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This study aimed to investigate the link between deprivation and in-hospital malnutrition and to assess any independent and interrelated effects of

deprivation and malnutrition on clinical outcome in hospital. One thousand patients (mean age 71 (SD 19) years, mean BMI 25·6 (SD 5·4) kg/m2)

were screened for malnutrition (using the Malnutrition Universal Screening Tool (‘MUST’)) and their clinical outcome assessed prospectively. The

deprivation of patients’ locality of residence prior to admission was recorded using the Index of Multiple Deprivation 2000 (IMD). Patients with

medium and high malnutrition risk (42 %, n 420) were admitted from areas with significantly greater deprivation (lower ranks) than low-risk

patients (IMD 3731 v. 3946; P,0·02). The prevalence of malnutrition increased by multiples of 1·14 (95 % CI 1·02, 1·28) for each increment

in quartile of IMD rank. The odds of malnutrition of the most deprived quartile were greater than those of the least deprived quartile by a

factor of 1·59 (95 % CI 1·11, 2·28). They were also greater for five of the six components of IMD deprivation (and by a factor of 1·73 (95 %

CI 1·20, 2·49) for income and 1·69 (95 % CI 1·18, 2·42) for employment). Greater in-hospital mortality was associated with malnutrition, inde-

pendently of IMD (or its individual components; odds ratio 2·04 (95 % CI 1·22, 3·44)). Length of stay was associated only with malnutrition

risk (P,0·0005). This study highlights that in-hospital malnutrition and deprivation are interrelated, yet have independent, adverse associations

with patient outcome. Effective strategies are required to tackle these common health inequalities in both clinical and public health settings.

Malnutrition: Screening: Deprivation: Outcome Assessment

Reports have consistently highlighted the problems of health
inequality, the adverse impact of poverty and deprivation on
health, and the important role of nutrition (Department of
Health and Social Security, 1980; Department of Health, 2001,
2004; Elia & Stratton, 2005). Deprivation, including social,
economic and environmental factors, may increase an individ-
ual’s risk of developing disease-related malnutrition. This is a
very common condition that has deleterious consequences on
physical and psychological function and clinical outcome
(Stratton et al. 2003b, 2006). Geographical inequality, including
deprivation, has been shown to be associated with malnutrition
and poorer nutrient status (Armstrong et al. 2005; Elia &
Stratton, 2005) and with poorer outcome (e.g. increased mor-
tality) in the general population (Department of Health and
Social Security, 1980; Acheson, 1998; Shaw et al. 2005). It is,
however, unclear whether similar associations and interrelation-
ships exist in the clinical setting between deprivation, malnu-
trition (which affects 15–60 % of hospital admissions;
Stratton, 2005) and poor outcome in hospital (e.g. mortality,
length of stay). This study therefore had two aims: to investigate
the link between deprivation and malnutrition in a British hospi-
tal; and to assess any independent and interrelated effects of mal-
nutrition and deprivation on clinical outcome in hospital.

Subjects and methods

Local Research Ethics Committee approval was obtained.
Patients gave consent before being screened for malnutrition,

and fewer than 2 % of patients declined to participate during
this 1-year study period. One thousand patients consecutively
admitted to a university teaching hospital were included in the
study from surgical (n 224), medical (n 255), elderly care
(n 247) and trauma and orthopaedic (n 274) hospital wards
(see Table 1 for details). Patients were screened for malnu-
trition risk using the Malnutrition Universal Screening Tool
(‘MUST’; Malnutrition Advisory Group, British Association
for Parenteral and Enteral Nutrition; Elia, 2003; Fig. 1)
within 48–72 h of admission to hospital as follows.

