J Nutr Health Aging. 2020;24(7):717-722

© Serdi and Springer-Verlag International SAS, part of Springer Nature

IMPACT OF NUTRITIONAL STATUS ON MUSCLE ARCHITECTURE
IN ELDERLY PATIENTS HOSPITALIZED IN INTERNAL MEDICINE WARDS

A.LO BUGLIO", F. BELLANTI", G. SERVIDDIO, G. VENDEMIALE

Ce.R.MLI - Centre for Aging Research - Department of Medical and Surgical Sciences, University of Foggia, Foggia, Italy; *these Authors contributed equally to the study.
Corresponding author: Francesco Bellanti, MD, PhD, Department of Medical and Surgical Sciences, University of Foggia, Viale Pinto, 1, 71121 Foggia, Italy, Ph: +39 0881 732167,

francesco.bellanti@unifg.it

Abstract: Nutritional alterations are highly prevalent in older rather than adult hospitalized patients. In
these subjects, a loss of physical performance is dependent on the impairment of muscle architecture. This
study aimed to investigate the association between the nutritional status and muscle architecture in elderly
patients hospitalized in internal medicine wards. 68 aged patients admitted in internal medicine wards were
consecutively enrolled and stratified in three groups based on the Mini Nutritional Assessment (MNA) score:
well-fed (WF), at risk of malnutrition (RM), and malnourished (M). Biochemical indices and anthropometric
parameters were sampled at hospital admission. Furthermore, all patients were assessed at admission and after
7 days of hospitalization for muscle strength (hand-grip test), mass (bioimpedentiometry), and architecture
(ultrasonography of vastus lateralis). At hospital admission, M patients showed lower percentage of fat free mass
and muscle mass with respect to WF and RM. Furthermore, M group presented with lower muscle thickness
and pennation angle, as compared to WF and RM. At admission, the MNA score was positively related to the
pennation angle and muscle strength. Multivariate linear regression analysis showed that the nutritional status
at admission was the only significant factor influencing pennation angle. Finally, during the first 7 days of
hospitalization, a decrease of pennation angle occurred in all the groups studied. We conclude that malnutrition
at admission is associated with impaired muscle architecture in elderly patients hospitalized in internal medicine

wards. Moreover, muscle architecture is impacted by early hospitalization, irrespective of nutritional status.
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Introduction

Elderly subjects undergo hospitalization more frequently
than younger ones (1). For most patients, hospitalization
results in functional decline independently of the cause of
hospital admission. In fact, reduced mobility in hospitalized
elderly patients frequently occurs and associates with negative
outcomes (2).

Malnutrition, defined as a chronic condition characterized
by over- or undernutrition associated with increasing disability,
morbidity and mortality (3-5), is prevalent in the geriatric
population (6, 7). Although malnutrition is associated with
adverse clinical outcomes in hospitalized patients, screening
and assessment of nutritional status are not routinely performed
(8-11). The Mini-Nutritional Assessment (MNA) is an easy-to-
use screening tool to check the nutritional status in the elderly
(12).

Both aging and malnutrition can contribute to modifications
in body composition, especially the loss of skeletal muscle
mass (13). If a healthy skeletal muscle status improves both
global health and physical autonomy (14), muscle strength
loss is an important predictor of adverse clinical outcomes,
such as hospital length stay, disability and mortality (15,
16). Age-related muscle changes may include alterations
in tissue architecture, described by muscle thickness (MT),
fascicle length (FL) and pennation angle (PA) (17). Muscle
architecture plays a central role on muscle performance and
strength (17, 18). Malnutrition and acute conditions may
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contribute to hypercatabolic state with consequent impairment
of muscle tissue (19). A recent study reported the association of
malnutrition with low muscle mass at admission in hospitalized
elderly patients (13).

However, to our knowledge no data are available on the
relationship between nutritional status and muscle architecture.
Thus, we investigated the impact of nutritional status on muscle
architecture in elderly patients at admission in internal medicine
wards, taking into account any change in muscle thickness and
pennation angle during early hospitalization.

Methods

Study design

The study was conducted at the Department of Medicina
Interna Universitaria, “Ospedali Riuniti” in Foggia (Italy).
We recruited consecutive patients aged 65 years or older
admitted to our ward. The exclusion criteria were the following:
dysphagia, active cancer, severe cognitive impairment (assessed
with a Mini-Mental State Examination score < 9 points),
immobilization in bed, inability to comply with the study
protocol or to provide written informed consent. Moreover,
patients with a length of stay < 7 days or terminally ill were
excluded. Finally, 68 patients were included in the study
(Figure 1).

