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A B S T R A C T   

Protein intake is important for the maintenance of health, independence, and quality of life especially for older 
adults, yet the expanding older population is at risk of not consuming adequate levels. Notwithstanding its 
importance in terms of health, dietary protein choice has major ramifications for the state of the environment 
and for climate change, with meat holding the most weight in the environmental impact of diets. To support 
older consumers in making environmentally sustainable dietary protein choices, this study aims to gain deeper 
understanding of older consumers’ meat consumption behavior by profiling older consumer segments on the 
basis of their meat consumption and liking. Results were obtained through a 2019-survey among 2,500 
community-dwelling older adults aged 65 years or above in Finland, Poland, Spain, the Netherlands, and the 
United Kingdom. Three segments of older consumers were identified by means of a two-step cluster analysis: 
heavy meat consumers, medium meat consumers, and light meat consumers. The segments differed significantly 
in several socio-demographics and background characteristics, appetite, protein intake, attitudes towards meat 
and plant-based ‘meat’ substitutes, and liking of protein sources other than meat. Health and sustainability food 
choice motives were important determinants for being classified as a medium or light meat consumer compared 
to a heavy meat consumer whereas food fussiness, sensory appeal, and familiarity were important determinants 
for being classified as a heavy meat consumer compared to a light meat consumer. Understanding older con
sumers’ meat consumption behavior has important implications for designing dietary strategies to meet older 
consumers’ protein needs in an environmentally sustainable way.   

1. Introduction 

It is estimated that between 2020 and 2050 the older adult popula
tion (aged 65 + y) will increase by 42.3% while the working-age pop
ulation (aged 15–64 y) will decrease by 9.5% in the European Union 
(EU) (European Commission, 2017). While this demographic shift is 
expected to lead to new challenges with regard to health care, long-term 
care, and social expenditures, the challenges can be partly moderated by 
maintaining health and well-being in the growing older population 
(Cylus et al., 2019). Currently, protein intake of at least 0.8 g/kg body 
weight/day is recommended for adults, including adults aged 65 years 
and older (EFSA, 2012). Yet, short-term metabolic studies show that 
older adults require a higher protein intake compared to young adults to 

maximally stimulate muscle protein synthesis (Cuthbertson et al., 2005; 
Moore et al., 2015; Wall et al., 2015). Further, observational studies 
show that higher protein intake is associated with less decline in muscle 
or lean mass and in performance-based physical function in older adults 
(Houston et al., 2008; Isanejad et al., 2016; Scott et al., 2010), providing 
benefits for overall health, independence, and quality of life in old age 
(Mendonça et al., 2019; Paddon-Jones et al., 2015). Consequently, 
expert groups suggest increasing protein intake recommendations to 1.0 
to 1.2 g/kg body weight/day for older adults aged 65 + years (Bauer 
et al., 2013; Deutz et al., 2014) and several nutrition societies have 
already revised their recommendations accordingly (Richter et al., 
2019). However, a substantial number of older adults have a difficult 
time meeting the currently recommended daily protein intake 
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(Hengeveld et al., 2020; Hung et al., 2019), warranting more research 
into effective strategies to increase protein intake in this growing older 
population. 

Notwithstanding its importance in terms of health, dietary protein 
choice has major implications for environmental sustainability. 
Increasing protein intake is likely to result in net increases in the envi
ronmental impact of the diet, especially if consumption of meat is 
favored (Chen et al., 2019; Grasso et al., 2020). Animal protein accounts 
for approximately 60% of total protein consumed in the EU, with the 
largest contribution of protein being derived from meat (Halkjær et al., 
2009). Meat production, and animal protein production in general, is 
resource intensive and on average produces more greenhouse gas 
emissions and has a larger impact on land use, water use, and biodi
versity loss compared to plant protein production (Godfray et al., 2018; 
Poore and Nemecek, 2018). It has been previously shown that in addi
tion to total energy intake, total meat and the proportion of ruminant 
meat (e.g. beef, veal, lamb) hold the most weight in the environmental 
impact of EU diets (Mertens et al., 2019). While meat and other animal 
protein sources such as dairy, fish, and eggs are important sources of 
high quality protein and essential nutrients (Phillips, 2012), the high 
levels of meat and animal protein consumed in the EU are considered not 
only unsustainable but also unhealthy (Willett et al., 2019). On average 
Europeans eat 36% more meat compared to the amount recommended 
in their respective food-based dietary guidelines, and 49% more than the 

amount recommended by the EAT-Lancet Commission’s planetary 
health diet (Springmann et al., 2020). Therefore, to minimize the 
environmental costs of fulfilling the high protein requirement of the 
expanding older population, it is imperative to design dietary strategies 
that consider the environmental impacts of protein choices and promote 
pro-environmental protein consumption among older consumers. 

According to de Boer and Aiking (2018) two interrelated types of 
pro-environmental behavior that are relevant for protein consumption 
are 1) “using fewer natural resources” and 2) “doing things in a different 
way and with a reduced environmental impact”. Examples include 
reducing the portion size of meat (type 1) and replacing meat with a 
plant-based protein sources like legumes and nuts (type 2). Given the 
unique nutritional requirements of older adults, ‘doing things differ
ently’ may be more appropriate than ‘using less’ to achieve adequate 
protein intake within environmental limits. There is a broad variety of 
alternative, more sustainable protein sources that can replace meat, 
including traditional plant-based sources (e.g. legumes, nuts, seeds, 
whole grains), processed plant-based ‘meat’ substitutes which are 
designed to imitate meat, and novel protein sources such as insects and 
cultured meat. Moreover, a large majority of the general population 
perceive a match between a healthy and a sustainable diet and associ
ated this more with a plant-based rather than a meat-based diet (Van Loo 
et al., 2017). Yet, a study in the Netherlands found that older adults were 
more likely to prefer a smaller meat portion size rather than replacing 

Table 1 
Segmentation variables and socio-demographic and background characteristics in total sample of adults aged 65 years and older from five EU countries, and differences 
between the older consumer segments.   

Total sample Older consumer segments 

Heavy meat consumer Medium meat consumer Light meat consumer p-value (V or ηp
2) 

n (%) 2,478 (100) 663 (26.8) 1,290 (52.0) 525 (21.2)  
Segmentation variables 1 

Cooked meat consumption (g/d) 2 33.1 ± 27.9 71.9 ± 28.1a 21.0 ± 12.5 b 13.6 ± 12.3 c <0.001 (0.63) 
Meat liking 3 3.9 ± 0.8 4.1 ± 0.6 b 4.3 ± 0.4a 2.9 ± 0.7 c <0.001 (0.52)  

Socio-demographic & background characteristics 4 

Gender (Male) 52.2 57.2a 54.8a 39.6 b <0.001 (0.13) 
Age (<75 y) 85.4 86.3 84.3 86.9 0.292 (0.03) 
Country     

<0.001 (0.14) 

Finland 19.9 20.5 20.2 18.1 
Poland 20.1 13.7 b 24.4a 17.5 b 

Spain 20.2 20.4 20.8 18.5 
The Netherlands 20.1 26.1a 13.5 b 29.0a 

United Kingdom 19.7 19.3 21.1 17 
Education level     

0.893 (0.01) Below Bachelor level 62.2 62.3 61.9 63 
Bachelor level or higher 37.8 37.7 38.1 37 

Lives alone 28.5 24.7 b 27.2 b 36.4a <0.001 (0.09) 
HH financial situation (n=2,435) 

