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To discern if physical function test are better mortality predictors than muscle mass in elderly hospitalized
patients, we analyzed the prognostic value of muscle mass malnutrition and compared it with physical
muscle function tests, including the six-minute walking test (6MWT) and hand grip strength. We included
the ankle brachial index (ABI) to assess arterial disease, related to muscle atrophy due to hypoperfusion. We
also analyzed the relationship of ABI with malnutrition, physical function tests and survival. We studied 310
hospitalized patients older than 60 years. To assess nutritional status, we determined BMI, triceps skinfold
and mid-arm muscle area; we performed a subjective nutritional assessment; and evaluated the degree of
inflammatory stress. We assessed physical function by hand grip strength and 6MWT. We evaluated arterial
disease by ABI. Forty-one patients died during hospitalization; 269 were discharged and followed for a mean
808 days, reaching a mortality of 49%. Muscle malnutrition was frequent and was related to mortality, but
the best predictors were physical function tests: inability to perform the 6MWT and low handgrip strength.
Function tests were closely related to each other and correlated with nutritional data. Reduced ABI was
related to impaired nutritional status, physical function tests and mortality.

M
alnutrition is frequent among elderly hospitalized patients and is related to prognosis. In this regard,
muscle and serum protein levels are more relevant than fat stores1,2. Muscle protein may be assessed as a
mass amount by mid-arm anthropometry, for example, or by physical function assessment including

stair climbing ability, handgrip strength or distance covered in a walking test. Regarding prognosis, poor per-
formance in physical function tests is related to mortality in the same way as loss of muscle mass is2–7.

Sarcopenia is the age-related loss of muscle mass and function8,9. There are three main conditions which lead to
sarcopenia: first, starvation or semi-starvation, with a negative balance of calories and protein; second, an
inflammatory disease with associated active protein degradation (sarcopenic cachexia); and third, muscle atrophy
secondary to neuromuscular impairment, reduced mobility or chronic hypoxia induced by arteriosclerosis. All
these conditions are closely related to ageing.

As function tests may assess muscle quality, their relationship with prognosis would be better than that of
muscle mass. Our objective is to compare, in elderly hospitalized patients, the prognostic value of muscle mass
estimated by mid-arm anthropometrics and subjective assessment with muscle function estimated by the ability
to climb stairs, handgrip strength and the 6 minute walking test (6MWT). In addition, as the relationship between
arteriosclerosis and sarcopenia has not been extensively studied, we included the ankle brachial index (ABI), a
noninvasive test, to evaluate possible muscle atrophy related to arteriosclerotic low blood flow and its possible
relationship with muscle malnutrition, loss of physical function and prognosis10–12.

Methods
In an observational study, we included 310 consecutively admitted patients older than 60 years, hospitalized in the Internal Medicine
Department of the Hospital Universitario de Canarias; 159 men and 151 women aged 61–99 years.

Comorbidity. Diseases were categorized and recorded according to diagnoses at medical reports. They included previous cardiovascular
diseases: coronary disease, 67 (21.6%), stroke, 59 (19%) and peripheral arterial disease, 73 (23.5%), as well as cardiovascular risk factors:
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hypertension, 87 (21.1%), hyperlipidemia, 145 (46.82%), obesity (BMI . 30 kg/m2),
87 (28.1%), diabetes mellitus, 142 (45.8%) and smoking, 92 (29.7%).

Other diseases were: congestive heart failure, 134 (43%); COPD, 66 (21.3%); can-
cer, 39 (12.6%); alcohol abuse, 36 (11.6%); liver cirrhosis, 14 (4.5%); renal failure, 144
patients (46.5%); and dementia in 39 (12.5%). The most frequent infections at
admission were pneumonia, detected in 95 (30.6%) and urinary tract infection in 44
cases (14.2%); sepsis, was present in 134 cases (43.2%). Charlson’s comorbidity index
(without age) was also calculated13.

Nutritional assessment. We inquired about anorexia and weight loss in the year
preceding admission. Dietary changes were classified as reduced intake and only
liquid consumption. BMI was calculated at admission as weight/height2. We
measured mid-arm circumference (MAC) and triceps skinfold (TSF) using a Holtain
lipocaliper and calculated mid-arm muscle area (MAMA). Anthropometric
parameters were compared within sex and age categories for the adult population of
the Western Canary Islands14.

