, p = 0.003) without interaction 
(F = 0.1, p = 0.754) for two-way ANOVA.

Procedure 2: Fear of Falling in Elderly People with/without Hip Fractures
We investigated fear of falling in elderly people with/without hip fractures using the 

Short FES-I. We used two-way analysis of covariance (ANCOVA) for the Short FES-I scores  
[2 hip fracture effects (with hip fractures vs. without hip fractures) × 2 dementia effects (with 
dementia vs. without dementia)]. As an additional analysis, we compared the self-rated 
version with the informant-rated version of the Short FES-I scores in patients with hip frac-
tures using one-way repeated-measures ANOVA. We used the IBM SPSS statistics version 22 
software for the statistical analysis (IBM Corp., Armonk, NY, USA).

Table 1. Characteristics of patients with and without hip fractures

Group with hip fractures Control group
(without hip fractures)

Fractures
effect
(p value)

Dementia
effect
(p value)

Inter-
action
(p value)with 

dementia
without 
dementia

with 
dementia

without 
dementia

Patients, n 34 12 34 12
Sex (male/female), n 10/24 2/10 10/24 2/10 0.684
Age, years 84.3 (5.5) 83.6 (6.2) 83.9 (5.1) 83.4 (5.9) 0.842 0.652 0.943
Barthel Index scores 95.7 (6.4) 99.6 (1.4) 94.9 (7.1) 99.6 (1.4) 0.754 0.003 0.754

Age and Barthel Index scores show means (standard deviation). Group with dementia, AD8 score ≥2; group without dementia, 
AD8 score <2. Barthel Index: basic activities of daily living assessment, score range, 0 (dependent) to 100 (perfect independent). 
The control group (without hip fractures) matched age, gender, Barthel Index, and presence or absence of dementia. Statistical 
analyses: age and Barthel Index, two-way ANOVA; gender, χ2 test. 
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Questionnaire 
In the group with hip fractures, we used the self-rated and informant-rated questionnaire 

regarding the state before the injury of patients with hip fractures from both patients and 
their family or caregivers. In the control group, we used the same informant-rated question-
naire on the health state of subjects from their family or caregivers. This questionnaire 
included the AD8 for estimating prevalence of dementia [12, 13], the Barthel Index [14] for 
assessing physical disabilities of ADL, and the Short FES-I [15] (informant-rated) for assessing 
fear of falling. 

AD8. The AD8 is a brief, sensitive informant interview to detect dementia [12, 13, 17]. The 
cutoff score of the Japanese version of the AD8 for screening for dementia was 1/2 (AD8 
scores ≥2, with dementia), with a sensitivity of 88.4% and a specificity of 68.4% in a com- 
munity-based study [13].

Barthel Index. We used the Barthel Index [14] for assessing functional disability of basic 
ADL for subjects with/without hip fractures. The Barthel Index consists of 10 items: feeding, 
bathing, grooming, dressing, bowels, bladder, toilet use, transfers, mobility, and stairs. 

Short FES-I. The Short FES-I is a brief and common scale for assessing fear of falling in 
older people [15, 18]. The Short FES-I [15] consists of 7 items with 4 answer options each. 
The 7 items of the Short FES-I included: getting dressed or undressed, taking a bath or shower, 
getting in or out of a chair, going up or down stairs, reaching for something above your head 
or on the ground, walking up or down a slope, and going out to a social event (e.g., religious 
service, family gathering, or club meeting) [15]. The 4 answer options were as follows: not at 
all concerned, somewhat concerned, fairly concerned, and very concerned [15]. The scoring 
range was from 7 (no concern about falling) to 28 (severe concern about falling) [15]. We 
used the 2010 Japanese translation of the FES-I by Kamide et al. [19]. The FES-I was a reliable 
assessment of fear of falling in patients after a hip fracture [20]. In the current study, we used 
both the self-rated and the informant-rated versions of the Short FES-I in patients with hip 
fractures, and we used the informant-rated version of the Short FES-I in subjects without hip 
fractures. 

Statement of Ethics
Written informed consent was obtained from every participant and from their family 

members. The study was approved by the Ethics Committees of each hospital and Tohoku 
University Graduate School of Medicine.

