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INTRODUCTION

Hip fractures are common in older adults and can have a 
severe effect on activities of daily living (ADL).1,2) Moreover, 
the mortality rate associated with hip fractures is high. Neu-
man et al. reported that 36.2% of patients with hip fractures 
died within 6 months after the injury, and 53.5% of patients 
who were not totally dependent before the injury either died 
or became completely dependent within 6 months.3) Among 

the population aged >50 years, approximately 5% of the total 
mortality is attributable to hip fracture.4)

The usual treatment for hip fracture consists of surgery 
and postoperative rehabilitation, which are often carried out 
at different institutions. Orthopedic surgeons usually treat 
hip fracture surgically and focus on the bony alignment/
stability after fracture reduction, and preventing surgical 
site infections, among others. After acute-phase treatment, 
most patients are transferred to another institute to undergo 
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Objectives: Hip fracture is a common injury occurring in elderly people and often impairs their 
activities of daily living (ADL). This study aimed to identify and analyze factors associated with 
ADL following hip fracture treatment. Methods: A total of 371 consecutive patients with hip 
fractures who were surgically treated in our hospital were enrolled. Among these, 103 patients 
who underwent acute- to recovery-phase postoperative rehabilitation at our hospital and whose 
motor scale of the functional independence measure (mFIM) score was ≥70 before the fracture 
were finally included in this study. Single and multiple regression analyses were performed to 
identify the factors correlated with ADL. The mFIM at hospital discharge was set as the outcome 
variable, and various clinical factors, such as fracture type, surgical technique, serum and bio-
logical data, mini-mental state examination (MMSE) score, and serial mFIM scores, were used 
as explanatory variables. Results: Only MMSE and preinjury mFIM scores were significantly 
correlated with mFIM at discharge, and MMSE had the larger effect on the outcome. Receiver 
operating characteristic curve analysis revealed an MMSE cutoff value of 20/21. Patients with an 
MMSE score of ≤20 showed a relatively poor recovery of mFIM from 2–3 weeks postoperatively 
compared with those with an MMSE score of ≥21. Conclusion: Cognitive impairment and the 
preinjury ADL level were correlated with short-term ADL outcomes following hip fracture. 
Cognitive impairment was the most important factor affecting ADL; treatment and postoperative 
rehabilitation should be carefully considered for cognitively disturbed patients from the acute 
phase after hip fracture.
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subacute- and recovery-phase rehabilitation, where they 
undergo training to regain the preinjury ADL. Subsequently, 
they either return to their previous residence or live at a nurs-
ing home.

As an evaluation tool of basic ADL, the functional in-
dependence measure (FIM) is widely used. The FIM was 
developed by Granger et al. in 1983 to assess basic ADL5) 
and comprises 18 items: each item is scored from 1 to 7 
points according to the level of independence for basic ADL 
(1, complete assistance; 2, maximal assistance; 3, moderate 
assistance; 4, minimal contact assistance; 5, supervision or 
set-up; 6, modified independence; and 7, complete indepen-
dence). The first 13 items have become known as the motor 
scale FIM (mFIM; range, 13–91 points) and assess the level 
of self-care (6 items), sphincter control (2 items), mobility (3 
items), and locomotion (2 items). The remaining 5 of the 18 
FIM items are recognized as the cognitive scale and cover 
communication (2 items) and social cognition (3 items).

Orthopedic surgeons tend to focus on the mechanical or 
biological aspects of the fracture. Furthermore, they do not 
pay much attention to ADL after recovery-phase rehabilita-
tion because it is often performed at other institutions. To 
address the details of the clinical outcome focusing on ADL, 
this study aimed to identify and analyze the factors impor-
tant for regaining ADL at the end of the recovery phase of 
rehabilitation following surgical treatment for hip fracture.

PATIENTS AND METHODS

Ethical Considerations
The Committee on the Ethics of Human Research at 

Hamawaki Orthopaedic Hospital, Japan, approved the study 
protocol (No. 201906–10), and written informed consent for 
the examination was obtained from all patients. All proce-
dures performed in the study were conducted in accordance 
with the ethical standards of the institutional and national 
research committees and with the 1964 Helsinki Declaration 
and its later amendments or comparable ethical standards.

