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THE AGEING SOCIETY

The global population is rapidly ageing. Because of decreased fertility rates and 
increased life expectancy, older adults make up a larger part of the society [1]. 
Global projections indicate that the absolute number of people aged 65 years 
and older will more than double in the coming decades: from 703 million people 
in 2019 to 1.5 billion people in 2050. The corresponding increase in proportion of 
older adults is projected to nearly double: from 9% in 2019 to 16% in 2050 [2]. The 
rate of population ageing varies across regions of the world [2]. Nevertheless, even 
in regions where the number of older adults is already substantially high – 200 
million older adults resided in Europe and North America in 2019 – the population 
will age further [2].

Ageing may have substantial adverse consequences for the older individuals, 
their relatives and the society. As people grow older, they are at higher risk of 
chronic diseases and disability [3, 4]. With people living longer, more people will 
likely become chronically ill or disabled at some point in life or will suffer for a 
longer time. These health problems can have a major impact on quality of life and 
independence. As a result, a substantial increase in the demand for long-term care 
is expected. This will place a heavy burden on informal caregivers as dependent 
older people largely rely on their families [5]. Among the societal implications of 
an ageing society are the higher demands for social and health care services, 
accompanied by a rise in costs of health care and long-term care [6]. Furthermore, 
population ageing will place an extensive burden on the labour market and on 
pension systems due to an increase in pensioners at the expense of working age 
people [6, 7]. For older people to remain independent, to require less care and 
to actively participate in the society for a longer time, it is crucial that they are 
living their added years in good health. To emphasise, one of the key strategies of 
European policy in response to the ageing population is supporting healthy and 
active ageing by preventing chronic diseases and disability [8]. 

Nowadays, the vast majority (95%) of the global older population aged 60 years 
and older lives in private households [9]. This means that along with the ageing 
population, the absolute number of older adults living in the community is expected 
to increase significantly in the coming decades. All the more since having people 
living at home for as long as possible is one of the strategies in Dutch policy acting 
upon the ageing population [10], community-dwelling older adults are an important 
target group for primary and secondary prevention. Community-dwelling older 
adults are generally in better health than their institutionalised counterparts, making 
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prevention likely most effective in the first group. Also, home care is less costly than 
institutionalised care [11]. Moreover, this so-called “ageing in place”, which means 
that one remains living in the community with some level of independence rather 
than in residential care, is also preferred by older adults themselves [11]. Hence, 
primary and secondary prevention of decline in nutritional and functional status 
among community-dwelling older adults is essential in order to promote health, 
maintain independency and enable older adults to live at home longer (Figure 1). 
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Lower protein intake 
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Figure 1. Simplified overview of how poor diet may contribute to dependency. Black parts represent 
the focus of this thesis.
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DECLINE IN NUTRITIONAL AND FUNCTIONAL STATUS

An accumulation of changes and damage in molecular and cellular mechanisms 
occurs with ageing, such as DNA damage, telomere shortening and oxidative 
stress [12, 13]. This may lead to altered cell and tissue functions among many 
organs, including muscles and bones. One clinical manifestation of these ageing 
processes is the unfavourable change in body composition, with a shift towards 
an increase in fat mass at the expense of lean mass [14]. To illustrate, from the 
age of 40 years, muscle mass declines on average with approximately 1% per 
year [15]. The decline in muscle strength from the age of 40 years is even greater: 
dependent on age and sex, annual decline ranges on average from 2.5 to 4% [15]. 
This decline is likely also (partially) a result of reduced levels of physical activity 
in many older adults [16-18]. Other characteristics of ageing frequently observed 
are reduced saliva production, altered response to and level of appetite-regulating 
hormones, decrease in taste and smell and decline in oral health [19-21]. These 
factors contribute to the so-called anorexia of ageing, a phenomenon characterised 
by loss of appetite and/or decreased food intake in later life [19]. It is frequently 
observed in older adults and an important contributor to the development of 
protein-energy malnutrition (PEM) [19]. 

Low muscle strength and PEM are associated with poor physical function in older 
adults [22-24] and regarded as aetiological factors in the development of frailty [25]. 
PEM, low muscle strength, poor physical function and frailty are related and partly 
overlapping indicators of poor nutritional and functional status [26]. They share 
implications for health. For example, they have been shown strong predictors of 
becoming disabled in performing activities of daily living, such as dressing and 
eating [27-31], and in instrumental activities of daily living, such as preparing a hot 
meal and grocery shopping [29, 32, 33], which are requirements of independent 
living. Moreover, older adults with PEM, lower muscle strength, poorer physical 
function or frailty are at higher risks of falling [28, 29, 34-36], impaired quality of 
life [37-39], hospitalisation [29, 40, 41] and mortality [29, 41-46]. Hence, a decline 
in either of these indicators of nutritional and functional status will put a serious 
burden on the society – on health care use [29, 40, 47, 48] and societal costs 
[48-51] in particular. Although preventing or postponing decline in nutritional and 
functional status is a major societal challenge, it is required to maintain individual 
health contributing to prolonged independent living (Figure 1). 