The study was approved by our Institutional Review Board
at the Ospedali Riuniti in Foggia and performed according to
the Declaration of Helsinki. All patients gave written informed

consent.
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Figure 1
Flowchart of study participants

Screened at admission (N = 328) ]

Excluded for 1° assessment (N = 183)
- Immobilization in bed (N = 74)

- Unwillingto sign informed consent (N = 32)
- Unableto sign informed consent (N = 30)

- Other (N =47)

Included for 1° assessment (N = 145) ‘

Lost to 7-day re-assessment (N = 77)
- Died during admission (N = 3)

- Unwillingto participate (N = 12)
- Unexpected discharge (N = 28)

- Missing information (N = 34)

| Included for 2° assessment (N = 68) ‘

| Completed the study (N = 68) l

MNA was performed by the same investigator, and
patients were divided in three groups according to the
nutritional status: WELL-FED (WF, score > 23.5 points),
RISK OF MALNUTRITION (RM, score 23.5 — 17 points);
MALNOURISHED (M, score < 17 points) (20).

QOutcome measures

At the hospital admission time, physical activity was
estimated through the Physical Activity Scale for the Elderly
(PASE) questionnaire (21). Cognitive status was assessed
through the Mini-Mental State Examination (MMSE) while
function autonomy was measured using the activities of daily
living (ADL) (22, 23). Laboratory tests such as haemoglobin,
white blood cell (WBC) count, lymphocytes, serum creatinine,
total cholesterol, HDL and LDL cholesterol, triglycerides,
albumin, C-reactive protein (CRP) and ferritin were assessed.
Body weight and height were also measured according to
standardized procedures. Body mass index (BMI) was
calculated as the ratio between weight in kilograms and the
square of height in meters.

Intra-hospital mobility levels were evaluated using the “de
Morton Mobility Index” (DEMMI) (24).

Body composition, muscle strength and architecture were
assessed at two occasions during their admission, i.e. within 48
h after admission and at day 7 after the first assessment.

Body composition was assessed by bioelectrical impedance
using a BIA 101-F device (Akern/RJL, Florence, Italy), as
previously reported (25).

Muscle strength was evaluated by performing the handgrip
strength test, using the Hand Grip Dynamometer Kern
MAP 80KI1S (Kern, Balingen, Germany). The patients were
instructed to apply as much handgrip pressure as possible by
using the hand. The measurements were repeated 3 times, and
the highest score was recorded in kilograms. Three trials for
each hand were carry out and the best value of the strongest

hand was considered in the analyses (26).

To evaluate muscle architecture, we performed right vastus
lateralis muscle ultrasound according to a previously published
standardized protocol (27). The ultrasonographic images of
right vastus lateralis muscle were obtained using a Philips iU22
xMATRIX Ultrasound system with a 12.5 MHz linear array
L12-5 transducer (Philips S.p.A., Milano, Italy) and analyzed
with Imagel Software.

Statistical analysis

Data were expressed as count and percentages/interquartile
range (IR) for qualitative values, and as mean * standard
deviation of the mean (SDM) for quantitative variables.
Gaussian distribution of the samples was evaluated by the
Kolmogorov-Smirnov test. Comparison among groups for
continuous variables was performed using one-way analysis-
of-variance (ANOVA) or Kruskall-Wallis tests for parametric
or non-parametric distribution respectively. The Tukey test
was used for the post hoc analysis. Nominal and categorical
variables were analysed by the Pearson’s Chi-Squared test.

The correlation analysis between variables was performed by
using the Pearson correlation test followed by linear regression.
A two-way ANOVA was used to test the main effects of time
and nutritional status as between-subject factor; the interaction
time X nutritional status was studied, and a Tukey test was
applied as post hoc test for multiple comparisons.

The odds ratio (OR) and the 95% confidence interval (CI)
were calculated. Here, ORs >1 implies a higher chance for
malnutrition relative to the reference category. Multivariate
logistic regression analysis was used to analyse the association
between indices of muscle architecture (muscle thickness,
pennation angle) and nutritional status. The selection of
covariates in the multivariate analysis was performed by back-
ward selection, using p < 0.1 as cut-off, with age and genre
forced into the model.

All tests were 2-sided, and P values < 0.05 were considered
to be statistically significant. Statistical analysis was performed
with the Statistical Package for Social Sciences version 20.0
(SPSS, Inc., Chicago, IL) and the package Graph-Pad Prism 6.0
for Windows (GraphPad Software, Inc., San Diego, CA).