0.008 (0.05) 
Manages well or very well 40.1 45.7a 38.3 b 40.8a,b 

Gets by alright 38 36.2 39 41 
Has some or severe difficulties 20.1 18 22.7 18.2 

Main HH grocery shopper     

0.001 (0.06) Yes 65.9 64.3 b 64.0 b 72.8a 

No 7.1 6.3 7.2 7.8 
Shared responsibility 27 29.4a 28.8a 19.4 b 

Own food decision maker 

0.003 (0.06) 
Yes, always 62.5 61.4 b 60.0 b 69.9a 

Yes, sometimes 31.6 32.9 33.7 25 
No, someone else decides 5.9 5.7 6.3 5.1 

Ability to prepare own warm meals (n=2419) 
0.201 (0.04) Yes without difficulties 88.3 88.3 89.2 86.1 

Yes with difficulties or no unless with help 11.7 11.7 10.8 13.9 
BMI (kg/m2; mean ± sd) 27.0 ± 4.3 27.1 ± 4.4 27.1 ± 4.2 26.6 ± 4.6 0.014 (<0.01) 
Oral health problems (n=2,462) 26.2 27.1 25.8 26.8 0.822 (0.01)  

1 Cluster centroids for a three-cluster solution presented as mean ± standard deviation. 2 Cooked meat consumption frequency (d/wk) and average amount of meat 
consumed with warm meal (g/d) are provided in Appendix Fig. 1 for each consumer segment. 3 Meat liking is a mean liking score of four meat sources, namely beef or 
veal, lamb, pork and poultry, and is measured on a 5-point scale, ranging from 1 (dislike extremely) to 5 (like extremely). 4 Presented as percent (%) unless noted 
otherwise. a-c Different superscripts indicate significantly different standardized means in each row following ANOVA post hoc Tukey test or Chi-square test at p < 0.01. 
Cramer’s V (V) and partial eta-squared (ηp

2) indicates the effect size. HH: household. BMI: body mass index. 
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meat by something else (de Boer et al., 2014). Another study in five EU 
countries found that there is low readiness among older consumers to eat 
novel protein sources such as insects, although their acceptance to eat 
plant-based sources (e.g. derived from soy or pea protein) was compa
rable to that of meat (Grasso et al., 2019). While past meat consumption 
behavior is a significant predictor of pro-environmental protein con
sumption (Çoker and van der Linden, 2020), unraveling the intricacies 
of older consumers’ meat consumption behavior provides important 
information for the promotion of alternative, more sustainable protein 
sources. 

Food consumption behavior is a complex issue influenced by many 
factors ranging from biological and psychological to environmental 
and lifestyle factors (Asp, 1999; Rozin, 2007). Multiple aspects may 
influence meat consumption behavior, including attitudes, values, 
subjective norms, culinary skills, habit, and tradition (Çoker & van der 
Linden, 2020; Macdiarmid et al., 2016; Stubbs et al., 2018). Con
sumers’ positive perception of meat (e.g. taste, pleasure, nutritious, 
familiarity) and disbelief of meat’s impact on the environment have 
been found to hinder attitudinal change (Macdiarmid et al., 2016). In 
addition, tradition, social norms, and lack of culinary skills have been 
found to impede willingness to change meat consumption behaviors 
(Sanchez-Sabate et al., 2019). However, important individual differ
ences exist in terms of habitual meat consumption and willingness to 
reduce meat consumption. Dagevos and Voordouw (2013) reported 
that different modes of “flexitarianism”, or meat reduction, exist, from 
“light flexitarians” who abstain from eating meat once or twice per 
week to “heavy flexitarians” who eat meat only once or twice per week. 
Ethical concerns, health motives, and personal norms were important 
drivers to being committed to change meat consumption behavior 
(Dagevos & Voordouw, 2013). Similarly, Vainio et al. (2016) found 
that food choice motives play an important role in explaining differ
ences in meat consumption behavior, with health being a facilitating 
motive to replace meat with plant-based protein sources and conve
nience and price being inhibitory factors. 

Considering the heterogeneity of older food consumers, a targeted 
approach to increase protein intake in an environmental-friendly 
manner would be more effective than a “one-size-fits-all” approach 
(den Uijl et al., 2014; van der Zanden et al., 2015). Identifying and 
comparing different groups or segments of consumers wherein in
dividuals with a similar profile are clustered can help tailor dietary 
strategies to older consumer segments with specific needs and prefer
ences (van der Zanden et al., 2014). This current study aims to analyze 
meat consumption decision-making and behavior in community- 
dwelling older adults in the EU by conducting a segmentation anal
ysis. To gain an understanding of the consumers in each segment, the 
segments are profiled in terms of socio-demographics and background 
characteristics, appetite, protein intake, attitudes towards meat and 
plant-based ‘meat’ substitutes, and liking of protein sources other than 
meat. Further, this study explores whether psychographic characteris
tics including food choice motives, food fussiness, and food sustain
ability knowledge can explain the differences in segment membership. 

2. Material and methods 

2.1. Data collection 

This study makes use of cross-sectional data from 2,500 community- 
dwelling adults aged 65 years and older from an online pan-EU survey 
conducted in October 2019. The survey was administered in Finland, 
Poland, Spain, the Netherlands, and the United Kingdom (UK) by a 
professional market research agency. It was developed in English and 
translated into the respective national languages. Respondents meeting 
the criteria of being 65 years or older and living independently were 

recruited by the agency using probabilistic sampling from an online 
access proprietary panel. Sampling quotas were applied on gender and 
regions proportional to the distribution within the national population. 
The target for gender (i.e. 50% women and 50% men) was not fully met 
but the distribution was close to evenly distributed (Table 1). All par
ticipants were asked to provide written informed consent before taking 
part in the study. Ethical approval for the study was granted by the 
Belgian Ethics Committee of Ghent University Hospital in August 2019 
(Reference No. 2019/0933). 

2.2. Questionnaire and scales 

The survey was conducted within the PROMISS (PRevention Of 
Malnutrition In Senior Subjects in the EU) project, a five-year Horizon 
2020 project funded by the European Commission focused on advancing 
healthy aging among seniors in the EU. It began with a brief overview of 
the PROMISS project and an informed consent, which was followed by a 
screening for gender, age, region, and current living situation. The 
questionnaire focused on dietary and physical activity habits, attitudes 
and preferences, and knowledge related to protein consumption. Indi
vidual items were rotated within questions to avoid order and response 
bias. Questions and scales used in this study are described below. 

2.2.1. Dietary habits 
Consumption frequency of ten protein-rich food groups, including 

cooked meat, was assessed with a short, modified version of a validated 
food frequency questionnaire (Beukers et al., 2015). The measurement 
included questions asking the number of days one consumed the ten 
different food groups with a reference period of four weeks. Examples of 
cooked meat were provided and adapted to the context of each country 
(e.g. beef steak, pork chop, hamburger meat, sausages, and chicken for 
the UK). In addition to consumption frequency, the average amount of 
meat consumed with a warm meal on a meat-eating day was assessed 
with five photos of a plate with different portion sizes of cooked meat. 
Cooked meat consumption was calculated by multiplying the frequency 
of consumption per day with the average portion size consumed. 

The probability of low protein intake was assessed with the Protein 
Screener 55+ (Wijnhoven et al., 2018). Low protein intake was defined 
as having a 0.3 or higher probability of protein intake < 1.0 g protein per 
kilogram of adjusted body weight per day (g/kg adjusted BW/d) based 
on recalibrated models (Hung et al., 2019; Wijnhoven et al., 2018). 