Subjective nutritional assessment included examination of the muscle mass of the
upper and lower limbs and of the temporal muscle, defining two degrees of atrophy
(severe, moderate), and absence of atrophy. We assigned 2, 1 and 0 points to each
category, respectively. Bichat’s pad and subcutaneous fat atrophy were scored in the
same way. Thus, a subjective nutritional score was obtained for each patient based on
the sum of the assigned points. As previously reported, a score of 0 to 2 was considered
normal, 3–4 points indicated mild malnutrition, and higher than 4 points indicated
severe malnutrition15.

Clinical stress was classified as one of three categories: high when the patient
presented hyper-metabolic hyper-catabolic disease such as severe sepsis or septic
shock, severe pancreatitis or ‘‘delirium tremens’’; moderate in the case of non-com-
plicated inflammatory problems such as pneumonia, urinary tract infection, heart
failure or arthritis and low in the absence of these conditions16. Samples for blood
analysis were taken at 08.00 in the morning after admission. We determined nutri-
tional data including cholesterol, triglyceride, B12 and folate levels; we also included
acute phase reactants such as serum albumin, alpha1antitrypsin, and C Reactive
Protein (CRP).

Physical function assessment. In the first two days after admission, dominant arm
hand grip strength was determined using a Collin’s dynamometer, selecting the best
of three measurements17. We assessed mobility as the self-reported ability to climb
stairs, and to walk without aid at discharge. The 6MWT employed was that
standardized by the ATS18. It was performed when patients were cooperative before
discharge. In 135 patients it was not possible to perform the test due to limited
physical conditions; in this case it was computed as a result of 0 meters.

Ankle Brachial Index (ABI). Doppler ultrasound (HADECO ES-100 Kawasaki,
Japan) was used to measure bilateral systolic blood pressure (SBP) of the brachial,
tibial and dorsal pedal arteries. ABI was calculated as the quotient between the highest
SBP of pedal or tibial arteries in each lower limb and the highest SBP of the upper
limbs. The lowest ABI of the two legs was used. We considered an ABI value between
0.9 and 1.3 as normal10–12,19.

Statistical analysis (SPSS15.0). Variables were analyzed by Chi-2, Student t test, and
Pearson r correlation. Stepwise logistic regression was performed to analyze which
parameters yielded independent predictive value on hospital survival. After
discharge, patients were followed by telephone to know the status (alive or dead) and
the survival time. Kaplan-Meier curves and log rank test were performed to assess
differences in long-term survival and Cox regression analysis to discern which
parameters had independent prognostic value.

Methods were carried out in accordance with approved guidelines. The study was
approved by the Hospital Universitario de Canarias Research and Ethics Board;
informed consent was obtained from all patients or its relatives in the case of con-
fusion or dementia.

Results
Of the 310 patients included, 41 (13.2%) died during hospitalization.
Of the 269 discharged patients, Kaplan- Meyer survival curves
showed a mortality rate of 49% after a mean follow-up of 808 6

40 days (including deceased patients).

Table 1 | Data with prognostic value for mortality

Mortality

short term (in hospital) long term (after discharge)

yes(% exitus)/no(% exitus) X2c p OR (CI 95%) log rank p HR (CI 95%)

