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CHAPTER 1

General introduction

Chapter 1

In 2014 I interviewed a Dutch 71-year old foodbank recipient for the Foodbank
study. I asked him what he had had eaten the day before. The only vegetables
he had eaten that day were eight thin slices of pickled cucumber. When one
of my colleagues interviewed the man a second time, two days later, the
only vegetables he had eaten that day were again eight thin slices of pickled
cucumber. Four days later, I interviewed the man for a third time. By then, it
was Sunday, his jar of pickles had run out and his vegetable intake for that
day was zero grams. Dinner consisted of a single coconut cookie. Although
this example is by no means representative for all people in the Netherlands, it
shows how poverty in the Netherlands exists and that socioeconomic position
can have a severe influence on diet quality.
Socioeconomic position
Socioeconomic position (SEP) is a concept that is commonly used in public
health research because it is strongly associated with health. The term SEP
refers to a combination of social and economic factors that influence what
position individuals or groups of individuals hold within the structure of a
society [1, 2]. In literature, a variety of terms similar to SEP is used. Examples
are social class, socioeconomic status (SES) or social status [2]. In this thesis, we
both use the terms SEP and SES. However, progressive insights and in line with
the suggestion of Krieger et al. we switched from using the term SES to SEP
in the course of our writing. One of the reasons for this change was that SEP
by referring to position, not only reflects a person’s status, but also the actual
resources a person has at his disposal [1].
The most commonly used indicators of SEP in public health research are level
of income, level of education and level of occupational prestige [1, 3]. Each
indicator of SEP has its specific advantages and disadvantages when used in
public health research. These indicators and their most important advantages
and disadvantaged are briefly explained below:
•
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Level of income refers to financial capital and is likely to reflect the
availability of economic and material resources. It aims to capture a person’s
abilities to purchase goods and services [2]. Annual income is relatively easy
to measure. The researcher offers categories of income for the respondent
or requests an exact amount. However, it is not a simple variable to define,
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as it includes salaries, profits, rents and any flow of earnings received, but
can also include unemployment compensation, social security, pensions,
interest or dividends, or other public or private financial assistance [2].
Other disadvantages of income as an indicator are respondents’ potential
unwillingness to reveal their income and the fact that income can be volatile
and fluctuate considerably over the course of a year [4].
•

Level of education refers to human capital and is likely to reflect knowledge
obtained through formal education, accreditation and lived experience
[2]. Researchers usually measure level of education either by asking for the
highest degree obtained or for years of education received. It is one of the
most widely used indictors of SEP in public health research because it is
simple to measure, easily applicable to persons who are not part of the
active labor force, generally stable over adult lifespan and respondents are
often willing to answer questions about level of education truthfully [5].
However, for some investigative purposes the stability of education may
be a disadvantage, because it does not capture how changes in people’s
socioeconomic position can affect their health status [4].

