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Abstract
Undernutrition may be an important modifiable risk factor for poor clinical outcomes in older individuals. To achieve earlier detection or
prevention of undernutrition, more information is needed about risk factors for the development of undernutrition in community-dwelling
older individuals. The objective was to identify early determinants of incident undernutrition in a prospective population-based study.
Baseline data (1992 –3) on socio-economic, psychological, medical, functional, lifestyle and social factors of 1120 participants aged
65– 85 years of the Longitudinal Aging Study Amsterdam were used. Undernutrition, defined as a BMI , 20 kg/m2 or self-reported
involuntary weight loss $ 5 % in the last 6 months, was assessed every 3 years during a 9-year follow-up period. Cox proportional-hazards
regression analysis was used to investigate the association between early determinants at baseline and incident undernutrition. In 9 years,
156 participants (13·9 %) developed undernutrition. In univariate analyses, female sex, depressive symptoms, anxiety symptoms, multiple
chronic diseases, high medication use (women), poor appetite, no alcohol use v. light alcohol use, loneliness, not having a partner,
limitations in performing normal activities due to a health problem, low physical performance (participants aged , 75 years) and reporting
difficulties walking stairs (participants aged , 75 years) were statistically significantly associated with incident undernutrition. In a
multivariate model, poor appetite and reporting difficulties walking stairs (participants aged , 75 years) remained early determinants.
The results of the present study can be used to identify subgroups of older individuals with increased risk of undernutrition and to identify
modifiable determinants for the purpose of prevention of undernutrition.
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Undernutrition can be defined as a disorder of nutritional
status resulting from reduced nutrient intake or impaired
metabolism(1). There is increasing awareness that undernutrition may be an important modifiable(2) risk factor for
poor clinical outcomes in older individuals in developed
countries(3 – 10). Associations are found with a reduced
functional status(11,12), physical impairment(13), reduced
quality of life(3,10), hospitalisation and mortality(4,6,7).
In community-based populations prevalence rates range,
depending on the study population and the used definition
of undernutrition, from 2 % diagnosed by a low albumin
level (, 350 mg/l)(14), to 24 % diagnosed by the Nutritional
Screening Initiative(15). Previous research mainly focused
on examining the effects of treating undernutrition(2).
Surprisingly, little to no attention is paid to prevention
of undernutrition in community-dwelling older individuals. However, before prevention programmes can be
developed, information is needed on determinants for

undernutrition so that high-risk groups and modifiable
determinants can be identified.
Previous studies have identified several determinants for
undernutrition in older individuals, such as older age(16,17),
depression(17 – 19), poor cognitive functioning(18), impaired
physical functioning(5,9,18), difficulties with biting and
chewing(9,18), dementia(9), co-morbidity(5,16,20,21), poor
appetite(18,21), vision problems(21) and stress(21). However,
many of these studies were performed in institutionalised
older individuals(9,18,19). Most importantly, most of these
studies had a cross-sectional design(5,9,16,18 – 21), whereby
causality of an association cannot be established. Only
one study among community-dwelling older individuals
had a prospective design(17). However, the size of the
study population was relatively small (n 579) and a limited
number of determinants was examined in this study. For
example, medication use, number of chronic diseases,
appetite, alcohol use, education level and physical
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performance were not examined as determinants.
Therefore, more longitudinal studies are needed in the
community, regarding an extensive multidisciplinary set
of determinants. The aim of the present prospective
study was to identify early determinants of incident undernutrition in a large population-based sample of men and
women aged 65–85 years.

