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Abstract: Evidence on the effects of frailty, undernutrition, and heart failure (HF) on patients with
hip fractures is scarce. This retrospective cohort study aimed to examine the effects of undernutrition
and HF on outcomes in patients who underwent convalescent rehabilitation after hip fracture.
Undernutrition was defined as body mass index (BMI) < 20.0 (Low BMI). Heart failure (HF) was
defined as a B-type natriuretic peptide (BNP) > 100 (High BNP). The study outcomes included the
Functional Independence Measure motor domain (FIM-motor) and cognitive domain (FIM-cognition)
at discharge. To consider the effects of low BMI, high BNP, and the simultaneous presence of both
(“low BMI and high BNP”), we used multivariate linear regression analyses to examine whether these
were associated with the outcomes. A total of 110 (mean age 87.4 years, 24.8% male) were analyzed.
As aresult, low BMI (3 = —0.088, p = 0.027) and high BNP (3 = —0.053, p = 0.015), each alone, were
significantly associated with the FIM motor at discharge, whereas the simultaneous presence of
“low BMI and high BNP” was significantly associated with the FIM motor at discharge, while the
strength of the association was greater than each association alone ( = —0.152, p = 0.010). Further, the
simultaneous presence of “low BMI and high BNP” was significantly associated with FIM cognition
at discharge (3 = —0.109, p = 0.014). Comprehensive multidisciplinary management is needed,
including preoperative or early postoperative nutritional support and rehabilitation, followed by
rehabilitation nutrition care management, in patients with hip fracture.
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1. Introduction

Frailty and malnutrition are two conditions that are often associated with negative out-
comes in older adults. Malnutrition can lead to muscle wasting, weakness, and decreased
physical function, which can significantly aggravate the development of frailty [1-3]. Frailty,
on the other hand, is characterized by a decline in physical function and increased vulnera-
bility to stressors, which can lead to a loss of independence, decreased quality of life, and
increased healthcare utilization [4-6]. Substantial evidence has shown that frailty is associ-
ated with post-operative mortality and adverse events in hip fracture patients [7-9]. Factors
contributing to this association include reduced physical independence and muscle weak-
ness, prolonged length of hospital stay, and reduced motivation for rehabilitation [10,11].
The association between frailty and malnutrition highlights the importance of compre-
hensive nutritional assessment and intervention in older adults, including screening for
malnutrition and frailty, and interventions that focus on improving nutritional status,
physical function, and overall health outcomes [12,13].

Heart failure (HF) is a global pandemic that affects over 26-million adults worldwide
and is increasing in prevalence [14,15]. HF represents a collectively experienced chronic
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phase of cardiac functional impairment that arises as a result of multiple causal factors.
Patients afflicted with HF undergo a multitude of symptoms that significantly impact
their overall quality of life, including dyspnea, fatigue, reduced exercise capacity, and
fluid accumulation [16,17]. While the underlying triggers of HF may vary depending on
factors such as gender, age, ethnicity, coexisting medical conditions, and the surrounding
environment, it is noteworthy that a considerable number of cases can be prevented [18].
The aging of the population and the emerging pandemic of cardiovascular disease make
heart failure an increasing burden in the healthcare system [19]. Further, a meta-analysis of
cohort studies with multi-variable adjustment found that patients with HF had a higher
risk of hip fracture [20]. Therefore, the management of HF is clinically important in patients
with hip fractures.

However, evidence on the effects of frailty, undernutrition, and HF on patients with
hip fractures is scarce. Hip fractures are a common injury in older adults that can have
significant negative consequences on their health and quality of life [21-23]. The effects
of frailty, undernutrition, and HF on patients with femoral neck fractures are not well-
understood. However, it is important to tackle this problem because hip fractures are
associated with a high risk of death and reduced function, and the long-term disability
outcomes can be severe. Therefore, this retrospective cohort study aimed to examine
the effects of undernutrition and HF on outcomes in patients undergoing convalescent
rehabilitation after hip fracture.

