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Abstract

Purpose To explore the association between risk of

malnutrition as well as current body mass index (BMI) and

health-related quality of life (HRQoL) in elderly men and

women from the general population.

Methods In a cross-sectional population survey including

1,632 men and 1,654 women aged 65 to 87 years from the

municipality of Tromsø, Norway, we assessed HRQoL by

using the EuroQol (EQ-5D) instrument in three risk groups

of malnutrition and in different categories of BMI. The

Malnutrition Universal Screening Tool (‘MUST’) was used

to evaluate the risk of malnutrition.

Results We found a significant reduction in HRQoL with

an increasing risk of malnutrition, and this was more pro-

nounced in men than in women. The relationship between

BMI and HRQoL was dome shaped, with the highest score

values in the BMI category being 25–27.5 kg/m2.

Conclusions HRQoL was significantly reduced in elderly

men and women at risk of malnutrition. The highest

HRQoL was seen in moderately overweight individuals.

Keywords HRQoL � EQ-5D � Body mass index �
Elderly � Malnutrition universal screening tool �
Nutrition assessment

Abbreviations

HRQoL Health-related quality of life

BMI Body mass index

MUST Malnutrition universal screening tool

EQ-5D EuroQol-5D

EQ-5D index Value attached to an EQ-5D state

according to a particular set of weights

EQ VAS Standard vertical visual analogue scale

CI Confidence interval

SD Standard deviation

Introduction

Malnutrition and being underweight are persisting prob-

lems also in the affluent parts of the world and is more

prevalent in the elderly than in other adult individuals [1].

In developed countries, malnutrition is largely related to

diseases [2]. Throughout the previous decades, health-

related quality of life (HRQoL) has received increased

attention as a measure for comparing health statuses across

different patient groups and for measuring health out-

comes. While recent studies reveal strong evidence of

increased morbidity [2, 3] and mortality [4, 5] in under-

weight elderly people, little attention has been given to the

ways in which malnutrition affect HRQoL. Not only is the

quantity of life, calculated in years, important for the

increasing number of elderly individuals with longer life

expectancies, but the quality of life is important as well.
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The concept of HRQoL broadens a previous definition

of health based on morbidity and mortality to include

aspects such as subjective assessment of physical, emo-

tional and social functioning [6]. Nutrition may affect both

physical and psychological aspects important for HRQoL

[2]. Several reports have found HRQoL to be reduced in

obese individuals [7]. In a study of nursing home patients

[8] and a smaller community-based study [9], quality of

life was reduced in the elderly at risk of malnutrition.

However, larger community-based studies evaluating

HRQoL in the elderly at risk of malnutrition are lacking.

The purpose of the present study was to explore the

association between risk of malnutrition, categories of body

mass index and HRQoL in community-living elderly men

and women using the EuroQol (EQ-5D) instrument [10].

Methods

Population for the study

The Tromsø Study is a health survey of the population of

Tromsø, a medium-sized town in Norway. The 6th cross-

sectional survey was conducted between October 2007 and

December 2008. All independently living inhabitants aged

65 to 87 years (6,098) were invited, of which 4,017 (66%)

participated by going to a study center for data collection.

After exclusions (21 persons because height or weight had

not been measured due to various disabilities, 412 persons

because of missing weight loss information and addition-

ally 298 persons due to lack of response to the EQ-5D

health state descriptive system), 3,286 subjects (i.e., 54%

of the eligible subjects) were included in the analyses of the

EQ-5D-index. The second part of the EQ-5D exercise (the

EQ VAS scale) had 1,306 respondents.

The regional board of research ethics approved the

survey, and each participant gave written informed consent

prior to inclusion in the study.

Nutritional screening tool and body mass index

At the study center, the participants, who were instructed to

wear no shoes and light clothing, had their weight (kg) and

height (cm) measured to the nearest decimal using a Jenix

DS-102 stadiometer (Dong Sahn Jenix Co., Ltd., Seoul,

Korea). Body mass index (BMI) was calculated as weight

divided by the square of height (kg/m2). The participants

were asked in a self-administrated questionnaire whether

they had any involuntary weight loss during the last

6 months. If they had, they were asked how many kilo-

grams (kg) had been lost. Weight loss was grouped as

follows: below 5%, between 5 and 10% or above 10% of

body weight prior to weight loss.