Further, respondents were asked to report whether or not they were 
following any dietary regime, with the following options and definitions 
provided: flexitarian diet (tries to limit meat intake), pesco-vegetarian 
diet (does not eat meat but eats fish and/or seafood), ovo- and/or 
lacto-vegetarian diet (does not eat meat but eats eggs and/or dairy 
products), vegan diet (does not eat meat, fish, and any other animal 
products, only eats plant-based foods), and other diet (not defined 
further). Respondents who chose ‘other diet’ were able to report the 
other diet they were following. Open responses were translated to En
glish and then recoded, so that answers that are equivalent to a meat- 
limiting diet were recoded to one of the response options (e.g. 
flexitarian). 

2.2.2. Appetite 
Appetite was assessed using the validated simplified nutritional 

appetite questionnaire (SNAQ) consisting of four items (Hanisah et al., 
2012; Wilson et al., 2005; Young et al., 2013). The total SNAQ score is 
the sum across the four items, ranging from 4 to 20, and was dichoto
mized such that a respondent with SNAQ ≤ 14 was classified as having a 
‘poor appetite’ and SNAQ > 14 as having a ‘good appetite’ (Hanisah 
et al., 2012). 
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2.2.3. Liking of protein sources 
Respondents were asked to what extent they like four different meat 

types (i.e. beef or veal, lamb, pork, poultry), other animal protein 
sources, and various plant protein sources. Respondents rated these 
items on a 5-point Likert scale ranging from 1 = Dislike extremely to 5 =
Like extremely, with a sixth option 6 = I never tried this food. To gauge 
how much respondents like meat, liking scores for the four meat prod
ucts were averaged to obtain a mean meat liking score, ranging from 1 =
Extremely dislikes meat to 5 = Extremely likes meat. A meat liking score 
was calculated for respondents who answered on the Likert scale for at 
least one meat product, while no meat liking score was calculated for 
respondents who reported to have never tried any of the four meat 
products (n = 22). 

Next, to get more insight into attitudes towards meat and plant-based 
‘meat’ substitutes, reasons for liking or disliking meat and plant-based 
‘meat’ substitutes were assessed. If respondents indicated that they 
like at least one of the meat products and/or plant-based ‘meat’ sub
stitutes, or if they were neutral (neither like/dislike), respondents were 
then prompted to report their level of agreement towards statements 
about different reasons why one may like meat and/or plant-based 
‘meat’ substitutes. Similarly, if respondents indicated that they dislike 
at least one of the meat products and/or plant-based ‘meat’ substitutes, 
respondents were then prompted to report their level of agreement to
wards statements about different reasons why one may dislike meat 
and/or plant-based ‘meat’ substitutes. Respondents answered on a five- 
point scale, ranging from 1 = Strongly disagree to 5 = Strongly agree. 

2.2.4. Food choice motives 
A single-item scale for six factors of the original food choice ques

tionnaire developed by Steptoe et al. (1995) was used (Onwezen et al., 
2019). The six food choice motives assessed include health, sustain
ability, price, sensory appeal, convenience, and familiarity. Respondents 
indicated the extent to which these motives are important when 
choosing a food eaten on a typical day on a five-point scale, ranging from 
1 = Not at all important to 5 = Very important. 

2.2.5. Food fussiness 
A food fussiness scale was adapted from den Uijl et al. (2014) and 

Wardle et al. (2001) to assess the degree to which one is selective about 
consuming both known and unknown foods. The food fussiness scale 
consisted of seven items, e.g. “I decide that I don’t like food, even 
without tasting it”, for which respondents could indicate their level of 
agreement on a five-point scale ranging from 1 = Strongly disagree to 5 
= Strongly agree. An exploratory factor analysis using principal com
ponents with varimax rotation confirmed that the items could be 
explained by a single factor with a reliability of α = 0.795. The final food 
fussiness score is an average of the seven items, ranging from 1 = Not a 
fussy eater to 5 = A very fussy eater. 

2.2.6. Food sustainability knowledge 
Food sustainability knowledge was assessed by three true or false 

questions developed by the researchers: 1) A diet high in animal-based 
foods contributes more to global warming than a diet high in plant- 
based foods (true); 2) Eating foods with a high carbon footprint is bad 
for the environment (true); and 3) Eating beef is better for the envi
ronment than eating chicken (false). Respondents reported either ‘true’, 
‘false’, or ‘I don’t know’. The correct answer was coded as 1, the 
incorrect answer and ‘I don’t know’ were coded as 0, and a composite 
score was created, ranging from 0 = Not-informed, no answers correct to 
3 = Well-informed, all answers correct. 

2.2.7. Socio-demographic and background characteristics 
Gender, age, education level, living situation, household (HH) 

financial situation, being the main HH grocery shopper, making own 
decisions of what to eat, ability to prepare own warm meal, and health 
status were assessed. Education level was defined by two categories 
based on respondents’ highest level of education obtained: below 
Bachelor level (no education, primary education, lower secondary ed
ucation or higher secondary education), and Bachelor level and above 
(bachelor level, master level or PhD). Living situation of older adults was 
defined by whether one lives alone or not, which was ascertained by the 
number of persons living in the HH. Respondents were asked to describe 
their HH financial situation by selecting one of the following: manages 
very well, manages quite well, gets by alright, has some financial diffi
culties, or has severe financial difficulties. Health status was assessed by 
asking respondents if they experienced some out of a list of 17 different 
possible health problems. Of the 17 health problems asked, four were 
used to assess oral health status, namely self-reported pain in the mouth, 
teeth, or gums, dry mouth, difficulty swallowing, and difficulty chewing. 
Oral health problems was dichotomized to 0 = no oral health problems, 
1 = presence of one or more oral health problems. 

2.3. Data analysis 

All analyses were performed with SPSS version 26.0 (IBM Corp. 
Released 2019. IBM SPSS Statistics for Windows, Version 26.0, Armonk, 
NY: IBM Corp.). Given the large sample size, statistical significance was 
considered at the α level of 0.01. 

2.3.1. Segmentation 
Cooked meat consumption and meat liking score were used to clas

sify 2,478 older adults into consumer segments. The analytical sample 
excluded 22 respondents from the total sample of 2,500 respondents 
because “I never try this food” was indicated for each of the meat 
products. Segments of older adults based on cooked meat consumption 
and meat liking were identified using a Two-Step cluster analysis. This 
approach combines an agglomerative hierarchical clustering procedure 
and a non-hierarchal (k-means) approach. The hierarchical procedure is 
used as a basis for determining the appropriate number of clusters, and 
the non-hierarchical procedure “fine-tunes” the results and validates the 
final cluster solution (Hair et al., 2014). As the final solution may 
depend on the order of cases (i.e. respondents) (SPSS Inc., 2001), the 
cases were randomly ordered 10 times and a cluster analysis was run on 
each of the resulting datasets. The final solution was chosen based on a 
combination of the lowest Bayesian Information Criterion (BIC) in the 
10 cluster analyses and interpretability. There was no issue of depen
dence between the variables in the cluster model (r = 0.249), but both 
variables deviated from a normal distribution (Shapiro-Wilk p-value <
0.001). Despite this violation, no transformation was applied to the 
variables as the Two-Step procedure has been shown to be fairly robust 
to violations of the major assumptions (SPSS Inc., 2009). 

