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INTRODUCTION

The global population is rapidly ageing. Concerns are raised about the 
consequential burden on the individual and the society. People who are living 
longer are more likely to become chronically ill or disabled at some point in life or 
they will suffer from illness or disability for a longer time. This may prevent people 
from remaining living at home independently, with a subsequent growing demand 
for social and health care services. For independent living and active participation 
in society, prevention of disability is crucial. 

Appetite loss and reduced physical activity are common among older adults, 
(adversely) affecting the amount of and variation in food intake thereby increasing 
the risk of protein-energy malnutrition (PEM). Also, with advancing age there is a 
gradual decrease in muscle mass and muscle strength, which increases the risk 
of frailty and impaired physical function. Decline in nutritional or functional status 
is a strong predictor of disabilities in performing activities of daily living in older 
adults, such as showering or dressing.

The majority of the older population lives in private households. These older adults 
who live at home – called community-dwelling older adults – are generally in 
better health and less disabled as compared to those residing in nursing homes 
or hospitals. Hence, prevention of nutritional and function decline is likely most 
efficient in community-dwelling older adults. 

Diet is a modifiable lifestyle factor that may play a role in the maintenance of 
nutritional and functional status in older adults. Especially protein intake is 
considered important because of its prominent role in muscle protein metabolism 
and energy provision. A daily intake of at least 0.8 g protein per kg body weight (g/kg 
BW) is recommended by the European Food Safety Authority (EFSA) for generally 
healthy adults, regardless of sex and age, to prevent deficiencies. Geriatricians 
and nutrition experts argue that for older adults a higher protein intake than the 
current recommended dietary allowance (RDA) may elicit more health benefits. 
They propose to increase the RDA for older adults to 1.0 or 1.2 g/kg BW/d. However, 
evidence on whether a protein intake higher than the current RDA is related to 
preservation of nutritional and functional status in older adults is not convincing 
to date. Another dietary aspect that has gained more attention in preserving 
nutritional and functional status is the overall quality of the diet, which reflects the 
degree of adherence to (inter)national dietary guidelines. At this moment, however, 
limited evidence on this relationship is available. More research is needed to better 
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understand if higher protein intake and better overall diet quality can contribute to 
the prevention of nutritional and functional decline in community-dwelling older 
adults. 

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 nutritional and functional status. The following three specific 
research questions were addressed: 

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?

In order to address these research questions, we used data from four population-
based cohorts and four national surveys of community-dwelling older adults. The 
cohorts included: 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 Nutrition and Successful Aging 
(NuAge) from Canada. The national surveys included: 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. 

PREVALENCE OF PROTEIN INTAKE BELOW THE RECOMMENDED DIETARY 
ALLOWANCE

In Chapter 2 of this thesis, we estimated the prevalence of protein intake below 0.8, 
1.0 and 1.2 g/kg BW/d in (subgroups of) community-dwelling older adults aged 
55 years and older (n=8103, 4 cohorts and 4 national surveys). The prevalences 
of protein intake below 0.8, 1.0 and 1.2 g/kg BW/d were 22%, 47% and 71%, 
respectively. Older women, older adults with a higher body mass index (BMI) and 
older adults with poor appetite were more likely to have a protein intake below the 
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current or proposed recommendations. The prevalence differed only marginally by 
subgroups according to age, education level, living status and recent weight loss. 

CHARACTERISTICS OF OLDER ADULTS WITH A PROTEIN INTAKE BELOW 
AND ABOVE THE RECOMMENDED DIETARY ALLOWANCE 

In Chapter 3, we compared Dutch community-dwelling older adults aged 70 years 
and older (n=727, DNFCS-Older adults) with a lower (<0.8) and a higher daily protein 
intake (≥0.8 g/kg BW/d) with regard to protein intake per eating occasion, food 
sources of protein and general participant characteristics. Older adults with a lower 
daily protein intake consumed less protein (in g) at all eating occasions, consumed 
less protein as percentage of their energy intake and had a lower animal-to-total 
protein intake ratio as compared to those with a higher daily protein intake. The 
three major food sources of protein were dairy, meat and cereals among all older 
adults, regardless of their daily protein intake. Following a diet, being obese and not 
drinking any alcohol were characteristics of older adults with a lower daily protein 
intake. These results may provide leads for the development of dietary interventions 
as well as the identification of older adults at high risk of a lower protein intake. 

ASSOCIATIONS OF PROTEIN INTAKE AND OVERALL DIET QUALITY WITH 
NUTRITIONAL AND FUNCTIONAL STATUS 

In Chapter 4, we investigated associations of total protein intake and overall diet 
quality with the 4-year incidence of PEM in community-dwelling older adults aged 
70 to 81 years (n=2234, Health ABC). Total protein intake was not associated with 
incident PEM. However, higher total protein intake was associated with a lower 
incidence of persistent PEM (i.e. having PEM at two consecutive annual follow-up 
examinations). Overall diet quality, which is reflective of adherence to (inter)national 
dietary guidelines, was not associated with incident (persistent) PEM. Together, 
these findings suggest that higher total protein intake may prevent the (long-term) 
development of PEM, but do not suggest that overall diet quality is associated with 
PEM risk in community-dwelling older adults. 