Based on the BMI and degree of weight loss, each

subject was categorized into low, medium or high risk of

malnutrition according to the malnutrition universal

screening tool (‘MUST’) (Fig. 1). The ‘MUST’ tool is one

of the nutritional screening instruments recommended by

the European Society for Parenteral and Enteral nutrition

[11], and it was originally developed by the British

Society of Parenteral and Enteral nutrition (www.bapen.

org.uk) [12]. It includes an acute disease component with

no nutritional intake for [5 days, which normally neces-

sitates hospitalization [12]. As participation in this study

required the ability to independently visit a research cen-

ter, the acute diseases component was set to zero. The

weight loss question was slightly modified to state a time

span of the ‘‘last 6 months’’, but this encompasses the time

span of ‘‘the past 3–6 months’’ in the original ‘MUST’

tool.

Add scores

Score=O Score=1 Score ≥2
Low risk                  Medium Risk High Risk

Overall risk of malnutrition

If patient is acutely ill and
there has been or is likely to
be no nutritional intake for
> 5 days

Score 2

Unplanned weight
loss in past 3-6
months Score
<5 %              =0
5-10 %           =1
>10 %            =2

BMI (kg/m2) Score
>20 (>30 Obese)  =0
18.5-20  =1
<18.5 =2

Fig. 1 The malnutrition universal screening tool (‘MUST’) is

composed of a BMI score, a weight loss score and an acute illness

component. These are added, and based on the sum score, the risk of

malnutrition can be assessed. The ‘‘Malnutrition Universal Screening

Tool’’ is reproduced here with the kind permission of BAPEN (British

Association for Parenteral and Enteral Nutrition). For further infor-

mation on ‘MUST’ and management guidelines, see www.bapen.

org.uk

576 Qual Life Res (2011) 20:575–582

123

http://www.bapen.org.uk
http://www.bapen.org.uk
http://www.bapen.org.uk
http://www.bapen.org.uk


Based on BMI alone, we further categorized the partici-

pants into six categories (\20.0, 20.0–22.4, 22.5–24.9,

25.0–27.4, 27.5–29.9 and C30 kg/m2), thereby including the

WHO (World Health Organization) definitions of over-

weight (25.0–29.9 kg/m2) and obesity (C30 kg/m2) [13].

Assessment of HRQoL

HRQoL was measured by the EQ-5D, which is a stan-

dardized non-disease specific instrument consisting of two

parts: the EQ-5D descriptive system and the EQ visual

analogue scale (EQ VAS) [10]. The EQ-5D has been uti-

lized in a number of studies, and the instrument is validated

in acutely ill, elderly individuals [14] and community-

living elderly women receiving medication (clodronate) for

osteoporosis [15], but not in large populations of commu-

nity-living elderly men and women. In a systematic liter-

ature review of self-assessed health instruments [16], the

EQ-5D was one of the recommended generic health

instruments for use in older people.

EQ-5D describes health in generic terms using five

specific dimensions, which are important for elderly indi-

viduals: mobility, self-care, usual activities, pain/discom-

fort and anxiety/depression. Each dimension is divided into

three levels of severity (no problems, some problems or

extreme problems). Due to only a few participants report-

ing problems at the most severe level (extreme problems),

this category was included with the individuals reporting

some problems (second level) in the analyses of the various

EQ-5D dimensions (Table 2). The EQ-5D instrument is

designed for self-completion and was included as part of a

self-administrated questionnaire. A single summary EQ-5D

index with a maximum score of 1 is obtained by applying a

scoring algorithm that assigns weights to each of the pos-

sible combinations of health, as described by the three

levels within each of the five dimensions. In the current

study, we applied the most widely used scoring algorithm,

referred to as the UK time-trade-off tariff [17]. Subjects

missing values from any of the five dimensions were

excluded from the analyses.