Study Design and Setting
This study was designed as a retrospective observational 

chart review. We used mFIM as a general indicator of ADL 
in this study. Tsuji et al. divided the mFIM values of their 
stroke patients into five groups; for example, an mFIM score 
ranging from ≥70 to <80 points represents independence in 
most self-care-associated items, whereas an mFIM score 
ranging from ≥80 to <85 represents independence except for 
stairs.6) In the current study, with reference to Tsuji et al. and 
other previous reports,6–10) an mFIM score of ≥70 was set as 
the cutoff value for good ADL. All 371 consecutive hip frac-
ture patients enrolled in this study were surgically treated at 
a single institution between October 1, 2016, and April 30, 
2019 (Fig. 1). The excluded patients (n = 268) were as fol-
lows: patients who had undergone previous operation(s) on 
the affected hip (n = 6), patients who were transferred to other 
institutions after the operation (n = 226), and patients with a 
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Fig. 1.  Flow diagram depicting patient selection criteria. 
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preinjury mFIM score of <70 points (n = 36). The remaining 
103 patients were included in this study. All patients with 
hip fractures undertook a consistent rehabilitation program 
at a single orthopedic institution. The rehabilitation program 
was as follows: patients started preoperative bedside gener-
alized exercise, except for the affected hip–knee exercise, 
and started postoperative exercise within 48 h. Patients were 
allowed to stand/walk at the bedside while fully weighted 
according to their pain level with support provided by a 
physical therapist. The duration of the rehabilitation sessions 
was 80–120 min each day until the day before discharge.

Demographic and clinical variables, such as age; sex; body 
mass index (BMI); fracture type; surgical technique; Ameri-
can Society of Anesthesiologists (ASA) class; time between 
the fracture and operation; time between the fracture and the 
beginning of rehabilitation; length of hospital stay; levels of 
hemoglobin, serum albumin, total serum protein, and serum 
N-terminal pro-brain natriuretic peptide (NT-proBNP); 
left ventricular ejection fraction on heart sonography; se-
rial mFIM scores (before the fracture, defined as “preinjury 
mFIM”; perioperative as “1st mFIM”; at the beginning of re-
covery-phase rehabilitation at about 2 weeks postoperatively 
as “2nd mFIM”; and at hospital discharge as “final mFIM”); 
and mini-mental state examination (MMSE) score, were 
extracted from the clinical records. In addition, the mFIM 
gain (points) was calculated by subtracting the earlier mFIM 
score from the later mFIM scores to assess the serial changes 
in ADL. Each mFIM gain was defined using the following 
equations: (overall-mFIM gain) = (final mFIM) − (preinjury 
mFIM), (initial loss-mFIM gain) = (1st mFIM) − (preinjury 
mFIM), (acute-mFIM gain) = (2nd mFIM) − (1st mFIM), and 
(recovery-mFIM gain) = (final mFIM) − (2nd mFIM). The 
time (days) between two time points of the mFIM assessment 
was expressed as follows: “time[1st-2nd]” = time between 
the 1st and 2nd mFIM assessments, “time[2nd-final]” = time 
between the 2nd and final mFIM assessments, and “time[1st-
final]” = time between the 1st and final mFIM assessments. 
The FIM efficiency was also defined as a daily mFIM gain. 
The FIM efficiency (points/day) were defined as follows: 
(acute-mFIM efficiency) = {(2nd mFIM) − (1st mFIM)}/
(time[1st-2nd]), (recovery-mFIM efficiency) = {(final mFIM) 
− (2nd mFIM)}/(time[2nd-final]), (acute+recovery-mFIM ef-
ficiency) = {(final mFIM) − (1st mFIM)}/(time[1st-final]). As 
described above, the cognitive condition of the patients was 
assessed using the MMSE. The MMSE, developed by Fol-
stein et al. in 1975, has been widely used as a standard tool 
for screening cognitive impairment.11) It examines cognitive 
functions including orientation, registration, attention and 

calculation, recall, language, and the ability to follow simple 
commands. MMSE scores range from 0 to 30 points, with 
lower scores indicating more severe cognitive problems. 
The MMSE has demonstrated good reliability and construct 
validity over time.12) A cutoff value of 23/24 has been used 
to select patients with suspected cognitive impairment.12–14) 
In the current study, MMSE scores were obtained at the 
beginning of recovery-phase rehabilitation approximately 
2 weeks postoperatively. If a patient showed symptoms of 
delirium, such as the acute onset of cognitive disturbance or 
a circadian variation, the assessment of  MMSE was delayed 
until multiple observers had confirmed the disappearance 
of symptoms. Trained physical therapists or occupational 
therapists evaluated the FIM and MMSE scores.

The demographic data and baseline characteristics of 
patients are summarized in Table 1. The median age was 
86 (range, 65–97) years. Most of the subjects were women 
(95 women vs. 8 men). There were 50 medial fractures (i.e., 
cervical neck) and 53 lateral fractures (i.e., 50 trochanteric 
and 3 subtrochanteric). Osteosynthesis was performed in 63 
patients, bipolar hemiarthroplasty in 31, and total hip arthro-
plasty in 9.

