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Introduction

A high prevalence of nutritional problems, i.e. low Body 
Mass Index (BMI) and weight loss among institutionalised 
older adults has been well documented over the last 
decades. Unfortunately, due to lack of a gold standard for 
nutritional screening and different definitions the prevalence 
of underweight and weight loss varies considerably (1). 
However, using the cut-off point for underweight defined by 
the World Health Organisation (WHO) i.e. a BMI below 18.5 
the prevalence in Danish nursing homes has been found to be 
around one-fifth and hence more than 10 times higher than 
among healthy old Danes (2). 

The negative consequences of undernutrition, i.e. morbidity, 
longer hospital stays, mortality, deteriorated functional ability, 
cognitive dysfunction, and reduced well-being have also been 
reported in abundance (3). Further there is increasing evidence 
that the use of nutritional support among nursing home 
residents improves weight and reduces mortality (4).

Early identification of nursing home residents at nutritional 
risk, followed by adequate nutritional support, is expected 
to contribute to conservation of muscle function and muscle 
strength and herewith to maintenance of independency, 
quality of life and possible prolonged survival. However a 
recent systematic review of undernutrition screening tools for 
the nursing home setting off which four had been designed 
specifically for use in nursing homes implied that further 
considerations regarding undernutrition screening among 
nursing home residents was required (5).

Undernutrition is best described as a process. It begins 
with the presence of nutritional risk factors, progress to 
inadequate intake relative to nutrient needs, and is followed 
by preclinical symptoms and, finally, measurable signs and 
symptoms (6). A nutritional risk factor is defined as an attribute 
or characteristic, the presence of which may lead to overt 
undernutrition. Undernutrition risk occurs when one or more of 
these risk factors are present (6). Several nutritional risk factors 
may have a negative impact of appetite and energy intake of 
nursing home residents. Recently a systematic review of the 
literature summarized the nutritional risk factors associated 
with weight loss, low BMI and undernutrition in the nursing 
home setting (7). They identified several potentially modifiable 
risk factors consistently associated with increased likelihood 
of weight loss, low BMI or poor nutrition. However one major 
limitation according to the authors was that the data extracted 
for the review consisted of observational data which made 
it impossible to say which came first (such as swallowing/
chewing difficulties versus weight loss). 

Use of health care service will continue to grow if 
potentially modifiable nutritional risk factors are not managed 
(6). Hence, in order to prevent low BMI and weight loss 
it is necessary to be aware of these nutritional risk factors 
both in relation to nutritional screening but also in the daily 
care of residents. Based on the results from, respectively, van 
Bokhorts-de van der Schueren and co-workers (5) and Tamura 
and co-workers (7) a list of potentially modifiable nutritional 
risk factors are presented in table 1.  Still, the list is very long 
and hence not very useful in practice. Also, some risk factors 
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could be more significant than others. 

Objective

The objective of this follow-up study is to assess the 
association between different potentially modifiable nutritional 
risk factors and weight loss after six and 12 months and 
mortality.

Methods

Design
This study is part of a one year follow-up research project. 

The Resident Assessment Instrument Minimum Data Set for 
Nursing Homes (RAI-NH) version 2.0 was used to assess the 
residents at baseline, after six months, and then after 12 months 
(a total of three visits). One area of focus was low BMI, weight 
loss and the potentially modifiable nutritional risk factors that 
contribute to these conditions.

Sample and settings
The participants were all non-terminal 65+ y old residents 

(n=451, at baseline in 2004) living in 11 nursing homes in 
Denmark. The nursing homes were asked to participate because 
they had shown a former and continuous interest in nutrition. 
All the nursing homes accepted the invitation.   

Data collection and assessment procedure
The RAI-NH version 2.0 was used to assess the residents 

at baseline, after six months, and then after 12 months (a total 
of three visits). The RAI-NH version 2.0 contains information 
on each resident’s functional, nutritional, medical, cognitive, 
psychological and social status through comprehensive and 
standardised assessments. Each item of the RAI-NH has its 
own explicit definition and coding conventions, and a manual 
developed for the 2.0 version describes how to ask questions, 
what to observe, and whom to contact for information (8). The 
RAI-NH version 2.0 and the manual have been translated into 
Danish (and several other languages) and a reverse-translation 
of the RAI-NH version 2.0 back to English has likewise been 
accomplished. Studies have shown that inter-rater reliabilities 
for the RAI-NH version 2.0 items are adequate for research 
purposes (e.g. 9, 10). 