In addition to this indirect health index assigned through

a descriptive system, a direct method was used asking

subjects to rate their health on a visual analogue scale

(VAS) with a maximum score of 100. The endpoints were

labeled as ‘‘worst imaginable health state’’ and ‘‘best

imaginable health state.’’

The number responding to the EQ VAS scale question

(669 men and 637 women) was lower than the number

responding to the EQ-5D health state descriptive system.

When comparing responders to non-responders on the EQ

VAS scale, both groups had a mean EQ-5D health index of

0.82. In the responders, the mean BMI and age were

somewhat lower (0.4 kg/m2 and 0.5 years, respectively).

Although minor, these differences were statistically sig-

nificant (BMI P = 0.02 and age P = 0.005).

Other variables

Information on socio-demographics and smoking status

(Table 1) was also obtained from self-administrated

questionnaires.

Data analyses

We stratified the analyses when dealing with risk categories

of malnutrition and HRQoL by gender (Tables 2, 3; Figs. 2,

Table 1 Characteristics of the

participating elderly men and

women, The Tromsø study

a There are minor differences in

the number of evaluated

subjects due to variations in

missing values on the self-

administrated questionnaire

(concerning education, income

and smoking)
b P-values for the difference

between men and women were

estimated using the two-sample

t-testc, chi-square testd

e NOK 8 = € 1
f 637 women and 669 men

reported the EQ VAS score

Men Women P-valueb

Na 1,654 1,632

Age, years. Mean (SD) 71.4 (5.4) 72.1 (5.6) \0.001c

Single living (%) 24.6 48.2 \0.001d

Post-secondary school education (%) 30.0 18.4 \0.001d

Household income C300,000 NOKe (%) 58.4 40.3 \0.001d

Smoking (%)

Never 24.1 47.1 \0.001d

Previous 60.3 38.0

Current 15.6 14.9

BMI kg/m2. Mean (SD) 27.0 (3.6) 26.9 (4.6) 0.58c

Risk of malnutrition (%)

Low 94.4 90.6 \0.001d

Medium 3.4 6.0

High 2.1 3.4

EQ-5D index—mean (95% CI) 0.86 (0.85–0.87) 0.79 (0.78–0.80) \0.001c

EQ VAS scoref—mean (95% CI) 75.4 (74.3–76.6) 73.0 (71.6–74.4) 0.008c
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3). However, for the relation between BMI and HRQoL,

tests for interaction between BMI and sex were found to be

non-significant both for the EQ-5D index (P = 0.57) and the

EQ VAS score (P = 0.37). The combined results for men

and women are presented (Figs. 4, 5). Analysis of covari-

ance was used to obtain age-adjusted mean values with

corresponding 95% confidence intervals for different risk

categories of malnutrition and categories of BMI (Figs. 2, 3,

4, 5). Differences between groups were evaluated by the chi-

square test or t-test when appropriate (Tables 1, 2). Binary

logistic regression with adjustment for age was used to

estimate the association between the risk category of mal-

nutrition and the various EQ-5D dimensions (Table 3). The

association between increasing risk of malnutrition and the

EQ-5D- or EQ VAS score was assessed by linear regression

in a multivariate model adjusting for age. We tested for a

quadratic relation between BMI categories and HRQoL by

also including the BMI categories squared in a multivariate

linear regression model (Figs. 4, 5).

The importance of the differences in HRQoL scores

between risk groups of malnutrition may be examined by

calculating their effect size as the mean difference divided

by the standard deviation (SD) of the control group [18].

We evaluated the detected differences against the criteria

introduced by Cohen [19] using the SD of the low-risk

category of malnutrition. Effect size values of 0.2–\0.5,

0.5–\0.8 and C0.8 were characterized as small, medium

and large differences, respectively.