The focus of this thesis is on (decline in) nutritional and functional status. The 
following four clinical markers of (poor) nutritional and functional status will be 



11

General Introduction

addressed: protein-energy malnutrition (PEM), frailty, muscle strength and physical 
function. 

Protein-energy malnutrition 

Protein-energy malnutrition (PEM) generally can be defined as the progressive loss 
of both lean body mass and adipose tissue, which often results from an inadequate 
intake of energy or protein, or both [52]. Especially unintentional weight loss – often 
reflecting underlying disease and accelerating muscle loss [53] – is considered 
harmful for health. In fact, unintentional weight loss has been frequently linked to 
increased mortality risk in older adults, whereas this relationship is less evident for 
intentional weight loss [46, 54]. There is no consensus on how to operationalise 
PEM and a variety of operationalisations circulates in literature. In 2015, consensus 
criteria for the diagnosis of PEM were established by the European Society for 
Clinical Nutrition and Metabolism (ESPEN) working group [55]. According to these 
criteria, an older person is malnourished if (1) a low body mass index (BMI) or (2) 
the combination of involuntary weight loss with a low BMI or with a low fat-free 
mass index is present. More recently, in 2018, the Global Leadership Initiative on 
Malnutrition (GLIM) working group launched the first global criteria for the diagnosis 
of PEM [56]. According to these criteria, an older person is malnourished if at least 
one phenotypic criterion (i.e. involuntary weight loss, low BMI or reduced muscle 
mass) and one aetiological criterion (i.e. reduced food intake or inflammation) is 
present. The operational definition of PEM used for this thesis contains the two 
criteria proposed by both working groups: low BMI and/or substantial unintentional 
weight loss. 

A recent meta-analysis demonstrated that 8.5% of European community-dwelling 
older adults had a high risk of PEM (as assessed using various screening tools) 
[57]. An additional 30% had a moderate-to-high PEM risk. Another study among 
multiple cohorts of community-dwelling older adults from Europe and New Zealand 
revealed the prevalence of PEM, defined as a BMI <20 kg/m2 and/or weight loss 
of >3 kg in 3 months, to range between 4.7 and 8.3% [58]. The prevalence was 
13.2% in community-dwelling older adults receiving home care, 8.3 to 24.6% in 
older nursing home residents and 11.9 to 17.5% in older hospitalised patients. 
Considering the fact that 95% of the older population lives independently [9], the 
absolute number of community-dwelling older adults at risk of or suffering from 
PEM is substantial. Combined with the fact that the prevalence of PEM is higher in 
nursing homes and hospitals [58], primary prevention of PEM is likely most effective 
in the community setting. Moreover, prevention of PEM in community-dwelling 
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older adults will be especially desirable in light of the individual and societal goal 
of having older adults living at home as long as possible. 

Frailty

Frailty can be considered a geriatric syndrome and is generally described as a state 
of increased vulnerability for adverse outcomes resulting from an age-associated 
decline in physiologic reserve and function across multiple organ systems [59]. 
This vulnerability is characterised by a disproportionate change in health status 
caused by a relatively small stressor [60]. Consensus on the definition of frailty 
is lacking, as is a widely accepted operationalisation of frailty. In research, two 
conceptualisations of frailty dominate [61]: the frailty index, a measure of cumulative 
deficits in the physical, cognitive and social domain [62] and the frailty phenotype, 
a measure of deficits in the physical domain [25]. The frailty phenotype is used 
in this thesis as it better reflects nutritional and functional status in the physical 
domain specifically and is biologically seen more closely related to protein intake. 

The frailty phenotype was developed by Fried and colleagues [25] and assesses 
the physical status of an older person according to five components: shrinking 
(i.e. unintentional weight loss), weakness (i.e. low muscle strength), exhaustion 
(i.e. feeling of unusual tiredness), slowness (i.e. slow walking speed) and physical 
inactivity. According to the number of components present, a person is classified 
as being non-frail (0), pre-frail (1-2) or frail (3-5). A person can shift between these 
three frailty states, which makes frailty a potential reversible condition [63, 64]. A 
recent study demonstrated that the estimated global prevalence of pre-frailty or 
frailty, as assessed according to the frailty phenotype, was approximately 13.5% 
in community-dwelling older adults aged 60 years and older [65]. As frailty may 
increase the risk of disability and institutionalisation in older adults [29], prevention 
is essential.

