Undernutrition in fragility hip fracture
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Geriatric patients with hip fractures often experience overlap in problems related to nutrition, including undernutrition,
sarcopenia, and frailty. Such problems are powerful predictors of adverse responses, although few healthcare
professionals are aware of them and therefore do not implement effective interventions.

Keywords: undernutrition ; muscular atrophy ; frailty syndrome ; fragility hip fracture ; elderly

| 1. Introduction

Hip fractures are a global public health problem and result in hospitalization, disability, and death . Globally, as the
population ages, the number of hip fractures is increasing, and it is expected that 6.3 million people will suffer from hip
fracture in 2050 [&. Hip fracture patients have high mortality &, experience prolonged disability ], and require substantial
costs for postoperative management &I, Therefore, management after hip fracture is a critical issue to be resolved.

Hip fracture patients experience multiple geriatric nutritional problems, often including undernutrition, sarcopenia, and
frailty at admission, all of which overlap (Figure 1), (Supplementary Figure S1-S3). These geriatric nutritional problems
have significant impacts on disability, the occurrence of complications, and mortality after hip fracture. Therefore,
interventions for these factors are a key strategy for improving postoperative clinical outcomes in patients with hip
fracture.
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Figure 1. The overlapping geriatric nutritional problems in patients with fragility hip fracture.

Conversely, the effect of interventions for geriatric nutritional problems in patients with hip fracture remains unclear.
Nutritional therapy alone was not shown to reduce mortality €. Medical professionals often ignore undernutrition,
sarcopenia, and frailty, and this unawareness inhibits improvements in clinical outcomes . A focus must be placed on
geriatric nutritional problems in hip fracture patients, and effective interventions should be considered.

. Undernutrition in Patients with Hip Fracture
2.1. Prevalence of Undernutrition

The prevalence of undernutrition with hip fracture is high and varies based on the evaluation tool used, ranging from about
7% to 26% (Table 1). The Mini Nutritional Assessment-Short Form (MNA-SF) [BIRILOILLI2ARSI4]IS] 5nd the Mini Nutritional
Assessment-Full Form (MNA-FF) 8IS are the most commonly used tools for evaluating nutritional status in
patients with hip fracture. The Malnutrition Screening Tool (MST) 22, Controlling Nutritional Status (CONUT) [222]



Geriatric Nutritional Risk Index (GNRI) 28] Malnutrition Universal Screening Tool (MUST) [24] body mass index (BMI) 22!
(28] serum albumin 28127 prealbumin 24, total protein 24, vitamin D 24 and lymphocyte count 28] are also used. These

evaluation tools are useful for assessing the nutritional status of patients with hip fracture.

Table 1. Assessment of nutritional status, prevalence of undernutrition, and the impact of undernutrition on clinical

outcomes in patients with hip fracture.

Author,
Year,
Country

Miyanishi et
al., 2010 28

Japan

Koren-
Hakim et
al., 2012 [

Israel

Gumieiro et
al., 2012 [28

Brazil

Design,
Setting

Observational
study, acute
hospital

Observational
study, acute
hospital

Prospective
observational
study,
general
hospital

Age (Years)

Male/Female, n
(%)

Mean 79

24 (18.9)/103 (81.1)

Mean 83.5 (SD 6.0)

61 (28.4)/154 (71.6)

Mean 80.2 (SD 7.3)

20 (23.3)/66 (76.7)

Sample
Size

129

215

86

Evaluation

Tool Prevalence of
(Timing of Undernutrition
Assessment)

Serum albumin
Not stated
BMI

Well-nourished:
44.2%

MNA-SF

(at admission
andupto 48 h
after

At risk: 44.2%

Malnourished:

admission) 11.6%

MNA-FF

NRS-2002

(within the first ~ Not stated

72 h of the
patient’s
admission)

Outcome

Four-year
mortality

In-hospital
complications

Mortality (up to
36 months)

Gait status
(patients who
could walk or
could not walk)
and mortality at
6 months after
hip fracture

Main Results

In, multiple
logistic regression
analysis, serum
albumin level (OR
5.854, p < 0.001)
and BMI (OR
1.169, p = 0.02)
significantly
influenced
mortality.

Only comorbidity
and low
functioning can
predict long-term
mortality (a
minimum of 12 up
to 36 months).

Nutritional status
had no effect on
outcomes.

In a multivariate
analysis, only the
MNA-FF was
associated with
gait status (OR
0.773, 95% ClI
0.663-0.901) and
mortality 6
months after hip
fracture (HR
0.869, 95% ClI
0.757-0.998).