•

Level of occupational prestige refers to the public perception of an
individual’s social standing based on their professional position [6]. It is
likely to reflect job characteristics, such as career length, working hours,
type of contract (permanent or temporary), management responsibility
and physical or psychosocial work demands. Researchers have identified
prestige rankings for over 700 occupations based on national surveys,
creating a scale from zero being the lowest to 100 being the highest
possible score, and ranking the occupations based on the results of the
survey. Some of the most prestigious occupations, such as surgeon,
pilot or CEO are grouped in the highest occupational classification and
include challenging work, great control over working conditions and the
requirement of multiple skills. The jobs with lower rankings, such as food
preparation worker or counter attendant are less valued, offer significantly
lower wages, are often more laborious, and provide less autonomy [7]. A
strength of occupation based measures is that they are widely available in
many routine data sources. An important limitation is that they cannot be
assigned to people who are not currently employed.
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As documented by a considerable body of research, there is no single best
indicator to measure SEP for studying its association with health [1-4]. SEP
is an emergent concept that is operationalized by different indicators. Each
indicator measures different, complementary and independent aspects of
socioeconomic stratification. In order to provide a comprehensive picture of
the influence of SEP on health, several SEP indictors should be included in
these studies [8].
Socioeconomic position and health
Throughout history, SEP has been already closely linked to health. It was
during the early 19th century that the French as leaders in public health
research produced several studies on health and society. A pioneer in social
epidemiology was Louis-René Villermé (1782-1863), a French physician [4, 9].
He showed in 1828 that morbidity and mortality rates in Paris were closely
related to the living conditions of different social classes [9]. The publication of
these results pointed to a definitive relationship between poverty and disease.
Perhaps the best known studies linking SEP with health are the Whitehall
studies; a series of studies conducted in civil servants in London beginning in
1967 [10]. The first study examined over 18.000 male civil servants and was
conducted over a period of ten years. This study observed a strong association
between grade levels of civil servants and (cause-specific) mortality rates. Men
in the lowest grade (messengers, doorkeepers) had a mortality rate three times
higher than men in the highest grade (administrators).
The increased attention for socioeconomic health differences in the Netherlands
can be linked to the publication of the Black report in England in 1980. This
report described the widening of health differences between SEP groups
despite the rise of the welfare state [11]. Since then, an enormous amount of
data has been collected and analyzed in many European countries, testifying
the existence of socioeconomic differences in health [12].
At the start of the 21th century, all Western countries are currently facing
substantial socioeconomic differences in health within their populations [13,
14]. In the Netherlands, lower educated people on average live six years shorter
than higher educated people. The differences in healthy life expectancy
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(expressed in self-perceived good health) are even larger, almost 19 years [15].
Despite the public health advances made during the last century, such as safe
and healthy nutrition, clean water and improvement of hygienic conditions,
health differences have not reduced over time. In fact, they have widened over
the last decade [16, 17].
SEP differences in poor health are not limited to people living in absolute poverty
or extreme disadvantage, rather a social gradient is seen, such that even people
in the middle of the socioeconomic ladder have poorer health than those at the
top [18]. According to many, socioeconomic health differences represent one of
Europe’s greatest public health challenges [12]. In the Netherlands, the Dutch
minster of public health has expressed the ambition that SEP differences will
decrease by 2030, or that at least the gap will have stopped widening by that
time [19]. At the EU level, the publication in 2009 of the European Commission’s
communication ‘Solidarity in health: reducing health differences in the EU’ was
a notable step, including a joint action by Member States and the EU on health
differences [20].
Determinants of SEP differences in health
It is widely accepted that differences in genetics and access to health care cannot
fully explain socioeconomic health differences. A body of research performed
during the past decade shows that socioeconomic health differences are mainly
caused by a higher exposure to a wide range of unfavorable health risk factors of
lower SEP groups, compared to higher SEP groups [21, 22]. A model containing
potential pathways linking SEP to health is provided in Figure 1. These risk
factors include material factors (housing conditions, crowding, occupational
hazards, crime, the degree of access to healthcare), psychosocial factors (stress,
job strain, social support, social relationships) and cultural / health behavioral
factors (traditions, beliefs, dietary intake, smoking, physical activity and alcohol
intake). From theses different factors described above, it becomes clear that
many drivers of health differences in society are neither randomly distributed,
nor freely or consciously chosen by individuals. Therefore, the ‘causal’ effect of
SEP on health is likely to be largely indirect.
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Material factors

Cultural /
behavioral
factors

Socioeconomic
position

Health

Psychosocial
factors

Figure 1. Pathways through which SEP influences health (based on Dahlgren/ Whitehead: WHO Europe
2007 “European strategies for tackling social inequities in health).

