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Abstract: The objective of our study is to determine the prevalence of malnutrition in elderly patients
with fragility hip fractures through different diagnostic tools and to determine which nutritional
assessment tool better predicts mortality. Methods: This is a prospective study in patients over
65 years of age hospitalized with a diagnosis of hip fracture. A nutritional assessment was performed
using several tools: the Mini Nutritional Assessment Short Form (MNA-SF), the Subjective Global
Assessment (SGA), and the GLIM criteria. For the definition of low muscle mass, four different meth-
ods were used: hand grip strength (HGS), calf circumference (CC), anthropometry, and bioelectrical
impedance (BIA). Mortality was registered at three, six and twelve months. Results: 300 patients were
included, 79.3% female, mean age 82.9 ± 7.1 years. The MNA-SF found 42% at risk of malnutrition,
and 37.3% malnourished. Using SGA, there were 44% with moderate malnutrition, and 21.7% with
severe malnutrition. In application of the GLIM criteria, 84.3%, 47%, 46%, and 72.7% of patients were
malnourished when HGS, anthropometry, BIA, and CC were used, respectively. Mortality was 10%,
16.3% and 22% at 3, 6 and 12 months, respectively. In malnourished patients according to MNA-SF,
mortality was 5.7 times greater [95%CI 1.3–25.4; p = 0.022] at 6 months and 3.8 times greater [95%CI
1.3–11.6; p = 0.018] at 12 months. In malnourished patients according to SGA, mortality was 3.6 times
greater [95%CI 1.02–13.04; p = 0.047] at 3 months, 3.4 times greater [95%CI 1.3–8.6; p = 0.012] at
6 months and 3 times greater [95%CI 1.35–6.7; p = 0.007] at 12 months. Conclusion: The prevalence
of malnutrition in patients admitted for fragility hip fracture is high. The SGA and MNA-SF are
postulated as adequate tools to diagnose malnutrition in these patients, with predictive value for
mortality at three, six, and twelve months.

Keywords: hip fracture; elderly; malnutrition; Mini Nutritional Assessment Short Form; Subjective
Global Assessment; GLIM criteria

1. Introduction

Given the current aging of the population, there is an increasing incidence of osteoporo-
sis. This has led to increased interest in the prevention and treatment of fragility fractures,
which are those produced by low impact (such as a fall from a height corresponding to a
standing position, mainly in the humerus, wrist, vertebrae, and hip) [1]. Specifically, hip
fracture is the most important, due to its high risk of mortality and refracture, which also
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entails a large economic cost [2,3]. The global incidence of hip fracture stands at 1.7 million
cases per year worldwide [4], of which around 620,000 are in Europe [5]. Since 2011, evi-
dence has emerged of the usefulness of the existence of Fracture Coordination Units (UCF
or FLS, Fracture Liaison Services), which focus their activity on the secondary prevention
of fragility fractures [6]. These units evaluate in a multidisciplinary way various aspects
of the process of secondary prevention of fractures [7] and application of its methods has
shown a significant reduction of all-cause mortality [8].

In this context, the nutritional aspect of these patients is very important, since there is
a positive association between the presence of malnutrition and the rate of hip fractures [9].
Current data shows great variability in the prevalence of malnutrition, probably due to the
existence of non-standardized criteria. However, most of the existing literature refers to an
approximate prevalence of 20–30% malnutrition and a 40–50% risk of malnutrition [9–14].
Other studies show higher figures [15]. Malnutrition relates to complications, lower func-
tional recovery, and higher mortality. There is also an association between morbidity and
mortality and nutritional status [9,12,16], although this association is not as established as it
is with other pathologies closely related to malnutrition, such as oncological pathology [17].
A correct nutritional intervention in these patients can prevent complications [18] and, in
addition, could reduce recovery times and mortality after the intervention [19,20].

The Global Leadership Initiative on Malnutrition (GLIM) criteria for malnutrition
were introduced in 2018 [21], but to our knowledge few studies have included them in the
assessment of the nutritional status of patients admitted for hip fracture [22,23]. Although
some studies have explored the relationship between malnutrition and mortality in these
patients [14,24,25], to date, we are not aware of studies that have used GLIM to verify the
relationship between malnutrition and mortality, nor studies that compare the results of
the application of different diagnostic tools for malnutrition.

