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Background and Objectives: Undernutrition in vascular surgery patients has a significant impact on clinical 
outcomes. This observational study aimed to investigate the nutritional status of a heterogeneous sample of vas-
cular surgery inpatients and to determine the prevalence of nutritional risk, malnutrition (including nutrient defi-
ciencies) and sarcopenia. Methods and Study Design: All participants were screened for risk of malnutrition us-
ing the Malnutrition Universal Screening Tool (MUST) and assessed using the Patient-Generated Subjective 
Global Assessment (PG-SGA). Micronutrient status was examined via plasma/serum samples.  The presence of 
sarcopenia was explored using an accepted algorithm incorporating gait speed, muscle mass (DEXA) and grip 
strength. Results: 322 participants (69% male, mean age 67.6±14.1y) consented to the study. 12.5% were identi-
fied as at risk of malnutrition by the MUST while 15.8% were deemed malnourished by the PG-SGA. Only 5% 
were diagnosed as sarcopenic. Prevalence of malnutrition was much higher when micronutrients were examined 
with 79% showing low vitamin C, 56% low vitamin D and over 40% having low zinc, vitamin B-12 and folate. A 
smaller proportion were also low in selenium (19%). Conclusions: Patients with vascular disease are a nutrition-
ally vulnerable group. The MUST and PG-SGA did not identify the full extent of nutritional deficiencies. Further 
investigation is warranted to assess tool validity in this group. A number of micronutrients are crucial in these pa-
tients and hence a more comprehensive assessment that encompasses a wider range of parameters, including mi-
cronutrient status appears warranted. 
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INTRODUCTION 
Vascular disease is an increasing problem with an ageing 
population and growing prevalence of chronic disease.1,2 

Vascular surgery encompasses a wide range of conditions 
including venous disease, occlusive arterial disease, aneu-
rysmal disease and diabetic foot infections and therefore 
is a heterogeneous population with varying comorbidities.   

It is well understood that overweight/obesity is strongly 
associated with the development and progression of vas-
cular disease including peripheral arterial disease (PAD), 
venous and aneurysmal disease.3-5 However, concerning 
rates of malnutrition (defined as undernutrition) ranging 
from 61-90%6-8 have been observed in vascular disease 
patients and is associated with poor clinical outcomes.7,9-

11  

Sarcopenia is defined as the age-related loss of muscle 
mass and strength and has multiple contributing factors 
including less-than-optimal diet, bed rest or sedentary 
lifestyle, chronic diseases and certain drug treatments.12 
These contributing factors are common in vascular dis-
ease patients placing them at risk of sarcopenia,12-15  

which could be masked by the high prevalence of over-
weight and obesity in this group.  Recent work has shown 
that a reduction in muscle mass is not limited to vascular  

 
 
patients with occlusive disease, with larger aortic ab-
dominal aneurysms showing an association with a reduc-
tion in muscle mass.16 Muscle mass and strength is crucial 
in the performance of activities of daily living, and in the 
management of vascular disease via exercise17 hence the 
prevalence of sarcopenia in this population warrants fur-
ther investigation. 

The development of atherosclerosis and progression of 
vascular disease has a pro-oxidative and pro-
inflammatory component which would suggest that opti-
mal micronutrient status, particularly those micronutrients 
with anti-oxidative properties and/or those important in 
the prevention and management of wounds and ulcers is 
important. Micronutrient status has been explored in vas-
cular patients with consistent reports of suboptimal levels  
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of vitamin D (25(OH) D), vitamin C, vitamin B-12, folate 
and iron which worsens with disease progression.18-21   

The impact of micronutrient deficiencies are significant 
with higher rates of amputations observed in PAD pa-
tients with low vitamin D levels.22 Other micronutrients 
such as vitamin C, vitamin A and zinc are involved in 
wound healing and epithelial integrity, along with im-
mune function, hence deficiency prolongs wound healing 
time and contributes to reduced resistance to infection.23  

This study aimed to investigate the nutritional status of 
vascular surgery inpatients and to determine and compare 
the prevalence of nutritional risk according to the Malnu-
trition Universal Screening Tool (MUST), and malnutri-
tion (according to the Patient-Generated Subjective Glob-
al Assessment PG-SGA and also micronutrient status). 
The prevalence of sarcopenia was also investigated. 
 
METHODS 
Study sample  
Participants were recruited consecutively from patients 
with vascular disease/conditions admitted to a metropoli-
tan vascular surgery unit in Australia between October 
2014 and August 2016. Patients admitted to the unit can 
undergo surgical intervention or be managed conserva-
tively depending on their vascular condition and admit-
ting reason. Potential participants were approached in-
person by the researchers on admission to the unit where 
the study requirements were verbally explained and also 
provided in writing. If patients agreed to participate they 
were asked to sign a consent form prior to data collection. 
Participants were eligible if they were 18 years and over, 
able to provide informed written consent or where this 
wasn’t appropriate, consent was able to be obtained from 
the legal next of kin/guardian. Patients were excluded if 
admitted for day procedures only, unable to be recruited 
within 72 hours of admission, or were subsequently trans-
ferred to a private hospital within 72 hours.  Previous 
participants were also excluded. Ethical approval was 
obtained from the Southern Adelaide Health Research 
and Ethics Committee (approval number 258.14) and 
governance approval from the participant recruitment site.  