Height was measured to the nearest 0·1 cm using a porta-
ble, free-standing stadiometer (SECA, Leicester, UK),
according to standard methodology (Elia, 2003). If height
could not be measured accurately (e.g. the person was
unable to stand), recalled height (if reliable and realistic;
Elia, 2003; Stratton et al. 2003a) or surrogate measures
(e.g. knee height; Elia, 2000, 2003) were used to calculate
height. Weight was measured to the nearest 0·01 kg using
SECA clinical scales (conforming to EU Directive 90/384/
EEC). If weight could not be measured accurately, recalled
weight (if reliable and realistic) was used (Elia, 2003; Strat-
ton et al. 2003a). BMI (kg/m2) was calculated and scored
accordingly (Fig. 1). If neither weight nor height could be
obtained, subjective criteria assessing physical appearance
(very thin, thin, etc.) were used. Percentage unplanned
weight loss over 3–6 months was calculated, either from
documented weights in patients’ notes or from patients’
reports, and were scored accordingly (Fig. 1). Subjective
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criteria could be used if reliable records or reports could not
be obtained (Elia, 2003). An acute disease effect (if there had
been or was to likely to have been no nutritional intake for
over 5 d) was noted and scored (Fig. 1).

The use of recalled and other alternative measures and sub-
jective criteria as part of ‘MUST’ allowed all patients to be
screened. ‘MUST’ has been validated with the use of these
alternative and subjective measures, and previous work
shows that the categorisation of malnutrition risk can be estab-
lished with a sensitivity and specificity of 95 % or more com-
pared with the use of measured weight or height (Elia, 2003).
For more information on the evidence base and use of
‘MUST’ and its practicality, reliability and concurrent and
predictive validity, see Elia (2003) and Stratton et al. (2004,
2006).

A record was made of the prevalence of malnutrition risk
using ‘MUST’ (low, medium and high risk, combined into
two risk categories: low, and medium þ high risk), and clini-
cal outcome (mortality, length of hospital stay) was prospec-
tively recorded. At the time of the study, nutritional
screening was not routinely carried out on these hospital
wards. The results of screening in the present study were
not divulged to the nursing staff so that care continued routi-
nely according to local policy.

Deprivation (for this study defined as ‘an unmet need
caused by a lack of resources of all kinds, including financial
resources’; Office of the Deputy Prime Minister, 2004) was
assessed using the Index of Multiple Deprivation (IMD)
2000, produced by the Department of Environment, Transport
and the Regions (2000). This index comprehensively assesses

Table 1. Patient characteristics (n 1000)

Characteristic Value

Age Mean 71 (SD 19) years*
No. male v. female 574 v. 426 (57·4 % v. 42·6 %)†
BMI Mean 25·6 (SD 5·4) kg/m2

Malnutrition risk (low, medium, high) 58 %, 14 %, 28 %
Index of Multiple Deprivation rank‡

Median Range

All patients (n 1000) 3890 601–8375
Surgical (n 224) 3890 742–8375
Medical (n 255) 3731 603–8375
Elderly care (n 247) 3890 817–8375
Trauma and orthopaedic (n 274) 4100 601–8375

* Patients with a medium þ high risk of malnutrition were older than those with a
low risk (73 v. 69 years, P,0·0005). There was no significant difference in age
according to deprivation quartile.

† There was no significant differences in the ratio of men to women according to
malnutrition risk or deprivation quartile.

‡ Ranks range from 1 (greatest deprivation) to 8414 (least deprivation). For com-
parison, median IMD ranks are 4207 (nationally), 4404 (regionally; Southampton
and South West Hampshire) and 6094 (locally; Southampton; Department of
Environment, Transport and the Regions, 2000).

BMI Score

BMI >20·0 (>30 obese+) = 0 
BMI 18·5 – 20·0   = 1 
BMI <18·5  = 2 

Weight Loss Score
(unplanned wt loss in 3–6 mo)

Wt loss <5% = 0 
Wt loss 5–10%   = 1 
Wt loss >10%  = 2 

Add all scores 

Acute Disease Effect
Score

Add a score of 2 if there has 
been or is likely to be no 
nutritional intake for >5 days

Overall Risk of Malnutrition and Management Guidelines

0
Low risk 

Routine clinical care 

1
Medium risk 

Observe

2 or more
High risk 

Treat* 

Record malnutrition risk category, presence of obesity and/or need for special diets and follow local policy. Re-
assess those identified at risk as they move through care settings +In the obese, underlying acute conditions are 
generally controlled before the treatment of obesity. 
If unable to obtain height and weight, alternative measurements and subjective criteria are provided (Elia, 2003). 