Subjects and methods
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Subjects
Data were collected in the context of the Longitudinal
Aging Study Amsterdam (LASA), an ongoing cohort study
focusing on physical, emotional, cognitive and social functioning in an older population. A random sample of older
individuals aged 55–85 years, stratified by age, sex, level of
urbanisation and expected 5-year mortality, was drawn
from the population registers of eleven municipalities in
areas in the west (Amsterdam and vicinity), northeast
(Zwolle and vicinity) and south (Oss and vicinity) of
the Netherlands. In total, 3107 participants were enrolled
in the main baseline examination, conducted between
September 1992 and September 1993. Follow-up examinations were performed every 3 years. At each examination,
a general interview in the individual’s home was followed
after 4–6 weeks by a medical interview during which
medical tests were performed. Participants also completed
a self-administered questionnaire. Further information
about the sampling and data-collection procedures have
been described elsewhere in detail(22).
After exclusion of participants aged , 65 years, the present study included 2141 participants aged $ 65 years who
participated in the main baseline examination. Participants
with missing data on BMI and/or self-reported weight
change at baseline (n 454) and participants with missing
data on BMI and/or self-reported weight change at any
follow-up examination because they died (n 343) or
dropped out of the study (n 100) were excluded. Participants who were undernourished at baseline (n 124)
were excluded to be able to investigate incident undernutrition (see the section on Undernutrition below for
the applied definition of undernutrition). The final study
sample therefore consisted of 1120 participants: 543 men
and 577 women.
The present study was conducted according to the
guidelines laid down in the Declaration of Helsinki and
all procedures involving human subjects were approved
by the Medical Ethics Committee of the VU University
Medical Centre (Amsterdam, The Netherlands). Written
informed consent was obtained from all participants.

Undernutrition
Body height and weight were measured during the medical
interview in a standing position wearing light indoor