Despite the large body of research investigating explanatory factors for the
consistent associations between SEP and health, much remains unknown. One
behavioral factor that may be part of the broader causal pathway is dietary
intake. It has been shown that unhealthy dietary behavior is more prevalent
Figure 1. Pathways through which SEP influences health (based on Dahlgren/
among
low SEP groups [23, 24]. A necessary step for decreasing socioeconomic
Whitehead: WHO Europe 2007 “European strategies for tackling social inequities in
health
health).differences through diet is to better understand how SEP and dietary
behavior are related and which factors may offer good starting points for
interventions and policies to improve diet in those with a lower SEP.
Determinants of SEP differences in health
In general, people with a lower SEP are more likely to have a higher intake
of energy, sugar, salt and saturated fat and a lower intake of fruit, vegetables
and fish than people with a higher SEP [23, 25-27]. People with a lower SEP
also consume fewer varieties of fruit and vegetables than their higher SEP
counterparts do [28]. Fruit, vegetables and fish are important components of a
healthy diet. It is known that diets low in fruit, vegetables and fish are associated
with a higher mortality risk [29-31] and an increased risk of cardiovascular
disease, overweight, obesity, type 2 diabetes and certain types of cancer [3235].
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Pathways that explain SEP differences in diet
Behavioral theories can be useful to explain lifestyle behaviors, such as dietary
behaviors. An example of a behavioral theory is the Social Ecological model
that is presented in Figure 2 [36]. This model includes individual as well as
environmental factors. The factors indicated with an asterisk are included in
this thesis and are described under the figure.

Macro level / public
policy

Dietary guidelines
Media advertisement
Policies
Cost of food*

Community /
institution

Food availability in shops,
schools, the workplace and when
eating out

Socioeconomic
position

Dietary intake

Interpersonal

Intrapersonal

Food availability at home
Social support *
Cultural factors

Knowledge *
Intentions *
Perception*
Motivations *
Barriers *
Health status *
Age *

Figure 2. Socioeconomic position and factors influencing dietary intake (based on the Social Ecological
Figure 2. Socioeconomic position and factors influencing dietary intake (based on the Social Ecological model of McLeroy et
model
McLeroy
et al.
Factorsin with
an asterisk are included in this thesis.
al. 1988of
[36].
Factors with
an 1988
asterisk[36].
are included
this thesis.

•

The cost of food is a primary determinant of dietary intake. The high prices
of fruit, vegetables and fish are often reported as barriers for people with a
lower SEP [24, 37]. A large body of evidence showing that a healthy diet is
relatively expensive [38-43] and that having a lower SEP is associated with
purchasing cheaper and less nutrient-rich calories [44-47].

•

Knowledge about healthy eating is another example of a determinant
of dietary intake, as it helps people to understand nutritional information
and to make healthy choices [48]. Studies showed that people with a lower
SEP are likely to have less knowledge about a healthy diet, but also about
the link between diet and the risk of disease than those with a higher SEP
[46, 49, 50].
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•

According to the Precaution Adaption Process Model, people need to be
aware of their own behavior before they are susceptible to behavioral
change [51]. Several studies show that not all people are aware of their
own dietary intake or the fact that their dietary intake is below (or above)
the recommended intake levels [52-54]. People with a lower SEP have
been shown to misperceive their intake more frequently than those
with a higher SEP [54]. Of those who misperceive their dietary intake, the
overestimators of healthy products and the underestimators of unhealthy
products are of special concern. These subjects are not aware of the
fact that their intake is suboptimal and thus will not feel addressed by
information campaigns or counseling on healthy eating.

•

Intentions to eat healthily are also suggested to influence dietary intake.
Intentions to perform certain behaviors underlie the Theory of Planned
Behavior [55, 56]. Three determinants of intentions are defined in this
theory, including attitude (evaluation of the behavior and its expected
outcomes), social support (perceived social pressure to engage in the
behavior) and self-efficacy (perceived ease or difficulty of engaging in the
behavior) towards a healthy diet. Several studies showed that people with
a lower SEP have other intentions towards eating healthily than those with
a higher SEP [57, 58].

•

Finally, several studies show that differences in motivations to eat healthily
play a role in dietary intake [59-62]. In order to change dietary behavior it
is important to take into consideration the motivations for food choices
within populations. It is suggested that people with a lower SEP place less
importance on health and think less about their future health in relation to
their food choices than those with a higher SEP [63-65].