Muscle strength

Muscle strength represents the amount of force a muscle can produce at maximal 
effort [66]. Generally accepted measures of muscle strength and widely used in 
research are handgrip strength and knee extensor strength since these would well 
reflect overall muscle strength [23, 67]. Also, handgrip strength was shown to be 
a surrogate measure for knee extensor strength [66]. In clinical practice, handgrip 
strength is often the preferred measurement tool [68] due to its affordability, easy 
applicability and time-efficiency [66, 69, 70]. Moreover, low handgrip strength is an 
important prognostic factor for all-cause mortality in older adults [41, 45]. Because 
of this, it is considered an important outcome in ageing research. Clinically relevant 
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cut-off values for low muscle (handgrip) strength – or ‘weakness’ – for (older) adults 
generally range from 27 to 30 kg in men and from 16 to 20 kg in women. These cut-
off values were established based on the predictive value for low walking speed 
or inability to walk 1 kilometre without difficulty in older adults [71], the predictive 
value for slow walking speed in adults older than 20 years [72] or the normative 
data from a general British population [73]. In research, cut-off values of 30 and 20 
kg have been mostly used for (non-Asian) older men and women, respectively [71, 
74]. Accordingly, we applied the latter cut-off values to define low muscle strength 
in this thesis where applicable. Agreed clinically relevant cut-off values for knee 
extensor strength are not available.

Physical function

Physical function involves many more bodily functions or systems than muscle 
strength only, such as balance, cognition and bone and joint health [66]. As 
physical function acts as an important chain in the disablement process [75], its 
preservation is key in order to counteract disability and as such enabling people 
to live at home independently. Physical function can be assessed by means of 
performance-based tests or by self-report. 

In a controlled setting, objective performance-based tests measure the capacity of 
a person to perform a standardised task that is required or desirable in many daily 
routine activities [76, 77]. Commonly used performance-based tests of physical 
function are tests on walking speed, chair stands and standing balance. These tests 
are also frequently combined to reflect multiple areas of performance. For example, 
with the Short Physical Performance Battery (SPPB), the performance on each of 
the three aforementioned tests is measured separately and summarised in one 
total score. The Timed Up and Go (TUG) test combines walking and chair stands 
in a single test. For this thesis, walking speed and the TUG test have been used to 
assess performance-based physical function or ‘physical performance’. Walking 
speed is the time it takes a person to walk a set distance. In clinical settings, the 
short-walk test (often 4 or 6 metres) is often preferred over the long-distance walk 
test, because the former is quicker and easier to administer. A clinically relevant cut-
off value for slow walking speed or ‘slowness’ in older adults has been proposed of 
0.8 m/s for walking speed on a 4-m course, based on its predictive value for multiple 
adverse health outcomes [66]. For walking speed on a 20-m course, a clinically 
relevant cut-off value of 1.0 m/s has been proposed, based on its predictive value 
for mortality [78]. Accordingly, the latter cut-off value was used to define poor 
physical function in this thesis where applicable. The TUG test measures the time 
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it takes a person to rise from a chair, walk 3 metres at usual pace, turn, walk back 
and sit down. It is a quick test and commonly used in research [66]. 

Self-reported measures of physical function ask the participant’s opinion on the 
difficulty to perform a certain task [77]. Commonly questioned tasks are walking 
one-quarter mile or more than 200 metres and climbing one flight of stairs (without 
resting). Self-reported measures have the disadvantage that they are more likely 
influenced by cognitive function [14, 79, 80], depression [76] or socio-cultural factors 
[81] than objective measures. Advantages are that they better reflect personal 
burden and performance in daily life where persons adapt to the environment and 
circumstances [77, 82]. Also, self-reported measures require less equipment, less 
training and are less time-consuming [76]. It is generally agreed that performance-
based and self-reported measures complement one another in understanding the 
functional status of older adults [82]. For this thesis, difficulty walking and difficulty 
climbing stairs were used to assess self-reported physical function.

NUTRITION IN OLD AGE

Diet is a modifiable (lifestyle) factor involved in many adverse health conditions. As 
a consequence of anorexia of ageing, older adults may decrease their food intake, 
resulting in lower intakes of various nutrients such as protein [19]. In addition to 
reduced food intakes, changes in food preferences may occur [14] thereby affecting 
the variety in the diet and its quality [83-85]. Both protein intake and overall diet 
quality are considered to be involved in maintenance of nutritional and functional 
status (Figure 1).