Results

Table 1 shows the clinical and biochemical characteristics
of the study population. The mean age was 77.3 (+ 7.6), and
58.8% of the patients were women. According to the MNA
score at admission, 36.8% of the patients were WF, 33.8% were
RM, and 29.4% were M. There were no significant differences
among groups as regards gender, polypharmacotherapy,
comorbidities, the mini-mental state examination (MMSE),
the (PASE), DEMMI, serum creatinine, C-reactive protein
and ferritin level. Differences were found concerning age,
activities of daily living (ADL), blood haemoglobin and
lymphocytes, and serum total cholesterol, HDL-cholesterol,
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Table 1
Clinical and biochemical characteristics of patients at baseline, according to study groups

Well-fed (WF) Risk of Malnutrition (RM) Malnourished (M) P value

N=25(36.8%) N =23 33.8%) N=20(29,4%)
Age (years) 71.6+39 757 +6.7 812+4.1 <0.001
Gender (M/F) 11/14 10/13 7/13 0.799
Living independently (N, %) 18 (72) 14 (61) 15 (75) 0.561
Polypharmacotherapy (N, %) 23 (92) 22 (96) 20 (100) 0.430
Co-morbidities > 3 (N, %) 19 (76) 19 (83) 18 (90) 0472
ADL (score) 59+0.8 58=+1.1 5819 0.955
MMSE (score) 243+63 214+58 21.1+72 0.176
PASE (score) 114 +£32.4 1193 £46.7 109.8 +42.7 0.372
DEMMI 582+ 11 573+ 14 56.7+19 0.942
Haemoglobin (g/dL) 13.1+1.7 104238 100+1.9 <0.001
WBC (N/uL) 5438 + 2151 6596 + 3135 6440 + 2615 0.268
Lymphocytes (N/uL) 1267 + 286 1147 + 186 934 + 122 0.038
Creatinine (mg/dL) 097 £0.36 1.27 £0.53 1.17+091 0.240
Total Cholesterol (mg/dL) 176.5 +52.0 1389 +334 1264 +18.3 <0.001
LDL-Cholesterol (mg/dL) 1039 +47.8 81.3+338 92.6+27.1 0.148
HDL-Cholesterol (mg/dL) 562 +21.6 42.6+256 330+£59 0.002
Triglycerides (mg/dL) 1209 £47.5 1153 £54.7 72.6 +36.8 0.003
Albumin (g/dL) 3506 3207 25+1.8 <0.001
C-reactive protein (mg/L) 135+148 153+18.2 213+£198 0.317
Ferritin (ng/mL) 145.1+£293 1399 +£47.5 255.6+779 0.250

Statistical differences were assessed by one-way analysis of variance or Pearson’s Chi-squared test. ADL, activities of daily living; MMSE, mini-mental state examination; PASE, physical
activity scale for the elderly; WBC, white blood cells; LDL, low-density lipoproteins; HDL, high-density lipoproteins.

Table 2
Anthropometric measures and bioimpedentiometric parameters in patients at baseline, according to study groups

Well-fed (WF) Risk of Malnutrition (RM) Malnourished (M) P value

N =25 (36.8%) N =23 (33.8%) N =20 (29,4%)
BMI (Kg/m?) 25722 255+26 224+238 <0.001
Arm circumference (cm) 26.1+1.8 278+6.3 200+3.1 <0.001
Thigh circumference (cm) 45247 402+22 36.1+49 <0.001
Waist circumference (cm) 962 +4.5 1073 +£109 83.0+4.7 <0.001
Calf circumference (cm) 32.1+£26 324+£26 24.5+£2.5 <0.001
FM (%) 266+54 376+5.8 42.1+£39 <0.001
FFM (%) 73454 624+58 579+39 <0.001
MM (%) 345+36 280+5.1 251+32 <0.001

Statistical differences were assessed by one-way analysis of variance. BMI, body mass index; FM, fat mass; FFM, free-fat mass; MM, muscle mass.
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Figure 2
Panels A-C: muscle architecture (thickness — panel A — and pennation angle — panel B) and strength (hand-grip — panel C) in
patients at baseline, according to study groups. Statistical differences were assessed by one-way analysis of variance. Panels D-E:
correlation between the mini-nutritional analysis (MNA) score and pennation angle (panel D) or muscle strength (panel E) in all
the patients considered in this study at baseline
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triglycerides and albumin. In particular, post hoc analysis
showed that malnourished patients were older than WF and
RM, while the ADL score was lower in M with respect to RM
and WF, and in RM as compared to WF. Anthropometric and
bioimpedentiometric parameters are shown in Table 2 and
were all different among the groups studied. Particularly, post
hoc analysis showed that M group had significant lower mean
values of BMI, arm, thigh, waist and calf circumferences, as
well as FFM and MM percentage, compared to RM and WF
groups. On the contrary, FM was higher in M subjects rather
than RM and WF.