2.3.2. Profiling the segments 
The segments were profiled based on socio-demographic and back

ground characteristics, appetite, protein intake, liking of protein sour
ces, and attitudes towards meat and plant-based ‘meat’ substitutes. 

The role of the different variables in identifying the clusters was 
investigated with the use of Chi-square tests for categorical profiling 
variables and Kruskal-Wallis one-way analyses of variance for contin
uous profiling variables. To prevent making a Type I error in the null 
hypothesis testing due to the large sample size, the level of 0.01 is used 
as the threshold for statistical significance, and the effect size, i.e. 
Cramer’s V (V) for Chi-square and partial eta-squared (ηp

2) for Kruskal- 
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Wallis one-way test, is reported. Effect sizes measure the proportion of 
the variability in the older consumer segments that is accounted for by 
variation in the profiling variable, reflecting the strength of association 
between the variables (Levine and Hullett, 2002). Effect size was 
considered small when 0.1 ≤ V < 0.3 and 0.01 ≤ ηp

2 < 0.06, medium 
when 0.3 ≤ V < 0.5 and 0.06 ≤ ηp

2 < 0.13, and large when V ≥ 0.5 and ηp
2 

≥ 0.14 (Cohen, 1995; Lakens, 2013; Olivier et al., 2013). 

2.3.3. Multivariate analysis 
In a final step, we analyzed psychographic characteristics that can 

explain the differences between the segments. To substantiate differ
ences between the segments we considered conducting discriminant 
analysis, however assumptions of multivariate normal distributions and 
homogeneity of covariance matrices were not satisfied. Multinomial 
logistic regression was therefore the chosen method. One of the resulting 
segments (the so-called “heavy meat consumer” segment, see results) 
was assigned as the reference group relative to which the other segments 
were compared. The explanatory variables included the following 
continuous variables: food choice motives (i.e. health, sustainability, 
price, sensory appeal, convenience, and familiarity), food fussiness, and 
food sustainability knowledge. Multicollinearity was checked and found 
not to be an issue (Appendix Table A.1). 

3. Results 

3.1. Identification of segments based on meat consumption and liking 

Three segments based on meat consumption and liking were estab
lished as the optimal solution from the cluster analysis. The cluster 
centroids of the segmentation variables are shown in Table 1. The first 
segment represents 27% of the sample and is characterized by a rela
tively high consumption of cooked meat and a moderate to high meat 
liking score. Therefore this segment was labeled as “heavy meat con
sumers”. The second segment is the largest, representing about half of 
the sample (52%). Respondents in this segment have the highest meat 
liking score. By contrast, they reported a lower cooked meat consump
tion relative to that of heavy meat consumers. Therefore this segment 
was labeled as “medium meat consumers”. The third segment is the 
smallest, containing 21% of the sample. Respondents in this segment 
reported a significantly lower relative consumption of cooked meat and 
a lower meat liking score. Therefore this segment was labeled as “light 
meat consumers”. 

3.1.1. Socio-demographic and background characteristics 
The light meat consumer segment is dominated by female gender and 

has a greater proportion of older adults living alone, who do most of the 
grocery shopping themselves, and decide what to eat for themselves 
compared to the other two segments (Table 1). Compared to the heavy 

Table 2 
Appetite, protein intake, and liking of protein sources by older consumer segments.   

Older consumer segments  

Heavy meat consumer (N = 663) Medium meat consumer (N = 1,290) Light meat consumer (N = 525) p-value (V or ηp
2) 

Poor appetite (SNAQ ≤ 14) 1 27.5b 32.3b 39.0a <0.001 (0.09) 
High probability of low protein intake 2 34.5c 53.5b 61.7a <0.001 (0.20) 
Dietary regime 3    <0.001 (0.20) 
Follows meat-limiting diet 

Does not follow meat-limiting diet 
8.1c 

91.9 
15.5b 

84.5 
29.3a 

70.7  
Consumption 4     

Fish (d/wk) 1.5 ± 1.4 1.4 ± 1.4 1.3 ± 1.3 0.023 (<0.01) 
Dairy products excl. cheese (d/wk) 3.5 ± 2.8a 2.8 ± 2.7b 3.3 ± 2.8a <0.001 (0.01) 
Eggs (d/wk) 2.2 ± 1.9 a 1.9 ± 1.7b 1.9 ± 1.9b <0.001 (0.01) 
Legumes (d/wk) 1.5 ± 1.8a 1.1 ± 1.4b 1.4 ± 1.7a 0.001 (0.01) 
Nuts or peanuts (d/wk) 1.7 ± 2.1 1.5 ± 2.2 1.8 ± 2.3 0.116 (<0.01) 
Pasta or noodles (d/wk) 1.4 ± 1.5 1.2 ± 1.2 1.2 ± 1.3 0.019 (0.01) 
Processed meat (d/wk) 3.5 ± 2.3a 2.7 ± 2.1b 1.8 ± 2.0c <0.001 (0.02) 
Cheese (d/wk) 3.7 ± 2.5a 2.0 ± 2.5b 3.2 ± 2.6b <0.001 (0.01) 
Plant-based ‘meat’ (d/wk) 0.3 ± 1.0c 0.2 ± 0.6b 0.5 ± 1.1a <0.001 (0.07) 
Liking 5     

Beef or veal (n = 2,444) 4.3 ± 0.8a 4.2 ± 0.7a 3.0 ± 1.0b <0.001 (0.34) 
Lamb (n = 2,403) 3.8 ± 1.1b 4.1 ± 0.9a 2.2 ± 1.0c <0.001 (0.34) 
Pork (n = 2,449) 4.1 ± 0.8a 4.2 ± 0.7a 2.8 ± 1.1b <0.001 (0.31) 
Poultry (n = 2,456) 4.3 ± 0.7b 4.4 ± 0.6a 3.4 ± 1.2c <0.001 (0.20) 
Fish or seafood (n = 2,449) 4.3 ± 0.9b 4.5 ± 0.8a 3.9 ± 1.2c <0.001 (0.05) 
Hybrid meat (n = 1,990) 2.4 ± 1.1b 2.6 ± 1.0a 2.5 ± 1.0a,b 0.008 (<0.01) 
Dairy (n = 2,456) 4.4 ± 0.7a 4.4 ± 0.7a 4.1 ± 0.9b <0.001 (0.03) 
Egg (n = 2,458) 4.3 ± 0.7a 4.4 ± 0.6a 4.1 ± 0.9b <0.001 (0.03) 
Plant-based ‘meat’ (n = 2,101) 2.3 ± 1.1c 2.4 ± 1.1b 2.8 ± 1.2a <0.001 (0.02) 
Legumes (n = 2,429) 4.1 ± 0.9 4.2 ± 0.9 4.1 ± 1.0 0.025 (0.03) 
Nuts or seeds (n = 2453) 4.1 ± 0.9b 4.2 ± 0.9a 4.1 ± 1.0b 0.009 (0.01) 
Grain-based products excl. bread (n = 2,453) 3.8 ± 0.9b 4.0 ± 0.8a 3.8 ± 0.9a,b <0.001 (0.02) 
Bread (n = 2,464) 4.3 ± 0.8a 4.3 ± 0.7a 4.0 ± 0.9b <0.001 (0.03)  

1 Presented as percent. 2 Presented as percent. High probability of low protein intake was defined as having a 0.3 or higher probability of protein intake lower than 
1.0 g protein per kilogram of adjusted body weight per day. 3 Respondents who reported to follow either a flexitarian diet, a pesco-vegetarian diet, an ovo- and/or lacto- 
vegetarian diet or a vegan diet were grouped into one group 1 = Follows meat-limiting diet, while those who reported to not follow one of these diets were grouped into 
another group 0 = Does not follow meat-limiting diet. 4 Frequency of consumption in day per week (d/w) or consumption in grams per day (g/d) presented as mean ±
sd. 5 Liking score is a continuous score from one to five, with a greater score indicating greater liking towards food item. Respondents were recoded as missing if they 
reported to have never tried the food. a-c Different superscripts indicate significantly different standardized means in each row following ANOVA post hoc Tukey test or 
Chi-square test at p < 0.01. Cramer’s V (V) and partial eta-squared (ηp

2) indicates the effect size. 
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and light meat consumers, the medium meat consumer segment contains 
more older adults who live in Poland and fewer older adults who live in 
the Netherlands, and also fewer older adults who reported that their 
household financial situation is managed well or very well. The seg
ments do not differ on body mass index and presence of oral health 
problems. 