Drevet et
al., 2014 2

France

Goisser et
al., 2015 111

Germany

Bajada et
al., 2015 (18!

UK

van Wissen

etal., 2016
18]

Netherlands

Prospective
observational
study,
university
hospital

Prospective
observational
study, urban
maximum
care hospital

Retrospective
observational
study,

general
hospital

Retrospective
cohort study,

acute hospital

MNA-FF

Mean 86.1 (SD 4.4)

50 )

no details

15 (30)/35 (70) ( ]
provided)
MNA-FF

Mean 84 (SD 5) (preoperative

97 nutritional

(21)/(79) status was
evaluated
retrospectively)
Serum albumin

Mean 79 years (normal level >
35g/L)

(range: 60-96 108

years) Lymphocyte
count (normal

19 (18)/89 (82) 1-45x 109 L)
(on admission)

Mean

Malnourished: 85

(SD5) MNA-FF

At risk: 84 (SD 5) 226 (before
surgery)

Well-nourished: 83
(SD 5)

61 (27.0)/165(73.0)

At risk for PEM:
58%

PEM: 28%

At risk: 38%

Malnourished:
17%

No details
provided

Well-nourished:
4.9%

At risk: 26.5%

Malnourished:
68.6%

Activities of daily
living

Hospital stay

Barthel Index
after 6 months

Failure of
internal fixation

Hospital stay

Postoperative
complications,
Mortality (in-
hospital and 1-
year)

PEM was
associated with
functional
dependence (p =
0.002) and 8 days
longer mean
hospital stay (p =
0.012).

Malnourished
patients suffered
more from
remaining losses
in ADL >25% of
initial Barthel
Index points (p =
0.033), and
regained their
prefracture
mobility level to a
lesser extent (p =
0.020) than well-
nourished
patients.

In binary logistic
regression
analysis,
lymphocyte count,
and albumin
levels were
independent
predictors of
failure of internal
fixation.

Preoperative
malnutrition is
associated with
in-hospital (OR
4.4;95% CI 1.0,
20.4) and 1-year
mortality (OR 2.7;
95% ClI 1.1, 7.0).

Malnutrition was
not associated
with any other
outcome.



Miu et al.,
2017 B

China

Helminen et
al., 2017 12

Finland

Observational
study,
rehabilitation
unit

Prospective
observational
study, acute
hospital

Mean 83.5 (SD 7.5)

74 (33.9)/44 (66.1)

No details provided

169 (28.5)/425
(71.5)

218

594

MNA-SF

(within 72 h of
admission)

MNA-SF
MNA-FF
Serum albumin

(preoperative
period)

Well-nourished:

21.1%

At risk: 52.6%

Malnourished:
26.1%

MNA-SF

Well-nourished:

53%

At risk: 40%

Malnourished:
7%

MNA-FF

Well-nourished:

35%
At risk: 58%

Malnourished:
7%

Serum albumin

<34 g/L: 46%

Functional
status and place
of residence at 6
months

Hospital stay

Mortality (in-
hospital, 6
months)

Poorer mobility
(transfer to more
assisted living
accommodation)

Mortality (1
month, 4
months, and 1
year after
fracture)

Functional
recovery was
slower in the
malnourished
group.

In-patient
mortality was
higher in
malnourished
patients than in
those at risk of
malnourishment
and well-
nourished
individuals.

Risk of
malnutrition and
malnutrition
measured by
MNA-FF
predicted mobility
and living
arrangements
within 4 months of
hip fracture.

At 1 year, risk of
malnutrition
predicted mobility
and malnutrition
predicted living
arrangements
when measured
by the MNA-FF.

Malnutrition, but
not risk measured
by the MNA-SF,
predicted living
arrangements at
all time points.

Neither measure
predicted 1-month
mobility.



Vosoughi et
al., 2017 &3

Iran

Mazzola et
al., 2017 14

Italy

Inoue et al.,
2017 18]

Japan

Cross-
sectional
study,
university
hospital

Prospective
observational
study,
university
hospital

Prospective
observational
study, three
acute
hospitals

Mean 75.7 (SD
10.6)

318 (43.9)/406
(56.1)

Mean 84.0 (SD 6.6)

106 (25.5)/309
(74.5)

Mean 82.7 (SD 9.2)

69 (10.1)/165 (80.9)

BMI
724
(at admission)

MNA-SF

415 (within 24 h of

admission)

MNA-SF

204 (first few days
after admission

before surgery)

Mortality at 3

No details
. months and 1
provided
year
Well-nourished:
36.6%
. Postoperative
At risk: 44.6% .
delirium
Malnourished:
18.8%
Well-nourished:
27.0%
] FIM at
At risk: 48.0% .
discharge

Malnourished:
25.0%

Multivariate
logistic regression
analysis
recognized age
(OR 1.08; 95% CI
1.05, 1.11), BMI
(OR 0.88; 95% ClI
0.82-0.96), and
smoking (OR
1.76; 95% ClI
1.05-2.96) as
major
independent risk
factors for 1- and
3-year mortality.