Protein intake 

Dietary protein is a macronutrient that provides amino acids, which are compounds 
of amongst others human (muscle) cells, genetic material, hormones and 
neurotransmitters, and is a main source of energy. Protein is essential for tissue 
growth and maintenance of many bodily processes and structures [86]. For 
example, protein acts as an important anabolic stimulus for muscle growth. After 
protein ingestion, the increased availability of intracellular amino acids stimulates 
muscle protein synthesis (MPS) and, to a lesser extent, suppresses muscle protein 
breakdown (MPB), resulting in a net gain in muscle protein or ‘anabolic state’ [87, 
88]. In the absence of sufficient protein intake, MPB may exceed MPS and muscle 
mass will be lost. 
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Recommendations for total protein intake
According to dietary recommendations proposed by the European Food Safety 
Authority (EFSA), adults aged 19 years and older should consume at least 0.8 grams 
of protein per kilogram body weight per day (g/kg BW/d) [86]. This recommended 
dietary allowance (RDA) is a practical reference value since measuring protein 
requirement is a complicated process and thus cannot be determined for each 
single individual. To this end, nitrogen-balance studies have been used to estimate 
the level of dietary protein intake that would be sufficient to achieve body nitrogen 
equilibrium (i.e. prevent protein deficiency) in adults who are in energy balance, 
shown to be 0.66 g/kg BW/d on average [89]. As this estimated average requirement 
(EAR) would be adequate for 50% of the adult population, it has been recalculated 
to meet the requirement of nearly all adults: 0.8 g/kg BW/d [90]. This RDA applies 
to all adults that are considered to be generally healthy, regardless of age and sex. 
A protein intake below the RDA of 0.8 g/kg BW/d is defined ‘lower protein intake’ 
throughout this thesis.

The RDA for protein of 0.8 g/kg BW/d is accepted by many institutions worldwide 
[91, 92]. However, it has been the subject of debate among multiple geriatricians 
and nutrition scientists who advocate for an increase in the RDA to at least 1.0 or 
1.2 g/kg BW/d for (healthy) older adults [93-95]. There are two principal arguments 
underlying their opinion. First, metabolic studies tend to show that protein 
requirements are higher in older compared to younger adults [96]. Suggested 
underlying explanations are the lower rate of MPS following the same amount of 
protein intake in older compared to younger adults, typically known as anabolic 
resistance of ageing [97-99]. Older adults may reach the same maximal level of 
MPS though, but therefore they need a higher dose of protein than younger adults 
[97]. Another explanation is that acute and chronic diseases are more common 
in older than younger adults. A relative higher amount of protein is needed to 
offset the disease-related inflammation. The second principal argument is that 
epidemiological evidence indicates that protein intake above the RDA of 0.8 g/kg 
BW/d is associated with less decline in muscle mass [100] and muscle strength 
[101] and with lower frailty risk [102]. This suggests that health can be optimised by 
protein intakes above the current RDA, whereas protein intake levels corresponding 
to the current RDA may mainly prevent deficiencies. Some European countries have 
already acted upon this evidence by increasing their protein recommendations for 
older adults. The recommendation is set at 1.0 g/kg BW/d in Germany, Austria and 
Switzerland [103] and at 1.2 g/kg BW/d in Denmark, Finland, Iceland, Norway and 
Sweden [104]. The protein recommendation in the Netherlands, which is now 0.8 
g/kg BW/d, is currently being reviewed by the Dutch Health Council [92]. 

1
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Lower protein intake in older adults
Many national dietary surveys and cohort studies provide estimates of the habitual 
protein intake of the general population [105-109]. However, a direct comparison 
with protein recommendations, such as the RDA, is barely made, let alone in older 
adults. Such a comparison would allow for estimating the proportion of older adults 
that is at risk of protein inadequacy. Only a few studies provided an estimation of 
the prevalence of protein intake below recommended levels in community-dwelling 
older adults [105-107]. Of note, the recommended values were different across 
these studies and across sexes. For example, among US adults older than 70 years, 
13% of men and 19% of women had a protein intake below 0.8 g/kg BW/d [106]. 
Among Australian older adults of similar age, 22% of men had a protein intake 
below 0.86 g/kg/d and 14% of women had a protein intake below 0.75 g/kg BW/d 
[107]. These and other data furthermore suggest that certain subgroups of older 
adults are more likely to have a lower protein intake. Some studies have shown that 
female sex [110], higher age [105, 106] and higher BMI [110] were associated with 
lower reported intakes of protein after adjustment for body weight (g/kg BW/d). 
Insights into such differences may contribute to the identification of target groups 
for dietary interventions, but thus far very few studies have looked into this. Hence, 
there is a need for estimating the prevalence of protein intake below recommended 
levels in a large group of community-dwelling older adults as well as in specific 
subgroups. 