Our hypothesis is that the prevalence of malnutrition in patients admitted for fragility
hip fracture in the Trauma Unit could be high and be related to an increase in mortality.

The objective of our study is to determine the prevalence of malnutrition in elderly
patients with fragility hip fracture through different diagnostic tools and to determine
which nutritional assessment tool better predicts mortality at 3, 6, and 12 months.

2. Materials and Methods

This is a prospective study, in patients over 65 years of age hospitalized with a
diagnosis of hip fracture in the Trauma Surgery Unit of the Regional Hospital of Malaga,
between September 2019 and February 2021. Fracture type and the presence of a previous
fracture were recorded. Medical comorbidities were measured by the Charlson Comorbidity
Index (CCI) [26]. Pre-fracture functional status was assessed by means of the Barthel
index [27] and the Functional Ambulation Category Scale (FAC) [28]. Analytical data for
C-reactive protein and albumin were collected and the CRP/albumin ratio was calculated.

A nutritional assessment in the first 24–48 h after the intervention was performed.
This assessment was carried out using several tools:

• the Mini Nutritional Assessment Short Form (MNA-SF) [29], replacing the body mass
index (BMI) item with calf circumference (CC).

• the Subjective Global Assessment (SGA) [30], and
• the Global Leadership in Malnutrition (GLIM) criteria for diagnosis of malnutri-

tion [21].

Height was calculated with a stadiometer (Holtain Limited, Crymych, UK) when
possible and weight was calculated fasting with a scale set to 0.1 kg (SECA 665, Hamburg,
Germany). When the determination of height and weight was not possible, data reported
by the patient were used.
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2.1. Malnutrition according to the GLIM Criteria

To diagnose malnutrition according to the GLIM criteria, at least one phenotypic
criterion and one etiological criterion must be present [21]. All patients were considered
to have at least one etiological criterion, due to the existence of an inflammatory response
after having undergone surgery for a hip fracture in the previous days. This was confirmed
by the CRP/albumin ratio.

The following phenotypic criteria were evaluated: unintentional weight loss (> 5%
in 6 months), low BMI (for age < 70 years, a BMI ≥ 20 kg/m2 was considered normal;
for age ≥ 70, a BMI ≥ 22 kg/m2 was established as normal), and/or reduction in muscle
mass. For the definition of low muscle mass, four different methods were used: a low hand
grip strength (represented by the fifth percentile population) [31], a low calf circumference
(CC), or a low fat-free mass index (FFMI) according to ESPEN cut-off points [32], this being
determined by anthropometry (triceps skinfold) and bioelectrical impedance (BIA).

BIA was performed with the Akern BIA-101/Nutrilab analyzer (Akern SRL, Pon-
tassieve, 160 Florence, Italy). Measurements were taken in the supine position, with the
upper (30◦) and lower (45◦) limbs abducted. Software (AKERN Bodygram Dashboard,
Pontassieve, Florence, Italy) was used to determine the FFMI.

Measurement of the triceps skinfold was performed using a Holtain caliper (Holtain
Limited). Measurements were taken in triplicate in the dominant arm and the mean was
calculated. The percentages and kilograms of fat mass and fat-free mass (FFM) were
estimated according to the Siri and Durnin and Womersley formulas [33,34]. For the FFMI,
the cut-off points established by ESPEN were applied, considering low muscle mass for
values <15 kg/m2 in women and <17 kg/m2 in men [32].

Calf circumference (CC) was measured using a non-elastic tape at the point of the
greatest circumference. A low CC was defined using the cutoff points suggested in the
GLIM criteria guidelines: 33 cm for men and 32 cm for women [35].

Hand grip strength was measured in the dominant hand with a Jamar dynamometer
(Asimow Engineering Co., Los Angeles, CA, USA). The patients performed the test with
the shoulder adducted and the forearm in neutral rotation, the elbow flexed to 90◦, and the
forearm and wrist in a neutral position. Patients were asked to perform three consecutive
contractions one minute apart, and the mean value was calculated. Results were expressed
in absolute terms, and scores below the fifth percentile of the population were considered
to have low hand grip strength. [31].