Age $ 80 years 125 (16%)/185 (11.4%) 1.03 0.310 6.98 0.008 1.77(1.15–2.72)
Coronary disease 67 (16.4%)/243 (12.3%) 0.44 0.504 0.91 0.340
Stroke 59 (15.3%)/251 (12.7%) 0.09 0.766 0.59 0.444
Peripheral arteriopathy 73 (15.1%)/237 (12.7%) 0.11 0.738 2.26 0.133
BMI , 25 Kg/m2 103 (14.6%)/183 (11.9%) 0.33 0.569 9.11 0.003 2.01(1.27–3.19)
SNS . 2 198 (16.2%)/112(8%) 4.10 0.043 2.21(1.01–4.81) 11.0 0.001 2.29(1.38–3.78)
SNS (M) . 1 202 (16.3%)/108 (7.4%) 4.14 0.042 2.43(1.08–5.50) 14.5 ,0.001 2.61(1.57–4.36)
MAC , percentile 10 111 (16.2%)/198 (11.6%) 0.94 0.330 4.77 0.029 1.61(1.05–2.49)
MAMA , percentile 10 147 (17%)/162 (9.9%) 2.81 0.093 5.18 0.023 1.64(1.07–2.53)
TSF , percentile 10 16 (12.5%)/293 (13.3%) 0.00 1.000 4.03 0.045 2.17(0.99–4.73)
Weight loss . 5% 188 (16.5%)/122 (8.2%) 4.42 0.036 2.21(1.04–4.70) 0.91 0.341
Anorexia 73 (21.9%)/237 (10.5%) 5.33 0.021 2.38(1.19–4.76) 4.46 0.035 1.68(1.03–2.74)
Cholesterol , 100 mg/dl 29 (31%)/275 (10.5%) 8.28 0.004 3.82(1.59–9.17) 5.46 0.020 2.04(1.11–3.76)
High stress (disease) 50 (28%)/260 (10.4%) 9.86 0.002 3.36(1.61–6.99) 5.52 0.019 1.90(1.10–3.29)
Serum albumin , 3 g/dl 86 (23.3%)/220 (8.6%) 10.6 0.001 3.21(1.62–6.37) 5.96 0.015 1.75(1.11–2.75)
CRP . 90 mg/dl 58 (24.1%)/252 (10.7%) 6.28 0.012 2.65(1.28–5.46) 2.75 0.098
a1antytrypsin . 250 mg/dl 46 (17.8%)/143 (11.9%) 0.58 0.446 4.94 0.026 2.57(1.08–6.09)
Handgrip , pctil33u 104 (23.1%)/206 (8.3%) 12.0 0.001 3.34(1.70–6.55) 12.9 ,0.001 2.20(1.41–3.42)
Inability to climb stairs 140 (18.6%)/170 (8.8%) 5.54 0.019 2.36(1.19–4.65) 10.57 0.001 2.06(1.34–3.20)
Inability to walk at discharge 33.0 ,0.001 3.31(2.15–5.10)
6MWT Inability 135 (22.2%)/175 (6.3%) 15.5 ,0.001 4.26(2.05–8.87) 25.7 ,0.001 2.95(1.90–4.57)
ABI , 0.5 36 (27.8%)/264 (11%) 6.48 0.011 3.11(1.37–7.10) 10.6 0.001 2.81(1.47–5.37)
Cancer 39 (28.2%)/271 (11.1%) 7.29 0.007 3.16(1.43–6.98) 20.0 ,0.001 3.24(1.88–5.60)
Sepsis 134 (20.1%)/176 (8%) 8.82 0.002 2.92(1.46–5.82) 0.58 0.445
Dementia 39 (28.2%)/271 (11.1%) 7.29 0.007 3.16(1.43–6.98) 15.9 ,0.001 2.77(1.64–4.66)
Creatinine $ 1.2 mg/dl 130 817.7%)/179 (9.5%) 4.47 0.034 2.05(1.04–4.02) 5.35 0.021 1.65(1.08–2.54)
Charlson . 5 116 (19.0%)/194 (9.8%) 4.55 0.033 2.16(4.18–1.11) 10.1 0.001 1.98(1.29–3.03)

BMI: Body Mass Index; SNS: Subjective Nutritional Score; SNS (M): Muscle component of Subjective Nutritional Score MAC: Mid Arm Circumference; MAMA: Mid Arm Muscle Area; TSF: Triceps Skinf
Fold; CRP: C Reactive Protein; 6MWT inability: inability to perform the six minutes walking test; ABI: Ankle Brachial Index; High stress (disease): High degree clinical stress according with the presence of
hyper-metabolic, hyper-catabolic disease.
Short term survival was analyzed by Chi-square test with correction for continuity (X2c), and long term survival by Kaplan and Meyer survival curves compared by long-rank test. OR: Odd ratio, CI: 95%
confidence interval; HR: Hazard ratio.
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Table 1 shows the prognostic value of previous vascular events,
ABI, nutritional status, physical function capacity, acute phase reac-
tion and diseases.