© BAPEN 2003

Repeat screening 
Hospital – weekly  
Care homes – monthly

special groups (e.g. those > 75 y)

Document dietary intake for 
3 days if subject in hospital 
or care home 
If improved or adequate 
intake, little clinical  
concern; if no improvement,  
clinical concern – follow local 
policy 
Repeat screening 
Hospital – weekly  
Care home –  at least monthly 
Community – at least every
6 months  

Refer to dietitian, nutrition 
support team or implement 
local policy 

 Improve and increase overall 
nutritional intake 

 Monitor and review care plan 
Hospital – weekly  
Care home – monthly  
Community - monthly 

* Unless detrimental or no benefit is 
expected from nutritional support 
e.g. imminent death 

Community – annually for

Fig. 1. The Malnutrition Universal Screening Tool (‘MUST’).
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six components (domains) of deprivation related to: income;
employment; health deprivation and disability; education,
skills and training; housing; access to services. These domains
are then weighted (Table 2) and combined to form the overall
index of multiple deprivation (IMD). For more information on
the IMD domains and how they are derived, see Table 2.

The IMD is not specific to individuals, but to geographical
areas (wards). There are 8414 geographical wards in England,
which are ranked in order of deprivation across the whole
country. The most deprived ward for each of the domains is
given a rank of 1 and the least deprived a rank of 8414. In the pre-
sent study, the postcode of the residing address of all screened
patients was used to determine the geographical ward they
were admitted from and its associated deprivation. Table 1
shows the median IMD rank for the whole patient group
(n 1000) and according to hospital ward type. As there were
no significant differences between hospital ward types (surgical,
medical, elderly, trauma and orthopaedics), these were com-
bined and analysed as one group.

Statistical analysis

Indices of deprivation were analysed as ranks and as quartiles
from the least deprived (most affluent; quartile 1) through to
the most deprived (quartile 4; Table 3). They were also ranked
according to national quartiles. Kruskal–Wallis
one-way ANOVA and Mann–Whitney U non-parametric tests
were undertaken to assess the differences in deprivation ranks
between groups (i.e. according to malnutrition risk category or
hospital speciality). Length of stay, adjusted for mortality, was
assessed using Kaplan–Meier survival analysis (log rank test)
or Cox regression analysis (to assess covariates such as age,
sex, etc.). Differences in the proportions (i.e. the proportion of
patients with malnutrition) were analysed using the chi-squared
test. The influence of multiple variables (including age and sex)
on binary outcomes (malnutrition v. no malnutrition; dead v. not
dead) was assessed using binary logistic regression. Other poten-
tial confounders, such as smoking or severity of illness, were not
recorded in this study so could not be assessed.

To examine the null hypothesis that the exposure effect for
the ordered categorical variables (quartiles of deprivation) was
linear, a log likelihood ratio statistic was used, which was
based on two types of binary logistic regression analysis:
assuming linearity, and allowing the exposure effect (the quar-
tiles) to be non-linear (which produces an increase in 2 df);
(Kirkwood & Sterne, 2005). A value of P,0·05 was con-
sidered to be significant. Data are presented as means and
standard deviations, or medians and range. Analysis was
undertaken using SPSS statistical software package version
11.0 (SPSS, Woking, Surrey, UK).

Results

Link between deprivation and malnutrition in hospital

Patients at risk of malnutrition (42 %; n 420/1000); 14 %
medium risk, 28 % high risk) were admitted from areas of greater
deprivation than those not at risk. The IMD ranks were
significantly lower (indicating more deprivation; 3731
(2251–6826)) for those at risk of malnutrition with ‘MUST’
(medium þ high risk) than those not at risk (low risk, 3946

(603–8375)) on admission to hospital (Fig. 2). Each of the indi-
vidual ‘MUST’ components showed a similar, significant
relationship with IMD (BMI (P,0·03), percentage weight loss
in 3–6 months (P,0·05), acute disease effect (P,0·05); Fig. 2).