Trained clinical nurses assessed resident performance 
over all shifts during the previous 7 days (in some cases 30 
days or longer). All collected information was discussed 
and crosschecked with the attending nurse staff and medical 
records.

BMI and weight loss 
Height and weight were measured according to specific 

instructions given in the RAI-NH version 2.0 manual (after 
voiding, before meal, with shoes off, and in nightclothes) (8) 
at baseline (t=0), after six months (t=1) and 12 months (t=2). 

BMI was calculated from the body weight and height (kg/
m2). A BMI below 18.5 was classified as underweight as 
defined by the WHO.  Percentage weight loss between baseline 
(t=0) and, respectively, 6 months (t=1) and 12 months (t=2) 
were calculated for each participant. If the item ‘indicators of 
fluid status’ suggested that there was a problem the data were 
excluded.

Potentially modifiable nutritional risk factors 
The majority of the potentially modifiable nutritional risk 

factors in table 1 could be taken directly from the RAI-NH 
version 2.0 items.

A high number of prescriptions were defined as above five 
per day, according to Danish definitions of poly-pharmacy.

The RAI-NH version 2.0 item ‘leaves 25% or more of food 
uneaten at most meals’ was used as a proxy for loss of appetite/
low energy intake.

Oral health problem was defined by combining RAI-NH 
items regarding; ‘mouth pain’; ‘broken, loose, or carious teeth’ 
and ‘Inflamed gums (gingiva); swollen or bleeding gums; oral 
abscesses; ulcers or rashes’.

Eating dependency was considered present if the resident 
was not classified as independent in the RAI-NH ADL-Self-
performance item regarding how the resident ate and drank.

Mortality
Mortality was assessed after six months (t=1) and 12 months 

(t=2). Information was gathered from the attending nurse. No 
data about the causes of death were gathered.

Ethical considerations
The protocol was send to the Danish Ethical Board which 

concluded that approval was not needed and that the project 
could be carried on as described. The residents and/or their next 
of kin were fully informed about the study content in order to 
secure the integrity and autonomy of the participants. 

Data analysis
Odds ratio was calculated and used to assess the strength of 

association between different potentially modifiable nutritional 
risk factors and nutritional status of the participants. The chosen 
dependent variable was weight loss. Six categories of weight 
loss were defined:  More than 1% in 6 or 12 months; more than 
5% in 6 or 12 months; and more than 10% in 6 or 12 months, 
based on the findings of Bell and co-workers (1).

The independent variables were the different potentially 
modifiable nutritional risk factors. The association between a 
BMI<18.5 and the different potentially modifiable nutritional 
risk factors in table I was also assessed at baseline. The 
difference between those who died versus survivors in the 
different nutritional risk parameters was assessed by means 
of Fisher’s Exact test. The difference in weight change was 
assessed by Mann-Whitney U test. The statistical analysis was 
performed using IBM SPSS Statistics 19. 
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Results

A total of 441 participants were included. Eight did not want 
to participate, one was on vacation and one was hospitalised. 
The characteristics of the 441 participants can be found in 
table 2. Sixteen percent of the participants were underweight 
at baseline and almost half experienced a loss of weight during 
the follow-up period.

Table 1
Potentially modifiable nutritional risk factors (based on 5, 7)

Potentially modifiable nutritional risk factors

High number of prescriptions
Eating dependency 
Loss of appetite/low energy intake 
Complaints of taste
Chewing problems 
Swallowing problems
Oral health problems 
Constipation
Mechanical altered diets
Therapeutic diets
Enteral nutrition 
Parenteral nutrition

Only one resident received parenteral nutrition and this item 
could therefore not be included in the analysis.

Eleven participants could not have their height and or weight 
measured at baseline and 116 (26 %) died during the follow-up 
period.  Those who died between the two follow-up visits had 
lost weight compared to those who survived (-2.5 (±7.7) vs. 
0.2 (±7.7) %, p=0.001). No weight data were excluded due to a 
problem with fluid status.