Expression of protein intake 
Protein intake is not expressed in a consistent manner across studies and 
recommendations, in part due to different aims and contexts. The first and most 
simple way is to express protein intake in g/d. A second option is to express 
protein intake relative to energy intake (E%). The main reason for using this 
expression is that, in generally healthy persons, the ratio between (energy-yielding) 
macronutrients may be just as important as their absolute level, particularly in 
context of weight maintenance. A third option is to express protein intake relative 
to body weight (g/kg BW/d), as protein requirements likely depend on body weight 
and body weight strongly differs from one person to another. The latter expression 
is most commonly used to set recommendations for protein, such as the RDA. In 
many dietary guidelines though, also recommendations for protein in g/d and E% 
are provided. In this thesis, protein intake is frequently expressed relative to body 
weight, but with an essential adjustment. We used ‘adjusted’ body weight (aBW) 
instead of ‘actual’ body weight. Adjusted body weight refers to a person’s ideal 
body weight and was calculated as the nearest body weight that would place a 
participant with an undesirable body weight in the healthy BMI range, which is 18.5 
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to 24.9 kg/m2 for adults aged 70 years and younger and 22.0 to 27.0 kg/m2 for adults 
older than 70 years [111]. We followed this approach in an attempt to control for 
excessive body weight – mostly being fat mass contributing little to protein turnover 
[112] – in overweight persons and insufficient protein availability to maintain muscle 
mass in underweight persons.

Other aspects of protein intake beyond the daily quantity
In recent years, other aspects of protein intake beyond the daily total intake have 
gained more attention. These aspects include protein quality, protein intake 
distribution across meals and an optimal protein dose per meal that maximises 
MPS. The quality of a protein is defined by its amino acid composition and 
digestibility. The more essential amino acids and the higher the digestibility, the 
higher the protein quality [93]. Essential amino acids are supposed to be primarily, 
if not solely, responsible for the stimulation of MPS [113], so high-quality proteins 
are assumed to elicit a greater increase in MPS than low-quality proteins. Because 
proteins from animal sources generally contain more essential amino acids than 
proteins from plant-based sources, animal-derived proteins may be more strongly 
related to nutritional and functional status [100, 114-116]. Another aspect of protein 
intake is its distribution over the day. Older adults generally consume relatively low 
amounts of protein at breakfast and – dependent on the national or cultural dietary 
habits – higher amounts of protein at lunch or dinner [105, 107, 117, 118]. This is 
typically called an uneven or skewed protein intake distribution. Very few studies 
have investigated whether the evenness of protein intake distribution across meals 
was related to nutritional and functional status in community-dwelling older adults 
and results were inconclusive [119-121]. Related to the protein intake distribution 
is the potential threshold effect of protein. Data from some, but not all, metabolic 
studies suggest that an optimal dose of protein per meal exist that maximally 
stimulates MPS [122, 123]. Any protein intake beyond this level – supposed to 
be 25 to 40 g in older adults [93, 124-127] – is presumed to have no additional 
beneficial effect on MPS and might not contribute to maintenance of muscle mass 
and function. Redistribution of protein across meals may result in reaching this 
threshold at more eating occasions and subsequently in maximising MPS more 
frequently. Observational studies examining the role of these various aspects of 
protein intake – referred to as ‘protein intake parameters’ in this thesis – in nutritional 
and functional status are scarce, but may provide valuable information for further 
refining protein recommendations.