The prevalence of malnutrition risk (medium þ high risk)
significantly increased with each quartile of deprivation rank
(IMD; predicted odds ratio 1·14 (95 % CI 1·02, 1·28), binary
logistic regression model (low v. medium þ high risk),
adjusted for age and sex; Table 4). The odds ratio for the
IMD (odds of the most deprived quartile (49 % malnour-
ished)/odds of the least deprived quartile (38 % malnour-
ished)), when adjusted for age and sex using binary logistic
regression, was found to be 1·59 (95 % CI 1·11, 2·28;
Table 3). The odds ratios according to quartile of deprivation
rank (IMD and individual domains) are shown in Table 4. The
table also shows results assuming that the ordered categorical
exposure effects (the quartiles of deprivation) are linear (see
the table footnote for tests of linearity). Of the individual
domains, health deprivation and disability, income and
employment deprivation were also significantly greater with
increased malnutrition risk (Table 4). Analysis of data accord-
ing to national quartiles of the IMD and its components gave
results similar to those based on local deprivation quartiles.
For example, for malnutrition the odds ratio (most to least
deprived national quartiles) was 1·56 (95 % CI 1·09, 2·24)
instead of 1·59 (95 % CI 1·11, 2·28; Table 4).

Effects of deprivation and malnutrition on outcome in hospital

Mortality. Patients who died during hospitalisation tended to
live in more deprived areas (4210 adjusted for age and sex)
than those who were alive on discharge (4210 v. 3674;
P¼0·06). In addition, the binary logistic model tended to show
greater mortality among those living in more deprived areas
(Table 5). When malnutrition risk was included as a covariate
in the binary logistic regression model, the odds ratios (with
the least deprived quartile as the reference quartile) remained
virtually identical to those shown in Table 5. Malnutrition was
also found to be related to mortality (odds ratio 2·59; 95 % CI
1·59, 4·24; unadjusted) even when adjustments were made for
age and sex (odds ratio 2·03; 95 % CI 1·22, 3·39) or age, sex
and IMD quartiles (odds ratio 2·07; 95 % CI 1·03, 4·14), or
age, sex and individual components of IMD deprivation (the
odds ratio remaining virtually identical to that observed with
IMD deprivation quartiles).

Analysis of data according to national deprivation quartiles
produced broadly similar results to those based on local depri-
vation quartiles, which are shown in Tables 4 and 5. For
example, for mortality (adjusted for age and sex), the odds
ratio using national quartiles (most deprived to least deprived
quartile) was found to be 1·63 (95 % CI 0·78, 3·39) instead of
1·69 (95 % CI 0·81, 3·52; Table 5).

Length of stay. There was no significant difference in
length of hospital stay between deprivation quartiles (e.g. 22
(17–27) d v. 23 (19–26) d for most v. least deprived quartile,
adjusted for mortality) in a Kaplan–Meier survival analysis
(log rank test; P.0·05) or in a Cox regression model (adjusted
for age and sex, ^malnutrition risk; P . 0·05). In contrast,
there was a significant difference in length of stay between
malnutrition risk categories (e.g. low risk 10 (9–11) d,
medium þ high risk 15 (13–17) d) in a Kaplan–Meier

R. J. Stratton and M. Elia872

https://doi.org/10.1017/BJN
20061852  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1017/BJN20061852


survival analysis (log rank test; P , 0·0005) and in a Cox
regression model (P , 0·0005 adjusting for mortality, age
and sex, ^quartile of deprivation rank on the IMD).

Discussion

This study of health inequality is the first to indicate a significant
relationship between malnutrition in a British hospital (ident-
ified with ‘MUST’) and deprivation (using IMD (2000)) and to
show significant but independent, adverse associations of mal-
nutrition and deprivation with clinical outcome (mortality).

This study in a mixed cohort of hospital admissions (medical,
surgical, elderly care, trauma and orthopaedic), highlights a new
and interesting relationship between malnutrition in a British
hospital and deprivation (Table 4, Fig. 2). Specifically, individ-
uals who are malnourished (medium þ high risk) on admission
to hospital are admitted from areas of significantly greater
deprivation than those at low risk. Both malnutrition risk categ-
orisation (‘MUST’) and the individual components of ‘MUST’
are significantly related to deprivation (IMD; Fig. 2).