To elucidate the major factors affecting postoperative ADL 
after hip fracture, the final mFIM score was set as the out-
come variable. Various explanatory variables were included 
in the data analysis, namely, age; sex; BMI; fracture type 
(cervical neck vs. trochanteric/subtrochanteric); surgical 
technique (osteosynthesis vs. bipolar hemiarthroplasty/total 
hip arthroplasty); ASA class (1/2 vs. 3/4); time between 
the fracture and operation; time between the fracture and 
the commencement of rehabilitation; the length of hospital 
stay; the levels of hemoglobin, serum albumin, total serum 
protein, serum hemoglobin A1c, and NT-proBNP; left ven-
tricular ejection fraction; preinjury mFIM; and MMSE.

Statistical Analysis
First, single regression analysis was performed for each 

explanatory variable. Variables with a P-value of <0.100 
in the F test for the regression coefficient then underwent 
multiple linear regression analysis. The variables identified 
in the multiple regression analysis were further analyzed 
to elucidate the conditions affecting the outcome. Receiver 
operating characteristic (ROC) curve analysis was used to 
calculate the cutoff value of the selected variable(s) for pa-
tients to achieve an mFIM score of ≥70 points at discharge. 
Additionally, the changes in mFIM during the hospital stay 
were assessed to evaluate the serial improvement of ADL 
with respect to the variable(s) identified by the multiple re-
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gression analysis, in which variables were selected with the 
stepwise method using the Bayesian information criterion. 
The mFIM and MMSE scores were analyzed as continuous 
variables, whereas, each item of the mFIM was analyzed 
as an ordinal variable in this study. Further, the ROC curve 
analysis calculated the area under the curve (AUC) and the 
95% confidence interval (CI). The outcome variables in the 
two groups were compared using the Mann–Whitney U test 
for the continuous or ordinal variables and the chi-square test 
was used for the categorical variables. Statistical analyses 
were performed using the R program (version 3.4.3, https://
www.r-project.org/) and EZR (version 1.37)15) on the R-
commander package (version 2.4–0, https://cran.r-project.
org/web/packages/Rcmdr/index.html). The statistical sig-
nificance was set at P < 0.05.

RESULTS

Single regression analysis extracted seven parameters: 
MMSE (P < 0.001), preinjury mFIM (P < 0.001), age (P < 
0.001), BMI (P = 0.001), serum albumin (P = 0.047), hemo-
globin (P = 0.077), and fracture type (P = 0.090) (Table 2). 
These seven variables were subjected to multivariate analysis 
(Table 3); however, the following variables were excluded; 

ASA class (P = 0160), serum NT-proBNP (P = 0.391), serum 
total protein (P = 0.511), method of surgery (P = 0.577), 
left ventricular ejection fraction (P = 0.578), time between 
fracture and beginning of rehabilitation (P = 0.741), sex (P = 
0.743), serum hemoglobin A1c (P = 0.751), and time between 
fracture and operation (P = 0.872). On multiple regression 
analysis, only two of the seven variables, namely MMSE (P 
< 0.001) and preinjury mFIM (P = 0.012), remained as fac-
tors significantly associated with the final mFIM (Table 3). 
The following multiple regression equation was established: 
(final mFIM) = 1.86 × (MMSE) + 0.58 × (preinjury mFIM) 
− 18.93 (adjusted R2 = 0.503). According to this equation, 
the MMSE score (range: 0–30 points, regression coefficient: 
1.86) has a greater effect on the final mFIM than the prein-
jury mFIM (13–91 points, and 0.58, respectively).

ROC curve analysis was carried out to identify the cutoff 
value of MMSE for achieving an mFIM of ≥70 points at dis-
charge (Fig. 2). The AUC was 0.91 (95% CI: 0.85–0.97), and 
the cutoff value for MMSE was 20/21 points, which yielded 
89% sensitivity and 82% specificity. For reference, when the 
cutoff value of mFIM for acceptable ADL was set as ≥75 
points, the cutoff value of MMSE was calculated as 23/24 
(AUC: 0.93, 95% CI [0.89–0.98], sensitivity: 0.86, specific-
ity: 0.87). Furthermore, if the cutoff value of the mFIM was 
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Table 1.  Demographic data and baseline patient characteristics