1
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Protein intake in the context of energy balance
Energy imbalance is a serious contributor to the development of many adverse 
physical health conditions because of its direct effect on body weight and body 
composition. A positive energy balance – the energy intake is higher than the 
energy requirement – results in weight gain. A negative energy balance leads to 
catabolism of fat-free mass (including muscle mass) and fat mass and thus to 
weight loss. It is well-recognised that energy requirement decreases in old age 
[18, 128]. This decline is often caused by the unfavourable age-related change in 
body composition [128] and a reduced level of physical activity [18]. The reduction 
in energy requirement can impede the possibility to achieve the recommended 
intakes for macro- and micronutrients, including protein. Furthermore, a presumed 
increase in protein needs with a simultaneous decrease in energy needs will have 
inevitable consequences for the macronutrient distribution. Besides protein, the 
other three macronutrients (i.e. energy-providing nutrients) are carbohydrate, fat 
and alcohol. Hence, an important interplay between energy intake and these 
macronutrients exists. Parallel with an average decline in energy requirement, 
multiple age-related factors, such as anorexia of ageing, may reduce the energy 
intake in older adults. On the one hand, changes in energy intake and requirement 
can lead to loss of weight and muscle mass in older adults whose decline in energy 
intake exceeds their decline in energy requirement. Rapid unintentional weight loss 
or muscle mass loss can occur, increasing the risk of nutritional and functional 
decline, even in overweight older persons [129]. On the other hand, weight gain can 
occur if the energy intake decreases less than the energy requirement, increasing 
the risk of overweight. Overweight or obesity are undesirable conditions as they 
have profound adverse implications for physical disability [46]. Energy intake may, 
via its influence on weight maintenance and physical health conditions as well 
as its strong correlation with protein intake [130], distort observed relationships 
of protein intake with nutritional and functional status when not accounted for. 
Hence, in studying these relationships, the role that energy intake may play should 
be well considered. 

Interaction between protein intake and physical activity 
Besides the role of physical activity in energy balance and weight management, 
physical activity is an important anabolic stimulus of MPS [88, 99, 131]. Physical 
activity may affect muscle growth by increasing the anabolic response to protein 
and consequently overcome anabolic resistance in older adults [99]. Also, a 
metabolic study in older adults showed that protein supplementation combined with 
resistance exercise training yielded a higher maximal level of MPS as compared to 
protein supplementation only, indicating a synergistic or additive effect of protein 
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intake and physical activity [126]. However, thus far, evidence from randomized 
controlled trials (RCTs) is inconclusive as to whether protein supplementation in 
addition to resistance exercise training further augments muscle strength and 
physical function in older adults as compared to resistance training only [132-
134]. Clearly, there is a need to better understand the potential modifying effect 
of physical activity in associations of protein intake with nutritional and functional 
status in order to better understand how protein intake may contribute to the 
prevention of functional decline in older adults.

Current level of evidence regarding protein intake in relation to nutritional and 
functional status
Prospective studies on the association of protein intake with incidence of PEM 
are scarce and have not been performed in the community setting. Regarding 
frailty, although findings of cross-sectional studies indicate an inverse association 
between protein intake and frailty [135], findings from five prospective studies 
were inconclusive [102, 115, 136-138]. Associations of protein intake with change 
in muscle strength and physical function have been more frequently performed. 
Whereas some observed an association between higher protein intake and less 
decline in muscle strength [101, 114, 139, 140] or physical function [116, 139], the 
majority of prospective studies showed no association with change in muscle 
strength [119, 121, 141] or physical function [119, 121, 142, 143]. Two studies 
examined protein intake distribution in relation to change in muscle strength and 
physical function, but showed no association [119, 121]. Obviously, studies in this 
area – particularly prospective studies performed in the community – are required 
to better understand the role of protein intake in nutritional and functional decline. 
This knowledge is of paramount importance for optimisation of the RDA for protein 
and the development of preventive dietary strategies for older adults.

Overall diet quality

In recent years, the examination of the total diet – also called ‘dietary pattern’ – has 
attracted attention. In contrast to studying single nutrients, examining the total diet 
has the advantage of incorporating interrelationships between nutrients, which 
better reflects the real-life situation of food consumption [144]. This shift towards 
food groups or food products instead of nutrients is also increasingly observed 
in (inter)national dietary guidelines that now provide recommendations for food 
groups in addition to nutrients [145]. A dietary pattern is often indicated by means 
of a score or index, i.e. a single score summarising the intake of multiple nutrients 
and food products. For this, a certain diet is held as reference and the index reflects 
to what degree a person’s diet conforms to this reference diet. Such a diet index 

1
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can be derived using either an a priori or an a posteriori approach. An a priori diet 
index reflects the degree to which the total diet conforms to a predefined ‘ideal’ 
diet, such as a diet based on national dietary guidelines (e.g. the Healthy Eating 
Index) or cultural habits (e.g. the Mediterranean diet). This ‘ideal’ diet is based on 
prevailing knowledge about diet-health relationships. An a posteriori diet index 
reflects the degree to which the total diet conforms to a dietary pattern that is 
statistically derived from the dietary data under study [144]. A priori diet indices 
have the advantage of being easier translatable to dietary guidelines and allow 
for better comparison across cohorts compared to a posteriori indices [105, 146].