Table 2 Proportionsa of the 3,286 elderly men and women reporting problems in the various EQ-5D dimensions, The Tromsø study

EQ-5D dimensions Sex All subjects Subjects by risk of malnutrition

Low Medium High P-valueb

Any dimensions Men 52.9 (864) 52.2 (804) 53.6 (30) 85.7 (30) \0.001

Women 69.7 (1,153) 69.0 (1,034) 74.7 (74) 78.9 (45) 0.51

Mobility Men 14.6 (238) 13.7 (211) 19.6 (11) 45.7 (16) \0.001

Women 22.4 (370) 21.9 (328) 29.3 (29) 22.8 (13) 0.31

Self-care Men 3.3 (54) 2.7 (42) 7.1 (4) 22.9 (8) \0.001

Women 4.7 (77) 4.5 (67) 5.1 (5) 8.8 (5) 0.1

Usual activities Men 12.6 (205) 11.6 (178) 21.4 (12) 42.9 (15) \0.001

Women 23.2 (383) 21.8 (326) 35.4 (35) 38.6 (22) \0.001

Pain/discomfort Men 45.7 (746) 45.1 (695) 45.4 (26) 71.4 (25) 0.007

Women 63.9 (1,057) 63.4 (950) 70.7 (70) 64.9 (37) 0.34

Anxiety/depression Men 12.3 (201) 11.9 (183) 16.1 (9) 25.7 (9) 0.01

Women 23.3 (385) 22.0 (329) 37.4 (37) 33.3 (19) 0.001

a Proportions are given as % (number) reporting problems
b P-value for linear trend across increasing risk categories of malnutrition

Table 3 Adjusteda odds ratios (95% confidence interval) for associations between various EQ-5D dimensions and risk category of malnutrition

in 3,286 elderly men and women, The Tromsø study

EQ-5D dimension Risk category of malnutrition

Low Medium High P-valueb

Mobility Men 1.00 1.43 (0.72–2.84) 4.91 (2.46–9.81) \0.001

Women 1.00 1.32 (0.83–2.10) 0.77 (0.40–1.48) 0.95

Self-care Men 1.00 2.52 (0.86–7.34) 9.56 (4.05–22.57) \0.001

Women 1.00 0.98 (0.38–2.52) 1.26 (0.47–3.38) 0.71

Usual activities Men 1.00 1.94 (0.99–3.78) 5.29 (2.62–10.65) \0.001

Women 1.00 1.78 (1.14–2.77) 1.72 (0.97–3.05) 0.005

Pain/discomfort Men 1.00 1.00 (0.58–1.73) 2.80 (1.37–5.72) 0.011

Women 1.00 1.35 (0.86–2.11) 1.00 (0.57–1.74) 0.50

Anxiety/depression Men 1.00 1.43 (0.69–2.96) 2.58 (1.19–5.61) 0.012

Women 1.00 2.03 (1.32–3.11) 1.59 (0.90–2.81) 0.003

a Adjusted for age
b P-value for linear trend across increasing risk categories of malnutrition
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Two-sided P-values \ 0.05 were considered to be sta-

tistically significant. The analyses were performed using

SPSS statistical software version 17.0 (SPSS Inc., Chicago,

Illinois, USA).

Results

The mean age (SD) was 71.7 (5.5) years, and there was

approximately the same number of men (1,632) as women

(1,654) included in the analyses (Table 1). Women tended

to live alone, have lower education and have lower

household income. More women (9.6%) than men (5.6%)

were at risk of malnutrition (medium- and high-risk com-

bined). HRQoL was lower in women than in men when

assessed by the EQ-5D index and the EQ VAS score. For

both men and women, the median and mean values of the

EQ-5D index were almost identical, whereas the median

EQ VAS score was somewhat higher than the mean in both

men and women (numbers not shown).

Health dimensions

Table 2 shows the proportions of the participants reporting

problems in any of the various EQ-5D dimensions of

health. Overall, the majority of both women (70%) and

men (53%) reported problems related to at least one of the

health dimensions. One in four women reported difficulties

in the dimensions of mobility, usual activities and anxiety/

depression. The corresponding proportions for men were

somewhat lower (12–15%). Pain and discomfort were

reported by more than half of the women and by a some-

what lower proportion of the men.