Deprivation is multifaceted, and the IMD2000 assesses a
number of the components of deprivation (Table 2). In this

study, prevalence of malnutrition increased significantly with
the index of multiple deprivation (IMD) and several of its
domains, such as health and disability, income and employ-
ment (Table 4). One of these, poor health and disability, a
domain that represents long-standing illness (Table 2), could
adversely impact on nutritional status by direct effects, as
well as by indirect effects mediated through reduced appetite
and the ability to purchase, prepare and eat food. All of the
individuals in this study were acutely or chronically ill
requiring hospitalisation, although disease severity was not
assessed. Deprivation in income and employment were also
increased in the malnourished, raising issues about food inse-
curity. Food insecurity exists when there is uncertainty that
food will be available, or when there is an inability to
access the available food because of financial or physical limi-
tations (Bukhari et al. 2004). In our group of patients, how-
ever, it is unclear to what extent food insecurity existed as
part of deprivation or whether it contributed to malnutrition.
Other domains of deprivation assessed in the IMD, such as
poor housing and education, may also negatively impact diet-
ary intake (variety, nutritional adequacy), by adversely affect-
ing the ability to choose, purchase and prepare a nutritionally

Table 2. Indicators and domains of deprivation in the Index of Multiple Deprivation (IMD) 2000

Domain Indicators

Income – measures people who are on a low income Adults in Income Support households (1998)
(25 % weighting in IMD) Children in Income Support households (1998)

Adults in Income-based Job-seekers Allowance households (1998)
Children in Income-based Job-seekers Allowance households (1998)
Adults in Family Credit households (1999)
Children in Family Credit households (1999)
Adults in Disability Working Allowance households (1999)
Children in Disability Working Allowance households (1999)
Non-earning, non-Income Support pensioners and disabled Council

Tax Benefit recipients (1998)
Employment – measures forced exclusion from work (people who want

to work but are unable to do so through unemployment, sickness or
disability) (25 % weighting in IMD)

Unemployment claimant counts (average of May 1998, August 1998,
November 1998, February 1990)

People out of work but in TEC-delivered, government-supported training
People aged 18–24 on New Deal options
Incapacity Benefit recipients aged 16–59 years (1998)
Severe Disablement Allowance claimants aged 16–59 years (1999)

Health deprivation and disability – identifies people whose quality of
life is impaired by either poor health or disability
(15 % weighting in IMD)

Comparative mortality ratios for men and women aged under
65 years (1997–8)

People receiving Attendance Allowance or Disability Living Allowance (1998)
Proportion of people of working age (16–59 years) receiving Incapacity

Benefit of Severe Disablement Allowance (1998–9)
Age- and sex-standardised ratio of limiting long-term illness (1991)
Proportion of births of low birth weight (,2500 g) (1993–7)

Education, skills and training – measures education deprivation
(15 % weighting in IMD)

Working-age adults with no qualifications (1995–8)
Children aged 16 and over not in full-time education (1999)
Proportions of the 17–19-year-old population who have not successfully

applied for higher education (1997–1998)
Key stage 2 primary school performance data (1998)
Primary-school children with English as an additional language (1998)
Absenteeism at primary level (all absences) (1998)

Housing – identifies people living in unsatisfactory housing, and
homelessness (10 % weighting in IMD)

Homeless households in temporary accommodation (1997–8)
Household overcrowding (1991)
Poor private sector housing (1996)

Geographical access to services – measures access
to essential services (10 % weighting in IMD)

Access to a post office (1998)
Access to food shops (1998)
Access to a general practitioner (1997)
Access to a primary school (1999)

For more information, see Department of Environment, Transport and the Regions (2000).
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adequate diet, all of which can increase the risk of malnu-
trition developing.

Previous observations suggest that malnutrition (using
‘MUST’) and a range of nutrient deficiencies are linked to depri-
vation as well as to geographical regions across England
(southern, central and northern parts of England; Elia & Stratton,
2005). The present study suggests that inequalities also exist
within a smaller geographical area in one region of England.