Demographic data including age, gender and vascular 
disease type was collected from medical records. Vascu-
lar disease types were classified as aneurysmal, peripheral 
arterial disease (PAD) (encompassing aorto-iliac and in-
fra-inguinal disease), occlusive other (encompassing ca-
rotid and upper limb ischaemia), venous disease, diabetic 
foot infection and ‘other’ based on the admitting vascular 
surgeon’s diagnosis. Those classified as other included 
renal access, surgical management of thoracic outlet syn-
drome, trauma, ulcers of mixed or unknown aetiology, 
admission for post-operative complications and lower 
limb infection not attributed to occlusive disease or diabe-
tes. 

 
Determination of nutritional risk 
Malnutrition screening is conducted within the local 
health system using the MUST.24 The MUST is a validat-
ed 3-item instrument to identify adults who are either 
malnourished or at risk of malnutrition. A score is award-
ed for each item; body mass index (BMI), recent weight 
loss and presence of acute disease with an overall score of 

1 indicating low risk of malnutrition and ≥2 indicating 
high risk. The MUST is completed by nursing staff on 
admission and those with a score of ≥2 are referred to a 
dietitian for a full assessment.  

Within 24 hours of consent being obtained, vascular 
surgery nursing staff conducted a questionnaire with par-
ticipants incorporating questions from the MUST. Body 
weight was measured using a calibrated seated weighing 
scales (HVL-CS Hospital Chair Scale, A&D Mercury Pty 
Ltd) to the nearest 0.1 kg in light clothing without shoes. 
Ulna length was measured using a flexible non-stretch 
steel measurement tape to the nearest 0.5 cm according to 
standard protocol24 and converted to estimated height 
using the MUST conversion table to the nearest 1 cm.24 
BMI was calculated as weight (kg) divided by the square 
of height (m2) estimated from ulna length. Age-
appropriate BMI cut-offs were used to classify partici-
pants as underweight, normal weight or overweight/obese 
for those 65 years or older (<22 kg/m2, 22-27 kg/m2, >27 
kg/m2 respectively)25 and under 65 (<18.5 kg/m2, 18.5-
24.9 kg/m2, >25 kg/m2 respectively).26 Scoring of the 
MUST was completed post-discharge by the research 
staff to allow sufficient time to pass between the assess-
ment of nutritional status and the scoring of the screening 
tool to reduce bias. 

 
Nutritional assessment 
A full nutrition assessment using the scored PG-SGA27 
was conducted within 72 hours of admission by a Dieti-
tian. The PG-SGA was adapted from the Subjective 
Global Assessment specifically for patients with cancer28 
but has since been validated in other inpatient groups.29-31 

The scored PG-SGA is a further development of the PG-
SGA incorporating a numerical score as well as providing 
a global rating of nutritional status. Each participant was 
awarded a PG-SGA score and a PG-SGA global rating of 
A (well nourished), B (suspected or moderately malnour-
ished) or C (severely malnourished). 

 
Determination of micronutrient status 
Blood samples were collected by a trained phlebotomist 
prior to breakfast after an overnight fast on the morning 
after consent was obtained. Where possible, blood sam-
ples for the research study were collected at the same 
time as routine blood samples for clinical care to reduce 
participant burden. Fasting blood samples were analysed 
by the hospital or state pathology service depending on 
the analytical test. Micronutrient status was determined as 
suboptimal, normal or high according to reference ranges 
(shown in parentheses) provided by the analysing labora-
tory, for iron (8-30 umol/L), vitamin B-12 (>260 ng/L) 
and folate (6.5-45 ug/L), vitamin A (1-3.1 umol/L), vita-
min C (26-85 umol/L), vitamin E (12-46 umol/L) vitamin 
D (60-160 nmol/L) and the trace elements zinc (9-21 
umol/L) and selenium (0.8-1.64 umol/L).  

 
Identification of sarcopenia 
Parameters used to define sarcopenia are the amount of 
muscle and its function measured via muscle mass, 
strength and physical performance.12 Various techniques 
can be used to assess these parameters including dual-
energy x-ray absorptiometry (DEXA) for muscle mass, 
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handgrip strength (muscle strength) and gait speed (phys-
ical performance) which were used in this study.12  Meas-
urements for each parameter were converted into the rel-
evant low/normal cut-offs and incorporated into the 
EWGSOP-suggested algorithm for diagnosing sarcope-
nia.12 The cut-offs for each parameter are summarised in 
Table 1. Muscle mass was determined using the Lunar 
Prodigy Pro dual-energy x-ray absorptiometer (DEXA) in 
conjunction with Encore software version 7.5. Partici-
pants were scanned in light clothing and positioned in the 
supine position, feet in neutral position with hands flat by 
their sides. Appendicular lean soft tissue (ALST) mass 
was calculated as the sum of the lean soft tissue in both 
upper and lower limbs which was then converted to SMM 
(kg) according to the equation of Kim et al.32 SMM was 
subsequently adjusted for height to produce the Skeletal 
Muscle Index (SMI) (kg/m2) according to the equation by 
Baumgartner et al.33  

Sarcopenia was defined as SMI being less than two 
standard deviations below the mean of a young reference 
group of 229 non-hispanics as suggested by Baumgartner 
et al.33 