Multivariate
regression
analysis showed
that those at risk
of malnutrition
(OR 2.42; 95% ClI
=1.29-4.53) and
those overtly
malnourished (OR
2.98;95% ClI =
1.43-6.19) were
more likely to
develop
postoperative
delirium.

In multiple
regression
analyses, MNA-
SF was a
significant
independent
predictor for FIM
at discharge (well-
nourished vs.
malnourished, 3 =
0.86, p < 0.01).
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2.2. Impact of Undernutrition on Clinical Outcomes

A large number of observational studies reported a significant association between undernutrition and clinical outcomes in
patients with hip fracture. Most studies set mortality 2829 or ADL B9 as clinical outcomes and the occurrence of
postoperative complications, length of hospital stay 22, discharge disposition 24, readmission 24, mobility , and failure
after internal fixation 18 as additional outcomes. Inoue et al. and Goisser et al. reported that undernutrition, as evaluated
via the MNA-SF and MNA-FF, respectively, was a significant predictor of improved ADL at discharge from acute hospitals
and six months postsurgery. Nishioka et al. revealed that improvement in nutritional status via MNA-SF screening during
hospitalization in a convalescent hospital was associated with ADL at discharge. Miu and Lam 29 reported that, compared
with at-risk and well-nourished patients, malnourished patients screened via the MNA-SF had a higher rate of in-hospital
mortality. Gumieiro et al. [28 reported that the MNA-FF score was a predictor of mortality after six months. Vosoughi et al.
(23] reported that BMI was an independent risk factor of mortality at one and three years. Conversely, Koren-Hakim et al.
(23] reported that the MNA-SF score was not associated with mortality at 36 months. Overall, most of the studies found an
association between nutritional status and clinical outcomes in hip fracture patients.

Several studies examining the appropriate nutritional screening tools recommended the use of the MNA-SF for hip
fracture patients. The European Society for Clinical Nutrition and Metabolism also recommended the MNA-SF and the
Malnutrition Universal Screening Tool and the Nutritional Risk Score 2002 (NRS-2002), which is known as a validated
nutritional screening tool B4, In their comparisons of these validated screening tools, Inoue et al. B2 and Koren-Hakim et
al. B3l reported that the MNA-SF was a good predictor of ADL at discharge from an acute hospital, readmission during six
months, and mortality at 36 months. In a study comparing the MNA-FF and NRS-2002 [28], only the MNA-FF could predict
walking ability and mortality after six months. These results suggested that the use of the MNA-SF or MNA-FF is
appropriate for predicting clinical outcomes in patients with hip fracture.

2.3. Highlights of Undernutrition in Hip Fracture

Evaluation of nutritional status is important, because undernutrition is a significant risk factor for clinical outcomes in hip
fracture patients. The MNA-SF and MNA-FF are the most commonly used tools for nutritional status evaluation and were
reported to be significant independent predictors of clinical outcomes. The MNA-SF is a simple and quick nutritional
screening tool for nutritional status 24!, Furthermore, calf circumference rather than BMI can be used in the scoring of the



MNA-SF, which is an advantage because of the difficulty in accurately measuring body weight on admission for patients
with hip fracture. Moreover, the scoring for the MNA-SF includes the following components: functional, psychological, and
cognitive aspects. Thus, the MNA-SF can accurately reflect the characteristics of elderly patients with hip fracture and
might be the most appropriate nutritional screening tool for clinical outcomes in patients with hip fracture.