clothing without shoes. A wall-mounted stadiometer was
used to measure height to the nearest mm. If no accurate
measurement of height could be obtained (n 71; 6·3 %)
due to the recorded particularities ‘not able to stand’,
‘shoes’, ‘kyphosis’, ‘scoliosis’, or ‘unknown reasons’,
height was imputed by either: (1) a valid follow-up
measurement of height (n 55); or (2) a sex-specific prediction rule based on age and knee height (n 15)(23); or (3)
self-reported height (n 1). Knee height of the left leg
was measured with a Mediform sliding caliper (Medical
Express, Beaverton, OR, USA) with the knee and ankle
joints fixed at 908 angles. Height at baseline was used in
the calculation of BMI at follow-up examinations, because
height may decrease over time due to spinal deformities.
Body weight was measured to the nearest 0·1 kg using a
standard balance beam scale. In deviating situations adjustments were made for clothing (2 1 kg), corset (2 1 kg) and
shoes (21 kg)(24). In all medical interviews a self-reported
weight was obtained, which was used when no measured
weight was available (seven, six, five and five participants,
respectively, at baseline, and at 3-, 6- and 9-year followups). BMI was calculated as body weight (kg) divided by
height (m) squared. Weight change in the last 6 months
was assessed by asking the following question: ‘Did your
weight change in the last 6 months?’. Furthermore, the
amount of weight change (kg) and the reason for weight
change were asked. Involuntary weight loss was defined
as weight loss due to disease, loss of appetite, (psycho)
social factors or ‘unknown reasons’. Undernutrition was
defined as either a BMI , 20 kg/m2 or self-reported involuntary weight loss $ 5 % in the last 6 months(25). This
definition was applied to determine both undernutrition
at baseline (these participants were excluded) as well as
incident undernutrition.
Determinants of undernutrition
All information on determinants was obtained at baseline
during the general interview (n 1120), except for medication
use which was assessed during the medical interview
(n 1113) and self-reported pain and problems with biting
and chewing which were assessed in the self-administered
questionnaire (n 936).
Socio-economic factors. Education level was categorised into high (university, college and higher vocational
education), medium (general secondary, intermediate
vocational, general intermediate and lower vocational
education) and low education (elementary education or
elementary education not completed). Monthly household
income was categorised into tertiles: high ($ 1035 euro),
medium (625 –1035 euro), low (, 625 euro) and missing.
If the participant had a partner living in the household,
income was multiplied by 0·7(26).
Psychological factors. Cognitive functioning was
measured with the Mini-Mental State Examination, with
scores ranging from 0 to 30(27), whereby scores # 23
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were defined as a poor cognitive status(28). Depression was
measured with the Dutch translation of the Center for
Epidemiologic Studies Depression scale, with scores
ranging from 0 to 60(29). Scores $ 16 were defined as
depression(30). Anxiety was measured with the anxiety
subscale of the Hospital Anxiety and Depression Scale,
with scores ranging from 0 to 21(31). The cut-off point
$ 7 was used to determine anxiety disorders(32).
Medical factors. The presence of chronic diseases was
determined by explicitly asking the participants whether
they had any of the following diseases: cardiac diseases
(including myocardial infarction), peripheral atherosclerosis, stroke, diabetes mellitus, obstructive lung disease
(asthma, chronic bronchitis or pulmonary emphysema),
arthritis (rheumatoid arthritis or osteoarthritis) or cancer.
The accuracy of self-report data for these diseases as
compared with general practitioners’ information was
shown to be adequate(33). To define co-morbidity three
categories were created: no chronic disease; one chronic
disease; two or more chronic diseases. Medication use
was determined by having the interviewer check the
containers of drugs that the respondent was taking, with
or without prescription, and three categories were created:
no medication use; use of one or two medications; and use
of three or more medications. Appetite during the last
week was assessed with the following question from the
Dutch translation of the Center for Epidemiologic Studies
Depression Scale(29): ‘I did not feel like eating; my appetite
was poor’, with answering categories: (1) ‘rarely or none
of the time’; (2) ‘some or little of the time’; (3) ‘occasionally
or moderate amount of the time’; and (4) ‘most or all of
the time’. For appetite two categories were created: no
problems with appetite (answer 1); and poor appetite
last week (answers 2–4). Subjective pain was determined
asking five questions from a subscale of the Nottingham
Health Profile(34). Sum scores were calculated and divided
into no pain (score 5), pain (score 6–10), and missing.
Problems with biting and chewing were assessed by
asking ‘Are you able to bite or chew hard food?’. Participants answering ‘almost never’ or ‘some of the time’
were categorised as having no problem, and those answering ‘often’ or ‘most of the time’ as having problems. A third
category for missing values was made.
Functional factors. Visual impairment, with glasses or
contact lenses if needed, was ascertained by two items:
(1) read the fine print in a newspaper and (2) recognise
a face at a 4 m distance. Hearing impairment, with a hearing aid if needed, was ascertained by two items: (1) follow
a conversation with one individual and (2) follow a conversation in a group of four individuals. For visual and hearing
impairment two categories were created: ‘none’ and ‘one
or two items with some difficulty’. Limitation of normal
activities due to a health problem was assessed by asking
‘Are health problems limiting your normal daily activity?’.
Participants answering ‘yes, severely’ and ‘yes, mild’ were
categorised as having limitations and those answering
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‘no’ as not having limitations. Physical performance was
measured with three standardised performance tests:
chair stands, tandem stand and walk test, each with
scores ranging from 0 to 4. Scores on the three tests were
summed, resulting in a total score ranging from 0 (poor
performance) to 12(35). Difficulty walking stairs was
assessed by the question ‘Can you climb up and down a
staircase of 15 steps without stopping?’ with answering
categories (1) ‘yes’; (2) ‘yes, with difficulty’; (3) ‘not able
without help’; and (4) ‘cannot’. For difficulty walking
stairs two categories were created: no difficulties (answer 1)
and difficulties (answers 2– 4)(36).
Lifestyle factors. Smoking status was categorised into:
current smoker; former smoker; never smoker; and missing.
Former smokers who stopped smoking more than 15 years
ago were classified as never smoker(37). Alcohol use was
based on the number of days per month drinking alcohol
and the number of alcohol consumptions each time. Four
categories were created: no alcohol; light; moderate; and
(very) excessive alcohol use(38). Physical activity in the
previous 2 weeks was assessed using the validated Longitudinal Aging Study Amsterdam (LASA) Physical Activity
Questionnaire (LAPAQ)(39), whereby information on the
frequency and duration of walking, bicycling, household
activities, and sport activities was obtained. Total physical
activity was expressed in min per d.
Social factors. Loneliness was measured with a Dutch
validated loneliness scale(40). The scale consisted of
eleven items, with three possible answers: (0) ‘no’; (1)
‘more or less’; and (2) ‘yes’. We used a cut-off score of
$ 3, as applied by others(41), to identify participants suffering from loneliness. Individuals without a partner inside or
outside the household were defined as not having a partner. Type of housing was observed at the main interview,
whereby a distinction was made between independent
living, including those who receive home care, and not
independent living, including institutionalised participants.
Statistical analyses
At 3, 6 and 9 years’ follow-up, the incidence of undernutrition was determined according to the definition
described earlier. Baseline characteristics of the group
developing undernutrition and the group not developing
undernutrition were compared using the x2 test for dichotomous and categorical variables and the independentsamples t test for continuous variables. Time to event
was defined as the number of days between the baseline
examination and the first follow-up examination where
undernutrition was diagnosed. Follow-up time of censored
participants was calculated using the date of the 9-year
follow-up examination, the date of the last follow-up
examination or the date of death, whichever came first.
Cox proportional-hazards regression analysis was used
to investigate the association between potential determinants of undernutrition at baseline and the incidence
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Table 1. Baseline characteristics of the study sample
(Mean values and standard deviations or percentages)
All
(n 1120)
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Mean
Demographic factors
Female (%)
Age (years)
Socio-economic factors (%)
Education
Low
Medium
High
Income in euro
Low
Medium
High
Missing
Psychological factors (%)
Poor cognitive status (MMSE # 23)
Depressive symptoms (CES-D $ 16)
Anxiety symptoms (HADS $ 7)
Medical factors (%)
Number of chronic diseases
No chronic disease
One chronic disease
Two or more chronic diseases
Medication use
No medication
One or two medications
Three or more medications
Poor appetite
Pain
No pain
Pain
Missing
Problems with biting and chewing
Never or some of the time
Often or most of the time
Missing
Functional factors
Vision problems (%)
Hearing problems (%)
Limitation of normal activities due
to a health problem (%)
Physical performance test (0 – 12)
Difficulties walking stairs (%)
Lifestyle factors
BMI (kg/m2)
Smoking (%)
Never
Former
Current
Alcohol use (%)
No alcohol use
Light
Moderate
(Very) excessive
Physical activity (min/d)
Social factors (%)
Loneliness (score $ 3)
Having a partner
Living independently

