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The ageing society.

The Dutch society is ageing rapidly. In the Netherlands, life expectancy has steadily 
increased from 67.5 years in 1946 to 82.1 years in 2019 [1]. In 1990, about 12.8% of the 
Dutch population was aged >65 years, in 2021 this had risen to 19.8%. This increase was 
also seen in the oldest old; the number of people aged >100 year increased with ~250% 
[2]. This ‘double process of ageing’ can be explained the ageing of the so called ‘baby 
boom’ generation in combination with the increased life expectancy.

The increase in life expectancy over the last decades is not as fast as compared to the 
period after the second world-war [3], when better hygiene [4], vaccination [5], the dis-
covery of antibiotics [6], and other major innovations in healthcare provided opportuni-
ties to cure diseases that previously caused death [5]. Over the last decades, the increase 
in life expectancy was mainly driven by better medical treatments that changed life 
threating diseases into chronic disorders [7]. This has led to a situation where people 
live longer, but often have multiple diseases and require care for a substantial time of 
their life [8].

Disease burden and increased care requirements accelerate with ageing [9]. During 
their journey of ageing, older adults move through different stages [10]. Older adults 
in the Netherlands, who retire at ~65 years of age, currently are mostly active and in 
a relatively healthy condition [11,12]. They travel for holidays, play sports, take care of 
their grandchildren and work as volunteers [13]. At this stage, they are vital and inde-
pendent of care. As the years go on, these older adults are slowly facing the effects of the 
unavoidable ageing process. Accumulated damage to cell structures, the loss of muscle 
mass and muscle quality, the occurrence of acute or chronic diseases and the lack of 
recovery from disease makes them more vulnerable [14] and care dependent [10] over 
the years. Eventually, these problems accelerate and accumulate, making them frail [10]. 
This is also reflected in the high number of comorbidities (over 40% has one or more 
comorbidities) [15] and the large share (25.2%) of community-dwelling older adults that 
suffer from problems with doing activities of daily living [16]. However, these numbers 
are lowest in the ‘young’ older adults and increase with age [15]. In long-term care facili-
ties, these numbers are even higher; nearly all residents are frail (88%), care dependent 
for their daily living activities (94.7%) and they suffer from multiple comorbidities (on 
average 3).

The combination of an ageing society and the increased number of comorbidities in 
older adults has changed the landscape of older-adult care in the western society. Due 
to increased health care costs and the wish of older adults to remain independent, 
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ageing-in-place has become the desired policy for older-adult care [17]. The Dutch 
ageing-in-place policy is based on the principle that older adults should remain in their 
own environment by enforcing their self-reliance as long as possible [10,18]. Informal 
and formal caregivers such as the general practitioner (GP), district nurse and social 
workers should support older adults to age in place. Only older adults with an indication 
for intensive medical care are eligible for admission to a long-term care facility [17]. This 
has led to decreasing admission rates to long-term care facilities, despite an increas-
ing number of older adults [19]; in 1980 63% of all older adults aged >80 year lived in 
a long-term care facility [19], compared to 13% in 2017 [20]. As a consequence, most 
residents of long-term care facilities nowadays have a complicated health profile and 
suffer from multimorbidity [19]. Since these older adults are in their latest phase of life, 
care is mostly focused on relieve of symptoms and optimizing quality of life.

The interplay between frailty, sarcopenia and 
malnutrition.

Typical age-related diseases that could lead to institutionalization, loss of dependency 
and decrease of quality of older adults are frailty, sarcopenia and malnutrition [21–27]. 
These conditions are interrelated and share some underlying mechanisms, and all are 
related to adverse outcomes such as decline in functional status, loss of quality of live, 
morbidity and  even mortality [28]. Despite similarities, they are too different from each 
other to be combined into one broad geriatric syndrome [29].

Frailty
Frailty is a relative commonly used word to express ‘weakness’. The most commonly used 
criteria to diagnose  frailty are those from Fried et al. [30] and Rockwood et al. [31] At 
this moment, frailty is officially not recognized as a disease (it has no ICD-11 code) [32] 
but it is clearly linked with adverse outcomes such as falls, hospitalization, decreased 
functioning and mortality [14].

In 2001, Fried et al. described frailty as a construct consisting of weakness, loss of endur-
ance, slowness, low physical activity, and loss of weight [30]. Within this phenotypical 
approach, frailty is defined as a pre-disability syndrome [33]. This is in contrast to the 
frailty definition of Rockwood et al. that defines frailty as an accumulation of deficits 
[33]. Within the Rockwood frailty index, a set (up to 70 variables) of different criteria is 
used to assess the severity of frailty [31]. The Rockwood frailty index is, compared to the 
Fried criteria, a more comprehensive geriatric assessment that takes disease burden and 
influence of disabilities in daily living into account [33]. Other frailty indicators such as 
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the Tilburg [34] and Groningen [35] frailty indicator, are based on either the Fried criteria 
or the Rockwood frailty index.

The prevalence of frailty depends on the used definition, cut-of values, age group and 
living setting. Just after the age of retirement, prevalence of frailty in the community is 
7.5% for males and 13% for females and these numbers increase to 32% and 44% for 
older adults aged ≥87 year [36]. In long-term care facilities, nearly all residents are frail 
(88%). As the Dutch society is ageing, the number of frail older adults is expected to rise 
in the upcoming years.

Sarcopenia
Another age-related disease that is frequently seen in older adults is sarcopenia. In con-
trast to frailty, sarcopenia has recently been appointed an ICD-11 code [37]. Sarcopenia 
is defined as the chronic and progressive loss of muscle strength, mass and function 
[38,39]. The underlying mechanisms for this decline are multifactorial but consist of 
muscle, neural and hormonal changes [38].

Recently, the European Working Group on Sarcopenia in Older People (EWGSOP) 
published a guideline to define and identify sarcopenia [39]. Based on the proposed 
algorithm, sarcopenia is present if muscle strength (based on grip strength or chair 
stand test) and muscle quality (based on DXA, BIA, MRI or CT-scan) are low. Severity 
grading of sarcopenia is defined by physical performance tests [39]. Dutch prevalence 
rates for sarcopenia in community-dwelling older adults differ widely between cohorts, 
varying from ~5-30%, with the highest prevalence rates in men and the oldest age 
groups [40–42].

Malnutrition
Based on the ESPEN Blue Book, malnutrition could be defined as followed: “Malnutri-
tion is a state resulting from lack of intake or uptake of nutrition that leads to altered body 
composition (decreased fat free mass) and body cell mass leading to diminished physical 
and mental function and impaired clinical outcome from disease” [43]. As this definition 
is broad, it includes all forms of malnutrition including kwashiorkor, cachexia, anorexia 
as well as micronutrient deficits. In 2017, ESPEN made a distinction between different 
underlying mechanisms of malnutrition: Disease-related malnutrition with inflam-
mation, Disease related malnutrition without inflammation and malnutrition without 
underlying disease [44]. However, in older adults, the term malnutrition is mostly used 
for protein-energy malnutrition [44,45].
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Malnutrition is categorized as a disease within the ICD-11 classification but, instead of 
malnutrition, the term undernutrition is used. Older adults are categorized as under-
nourished when BMI is below 18.5 kg/m2 [37]. A proposal for an “Malnutrition in adults” 
diagnosis has been submitted to the WHO in is now under consideration [46].

Over time, different diagnostic criteria were proposed to identify older adults at risk of 
malnutrition. In 2015, ESPEN proposed a definition that used BMI, (recent) weight loss 
and fat free mass index (FFMI). Based on this definition, someone is malnourished as BMI 
is very low (<18.5 kg/m2)), or when unintentional weight loss (>5% within one month 
or 10% irrespective of time) is accompanied with a low age-specific BMI (<20 kg/m2 for 
adults <70 year / <22 kg/m2 for adults >70 year) or FFMI (<15 and 17 kg/m2 in women 
and men respectively) [45]. However, this definition was never globally accepted [47], 
because the ESPEN 2015 definition strongly depends on BMI which is not suitable for 
the Western society (especially the US) were a large share of the population is suffering 
from overweight and obesity [47,48].

The use of different criteria hampers proper diagnoses of malnourished older adults 
and make research results difficult to compare [48]. To improve unity and to improve 
treatment, the Global Leadership Initiative on Malnutrition (GLIM) proposed diagnostic 
criteria for diagnosing malnutrition [47] and these criteria have been globally accepted 
in 2019. According to these criteria the first step in diagnosing malnutrition is screen-
ing with a validated screening tool for malnutrition. When positive, further assessment 
is needed. Someone is regarded malnourished if (at least) one phenotypical criterion 
(weight loss, low BMI or low muscle mass) and one etiological criterion (decreased food 
intake/assimilation or disease burden/ inflammatory condition) is present. After the 
diagnosis, severity grading is needed to guide the intervention [47].

As the GLIM criteria are relatively new, no data is available about prevalence of malnu-
trition in Dutch older adults based on this set of criteria. Data from the Longitudinal 
Aging Study Amsterdam (LASA) from 2011-2012 indicate a three-year malnutrition 
incidence (as defined by a BMI <20 kg/m2 and recent weight loss of ≥ 4 kg) of ~5% 
among community-dwelling older adults [49]. Based on the 2015 National Prevalence 
Measurement of Quality of Care (LPZ), a similar risk was seen were ~10% was suffering 
from very low BMI (<18.5 kg/m2) combined with recent weight loss (>3 kg in last month 
or >6 kg in last six months) [50]. These numbers indicate that malnutrition is a serious 
problem in Dutch older adults.

As described above, frailty, sarcopenia and malnutrition are highly prevalent in Dutch 
older adults. They are closely related to each other and a substantial part of all older adults 
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suffer from combinations of these problems [51,52]. The presence of frailty, sarcopenia 
and malnutrition could lead to a perpetual cycle: one of the underlying mechanisms for 
frailty and sarcopenia is the presence of malnutrition. On the other hand, malnutrition 
can be a consequence of frailty and sarcopenia [53]. As neural and hormonal changes 
are difficult to improve, nutrition and exercise can play an important role in preventing 
older adults from becoming frail and sarcopenic [53].

Role of nutrition and recommendations.

Nutrition is one of the key elements of staying healthy, being able to live independently 
and experiencing good quality of life. A good nutritional status enables the body to 
(among others) maintain muscle mass, optimize the immune system, and recover from 
illness and injuries [54]. Consequently, a good nutritional status is associated with a 
reduced risk of falls [55], a better quality of life [25] and a lower risk of institutionalization 
[26]. Even in the oldest age groups, switching towards a healthy diet could increase life 
expectancy with several years [56]. Preventing older adults from becoming malnour-
ished is therefore a key element for healthy ageing.

Both for well-nourished and malnourished older adults, an optimal protein and energy 
intake is required to remain fit and vital. In 2021, the Dutch Health Council advised a 
recommended dietary allowance (RDA) of 0.83 gram protein per kg bodyweight per day 
(g protein kg/bw per day) for all older adults [57]. The Health Council also states that 
‘[…] it is possible that higher protein intake could lead to a higher lean body mass’ but the 
evidence was found to be insufficient to recommend a protein intake higher than 0.83 
g protein kg/bw per day. This advice contrasts with earlier international expert opinions 
and recommendations from other European countries (a.o. Germany, Ireland and the 
Nordic countries), which advice to use 1.0-1.2 g protein kg/bw per day because of the 
reduced ability to use available protein and a greater need of protein of older adults 
[58–60]. In ill older adults, these experts even advise to use 1.2-1.5 g protein kg/bw 
per day [61,62]. The advice of the Health Council is based on RCTs in relatively healthy 
populations that already had a relatively high protein intake. It therefore remains 
unclear whether the 0.83 g protein kg/bw per day is also sufficient in more frail and 
malnourished populations [63]. It is important to realize that approximately 20% off all 
older adults does not even reach the minimum recommendation of 0.83 g protein kg/
bw per day [64].
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Different stages of malnutrition during ageing.

At this moment, research towards malnutrition focusses mostly on older adults with 
malnutrition, indicated by low BMI and recent weight loss. As physical decline due to 
malnutrition is hard to overcome in older adults [26], treatment should focus on pre-
venting older adults from entering this stage of malnutrition. Preventative measures can 
be taken long before obvious signs of malnutrition are present and should be tailored to 
someone’s needs and to someone’s nutritional status [65]. There may be early risk factors 
for malnutrition long before a person becomes malnourished. These risk factors are, for 
example, low appetite, problems with grocery shopping, physical risk factors such as 
problems with biting and chewing, and social risk factors such as loneliness [66]. These 
factors, in turn, can result in an early stage of malnutrition where a low(er) food intake 
and exclusion of different food groups are present. Eventually, these problems can result 
in later stage malnutrition with evident loss of muscle mass and a decline in functional 
status [65].

Screening tools and early identification of malnutrition

To improve the treatment of malnutrition in older adults, the MalNutrition in the ELderly 
knowledge hub (MaNuEL) project was started in 2016, funded by the Joint Programme 
Initiative Healthy Diet for a Healthy Life, initiated by the Council of Europe. This has 
resulted in papers on the state-of-the-art regarding the prevalence of malnutrition 
[67], screening tools [68], determinants that could lead to malnutrition [49,66] and 
non-pharmaceutical interventions to treat malnutrition [69]. Moreover, the published 
MaNuEL studies also showed also remaining knowledge gaps.

One of these gaps is the use of different screening tools. Screening for malnutrition is the 
first step to identify persons at risk of malnutrition and should be done with a validated 
screening tool [47]. Based on the MaNuEL paper by Power et al., published in 2018, 24 
validated screening tools are available to identify older adults at risk of malnutrition 
[68]. Most of these tools, including the screening tools for older adults mostly used in 
the Netherlands SNAQ65+ (community) and SNAQrc (long-term care facilities), are based 
on late phase malnutrition symptoms such as low BMI and weight loss (table 1). They 
therefore identify malnourished older adults when physical decline is already present. 
Therewith, screening partly misses it aims: identifying persons at risk of becoming mal-
nourished. Especially in the community, this is an important aim. A tool that focuses on 
early determinants of malnutrition is SCREEN II [70], a tool originally designed for early 
identification of malnutrition. SCREEN II consists of 16 items that assess early determi-
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nants of malnutrition such as poor food intake, eating alone, problems with preparing 
meals and doing grocery shopping. SCREEN II provides a sum score but the separate 
items can also be used to identify why someone is at risk. In table 1, an overview is 
provided of items included in the screening tools SNAQ65+, SNAQrc and SCREEN II.

Table 1, overview of items included in SNAQ65+, SNAQrc and SCREEN II

SNaQ65+ SNaQrc SCReeN II

Weight loss Recent weight loss Weight change (gain or loss)

Upper arm circumference BMI Intention to change weight

Appetite Eating assistance needed Perception of body weight

Walking stairs Decreased appetite Skipping meals

Avoidance of products

Appetite

Fruit vegetable intake

Use of meat (replacements)

Dairy intake

Fluid intake

Swallowing problems

Biting/chewing problems

Use of meal replacements

Eating together

Meal preparation

Grocery shopping problems

Power et al. stated that SCREEN II is the tool with the greatest validity (sensitivity against 
dietetic assessment 84-90%, specificity 62-86%) for older adults in the community [68]. 
However, European/Dutch data is lacking as this tool is mostly used in Canada [71] and 
New Zealand [72,73]. At this moment, it is unclear which part of Dutch community-
dwelling older adults is at risk of a poor nutritional status based on SCREEN II, which 
groups are at highest risk, and which particular risk factors are most prevalent. In 
addition, it is unclear how outcomes of nutritional risk based on SCREEN II differ from 
outcomes based on the advised Dutch malnutrition screening tool SNAQ65+.

Nutritional interventions

When community-dwelling older adults are at risk of malnutrition, interventions are 
needed to prevent them from further nutritional decline. Previous studies towards mal-
nutrition mainly focused on providing oral nutritional supplements (ONS) [69]. In the 
early stage of malnutrition, these interventions do not address the underlying problems. 
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When community-dwelling older adults suffer from problems such as grocery shopping 
and/or meal preparation, ONS will not be the most appropriate solution. Instead, the use 
of ready-made meals could be a solution to increase food intake [74]. At this moment we 
lack evidence on how a shift from self-prepared meals towards ready-made meals may 
affect protein and energy intake of community-dwelling older adults.

Long-term care facilities

When older adults are not able to remain independent in the community, admission to a 
long-term care facility is sometimes inevitable. At this moment, 115.000 older adults are 
living in such a facility [75]. Recent data is lacking but in 2012, 35% of Dutch community-
dwelling older adults who received homecare were malnourished [76]. It is therefore 
expected that malnutrition prevalence is already high at admission to a long-term care 
facility and will further increase during stay. However, recent Dutch data on prevalence 
and development of malnutrition in elderly care homes is lacking. Identifying groups 
at risk for malnutrition at admission or during stay in a long-term care facility allows for 
timely interventions.

Moreover, it is yet unknown whether the dietary intake of older adults residing in long-
term care facilities is appropriate to prevent deterioration of their nutritional status. The 
latest data on dietary intake in long-term care facilities stem from the period 2000-2003 
and results indicated that protein and energy intake was low [77]. More recently, atten-
tion has been drawn to improving nutritional services in long-term care facilities. The 
report “Taskforce healthy eating with older adults” (Dutch: Taskforce Gezond Eten met 
Ouderen) describes 11 good practices to increase food intake in long-term care facilities 
[78]. However, most of these good practices are only implemented within a few long-
term care facilities or are already stopped. It is therefore unclear whether food intake 
in Dutch residents of long-term care facilities is adequate and which groups are at an 
increased risk for having a low protein/energy intake. By identifying which groups are 
at an increased risk for a poor food intake, nutritional interventions could be tailored to 
these groups.

General outline of this thesis

A good nutritional status is important to optimally support healthy ageing. Both in the 
community and in long-term care facilities, it is important to identify people at risk of 
malnutrition at the earliest stage possible.
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Therefore, this thesis aims to identify groups at risk of becoming malnourished during 
the journey of ageing; from healthy older adults in the community to frail residents in 
long-term care facilities (Figure 1). In this thesis, we will show prevalence rates of (early 
determinants of ) malnutrition during this journey. In addition, we will study whether 
the provision of ready-made meals can be an effective intervention to improve dietary 
intake among community-dwelling older adults who are not able to prepare their own 
meals. In long-term care facilities, we will test which groups are at an increased risk for 
having a low protein/energy intake and which groups are at risk of being malnourished 
at admission or/and at risk of becoming malnourished during stay. Identifying these 
groups at risk will create opportunities to prevent (further) decline and helps to main-
tain optimal quality of life and care independency.

Figuren  
 
chapter 1 
  

Figure 1, Overview of different phases in the trajectory of ageing with accessory research objectives.

Chapter 2 of this thesis provides an overview of early determinants of malnutrition 
based on the screening tool SCREEN II for different age categories in the Netherlands. In 
this study, data is used from the website www.goedgevoedouderworden.nl. In chapter 
3, the data from chapter 2 are compared with data from other Western countries, par-
ticularly Canada and New Zealand, as SCREEN II is frequently use in these countries. In 
this chapter we compared prevalence rates and tested whether individual risk factors 
for a poor nutritional status differed between these countries. For this, we used data 
from www.goedgevoedouderworden.nl, www.nutritionscreen.ca and the HART-study. 
a cohort from New Zealand. Chapter 4 describes a comparison between a screening 
tool for early determinants of malnutrition (SCREEN II) and late symptoms of malnutri-
tion (SNAQ65+). In chapter 5, the effect of switching from self-prepared meals towards 
ready-made meals on protein and energy intake are described. Data for chapter 4 and 
5 is obtained from the ConsuMEER study. This RCT focused on the use of ready-made 
meals in community-dwelling older adults. In chapter 6, we describe prevalence and 
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incidence rates of malnutrition in long-term care facilities of residents with behavioural-
cognitive problems. In chapter 7, the prevalence and incidence rates of malnutrition in 
long-term care facilities of residents with somatic problems are shown. Both chapter 
6 and 7 are based on data from InterRAI. This is a large prospective register, based on 
patient files, which consist of ~9,000 residents of Dutch long-term care facilities. Chapter 
8 will provide an overview of actual food intake compared to requirements of residents 
in 5 long-term care facilities in the Netherlands. Finally, chapter 9 provides the overall 
findings of this thesis, discussion and implications of the results.
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abstract: To stimulate undernutrition screening among Dutch community-dwelling 
adults, a website was developed with general information on healthy eating for healthy 
ageing and self-tests. Based on cross-sectional data obtained from the self-tests, we 
studied nutritional risk factors (early determinants) as well as risk of undernutrition (late 
symptoms). SCREEN II (n = 2470) was used to asses nutritional risk factors. This tool con-
sists of 16 items regarding nutritional intake, perception of body weight, appetite, oral 
health and meal preparation. An adjusted SNAQ65+ (n = 687) was used to assess risk of 
undernutrition. This four-item tool contains questions on weight loss, appetite, walking 
stairs and body mass index. Differences between age-groups (65–74, 75–84, ≥85) were 
tested by logistic regression. Overall prevalence of nutritional risk factors was 84.1%, 
and increased risk of undernutrition was 56.8%. Participants aged ≥85 scored worst on 
almost all items of the SCREEN II and the SNAQ65+. In conclusion: A large proportion of 
older adults reported early determinants for increased nutrition risk, while a smaller, 
yet remarkable proportion scored positive on undernutrition risk. Internet screening 
may be a useful, contemporary, and easy, accessible way to reach older adults who 
are at nutritional risk and may thus contribute to early identification and prevention of 
undernutrition.
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Introduction

In the Netherlands, undernutrition rates in community-dwelling older adults range from 
10% to 35%, depending on level of care and age [50,76,79]. While these rates are lower 
compared to hospitals and nursing homes, in absolute numbers, the largest number of 
undernourished older adults live at home [80]. Undernutrition is associated with adverse 
outcomes such as impaired recovery from diseases, cognitive decline, institutionaliza-
tion, and mortality [27,81,82]. Therefore, early identification of older adults at nutritional 
risk is necessary to be able to take preventive measures.

In the process of identifying persons at risk of undernutrition, screening tools are es-
sential. Over the last decades, many screening tools have been developed and validated 
[68]. Most screening tools for undernutrition in older adults include low body mass 
index (BMI), loss of (muscle) mass, and/or impaired functioning as criteria [83]. However, 
these phenotypic, late symptoms of undernutrition indicate that a person is already at 
high risk or even undernourished [47]. Undernutrition should preferably be prevented 
in an earlier stage [65]. The preceding stages of undernutrition are characterized by the 
presence of early determinants such as problems with poor appetite, low food intake or 
difficulties with meal preparation [65]. Most screening tools only briefly addresses these 
early determinants.

In the Netherlands, screening for undernutrition in the community is mainly done by 
general practitioners (GPs), nurse practitioners, and home care nurses [84]. However, 
not all older adults attend GP offices regularly, not all older adults who visit a general 
practitioner are screened for undernutrition, and not all older adults receive home care. 
Therefore, a large group of older adults may be at risk for undernutrition without being 
identified. E-health initiatives offer new possibilities for self-screening; in the Nether-
lands, internet access of adults aged >65 year is 86.4%, and over half (52.5%) of older 
adults use internet to search for health information [85].

In 2017, the Dutch Malnutrition Steering Group, with financial help from the Dutch 
government, launched a website with general information on healthy eating for healthy 
ageing and self-tests. On this website www.goedgevoedouderworden.nl -translated as 
healthy eating for healthy ageing- older adults or their informal caregivers can test their 
nutritional risk by answering questions on early determinants of undernutrition (based 
on the validated screening tool ‘Seniors in the Community: Risk evaluation for eating 
and nutrition, Version II’ (SCREEN II)) [70]. They can also test their undernutrition risk by 
answering questions on late symptoms of undernutrition (based on the modified version 
of ‘Short Nutritional Assessment Questionnaire for 65+’ (SNAQ65+)) [86]. After filling out 
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the test for early determinants (SCREEN II), participants receive personalized feedback 
and advice based on their answers to each question. For example, if the outcome of 
the test shows problems with preparing meals, advice will be shown for this problem. 
If someone is found at risk for undernutrition or at high nutritional risk, the advice is to 
visit the GP or a dietitian.

Previous studies among Dutch older adults were mostly based on undernutrition screen-
ing of late symptoms (weight loss, BMI, functionality) [50,76,79]. From previous research, 
we know that ageing is a risk factor for late symptoms of undernutrition [87]. Very few 
data on prevalence of early determinants (nutritional risk factors) of undernutrition are 
available [88]. Data for early determinants in relation to ageing are lacking. Therefore, we 
explored differences in both early determinants and late symptoms of undernutrition 
between age-groups of Dutch community-dwelling older adults based on the cross-
sectional data obtained from internet-based self-tests.

Materials and Methods

Participants
Data were obtained from the website www.goedgevoedouderworden.nl. No recruit-
ment was performed; data were used from attenders from the website that filled in the 
self-tests. All data were obtained anonymously. Only the age, gender, and zip code of 
the participants were stored in each self-test. Data-collection was done in the period 
April 2017–February 2019.

For all self-tests, the following inclusion criteria were used: Self-test had to be completed 
fully, and participant was aged >65 year.

Measurements
The website provides two tools for assessing undernutrition risk: SCREEN II, a tool to 
assess nutritional risk, and a modified version of SNAQ65+, a tool to assess undernutrition 
risk. Both tools could be filled out by the participant or by his/her informal care giver.

SCREEN II: The SCREEN II has been validated in community-dwelling older adults aged 
>65 year in Canada and New Zealand and can be self-administered. In these validation 
studies, high agreement was seen between SCREEN II and a nutritional risk assessment 
by a dietitian [70,89]. SCREEN II is a 16-item tool that covers nutritional risk factors such 
as weight change, perception of body weight, skipping meals, avoidance of products, 
appetite, intake of dairy/meat (replacements)/fruit and vegetables and fluids, problems 
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with biting and chewing, use of meal replacements, eating together, meal preparation, 
and problems with doing groceries. For each separate item, a score can be achieved 
ranging from 0–4 points, whereby a score of ≤2 points is categorized as a nutritional risk 
for that specific item [70]. The maximum score of the SCREEN II is 64 points. Based on 
Keller et al. [70], a score below 54 indicates an increased overall nutritional risk.

The modified version of SNAQ65+: SNAQ65+ has been validated in Dutch community-
dwelling older adults and was validated as a predictive tool for 15 years mortality. The 
tool consists of 4 questions: Mid-upper arm circumference (<25 cm), weight loss (≥4kg 
last six months), appetite, and walking stairs [86]. Based on a pilot study (results not 
published), self-assessment of mid-upper-arm circumference showed to be unreliable. 
Therefore, for the purpose of online self-testing, mid-upper-arm circumference was 
replaced by BMI, as BMI correlates highly with mid-upper arm circumference [19]. BMI 
was categorized according to the recently published Global Leadership Initiative on 
Malnutrition consensus criteria for undernutrition (GLIM criteria)with the following cut-
off points for low BMI: <20 kg/m2 for adults 65–70 years and <22 kg/m2 for adults ≥70 
years [47].

According to SNAQ65+, participants were categorized at high risk for undernutrition if 
they scored BMI <20 or weight loss ≥4kg last six months; participants were categorized 
as moderate risk if they had low appetite and problems with walking stairs. On the web-
site, participants who had lost ≥4kg over the last six months were not further questioned 
on appetite, problems with walking stairs or BMI, as they had already scored high-risk.

analyses
Data were checked for normality using a QQ-plot. Descriptive statistics were performed 
by reporting means with standard deviation and numbers with percentages for cat-
egorical data. In order to investigate which risk factors occurred most frequently, all 
items of SCREEN II were reported separately stratified by age-group (65–74, 75–84, ≥85). 
Differences between age-groups on separate items of SCREEN II were tested using a 
chi-square test. Based on logistic regressions, odds ratios with 95% CI were calculated 
for proportions reaching <54 points. Differences in total points between age-groups 
were tested using linear regression. Analyses were tested for confounding by gender; 
however, the effect size differed <10%, so no adjustments were made.

Differences between age-groups in outcome based on the modified version of SNAQ65+ 
were tested by logistic regression. To do so, the modified version of SNAQ65+ was di-
chotomized into low vs. moderate/high risk as well into low/moderate vs. high risk. As 
all data were anonymous, data of the two self-tests could not be analysed at individual 
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participant level. All analyses were performed in SPSS 24 (IBM, Chicago VS), and a p-
value of <0.05 was considered significant.

Results

Screen II
In total, 2470 participants completed the SCREEN II questionnaire. The mean age of all 
participants was 74.3 (SD:6.9) years, and 57.8% of the participants were aged 65–74 years. 
The majority of the participants were female (75.5%). A minor part of the questionnaires 
was filled in by an informal caregiver (14.7%); this was highest in the age-group ≥85 
years (58.3%).

The mean score was 47.8 (SD:7.1) in participants aged 65–74 years, 45.1 (SD:8.7) in the 
age-group 75–84 years, and 39.2 (SD:9.0) in participants aged ≥85 years. Proportion 
at risk (<54 points) was 81.4% in participants aged 65–74 years, 85.5% in age-group 
75–84 years, and 95.8% in age-group ≥85 years. Differences between age-groups were 
significant (p < 0.05) for mean total scores as well for proportions <54 points (Table 1).

Table 1, mean scores on SCREEN II and proportions <54 point.

age Total score Mean difference

Total (n=2470) 46.1 (SD:8.3)

Age: 65-74 (n=1428) 47.8 (SD:7.1) Reference category

75-84 (n=802) 45.1 (SD:8.7) −2.7 [95%CI: −3.3; −2.0]

≥85 (n=240) 39.2 (SD: 9.0) −8.6 [95%CI: −9.6; −7.5]

Proportion <54 Odds ratio

Total (n=2470) 2078 (84.1%)

Age: 65-74 (n=1428) 1162 (81.4%) Reference category

75-84 (n=802) 686 (85.5%) 1.4 [95%CI: 1.1; 1.7]

≥85 (n=240) 230 (95.8%) 5.3 [95%CI: 2.8; 10.1]

Continues data are shown as mean (difference) with standard deviation or 95%CI.
Categorical data are shown as number with percentage or odds ratio’s with 95%CI.

In Table 2, nutritional risk factors based on SCREEN II are shown. Most frequently scored 
risk factors on SCREEN II were: Problems with perception of own weight (62.6%), a low 
intake of fruit and vegetables (67.5%)/meat (replacements) (55.4%)/dairy products 
(55.3%), limiting and avoiding products (40.6%), eating meals alone (40.7%) problems 
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with preparing meals (39.5%) or changes in body weight (38.7%). Less frequently scored 
risk factors were the use of meal replacements (9.4%), unintentional weight loss (9.8%), 
problems with biting and chewing (14.9%) or coughing/pain when swallowing (17.5%), 
doing groceries (17.4%), skipping meals (21.5%), problems with appetite (24.1%) or low 
fluid intake (24.9%).

Table 2, Nutritional risk factors according to the 17 questions of SCREEN II, compared between age cat-
egories.

Nutritional risk factor
65–74 years

N = 1428
75–84 years

N = 802
≥85 years

N = 240
Total

N = 2470
p-value 

**

Change in weight last six months
Gained or lost ≥ 2.5kg *
Remained stable

509 (35.6%)
919 (64.4%)

301 (37.5%)
501 (62.5%)

145 (60.4%)
95 (39.6%)

955 (38.7%)
1515 (61.3%)

<0.001

Unintentional weight last six 
months
Yes *
No

101 (7.1%)
1327 (92.9%)

88 (11,0%)
714 (89.0%)

52 (21.7%)
188 (78.3%)

241 (9.8%)
2229 (90.2%)

<0.001

Perception body weight
More or less than it should be *
Just right

936 (65.5%)
492 (34.5%)

479 (59.7%)
323 (40.3%)

131 (54.6%)
109 (45.4%)

1546 (62.6%)
924 (37.4%)

<0.001

Limitation or avoiding certain 
products
Limitation and avoiding *
No limitation or avoiding

581 (40.7%)
847 (59.3%)

303 (37.8%)
499 (62.2%)

120 (50.0%)
120 (50.0%)

1004 (40.6%)
1466 (59.4%)

0.003

Skipping meals
Rarely or never
Sometimes or more frequent *

1180 (82.6%)
248 (17.4%)

619 (77.2%)
183 (22.8%)

139 (57.9%)
101 (42.1%)

1938 (78.5%)
532 (21.5%)

<0.001

appetite
(Very) good
Fair or poor *

1202 (84.2%)
226 (15.8%)

572 (71.3%)
230 (28.7%)

101 (42.1%)
139 (57.9%)

1875 (75.9%)
595 (24.1%)

<0.001

Portions of fruit or vegetables per 
day
Four or more
Three or less *

532 (37.3%)
896 (62.7%)

230 (28.7%)
572 (71.3%)

40 (16.7%)
200 (83.3%)

802 (32.5%)
1668 (67.5%)

<0.001

eating meat, eggs, fish or meat 
substitute
Once a day or less *
More than once a day

755 (52.9%)
673 (47.1%)

453 (56.5%)
349 (43.5%)

161 (67.1%)
79 (32.9%)

1369 (55.4%)
1101 (44.6%)

<0.001

Dairy products per day
Once a day or less *
More than once a day

805 (56.4%)
623 (43.6%)

414 (51.6%)
388 (48.4%)

148 (61.7%)
92 (38.3%)

1367 (55.3%)
1103 (44.7%)

0.011

Fluid use per day
≤ four glasses *
≥ five glasses

290 (20.3%)
1138 (79.7%)

227 (28.3%)
575 (71.7%)

99 (41.3%)
141 (58.8%)

616 (24.9%)
1854 (75.1%)

<0.001

Problems with biting or chewing
Sometimes or often *
Rarely or never

131 (9.2%)
1297 (90.8%)

138 (17.2%)
663 (82.8%)

98 (40.8%)
142 (59.2%)

367 (14.9%)
2102 (85.1%)

<0.001
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Table 2, Nutritional risk factors according to the 17 questions of SCREEN II, compared between age catego-
ries. (continued)

Nutritional risk factor
65–74 years

N = 1428
75–84 years

N = 802
≥85 years

N = 240
Total

N = 2470
p-value 

**

Problems with coughing, choking 
or pain when swallowing
Sometimes or often *
Rarely or never

207 (14.5%)
1221 (85.5%)

159 (19.8%)
643 (80.2%)

67 (27.9%)
173 (72.1%)

433 (17.5%)
2037 (82.5%)

<0.001

eating meals together
Sometimes or fewer *
Regularly / nearly always

457 (32.0%)
971 (68.0%)

406 (50.6%) 
396 (49.4%)

142 (59.2%)
98 (40.8%)

1005 (40.7%)
1465 (59.3%)

<0.001

Meal preparation
Meal preparation is hard / I do not 
enjoy the meals that were prepared 
for me *
Enjoy preparing meals / I enjoy the 
meals that were prepared for me

508 (35.6%)

920 (64.4%)

356 (44.4%)

446 (55.6%)

112 (46.7%)

128 (53.3%)

976 (39.5%)

1494 (60.5%)

<0.001

Use of meal replacements / 
supplements
Sometimes or more frequent *
Rarely or never

111 (7.8%)
1317 (92.2%)

83 (10.3%)
719 (89.7%)

38 (15.8%)
202 (84.2%)

232 (9.4%)
2238 (90.6%)

<0.001

Problems with doing groceries
Rarely or never
Sometimes or more often *

1301 (91.1%)
127 (8.9%)

604 (75.3%)
198 (24.7%)

134 (55.8%)
106 (44.2%)

2039 (82.6%)
431 (17.4%)

<0.001

Note: Data are presented as number (percentage), * Risk factors according to Keller et al. [70], ** p-value based on the chi 
square test.

adjusted SNaQ65+
The adjusted SNAQ65+ was filled out by 687 participants, mean age 77.6 years (SD: 8.4), 
and most of them were female (75.4%). Nearly half of the questionnaires were filled out 
by an informal caregiver (46.3%); this was highest in the age-group ≥85 years (76.3%). In 
total, 390 (56.8%) participants were at high risk for undernutrition and 6.0% at moderate 
risk (Table 3). Within the high-risk group, 60.0% had lost over 4 kg body weight in the 
last six months, and 40% had a low BMI. High risk on undernutrition was highest in the 
age-group ≥85; this group had 3.0 [95%CI: 1.9–4.4] times higher odds of being at high 
risk of undernutrition compared to participants aged 65–74 years. The higher odds were 
also seen in the comparison of low vs. moderate/high; participants aged ≥85 had 3.8 
[95%CI: 2.6–6.0] times higher odds compared to participants aged 65–74 (Table 3).
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Table 3, Proportions ‘Short Nutritional Assessment Questionnaire for 65+’ (SNAQ) score and odds ratio’s 
compared between age categories.

age Low risk Moderate high
Odds ratio

moderate / high vs. low

Odds ratio

high vs. low / moderate

Total
(n = 687)

256 (37.3%) 41 (6.0%) 390 (56.8%)

age:

65–74 (n=278) 139 (50%) 17 (6.1%) 122 (43.9%) Reference category Reference category

75–84 (n = 240) 82 (34.2%) 8 (3.3%) 150 (62.5%) 1.9 [95%CI: 1.4; 2.8] 2.1 [95%CI: 1.5; 3.0]

≥85 (n = 169) 35 (20.7%) 16 (9.5%) 118 (69.8%) 3.8 [95%CI: 2.5; 6.0] 3.0 [95%CI: 2.0; 4.4]

Data are shown as number (percentage) or as odds ratio with 95% CI.

Table 4, Risk factors of adjusted SNAQ65+, compared by age-group.

age Weight loss >4 kg Problems appetite
Problems walking 

stairs
Low (age-specific) 

BMI

Total (n = 687 / 460) * 234 (34.1%) 151 (33.4%) 143 (31.6%) 156 (34.4%)

65-74 (n = 278 / 211) * 67 (24.1%) 54 (25.6%) 44 (20.9%) 55 (26.1%)

75-84 (n = 240 / 155) * 90 (37.5%) 50 (33.3%) 50 (33.3%) 63 (40.6%)

≥85 (n = 169 / 93) * 77 (45.6%) 47 (51.6%) 49 (53.3%) 41 (43.6%)

Data are shown as number (percentage). * First number of participants only applies to weight loss, second number to 
‘problems appetite’, ‘problems walking stairs’, and ‘BMI<20 kg/m2’.

Discussion

The results of two online self-screening tests for risk of undernutrition show different 
prevalence rates for early determinants of undernutrition (84.1%) vs. late symptoms of 
undernutrition risk (56.8%) in a sample of Dutch community-dwelling older adults. These 
findings underline our assumption that early identification, based on nutritional risk fac-
tors, may be helpful in undertaking preventive measures. Based on the 16 individual risk 
items of the SCREEN II, tailored individual advice can be given. At a group level, interven-
tions should focus on risk factors that are most common. Our results also indicate the 
need for self-screening among community-dwelling older adults. More than 2000 valid 
screening tests were filled out within two years. A large proportion of the visitors of the 
website www.goedgevoedouderworden.nl was at risk for undernutrition (based on the 
adjusted SNAQ65+), and most visitors had many nutritional risk factors (based on SCREEN 
II). Proportions of visitors at risk for undernutrition and with nutritional risk factors 
increased with age; in participants aged ≥85, over half of the participants were at high 
risk for undernutrition, and nearly everyone (>95%) reported one or more nutritional 
risk factors.
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The most frequently reported nutritional risk factor in the older Dutch population 
was perception of body weight; 62.6% judged their body weight as too high or low 
(without distinguishing between the two). Both overweight and underweight may lead 
to undernutrition. Not only underweight or overweight is a risk factor for older adults, 
but also attempts to lose weight may lead to loss of muscle mass if protein intake is not 
sufficient. Weight loss in older adults is associated with loss of muscle and bone mass 
[20]. Therefore, attempts to lose weight should incorporate exercise and optimal protein 
intake in order to prevent older adults from losing muscle and bone mass [90]. Any 
unintentional weight loss should lead to further nutritional and physical assessment, no 
matter the BMI.

Other frequently reported risk factors were a low intake of meat (replacements) or 
fish and low dairy intake. These products are a major source of protein in community-
dwelling older adults [64,91]. An adequate protein intake is needed to maintain and 
restore muscle mass. Based on recent guidelines, an intake of >1.0 gram per kilogram 
body weight is advised for healthy older adults [74]. In addition to the higher daily 
recommendation, an even distribution of protein intake over the day is also important. 
An intake of >25 grams protein per meal could optimize synthesis of muscle mass [61]. 
Especially during breakfast and lunch, protein intake is known to be below this recom-
mendation [91,92]. The low intake of meat (replacements), fish, and dairy products is 
therefore a risk factor for muscle loss.

A large part of the participants frequently ate their meals alone, which could have a 
negative impact on food intake. When eating alone, people tend to eat less [93], food 
is rated less tasteful [94], and meals are skipped more frequently [95]. To improve food 
intake, focus should not only be on meal composition but also on the setting. For 
community-dwelling older adults, it is important to activate their social network in order 
to prevent them from eating alone.