2. Methods
2.1. Participants and Setting

We performed a retrospective cohort study at a post-acute care hospital with a bed
capacity of 225, which comprised convalescent rehabilitation wards that had a combined
total of 135 beds [24]. This study was grounded in Japan and was executed throughout
a span of three years, commencing from July 2021 and concluding in June 2023. All
patients who underwent surgery after a proximal femur fracture and were newly admitted
to those wards were included in the study. Patients were not included in this study if
they declined to provide consent for participation, if they possessed incomplete data, if
they necessitated acute care as a result of an exacerbation of a medical condition during
the process of rehabilitation, or if they displayed an altered state of consciousness upon
admission. Patients were observed until they were discharged.

A total of 117 femur fracture patients were admitted to the wards for the first time
during the study period. Individuals who needed acute care because their medical con-
dition was worsening (1 = 4) or had missing data (n = 3) were not included. Ultimately,
110 patients” data were incorporated into the analysis (Figure 1).

2.2. Data Collection

Patients” background characteristics, such as age (year), sex, type of femoral fracture,
smoking history, fragility fracture history, residential style, comorbidities and pre-existing
diseases and conditions, body mass index (BMI, kg/m?), activities of daily living, cog-
nitive level, premorbid care burden level [25], serum level of B-type natriuretic peptide
(BNP, pg/mL) as a marker of heart failure severity [26], glomerular filtration rate (eGFR,
mL/min/1.73 m?), and left ventricular ejection fraction (LVEF, %) and E /e’ ratio by echocar-
diography, were recorded upon admission.

BMI was computed by dividing the weight by the square of the height, while the nurse
conducted physical assessments on the day of admission. The premorbid care burden level
was assessed through the certification of “required support” and “required long-term care”
within Japan’s Long-Term Care Insurance System [25]. This included a total of eight levels:
no certification, support needed 1,2, and care needed 1-5. Among the aforementioned
tests, blood tests including BNP and eGFR, as well as echocardiography, were routinely
conducted on all patients upon admission to determine the intensity, duration, and type
of rehabilitation.
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Figure 1. Flowchart of participant screening, inclusion criteria, and follow-up.

2.3. Nutrition Assessment

A variety of methods have been reported to diagnose and assess frailty [27,28]. On the
other hand, there is an internationally standardized diagnostic criterion, the Global Leader-
ship Initiative on Malnutrition (GLIM) criteria, for the diagnosis of undernutrition [29]. The
GLIM criteria recommend the use of physical indicators such as BMI and weight loss in the
diagnosis of undernutrition. Low body weight and low BMI are indicators of malnutrition
and frailty in older adults. Other indicators of malnutrition include weight loss of more
than 5% in the last 6 months, moderate and severe decrease in food intake, and unintended
loss in body weight of more than 5% in 3 months [30]. Therefore, while low body weight
and low BMI should be used in conjunction with other indicators for a more comprehensive
assessment of frailty and undernutrition, they are clinically easy to use and useful in the
detection of malnutrition and frailty. In this study, a BMI of less than 20.0 kg/m? was used
as an indicator of frailty and undernutrition as “low BMI” [29].

2.4. Cardiac Function Assessment

Blood tests and echocardiography were used to measure BNP, LVEF, and E/¢’ to
estimate cardiac function and the severity of heart failure. BNP is a hormone produced
by the heart that helps regulate blood pressure and fluid balance. It is a valuable marker
for diagnosing and monitoring heart conditions, particularly heart failure, and plays a
crucial role in guiding treatment decisions for affected individuals. A cutoff value of
100 pg/mL for BNP has been used with high accuracy for the diagnosis of acute heart
failure, and this value was used as the reference value in this study [31]. E/¢’ is the ratio
of the E-wave velocity to the e’ velocity assessed by echocardiography. It is used as an
important parameter in echocardiography to assess left ventricular filling pressure and
diastolic function. The E/¢’ ratio provides insights into the relaxation properties of the
heart and is particularly valuable in diagnosing and assessing conditions such as diastolic
dysfunction and heart failure with preserved ejection fraction. In this study, HF was defined
as a BNP of 100 (pg/mL) or greater as “high BNP.” Further, in order to examine the impact
on outcomes of simultaneous low nutrition and heart failure, we defined “low BMI and
high BNP” as the simultaneous presence of “low BMI and high BNP”.