2.2. Follow-Up

After discharge, a telematic follow-up was carried out (through a review of the clinical
history) of the evolution of the patients, recording mortality at three, six and twelve months.

2.3. Statistical Analysis

Quantitative variables were expressed as mean ± standard deviation. The relation-
ship between malnutrition diagnosis using different tools and mortality was estimated
using the chi-square test, with Fisher’s correction when necessary. For the concordance
between diagnostic techniques, the kappa coefficient was used. The variables that showed
an association with mortality in the chi-square test were included in a multivariate logistic
regression model to assess the association between mortality and malnutrition, controlling
for confounding variables such as sex, age and Charlson Comorbidity Index. For calcula-
tions, significance was set at p < 0.05 for two tails. Data analysis was performed using the
SPSS 26.0 program (SPSS Inc., Chicago, IL, USA).

3. Results

A total of 300 patients were included (Figure 1), 62 men (20.7%) and 238 women (79.3%),
with a mean age of 82.9 ± 7.1 years. The estimated mean BMI was 25.8 ± 5.1 kg/m2.
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Figure 1. Study flow diagram and research methodology.

The general characteristics of the sample are shown in Table 1.
The mean triceps skinfold was 11.9 ± 4 mm for men, giving an FFMI by anthropometry

of 19.4 ± 8.6 kg/m2 (25.8% below 17 kg/m2). In women, the mean triceps skinfold was
15.7 ± 6.1 mm, determining an FFMI of 17.4 ± 2.9 kg/m2 (19.7% below 15 kg/m2).



Nutrients 2023, 15, 1828 5 of 12

Table 1. General features.

n = 300

Age (years) mean ± SD 82.9 ± 7.1

Sex n (%)
Men 62 (20.7)

Women 238 (79.3)

Charlson Comorbidity Index mean ± SD 5.67 ± 1.91

Barthel Index mean ± SD 73.71 ± 27.72

Functional Ambulation Category Scale n (%)
0 78 (26.1)

1,2,3 206 (68.6)
4,5 16 (5.3)

Type of fracture n (%)
Pertrochanteric 135 (45)

Sub-capital 131 (43.7)
Sub-tronchanteric 18 (6)

Basi-cervical 15 (5)
Transcervical 1 (0.3)

Previous fracture n (%) 34 (11.3)

C-reactive protein (CRP) (mg/l) mean ± SD 115.4 ± 56.5

Albumin (g/dL) mean ± SD 2.5 ± 0.4

CRP/Albumin ratio mean ± SD 47.1 ± 25.5

Length of stay mean ± SD 8.1 ± 5.4

3-month exitus n (%) 30 (10)

6-month exitus n (%) 49 (16.3)

12-month exitus n (%) 66 (22)
Abbreviations: BMI = Body Mass Index; m = mean; SD = Standard Deviation.

The mean calf circumference was 32.4 ± 2.8 cm in men (54.8% below 33 cm) and
30.7 ± 3.8 cm in women (67.2% below 32 cm).

The FFMI by BIA was 20.9 ± 9.6 kg/m2 for men (8.7% below 17 kg/m2) and
17.5 ± 2.1 kg/m2 for women (9.1% below 15 kg/m2).

HGS showed a mean of 19.7 ± 9.7 kg for men (69.4% below the p5 population per-
centile) and 7.7 ± 6.4 kg for women (72.3% below the population percentile p5). Body
composition parameters are shown in Table 2.

Regarding the prevalence of malnutrition (Figure 2), the MNA-SF found 20.7% nor-
mally nourished, 42% at risk of malnutrition, and 37.3% malnourished. Using SGA, 34.3%
were found to be normally nourished, 44% with moderate malnutrition, and 21.7% with
severe malnutrition (kappa coefficient of 0.53 with MNA-SF; p < 0.001).

