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Four hundred and forty-five randomly selected hospitalised patients had their nutritional status assessed from anthropometric, haematological and

biochemical data. Nutritional status was compared between survivors and non-survivors at baseline, 6 weeks and 6 months. Using Cox’s pro-

portional hazard analysis, we measured the association between nutritional assessment variables and 1-year mortality after adjusting for disability,

chronic illness, medications, smoking and tissue inflammation. Nutritional status was significantly worse amongst non-survivors compared with

survivors, and non-survivors showed marked and significant deterioration in all measures of nutritional status compared with survivors. After

adjusting for poor prognostic indicators the hazard ratios of death in the fourth, third and second quarters of both baseline serum albumin and

mid-upper arm circumference distributions relative to the first were 0·68, 0·77 and 0·58 (trend P¼0·013) and 0·61, 1·0 and 0·87 (trend

P¼0·005) respectively. Intervention studies are needed to determine whether the relationship between malnutrition and the poor outcome high-

lighted by the present study is causal or a mere association.

Malnutrition: Nutritional status: Prediction of mortality: Hospital patients

Studies of patients in hospitals and non-acute care settings are
in agreement that food intakes are less than those reported for
free-living older individuals and that malnutrition is prevalent
and often unrecognised in patients admitted to hospitals and
institutions (Gariballa & Sinclair, 1998; Akner & Cederholm,
2001). The effect of ill health on the nutritional status of hos-
pitalised patients can often be limited to the time of acute ill-
ness, but older individuals are particularly at risk of prolonged
malnutrition because of decreased nutritional reserves and the
effect of repeated ill health (Gariballa & Sinclair, 1998).
Nutritional depletion during recuperation and rehabilitation,
however, may be more serious than during acute illness,
since rehabilitation periods may extend over weeks and
months, and deterioration in nutritional status, although less
marked than in the early catabolic phase, may be greater over-
all (Sullivan & Walls, 1994; Gariballa & Sinclair, 1998).
Although several studies have shown that some anthropo-
metric and biochemical nutritional status indicators are predic-
tive of post-discharge mortality, distinguishing underlying
disease from undernutrition, and to separate their effects on
patients’ outcome is still a challenge for clinicians; therefore,
a cause-and-effect relationship has not been definitely estab-
lished (Klein et al. 1997; Liu et al. 2002; Massaia et al.
2003). The aim of the present study was to measure the
impact of undernutrition of hospitalised patients on 1-year
mortality following acute illness.

Subjects and methods

The study was conducted at a 650-bed Associate Teaching
Hospital in the UK admitting unselected acutely ill patients
on the basis of need. The methodology of the present study
has been published before (Gariballa & Forster, 2006). Briefly
445 acutely ill older patients who took part in a study of nutri-
tional supplementation were included. Admission diagnoses
included IHD, heart failure, atrial fibrillation, chronic obstruc-
tive pulmonary disease, chest and urinary tract infections, sep-
ticaemia, stroke, Parkinson’s disease, anaemia, diabetes,
osteoarthritis, rheumatoid arthritis, syncope, falls and fracture
limbs. Inclusion criteria were: age $65 years; stable medical
condition; able to swallow; able to sign an informed written
consent form. Patients excluded from the study were those
with severe medical or psychiatric illness including those
with gastric surgery, malabsorption, or morbid obesity (BMI
$40 kg/m2), in a coma, diagnosed with severe dementia
(abbreviated mental test ,6) or malignancy, living in an insti-
tution and patients already on supplements. The study was
approved by the local research ethics committee.

Clinical and nutritional assessment

Following informed written consent and recruitment to the
study patients had assessments at baseline, 6 weeks and 6
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months. The assessment included demographic and medical
data including current diagnosis, history of chronic illnesses,
smoking, alcohol and drug intake, nutritional status and dis-
ability (Barthel score).