Table 2
Characteristics of participants (LOS=length of stay, BMI=Body 

Mass Index)

Design Follow-up

N 441
Age, y (SD) 85.2 (7.5)
Length of stay (SD) year 2.5 (2.3)
Female (%) 80
BMI (SD) 23.4 (5)
BMI <18.5 (%) 16  
Percentage with weight loss, follow- 42 (more than 1 % in 6 months) 
up (category) 

19 (more than 5 % in 6 months) 
8 (more than 10% in 6 months) 
46 (more than 1 % in 12 months) 
29 (more than 5% in 12 months) 
14 (more than 10% in 12 months) 

Alive after 6 months (%) 383 (87)
Alive after 12 months (%) 325 (74)

The prevalence of the different potentially modifiable 
nutritional risk facts can be found in table 3 together with a 
comparison of the prevalence between those who died versus 
survivors. The prevalence of eating dependency; leaves 25% 
or more of food uneaten at most meals; swallowing problems 
and enteral nutrition were higher among those who died than 
among survivors.

The calculated odds ratios for all the potentially modifiable 
nutritional risk factors in table 1 are presented in table 4. The 
nutritional risk factors significantly or borderline significantly 
associated with weight loss were; eating dependency, leaves 
25% or more of food uneaten at most meals, chewing and 
swallowing problems

With regard to a BMI below 18.5 at baseline the significant 
and borderline significant nutritional risk factors was the same 
as for weight loss. In addition ‘mechanical altered diets’ and 
‘enteral nutrition’ was also significantly associated with a BMI 
below 18.5. 

Discussion

Discussion of results
In this longitudinal study it was found that the prevalence 

of eating dependency; leaves 25% or more of food uneaten 
at most meals; swallowing problems and enteral nutrition 
were higher among those who died than among survivors. 
Furthermore, the potentially modifiable nutritional risk factors 
associated with future weight loss were; eating dependency, 
leaves 25% or more of food uneaten at most meals , chewing 
and swallowing problems. Most consistent was the association 
between weight loss and the RAI-NH version 2.0 item ‘leaves 
25% or more of food uneaten at most meals’ used as a proxy 
for loss of appetite/low energy intake. This finding support 
the process of undernutrition as described by Bocock and 
coworkers (6) i.e. beginning with the presence of nutritional 
risk factors, and progressing to inadequate intake relative to 
nutrient needs. 

To the authors’ knowledge, this is the first study to assess 
this specific association in a follow-up study. Actually there 
has been another follow-up study by Mamhidir and co-workers 
(11). However these authors combined underweight and weight 
loss when trying to identify possible nutritional risk factors. 
Among those identified were, as in the present study, eating 
dependency. Further, according to a recent systematic review 
of the literature, several of the nutritional factors identified 
in the present study have also been associated with increased 
likelihood of weight loss in different observational studies (7). 
And as in the present study the systematic review also found 
that these nutritional risk factors were associated with low 
BMI.  

Interestingly, the majority of the studies included in the 
systematic review by Tamura and co-workers (7) and the 
study by Mamhidir and co-workers (11) also used items from 
the RAI-NH when assessing the associations, which makes a 
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comparison of the results relevant.
A recent systematic review of undernutrition screening tools 

for the nursing home setting identified four screening tools 
which had been designed specifically for use in nursing homes 
(5). One of these was the RAI-NH used in the present study.

According to the RAI-NH version 2.0 manual there are 
a number of markers or ‘triggers’ for undernutrition among 
the items in RAI-NH version 2.0. These items are weight 
loss; complaints about taste; leaves 25% or more of food 
uneaten at most meals,  mechanical altered diets, enteral and 
parenteral nutrition and should alert the assessor to potential 
problems or needs. The results of the present study confirm 
that the item ‘leaves 25% or more of food uneaten at most 
meals’ is indeed valuable as a trigger. In contrast, according to 
the findings in the present study the items ‘complaints about 
taste’, ‘mechanical altered diets’, and ‘enteral nutrition’ are 
not. Instead it seems that these triggers should be replaced by 
three other RAI-NH version 2.0 items; ‘eating dependency’, 

‘chewing problems’ and ‘swallowing problems’.
Since the data for the present study was collected an updated 

version of the RAI-NH has been published (12). Unfortunately 
it seems that none of the potentially modifiable items identified 
in the present study to be associated with weight loss are among 
the trigger items listed in the updated version. The triggers 
included in the RAI-NH version 3.0 are the items dehydration; 
BMI below 18.5 or above 24.9; weight loss; enteral and 
parenteral nutrition; mechanical diets; therapeutic diets and 
pressure ulcers (12). This seems a bit odd since a formerly 
published criteria validation of the RAI-NH version 2.0 triggers 
have documented that only the item; leaves 25% or more of 
food uneaten at most meals was significantly associated with 
insufficient energy and protein intake (13).