2.5. Outcomes

The study’s outcomes encompassed the evaluation of the functional independence
measure (FIM) scores regarding physical function and cognitive level upon patient dis-
charge [32]. The FIM is partitioned into two distinct domains, namely the motor domain
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(FIM-motor) and the cognitive domain (FIM-cognition). The motor domain encompasses
13 subitems, while the cognitive domain encompasses five subitems. Evaluations of move-
ments are conducted using a seven-point ordinal scale that ranges from complete assistance
to complete autonomy. The range of Total FIM scores spanned from 18 to 126, while the
range of FIM-motor scores extended from 13 to 91, and the range of FIM-cognition scores
extended from 5 to 35. It should be noted that lower scores were indicative of a higher
level of dependence. FIM was evaluated within the first postoperative week. In order to
mitigate biases, the FIM was assessed by rehabilitation therapists and nurses who possessed
substantial expertise and were entirely separate from the individuals responsible for data
collection, evaluation, and analysis, as well as the study’s final determinations.

2.6. Convalescent Rehabilitation

Depending on the functional skills and impairments of the patient, various disciplines
performed a convalescent rehabilitation program that lasted up to three hours per day.
These disciplines comprised speech, occupational, physical, and hearing therapy, as well as
diet [33], oral [34], and drug management [35]. The facilitation of paralyzed limbs, range of
motion, fundamental mobility, walking, resistance, and ADL training were all included in
physical therapy [36].

2.7. Sample Size Calculation

Data from an earlier study conducted in the same context [37], which revealed that pa-
tients” FIM-motor scores on hospital admission were normally distributed with a standard
deviation of 23.4, were used to determine the sample size. In order to reject the null hypoth-
esis with a power of 0.8 and an alpha error of 0.05, a minimum of 31 participants in each
group would be needed if the true difference in the mean values between the two groups
of low- and high-frequency diet prescriptions issued during hospitalization, with a median
frequency cutoff, was 17 [38]. This would support the validity of our findings.

2.8. Statistical Analysis

For parametric data, means (SD) were reported; for non-parametric and categorical
data, medians (interquartile range; IQR) and counts (%) were reported. Patients were split
into three groups (low BMI versus normal BMI, high BNP versus normal BNP, low BMI
and high BNP versus other) for the bivariate analysis. The t-test, Mann—-Whitney U test,
and chi-square test were used to compare groups.

The study employed multivariate linear regression analyses to ascertain the indepen-
dent associations between the baseline variables of low BMI, high BNP, and low BMI and
high BNP, as well as FIM motor at discharge and FIM cognition at discharge, respectively.
The following covariates were chosen to account for bias: sex, age, length of hospital stay,
history of fragility fractures, premorbid care burden level, and baseline FIM-motor and
FIM-cognition scores. Based on prior research identifying these variables as clinically
significant predictors of rehabilitation outcomes, these factors were chosen [8]. Using
the variance inflation factor (VIF), multicollinearity was evaluated: Multicollinearity was
absent when the VIF value was between 1 and 10. Statistical significance was defined as
p-values < 0.05. IBM SPSS version 21 (Armonk, NY, USA) was used for all analyses.

2.9. Ethics

The study was approved by the institutional review board of the Kumamoto Rehabili-
tation Hospital, where it was conducted (approval number: 232-230804). The study was
done retrospectively, so we were unable to obtain written informed consent. The study
afforded participants the flexibility to discontinue participation at any point through an
opt-out process. The 1964 Declaration of Helsinki, its revisions since 1964, and the Ethi-
cal Guidelines for Medical and Health Research Involving Human Subjects (Provisional
Translation as of March 2015) were followed in conducting the study.
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3. Results

Patients” baseline characteristics are presented in Table 1. Mean (SD) age was
87.4 (7.1) years. Twenty five percent of the included patients were male. Recorded fracture
types included neck fracture (n = 42; 38.5%), trochanteric fracture (n = 64; 58.7%), sub-
trochanteric fracture (n = 2; 1.8%), and shaft fracture (n = 1; 0.9%). Median (IQR) baseline
BMI and serum BNP levels were 21.4 (18.9, 23.6) and 89.9 (50.4, 177.9), respectively. The
median (IQR) baseline FIM-motor and FIM-cognition scores were 22 (17, 28) and 20 (13, 30),
respectively, suggesting a large proportion of patients were physically dependent.