We did not find significant sex or age differences in mortality
during hospitalization. However, patients older than 80 years
showed worse subjective nutritional score, impaired hand grip
strength, less distance covered in the 6MWT and lower survival after
discharge.

Arterial disease. Sixty-seven (21.6%) patients were previously
diagnosed with coronary disease; 59 (19%) with stroke and 73
(23.5%) with peripheral arterial disease. In these cases we found no
relationship with mortality during hospitalization or after discharge.

ABI was determined in 300 patients. Values were over 1.3 in 31
(10.3%), between 1.3 and 0.9 in 156 (52%) and below 0.9 in 113
(37.7%): between 0.9 and 0.5 in 77 (25.6%) and below 0.5 in 36
(12%) patients. As shown in Table 1, patients with an ABI value
under 0.5 showed increased mortality both in hospital and after
discharge. Patients with stroke or peripheral arterial disease showed
lower ABI (p 5 0.001 in both cases).

Nutritional status. According to the subjective nutritional
assessment, 112 (36.1%) were normal, 64 (20.6%) had moderate
malnutrition and 134 (43.2%) had severe malnutrition. Body mass
index (BMI) was determined in 286 patients; 14 (4.9%) patients were
under 20 kg/m2 (low weight); 89 (31.1%) between 20 and 25 kg/m2

(normal); 105 (36.7%) between 25 and 30 kg/m2 (overweight); and
78 (27.3%) with a BMI above 30 Kg/m2 were obese. With respect to
mid-arm anthropometrics, MAC was under the 10th percentile of
the health reference population in 111 (35.9%); MAMA was under
the 10th percentile in 147 (47.6%); and TSF was under the 10th
percentile in 16 (5.2%) patients. Regarding serum lipids levels, 7
patients (2.3%) showed serum cholesterol levels over 250 mg/dl, 44
(14.2%) between 200 and 250 mg/dl and 29 (9.5%) below 100 mg/dl;
and 98 patients (32%) showed serum triglyceride over 150 mg/dl.
Low serum vitamin B12 levels (,170 pg/ml) were observed only in 8
(2.7%) and low serum folate levels (,3 ng/ml) in 57 (19.1%) patients.

As shown in Table 1, patients with better nutritional status showed
better short and long term prognosis. It is noteworthy that patients
with a BMI over 25 kg/m2 showed better long term survival.
Moreover, obese patients with a BMI over 30 kg/m2 showed better
long term prognosis when compared with those with normal weight
(BMI 20–25 kg/m2) (p 5 0.022) and those with low weight (BMI ,

20 kg/m2) (p 5 0.009). Overweight patients (BMI 25–30 kg/m2) also
had better long term survival than those with a normal BMI (20–
25 kg/m2) and those with low BMI (,20 kg/m2). Obese and over-
weight patients showed less weight loss, better subjective nutritional
score, higher MAMA, handgrip strength and serum albumin levels.

Physical function assessment. The study of physical function
capacity showed low handgrip strength in many patients: 140
(45%) of the men and women had handgrip strength under 10 and
5 lbs, respectively. Similarly poor results were obtained with the
walking test: 135 (43.5%) patients were unable to perform the test
and 60 (19.4%) walked less than 150 m; only 115 (37.1%) walked
between 150 and 750 m in six minutes. Similarly, 140 (45.2%)
patients did not climb stairs, and of the 269 discharged, 61 (22.7%)
did not walk at all, and 86 (32%) were unable to walk without aid at
discharge. A good physical function capacity was related to improved
survival. Thus, patients with better results for handgrip strength,
ability to walk at discharge or to climb stairs, and distance covered
at 6MWT, showed better short and long term prognosis.

Handgrip strength and ability to walk were closely related to each
other and both to nutritional status, especially to muscle and serum
protein data (Tables 2 and 3). Arterial disease, assessed as an ABI
value less than 0.5, was also related to worse nutritional status, Ta
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impaired handgrip strength, reduced ability to walk (Tables 2 and 3)
and to worse short and long term prognosis (Table 1).