Undernutrition
(n 156)*
SD

Mean

51·5
74·1

SD

No undernutrition
(n 964)†
Mean

60·3
5·7

74·2

SD

50·1
6·0

74·1

5·7

P
0·02
0·77

43·2
45·5
11·3

47·4
41·0
11·5

42·5
46·3
11·2

0·46

27·4
37·3
23·7
11·6

28·2
37·8
22·4
11·5

27·3
37·2
23·9
11·6

0·98

7·9
11·7
9·0

6·5
19·2
13·8

8·1
10·4
8·3

0·48
, 0·01
0·03

22·6
37·8
39·6

15·5
32·9
51·6

23·7
38·6
37·7

, 0·01

31·8
36·3
31·9
10·9

27·9
26·0
46·1
17·9

32·4
38·0
29·6
9·8

, 0·01

52·2
22·5
25·3

48·1
25·6
26·3

52·9
22·0
25·1

0·48

27·1
53·2
19·6

30·1
51·9
17·9

26·7
53·4
19·9

0·63

17·7
15·2
28·8

17·1
17·1
39·7

17·8
14·8
27·0

0·84
0·47
, 0·01

7·0

2·6

6·7

26·2
27·2

2·5

7·0

35·5
3·9

26·4

, 0·01

2·6

0·10
, 0·01

3·8

, 0·01

24·7
4·5

27·3

64·3
14·9
20·7

66·7
12·2
21·2

64·0
15·4
20·7

0·58

22·4
53·7
20·5
3·4

28·4
45·8
21·3
4·5

21·4
55·0
20·4
3·2

0·13

161·5

192·6
30·1
64·0
97·9

146·3

117·0
36·6
53·8
99·4

164·0

202·1
29·1
65·6
97·6

MMSE, Mini-Mental State Examination; CES-D, Center for Epidemiologic Studies Depression scale; HADS, Hospital Anxiety and Depression Scale.
* Participants developing undernutrition during the 9-year follow-up.
† Participants not developing undernutrition during the 9-year follow-up.