In contrast to all the other domains of deprivation, which
were associated with risk of malnutrition, geographical
access to services was ‘better’ in the malnourished hospital
patients. The reasons for this are unclear, although it could
be that some of the services assessed (e.g. access to a primary
school; Table 2) may not be relevant or that investment into
improving inequalities in access to services had already
begun. In addition, a recent study has highlighted the limited
predictive power of this domain, especially in rural areas
(Niggebrugge et al. 2005).

This study highlights the fact that disease-related malnu-
trition and deprivation are independently related to in-hospital
mortality (Table 5), although only malnutrition is significantly
associated with increased length of hospital stay. Many studies
have indicated the relationship between disease-related malnu-
trition and increased risk of mortality and longer hospital stay
(Stratton et al. 2006), and in the present study, greater mor-
tality (by 6 %) and longer hospital stays (by 5 d) were
found to occur in patients with malnutrition. Systematic
reviews and meta-analyses have also shown that nutritional
interventions, such as multinutrient supplements that treat
malnutrition, reduce mortality (see Stratton et al. 2003b; for
a review). Similarly, individuals living in more deprived
areas have been shown to have poorer life expectancy and
greater morbidity (Department of Health and Social Security,
1980; Acheson, 1998; Shaw et al. 2005), so it is unsurprising
that such individuals also have a poorer outcome in hospital.

Although the effects of deprivation on patient outcome
might be explained by the associated malnutrition, as dis-
cussed above, our analysis suggested that deprivation also
had effects on outcome that were independent of malnutrition.
In this study, however, only protein–energy malnutrition was

assessed (using ‘MUST’). It is possible that those from more
deprived localities had other nutritional problems, such as
deficiencies of vitamins or other micronutrients, that might
have detrimentally influenced patient outcomes independently
of protein–energy status. Certainly, older subjects in the gen-
eral population, who live in more deprived geographical areas
in England, are more likely to have nutrient deficiencies,
which could in turn detrimentally affect outcome, indepen-
dently of protein–energy status (Elia & Stratton, 2005).
Unfortunately, nutrient status was not measured in this study.

Deprivation may adversely affect clinical outcome in other
ways (e.g. through lifestyle and dietary factors) that may predis-
pose to the development of more severe disease and later pres-
entation for diagnosis and treatment. Other studies have shown
that those from more deprived areas are less likely to accept

Table 3. Summary of quartiles of deprivation

(Median and range)

All
1st quartile

(Least deprived) 2nd quartile 3rd quartile
4th quartile

(Most deprived)

Deprivation index Median Range Median Range Median Range Median Range Median Range

Index of multiple
deprivation*

3890 601–8375 7319 6355–8375 5290 3946–6326 2688 2487–3890 1282 601–2251

Housing 2544 366–8337 7100 5419–8337 3943 2544–5398 1589 1085–2498 767 366–1012
Health deprivation

and disability
4029 928–8396 7243 6251–8396 5370 4516–6133 3368 2956–4476 2156 928–2951

Income 3237 413–8401 7021 6241–8401 4265 3237–6236 2578 2265–3118 1502 413–2185
Employment 3946 361–8401 7172 6015–8401 4932 4082–5944 3530 2960–4043 2076 361–2868
Education, skills

and training
3607 88–8262 6672 5693–8262 4518 3607–5664 2288 1242–3526 756 88–1145

Geographical access
to services

5501 190–8330 7271 6409–8330 5969 5501–6298 4528 3454–5441 2705 190–3423

There were no significant differences in age or sex across the deprivation quartiles.
* For comparison, median Index of Multiple Deprivation ranks are 4207 nationally, 4404 regionally; Southampton and South West Hampshire and 6094 locally; Southampton;

Department of Environment, Transport and the Regions, 2000.
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Fig. 2. Relationship between deprivation (Index of Multiple Deprivation 2000)

and malnutrition risk (Malnutrition Universal Screening Tool (‘MUST’) and

‘MUST’ components) in patients admitted to hospital, lower ranks indicating

greater deprivation*. There was significantly greater deprivation (lower ranks)

for patients at risk of malnutrition (‘MUST’ and ‘MUST’ components; see Fig. 1;