Table 1. Baseline background of femur fracture patients undergoing rehabilitation.

Total (n = 110)

Age, years 874 (7.1)
Sex, male, n (%) 27 (24.8)
Fracture type, n (%)
Neck fracture 42 (38.5)
Trochanteric fracture 64 (58.7)
Subtrochanteric fracture 2 (1.8)
Shaft fracture 1(0.9)
Current smoking, 1 (%) 6 (5.5)
Fragility fracture history, n (%) 36 (33.3)
Living at home, 1 (%) 69 (65.1)
Disease/History
Hypertension 74 (67.9)
Hyperlipidemia 17 (15.6)
Type 2 diabetes 21 (19.3)
Osteoporosis 44 (69.8)
Stroke 18 (16.4)
Orthostatic hypotension 11 (10.1)
Ischemic heart disease 12 (11.0)
Arrhythmia 27 (24.8)
BMI, kg /m? 21.4 (18.9, 23.6)
FIM-total 43 (32, 55)
FIM-motor 22 (17, 28)
FIM-cognition 20 (13, 30)
Premorbid care burden level
None/Support 1/Support 2/Care 37(33.9)/5(4.6)/5 (4.6)/10 (9.2)/21 (19.3) /18
1/Care 2/Care 3/Care 4/Care 5 (16.5)/10(9.2)/3 (2.8)
BNP 89.9 (50.4, 177.0)
LVEE, % 67.0 (63.7,70.0)
E/¢€ ratio 13.8 (11.5, 16.4)
eGFR 59.2(50.0, 71.8)
Length of stay, days 80 (61, 94)

BMI, body mass index; BNP, B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; FIM, Functional
Independence Measure; LVEEF, left ventricular ejection fraction. For parametric data, the expression is the mean
(standard deviation); for nonparametric data, it is the median and the 25th-to-75th percentiles (interquartile range;
IQR); for categorical data, it is numbers (%).
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Table 2 shows the results of the two-group comparison for outcomes. Compared
with patients with normal BMI, “low BMI” patients were likely to have lower scores of
FIM-motor and FIM-cognition at discharge, respectively. This trend was similar in the
two-group comparison of outcomes using “BNP” and “BMI and BNP”.

Table 2. Univariate analysis between 2 groups based on cutoff values of BMI, BNP, BMI, and BNP for
each outcome (FIM exercise, cognition at discharge) in patients with femur fracture.

BMI BNP BMI & BNP
Total
=11 Normal Low g Normal High ~ Normal  Abnormal # g
W=10  GT6n w4z pValwe G Thy go3e  pValue G5 TGy pValue
FIM-motor
61 67 41 63 41 62
004 024 001
disci;rge (32,81)  (36,83)  (25,66) 0.00 37,82) (24, 67) 0.0 G4,81) 204,41 000
FIM-
.. 21 25 17 23 17 21
cognitionat (2L (B L7 0.003 5%y (329 0.032 assy  166,2) 0.013

discharge

# Abnormal: Low BMI and high BNP. BMI, body mass index; BNP, B-type natriuretic peptide; FIM, Functional
Independence Measure. For parametric data, the expression is the mean (standard deviation); for nonparametric
data, it is the median and the 25th-to-75th percentiles (interquartile range; IQR); for categorical data, it is
numbers (%).