Older adults
According to a recent report by the WHO on aging and health, the world
population is rapidly getting older [66]. Anno 2016, most people can expect
to live into their 60’s and beyond [67]. There are two key drivers of population
aging. The first is increased life expectancy. On average, people around the
world live longer. This is largely explained by the socioeconomic development
and medical innovation that has taken place globally over the past 50 years. The
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second driver is reduced fertility rates. This is likely to be the result of increased
access to contraception, parents realizing that their children are now more
likely to survive than was the case in the past and changing gender norms [66].
In the Netherlands, the population is aging as well. The proportion of people
aged 65 and older is currently around 18%, this proportion is expected to
increase to 26% in 2035 [68].
Older adults and their socioeconomic position
The prevalence of poverty or having a low SEP among older adults compared
with the general population varies significantly across the world [66]. On
average in Europe, one in every five older adults has an income below the
poverty line, with people older than 80 years being the most severely affected
[69]. Compared to other European countries, Dutch older adults are financially
well off. This is due to active labor market participation, the Dutch old age
pension system (AOW), as well as extensive home ownership [70]. However,
previous, current and future changes in government policies may negatively
influence the financial situation of senior citizens in the Netherlands. Examples
are the abandonment of pension indexation and the cuts in government
health care spending. The recent Dutch Poverty Survey 2015 showed a growth
of the percentage of low-income households between 2010 and 2014 across
all household types [71]. This growth was relatively high in people aged 65
years and older, with an increased risk of poverty in the years 2010-2013 of
1.5% to 2.6% for older adults living with a partner and 3.4% to 6.3% for single
older adults. This increase is explained by the decline in purchasing power of
pensioners in these years [72].
Other indicators of SEP are also likely to vary across age groups. In the
Netherlands, as in other Western countries, younger adults have on average
higher levels of completed education than older adults [73-75]. In 2011, 4% of
the Dutch 25-34 year olds reported elementary school as highest education
level, vs. 13% of the 55-64 year olds. Furthermore, 40% of the 25-34 year olds
reported college of university as highest education, vs. 26% of the 55-64 year
olds [76]. With regard to occupational prestige levels in the Netherlands, 32%
of the active labor force is employed in jobs that require university education,
37% in jobs that require higher or secondary education and 30% in jobs that
requires only elementary or lower education [77].
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Older adults and their diets
A healthy diet is important for older adults’ health. Adults aged 70 to 90 years
with an overall healthy lifestyle have a more than 50% lower rate of all-cause
and cause-specific mortality than those with a less healthy lifestyle [78]. Also
the SENECA study showed that a healthy diet at older ages is related to a delay
in the deterioration of health status and a reduced risk of mortality [79, 80].
Others also showed that a healthy diet can slow down the onset of age-related
chronic diseases, can add years to life and can improve the quality of life in
older adults [29, 31, 32, 81-84]. The older age is an interesting period for study,
because diet related chronic diseases will typically present themselves during
this stage of life. The consequences of dietary change of older persons may
therefore be noticed more directly.
Like in children and the young adult population, older adults consume fewer
fruit, vegetables and fish than recommended to prevent diet related chronic
diseases [85]. The most recent Dutch Food Consumption Survey in older
adults showed that of the community-dwelling adults over the age of 70
around 50% did not meet the vegetable guideline and around 70% did not
meet the fruit guideline. At least 40% of the older adults did not consume oily
fish on a weekly basis as recommended [86]. Although it is not clear from the
literature whether older adults eat less healthy or healthier overall than the
general population, their intake of fruit, vegetables and fish leaves room for
improvement.
Older adults, diet and SEP
Few studies have investigated the association between SEP and dietary
intake in older adults [67, 87-89]. These studies generally parallel the findings
among the general population and show that older adults with lower SEP
meet the dietary guidelines less often than older adults with higher SEP. The
older population is by definition a heterogeneous population group and
behaviors may differ per subgroup, e.g. those with disease or disability. This
great diversity in capacities and health may influence needs of older persons.
A number of general factors that affect SEP differences in dietary intake
among the general population may also affect SEP differences in older adults,
such as the price of food or knowledge about healthy eating. However, there
may also be a number of specific factors that have a unique influence in

16

General introduction

older adults, such as health related motivations, or specific barriers to eat
healthily, including functional limitations in food shopping, preparing meals
or chewing problems.
Aim and outline of this thesis
The overall aim of this thesis is to investigate SEP differences in adherence to
the fruit, vegetable and fish guideline in older Dutch adults and to unravel
potential pathways underlying these SEP differences. The central research
questions (Figure 3) that are addressed in this thesis are:
1.
2.