Acute phase reaction. Eighty patients (28.1%) showed serum albu-
min under 3 g/dl with an in- hospital mortality rate of 23.3%; low
serum albumin levels were also related with increased mortality after
discharge. C reactive protein higher than 90 mg/dl was observed in
58 (19%) cases, with a hospital mortality rate of 24.1%. Alpha-
1antitrypsin levels over 250 mg/dl did not show any relationship
with in-hospital mortality, only after discharge. Moreover, the 50
(16.1%) patients with diseases involving severe inflammatory stress
showed increased short term mortality (28%) and long term
mortality, as shown in Table 1.

At table 3 we show how serum albumin levels correlated with the
nutritional status and the muscle physical function tests, and inver-
sely with the Charlson comorbiditiy index.

Diseases. Sepsis and urinary tract infection were related with higher
in-hospital mortality, but not after discharge. Cancer, dementia,
renal failure and a Charlson index of more than five points were
related to higher mortality, both during hospitalization and after
discharge (Table 1).

Multivariate analysis. At table 3 we can observe by correlation
analysis how nutritional status (subjective nutritional score, global

and muscle component), muscle physical function tests (hand grip
and walking test), acute phase reaction (serum albumin), ankle
brachial index and comorbidity Charlson index, are all variables
that significantly correlated among them. So, as nutritional status
becomes impaired and physical function declines serum albumin
decreases. An ABI lower than 0.5 is related to an impaired
nutritional status and physical function tests, decreased serum
albumin and increased Charlson index.

To determine which variables had independent short term pro-
gnostic value for in-hospital mortality, we included in a logistic
regression analysis, age $ 80 years, subjective nutritional score .4,
serum albumin under 3 g/dl, clinically assessed high degree of stress,
inability to perform the 6MWT, handgrip strength below the 50th

percentile, ABI less than 0.5, sepsis, cancer and Charlson index over
5 points. The following variables showed independent prognostic
value: inability to perform the 6MWT, handgrip strength below
the 50th percentile, sepsis, cancer, serum albumin under 3 mg/dl,
high degree of inflammatory stress and Charlson index over 5 points
(Table 4).

Similarly, to determine which variables had independent pro-
gnostic value for post-discharge mortality, we performed a survival
analysis with covariates (Cox regression) including the same list of
variables (except for sepsis). Those with independent prognostic
value were: subjective nutritional score greater than 4 points, inab-

Table 3 | Correlation analysis between nutritional status, muscle physical function tests (hand grip and walking tests), acute phase reaction
(serum albumin), ankle brachial index and comorbidity Charlson index. All the variables are significantly correlated among them

SNS(M) HGS 6MWT Album ABI , 0.5 Charlson

SNS r 0,956 20,214 20,206 20,220 0,130 0,118
p 0,000 0,000 0,000 0,000 0,024 0,037

SNS(M) r 20,221 20,182 20,204 0,126 0,133
p 0,000 0,001 0,000 0,029 0,020

HGS r 0,231 0,260 20,168 20,170
p 0,000 0,000 0,004 0,003

6MWT r 0,264 20,151 20,173
p 0,000 0,009 0,002

Album r 20,202 20,146
p 0,000 0,011

ABI , 0.5 r 0,234
p 0,000

SNS: Subjective Nutritional Score; SNS(M): Muscle component of Subjective Nutritional Score; HGS: Hand Grip Strength by dynamometry as percentage of the 50th percentile of the sample; 6MWT:
distance covered at the six minute walking test; ABI: ankle brachial index; Charlson: comorbidity index (without age).