Variable Median (range)
Age (years) 86 (65–97)
Sex (male/female) 95/8
Height (cm) 150 (133–170)
Body weight (kg) 45.3 (30.4–71)
BMI (kg/m2) 20.3 (13.7–32.3)
Fracture type (medial/lateral) (n) 50/53
Surgical technique (osteosynthesis/BHA/THA) (n) 63/31/9
ASA class (1/2/3/4) (n) 3/85/15/0
Time between fracture and operation (days) 4 (1–26)
Time between fracture and beginning of rehabilitation (days) 5 (1–26)
Length of hospital stay (days) 46 (17–99)
Hemoglobin (g/dL) 11.4 (6.3–15.5)
Serum albumin (g/dL) 3.3 (2.1–4.4)
Serum total protein (g/dL) 6.6 (5–8.4)
Hemoglobin A1c (%) 5.9 (4.7–12.2)
NT-proBNP (pg/mL) 409.5 (29–3726)
Left ventricular ejection fraction (%) 75.8 (61.8–81.9)
mFIM before fracture 86 (70–91)
BHA, bipolar hemiarthroplasty; THA, total hip arthroplasty; ASA, American Society of Anesthesiolo-

gists; NT-proBNP, N-terminal pro-brain natriuretic peptide.
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set as ≥80 points, the cutoff value of the MMSE was also 
calculated as 23/24 (AUC: 0.92, 95% CI [0.86–0.97], sensi-
tivity: 0.90, and specificity: 0.83).

The relationship between MMSE and final mFIM is depict-
ed in Fig. 3A. The single regression equation obtained was 
as follows: (final mFIM) = 2.11 × (MMSE) + 24.67 (adjusted 
R2 = 0.476) (Fig. 3A and Table 2). When the patient group 
was divided into four subgroups according to cutoff values 
of 21 points for MMSE and 70 points for mFIM, the number 
of patients falling into each subgroup was 6 (MMSE ≤20 and 
final mFIM ≥ 70), 40 (MMSE ≤20 and final mFIM <70), 9 
(MMSE ≥21 and final mFIM <70), and 48 (MMSE ≥21 and 
final mFIM ≥70). The chi-square test revealed a significant 

difference between the groups (P < 0.001). Furthermore, we 
also focused on the relationship between the final mFIM and 
preinjury mFIM scores categorized by the MMSE score (≥21 
or ≤20; Fig. 3B; Table 2). Analysis showed that the preinjury 
mFIM had a smaller effect on the final mFIM (adjusted R2 
= 0.206) than that of MMSE. The acute+recovery-mFIM  
efficiencies were calculated to analyze the effect on postoper-
ative daily mFIM gain of MMSE and preinjury mFIM (Fig. 
3C and 3D, respectively). The MMSE had a stronger cor-
relation with acute+recovery-mFIM efficiency (regression 
coefficient = 0.04, adjusted R2 = 0.152) than the preinjury 
mFIM did (0.02, and 0.041, respectively). The relationship 
between the MMSE and time[1st-final] was evaluated to 
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Table 2.  Single regression analysis

Variable Regression coefficient (95% CI) Adjusted R2 P
MMSE 2.11 (1.68, 2.55) 0.476 <0.001
Preinjury mFIM 1.34 (0.82, 1.86) 0.198 <0.001
Age (years) –1.07 (–1.59, –0.56) 0.137 <0.001
BMI (kg/m2) 0.69 (0.28, 1.11) 0.091 0.001
Serum albumin (g/dL) 8.84 (0.12, 17.56) 0.029 0.047
Hemoglobin (g/dL) 1.84 (–0.21, 3.88) 0.021 0.077
Fracture type (neck vs. trochanteric/subtrochanteric) –6.44 (–13.91, 1.03) 0.019 0.090
ASA class (1/2 vs. 3/4) –10.02 (–20.76, 0.34) 0.017 0.160
Length of hospital stay (days) 0.12 (–0.10, 0.35) 0.003 0.264
NT-proBNP (pg/mL) 0.00 (–0.01, 0.00) –0.011 0.391
Serum total protein (g/dL) 2.00 (–4.02, 8.02) –0.006 0.511
Surgical technique (osteosynthesis vs. BHA/THA) –2.19 (–9.95, 5.57) 0.001 0.577
Left ventricular ejection fraction (%) 0.36 (–0.92, 1.63) –0.011 0.578
Time between fracture and beginning of rehabilitation (days) 0.16 (–0.79, 1.1) –0.009 0.741
Sex –2.34 (–16.49, 11.8) –0.009 0.743
Serum hemoglobin A1c (%) –0.72 (–5.25, 3.8) –0.014 0.751
Time between fracture and operation (days) 0.08 (–0.88, 1.04) –0.010 0.872