The prevalence of low BMI and weight loss was in 
general high in the present study. Unfortunately it is difficult 
to compare the finding with the finding of other studies, 
due to the lack of a gold standard for nutritional screening 
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Table 3
Prevalence (%) of different potentially modifiable nutritional risk factors at baseline

Nutritional risk factor All Dead after 6 months Alive vs. dead after 12 months

Risk factor present vs. not present Risk factor present vs. not present 
 at baseline **) at baseline **)

High number of prescriptions (>5 per day) 277 (63) 15 vs. 9 %, p=0.137 29 vs. 21 %, p=0.069
Eating dependency 135 (31) 21 vs. 9 %, p=0.002 34 vs. 22 %, p=0.009
Leaves 25% or more of food uneaten at most meals *) 54 (12) 22 vs. 11 %, p=0.029 39 vs. 24 %, p=0.029
Complaints of taste 28 (6) 21 vs. 12 %, p=0.146 29 vs. 26 %, p=0.823
Chewing problems 94 (21) 17 vs. 12 %, p=0.166 32 vs. 24 %, p=0.143
Swallowing problems 44 (10) 25 vs. 11 %, p=0.016 43 vs. 24 %, p=0.010
Oral health problems 22 (5) 14 vs. 13 %, p=0.752 14 vs. 26 %, p=0.219
Constipation 56 (13) 13 vs. 13 %, p=1.000 32 vs. 25 %, p=0.255
Mechanical altered diets 69 (16) 16 vs. 12 %, p=0.431 36 vs. 24 %, p=0.036
Therapeutic diets 60 (14) 12 vs. 13 %, p=1.000 27 vs. 26 %, p=0.875
Enteral nutrition 7 (2) 43 vs. 13 %, p=0.048 57 vs. 25 %, p=0.077
Parenteral nutrition 1 (0) - -

*) Loss of appetite/low energy intake, **) Fishers Exact Test

Table 4
Association (Odds ratio 95 % Confidence interval) between nutritional status (BMI) and different nutritional risk factors (bold 

figures are significant, italic figures are borderline significant)

Dependent variable BMI<18.5 More than More than More than More than More than More than 
(Nutritional status) 1%/6months 5%/6months 10%/6months 1%/12months 5%/12months 10%/12months

Independent variable 
(Nutritional risk factor)
Medication (>5/day) 1.21 (0.70-2.10) 1.15 (0.75-1.77) 1.32 (0.76-2.32) 0.89 (0.42-1.92) 0.88 (0.56-1.40) 0.72 (0.44-1.19) 0.61 (0.31-1.16)
Eating dependency 2.16 (1.27-3.67) 1.09 (0.68-1.74) 1.17 (0.65-2.09) 1.18 (0.52-2.67) 0.94 (0.57-1.58) 1.68 (0.98-2.88) 1.90 (0.96-3.77)
Leaves≥25% on plate 2.36 (1.07-5.18) 2.16 (1.10-4.24) 2.52 (1.22-5.22) 2.83 (1.12-7.10) 2.38 (1.02-5.51) 1.87 (0.82-4.24) 1.57 (0.56-4.42)
Complaints of taste 1.24 (0.45-3.41) 0.67 (0.26-1.70) 0.45 (0.10-1.97) 0.00 (-) 1.06 (0.42-2.69) 0.86 (0.30-2.47) 0.74 (0.16-3.31)
Chewing problems 1.74 (0.97-3.11) 1.82 (1.08-3.06) 1.32 (0.70-2.48) 1.53 (0.65-3.60) 1.38 (0.78-2.44) 1.73 (0.96-3.14) 2.41 (1.18-4.94)
Swallowing problems 2.30 (1.09-4.88) 2.18 (1.02-4.68) 1.10 (0.43-2.80) 0.78 (0.18-3.45) 0.96 (0.38-2.38) 1.04 (0.39-2.80) 0.68 (0.15-3.03)
Oral health problems 0.88 (0.25-3.08) 0.44 (0.14-1.39) 1.00 (0.28-3.63) 0.73 (0.09-5.75) 0.91 (0.33-2.50) 1.10 (0.37-3.27) 1.47 (0.40-5.41)
Constipation 1.21 (0.58-2.54) 1.00 (0.54-1.87) 0.88 (0.39-1.97) 0.46 (0.11-1.99) 0.87 (0.44-1.75) 0.88 (0.41-1.90) 0.97 (0.35-2.64)
Mechanical altered diets 3.73 (2.04-6.82) 1.23 (0.73-2.07) 1.36 (0.72-2.57) 1.27 (0.52-3.09) 0.87 (0.48-1.56) 1.08 (0.58-2.04) 1.10 (0.48-2.55)
Therapeutic diets 1.02 (0.47-2.19) 1.24 (0.72-2.15) 1.20 (0.61-2.37) 0.72 (0.24-2.15) 1.12 (0.61-2.06) 0.74 (0.37-1.49) 0.87 (0.34-2.19)
Enteral nutrition 5.51 (1.09-27.89) 4.14 (0.43-40.19) 1.47 (0.15-14.35) 3.77 (0.38-37.41) 2.40 (0.22-26.76) 1.23 (0.11-13.71) 3.31 (0.30-37.35)
Parenteral nutrition - - - - - - -