Nutritional status was assessed from anthropometric, hae-
matological and biochemical data. All anthropometrics
measurements were performed by a single observer (S. F.)
using standard methods with intra-observer differences
assessed before the commencement of the study. Mid-upper
arm circumference (MUAC) and triceps skinfolds were
measured by a flexible tape and Harpenden skinfold callipers
accurate to 0·2mm (Practical Metrology, Lancing, West
Sussex, UK) respectively and the mean of three measures
was recorded (Gariballa et al. 1998). The local pathology lab-
oratory performed routine tests including serum ferritin, albu-
min, transferrin and C-reactive protein measurements.
Erythrocyte folate and plasma vitamin B12 were measured on
the Architect (Abbott Laboratories, Chicago, IL, USA) using
chemiluminescent microparticle immunoassay technology.
The inter-assay CV were 12·6 and 8·4% respectively. Plasma
total ascorbic acid was measured by a fluorescence assay auto-
mated for the Cobas BioAutoanalyser (Roche Diagnostics,
Basel, Switzerland), giving an inter-batch CV of 8·4%.

Disability at baseline was assessed using the Barthel score
on a twenty-point scale. The Barthel scores ten functions on
a scale of 0 (fully dependent) to 20 (independent). For quality
assurance, two researchers independently checked hospital and
primary care records for all routinely collected outcome
measures including 1-year mortality. Agreement was 99%.

Statistical analyses

Statistical analyses were performed with SPSS software, ver-
sion 11.0 (SPSS Inc., Chicago, IL, USA). Nutritional status
between survivors and non-survivors at 6 weeks was analysed
using an analysis of covariance model, with baseline values as
a covariate. Cox’s proportional hazard models were used to
examine the 1-year mortality and nutritional status after con-
trolling for poor prognostic indicators. The outcome variable
was dichotomised (i.e. alive v. dead) and then analysed as
the dependent variable against a number of independent nutri-
tional variables including body weight, BMI, MUAC, triceps
and biceps skinfolds, serum albumin and transferrin. Each
independent nutritional status variable was first analysed sep-
arately against the dependent variable outcome. Then those
variables with a significant association with the outcome vari-
able (P,0·05) were entered with other variables recorded on
admission (age, disability, chronic illness, drugs, smoking, and
tissue inflammation) into the final model as the independent
variables. All four MUAC and serum albumin quarters were
entered in the model as a single variable or each quarter sep-
arately as an independent predictor variable. Survival times in
relation to MUAC and serum albumin divided into four equal
quarters are presented graphically using the Kaplan–Meier
survival curve and assessed using the log rank test.

Results

Between July 2001 and May 2004, 445 patients were
recruited. Table 1 shows baseline clinical characteristics
including sex, smoking, alcohol consumption, chronic illness,

drugs, disability, tissue inflammation (C-reactive protein),
Hb, glucose and renal functions. Non-survivors were signifi-
cantly older and had higher levels of co-morbidity and
serum creatinine concentration compared with 1-year survi-
vors; however, survivors had significantly higher fasting
blood sugars (Table 1).

Both anthropometric and nutritional biochemical measures
were significantly lower in non-survivors compared with sur-
vivors. For example, body weight, BMI, MUAC, serum albu-
min and plasma ascorbic acid were all significantly lower in
non-survivors compared with survivors (Table 2).

Tables 3 and 4 summarise results of the multiple Cox’s
regression analysis for nutritional and other clinical variables
on 1-year mortality. In the multiple Cox’s regression analyses
MUAC and serum albumin at baseline and 6 weeks were
each divided into four quarters and analysed (separately or

Table 1. Baseline characteristics of subjects according to survival sta-
tus at 1 year (Number of subjects, percentages, mean values and stan-
dard deviations)

Alive at 1 year
(n 377)

Dead at
1 year (n 57)

Variable n % n %

Age (years)*
Mean 76·0 78·7
SD 6 6

Sex (female) 190 49 21 36
Alcohol .14 units/week† 34 9 8 14
Smoking

Never smoked 127 33·7 10 17·5
Ex-smoker 179 47·5 37 65
Current smoker 71 18·8 10 17·5