Table 3.  Multiple regression analysis 

Variables before the BIC selection Variables selected by BIC

Variable Regression coefficient 
(95% CI) VIF P Variable Regression coefficient 

(95% CI) P

MMSE 1.71 (1.21, 2.21) 1.35 <0.001 MMSE 1.86 (1.40, 2.33) <0.001
Preinjury mFIM 0.54 (0.03, 1.05) 1.43 0.039 Preinjury mFIM 0.58 (0.13, 1.03) 0.012
Age (years) –0.27 (–0.73, 0.20) 1.36 0.263 Adjusted R2 = 0.503
BMI (kg/m2) 0.30 (–0.49, 1.09) 1.17 0.453
Serum albumin (g/dL) –1.03 (–8.53, 6.47) 1.38 0.785
Hemoglobin (g/dL) –0.12 (–1.86, 1.63) 1.38 0.891
Fracture type –2.57 (–8.60, 3.46) 1.19 0.399
BIC, Bayesian information criterion; VIF, variance inflation factor. 
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determine whether cognitive impairment affected the length 
of hospital stay or the time of the final mFIM assessment 
(Supplemental Fig. 1A). Single regression analysis showed 
a weak correlation between MMSE and time[1st-final]; the 
regression coefficient was 0.31 (95% CI: −0.22, 0.85), and 
the adjusted R2 was 0.004. Additionally, the relationship 
between the time[1st-final] and the final mFIM score is 
shown as a scatter plot (Supplemental Fig. 1B). There was 
a minimal correlation between the time[1st-final] and final 
mFIM score, as assessed by single regression analysis: the 
regression coefficient was 0.11 (95% CI: −0.12, 0.33), and the 
adjusted R2 was –0.001.

The relationships between the ADL improvement and cog-
nitive impairment were assessed. Serial mFIM values were 
obtained at four time points, i.e., preinjury, perioperatively 
(1st mFIM), around 2 weeks postoperatively (2nd mFIM), 
and at discharge (final mFIM), and were compared with 
respect to the MMSE subgroups (Fig. 4A and 4B; Table 4).

At all time points except for 1st mFIM (assessed in the 
perioperative period), the mFIM scores were significantly 
different between the groups with MMSE scores of ≥21 and 
≤20 (Fig. 4A). The details are as follows: preinjury mFIM 

(median 82 [76–88 interquartile range] for MMSE ≤20 vs. 88 
[84–90] for MMSE ≥21, P < 0.001 using the Mann–Whitney 
U test), 1st mFIM (26 [19–38] for MMSE ≤20 vs. 31 [22–43] 
for MMSE ≥21, P = 0.096), 2nd mFIM (43.5 [32–54] for 
MMSE ≤20 vs. 70 [57–78] for MMSE ≥21, P < 0.001), and 
final mFIM (54 [44.5–63.75] for MMSE ≤20 vs. 85 [71–89] 
for MMSE ≥21, P < 0.001) (Table 4, first column). The 
changes for each mFIM item are listed in Table 4. All items 
in the MMSE ≤20 group showed a significantly lower score 
than those in the MMSE ≥21 group at the 2nd mFIM and 
final mFIM assessment, except for the stairs item of the 2nd 
mFIM.

Additionally, the gain in FIM was assessed at different 
times based on the MMSE groups (≥21 or ≤20, Fig. 4B). The 
overall-mFIM gain of the MMSE ≤20 group was signifi-
cantly lower than that of the MMSE ≥21 group, indicating 
poor recovery of ADL. The largest difference between the 
two groups was observed for the acute-mFIM gain, and not 
for the initial loss-mFIM gain or recovery-mFIM gain. The 
details of the mFIM gains are as follows: overall-mFIM gain 
(median −26 [−36 to −16 interquartile range] for MMSE 
≤20 group vs. −3 [−12 to 0] for MMSE ≥21, P < 0.001 by 
Mann–Whitney U test), initial loss-mFIM gain (median 
−51 [−64 to −45] for MMSE ≤20 vs. −53 [−60 to −40] for 
MMSE ≥21, P = 0.808), acute-mFIM gain (median 14 [2 
to 22] for MMSE ≤20 vs. 31 [21 to 41] for MMSE ≥21, P 
< 0.001), and recovery-mFIM gain (median 9 [4 to 17] for 
MMSE ≤20 vs. 12 [6 to 17] for MMSE ≥21, P = 0.213). The 
scatter plots depicting the relationships between the MMSE 
and the phase-specific mFIM efficiencies are shown in Fig. 
4C and 4D; MMSE had a positive effect on the acute-mFIM 
efficiency (regression coefficient = 0.11, adjusted R2 = 0.253). 
In contrast, this MMSE-related positive effect disappeared 
and was slightly reversed for the recovery-mFIM efficiency 
(regression coefficient = –0.02, adjusted R2 = 0.025). The ef-
fect of the preinjury mFIM on the acute-mFIM and recovery-
mFIM efficiencies are shown in Supplemental Fig. 2A and 
2B, respectively. The effect of preinjury mFIM showed the 
same tendency as that of MMSE.