In our study, we found that nutritional risk factors as well as high risk for undernutrition 
were associated with age. This is in line with most other studies where higher age is 
associated with increased risk of undernutrition [49,96]. However, previous international 
studies based on SCREEN II showed no association with age or a higher risk in lower age-
groups [72,73,97]. There are several reasons that could explain the differences. Previous 
studies tested the association for age based on a linear relationship, while in our study, 
age showed to have an exponential relationship. Further, especially participants above 
85 years of age were at risk, and most previous studies had few participants in this age 
category. Last, we were not able to adjust for important confounders in our study such 
as marital status, education level, and physical activity levels, as these data were not 
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available. Based on the strength of the association, it is not likely that confounding alone 
could explain the difference between age-groups; however, attenuation of results for 
the oldest age-group is expected.

The proportions at risk for undernutrition based on SNAQ65+ and nutritional risk factors 
based on SCREEN II are higher in our study compared to previous Dutch studies. In these 
studies, prevalence rates for undernutrition based on SNAQ65+ differed between 10% 
and 35% [50,76,79] compared to 56.8% in our study. A similar difference is seen on nutri-
tional risk factors based on SCREEN II; in a small, exploratory study by Haakma et al. [88], 
67% was at risk compared to 84.1% in our population. This study was hampered by a low 
number of participants (n = 335), and only adults aged 75–85 were included. Not only 
Dutch studies showed lower prevalence rates on SCREEN II. Studies from Canada and 
New Zealand showed prevalence rates of 34–40% based on SCREEN II [72,73,97]. The 
higher risk on both tools in our study can be explained by the origin of our data; www.
goedgevoedouderworden.nl was launched with the aim to raise attention to undernu-
trition and GPs and dietitians refer to the website. Visitors of the website may therefore 
have been less healthy or at suspected nutritional risk in comparison to a more general 
population. The high prevalence of undernutrition and nutritional risk factors underline 
the importance of a website that provides self-screening and information about (under)
nutrition for community-dwelling older adults.

As data were collected anonymously, we do not know whether the collected data on the 
adjusted SNAQ65+ and SCREEN II were based on partly the same, or a different sample 
of participants. Nevertheless, early determinants of undernutrition (SCREEN II) seemed 
to be more prevalent compared to late symptoms of undernutrition (SNAQ65+). It is 
important, and likely easier, to intervene on early determinants, because they develop 
into late symptoms such as loss of weight and muscle mass [65]. A website such as www.
goedgevoedouderworden.nl can be a useful, contemporary tool, as it provides both 
self-tests as direct feedback how to improve the diet, based on nutritional risk factors.

The adjusted version of SNAQ65+ used BMI instead of mid-arm circumference, as arm-cir-
cumference was hard for older adults to measure. However, also the use of self-reported 
data for BMI could be unreliable. Previous studies showed an underestimation of weight 
and overestimation of height in older adults resulting in a too-low BMI [98–100]. How-
ever, underestimation of BMI is most frequently seen in overweight and obese older 
adults [99,101] and less frequently in participants with normal or underweight [102]. 
More research is needed to study the value of self-reported data of anthropometric 
measurements.
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A recent study of O’Keeffe et al. [103] categorized determinants of undernutrition in 
seven domains. SCREEN II focuses mainly on food intake by addressing the oral, psy-
chosocial, and nutritional domains, but not the medication and care, health, physical 
functioning, and lifestyle domain. Especially health-related problems are of interest 
as, next to nutrient intake, decreased absorption or an increased protein/energy need 
could result in undernutrition [104]. It is not known from our data how these domains 
would have affected outcomes on nutritional risk and undernutrition risk.

Despite the high access to internet of older adults in the Netherlands (86.4%)[85], a 
minor group is not able to use the internet. Lower internet use is mainly seen in higher 
age-groups, females, persons living alone [105], and those with lower education levels 
[106]. These groups could therefore be underrepresented in our study. However, most of 
the participants in our study were female, and the oldest age-group was relatively well 
represented as their informal care givers filled in the questionnaires. Even though the 
number of people not having access to internet declines year by year [107], and even 
though persons with low internet literacy tend to ask their surroundings for help [105], 
it must be acknowledged that e-health initiatives might not reach the most vulnerable 
population. Nevertheless, e-health is regarded as a novel way of reaching out to the 
Dutch (older) population while internet access rates are rather high.

A strong point of our study is the large study sample with a large subgroup of participants 
aged ≥85 years. Therefore, we had enough power to show differences in prevalence rates 
as well as differences in subitems of both screening tools across different age-groups.

Finally, some limitations should be considered. First, the use of self-reported data could 
have led to misclassification. Secondly, the adjusted SNAQ65+ is not a validated tool, as 
it replaces arm-circumference by BMI. However, the tool covers most aspects of the re-
cently published GLIM criteria for malnutrition [47]. Thirdly, selection bias is likely, as the 
website www.goedgevoedouderworden.nl focuses on participants that are interested 
in undernutrition and healthy food for older adults. Thus, prevalence rates of undernu-
trition and nutritional risk factors cannot be generalized towards the Dutch population. 
Further, as with online (self-)screening, this method has its limitations: Participants 
could have filled in questionnaires more than once, resulting in biased results. Further, 
data filled in by an informal care giver could have been biased. Finally, no information is 
available on important confounders such as marital status, health status, health literacy, 
and physical activity.
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Conclusion

In conclusion: Based on the self-tests filled in at www.goedgevoedouderworden.nl—
translated as “Healthy eating for healthy ageing”—over half of the older participants were 
at risk of undernutrition, and four out of five reported early determinants of nutritional 
risk. Risks increased with increasing age. Self-testing of undernutrition may be a useful, 
contemporary, and easy, accessible way to reach older adults who are at nutritional risk 
and may thus contribute to early identification and prevention of undernutrition.
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abstract: Undernutrition is highly prevalent among community-dwelling older adults. 
Early identification of nutrition risk is important to prevent or treat undernutrition. This 
study describes the prevalence rates of nutrition risk in community-dwelling older 
adults (aged ≥ 65) using the same validated tool across different countries and aims 
to identify differences in nutritional risk factors. Cross-sectional data was obtained 
from three datasets including participants from the Netherlands (NL), Canada (CA) and 
New Zealand (NZ). Seniors in the Community Risk Evaluation for Eating and Nutrition II 
(SCREEN II) was used to assess nutritional risk factors and prevalence of risk. Differences 
between countries were tested with logistic and linear regression. Sensitivity analyses 
were conducted to test the influence of sampling strategy. A total of 13,340 participants 
were included, and 66.3% were found to be at high nutrition risk. After stratifying the 
data for method of data sampling, prevalence rates showed some differences across 
countries (NL: 61.5%, NZ: 68.2%, CA: 70.1%). Risk factor items that contributed to nutri-
tion risk also differed among countries: NZ and CA participants scored higher for weight 
change, skipping meals, problems with meal preparation, use of meal replacements, 
problems with biting and chewing, low fluid intake and problems with doing groceries, 
as compared to participants in NL. Low intake of fruits and vegetables and meat were 
more prevalent in NL. In conclusion: nutrition risk is a worldwide, highly prevalent prob-
lem among community-dwelling older adults, but risk factors contributing to nutrition 
risk differ by country.
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Introduction

The World Health Organization (WHO) estimated that the number of people aged over 
65 years was approximately 524 million in 2010, comprising 8% of the world’s popula-
tion [1]. The WHO projected that in 2050 this number will rise towards 1.5 billion people, 
which will then comprise 16% of the world’s population [108]. The ageing world popu-
lation results in more age-related health problems, one of them being undernutrition 
[109]. The development of undernutrition in older adults is multifactorial and consists 
of physiological, social, pathological and economic factors [66,109]. Undernutrition can 
have several unfavourable consequences, such as loss of independence, poorer physi-
cal or mental function, reduced quality of life, increased risk of fragility fractures and 
mortality [83].

In order to identify persons at risk for undernutrition, various screening tools are avail-
able (such as: Short Nutritional Assessment Questionnaire 65+ (SNAQ65+), malnutrition 
universal screening tool (MUST) and mini nutritional assessment (short form) (MNA-SF), 
which are often based on symptoms of (severe) weight loss or a low body mass index 
(BMI) [68]. In addition, these tools measure undernutrition when functional decline is 
likely to be already present. Undernutrition in community-living older people in Western 
societies is typically a process that starts with impaired food intake, and results in signifi-
cant changes in body composition and functionality [65]. Relevant screening tools that 
include early determinants of undernutrition provide a more comprehensive view of risk. 
The identification of early risk factors contributing to an impaired food intake can give 
direction to promote health status and to prevent undernutrition. A screening tool that 
focuses on risk factors that can lead to impaired food intake and eventual undernutri-
tion is the Seniors in the Community Risk Evaluation for Eating and Nutrition II (SCREEN 
II). This tool is a valid and reliable 17-item instrument that, in contrast to other screening 
tools, assesses upstream and early determinants that can influence food intake (e.g., 
difficulty with grocery shopping). Identification of these factors makes it possible to take 
early preventive measures, at a population or individual level, to prevent the onset of 
undernutrition [70].

Previous research based on SCREEN II showed different prevalence rates of nutrition risk 
across Western countries. The prevalence of nutrition risk in Dutch community-dwelling 
adults was 46%–67% [110,111], whereas in New Zealand this was 52% [72] and 34% in 
Canada [71]. However, different cut-off values for SCREEN II (≤53 points vs. ≤49 points), 
different questionnaires (short form vs. full version of SCREEN II) and different methods 
of data collection (online questionnaires vs. telephone calls) were used, hindering com-
parison of prevalence rates across studies. Next to these methodological differences, 
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differences in eating patterns, behaviours and risk factors between countries may also 
explain differences in prevalence rates. The present study was designed to compare 
prevalence rates based on SCREEN II between Canada, the Netherlands and New Zea-
land, applying the same cut-off points, and to study potential differences between risk 
factors contributing to undernutrition across countries.

Materials and Methods

Study Design
Cross-sectional data was used from three different datasets: a Canadian dataset includ-
ing participants from six continents, a dataset from the Netherlands and one from New 
Zealand. All datasets contain data on participant age, gender and all seventeen items 
from the SCREEN II questionnaire.

Data Collection

Canadian Derived International Dataset
The Canadian dataset contains cross-sectional data from 38,361 participants worldwide 
(44 countries), with the majority of participants (91%) living in Canada. Data was col-
lected in the period 2015–2018 via the website www.nutritionscreen.ca. This online 
self-screening survey contains the SCREEN II questionnaire. At the beginning of the 
questionnaire, participants were informed about the possibility that responses could be 
used for research anonymously. In case of the outcome high nutrition risk, the partici-
pant was advised to contact a health professional. From this dataset, only participants of 
Canada (n = 34,822), New Zealand (n = 673) and the Netherlands (n = 42) were included. 
Analyses were conducted by authors at the HAN University of Applied Sciences; the 
HAN University of Applied Sciences Ethical Review Committee judged that no ethical 
approval was necessary as long as participants were informed about the possibility that 
answers can be used for research anonymously.

Dutch Dataset
The Dutch data was derived in the period April 2017–February 2019 from the website 
www.goedgevoedouderworden.nl (translated as: “healthy eating for healthy ageing”) 
[13] and contains cross-sectional data from 4848 participants. This website is based on 
the international website www.nutritionscreen.ca [12]. The Dutch version was devel-
oped by the Dutch Malnutrition Steering Group and gives advice and information about 
nutrition and physical activity, recipes and contains several health tests. One of these 
online self-tests is the questionnaire “Hoe eet ik nu?” (translated as: “How do I eat now”)?” 
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based on SCREEN II. The HAN University of Applied Sciences Ethical Review Committee 
judged that no ethical approval was necessary as long as participants were informed 
about the possibility that answers can be used for research anonymously. This data is 
previously described by Borkent et al. [112].

New Zealand Dataset
For this study, data was used from the 2014 wave of the longitudinal cohort, The New 
Zealand Health, Work and Retirement Study (HART 2014 survey) (n = 3050). Participants 
in this study were approached via electoral rolls on which registration is mandatory in 
New Zealand. Inclusion criteria was age > 55 years and participants were excluded if 
they were institutionalized. A postal questionnaire was used to assess individual factors 
related to retirement, wellbeing and independence. Participants filled in the question-
naire by themselves. Nutrition risk was determined once, in 2014, using the SCREEN II 
questionnaire. Inclusion and exclusion criteria are described elsewhere [113]. The study 
was approved by the Massey University Human Ethics Committee.

Participants Current Study
All datasets were merged, resulting in data from 46,259 participants. All participants 
aged < 65 years or who had not completed the full questionnaire were excluded. After 
excluding participants from countries other than Canada, the Netherlands or New Zea-
land 13,340 remained for data-analyses.

Measurements
Nutrition risk and risk factors were measured with the SCREEN II questionnaire. SCREEN 
II is a 17-item tool that covers the following nutritional risk factors: weight change, 
perception of body weight, skipping meals, avoidance of products, appetite, intake of 
dairy/meat (replacements)/fruit and vegetables and fluids, problems with biting and 
chewing or coughing and swallowing, use of meal replacements, eating with others, 
who prepares meals (not scored), difficulties with meal preparation, and problems 
with doing groceries. Each response was given a score from 0 to 4, where a score ≤2 is 
characterized as a potential nutrition risk for the specific item [70]. The sum of the 16 
scored items results in a total score of ranging from 0 to 64, with a lower score indicating 
a higher nutrition risk. According to Keller et al. [70] a total score ≤53 is indicative of any 
nutrition risk and ≤49 as high nutrition risk. Information about age, gender and country 
was measured in each data set and was used to characterize the samples.

Data Analysis
Continuous data was checked for normality by stem and leaf plots and QQ-plots. De-
scriptive statistics (means with standard deviation and number with frequencies) were 
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used to represent the characteristics of the participants, prevalence rates of scored items 
of the SCREEN II questionnaire and the total score for nutrition risk. Logistic regression 
analyses were applied to test associations between countries (independent variable) 
and nutrition risk (dependent variable), based on the cut-off values for nutrition risk 
(≤53) and high nutrition risk (≤49) [70]. Logistic regression analyses were also used to 
assess the associations between countries (independent variable) and separate items of 
SCREEN II (nutritional risk factors) as dependent variables. For this analysis, the score for 
every single SCREEN II item was dichotomized into potentially leading to nutrition risk 
(≤2) and not leading to risk (≥3) [70]. Lastly, a linear regression analysis was performed 
to assess the association between the independent variable ‘country’ and the total 
SCREEN II score as the dependent variable. The Netherlands was used as the reference 
category in all analyses. Previous studies showed associations between nutrition risk 
and age categories [71,112] and between nutrition risk and gender [71,73]. Therefore, 
these variables were added as potential confounders to models. Statistical analyses 
were performed using SPSS V24.0 (IBM, Chicago VS); because of the large sample-size, 
values were considered significant when p < 0.01.

Sensitivity analysis
Sensitivity analyses were performed because of the differences in recruitment of partici-
pants between datasets; online sampling in Canada and the Netherlands, vs. sampling 
by electoral roll in New Zealand. Datasets derived from online surveys were also analysed 
without the New Zealand dataset.

Results

The total number of participants in the different datasets was 46,259 (Figure 1). A total 
of 32,843 participants were excluded, because they did not meet the inclusion criteria 
(age < 65, n = 30,769; incomplete questionnaires, n = 1508; countries other than Canada, 
the Netherlands or New Zealand n = 642). This resulted in a total population of 13,340 
participants to be analysed.
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Figure 1, Flowchart of included participants for analyses showed for three datasets.

The main characteristics of the participants and the total scores of the SCREEN II ques-
tionnaire are shown in Table 1. Most participants were from Canada (n = 9538; 71.5%), 
followed by the Netherlands (n = 2482; 18.6%) and New Zealand (n = 1320; 9.9%). The 
majority (n = 9.796; 73.4%) of the included participants were woman. More than half of 
the participants (n = 8773; 65.8%) were in the younger age category of 65–74 years of 
age. Overall, the mean total score for SCREEN II was 44.6 (SD: 9.3) with a range from 0 to 
64. The overall prevalence of any nutrition risk (total score ≤ 53) was 85.7% (n = 11,431) 
and the prevalence of high nutrition risk (total score ≤ 49) was 66.3% (n = 8841).



42 Chapter 3

Table 1, Participant characteristics and Seniors in the Community Risk Evaluation for Eating and Nutrition 
II (SCREEN II) scores by country/continents.

Total The Netherlands New Zealand Canada

N = 13,340 N = 2482 N = 1320 N = 9538

Gender

Men 3544 (26.6%) 607 (24.5%) 589 (42.2%) 2368 (24.8%)

Women 9796 (73.4%) 1875 (75.5%) 807 (57.8%) 7170 (75.2%)

age

65–74 8773 (65.8%) 1437(57.9%) 1025 (77.7%) 6311 (66.2%)

75–84 3569 (26.8%) 805 (32.4%) 283 (21.4%) 2481 (26.0%)

≥85 998 (7.5%) 240 (9.7%) 12 (0.9%) 746 (7.8%)

SCReeN II

≥54 1909 (14.3%) 394 (15.9%) 343 (26.0%) 1172 (12.3%)

≤53 * 11,431 (85.7%) 2088 (84.1%) 977 (74.0%) 8366 (87.7%)

OR ref 0.54 (0.43–0.67) 1.35 (1.15–1.59)

Adjusted OR *** 0.60 (0.48–0.75) 1.39 (1.18–1.64)

SCReeN II

≥50 4499 (33.7%) 956 (38.5%) 690 (52.3%) 2853 (29.9%)

≤49 ** 8841 (66.3%) 1526 (61.5%) 630 (47.7%) 6685 (70.1%)

OR ref 0.57 (0.48–0.68) 1.47 (1.30–1.66)

Adjusted OR *** 0.66 (0.55–0.79) 1.53 (1.36–1.73)

SCReeN II

total score 44.6 (9.3) 46.1 (8.3) 48.7 (7.4) 43.7 (9.5)

Regression coefficient ref 2.6 (1.9; 3.5) −2.4 (−2.9; −1.8)

Adjusted Regression coefficient *** 1.4 (0.6; 2.2) −2.7 (−3.2; −2.2)

Data are shown as number (percentage)/mean (standard deviation) or OR (99%CI)/Mean differences (99%CI). * indicative 
for nutrition risk according to Keller et al.; ** indicative for high nutrition risk according to Keller et al. *** adjusted for age 
and gender.

Total Score with all Included Datasets
Nutrition risk was the highest in Canada. Compared to the Netherlands (reference), 
the odds ratio of being at nutrition risk (total score ≤ 53) in Canada was 1.39 (99%CI: 
1.18–1.64) and the odds ratio of being at high nutrition risk (total score ≤ 49) was 1.53 
(99%CI: 1.36–1.73). New Zealand had the lowest prevalence with odds ratios of 0.60 
(99%CI: 0.48–0.75) and 0.66 (99%CI: 0.55–0.79) respectively.

Sensitivity analyses: Total Score with only Datasets from Online 
Websites
Table 2 shows the main characteristics of the participants and the total scores of the 
SCREEN II questionnaire when only including data derived through the Canadian and 
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the Dutch websites (n = 12,237). The majority of the participants lived in Canada (n = 
9538, 77.9%), the Netherlands (n = 2.482, 20.3%), and a relatively small group that lived 
in New Zealand (n = 217, 1.8%) was obtained from the Canadian dataset. Two-thirds of 
the participants (n = 7902; 64.6%) were in the younger age category of 65–74 years of 
age and most of the participants (n = 9193; 75.1%) were woman. The mean total score 
for nutritional risk from New Zealand decreased by 5.7 points, compared to the data 
set described in Table 1. This resulted in a 1.17 (99%CI: 0.70–1.96) times higher odds of 
being at any nutrition risk (total score ≤ 53) and a 1.47 (99%CI: 1.00–2.18) times higher 
odds of being at high nutrition risk (total score ≤ 49) in New Zealand as compared to the 
Netherlands.

Table 2, Characteristics of the participants and total scores of SCREEN II questionnaire, compared between 
countries with data only from online websites.

Total The Netherlands New Zealand Canada

N = 12,237 N = 2482 N = 217 N = 9538

Gender

Men 3044 (24.9%) 607 (24.5%) 69 (31.8%) 2368 (24.8%)

Women 9193 (75.1%) 1875 (75.5%) 148 (68.2%) 7170 (75.2%)

age

65–74 7902 (64.6%) 1437 (57.9%) 154 (71.0%) 6311 (66.2%)

75–84 3340 (27.3%) 805 (32.4%) 54 (24.9%) 2481 (26.0%)

≥85 995 (8.1%) 240 (9.7%) 9 (4.1%) 746 (7.8%)

SCReeN II

≥54 1598(13.1%) 394 (15.9%) 32 (14.7%) 1172 (12.3%)

≤53 * 10,639 (86.9%) 2088 (84.1%) 185 (85.3%) 8366 (87.7%)

OR ref 1.09 (0.65; 1.82) 1.35 (1.15; 1.59)

Adjusted OR *** 1.17 (0.70; 1.96) 1.39 (1.18; 1.64)

SCReeN II

≥50 3878 (31.7%) 956 (38.5%) 69 (31.8%) 2853 (29.9%)

≤49 ** 8359 (68.3%) 1526 (61.5%) 148 (68.2%) 6685 (70.1%)

OR ref 1.34 (0.91; 1.99) 1.47 (1.30; 1.66)

Adjusted OR *** 1.47 (1.00; 2.18) 1.54 (1.36; 1.74)

SCReeN II

total score 44.2 (9.3) 46.1 (8.3) 43.0 (10.3) 43.7 (9.5)

Regression coefficient ref −3.1 (−4.8; −1.4) −2.4 (−2.9; −1.8)

Adjusted Regression coefficient *** −3.8 (−5.5; −2.2) −2.7 (−3.2; −2.2)

Data are shown as number (percentage)/mean (standard deviation) or OR (99%CI)/Mean differences (99%CI). * indicative 
of nutrition risk according to Keller et al. ** indicative of high nutrition risk according to Keller et al. *** adjusted for age 
and gender.
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As prevalence rates of scored nutritional risk factors changed after stratifying by the 
source of data collection, Table 3 presents the results of the datasets from online ques-
tionnaires only, to be able to make a true comparison of nutritional risk factors among 
countries. The results of the differences in risk factors between countries with all data are 
presented in supplementary Table A1 (Appendix A).

Table 3. Nutritional risk factors according to the SCREEN II compared between countries, with data from 
online websites.

Total The Netherlands New Zealand Canada

N = 12,237 N = 2482 N = 293 N = 9538

Change in weight in last six months
(gained or lost ≥ 2.5 kg)

6023 (49.2%) 964 (38.8%) 119 (54.8%) 4940 (51.8%)

OR ref 1.91 (1.33–2.76) 1.59 (1.31–1.92)

adjusted OR * 2.00 (1.38–2.89) 1.73 (1.43–2.10)

Unintentional weight change last six 
months

1703 (13.9%) 245 (9.9%) 45 (20.7%) 1413 (14.8%)

OR ref 2.39 (1.50–3.80) 1.48 (1.24–1.76)

adjusted OR * 2.87 (1.79–4.61) 1.62 (1.35–1.93)

Perception bodyweight
(more or less than it should be)

8864 (72.4%) 1554 (62.6%) 145 (66.8%) 7165 (75.1%)

OR ref 1.20 (0.82–1.77) 1.80 (1.59–2.04)

adjusted OR ** 1.13 (0.77–1.67) 1.74 (1.54–1.97)

Skipping meals (sometimes or more 
frequent)

4632 (37.9%) 536 (21.6%) 64 (29.5%) 4032 (42.3%)

OR ref 1.52 (1.01–2.27) 2.66 (2.32–3.05)

adjusted OR * 1.62 (1.08–2.42) 2.76 (2.40–3.16)

Limitation or avoiding certain products 6148 (50.2%) 1011 (40.7%) 100 (46.1%) 5037 (52.8%)

OR ref 1.24 (0.86–1.79) 1.63 (1.45–1.83)

adjusted OR* 1.27 (0.88– 1.83) 1.63 (1.45–1.84)

Fair/poor appetite 2595 (21.2%) 597 (24.1%) 55 (25.3%) 1943 (20.4%)

OR ref 1.07 (0.70–1.63) 0.81 (0.70–0.93)

adjusted OR* 1.35 (0.87–2.08) 0.88 (0.76–1.02)

Low intake fruit or vegetables per day 
(three or less portions)

6455 (52.7%) 1674 (67.4%) 85 (39.2%) 4696 (49.2%)

OR ref 0.31 (0.21–0.45) 0.38 (0.28–0.52)

adjusted OR * 0.32 (0.22–0.46) 0.48 (0.42–0.54)

Low intake of meat, eggs, fish or meat 
substitute (once a day or less)

5113 (41.8%) 1376 (55.4%) 124 (57.1%) 3613 (37.9%)

OR ref 1.07 (0.74–1.55) 0.49 (0.44–0.55)

adjusted OR* 1.12 (0.77–1.62) 0.50 (0.45–0.56)

Low dairy intake
(one portion a day or less)

7434 (60.8%) 1373 (55.3%) 142 (65.4%) 5919 (62.1%)

OR ref 1.53 (1.04–2.24) 1.32 (1.18–1.49)

adjusted OR* 1.51 (1.03–2.22) 1.32 (1.17–1.48)
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Table 3. Nutritional risk factors according to the SCREEN II compared between countries, with data from 
online websites. (continued)

Total The Netherlands New Zealand Canada

N = 12,237 N = 2482 N = 293 N = 9538

Low fluid intake (≤four glasses) 4514 (36.9%) 622 (25.1%) 65 (30.0%) 3827 (40.1%)

OR ref 1.28 (0.86–1.91) 2.00 (1.76–2.28)

adjusted OR * 1.41 (0.94–2.11) 2.16 (1.89–2.46)

Problems with coughing, choking or 
pain when swallowing (sometimes or 
often)

2245 (18.3%) 437 (17.6%) 37 (17.1%) 1771 (18.6%)

OR ref 0.96 (0.59–1.56) 1.07 (0.92–1.24)

adjusted OR * 1.08 (0.66–1.77) 1.12 (0.96–1.31)

Problems with biting or chewing
(sometimes or often)

2187 (17.9%) 369 (14.9%) 44 (20.3%) 1774 (18.6%)

OR ref 1.46 (0.92–2.30) 1.31 (1.12–1.54)

adjusted OR * 1.78 (1.12–2.85) 1.44 (1.22–1.70)

Use of meal replacements/supplements
(sometimes or more frequent)

2362 (19.3%) 236 (9.5%) 31 (14.3%) 2095 (22.0%)

OR ref 1.59 (0.93–2.69) 2.68 (2.22–3.23)

adjusted OR * 1.78 (1.04– 3.03) 2.89 (2.39–3.49)

eating meals with others
(sometimes or fewer)

5143 (42.0%) 1014 (40.9%) 125 (57.6%) 4004 (42.0%)

OR ref 1.97 (1.36– 2.85) 1.05 (0.93–1.18)

adjusted OR * 2.31 (1.58–3.35) 1.12 (0.99–1.26)

Meal preparation (meal preparation is 
hard/I do not enjoy the meals that were 
prepared for me)

6123 (50.0%) 984 (39.6%) 135 (62.2%) 5004 (52.5%)

OR ref 2.51 (1.72–3.65) 1.68 (1.49–1.89)

adjusted OR * 2.94 (2.00–4.33) 1.77 (1.57–2.00)

Problems with doing groceries
(sometimes or more often)

2794 (22.8%) 433 (17.4%) 61 (28.1%) 2300 (24.1%)

OR ref 1.85 (1.22–2.79) 1.50 (1.30–1.75)

adjusted OR * 2.42 (1.58–3.71) 1.72 (1.48–2.01)

Note: data is presented as number (percentage) or OR (99%CI) * adjusted for age and gender. Bold = significantly different 
from reference category.

Nutritional Risk Items
Overall, the most frequently reported nutritional risk factors on the SCREEN II question-
naire were: problems with perception on bodyweight (72.4%), low intake of fruit and 
vegetables (52.7%)/meat, eggs, fish or meat substitute (41.8%)/dairy (60.8%), limitation 
and avoiding of certain foods (50.2%), problems with meal preparation (50.0%), change 
in bodyweight (49.2%) and eating alone (42.0%).

Significant differences were seen in most items between the Netherlands and New 
Zealand, except in perception of bodyweight, limitation or avoiding certain products, 
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intake of meat and alternatives, poor appetite, low fluid intake and problems with 
coughing. Significant differences between the Netherlands and Canada were seen in all 
nutritional risk factors, except in problems with appetite, problems with coughing and 
eating meals with others. Overall, nutritional risk factors were reported more frequently 
in New Zealand and Canada compared to the Netherlands, with the exception of the 
intake of fruit and vegetables, and meat and alternatives. These risk factors were more 
frequent in the Netherlands.

Discussion

This study showed different prevalence rates for any nutrition risk according to SCREEN 
II (total score ≤53) in Canada (87.7%), the Netherlands (84.1%) and New Zealand (74.0%). 
However, these differences were attenuated after stratifying the data by the source of 
the data collection: the prevalence rates of any nutrition risk (total score ≤53) for data 
obtained only from online-self administration was 87.7% (Canada), 84.1% (the Neth-
erlands) and 85.3% (New Zealand). In contrast with the total score for nutrition risk, 
notable differences in single items of the SCREEN II questionnaire were shown. These 
findings are in line with our hypothesis that differences in food consumption, habits and 
sociocultural status between countries result in a varying prevalence of factors that con-
tribute to nutrition risk. As a result of these differences, nutritional interventions should 
focus on frequently scored risk factors in specific countries, and should be tailored to 
specific age groups [112].

Previous studies showed different prevalence rates between countries; the prevalence 
rate of nutrition risk according to the SCREEN II was 46%–67% in the Netherlands 
[110,111], 52% in New Zealand [72] and 34% in Canada [71]. As described earlier, meth-
odological issues may have contributed to these differences. The current study showed 
higher prevalence rates of nutrition risk, but only small differences between countries. 
The higher prevalence could be explained by the method of sampling. The majority of 
the participants in this study were recruited via online websites that provided infor-
mation about healthy ageing. These websites are thought to be used by health care 
professionals to refer older adults who may be at increased risk of undernutrition. Al-
ternatively, older adults who are concerned about their nutritional health may seek out 
these websites. However, this selection bias is likely to occur in each country (Canada, 
the Netherlands and New Zealand) and presumed to not vary by country of origin. Se-
lection bias mainly affects prevalence rates [114] but associations are relatively immune 
for this type of bias [114–116]. So, despite the possibility of a non-representative study-
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population, the comparison of individual nutritional risk factors provides a valuable 
insight in differences between three western countries.

The data used for this study is from three different continents. However, this data is likely 
not to be representative for other countries, especially in North America and Europe. 
Canada and the Netherlands are rich countries with a well-developed health care system 
and good social securities. It is likely that other countries in Europe and North America 
have other nutritional risk factors for malnutrition. No data is available for such countries, 
and a validation study is needed to determine if SCREEN II is applicable in less developed 
countries and other continents.

SCREEN II is originally designed as a nutrition screening tool [70]. Therefore, it does not 
address the full spectrum of psychological and physical determinants associated with 
undernutrition. Two questions addressing these determinants are ‘eating alone’ and 
‘inability to perform grocery shopping’, but we do not have data to test how these two 
questions relate to psychological or physical health. A recent publication showed that 
SCREEN II was associated with food intake but only in a lesser extent to physical param-
eters, while the SNAQ65+ screening tool was more related to physical health [117]. The 
combination of the two might provide supplementary information on undernutrition 
risk, covering both early stage and late stage malnutrition [117].

To our knowledge, this is the first study exploring nutritional risk factors across three 
countries. Differences were seen in the intake of several food groups. The majority of the 
Dutch participants (65.9%) consumed three or less portions of fruit or vegetables per 
day. This risk factor was less commonly reported in New Zealand (39.2%) and Canada 
(49.2%); however, this difference may be explained by potatoes being considered a 
vegetable in the latter countries [118,119]. A low intake of meat and alternatives was 
frequently reported by participants from the Netherlands (55.4%) and New Zealand 
(57.1%), but to a lesser extent in Canada (37.9%). The higher meat intake in Canada is 
line with the national food consumption surveys, where the meat consumption of older 
adults in the Netherlands (men: 134 g per day; women: 114 g per day) [120] was lower 
than the meat consumption of older adults in Canada (men: 189 g per day; women: 140 
g per day) [121]. In contrast, dairy consumption was higher in the Netherlands, with 
44.7% using more than one serving of dairy per day, compared to New Zealand (34.6%) 
and Canada (37.9%). Both meat and alternatives and dairy products are a major source 
of protein intake in the Netherlands [120], Canada [121] and New Zealand [122]. Protein 
intake is associated with changes in lean body mass in community-dwelling older adults 
[61], and increasing the intake of dairy and meat (or alternatives) is therefore an impor-
tant public health message targeting this age group.
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Between-country differences were also seen in fluid intake. The prevalence rate of this 
risk factor was the highest in Canada (40.1%) and lowest in the Netherlands (25.1%). 
Although fluid intake not only consists of water intake, differences in fluid use between 
countries are difficult to explain. Seasonal differences could have played a role, but this 
is unlikely as the surveys were completed throughout the year in all of the data collec-
tions. Fluid intake decreases with age and older adults are therefore at higher risk of 
dehydration [123]. However, no differences in proportions in different age groups were 
seen in this analysis. Attention to intake of fluid can prevent dehydration [124], which is 
more prevalent in older adults [125].

Differences were also seen in problems with biting or chewing. This risk factor was 
scored more frequently in New Zealand (20.3%) and Canada (18.6%), compared to the 
Netherlands (14.9%). The large differences in biting and chewing problems between the 
countries have also been shown in a previous study [126]. Good dental care is essential 
for preventing biting and chewing problems [127]. However, access to dental care differs 
between countries and is not always guaranteed for older adults with a low income 
[128]. Biting and chewing problems can result in the avoidance of certain food groups, 
especially hard fruits, vegetables and meat [129,130]. Processing and cooking can soften 
fruits and vegetables if needed. Different cooking technics, such as marinating, slow 
cooking or the use of cooking bags, could make meat easier to chew [131].

Finally, differences were seen in problems with doing grocery shopping. This risk factor 
was scored more frequently in New Zealand (28.1%) and Canada (24.1%), compared to 
the Netherlands (17.4%). Reasons for the difference may be the distance to the nearest 
shops, many of those living in the Netherlands can walk or take public transport to gro-
cery shops, whereas older people in NZ are reliant on the use of a private car, as public 
transport is limited, and in Canada, the winter season will affect access to grocery stores 
for many older adults. Possible difficulties with traveling to the supermarket and the 
inability to reach items, to push trolleys and carry groceries home, especially by public 
transport, could hinder older adults in buying some food items [132,133]. Interventions 
could focus on support from relatives or friends, to assist with grocery shopping or 
promoting delivery services and online shopping.

One of the strengths of this study is the large sample size. Pooling dataset from three 
different countries/continents made it possible to do meaningful analyses on overall 
nutrition risk and risk factors contributing to risk. Another strength is the use of different 
forms of sampling, and when sensitivity analyses were completed, the differences in 
prevalence due to sampling methods could be detected. These findings suggest that 



3

Cross-country differences and similarities in undernutrition prevalence and risk 49

the sampling method may be more important than countries when determining the 
prevalence of nutrition risk.

A major limitation in this study is the lack of background information of the partici-
pants, specifically from the online version of SCREEN II. Only gender and age, important 
confounders [71,112], were available and, thus, further characterization of the sample, 
as well as control for potential confounding was not possible. Other relevant charac-
teristics to measure in future studies should include educational status, living status 
and comorbidities. Secondly, selection bias is a potential limitation. The Canadian and 
Dutch websites (www.nutritionscreen.ca and www.goedgevoedouderworden.nl) were 
widely available, and participants may have had a special interest in nutrition or may 
have had a specific concern, that may have resulted in a higher prevalence of nutrition 
risk. Internet access is high in the Netherlands, Canada and New Zealand (>75% in adults 
aged 65+) [85,134,135], but especially older adults with a higher social economic status 
and women are more likely to search for health information [136]. This likely resulted in 
selection bias. As stated previously, these types of selection bias are likely to be non-
differential between countries and mainly affect prevalence rates but not associations. 
In addition, as a consequence of the use of online questionnaires, participants could 
have filled in the questionnaires several times, and/or provided incorrect answers, which 
could not be verified.

Conclusions

In conclusion, nutrition risk is a worldwide common problem among community-
dwelling older adults, with the majority of older adults displaying multiple nutrition risk 
factors and/or increased nutritional risk. When controlling for the source of the data, the 
prevalence of nutrition risk appeared to be quite similar across Canada, the Netherlands 
and New Zealand. It is important to realize that the prevalence rates of nutrition risk may 
depend on the method of data collection. This study revealed significant differences 
between countries in nutrition risk factors, indicating that interventions should differ 
for each country and should focus on frequently scored risk factors in a specific region.
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abstract

Background: Over the last decade, different screening tools for malnutrition have been 
developed. Within these tools, a distinction can be made between tools that assess 
nutritional risk and tools that assess protein energy malnutrition.  Insights in differences 
in characteristics of participants at risk and in differences in prevalence rates will aid in 
deciding which tool(s) to use in daily practice.

Methods: Dutch community-dwelling older adults (n=200, 78.2±6.9 years), not known 
to have specific nutrition problems, were recruited to participate in this cross-sectional 
study. SNAQ65+ (low risk vs moderate/high risk) was used to assess risk of protein energy 
malnutrition and SCREEN II was used to assess nutrition risk (score <54 out of 64). Chi-
square tests were used to test associations between demographic, health, physical and 
social factors and outcome of SNAQ65+ and SCREEN II.

Results: Of all participants 69.0% were at nutrition risk (SCREEN II), while 13.5% were at 
risk of protein energy malnutrition (SNAQ65+). Agreement between the two tools was 
poor (kappa<0.20). Gender, BMI, living status, income, activity level and protein/energy 
intake were associated with SCREEN II; age, BMI, comorbidities, medication use, help at 
home, activity level and low basic mobility were associated with SNAQ65+.

Conclusion: SCREEN II and SNAQ65+ measure different concepts of malnutrition and 
therefore identify different persons at risk. SCREEN II is more inclusive and comprises 
both undernutrition and overnutrition as well as different determinants that can impact 
on food intake, while SNAQ65+ is solely focused on protein-energy malnutrition.
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Introduction

As the older adult population in Western Europe grows [137], health care costs to sup-
port their health and wellbeing also increase [138,139]. To reduce these increasing costs, 
government policies are focusing on ways to support older adults to live healthy and 
independently for as long as possible [140]. Because malnutrition is associated with 
increased morbidity and institutionalization [27], early identification of community-
dwelling older adults with nutrition risk is of major interest, especially in primary care. 
Screening for risk may be a first step to identify older adults who are prone to become 
malnourished in the future [45].

Most malnutrition screening tools, often based on recent weight loss, low BMI, pres-
ence of disease and/or low appetite) [83], are designed, at least initially, for use in 
hospitals and aim at identifying persons with already existing malnutrition [68]. Thus, 
they measure mostly ‘the late phase’ where signs of merely protein energy malnutrition 
(e.g. unintentional weight loss and loss of muscle mass) are already present [65]. Fewer 
tools have been developed for the community setting.  SNAQ65+ and SCREEN II are two 
malnutrition screening tools validated for use in  community-dwelling older adults 
[68]. Despite both being called ‘malnutrition screening tools’, these tools may not be 
interchangeable. SCREEN II was originally designed as a nutrition risk screening tool and 
identifies risk factors, including determinants of food intake, that can lead to inadequate 
food intake and eventual malnutrition in community-dwelling older adults if no inter-
ventions are put into place. It also determines weight change (both gain and loss) and 
the intentionality of this change [70]. In contrast, SNAQ65+ identifies common indicators 
of protein energy malnutrition, and specifically, involuntary weight loss, low upper arm 
circumference, loss of appetite and inability to walk stairs, which may indicate that a 
person  is already experiencing malnutrition [76].

Power et al, in their systematic review [68] briefly mention the different aims of malnu-
trition screening tools (a poor nutrition status or protein energy malnutrition), but do 
not discuss the potential differences in prevalence rates that are expected when using 
different tools, which is a factor in the decision to use a tool. Comparing prevalence rates 
using different tools within one population [141]. and examining differences in charac-
teristics of those identified at risk would be a first step to understanding which tool, for 
which purposes, may be most useful in primary care. This study aims to determine: a) 
risk prevalence rates according to SCREEN II and SNAQ65+, b) the association between 
risk and participants’ demographic, health, physical, functional and social factors, and 
c) the agreement between risk as measured by SCREEN II and SNAQ65+. Based on these 
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results, we will consequently discuss how different screening tools can exist, and even 
complement each other, and how they can be deployed in primary care.