Fig. 2 Meana EQ-5D index by risk of malnutrition in elderly men

and women, The Tromsø Study. aAdjusted for age. bP-values for

linear trend across the categories. Vertical lines indicate 95% CI
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Fig. 3 Mean EQ VAS scoresa by risk of malnutrition in elderly men

and women, The Tromsø Study. aAdjusted for age. bP-values for

linear trend across the categories. Vertical lines indicate 95% CI
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Fig. 4 Mean EQ-5D indexa by different categories of BMI in elderly

men and women, The Tromsø study. aAdjusted for age and sex.

Vertical lines indicate 95% CI
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Fig. 5 Mean EQ VAS scoresa by different categories of BMI in

elderly men and women, The Tromsø study. aAdjusted for age and

sex. Vertical lines indicate 95% CI
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With increasing risk of malnutrition, problems in all five

health dimensions were reported more frequently

(Table 2). However, the differences between the low- and

high-risk categories were substantially larger in men than

in women. A test for linear trend across increasing risk

categories of malnutrition was statistically significant for

two of the dimensions in women and for all five dimen-

sions in men.

The strength of the associations between various risk

categories of malnutrition and the different EQ-5D

dimensions as outcome variables is further described in

Table 3. In men, statistically significant associations

were found for all of the five dimensions. For men in the

high-risk category of malnutrition, the strongest associa-

tion was found for self-care (odds ratio (OR) = 9.6). The

corresponding OR estimates were 4.9 for mobility and 5.3

for usual activities. In women, the associations were

strongest for two dimensions: usual activities (OR = 1.7)

and anxiety/depression (OR = 2.0 for the medium-risk

category).

Risk of malnutrition and HRQoL

The impact of increasing risk of malnutrition on the EQ-5D

summary indices is shown in Fig. 2. The age-adjusted

associations between increasing risk of malnutrition and

the EQ-5D were significant for both men and women

(P-value for men \0.001 and for women 0.02).

For the EQ VAS score (Fig. 3), a similar relationship

was significant in men (P = 0.001), but not in women

(P = 0.24).

When comparing the differences in mean score between

the low- and high-risk categories of malnutrition, we found

that the effect size for the EQ-5D score for men was 0.85

(large) and for women it was 0.26 (small). Corresponding

values for the VAS scale were 0.97 (large) for men and

0.31 (small) for women. When comparing the low- and

medium-risk categories of malnutrition, we found the

effect size for the difference in EQ-5D score in women to

be 0.30 (small), and the other estimated effect sizes were

minor.

BMI and HRQoL

We found a dome-shaped relationship between BMI cate-

gories and both the EQ-5D index and the EQ VAS score,

with the highest HRQoL in the BMI category of

25.0–27.5 kg/m2 (Figs. 4, 5). The P-values for a quadratic

term of the BMI categories were\0.01 for both the EQ-5D

index and the EQ-5D VAS score (adjusted for age and

gender). Separate analyses for men and women revealed

the same overall dome-shaped pattern.

Discussion

HRQoL is of increasing interest in epidemiology and

health outcomes research. In this population-based study of

elderly men and women, we found HRQoL to be signifi-

cantly reduced in individuals at increased risk of malnu-

trition. All dimensions in the EQ-5D descriptive system

were affected in men, while only two dimensions (usual

activities and anxiety/depression) were affected in women.

A dome-shaped relationship was seen between BMI and

both the EQ-5D index and EQ VAS score.

Risk of malnutrition and HRQoL

To our knowledge, there are no similar, previous large-

scale studies of the association between risk of malnutrition

and HRQoL in elderly populations utilizing validated

instruments. Due to the many different criteria and

instruments in use for assessing both HRQoL and nutri-

tional status, it is difficult to compare relevant studies.

There are, however, reports from a smaller community-

based study [9] and from more selected elderly populations

[20–22] that have indicated that an association exists

between the risk for malnutrition and reduced HRQoL. One

study of hospitalized elderly individuals reports no clear

association between malnutrition and HRQoL [23].