Gait speed (metres/second) was determined using a 
validated six metre walk test.34 Participants stood with 
their toes positioned behind the line in non-slip footwear 
or bare feet depending on participant preference and med-
ical instructions regarding footwear. Timing began with 
an electronic stopwatch as toes crossed the zero metre 
line, and ceased when toes crossed the 6 metre line. Par-
ticipants walked at their usual pace and a handrail was 
available for the full 6 metres for safety. An average (rec-
orded to the nearest 0.1 second) of triplicate measures 
was used for the determination of sarcopenia.12  

Grip strength was measured from the dominant hand 
unless affected by disease or disability, using an Ad-
vanced Hand Dynomometer (Mentone Educational, Aus-
tralia) with the participant standing facing forward, legs 
straight and feet approximately 15 cm apart. If unable to 
stand, grip strength was collected in a seated position as 
this has been deemed as an appropriate alternative.35 Par-
ticipants held the dynamometer so that it did not touch the 
thigh and squeezed with maximum force, without swing-
ing the arm, for three seconds. The average of triplicate 
measures was used in analysis. Gender specific cut-offs 
were adopted using data from the North West Adelaide 
Health Study, at two standard deviations below the mean 
of young adults.36  

 
Statistical analysis 
Analysis was conducted using SPSS for Windows version 
22 (SPSS Inc, Chicago, IL). Continuous variables were 
assessed for normality using the Kolmogorv-Smirnov test 
and reported as mean (SD) or median (IQR). Sample 

characteristics were expressed as frequencies (n, %).  
Chi-square analyses to determine differences between 
types of vascular participants for the categorical variables 
gender, age categories, live in their own home, whereas 
Fishers Exact test was employed for the variables BMI 
categories, lives in aged care and lives in supported care. 
One-way ANOVA with Tukey post hoc test or Kruskal-
Wallis test was used for continuous variables.  Statistical 
significance was set at p<0.05. 
 
RESULTS 
Participant characteristics 
A total of 2229 patients were admitted and screened for 
eligibility during the study period. Of these, 1327 were 
ineligible (day admissions, unable to be recruited within 
72 hr, previous participant), 568 declined to participate, 
and 12 withdrew before data collection resulting in 322 
participants. Table 2 displays participant demographics.  
The majority of participants were male (69.3%) and over 
65 years old (61.6%). Sixty-four per cent were over-
weight or obese. The most prevalent comorbidities across 
all participants were hypertension (66.9%), type 2 diabe-
tes (51.1%) and hyperlipidaemia (45.5%).  

Subgroup analysis showed some differences amongst 
the types of vascular disease. There was a significant dif-
ference in age across the groups with post-hoc analyses 
finding the participants in the aneurysmal group were 
significantly older (p<0.001) than the diabetic foot and 
“other” participants. Significant differences were also 
observed across subgroups in median BMI (p<0.001), 
BMI category (p<0.001), median LOS (p=0.003) and in 
the prevalence of all comorbidities except for smoking 
status.  

Table 3 displays the range of parameters measuring nu-
tritional status and/or nutritional risk. According to the 
PG-SGA, 15.5-20% of participants were moderate-
ly/suspected malnourished (PG-SGA-B) or severely mal-
nourished (PG-SGA-C), with no differences across the 
groups (p=0.607). The MUST identified 12.5% of partic-
ipants overall as being at risk of malnutrition with a sig-
nificantly different proportion of at risk according to sub-
groups (p=0.024) where the PAD, occlusive other and 
venous groups were deemed to have a lower proportion at 
risk of malnutrition compared to other groups.  

Micronutrient status varied however the majority of 
participants (78.6%) had suboptimal vitamin C levels and 
over half (55.6%) had low vitamin D levels (Table 3). 
Other nutrients of note were zinc, iron and vitamin B-12 
with over 40% of participants showing low levels. No 
significant differences were observed between the vascu-
lar types for any of the nutrients or nutrition related bio-
chemistry.  

Assessment of sarcopenia using appropriate cut-offs 

 
Table 1. Cut-offs used for the three parameters utilised in the diagnosis of sarcopenia in 322 vascular surgery inpa-
tients 
 

Parameter Cut-off Reference Male Female 
Skeletal muscle index (SMI) (kg/m2) <6.4 <5.5 Baumgartner et al, 1998  
Grip strength (kg) <28 <16 Massy-Westropp et al , 2011  
Gait speed (m/s) <1.0 Cruz-Jentoft et al, 2010  
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Table 2. Characteristics of 322 participants admitted to a vascular surgery unit 
 
 Aneurysmal 

(n=35, 10.9%) 
PAD 

(n=94, 29.2%) 
Occlusive other 
(n=28, 8.7%) 

Venous 
(n=20, 6.2%) 

DM foot infection 
(n=92, 28.6%) 

Other 
(n=53, 16.5%) 