Medications (per patient) 3·4 3·9
Chronic diseases (per patient)‡ 1·7 2·1

COPD 68 18 16 28
IHD 136 36 26 46
Heart failure* 11 3 6 11
Chest infection 6 2 1 2
Stroke* 29 8 11 19

Admission diagnosis
COPD* 48 12 16 28
IHD 52 13 7 12
Heart failure 23 6 13 22
Chest infection 31 8 8 14
Stroke 13 3 4 7

Barthel score*
Mean 16 14·5
SD 5 5

C-reactive protein (mg/l)
Mean 52 54
SD 73 74

Fasting blood glucose (mmol/l)*
Mean 5·9 5·5
SD 1·3 1·2

Urea (mmol/l)
Mean 8·2 8·4
SD 16 4

Serum creatinine (mmol/l)*
Mean 101 110
SD 30 37

COPD, chronic obstructive pulmonary disease.
* Between-group difference was significant (P,0·05).
† One unit of alcohol in terms of UK ‘standard drinks’ is 0·5 pints (0·28 litres) beer,

lager or cider, one measure of spirits or one glass of wine.
‡ Also includes falls, atrial fibrillation, syncope, urinary tract infection, anaemia, sep-

ticaemia, diabetes, osteoarthritis, rheumatoid arthritis and fractured limbs.
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as a single variable) against a number of poor prognostic vari-
ables including age, disability (Barthel), chronic illness, drugs,
smoking and inflammatory response (C-reactive protein).
After adjusting for poor prognostic indicators the hazard
ratios of death in the fourth, third and second quarters of
both baseline serum albumin and MUAC distributions relative
to the first were 0·68, 0·77 and 0·58 (trend P¼0·013) and 0·61,
1·0 and 0·87 (trend P¼0·005) respectively. Overall the hazard
ratios for an outcome of death associated with each quarter
increase from the first in baseline serum albumin and
MUAC were 0·73 (95% CI 0·56, 0·97) and 0·72 (95% CI
0·54, 0·97) respectively (Table 3). Corresponding hazard
ratios for serum albumin and MUAC quarters at 6 weeks
and 1-year mortality were 0·61 (95% CI 0·27, 1·38)
(P¼0·06) and 0·6 (95% CI 0·31, 1·18) (P¼0·23) respectively
(Table 4).
Although the unadjusted hazard ratios of death for body

weight and BMI at baseline and 6 weeks were statistically sig-
nificant, the adjusted hazard ratios were not statistically sig-
nificant (hazard ratios for body weight at baseline and 6
weeks were 1·0 (95% CI 0·98, 1·03) and 0·99 (95% CI
0·94, 1·06) respectively; corresponding adjusted hazard ratios
for BMI were 0·82 (95% CI 0·78, 2·1) and 0·93 (95% CI
0·72, 1·18) respectively).

The Kaplan–Meier curves clearly demonstrate graded
relationships between MUAC and serum albumin at baseline
and 6 weeks and 1-year mortality (Figs. 1–4).

Discussion

The present study shows a strong and independent association
between nutritional status as measured by MUAC and serum
albumin and 1-year mortality of older patients following
acute illness. We also observed a graded and significant
relationship between MUAC, serum albumin and mortality.

Previously we observed a similar association between
serum albumin and 3-month stroke mortality; however, in
the present study we have found a similar relationship between
MUAC and 1-year mortality in a heterogeneous group of
acutely ill patients.