0·12
0·06
0·01
0·16
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Table 2. Associations of socio-economic, lifestyle, social, psychological, medical and functional factors at baseline
and 9-year incident undernutrition
(Hazard ratios (HR) and 95 % confidence intervals)
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Univariate model

Female
Age
, 75 years
$ 75 years
Education
Low
Medium
High
Income (euro)
Low
Medium
High
Missing
Poor cognitive status
Depressive symptoms (yes v. no)
Anxiety symptoms (yes v. no)
Number of chronic diseases
No chronic disease
One chronic disease
Two or more chronic diseases
Medication use
No medication
One or two medications, male
One or two medications, female
Three or more medications, male
Three or more medications, female
Poor appetite
Pain
No pain
Pain, male
Pain, female
Missing, male
Missing, female
Problems with biting and chewing
Never or some of the time
Often or most of the time
Missing
Vision problems (yes v. no)
Hearing problems (yes v. no)
Limitation of normal activities due to a health problem
Physical performance test score, aged , 75 years
Physical performance test score, aged $ 75 years
Difficulties walking stairs
No difficulties walking stairs
Difficulties walking stairs, aged , 75 years
Difficulties walking stairs, aged $ 75 years
Smoking
Never
Former
Current
Alcohol use
No alcohol use
Light
Moderate
(Very) excessive
Physical activity
Loneliness (yes v. no)
Having a partner (no v. yes)
Living independently (no v. yes)

Multivariate model

n‡

HR

95 % CI

HR

95 % CI

1120

1·40

1·01, 1·92

0·73

0·38, 1·39

625
495

1
1·30

Reference
0·95, 1·79

1
0·88

Reference
0·29, 2·63

484
510
126

1
0·78
0·94

Reference
0·56, 1·09
0·56, 1·58

–
–
–

307
418
265
130
1116
1112
1094

1
0·98
0·89
0·93
0·94
1·96
1·75

Reference
0·66, 1·44
0·57, 1·39
0·54, 1·62
0·49, 1·78
1·32, 2·93
1·11, 2·78

0·89
1·26

0·52, 1·52
0·72, 2·21

252
422
442

1
1·23
2·08

Reference
0·76, 2·00
1·31, 3·28

1
1·10
1·32

Reference
0·64, 1·88
0·75, 2·33

354
195
209
154
201
1119

1
0·47*
0·36*
1·51
2·57
1·99

Reference
0·23, 0·95
0·76, 2·41
0·86, 2·66
1·50, 4·38
1·32, 3·00

1
1·10*
0·39*
1·80
1·03
1·63

Reference
0·60, 2·02
0·18, 0·83
0·99, 3·27
0·54, 1·96
1·02, 2·61

585
100
152
109
174

1
1·29
1·37
0·62*
1·62*

Reference
0·70, 2·37
0·82, 2·27
0·29, 1·33
1·01, 2·61

304
596
220
1096
1095
1118
601
475

1
1·81
0·83
1·00
1·42
1·76
0·89†
1·01†

Reference
0·57, 1·16
0·52, 1·32
0·65, 1·52
0·93, 2·16
1·28, 2·43
0·81, 0·96
0·92, 1·11

–
–
–
–
–
1·20
0·98
1·06

0·81, 1·77
0·89, 1·08
0·95, 1·18

824
115
177

1
2·50†
1·08†

Reference
1·59, 3·91
0·67, 1·75

1
1·91†
0·88†

Reference
1·14, 3·22
0·51, 1·50

720
167
232

1
0·82
1·08

Reference
0·50, 1·33
0·73, 1·61

–
–
–

249
598
228
38
1120
1105
1118
1120

1
0·67
0·82
1·16
0·99
1·47
1·70
3·13

Reference
0·46, 0·98
0·52, 1·30
0·52, 2·58
0·997, 1·000
1·06, 2·04
1·24, 2·33
0·44, 22·33