Table 3 shows the results of multivariate linear regression analyses for FIM-motor at
discharge. There was no multicollinearity among the variables, and the same covariates
were used in all multivariate analyses for adjustments. As a result, low BMI (3 = —0.088,
p = 0.027) and high BNP (3 = —0.053, p = 0.015), each alone, were significantly associated
with FIM-motor at discharge, whereas the simultaneous presence of “low BMI and high
BNP” was significantly and negatively associated with FIM-motor at discharge, while the
strength of the association was greater than each association alone (3 = —0.152, p = 0.010).

Table 3. Multiple linear regression analysis to examine the association of Low BMI, High BNP, and
Low BMI and High BNP to FIM-motor at discharge.

Low BMI High BNP Low BMI and High BNP
B p-Value B p-Value B p-Value

Age —0.027 0.652 —0.014 0.823 0.015 0.807

Sex, male —0.072 0.221 —0.070 0.237 —0.047 0.420
Premorbid care burden # —0.232 0.001 —0.241 0.001 —0.236 0.001
Fragility fracture history —0.070 0.221 —0.077 0.182 —0.069 0.217
Length of stay 0.280 0.000 0.275 0.005 0.264 0.011

FIM motor 0.240 0.001 0.220 0.002 0.206 0.002
FIM cognition 0.428 <0.001 0.454 <0.001 0.462 <0.001

Low BMI —0.088 0.027 - - - -
High BNP - - —0.053 0.015 -
Low BMI and High BNP - - - - —0.192 0.010

# Premorbid care burden: The level of support/care required before injury was treated as an ordinal variable
(No certification: 1, Support needed 1: 2, Support needed 2: 3, Care needed 1: 4, Care needed 2: 4, Care
needed 3: 6, Care needed 4: 7, Care needed 5: 8). BMI, body mass index; BNP, B-type natriuretic peptide; FIM,
Functional Independence Measure.

The findings of multivariate linear regression analyses for FIM-cognition at discharge
are displayed in Table 4. There was no multicollinearity among the variables, and the same
covariates were used in all multivariate analyses for adjustments. As a result, low BMI and
high BNP, each alone, were not significantly associated with FIM-cognition at discharge,
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whereas the simultaneous presence of “low BMI and high BNP” was significantly and
negatively associated with FIM cognition at discharge (3 = —0.109, p = 0.014).

Table 4. Multiple linear regression analysis to examine the association of Low BMI, High BNP, and
Low BMI and High BNP to FIM cognition at discharge.

Low BMI High BNP Low BMI and High BNP
B p-Value B p-Value B p-Value
Age —0.043 0.328 —0.022 0.638 —0.014 0.762
Sex, male —0.033 0.448 —0.031 0.472 —0.015 0.727
Premorbid care burden * —0.103 0.051 —0.110 0.035 —0.106 0.040
Fragility fracture history —0.051 0.235 —0.053 0.208 —0.051 0.221
Length of stay 0.116 0.007 0.110 0.011 0.104 0.014
FIM motor 0.113 0.026 0.090 0.077 0.088 0.079
FIM cognition 0.743 <0.001 0.766 <0.001 0.771 <0.001
Low BMI —0.073 0.092 - - - -
High BNP - - —0.083 0.061 - -
Low BMI and High BNP - - - - —0.109 0.014

# Premorbid care burden: The level of support/care required before injury was treated as an ordinal variable (No
certification: 1, Support needed 1: 2, Support needed 2: 3, Care needed 1: 4, Care needed 2: 4, Care needed 3: 6,
Care needed 4: 7, Care needed 5: 8). BMI, body mass index; BNP, B-type natriuretic peptide; FIM, Functional
Independence Measure.

4. Discussion

We investigated the relationship between functional outcomes, HF, and undernutrition
in patients receiving convalescent rehabilitation following a hip fracture in this cohort study.
Two new findings are added by our results: (1) Patients with a simultaneous presence
of malnutrition and HF had worse ADL improvement; (2) Patients with a simultaneous
presence of malnutrition and HF had a worse cognitive level improvement in this setting.