Total 
(n=322) p-value 

Male (n, %) 28 (80) 63 (67.0) 17 (60.7) 13 (65) 67 (72.8) 35 (64.3) 223 (69.3) 0.549 
Age (median, IQR) 75.0 (60, 90) 72.5 (52.5, 92.5) 70.0 (11.86) 69.5 (49.5, 89.5) 63.0 (45,81) 68.0 (48, 88) 68.0 (48, 88) <0.001 
Age categories (n, %)        <0.001 
 <65 years 2 (5.7) 31 (33.0) 11 (39.3) 7 (35) 52 (56.5) 20 (37.7) 123 (38.2)  
 65 and above 33 (94.3) 63 (67.0) 17 (60.7) 13 (65) 40 (43.5) 33 (62.3) 199 (61.8)  
Median BMI (IQR) (n=319)  26.4 (24.1, 29.7) 26.4 (23.4, 28.9) 27.9 (26.2, 30.9) 30.6 (24.4, 35.3) 31.5 (27.4, 37.1) 28.9 (25.6, 34.0) 28.2 (20.3, 35.2) <0.001 
BMI category (n, %) (n=319)        <0.001 
 Underweight 2 (5.7) 15 (15.8) 1 (3.6) 3 (15.8) 0 (0) 7  (13.2) 28 (8.8)  
 Normal 16 (45.7) 36 (37.9) 8 (28.6) 3 (15.8) 11 (12.0) 12 (22.6) 86 (26.9)  
 Overweight/Obese 17 (48.6) 44 (46.3) 19 (67.9) 13 (68.4) 81 (88) 32 (60.4) 206 (64.4)  
Living situation (n, %)         
 Lives alone 11 (31.4) 32 (33.7) 11 (39.3) 6 (30) 28 (30.4) 17 (32.1) 105 (32.6) 0.97 
 Lives with another person/s 24 (68.6) 54 (57.4) 17 (60.7) 12 (60) 62 (67.4) 34 (64.2) 203 (63.0) 0.78 
 SCF 0 0  0 1 (5) 1 (1.1) 0  2 (0.6) 0.18 
 RACF 0 8 (8.5) 0 1 (5) 1 (1.1) 2 (3.8) 12 (3.7) 0.09 
Comorbidities (n, %)         
 Hyperlipidaemia 17 (48.6) 47 (50.0) 13 (46.4) 5 (25) 48 (52.2) 18 (32.1) 146 (45.3) 0.048 
 Hypertension 27 (77.1) 61 (64.9) 23 (82.1) 9 (45) 67 (72.8) 30 (53.6) 215 (66.8) 0.009 
 Diabetes 10 (28.6) 39 (41.5) 5 (17.9) 5 (25) 92 (100) 14 (25) 164 (50.9) <0.001 
 IHD 13 (37.1) 27 (28.7) 5 (17.9) 1 (5) 15 (16.3) 11 (19.6) 71 (22) 0.027 
 Current smoker 6 (17.1) 18 (18.9) 4 (14.3) 3 (15) 10 (10.9) 8 (14.3) 49 (15.2) 0.777 
LOS (median, IQR) 10 (6, 16) 8 (5, 14) 6 (4, 11) 4 (3, 8.75) 8.5 (6, 13) 7 (3.5, 10) 8 (1,15) 0.003 
 
SCF: supported care facility; RACF: residential care facility; LOS: length of stay. 
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Table 3. Proportion of 322 vascular surgery inpatients identified as at risk of malnutrition, malnourished or sarcopenic 
 
 Aneurysmal 

(n=35, 10.9%) 
PAD 

(n=94, 29.2%) 
Occlusive other 
(n=28, 8.7%) 

Venous 
(n=20, 6.2%) 

DM foot infection 
(n=92, 28.6%) 

Other 
(n=53, 16.5%) 

Total  
(n=322) p-value 

Nutritionally at risk (n, %)         
MUST (n=320) 6 (17.1%) 7 (7.4) 0 1 (5.3) 15(16.3) 11 (20.8) 40 (12.5) 0.024 
PG-SGA rating (n, %)        0.607 
 A 28 (80) 76 (80) 27 (96.4) 16 (80) 81 (88) 44 (83.0) 272 (84.2)  
 B 7 (20) 18 (18.9) 1 (3.6) 4 (20) 11 (12) 9 (17.0) 50 (15.5)  
 C 0 1 (1.1) 0 0 0 0 1 (0.3)  
Micronutrients (n, %)        0.169 
 Vitamin A (n=241) 10 (37) 12 (16.7) 1 (5.3) 2 (14.3) 15 (19.7) 5 (14.7) 45 (18.7)  
 Vitamin C (n=243) 21 (77.8) 57 (78.1) 18 (94.7) 10 (71.4) 59 (77.6) 27 (77.1) 191 (78.6) 0.323 
 Vitamin D (n=243) 12 (44.4) 43 (58.1) 10 (55.6) 8 (57.1) 49 (64.5) 14 (40) 135 (55.6) 0.389 
 Vitamin E  (n=240) 0 0 0 0 1 (1.3) 0 1 (0.4) 0.826 
 Zinc (n=244) 14 (51.9) 37 (50) 7 (36.8) 7 (50) 29 (38.2) 14 (40) 107 (43.9) 0.569 
 Selenium (n=244) 6 (22.2) 17 (23) 0 2 (14.3) 10 (13.2) 10 (28.6) 45 (18.4) 0.229 
 Iron (n=270) 17 (58.6) 40 (50.6) 12 (52.2) 3 (17.6) 31 (38.3) 22 (51.2) 124 (45.9) 0.065 
 Vitamin B-12 (n=258) 10 (35.7) 35 (45.5) 11 (50) 8 (50) 30 (39) 18 (45) 111 (43) 0.833 
 Folate (n=254) 0 0 0 0 1 (1.3) 0 (0) 1 (0.4) 0.951 
Sarcopenic† (n, %) 1 (3.8) 6 (10.3) 0 1 (7.1) 2 (3.4) 0  10 (5) 0.386 
 
†Only calculated for those aged 65 years and over (n=199; aneurysmal, n=33; PAD, n=63; occlusive other, n=17; venous, n=13; DM foot infection, n=40; other, n=33).   
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(Table 1) and algorithm,12 found only 5% (n=10) to be 
sarcopenic with no significant difference observed be-
tween the groups. 
 