3.1.2. Appetite and protein intake, liking and attitudes 
The light meat consumer segment is accounted by more older adults 

with a low appetite compared to the other two segments, although the 
effect size is considered small (Table 2). All three segments differ 
significantly in the proportion of older adults with a high probability of 
protein intake below 1.0 g/kg adjusted BW/d (Table 2). The light meat 
consumer segment has the largest proportion of older adults with a high 
probability of low protein intake (62%) while the heavy meat consumer 
segment has the smallest proportion of older adults with a high proba
bility of low protein intake (35%). The segments also differ significantly 
in terms of proportion of older adults following a meat-limiting diet, 
with the light meat consumer segment having the largest share of older 
adults who reported to follow a meat-limiting diet on the one end and 
the heavy meat consumer segment having smallest share on the other 
end (Table 2). In total 14% of our respondents reported to follow a 
flexitarian diet while 17% reported to eat cooked meat five days or more 
per week and 5% to eat cooked meat every day of the week. Further 

P-MS is good value for money¹

I like the taste of P-MS

People who live with me want to eat P-MS¹

I grew up eating P-MS¹

P-MS is better for the environment¹

P-MS is better for animal welfare

P-MS is good for my health

Meat is good value for money

I like the taste of meat

People who live with me want to eat meat

I grew up eating meat

Meat is good for my health 

1 2 3 4 5

Heavy meat consumer Medium meat consumer Light meat consumer

MEAT

P-MS

Fig. 1. Differences in agreement towards reasons of liking meat (n = 2,432) and plant-based ‘meat’ substitutes (P-MS) (n = 954) between the three older consumer 
segments. Bars represent means and lines represent standard deviations. Likert scale ranges from 1 = Strongly disagree to 5 = Strongly agree. 1 Differences between 
the segments not significant at p < 0.01 from Kruskal-Wallis one-way t-test. Otherwise, differences between segments significant at p < 0.01 from Kruskal-Wallis one- 
way t-test. 

Table 3 
Psychographic variables associated with being classified as a medium meat 
consumer or light meat consumer as compared to a heavy meat consumer– re
sults from multinomial logistic regression analysis.   

Medium meat consumer 
(n = 1,290) 

Light meat consumer (n =
525)  

OR 95% CI OR 95% CI 

Lower Upper Lower Upper 

Food choice motive 1       

Health  1.14  1.02  1.27  1.20*  1.04  1.38 
Sustainability  1.12  1.02  1.23  1.35**  1.19  1.52 
Price  1.04  0.94  1.14  0.92  0.81  1.03 
Sensory appeal  0.92  0.82  1.03  0.77**  0.67  0.88 
Convenience  0.95  0.87  1.04  1.04  0.93  1.17 
Familiarity  1.09  0.99  1.20  0.87  0.78  0.98 
Food fussiness 2  0.97  0.83  1.13  1.42**  1.17  1.72 
Food sustainability 

knowledge 3  
0.99  0.90  1.08  1.03  0.92  1.16 

Note: R2 
= 0.045 (Nagelkerke). Reference category for the multinomial regres

sion was the heavy meat consumer segment (n = 663). Significant odds ratio 
(OR) shown in bold based on p < 0.05. * p < 0.01. ** p < 0.001. 1 Food choice 
motives are a continuous score ranging from one to five, with a greater score 
indicating more importance is placed on the respective motive when making 
food choices. 2 Food fussiness is a continuous score from one to five, with a 
greater score indicating a greater tendency to be a fussy or picky eater. 3 Food 
sustainability knowledge is a continuous score from one to three with a greater 
score indicating greater knowledge related to the environmental impact of food. 
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examination of meat consumption tendencies reveal a negative corre
lation between meat consumption frequency and average portion size of 
meat consumed (Appendix Fig. A.1). 

When it comes to consumption of protein-rich foods other than 
cooked meat, the heavy meat consumer segment reported greater con
sumption of eggs, processed meat, and cheese compared to the medium 
and light meat consumer segments. Medium meat consumers reported a 
lower consumption of dairy products and legumes compared to the 
heavy and light meat consumers and a higher consumption of processed 
meat compared to the light meat consumers. The light meat consumer 
segment reported a higher consumption of plant-based ‘meat’ sub
stitutes compared to the heavy and medium meat consumers. These 
differences, however, resulted in small effects only. 

The extent to which the older consumer segments like various pro
tein sources differed across all protein sources except legumes (Table 2). 
The largest differences were found in the liking towards different types 
of meat, with light meat consumers having a lower liking across all meat 
types compared to heavy and medium meat consumers. Compared to 
heavy and medium meat consumers, light meat consumers had a higher 
liking score for plant-based ‘meat’ substitutes. 

The level of agreement towards different reasons for liking and dis
liking meat and plant-based ‘meat’ substitutes differed between the 
segments (Fig. 1). Compared to light meat consumers, heavy and me
dium meat consumers agreed more strongly that meat is important for 
health, tastes good, is good value for money, that they grew up eating 
meat, and because the people they live with want to eat meat. Compared 
to heavy and medium meat consumers, light meat consumers agreed 
more strongly that plant-based ‘meat’ substitutes taste good and are 
good for health and better for animal welfare. 

With regards to reasons for disliking meat, light meat consumers 
agreed more strongly that meat is not good for health nor the environ
ment, that they do not like the taste of meat and did not grow up with it, 
and that they value animal welfare (Appendix Fig. A.2). Compared to 
light and medium meat consumers, heavy meat consumers agreed more 
strongly that they did not grow up with plant-based ‘meat’ substitutes 
and that they live with people who do not want to eat it as reasons for 
disliking plant-based ‘meat’ substitute. 

3.2. Psychographic characteristics associated with segment classification 

Table 3 shows the odds of being classified as a medium and light 
meat consumer as compared to being classified as a heavy meat con
sumer based on food choice motives, food fussiness, and food sustain
ability knowledge. A one-unit increase in the importance attached to 
health and sustainability when making food choices is associated with 
an average 12–14% increase in the odds of being classified as a medium 
meat consumer and 20–35% increase in the odds of being classified as a 
light meat consumer compared to a heavy meat consumer. A one-unit 
increase in the importance attached to sensory appeal and familiarity 
when making food choices is associated with a 13–23% decrease in the 
odds of being classified as a light meat consumer compared to a heavy 
meat consumer. Further, a one-unit increase in the food fussiness score 
(i.e. more likely to be a fussy eater) was associated with an average 42% 
higher likelihood of being classified as a light meat consumer than a 
heavy meat consumer. Food sustainability knowledge was not a signif
icant determinant of the segment classification. Overall, these psycho
graphic characteristics combined have low power to explain the 
variability in older consumer segments (Nagelkerke pseudo R-square =
4.5%). 