DISCUSSION

In this study, cognitive disturbance and preinjury ADL 
were highly associated with ADL at the end of the recovery 
phase of rehabilitation following surgical treatment for hip 
fracture. Multiple regression analysis established the fol-
lowing equation: (final mFIM) = 1.86 × (MMSE) + 0.58 × 
(preinjury mFIM) − 18.93. To the best of our knowledge, no 
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Fig. 2.  Cutoff value of MMSE for ≥70 points of mFIM at 
discharge. Receiver operating characteristic curve to identify 
the cutoff value of MMSE for acquiring ≥70 points of mFIM 
at hospital discharge. The area under the curve and 95% con-
fidence interval were calculated as the overall discriminative 
ability of MMSE. 
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Fig. 3.  The relationships between variables used in the single and multiple regression analyses. Broken lines indicate the 
cutoff point of final mFIM and MMSE values. The regression lines are depicted in each graph. (A) MMSE (= x) vs. final 
mFIM (= y); the regression equation was as follows: (Final mFIM) = 2.11 × MMSE + 24.67. n = number of patients within 
the subgroup divided by these cutoff values. The chi-square test revealed a significant difference among these subgroups (P < 
0.001). (B) Preinjury mFIM (= w) vs. final mFIM (= y). The dotted line “y = w” indicates that patients regained the preinjury 
ADL level at hospital discharge. Regression equation: (Final mFIM) = 1.34 × (Preinjury mFIM) – 44.72. (C) MMSE (= x) 
vs. mFIM efficiency (acute + recovery phase) (= z). The mFIM efficiency was defined as follows: (acute+recovery-mFIM 
efficiency) = {(mFIM scores at the final mFIM assessment) – (mFIM scores at the time of initial rehabilitation in the periop-
erative period)} / (time between the two time points) (points/day). Regression equation: (acute+recovery-mFIM efficiency) 
= 0.04 × MMSE + 0.04. The adjusted R2 was 0.181. (D) Preinjury mFIM (= w) vs. mFIM efficiency (acute + recovery phase) 
(= z) (points/day). Regression equation: (acute+recovery-mFIM efficiency) = 0.02 × (Preinjury mFIM) – 0.71. The adjusted 
R2 was 0.044. 
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Fig. 4.  Serial mFIM changes according to MMSE levels. (A, B) Patients were divided by MMSE scores (≥21 or ≤20). (A) 
mFIM scores were assessed at different periods: preinjury (= p, before the fracture), 1st (= f, at the time of initial rehabilita-
tion in the perioperative period), 2nd (= s, at the start of recovery-phase rehabilitation 2–3 weeks postoperatively), and final 
(= d, at the time of hospital discharge). (B) mFIM gain scores were calculated by subtracting the serial mFIM scores as 
indicated: overall = d − p, initial loss = f − p, acute = s − f, recovery = d − s. (C, D) Shown are the scatter plots of mFIM ef-
ficiency (z) vs. MMSE (x). (C) The mFIM efficiency (acute phase) was defined as follows: (acute-mFIM efficiency) = (mFIM 
gain scores between f and s) / (time between f and s) (points/day). (D) The mFIM efficiency (recovery phase) is shown: 
(recovery-mFIM efficiency) = (mFIM gain scores between s and d) / (time between s and d) (points/day). *P < 0.05, **P < 
0.01, and N.S. = not significant, by Mann–Whitney U test. 
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previous research has shown an equation predicting the ADL 
following hip fracture treatment. Interestingly, this equation 
excludes orthopedic-specific factors, such as fracture type, 
surgical technique, and the time between injury and opera-
tion. A certain level of surgical treatment may be enough for  
the reacquisition of basic ADL; however, orthopedic factors 
can affect higher activity levels; the likelihood of painless 
long-term living; or the prevalence of complications such as 
avascular necrosis of the femoral head, pseudoarthrosis, and 
muscle strength. The equation shows that the MMSE, rang-
ing from 0 to 30 points, has a greater impact on ADL than 
does the preinjury mFIM, ranging from 13 to 91. In other 
words, in hip fracture, cognitive function is the principal fac-
tor related to the level of ADL achieved after recovery-phase 
rehabilitation.

Several research groups have investigated the association 
between cognitive disturbance and ADL decline in patients 
with hip fractures.16–25) Most reports have described a nega-
tive effect of cognitive impairment on ADL outcomes in pa-
tients with hip fracture. However, some reports showed good 
outcomes after hip fracture even in cognitively impaired 
individuals compared with cognitively normal individu-
als. Consequently, this point seems to be controversial. In 
their systematic review, Muir et al. reported no definitive 
conclusion on the relationship between dementia and ADL 
following hip fracture. The reason for this was likely the 
heterogeneity of methodologies, such as patient demo-
graphics, rehabilitation setting, and varying thresholds for 
determining cognitive impairment.21) Muir et al. mentioned 
that intensive multidisciplinary inpatient rehabilitation could 
allow even cognitively impaired individuals to achieve good 
physical function after hip fracture surgery.21) The subjects 
of the current study all received a serial operation-to-acute/
subacute-phase rehabilitation program at a single special-
ized orthopedic institution. This program enabled patients 
to receive intensive treatment and consistent assessment. 
Nevertheless, in this study, cognitively impaired patients 
with hip fracture showed a net loss of ADL after surgery and 
rehabilitation.