There are several possible explanations for the observed

associations. Malnutrition and weight loss are important

factors in the development of sarcopenia with loss of lean

body mass and muscle function [24]. This may in turn be of

special importance to EQ5D dimensions like self-care and

usual activities, both significantly associated with the risk

of malnutrition in the present study. Furthermore, malnu-

trition may affect the mental health of elderly individuals

adversely, thereby reducing HRQoL [25]. Malnutrition

may also be associated with diseases and conditions, which

in turn decrease HRQoL.

BMI and HRQoL

The relation between BMI and HRQoL has been investi-

gated in previous studies of elderly men and women,

finding impaired HRQoL in both obese and underweight

individuals [26–28], with the highest HRQoL in individu-

als of the BMI category 20–24.9 kg/m2. In the present

study, we used narrower BMI categories. The differences

in the HRQoL scores between the middle BMI categories

were small; however, for the low-weight and obese indi-

viduals, we found a reduced HRQoL compared with the

summit group consisting of the moderately overweight

participants (BMI 25–27.5 kg/m2). In this respect, our

results for HRQoL are in line with studies of mortality,
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indicating that moderately overweight, elderly men and

women have the lowest mortality [29].

HRQoL in obese individuals may be impaired by asso-

ciated comorbid conditions, especially pain [30]. Possible

explanations for the reduced HRQoL among subjects with

low BMI will largely correspond to the aspects discussed

regarding individuals at increased risk of malnutrition.

The ‘MUST’ score of malnutrition is recommended for

use in a community setting [11] and has acceptable test

qualities in hospital populations when compared to more

comprehensive instruments [31]. The EQ-5D is a stan-

dardized instrument developed to provide a non-disease

specific measure of health status and is also suitable for use

in studies of population health [10, 32]. The SF-36 ques-

tionnaire for HRQoL assessment is more comprehensive

and has a larger evidence base [33]. However, in the

extensive review of generic, self-assessed health instru-

ments for use in older people by Haywood et al. [16], the

EQ-5D was also found to have good reliability, validity and

responsiveness. It has been found to have substantial

agreement with the SF-36 [15].

One potential limitation of this study is the number of

non-attending individuals and participants with missing

values. All participants had to visit a research center, and

consequently both individuals living in institutions and

with physical limitations are underrepresented. Thus, the

non-attending individuals were probably frailer, and it is

unlikely that the observed associations were weaker in this

group than in the participants. The cross-sectional design

also limits conclusions about causality, although the most

plausible direction originates with risk of malnutrition and

moves towards HRQoL.

Gender differences

Women in the present study generally had a lower HRQoL

than men, a finding reported in several studies of HRQoL in

elderly individuals [34, 35]. This may be caused by a higher

prevalence of disability and chronic conditions in women

[36]. Other potential explanations for the observed sex

difference include a lower socio-economic status, a greater

tendency to report health problems or higher expectations of

health and function in women when compared to men.

In the male participants, however, the impact of mal-

nutrition on HRQoL was stronger than in women. Gender-

specific analyses have not been performed in the previous

studies addressing malnutrition and HRQoL. Research on

body composition in older people has shown that during

weight loss, men loose more lean mass than fat mass,

whereas women loose more fat mass than lean mass [37]. It

is possible that a relatively higher reduction in lean body

mass can partly explain the stronger impact of malnutrition

on HRQoL in men than in women.

Are the detected differences important? By using the

Cohen criteria for effect sizes, the differences detected

between the high- and low-risk categories in men can be

regarded as large for both the EQ-5D index and the EQ

VAS score. For women, the corresponding differences

were low. Effect size estimates are based on the distribu-

tion of the data but have often been found to yield values

that agree roughly with those estimated from more indi-

vidually oriented methods [18].

Conclusion

HRQoL was significantly reduced in elderly people at

increased risk of malnutrition, and this was more pro-

nounced in men than in women. The highest HRQoL

scores were found in moderately overweight individuals.
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