3.

4.

To what extent is SEP associated with adherence to the fruit, vegetable
and fish guideline in older Dutch adults?
To what extent are motivations to eat healthily, misperceptions and
barriers with regard to adherence to the fruit, vegetable and fish
guideline associated with SEP in older Dutch adults?
To what extent do barriers with regard to adherence to the fruit,
vegetable and fish explain SEP differences in adherence to the fruit,
vegetable and fish guideline in older Dutch adults?
To what extent has the intake of fruit and vegetables changed between
2004 and 2011 and is this change explained by socioeconomic factors?

Motivations to eat healthily
Misperception adherence to the fruit, vegetable and
fish guideline
Barriers adherence to the fruit, vegetable and fish
guideline

2

2
3

3
3

Socioeconomic
position

1&4

Fruit, vegetable
and fish intake

Figure 3. Associations tested in the research questions of this thesis (1 - 4)
Figure 3. Associations tested in the research questions of this thesis (1 - 4)
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The outline of this thesis is as follows. Chapter 2 provides a description of
socioeconomic differences in adherence to the guidelines for fruit, vegetables
and fish in older adults. Chapter 3 outlines the motivations of older adults to
eat healthily and to what extent these motivations are particular to SEP groups
and other demographic, lifestyle and health characteristics. Chapter 4 describes
(the presence of ) misperception of adherence to the fruit, vegetable and fish
guidelines in older adults and to what extent misperception is associated with
SEP and other demographic, lifestyle and nutrition-related characteristics.
Chapter 5 describes the main barriers for adherence to the fruit, vegetable and
fish guidelines reported by older adults and SEP differences in these barriers. It
also describes whether specific barriers mediate the association between SEP
and adherence to the fruit, vegetable and fish guidelines. Chapter 6 describes
changes in the intake of fruit and vegetables between 2004 and 2011 and
whether this change is explained by socioeconomic factors. Finally, chapter 7
summarizes and discusses the results presented in chapters 2 to 6 by providing
the main conclusion, a discussion of the strengths and weaknesses of the
research, and finally a reflection and the implications for future research and
policy makers.
The research described in this thesis is performed using data from the
Longitudinal Aging Study Amsterdam and the GLOBE study (described in
Textbox 1 and 2).
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Textbox 1. Longitudinal Aging Study Amsterdam
For chapter 2, 3, 4 and 5 data from the Longitudinal Aging Study Amsterdam
(LASA) were used. LASA is an ongoing cohort study originally designed to
investigate changes in autonomy and well-being in the aging population
in the Netherlands [90, 91]. The sample for LASA was randomly drawn from
the population registers of 11 municipalities in three geographical areas in
the Netherlands, stratified by age, sex, and expected five year mortality. In
total, 3,107 subjects were enrolled in the baseline examination (1992-1993)
that were representative of the Dutch older population. In 2002-2003, a new
cohort of 1,002 subjects, aged 55-65 years was added to the study using the
same sampling procedures. Examinations were repeated every three years. In
2007, an ancillary study, the LASA Lifestyle Study, was conducted and these
data were used in this thesis. The sample for this study consisted of 2,165
LASA respondents who participated in the fourth LASA cycle (2005/2006)
and were invited to participate. Eligibility criteria were: age <80 years,
independently living and good global cognitive functioning (Mini Mental
State Examination score >23). In total 1,421 respondents met these criteria,
of which 1,058 completed a self-administered lifestyle questionnaire by mail
(response rate 74.5%: 326 no response, 18 refused, 8 were not able due to
physical problems and 11 were deceased). Mean age of the respondents
was 58.9 years (SD: 6.2) with an age range of 55-85 years old. The study was
approved by the ethical review board of the VU University Medical Center
(Amsterdam, the Netherlands), and all participants gave informed consent.
Website: http://www.lasa-vu.nl
Twitter: https://twitter.com/lasavumc
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Textbox 2. GLOBE study
For chapter 6, data from the Gezondheid en Levens Omstandigheden
Bevolking Eindhoven en omstreken (GLOBE) study were used (the acronym
refers to the Dutch title, which translates into for Health and Living Conditions
of the Population of Eindhoven and surroundings). The aim of the GLOBE
study is to investigate mechanisms and underlying factors contributing
to socioeconomic differences in health [92-94]. The sample for GLOBE was
randomly drawn from the municipal population registries, stratified by age,
SEP, and degree of urbanization. In 1991 a postal questionnaire was sent
to 27,070 inhabitants of 18 municipalities aged 15-78 years (response rate
70.1%, N=18,973). Subsamples (total N=5,667) were interviewed and / or