A 20/21 cutoff value was optimal for screening for patients 
having an mFIM score of ≥70 at discharge. Patients with a 
score of ≤20 points on the MMSE acquired a lower level of 
ADL at discharge than those with an MMSE score of ≥21. 
Interestingly, the 20/21 cutoff MMSE value was close to 
the ordinal 23/24 cutoff value for dementia screening.14) In 
general, a score of 20/21 points on the MMSE is categorized 
as mild to moderate dementia.26) To obtain better ADL, a 
higher MMSE score is needed. For example, when the cutoff 

value of the mFIM indicating ADL independence was set at 
≥80, the cutoff value of the MMSE was 23/24 points in this 
study. An MMSE score of 20–24 points appears to be the 
critical range for regaining ADL after hip fracture treatment.

A significantly lower ADL in cognitively impaired pa-
tients was observed from ~2 weeks postoperatively, although 
cognitively impaired patients with preinjury mFIM scores 
of ≥70 had a physical potential comparable to that of cogni-
tively intact patients until the acute to subacute phase after 
the hip fracture. Cognitively impaired patients showed a 
significantly lower gain on each item of mFIM at the final 
mFIM assessment. However, some mFIM items showed an 
interesting tendency: in cognitively impaired patients, the 
scores for tub transfer and walking/wheelchair items had a 
bimodal distribution. This bimodal distribution indicates the 
existence of two subgroups in cognitively impaired patients: 
one group could accomplish the above transfer/locomotive 
tasks comparably with cognitively intact patients and the 
other could not. Assuming that the physical potential in cog-
nitively impaired patients was similar to that of cognitively 
intact patients for executing ADL items at approximately 
the subacute to recovery phase, the subgroup of cognitively 
impaired patients with the low ADL item scores might have 
particular issues in cognitive function, such as “understand-
ing the needs for the ADL task” or “having internal motiva-
tion for executing the task.” Medical staff can address these 
issues by paying special attention to cognitively impaired 
patients. For example, strict pain control, appropriate nu-
tritional support, a more accepting attitude for performing 
the task, or setting an attractive goal for the task execution 
may increase the gain in ADL in the low-scoring subgroup of 
cognitively impaired patients. Additional assessment of “un-
derstanding of a task” and “internal motivation” is needed to 
confirm this approach. We speculate that the relative decline 
in ADL among cognitively impaired patients is reversible 
during the acute or subacute phase; however, if the decline is 
prolonged, it will likely become irreversible because of new 
problems, such as muscle weakness or joint contracture. In 
patients with cognitive disturbance, the acute phase is more 
critical for regaining ADL than the recovery or later phases. 
However, patients with cognitive impairment still benefit 
from regaining ADL by continuing rehabilitation even after 
the acute phase because they have positive mFIM gain and 
mFIM efficiency in the recovery phase (Fig. 4B and 4D).

Benedetti et al. reported serial cognitive changes after hip 
fracture.25) They found a slight decline in the cognitive con-
dition from baseline to 1 year after the fracture. However, 
the changes in cognitive status were minimal, especially 
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over 1–6 months. Therefore, the equation we obtained in this 
study, i.e., (final mFIM) = 1.86 × (MMSE) + 0.58 × (prein-
jury mFIM) − 18.93, can provide a valuable indicator for un-
dertaking countermeasures in cases of cognitively impaired 
people. For example, patients with hip fracture and cognitive 
impairment should be treated meticulously according to 
the degree of cognitive dysfunction, which may be evident 
before the operation or rehabilitation. In terms of counter-
measures before hip fracture, fall/fracture prevention is 
essential in people with cognitive impairment because they 
are more susceptible to decreased ADL after hip fracture 
treatment, even if they are independent before the injury. 
Additionally, Muir et al. reported that in community- and 
institution-dwelling older adults, cognitive impairment is as-
sociated with an increased risk of falls.27) The US Preventive 
Services Task Force concluded that exercise is associated 
with a reduction in the number of individuals experiencing 
falls and a smaller number of injurious falls in older adults 
at average and high risk.28) Conversely, physical inactivity 
is a proven risk factor for dementia.29) Fractures resulting in 
a decline in ADL and cognitive impairment/dementia seem 
to be related. Therefore, countermeasures such as treatment 
of osteoporosis and physical exercise should be particularly 
beneficial for the cognitively impaired.