Without
dementia (34%)

With dementia 
(66%)

Fig. 2. Estimated prevalence of dementia in patients with hip fractures. The gray area shows the estimated 
prevalence rate of the group with dementia, and the white area shows the prevalence rate of the group with-
out dementia in 100 patients with hip fractures, using the AD8 for screening dementia. Group with dementia, 
AD8 score ≥2; group without dementia, AD8 score <2.
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Results 

Result 1: Estimated Prevalence of Dementia in Patients with Hip Fractures
Figure 2 shows the estimated prevalence of dementia in patients with hip fractures. In 

100 patients with hip fractures, the estimated prevalence rate of dementia was 66% (66/100), 
using the AD8 scale. Additionally, in a subgroup of subjects aged ≥75 years, the estimated 
prevalence rate of dementia was 76% (61/80). In a subgroup of subjects aged ≥75 years with 
a functionally independent level (Barthel Index score ≥80), the estimated prevalence rate of 
dementia was 72% (34/47). 

Result 2: Fear of Falling in Elderly People with/without Hip Fractures
Figure 3 shows the result of the Short FES-I scores for assessing fear of falling in Analysis 

2. In a subgroup of subjects aged ≥75 years with a functionally independent level (Barthel 
Index score ≥80), the group with hip fractures included 46 patients, and the group without 
hip fractures included 46 subjects without hip fractures, matched for age, gender, Barthel 
Index scores, and presence or absence of dementia. On the Short FES-I scores, there was a 
significant fracture effect (F = 13.9, p < 0.001) and dementia effect (F = 7.1, p = 0.009), but not 
an interaction (F = 0.0, p = 0.953) between the two groups using the 2 × 2 two-way ANCOVA. 
There were significant covariate effects in age (F = 10.8, p = 0.002) and gender (F = 11.7, p = 
0.001), but not Barthel Index scores (F = 0.9, p = 0.337) between the two groups. For post hoc 
tests, the group with fractures/with dementia had significantly more concerns about fear of 
falling than the group without fractures/with dementia (t test, t = 3.1, p = 0.003) and the 
group without fractures/without dementia (t test, t = 5.8, p < 0.001). There was no significant 
difference between the other groups (p > 0.05). 
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Fig. 3. Short Falls Efficacy Scale-International (FES-I) scores for assessing fear of falling in Analysis 2. The 
subjects of Analysis 2 included 46 patients with hip fractures and 46 control subjects without hip fractures 
matched for age, gender, Barthel Index scores, and presence or absence of dementia. The gray bars show pa-
tients with dementia, and the white bars show patients without dementia. The vertical line shows the mean 
scores of the Short FES-I. For the two-way analysis of covariance (ANCOVA), there was a significant hip frac-
ture effect (p < 0.05) and a significant dementia effect (p < 0.05), but not a significant interaction (p > 0.05) 
between the two groups. There were significant covariate effects on age and gender (p < 0.05), but not on 
Barthel Index scores between the two groups (p > 0.05). * p < 0.05.
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For additional analysis, we compared the self-rated version with the informant-rated 
version of the Short FES-I scores in patients with hip fractures. We analyzed both the self-
rated and the informant-rated versions of the Short FES-I in 44 patients with hip fractures, 
excluding 2 patients because of a lack of data for the self-rated version. The mean score of the 
self-rated version was 14.6 (SD 5.3) and that of the informant-rated version was 16.3 (SD 6.1) 
on the Short FES-I. There was no significant difference between the self-rated version and the 
informant-rated version in the Short FES-I scores (F = 3.5, p = 0.067) using one-way repeated-
measures ANOVA.

Discussion

We used the informant-rated questionnaire of health state before the injury from the 
family or caregiver of the patients in the group with hip fractures. We estimated that the 
prevalence rate of dementia in patients with hip fractures was 66%. We limited the subjects 
using the inclusion criteria in Analysis 2: age ≥75 years and Barthel Index scores ≥80. The 
subjects included 46 patients with hip fractures and 46 control subjects without hip fractures, 
matched for age, gender, Barthel Index scores, and presence or absence of dementia. We used 
the Short FES-I for assessing fear of falling for subjects with/without hip fractures. There 
were significant effects of fracture and dementia on the Short FES-I scores between the two 
groups. Fear of falling may reflect not only fractures but also cognitive functions. 