surveyed in 1991, 1997, 2004 (also including a new sample). In 2011, a largescale postal survey was administered in a new wave of data collection. Of the
respondents of the previous survey of 2004 (N=4,784), 249 had died, 76 had
emigrated, and 14 were lost to follow-up (i.e. no correct address information
available). This resulted in a sample of N=4,437 that the 2011-survey was sent
to. A total of 2,983 respondents returned the survey (response rate 67.2%).
Five respondents were excluded because all data of interest for the analyses
were missing, leaving 2,978 respondents. Mean age of the respondents was
53.4 years (SD: 13.4) with an age range of 25-75 years old.
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ABSTRACT
Objectives Little is known about socioeconomic differences in dietary intake
among older adults. In this study we describe self-reported dietary adherence
to the fruit, vegetables and fish guidelines among older Dutch adults and
investigate the independent associations of three socioeconomic status (SES)
indicators with adherence to these guidelines.
Design Cross sectional data analyses.
Settings The Longitudinal Aging Study Amsterdam (LASA), the Netherlands.
Subjects The sample included 1,057 community dwelling older adults, aged
55-85 years.
Measurements Fruit, vegetable and fish intake was assessed using a short
food frequency questionnaire. We measured SES using self-reported levels of
education, household income and occupational prestige.
Results Of the older adults, 82.5% reported to adhere to the fruit guideline,
65.1% to the vegetables guideline, and 31.7% to the fish guideline. After
adjustment for confounders and the other two SES indicators, respondents
in the lowest education group adhered less often to the vegetables guideline
(OR: 0.39, 95% CI: 0.22-0.70) compared to those in the highest education group.
Respondents in the lowest income group adhered less often to the fruit (OR:
0.44, 95% CI: 0.22-0.91) and fish guideline (OR: 0.55, 95% CI: 0.33-0.91) compared
to those in the highest groups. Occupational prestige was not independently
associated with adherence any the guidelines.
Conclusion Self-reported adherence to the fruit, vegetable and fish guidelines
among older adults can be improved and particularly in those with a low SES.
Education and income have independent and unique contributions to dietary
adherence. Future research should investigate potential pathways through
which these specific SES indicators influence dietary adherence.
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INTRODUCTION
Socioeconomic status (SES) is an important health determinant. In almost all
western countries, SES differences in health have been widely indicated, where
higher SES is associated with better health [1]. The expansion of these health
inequalities has increased the urgency of this public health problem [2]. One
key pathway through which SES may impact health is dietary intake. It is well
established that lower SES groups are characterized by a lower adherence to
dietary guidelines which encourage the intake of fruit, vegetables and fish [35]. A high consumption of fruit, vegetables and fish is associated with lower
mortality risk world-wide [6, 7] and is negatively associated with diet related
chronic diseases such as cardiovascular disease, obesity, diabetes mellitus type
2 and certain cancers [8-12].
SES is perceived as a multi-dimensional concept reflected by income, education
and occupational prestige [13]. It is measured by indicators of financial capital
(income), cultural capital (education) or social networks and work exposures
(prestige). Although SES indicators are correlated to each other, each may
have an independent effect on dietary intake [14, 15]. Income may be related
because healthier foods as fruit, vegetables and fish are more expensive
compared to unhealthier, energy dense foods [16-19]. Education may be
related to diet because lower educated people have less nutrition knowledge
or a lower awareness of dietary guidelines [20]. Occupational prestige could
influence diet by creating environmental or social networks that can influence
dietary intake [14].
While SES differences in dietary intake have been well documented in adults
[21-23], few studies focused specifically on older adults [24, 25]. It is not clear
from the literature, whether the SES differences in dietary adherence found
among adults are also applicable to older adults. Moreover, the few studies
executed among older adults usually focused only on a single SES indicator,
while it is suggested that several SES indicators should be included to show a
comprehensive picture of SES determinants on diet quality [26]. Studies among
older adults are warranted because older people are more often at nutritional
risk than their younger counterparts, which makes them more vulnerable for
diet related chronic diseases [27].
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The aim of this study was to investigate the proportion of Dutch older adults
adhering to the fruit, vegetables and fish guidelines and to examine the
independent associations of different SES indicators with adherence to these
guidelines.