Methods

Participants
A cross-sectional convenience sample of 200 community-dwelling adults aged over 
65 years, not known to be at nutrition risk or malnourished, participated. One hundred 
were recruited from the ConsuMEER study [111], primarily via advertisements in local 
newspapers, in February and March 2017. To increase external validity and statistical 
power for a comparison between SNAQ65+ and SCREEN II, another 100 participants were 
additionally recruited by students of the bachelor program ‘Nutrition and Dietetics’ from 
their neighbourhood; a sample size and power calculation was not performed as this 
study reports exploratory, secondary analyses.  All participants met the following inclu-
sion criteria: aged 65 years or over; living at home; being able to eat independently; and 
being able to understand, read and speak Dutch. Excluded were those following a diet 
limiting protein intake and/or suffering from terminal illness or cognitive impairment. 
Participants with cognitive impairment (MMSE <24) were only included if a partner 
could provide answers on all questionnaires.

Measurements
All data collection was completed at the participants’ home by trained nutrition and 
dietetics students. Nutrition risk was measured with SCREEN II. This tool was validated 
among Canadian older adults (aged >55 years) and translated into Dutch with per-
mission of the author. A translation agency performed the initial translation. A team 
consisting of health care professionals, welfare professionals and older adults judged 
the translation for language and cultural aspects and made additional changes when 
the Dutch translation caused confusion or was unclear. The translated version was 
pre-tested in a cohort of community-dwelling older adults which led to minor textual 
changes. SCREEN II consists of 17 items: weight change (loss or gain), intentionality of 
this change and perception of body weight; appetite; problems with swallowing and 
chewing; use of meal replacements and difficulties managing diet restrictions; skipping 
meals; food (fruit and vegetables; dairy; meat and alternatives) and fluid intake; eating 
alone; and challenges with cooking and grocery shopping [70]. Total scores range from 
0 to 64 with a lower score indicating higher nutrition risk. A score < 54 for moderate 
risk and < 50 for high risk, according to the validation study among Canadian older 
adults, aged >55 – 99 years [70]. Risk of protein energy malnutrition was measured with 
SNAQ65+. This screening tool is based on four items (involuntary weight loss, low upper 
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arm circumference, low appetite and inability to walk stairs) and categorizes participants 
into three groups: ‘no risk of malnutrition’, ‘moderate risk of malnutrition’ and ‘severe risk 
of malnutrition’[86]. Participants were categorized as ‘severe risk of malnutrition’ if they 
had lost ≥4kg body weight in the last month or had an upper arm circumference of <25 
cm; if participants had a poor appetite and were not able to walk stairs without resting, 
they were categorized as ‘moderate risk of malnutrition’.

To provide a description of participants and to identify subgroups at risk, a variety of 
participant characteristics were also measured. Student assessors were trained on all 
procedures, but inter-rater reliability was not assessed due to feasibility. As measures 
were in participants’ homes, feasibility drove decisions for measuring techniques.  Height 
was measured twice, without shoes with use of a tape measure and an empty wall, with 
the participant standing against as erectly as possible. When measurements differed by 
more than 0.3 cm, an additional measurement was performed and the average of the 
two closest measurements was used. Weight was measured twice with the participant’s 
own scale, in clothes and without shoes. If measurements differed over 0.1 kg an ad-
ditional measurement was performed and the average of two measurements that were 
closest was used. BMI was calculated based on height and weight.  Cut-off values were 
<20 for underweight, 20-27.5 for normal weight and >27.5 for overweight/obesity. The 
underweight cut-off was based on the recent GLIM consensus criteria [47], and the 
larger range for normal weight (compared to WHO criteria) was chosen as previous 
studies suggest that being slightly overweight is protective for mortality [142]. Handgrip 
strength was measured with a Jamar dynamometer by using the Dutch standard operat-
ing procedure (sitting on a chair without arm support, arm bent at the elbow in 90° 
angle); both hands where measured three times and the highest value was used [143]. 
Cut-off points for low hand grip strength were based on reference values of Dodds et al. 
[144] with the 10th percentile used to define low hand grip strength. Participants who 
were not able to perform handgrip measurements because of physical problems were 
recorded as having low handgrip strength. Timed “Up & Go” is a performance test that 
screens for balance and gait abnormalities and fall risk. If the test took more than 12 sec-
onds, this was categorized as low basic mobility [145]. Participants who were not able 
to perform Timed “Up & Go” because of physical problems were categorized as having a 
low basic mobility.  To screen for cognitive capacity, the Mini Mental State Exam (MMSE) 
was used; this 19-item tool provides a score ranging from 0-30 with a score below 24 
indicating likely cognitive impairment [146]. LAPAQ (LASA Physical Activity Question-
naire) was used to measure activity levels of participants: this 18-item questionnaire 
assesses physical activity over the last two weeks and provides information in minutes 
per week. Categorization can be made based on low or high intensity activities [147]. 
Low activity level was categorized as less then 150 minutes of high intensity activity 
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per week [148]. Self-reported comorbidities: Number of comorbidities was based on self-
report by using a pre-specified list. Comorbidities included: high blood pressure, lung 
disease (asthma, COPD, emphysema), stomach-liver-bowel disease, kidney or bladder 
disease, joint wear (arthritis, rheumatism), osteoporosis, back disorders, diabetes, stroke 
or cerebral haemorrhage/infarction, heart attack, other severe heart problems (heart 
failure, angina pectoris), cancer and ‘other’. Comorbidities were dichotomized into <2 
or ≥2 comorbidities.  Income of participants was self-reported and based on healthcare 
allowance. Low income was defined as a yearly income <€28.500 for singles or <€35.000 
for couples.  Self-reported data was used for gender, age, education (low, middle or high 
education), living alone or living together and help provided at home. Food intake was 
measured using a 3-day structured food diary. The mean intake of energy (calories) and 
protein (grams) during these three days was used. Food intake was only measured by 
participants of the ConsuMEER study (n=96)[111]

Data analysis
Descriptive statistics were used to summarize participants’ characteristics and results 
were stratified based on outcome of SCREEN II and SNAQ65+. Continuous data was 
checked for normality by using Q-Q and boxplots. Data was reported as mean (SD) or 
median (Q1-Q3) for continuous data and number (%) for categorical data.

Agreement between SCREEN II (<50 and <54 points) and SNAQ65+ was tested by a Co-
hen’s kappa. For this purpose, SNAQ65+ was dichotomized into low/moderate vs high 
malnutrition risk as well as low vs moderate/high malnutrition risk. Strength of agree-
ment was judged by the following cut-off values K <0 = poor; 0-0.20 = slight, 0.21-0.40 = 
fair; 0.41-0.60 = moderate, 0.61-0.8= substantial and >0.80= almost perfect [149].

Differences in characteristics between participants at risk based on SCREEN II (<54 
points) and SNAQ65+ (moderate and high risk combined) were tested by a chi-square test 
for categorical variables (or Fischer’s exact test if expected count was <5) and unpaired t-
test (or Mann Whitney U test if skewed distributed) for continuous variables. All analyses 
were performed using SPSS 24 (IBM, Chicago, Il) and a p-value <0.05 was considered 
significant.

Results

Prevalence of participants at risk based on SCREEN II and SNAQ65+ was 68.5% and 13.5% 
respectively. Of those who were at risk based on SNAQ65+, 81.5% (n=22) was also at risk 
based on SCREEN II.  Contrarily, of those identified at risk based on SCREEN II, 16.1% 
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(n=22) were also at risk based on SNAQ65+ (Table 2). SCREEN II identified females to be 
more frequent at risk, while differences in prevalence between genders were small in 
SNAQ65+. Participants higher in age were more frequent at risk based on SNAQ65+, but 
not on SCREEN II. Weight of participants at risk based on SCREEN II was significantly 
higher and they were more likely to be overweight compared to participants not at risk. 
In contrast, participants at risk based on SNAQ65+ had lower weights and were less likely 
to be overweight compared to participants not at risk. Nearly everyone (n=71, 88.8%) 
who lived alone was at risk based on SCREEN II, but living alone was not associated with 
being at risk based on SNAQ65+. Participants with a low income were more frequent at 
risk based on both tools.

For both tools, participants at risk were less vital compared to participants not at risk.  Al-
though no direct comparisons can be made, participants at risk based on SNAQ65+seemed 
to be even less vital compared to participants at risk based on SCREEN II: being at risk 
based on SNAQ65+ was associated with multimorbidity (88.9%), polypharmacy (55.6%), 
being inactive (88.9%), help at home (81.5%), having a low handgrip (median handgrip 
strength 20.9 KgF (16.0 – 26.6), 14.8% below p10 of Dodds et al. [144]) and a low mobility 
level (median timed “Up & Go”: 12.1 (9.0 – 19.7)). The percentage triggering low handgrip 
strength and timed ‘Up and Go’ was relatively similar between the tools, but median HGS 
and TUG was lower for participants at risk on SNAQ65+.  On SCREEN II, participants at risk 
were less vital compared to the ones not at risk but only ‘activity level’ and timed “Up & 
Go” differed significantly.

In the subgroup of participants with dietary food records (n=96), protein intake overall 
was adequate with a mean of ≥1 gram protein per kilogram bodyweight per day (g/
kg bw/day). In the at-risk groups (both SCREEN II and SNAQ65+) a higher percentage of 
participants did not reach the limit of 1 g/kg bw/day (SCREEN II 50.7%; SNAQ65+ 55.0%). 
Importantly, protein intake was highest in the group that was not at risk based on 
SCREEN II. In this group, 63.0% consumed >1 g/kg bw/day. Being at risk was associated 
with a lower energy intake for both screening tools and again participants not at risk 
according to SCREEN II displayed the highest energy intakes (table 1).

There was no agreement between tools (kappa <0.20 and/or p>0.05) for both cut-off 
values of SCREEN II (<50 and <54) and categorization of SNAQ65+ (low vs moderate/high 
and low/moderate vs high) indicating that tools are identifying different individuals 
(Figure 1).
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Figure 1, Agreement between SNAQ65+ and SCREEN II

DISCUSSION

This study showed that nutritional risk in community-dwelling older adults was high 
(69.0%, based on SCREEN II), while protein energy malnutrition was low (13.5%, based 
on SNAQ65+). Herewith, this study confirms that both screening tools differ in their focus 
and identify different groups of participants at risk. SCREEN II was more associated with 
food intake, social aspects and also overweight, while SNAQ65+ covered more of the 
physical and disease related aspects of malnutrition.

Most protein energy malnutrition screening tools pay little attention to predictive 
factors of becoming malnourished; they are ‘downstream’ identifying malnutrition and 
not nutrition risk, which is conceptually ‘upstream’. As noted previously, most of these 
tools were initially designed for hospital populations and are based on a comparable 
set of items, i.e. low BMI, recent weight loss, presence of disease and/or low appetite. 
These items indicate loss of critical amounts of body weight and muscle mass which 
are late symptoms of malnutrition. Early determinants of malnutrition like inadequate 
dietary intake are poorly addressed in most screening tools. As a result, these screening 
tools partly miss their aim, detection of malnutrition at an early stage to be able to start 
interventions to prevent further decline. In a community primary care setting, this is an 
important aim.

The findings of our study confirm that a nutrition risk tool and a malnutrition risk tool 
identify different populations. Participants who scored at risk on SNAQ65+ were older, 
fewer had overweight, more frequently needed help at home, they more often had co-
morbidities and functional problems and more often reported polypharmacy. SNAQ65+ 
results are consistent with populations expected to be identified by GLIM diagnostic 
criteria for malnutrition [47], which are based on weight loss, low BMI, low muscle mass, 
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poor intake and inflammation. Participants who scored at risk on SCREEN II were more 
often female and often lived alone. Low activity was also reported, but not as high a pro-
portion as on SNAQ65+ group. Being at risk according to SCREEN II was often associated 
with a higher BMI. Importantly, not being at risk according to SCREEN II was associated 
with higher intake of both energy and protein. SCREEN II identifies nutritional problems 
before depletion of body reserves becomes present and herewith offers windows of 
opportunities for early preventive measures. Moreover, a positive screening result on 
SCREEN II should be followed up by an assessment into undernutrition ánd overnutri-
tion.

Good nutrition, and especially a high protein intake is associated with a reduced risk of 
malnutrition. The prevalence rates of malnutrition described in this study are in line with 
earlier studies in the Netherlands [76,88] and with a recent meta-analysis where 8.5% of 
community-dwelling older adults in Europe was at risk of malnutrition [67]. This is much 
lower compared to our and other studies based on SCREEN II, with prevalence rates of 
nutritional risk between ranging from 34 to 67% [72,88,89,97]. As the majority of older 
adults displays one or more nutrition risk factors, this explains the high prevalence rates 
of nutrition risk when using SCREEN II.

The differences between the two tools clearly illustrate that they measure different 
concepts. Based on the items included in the tool, SCREEN II pays attention to poor 
nutritional habits and living circumstances which may ultimately lead to malnutrition 
/ undernutrition. After positive screening with SCREEN II results, older adults should 
be further assessed to determine if they are potentially over- or undernourished.  In 
contrast, SNAQ65+ (and many other malnutrition screening tools) focuses on loss body 
weight, function and muscle mass, and thus protein energy malnutrition. A positive 
SNAQ65+ result should also result in assessment, to determine the cause and severity of 
protein-energy malnutrition.

The GLIM group advises use of a validated screening tool as a first step towards a di-
agnosis of malnutrition; only patients identified at malnutrition risk should be further 
diagnosed for malnutrition [47]. The group does not give specific suggestions for tools 
to use. Our study implies that the initial step in GLIM may be highly influential for the 
second step. The GLIM criteria will be further refined within the next few years and, with 
the focus of GLIM being on protein energy malnutrition, we advise the GLIM group to 
suggest a set of malnutrition screening tools that fits within this focus. A distinction 
between malnutrition tools could therefore be useful. We suggest to divide screening 
tools in three groups: protein energy malnutrition, nutrition status and appetite tools. 
Based on the items of the 22 validated tools for older adults [68], the following tools 
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seems to focus on protein energy malnutrition:  MST, MUST, MNA-SF/FF, African NST, 
SNAQ65+, Ayrshire NST, Rapid Screen, CNS, GNRI, NRAT, MRST, CNST, MEONF-II and SNS-T. 
Four tools should rather be considered nutrition status screening tools, which primarily 
focus on identifying nutrition risk (factors): ENS, DETERMINE, NUFFE and SCREEN (II). 
Finally, CNAQ and SNAQ-US merely focus on impaired appetite. We recommend further 
research and discussion towards this classification as our suggestion is now only based 
on items of the tools.

In daily practice, SCREEN II and SNAQ65+ may be used as complementary tools to reveal 
different aspects of nutritional status. We advise to carefully consider what the purpose 
of screening is, and to select the optimal screening tool accordingly. For example, in 
primary care offices, tools like SCREEN II that focus on early determinants of malnutri-
tion may be most useful for preventing malnutrition.  Feasibility of the tool is also an 
important consideration. SCREEN II can be completed by the senior themselves, while 
SNAQ65+ requires a trained assessor to complete anthropometric measures.

Some considerations should be made regarding our data. Firstly, our dataset was 
relatively small and underpowered for more complex analyses. Secondly, the lack of 
a criterion for malnutrition hampers the comparison of tools. A validation against the 
recent GLIM-criteria could give valuable insights in the validity of both tools, although 
one must realize that GLIM is a set of diagnostic criteria, rather than a gold standard 
(criterion). Unfortunately, we lacked all details to perform a validation study to GLIM, 
but, based on previous arguments, we strongly suspect that the correlation between 
SNAQ65+ and GLIM will be higher than that between SCREEN II and GLIM.  Finally, no 
statistical tests are available to compare associations of SNAQ65+ with SCREEN II in order 
to see if associations differ significantly between both tools. Despite these limitations, 
this study is the first one to compare different screening tools in the community setting. 
Our study highlights the importance of making a clear difference between screening 
tools for nutrition risk and for ‘late phase’ malnutrition. Depending on the goal of screen-
ing, one could use either one of the tools, or even use both of them as both seem to give 
valuable and complementary information.

In conclusion: SCREEN II and SNAQ65+ measure different concepts on a continuum be-
tween nutrition risk and malnutrition risk; SCREEN II is more inclusive and includes both 
items for both undernutrition and overnutrition risk as well as different determinants 
that can impact on food intake, while SNAQ65+ is solely focused on protein-energy mal-
nutrition/undernutrition. A screening tool should be selected according to the goal of 
its use and tools may even be used complementary to identify possible risk factors that 
can be intervened on, as well as to determine the extent of depletion of body reserves.
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abstract: Undernutrition risk of older community-dwelling adults increases when they 
are no longer able to shop or cook themselves. Home-delivered products could then 
possibly prevent them from becoming undernourished. This  single-blind randomized 
trial  tested the effectiveness of home-delivered protein-rich ready-made meals and 
dairy products in  reaching  the recommended intake of 1.2 grams of protein per kg 
bodyweight/day  (g-P/kg-bw/day)  and ≥25 grams of protein per meal.  Community-
dwelling older adults (n=98, mean age:  80.4 SD:6.8)  switched from self-prepared to 
home-delivered hot meals and dairy products for 28 days. The intervention group re-
ceived ready-made meals and dairy products high in protein; the control group received 
products lower in protein. Dietary intake was measured at baseline, after two weeks (T1), 
and four weeks (T2). Multilevel analyses (providing one combined outcome for T1 and 
T2) and logistic regressions were performed. Average baseline protein intake was 1.09 
g-P/kg-bw/day (SE:0.05) in the intervention group and 0.99 (SE:0.05) in the control group. 
During the trial, protein intake of the intervention group was 1.12 (SE:0.05) g-P/kg-bw/
day compared to 0.87 (SE:0.03) in the control group (between group differences p<0.05). 
More participants of the intervention group reached the threshold of ≥25 grams protein 
at dinner compared to the control group  (Intervention T1:84.8%, T2:88.4% vs. control 
T1:42.9%, T2:40.5%, p<0.05), but not at breakfast and lunch. Our findings suggest that 
switching from self-prepared meals to ready-made meals carries the risk of a decreasing 
protein intake, unless extra attention is given to protein-rich choices.
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Background

The risk of undernutrition among community-dwelling older adults in developed coun-
tries is shown to be as high as 24%, with an even higher risk and prevalence among frail 
older adults [150]. Protein-energy wasting is the main cause of undernutrition among 
older adults [151–153] and is induced by a reduced energy and protein intake [153].

The average protein intake of community-dwelling healthy older adults in the Nether-
lands is 0.9 g protein per kg bodyweight per day (g P/kg bw/day) [154]. Although this 
is above the recommended daily intake of 0.8 g P/kg bw/day, approximately 20% of all 
older adults do not reach this level [64]. Moreover, international groups of experts argue 
that the current recommendations do not fulfil the needs of older adults; an intake of 
1.0-1.2 g P/kg bw/day is recommended for healthy older adults and in case of illness 
1.2-1.5 g P/kg bw/day or even higher is advised [61,155]. Furthermore, not only the total 
intake per day, but also the distribution of protein intake is said to be important: an 
intake of at least 25-30 grams of protein per meal is thought to be optimal in stimulating 
muscle protein synthesis [61,156].

There are different reasons why community-dwelling older adults do not meet the 
recommended protein intake. Well known factors affecting nutritional intake are 
physical, psychological, social and/or medical problems [109,157]. Impaired mobility, 
for example, affects older adults’ possibilities to do groceries and prepare meals [133]. 
This could lead to a situation where community-dwelling older adults will have to rely 
on home-delivered ready-made meals [74].

The impact of switching from self-made meals to ready-made meals in terms of protein 
intake is unclear. Most previous research on the topic of ready-made meals and protein 
intake is cross-sectional and therefore does not provide evidence about causality of 
switching from self-made meals to ready-made meals [158]. Intervention studies on this 
topic are scarce and not generalizable as most studies were performed in the US, involv-
ing economically disadvantaged populations, where ready-made meals were provided 
as a part of a welfare program [159].

Sharkey and colleagues found that a large group of older adults who are regular custom-
ers of meal-delivery services suffer from multiple health limitations [160]. Herewith, a 
recommended intake of over 1.2 g P/kg bw/day would be optimal for this vulnerable 
population [61]. Previous Dutch intervention studies in older-adults provided evidence 
that ready-made meals and desserts, enriched with extra protein, could increase protein 
intake towards 1.2 g P/kg bw/day [161,162]. However, these studies cannot be general-
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ized to a community setting as one study was performed in a rehabilitation setting [162] 
and the enriched products of both studies are mostly not commercially available.

While a low intake or a low protein content of ready-made meals could be a risk for 
a (too) low protein intake, meals high in protein could contribute to optimizing the 
protein intake especially when combined with a dessert rich in protein [64]. Therefore, 
the aim of this study is to test the effectiveness of commercially available protein-rich 
ready-made meals and protein-rich dairy products compared to standard ready-made 
meals and dairy products lower in protein in reaching the protein goal of 1.2 g P/kg bw/
day for older adults.

Methods

Study design and participants
This study was performed as a single blind, randomized trial with a parallel design.  The 
aim of the study was to test the effectiveness of home-delivered protein-rich ready-
made meals and dairy products in reaching the protein goals for older adults, compared 
to standard ready-made meals and dairy products lower in protein.

Participants were recruited via the database of a meal delivery service (www.maaltijd-
service.nl) and via advertisements in local newspapers in February and March 2017. All 
participants had to meet the following inclusion criteria: aged 65 years or over; living 
at home; being able to eat independently; having a microwave to heat meals; being 
able to understand, read and speak Dutch. Exclusion criteria were: following a diet with 
protein restriction or a vegetarian diet; allergies or intolerances prohibiting the use of 
dairy products; only using texture modified foods or a liquid diet; diagnosed with renal 
insufficiency; suffering from a terminal illness, Mini Mental State Examination (MMSE) 
score < 24 (exception: within couples, one participant with a score below 24 was allowed 
if the partner scored at least 24 points and helped with the food diary).

Randomization and blinding
A randomization scheme was generated by using the website www.randomization.
com. Stratified randomization was performed by group (male, female or couple) and in 
permuted blocks of 8 for male and female and 4 for couples. Participants were allocated 
by a 1:1 ratio to the intervention or control group. A researcher who was not aware of the 
allocation sequence performed the inclusion of participants.
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Participants and investigators were not informed about the allocation of participants. 
However, the commercially available products were provided in their normal packages 
with mandatory nutrition labelling information. Therefore, based on the used products, 
researchers could identify the allocation of participants. In order to optimize blinding, 
participants were neither informed that protein was the main nutrient of interest, nor 
were they informed which products the other group received. The researcher who 
performed the analyses was not blinded to the group allocation of participants, but the 
database was re-blinded before running the analyses.

Treatment
Participants in the intervention group could choose from 32 home-delivered ready-made 
protein-rich hot meals and protein-rich dairy products (table 1). The protein-rich meals 
contained at least 20 energy percent of protein and on average 30.5 (SD: 5.8) grams 
of protein. Participants in the control group could choose between 30 home-delivered 
standard (not classifying as protein-rich) ready-made hot meals and drinks (low-protein 
desserts or fruit juices, table 1). The protein content of these standard meals was on av-
erage 21.3 (SD: 4.2) grams per meal. During 4 weeks (28 consecutive days), participants 
received ad libitum drinks and dairy products (free choice). As a typical Dutch meal 
pattern is based on two bread meals and one hot meal, participants received 1 hot meal 
a day. All products provided were free of charge (total value of approximately 250 euro 
for the whole intervention period), chosen by participants themselves and delivered at 
home once a week. There was no possibility to order extra products between regular 
deliveries if participants ran out of products. Participants were asked to use one ready-
made meal a day but the use of the other products was at their own choice. Besides 

Table 1, Provided (dairy) products and ready-made meals during the ConsuMEER study.

Intervention group Control group

Products
Portion size Grams protein

per portion
Portion size Grams protein

per portion

(Semi-skimmed) milk
Buttermilk
Drinking yoghurt
    Greek style (3 flavours)
   Protein-rich (2 flavours)
(Semi) skimmed yoghurt
Greek yoghurt (3 
flavours)
Cheese spreads
Cheese (48+)
Oatmeal porridge

150 ml
150 ml

150 ml
150 ml
150 ml
150 ml
30 g
30 g
150 ml

5.4
5.4

6.3
7.8
7.1
11.6
5.1
7.6
6.0

Juice (3 flavours)
Custard.              (3 
flavours)
Butter

200 ml
150 ml

5 g

0,6
4.2

0.1

Ready-made meals
    Protein-rich meals

500-550 g 30.5* (SD: 5.8) standard meals 500-550 g 21.3* (SD: 4.5)

*) average protein content
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the products provided in the trial, they were free to use any additional products they 
wanted. All products were commercially available and were provided by Sligro Food 
Group (Veghel, the Netherlands) and Friesland-Campina (Amersfoort, the Netherlands).

Measurements
Eleven trained students of the BSc programs “Nutrition and Dietetics”, “Food innovation” 
and “Food technology” performed all measurements. Measurements were performed at 
three time points: baseline, T1 (two weeks after start of the intervention) and T2 (four 
weeks after start of the intervention). Students visited the participants at their homes in 
duos. During the trial, each participant was measured by the same set of students.

Baseline measurements were performed to obtain a participants’ general health status. 
These measurements were only conducted at the start of the trial and included:

MMSE: A validated questionnaire containing 19 items to assess cognitive performance 
[163]. A score below 24 (maximum score 30 points) indicates cognitive impairment [146].

SCREEN II: A validated questionnaire based on 17 items to identify the risk for impaired 
nutritional status in community-living older adults. This questionnaire focuses on food 
habits that are associated with an impaired nutritional status. A score below 50 points 
(maximum score 64 points) indicates a high risk for impaired nutritional status [70].

SNAQ65+A validated tool containing 4 items (involuntary weight loss, upper arm cir-
cumference, appetite and ability to walk stairs) to assess the risk of undernutrition in 
community-dwelling older adults. Persons are categorized into three groups: No risk of 
undernutrition, moderate risk of undernutrition and severe risk of undernutrition [86].

LAPAQ: A validated tool containing 18 items to assess physical activity of older people in 
the last two weeks. LAPAQ provides information about physical activity in minutes per 
week. Activities can be categorized in low intensity (walking and low-intensity house-
holding activities) and high intensity (bicycling, sports and high intensity house-holding 
activities) [147]. Low activity was categorized as <150 minutes of high intensity activities 
per week [148].

Timed “Up & Go”: A validated tool to identify gait speed and mobility level in older people 
[164].  A time below 12 seconds is recognized as normal [145]. Participants that were 
not able to perform timed “Up & Go” because of low mobility were categorized as >12 
seconds.
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Handgrip strength: Handgrip was measured by a Jamar dynamometer and expressed in 
kg. The Jamar dynamometer is proven to be an accurate measurement tool for handgrip 
strength [165]. Sex-specific reference values of Dodds et al. [144] were used for cut-off 
points; maximum handgrip strength (of both hands) below the 10th percentile (p10) 
was considered as low handgrip strength. Unperformed measurements because of 
medical conditions were categorized as low handgrip strength.

Weight: Participants’ bodyweight was measured twice at baseline, in clothes and with-
out shoes, by using the scale of the participants. If the two measurements differed >0.1 
kg, a third measurement was performed. The average of two measurements that were 
nearest was used.

Height: Participants height was measured twice at baseline, without shoes. If measure-
ments differed >0.3 cm, a third measurement was performed. The average of two 
measurements that were nearest was used.

Comorbidities: Number of comorbidities was assessed by using a pre-specified list and 
was based on self-report. Comorbidities were categorized as: high blood pressure, lung 
disease (asthma, COPD, emphysema), stomach-liver-bowel disease, kidney or bladder 
disease, joint wear (arthrosis, rheumatism), osteoporosis, back disorders, diabetes, 
stroke or cerebral haemorrhage/infarction, heart attack, other severe heart problems 
(heart failure, angina pectoris), cancer and ‘other’.

Dietary assessment
Participants were requested to fill-out 3-day structured food diaries (gold standard for 
measuring food intake) [166] at three time points: baseline, T1 and T2. Food diaries were 
delivered before the start of the study and participants were instructed how to fill out 
the diaries. Additional information on filling out the diaries, including examples (e.g. 
weighing foods, describing fat content of dairy) were provided in the first pages of the 
diaries. Diaries were pre-structured by three meal moments and three in-between mo-
ments. Food diaries were filled out by the participants themselves, three days before 
each measurement. Trained students of ‘Nutrition and dietetics’ checked the food diaries 
for completeness in collaboration with the participants during the home visits. Brands 
and types of products and quantity (grams, volumes, sizes of cups/glasses etc.) were 
asked if not registered by the participants.

The food diaries were digitized in Evry (Evry, Alphen aan de Rijn, the Netherlands). This 
program is frequently used by dietitians in the Netherlands, to calculate food intake. 
Calculations within Evry are based on the Dutch food composition table 2013 [167]. 



72 Chapter 5

Macronutrient (g) and total energy intake (kcal) of participants were calculated and 
reported as daily averages as well as protein intake per meal moment (3 main meals and 
3 in-between meals).

Liking meals and compliance
A 5-point scale was used to asses liking of meals, ranging from 1 (dislike a lot) to 5 (like 
a lot). Compliance of eating ready-made meals was based on recorded intake in the 
three-day food diary.

ethics
The study was conducted according to the principles of the Declaration of Helsinki. The 
ethics committee of Radboud University Nijmegen Medical Centre evaluated the study 
and it was judged not to fall within the remit of the Medical Research Involving Human 
Subjects Act (WMO). All patients provided written informed consent before the start of 
trial. Participants were allowed to retract from the study at any time point. If possible, 
reasons for retraction were asked.

Data analysis

Sample size calculation
Primary outcome of this study was: achieving a total protein intake of at least 1.2 g P/kg 
bw/day. Secondary outcomes were: daily protein intake (g), protein intake at breakfast, 
lunch and dinner (g) and achieving an intake of ≥25 g protein at every meal moment.

A sample size calculation was performed based on results of a previous study [154], 
in which the average protein intake in community-dwelling older adults was shown to 
be 0.9 (SD:0.3) g /kg bodyweight. As an intake of 1.2 g P/kg bw/day (SD:0.3) is thought 
to be optimal [61,155,168], an increase of 0.3 g P/kg bw/day would be relevant. Based 
on a power of 90% and an alpha of 5%, a sample size of 21 participants was needed 
per group to detect this increase in protein intake. However, to compensate for loss to 
follow-up and to allow for analyses other than the primary outcome, a sample size of 50 
participants per group was chosen.

Intention-to-treat analysis based on available cases was used for all data, meaning that 
all participants were analysed according to their group allocation. When participants 
withdrew from the study, unperformed measurements were recorded as missing data.
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Confounding
Despite randomization, potential confounders could possibly not be equally distributed 
over both groups. However, if confounders influence the protein intake of the partici-
pants, this effect is likely to be already present at the baseline measurement. Therefore, 
adjusting for protein intake at baseline measurement will correct for potential confound-
ing. Furthermore, adjusting for protein intake at baseline will correct for regression to 
the mean. Therefore, ‘protein intake at baseline’ was added as a covariate in all analyses.

analyses
Outcomes of continuous data were checked for normality using QQ-plots and box plots. 
Baseline characteristics were reported as mean (sd) or median (Q1-Q3) for continuous 
data and frequency (%) for categorical data. Linear mixed models was used to test for 
differences in continuous outcomes (protein intake in grams and g P/kg bw/day) be-
tween the intervention and control group. A three-level structure was used to correct 
for clustering within the two measurements (T1 and T2) and within participants because 
of the clustered data of the 3-day food diary. Therefore, a random intercept was created 
at measurement and participant level. Allocated group and ‘protein intake at baseline’ 
were used as fixed-effects term. Protein intake at baseline was added to the model at T1 
and T2 as fixed-effects term because of differences in protein intake at baseline between 
intervention and control group.

Within-group differences during the trial for protein intake in grams and g P/kg bw/day 
were tested by a multilevel analysis. Analyses were performed separately for interven-
tion and control group with a random intercept at participants’ level and “time point” as 
fixed-effects term.

Logistic regression was used to test for differences in the dichotomous outcomes of 
reaching the threshold of 1.2 g P/kg bw/day and ≥25 grams per meal moment. For 
each time point the average daily protein intake of each participant was calculated by 
aggregating the data of the 3-day food diaries and divided by the participant’s body-
weight. Thereafter, this variable was dichotomized in < / ≥ 1.2 g P/kg bw/day. The same 
procedure was performed for the ≥25 grams protein per meal moment; for each time 
point the average protein intake per meal moment was calculated and thereafter this 
variable was dichotomized into < / ≥ 25 g protein per meal.

The average meal acceptance during the trial was calculated per week and reported for 
the intervention and control group separately. Differences between intervention and 
control group were tested with an unpaired t-test.
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All statistical analyses were performed using Statistical Product and Service Solutions 
(SPSS) software 24 (IBM, Chicago, Il) and a p-value <0.05 was considered significant.

Results

One hundred participants were recruited to participate in the trial (figure 1). Two par-
ticipants already used ready-made meals before the trial, both allocated to the control 
group. After the baseline measurement two participants were found to have a low MMSE 
score and were therefore excluded. Of the remaining 98 participants, 49 were allocated 
to the intervention group and 49 to the control group. During the trial, 12 participants 
(4 in the intervention and 8 in the control group) were lost to follow up due to various 
reasons (reasons are shown in figure 1).

Chapter 5 
 

 
 
 
 
 
 
 

Figure 1, Flowchart of enrolment and dropout of participants during the ConsuMEER study.
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Baseline data

Participants characteristics are shown in table 2; 60 (61%) were female, mean age was 
80.4 (SD:6.8) years and mean BMI was 27.9 (SD:5.0) kg/m2. Seven participants were cat-
egorized with a low MMSE score (<24 points), but were included as their partners had 
a MMSE ≥24. Based on SCREEN II, 45 participants had a risk of an impaired nutritional 
status (<50 points). In addition, 20 participants were at moderate or severe risk of under-
nutrition according to SNAQ 65+, but none of them used oral nutritional supplements. 
As can be read from table 2, more than 50% of participants had a low activity level (by 
LAPAQ), almost 50% had a prolonged Timed up & go > 12 seconds, and more than 15% 
had a low grip strength. Most participants had one or more comorbidities (91.8%), had 
received middle (40.8%) or high (30.6%) education, had a higher income (54.1%) and 
received home care or domestic help (66.3%).

Table 2, Baseline characteristics of participants included in the ConsuMEER study.

Control (n=49) Intervention (n=49) Total (n=98)

Gender
   Male
   Female

20 (40.8%)
29 (59.2%)

18 (36.7%)
31 (63.3%)

38 (38.8%)
60 (61.2%)

age (years) 80.6 (SD:6.7) 80.2 (SD:7.0) 80.4 (SD:6.8)

BMI (kg/m2) 27.9 (SD:4.5) 27.9 (SD:5.4) 27.9 (SD:5.0)

Marital status
   Single
   Couple

24 (49.0%)
25 (51.0%)

24 (49.0%)
25 (51.0%)

48 (49.0%)
50 (51.0%)

MMSe (points)
<24

29 (27 – 30)
1 (2.0%)

28 (26 – 30)
6 (12.2%)

29 (26 -30)
7 (7.1%)

Screen II (points)
<50

50.1 (SD:6.4)
23 (46.9%)

49.0 (SD:7.0)
22 (44.9%)

49.6 (SD:6.7)
45 (45.9%)

SNaQ 65+
   No risk of undernutrition
   Moderate risk undernutrition
   Severe risk undernutrition

39 (79.6%)
7 (14.3%)
3 (5.9%)

39 (79.6%)
3 (6.1%)
7 (14.3%)

78 (79.6%)
10 (10.2%)
10 (10.2%)

Lapaq (minutes activity / day)
   Low intensity
   High intensity
   Low activity*

65.0 (45.0 – 120.0)
15.0 (2.1– 33.9)
33 (67.3%)

76.1 (38.9 – 120.0)
21.4 (4.3 – 42.9)
26 (53.1%)

75.0 (40.0 – 120.0)
16.8 (2.1 – 42.9)
59 (60.2%)

Timed “up and go” (seconds)
   >12 seconds†
Not performed

10.3 (8.9 – 13.6)
22 (44.9%)
5 (10.2%)

10.1 (8.5 – 13.9)
17 (34.7%)
3 (6.1%)

10.3 (8.7 – 13.7)
39 (39.8%)
8 (8.2%)

handgrip strength (kg)
   Low handgrip‡
Not performed

24.0 (20.8 – 31.5)
8 (16.3%)
3 (6.1%)

28.5 (20.0 – 34.9)
7(14.3%)
3 (6.1%)

26.5 (20.1 – 32.1)
15 (15.3%)
6 (6.1%)

Comorbidities (amount)
   No comorbidities

3 (1 – 4)
3 (5.9%)

3 (1 – 4)
6 (12.2%)

3 (1 – 4)
9 (8.2%)
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Table 2, Baseline characteristics of participants included in the ConsuMEER study. (continued)

Control (n=49) Intervention (n=49) Total (n=98)

education
   Low
   Middle
   High
   Missing n=

7 (14.3%)
25 (51.0%)
16 (32.7%)
1 (2.0%)

16 (32.7%)
15 (30.6%)
14 (28.6%)
4 (8.2%)

23 (23.5%)
40 (40.8%)
30 (30.6%)
5 (5.1%)

Income§
   Low
   High

17 (34.7%)
32 (65.3%)

28 (57.1%)
21 (42.9%)

45 (45.9%)
53 (54.1%)

help at home|
   Home care or Domestic help
   No help

31 (63.3%)
18 (36.7%)

34 (69.4%)
15 (30.6%)

65 (66.3%)
33 (33.7%)

Continuous data are presented as mean (SD) or median (Q1-Q3), categorical data as frequency (%)
*) Below 150 minutes of high intensity activities per week
†) >12 seconds or not performed because of low mobility
‡) Below 10th percentile (p10) of Dodds et al. [144] or not performed because of medical conditions
§) low income was defined as year income < €28,500 for singles or < €35,000 for couples
|) Combinations of help at home possible

Baseline nutritional intake

As shown in table 3, protein intake at breakfast and lunch were comparable between 
both groups and neither group reached the threshold of 25 grams of protein. At dinner, 
for both groups average intake reached the threshold of 25 grams of protein. At this 
meal moment, the intake of the intervention was 38.7 (SE: 2.5) and in the control group 
33.7 (SE:2.2). Daily protein intake in g P/kg bw/day was 1.09 (SE: 0.05) in the intervention 
group and 0.99 (SE: 0.05) in the control group.
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Table 3, Protein intakes per meal moment and differences (in grams) between intervention and control group.

Control

Gr (SE)

Intervention

Gr (SE)

Between group
difference*

Gr (95%CI)

Between group 
difference adjusted 
for baseline protein 

intake *
Gr (95%CI)

Breakfast protein intake
Baseline (n=49/49)
During trial (t1 n=42/48) (t2 n=42/46)

14.1 (0.9)
14.8 (0.8)

13.4 (1.0)
15.4 (0.7)

-0.7 (-3.2, 1.7)
0.6 (-1.5, 2.6) 1.4 (-0.3, 3.1)

Lunch protein intake
Baseline (n=49/49)
During trial (t1 n=42/48) (t2 n=42/46)

15.9 (1.2)
15.3 (1.0)

18.2 (1.1)
18.4 (1.0)

2.3 (-1.0, 5.5)
3.2 (0.5, 5.9) 2.0 (0.0, 4.0)

Dinner protein intake
Baseline (n=49/49)
During trial (t1 n=42/48) (t2 n=42/46)

33.7 (2.2)
24.5 (0.9)

38.7 (2.5)
34.8 (0.9)

5.1 (-1.1, 11.3)
10.3 (7.8, 12.9) 9.6 (7.1, 12.1)

Daily total protein intake
Baseline (n=49/49)
g P/kg bw/day
During trial (t1 n=42/48) (t2 n=42/46)
g P/kg bw/day

73.9 (3.3)
0.99 (0.05)
64.4 (2.0)

0.87 (0.03)

80.4 (4.1)
1.09 (0.05)
79.8 (1.9)

1.12 (0.05)

6.5 (-3.0, 16.0)
0.10 (-0.04, 0.23)
15.4 (10.0, 20.8)
0.24 (0.15, 0.33)

13.6 (9.0, 18.3)
0.23 (0.14, 0.31)

Daily total kcal intake
Baseline (n=49/49)
During trial (t1 n=42/48) (t2 n=42/46)

1871 (76)
1865 (47)

2037 (78)
1795 (45)

165 (-51, 183)
-71 (-199, 58)

Data are presented as mean (SE) or mean difference (95%CI).
*) Based on multilevel analysis.

Intervention effects

effect of the ready-made meals and dairy on protein intake
The total protein intake of participants in the intervention groups was higher than that 
of the control group (mean difference: 13.6 g [95%CI: 90, 18.3]. Despite a 0.23 [95%CI: 
0.14, 0.31] g P/kg bw/day higher protein intake in the intervention group, neither the 
intervention nor the control group reached the average daily protein goal of 1.2 g P/kg 
bw/day. At breakfast and lunch, differences in protein intake between groups remained 
small (<2 grams protein difference) but were significant at lunch (mean difference 2.0 
g, [95% CI: 0.0, 4.0]) (table 3). Also, a significant higher intake of protein (g) was seen at 
dinner for the intervention group compared to the control group (mean difference: 9.6 
g [95%CI: 7.1, 12.1]).