Muscle architecture and strength parameters at admission,
stratified according to the nutritional status, are represented in
figure 2A-C. Compared to WF patients, muscle thickness and
pennation angle were significantly lower in RM and M patients,
and further in M rather than RM. A similar trend was observed
for muscle strength.

The analysis of the relationship between the nutritional
status and muscle architecture/strength parameters revealed a
significant positive correlation between the MNA score and
pennation angle (0 = 0.716, p < 0.001; Figure 2D) and hand-
grip strength (0 = 0.769, p < 0.001; Figure 2E).

A multivariate analysis was performed to verify the most

important factors associated with pennation angle and showed
that the presence of malnutrition was the only independent
predictor (OR: 1.42,p <0.001).

Figure 3 represents the changes of body composition (fat
mass, free-fat mass, muscle mass), muscle architecture (muscle
thickness and pennation angle), and muscle strength (hand-grip)
parameters during the first 7 days of hospitalization, stratified
by the nutritional status. Of note, a significant impact of early
hospitalization was observed for the pennation angle (F(1, 130)
= 4.693, p = 0.0321), irrespective of the nutritional status. No
other changes dependent on the hospitalization, the nutritional
status, or the interaction of these factors were observed for the
remaining parameters.

Discussion

The present study demonstrates that elderly patients who
present with malnutrition at admission in internal medicine
wards are characterized by compromised muscle architecture.
Furthermore, nutritional status is the main determinant of
muscle architecture at hospital admission. However, the
impairment in muscle architecture observed during the first 7
days of hospitalization was not dependent on nutritional status.
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Figure 3
Variations of bioimpedentiometry (panels A-C), muscle architecture (muscle thickness — panel D — and pennation angle — panel E),
and muscle strength (hand-grip, panel F) in patients stratified according to the nutritional status, between in-hospital admission and
7-day hospitalization. Statistical differences were assessed by two-way ANOVA
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Skeletal muscle undergoes several changes during aging,
such as a loss of muscle mass and a reduction in performance.
Several studies described the association of a high risk of
malnutrition and lower muscle mass at admission (13, 28).

To the best of our knowledge, this is the first study to
investigate the impact of nutritional status on muscle
architecture in elderly patients hospitalized in internal medicine
wards.

Muscle architecture is an important parameter affecting
the muscle function. In fact, previous studies demonstrated a
lower PA in elderly subjects as compared to younger individual,
which was associated with reduced hand-grip strength (17, 29).
In our study, malnourished patients showed lower muscle mass,
architecture and strength with respect to well-fed ones.

In line with a previous study, we did not find a decrease
of muscle mass during hospitalization due to the high
prevalence of inactivity and malnutrition in older patients (13).
Interestingly, our data evidenced that early hospitalization is
associated with a drop in pennation angle, the most important
parameter of muscle architecture. However, this reduction was
not related to nutritional status. Indeed, we could not find any
changes in muscle mass, thickness and strength in the well-fed,
risk of malnutrition or malnutrition group.

Physical activity and nutrition are the main anabolic stimuli
for muscle protein synthesis (Koopman and van Loon 2009).
A previous study described a significant decrease of lean
body mass after seven days of hospitalization in aged patients

undergoing colorectal surgery (30). However, this may be
dependent on causes related to abdominal surgery, such as
reduced appetite, vomiting and impaired gastrointestinal
function. A randomized-controlled study in elderly patients
admitted in acute medicine wards could not demonstrate
the efficacy of feeding support on mid-arm circumference,
triceps skinfold thickness and hand grip strength (31). A
dietary supplementation in hospitalized elderly patients with
malnutrition demonstrated a positive impact on free-fat mass,
but not on hand-grip strength (32). Taking into account data
from previous studies and ours, even though malnutrition can
lead to a negative skeletal muscle protein balance, followed by
muscle loss, it is conceivable that physical inactivity would be
the most influent factor on muscle homeostasis (33).

We are aware of the limitations of our study. First, the
fact that this study was performed on a small sample and in a
single centre may have presented some bias and could not draw
solid conclusion. Second, muscle architecture and strength
were not measured simultaneously in the same anatomical
site, since pennation angle is assessed on the vastus lateralis
muscle, while muscle strength is evaluated by hand-grip
dynamometer. Furthermore, the observational design did not
allow us to suggest suitable interventions. Finally, this study
presents limited generalizability because of a selected initially
hospitalized population.
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Conclusion

In elderly patients hospitalized in internal medicine wards, a

compromised nutritional status at admission was significantly
associated with an impairment of muscle architecture. However,
the nutritional status did not impact changes of these parameters
during early hospitalization.
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