This study has several limitations. First, the follow-up 
period was short. It is possible that patients with cognitive 
disturbance acquire a satisfactory ADL after the hospital 
discharge. A longer follow-up study is needed.

Second, the length of hospital stay and time[1st-final] 
varied in this study; therefore, the background of the mFIM 
gain seems to be heterogeneous. Hospital discharge usually 
occurs when the improvement of ADL reaches a plateau or 
when the mFIM score is close to the maximum score of 91 
points. The gain in mFIM that we used in this study was 
the “raw” mFIM gain, which is simply the later mFIM score 
minus the earlier mFIM score, i.e., it is not adjusted by the 
length of hospital stay or time[1st-final]. Because of a well-
known ceiling effect of the FIM scoring system,30) if we 
adjust mFIM values in cases where full marks are achieved 
quickly, the adjusted mFIM score will decrease relatively; 
nonetheless, the real ADL achieved would be very good. 
Moreover, there remains a possibility that mFIM efficiency 
in the high-scoring MMSE group showed lower values be-
cause of the ceiling effect of raw mFIM scores (Fig. 4D and 
Supplemental Fig. 1B). We believe that the raw mFIM gain 
is preferable to detect the net improvement of ADL in this 
situation.

Third, the background of cognitive impairment is hetero-

geneous; therefore, MMSE was used for screening. Cogni-
tive assessment by MMSE was performed at the beginning 
of the recovery-phase rehabilitation 2 weeks postoperatively 
or later. Although we believe that most patients no longer ex-
hibited delirium at the time of the MMSE assessment, there 
remains the possibility that unobserved delirium, other than 
dementia, could have affected the measured cognitive con-
dition. A preinjury MMSE assessment might provide more 
accurate information about an individual’s predisposing cog-
nitive function; however, administering the MMSE before 
an accident is difficult. Furthermore, a detailed differential 
cognitive diagnosis was not performed in this study. Cogni-
tive impairment can be caused by various types of dementia, 
such as Alzheimer’s disease, cerebrovascular disease, Lewy 
body disease, and frontotemporal dementia. Each type of 
dementia has specific characteristic features.31) For example, 
Alzheimer’s disease typically presents with short-term 
memory loss, whereas motor function is relatively preserved 
early in the course of the disease. Lewy body disease is often 
accompanied by visuospatial problems or Parkinsonism, 
especially with bradykinesia and rigidity, but with relatively 
preserved memory. Further study with a precise differential 
diagnosis of the dementia type can provide more accurate 
information regarding the ADL prognosis in hip fracture 
patients. In addition, it is necessary to rule out delirium and 
depression using a particular assessment scale.

CONCLUSIONS

Among the various clinical variables tested, only MMSE 
and preinjury mFIM scores were identified as factors sig-
nificantly correlated with short-term ADL following hip 
fracture treatment; moreover, MMSE had a larger effect on 
the final ADL than preinjury mFIM did. A reduced ADL 
regaining in cognitively disturbed patients was observed in 
the acute phase 2–3 weeks postoperatively. Treatment and 
postoperative rehabilitation should be carefully implemented 
especially for cognitively disturbed patients from the acute 
phase after hip fracture.
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Supplemental Fig. 2.  mFIM efficiency according to preinjury mFIM levels. Scatter plots of mFIM efficiency (z) vs. 
preinjury mFIM (w) are shown. (A) The mFIM efficiency (acute phase) was defined as follows: (acute-mFIM efficiency) 
= (mFIM gain scores between f and s) / (time between f and s) (points/day). (B) The mFIM efficiency (recovery phase): 
(recovery-mFIM efficiency) = (mFIM gain scores between s and d) / (time between s and d) (points/day). f = time point of 
initial rehabilitation in the perioperative period, s = time point of the mFIM assessment at the starting of recovery-phase 
rehabilitation 2–3 weeks postoperatively, d = time point of the final mFIM assessment before the hospital discharge.

Supplemental Fig. 1.  (A) MMSE (= x) vs. time[1st-final] (= v). The regression coefficient of the MMSE for the time[1st-
final] was 0.31 (95% confidence interval: −0.22, 0.85), and the adjusted R2 was 0.004. (B) Time[1st-final] (= v) vs. final mFIM 
(= y). The regression coefficient of time[1st-final] for the final mFIM was 0.11 (95% confidence interval: −0.12, 0.33), and 
the adjusted R2 was −0.001. Time[1st-final] is the time between initial rehabilitation in the perioperative period and the final 
mFIM assessment before hospital discharge.