4. Discussion 

The present study identified three older consumer segments ac
cording to their cooked meat consumption and liking and explored 
differences in individual factors to better understand meat consump
tion behavior among community-dwelling older adults in the EU. Our 
findings confirm that the overwhelming majority of older adults is a 
meat-eater, with only 1.1% of the study sample being a self-declared 
pesco-vegetarian, 0.5% ovo- and/or lacto-vegetarian, and 0.1% 
vegan. Yet, the results show that there are diverse patterns of meat 
consumption analogous to the various levels of flexitarianism reported 
by Dagevos and Voordouw (2013). Opportunities and barriers to 
meeting the high protein needs in an environmentally sustainable way 
and implications for designing dietary strategies to address the unique 
health and sustainability challenges among older consumers in the EU 
are discussed below. 

4.1. Socio-demographic and background characteristics 

As observed in this study and supported by previous research 
(Dagevos & Voordouw, 2013; de Boer et al., 2014; Graça et al., 2015a, 
2015b; Lacroix et al., 2019; Lacroix and Gifford, 2020; Schösler et al., 
2015; Tobler et al., 2011), there were differences in gender between 
the different meat consumer segments, with females being more likely 
to be classified as a light meat consumer compared to males. Slightly 
more males than females were classified as heavy or medium meat 
consumers, which is consistent with studies observing the maleness of 
meat (De Backer et al., 2020; Rozin et al., 2012; Schösler et al., 2015). 
However, our results showed a rather small effect in gender, suggesting 
that cultural norms related to meat and masculinity may alter in later 
life, or that other factors may trump cultural norms in influencing meat 
consumption in older adults, such as changing appetite and reduced 
access to food due to mobility difficulties (Whitelock and Ensaff, 
2018). 

In line with previous studies, meat consumption and liking were 
also found to be closely linked to country of residence and household 
financial status (de Boer and Aiking, 2018; Milford et al., 2019). A 
study conducted across several EU countries found regional differences 
in terms of pro-environmental protein consumption and attitudes, 
which could be explained by cultural, culinary, and economic factors 
(de Boer and Aiking, 2018). For instance, a decrease in availability of 
animal protein and gross domestic product per capita going from west 
to east in the EU might explain why heavy meat consumers are largely 
made up of older adults living in the Netherlands and why medium 
meat consumers are largely made up of older adults living in Poland, 
and who have a less comfortable household financial situation 
compared to the other two segments (de Boer et al., 2018). Paradoxi
cally, we found that the light meat consumer segment is also largely 
made up of older consumers living in the Netherlands. This might be 
due to heightened interest in the societal impacts of meat consumption 
and improvements in product development and marketing of com
mercial meat substitutes in the Netherlands (Dagevos et al., 2018). 
Further innovations and marketing in commercial meat substitutes 
may aid meat replacement in countries with similar food cultures 
where meal patterns and dishes are traditionally more centered on 
meat, such as the UK and Finland (Macdiarmid et al., 2016; Schösler 
et al., 2012; Vinnari et al., 2010). 

In terms of involvement with food, it appears that light meat con
sumers were more likely to live alone and be the main household grocery 
shopper and food decision maker than the other two segments. In an 
earlier study in older adults in the UK, living alone was linked with a 
lack of motivation to cook and preparing simpler meals, which was 
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further associated with a higher risk of low appetite and malnutrition 
(Whitelock & Ensaff, 2018). In the current study this connection be
tween living alone and risk of low appetite and low protein intake was 
observed among light meat consumers. While Whitelock and Ensaff 
(2018) found that reduced meat consumption was also attributed to a 
deterioration in oral health, our study found no relationship between 
oral health and segment membership. 

4.2. Appetite, protein intake and liking and attitudes towards protein 
sources 

A positive relationship between meat consumption and protein 
intake status was observed in this study, which supports associations 
that have been previously reported in observational studies among 
community-dwelling older adults (Berner et al., 2013; Hengeveld et al., 
2019). Light meat consumers are the most vulnerable segment according 
to their high probability of low protein intake and poor appetite. 
Although they reported a low consumption of meat, light meat con
sumers reported a higher frequency of consumption of plant-based 
‘meat’ substitutes and a comparable frequency of consumption of non- 
meat protein-rich food groups compared to that of one or both seg
ments. Further, light meat consumers tended to have a lower liking to
wards all meat types, fish or seafood, dairy, eggs, and bread, but 
reported to like and have more positive attitudes towards plant-based 
‘meat’ substitutes compared to the other two segments. This presents 
an opportunity to focus on health, animal welfare, and taste of plant- 
based ‘meat’ substitutes to facilitate greater consumption of these pro
tein sources among light meat consumers. 

Contrastingly, heavy and medium meat consumers’ positive atti
tudes towards meat with regards to health, taste, value for money, and 
their conditioning to eating meat, i.e. having grown up eating meat and 
being surrounded by others who like to eat meat, have been previously 
documented as key barriers to replacing meat with alternative, more 
sustainable plant-based protein sources (Macdiarmid et al., 2016; Stubbs 
et al., 2018). Notably, medium meat consumers had a slightly more 
positive attitude towards animal welfare compared to heavy meat con
sumers, suggesting that valuing animal welfare may caution medium 
meat consumers away from heavy meat consumption (de Boer et al., 
2017; Hartmann and Siegrist, 2020). 

4.3. Psychographic determinants of meat consumption behavior 

Beyond investigating differences between the older consumer seg
ments, we also identified potential determinants associated with the 
classification of older adults into one of the three consumer segments. 
The findings of this study reinforce the importance of health and sus
tainability food choice motives as facilitators and sensory appeal and 
familiarity as barriers for altering meat consumption behavior (Graça 
et al., 2019; Hoek et al., 2011). Convenience and price were not sig
nificant determinants in our study, although these motives have been 
found previously to be significant inhibitory motives for meat replace
ment and key motivations for food choice among older consumers 
(Kamphuis et al., 2015; Locher et al., 2009; Vainio et al., 2016). In this 
study, convenience was defined as the ease of food preparation (e.g. 
importance that the food can be cooked very simply, takes no time to 
prepare, is easy to prepare) whereas in other studies among older adults 
convenience also included the component of accessibility (e.g. impor
tance that the food is easily available in shops or supermarkets) (Kam
phuis et al., 2015; Locher et al., 2009). Kamphuis et al. (2015) found that 
the accessibility component of convenience (i.e. travel time) was a sig
nificant determinant for older adults’ preferences in meal planning and 

food purchasing decisions while ease of food preparation (i.e. prepara
tion time) was not. Further, we found that light meat consumers were 
more likely to be a fussy eater compared to heavy meat consumers, 
which contrasts expectations, as a previous study among adults found 
that food neophobia, an overlapping construct of food fussiness, was 
more common among those who eat meat more frequently (Lacroix & 
Gifford, 2019). However, as food fussiness has been previously linked to 
low appetite in older adults (Hung et al., 2019), it is likely that light 
meat consumers’ poorer appetite partly explains this finding. Although 
several studies have found knowledge of the environmental impact of 
food to affect environmental sustainable food choices (Peschel et al., 
2016; Wunderlich et al., 2018), our findings are in line with other 
studies that found knowledge not to influence environmental sustain
able food choices (Asvatourian et al., 2018). This supports previous 
deductions that knowledge alone may be insufficient to directly change 
one’s meat consumption towards more pro-environmental protein con
sumption (Asvatourian et al., 2018; Hoek et al., 2017). 