1
0·82
1·11
1·42

Reference
0·55, 1·96
0·67, 1·83
0·58, 3·46

1·11
1·37

0·75, 1·64
0·92, 2·02

* Statistically significant interaction with sex (P, 0·05).
† Statistically significant interaction with age (P, 0·05).
‡ Number of participants for the categories of the determinants in which the univariate analyses were performed.
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of undernutrition during a 9-year follow-up period.
To investigate the proportional hazard assumption,
log(2log(survival)) curves of categorical determinants
were visually inspected and for continuous variables a time
interaction test was performed, with statistical significance
based on a P value,0·01. Effect modification by age
and sex was examined by adding interaction terms to the
univariate regression model. In the case of a statistically significant interaction (P, 0·05), associations were presented
stratified by age (, 75 years and $ 75 years) and/or sex.
The linearity of the association between each continuous
covariate and undernutrition was checked by adding a
quadratic term to the model.
All determinants that were found to be statistically
significantly associated with the development of undernutrition in the univariate analyses were included in a
multivariate model. Multicollinearity diagnostics (with
linear regression analysis) were used to identify possible
linear dependencies among determinants. In the case of
a variance inflation factor value above 10(42), one of the
involved determinants was removed from the multivariate
analysis. In the case of a statistical significant interaction
(P, 0·05) between a covariate and age and/or sex in
the univariate model, interaction terms were added for
these covariates in the multivariate model as well. Results
were presented as hazard ratios with 95 % CI. Two-sided
P values of 0·05 were considered statistically significant.
Analyses were performed using SPSS software (version
15.0; SPSS, Inc., Chicago, IL, USA).
Results
The baseline characteristics of the study sample are
presented in Table 1. During the 9-year follow-up period
(mean follow-up 7·1 (SD 2·2) years) 156 out of 1120 participants (13·9 %) developed undernutrition. Of these, 114
participants (73·1 %) met the criterion ‘$ 5 % self-reported
involuntary weight loss in the last 6 months during any of
the follow-up examinations’, thirty participants (19·2 %)
met the criterion ‘BMI , 20 kg/m2 during any of the
follow-up examinations’ and twelve participants (7·7 %)
met both criteria. Of the participants developing undernutrition, fifty-three died before the end of the 9-year
follow-up. At the 3- and 6-year follow-ups the cumulative
incidences of undernutrition were 6·5 and 11·4 %, respectively. A total of 281 participants (25·1 %) died during the
follow-up without a prior classification of undernutrition.
The univariate and multivariate associations between
potential determinants and incident undernutrition are
shown in Table 2. For all analyses, the proportional
hazard assumption was valid. The following sociodemographic and lifestyle factors were found to be associated
(P, 0·05) with the risk of developing undernutrition in
the univariate analyses: female sex; no alcohol use v.
light alcohol use; loneliness and not having a partner.
The following psychological, medical and functional

factors were identified (P, 0·05): depressive symptoms;
anxiety symptoms; presence of two or more chronic diseases v. no chronic diseases; poor appetite; experiencing
limitations in performing normal activities due to a health
problem; use of three or more medications (women
only) v. no medication; low physical performance test
score (age , 75 years only) and reporting difficulties
walking stairs (age , 75 years only) v. reporting no difficulties. Using one or two medications v. no medication
use was associated with a reduced risk of developing
undernutrition in men.
Because no multicollinearity was found, all statistically
significant determinants of the univariate analyses were
included in a multivariate model. Interaction terms were
tested for medication use £ sex, physical performance
test score £ age, and reporting difficulties walking stairs £
age. The interaction terms of sex £ using one or two medications (and not using three or more medications) and
age £ reporting difficulties walking stairs were statistically
significant in the multivariate model (P, 0·05). Poor appetite and reporting difficulties walking stairs were the only
determinants that statistically significantly increased the
risk of developing undernutrition in the multivariate
model. Thereby, reporting difficulties walking stairs
increased the risk only in participants aged , 75 years.
Using one or two medications statistically significantly
decreased the risk compared with using no medication in
women. In men no statistical significance was found for
medication use.
An additional analysis was performed to investigate
whether poor appetite could be seen as an intermediate
risk factor for undernutrition. For example, depression,
chronic disease or medication use might lead to undernutrition (partly) through a poor appetite. We therefore
repeated the multivariate model, excluding the variable
poor appetite. The results are presented in Table 3 and
Table 3. Associations of depressive symptoms, chronic
disease and medication use at baseline and 9-year incident
undernutrition (multivariate analysis†)
(Hazard ratios (HR) and 95 % confidence intervals)

Depressive symptoms (yes v. no)
Number of chronic diseases
No chronic disease
One chronic disease
Two or more chronic diseases
Medication use
No medication
One or two medications, male
One or two medications, female
Three or more medications, male
Three or more medications, female