78 Chapter 5

In the control group, protein intake decreased compared to baseline, both at dinner and 
total protein per day (p<0.05). In the intervention group, a higher intake compared to 
baseline was seen at breakfast at both time points, while intake at dinner decreased at 
T1 but this was not seen at T2. No differences (p>0.05) were seen in daily protein intake 
in the intervention group compared to baseline. Also, for all meal moments no differ-
ences (p>0.05) were seen between T1 and T2 for either intervention or control group.

Reaching threshold of 1.2 g P/kg bw/day or 25 grams per meal moment
In table 4, the percentages/proportions of participants reaching 1.2 g P/kg bw/day and/
or ≥25 grams of protein per meal are shown. More participants reached an intake of 1.2 
g P/kg bw/day in the intervention group compared to the control group (T1 OR: 4.85 
[95%CI: 1.59, 14.80]; T2 OR: 3.56 [95%CI: 1.15, 11.14]). Despite the higher odds for the 
intervention group, only one third of all participants reached the threshold of 1.2 g P/kg 
bw/day in this group (T1: 34.8%, T2: 32.6%).

The higher intake of protein in the intervention group was also reflected in propor-
tions of participants reaching the threshold of 25 grams of protein per meal moment. 
At breakfast and lunch, no significant differences were seen between intervention and 
control group. At dinner, participants of the intervention group were more likely to 
reach an intake of 25 grams protein compared to the control group (T1 OR: 8.24 [95%CI: 
2.73, 24.83], T2 OR: 11.99 (95%CI: 3.70, 38.83).
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Table 4, Percentages and odds-ratios for reaching 25 grams protein per meal moment or 1,2 g P/kg bw/day.

Control
Number (%)

Intervention
Number (%)

effect size*
OR (95%CI)

effect size adjusted for 
baseline protein intake *
OR (95%CI)

Daily 1.2 g P/kg bw/
day
   Baseline (n=49/49)
   T1 (n=42/48)
   T2 (n=42/46)

13 (26.5%)
4 (9.5%)
5 (11.9%)

15 (31.9%)
16 (34.8%)
14 (32.6%)

1.42 (0.60, 3.45)
5.20 (1.73, 15.69)
3.57 (1.15, 11,07)

4.85 (1.59, 14.80)
3.56 (1.15, 11.04)

Breakfast ≥25 g P/ 
meal
   Baseline (n=49/49)
   T1 (n=42/48)
   T2 (n=42/46)

1 (2%)
2 (4.8%)
1 (2.4%)

4 (8.5%)
4 (8.7%)
4 (9.3%)

n.a
n.a
n.a

n.a
n.a
n.a

Lunch ≥25 g P/ meal
   Baseline (n=49/49)
   T1 (n=42/48)
   T2 (n=42/46)

6 (12.2%)
5 (11.9%)
6 (14.3%)

7 (14.9%)
11 (23.9%)
9 (20.9%)

1.25 (0.39, 4.05)
2.33 (0.73, 7.37)
1.59 (0.51, 4.94)

2.99 (0.70, 12.86)
1.41 (0.43, 4.63)

Dinner ≥25 g P/ meal
   Baseline (n=49/49)
   T1 (n=42/48)
   T2 (n=42/46)

34 (69.4%)
18 (42.9%)
17 (40.5%)

42 (89.4%)
39 (84.8%)
38 (88.4%)

3.71 (1.22, 11.22)
7.43 (2.70, 20.40)
11.18 (3.66, 34.17)

8.24 (2.73, 24.83)
11.99 (3.70, 38.83)

n.a= Not applicable due to a low incidence.
*) Based on logistic regression.

Protein intake derived from dairy products and ready-made meals
Post-hoc analyses towards protein intake from dairy products and ready-made meals 
are shown in table 5. The use of ready-made meals resulted in an average daily intake of 
25.8 (SE: 0.5) grams of protein in the intervention group compared to 18.5 (SE: 0.5) grams 
in the control the group; this difference was significant [difference 6.9 grams, 95%CI: 5.5, 
8.3]. Daily protein intake from dairy products was significantly higher in the intervention 
group compared to the control group at every meal moment. The largest difference was 
observed at dinner where the intervention group consumed 3.9 [95%CI: 2.3, 5.6] grams 
of protein (derived from dairy products) more than the control group. The total daily dif-
ference of protein derived from dairy products between control and intervention group 
was 9.6 [95%CI: 6.2, 13.1] grams.
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Table 5, Protein intake from dairy products and ready-made meals in grams during the ConsuMEER study.

Control

Gr (SE)

Intervention

Gr (SE)

Between 
group

difference*
Gr (95%CI)

Between group 
difference 

adjusted for 
baseline protein 

intake *
Gr (95%CI)

Ready-made meals
During trial (t1 n=42/48) (t2 n=42/46) 18.5 (0.5) 25.8 (0.5) 7.2 (5.8, 8,7) 6.9 (5.5, 8.3)

Breakfast dairy
Baseline (n=49/49)
During trial (t1 n=42/48) (t2 n=42/46)

4.3 (0.5)
4.7 (0.6)

4.4 (0.5)
6.6 (0.6)

0.1 (-1.4, 1.5)
1.9 (0.3, 3.6) 2.2 (0.6, 3.8)

Lunch dairy
Baseline (n=49/49)
During trial (t1 n=42/48) (t2 n=42/46)

5.2 (0.6)
4.7 (0.6)

6.9 (0.6)
7.7 (0.6)

1.7 (-0.1, 3.5)
3.0 (1.3, 4.8) 2.5 (0.9, 4.1)

Dinner dairy
Baseline (n=49/49)
During trial (t1 n=42/48) (t2 n=42/46)

3.4 (0.5)
3.5 (0.6)

4.9 (0.5)
7.7 (0.6)

1.5 (0.0, 3.0)
4.2 (2.6, 5.8) 3.9 (2.3, 5.6)

Daily total dairy
Baseline (n=49/49)
During trial (t1 n=42/48) (t2 n=42/46)

16.0 (1.2)
15.8 (1.3)

19.5 (1.3)
26.1 (1.3)

3.5 (-0.1, 7.0)
10.3 (6.7, 13.9) 9.6 (6.2, 13.1)

Data are presented as mean (SE) or mean difference (95%CI).
*) Based on multilevel analysis.

Liking and compliance
Overall acceptance of meals was 3.6 (SD:0.5) in the control group and 3.6 (SD:0.6) in the 
intervention group based on a 5-point scale (mean difference: 0.0 [95%CI: -0.2, 0.3])

Based on the three-day food diaries, participants in the intervention group used ready-
made meals on 88.9% of the registered days at T1 and on 79.7% at T2. In the control 
group these numbers were 92.1% at T1 and 84.1% at T2.

Discussion

The aim of this study was to test the effectiveness of commercially available protein-rich 
ready-made meals and protein-rich dairy products in increasing protein intake, after 
switching from self-prepared meals towards home-delivered ready-made meals. In 
contrast to expectations, results show that switching from self-prepared meals towards 
standard ready-made meals turned out to be a risk for a decreasing protein intake; 
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this effect was not seen in participants who used protein-rich ready-made meals and 
protein-rich dairy products. Both ready-made meals and dairy products contributed to 
this higher intake of the intervention group. Although participants receiving products 
high in protein consumed more protein than participants receiving products with lower 
protein content, their total protein intake did not increase compared to their pre-study 
protein intake and did not reach the goal of 1.2 g P/kg bw/day. Moreover, not all partici-
pants of the intervention group reached the recommended intake of >25 gram protein 
at dinner.

The characteristics of the participants included in the present ConsuMEER study showed 
only minor differences compared to the Dutch LASA cohort [76] and participants of the 
Dutch National Food Consumption Survey Older Adults (DNFCSOA) [64]. Overall age of 
the participants in the ConsuMEER study (80.4 ±6.7) was slightly higher when compared 
to the DNFCSOA (Mean age: male 76.6 (SD unknown), female 78.4 (SD unknown)) and 
LASA cohort (77.3 ±6.7). BMI of participants in the ConsuMEER study was relatively high 
(male: 27.1 (SD:4.1); female 28.4 (SD:5.4)) and comparable to the BMI reported in the 
DNFCSOA (27.1, SD: unknown) and BMI of female participants of the LASA cohort (27.9 
±4.8). However, the BMI was higher compared to that of male participants of the LASA 
cohort (25.9 ±3.4). In the ConsuMEER study, 21% of all participants were at moderate 
or severe risk of undernutrition according to SNAQ65+, in LASA, this percentage was 
18.3% and in the DNFCSOA, this was 13,1%. Protein intake of the participants of the 
ConsuMEER study at baseline was comparable with the protein intake of the DNFCSOA 
where on average 1.01 (SD: unknown) g P/kg bw/day was consumed. Thus, despite 
some minor differences in participants’ characteristics with previous performed studies, 
the participants of the ConsuMEER study seem to be a good reflection of older adults in 
the Netherlands.

The ConsuMEER study is one of the first trials investigating the protein intake of 
community-dwelling older adults when changing from self-prepared meals towards 
commercially available home-delivered, ready-made meals. The protein intake in the 
control group decreased, while the protein intake in the intervention group remained 
stable. In addition, our results suggest that protein-rich ready-made meals and protein-
rich dairy are effective in reaching the threshold of ≥25 grams protein at dinner but not 
at breakfast and lunch. Because of the low intake at breakfast and lunch, the threshold 
of 1.2 g P/kg bw/day was not reached for most participants. These results are in line with 
the results of a recent study by Denissen et al. [169] where ready-made meals containing 
as much as 40 grams of protein per meal were not sufficient in reaching 1.2 g P/kg bw/
day either. Our results are not in line with earlier studies from the United States though. 
These studies showed that standard ready-made meals were associated with higher 



82 Chapter 5

protein intake [170]. However, most of these studies were performed in participants 
receiving ready-made meals because of the “Older Americans Act” (OAA). People who are 
dependent of meals of the OAA are generally poor and therefore they may not have had 
enough money to buy relatively expensive products like meat and dairy products [159]. 
In those studies, the provided ready-made meals may therefore not have replaced self-
prepared meals but may have been used instead of skipping a meal. This could explain 
the higher protein intake after switching towards ready-made meals in these studies.

The observed decrease in protein intake at dinner of the control group after switching 
from self-cooked meals to regular ready-made meals was not seen in a comparable study 
of Ziylan et al. [161]. In this study, protein intake of the control group at dinner remained 
unchanged. This could be explained by the higher protein content of the standard meals 
in the control group of the Ziylan et al. study compared to the ConsuMEER study (average 
protein content Ziylan et al. 27.9 (SD:3.4) vs. 21.3 (SD:4.5) in our study). Both the results 
of Ziylan et al. [161] and the results of the present study indicate that a good choice of 
protein-rich ready-made meals and dairy products is necessary to prevent older adults 
from a decreasing protein intake after switching from self-prepared meals towards 
ready-made meals. This is of great interest because in the upcoming years, a larger 
group of older adults will have to rely on ready-made meals due to the ageing society 
and the government’s policy of living at home as long as possible. Protein-rich ready-
made meals and protein-rich dairy products could help to maintain a healthy nutritional 
status in older adults. Switching towards ready-made meals also has a downside. Meal 
preparation is important as it could provide joy to older adults [171] and makes them 
feel independent [172]. It is also important they keep cooking themselves to stay active, 
as a loss in daily activities cannot always be reversed [173,174] and daily activities have 
a beneficial effect on cognitive functioning [175]. Therefore, older adults should try to 
keep preparing their own meals as long as possible.

During the trial a (borderline) significant difference in protein intake derived from dairy 
products between control and intervention group was seen at breakfast and lunch. 
However, this difference was relatively small (<3 grams) and therefore protein intake 
in the intervention group still did not reach the threshold of ≥ 25 grams of protein per 
meal moment. These results are in contrast to the study by van Til et al. [162] where 
intake during breakfast and lunch was over 25 grams. However, in this trial both protein-
enriched dairy products (8 gram protein per 100 ml; products not commercially avail-
able) and protein-enriched bread were used. Regular dairy products may be insufficient 
in increasing intake towards the recommended levels because of the large gap between 
regular intake at breakfast and lunch and the recommendation of eating ≥25 grams of 
protein. Because an intervention based on protein-enriched bread alone was also not 
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sufficient in reaching the threshold of ≥25 grams of protein per bread meal [161], future 
interventions should focus on all food products within a meal.

One of the reasons for the low increase in protein intake at breakfast and lunch could 
be unawareness about the importance of protein among older adults. Before and dur-
ing the trial, no information was given about protein being the target nutrient of the 
study or about healthy eating in general. Older adults are interested in eating healthy to 
stay healthy but on average their knowledge is low [176,177]. Healthy eating is mainly 
described as eating a varied diet and eating a sufficient amount of fruit and vegetables 
[176]. The importance of eating enough protein and the distribution of protein intake 
is generally unknown in older adults [177,178]. Because of the free choice in using the 
provided dairy products and the supposed lack of knowledge about the advantages 
of consuming these products, it is plausible that some participants did not use the 
provided products at all. Providing protein-rich dairy products combined with dietary 
advice about the importance of protein, is thought to make an intervention based on 
protein-rich dairy products more successful.

Some limitations need to be discussed to place the results of this study in perspective. 
First, the duration of the intervention was relatively short (28 days). Therefore, no infor-
mation is available on whether the protein intake will be maintained over a longer time 
period. It is possible that eating ready-made meals for a longer period could result in 
less appreciation for these meals, which could result in a lower intake. However, in the 
recent study of Denissen et al. [169], where ready-made meals were used for a period of 
3 months, overall appreciation of the meals remained high, also over a longer period of 
time. Another limitation is the use of one supplier for the ready-made meals; different 
brands of ready-made meals will differ in sensory aspects and macronutrient composi-
tion. Finally, the effect of the intervention on physical parameters was not measured. 
However, no changes were expected considering the intervention lasted only 4 weeks 
[179].  It can be argued that 1.2 gP/kg-bw/day may be a too high goal for community-
dwelling older adults. Based on expert opinion, a protein intake of 1.0-1.2 g P/kg bw/day 
for healthy older adults and 1.2-1.5 g P/kg bw/day for older adults with acute or chronic 
illness, and even up to 2.0 g P/kg bw/day when severe illness is present is advised [61]. 
Based on a median of 3 comorbidities in our study population, we considered our par-
ticipants not fully healthy; therefore, we decided that a cut-off of 1.2 g P/kg bw/day 
would be appropriate. Finally, a true control group is missing as both groups received 
an intervention. as both groups received an intervention, an option to overcome this 
issue could have been the use of a cross-over design in which group 1 starts with the 
intervention, followed by a control period, and group 2 starts with a control period, and 
then the intervention
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One of the strengths of this study is the high rate of follow up (drop-out rate only 
12%). This could indicate that the intervention was easy to implement in daily life of 
participants and was well tolerated. This is of great importance because switching 
towards ready-made meals is likely to be a lasting change for older adults who are no 
longer capable to cook their own meals. Another strength of the study is that it is similar 
to daily practice; the products that were used are commercially available, well known 
and fit in the daily lifestyle of Dutch older adults. Previous studies showed that older 
adults preferred the use of products they are familiar with in order to increase protein 
intake [177,180]. Also, no information about healthy eating was given and participants 
were free to make their own choices. Therefore, the results of the control group give 
valuable information how protein intake can decrease when older adults change from 
self-prepared to ready-made meals without information about healthy eating.

Because of the relatively high protein intake at dinner and the importance of distribu-
tion of protein intake over meals, future interventions should focus on protein intake at 
breakfast and lunch. At these meal moments, the highest increase in protein intake could 
be achieved. Regular dairy products have the right nutritional composition to increase 
protein intake, are low in price, are easily accessible and are common in Dutch eating 
habits. Further qualitative research is needed on how older adults can be motivated to 
increase their protein intake at breakfast and lunch, as they are known to struggle to 
change their regular eating habits [181,182].

Conclusion

Switching from a regular diet to ready-made meals carries the risk of a decreasing pro-
tein intake if meals are not selected for high protein content. Protein-rich ready-made 
meals and protein-rich dairy products could prevent older adults from a decrease in 
protein intake but the combination of products provided in this trial was not effective in 
increasing protein intake towards 1.2 g P/kg bw/day. More research is needed whether 
additional advice about protein intake could make an intervention based on regular 
protein-rich products more effective.
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abstract:

Objectives: To investigate the cross-sectional and prospective associations between 
behaviour and cognitive problems and malnutrition in long-term care facilities (LTCF).

Design: Cross-sectional and prospective routine care cohort study.

Setting: 6874 Residents in Dutch LTCFs (period 2005-2020)

Participants: Data were obtained from the InterRAI-LTCF instrument. Cross-sectional 
analyses on prevalence of malnutrition at admission included 3722 residents. Prospective 
analyses studied incident malnutrition during stay (total follow-up time 7104 years) and 
included data of 1826 residents with first measurement on admission (‘newly-admitted’) 
and n=3152 with first measurement on average ~1 year after admission (‘existing’).

Measurements: InterRAI scales for communication problems (CS), aggressive behaviour 
(ABS), social engagement (RISE), depressive symptoms (DRS), cognitive performance 
(CPS) and the total number of behaviour and cognitive problems were investigated as 
independent variables and malnutrition (ESPEN 2015 definition) as dependent variable 
in regression analyses. Results were stratified for gender and group ‘newly-admitted’ vs. 
‘existing’.

Results: On admission, 9.5% of residents was malnourished. In men, low social en-
gagement was associated with prevalence of malnutrition. In women, all behaviour 
and cognitive problems except depression were associated with malnutrition in the 
unadjusted analyses, but this attenuated in the full model taking all problems into 
account. The incidence of malnutrition during stay amounted to 8.9%. No significant 
associations of behaviour and cognitive problems with malnutrition incidence were 
seen in ‘newly-admitted’ male residents while in ‘existing’ male residents all determinants 
were significantly associated. In ‘newly-admitted’ female residents CS, ABS and CPS, and 
in ‘existing’ female residents CS, RISE, ABS and CPS were significantly associated with 
incident malnutrition. All associations slightly attenuated after adjustment. Malnutri-
tion incidence increased with increasing number of combined behaviour and cognitive 
problems.

Conclusion: Residents with behaviour and cognitive problems are at an increased risk 
of being malnourished at admission, or becoming malnourished during stay in a LTCF, 
especially residents with multiple behaviour and cognitive problems.



6

Behavioural-cognitive problems and malnutrition in long-term care facilities 89

Background

The European population of 65 years and older is expected to increase from 19% 
nowadays, towards 28.5% in 2050 [183]. Many European countries encourage ‘ageing-
in-place’, whereby most older adults remain living in their own home and community 
with or without (informal) care [184]. Ageing-in-place enables older adults to remain as 
autonomic, independent and (socially) active as possible [185,186]. Based on this policy, 
older adults only move to residential care facilities when their level of dependency is 
high and home-care is no longer sufficient [187]. Older adults with severe behaviour and 
cognitive problems become affected in their (instrumental) activities of daily living (ADL) 
[188,189], and this puts a high burden on formal and informal care at home [190]. When 
people with advanced behaviour and cognitive problems become fully care-dependent, 
they are more likely to become institutionalized [190–192].

While still living at home, the ability to perform grocery shopping and prepare meals 
is one of the first functions that is lost in older adults with cognitive decline, herewith 
increasing the risk of impaired food intake [188]. Previous cross-sectional studies 
have shown a clear association between cognitive impairment and the presence of 
malnutrition, both in the community and during stay in a long-term care facility (LTCF) 
[103,193–196]. However, studies describing incident malnutrition during stay in a LTCF 
in residents suffering from behaviour and cognitive problems are lacking.

We hypothesize that residents with behaviour and cognitive problems are at increased 
risk to be already malnourished at admission to a LTCF, or to become malnourished 
during stay. Therefore, the aim is of this study is to describe the cross-sectional and 
long-term associations between behaviour and cognitive problems at admission, mal-
nutrition prevalence at admission and incident malnutrition during stay in a LTCF in a 
large population.

Methods

Data source
Data were obtained from InterRAI; a non-profit international multidisciplinary collabora-
tion that aims to improve quality of life of older adults through systematic, accurate and 
standardized data collection of residents’ physical and psychosocial functioning [197]. 
A specific assessment form was developed for each healthcare setting [198]. The RAI 
Long-Term Care Facilities (LTCF) assessment form is a minimum data set (MDS) which 
includes nineteen sections, including residents’ nutritional, cognitive and psychosocial 
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status. The assessment form is administered by trained nurses in interaction with the 
residents, their family members and other health professionals [198]. Several studies 
have shown high validity and reliability of the assessment form [199–201].

Two groups were derived from residents admitted to a LTCF: the ‘newly admitted’ and 
the ‘existing’ residents. The newly admitted group had their first assessment taken place 
within one month after admission to a LTCF (‘admission assessment’); thereafter resi-
dents were monitored typically with quarterly or semi-annual follow-up assessments.

When a LTCF started using InterRAI, no ‘admission assessment’ was performed for the 
residents who were already living in that facility (‘existing’ residents).  A ‘delayed first 
assessment’ was then noted as first measurement.

Dutch InterRAI subjects (aged ≥ 65 years) living in LTCF between 2005 and 2020 were 
included in this study. In total, 4190 residents with an ‘admission assessment’ were 
available, median time to first assessment was 16 days [IQR: 7-30] after admission. These 
residents represent ‘newly-admitted’ residents.

In contrast, the ‘existing’ residents are defined by having had their first measure after 
their initial admission. In total 5592 residents with a ‘delayed first assessment’ were avail-
able and this assessment took place with a median time of 345 [IQR: 117 -914] days in 
male and 546 [IQR: 165-1363] days in female residents after their initial admission. Thus, 
the defining difference between the groups is the time elapsed between their admission 
and their first assessment, which was shorter in the newly admitted group and longer in 
the ‘existing’ residents’ group.

Inclusion criteria cross-sectional analyses
For the cross-sectional analyses, only data of ‘admission assessments’ were used 
(n=4190). Residents were included if data regarding malnutrition status were available. 
Exclusion criterion was presence of end-stage disease, i.e. terminally ill residents with a 
life expectancy <6 months as indicated by the treating physician, to exclude residents 
with incurable malnutrition. After exclusion, 3722 residents were available for analyses.

Inclusion criteria prospective analyses
For the prospective analyses, first assessment data of ‘newly-admitted’ residents as well 
as first assessment data of ‘existing’ residents and all subsequent follow-up measure-
ments were used. Residents were included when they were not malnourished at their 
first available measurement and had one or more follow-up measurements where nutri-
tion status was measured. Exclusion criterion was presence of end-stage disease at first 
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or last measurement. After exclusion, 4978 residents were available for analyses. Figure 
1 provides an overview of the in- and exclusion processChapter 6 
 

 
 
 
 
 
  

Figure 1, flowchart of included participants in cross-sectional and prospective analyses.

Measurements
We used the following InterRAI scales for behaviour and cognitive problems as inde-
pendent variables: Communication Scale (SC), Cognitive Performance Scale (CPS), 
Depression Rating Scale (DRS), Revised Index of Social Engagement (RISE), Aggressive 
Behaviour Scale (ABS) and total number of behavioural-cognitive problems. Malnutri-
tion based on the ESPEN 2015 criteria was used as dependent variable.

Communication Scale (CS)
The CS is a standardized questionnaire that assesses the communication performance 
of subjects living in a LTCF. It consists of two communication items (understanding oth-
ers, making oneself self-understood). The scale provides a score ranging from 0 (good 
communication performance) till 8 (poorest communication performance)[202]. No 
validated cut-off values are available for CS but previous research showed that a cut-off 
value of  ≥3 will identify the 10% most severe cases with communication problems [203]. 
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The CS was dichotomized into good communication performance (CS ≤2) or moderate 
to severe impairment (CS ≥3).

Cognitive Performance Scale (CPS)
The CPS is a standardized and validated questionnaire containing five items (decision 
making, memory, disordered thinking, change in mental status, change in decision mak-
ing) to assess cognitive performance of subjects living in a LTCF [204,205]. It provides a 
total score ranging from 0 (cognitive performance intact) till 6 (very severe cognitive 
impairment) [205]. The CPS has been validated against the MMSE, whereby a CPS score 
of 2 equals a MMSE score of 19 [205].  Therefore, the CPS scale was dichotomized into 
≤2 and ≥3.

Depression Rating Scale (DRS)
The DRS is a standardized and validated screening questionnaire to screen for depressive 
symptoms in subjects living in a LTCF [206,207]. It includes seven depressive mood and 
behavioural indicators (negative statements, anger, unrealistic fears, health complaints, 
anxious complaints, sad expressions, crying). All indicators have possible scores of 0 
(indicator not present during the past 30 days), 1 (indicator present 1 till 5 times a week) 
or 2 (indicator present 6 or 7 days a week), resulting in a total maximum score of 14.  A 
total score ≥ 3 indicates a resident is at risk for depression [207]. Therefore, this item was 
dichotomized in low (≤2) or high depression risk (≥3).

Revised Index of Social engagement (RISe)
The RISE is a standardized and validated measure of social engagement of subjects living 
in a LTCF [208]. It includes six dichotomous indicators of social engagement (initiating 
social interaction, accepting social interaction, activity participation, accepting invita-
tions and facility involvement). The scale provides a score ranging from 0 (poor social 
engagement) till 6 (high social engagement) [208]. Based on the original validation pa-
per of RISE, a cut-off of ≤2 reflects a division between low- and high functioning people 
[209]. Therefore, the RISE was dichotomized into low social engagement (RISE score ≤2) 
and high social engagement (RISE score ≥3). The high social engagement group (RISE 
score ≥3) was chosen as reference group in our analysis.

aggressive behaviour scale (aBS)
The ABS is a validated four-item scale based on the following items: verbal abuse, physi-
cal abuse, socially inappropriate behaviour and resisting care [210].  These items are 
coded as: not present (0), present in last three days (1), happened once or twice in three 
days (2) or daily (3). Based on the four items, scores range from 0-12, and higher scores 
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indicate aggressive behaviour. The ABS was dichotomized into no aggressive behaviour 
(ABS=0) or aggressive behaviour present (ABS ≥1) [210].

Total number of behaviour and cognitive problems
Based on the dichotomized scores of the scales mentioned above, a sum score of CS, CPS, 
DRS, RISE, ABS was created, which indicated on how many of the behavioural-cognitive 
scales problems were identified (range 0-5).

Malnutrition
The primary end point of this study was malnutrition based on the ESPEN 2015 criteria; 
Body Mass Index (BMI) < 18.5 kg/m², or weight loss  (5% during last month or 10% in six 
months), in combination with a reduced age-specific BMI  (< 20 kg/m² < 70 years or < 22 
kg/m² ≥ 70 years) [45].

Covariables
Data on age, gender, living status before admission (together vs. alone) and number of 
underlying diseases were obtained from the RAI-LTCF Assessment Form.

ethical considerations
InterRAI assessments are performed for clinical purposes as part of routine care. Data 
is de-identified and thereafter transferred to the InterRAI database at the Amsterdam 
University Medical Centres – Location VUmc. Residents are informed (by their practice 
nurse, through newsletters, posters and website) in general terms that their data can 
be used for research purposes. Residents can object against use of their data and an 
opt-out procedure is available therefore. The Ethical committee of VUmc approved the 
use of data for research in this way.

Statistical analysis
All statistical analyses were performed in SPSS version 25 (IBM Corp., Armonk, New York, 
USA). Descriptive statistics were stratified by nutritional status and gender. Normality 
was checked by QQ-plots and stem-and-leaf plots. Means with standard deviations were 
used to describe continuous variables and numbers and percentages for categorical 
data. Logistic regression analyses were used to study the associations between CPS, 
CS, DRS, RISE, ABS and total number of behaviour and cognitive problems (indepen-
dent variables), and malnutrition (dependent variable). Kaplan-Meier curves and Cox 
Proportional Hazard regression analyses were performed with malnutrition as event 
and CPS, CS, DRS, RISE, ABS, and total number of behaviour and cognitive problems as 
independent variables. Time to event was defined as days between first available assess-
ment and the first follow-up assessment where malnutrition occurred. If someone was 
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categorized as malnourished, all further follow-up measurements were removed. Resi-
dents who stayed well-nourished during their total follow-up period were censored and 
event time ended at their latest available measurement. Kaplan-Meier curves provided a 
graphical evaluation of the proportional hazard assumption. As these assumptions were 
met, Cox Proportional Hazard regression analyses were performed.

Stratification for gender was based on the significance of interaction terms (behaviour-
cognitive problem * gender). In the cross-sectional analyses this interaction term 
was significant (p<0.10) [211] for RISE, CPS and total number of behaviour-cognitive 
problems. In the prospective analyses, interaction terms for DRS and total number of 
behaviour-cognitive problems were statistically significant.

Thereafter, we tested whether there was effect modification by type of first assessment 
in the prospective analyses (behaviour-cognitive problem * type of first assessment). 
Significant interaction terms (p<0.10) [211] were seen for male gender (CS, DRS, ABS, 
CPS and total number of behaviour-cognitive problems). Based on this number of sig-
nificant interaction terms and the large differences in effect sizes between men/women 
and newly-admitted/existing residents, we decided to present four different strata (for 
illustration, see appendix 1 for additional Kaplan-Meier curves on CS).

As previous studies showed that malnutrition is related to very old age (≤ 90 years vs. 
≥ 91 years) [212], number of comorbidities (≤1 vs. ≥2) [67,117] and living status before 
admission (alone vs. together) [49], all regression analyses were adjusted for these 
variables (model 1). As most behavioural-cognitive problems are associated with each 
other, a full model was created which included in addition all five determinants (CS, DRS, 
RISE, ABS and CPS) (full model).

Results

Cross-sectional analysis
Table 1 shows the characteristics of the 3722 included residents at LTCF admission. Most 
residents were women (67.6%), lived alone before admission (64.3%), were aged <90 
years (81.9%) and their BMI was within the normal range (mean 24.7 kg/m2, SD 4.6). 
Prevalence rates of behavioural-cognitive problems ranged from 22.4% for aggressive 
behaviour (ABS) to 27.8% for depression risk (DRS).

In total, 88 male residents (7.3%) and 266 (10.6%) female residents were malnourished at 
admission. In women, prevalence rates of malnutrition ranged from 12.5-13.5% for each 
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of the behaviour and cognitive problems. In male residents, malnutrition was lowest 
(6.5%) in residents with cognitive problems and highest (10.4%) in residents with low 
social engagement (table 2).

Bivariate analyses showed that CS, DRS, RISE and CPS were significantly associated with 
an increased odds of being malnourished in female residents. Adjustments for age, 
number of comorbidities and living status before admission had only minor influence 
(see appendix 2). In the full model associations attenuated, but a trend for higher preva-
lence of malnutrition in residents with behaviour and cognitive problems remained. In 
men, only RISE was significantly associated with malnutrition. In women, a clear trend 
(p-value <0.001) was seen between having multiple behavioural-cognitive problems 
and prevalence of malnutrition. In male residents, this trend was not seen but power 
was low in this group.

Table 1, Characteristics of included participants at admission to LTCF, stratified by gender and nutritional status.

Male
N=1207 (32.4%)

Female
N=2515 (67.6%)

Total
N=3722

Malnourished
N=88 (7.3%)

Well-nourished
N=1119 (92.7%)

Malnourished
N=266
(10.6%)

Well-nourished
N=2249 (89.4%)

age (years)

≤ 89 years
≥ 90 years

82.8 (SD:6.8)

75 (85.2%)
13 (14.8%)

81.8 (SD:7.2)

963 (86.1%)
156 (13.9%)

84.3 (SD:7.0)

197 (74.1%)
69 (25.9%)

83.7 (SD:6.9)

1815 (80.7%)
434 (19.3%)

83.1 (SD:7.1)

3050 (81.9%)
672 (18.1%)

BMI 18.5 (SD:2.1) 25.5 (SD:3.9) 18.1 (SD:1.9) 25.3 (SD:4.1) 24.7 (SD:4.6)

Living status before 
admission
Alone
Together
Missing

49 (55.7%)
39 (44.3%)

0

523 (46.7%)
590 (52.7%)

6 (0.5%)

187 (70.3%)
78 (29.3%)

1 (0.4%)

1636 (72.7%)
602 (26.8%)

11 (0.5%)

2395 (64.3%)
1309 (35.2%)

18 (0.5%)

Number of underlying 
diseases
≤ 1
≥ 2

33 (37.5%)
55 (62.5%)

396 (35.4%)
723 (64.6%)

107 (40.2%)
159 (59.8%)

862 (38.3%)
1387 (61.7%)

1398 (37.6%)
2324 (62.4%)

CS
≤ 2
≥ 3
Missing

62 (70.5%)
26 (29.5%)

0

783 (70.0%)
336 (30.0%)

0

187 (70.3%)
79 (29.7%)

0

1736 (77.2%)
511 (22.7%)

2 (0.1%)

2768 (74.4%)
952 (25.6%)

2 (0.1%)

DRS
≤ 2
≥ 3
Missing

61 (69.3%)
27 (30.7%)

0

842 (75.2%)
273 (24.4%)

4 (0.4%)

170 (63.9%)
93 (35.0%)

3 (1.1%)

1601 (71.2%)
641 (28.5%)

7 (0.3%)

2674 (71.8%)
1034 (27.8%)

14 (0.4%)
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Table 1, Characteristics of included participants at admission to LTCF, stratified by gender and nutritional status. 
(continued)

Male
N=1207 (32.4%)

Female
N=2515 (67.6%)

Total
N=3722

Malnourished
N=88 (7.3%)

Well-nourished
N=1119 (92.7%)

Malnourished
N=266
(10.6%)

Well-nourished
N=2249 (89.4%)

RISe

≤ 2
≥ 3
Missing

34 (38.6%)
53 (60.2%)

1 (1.1%)

292 (26.1%)
821 (73.4%)

6 (0.5%)

77 (28.9%)
188 (70.7%)

1 (0.4%)

503 (22.4%)
1736 (77.2%)

10 (0.4%)

906 (24.3%)
2798 (75.2%)

18 (0.5%)

aBS
0
≥ 1
Missing

63 (71.6%)
25 (28.4%)

0

818 (73.1%)
300 (26.8%)

1 (0.1%)

202 (75.9%)
64 (24.1%)

0

1801 (80.1%)
444 (19.7%)

4 (0.2%)

2884 (77.5%)
833 (22.4%)

5 (0.1%)

CPS
≤ 2
≥ 3
Missing

64 (72.7%)
24 (27.3%)

0

772 (69.0%)
340 (30.4%)

7 (0.6%)

184 (69.2%)
80 (30.1%)

2 (0.8%)

1701 (75.6%)
530 (23.6%)

18 (0.8%)

2721 (73.1%)
974 (26.2%)

27 (0.7%)

Number of behavioural-
cognitive problems
0
1
2
3
4
5
Missing

26 (29.5%)
28 (31.8%)

8 (9.1%)
16 (18.2%)

6 (6.8%)
4 (4.5%)

0

425 (38.0%)
259 (23.1%)
177 (15.8%)
135 (12.1%)

92 (8.2%)
31 (2.8%)

0

91 (34.2%)
61 (22.9%)
51 (19.2%)
32 (12.0%)
21 (7.9%)
10 (3.8%)

0

997 (44.3%)
526 (23.4%)
321 (14.3%)
215 (9.6%)
124 (5.5%)
64 (2.8%)
2 (<0.1%)

1539 (41.3%)
874 (23.5%)
557 (15.0%)
398 (10.7%)
243 (6.5%)
109 (2.9%)
2 (<0.1%)

Data is shown as mean (Standard deviation) or as number (percentage)
Abbreviations: BMI (body mass index), CS (communication scale), DRS (depressive rating scale), RISE (revised index of social 
engagement), ABS (aggressive behaviour scale), CPS (cognitive performance scale).
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Table 2, Odds Ratio’s for CPS, CS, DRS, RISE, ABS and total number of behavioural-cognitive problems in relation 
to malnutrition, stratified by gender.

Male
N=1297 (32.4%)

Female
N=2515 (67.6%)

Malnutrition
prevalence

Bivariate
analyses

Full model* Malnutrition
prevalence

Bivariate
analyses

Full model*

CS
 ≤ 2
 ≥ 3

7.3%
7.2%

Ref.
0.98

(0.61-1.57)

Ref.
1.08

(0.57-2.05)

10.2%
13.4%

Ref.
1.44

(1.08-1.90)

Ref.
1.21

(0.83-1.75)

DRS
≤ 2
≥ 3

6.8%
9.0%

Ref.
1.37

(0.85-2.19)

Ref.
1.35

(0.80-2.29)

9.6%
12.7%

Ref.
1.37

(1.04-1.79)

Ref.
1.22

(0.90-1.66)

RISe
≥ 3
≤ 2

6.1%
10.4%

Ref.
1.80

(1.15-2.83)

Ref.
1.80

(1.13-2.86)

9.8%
13.5%

Ref.
1.41

(1.07-1.88)

Ref.
1.33

(0.99-1.78)

aBS
0
≥ 1

7.2%
7.6%

Ref.
1.08

(0.67-1.75)

Ref.
0.96

(0.55-1.67)

10.1%
12.5%

Ref.
1.29

(0.95-1.73)

Ref.
1.04

(0.73-1.48)

CPS
≤ 2
≥ 3

7.7%
6.5%

Ref. †
0.85

(0.52-1.39)

Ref.
0.77

(0.40-1.48)

9.7%
13.5%

Ref. †
1.40

(1.06-1.85)

Ref.
1.06

(0.73-1.54)

Number of behavioural-
cognitive problems

0

1

2

3

4

5

P-value test for trend

26 (5.8%)

28 (9.8%)

8 (4.3%)

16 (10.6%)

6 (6.1%)

4 (11.4%)

Ref. †

1.76
(1.01-3.07)

0.74
(0.33-1.66)

1.96
(1.02-3.76)

1.06
(0.43-2.65)

2.24
(0.73-6.86)

0.291

Ref.

1.79
(1.02-3.12)

0.77
(0.34-1.73)

2.11
(1.09-4.08)

1.13
(0.44-2.83)

2.37
(0.77-7.30)

0.188

91 (8.4%)

61 (10.4%)

51 (13.7%)

32 (13.0%)

21 (14.5%)

10 (13.5%)

Ref. †

1.27
(0.90-1.78)

1.74
(1.21-2.51)

1.60
(1.03-2.46)

1.88
(1.13-3.13)

1.71
(0.85-3.43)

0.001

Ref.

1.24
(0.88-1.75)

1.72
(1.19-2.49)

1.58
(1.02-2.45)

1.82
(1.08-3.05)

1.68
(0.83-3.41)

0.001

Data is shown as percentage or odds ratios with 95% confidence interval.
Abbreviations: CS (communication scale), DRS (depressive rating scale), RISE (revised index of social engagement), ABS 
(aggressive behaviour scale), CPS (cognitive performance scale) N.A. (Not applicable).
* For behavioural-cognitive scales, model consist of: CS, DRS, RISE, ABS, CPS, age category (≤ 89 years vs. ≥ 90 years), num-
ber of comorbidities (≤1 vs. ≥2) and living status before admission (alone vs. together). For total number of behavioural-
cognitive problems, model consist of total number of behavioural-cognitive problems, age category (≤ 89 years vs. ≥ 90 
years), number of comorbidities (≤1 vs. ≥2) and living status before admission (alone vs. together).
† significant interaction term (p<0.10) between behavioural-cognitive problem and gender
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Prospective analysis
As depicted in table 3, data of 4978 residents were available for the prospective analy-
sis, 1,826 with an ‘admission assessment’ (‘newly-admitted’ residents) and 3,152 with a 
‘delayed first assessment’ as reference assessment (‘existing’ residents).  Most residents 
were women (71.3%), aged <90 years (78.5%), had ≥2 diseases (61.6%), and a mean 
BMI of 25.7 kg/m2. Nearly 1 out of 3 residents had depressive symptoms based on DRS 
(31.0%), other behavioural-cognitive problems ranged between 25.5-28.0%.

Total follow-up of all participants was 7104 residents’ years with a median individual fol-
low up of 357 days. During this period, 17217 follow-up measurements were performed 
(including last assessment). Incident malnutrition occurred in 106 (7.4%) male residents 
and 337 (9.5%) female residents. Incident malnutrition per follow-up year was lowest 
in ‘existing’ male residents (0.052 per follow-up year) and highest in ‘newly-admitted’ 
female residents (0.071 per follow-up year).

As shown in table 4, none of the behaviour and cognitive problems was significantly asso-
ciated with incident malnutrition in ‘newly-admitted’ male residents (n=599). In contrast, 
in ‘existing’ male residents (n=831), all behavioural-cognitive problems were associated 
with incident malnutrition in the bivariate analyses. Like in the cross-sectional analysis, 
adjustments for age, number of comorbidities and living status before admission had 
little influence (appendix 2). In the full model a clear trend was seen for an increased risk 
of becoming malnourished for all behaviour and cognitive problems, although only for 
DRS this was statistically significant (HR:1.72 [95%CI: 1.00-2.96]).