Even though serum albumin is frequently considered a
nutritional marker and has been shown to predict outcome
in many settings, there are many conditions, such as catab-
olism, liver and renal disease which may reduce serum albu-
min levels (Sullivan & Walls, 1994; Gariballa et al. 1998).
The catabolic state and the associated neuroendocrine
response which is likely to follow an acute illness may lead
to altered serum albumin concentrations. It may therefore be

Table 2. Baseline anthropometric and biochemical nutritional markers of survivors and non-survivors at 1 year
following acute illness

(Mean values and standard deviations)

Alive (n 377) Dead (n 57)

Nutritional variable Mean SD Mean SD Mean difference 95 % CI

Body weight (kg) 66·5 13 64 13 2·5 21·5, 6
BMI (kg/m2) 25·3 4 24 4 1·3* 0·5, 2·5
MUAC (cm) 28·4 4 26·2 3 2·2* 1·2, 3·2
TSF (mm) 16 7 13 6 2·9* 1·1, 4·7
Hb (g/l) 127 22 127 20 20·1 26, 6
Albumin (g/l) 38 5 35·8 4 2·4* 1·1, 3·6
Transferrin (mg/l) 2·2 0·5 2·0 0·6 0·13 20·03, 0·3
Ascorbic acid (mmol/l) 24 21 20 21 4·2 22·5, 11
Erythrocyte folate (nmol/l) 330 171 326 177 3 270, 76
Vitamin B12 (pmol/l) 389 305 390 324 21 292, 91

MUAC, mid-upper arm circumference; TSF; triceps skinfold.
* Mean difference was significant (P,0·05).

Table 3. Cox’s proportional hazard analysis of the relationship between baseline nutritional status and other prognostic variables and
hospitalised patients’ 1-year mortality

Variable Regression coefficient SE P
Hazard ratio for

unit change 95 % CI

Age (years) 0·034 0·026 0·187 1·04 0·98, 1·09
Barthel score (0–20) 20·054 0·031 0·077 0·95 0·89, 1·02
Chronic illnesses 0·146 0·102 0·152 1·16 0·95, 1·41
Smoking (never, ex, current) 0·368 0·205 0·072 1·45 0·97, 2·12
All medications 0·087 0·080 0·279 1·07 0·93, 1·28
C-reactive protein (#10, . 10 mg/l) 20·001 0·002 0·522 0·99 0·99, 1·003
MUAC quarters (cm)†§ 20·309 0·140 0·028* 0·73 0·56, 0·97
Serum albumin quarters (g/l)‡§ 20·329 0·151 0·029* 0·72 0·54, 0·97

MUAC, mid-upper arm circumference.
*P,0·05.
† MUAC quarters (cm): 1st ,25·8; 2nd ¼ 25·8–28; 3rd ¼ 28·1–30·5; 4th .30·5.
‡ Albumin quarters (g/l): 1st ,35; 2nd ¼ 35–38; 3rd ¼ 38·1–41; 4th .41.
§ 1st quarter ,25 %; 2nd quarter ¼ 25–50 %; 3rd quarter ¼ 51–75 %; 4th .75 %.
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that in catabolic states the synthesis of acute-phase proteins
has a priority over serum albumin, and this may partly account
for some of the features of the plasma protein profile observed
during the acute-phase response after injury. This process is
likely to lead to erosion of nutritional reserves. It is also
well known that malnutrition negatively affects protein syn-
thesis (Rothschild et al. 1972; Gariballa et al. 1998). In the
present study and a previous one (Gariballa et al. 1998), we
have demonstrated that low serum albumin levels were related
to poor outcome not just during the acute phase following
acute illness but throughout the recovery period, an effect
unlikely to be explained by the catabolic state alone. On the
other hand, MUAC is a composite measure of muscle and
fat stores. Studies which have investigated MUAC either
alone or as part of corrected arm muscle area calculated
from MUAC and triceps skinfolds found that it has a better
ability to discriminate between degrees of malnutrition and
is also simple and feasible, and if classified by percentiles
may have a good prognostic value in acute care settings
(Campbell et al. 1990; Muhethaler et al. 1995). When used
as part of corrected arm muscle area in community settings
it has also been found useful in assessing undernutrition in

older adults and that it has better prognostic value than BMI
in predicting death in older adults (Miller et al. 2002).