Healthy Eating Index
A priori diet indices based on (inter)national dietary guidelines can be considered 
a measure of overall diet quality and are typically referred to as ‘diet quality index’. 
One such measure, and used in this thesis, is the Healthy Eating Index (HEI). The 
HEI reflects participants’ adherence to the dietary guidelines for healthy US adults 
[147]. Multiple versions and alternate scores have emerged over time, updated 
according to revised dietary guidelines or adapted to country-specific dietary 
recommendations [148-151]. In this thesis, we used the 1994-1996 version of the 
HEI [147] for measuring overall diet quality. We chose this index, because it was 
based on the 1995 Dietary Guidelines for Americans [152] and the 1992 Food Guide 
Pyramid [153] and thus best matches the US study population and the time that 
dietary data were collected. This HEI covers the intake of five food groups (i.e. 
grains, vegetables, fruits, milk and meat), four nutrients (i.e. total fat, saturated fat, 
cholesterol and sodium) and the variety in the diet [147]. 

Current level of evidence regarding overall diet quality in relation to nutritional and 
functional status
A better overall quality of the diet, as assessed with the HEI, has been shown to 
be associated with lower risk of cancer, better functional status, lower mortality 
rate and improved quality of life [154-157]. Whether or not a better overall quality 
of the diet can contribute to lower risks of PEM and frailty is unclear. Prospective 
cohort studies examining the association between overall diet quality and PEM 
risk are lacking and findings from two cross-sectional studies were contradictory 
[158, 159]. Regarding frailty, few studies have investigated whether adherence to 
dietary guidelines is associated with frailty risk in older adults and results were 
inconsistent [137, 160, 161]. Given data indicating that the majority of older adults 
from Western countries consume a diet of moderate quality [156, 157, 162-165], 
there seems ample room to improve diet quality. Clearly, prospective cohort studies 
in this area are required.
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AIMS AND OUTLINE OF THIS THESIS 
PROMISS: PRevention Of Malnutrition In Senior Subjects in the EU

This thesis was established within the project ‘PRevention Of Malnutrition In Senior 
Subjects in the EU’ (PROMISS), financially supported by the European Union’s 
Horizon 2020 Research and Innovation Programme, grant agreement no. 678732. 
PROMISS is a European multi-partner consortium that aims to improve active and 
healthy ageing by better understanding and preventing protein-energy malnutrition 
in community-dwelling older adults. The PROMISS consortium consists of scientist 
with a variety of expertise, such as epidemiology, geriatrics, nutrition, physical 
activity and behaviour and consumer sciences, as well as industry, European 
stakeholder organisations and representatives of older adults. The research 
presented in this thesis relates to the first phase of the PROMISS project. In 
this phase, research is conducted to identify relationships of food intake, food 
characteristics, physical activity and the oral and gut microbiota with poor appetite, 
protein-energy malnutrition, frailty, functional decline and quality of life. 

Aim of this thesis

The general aim of this thesis is to describe habitual protein intake of community-
dwelling older adults and to investigate the relationships of protein intake and 
overall diet quality with (decline in) nutritional and functional status.

The specific research questions for this thesis are:

1. What is the prevalence of protein intake below the recommended dietary 
allowance in community-dwelling older adults?

2. To what extend differ community-dwelling older adults with a lower 
protein intake from those with a higher protein intake with regard to 
general and dietary characteristics?

3. To what extend are protein intake and overall diet quality associated with 
incident protein-energy malnutrition, incident frailty, muscle strength and 
physical function in community-dwelling older adults?

Data used for this thesis

In order to address these research questions, data from multiple cohorts and 
national surveys were used. The cohorts include: the Health, Aging and Body 
Composition (Health ABC) study from the United States of America (USA), the 
Longitudinal Aging Study Amsterdam (LASA) from the Netherlands, the Newcastle 
85+ study from the United Kingdom (UK) and the Quebec Longitudinal Study on 
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Nutrition and Successful Aging (NuAge) from Canada. The national surveys include: 
the Dutch National Food Consumption Survey-Older adults 2010-2012 (DNFCS-
Older adults) from the Netherlands, the National FINDIET Surveys 2007 and 2012 
(FINDIET 2007 and FINDIET 2012) from Finland and the third Italian National Food 
Consumption Survey (INRAN-SCAI 2005-2006) from Italy. The cohorts and national 
surveys are briefly described in Text box 1. 