In women, small differences were seen between ‘newly-admitted’ (n=1227) and ‘exist-
ing’ residents (n=2321) (Table 4). In the bivariate analysis, all behavioural-cognitive 
problems (except DRS in both groups and RISE in ‘newly-admitted’ female residents) 
were significantly associated with incident malnutrition. In the full model, only commu-
nication problems remained independently associated with becoming malnourished 
in ‘newly-admitted’ female residents (CS HR:2.32 [95%CI: 1.40-3.86]). No clear trend was 
seen for the other behaviour and cognitive problems.

Having more behaviour and cognitive problems was related to a higher risk of becoming 
malnourished. In ‘newly-admitted’ male residents this was not observed, but in ‘existing’ 
male residents as well in both female groups this was observed (p-value test for trend 
<0.001). Especially in ‘existing’ male residents high HRs were observed, with HR’s ranging 
from 6.03-9.88 for 4-5 behaviour and cognitive problems. In female residents, we found 
an increased risk of malnutrition in residents with 1-3 behavioural-cognitive problems 
(HR’s ranging from 1.05-1.66), and this was even stronger for residents with 4-5 problems 
(HR’s ranging from 2.71-3.55) (Table 4).
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Table 4, Hazard ratio’s for CPS, CS, DRS, RISE, ABS and total number of behavioural-cognitive problems in rela-
tion to malnutrition, stratified by gender and assessment type.

‘Admission assessments’ in
‘newly-admitted’ residents

‘Delayed first assessments’ in
‘existing’ residents

Bivariate analyses Full model* Bivariate analyses Full model*

CS         ref ≤ 2
Male        ≥ 3
Female    ≥ 3

1.02 (0.50-2.10)†,d
2.46 (1.65-3.67)†

0.69 (0.28-1.70)
2.32 (1.40-3.86)

2.94 (1.79-4.84)d
1.83 (1.39-2.41)

1.67 (0.86-3.26)
1.44 (0.97-2.14)

DRS       ref ≤ 2
Male        ≥ 3
Female    ≥ 3

1.14 (0.54-2.41)d
1.15 (0.75-1.76)

1.05 (0.48-2.30)
0.76 (0.46-1.24)

2.55 (1.56-4.18)†,d
1.11 (0.85-1.46)†

1.72 (1.00-2.96)
0.94 (0.70-1.26)

RISe     ref ≥ 3
Male       ≤ 2
Female   ≤ 2

1.27 (0.65-2.50)
1.26 (0.80-2.00)

1.39 (0.70-2.76)
1.02 (0.62-1.67)

1.92 (1.18-3.12)
1.49 (1.12-1.96)

1.40 (0.84-2.33)
1.27 (0.95-1.70)

aBS      ref = 0
Male       ≥ 1
Female   ≥ 1

0.80 (0.38-1.70)d,†
1.61 (1.05-2.47)†

0.67 (0.30-1.51)
1.29 (0.80-2.08)

2.60 (1.59-4.24)d,†
1.39 (1.04-1.85)†

1.54 (0.86-2.74)
1.14 (0.82-1.58)

CPS      ref ≤ 2
Male       ≥ 3
Female   ≥ 3

1.47 (0.77-2.79)
1.78 (1.17-2.68)

2.17 (0.95-4.97)
1.06 (0.63-1.78)

2.75 (1.67-4.52)
1.74 (1.32-2.29)

1.42 (0.72-2.80)
1.33 (0.90-1.98)

Number of behavioural-
cognitive problems
Male

0
1
2
3
4
5

P-value test for trend

Ref.†,d
0.81 (0.34-1.92)
1.64 (0.73-3.66)
1.71 (0.61-4.82)
1.08 (0.31-3.76)

N.A.

0.564

Ref.
0.81 (0.34-1.93)
1.67 (0.74-3.80)
1.70 (0.60-4.84)
1.05 (0.30-3.71)

N.A.

0.548

Ref.†,d
1.76 (0.76-4.07)
2.36 (1.02-5.45)
3.42 (1.47-7.93)

8.80 (3.99-19.45)
5.94 (2.18-16.21)

<0.001

Ref.
1.78 (0.77-4.12)
2.48 (1.06-5.77)
3.42 (1.46-8.01)

9.88 (4.40-22.21)
6.03 (2.18-16.72)

<0.001

Number of behavioural-
cognitive problems
Female
0
1
2
3
4
5

P-value test for trend

Ref.†
1.36 (0.82-2.28)
1.11 (0.59-2.10)
1.71(0.90-3.23)
3.54 (1.79-7.00)
2.97 (1.16-7.58)

0.001

Ref.
1.33 (0.80-2.23)
1.05 (0.55-2.00)
1.66 (0.87-3.17)
3.55 (1.79-7.05)
2.78 (1.07-7.24)

0.001

Ref.†
1.46 (1.04-2.05)
1.42 (0.96-2.10)
1.25 (0.77-2.03)
2.58 (1.65-4.03)
2.79(1.55-5.04)

<0.001

Ref.
1.42 (1.01-1.99)
1.49 (1.00-2.22)
1.29 (0.79-2.10)
2.71 (1.70-4.32)
3.06 (1.67-5.61)

<0.001

Data is shown as Hazard ratios with 95% confidence interval.
Abbreviations: CS (communication scale) DRS (depressive rating scale), RISE (revised index of social engagement), ABS 
(aggressive behaviour scale), CPS (cognitive performance scale), N.A. (Not applicable).
* For behavioural-cognitive scales, model consist of: CS, DRS, RISE, ABS, CPS, age category (≤ 89 years vs. ≥ 90 years), num-
ber of comorbidities (≤1 vs. ≥2) and living status before admission (alone vs. together). For total number of behavioural-
cognitive problems, model consist of total number of behavioural-cognitive problems, age category (≤ 89 years vs. ≥ 90 
years), number of comorbidities (≤1 vs. ≥2) and living status before admission (alone vs. together).
† significant interaction term (p<0.10) between behavioural-cognitive problem and gender
d significant interaction term (p<0.10) between behavioural-cognitive problem and type of first assessment
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Discussion

Our results show that approximately 9.5% of all LTCF residents with behaviour and 
cognitive problems are malnourished at admission and another 8.8% become malnour-
ished during stay. The more behaviour and cognitive problems, the higher the risk of 
developing malnutrition.

Our data indicate that behaviour and cognitive problems are related with incident mal-
nutrition in both men and women. For male residents in the cross-sectional and in the 
prospective analyses of ‘newly-admitted’ residents, no clear relation with malnutrition 
was seen for most behaviour-cognitive problems. However, among ‘existing’ residents, 
a clear relation between behaviour-cognitive problems and malnutrition was observed, 
indicating that the manifestation is later in men. In female residents, such a difference 
between ‘newly-admitted’ and ‘existing’ residents was not seen and their risk was more 
stable over time.

As was seen in the cross-sectional analyses, male residents are entering LTCFs in a better 
nutritional state compared to women. We hypothesize that this could be explained by 
the home situation before admission; women traditionally prepare meals, and take care 
of their husbands with behavioural-cognitive problems. The other way around is usually 
more problematic, as older men generally lack cooking skills [213]. Male residents were 
more frequently living with a partner or children and might therefore have been better 
taken care of before admission to LTCF, and this may explain the lower malnutrition rates 
at admission. This effect seemed to decrease over time and malnutrition developed in 
male ‘existing’ residents as well. We thus suggest to take preventative measures in the 
first year after admission to LTCF.

Our statistical models showed attenuating associations when all behaviour and cog-
nitive problems were included. The attenuation of all effect-sizes within a model can 
only be explained by the presence of multiple behavioural-cognitive problems within 
one person. Indeed, most residents with behaviour and cognitive problems had more 
than one problem, which reflects reality; the more problems, the higher the risk to be 
become malnourished. This may explain the observed loss of significance after includ-
ing all problems in the model. Interventions to prevent malnutrition should therefore 
especially focus on residents with multiple behaviour and cognitive problems.

The prevalence of malnutrition at admission in our sample was 9.5% which was lower 
compared to a recent meta-analysis[67] where 17.5% was malnourished. However, in 
the meta-analysis most studies assessed malnutrition during stay, which also includes 
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long-stay residents. In addition, different definitions of malnutrition were used: the 
review was based on screening tool outcomes, while we used the ESPEN 2015 defini-
tion, which strongly relies on BMI. As BMI is relatively high in older adults, the ESPEN 
2015 definition is thought to underestimate the prevalence of malnutrition [214]. For 
incidence rates, the underestimation might be even stronger. During stay, residents with 
overweight/obesity are not likely to lose weight to the extent that they fall below the 
cut-off points from the ESPEN 2015 definition. Therefore, we suggest to implement the 
recently published GLIM criteria [47] in the InterRAI minimum dataset form in the future 
as these criteria rely less on BMI [214].

We decided not to adjust our analyses for BMI at first measurement. Within the ESPEN 
definition, a high BMI is protective for developing malnutrition in the future as one can 
only be categorized as malnourished by having a low age-specific BMI combined with 
recent weight loss, or by having a very low BMI (<18.5 kg/m2). In accordance with this 
definition, weight loss alone will not trigger these cut-off values in older adults with a 
high BMI. By adjusting for BMI at baseline, a potential real protective effect of BMI would 
have been removed, and lead to over-adjustment.

To the best of our knowledge, this is the first study in a residential-care setting on the 
prospective associations between behavioural-cognitive problems and malnutrition. 
Two previous prospective studies in the community and sheltered-house setting 
reported significant associations between poor cognition and malnutrition [215,216]. 
In contrast, one study showed no such association but in this study a relatively high 
cut-off value for cognitive problems was used (MMSE<24) [217]. Previous research on 
the association between depression and malnutrition showed contrasting results  as 
a significant association was seen in Schilp et al. [217], but not in Mamhidir et al. [216]. 
Neither study adjusted for other behavioural-cognitive problems, while we have shown 
that the combination of problems increases the risk.

For most behaviour and cognitive problems, a stronger relation with malnutrition was 
seen in the prospective analysis compared to the cross-sectional analysis. This probably 
is because  behavioural-cognitive problems are progressive over time [218–220], and 
this is thought to directly affect the risk of malnutrition i.e. the worse the condition of 
the resident, the higher the malnutrition risk. At admission, most residents still have 
mild or moderate cognitive problems [221] and consequences regarding malnutrition 
can easily be addressed by regular care [222]. However, during stay, residents are known 
to further lose cognitive functions and to become more care dependent [223]. Severe 
cognitive decline or dementia can even result in swallowing and chewing problems, 
and refusal to eat and drink [224]. These problems require extensive individualized care. 
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For daily care, we suggest to routinely check whether standard nutritional care is still 
sufficient in the light of someone’s cognitive decline or if more individualized care is 
needed.

Strengths and weaknesses
Strong points of our study were the large number of residents and large total follow-up 
years.

The mean follow-up period per person of approximately one year may be relatively 
short for a prospective study on malnutrition, but is in accordance with the average 
length of stay in a LTCF. We excluded residents with end-stage disease, i.e. terminally ill 
residents with a life expectancy <6 months, at their first or last measurement to exclude 
residents with incurable malnutrition. In general, treatment of malnutrition in nursing 
homes, either curative or palliative, should be guided by the stage of life of residents and 
their personal wishes to be treated [225].

A weakness of our data may be the relative long interval between measurements. 
Unobserved changes in nutritional status may have taken place between two mea-
surements. On the other hand, nutritional status of most persons is relatively stable. 
Furthermore, we used dichotomized outcomes for all behaviour-cognitive problems as 
this better reflects the clinical situation. Note that for ABS four categories are described 
in the validation paper (0, 1-2, 3-5, ≥6) but we did not have enough power in the 3-5 
and ≥6 category, hence we decided to dichotomize it in ABS problems present no/yes 
(ABS=0 vs. ABS ≥1) [210]. Lastly, we used cognitive status at first available measurement 
as independent variable. Residents without behaviour and cognitive problems at first 
assessment could have developed these problems during their stay. This could have led 
to an underestimation of the effect sizes.

Conclusion

Residents in LTCF with behaviour and cognitive problems are at an increased risk of being 
malnourished at admission and to become malnourished during stay, and more specifi-
cally during long-term stay. Male residents with behaviour and cognitive problems are 
in better nutritional condition at admission and seem to develop malnutrition in a later 
stage compared to female residents. This emphasizes the need of early identification 
and treatment of malnutrition in residents with behavioural-cognitive problems.
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abstract:

Background & aims: Disease and malnutrition are known to co-occur in residents of 
long-term care facilities (LTCF). Prospective data on the association between diseases 
and the incidence of malnutrition are so far lacking. We assessed which diseases and 
health-related problems are associated with malnutrition at admission and during stay 
and how different definitions of malnutrition affect these associations.

Methods: Data of Dutch LTCF residents were obtained from the InterRAI-LTCF instru-
ment (period 2005-2020). We analysed the association of presence of diseases (diabetes, 
cancer, pressure ulcers, neurological, musculoskeletal, psychiatric, cardiac- infectious- 
and pulmonary diseases) and health-related problems (aspiration, fever, peripheral oe-
dema, aphasia, pain, supervised/assisted eating, balance-, psychiatric-, GI tract-, sleep-, 
dental- and locomotion problems) with malnutrition at admission (n=3713) as well as 
with the incidence of malnutrition during stay (n=3836, median follow-up ~1 year). Mal-
nutrition was defined by three separate (sets of ) variables: recent weight loss (WL), low 
age-specific BMI (BMI) and ESPEN 2015 definition (ESPEN). Associations were adjusted 
for gender, age, living status before admission, and admission year.

Results: Prevalence of malnutrition at admission ranged from 8.8% (WL) to 27.4% (BMI); 
during stay incident malnutrition ranged from 8.9% (ESPEN) to 13.8% (WL). At admis-
sion, most diseases (except cardiometabolic diseases) and health-related problems 
were associated with higher prevalence of malnutrition based on either criterion, but 
strongest with WL. This was also seen in the prospective analysis, but relationships were 
less strong compared to cross-sectional analysis.

Conclusion: A considerable number of diseases and health- related problems are 
associated with an increased prevalence of malnutrition at admission, as well as with 
incident malnutrition during stay in LTCFs. Low BMI is a good indicator of malnutrition 
at admission. The strongest relations between diseases and health-related problems 
were with WL. Therefore, we advise to use both BMI and WL at admission, and to closely 
monitor weight (changes) during stay.
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Introduction

With the ageing population in Europe, the share of people aged >65yrs will increase to 
30% in 2055 [226]. This process will lead to an increased number of frail, older adults 
who are highly care dependent [227].  The Dutch government policy aims to allow older 
adults to live at home for as long as possible. However, when care requirements become 
too high and care can no longer be provided at home, admission to a long-term care 
facility (LTCF) may be inevitable [190]. As a consequence, residents in LTCFs often suffer 
from multiple medical conditions such as dementia, neurological diseases, diabetes and 
cardiovascular diseases[228].

The high disease burden of residents in LTCFs increases their risk of becoming malnour-
ished. Disease activity in older adults can reduce their ability to consume or digest food 
[61,229–231], while inflammation can increase protein and energy needs. Worldwide, 
about 17.5-28.7% of all residents in LTCFs is reported to be malnourished [67,232]. Mal-
nutrition, in turn, can increase the risk of developing diseases, thus creating a perpetual 
circle [151].

As admission to a LTCF marks the latest phase in life, residential care should focus on 
function preservation and optimizing quality of life. A good nutritional status can 
contribute to this as malnutrition is associated with function loss and impaired qual-
ity of life [25,233,234]. To provide optimal nutritional care directly after admission and 
during stay, it is important to know which diseases are related to being or becoming 
malnourished. Previous studies have shown that several diseases (a.o. dementia, depres-
sion, cancer, pressure ulcers and COPD) and health-related problems (dysphagia, eating 
and chewing problems) are associated with malnutrition in LTCF residents [196,235]. 
However, most studies conducted so far used cross-sectional data, collected at a none-
specified time-point during stay, providing no evidence about time of onset (before or 
after admission) of malnutrition. It is therefore unclear whether residents with diseases 
and health-related problems were already malnourished at admission, or became dur-
ing stay.

In addition, previous studies used different criteria to assess malnutrition (recent weight 
loss, low BMI or the combination of both (ESPEN 2015 criteria [45])) which could have 
affected the results. For example, residents with cardiometabolic diseases, which are 
related to a high BMI, are not likely to trigger the cut-off value for low BMI despite recent 
weight loss. On the other hand, in slowly developing and chronic diseases like chronic 
pulmonary disease and neurological problems, weight loss may also occur slowly and 
therefore the criteria for malnutrition based on >5% of >10% reduction in body weight 
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over 1 or 6 months, respectively, will not be met. In addition, the reported prevalence 
rates are expected to represent an underestimation of malnutrition in LTCFs. At the same 
time, it remains unclear how different criteria to define malnutrition affect prevalence 
rates and which definitions can be used best to identify participants at risk of malnutri-
tion at admission and during stay.

In this study we assessed the prevalence of diseases and health-related problems in LTCF 
residents at admission and during stay, and investigated heir relation to recent weight 
loss, low BMI or a combination of both.

Methods

Data source
For this research we used cross-sectional as well as prospective data obtained from the 
Dutch InterRAI database for Long-Term Care Facilities (InterRAI LTCF). These data have 
been previously described by our group [236].

InterRAI LTCF is an instrument for healthcare providers to systematically obtain informa-
tion of about health conditions of LTCF residents. InterRAI LTCF is a so-called minimum 
dataset (MDS), firstly implemented in the Netherlands in 2005, covering up to ~50 
facilities in 2020. Trained nurses use a standardized assessment form to assess resident’s 
health status. The assessment form also contains questions regarding nutritional status 
(weight loss and BMI) and presence of diseases.

Each new resident is screened on average within a month after admission (admission 
assessment). Thereafter, follow-up assessments (same assessment form) are performed 
every 3-6 months. When a new LTCF first starts to use InterRAI, all existing residents 
are screened, despite not being recently admitted. This measurement can be seen as a 
‘delayed first assessment’ in InterRAI.

Dutch InterRAI subjects (aged ≥ 65 years) living in LTCF between 2005 and 2020 were 
included in this study. Two groups were derived: the ‘newly-admitted’ (those with an 
admission assessment) and the ‘existing’ residents (those with a ‘delayed first assess-
ment’). So, the difference between these two groups is the time elapsed between their 
admission and first assessment, which was shorter in the ‘newly-admitted’ group and 
longer in the ‘existing’ residents’ group.
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In total, 4190 residents with an ‘admission assessment’ were available, median time to 
first assessment was 16 days [IQR: 7-30] after admission. In total 5592 residents with a 
‘delayed first assessment’ were available and this assessment took place with a median 
time of 345 [IQR: 117 -914] days in male and 546 [IQR: 165-1363] days in female residents 
after their initial admission.

Inclusion criteria
Data of admission assessments (‘newly-admitted’ residents) were used to provide an 
overview of characteristics of the residents at admission and to perform cross-sectional 
analyses. Inclusion criteria were age ≥ 65 years and data on BMI and weight loss avail-
able. Exclusion criterion was presence of end-stage disease, i.e. terminally ill residents 
with a life expectancy <6 months as indicated by the treating physician, to exclude 
residents with incurable malnutrition. Total number of included residents for cross-
sectional analysis was 3713.

Prospective analyses were performed for residents (both ‘newly-admitted’ and ‘exist-
ing’) with more than one measurement available. In addition to the inclusion criteria 
described above, participants were excluded when being malnourished at first available 
measurement (defined as having low age-specific BMI <20 kg/m2 for residents <70 
years, or <22 kg/m2 for residents ≥70, or having recent weight loss (5% body mass in the 
last 30 days or 10% in the last 180 days)), or having end stage disease at first or/and last 
available measurement. Total number of included residents for prospective analysis was 
3836. Numbers and reasons for exclusion are shown in figure 1.
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Figure 1, flow diagram of in- and exclusion of residents for cross-sectional and prospective analysis

Measurements

Diseases
Within InterRAI, only physician-documented diagnoses are registered by checkboxes on 
the assessment form [237]. The following disease groups are used (with sub diagnoses 
in parentheses): neurological diseases (Alzheimer’s disease, other type of dementia, 
hemiplegia, paraplegia, quadriplegia, multiple sclerosis, Parkinson’s disease, stroke/
CVA), musculoskeletal diseases (hip or other fracture), cardiac diseases (coronary heart 
disease, congestive heart failure), psychiatric disorders (anxiety, bipolar disorder, depres-
sion, schizophrenia), infectious diseases (pneumonia, urinary tract infection), diabetes, 
cancer, chronic pulmonary disease, and pressure ulcers.

Health-related problems
Checkboxes are used in InterRAI to indicate the following health-related problems 
(with sub diagnoses in parentheses): balance problems (falls last month, difficulties 
self-standing, difficulties turning around, dizziness, unsteady gait), psychiatric problems 
(abnormal thought process, delusions, hallucinations), GI tract problems (acid reflux, 
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constipation, diarrhoea, vomiting), sleep problems (difficulty falling/staying asleep, too 
much sleep), dental problems (broken teeth, mouth pain, dry mouth, chewing prob-
lems, gum inflammation), aphasia, pain, locomotion (independent/with walking devise/
wheelchair/bedbound), eating help (independent (set-up help only)/supervised), aspi-
ration, fever, peripheral oedema.

Malnutrition
Three different (sets of ) criteria for malnutrition were used: recent weight loss, low age-
specific BMI and the ESPEN 2015 definition for malnutrition[45]. Recent weight loss (WL) 
was defined as a loss of 5% body mass in the last 30 days or 10% in the last 180 days. For 
low age-specific BMI (BMI) a cut-off value of  <20 kg/m2 was used for residents younger 
than 70 years and <22 kg/m2 was used for residents 70 years or older[45,47]. The ESPEN 
2015 criteria (ESPEN) consist of having either low age specific BMI ánd weight loss, or 
having very low BMI (<18.5 kg/m2).

Statistical analyses
All analyses were performed using SPSS 25. Descriptive statistics (mean with SD, or 
number with percentage) were used to describe characteristics of residents. Continuous 
data was checked for normality by using QQ-plots and stem-and-leaf plots.

Logistic regression models were used for all cross-sectional analyses. In these analyses 
on ‘newly-admitted’ residents, diseases and health-related problems, dichotomized in 
having 0 or ≥ 1 disease within one disease group, were used as independent variables 
and three criteria for malnutrition (WL, BMI or ESPEN) as separate dependent variables. 
Gender, age, age, year of admission (2005-2009, 2010-2014, 2015-2020) and living status 
before admission were added as covariates in the multiple logistic regression models as 
these factors are known to be related with malnutrition [67].

For the prospective analyses, the time to event (being malnourished) was defined in 
days as measured from the first available assessment till the first follow-up measurement 
when a resident was categorized as being malnourished. If a resident was categorized 
malnourished, all further follow-up measurements were ignored. If a resident was not 
malnourished in any follow-up measurement, the resident was censored at his latest 
measurement.

Results were visualized by Kaplan-Meier curves to check for the proportional hazard as-
sumption. Thereafter, Cox proportional hazard regression analyses were performed with 
diseases and health-related problems as independent variables and the three criteria 
for malnutrition (WL, BMI and ESPEN) as separate dependent variables, adjusting for 
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gender, age, year of admission (2006-2009, 2010-2014, 2015-2020) and living status 
before admission.

Post-hoc analysis, were performed to test the association between total number of 
diseases/health-related problems (total numbers were based on previously described 
categories) and malnutrition.

Effect-modification
A previous study on this data performed by our group showed effect modification by 
gender and type of first assessment (‘admission assessment’ vs. ‘delayed first assess-
ment’) [236]. Therefore, effect modification was tested based on interaction terms 
between diseases/health-related problems and gender, and type of first assessment. As 
none of these terms were significant (p<0.05), results were not stratified.

Results

Cross-sectional analyses at admission
As shown in table 1, most residents were female (67.6%), with mean age 83.1 year 
(SD:7.1), had a normal BMI (mean 24.7 kg/m2, SD:4.6) and were living alone before ad-
mission (64.3%). Most frequently reported diseases and health-related problems were 
balance problems (70.6%) and neurological diseases (65.4%). On average, residents had 
4.6 (SD:2.3) diseases.

Prevalence of malnutrition varied from 8.8% (recent weight loss) to 27.5% (low age-
specific BMI). Based on the ESPEN definition, 9.5% of all residents were malnourished. 
As shown in figure 1, within the population that was malnourished based on the ESPEN 
definition, most (69.5%) had a very low BMI (<18.5 kg/m2). In total, 31.7% were malnour-
ished based on any definition.
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Figure 2, malnourished residents stratified per definition of malnutrition

At admission, nearly all diseases and health-related problems were associated with 
higher prevalence of malnutrition defined by WL (Table 2). The strongest associations 
were found for being bedbound (OR: 4.80 [95%CI: 2.90-7.96]), having pressure ulcers 
(OR: 2.33 [95%CI: 1.68-3.22]) or having fever (OR:2.22 [95%CI: 1.02-4.83]).

When malnutrition was defined by either low BMI or ESPEN, results were differently. 
Cardiac diseases, diabetes, peripheral oedema and walking with a walking devise were 
associated with a lower prevalence of malnutrition.

Diseases and health-related problems that were strongest related to being malnour-
ished based on ESPEN were being bedbound (OR:2.10 [95%CI: 1.26-3.48]), pressure 
ulcers (OR:1.81 [95%CI: 1.30-2.53]) and supervised eating (OR: 1.63 [95%CI: 1.28-2.07]). 
For all associations, comparable results were seen for low BMI and ESPEN but odds ratios 
were smaller for low BMI.

Post-hoc analysis showed that an increased number of diseases/health-related problems 
was associated with higher prevalence of malnutrition based on WL (OR: 1.21 [95%CI: 
1.15-1.27]). This was also seen for ESPEN, although to a lesser extent (1.06 [95%CI: 1.01-
1.16]), but not for low BMI.



116 Chapter 7

Table 1, Characteristics of included participants for cross-sectional analyses at admission to a LTCF (‘newly-
admitted’ residents), stratified by weight loss, low BMI and ESPEN criteria for malnutrition.

Weight loss Low BMI ESPEN Total

Weight loss
not present

Weight loss
Present

Normal/
high BMI

Low BMI Well-nourished Malnourished

N (%) 3386 (91.2) 327 (8.8) 2696 (72.6) 1017 (27.4) 3360 (90.5) 353 (9.5) N=3713

Gender
Men
Women

1087 (32.1)
2299 (67.9)

119 (36.4)
208 (63.6)

946 (35.1)
1750 (64.9)

260 (25.6)
757 (74.4)

1119 (32.3)
2241 (66.8)

87 (24.6)
266 (75.4)

1206 (32.5)
2507 (67.5)

age (years) (mean, SD)

< 90 years
≥ 90 years

83.1
 (SD:7.1)

2777 (82.0)
609 (18.0)

83.5
(SD:7.0)

266 (81.3)
61 (18.7)

82.8
 (SD:7.1)

2256 (83.7)
440 (16.3)

84.1
(SD:6.8)

787 (77.4)
230 (22.6)

83.1
(SD:7.1)

2772 (82.5)
588 (17.5)

83.9
(SD:7.0)

271 (76.8)
82 (23.2)

83.1
(SD:7.0)

3043 (82.0)
670 (18.0)

BMI (mean, SD) 24.9
(SD:4.5)

22.4
(SD:4.7)

26.6
(SD:3.9)

19.7
(SD:1.7)

25.4 (SD:4.3) 18.1
(SD:1.8)

24.7
(SD:4.6)

Living status before 
admission
Alone
Together
admission year
2005-2009
2010-2014
2015-2020

2181 (64.4)
1191 (35.2)

977 (28.9)
812 (24.0)

1597 (47.2)

209 (63.9)
115 (35.2)

109 (33.3)
88 (26.9)

130 (39.8)

1703 (63.2)
980 (36.4)

764 (28.3)
675 (25.0)

1257 (46.6)

687 (67.6)
326 (32.1)

322 (31.7)
225 (22.1)
470 (46.2)

2155 (64.1)
1189 (35.4)

969 (28.8)
809 (24.1)

1582 (47.1)

235 (66.6)
117 (33.1)

117 (33.1)
91 (25.8)

145 (41.1)

2390 (64.7)
1306 (35.3)

1086 (29.2)
900 (24.2)

1727 (46.5)

Diseases

Neurological 
diseases

2226 (65.7) 203 (62.1) 1767 (65.5) 662 (65.1) 2213 (65.9) 216 (61.2) 2429 (65.4)

Musculoskeletal 
diseases

242 (7.1) 26 (8.0) 189 (7.0) 938 (92.2) 239 (7.1) 29 (8.2) 268 (7.2)

Cardiac diseases 878 (25.9) 99 (30.3) 725 (26.9) 252 (24.8) 900 (26.8) 77 (21.8) 977 (26.3)

Psychiatric disorders 626 (18.5) 63 (19.3) 480 (17.8) 209 (20.6) 609 (18.1) 80 (22.7) 689 (18.6)

Infectious diseases 450 (13.3) 72 (22.0) 367 (13.6) 155 (15.2) 469 (14.0) 53 (15.0) 522 (14.1)

Diabetes 658 (19.4) 73 (22.3) 607 (22.5) 124 (12.2) 693 (20.6) 38 (10.8) 731 (19.7)

Cancer 285 (8.4) 51 (15.6) 238 (8.8) 98 (9.6) 297 (8.8) 39 (11.0) 336 (9.0)

Chronic pulmonary 
disease

362 (10.7) 42 (12.8) 290 (10.8) 114 (11.2) 354 (10.5) 50 (14.2) 404 (10.9)

Pressure ulcers 256 (7.6) 53 (16.2) 205 (7.6) 104 (10.2) 262 (7.8) 47 (13.3) 309 (8.3)

health-related problems

Balance problems 2360 (69.7) 261 (79.8) 1893 (70.2) 728 (71.6) 2358 (70.2) 263 (74.5) 2621 (70.6)

Psychiatric problems 678 (20.0) 70 (21.4) 518 (19.2) 230 (22.6) 661 (19.7) 87 (24.6) 748 (20.1)

GI tract problems 885 (26.1) 122 (37.3) 709 (26.3) 298 (29.3) 892 (26.5) 115 (32.6) 1007 (27.1)

Sleep problems 1057 (31.2) 127 (38.8) 844 (31.3) 340 (33.4) 1065 (31.7) 119 (33.7) 1184 (31.9)

Dental problems 649 (19.2) 92 (28.1) 519 (19.3) 222 (21.8) 650 (19.3) 91 (25.8) 741 (20.0)

aspiration 146 (4.3) 25 (7.6) 115 (4.3) 56 (5.5) 142 (4.2) 29 (8.2) 171 (4.6)

Fever 37 (1.1) 8 (2.4) 31 (1.1) 14 (1.4) 40 (1.2) 5 (1.4) 45 (1.2)
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Table 1, Characteristics of included participants for cross-sectional analyses at admission to a LTCF (‘newly-
admitted’ residents), stratified by weight loss, low BMI and ESPEN criteria for malnutrition. (continued)

Weight loss Low BMI ESPEN Total

Weight loss
not present

Weight loss
Present

Normal/
high BMI

Low BMI Well-nourished Malnourished

Peripheral oedema 628 (18.5) 63 (19.3) 550 (20.4) 141 (13.9) 645 (19.2) 46 (13.0) 691 (18.6)

aphasia 351 (10.4) 39 (11.9) 290 (10.8) 100 (9.8) 356 (10.6) 34 (9.6) 390 (10.5)

Pain 1269 (37.5) 156 (47.7) 1047 (38.8) 378 (37.2) 1291 (38.4) 134 (38.0) 1425 (38.4)

Locomotion
Independently
With walking devise
Wheelchair
 Bedbound

630 (18.6)
1844 (54.5)

805 (23.8)
97 (2.9)

47 (14.4)
153 (46.8)

93 (28.4)
33 (10.1)

466 (17.3)
1487 (55.2)

656 (24.3)
80 (3.0)

211 (20.7)
510 (50.1)

242 (23.8)
50 (4.9)

610 (18.2)
1833 (54.6)

803 (23.9)
103 (3.1)

67 (19.0)
164 (46.5)

95 (26.9)
27 (7.6)

677 (18.2)
1997 (53.8)

898(24.2)
130 (3.5)

Supervised/
assisted eating

749 (22.1) 113 (34.6) 583 (21.6) 279 (27.4) 749 (22.3) 113 (32.0) 862 (23.2)

Number of diseases 4.4 (SD:2.3) 5.4 (SD:2.5) 4.4 (SD: 2.3) 4.5 (SD:2.3) 4.4 (SD: 2.3) 4.7 (SD: 2.4) 4.6 (SD:2.3)

All characteristics are number with percentage except age (years), BMI (kg/m2) and number of diseases which are pre-
sented as mean with standard deviation.
Weight loss: a loss of 5% body mass in the last 30 days or 10% in the last 180 days. Low BMI: <20 kg/m2 for residents 
younger then 70 years and <22 kg/m2 for residents 70 years or older. eSPeN: Very low BMI (<18.5 kg/m2) or weight loss 
combined with low age-specific BMI as described hereabove.
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Table 2, Crude and adjusted odds ratio’s for diseases/health-related problems and malnutrition, based on 
weight loss, low BMI and ESPEN criteria for malnutrition on admission to LTCF (‘newly-admitted’ residents).

Weight loss Low BMI ESPEN

OR Adjusted
OR*

OR Adjusted
OR*

OR Adjusted
OR*

Diseases

Neurological diseases 0.85
[0.67-1.08]

0.89
[0.70-1.14]

0.98
[0.85-1.14]

1.03
[0.88-1.21]

0.82
[0.65-1.02]

0.89
[0.70-1.12]

Musculoskeletal diseases 1.12
[0.74-1.71]

1.04
[0.67-1.61]

1.11
[0.85-1.46]

1.04
[0.78-1.38]

1.17
[0.78-1.74]

1.03
[0.68-1.56]

Cardiac diseases 1.24
[0.97-1.59]

1.23
[0.96-1.58]

0.89
[0.75-1.05]

0.88
[0.75-1.04]

0.76
[0.58-0.98]

0.76
[0.58-0.99]

Psychiatric disorders 1.06
[0.79-1.41]

1.08
[0.81-1.45]

1.19
[0.99-1.43]

1.17
[0.97-1.40]

1.32
 [1.01-1.72]

1.29
[0.99-1.69]

Infectious diseases 1.84
[1.39-2.43]

1.82
[1.37-2.42]

1.13
[0.92-1.39]

1.10
[0.90-1.36]

1.08
[0.80-1.48]

1.04
[0.76-1.42]

Diabetes 1.19
[0.91-1.57]

1.19
[0.90-1.57]

0.48
[0.39-0.59]

0.50
[0.41-0.62]

0.46
[0.33-.066]

0.49
[0.35-0.69]

Cancer 2.01
[1.45-2.77]

1.99
[1.44-2.75]

1.10
[0.86-1.41]

1.14
[0.88-1.46]

1.27
[0.89-1.81]

1.32
[0.92-1.88]

Chronic pulmonary disease 1.23
[0.87-1.73]

1.19
[0.84-1.69]

1.04
[0.83-1.31]

1.10
[0.88-1.39]

1.40
[1.02-1.93]

1.47
[1.07-2.03]

Pressure ulcers 2.36
[1.71-3.25]

2.33
[1.68-3.22]

1.37
[1.07-1.76]

1.36
[1.06-1.75]

1.81
[1.30-2.52]

1.81
[1.30-2.53]

health-related problems

Balance problems 1.72
[1.30-2.27]

1.77
[1.33-2.34]

1.07
[0.91-1.25]

1.05
[0.89-1.23]

1.24
[0.97-1.60]

1.23
[0.96-1.59]

Psychiatric problems 1.09
[0.83-1.44]

1.12
[0.85-1.48]

1.22
[1.02-1.45]

1.26
[1.05-1.51]

1.33
[1.03-1.72]

1.40
[1.08-1.81]

GI tract problems 1.68
[1.33-2.13]

1.70
[1.33-2.15]

1.15
[0.98-1.35]

1.14
[0.97-1.34]

1.33
[1.05-1.68]

1.32
[1.04-1.68]

Sleep problems 1.40
[1.10-1.76]

1.46
[1.15-1.86]

1.10
[0.94-1.28]

1.13
[0.97-1.32]

1.08
 [0.86-1.37]

1.15
[0.91-1.46]

Dental problems 1.65
[1.28-2.13]

1.73
[1.33-2.24]

1.17
[0.98-1.40]

1.17
[0.97-1.40]

1.44
[1.12-1.85]

1.52
[1.17-1.96]

aspiration 1.83
[1.18-2.85]

2.14
[1.36-3.36]

1.31
[0.95-1.82]

1.40
[1.00-1.96]

2.00
[1.32-3.02]

2.39
[1.56-3.67]

Fever 2.27
[1.05-4.91]

2.22
[1.02-4.83]

1.20
[0.63-2.26]

1.36
[0.72-2.58]

1.19
[0.47-3.03]

1.34
[0.52-3.43]

Peripheral oedema 1.05
[0.79-1.40]

1.11
[0.83-1.48]

0.64
[0.52-0.78]

0.59
[0.48-0.72]

0.64
[0.47-0.89]

0.62
[0.45-0.85]

aphasia 1.17
[0.82-1.66]

1.19
[0.84-1.71]

0.91
[0.72-1.16]

0.97
[0.76-1.24]

0.90
 [0.62-1.30]

0.96
 [0.66-1.39]

Pain 1.52
[1.21-1.91]

1.62
[1.28-2.04]

0.93
[0.80-1.08]

0.91
[0.78-1.05]

0.98
[0.78-1.22]

0.97
[0.77-1.22]
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Table 2, Crude and adjusted odds ratio’s for diseases/health-related problems and malnutrition, based on 
weight loss, low BMI and ESPEN criteria for malnutrition on admission to LTCF (‘newly-admitted’ residents). (con-
tinued)

Weight loss Low BMI ESPEN

OR Adjusted
OR*

OR Adjusted
OR*

OR Adjusted
OR*

Locomotion
       Independently
With walking devise

       Wheelchair

       Bedbound

ref.
1.11

[0.79-1.56]
1.55

[1.07-2.23]
4.56

[2.78-7.47]

ref.
1.09

[0.77-1.54]
1.45

[1.00-2.11]
4.80

[2.90-7.96]

ref.
0.76

[0.63-0.92]
0.81

[0.65-1.01]
1.37

[0.93-2.03]

Ref.
0.65

[0.53-0.79]
0.72

[0.58-0.91]
1.16

[0.78-1.73]

ref.
0.82

[0.61-1.10]
1.08

[0.78-1.50]
2.39

[1.46-3.91]

Ref.
0.71

[0.52-0.97]
0.95

[0.68-1.33]
2.10

[1.26-3.48]

Supervised/assisted eating 1.86
[1.46-2.37]

1.87
[1.46-2.39]

1.36
[1.15-1.60]

1.39
[1.17-1.64]

1.63
[1.29-2.07]

1.63
[1.28-2.07]

Number of diseasesd 1.19
[1.14-1.25]

1.21
[1.15-1.27]

1.01
[0.98-1.04]

1.02
[0.98-1.05]

1.05
[1.01-1.10]

1.06
[1.01-1.11]

Data is shown as odds ratios with 95% confidence interval.
Weight loss: a loss of 5% body mass in the last 30 days or 10% in the last 180 days. Low BMI: <20 kg/m2 for residents 
younger then 70 years and <22 kg/m2 for residents 70 years or older. eSPeN: Very low BMI (<18.5 kg/m2) or weight loss 
combined with low age-specific BMI as described hereabove.
* adjusted for age category (≤ 89 years vs. ≥ 90 years), gender, living status before admission (alone vs. together), year of 
admission (2005-2009, 2010-2014, 2015-2020).
d used as continues variable with 0 diseases as reference category.

Prospective analyses
In total, 3836 unique residents had one or more follow-up measurements (Table 3). Total 
residents’ follow-up time ranged from 5522 (low BMI) to 5772 years (ESPEN) with an 
individual median follow up time of ~1 year. The majority of the prospective cohort was 
female (69.8%), aged <90 years (80.0%) and had a relative high BMI (mean 27.0 kg/m2, 
SD:3.9) as residents with a low age-specific BMI were excluded in these analyses. Most 
frequently described diseases/health-related problems were balance problems (66.7%) 
and neurological diseases (63.1%). On average, prevalence of diseases was comparable 
to the cross-sectional cohort. Incidence proportions of becoming malnourished during 
stay was 13.8% for WL, 11.3% for low BMI and 8.9% for the ESPEN criteria.

The effect sizes of the associations between diseases and/health-related problems and 
three criteria for malnutrition were relatively comparable (Table 4). Neurological diseases, 
infectious diseases, balance problems, psychiatric problems, GI tract problems, sleep 
problems, dental problems, aphasia and supervised/assisted eating were all associated 
with (a trend towards) higher incidence of malnutrition, regardless the malnutrition crite-
rion used. In contrast to the cross-sectional analysis, diabetes showed only a minor lower 
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risk for developing malnutrition based on BMI (HR: 0.73 [95%CI: 0.56-0.93]) and ESPEN 
(HR: 0.88 [95%CI: 0.63-1.24], and this was not seen for WL (HR: 1.10 [95%CI: 0.90-1.35].