Many studies have evaluated several nutritional and non-
nutritional clinical and biochemical prognostic indicators in
older adults in acute care settings such as general medical
wards and intensive care facilities (Sullivan & Walls, 1994;
Gariballa et al. 1998; Liu et al. 2002; Massaia et al. 2003).
For example, Sullivan and co-workers (Sullivan & Walls,
1994; Sullivan et al. 1995) studied the nutritional status and
energy intake of 350 randomly selected admissions to a
geriatric rehabilitation unit and found that protein–energy
malnutrition was a strong predictor of in-hospital and post-dis-
charge mortality. Another observational study which analysed
data of 18 316 hospitalised Italian patients found low BMI to
be a significant and independent predictor of shortened survi-
val in older patients (Landi et al. 2000).

The challenge is to distinguish underlying co-morbidity
from undernutrition, and to separate their effects on older
patients’ outcome. For patients admitted to intensive care
units the risk stratification involve the use of several acute
physiological parameters. However, for less critically ill
older patients admitted to general medical wards, as is the

Table 4. Cox’s proportional hazard analysis of the relationship between nutritional status at 6 weeks and other prognostic vari-
ables and hospitalised patients’ 1-year mortality

Variable
Regression
coefficient SE P

Hazard ratio for
unit change 95 % CI

Age (years) 0·156 0·067 0·019* 1·17 1·03, 1·33
Barthel score (0–20) 20·037 0·078 0·638 0·96 0·86, 1·12
Chronic illnesses 0·177 0·208 0·393 1·2 0·80, 1·80
Smoking (never, ex, current) 0·742 0·525 0·158 2·1 0·68, 5·88
All medications 0·141 0·185 0·446 1·2 0·80, 1·66
C-reactive protein (mg/l) 0·007 0·004 0·142 1·0 0·99, 1·02
MUAC quarters (cm)†§ 20·495 0·416 0·062 0·61 0·27, 1·38
Serum albumin quarters (g/l)‡§ 20·507 0·342 0·231 0·60 0·31, 1·18

MUAC, mid-upper arm circumference.
*P,0·05.
† MUAC quarters (cm): 1st ,25·5; 2nd ¼ 25·5–28; 3rd ¼ 28·1–30·5; 4th .30·5.
‡ Albumin quarters (g/l): 1st ,39; 2nd ¼ 39–41; 3rd ¼ 41·1–43; 4th .43.
§ 1st quarter ,25 %; 2nd quarter ¼ 25–50 %; 3rd quarter ¼ 51–75 %; 4th .75 %.

Fig. 1. Survival at 1 year according to serum albumin quarters (1, 2, 3,4)

on admission. The relationship between serum albumin on admission and

1-year survival was significant (P,0·01).

Fig. 2. Survival at 1 year according to serum albumin quarters (1, 2, 3,4) at

6 weeks. The relationship between serum albumin at 6 weeks and 1-year

survival was not significant (P,0·095).

Malnutrition following acute illness 335

https://doi.org/10.1017/S0007114507701708  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114507701708


case in the present study, other functional and co-morbidity
measures should be included in models of predictors of clini-
cal outcome. Furthermore, nutritional indices in ageing
patients are affected by age-related changes, disability, illness
and injury (Klein et al. 1997; Dionigi et al. 2000). In attempt-
ing to overcome some of the above challenges we excluded
from the study all patients with severe medical and psychiatric
illnesses such as liver, gastrointestinal, kidney or neoplasm.
Also by adjusting for underlying disease state, age, drugs,
functional capacity and acute-phase response on mortality it
was possible to identify a potential independent effect of
poor nutritional status on patients’ outcome.
The present study lacked information on pre-morbid and

long-term post-discharge dietary intake. Another important
limitation is inherent difficulties in measuring anthropometric
and biochemical nutritional indices in ageing patients. The
purpose of assessing intra-observer differences on anthropo-
metric measurements, the longitudinal design of the study
and the use of multiple Cox’s regression analyses to adjust
for poor prognostic clinical indicators was to overcome
some of these weaknesses.