METHODS
Respondents
Data for this study were collected within the Longitudinal Aging Study
Amsterdam (LASA), an on-going cohort study originally designed to
investigate changes in autonomy and well-being in the aging population in
the Netherlands [28]. Community dwelling older adults between 55-85 years
old were recruited in 1992-1993. An additional cohort of people aged 55-65
years was recruited in 2002/2003. Every three years a cycle of measurements
is carried out. The source population for the current study consisted of 2,165
LASA respondents who participated in the general LASA cycle 2005-2006. They
were invited to participate in the LASA lifestyle side study that was conducted
in 2007. Eligibility criteria were: age <80 years, independently living, cognitively
well-functioning (Mini Mental State Examination score >23) and still alive
on January 1, 2007. In total 1,421 respondents met these criteria, of which
1,058 completed a self-administered lifestyle questionnaire. We excluded one
person because the dietary intake data were missing. Complete lifestyle data
were obtained from 1,057 persons (response rate 74.5%, 326 no response, 18
refused, 8 were not able due to physical problems and 11 were deceased).
Socioeconomic indicators
Level of education, net monthly household income and occupational prestige
were used as indicators of socioeconomic status [13]. We created three education
levels: high (university, college, higher vocational, general secondary, and
intermediate vocational education), middle (general intermediate, and lower
vocational education), and low (elementary education or less). Net monthly
household income was categorised as: high (>1.816 euro per month), middle
(1.135-1.816 euro) and low (<1.135 euro). The middle income category covered
the Dutch net modal household income of 2007 [29]. For respondents with a
partner living in the same household, we multiplied total household income
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by 0.7 to make it comparable to incomes of single person households [30]. The
most common sex specific income category replaced missing values for income
(n=48, 4.5%). For occupational prestige we first asked whether the respondent
did any paid work at the moment of the interview (no/yes). The respondent was
explicitly asked to also count only one to several hours per week or short time/
temporary work as doing paid work. Second, the respondents that indicated
that they had paid work were asked for their current occupation. The reported
jobs were coded according to the occupational Classification 1992 (SBC92)
of the Netherlands Bureau of Statistics (NCBS). In the SBC92, all occupations
are classified in a number of occupational categories, according to the skilllevel needed to perform the tasks inherent to the occupation. The NCBS has
developed a scheme to convert the SBC92 codes to a scale of occupational
prestige as developed by Sixma and Ultee [31]. This scale of occupational
prestige ranges from 1 (elementary) to 5 (scientific). We created three levels:
low (elementary and low), middle (medium) and high (high and scientific).
If respondents were already retired, we used latest job (n=234) or longest job
(n=285), depending on the available data. For respondents who reported to
have never worked, occupational prestige was set to never worked (n=128,
12.3%). Data on occupational prestige were missing for 16 respondents.
Fruit, vegetables and fish consumption
In the questionnaire, the consumption of fruit, vegetables and fish was assessed
by means of a food frequency method asking for frequency and amount of
food products. This method is known as a valid, inexpensive and easy tool to
provide a reasonably accurate ranking of intake and to identify persons with a
low intake (32, 33].
First, respondents indicated how many days a week they usually consumed
fruit. They could choose from nine response categories ranging from ‘never’
to ‘every day’. Respondents were then asked for the number of portions they
consumed per day ranging from ‘less than one’ to ‘more than five portions’.