Post-hoc analysis showed that incidence of malnutrition increased with a higher number 
of diseases (HR’s ranging from 1.07-1.13).

Table 3, Characteristics of included participants for prospective analysis stratified by weight loss, low BMI and 
ESPEN criteria for malnutrition.

Weight loss
Total follow-up:

5599 years
median follow up: 

366 days

Low BMI
Total follow-up:

5522 years
median follow up:

360 days

ESPEN
Total follow-up: 

5772 years
median follow up: 

372 days

Total

Did not
lose weight

Lost
weight

Normal/
high BMI

Low BMI Stayed
Well-nourished

Became
malnourished

N (%) 3307 (86.2) 529 (13.8) 3401 (86.7) 435 (11.3) 3626 (91.1) 210 (8.9) 3836

Gender
Men
Women

997 (30.1)
2310 (69.9)

195 (30.6)
514 (69.4)

1044 (30.7)
2357 (69.3)

115 (26.4)
320 (73.6)

1101 (30.4)
2525 (69.6)

58 (27.6)
152 (72.4)

1159 (30.2)
2677 (69.8)

age (years)
Mean (SD)

< 90 years
≥ 90 years

83.6
(SD:7.0)

2634 (79.6)
673 (20.4)

83.9
(SD:6.8)

560 (81.9)
149 (18.1)

83.5
(SD:7.0)

2741 (80.6)
660 (19.4)

84.5
(SD:6.9)

326 (74.9)
109 (25.1)

83.6 (SD:7.0)

2913 (80.3)
713 (19.7)

85.0 (SD:6.6)

154 (73.3)
56 (26.7)

83.6
(SD:7.0)

3067 (80.0)
769 (20.0)

BMI
Mean (SD)

27.1
(SD:4.0)

26.7
(SD:3.6)

27.4
(SD:4.0)

24.0
(SD:1.9)

27.2 (SD:4.0) 24.3 (SD:1.7) 27.0
(SD:3.9)

Living status before 
admission
Alone
Together
missing

2145 (64.9)
1151 (34.8)

11 (0.3)

349 (66.0)
180 (34.0)

0

2205 (64.8)
1185 (34.8)

11 (0.3)

289 (66.4)
146 (33.6)

0

2354 (64.9)
1261 (34.8)

11 (0.3)

140 (66.7)
70 (33.3)

0

2494 (65.0)
1331 (34.7)

11 (0.3)

admission year
             2005-2009
             2010-2014
             2015-2020

1606 (48.6)
792 (23.9)
909 (27.5)

362 (68.4)
96 (18.1)
71 (13.4)

1669 (49.1)
814 (23.9)
918 (27.0)

299 (68.7)
74 (17.0)
62 (14.3)

1808 (49.9)
858 (23.7)
960 (26.5)

160 (76.2)
30 (14.3)
20 (9.5)

1968 (51.3)
888 (23.1)
980 (25.5)

Diseases

Neurological diseases 2063 (62.4) 356 (67.3) 2128 (62.6) 291 (66.9) 2273 (62.7) 146 (69.5) 2419 (63.1)

Musculoskeletal 
diseases

168 (5.1) 18 (3.4) 170 (5.0) 16 (3.7) 182 (5.0) 4 (1.9) 186 (4.8)

Cardiac diseases 980 (29.6) 147 (27.8) 1013 (29.8) 114 (26.2) 1069 (29.5) 58 (27.6) 1127 (29.4)

Psychiatric disorders 780 (23.6) 129 (24.4) 811 (23.8) 98 (22.5) 867 (23.9) 42 (20.0) 909 (23.7)

Infectious diseases 365 (11.0) 73 (13.8) 381 (11.2) 57 (13.1) 407 (11.2) 41 (19.5) 438 (11.4)

Diabetes 716 (21.7) 127 (24.0) 769 (22.6) 74 (17.0) 802 (22.1) 41 (19.5) 843 (22.0)

Cancer 234 (7.1) 40 (7.6) 241 (7.1) 33 (7.6) 258 (7.1) 16 (7.6) 274 (7.1)
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Table 3, Characteristics of included participants for prospective analysis stratified by weight loss, low BMI and 
ESPEN criteria for malnutrition. (continued)

Weight loss
Total follow-up:

5599 years
median follow up: 

366 days

Low BMI
Total follow-up:

5522 years
median follow up:

360 days

ESPEN
Total follow-up: 

5772 years
median follow up: 

372 days

Total

Did not
lose weight

Lost
weight

Normal/
high BMI

Low BMI Stayed
Well-nourished

Became
malnourished

Chronic pulmonary 
disease

413 (12.5) 51 (9.6) 419 (12.3) 45 (10.3) 449 (12.4) 15 (7.1) 464 (12.1)

Pressure ulcers 203 (6.1) 17 (3.2) 196 (5.8) 24 (5.5) 210 (5.8) 10 (4.8) 220 (5.7)

health-related problems

Balance problems 2190 (66.2) 369 (69.8) 2268 (66.7) 291 (66.9) 2410 (66.5) 149 (71.0) 2559 (66.7)

Psychiatric problems 743 (22.5) 151 (28.5) 769 (22.6) 125 (28.7) 827 (22.8) 67 (31.9) 894 (23.3)

GI tract problems 1004 (30.4) 192 (36.3) 1041 (30.6) 155 (35.6) 1115 (30.8) 81 (38.6) 1196 (31.2)

Sleep problems 1027 (31.1) 210 (39.7) 1084 (31.9) 153 (35.2) 1153 (31.8) 84 (40.0) 1237 (32.2)

Dental problems 610 (18.4) 96 (18.1) 622 (18.3) 84 (19.3) 662 (18.3) 44 (21.0) 706 (18.4)

aspiration 92 (2.8) 14 (2.6) 92 (2.7) 14 (3.2) 98 (2.7) 8 (3.8) 106 (2.8)

Fever 30 (0.9) 11 (2.1) 33 (1.0) 8 (1.8) 37 (1.0) 4 (1.9) 41 (1.1)

Peripheral oedema 748 (22.6) 140 (26.5) 794 (23.3) 94 (21.6) 838 (23.1)  50 (23.8) 888 (23.1)

aphasia 353 (10.7) 67 (12.7) 371 (10.9) 49 (11.3) 392 (10.8) 28 (13.3) 420 (10.9)

Pain 1224 (37.0) 189 (35.7) 1253 (36.8) 160 (36.8) 1336 (36.8) 77 (36.7) 1413 (36.8)

Locomotion
       Independently
With walking devise
       Wheelchair
       Bedbound

689 (20.8)
1847 (55.9)
703 (21.4)

64 (1.9)

123 (23.4)
304 (57.5)
98 (18.5)

2 (0.4)

698 (20.5)
1918 (56.4)
720 (21.2)

61 (1.8)

115 (26.4)
233 (53.6)
81 (18.6)

5 (1.1)

757 (20.9)
2038 (56.2)
762 (21.0)

65 (1.8)

56 (26.7)
113 (53.8)
39 (18.6)

1 (0.5)

813 (21.2)
2151 (56.1)
801 (20.9)

66 (1.7)

Supervised/assisted 
eating

657 (19.9) 142 (26.8) 677 (19.9) 122 (28.0) 995 (21.9) 139 (31.4) 799 (20.8)

Number of diseases 4.4
(SD: 2.4)

4.8
(SD: 2.5)

4.5
(SD:2.4)

4.6
(SD:2.5)

4.4
 (SD: 2.4)

4.9
 (SD: 2.6)

4.5
 (SD: 2.4)

All characteristics are number with percentage except age (years), BMI (kg/m2) and number of diseases which are pre-
sented as mean with standard deviation.
Weight loss: a loss of 5% body mass in the last 30 days or 10% in the last 180 days. Low BMI: <20 kg/m2 for residents 
younger then 70 years and <22 kg/m2 for residents 70 years or older. eSPeN: Very low BMI (<18.5 kg/m2) or weight loss 
combined with low age-specific BMI as described hereabove.
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Table 4, Crude and adjusted* hazard ratio’s (HR) for diseases /health-related problems and malnutrition 
based on, weight-loss, low BMI and ESPEN criteria for malnutrition.

Weight loss Low BMI ESPEN

HR Adjusted
HR*

HR Adjusted
HR*

HR Adjusted
HR*

Diseases

Neurological diseases 1.50
[1.24-1.80]

1.55
(1.29-1.87)

1.43
[1.17-1.75]

1.55
[1.27-1.91]

1.68
[1.25-2.26]

1.89
(1.40-2.54)

Musculoskeletal diseases 0.86
[0.54-1.37]

0.86
(0.54-1.37)

0.98
[0.59-1.61]

0.98
[0.59-1.61]

0.49
[0.18-1.32]

0.47
(0.18-1.28)

Cardiac diseases 1.04
[0.86-1.26]

1.06
(0.88-1.28)

0.95
[0.77-1.18]

0.96
[0.77-1.19]

1.04
[0.77-1.41]

1.04
(0.77-1.41)

Psychiatric disorders 1.06
[0.87-1.29]

1.06
(0.87-1.30)

0.94
[0.75-1.18]

0.94
[0.75-1.17]

0.80
[0.57-1.13]

0.81
(0.58-1.14)

Infectious diseases 1.34
[1.04-1.71]

1.30
(1.05-1.61)

1.27
[0.96-1.68]

1.23
[0.93-1.63]

1.46
[1.00-2.14]

1.41
(0.96-2.07)

Diabetes 1.09
[0.89-1.33]

1.10
(0.90-1.35)

0.69
[0.53-0.88]

0.72
[0.56-0.92]

0.83
[0.59-1.17]

0.88
(0.63-1.24)

Cancer 1.15
[0.84-1.59]

1.13
(0.82-1.56)

1.17
[0.82-1.66]

1.12
[0.79-1.60]

1.18
[0.71-1.97]

1.11
(0.67-1.86)

Chronic pulmonary disease 0.76
[0.56-1.01]

0.75
(0.56-1.00)

0.85
[0.62-1.15]

0.85
[0.63-1.16]

0.56
[0.33-0.94]

0.55
(0.33-0.94)

Pressure ulcers 0.69
[0.43-1.12]

0.68
(0.42-1.11)

1.19
[0.79-1.79]

1.15
[0.76-1.74]

1.05
[0.55-1.97]

1.03
(0.55-1.95)

health-related problems

Balance problems 1.41
(1.17-1.69)

1.43
(1.19-1.73)

1.16
[0.95-1.42]

1.14
[0.93-1.40]

1.47
[1.09-1.99]

1.49
(1.11-2.02)

Psychiatric problems 1.64
[1.35-1.98]

1.63
(1.35-1.97)

1.56
[1.27-1.93]

1.54
[1.25-1.90]

1.88
[1.41-2.52]

1.87
(1.40-2.51)

GI tract problems 1.36
[1.14-1.63]

1.35
(1.13-1.62)

1.29
[1.06-1.58]

1.24
[1.02-1.51]

1.49
[1.13-1.97]

1.42
(1.07-1.88)

Sleep problems 1.53
[1.29-1.83]

1.53
(1.29-1.83)

1.20
[0.99-1.47]

1.20
[0.98-1.46]

1.52
[1.15-2.00]

1.53
(1.16-2.02)

Dental problems 1.15
(0.92-1.44)

1.14
(0.91-1.42)

1.23
(0.97-1.56)

1.20
(0.94-1.52)

1.38
(0.99-1.92)

1.35
(0.96-1.88)

aspiration 1.09
[0.64-1.85]

1.13
(0.66-1.93)

1.38
[0.81-2.35]

1.45
[0.85-2.48]

1.78
[0.88-3.62]

2.02
(0.99-4.13)

Fever 2.28
[1.25-4.14]

2.15
(1.18-3.92)

1.84
[0.92-3.71]

1.80
[0.90-3.64]

2.01
[0.75-5.41]

1.94
(0.72-5.23)

Peripheral oedema 1.18
[0.98-1.44]

1.18
(0.97-1.43)

0.90
[0.71-1.13]

0.87
[0.69-1.10]

1.04
[0.76-1.43]

1.01
(0.73-1.39)

aphasia 1.31
[1.02-1.70]

1.31
(1.01-1.70)

1.11
[0.83-1.50]

1.16
[0.86-1.57]

1.39
[0.93-2.07]

1.50
(1.00-2.25)

Pain 1.08
(0.90-1.29)

1.10
(0.92-1.31)

1.09
(0.90-1.32)

1.09
(0.89-1.33)

1.11
(0.84-1.47)

1.13
(0.85-1.51)
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Table 4, Crude and adjusted* hazard ratio’s (HR) for diseases /health-related problems and malnutrition 
based on, weight-loss, low BMI and ESPEN criteria for malnutrition. (continued)

Weight loss Low BMI ESPEN

HR Adjusted
HR*

HR Adjusted
HR*

HR Adjusted
HR*

Locomotion
       Independently
With walking devise

       Wheelchair

       Bedbound

Ref.
0.99

(0.81-1.22)
1.06

(0.82-1.39)
0.45

(0.11-1.80)

Ref.
1.01

(0.81-1.25)
1.06

(0.81-1.39)
0.45

(0.11-1.84)

Ref.
0.81

(0.65-1.01)
0.92

(0.69-1.22)
1.09

(0.44-2.67)

Ref.
0.74

(0.58-0.93)
0.85

(0.63-1.13)
1.03

(0.42-2.54)

Ref.
0.81

(0.59-1.12)
0.95

(0.63-1.43)
0.52

(0.07-3.79)

Ref.
0.74

(0.53-1.03)
0.88

(0.58-1.33)
0.53

(0.07-3.84)

Supervised/assisted eating 1.99
(1.64-2.42)

1.96
(1.61-2.39)

1.98
(1.60-2.44)

1.91
(1.55-2.37)

2.45
(1.82-3.29)

2.37
(1.76-3.19)

Number of diseasesd 1.12
[1.09-1.16]

1.13
[1.09-1.17]

1.07
[1.03-1.12]

1.07
[1.03-1.11]

1.13
[1.07-1.19]

1.13
[1.07-1.19]

Data is shown as Hazard ratios with 95% confidence interval.
Weight loss: a loss of 5% body mass in the last 30 days or 10% in the last 180 days. Low BMI: <20 kg/m2 for residents 
younger then 70 years and <22 kg/m2 for residents 70 years or older. eSPeN: Very low BMI (<18.5 kg/m2) or weight loss 
combined with low age-specific BMI as described hereabove.
*adjusted for age category (≤ 89  years vs. ≥ 90 years), gender, living status before admission (alone vs. together), year of 
admission (2005-2009, 2010-2014, 2015-2020) .
d used as continues variable with 0 diseases as reference category.

Discussion

Residents of long-term care facilities are known to suffer from multiple diseases and 
health-related problems. In addition, malnutrition is a frequently reported phenomenon. 
This manuscript indicates that a considerable number of diseases and health-related 
problems are associated with an increased prevalence as well as incidence of malnutri-
tion in LTCFs. Herewith, this manuscript is one of the first to describe the associations 
between diseases and incident malnutrition within LTCFs.

The characteristics of our study population are relative comparable to other Dutch 
cohorts that are population representative. On average in the Netherlands, 70% of 
residents in LTCFs is female which is equal to our sample. Residents in our sample were 
relatively younger (83.1 years) compared to the average Dutch resident as in 2019 (85.0 
years) [238]. Compared to another Dutch representative cohort, our residents had 
a comparable BMI (24.8 vs. 24.7 kg/m2) but the number of diseases was higher in our 
population (4.5 vs 3.0), which is probably explained by the fact that we also included 
health-related problems. In general, our population seems to reflect the average popu-
lation in Dutch LTCFs.
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At admission, 850 residents (22.9%) had a low age-specific BMI without recent weight 
loss (figure 1). This indicates that older adults have already suffered from an inadequate 
nutritional status for a longer period. Few specific diseases were related to a low age-
specific BMI at admission, indicating that this is a general problem in older adults, 
regardless of disease status. Screening for early determinants of malnutrition in the 
community setting and adequate treatment should prevent older adults from entering 
residential care in a poor nutritional condition [65,117].

We showed that the prevalence and (to a lesser extent) incidence of malnutrition are 
influenced by the used definition; at admission low age-specific BMI (27.5%) was almost 
three times higher as weight loss (8.8%). During stay, weight loss (13.8%) was seen more 
often compared than low age-specific BMI (11.3%) and malnutrition according to ESPEN 
(8.9%). Associations between diseases/health-related problems and malnutrition also 
differed used criteria; WL was stronger related to diseases than low BMI/ESPEN (except 
diabetes and cardiac diseases at admission). The use of BMI for diagnosing malnutrition 
is often debated because of the generally high BMI in the Western societies [214]. Our 
results provide evidence to keep using BMI as an indicator of a poor nutritional status 
over a longer period. However, to assess incident malnutrition during stay in LTCFs, it is 
advised to use weight loss as this better reflects acute nutritional problems.

Based on the effect sizes of the associations, relatively small differences were seen be-
tween the use of BMI alone and the ESPEN criteria for malnutrition. Figure 1 visibly shows 
that the ESPEN 2015 definition is completely within the spectrum of low age-specific 
BMI. This dependency on BMI in the ESPEN definition leads to an underestimation of 
acute nutritional problems. This is clearly illustrated by the large differences in incident 
malnutrition during stay; 8.9% based on ESPEN vs. 13.8% based on WL. Although WL 
may indicate an acute problem, dropping below the cut-off points for BMI occurs less 
frequently, especially in participants with a higher baseline BMI. For example, a resident 
with a BMI of 27 kg/m2 and an average length (1.70 meter) should loose ~14.5 kg body-
weight before dropping below the cut-off point of 22 kg/m2, which is unlikely to happen 
keeping in mind the relative short stay in a LTCF. Therefore, involuntary WL should always 
be a trigger to start malnutrition interventions in LTCF residents.

As also shown in previous research [196], diabetes and cardiac diseases were associated 
with lower prevalence of malnutrition at admission based on ESPEN and BMI. This can be 
explained by the high BMIs that usually characterize these diseases. In contrast, diabetes 
was associated with in increased odds on WL which was also found in another study 
(OR:1.21 [95%CI: 1.19-1.23])[239]. However, in both studies it is unclear whether WL was 
involuntary or a part of the treatment for diabetes. Our study shows that malnutrition, 
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and especially WL can also occur in LTCF residents with cardiometabolic diseases, de-
spite a high BMI, and should be monitored and intervened on at regular intervals.

As expected, one of the strongest predictors for developing malnutrition was the need 
of supervised/assisted eating. Dependency from staff or informal caregivers place resi-
dents at risk for a low intake. Assisting residents with eating their meals is time consum-
ing [240] and shortness of staff, a common problem in residential-care facilities, may 
result in inadequate mealtime assistance [241]. Previously performed trials have shown 
that increased mealtime assistance resulted in higher intakes [240,242,243]. However, 
time spent on mealtime assistant in these trials was about 40 minutes per meal moment, 
which is far more than in a usual situation. Implementation of these programs would 
therefore require additional staff and funding. The use of trained volunteers and family 
members could relieve the pressure on staff [244].

Pressure ulcers, infectious diseases and pain were associated with WL at admission, 
but to a lesser extent during stay. Treatment of these problems could have decreased 
the risk of further nutritional decline during stay. In general, the prospective analysis 
may also have underestimated the malnutrition risk because of misclassification; we 
only used baseline disease status to study associations with malnutrition, and ignored 
new diseases that may have occurred during admission. We expect that residents who 
developed new diseases or health-related problems during stay, were at increased risk 
of becoming malnourished as well.

In our analyses we separately looked at disease groups and at health-related problems. 
In general, health-related problems (especially psychiatric-, balance- and sleep prob-
lems) were stronger associated with all three criteria for malnutrition than diseases. We 
assume that not all diseases were accompanied by acute health problems, especially if 
residents already suffered from them for dozens of years, Therefore, screening for health-
related problems seems to have additional value, next to (long-)diagnosed diseases, 
when studying the association with malnutrition.

Our study is one of the first prospective studies that is performed in the LTCF setting. 
We are aware of a previous study by Torbahn et al.[235] based on NutritionDay data 
in nursing-home residents (N=11,923, follow-up period 6 months) that also tested the 
association between diseases and malnutrition (BMI< 20 kg/m2 and/or recent weight 
loss (>10% within 6 months)). In this study, comparable effect sizes were seen for immo-
bility (bedbound OR: 1.28 [99.5%CI:1.00-1.68]), and musculoskeletal diseases (OR: 1.09 
[99.5%CI:0.91-1.31]) but smaller for neurological diseases (OR: 1.10 [99.5%CI:0.87-1.38]). 
The difference in effect-size for neurological diseases could be explained by the differ-
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ence in follow-up time (6 months vs. ~1 year in our study) as most neurological diseases 
have a progressive development[245]. Both our as well as the Torbahn et al. study [235] 
underline that diseases increase the risk for developing malnutrition during stay in a 
LTCF.

Limitations and strengths
Health-related problems and diseases were analysed in categories as larger numbers 
were needed to investigate single diseases. However, it is not expected that effect sizes 
will differ strongly between separate diseases in one category as they are likely to share 
the same underlying mechanism for their relationship with malnutrition.

As outcome of our analysis, we used the ESPEN definition for malnutrition. Recently the 
GLIM criteria for malnutrition have been launched [47], and it is advocated to use GLIM 
in future malnutrition studies, to create homogeneity in criteria across studies. At this 
moment, the InterRAI MDS does not provide the necessary items to define malnutri-
tion based on the GLIM criteria; this additionally requires data on reduced muscle mass, 
reduced food intake or assimilation, and inflammation or disease burden, which are 
notoriously difficult data to collect in a nursing home population. The use of the ESPEN 
definition likely underestimated the prevalence and incidence of GLIM-malnutrition in 
our sample as recent studies showed  higher rates of malnutrition based on the GLIM 
criteria compared to the ESPEN 2015 definition [214,246]. In a recent observational 
study, we found a malnutrition prevalence rate of 21% in a sample of 176 nursing home 
residents, based on body weight loss, BMI and registered food intake over 3 days [247], 
which is indeed higher than ESPEN.

Strong points of our study are the large sample size and prospective design with long 
follow-up time. In addition, only physician-documented diagnoses are used in InterRAI 
making our data more reliable compared to self-reported health status. By reporting 
associations for both weight loss, low BMI and the ESPEN 2015 criteria, we provide a 
valuable insight how diseases affected different criteria for malnutrition and the other 
way around, how different criteria for malnutrition affect prevalence rates. Finally, we 
identified risk factors for developing malnutrition that were not previously described. 
Our results can contribute to refining malnutrition screening tools, as most risk factors 
we described are not incorporated in screening tools now days.
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Conclusion

Most diseases (cardiometabolic diseases excluded) and health-related problems 
were associated with being malnourished at admission but also with incidence rates 
during stay in LTCFs. Moreover, the strength of the associations between diseases or 
health-related problems and malnutrition are dependent on the set of criteria to define 
malnutrition. At admission, the use of low age-specific BMI to assess malnutrition status 
is recommended as this reflects the nutritional status over a longer period. During stay, 
the use of recent weight loss is advised as this better reflects acute nutritional problems.
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abstract:

Rationale: An optimal diet contributes to reducing malnutrition prevalence, increasing 
quality of life, and reducing morbidity in the nursing home population. For this popula-
tion recommended intakes are ≥1.0 g protein/kg body weight per day (P/kg bw/d) and 
≥27 energy (En) kcal/kg bw/d. Few studies have reported on the adequacy of protein 
and energy intake of nursing home residents, and on factors associated with poor intake.

Methods: Data were collected from 189 residents (aged ≥65 yr, mean age 85.0 yr) of 5 
different Dutch nursing homes. Dietary intake was assessed by three-days observations. 
Linear mixed models were used to examine cross-sectional associations of En/kg bw/d 
and P/kg bw/d as dependent variables with determinants including gender, age, BMI, 
weight, nursing home facility, type of ward, dysphagia, difficulty chewing, verbal com-
munication problems, weight loss, needing feeding assistance, reported decreased food 
intake, mobility level, appetite, number of diseases/medication and neuropsychological 
problems. Results were stratified by a protein/energy-enriched diet (P/En+).

Results: The protein intake of the residents was 0.75 (SD:0.25) g/kg bw/d, with 78.9% 
of all residents having an intake below the recommended 1.0 g/kg bw/d. Mean energy 
intake was 19.9 (SD:6.1) kcal/kg bw/d, with 83.1% having an intake below recommenda-
tion. Intakes of P and En were higher in the P/En+ group compared to regular diet: 0.88 
(SD:0.27) vs. 0.69 (Sd:0.22) g/kg bw/d), and 23.5 (SD:6.1) vs. 18.2 (SD:5.4) kcal/kg/bw/d. 
The oldest age groups (>85 years), chair-bound residents, women, and residents having 
difficulties with chewing, dysphagia, a reported decreased food intake, or a decreased 
appetite were at a higher risk of a low P/En intake.

Conclusion: Nearly all nursing home residents were at increased risk of not meeting the 
minimum P/En requirements. Intakes should on average be increased with ≥ 18g P and 
≥ 570 kcal to reach the minimum intake targets. Although using a P/En+ diet was as-
sociated with higher intakes, even these residents had intakes below the requirements.
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Background

In the period 2002-2020 life expectancy at birth in the EU increased from 77.6 to 80.4 
years, resulting in 21% of Europeans being 65 years and older in 2020 [248,249]. This 
number is expected to double by 2050 and even triple by 2100 [137]. Because of age-
related decline in functioning, the majority of older adults will become (partly) care-
dependent towards the end of their life. Most European countries, therefore, implement 
a policy aimed at facilitating older adults to stay in their own environment as long as 
possible, if necessary with assisting home care. This ‘ageing-in-place’ policy, aimed at 
reducing the burden on nursing homes, is cost-effective and is, moreover, what most 
older adults wish [250]. However, ‘ageing-in-place’ is not always feasible due to progres-
sive disease, declining general health, risk of falling, social isolation, and medication 
management [250]. When care requirements become too high and home care is not 
sufficient anymore, older adults will eventually be admitted to a nursing home. Thus, 
in general, older adults only enter nursing homes when they are suffering already from 
(multiple) severe health conditions [251].

To prevent a further decline in quality of life during stay in a nursing home, an opti-
mal nutritional status is warranted. However, the nutritional status of newly admitted 
residents is often poor, as already one out of three newly-admitted residents has a low 
age-specific BMI  (<20 kg/m2 in residents <70 years or <22 kg/m2 in residents ≥70 years) 
[251]. In addition, approximately 10% of all residents will become malnourished during 
their  stay [236]. These high numbers can be explained by the presence of risk factors 
for malnutrition, such as multimorbidity, decreased appetite, poor oral health, cogni-
tive decline, and the inability to eat alone without help [252]. An optimal food intake, 
consisting of enough protein and energy, is needed to optimize the nutritional status 
and reduce the risk of malnutrition and accessory complications such as reduced quality 
of life and increased risk of comorbidities in residents of nursing homes [25,253].

For healthy older adults, a protein intake of 0.83 g/kg body weight (bw) per day is ad-
vised [254,255]. However, this traditional recommendation is still under discussion; older 
people are thought to need higher amounts of protein for optimal preservation of lean 
body mass, body functions, and health [74]. According to the latest ESPEN guidelines, 
a daily amount of 1.0-1.2 gram protein per kg/bw is suggested for healthy older adults 
[74], and expert groups advise even up to 1.2-1.5 gram protein per kg/bw for frail older 
adults [61]. Until proven otherwise, the current suggested intake of 1.0 g/kg bw/day 
should be ensured for all older adults to maintain and regain muscle mass and function 
[74].
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To prevent protein from being used as an energy source, an adequate energy intake is 
also required [256,257]. Energy requirements differ between persons, but on average, 
30 kcal/kg bw/day is advised for older adults [74]. Low activity can decrease energy 
needs, but based on indirect calorimetry 27 kcal/kg bw/day is the lower limit [74,258]. 
In contrast, requirements for older adults with underweight are as high as 32-38 kcal/kg 
bw/day [74,258].

It may be clear that a high-quality diet with satisfactory energy and protein intake is 
important for preserving an adequate nutritional status in older adults [74,259]. How-
ever, data regarding food intake in nursing-home residents is scarce. Most previously 
published articles on this topic use proxy measures for food intake, such as decreased 
appetite or the percentage of last served portion that was eaten, providing no true esti-
mate of consumed protein and energy intake [260,261]. It is therefore unclear how much 
energy/protein is consumed by nursing home residents and which (sub-)groups are not 
reaching the recommendations. Data regarding this topic can help to identify groups 
that are at increased risk to be(come) malnourished and develop targeted preventive/
curative measures for malnutrition. This study therefore, aims to assess the protein- and 
energy intake of Dutch nursing home residents and to examine which groups are at 
increased risk of not meeting the protein- and energy requirements.

Methods

Cross-sectional  data  were obtained  from residents of  five Dutch nursing  homes  from 
different parts of the Netherlands in two periods (January-March 2020 and September-
October 2021). Acquisition of participating nursing homes was done, among others, via 
network meetings, dietitians’ conferences and via a provider of electronic patient files 
used in nursing homes (InterRAI)

Residents were included when they were living in a nursing home, gave informed con-
sent, either by themselves or by their proxy, and were aged ≥ 65 years. Residents were 
excluded when they were bedbound (and consumed food in their own rooms which 
hindered discrete observing); received end-of-life care or used parenteral nutrition.

Measurements
Baseline measurements were performed to obtain a picture of the general health sta-
tus of the residents and were used to identify groups at risk for poor food intake. All 
measurements were done by trained students of the bachelor’s program ‘Nutrition and 
Dietetics’ and master’s program ‘Nutrition and Health’.
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Malnutrition risk
The Short Nutritional Assessment Questionnaire for Residential Care (SNAQRC) was used 
to identify residents at risk of malnutrition. This validated malnutrition screening tool 
for nursing-home residents is based on four items: unintentional weight loss (>3kg in 
the last month or >6kg in the last 6 months), needing feeding assistance, having a de-
creased appetite, and low BMI (<20 kg/m2 or 20-22 kg/m2) [262]. Residents were graded 
‘at moderate risk of malnutrition’ when they scored positively on one of the following 
items: needing feeding assistance, having a decreased appetite, or having a relatively 
low BMI (20-22 kg/m2). When residents displayed two or more of those items or had 
unintentional weight loss (as defined above) or a very low BMI (< 20 kg/m2), they were 
graded ‘at severe risk of malnutrition.

Anthropometry
Due to COVID-19 restrictions, the body weight and height of the residents were mainly 
taken from medical records. When record data regarding weight and/or height was 
missing, residents were weighted in clothes, but without shoes, on nursing home scales. 
Based on weight and height, BMI was classified in: underweight (< 22 kg/m2); normal 
weight (22-27 kg/m2); and overweight (> 27 kg/m2)[263].

Co-morbidities and multimorbidity
The nature and number of co-morbidities were assessed alongside a pre-specified list: 
diabetes mellitus, heart attack, stroke or cerebral haemorrhage/infarction, other seri-
ous heart problems (heart failure, angina pectoris), cancer, hypertension, lung disease 
(chronic obstructive pulmonary disease, asthma, emphysema), stomach-liver-bowel 
disease, kidney or bladder disease, osteoporosis, back disorders, joint damage (arthrosis, 
rheumatism), and ‘other’.

Multimorbidity was defined as the presence of three or more diseases [264].

Other variables
In addition, the following characteristics were obtained from the medical files or pro-
vided by a first responsible nurse: demographics (gender, age), protein/energy-enriched 
diet (P/E+ diet vs. standard diet), polypharmacy (≥ 5 medication), dysphagia, decreased 
food intake (severely decreased, moderately decreased, not decreased), chewing dif-
ficulties, verbal communication problems (ability to express verbally or non-verbally), 
type of ward (somatic, psychogeriatric, rehabilitation), mobility level (goes out, able to 
get out of bed/chair, chair bound), neuropsychological problems (severe dementia, mild 
dementia, no dementia).
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Dietary assessment
Three-day structured food records, three main meals, and in-between moments were 
used to calculate protein and energy intake. Since food registration can be a burden for 
residents and is depending on memory, direct observations were used. Direct observa-
tion is considered a gold standard because it is practical, independent of a resident’s 
memory, and can provide objective information on the actual intake of residents [265].

The researchers observed the residents throughout the day and reported the amounts 
consumed by the residents. Residents were informed on forehand that they could be 
observed but not when. Observers were overviewing the residents from a short dis-
tance. Beforehand, the standard dinnerware was measured, and the different sizes of 
a portion, package, or item of tableware were measured to improve estimations of the 
consumed food/drinks.

Food records were conducted on randomly selected days, preferably including one 
weekend day to account for possible changes in eating habits during the weekend. 
For the calculation of nutritional intake, the nutritional calculation program Compl-eat 
(linked to the Dutch Food Composition Table 2021/7.0 [167]) was used.

Protein and energy intake
Protein and energy intakes were generated from Compl-eat. Data was presented in total 
protein intake in gram per day (g/day), gram protein/kg bw per day (g/kg bw/day), total 
energy intake in kcal per day (kcal/day), and energy intake in kcal/bw per day (kcal/kg 
bw/day.

As the protein recommendations are expressed in g/kg bw/day, actual body weight 
can over- and underestimate protein needs [266]. In overweight residents, low-fat-free 
mass (FFM) can lead to an overestimation of protein needs. In contrast, in underweight 
residents, a relatively high FFM can lead to an underestimation of protein needs [266]. 
For this reason, adjustments in body weight were made to optimally estimate protein 
needs. For residents with underweight the adjusted protein intake in g/kg bw/day was 
based on body weight derived from age-specific cut-off points of BMI, 20 kg/m2 for 
age <70 years and 22 kg/m2 for age ≥70 years. For overweight residents adjusted body 
weight was derived from BMI 27.5 kg/m2 [267].

ethics
The ethics committee of the HAN University of Applied Sciences evaluated the study 
(ECO 182.03/20), and it was judged not to fall within the remit of the Medical Research 
Involving Human Subjects Act (WMO).
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analyses
Statistical analyses were performed using SPSS 28.0. The normality of continuous data 
was assessed using QQ-plots and box plots. Background characteristics of the popula-
tion were described by means with standard deviations and frequencies with percent-
ages for categorical data.

Linear mixed models were applied to study associations of total gram protein, adj. g 
protein/kg bw/day, total kcal and kcal/kg bw/day with the independent variables

As the data are clustered both within residents of the same ward and within persons, 
because of the three-days food record repeats, random intercepts were used based on 
comparison of the -2 log-likelihood of the models with and without random intercepts. 
For protein intake random intercepts were included for ward and resident level. For 
energy intake a random intercept at resident level was applied.

As having a protein/energy-enriched diet (P/E+ diet) was likely a strong predictor for 
energy and protein intake, with the P/E+ diet being in the causal path between several 
independent variables and protein/energy intake, adjusting for diet group is inappropri-
ate, Therefore, all results were stratified by P/E+ diet. To assess difference in regression 
coefficients between the standard diet group and P/E+ diet, interaction terms were 
made (determinant of interest * P/E+ diet (yes/no)). A p-value of 0.1 was considered 
significant [211].

Furthermore and where appropriate, the analyses were adjusted for gender, age, and 
mobility, well-known factors associated with protein-energy intake [64,268–270].

Results

As shown in Table 1, 189 residents were included in the study, of which 62 (32.8%) were 
provided a P/E+ diet. Most of the residents were female (70.4%), mean age was 85.0 yr 
(SD 7.4), and the majority lived in a psychogeriatric ward (72.5%). Mean BMI was 26.0 kg/
m2 (SD 5.0), and 17.5% had a low age-specific BMI. Malnutrition risk as based on SNAQRC 
was high, with 52.9% being at moderate or severe risk. A large part (40.7%) suffered 
more than three diseases and 72.5 of the residents used more than five types of medica-
tion per day. Most of the residents (80.4%) had mild/moderate dementia, as indicated by 
their caregivers/first responsible nurse.
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Table 1, The characteristics of participants included from five different nursing homes.

Protein/energy-enriched 
diet (N=62)

Standard diet
(N=127)

Total
(N=189)

Gender
Male
Female

17 (27.4%)
45 (72.6%)

39 (30.7%)
88 (69.3%)

56 (29.6%)
133 (70.4%)

age (years) 84.2 ± 8.0 85.4 ± 7.1 85.0 ± 7.4

Body mass index (kg/m2)
Missing
BMI < 22
BMI ≥22 – 27
BMI ≥ 27

23.7 ±4.5
1

21 (33.9%)
29 (46.8%)
11 (17.7%)

27.2 ±4.9
12

12 (9.4%)
50 (39.4%)
53 (41.7%)

26.0 ± 5.0
13

33 (17.5%)
79 (41.8%)
64 (33.9%)

Weight (kg)
<60
60-80
>80

22 (35.5%)
33 (53.2%)
7 (11.3%)

8 (6.3%)
77 (60.6%)
42 (33.1%)

30 (15.9%)
110 (58.2%)
49 (25.9%)

Nursing home
1
2
3
4
5

43 (69.4%)
2 (3.2%)

11 (17.7%)
2 (3.2%)
4 (6.5%)

46 (36.2%)
23 (18.1%)
21 (16.5%)
17 (13.4%)
20 (15.7%)

89 (47.1%)
25 (13.2)

32 (16.9%)
19 (10.1%)
24 (12.7%)

Ward
Psychogeriatric
Somatic
Rehabilitation

44 (71.0%)
7 (11.3%)

11 (17.8%)

93 (73.2%)
27 (21.3%)

7 (5.5%)

137 (72.5%)
34 (18.0%)
18 (9.5%)

having dysphagia 26 (41.9%) 23 (18.1%) 49 (25.9%)

having difficulty chewing 19 (30.6%) 8 (6.3%) 27 (14.3%)

Polypharmacy
Missing
≥5 medications

0
50 (80.6%)

1
87 (68.5%)

1
137 (72.5%)

Multimorbidity
≥3 diseases 27 (43.5%) 50 (39.4%) 77 (40.7%)

Verbal communication problems 23 (37.1%) 23 (18.1%) 46 (24.3%)

Weight loss (based on SNaQrc)
No weight loss
1-3kg last 3 months
> 3 kg last 3 months

42 (67.7%)
10 (16.1%)
10 (16.1%)

118 (92.9%)
4 (3.1%)
5 (3.9%)

160 (84.7%)
14 (7.4%)
15 (7.9%)

having decreased appetite 18 (29.0%) 25 (19.7%) 43 (22.8%)

Feeding assistance needed 27 (43.5%) 25 (19.7%) 52 (27.5%)

Decrease in food intake
No decrease
Moderate decrease
Severe decrease

37 (59.7%)
14 (22.6%)
11 (17.7%)

94 (74.0%)
29 (22.8%)

4 (3.1%)

131 (69.3%)
43 (22.8%)
15 (7.9%)

Mobility
Goes out
Able to get out of bed
Chair bound

4 (6.5%)
26 (41.9%)
32 (51.6%)

23 (18.1%)
70 (55.1%)
34 (26.8%)

27 (14.3%)
96 (50.8%)
66 (34.9%)
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Table 1, The characteristics of participants included from five different nursing homes. (continued)

Protein/energy-enriched 
diet (N=62)

Standard diet
(N=127)

Total
(N=189)

Neuropsychological problems
No dementia
Mild dementia
Severe dementia

11 (17.7%)
15 (24.2%)
36 (58.1%)

26 (20.5%)
31 (24.4%)
70 (55.1%)

37 (19.6%)
46 (24.3%)

106 (56.1%)

SNaQRC

No risk of malnutrition
Moderate risk of malnutrition
Severe risk of malnutrition

17 (27.4%)
16 (25.8%)
29 (46.8%)

72 (56.7%)
38 (29.9%)
17 (13.4%)

89 (47.1%)
54 (28.6%)
46 (24.3%)

Protein intake
Total protein intake g-per day
Protein intake g/kg bw adjusted

≥ 0,83 g/kg bw
≥ 1,0 g/kg bw
≥ 1,2 g/kg bw

62.1 ± 20.3
0.88 ± 0.27

44 (70.9%)
24 (38.7%)
11 (17.7%)

52.4 ± 15.9
0.69 ± 0.22

38 (29.9%)
16 (12.6%)

5 (3.9%)

55.6 ± 18.0
0.75 ± 0.25

82 (43.4%)
40 (21.2%)
22 (11.6%)

energy intake
Total energy intake kcal-per day
Energy intake kcal/kg bw/day

≥ 27 kcal/kg bw/day

1509 ± 387
23.5 ± 6.1

15 (24.2%)

1373 ± 361
18.2 ± 5.4

17 (13.4%)

1417.6 ± 374.1
19.9 ± 6.1

32 (16.9%)

Note: data is shown as mean (SD) or number (percentage)

Protein intake
The mean protein intake per day was 55.6 g/day (SD:18.0), or 0.75 g/kg bw/day (SD:0.25). 
For people with a P/E+ diet, this was higher with 0.88 g/kg bw/day (SD 0.27), compared 
to 0.69 g/kg bw/day (SD 0.22) in the standard diet group (see Figure 1).