HR

95 % CI

0·99

0·58, 0·66

1
1·11
1·30

Reference
0·65, 0·91
0·74, 0·29

1
0·39*
1·08*
1·05
1·75

Reference
0·18, 0·83
0·59, 0·98
0·55, 0·99
0·96, 0·20

* Statistically significant interaction with sex (P,0·05).
† Adjusted for all statistically significant determinants of the univariate
model, except appetite (sex, depressive symptoms, anxiety symptoms,
number of chronic diseases, medication use, loneliness, not having
a partner, limitations in performing normal activities due to a health
problem, low physical performance test score and reporting difficulties
walking stairs).
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0·4

0·3

0·2

0·1

0·0
3

4

5
6
7
Follow-up (years)

8

9

Fig. 1. Cumulative hazard of incident undernutrition according to appetite at
baseline (normal appetite,
(gray line); poor appetite,
(black line)),
adjusted for the variables included in the multivariate model (see Table 2).

show that even after exclusion of poor appetite these
factors are not associated with incident undernutrition in
the multivariate model.
Fig. 1 shows the cumulative incidence of undernutrition
according to those with a normal appetite and those with
a poor appetite. Fig. 2 shows the cumulative incidence
of undernutrition for those who reported no difficulties
walking stairs and those who did report difficulties walking
stairs, stratified for age.

(a)
0·5

Discussion
To our knowledge, this is the first prospective study to
investigate early determinants of incident undernutrition
from a large multidisciplinary set of variables in community-dwelling older individuals. The 9-year incidence of
undernutrition in this population-based sample of men
and women aged 65 to 85 years was 13·9 %. Our multidisciplinary approach showed that several determinants
were statistically significantly associated with an increased
risk of developing undernutrition in univariate analyses,
including: female sex, depressive symptoms, anxiety symptoms, having two or more chronic diseases, using three or
more medications (women only), poor appetite, experiencing limitations in performing normal activities due to
a health problem, low physical performance test score
(participants aged , 75 years only), reporting difficulties
walking stairs (participants aged , 75 years only), loneliness and not having a partner. Light alcohol use, compared
with no alcohol use, statistically significantly decreased the
risk of developing undernutrition. In the multivariate analysis, poor appetite and reporting difficulties walking stairs
(participants aged , 75 years) were the only remaining
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statistically significant determinants that increased the risk
of incident undernutrition. Furthermore, light medication
use decreased the risk of undernutrition in women.
The associations between most of these determinants
and undernutrition have been suggested based on previous cross-sectional studies, but have not been confirmed
in a prospective study among community-living older
individuals. A cross-sectional relationship between poor
functional status and prevalent undernutrition (as assessed
by the Mini Nutritional Assessment) in older individuals
was previously reported for hospital patients(18), nursing
home patients(9) and community-dwelling individuals(5).
In the present study, function-related factors were statistically significantly associated with incident undernutrition
in univariate analyses in the group aged 65 –75 years.
The oldest group ($ 75 years) reported more functional
limitations walking stairs compared with the youngest
group (65–75 years), 36 % compared with 18 %. The
oldest group also had a lower physical performance test
score (mean 6·1 (SD 2·5)) compared with the youngest