Outline of this thesis

Six studies were conducted for the purpose of this thesis. These studies are 
described in Chapter 2 to 7. The specific outline of this thesis is as follows:

Chapter 2 provides a description of the prevalence of protein intake below the 
current and the by experts proposed protein recommendations in (subgroups) of 
community-dwelling older adults. In Chapter 3, a comparison is made between 
community-dwelling older adults with a lower protein intake and a higher protein 
intake with regard to demographic, lifestyle and dietary characteristics. In Chapter 
4, the prospective associations between diet quality indicators, i.e. protein intake 
and overall diet quality, and the incidence of protein-energy malnutrition are 
described. In Chapter 5, the focus is on the prospective associations of diet quality 
indicators with incident frailty. In Chapter 6, multiple protein intake parameters are 
studied in relation to (change in) muscle strength and physical function. Chapter 7 
reports the longitudinal association between protein intake and physical function, 
with an additional focus on the role of physical activity in this association. In Chapter 
8, the research findings as well as methodological strengths and limitations are 
discussed. This final chapter also provides directions for future research and 
implications for public health and clinical practice.
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Text box 1. Description of prospective cohorts and national surveys used for 
this thesis

Prospective cohorts
Health, Aging and Body Composition study (Health ABC)
The Health ABC study consists of 3075 male and female community-dwelling 
older adults aged 70 to 79 years at baseline (1997-1998) from the metropolitan 
areas of Memphis, Tennessee, and Pittsburgh, Pennsylvania, United States of 
America (USA). Participants were either Caucasian or African-American and 
were eligible for inclusion if they were well-functioning, i.e. free of difficulty 
walking one-quarter mile or climbing up ten steps. Participants were followed 
annually or every six months for 16 years until 2013-2014 (last wave). Data from 
the Health ABC study were used for Chapter 2, 4, 5 and 7.

Longitudinal Aging Study Amsterdam (LASA)
Since the start in 1992, three LASA cohorts of Dutch male and female community-
dwelling older adults have been recruited. In 1992-1993, the first cohort was 
recruited, which included 3107 participants aged 55 to 85 years. In 2002-2003 
and 2012-2013, a second and third cohort of 1002 and 1023 participants aged 55 
to 65 years were recruited, respectively. Participants were followed every three 
years until 2018-2019 (most recent wave). In 2014-2015, the ‘Nutrition and Food-
related Behaviour Study’ was conducted. In this side-study, dietary intake and 
food-related factors were assessed in 1439 participants from the three regular 
cohorts. Data from LASA were used for Chapter 2 and 7.

Newcastle 85+ study
The Newcastle 85+ study approached all people who turned 85 years in 2006-
2007 in Newcastle and North Tyneside, United Kingdom (UK). At baseline (2006-
2007), 845 male and female older adults agreed to a health assessment and a 
review of their general practitioner records. They lived either in standard housing 
(77%), sheltered accommodation (13%) or a nursing home (10%). Participants 
were followed at 18, 36 and 60 months after baseline. Data from the Newcastle 
85+ study were used for Chapter 2 and 7.

1
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Quebec Longitudinal Study on Nutrition and Successful Aging (NuAge)
NuAge consists of 1793 male and female community-dwelling older adults 
aged 67 to 84 years at baseline (2003-2005) from Quebec, Canada. Nearly all 
participants were Caucasian. Participants were eligible for inclusion if they 
were able to walk without help, free of disabilities in activities of daily living, 
not cognitively impaired, able to walk 300 metres or to climb ten stairs without 
rest and not suffering from serious chronic diseases. Participants were followed 
annually or every six months for three years.  A total of 1754 participants agreed 
to be part of the NuAge Database and Biobank. Data from NuAge were used 
for Chapter 2, 6 and 7.

National surveys
Dutch National Food Consumption Survey-Older adults 2010-2012 (DNFCS-
Older adults)
The DNFCS-Older adults consists of 739 male and female community-dwelling 
older adults aged 70 years and older from the Netherlands. Over 95% of the 
participants were from Dutch origin. Participants were eligible for inclusion if they 
were not institutionalised, were not using tube feeding or parental feeding, had 
no high-intensity care package, were not terminally ill and had sufficient cognitive 
abilities. Data from the DNFCS-Older adults were used for Chapter 2 and 3.

The National FINDIET Surveys 2007 and 2012 (FINDIET 2007 and FINDIET 2012)
In 2007 and 2012, a survey was conducted in adults aged 25 to 74 years from 
Finland. FINDIET 2007 and FINDIET 2012 included 913 male and 778 female 
community-dwelling older adults aged 55 to 74 years. Data from FINDIET 2007 
and FINDIET 2012 were used for Chapter 2.

The third Italian National Food Consumption Survey (INRAN-SCAI 2005-2006)
INRAN-SCAI 2005-2006 was a survey conducted in community-dwelling children 
and adults from Italy and included 518 male and female older adults aged 55 
years and older. Data from INRAN-SCAI 2005-2006 were used for Chapter 2. 
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