More than half of the residents (56.6%) did not reach the lowest recommendation of 
0.83 gP/kg bw/day, and an even higher proportion (78.9%) did not reach the recom-
mended 1.0 gP/kg bw/day, let alone the higher recommendation of 1.2 g/kg bw/day 
(91.5%) (Table 1, Figure 1). The proportions reaching the 1.0 g/kg bw/day was higher in 
the P/E+ group (38.7%) compared to the standard diet group (12.6%).

energy intake
The total mean energy intake in kcal per day was 1418 kcal/day (SD:374), or 19.9 kcal/
kg bw/day (SD:6.1). For residents with a P/E+ diet the intake was 23.5 kcal/kg bw/day 
(SD:6.5), compared to 18.2 kcal/kg bw/day (SD:5.4) for residents without such diet 
(Figure 1). Despite being a low proportion, more residents reached the minimum recom-
mendation of 27 kcal/kg bw/day in the P/E+ group (24.2%) compared to the standard 
diet group (13.4%) (Table 1, Figure 1).
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 Figure 1, Overview of protein/energy intake and recommendations

Note: bars represent average intake with standard deviation.
recommendation lines for total protein/energy are based on average population weight (73.6 kg)

Groups at risk of a low protein intake
No differences in total protein intake were seen between residents within the different 
categories of BMI (Table 2). As a consequence, lower protein intake per kg/bw/day was 
observed in the higher BMI categories. Factors related to a low total protein intake were 
mostly also related to protein intake in adj. g/kg bw/day.

The characteristics most strongly related to a low total protein intake were, in order of ef-
fect size or regression coefficient, having difficulties chewing, mobility problems, weight 
loss of >3kg in the last 3 months, decreased appetite, female gender and older age.

The parameters strongest related to low protein intake based on adj. g/kg bw/day were 
higher body weight, difficulty chewing, mobility problems, decreased food intake and/
or decreased appetite. Low BMI (<22 kg/m2) was associated with higher protein intake.

Small, non-significant associations, for either protein outcome measure, were found for 
the other determinants investigated.

Protein/energy-enriched diet group
The effect sizes that were observed in the P/E+ diet group were relatively similar to those 
in the standard diet group. Only effect sizes for gender, age, having a decreased appe-
tite, difficulty chewing and recent weight loss differed between both groups (interaction 
term p<0.10).

The strongest characteristics related to low total gram protein were higher age, need 
for feeding assistance female gender and to a lesser extent difficulty chewing and 
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dysphagia. Factors related to a higher intake were type of ward (psychogeriatric and 
rehabilitation vs. somatic) and having multimorbidity.

The strongest characteristics related to low protein intake based on adj. g/kg bw/day 
were female gender, residents with difficulty chewing, dysphagia, higher weights and 
higher age. Low BMI (<22 kg/m2) was associated with higher intake.

Table 2, Regression coefficients for protein intake derived from linear mixed models for residents with 
standard and protein/energy-enriched diet

Standard diet
(n=127)

Protein/energy-enriched diet
(n=62)

Total grams
protein
per day

Adjusted grams
protein/

kg bw/day

Total grams
protein
per day

Adjusted gram
protein/

kg bw/day

Gender
Female -6.8 (-11.3;-2.2)* -0.04 (-0.11; 0.03) -14.9 (-22.9; -6.8)* -0.11 (-0.26; 0.04)

age (years)
65-75
75-85
>85

Ref.
-3.1 (-10.9; 4.6)*
-6.5 (-14.1; 1.2)

Ref.
-0.00 (-0.12; 0.12)*
-0.07 (-0.19; 0.05)

Ref.
-13.8 (-24.7; -3.0)*
-12.5 (-22.9; -2.0)

Ref.
-0.20 (-0.40; 0.00)*
-0.16 (-0.36; 0.04)

BMI (kg/m2)
<22
22-27
>27

2.7 (-5.2; 10.6)
Ref.

2.7 (-2.4; 7.8)

0.18 (0.06; 0.30)
Ref.

-0.01 (-0.09; 0.06)

-3.7 (-11.6; 4.1)
Ref.

3.5 (-6.1; 13.1)

0.18 (0.04; 0.32)
Ref.

-0.01 (-0.18; 0.16)

Weight (kg)
<60
60-80
>80

Ref.
0.3 (-8.6; 9.3)

1.8 (-7.5; 11.2)

 Ref.
-0.19 (-0.33; -0.06)
-0.27 (-0.41; -0.13)

Ref.
5.3 (-2.1; 12.7)
7.7 (-4.0; 19.4)

Ref.
-0.16(-0.29; -0.03)
-0.26 (-0.47; -0.05)

Nursing home
1
2
3
4
5

7.6 (-1.8; 16.9)
7.5 (-3.4; 18.3)
3.0 (-9.1; 15.1)
5.8 (-7.5; 19.1)

Ref.

0.13 (-0.00; 0.26)
0.17 (0.02; 0.32)
0.07 (-0.09; 0.24)
0.11 (-0.07; 0.29)

Ref.

4.9 (-10.7; 20.6)
13.8 (-18.5; 45.9)
-5.1 (-24.7; 14.4)
3.8 (-24.2; 30.5)

Ref.

0.04 (-0.24; 0.32)
0.25 (-0.33; 0.83)
0.00 (-0.33; 0.33)
0.44 (-0.03; 0.91)

Ref.

Ward
Somatic
Psychogeriatric
Rehabilitation

Ref.
-0.2 (-5.7; 5.3)
4.3 (-6.0; 14.6)

 Ref.
-0.05 (-0.14; 0.03)
0.02 (-0.14; 0.18)

Ref.
10.2 (1.0; 19.4)
11.5 (0.7; 22.2)

Ref.
0.13 (-0.08; 0.34)
0.03 (-0.15; 0.21)

having dysphagia -2.3 (-7.9; 3.3) -0.01 (-0.10; 0.08) -5.1 (-11.9; 1.8) -0.11 (-0.24; 0.03)

having difficulty chewing -14.9 (-23.8; -6.1)* -0.19 (-0.33; 0.04) -7.0 (-15.2; 1.2)* -0.20 (-0.35; -0.04)

Polypharmacy
≥ 5 medicines 0.9 (-4.4; 6.2) 0.04 (-0.04; 0.12) 2.6 (-6.6; 11.8) -0.06 (-0.23; 0.12)

Multimorbidity
≥ 3 diseases -0.1 (4.7; 4.4) 0.00 (-0.07; 0.07) 6.2 (0.8; 13.2) 0.01 (-0.13; 0.15)

Verbal communication problems
-3.7 (-9.4; 2.0) -0.04 (-0.13; 0.05) -4.9(-12.9; 3.0) 0.03 (-0.12; 0.18)



140 Chapter 8

Table 2, Regression coefficients for protein intake derived from linear mixed models for residents with 
standard and protein/energy-enriched diet (continued)

Standard diet
(n=127)

Protein/energy-enriched diet
(n=62)

Total grams
protein
per day

Adjusted grams
protein/

kg bw/day

Total grams
protein
per day

Adjusted gram
protein/

kg bw/day

Weight loss
No weight loss
1-3kg last 3 months
> 3 kg last 3 months

Ref.
-2.5 (-15.9; 10.9)
-9.5 (-20.0; 1.1)*

 Ref.
0.03 (-0.18; 0.23)
-0.07 (-0.24; 0.10)

Ref.
-4.0 (-14.1; 6.1)
2.8 (-6.5; 12.1)*

Ref.
0.04 (-0.15; 0.24)
0.07 (-0.11; 0.25)

having decreased appetite
-7.0 (-12.2; -1.9) -0.10 (-0.18; -0.02)* 0.6 (-7.4; 8.5) 0.07 (-0.09; 0.22)*

Feeding assistance needed
-4.0 (-9.7; 1.8) -0.05 (-0.14; 0.04) -8.2 (-16.1; -0.2) -0.06 (-0.22; 0.10)

Decrease in food intake
No decrease
Moderate decrease
Severe decrease

Ref.
-7.9 (-12.8; -3.0)
-3.8 (-15.4; 7.7)

Ref.
-0.10 (-0.18; -0.02)*
-0.06 (-0.25; 0.13)

Ref.
-1.9 (-10.8; 7.0)
-4.3 (-14.3; 5.7)

Ref.
0.05 (-0.11; 0.22)*
-0.04 (-0.23; 0.16)

Mobility
Goes out
Able to get out of bed
Chair bound

Ref.
-10.1 (-16.0; -4.2)
-10.4 (-16.9; -4.0)

Ref.
-0.11 (-0.20; -0.02)
-0.16 (-0.26; -0.06)

Ref.
-7.1 (-21.5; 7.2)
2.1 (-12.3; 16.6)

Ref.
-0.13 (-0.40; 0.14)
0.03 (-0.24; 0.30)

Neuropsychological
No problems
 Mild dementia
Severe dementia

Ref.
-1.6 (-8.6; 5.4)
-0.4 (-7.7; 6.9)

Ref.
0.05 (-0.06; 0.16)
0.06 (-0.05; 0.17)

Ref.
-0.0 (-12.1; 12.1)
-5.9 (-17.7; 5.9)

Ref.
0.04 (-0.18; 0.27)
-0.00 (-0.23; 0.22)

Note: Data are shown as mean difference (95%CI), adjustments (when appropriate) were made for age category (65-75, 75 
85, > 85), gender, and mobility (goes out, able to get out of bed/chair, chair bound).
* significant difference (p<0.1) in regression coefficient between standard and P/E+ diet

Groups at risk of a low energy intake
Comparable to for protein intake, total energy intake was only weakly related to weight/
BMI class: residents within the higher BMI categories and, to a lesser extent, higher 
weight categories, had a relatively lower kcal intake per kg/bw day.

Characteristics related to a low total energy intake were mostly also related to energy 
intake expressed in kcal/kg bw/day (Table 3).

energy intake in standard diet group
The characteristics strongest related to total low kcal/day were female gender, having 
difficulties chewing, weight loss of >3kg in the last 3 months, a decreased food intake, 
and low mobility levels. Residents with multimorbidity consumed more energy.
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The characteristics strongest related to decreased kcal/kg bw/day were female gender, 
higher body weight/BMI groups, living on a psychogeriatric or rehabilitation ward, diffi-
culties chewing, poor mobility levels and having a decreased food intake. Higher intakes 
were seen in those with neuropsychological problems and those with polypharmacy 
and/or multimorbidity.

energy intake with a protein/energy-enriched diet
Based on interaction terms, effect sizes differed significantly (p<0.1) between the stan-
dard diet vs. P/E+ diet for age group, decreased food intake, recent weight loss and type 
of ward.

The strongest associations with lower total calories per day were female gender, receiv-
ing feeding assistance, being older and to a lesser extent dysphagia and/or difficulty 
with chewing. Type of ward (psychogeriatric and rehabilitation compared to somatic) 
was associated with higher kcal intake.

The characteristics strongest related to low kcal/kg bw/day were higher weight/BMI and 
age, difficulty chewing and/or dysphagia. Having a low BMI (<22 kg/m2) was associated 
with higher kcal/kg bw/day.

Small, non-significant associations, for either energy outcome measure, were found for 
the other determinants investigated.
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Table 3, Regression coefficients for energy intake derived from linear mixed models for residents with stan-
dard and protein/energy-enriched diet

Standard diet
(n=127)

Protein/energy-enriched diet
(n=62)

Total kcal per day kcal/kg bw/day Total kcal per day kcal/kg bw/day

Gender
Female -204 (-330; -79) -1.9 (-4.0; 0.1) -296 (-481; -111) -1.6 (-5.3; 2.1; 5.3)

age (years)
65-75
75-85
>85

 Ref.
-25 (-237; 187)
-115 (-321; 91)

 Ref.
1.2 (-2.3; 4.6)*
-0.2 (-3.6; 3.1)

Ref.
-212 (-463; 40)
-188 (-433; 57)

 Ref.
-2.9 (-8.0; 2.1)*
-2.6 (-7.5; 2.3)

BMI (kg/m2)
<22
22-27
>27

-58.9 (-270; 152)
Ref.

56 (-77; 188)

2.9 (-0.4; 6.1)
Ref.

-2.8 (-4.9; -0.8)

-68 (-253; 117)
Ref.

58 (-168; 284)

5.1 (1.9; 8.3)
Ref.

-3.3 (-7.2; 0.7)

Weight (kg)
<60
60-80
>80

Ref.
126 (-121; 372)
90 (-167; 348)

 Ref.
-4.1 (-7.6; -0.6)
-8.9 (-12.6;-5.3)

Ref.
115 (-57; 288)

164 (-112; 439)

Ref.
-4.7 (-7.7; -1.6)

-9.8 (-14.6; -4.9)

Nursing home
A
B
C
D
E

77 (-112; 267)
11 (-195; 217)
84 (-129; 297)
39 (-180; 257)

Ref.

1.8 (-3.1; 4.6)
3.1 (-1.9; 7.1)
3.1 (-1.8; 8.4)
1.4 (-4.6; 6.6)

Ref.

-46 (-399; 308)
197(-544; 938)

-143 (-523; 237)
-81 (-672; 509)

Ref.

-1.8 (-8.6; 5.1)
4.3 (-10.1; 18.6)

0.1 (-7.3; 7.4)
8.3 (-3.1; 19.8)

Ref.

Ward
Somatic
Psychogeriatric
Rehabilitation

Ref.
-64 (-206; 78)*
-85 (-350; 180)

 Ref.
-2.9 (-5.2; -0.7)
-2.2 (-6.4; 2.0)

Ref.
217 (-32; 465)*
193 (-21; 407)

Ref.
1.4 (-3.8; 6.7)
-0.8 (-5.3; 3.7)

having dysphagia -11 (-168; 147) 0.8 (-1.8; 3.3) -144 (-309; 21) -3.3 (-6.6; 0.0)

having difficulty chewing -340 (-595; -85) -3.7 (-7.9; 0.6) -129 (-325; 68) -4.1 (-8.0; -0.2)

Polypharmacy
≥ 5 medicines 47 (-84; 177) 1.5 (-0.6; 3.6) 105 (-108; 317) 1.2 (-5.5; 3.1)

Multimorbidity
≥ 3 diseases 107 (-11; 226) 1.6 (-0.3; 3.5) 78 (-94; 248) -0.8 (-4.3; 2.7)

Verbal communication
problems present -133 (-286; 20) -1.2 (-3.7; 1.3) -123 (-304; 57) 1.4 (-2.3; 5.1)

Weight loss
No weight loss
1-3kg last 3 months
> 3 kg last 3 months

Ref.
-7 (-336; 322)

-315 (-611; -12)*

 Ref.
2.6 (-2.9; 8.0)
-1.8 (-6.7; 3.1)

Ref.
-61 (-296; 175)

103 (-123; 328)*

Ref.
1.3 (-3.5; 6.0)
1.5 (-3.1; 6.1)

having a decreased appetite -165 (-308; -21) -1.7 (-4.1; 0.7) 18 (-174; 209) 1.1 (-2.7; 5.0)

Feeding assistance needed -55 (-206; 95) -0.7 (-3.1; 1.8) -219 (-402; -36) -1.7 (-5.6; 2.2)

Decrease of food intake
No decrease
Moderate decrease
Severe decrease

Ref.
-225 (-360; -90)*
-122 (-445; 200)

 Ref.
-2.4 (-4.7; -0.1)*
-0.4 (-5.8; 5.0)

 Ref.
-10 (-214; 194)*
-131 (-370; 107)

 Ref.
1.4 (-2.5; 5.1)*
-1.9 (-6.3; 2.6)
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Table 3, Regression coefficients for energy intake derived from linear mixed models for residents with stan-
dard and protein/energy-enriched diet (continued)

Standard diet
(n=127)

Protein/energy-enriched diet
(n=62)

Total kcal per day kcal/kg bw/day Total kcal per day kcal/kg bw/day

Mobility
Goes out
Able to get out bed
Bed or chair bound

Ref.
-147 (-303; 9)

-220 (-394; -47)

Ref.
-1.5 (-4.0; 1.1)
-3.5 (-6.3; -0.7)

Ref.
-15 (-350; 319)
-16 (-350; 317)

Ref.
-0.7 (-7.4; 6.1)
-1.3 (-8.0; 5.4)

Neuropsychological
No problems
 Mild dementia
Severe dementia

Ref.
-106 (-277; 65)
18.6 (-136; 173)

Ref.
0.9 (-1.8; 3.7)
2.8 (0.3; 5.2)

Ref.
-11 (-263; 242)
-151 (-370; 67)

Ref.
1.6 (-3.7; 6.8)
0.8 (-3.7; 5.3)

Note: Data are shown as mean difference (95%CI), adjustments (when appropriate) were made for age category (65-75, 75 
85, > 85), gender, and mobility (goes out, able to get out of bed/chair, chair bound).
* significant difference (p<0.1) in regression coefficient between standard and P/E+ diet

Discussion

This study shows that residents of Dutch nursing-homes do not consume enough 
protein and energy. Female residents, older aged, those having difficulties chewing or 
dysphagia, those reported to have a decreased food intake or decreased appetite, or 
those who were bedor chair-bound had the highest prevalence of a poor intake. Impor-
tantly, this does not imply that other groups were not at risk. Basically, the whole study 
population consumed insufficient protein and energy and was at risk of not meeting 
the requirements. The P/E+ diet group consumed more protein/energy compared to 
the standard diet group. Nevertheless, over 60% of the P/E+ group did not meet the 
requirements.

Residents included in our study were comparable to residents included in the Dutch 
National Prevalence Measurements of Care Problems 2018 (LPZ), a representative cohort 
of Dutch nursing-home residents. The overall age of the residents in our study, 85.0 
(SD:7.4) years,  was slightly higher than in LPZ in which the residents were 83.2 (SD: 9.5) 
years old [271] and BMI (26.0 (SD:5.0) kg/m2) was comparable with LPZ (25.1 (SD:6.3) 
kg/m2). Prevalence of malnutrition risk (based on SNAQRC) was also comparable to LPZ 
(both 24% at high risk) [272]. Thus, our study population appears to be a good reflection 
of older adults in nursing homes in the Netherlands despite some minor differences 
compared to the characteristics of residents within the LPZ cohort.

In general, a P/E+ diet seemed to be beneficial for protein/energy intake which is in 
line with previous studies [273]. Residents with a P/E+ diet had a higher protein and 
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energy intake compared to residents in the standard diet group. In the latter group, 
weight loss of >3 kg and having a decreased appetite was associated with a decreased 
protein/energy intake while in the P/E+ diet group this was not seen. Because of the 
cross-sectional design, no causality can be obtained, but a P/E+ diet might already have 
been introduced for residents with involuntary weight loss and/or an impaired appetite 
which could have increased protein/energy intake.

The protein intake of the residents in our study was relatively low: over half of the par-
ticipants did not meet the lower recommendation of 0.83 g protein/kg bw/day and an 
even smaller proportion (21.2%) met the suggested recommendation of 1.0 g protein/
kg bw/day let alone the recommended intake of 1.2-1.5 for frail older adults [61]. Here-
with, and regardless of the recommendation used, protein intake was (far) too low for 
most residents. In general, an additional ~5, ~20 or ~35 gram protein would be needed 
to reach respectively the 0.83, 1.0 and 1.2 g/kg bw/day, meaning that protein intake 
should increase with ~25-50%. Even those with a P/E+ diet consumed too little energy/
protein. This suggests that nearly all residents might benefit from a P/E+ diet. It may 
thus be even more efficient and desirable to incorporate more energy and protein in the 
standard nutrition policy instead of providing a P/E+ diet to those diagnosed with a low 
energy/protein intake.

Oral nutritional supplements (ONS) are commonly prescribed to increase protein/en-
ergy intake in older adults in nursing homes [274]. In previously performed trials with 
ONS in the hospital and community setting, an average increase of 22 gram protein 
and 314 kcal was seen [275]. In nursing homes, such an amount would increase the 
average protein intake to ~1.0 g/kg bw/day at the population level, but it does not rule 
out ongoing deficiencies at the individual level. So, residents with a known low intake 
should still be monitored whether they consume enough protein as it is expected that 
for those with an already low intake, it is difficult to consume the prescribed ONS. It 
is also unclear if the 22 gram protein increase can be extrapolated to a nursing-home 
setting as appetite is lower compared to older adults living in the community [276]. 
Furthermore, it is unknown if effects of ONS will last a long time as the compliance usu-
ally declines over time and the different flavours/textures of ONS do not fulfil the older 
adults’ needs and wishes [277,278]. Next to this, the decision on ONS for nursing home 
residents with dementia is a complex and ethical process [279]. Possibilities to increase 
the protein intake should take all nutritional solutions into account, whereby ONS is only 
one of them and a second choice [279].

Another intervention to increase protein intake is to replace low-protein foods with 
alternative protein-enriched foods. In a simulation study by Verwijs et al.[280] in com-
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munity-dwelling older adults, the percentage that reached the 1.0 gram of protein kg/
bw/day increased from 41.1% to 91.4% when products low in protein were substituted 
with protein-rich alternatives. However, these results were based on simulation data in 
the community and it remains unclear how effective this would be in practice. A replace-
ment strategy without increasing the total volume of the meals might be insufficient 
to increase protein/energy intake as portions are small and appetite is generally low in 
nursing home residents. In addition, older adults prefer to only use products they have 
known their whole life [281,282], so replacement of products might in some case not be 
accepted. Enrichment of usual products could then be a solution.

Besides changes in products or providing additional products, increasing food intake 
could also be achieved by changing the food provision. Providing more small meals and 
in-between snacks can increase intake [157]. As appetite is limited in older adults [276], 
foods should be distributed over the whole day. An additional evening snack before 
bedtime, for example, might increase intake without affecting the appetite of the next 
meal moment. Also care should be given to meal presentation. Increasing ambiance 
and better presentation of meals has been shown to increase appetite and lead to 
higher intakes [283]. Finally, staff must be made more aware of the risk of malnutrition. 
Increasing their knowledge on malnutrition and healthy eating could increase intake of 
residents [283].

Food not only provides nutrients but it gives residents structure, joy and gives them 
opportunities to socialize [284,285]. When striving to increase protein and energy intake 
in residents, these aspects should be taken into consideration as they provide quality 
of life. As residents are in their latest phase of life, this is the most important factor to 
focus on. When changing nutritional policies to improve intake, choices should not only 
be guided by the nutrient composition but also by the impact of quality of life [225]. At 
the individual level, residents and family should be consulted whether additional food 
enrichments are desirable in case of deficits, especially towards the end of life [225].

Based on our data, no relation was seen between total protein intake and body weight/
BMI. This results in a relatively high protein intake, expressed by gP/kg bw/day, in 
residents with a low BMI/weight. This does not directly imply better compliance with 
the guidelines as protein recommendations are higher for those with underweight/
malnutrition [61,74]. Caregivers should be aware that protein intake per kg/bw could 
be misleading in residents with a low weight. The use of an adjusted bodyweight for 
residents with a low BMI is recommended [267] but ideally, their protein requirement 
should be based on body composition (e.g., FFM) rather than body weight [286].
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Besides a low protein intake, our study population also did not reach the energy recom-
mendations. The average energy intake was 1418 kcal and over 80% did not meet the 
recommendation of 27 kcal/kg bw/day let alone the 32-38 kcal/kg bw/day advised in 
older adults with malnutrition [74]. Considering that 52.9% of our respondents was at 
risk of malnutrition, the average intake of 19.9 kcal/kg bw/day is therefore too low. How-
ever, the use of standard equations for kcal based on kg bodyweight is very restricted 
and may not be accurate. A recent study from Belgium in nursing home residents (n=25) 
based on indirect calorimetry showed that average requirements were  ~1575 kcal [287]. 
This requirement is more in line, but still higher than the average intake of our study 
population.

A low protein/energy intake could eventually lead to an increased risk of developing 
or aggravating malnutrition. We did not perform follow-up measurements, and were 
thus unable to assess this relation. Factors that were related to low protein intake in 
our study such as mobility problems, difficulty chewing and use of feeding assistance, 
were previously shown to be risk factors for developing malnutrition in nursing home 
residents [251]. In contrast, neuropsychological problems, which are widely accepted as 
a risk factor for developing malnutrition [66], were not associated with lower intakes in 
our study. A previous study by our group showed that especially residents with multiple 
cognitive problems are at increased risk of developing malnutrition [236]. As we had 
only limited data on neuropsychological problems, we were not able to test the relation 
of multiple cognitive problems on protein and energy intake.

Limitations
Due to COVID-19 restrictions, weight was often obtained from medical records which 
could be biased. However, previous studies have shown that medical records are in 
general a reliable source for weight measurements [288,289]. When measuring food 
intake, it is well known that most assessment techniques lead to an underestimation of 
intake which results in higher prevalence rates of residents at risk of low protein/energy 
intake. However, the use of observations minimizes this effect as this is regarded as the 
standard for criterion validity of food intake [290,291]. Finally, not all included nursing 
homes had all three type of wards. A rehabilitation ward was only present in one nursing 
home and somatic care in two nursing homes. So, power was low for these associations 
resulting in large confidence intervals. Associations derived for type of ward should 
therefore be interpreted with caution.
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Conclusion

Almost all older adults in our study population consumed insufficient protein and 
energy. Having a P/E+ diet was associated with a higher protein-energy intake in older 
adults. Nevertheless, also the majority of residents who consumed a P/E+ diet had an 
intake below requirements. Because of the low intakes, we recommend to prescribe a 
protein/energy-enriched diet to all nursing home residents; this diet should be even 
more enriched compared to the current P/E+ diets to optimize the protein and energy 
intake. Given the small appetite of nursing home residents, using small servings of 
energy-rich and protein-rich foods to enrich meals might be useful. Future studies are 
needed to identify which strategies work best to increase protein and energy intake.
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Overview of malnutrition during the journey of ageing

The aim of this thesis was to identify groups at risk of becoming malnourished during 
the journey of ageing; from healthy older adults in the community to frail residents in 
long-term care facilities. We also assessed the impact of switching from self-prepared 
meals towards ready-made meals in terms of protein and energy intake. Finally, we 
investigated protein and energy intake of residents in long-term care facilities. Table 1 
provides a summary of the main results from our studies.

Chapters 2 and 3 provide an overview of malnutrition according to early determinants 
in community-dwelling older adults, based on questionnaires filled out on the inter-
net. Early determinants are risk factors that eventually could lead to malnutrition and 
comprise, among others, poor food intake, problems with doing grocery shopping and/
or cooking and eating alone. Both in the Dutch and international cohort, prevalence 
of malnutrition was over 85% and increased with age (up to ~95% in those aged ≥85 
year). The prevalence of malnutrition according to early determinants was relatively 
comparable between countries, but individual risk factors differed between countries. 
For instance, low dairy intake and problems doing grocery shopping were more often 
seen in New Zealand and Canada compared to The Netherlands.

In chapter 4, we assessed prevalence rates of malnutrition in the community based on 
two different screening tools, one based on early determinants of malnutrition (SCREEN 
II), and the other one aimed at identifying late phase malnutrition (SNAQ65+). In older 
adults aged <75 year, early determinants of malnutrition were present but late phase 
malnutrition (where loss of muscle mass and decline of functional status is present) 
was relatively scarce. Both malnutrition based on early determinants and late phase 
malnutrition increased with age. Early determinants of malnutrition were more related 
to social factors while late phase malnutrition was more associated with physical factors.

In the ConsuMEER study, chapter 5, we showed that switching from self-prepared meals 
towards ready-made meals carries the risk of a decreasing protein intake in community-
dwelling older adults. The combination of protein-rich meals and dairy was effective in 
preventing this decline.

Chapters 6, 7 and 8 describe protein/energy intake and malnutrition risk in residents of 
long-term care facilities. In chapter 6 we showed that higher numbers of behavioural-
cognitive problems were related to being malnourished at admission and becoming 
malnourished during stay. In chapter 7 we provided evidence that the prevalence and 
incidence of malnutrition and the groups at risk of being/becoming malnourished dif-
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fered depending on the used criteria (weight loss, low age-specific BMI or a combination 
of both (ESPEN 2015 criteria)). Finally, chapter 8 provides an overview of protein/energy 
intake of residents in long-term care facilities. We showed that both protein and energy 
intake were far below recommendations in nearly all residents.

Methodological considerations

SCReeN II and SNaQ65+
In chapters 2 and 3, we used data obtained from the websites www.goedgevoedouder-
worden.nl and www.nutritionscreen.ca. The aim of both websites is to provide reliable 
information and practical solutions for prevention and treatment of malnutrition in the 
community. Visitors of these websites are thought to be (highly) interested in nutrition 
and/or to be at an increased risk of malnutrition, which likely resulted in a sample being 
not representative for the general population\. This is indeed reflected in the higher 
prevalence rates of malnutrition risk of the Dutch online cohort used in chapters 2 and 
3 (84.1% at risk based on SCREEN II, 62.8% at risk based on SNAQ65+), compared to the 
more population- representative cohort of chapter 4 (69.0% at risk based on SCREEN II 
and 13.5% based on SNAQ65+). Data of chapter 4 is more in line with previous studies 
[70,73,76,88]. We think that prevalence rates described in chapter 4 better represent 
the true prevalence of older adults at risk of malnutrition. While the prevalence rates 
reported in chapter 2 and 3 are not fully generalizable to the general population, the 
associations derived from these data are still valid, as it is not very likely that selective 
participation of persons with specific malnutrition risk factors in the online cohorts 
would have occurred [114].

Another weakness of the online cohort studies is the absence of data on potential 
confounding factors, such as education level, comorbidities, and mobility levels. Since 
these websites were originally not designed for data collection for scientific purposes, 
it was not allowed to ask additional and personal parameters. Residual confounding is 
therefore present. However, based on large effect sizes found (OR for age group ≥85 
compared to 65-75 years: 5.3 [95%CI: 2.8-10.1]), it is unlikely that this would be fully 
explained by additional confounding.

In chapters 2-5, we used the version of SCREEN II that was developed for the website 
www.goedgevoedouderworden.nl. This version of SCREEN II was based on a translated 
version of the original English version, but no back-translation was performed as a 
check. However, the use of back-translation as a mandatory part of the cross-cultural 
adaptation of questionnaires is being argued [292]. In our case, the translated ques-
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tions were tested with a panel consisting of healthcare providers and older adults and 
were adopted to the Dutch food habits. Based on their experiences, the questions were 
changed or adapted where necessary. For instance, traditional Dutch products like but-
termilk were added, and household measurements were added to make it easier for 
older adults to fill out the questionnaire.

For all chapters reporting data on SCREEN II, we used the cut-off values of <50 and/or 
<54, based on the original Canadian validation study of Keller et al. [70]. These values 
were confirmed in a recent validation study in Bosnia [293]. However, the results of  a 
validation study by Wham et al.[89] carried out in New Zealand, suggest cut-off values 
of <49 and <54. Whether the cut-off values we used were appropriate for the Dutch 
population can be debated. However, as previous studies all pointed towards the same 
cut-off values, it is expected that, despite the lack of a validation study, the cut-off values 
we used are also applicable to the Dutch situation.

For the comparison between SNAQ65+ and SCREEN II, we used the ConsuMEER database 
and expanded this with an additional 100 participants to increase power. However, pow-
er was still relatively low. For example the group that was at risk for malnutrition based 
on SNAQ65+ consisted of 27 subjects (13.5%). Our analyses in chapter 5 were therefore 
not adjusted for confounders as higher numbers are recommended to perform multiple 
regression analysis [211]. Especially adjusting for age would have been recommended 
as most determinants and exposure are strongly correlated with age.

ConsuMeeR study

In the ConsuMEER study we described the effect of switching from self-prepared meals 
to ready-made meals (chapter 5). During the inclusion process for the RCT, we were 
unaware of the protein intake of participants. After inclusion, protein intake of the 
participants turned out to be higher than the average Dutch protein intake  (~1.05 g/
kg BW/day compared to ~0.90 g/kg BW/day in the general population [154]). During the 
trial, protein intake decreased in the control group towards 0.87 g/kg BW/day, which is 
close to the protein intake of the general Dutch population. Our trial had not enough 
power to perform subgroup analysis to test whether participants low in protein intake 
at baseline also decreased their protein intake during the trial. Therefore, it is unclear if 
the decrease in protein intake after switching towards ready-made meals would have 
been comparable if participants had a protein intake of about 0.90 g/kg BW/day before 
switching to ready-made meals.
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In the trial we provided participants not only with ready-made meals but also with dairy 
products, that are rich in protein. Post-hoc analysis showed promising results of protein 
intake from dairy, i.e. an increase of ~7 gram protein per day compared to baseline. As 
we used a combined intervention, including ready-made meals and dairy products, we 
must be careful when interpreting the results. Although not formally studied, several 
participants told us that they disliked the ready-made meals, that these meals did not 
lead to satiety, and that they ate smaller portions of ready-made meals compared to 
normal self-prepared meals. This could have triggered participants to eat/drink more 
dairy products, resulting in an increased protein intake from dairy and a decrease in 
protein intake from the ready-made meals. Dairy products are a promising category of 
protein-rich food as they are protein dense. Trials only focusing on dairy should provide 
answers how effective these products are in increasing protein intake.

InterRaI data

In chapters 6 & 7 we studied the prevalence and incidence of malnutrition in long-term 
care facilities with data obtained from InterRAI. One of the advantages of working with 
InterRAI is that it requires a full assessment to provide outcomes for the clinical assess-
ment protocols (CAPs), so no questions are skipped and missing values are prevented. 
Missing data was therefore scarce despite the large number of residents included in our 
study.

For the prospective analyses with the InterRAI data, we performed Cox proportional haz-
ards regression analysis and used characteristics from the first available measurement 
as the starting point and related this to malnutrition incidence. However, admission to a 
long-term care facility marks the latest phase of life. It is therefore expected that health 
conditions will decline fast. So, malnutrition may also have arisen due to an acute disease 
during stay, which we were unable to show from our data. However, this problem will 
both be present in residents with or without a specific determinant. Therefore, the effect 
is likely to be non-differential and will have had little influence on the effect sizes [211].

Since 2019, the GLIM criteria are being used for diagnosis of malnutrition. These criteria 
consist of 3 phenotypical criteria (weight loss, low BMI and reduced muscle mass) and 2 
etiological criteria (reduced food intake and inflammation/disease burden). As reduced 
muscle mass, food intake and to a lesser extent inflammation/disease burden are not 
available in InterRAI, GLIM malnutrition could not be constructed based on available 
data. We therefore used the ESPEN 2015 definition for malnutrition. Within the ESPEN 
definition, the combination of recent weight loss combined with low age-specific BMI 
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leads to the diagnosis of malnutrition. We could have chosen to specify malnutrition 
either based on the presence of low age-specific BMI or recent weight loss. This is more 
in line with GLIM, but as etiological criteria were lacking, the underlying construct of 
GLIM could not be made. This would have resulted in an invalid categorization and an 
overestimation of prevalence rates.

In chapter 6, we used the ESPEN 2015 definition to investigate the association of be-
haviour and cognitive problems with malnutrition. Later, in chapter 7, we observed 
that prevalence rates and associations between health-related problems and diseases 
were largely influenced by the definition of malnutrition used. In general, most diseases 
were more strongly related to weight loss than to malnutrition defined by ESPEN 2015. 
Almost all residents with behavioural-cognitive problems have a long disease history, 
which may suggest that low BMI might be a good indicator of malnutrition. Post-hoc 
analyses showed that the definition of malnutrition influenced associations only in a 
marginal way: for example, associations between total number of cognitive problems 
and malnutrition differed depending on the used definition for malnutrition between 
1.19-1.24).

Recommended Dietary allowance and average 
requirement

Recently, new evidence became available that higher protein requirements are needed 
to maintain muscle mass in older adults. Expert groups advise 1.0 g/kg bw/day for 
general older adults, increasing up to 1.5 g/kg bw/day for malnourished older adults 
[61,62]. However, based on the latest advice (2019) of the Dutch health counsel, the 
average requirement (AR, corresponding with requirements of 50% of the population) 
remains 0.66 gram protein per kilogram bodyweight per day with a corresponding 
recommended daily allowance (RDA) of 0.83 gram protein per kilogram bodyweight per 
day. The RDA is the minimal amount that is needed to cover the average needs of 97.5% 
of a population, but not necessarily the optimal amount that should be consumed [294]. 
The AR and RDA are mainly based on nitrogen balance studies, in mostly young healthy 
adults [295]. In these studies, although not statistically significant, a clinically relevant 
difference of 30% higher nitrogen requirements for older adults (>55 years) compared 
to young adults (≤55 years) were found. Lack of statistical significance when compar-
ing these groups might, however, be due to lack of statistical power. Moreover, older 
adults suffering from disease might profit from a positive nitrogen balance instead of a 
neutral balance and should, therefore, consume even more than the RDA. Therefore, in 



158 Chapter 9

my opinion, it is justified to use the 1.0 g/P kg/bw/day as the recommended intake for 
individuals.

In chapter 8, we showed that ~60% of residents of long-term care facilities did not 
consume the required 0.83 g/P kg/bw/day and ~80% did not consume 1.0 g/P kg/bw/
day. Assessing which part of a population consumes too little protein is a population 
approach rather than a personal approach. In that case it is generally advised to use 
the AR instead of the RDA [296]. However, as there is no AR for older adults with a poor 
health status, we used the RDA of the general population. We are aware that this could 
have led to an overestimation of people at risk of low protein intake. On the other hand, 
experts indicate that the RDA for healthy older adults is likely too low for residents with 
a poor health status, which will compensate for this overestimation. More nitrogen bal-
ance studies are needed in older adults suffering from a poor health status in order to 
determine the average requirements and RDA.

Malnutrition in the community

Identifying older adults at risk of malnutrition in the community
As advised in the recent GLIM (Global Leadership Initiative in Malnutrition) guidelines 
[47], screening for malnutrition with a validated screening tool is the first step in iden-
tifying malnutrition. However, no recommendations are made regarding the tool to be 
used. The large differences in prevalence rates, low agreement between tools (chapter 
4) and the different underlying constructs of SCREEN II and SNAQ65+, opens a discussion 
about the term ‘malnutrition screening tools’.  In general, malnutrition in older adults is 
used to refer to protein-energy malnutrition, also called undernutrition [47], but some 
screening tools have a wider scope and also focus on risk factors for malnutrition or ap-
petite. It is therefore of great importance to know with what specific aim a malnutrition 
screening tool was originally designed, and which risk group was aimed to be identified. 
We suggest a categorization into tools aiming at 1. identifying risk factors, 2. identifying 
undernutrition (depletion of fat mass and fat free mass) and 3. poor appetite. This sug-
gestion for categorization is based on the underlying constructs and requires further 
validation.

The discrepancy between screening tools, as shown in chapter 4, can have serious impli-
cations for identification and treatment of older adults at nutrition risk. In the two-step 
approach of GLIM, screening tools play an important role as the first step towards fur-
ther diagnosis and assessment. Both SCREEN II and SNAQ65+ are positioned as validated 
screening tools for malnutrition in older adults [68] but they clearly identify different 
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groups, focussing on different phases of the continuum of malnutrition. Until now, there 
is no consensus which screening tool is best used as a first step in GLIM. The phenotypi-
cal criteria in GLIM, low muscle mass/BMI and weight loss, are typical symptoms of late 
phase malnutrition. As SNAQ65+ is focussing on these problems, this tool resembles GLIM 
and may be a logical choice as a first step in the GLIM approach. In contrast, SCREEN 
II is advised over SNAQ65+ when aiming to identify risk factors for malnutrition. Both 
screening tools could be combined as they strengthen each other by focussing on dif-
ferent aspects of malnutrition. We do not yet know how the choice for one or the other 
screening tool influences GLIM prevalence rates. This requires further studies.

Interventions for early phase malnutrition in the community
For older adults who are no longer capable of preparing their own meals, the use of 
ready-made meals is advised[74]. In chapter 5 we showed that protein intake can remain 
stable after switching from self-prepared meals towards ready-made meals, when meals 
rich in protein, combined with dairy were chosen. However, before advising to switch 
from self-prepared meals towards ready-made meals, the underlying reason for such 
a switch should be assessed. Problems with doing grocery shopping or low interest in 
preparing meals due to loneliness, should not be solved by just providing ready-made 
meals. Meal preparation is important for older adults [171], keeps them active and 
prevents them from functional decline (‘use it, or lose it’) [297]. Volunteers could help 
older adults with grocery shopping and meal preparation to increase older-adults’ self-
efficacy [298]. Industry can also play a role here: it is desirable that providers of ready-
made meals also include nutrient-dense, single portion, nutritious meal boxes in their 
assortment, so that older-adults can choose between self-preparation or ready-made. 
Also, supermarkets should sell meal boxes with ingredients for just one person. When 
the use of ready-made meals is unavoidable, guidance is needed in this process, while 
we have shown that poor meal choices could lead to a too low protein intake. As most 
providers of ready-made meals for older adults use a telephone order system, employers 
should be trained to inform older adults about nutrient compositions of the meals.