DISCUSSION 
This study found a high prevalence of nutritional deficits, 
particularly micronutrient deficits, in this patient group 
that were not recognised by the MUST or PG-SGA as 
neither of these tools include micronutrient status as a 
component of the tool. This has implications for the time-
ly identification of those at risk and expedient nutrition 
intervention in a vulnerable patient group where malnutri-
tion has a significant impact on patient outcomes.7,9-11  

 To identify patients who warrant a comprehensive nu-
trition assessment, an appropriate nutrition screening tool 
is crucial. Currently, the MUST is used in our health care 
setting however the results of this study showed that only 
12.5% of participants were identified as requiring further 
nutrition assessment. This result is not surprising when 
we consider the parameters included in the MUST.24 Giv-
en the study participants were mostly overweight/obese 
with minimal reporting of unintentional weight loss and 
while acutely unwell, they were not deemed (for the most 
part) critically unwell or unlikely to have no intake for 5 
days they were unlikely to score highly. There are screen-
ing tools available that may be more appropriate that en-
compass parameters known to be prevalent in this group 
that affect nutritional status, such as impaired mobility, 
psychological stress and depression.37-40 Exploration of 
the appropriateness of alternative screening tools is war-
ranted. 

The prevalence of malnutrition according to the PG-
SGA was 15.5% overall which is much lower than other 
studies in vascular patients.6-8 A key difference between 
the current study and other is the heterogeneity of our 
sample and the types of pathologies included. A large 
proportion of the previous research has been conducted in 
a single type of vascular disease (e.g. PAD patients only) 
and given the variation in pathophysiological processes of 
different vascular diseases, varying manifestations of 
symptoms and nutritional deficiencies it is not surprising 
that results from this pragmatic study are different to pre-
vious studies. There were 6 subgroups of participants in 
this study and within those groups, there was variation in 
the severity of disease, the presence of wounds/ulcers and 
whether surgical intervention occurred. Despite being 
managed by a vascular surgery unit, some participants 
(e.g. renal access patients, thoracic outlet syndrome and 
diabetic foot ulcers) do not have a defined cardiovascular 
process, which would impact on the results and make it 
difficult to draw comparisons with the literature.   

Other potential reasons for the lower prevalence of 
malnutrition in this study are the different methods of 
identifying and assessing nutritional status and also much 
smaller sample sizes of 23-71 participants6-8 compared to 
our large sample size. Higher rates of malnutrition were 
observed in studies which incorporated albumin as a 
measure of nutritional status and physical examina-
tion/anthropometry however there were insufficient de-
tails to determine how the physical measures were com-
pleted or utilised in the assessment.6,7 The highest rate of 
malnutrition at 90% was observed in 32 participants all 

undergoing trans-tibial amputation for either gangrene or 
uncontrollable pain and hence had more progressive dis-
ease which may explain the higher rate of malnutrition.8  

We observed alarming rates of micronutrient deficits 
between 40-78% depending on the nutrient studied. Pre-
vious literature has reported on the micronutrient status of 
vascular surgery patients, however these studies have 
again been conducted in a single type of vascular disease 
making it more difficult to compare to the current study. 
A number of studies report that low vitamin D is common 
in PAD patients18,41-43 and diabetic foot infections44 with 
worsening deficits as the disease progresses,45 and associ-
ation with increased rates of amputation and CVD 
events.46 Given the prevalence of suboptimal vitamin D 
status and the impact of limb amputation and CVD on 
morbidity, correcting vitamin D status is crucial.  Sub-
clinical vitamin C levels were common in our sample at 
78%, substantially higher than the 14% reported by 
Langlois et al.21 Suboptimal vitamin C status is of con-
cern due to its antioxidant properties and role in wound 
healing which is of significance in this population.23  Lit-
erature supports the current findings regarding vitamin B-
12 and iron,20,47,48 and while prevalence may be lower 
than the current study deficits of a variety of micronutri-
ents appear to be common in vascular surgery patients.  

The difference in the rates of malnutrition according to 
PG-SGA and the rates of micronutrient deficits indicates 
that a more thorough nutritional assessment that considers 
malnutrition beyond the traditional weight loss is war-
ranted.   

In this study, the prevalence of sarcopenia was low at 
5%. This was surprising given the proposal that adults 
with PAD have a decline in skeletal muscle mass or atro-
phy of skeletal muscle when compared to age-matched 
controls,13 particularly as the disease progresses49 and that 
reduced SMM has also been observed in aneurysmal pa-
tients.16  Muscle disuse due to pain in claudication and an 
increased requirement for protein and energy associated 
with ischaemic ulcers and vascular interventions50,51 is 
common as well as reduced functional ability and mobili-
ty13 which would affect gait speed.  Matsubara et al52  
found that almost 44% of their CLI patients had sarcope-
nia when determined by skeletal muscle area assessed 
using computed tomography (CT), a much higher rate 
than observed in the present study. A possible reason for 
the lower than expected prevalence could relate to the 
cut-offs and algorithm used to diagnose sarcopenia in this 
study. There is no definitive method to diagnose sarcope-
nia, however the most common, widely accepted consen-
sus method was utilised.12 Also, there are no defined cut-
offs for grip strength, gait speed and SMI in this patient 
group and while the most appropriate cut-offs were used 
based on the literature, they are based on populations dis-
similar to the population studied 