Table 4 | Multivariate analysis of short term (in hospital) and long term (after discharge) survival

short term survival long term survival

(logistic regression) (Cox regression with covariates)

OR (95% CI) HR (95% CI)

Variables with independent predictive value
6MWT (unable to perform) 3.26 (1.38–7.69) 2.15 (1.35–3.42)
Handgrip strenght , 50th percentile 2.74 (1.14–6.58)
Serum albumin ,3 g/dl 2.72 (1.23–5.99)
Sepsis 2.78 (1.15–6.71)
Cancer 3.79 (1.42–10.1) 2.57 (1.44–4.58)
Charlson index .5 2.52 (1.11–5.71) 1.77 (1.12–2.81)
High degree stress 2.99 (1.21–7.36)
SNS . 4 2.53 (1.59–4.00)
Ankle Brachial Index ,0.5 2.49 (1.26–4.90)

In both analysis we include the following variables: age $ 80 years, SNS (subjective nutritional score). 4, serum albumin under 3 g/dl, high degree of stress, inability to perform the 6MWT, handgrip
strength below the 50th percentile, ABI less than 0.5, sepsis, cancer and Charlson index over 5 points.
OR: Odd ratio; 95% CI: 95% confidence interval;
HR: hazard risk.
6MWT: six minute walking test; SNS: Subjective Nutritional Score.
High degree clinical stress: according with the presence of hyper-metabolic, hyper-catabolic disease.
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ility to perform the 6MWT, cancer, Charlson index over 5 points and
ABI less than 0.5 (Table 4).

Discussion
We found a high mortality rate, 13.2% in hospital and 49% after
discharge, which is related to aging, comorbidity and malnutrition.
Elderly hospitalized patients frequently suffer from malnutrition and
sarcopenia, which may be induced by negative caloric protein bal-
ance, active proteolysis and muscle atrophy by neuromuscular dis-
orders, inactivity or low blood flow. All these factors were present in
our study. We observed anorexia related to weight loss. Besides high
comorbidity, with a mean Charlson index of 5, more than half our
patients had hyper catabolic diseases, such as infections and sepsis
with a high inflammatory component, in which active protein degra-
dation may result in sarcopenic cachexia with low serum albumin
levels. Furthermore, around half our patients were unable to perform
the 6MWT or could not walk without aid at discharge, and such
incapacity can lead to more muscle atrophy due to inactivity. Also,
patients with peripheral arterial disease and low ABI may suffer
muscle atrophy by hypoperfusion; 12% of our patients showed ABI
values below 0.5, a very low ABI, which is related with decreased
muscle mass, handgrip strength and shorter distance covered in the
6MWT (Table 2).

Malnutrition and obesity paradox. The high prevalence of
malnutrition (nearly 40%) was not reflected by BMI results. Only
14 patients (5%) had a BMI under 20 kg/m2, the habitual cut-off
point for malnutrition. Moreover, among patients with a BMI
between 20 and 25 kg/m2, considered normal, there was a high
proportion with malnutrition: 50.6% according to MAMA values.
So, in elderly hospitalized patients, a BMI below 20 kg/m2 as a
criterion of malnutrition lacks sensitivity and a BMI between 20
and 25 kg/m2 is no guarantee of a normal nutritional status1,2.
Moreover, patients with a BMI between 20 and 25 kg/m2 had
worse long term survival that those with overweight or obesity.
This is known as the obesity paradox and is explained by better
nutritional status regarding muscle in overweight and obese
patients, pointing to the greater importance of muscle loss
compared with fat1,2.

Loss of physical function and prognosis. Physical function
capacities depend on nutritional status. So muscle malnutrition
may be estimated by muscle function. Moreover, as shown in
Table 1, abilities related to muscle function, such as the ability
to climb stairs or to walk without aid at discharge, handgrip
strength and the distance covered during 6MWT are better
predictors of short- and long-term mortality than muscle mass.
In our study, all these abilities were related to each other and to
nutritional status. Thus, when nutritional status is impaired,
physical abilities decline.

The poor general physical condition of our elderly, pluripathologic
and malnourished patients conditioned their impaired ability to
climb stairs and to perform the six minute walking test, as found
in 45% and 44% of our patients, respectively. Moreover, as in other
studies, incapacity to perform the 6MWT was a main marker of poor
prognosis6,20,21, and the probability of early mortality has been related
to gait speed22.