P,0·05 using the Mann–Whitney U test). ‘MUST’ components: BMI score 0

(BMI . 20 kg/m2) v. score 1 or more (BMI , 20 kg/m2); percentage weight

loss score 0 (,5 % weight loss) v. score 1 or more (.5 % weight loss); acute

disease effect score 0 (none) v. score 2 (acute disease effect present);

‘MUST’ score 0 (low risk, A) v. score 1 or more (medium þ high risk, ).
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invitations for screening (e.g. for colorectal cancer; Whynes
et al. 2003) and less likely to attend follow-up appointments
(Johnson et al. 2004). Deprivation, including poorer education,
may also negatively affect patients’ responsiveness and compli-
ance with prescribed treatments. Alternatively, individuals from
deprived localities may be treated differently by hospital staff.
We did not collect data to investigate these possibilities in our
study. Other studies (in which nutrition was not considered)
have linked deprivation to poorer hospital outcome and
increased hospital admission rates (Hawker et al. 2003;
Hutchings et al. 2004; Lyratzopoulos et al. 2005). The under-
lying mechanisms and the role of nutrition require investigation.

The lack of a demonstrable relationship between length of
stay and deprivation may be due to an inadequate sample
size (n 1000), especially since it is widely acknowledged
that many factors, both clinical and social, affect the time of
hospital discharge. For example, attitudes to recovery are
important, but whether such attitudes are related to depri-
vation, independently of malnutrition risk, is uncertain.

The IMD was chosen as the overall deprivation index not
only because it is widely recognised and used (e.g. Woods

et al. 2005), but also because it has been shown to have
good agreement with other commonly used tools, for example
the Jarman Underprivileged Area Score (1991), developed to
measure general practitioner workload (NHS Executive,
2000), and the Townsend Score (1988; Townsend et al.
1988; Jordan et al. 2004). It is easy to use and assesses a
range of deprivation domains (Table 2). One of the limitations
of the IMD(2000) is, however, that it identifies the deprivation
of the locality (geographical ward) in which an individual
lives (derived from postcode) rather than the deprivation of
individuals per se. The newer indices of deprivation (pub-
lished after the commencement of this study) assess depri-
vation in smaller geographical areas called super-output
areas (within wards) and include additional domains (includ-
ing crime). These should be used in the future to identify
more closely the relationship between malnutrition and
deprivation (Office of the Deputy Prime Minister, 2004).

Another limitation of this study is that the potential confound-
ing effects of smoking and disease severity were not addressed.
Furthermore, this investigation did not continue to monitor the
healthcare use of this patient group after discharge; this is an

Table 4. Malnutrition risk (medium þ high v. low risk) by quartile of (local) deprivation rank (adjusted for age and sex)

Quartile*

1st
2nd 3rd

4th
(Most deprived) Linear model†

Deprivation index (Least deprived) OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Index of multiple deprivation 1·00 1·01 0·84, 1·42 1·04 0·73, 1·50 1·59 1·11, 2·28 1·14 1·02, 1·28
Housing 1·00 0·93 0·65, 1·33 0·96 0·66, 1·39 1·36 0·95, 1·94 1·10 0·99, 1·24
Health deprivation and disability 1·00 0·84 0·58, 1·21 1·23 0·87, 1·76 1·31 0·92, 1·88 1·13 1·01, 1·26
Income 1·00 1·41 0·99, 2·01 1·07 0·74, 1·55 1·73 1·20, 2·49 1·15 1·04, 1·28
Employment 1·00 1·25 0·87, 1·81 1·11 0·77, 1·61 1·69 1·18, 2·42 1·16 1·03, 1·30
Education, skills and training 1·00 0·81 0·56, 1·16 0·78 0·55, 1·12 1·26 0·88, 1·82 – –
Geographical access to services 1·00 1·12 0·79, 1·60 0·90 0·63, 1·29 0·81 0·57, 1·15 0·92 0·82, 1·03

OR, odds ratio.
* The odds of malnutrition of each quartile ((medium þ high risk)/low risk) is compared with that of the least deprived quartile (i.e. 1st quartile ¼ reference quartile). Odds ratio ¼

odds of specified quartile/odds of 1st quartile.
† The results shown represent the multiples by which the odds of malnutrition increases for each quartile increase in deprivation rank. (Odds ratio ¼ predicted odds of a quarti-

le/predicted odds of the previous quartile using binary logistic modelling). Results are only shown when there is no statistical evidence against the null hypothesis that the
quartile of deprivation is linear (in the binary logistic model P.0·2 for all indices of deprivation except for income, for which P .0·05 and P,0·1).