4.4. Health and sustainability implications of meat consumption in older 
adults 

Moderate consumption of meat is important for achieving high- 
quality protein and essential nutrients (Phillips, 2012; Phillips et al., 
2015) and can be part of an environmentally sustainable diet (Vieux 
et al., 2020). However, cohort studies reporting the habitual meat intake 
of older adults indicate that their average meat consumption may be 
above the amount recommended for a healthy diet (Grasso et al., 2020; 
Struijk et al., 2018). The findings discussed above underscore the het
erogeneity of meat consumption behavior in this sub-population and the 
importance of tailoring strategies for pro-environmental protein con
sumption among older consumers. Further, they support the hypothesis 
that older adults need to ‘do things differently’, e.g. choose alternative 
protein sources instead of meat, rather than only ‘use less’, e.g. meat 
reduction only, to achieve adequate protein intake within environ
mental limits. The actual pro-environmental protein consumption 
strategy, however, will vary depending on alternative proteins being 
readily available in the market (Schösler et al., 2012) and the country in 
which the strategy is implemented given the different food cultures, 
preferences, and habits across the EU countries (see Appendix Table 
A.2). 

A diet optimization study in older adults shows that meat reduction 
paired with increases in diverse plant-based protein sources is a poten
tial strategy to increase protein intake in older adults that can have dual 
benefits in terms of human and planet health (Grasso et al., 2020). The 
current study shows that older adults on average like legumes, nuts or 
seeds, and bread and grain products, all of which could be options for 
sustainable protein sources. Emphasizing the healthiness and sustain
ability of these alternatives and other plant-based protein sources could 
be used as a focus in targeted strategies relating to meat replacement 
among medium meat consumers (Graça et al., 2019). By contrast, 
addressing sensory appeal and familiarity of alternative protein sources 
in communication strategies and product development is needed for 
meat replacement particularly among heavy meat consumers. 
Consumer-oriented product development and improvements in the 
resemblance and sensory attributes of commercial meat substitutes may 
be important incentives for heavy meat consumers in the transition to
wards pro-environmental protein consumption (Stubbs et al., 2018). 

While a reduction in meat consumption and increase in plant-based 
protein sources would provide the greatest health and environmental 
benefits (Springmann et al., 2018), it may not be suitable for vulnerable 
older adults with a high risk of low protein intake. A strategy to lower 
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the diet’s impact on the environment without changing the amount of 
meat consumed is substituting environmentally-intensive meat (e.g. 
beef) with less environmentally-intensive meat (e.g. chicken, pork) 
(Berners-Lee et al., 2012; Grasso et al., 2020; Willett et al., 2019). 
Further, encouraging increased consumption of other animal-based 
protein sources such as dairy, fish, and eggs may be beneficial for 
increasing the intake of high-quality protein and essential nutrients 
(Vieux et al., 2020), yet would elicit more adverse effects for the envi
ronment compared to promoting intake of plant-based protein sources 
like legumes, nuts, and whole grains (de Gavelle et al., 2020). This is a 
trade-off that needs to be made especially for vulnerable older adults 
with poor appetite. As plant-based protein sources contain fewer and 
lower amounts of essential amino acids and are less well digested than 
animal-based protein sources, higher intakes of plant-based proteins per 
meal may be needed to achieve similar anabolic responses as compared 
to animal-based protein foods (Berrazaga et al., 2019). Further, older 
adults with poor appetite have a slightly higher risk of malnutrition than 
those with a good appetite (Hung et al., 2019) and hence promotion of 
animal-based protein sources may be a more efficient source of protein 
and other nutrients like vitamin B12, iron, and zinc (Lonnie et al., 2018; 
Tijhuis et al., 2011). 

5. Future prospects 

More research is needed to understand the factors that influence 
meat consumption in later life. Food choice motives, food fussiness, and 
food sustainability knowledge were found to explain little of the vari
ance in older consumer segment membership, making it clear that there 
are other important factors that influence meat consumption behavior. 
Food sustainability knowledge was assessed using an ad hoc scale and 
should be tested for validity and reliability and refined in future studies. 
Investigating other factors such as values, subjective norms, self- 
efficacy, and motivations may help further the understanding of pro- 
environmental protein consumption in community-dwelling older 
adults (Çoker & van der Linden, 2020; Hunter and Röös, 2016; Lacroix & 
Gifford, 2019). 

In addition, more exploratory research is needed to identify 
culturally acceptable sustainable protein sources that older adults are 
willing to either replace meat with or to consume in greater quantity to 
increase their protein intake. Increasing awareness and acceptance of 
hybrid meat, for instance, may be a viable solution especially for heavy 
meat consumers as it is most similar to conventional meat in terms of 
texture and taste (Lang, 2020). It was previously found that older 
adults are not accepting of alternative protein sources like insects and 
cultured meat, but that they were relatively accepting of plant-based 
protein sources (Grasso et al., 2019). Further innovations in plant- 
based ‘meat’ substitutes could better appeal to those who enjoy 
eating meat. Protein enrichment in foods by the food industry or by 
adding protein powder to meals are other alternative approaches to 
increasing protein intake, yet the environmental impact of these ap
proaches are under-researched. 

Meat consumption in this study was measured by two questions on 
frequency of cooked meat consumption and average portion size of meat 
consumed with a warm meal. No distinction was made on the types of 
meat consumed. It is likely that intake of cooked meat was under
estimated due to the measurements’ reliance on memory and the global- 
way meat consumption was probed (Haftenberger et al., 2010). As 
different meat types are associated with different environmental impacts 
(Poore & Nemecek, 2018), future segmentation research among older 
adults should evaluate habitual consumption of various types of meat to 
get a more nuanced picture of meat consumption in this older popula
tion. For instance, heavy meat consumers may be fragmented into 
smaller groups depending on the type of meat eaten (e.g. heavy meat 
consumers primarily eating beef may have a different profile than heavy 
meat consumers primarily eating poultry). Furthermore, different meat 
types are associated with additional concerns outside the scope of this 

paper, e.g. antibiotic use in poultry production and animal welfare 
(Mottet and Tempio, 2017), warranting more differentiated (e.g. food 
safety-related) considerations in future research searching for more 
sustainable meat consumption strategies. Assessing attitudes towards 
other factors influencing the sustainability of meat, such as its produc
tion method (e.g. conventional versus organic meat) (Garnett et al., 
2017), could provide further insights into meat consumption behavior. 

The use of the Protein Screener 55 + allowed us to gauge the risk of 
low protein intake using a short food frequency questionnaire with 
relatively low burden on the participant. Consequently, this study did 
not conduct a full assessment of protein intake. A limitation of the 
Protein Screener 55 + is that it focuses on the most important protein 
sources for Dutch community-dwelling older adults, which may over
estimate low risk of protein intake in countries that have different 
important sources of protein. Future studies should determine the 
habitual protein intake of the older consumer segments to determine 
whether intake is indeed above or below their protein requirement. 
Further, as the division of protein over meals may be relevant to 
maintain lean body mass and strength (Farsijani et al., 2016; Loenneke 
et al., 2016), more research into the timing of protein-rich food groups 
consumption would give more insights into a redistribution strategy. 