In application of the GLIM criteria, 68 patients (22.7%) presented a low BMI and
113 (37.7%) a loss of more than 5% of body weight in the previous months. Considering the
previous phenotypic criteria and using HGS as a determinant of muscle mass, we found
84.3% of patients undernourished; 47% when anthropometry was used, 46% when BIA was
used, and 72.7% when CC was used (kappa coefficient of 0.39, 0.37, 0.41, 0.37 and with SGA
respectively; p < 0.001). We found good agreement between GLIM with anthropometry
and GLIM with anthropometry (kappa coefficient of 0.94; p < 0.001).

During follow-up, a total of 30 patients (10%) died in the first 3 months after the
intervention, 49 patients (16.3%) at 6 months, and 66 patients (22%) at 12 months.

Table 3 shows the results of the analysis that relates 3-, 6- and 12-months mortality to
the diagnosis of malnutrition according to the various nutritional assessment tools.

An association was found between age and the Charlson Comorbidity Index, and
mortality at 3, 6, and 12 months (p < 0.001 at all times). For this reason, these variables were
included in the logistic regression adjustment.
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Malnutrition according to GLIM using HGS was not included in the regression, since
the absence of positive events in the few normally nourished patients prevented a correct
risk analysis. Table 4 shows the relationship between mortality at 3, 6 and 12 months, and
the diagnosis of malnutrition using SGA and MNA SF, adjusted for age, sex and Charlson
Comorbidity Index.

Table 2. Body composition parameters.

n = 300

BMI (kg/m2) mean ± SD
Men 25.9 ± 3.5

Women 25.8 ± 5.4

Triceps skinfold (mm) mean ± SD
Men 11.9 ± 4

Women 15.7 ± 6.1

Calf circumference (cm) mean ± SD
Men 32.4 ± 2.8

Women 30.7 ± 3.8

Fat-free mass (anthropometry) (kg) mean ± SD
Men 53.4 ± 8.3

Women 42.8 ± 7.3

FFMI (anthropometry) (kg/m2) mean ± SD
Men 19.4 ± 8.6

Women 17.5 ± 2.1

Phase angle (◦) mean ± SD
Men 5.18 ± 1.13

Women 4.5 ± 0.94

Fat-free mass (BIA) (kg) mean ± SD
Men 57.6 ± 7.8

Women 42.9 ± 5.4

FFMI (BIA) (kg/m2) mean ± SD
Men 20.9 ± 9.6

Women 15.4 ± 1.5

Handgrip strength (kg) mean ± SD
Men 19.7 ± 9.7

Women 7.7 ± 6.4
BMI: body mass index; SD: standard deviation; FFMI: fat-free mass index; BIA: Bioelectrical impedance analysis.
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Table 3. Relationship between malnutrition and mortality.

3-Month Mortality 6-Month Mortality 12-Month Mortality

Malnourished Normo-Nourished p Value Malnourished Normo-Nourished p Value Malnourished Normo-Nourished p Value

Malnutrition according to SGA 23 (13.7%) 3 (2.9%) 0.002 43 (21.8%) 6 (5.8%) <0.001 57 (29.9%) 9 (8.7%) <0.001

Malnutrition according
to MNA-SF 29 (12.2%) 1 (1.6%) 0.006 47 (19.7%) 2 (3.2%) 0.001 62 (26%) 4 (6.5%) <0.001

Malnutrition according to
GLIM using skinfolds 13 (9.2%) 17 (10.7%) 0.41 27 (19.1%) 22 (13.8%) 0.139 35 (24.8%) 31 (19.5%) 0.166

Malnutrition according to
GLIM using BIA 11 (8.3%) 13 (7.7%) 0.527 26 (19%) 18 (11.3%) 0.056 32 (24.8%) 26 (16.2%) 0.057

Malnutrition according to
GLIM using HGS 30 (11.8%) 0 (0%) 0.005 49 (19.4%) 0 (0%) <0.001 65 (25.7%) 1 (2.1%) <0.001

Malnutrition according to
GLIM using CC 23 (10.6%) 7 (8.5%) 0.391 39 (17.9%) 10 (12.2%) 0.155 53 (24.3%) 13 (15.9%) 0.076

SGA: Subjective Global Assessment; MNA SF: Mini Nutritional Assessment Short Form; GLIM: Global Leadership on Malnutrition; BIA: Bioelectrical impedance analysis; HGS:
Handgrip Strength; CC: calf circumference.