This study has a number of strengths, the first of which 
is its large sample size encompassing a range of vascular 
pathologies making it more generalizable to the general 
vascular surgery population. A wide range of nutritional 
parameters, including nutritional biochemistry were col-
lected enabling researchers to assess multiple markers of 
nutritional status and all assessments were conducted by 
professionally trained dietitians.  
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This study is not devoid of limitations. The heterogene-
ity of our sample may be a limitation in terms of being 
able to make comparisons to previous research where 
single vascular disease types have been studied in isola-
tion. However it is reflective of the patient population that 
clinicians encounter and hence results of this pragmatic 
study are useful for clinicians working in the area.  This 
study measured nutritional status on admission and hence 
any deterioration and resultant malnutrition that may have 
occurred during admission was not determined. Available 
literature has shown that nutritional status affects clinical 
outcomes, however this was not investigated in this study. 
Future studies would benefit from exploring this relation-
ship. 

 
Conclusions 
This study demonstrates the nutritionally vulnerability of 
vascular surgery patients and a clear screening process to 
identify and then assess these patients is warranted. Nei-
ther the MUST nor PG-SGA identified the full extent of 
nutritional vulnerability when micronutrient status was 
included. A number of micronutrients are crucial in these 
patients and hence a more comprehensive assessment that 
encompasses a wider range of parameters, including mi-
cronutrient status appears warranted. 
 
ACKNOWLEDGEMENTS 
The authors wish to acknowledge the nursing staff of the vascu-
lar surgery unit at Flinders Medical Centre for their support with 
this study. We also wish to acknowledge the study participants 
for their involvement in the study. 
 
AUTHOR DISCLOSURES 
The authors declare that they have no conflicts of interest asso-
ciated with this study. No funding in the form of financial grants 
or other sources was received to conduct this study. 
 
REFERENCES 
1. Newman A. Peripheral arterial disease: insights from 

population studies of older adults. J Am Geriatr Soc. 2000; 
48:1157-62. 

2. World Health Organisation. The world health report 2002: 
reducing risks, promoting healthy life. Geneva: World 
Health Organisation; 2002. 

3. Lavie C, Milani R, Ventura H. Obesity and cardiovascular 
disease. J Am Coll Cardiol. 2009;53:1925-32. doi: 10.1016/j. 
jacc.2008.12.068. 

4. Sugerman H, Suggerman E, Wolfe L, Kellum J, Schweitzer 
M, DeMaria E. Risks and benefits of gastric bypass in 
morbidly obese patients with severe venous stasis disease. 
Ann Surg. 2001;234:41-6. 

5. Blanchard J, Armenian H, Friesen P. Risk factors for 
abdominal aortic aneurysm: results of a case control study. 
Am J Epidemiol. 2000;151:575-83. 

6. De Waele E, Moerman L, Van Bael K, Aerden D, Debing E, 
Honore P, Van den Brande P. High incidence of 
malnutrition in elective vascular surgery patients: An 
observational auditing study. J Transl Int Med. 2014;2: 32-5. 
doi: 10.4103/2224-4018. 129502 

7. Durkin MT, Mercer KG, McNulty MF, Phipps L, Upperton 
J, Giles M, Scott DJ. Vascular surgical society of great 
britain and ireland: contribution of malnutrition to 
postoperative morbidity in vascular surgical patients. Br J 
Surg. 1999;86:702. 

8. Eneroth M, Apelqvist J, Larsson J, Persson B. Improved 
wound healing in transtibial amputees receiving 
supplementary nutrition. Int Orthop. 1997;21:104-8. 

9. Westvik TS, Krause LK, Pradhan S, Westvik HH, Maloney 
SP, Rutland R et al. Malnutrition after vascular surgery: are 
patients with chronic renal failure at increased risk? Am J 
Surg. 2006;192:e22-7. doi: 10.1016/j.amjsurg.2006.07.004 

10. Ambler G, Brooks D, Al Zuhir N, Ali A, Gohel M, Hyes P, 
Varty K, Boyle J, Coughlin P. Effect of frailty on short-and 
mid-term outcomes in vascular surgery patients. Br J Surg. 
2015;102:638-45. doi: 10.1002/bjs.9785 

11. Gau BR, Chen HY, Hung SY, Yang HM, Yeh JT, Huang 
CH, Sun JH, Huang YY. The impact of nutritional status on 
treatment outcomes of patients with limb-threatening 
diabetic foot ulcers. J Diabetes Complications. 2016;30:138-
42. doi: 10.1016/j.jdiacomp.2015.09.011 

12. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, 
Cederholm T, Landi F et al. Sarcopenia: European 
consensus on definition and diagnosis: Report of the 
European Working Group on Sarcopenia in Older People. 
Age Ageing. 2010;39:412-23. doi: 10.1093/ageing/afq034. 

13. McDermott M, Hoff F, Ferrucci L, Pearce W, Guralnik J, 
Tian L et al. Lower extremity ischemia, calf skeletal muscle 
characteristics, and functional impairment in peripheral 
arterial disease. J Am Geriatr Soc. 2007;55:400-6. 

14. Gardner AW, Katzel LI, Sorkin JD, Killewich LA, Ryan A, 
Flinn WR, Goldberg AP. Improved functional outcomes 
following exercise rehabilitation in patients with intermittent 
claudication. J Gerontol A Biol Sci Med Sci. 2000;55: 
M570-7. 