A concurrent presence of undernutrition and HF was negatively associated with ADL
recovery, and the strength of the association was greater for undernutrition and HF than
for each alone. The novelty of the finding is that it highlights the importance of considering
the combined effects of multiple comorbidities on health outcomes in older patients with a
hip fracture. Possible mechanisms for the dual burden of undernutrition and HF include
the following: undernutrition can cause muscle wasting, weakness, and impaired physical
function, thereby exacerbating the negative effects of HF on physical function and overall
health [39—42]. HF, in turn, can lead to decreased cardiac output, reducing the supply
of oxygen and nutrients to the muscles and exacerbating muscle loss [43]. The clinical
implications of the findings are that clinicians should consider interventions that address
both conditions simultaneously, such as nutritional interventions and HF management
strategies, to improve physical function and overall health outcomes in hip fracture patients
with comorbid undernutrition and HE.

The concurrent presence of undernutrition and HF was negatively associated with
cognitive levels recovery. This finding highlights the importance of considering the com-
bined effects of multiple comorbidities on cognitive decline in older adults. The possible
mechanism behind the negative association in hip fracture patients is not fully under-
stood. However, some possible mechanisms that could explain this association include:
(1) Reduced oxygen and nutrient delivery to the brain due to decreased cardiac output
in HF patients, which can exacerbate the negative effects of undernutrition on cognitive
function [44,45]; (2) Inflammation and oxidative stress, which are common in both under-
nutrition and HF, can lead to neuronal damage and cognitive impairment [46]. Indeed,
HF patients exhibit abnormal protein metabolism (accelerated catabolism and decreased
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assimilation) due to chronic inflammation and high oxidative stress [47,48]. Further, chronic
inflammation is a risk factor for muscle wasting diseases such as sarcopenia and cachexia
in older adults [49-51]; (3) The combination of undernutrition and HF may lead to a higher
risk of infections, which can further impair cognitive function [52]. Clinical implications
include the need for comprehensive nutritional assessment and intervention in hip fracture
patients with comorbid undernutrition and HF, as well as HF management strategies to
improve cognitive function and overall health outcomes.

Despite the existence of previous studies partially directing our findings in patients
with hip fractures, there is a paucity of research showing any association between under-
nutrition and a higher incidence of heart failure or negative outcomes. For example, there
is one observational study of 155 patients that showed an association between undernu-
trition and the presence of HF and ADL [53], and one study of 172 patients that showed
an association between undernutrition and the presence of HF and cognitive levels [54].
However, our findings may represent a novelty showing a stronger negative association
between the co-occurrence of malnutrition and HF and improved ADL and cognitive levels
than malnutrition alone or HF alone.

The nutritional and cardiac management of patients after a hip fracture is important.
Indeed, cardiac and thromboembolic risk constitute the majority of the evidence supporting
the perioperative medical risk management of patients undergoing hip fracture repair [55].
However, little is known of the relative clinical importance of other complications, such as
undernutrition and cognitive impairment. To prevent the decline in ADL and cognitive
level and to help maximize the improvement in outcomes in these patients, comprehen-
sive multidisciplinary management, including nutritional management and rehabilitation
before or early after surgery, is necessary [56-58]. Furthermore, since older patients af-
ter hip fractures are at a higher risk for malnutrition and sarcopenia [37,59], the triad of
rehabilitation, nutrition, and oral management should be implemented while managing
HF [60,61].

This study had some limitations. First off, the fact that this was a single-center study
conducted at a Japanese rehabilitation hospital may have limited how broadly applicable
our findings can be. To replicate current findings in a variety of populations, future
multicenter studies will be necessary. Second, we were unable to fully account for the
impact of confounding factors because the study was retrospective in nature. Third, due to
sample-size limitations, the number of patients was biased according to the group being
compared. This could affect the reliability of the statistical analysis and interpretation of
the results. Future prospective studies should account for these potential confounders.

5. Conclusions

The concurrent presence of undernutrition and HF was negatively associated with
physical and cognitive recovery in patients with hip fractures. Further, the strength of the
association was greater for undernutrition and HF than for each alone. Comprehensive
multidisciplinary management is needed, including preoperative or early postoperative nu-
tritional support and rehabilitation, followed by rehabilitation nutrition care management.
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