and different definitions of underweight and weight loss 
which means that the prevalence in different studies varies 
considerably (see e.g. 1). Still the prevalence of underweight 
(i.e. a BMI below 18.5) was lower than in a former Danish 
study (2) where data was gathered in the period 1996-1997, 
suggesting a possible improvement over time. This finding is 
in agreement with the findings of a recent Swedish study where 
a possible improvement over time was also observed, even 
though undernutrition still prevailed and was associated with 
deteriorated cognition, function and increased mortality (3). 

One focus in the present study was weight loss and low 
BMI. However one study from United States has assessed the 
association between different nutritional risk factors and weight 
gain during a 6-month period (14). These authors found an 
odds ratio for eating dependency of 0.55, and hence indirectly 
support the findings in the present study.

Another focus in the present study was potentially 
modifiable nutritional risk factors. Even though there is 
increasing evidence that the use of nutritional support among 
nursing home residents improves weight and reduces mortality 
(4) a much more structured and multidisciplinary approach, 
focusing on the significant potentially modifiable nutritional 
risk factors and involving dieticians, occupational therapists, 
physiotherapist, and so on may achieve additional benefits. 
There is already a few of such studies published among nursing 
home residents and all have shown promising results (15-
17). Recently we have therefore developed and validated a 
nutritional risk screening tool which includes the potentially 
modifiable nutritional risk factors; eating dependency, leaves 
25% or more of food uneaten at most meals, chewing and 
swallowing problems (18).

Methodological considerations
In the present study weight loss was calculated with a time 

span of six or 12 months, which can be less effective. For 
example Sullivan and co-workers (19) has documented that 
it is not unusual for the recorded weight of older nutritionally 
at-risk nursing home residents to fluctuate by more than 3% 
from month to month. Further, they found that those with the 
greatest month-to-month variability in weights tended to be the 
frailer, more functional dependent residents. These residents 
are often the most difficult to weigh. They are probably 
also more likely to experience significant fluid shifts (19). 
However it was not possible to investigate these possibilities 
in the present study. Neither was it possible to determine 
how aggressively the participants were being treated for their 
medical or nutritional problems, or whether the nursing homes 
were responding appropriately to the observed weight changes. 
The last mentioned might have been the case since the nursing 
homes participating in the study were chosen because they had 
shown a former interest in nutrition. This might also explain the 
variability in the risk factors that were statistically significant at 
6 months versus 12 months (see table 4). Another explanation 
to the variability might be the difference in prevalence of risk 

factors between those who died versus survivors.
The main focus in the present study was change in weight 

and mortality. However it could also be relevant to consider the 
association between the risk factors, weight loss and physical 
function, as have been done in other studies among e.g. healthy 
older adults (20) and hip fracture patients (21).

It is a major strength that the present study used the same 
method as have been frequently used by others (see e.g. 7, 
11), i.e. the RAI-NH, when assessing the associations. Since 
the systems of long-term care use differ substantially it may 
be difficult to make cross-national comparisons. However, the 
development and implementation of the RAI-NH represent a 
considerable potential for more global understanding of long-
term institutional care through cross-national comparisons.  
Specifically The RAI-NH assists skilled nursing facility staff 
to consistently and accurately gather information regarding 
resident needs and strengths, which provides the foundation 
for an individualized interdisciplinary plan of care.   This not 
only makes it relevant to compare the results, but also suggest 
that the findings from Denmark could be of relevance in other 
countries as well.

Conclusion

A high percentage of old nursing home residents suffer 
from weight loss and this is associated with several potentially 
modifiable nutritional risk factors. Increased combined efforts 
from all levels of care and wider ranged multidisciplinary 
nutritional support need to be implemented. Regular routines 
for assessing weight loss and the potentially modifiable 
nutritional risk factors cannot be stressed enough.
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