15. Milanović Z, Pantelić S, Trajković N, Sporiš G, Kostić R, 
James N. Age-related decrease in physical activity and 
functional fitness among elderly men and women. Clin 
Interv Aging. 2013;8:549-56. doi: 10.2147/CIA.S44112 

16. Delaney CL, Miller MD, Allan RB, Spark JI. The impact of 
abdominal aortic aneurysm on muscle mass and energy 
expenditure: a novel preliminary investigation. Vascular. 
2015;23:602-6. doi: 10.1177/1708538114566849 

17. Peach G, Griffin M, Jones K, Thompson M, Hinchliffe R. 
Diagnosis and management of peripheral arterial disease. 
BMJ. 2012;345:e5208. doi: https://doi.org/10.1136/bmj.e52 
08 

18. Nsengiyumva V, Fernando ME, Moxon JV, Krishna SM, 
Pinchbeck J, Omer SM et al. The association of circulating 
25-hydroxyvitamin D concentration with peripheral arterial 
disease: a meta-analysis of observational studies. 
Atherosclerosis. 2015;243:645-51. doi: 10.1016/j.atheroscler 
osis.2015.10.011 

19. Wong YY, Flicker L, Yeap BB, McCaul KA, Hankey GJ, 
Norman PE. Is hypovitaminosis D associated with 
abdominal aortic aneurysm, and is there a dose-response 
relationship? Eur J Vasc Endovasc Surg. 2013;45:657-64. 
doi: 10.1016/j.ejvs.2013.03.015 

20. Vega de Ceniga M, Bravo E, Izagirre M, Casco C, Estallo L, 
Esteban M, Barba A. Anaemia, iron and vitamin deficits in 
patients with peripheral arterial disease. Eur J Vasc 
Endovasc Surg. 2011;41:828-30. doi: 10.1016/j.ejvs.2011.01 
.017 

21. Langlois M, Duprez D, Delanghe J, De Buyzere M, Clement 
DL. Serum vitamin C concentration is low in peripheral 
arterial disease and is associated with inflammation and 
severity of atherosclerosis. Circulation. 2001;103:1863-8. 

22. Gaddipati VC, Bailey BA, Kuriacose R, Copeland RJ, 
Manning T, Peiris AN. The relationship of vitamin D status 
to cardiovascular risk factors and amputation risk in veterans 
with peripheral arterial disease. J Amn Med Dir Assoc. 2011; 
12:58-61. doi: 10.1016/j.jamda.2010.02.006 



                                                            Nutritional status of vascular surgery patients                                                         71                                                             

23. Posthauer ME, Dorner B, Collins N. Nutrition: a critical 
component of wound healing. Adv Skin Wound Care. 2010; 
23:560-72; quiz 73-4. doi: 10.1097/01.ASW.0000391185.81 
963.e5. 

24. British Association for Parenteral and Enteral Nutrition. The 
‘MUST’ Explanatory Booklet. A Guide to the ‘Malnutrition 
Universal Screening Tool’ ('MUST') for Adults. 
Malnutrition Advisory Group (MAG): A Standing 
Committee of the British Association for Parenteral and 
Enteral Nutrition (BAPEN). Worcestershire: Malnutrition 
Advisory Group; 2003. 

25. Landi F, Zuccala G, Gambassi G, Incalzi RA, Manigrasso L, 
Pagano F, Carbonin P, Bernabei R. Body mass index and 
mortality among older people living in the community. J Am 
Geriatr Soc. 1999;47:1072-6. 

26. World Health Organisation. Global health risks: mortality 
and burden of disease attributable to selected major risks. 
Geneva: World Health Organization; 2009. 

27. Ottery F. Patient-Generated Subjective Global Assessment. 
In: McCallulm P, Polisena C, editors. The Clinical Guide to 
Oncology Nutrition. Chicago: The American Dietetic 
Association; 2000. p. 11-23. 

28. Ottery FD. Rethinking nutritional suppor of the cancer 
patient: the new field of nutritional oncology. Semin Oncol. 
1994;21:770-8. 

29. Marshall S, Young A, Bauer J, Isenring E. Malnutrition in 
geriatric rehabilitation: prevalence, patient outcomes, and 
criterion validity of the scored Patient-Generated Subjective 
Global Assessment and the Mini Nutritional Assessment. J 
Acad Nutr Diet. 2016;116:785-94. doi: 10.1016/j.jand.2015. 
06.013 

30. Huang TH, Chi CC, Liu CH, Chang CC, Kuo LM, Hsieh CC. 
Nutritional status assessed by scored patient-generated 
subjective global assessment associated with length of 
hospital stay in adult patients receiving an appendectomy. 
Biomed J. 2014;37:71-7. doi: 10.4103/2319-4170.113183. 

31. Yoo S, Oh E, Youn M. The reliability and validity of 
Patient-Generated Subjective Global Assessment (PG-SGA) 
in stroke patients. Journal of the Korean Academy of Adult 
Nursing. 2009;21:559-69. 

32. Kim J, Wang Z, Heymsfield SB, Baumgartner RN, 
Gallagher D. Total-body skeletal muscle mass: estimation 
by a new dual-energy X-ray absorptiometry method. Am J 
Clin Nutr. 2002;76:378-83. 

33. Baumgarter R, Koehler K, Gallagher D, Romero LJ, 
Heymsfield S, Ross R, Garry P, Lindeman R. Epidemiology 
of Sarcopenia among the Elderly in New Mexico. Am J 
Epidemiol. 1998;147:755-63. 