Early determinants of malnutrition include problems with grocery shopping, cooking, 
loneliness, and problems with biting and chewing. Therefore, interventions should 
be guided by the underlying problems. In the ESPEN guidelines ‘clinical nutrition and 
hydration in geriatrics’ by Volkert et al.[74] several practical solutions are provided. These 
range from providing ready-made meals to eating/cooking together and grocery shop-
ping aid. Despite these interventions seeming reasonable, this guideline provides very 
little evidence for these suggestions. In our own literature search (not published), we 
have not identified any evidence to support these interventions either. It is therefore 
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unclear how how effective these advices are in increasing energy/protein intake. In addi-
tion, little research has been done on how to incorporate these advices in daily practice.

Interventions for late phase malnutrition in the community
Despite preventive measures, the occurrence of late phase malnutrition, where func-
tional decline is present, is sometimes inevitable. A trained dietitian is an expert in 
providing individualized nutrition advice and is the person who can identify both early 
determinants of malnutrition as well as symptoms of late phase malnutrition. When 
early determinants of malnutrition are present, it is advised to first address these issues 
in order to optimize food intake. Currently, the role of identifying early determinants of 
malnutrition and on effectiveness of intervening on them is only described briefly in 
the dietetic guidelines regarding malnutrition and no advise is given how to treat these 
problems [299], which further elucidates the knowledge gap as described above.

When energy-protein requirements cannot be met with regular nutrition, for example 
because of disease, other solutions need to be considered. One of the first steps is to 
optimize product choice by choosing energy/protein dense products [74]. A simulation 
study by Verwijs et al. showed that optimization of food choice or the use of energy/
protein-enriched products could increase protein intake towards recommended levels 
[280], but research towards the effectiveness of increasing energy/protein density in the 
malnourished community-dwelling older adults is scarce [161]. When appetite is low 
and requirements are high, the use of oral nutritional support in the form of supple-
ments is advised [74]. Oral nutrition support (ONS) can be a good strategy to overcome 
a relatively short period when eating is difficult. But, in the long term, compliance with 
oral nutrition support prescription is often poor and, therefore, the expected effect of 
this intervention is low on the long term [300].

As increasing protein/energy intake is difficult when late phase malnutrition is present, 
it cannot be emphasized enough that earlier interventions are needed in order to slow 
down nutritional decline and prevent older adults from entering late stage malnutrition. 
In the community, the used of SCREEN II is recommended as complementary screening 
tool to assess early determinants of malnutrition, next to the current use of SNAQ65+ 
which identifies late phase malnutrition.
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Malnutrition in long-term care facilities

Malnutrition screening before admission
In chapter 7, it was shown that 27.5% of residents of long-term care facilities had a low 
age-specific BMI at admission to a long-term care facility. As a decline in BMI is a process 
that arises over a longer time period, these residents must have been suffering from 
an inadequate food intake for a longer time. This is in line with the large group of com-
munity-dwelling older adults that already displays early determinants of malnutrition 
(chapters 2-4). Another reason for a low age-specific BMI could be the high prevalence 
of cognitive problems in (newly admitted) residents of long-term care facilities [271]. 
Doing grocery shopping and preparing food are among the first skills that are lost in 
older adults suffering from cognitive decline[188], which could lead to an inadequate 
intake. Also forgetting to eat or how to eat can result in a low food intake in older adults 
suffering from cognitive problems[301]. Community-dwelling older adults, especially 
those suffering from progressive cognitive problems, should therefore be monitored 
frequently to identify a possible poor food intake or involuntary weight loss. This could 
be done for instance by a spouse, informal caregivers or a home-care provider. The use 
of SCREEN II is recommended here, as it covers aspects regarding meal preparation and 
can be used to track changes over time [302].

Identifying malnutrition during stay
As previously stated, different screening tools are available to assess malnutrition risk, 
but only SNAQRC was specifically designed for the long-term care setting [68]. Other 
screening tools such as MNA-sf were validated for use in this setting only after their initial 
development [141]. Still, the MNA-sf is the malnutrition screening tool most frequently 
used in the long-term care setting [67]. The MNA-sf is a sensitive, but not very specific 
tool, and will therefore classsify large groups at risk incorrectly [68]. A recent study (not 
included in this thesis), based on the data described in chapter 8, showed that 64.2% of 
the residents were at moderate/high risk of malnutrition based on MNA-sf compared to 
54.0% based on SNAQRC [247]. As both tools identified all residents who were malnour-
ished based on the GLIM criteria, MNA-sf over-identified residents as malnourished. This 
is unpractical; large groups identified ‘at risk’ will lead to a high workload as an in-depth 
assessment is needed after positive screening [47]. It is therefore advised to use SNAQRC 
in the long-term care setting.

Although low age-specific BMI was the most frequently occurring parameter of malnu-
trition at admission to a long-term care facility [251], it is not very useful for detecting 
a decline in nutritional status during stay. Length of stay in long-term care facilities is 
usually short, so residents with higher BMI’s are unlikely to reach the cut-off values for 
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low-age specific BMI despite of weight loss. The ESPEN 2015 definition strongly relies 
on BMI and this definition is therefore also not preferred to use to assess changes in 
nutritional status. Post-hoc analyses of the data used in chapter 6 and 7 showed that 
only a fraction (0.5%) of residents with a BMI >30 kg/m2 at admission was classified as 
malnourished during stay based on the ESPEN definition. Weight loss, in contrast to BMI, 
is a parameter relatively sensitive to changes. Thus, weight loss should be used as most 
important parameter of deterioration in nutrition status of residents during stay in a 
long-term care facility.

Structured recordings of malnutrition parameters are needed to obtain a clear over-
view of development of malnutrition risk during stay. The InterRAI minimum data set 
(MDS) (chapter 6 and 7) is structured, but has relatively few nutritional parameters. For 
example, only 2 phenotypical criteria of GLIM are present in the MDS (weight loss and 
BMI), while muscle mass and both etiological criteria (food intake and to a lesser extend 
inflammation) are not measured in this MDS. A minimum dataset specialised for nutri-
tion parameters could structure reporting, can provide an overview of development 
over time and could increase comparability for research purpose [303]. Updating the 
MDS is another option, but as the MDS is defined by the US government this will be 
time-consuming. For the time being, we suggest to develop a new algorithm within 
the existing MDS, with diseases as a proxy for inflammation. Unfortunately, estimates of 
body composition are not feasible in the daily routines of long-term care.

In chapters 6 and 7, it was shown that most diseases, health-related problems and 
behavioural-cognitive problems were associated with an increased risk of developing 
malnutrition during stay. Although no direct comparisons were performed, we assume, 
based on the derived effect sizes, that behavioural- cognitive problems were more 
strongly related to malnutrition than diseases and/or health-related problems. This 
can be related to the accumulation of problems in persons with behavioural-cognitive 
problems; decreased cognitive functioning is associated with increased numbers of 
comorbidities [304].  We thus expect that residents with cognitive problems, the major-
ity of residents [271],  have cognitive as well as somatic problems. This assumption is 
confirmed by the correlation between total number of behavioural-cognitive problems 
and number of health-related problems/diseases (r=0.447, p<0.001).

Food intake in long-term care facilities
In chapter 8 we showed that most residents in our study population did not reach the 
recommendations for protein and energy intake. We aimed to identify groups at in-
creased risk of not reaching the recommendations. It turned out that nearly all residents 
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had a poor intake. Therefore, interventions should not focus on specific subgroups of 
residents but on the food policy of nursing homes in general.

In our study on food intake in long-term care residents, we were not able to distinguish 
between plant and animal-based protein intake. Current recommendations are based on 
consumption of high-quality protein such as animal-based protein. Plant based proteins 
(which are lower in protein quality) are mainly derived from bread, noodles, rice and 
meat replacements. In general, older adults in nursing home eat relatively little bread, 
and warm meals in nursing homes are generally based on potatoes or rice, legumes and 
meat. It is therefore assumed that the largest part of the consumed proteins is animal-
based, with a high protein quality, which was also seen in previous research [154].

As the general recommendation of eating more protein could have negative influences 
on sustainability, it is ideally advised to increase protein intake by adding plant-based 
proteins [305]. However, it is unclear whether switching towards a more plant-based diet 
is feasible in residents of long-term care facilities. Issues such as acceptability, higher 
satiety (because of additional fibers), lower anabolic response, and challenges regarding 
combining of products in order to increase protein quality [306–308] make it unlikely 
that in the near future residents will be eating mostly plant based. Apart from this, the 
willingness to replace meat with plant based products is currently low in older adults 
[309]. A first step to work more sustainable in long-term care facilities is to reduce waste, 
which is particularly high in long-term care facilities [310], use local produced food and 
choose protein sources with a lower carbon print like poultry [305].

Implications for public health

Prevention of malnutrition in the community
As a large part of community-dwelling older adults is at risk of malnutrition, interventions 
are needed. However, prevention of malnutrition depends on the phase of malnutrition. 
Although younger and more vital older adults may show first signs of malnutrition, rela-
tively few are suffering from late phase malnutrition. For these relatively healthy groups, 
preventive individual counselling from a dietitian is likely not cost-effective. General 
nutritional education could raise awareness about malnutrition in this group. Preven-
tive measures should therefore be performed on different levels: general population, 
subgroups at increased risk and on individual level [311].
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General population: increasing knowledge and awareness
In general, it is desirable to reach older adults in an earlier stage of malnutrition. Malnu-
trition could lead to high healthcare costs [312] (even higher than the costs associated 
with obesity [313]), but in ‘the national prevention agreement’, regarding nutrition only 
prevention of obesity and lifestyle-related diseases is addressed [314]. Just recently in 
March 2022, the partner network malnutrition in older adults (Dutch: ‘partnernetwerk 
ondervoeding ouderen’) was founded to increase knowledge and awareness about 
malnutrition among healthcare professionals, policymakers and older adults them-
selves [315]. Increasing awareness by actively informing older adults is important as 
the actual policy relies on passive information provision; at this moment older adults 
should actively search for information about a problem they are likely to be not aware of 
[281]. A public information campaign on healthy food and requirements during ageing 
could improve awareness on this topic. This is needed as most older adults have little 
knowledge about healthy eating and protein recommendations [316]. Another option 
is a more individual approach by performing a general screening on early determinants 
performed by a GP assistant (for instance during the flu shot campaign) and then refer-
ring them to the website of goedgevoedouderworden.nl.

General population; online prevention
The Dutch website www.goedgevoedouderworden.nl or the Canadian www.nutrition-
screen.ca are good examples of general nutrition education to inform older adults about 
optimizing their nutritional habits and risks of possible malnutrition. These websites 
are thought to attract visitors at (already) higher nutritional risk which is reflected in 
the higher proportions of malnutrition risk than in community-dwelling older adults 
in general (chapters 3, 4 and 5). This underlines the importance of these websites. But 
more is needed. The number of older adults with internet access steadily increases every 
year[106]. Yet, it is expected that large groups will not be reached with the message 
of malnutrition through this kind of website as ‘unknown is unloved’: if unaware, why 
would they visit these websites? Based on the data described in chapter 2, a large group 
of older adults or their caregivers who visited the website already had symptoms of late 
phase malnutrition. It is pretentious to think that earlier visits to the website could have 
prevented them from becoming malnourished. After all, having the right knowledge/
information determines only a part of the effectiveness to make a change [317], and 
sometimes malnutrition is inevitable due to disease. However, the provision of knowl-
edge is the first step of making older adults aware of the risk of malnutrition.

Recently, the website www.nutritionscreen.ca was terminated because of diminishing 
visitor rates (which is not yet seen in the Dutch website). In order to maintain or improve 
visitor rates, general governmental websites and leaflets about healthy eating (in the 
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Netherlands: www.voedingscentrum.nl) should place direct links to this specific website 
more clearly visible. This has actually been agreed upon within the previously mentioned 
partnernetwerk Ondervoeding. The 30 parties involved will put links to www.goedge-
voedouderworden.nl on their respective websites. Another option could be deployed 
by international initiatives to obtain online data on prevalence data on malnutrition. 
Chapter 3 showed that malnutrition is a global problem, which justifies an international 
approach. As individual risk factors differed between countries, policy to address this 
should be adapted to local needs. By using a standard template for a website, countries 
could add country-specific general advices on actions to be taken when displaying one 
or more risk factors of malnutrition.

Subgroups at risk; cooperation with local partners
Specific attention needs to be given to subgroups that are difficult to reach, such as 
older adults with a low social economic status, a small social network, or a minority 
background, which are often especially at increased risk [318]. To address these groups, 
group education in the community could be organized. The Dutch Malnutrition Centre 
of Expertise has developed a group education about healthy nutrition to be used by 
trained dietitians. However, this is a general education, not specifically aimed at people 
with low health literacy, or people with a minority background. Local key figures, (re-
ligious) organizations and home-care providers know their people and could help to 
reach isolated older adults and inform them about available educational sessions [318]. 
Another option is to cooperate with these organisations and to provide educational ses-
sions in collaboration. This could lower the burden as older adults are already familiar 
with these organisations. However, at this moment, no framework is available how such 
collaborations should be started, who will pay for it and who will take care of these proj-
ects for continuation. Local government could play a role herein by bringing together 
stakeholders and providing funding.

Also, the Dutch ‘Volksuniversiteit’ (literal translation: university of the people) may be a 
partner to offer education. This institute offers a wide range of courses open for every-
one, regardless of background. A course about healthy nutrition when ageing fits well 
with the aim of this institute to support people to participate and live in society. By mak-
ing one general course outline, dietitians throughout the whole country could provide 
these courses via their local ‘Volksuniversiteit’ establishments. As the ‘Volksuniversiteit’ 
also provides Dutch language courses for immigrants, they are well visited by minorities. 
Because these universities work very locally, older adults could also meet new peers in 
their neighbourhood, which could reduce loneliness.
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Subgroups at risk; interdisciplinary collaboration
Determinants of early malnutrition find their origin in different social and health areas. 
Therefore, different experts need to be involved in the prevention and treatment of 
these problems. Social and practical problems such as loneliness or problems with 
grocery shopping and meal preparation are the domain of social workers. They can help 
to expand older people’s social networks and increase their independency. As social 
workers are well aware of regulations and programs of local governments, they can also 
support older adults in applying for care[319]. In case of biting and chewing problems, 
a dentist/dental hygienist or speech language therapist could help to solve underly-
ing problems. However, both social workers, dentists/dental hygienist and speech 
therapist have a low level of knowledge about malnutrition and are mostly unaware of 
this problem. Therefore, education is needed on how these specialists could help older 
adults [320,321]. The use of a nutrition passport could improve communication between 
different disciplines. In this passport, treatment goals of caregiver and receiver can be 
appointed and progress of nutritional status can be noted [322]. Therewith, different 
caregivers have a better overview of which specialists are involved and how nutrition 
status changed over time.

More cooperation between various disciplines is needed but, in practice, different dis-
ciplines are often not working closely together [322]. Network groups should therefore 
be initiated to get to know each other and discuss how each discipline can be involved 
in the treatment and prevention of early determinants of malnutrition. As malnutrition 
is a problem that is mainly in the domain of nutrition, dietitians should take the lead in 
organizing these network groups. In these groups, the target population (community-
dwelling older adults) should also be invited as they know best which problems they are 
facing. Other stakeholders such as local government and GPs should also be included as 
they have a broader overview of the healthcare system and health status of older adults 
[323].

Another group of older adults that needs attention is those who use homecare. As 
was shown in chapter 5, about 20% of all older adults who received homecare were at 
(high) risk of malnutrition. This is in line with previous research where 35% of all older 
adults who received homecare were at high risk of being malnourished [76]. These high 
prevalence rates underline the importance of frequent screening for malnutrition in this 
group. Based on the social support act, homecare will only be provided when screening 
indicates that homecare is necessary. This screening will assess needs and problems to 
identify what kind of homecare is needed and could be an opportunity to also assess 
malnutrition risk. At this moment, there is no policy regarding screening for malnutrition 
by homecare providers, so it is likely not performed. As malnutrition risk could change 
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over time, additional malnutrition screening by the homecare provider could identify 
new cases of malnutrition.

Subgroups at risk; the role of the local government
Local governments should play a more important role in the prevention and treatment 
of early determinants of malnutrition. Based on the social support act (Dutch: Wet 
maatschappelijke ondersteuning (WMO)), the local government should actively support 
older adults in remaining healthy and independent in the community [324]. This also 
includes help with frequently occurring early determinants of malnutrition such as gro-
cery shopping, meal preparation, and loneliness [325]. Based on the high prevalence of 
these problems, as described in chapters 2 to 4, local governments should more actively 
inform community-dwelling older adults on how they could receive support. At this mo-
ment, applying for aid based on the social support act is difficult and time-consuming, 
which hinders older adults in need to explore this route [326]. The application process 
needs to be simplified and made more visible. The local government could increase 
the awareness of available services by yearly providing all retired older adults with an 
information leaflet with practical solutions and available support options in their region, 
including directions on how to request help.

Increasing awareness of early determinants of malnutrition and identifying persons at 
risk could also provide benefits in later phases of malnutrition. When ageing, the num-
bers of those who are at risk of late phase malnutrition will increase [76]. As immediate 
action is required in case of late phase malnutrition, it is of importance that these older 
adults are already familiar with the health care system and available regulations by the 
local government.

Individual prevention; the role of the dietitian.
For some groups, preventive individual counselling is advised. Based on the result in 
chapter 4, nearly all older adults who are living alone and/or aged >85 years are at 
increased nutritional risk. These risk groups are relatively easy to identify through gov-
ernmental registers of personal details. Preventive counselling to assess nutritional risk 
with a dietitian should be encouraged for all people >85 years and older adults living 
alone. As the basic Dutch health insurance covers up to 3 hours of dietetic consultation, 
preventive counselling will not come along with additional costs for most older adults 
(except own risk cost). The high prevalence of nutritional risk in this group justifies an 
individual preventive approach. As the oldest age group and those who are living alone 
often also suffer from other problems, such as loneliness and a poor social network 
[327], dietitians should also involve social workers and district nurses to collaboratively 
address these problems. The other way around, when social workers or district nurses 
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visit older people living alone, they can use SCREEN II to identify food-related problems 
and advise those at risk to consult a dietitian.

Prevention of malnutrition in long-term care facilities
As was shown in chapters 6 to 8, malnutrition and a too low food intake are common 
problems in residents of long-term care facilities. In contrast to the community, resi-
dents nearly fully rely on care providers for their food provision. Preventive measures for 
malnutrition rely therefore mostly on the shoulders of healthcare providers.

Malnutrition before transmission to a long-term care facility.
In the period before admission, frequent screening could help to identify malnourished 
older adults at an early stage. As was mentioned earlier, a large part of community-
dwelling older adults is suffering from malnutrition. Screening before admission could 
help to identify this group in an early stage. As most older adults require home care be-
fore admission to a long-term care facility [328], district nurses could be involved in this 
screening process. In addition, in the Netherlands, admission to a long-term care facility 
always requires an indication based on the long-term care act (Dutch: Wet Langdurige 
Zorg (WLZ) [329]. In this indication process, screening for malnutrition could identify 
malnourished older adults before entering a long-term care facility and interventions 
could be started immediately.

As most residents are on a waiting list before entering a long-term care facility, this 
period likely marks a time frame with high care needs, including higher chances of 
developing malnutrition. Preventive measures can already be taken during this period. 
To relieve the pressure of meal preparation and to decrease the threshold of entering a 
long-term care facility eventually, people on a waiting list can already be welcomed to 
join meal moments in a long-term care facility. When someone is placed on the waiting 
list, a consultation with a dietitian can identify their needs in order to improve/stabilize 
their nutritional status. It is preferred that this is done by a dietitian of the long-term care 
facility as this will be the responsible caregiver during stay. When this is not possible, a 
dietitian in the community could be consulted. In this situation, good communication 
between dietitians and caregivers in the long-term care facility is needed to ensure the 
transmission of information. The earlier mentioned nutrition passport could play a role 
herein.

Screening for malnutrition in long-term care facilities.
Based on the frequently used SNAQ protocols, screening for malnutrition is advised at 
admission to a LTCF. Screening for malnutrition used to be mandatory at admission [330] 
but this has changed and is no longer included in the quality indicators for long-term 
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care facilities in the Netherlands [331]. These quality indicators now focus on the food 
preferences of residents and do not contain questions regarding nutritional status. 
Screening for malnutrition should be made mandatory again as many newly admitted 
residents are at high risk.

At this moment, screening for malnutrition is often not performed, neither at admission, 
nor during stay, or no treatment is initialized after positive screening [50,332]. This could 
be explained by the relatively low level of knowledge and awareness of nurses working 
in long-term care facilities about the symptoms and treatment of malnutrition [333]. 
Sometimes protocols for screening and treatment of malnourished residents are also 
unstructured [332]. Improving knowledge about malnutrition in nurses is needed, but 
malnutrition is often not addressed in the current curricula of nursing education [334]. 
As changing curricula is a long process, immediate solutions are needed. Providing in-
company training could increase the knowledge of malnutrition in a selected group of 
nurses. Increasing awareness about malnutrition should be the main effort as nurses 
play an important role in identifying persons at risk and initiating further action when 
residents are at increased risk.

Policy of food provision in long-term care facilities
As was shown in chapter 8, nutrient intake (protein as well as energy) was low and 
inadequate in most residents of LTCF. In contrast to other risk factors such as underly-
ing diseases, a decreased food intake is something that can be optimized. Physicians, 
nurses, and dietitians tend to prescribe oral nutritional supplements as one of the first 
options [335,336]. The use of oral nutrition support is, in the short term, effective in 
increasing energy/protein intake [337] but fits not well in experienced-oriented care, 
is expensive [338] and does not increase life expectancy [275]. Different views on oral 
nutrition support between doctors, family members of residents, and dietitians make 
decision-making hard [279]. As family members play an important role in these deci-
sions, but often lack knowledge on food and malnutrition, they have to be informed 
about the expected positive and negative sides of oral nutrition support. Oral nutrition 
support should only be provided when realistic goals, such as additional nutritional 
support during periods of acute illness, can be achieved [225]. The expectations of the 
caregiver or family member who request this intervention must therefore be explored. 
Especially in cognitively impaired residents, the prescription of oral nutrition support 
should not be taken lightly and consumption of these products should not be pushed 
when signs of disliking are present. As most residents of long-term care facilities are in 
their latest phase of life, quality of life should always prevail over food intake [225].
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Regular prescription of oral nutritional supplements to residents without acute diseases 
is undesirable, because of the above-mentioned reasons. Regular food should always 
be the first choice in increasing energy/protein intake, and oral nutritional supplements 
should only be provided to overcome periods of severe disease when normal food 
intake is not possible anymore. Products that are protein-dense (such as dairy products) 
are good options to increase protein intake. As most older adults drink high quantities 
of nutrient-empty products such as coffee and tea (approximately 1.5 litres per day) 
[339], switching to dairy products is expected to increase protein intake [280]. Switching 
from empty towards nutrient-dense products will likely result in lower intakes of other 
products (i.e. compensation) [340] because of the reduced appetite in older adults, but 
this still may be a promising strategy to increase food intake. Further research is needed 
on how the replacement of products low in protein/kcal by nutrient-dense alternatives 
could increase intake.

In contrast to the community, improving nutrition intake in residents of long-term care 
facilities will not lead to a longer life expectancy [337]. However, a poor intake is as-
sociated with comorbidities such as infections, pressure sores and fractures due to falls 
[341–343], which impact on quality of life. In addition, meals provide structure, joy, and 
opportunities to socialize with other residents [344–346]. Higher satisfaction with meals 
is associated with higher food intake [344], a better quality of life and higher overall 
satisfaction ratings of the long-term care facility [347]. Meals and food are considered 
to be among the most important things for residents [348] and optimization of quality 
of life should therefore always be the main purpose for nutritional policy in long-term 
care facilities.

Despite the important role of nutrition in long-term care facilities, food budgets are very 
limited, making it difficult  to provide healthy and tasty meals [349–351]. Not only more 
budget is needed, but also a better use of available funds could help. At this moment, 
meal preparation is mainly done by care staff with limited cooking skills and not by 
chefs. The use of care staff for meal preparation instead of using chefs is also undesirable 
as there is a shortage of skilled care workers. In addition, in the Netherlands, wages 
for care staff are higher compared to wages of chefs [352,353]. It is therefore advised 
to recruit more specialists for meal preparation to relieve pressure on care staff and 
to improve the meal experience [78]. Another benefit of using chefs is that they are 
trained on hygiene. In long-term care facilities, in contrast to catering facilities in the 
commercial sector, most employees responsible for food provision are not trained in 
hygiene protocols (HACCP). It is therefore advised to use chefs for meal preparations and 
make them responsible for the food policy in long-term care facilities. When chefs are 
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not available, nursing staff should be trained in food preparation and making healthy 
choices.

Our research population of chapter 8 included only native Dutch residents. Currently, 
also the first generation of Turkish, Moroccan, and Surinam immigrants are reaching the 
age of admission to a long-term care facility. Approximately 10% of all residents have a 
minority background now, but in the upcoming years, an increasing part of all residents 
will have a different ethnical background [354]. These groups often have different eating 
patterns and may consume different products than Dutch residents without a migration 
background. Herewith long-term care facilities should now start to focus on providing 
a more diverse food pattern. Individual portions can be ordered by the food suppliers 
when only a few residents have a different ethnical background.

Recommendations for future research

Screening tools
Based on the GLIM criteria, a positive screening is the first step in identifying malnutri-
tion. In chapter 4, we described the low agreement between SNAQ65+ and SCREEN II 
which could have serious implications for identifying persons at risk. At this moment, 
it is unclear which screening tool is best to identify malnourished persons. Especially 
the criteria of low muscle mass and poor food intake are difficult to assess by using 
questionnaires [247]. Hence, despite the large number of available screening tools[68], 
it is unclear whether they are sensitive and specific enough. By performing a validation 
study and using all separate items of the 26 validated screening tools [68], which have a 
large number of overlapping items, a more sensitive tool could potentially made based 
on new combinations of items. Our group intends to start a Delphi study to redefine 
the construct of malnutrition, with a clear distinction between early and late phase 
malnutrition. Once the constructs have been defined, choices can be made for the most 
appropriate screening tool(s) for each construct of malnutrition.

Chapters 7 and 8 revealed risk factors for developing malnutrition during stay in a long-
term care facility, such as the presence of multiple behavioural-cognitive problems and 
diseases/health-related problems. Most of these risk factors have never been incorpo-
rated into malnutrition screening tools. In addition, screening tools are mainly based 
on cross-sectional data providing no risk assessment for future malnutrition. Screening 
tools based on prospective data may therefore be better in identifying residents at risk 
of becoming malnourished during their stay. Based on the results of chapters 7 and 8, a 
new prospective prediction model could be developed.
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Descriptive studies
In the MaNuEL consortium, meta-analyses and regression analyses were performed to 
study differences in prevalence rates of malnutrition between different countries and 
settings. However, in these study, only unadjusted analyses were conducted which hin-
ders comparisons between countries and settings. For example, the prevalence rate of 
malnutrition was highest in Switzerland (37.7%) but in that country, only data from the 
hospital setting was available, where in other countries also data from the community 
was included. To overcome this problem, InterRAI data can be used. InterRAI data is 
available for different settings (community, long-term care and hospital) and is used in 
13 different countries. As all variables are measured in the same way, a true comparison 
of prevalence and incidence rates between countries and settings could be made.

Regarding malnutrition in older adults, focus is mainly given to protein/energy malnu-
trition. Less attention is being paid to micronutrient deficiencies in older adults. The 
most recent assessment of the micronutrient status of Dutch residents in long-term 
care facilities dates from 2006 [77]. New research on this topic is therefore needed as 
guidelines on vitamins and minerals have changed over time [254]. Research should 
especially focus on vitamin B6 and vitamin D, both  associated with functional outcomes 
and muscle strength [355,356]. Already  half of the Dutch community-dwelling older 
adults consumes less than the requirements [357], which suggests that supplementa-
tion of these micronutrients is warranted in long-term care facilities. In addition, as a 
switch towards plant-based products is desirable for sustainability, research should also 
focus on how this will affect micronutrient intake.

Intervention studies
Most previous research on malnutrition was focused on providing oral nutritional sup-
port, which is a curative intervention rather than a preventive intervention. Now it is time 
to perform more preventive-orientated interventions that focus on early determinants 
of malnutrition. The practical suggestions that are given in the ESPEN guidelines ‘clinical 
nutrition and hydration in geriatrics’ by Volkert et al. [74] were never studied on effective-
ness and should therefore be tested in practice by performing RCTs. When performing 
RCTs, it is important to assess relevant outcome measurements. The recent advice by the 
MaNuEL consortium on this topic is a first step in harmonizing nutritional research [358]. 
Relevant outcome measures such as energy/protein intake, physical functioning, quality 
of life and body composition, should be used to assess the effectiveness of nutritional 
interventions [358,359]. Previously performed trails often lacked these measurements. 
For instance, a large body of evidence is available about cooking workshops for older 
adults but the effects on changes in food intake (energy or protein intake) are rarely 
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described [360]. Before designing new interventions, existing initiatives and interven-
tions should first be described with proper outcome measurements.

In the ConsuMEER study, we focused on the provision of ready-made meals for commu-
nity-dwelling older adults. Ready-made meals are a relatively well-described topic in 
older adults, hence new research should focus on other types of interventions. A large 
part of older adults is suffering from problems regarding loneliness and problems with 
grocery shopping, but currently, very limited interventions are described that focus on 
these problems. In 2016, a pilot study was performed in the UK where volunteers helped 
older adults with grocery shopping, meal preparation and eventually eat the prepared 
meal together [298]. Based on the promising results of this pilot study, an additional 
study including more participants is recommended.

When designing new studies, already existing initiatives should not be forgotten. 
Advised interventions such as eating together are already taking place; local initiatives 
in churches and community centres already exist [78], but are rarely described in the 
literature. These initiatives are often taking place for a longer period and they know the 
pitfalls and success factors. These initiatives are worth describing or could be incorpo-
rated into new interventional studies to make them more effective.

In chapter 9, we showed that both energy and protein intake was low in nursing-home 
residents. /relatively large increases in intake would be needed to improve nutrient 
intake towards the recommended levels, interventions should be multifactorial. Nursing 
home interventions should consist of increasing knowledge of staff, both on malnu-
trition but also the protein content of products, helping them to make better choices 
when ordering products, and improving their food preparation skills. On the product 
side, residents should be supplied within-between snacks and nutrient-dense prod-
ucts. Outcome measures in evaluation studies should not only be described in terms 
of protein-energy intake but also impact on quality of life, being the most important 
aspect of food in nursing home residents.
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Figure 1, Malnutrition and policy to address this problem during the journey of ageing.

In this thesis we studied malnutrition during the journey of ageing; from healthy older 
adults in the community to frail residents in long-term care facilities. In the previous 
chapters, we aimed to assess malnutrition prevalence, to identify groups at risk, and to 
provide possible treatment solutions. Figure 1 provides an overview of malnutrition risk 
and possible solutions during the journey of ageing.

Many community-dwelling older adults already display early determinants of malnutri-
tion. Even the youngest older adults may suffer from multiple risk factors, and these 
numbers increase with ageing. Eventually nearly everyone aged >85 years is at nutri-
tional risk. Early determinants of malnutrition are often associated with social factors 
such as living alone, low income level, and also with poor mobility levels. Late phase 
malnutrition is uncommon in the youngest older adults, but increases with ageing and 
is associated with physical decline.

To prevent older adults from becoming malnourished, preventive measures should be 
taken. These measures should be guided by the stage of malnutrition. General education 
is needed to increase awareness about malnutrition in older adults, (informal) caregivers 
and family members. To treat and prevent (early determinants of ) malnutrition, interdis-
ciplinary working and collaboration is required because it is a multifactorial problem. 
Preventive and curative measures should address underlying problems instead of just 
aiming to increase food intake by for instance, providing ready-made meals or ONS.
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In long-term care facilities, prevalence of malnutrition is even higher compared to the 
community: Over one-third of all residents is suffering from malnutrition, depending 
on the used criteria (weight loss, low age-specific BMI or both combined). Multiple 
behavioural-cognitive problems and most diseases/health-related problems are associ-
ated with increased risk of being malnourished at admission or becoming malnourished 
during stay.

One of the reasons for the high prevalence of malnutrition could be the low protein and 
energy intake of residents in long-term care facilities; most residents do not reach the 
requirements. As a too low intake is more rule than exception, food policy in LTCF should 
change: protein-rich food should become the standard, instead of providing additional 
products when a resident is diagnosed with a poor intake.
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Summary

Over the last decades, life expectancy has increased rapidly. The process of ageing is 
often linked to an increase in co-morbidities, malnutrition being one of them. The first 
expressions of developing (risk of ) malnutrition (so-called ‘early determinants) may be 
having problems with grocery shopping or cooking, decreased appetite, swallowing or 
chewing problems, or an impaired food intake. Eventually, this can result in so-called 
‘late-phase malnutrition’ when malnutrition manifests itself in weight loss, loss of muscle 
mass and strength and then reduced physical functioning. Thus, malnutrition covers a 
continuum over time, taking on more serious forms with increasing age.

We studied the continuum of malnutrition during the journey of ageing; from older 
adults in the community to residents in long-term care facilities. In the community, we 
assessed prevalence rates and groups at increased risk of malnutrition and tested the ef-
fect of ready-made meals on protein intake. In long-term care facilities, we investigated 
how behavioral-cognitive problems and diseases and health-related problems were 
related to being malnourished at admission, or becoming malnourished during stay. In 
addition, we measured the food intake of Dutch residents of long-term care facilities.

In chapter 2, we provided an overview of risk factors for early determinants of malnu-
trition in Dutch community-dwelling older adults. We used data from www.goedge-
voedouderworden.nl, a website that aims to inform older adults about healthy nutrition 
and malnutrition during the process of ageing. On this website, malnutrition screening 
tools can be filled in to assess the presence of early determinants of malnutrition (SCREEN 
II) or symptoms of late-phase malnutrition (SNAQ65+). Based on this self-reported data, 
early determinants of malnutrition (84.1%) and late phase malnutrition (56.8%) were 
highly present and increased with age. These results underline the importance of such a 
website to create awareness of malnutrition at an early stage among citizens interested 
in the topic.

In chapter 3, we compared the data of www.goedgevoedouderworden.nl with the data 
of www.nutritionscreen.ca. Both websites use SCREEN II as a self-screening tool to iden-
tify early determinants of malnutrition. Data from The Netherlands (n=2482), Canada 
(n=9538), and New Zealand (n=217) were compared. The prevalence of the presence of 
early determinants of malnutrition differed only slightly between the three countries 
and ranged from 61.5% (the Netherlands) to 70.1% (Canada). However, individual risk 
factors differed between countries. These data indicate that early determinants of 
malnutrition are a common problem in the western societies. As risk factors differed be-
tween countries, policy to address these problems should be tailored to national needs.
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In chapter 4, we compared two screening tools for malnutrition (SCREEN II and SNAQ65+) 
within 200 community-dwelling older adults. Prevalence rates of older adults at risk dif-
fered widely between both tools: 69.0% were at risk based on SCREEN II, compared to 
13.5% based on SNAQ65+.The agreement between the two tools was low (kappa <0.20). 
Being at risk based on SCREEN II was associated with social factors such as living alone, 
income and activity level, but also with food intake. These factors belong to the so-called 
early determinants of malnutrition. In contrast, SNAQ65+ was more related to physical 
function, and presence of diseases and comorbidities and is a better reflection of late-
phase malnutrition. While both tools are presented and validated as screening tools for 
malnutrition, we conclude that they measure very different constructs of malnutrition.

In the ConsuMEER study that was described in chapter 5, we tested the effect of switch-
ing from self-prepared meals to ready-made meals in terms of protein intake. In this 
RCT (n=98), the control group received standard ready-made meals and dairy low in 
protein, whereas the intervention group received protein-rich ready-made meals and 
dairy high in protein. During the study, protein intake decreased in the control group 
(to 0.87 gram/kg bodyweight/day), but remained stable in the intervention group (1.12 
gram/kg bodyweight/day). Our data imply that switching towards ready-made meals 
carries the risk of a decrease in protein intake unless products are chosen that are high 
in protein content.

In chapter 6, we shifted our focus from the community to long-term care facilities. Based 
on data obtained from InterRAI (a minimum dataset to record multiple care problems at 
admission and during stay), we investigated the relation between behavioral-cognitive 
problems and malnutrition (based on weight loss and/or a low age-specific BMI – the 
ESPEN 2015 definition), both at admission (n=3722) and during stay (n=4978) in a long-
term care facility. We showed that behavioral-cognitive problems and malnutrition were 
frequently present in newly-admitted residents; nearly 60% suffered from one or more 
behavioral-cognitive problems and 9.5% were malnourished. Residents with behavioral-
cognitive problems were more often malnourished at admission and were more often 
malnourished during their stay. Especially those with multiple behavioral-cognitive 
problems were at increased risk.

In chapter 7, we used the same InterRAI dataset to assess the relation between diseases/
health-related problems and malnutrition. To assess the role of different criteria for 
malnutrition, we used three different criteria: weight loss, low age-specific BMI, or the 
combination of both (i.e. ESPEN 2015 criteria). Prevalence of malnutrition at admission 
was highly affected by the criteria used and ranged from 8.8% (weight loss) to 27.4% (low 
age-specific BMI). Incidence rates for malnutrition during stay also differed between the 
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used definitions, but to a lesser extent (from 8.9% using ESPEN to 13.8% using weight 
loss). At admission, most diseases (except cardiometabolic diseases) and health-related 
problems were associated with higher prevalence rates of malnutrition, based on either 
criterion, but the association was strongest with weight loss. This was also seen in the 
prospective data but relations were less strong.

Finally, in chapter 8 we measured food intake in residents of long-term care facilities and 
assessed which groups consumed too little protein and/or energy. We assessed food 
intake by three-day observations in 189 residents of five different facilities. Food intake 
was low in most residents and approximately 80% did not reach the recommended 
intakes for protein and/or energy. Having a protein/energy-enriched diet was associated 
with a higher intake but also in this group, yet even residents on this enriched diet did 
not reach the requirements. We therefore advice to change food policy in long-term care 
facilities towards a protein/energy-enriched diet for all residents, instead of for those 
individuals with a diagnosed poor intake.

To conclude; malnutrition is a frequently occurring problem in older adults. In the com-
munity, the youngest age groups (<75 year) already display early determinants of mal-
nutrition, without a clear expression of late-phase malnutrition. During the journey of 
ageing, the prevalence of both early determinants of malnutrition as well as late-phase 
malnutrition increases. Treatment of malnutrition depends on the stage of malnutrition 
and the underlying problems. Ready-made meals can be used when older adults are not 
able to prepare their own meals themselves, but meals high in protein should be used 
in order to prevent a decline in protein intake. In long-term care facilities, malnutrition 
is even a bigger problem than in the general community. A substantial part of newly 
admitted residents is already malnourished at admission or will become malnourished 
during stay. Especially those with multiple behavioral-cognitive problems or diseases 
are at increased risk. One of the underlying reasons for the high incidence of malnutri-
tion could be the low food intake of residents; nearly all residents consume too few 
protein and energy. So, during the whole journey of ageing, older adults are at risk of 
developing malnutrition.
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explanation of the cover

The cover of this thesis represents the journey of ageing during the period after retire-
ment and is dedicated to the most important persons and pets in my personal life. 

Most Dutch residents retire from working around the age of 65. They then face a new 
period in their life during which they may rest after 40-50 years of working and deserve 
to spend time on things they really like. 

The first picture in the lower left corner is based on a picture of my mum and dad from 
a holiday in Iceland. During the writing of my thesis, my mum and dad became ~65 and 
retired. For me, it was a strange idea to realise that they now  belong to the age class of 
my research: they are way too vital! Fortunately, a large group of older adults just after 
retirement is very vital. The vitality of the ‘youngest’ older adults is represented by our 
Dalmatian dog sitting next to them. As most people know, my wife and I have three dogs 
and Saar, the Dalmatian, is strong and full of energy. She is a true ambassador of healthy 
ageing and her motto is staying young by acting like being young. 

As the years go by, the inevitable process of physical decline starts to take its toll. But 
with some help, most older adults remain relatively independent. During this period, 
older adults will probably rely on aid in the form of home care or walking aids, but they 
still live at home. When I started my master study ‘Health Science’ at the VU in Amster-
dam, my grandparents were in this phase. The second and third couple on the cover is a 
tribute to them. Our dogs Finn and Linda accompany them as they suit their pace.

In the upper right corner, a couple is sitting before a nursing home, an impression based 
on the residence ‘Libermannhof’ where my wife was a manager for seven years and 
where I am a volunteer. The couple in front of the nursing home are my grandparents. 
This picture is based on the photo that they made for our wedding in 2020. As their 
mobility and energy levels were low, they were not able to attend our wedding. We see 
two people who, at that time, had been married for 67 years and still loved each other 
very much. Despite low energy levels, they took care of themselves and helped each 
other when possible. My first dog Emma, who passed away during the first day of my 
master’s program, stands for the oldest aged: loyalty and love. 

During the last year of my PhD, my grandmother passed away at the age of 92. This 
thesis is dedicated to my parents and grandparents whom I love. 
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The cover of this thesis is designed by Anja Brons. The whole picture is drawn in one line 
which represents the ongoing line of life. 
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