Adjusted cumulative hazard

Adjusted cumulative hazard
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7
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Fig. 2. Cumulative hazard of incident undernutrition according to reporting
(gray line);
of difficulties walking stairs (no difficulties in walking stairs,
difficulties in walking stairs,
(black line)) at baseline in those under 75 years
(a) and in those aged 75 years or older (b), adjusted for the variables included
in the multivariate model (see Table 2).
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group (mean 7·7 (SD 2·5)). Although poor functional status
is more prevalent at higher ages, only when they occur
at an earlier age do they seem to be associated with the
development of undernutrition. In the present study,
the strongest early functional determinant of incident
undernutrition was reporting difficulties walking stairs,
independent of health status.
An earlier prospective study of Johansson et al.(17)
reported associations between older age and depressive
symptoms (assessed with the Geriatric Depression Scale)
and incident risk of undernutrition (as assessed by the
Mini Nutritional Assessment), which were comparable
with the present results in the univariate analyses. In the
multivariate analyses, these associations became statistically insignificant in the present study but remained
statistically significant in the study of Johansson et al.(17).
This may be explained by the fact that we adjusted for
a wider range of covariates. Furthermore, in the study of
Johansson et al.(17) lower self-perceived health predicted
incident risk of undernutrition, but this could not be
replicated in the present study. This can be explained by
the fact that our used definition of undernutrition does
not include questions directly related to poorer health
status like the Mini Nutritional Assessment does.
Following the strong association between poor appetite
and incident undernutrition in the present study, it is
remarkable that only a few earlier studies have investigated
this association. The cross-sectional association between
appetite and prevalent undernutrition was found in
hospital patients(18) and in home-care patients where
poor appetite was independently associated with lower
energy and protein intakes(21). Some determinants that
were found to be associated with prevalent undernutrition
in earlier cross-sectional studies, such as cognitive problems(18), difficulties with biting and chewing(9,18) and
vision problems(21), were not confirmed in our prospective
study. These results may suggest that these determinants
are associated with present undernutrition but do not
predict the development of undernutrition over time.
An alternative explanation could be that the prevalence
and/or severity of these problems is lower in communitydwelling individuals and that these problems will only
have an impact on nutritional status in institutionalised
patients(18,21). The present study also identified other
determinants of undernutrition that have not yet been
studied(43). For example, participants with anxiety had
an increased risk of developing undernutrition.
In the present study, a decreased risk of incident undernutrition was found for light alcohol use compared with no
alcohol use. Previous studies have shown that light alcohol
use reduces morbidity and mortality(44,45). The beneficial
effect of light alcohol consumption on morbidity and
mortality could be partly explained by the high energy
content of alcoholic drinks, which may influence the risk
of developing undernutrition.

Using one or two medications compared with no
medication use seems to be protective for the development
of undernutrition in the present study. A clarification
for this apparently controversial outcome could be that
single medication-users probably more often use preventive medication, which may have a beneficial effect
on health. Furthermore, participants using one or two
medications could be more ‘healthy minded’ compared
with non-users.
An important strength of the present study is the unique
substantial multidisciplinary set of factors that could be
included to examine their association with the development of undernutrition, ranging from social factors to
psychological and medical factors. Another strength of
the present study is the use of a definition of undernutrition that was confirmed in recent literature to be
an appropriate definition in community-dwelling older
individuals(46 – 48). In this definition self-reported weight
change is used to investigate weight loss. A study among
4716 men aged 57–78 years showed that self-reported
weight change corresponded well with changes in measured weight(49). Furthermore, in contrast to many other
studies, a distinction was made between involuntary and
voluntary weight loss in the present study to determine
undernutrition. This is important, because individuals
with involuntary weight loss have different characteristics
and health outcomes compared with individuals with
voluntary weight loss(49).
There are some limitations of the present study. First,
following the design of our cohort study, we only had
measurements of undernutrition at 3-year intervals. Undernutrition can develop rapidly, for example, in the case of
acute disease(50). It is possible that some participants
developed undernutrition in between two examinations
and were censored because they died. Participants could
also be recovered from undernutrition before a follow-up
measurement took place. This limitation probably resulted
in an underestimation of the cumulative incidence of
undernutrition in the present study. Furthermore, some
potential determinants could not be investigated because
they were not assessed in the study, such as difficulties
with shopping or cooking, taste and smell problems or
low nutritional intake, which are mentioned in earlier
reviews to be associated with undernutrition(43,46,50,51).
Future prospective studies are needed to confirm and
extend our findings.
The present prospective study provides insight into
the factors that could contribute to the development of
undernutrition. We conclude that several socio-economic,
psychological, medical, functional, lifestyle and social
factors were associated with the future development of
undernutrition in community-dwelling older individuals.
In multivariate analyses, only a poor appetite and reporting
difficulties walking stairs (aged , 75 years) remained in
the model as determinants of undernutrition. Both determinants can easily be assessed by simple questions and

Determinants of undernutrition in the elderly

are therefore useful in screening and early recognition
of community-dwelling older individuals at risk of undernutrition. Other determinants found in the univariate
models may be underlying factors of a poor appetite and
difficulties walking stairs and may therefore help to target
preventive interventions.
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