In thepresent studyof hospitalisedacutely ill patients,we found
that baseline nutritional status was worse among those who later
died at 1 year and their nutritional status deteriorated further fol-
lowing acute illness compared with those alive at 1 year.

The heterogeneous nature of the patient population in the
present study gave us the opportunity to study and adjust for
the contribution of underlying disease and co-morbidity, as
well as the catabolic state of acute illness to the erosion of
macro- and micronutrient nutritional status. Whether the
relationship between malnutrition and the poor outcome high-
lighted by the present study is a causal one or a mere associ-
ation can also be determined by robust intervention studies.

Acknowledgements

The present study was funded by The Health Foundation pro-
ject grant. There are no conflicts of interest.

References

Akner G & Cederholm T (2001) Treatment of protein-energy malnu-

trition in chronic non-malignant disorders. Am J Clin Nutr 74,
6–24.

Campbell AJ, Spears GFS, Brown JS, Busby WJ & Borrie MJ (1990)

Anthropometric measurements as predictors of mortality in a com-

munity population aged 70 years and over. Age Ageing 19,
131–135.

Dionigi R, Dominioni L, Jemos V, Cremaschi R & Monico R (2000)

Diagnosing malnutrition. Gut 27, Suppl. 1, 5–8.
Gariballa SE & Forster S (2006) Effects of acute phase response on

nutritional status and clinical outcome of hospitalised patients.

Nutrition 22, 750–757.
Gariballa SE, Parker SG, Taub N & Castleden CM (1998) The influ-

ence of nutritional status on clinical outcome after acute ischaemic

stroke. Am J Clin Nutr 68, 275–281.
Gariballa SE & Sinclair AJ (1998) Nutrition, ageing and ill-health. Br

J Nutr 80, 7–21.
Klein S, Kinney J, Jeejeebhoy K, Alpers D, Hellerstein M, Murray M

& Twomey P (1997) Nutrition support in clinical practice: review

of published data. Am J Clin Nutr 66, 683–706.
Landi F, Onder G, Gambassi G, Pedone C, Carbonin P & Bernabei R

(2000) Body mass index and mortality among hospitalised patients.

Arch Intern Med 160, 1459–1460.
Liu L, Bopp MM, Robertson PK & Sullivan DH (2002) Undernutri-

tion and risk of mortality in elderly patients within 1 year of hos-

pital discharge. J Gerontol 57, M741–M746.

Massaia BM, Raspo S, Bosco F, Cena P, Molaschi M & Fabris F

(2003) Predictive factors of in-hospital mortality in older patients

admitted to a medical intensive care unit. J Am Geriatr Soc 51,
529–533.

Miller MD, Crotty M, Giles LC, Bannerman E, Whitehead C, Cobiac

L, Daniels LA & Andrew G (2002) Corrected arm muscle area: an

independent predictor of long-term mortality in community-dwell-

ing older adults? J Am Geriat Soc 50, 1272–1277.
Muhethaler R, Stuck AE, Minder CE & Freu BM (1995) The prog-

nostic significance of protein and energy malnutrition in geriatric

patients. Age Ageing 24, 193–197.
Rothschild MA, Oratz M & Schreiber SS (1972) Albumin synthesis.

N Engl J Med 286, 748–757.
Sullivan DH & Walls RC (1994) Impact of nutritional status on mor-

bidity in a population of geriatric rehabilitation patients. J Am

Geriat Soc 42, 471–477.
Sullivan DH, Walls RC & Bopp MM (1995) Protein-energy under

nutrition and the risk of mortality. J Am Geriatr Soc 43, 507–512.

Fig. 3. Survival at 1 year according to mid-upper arm circumference (MUAC)

quarters (1, 2, 3, 4) on admission. The relationship between MUAC on

admission and 1-year survival was significant (P,0·001).

Fig. 4. Survival at 1 year according to mid-upper arm circumference (MUAC)

quarters (1, 2, 3,4) at 6 weeks. The relationship between MUAC at 6 weeks

and 1-year survival was significant (P¼0·03).
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