The results of the current study apply primarily to community- 
dwelling older adults with access to and basic competencies for 
using a computer, and the implications should therefore focus on this 
target group. While the relevance of the implications drawn in this 
study may extend to other older populations, more research is needed 
to identify, quantify, and profile consumer segments within such 
populations. 

6. Conclusions 

In conclusion, community-dwelling older adults in the EU can be 
grouped into three segments based on meat consumption and liking. 
Relevant differences between the older consumer segments were found 
in socio-demographic and background characteristics, appetite, protein 
intake status, and liking and attitudes towards meat and plant-based 
‘meat’ substitutes. Health, sustainability, sensory appeal, and familiar
ity food choice motives and food fussiness were the main drivers of the 
segmentation. These findings reinforce the importance and need for 
developing dietary strategies that consider the context of meat con
sumption, the environmental impact of protein sources, and the unique 
nutrition and health needs and preferences of different older consumer 
groups. 
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Appendix A   

Fig. A1. Jittered scatterplots of cooked 
meat consumption frequency and 
average amount of meat consumed with 
warm meal by older consumer seg
ments. Pearson correlations between 
cooked meat consumption frequency 
and average amount of meat consumed 
with warm meal are r = -0.458, p <
0.001 for heavy meat consumers, r =
-0.216, p < 0.001 for medium meat 
consumers, and r = 0.177, p < 0.001 
for light meat consumers. Orange dot 
represents average value. (For inter
pretation of the references to colour in 
this figure legend, the reader is referred 
to the web version of this article.) (For 
interpretation of the references to 
colour in this figure legend, the reader 
is referred to the web version of this 
article.)   
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1 2 3 4 5

P-MS is not good value for money¹

I do not like the taste of P-MS¹

People who live with me do not want to eat P-MS¹

I grew up not eating P-MS¹

P-MS is not better for the environment¹

P-MS is not better for animal welfare¹

P-MS is not good for my health¹

I do not like meat because of my religion¹

Meat is not good value for money¹

I do not like the taste of meat

People who live with me do not want to eat meat¹

I grew up not eating meat¹

Meat is not good for the environment¹

I value animal welfare¹

Meat is not good for my health¹

Meat lover Meat restrainer Meat avoider

P-MS

MEAT

Fig. A2. Differences in agreement towards reasons of disliking meat (n = 99) and plant-based ‘meat’ substitutes (P-MS) (n = 1147) between the older consumer 
segments. Bars represent means and lines represent standard deviations. Likert scale ranges from 1 = Strongly disagree to 5 = Strongly agree. 1 Differences between 
the segments not significant at p < 0.01 from Kruskal-Wallis one-way t-test. Otherwise, differences between segments significant at p < 0.01 from Kruskal-Wallis one- 
way t-test. 

Table A1 
Correlation matrix of determinants in multinomial logistic regression.1   

X1 X2 X3 X4 X5 X6 X7 X8 

X1: Health 2  –        
X2: Sustainability 2  0.500*  –       
X3: Price 2  0.214*  0.154*  –      
X4: Sensory appeal 2  0.356*  0.233*  0.250*  –     
X5: Convenience 2  0.153*  0.101*  0.311*  0.189*  –    
X6: Familiarity 2  0.146*  0.105*  0.220*  0.171*  0.328*  –   
X7: Food fussiness 3  − 0.207*  − 0.125*  − 0.027  − 0.199*  0.119*  0.254* –  
X8: Food-related sustainability knowledge 4  0.144*  0.119*  0.044  0.134*  − 0.013  − 0.92* − 0.232* –  

1 Items with asterisk have a statistically significant Pearson correlation, *p < 0.01. 2 Food choice motives are a continuous score ranging from one to five, with a 
greater score indicating more importance is placed on the respective motive when making food choices. 3 Food fussiness is a continuous score from one to five, with a 
greater score indicating a greater tendency to be a fussy or picky eater. 4 Food sustainability knowledge is a continuous score from one to three with a greater score 
indicating greater knowledge related to the environmental impact of food. 
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Consumption       
Cooked meat (g/d) 

Frequency (d/wk) 
35.0 ± 33.4 a 

2.7 ± 2.0b 
25.6 ± 27.8b 

2.1 ± 1.6c, d 
33.7 ± 29.6 a 

2.1 ± 1.5 d 
37.6 ± 28.1 a 

3.6 ± 2.0 a 
32.1 ± 28.2 a 

2.5 ± 1.9b, c 
<0.001 (0.09) 
<0.001 (0.09) 

Fish (d/wk) 1.8 ± 1.7 a 1.0 ± 1.1b 2.0 ± 1.6 a 1.1 ± 1.1b 1.1 ± 1.0b <0.001 (0.09) 
Dairy products excl. cheese (d/wk) 3.7 ± 2.9 a, b 2.1 ± 2.2c 3.4 ± 2.7b 4.1 ± 2.7 a 2.2 ± 2.6c <0.001 (0.09) 
Eggs (d/wk) 2.3 ± 2.3 a 1.8 ± 1.6b 2.3 ± 1.7 a 2.0 ± 1.8 a, b 1.6 ± 1.5b <0.001 (0.02) 
Legumes (d/wk) 0.6 ± 1.2c 1.3 ± 1.4b 1.9 ± 1.4 a 1.6 ± 2.0 a 1.0 ± 1.4b <0.001 (0.07) 
Nuts or peanuts (d/wk) 1.4 ± 2.2c 1.4 ± 2.0c 2.4 ± 2.4 a 1.9 ± 2.1 a 1.1 ± 1.9c <0.001 (0.05) 
Pasta or noodles (d/wk) 1.1 ± 1.6b 1.4 ± 1.3 a 1.4 ± 1.3 a 1.2 ± 1.2 a, b 1.0 ± 1.0b <0.001 (0.02) 
Processed meat (d/wk) 3.5 ± 2.6 a 3.3 ± 2.0 a 2.1 ± 1.8c 2.8 ± 2.3b 1.6 ± 1.5 d <0.001 (0.11) 
Cheese (d/wk) 4.9 ± 2.4 a 2.8 ± 2.4c 2.0 ± 2.1 d 4.1 ± 2.4b 2.4 ± 2.0c, d <0.001 (0.19) 
Plant-based ‘meat’ (d/wk) 0.2 ± 0.7c 0.3 ± 0.9b, c 0.2 ± 0.8c 0.4 ± 1.0 a 0.3 ± 0.9 a, b <0.001 (0.01) 
Liking       
Beef or veal (n = 2444) 4.0 ± 0.9 4.0 ± 0.9 4.0 ± 0.9 4.0 ± 1.0 4.0 ± 1.0 0.394 (<0.01) 
Lamb (n = 2403) 3.4 ± 1.1b 3.6 ± 1.2b 3.9 ± 1.0 a 3.1 ± 4.1c 3.9 ± 1.3 a <0.001 (0.06) 
Pork (n = 2449) 3.9 ± 0.9 a 4.0 ± 0.9 a 3.9 ± 0.9 a 3.6 ± 1.2b 3.9 ± 1.1 a <0.001 (0.03) 
Poultry (n = 2456) 4.4 ± 0.7 a 4.2 ± 0.8b, c 4.1 ± 0.8c 4.0 ± 1.1c 4.3 ± 0.9 a, b <0.001 (0.03) 
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a-dDifferent superscripts indicate significantly different standardized means in each row following ANOVA post hoc Tukey test at p < 0.01. Partial eta-squared (ηp
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indicates the effect size. 
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