Our estimated prevalence was higher than that in the previous report by Seitz et al. [4]. 
In the systematic review of patients with hip fractures, the estimated prevalence rate of 
dementia varied widely by subjects’ age [4]. The prevalence of cognitive impairment was 9% 
in a report by Galanakis et al. [21], which was the “youngest” report in this review, with a 
mean age of 75 years. Meanwhile, in the same systematic review, the prevalence of cognitive 
impairment was 60% in the report by Goldstein et al. [22], which was the “oldest” report in 
this review, with a mean age of 84 years. When we limited subjects to ≥75 years of age (mean 
age, 85 years), the estimated prevalence rate of dementia was 76%, which was higher than 
that in the previous reports. It was suggested that the subjects’ age was a factor affecting the 
estimated prevalence rate of dementia in patients with hip fractures. 

In this study, we used the AD8, which was a brief and informant-rated scale for screening 
of dementia. The Japanese version of the AD8 [13] had good sensitivity, but not good speci-
ficity, using standard cutoff scores. Since our subjects with dementia using the AD8 might 
include not only patients with dementia but also patients with MCI, our estimated prevalence 
rate of dementia was higher than that in the previous reports. 

We did not diagnose the causes of dementia in our patients, since the patients did not 
undergo head magnetic resonance imaging (MRI) scans. As discussion data, however, we 
used the Hachinski Ischemic Score [23] for classification of dementia in patients with hip frac-
tures. Of 66 patients with dementia after hip fractures, 28 patients had “AD” type (Hachinski 
Ischemic score ≤4), 22 patients had “mixed” type (Hachinski Ischemic score 5 or 6), and 16 
patients had “vascular dementia” type (Hachinski Ischemic score ≥7) in this study. The 
number of patients with “AD” type was higher than that of patients with “vascular dementia” 
type in our population. 

The patients with both fractures and dementia had significantly more concerns about 
fear of falling than patients without fractures on the Short FES-I scores in Analysis 2. This 
result suggests that fear of falling in patients with hip fractures might reflect not only physical 
dysfunctions but also cognitive impairments. In the additional analysis, there was no signif-
icant difference between the self-rated and the informant-rated versions of the Short FES-I. 
However, a previous study showed a significant difference between the self-rated and the 
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informant-rated versions of the Short FES-I [24]. One reason for the opposite outcome may 
be the difference in the rate of dementia (10% in the previous study [24] vs. 66% in our 
study). This suggests that the performance on the Short FES-I might be affected by cognitive 
impairments.

Our study described that patients with dementia had more concerns about fear of falling 
before the injury than patients without dementia. Our results suggest that “fear of falling” in 
patients with dementia might be a type of phobia, which is a psychological symptom of 
dementia. We propose “fear of falling” to be added as a type of “anxiety and phobias” in the 
assessment of psychological symptoms of dementia. Fear of falling may be a kind of cue to 
start giving care to patients with dementia. Generally, most patients with dementia have 
impairment in judgment, and they might receive caregiver’s care including “monitoring” for 
patients. This result suggests that, as a proposal, we could add the stage of “monitoring” 
before physical assistance to the item of self-care in clinical dementia scales, such as the 
Clinical Dementia Rating [25]. We need to investigate the relationships between fear of falling 
and judgment, attention, and executive function in patients with hip fractures.

This study has several limitations. We used the AD8 for assessing dementia in this study. 
The AD8 for community-dwelling elderly had high sensitivity and slightly low specificity for 
detecting dementia in a previous study [13]. Our subjects might include not only patients with 
dementia but also several patients with MCI. We could not perform MRI scans in all subjects 
for the diagnosis of dementia and dementing diseases, and we could not analyze the severity 
of dementia with hip fractures in this study.

In conclusion, our results suggested that more than two-thirds of patients with hip frac-
tures had dementia. Fear of falling may reflect not only physical functions but also cognitive 
impairments. Fear of falling in patients with dementia might be a type of phobia in a psycho-
logical symptom of dementia. In the future, we need to diagnose dementia and dementing 
diseases, and to improve specialized dementia of postoperative rehabilitation in patients 
with hip fractures. The present study contributes to the early detection of dementia and the 
improvement of the quality of long-term care in the future.
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