| 3. Nutritional Intervention for Patients with Hip Fracture

Based on the current evidence, the effectiveness of nutritional therapy alone for hip fracture patients is unclear. A
systematic review of nutritional interventions for hip fracture patients reported only low-quality evidence to reduce
complications and no clear effect on mortality. Many intervention studies examined the effect of oral administration of
protein [B2SEIS7I38I39[40141[42] - 3_hydroxy-B-methylbutyrate 3! vitamin D 241451461 whey protein 2148 or combined

calcium B-hydroxy-p-methylbutyrate (CaHMB), vitamin D, and protein intake 2 on clinical outcomes. One randomized

controlled trial for hip fracture patients conducted an intervention to calculate energy requirements by measuring the
resting energy expenditure using an indirect calorimeter BY, In individual randomized controlled trials, the group that
received the nutritional intervention had better outcomes than the control group in terms of occurrence of complications
B9 severity of pressure ulcers 28], length of hospital stay B2, readmission rate 44, nutritional status B8, muscle strength
(48 muscle mass “143] and wound-healing period #2. Conversely, there was no significant difference in nutritional status
(35139] or mortality 37 between the group that received a nutritional intervention alone and the control group. The effects of
nutritional intervention on ADL are not consistent BJ[4041148] There were no intervention studies that reported enhanced
rehabilitation used in combination with nutritional therapy. These discrepancies might suggest that nutritional interventions
alone are insufficient to improve clinical outcomes.

| 4. Combined Nutritional Intervention with Rehabilitation Exercise

A combination of nutrition and exercise interventions is effective for elderly patients with sarcopenia. A combination of
amino acid intake and exercise improved muscle strength, muscle mass, and ADL of community-dwelling women with
sarcopenia 54 and sarcopenic patients with cerebrovascular disease 52, A meta-analysis reported that the combination of
nutrition and exercise had a positive effect on physical function in community-dwelling elderly individuals 23!, Combined
nutrition and exercise interventions promoted muscle protein synthesis compared with each of these interventions alone
(34, Thus, these combination interventions for hip fracture patients may contribute to improved clinical outcomes.

| 5. Advanced Strategies for Improvement of Clinical Outcomes

To improve clinical outcomes effectively, medical professionals should be aware of geriatric nutritional problems in hip
fracture patients (Figure 2). On the basis of geriatric nutritional evaluation, we must be careful about iatrogenic
sarcopenia. latrogenic sarcopenia is caused by hospitalization and is drug-related. Hospitalization-related iatrogenic
sarcopenia is caused by physicians, nurses, and other medical professionals B3B8l |atrogenic sarcopenia mainly
comprises inactivity- and nutritional-related factors. Inactivity-related iatrogenic sarcopenia is mainly caused by
unnecessary inactivity during the perioperative period. In hospitalized hip fracture patients, approximately 99% of the day
consists of sedentary time 24, The incidence of sarcopenia in acute hospitals is approximately 15%, and the duration of
bed rest is associated with the incidence of sarcopenia 28!, In patients in rehabilitation hospitals, increased time away
from bed is more effective in improving ADL B3, Medical professionals should pay close attention to iatrogenic
sarcopenia, and avoiding unnecessary bed rest, immobility, and deconditioning in patients could prevent activity-related
sarcopenia.

Figure 2. The specific strategies of geriatric nutritional evaluation and advanced intervention for patients with fragility hip
fracture. Abbreviations: MNA-SF, Mini Nutritional Assessment-Short Form; MST, Malnutrition Screening Tool; NRS-2002,
Nutrition Risk Screening 2002; MUST, Malnutrition Universal Screening Tool; EWGSOP, European Working Group on
Sarcopenia in Older People; AWGS, Asian Working Group for Sarcopenia.

In hip fracture patients, nutritional-related iatrogenic sarcopenia requires a comprehensive approach. Only 17.5% of
patients meet their energy requirements in the first week after hip surgery 9. Additionally, multiple factors are associated
with reduced food intake after fractures B2 and it is clear that interventions that merely administer supplements are
insufficient for improving clinical outcomes. Bell et al. 3 reported that intensive individualized, multidisciplinary
(orthopedic and geriatric physician, nursing staff, physiotherapists and occupational therapists, dietitian, pharmacist, etc.)
interventions reduced barriers to food intake; food intake increased in the group with multidisciplinary intervention (mean
1489.0 kcal/day, protein intake of 1.13 g/body weight) compared with the group with conventional care (mean 707.4



kcal/day, protein intake of 0.60 g/body weight) in hip fracture patients. Additionally, medical professionals should pay
attention to sarcopenic dysphagia accompanied by deterioration in nutritional status after hip surgery. A multidisciplinary,
comprehensive pragmatic intervention trial is required for hip fractures with overlapping undernutrition, sarcopenia, and
frailty. Compared with randomized controlled trials, pragmatic trials can be routinely conducted with less stringent
inclusion and exclusion criteria. Therefore, selection bias can be controlled, and the results can be easily generalized to
routine clinical practice. Comprehensive multidisciplinary interventions are necessary to prevent nutritional-related
iatrogenic sarcopenia in patients with hip fracture.