Table 4. Relationship between mortality and malnutrition according to SGA and MNA SF, adjusted for age, sex and Charlson Comorbidity Index.

Crude Adjusted

Odds Ratio
95% CI

p Value Odds Ratio
95% CI

p Value
Lower Upper Lower Upper

Malnutrition according to SGA
3-month mortality 5.29 1.57 17.89 0.007 3.64 1.02 13.04 0.047

6-month mortality 4.51 1.85 11 0.001 3.35 1.31 8.58 0.012

12-month mortality 4.25 2 9 <0.001 3.02 1.35 6.72 0.007

Malnutrition according to MNA-SF
3-month mortality 8.46 1.13 63.41 0.038 6.36 0.79 51.06 0.082

6-month mortality 7.38 1.74 31.29 0.007 5.71 1.28 25.36 0.022

12-month mortality 5.11 1.78 14.65 0.002 3.81 1.25 11.57 0.018

SGA: Subjective Global Assessment; MNA SF: Mini Nutritional Assessment Short Form; CI: Confidence interval.
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4. Discussion

In our study, the prevalence of malnutrition in elderly patients operated on for
fragility hip fracture is high, hovering between 45 and 85% depending on the nutri-
tional assessment tool used. These figures agree with those previously presented by
other authors [9–13,15,20].

Previously, the most commonly used diagnostic tool for the diagnosis of malnutrition
has been the MNA-SF [9,11–13,15,20,25]. The use of MNA-SF as a tool for diagnosing
malnutrition is supported by its ease of application and reproducibility, without the need
for biochemical determinations. Although the “Short Form” version was designed as a
screening test, it can also be used for nutritional assessment [29]. Its use is widespread in
the geriatric population. In our work, we used calf circumference instead of BMI, since the
exact weight could not be available in some cases. As an alternative to the MNA-SF, the use
of SGA in the nutritional assessment of hospitalized patients is justified since it is a valid,
sensitive tool with prognostic value and adequate concordance with other tools [36,37].

In our sample, mortality at 3, 6 and 12 months presented a risk up to 3–4 times higher in
patients who were malnourished according to SGA than those who were normo-nourished.
These data are consistent with those of the study of Miu et al., in which hospital mortality
was higher in malnourished individuals compared to patients at risk of malnutrition and
normally nourished patients, presenting this trend also at 6 months, although without
reaching statistical significance [9]. The authors postulated that there could be certain
limitations in the MNA for mortality prediction, such as the use of BMI or the absence
of analytical parameters. This, however, differs from our results, in which malnourished
patients according to MNA-SF presented a risk of mortality between 3 and 6 times higher
than normally nourished patients. In this case, the different results could be justified by
our decision to use the CC instead of the BMI when applying the MNA-SF.

Hand grip strength is a technique that correlates very well with lean mass and is an
inexpensive tool that is easy to reproduce [31]. The prevalence of low hand grip strength
values is very high in our sample, something that was described in similar populations,
reaching over 90% [10,38]. In previous studies carried out on patients admitted to our
hospital, we already found a high prevalence of low hand grip strength [38]. In the present
study, patients with a recent hip intervention were included, so that in most of the cases,
greater difficulty in sitting could determine lower values. A poor technique could have
implied an artificially high prevalence of low hand grip strength, which could lead to an
overestimation of malnourished patients when applying the GLIM criteria, something
that has had a direct impact on the estimation of its association with mortality in the
statistical analyses of our study. For this reason, HGS does not seem to be a reliable tool for
these patients.

In recent years, the use of bioelectrical impedance analysis in nutritional assessment
has spread. Some authors have included BIA in the assessment of elderly patients op-
erated on for a hip fracture [10,22,38], including muscle mass parameters, such as the
musculoskeletal index (SMI), although presenting disparate data. In our study, the FFMI
was used as a determinant of muscle mass, presenting low values in 8–9% of the patients,
which could be interpreted as an overestimation of muscle mass by the BIA. Nevertheless,
a recent study has investigated the use of the GLIM criteria for malnutrition in patients
with hip fractures, using BIA as determinant of muscle mass, determining that is useful for
predicting gait ability at discharge during acute hospitalization [22].