Handgrip strength is a very simple and inexpensive way to assess
muscle capacity. Table 2 and 3 shows the close relationship between
impaired 6MWT, handgrip strength and nutrition. Many studies
have stressed the value of handgrip on prognosis1,2–5,23 even, as
Ling CH et al reported (2013), in very old subjects24. Mid-life muscle
strength predicted longevity in a 44-year prospective study25.
Handgrip also predicts the recovery of walking capacity after hip
fracture surgery26. Besides diseases, represented by sepsis, cancer
and Charlson comorbidity index, nutritional status and physical

functional tests were independent predictors of mortality in our
study, which highlights the importance of performing such func-
tional tests. In this way, Vetrano DL et al (2014) recently report that
sarcopenia is a prevalent condition among older adults admitted to
acute care wards and it is associated with increased short- and long-
term mortality in hospitalized older adults27.

Vascular disease, a low ABI, is related to malnutrition and
prognosis. In our sample, there was a high prevalence (48%) of
vascular disease. As consequence, diminished ABI (,0.9) was
found in 38%, a figure very much higher than that observed in
asymptomatic elderly people, about 2–5%11,28 but more similar to
the 29% reported by Pasqualini et al (2012) or the 36% reported by
Antonopoulos et al (2005), both studies in patients over 50 years
admitted to an internal medicine department10,29.

Patients with a severely decreased ABI - below 0.5 - showed
impaired nutritional status with lower MAMA, subjective nutritional
score, hand grip strength, distance covered on the walking test,
decreased serum albumin, perhaps as expression of acute response,
and increased mortality. Besides vascular events, age-related arterial
disease reduces the blood flow and oxygenation of limb muscles,
leading to atrophy and sarcopenia. There are few studies on ABI
and malnutrition. Ochi M et al (2010) reported a relationship
between carotid atherosclerosis and arterial stiffness with diminished
mid-thigh muscle mass30. Sampaio RA et al (2014) reported a rela-
tionship between arterial stiffness and a low skeletal muscle mass.
Moreover, patients with low skeletal mass showed poorer physical
performance (handgrip strength and walking speed)31. The relation
of arteriosclerosis with malnutrition and sarcopenia adds a new
dimension to the study of malnutrition in the elderly. In elderly
pluripathologic patients, a decreased ABI may not only be a sign of
peripheral arterial disease but also an indicator of malnutrition and
impaired physical function.

Multivariate assessment. In recent years, we have witnessed a
progressive increase in age and comorbidity of patients admitted to
general hospital wards and a parallel increase in the prevalence of
malnutrition and loss of physical function. Malnutrition-sarcopenia
syndrome, has been defined by the following five criteria: recent
history of reduced appetite and poor food intake; unintentional
weight loss; low muscle mass; decreased gait speed; and reduced
hand grip strength32. All these criteria were highly prevalent
among our patients.

We found a close relationship between functional abilities and
nutritional status, especially muscle mass. Patients with better hand
grip and ability to walk and climb stairs showed better nutritional
status. In contrast, patients with less muscle mass showed impaired
function. Moreover, multivariate analysis showed that physical func-
tion capacities, such as handgrip and walking test ability, and ABI as
an indicator of vascular disease, had prognostic value for mortality,
independently of nutrition and disease (table 4). It has been proposed
that ABI should be measured in all elderly patients admitted to
general medical care11. On the other hand, a battery of tests has been
proposed to assess physical function, frailty and sarcopenia5. Because
of its relationship with nutritional status, physical function and mor-
tality, ABI should be included in this battery of tests in addition to
physical function tests for elderly patients admitted to general med-
ical care departments.

As shown in table 3 our results disentangle a complex network
of interrelated factors afecting nutritional status, sarcopenia, phys-
ical function, frailty, vascular disease and mortality in the elderly.
Dietary measures alone may be insufficient to reverse or avoid
sarcopenia. They must be combined with adequate activity and
aerobic exercise to improve muscle oxygenation, muscle mass and
physical function capacities33. Moreover, adequate physical activ-
ity may improve cardiovascular health34. Muscle loss related to
vascular disease and low ABI, which were highly prevalent in
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our elderly patients, indicate the importance of muscle trophic
preservation not only with adequate food intake, but avoiding
inactivity and promoting exercise to maintain appropriate blood
supply and nervous stimuli. Thus, not only survival could be
improved but also autonomy and quality of life, which are
dependent on muscle mass and physical function.
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