Table 5. Mortality (dead v. not dead) by quartile of (local) deprivation rank

Quartile*

1st
2nd 3rd

4th
(Most deprived) Linear model†

Deprivation index (Least deprived) OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Index of multiple deprivation 1·00 0·71 0·31, 1·63 2·07 1·03, 4·14 1·69 0·81, 3·52 1·31 1·04, 1·65
Housing 1·00 1·03 0·48, 2·18 1·50 0·73, 3·07 1·77 0·87, 3·61 1·24 0·99, 1·55
Health deprivation and disability 1·00 1·93 0·88, 4·24 1·79 0·82, 3·90 2·33 1·08, 5·01 1·26 1·00, 1·57
Income 1·00 1·44 0·69, 3·00 1·73 0·83, 3·63 1·83 0·85, 3·94 1·21 0·96, 1·53
Employment 1·00 1·79 0·80, 4·01 2·29 1·04, 5·04 2·17 0·98, 4·83 1·26 1·00, 1·58
Education, skills and training 1·00 1·09 0·51, 2·34 1·75 0·88, 3·49 1·74 0·83, 3·65 1·24 0·99, 1·56
Geographical access to services 1·00 0·71 0·38, 1·33 0·39 0·19, 0·80 0·37 0·18, 0·77 0·69 0·55, 0·87

OR, odds ratio.
* The odds of malnutrition of each quartile ((medium þ high risk)/low risk) is compared with that of the least deprived quartile (i.e. 1st quartile ¼ reference quartile). Odds ratio ¼

odds of specified quartile/odds of 1st quartile.
† The results shown represent the multiples by which the odds of malnutrition increases for each quartile increase in deprivation rank. (Odds ratio ¼ predicted odds of a quarti-

le/predicted odds of the previous quartile using binary logistic modelling). There was no statistical evidence against the null hypothesis that quartile of deprivation was linear
(in the binary logistic model P.0·3 for all indices of deprivation except for Index of Multiple Deprivation 2000, for which P.0·05 and P , 0·1).
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area for further investigations, especially as an earlier study
suggested a greater need for primary care in deprived areas (Car-
lisle et al. 2002). Finally, results obtained using a population
served by only one hospital should only be extrapolated to the
whole country with caution as patient history, standards of
care, length of hospital stay and in-patient mortality vary from
hospital to hospital. Nevertheless, when deprivation was cate-
gorised according to national rather than local quartiles of depri-
vation, broadly similar results were obtained.

Solutions to inequity problems are likely to be complex and
may require changes not only in the healthcare sector, but also
in social and economic factors that lie outside the healthcare
sector. Public-health policies need to consider the graded effects
of deprivation on outcomes. In this study, the increase in mor-
tality or malnutrition with increasing quartiles of deprivation
did not appear to be progressive for some domains. However,
the overall pattern of increase did not differ significantly from
linearity (binary logistic regression) except for the education
domain, when binary logistic regression was used with malnu-
trition as the dependent variable. Among the factors that can
influence the overall pattern is sample size.

In conclusion, this is the first study to show that malnutrition
risk on admission to a British hospital (using ‘MUST’) and the
individual components of ‘MUST’ malnutrition risk (BMI less
than 20 kg/m2, more than 5 % unintentional weight loss in 3–6
months, acute disease effect) are associated with deprivation,
which was assessed using the IMD(2000) for England. In
addition, the findings suggest that malnutrition and deprivation
are independently linked to greater mortality in hospital. The
causes, consequences and methods for tackling malnutrition-
related inequalities require further investigation.
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