The use of calf circumference in patients with hip fracture is common in estimating
muscle mass [9,23]. In a recent study, CC was found to be a valuable tool in predicting
sarcopenia risk compared with other screening tools [39]. Our study determined a low CC
according to the cut-off points recommended in the GLIM criteria guidelines (33 cm for
men and 32 cm for women) while, for applying the MNA-SF, a single cut-off point is used
at 31 cm. With a lower cut-off point, the MNA-SF detected a lower percentage of patients
with low muscle mass, but both the prevalence of malnutrition and the relationship with
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mortality were higher than when applying the GLIM criteria, possibly due to the use of
other subjective parameters.

To date, only two studies have applied the GLIM criteria for the diagnosis of malnutri-
tion in patients with fragility hip fractures [22,23]. In a retrospective Swedish study [23],
phenotypic criteria were assessed, using calf circumference as a determinant of muscle
mass, although the prevalence of malnutrition was not detailed. On the other hand, the
study by Kobayashi et al. used the BIA as a determinant of muscle mass and found a
prevalence of malnutrition of 73.9%. The fundamental difference to our study was the use
of the skeletal muscle mass index (SMI) instead of the FFMI. In addition, mortality was not
studied and non-weight bearing patients were excluded [22].

Although the prevalence of malnutrition determined using anthropometry and BIA in
the application of the GLIM criteria was similar in our sample (good concordance), the low
predictive value of mortality could place the use of the GLIM criteria one step below SGA
and MNA-SF in this group of patients.

On the other hand, although the use of hand grip strength in the application of
the GLIM criteria could have a good prognostic value for mortality according to our
results [37], the great discrepancy found in the results, motivated by its difficulty in perfor-
mance after a hip intervention, makes its use as a determinant of muscle mass in this case
not recommended.

It is worth noting the greater concordance found in our study between SGA and
MNA S-F than between SGA and the GLIM criteria, regardless of the technique used to
measure muscle mass. This may be due to the fact that the GLIM criteria use BMI as one
of sources of the phenotypic data, and in the case of our patients, this data was in most
cases reported verbally. On the other hand, the difficulty in measuring muscle mass with
the techniques used could also have led to a greater disparity in the estimation of the
prevalence of malnutrition.

Based on other previously published studies [9–13,18,19,40], the implementation of
a generalized nutritional screening for those patients with fragility hip fractures could
reduce the incidence of refractures in the case of carrying out an appropriate nutritional
intervention, as well as a possible reduction in the average stay and in complications. In
our study, we have not evaluated a nutritional intervention, but our results indicate that
the application of a systematic nutritional screening and assessment protocol to all those
patients admitted for hip fragility fracture could be useful for the early detection of subjects
at risk or malnourished.

Our study has several strengths. It is a prospective study with a large number of
subjects and medium-term follow-up. In addition, it uses simple techniques for the mea-
surement and definition of muscle mass loss and the presence of malnutrition, something
that can be useful when other methods are not available.

In turn, there are several potential limitations. This is a single-center observational
study, so the results need to be interpreted in the appropriate population context, partic-
ularly in populations with different surgical approaches to hip fracture, and no causal
relationships can be established. On the other hand, patients underwent hip surgery in
the hours before the assessment, so the results of some diagnostic techniques, such as
hand grip strength and BIA, could be affected. In most cases, patients’ height and weight
were reported verbally due to their inability to stand. This can affect the calculations of
techniques such as BIA. For this reason, we recommend using calf circumference instead of
BMI when using the MNA-SF if weight and height cannot be measured correctly.

5. Conclusions

In conclusion, the prevalence of malnutrition in elderly patients admitted for fragility
hip fracture is high. The SGA and MNA-SF are postulated as adequate tools for the
diagnosis of malnutrition, with predictive value for mortality at 3, 6 and 12 months in
elderly patients operated on for fragility hip fracture. Further studies are needed to analyze
the role of the GLIM criteria in diagnosing malnutrition in these patients.
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