34. Lam HS, Lau FW, Chan GK, Sykes K. The validity and 
reliability of a 6-Metre Timed Walk for the functional 
assessment of patients with stroke. Physiother Theory Pract. 
2010;26:251-5. doi: 10.3109/09593980903015235 

35. Murugan S, Patel D, Prajapti K, Ghoghari M, Patel P. Grip 
strength changes in relation to different body postures, 
elbow and forearm positions. International Journal of 
Physiotherapy and Research. 2013;1:116-21. 

36. Massy-Westropp N, Gill T, Taylor A, Bohannon R, Hill C. 
Hand Grip Strength: age and gender stratified normative 
data in a population-based study. BMC Res Notes. 2011;4: 
127. doi: 10.1186/1756-0500-4-127 

37. McDermott MM, Guralnik JM, Criqui MH, Ferrucci L, Liu 
K, Spring B et al. Unsupervised exercise and mobility loss 
in peripheral artery disease: a randomized controlled trial. J 

Am Heart Assoc. 2015;4:e001659. doi: 10.1161/JAHA.114. 
001659 

38. Grenon SM, Cohen BE, Smolderen K, Vittinghoff E, 
Whooley MA, Hiramoto J. Peripheral arterial disease, 
gender, and depression in the Heart and Soul Study. J Vasc 
Surg. 2014;60:396-403.  doi: 10.1016/j.jvs.2014.02.013 

39. Grenon SM, Hiramoto J, Smolderen KG, Vittinghoff E, 
Whooley MA, Cohen BE. Association between depression 
and peripheral artery disease: insights from the heart and 
soul study. J Am Heart Assoc. 2012;1:e002667. doi: 10. 
1161/JAHA.112.002667 

40. Brostow D, Petrik M, Starosta A, Waldo S. Depression in 
patients with peripheral arterial disease: a systematic review. 
Eur J Cardiovasc Nurs. 2017;16:181-93. doi: 10.1177/ 
1474515116687222. 

41. Gaddipati VC, Kuriacose R, Copeland R, Bailey BA, Peiris 
AN. Vitamin D deficiency: an increasing concern in 
peripheral arterial disease. J Am Med Dir Assoc. 2010;11: 
308-11. doi: 10.1016/j.jamda.2010.02.002. 

42. Li DM, Zhang Y, Li Q, Xu XH, Ding B, Ma JH. Low 25-
hydroxyvitamin D level is associated with peripheral arterial 
disease in type 2 diabetes patients. Arch Med Res. 2016;47: 
49-54. doi: 10.1016/j.arcmed.2016.01.007 

43. Melamed ML, Muntner P, Michos ED, Uribarri J, Weber C, 
Sharma J, Raggi P. Serum 25-hydroxyvitamin D levels and 
the prevalence of peripheral arterial disease: results from 
NHANES 2001 to 2004. Arterioscler Thromb Vasc Biol. 
2008;28:1179-85. doi: 10.1161/ATVBAHA.108.165886 

44. Tiwari S, Pratyush DD, Gupta B, Dwivedi A, Chaudhary S, 
Rayicherla RK, Gupta SK, Singh SK. Prevalence and 
severity of vitamin D deficiency in patients with diabetic 
foot infection. Br J Nutr. 2013;109:99-102. doi: 10.1017/ 
S0007114512000578 

45. Fahrleitner A, Dobnig H, Obernosterer A, Pilger E, Leb G, 
Weber K, Kudlacek S, Obermayer-Pietsch BM. Vitamin D 
deficiency and secondary hyperparathyroidism are common 
complications in patients with peripheral arterial disease. J 
Gen Intern Med. 2002;17:663-9. 

46. Chua GT, Chan YC, Cheng SW. Vitamin D status and 
peripheral arterial disease: evidence so far. Vasc Health Risk 
Manag. 2011;7:671-5. doi: 10.2147/VHRM.S24876 

47. Zsori KS, Csiki Z, Katona E, Bereczky Z, Shemirani AH. 
Vitamin B12 level in peripheral arterial disease. J Thromb 
Thrombolysis. 2013;36:77-83. 

48. Oberlin BS, Tangney CC, Gustashaw KA, Rasmussen HE. 
Vitamin B12 deficiency in relation to functional disabilities. 
Nutrients. 2013;5:4462-75. doi: https://doi.org/10.3390/nu51 
14462 

49. Regensteiner JG, Wolfel EE, Brass EP, Carry MR, Ringel 
SP, Hargarten ME, Stamm ER, Hiatt WR. Chronic changes 
in skeletal muscle histology and function in peripheral 
arterial disease. Circulation. 1993;87:413-21. 

50. Evans W, Campbell W. Sarcopenia and age-related changes 
in the body composition and functional capacity. J Nutr. 
1993;123:465-8. 

51. Ayello E, Thomas D, Litchford M. Nutritional aspects of 
wound healing. Home Healthcare Nurse. 1999;17:719-29. 

52. Matsubara Y, Matsumoto T, Aoyagi Y, Tanaka S, Okadome 
J, Morisaki K, Shirabe K, Maehara Y. Sarcopenia is a 
prognostic factor for overall survival in patients with critical 
limb ischemia. J J Vasc Surg. 2015;61:945-50. doi: 10. 
1016/j.jvs.2014.10.094 

 
 