In Chapter 5, we investigated associations of total, animal and vegetable protein 
intake and overall diet quality with the 4-year incidence of (pre-)frailty in community-
dwelling older adults aged 70 to 81 years (n=2154, Health ABC). Total protein intake 
and animal protein intake were not associated with incident (pre-)frailty. In contrast, 
higher vegetable protein intake was associated with a lower incidence of pre-frailty 
or frailty, but not with incident frailty. Better overall diet quality was associated with a 
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lower incidence of frailty, but not with the incidence of pre-frailty or frailty. Together, 
these findings suggest that total protein intake is not associated with incident frailty, 
whereas overall diet quality and vegetable protein intake may contribute to the 
prevention of frailty in community-dwelling older adults. 

In Chapter 6, we investigated prospective associations of different protein intake 
parameters with muscle strength and physical function after a 3-year follow-up 
in community-dwelling older adults aged 67 to 84 years (n=524 men and n=574 
women, NuAge). We also investigated associations of protein intake parameters 
with 3-year change in muscle strength and physical function. We used two 
measures of muscle strength and one performance-based measure of physical 
function (the Timed Up and Go test). Higher total protein intake was associated 
with better knee extensor strength and physical function after 3 years, but not with 
handgrip strength, in both men and women. Furthermore, higher total protein intake 
was associated with less physical function decline in women, but not with decline 
in muscle strength in both sexes. The associations of total protein intake with knee 
extensor strength and physical function after 3 years were strongest when the 
protein dose per meal was 30-35 g in men and 35-50 g in women. Accordingly, 
these per-meal protein doses can be considered ‘optimal’. For the other protein 
intake parameters examined, i.e. the evenness of protein intake distribution across 
meals, the number of protein-providing meals and the number of protein-providing 
snacks, only a few associations were observed. Moreover, these findings were 
inconsistent across outcomes and sex. Together, these results suggest that higher 
total protein intake, up to 30-35 g/meal in men and 35-50 g/meal in women, may 
contribute to better knee extensor strength and physical function. Whether or not 
a higher total protein intake may preserve decline in muscle strength and physical 
function is less clear. Also, the role of other protein intake parameters remains 
unclear.

In Chapter 7, we investigated longitudinal associations between protein intake and 
physical function over a follow-up of maximal 8.5 years in community-dwelling 
older adults aged 55 years and older from four ageing cohorts (n=5725, Health 
ABC, LASA, NuAge and Newcastle 85+). In addition, we examined interaction with 
physical activity level. We used a performance-based measure (i.e. walking speed) 
and a self-reported measure (i.e. mobility limitation defined as difficulty walking 
>200 metres or difficulty walking stairs) of physical function. A protein intake higher 
than the current RDA of 0.8 g/kg BW/d was associated with less decline in walking 
speed and with a lower incidence of mobility limitation as compared to a protein 
intake lower than the RDA. There was some evidence for these associations to 
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be dose-dependent, which implies that even participants whose protein intake is 
already higher than the current RDA may still benefit from higher protein intake. 
There was no evidence of interaction with physical activity level; the (dose-
dependent) associations were observed in those with a low as well as with a high 
physical activity level. No associations were observed of protein intake with other 
trajectories of mobility limitation, such as recovery from mobility limitation.

CONCLUSION

This thesis shows that a substantial proportion of community-dwelling older adults 
has a protein intake below the current RDA of 0.8 g/kg BW/d, putting them at 
risk for protein inadequacy. This stresses the need for awareness and for dietary 
strategies in order to increase protein intake. This thesis also showed that certain 
subgroups of older adults may be at higher risk of protein intake below the RDA, 
including obese older adults and older adults with poor appetite. Identification of 
(subgroups of) older adults who are at highest risk of low protein intake is important 
for targeting those who need it the most. 

In this thesis, we investigated whether total protein intake as well as protein intake 
parameters were associated with various indicators of nutritional and functional 
status, including PEM, frailty, muscle strength and physical function. Findings from 
this thesis are not consistent. Total protein intake was prospectively related to 
incident persistent PEM, muscle strength and (change in) physical function, but not 
to incident PEM, change in muscle strength and incident frailty. Also, no consistent 
findings were observed for protein intake parameters, such as the protein source 
(animal-based versus plant-based protein intake) or the protein intake distribution 
across meals, in relation to these outcomes. Our findings generally are in line with 
previous evidence from observational and experimental studies that also provide 
ambiguous results on this topic. It is therefore too early to conclude that older adults 
need more protein than is currently recommended in order to preserve nutritional 
and functional status.

We also investigated whether overall diet quality, reflecting adherence to (inter)
national dietary guidelines, was associated with indicators of nutritional and 
functional status. Findings from this thesis suggest that better overall diet quality 
is associated with lower incidence of frailty, but not with PEM risk. Based on our 
findings as well as previous literature, it can be concluded that the role of overall 
diet quality in nutritional status is uncertain. Nonetheless, it can be concluded that 
better overall diet quality may contribute to better functional status in older adults. 
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Therefore, promotion of a healthy diet seems an effective strategy in counteracting 
functional decline in community-dwelling older adults. 

S


	2020 11 06_Linda_Proefschrift_Omslag_Final_voorkant_b.pdf
	Linda_Proefschrift_DefinitieveVersieDigitaal_EnkelePaginas
	2020 11 06_Linda_Proefschrift_Omslag_Final_achterkant_b.pdf