To illustrate one portion of fruit written examples were given (one mediumsized apple, two mandarins or a handful of grapes). Respondents also
indicated the frequency and number of glasses fruit juice (fresh or bottled) per
day. Secondly, respondents indicated how many days per week they usually
consumed raw vegetables (lettuce/salads) and cooked/baked vegetables
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(fresh/tinned, including hotchpotches and prefabricated meals). They could
choose from nine response categories ranging from ‘never’ to ‘every day’.
Respondents were asked for the amount of vegetables consumed per day. The
amount was expressed in number of serving spoons, which represents 50 grams
of vegetables per spoon, with seven response categories ranging from ‘less
than one’ to ‘more than five spoons’. According the Dutch dietary guidelines,
potatoes were not counted as a vegetable. Thirdly, respondents indicated how
many days per week they usually consumed fish, with nine response categories
ranging from ‘never’ to ‘every day’.
Adherence to the fruit, vegetables and fish guidelines
Based on the self-reported dietary intake data, we calculated adherence to the
Dutch dietary guidelines for fruit, vegetables and fish. The following criteria
were used: two pieces of fruit per day (a maximum of one piece of fruit could
be replaced by one glass of fruit juice), four serving spoons of vegetables per
day (200 grams) and fish twice a week [34].
Potential confounders
Socio-demographics included age, sex and region of the Netherlands (west,
north and south). Respondents indicated whether they suffered from any
of the following chronic diseases: chronic non-specific lung disease, cardiac
disease, peripheral arterial disease, diabetes mellitus, stroke, arthritis or
cancer. We created three categories to define morbidity; no chronic disease;
one chronic disease; two or more chronic diseases. Lifestyle factors included
body mass index (BMI), physical activity in the past two weeks, smoking
status and alcohol consumption during the past year. BMI was calculated
as measured weight in kilograms divided by measured height in meters
squared. We defined physical activity as the average number of minutes of
physical activity performed per day including walking, cycling, gardening,
performing heavy housework, and a maximum of two sports activities [35].
Smoking was categorised in current, former and never smoking. Categories
of alcohol consumption included: no drinking, moderate drinking (< three
glasses per day) and (very) excessive drinking (≥ three glasses per day)
[36]. Other covariates included partner status (presence of a partner in the
household, yes or no), depressive symptoms, physical performance and
responsibility for the preparation of their meals (yes or no). For depressive
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symptoms we used the Dutch translation of the Centre for Epidemiologic
Studies Depression scale, with scores ranging from 0 to 60 [37]. A score of ≥16
indicated depressive symptoms [38]. Physical performance was measured
with three standardised performances tests: chair stand, tandem stand and
walk test [39]. The following variables were not measured during the LASA
lifestyle side study in 2007, but during the main LASA cycles in 2005-2006
and 2008-2009 (participants are re-examined every three years): number of
chronic diseases, measured weight and height, depressive symptoms and
physical performance. For these variables, we calculated the mean of both
examination cycles to indicate the situation in 2007. All other variables were
measured with the questionnaire during the LASA Lifestyle side study in
2007.
Statistical analyses
Continuous variables are presented as means and standard deviations,
whereas categorical variables are presented as relative frequencies. Spearman’s
correlation coefficients were calculated to investigate intercorrelations
between the SES indicators. We tested sex and SES differences in dietary
adherence using chi-square tests. Logistic regression analyses were used to
investigate the association between each SES indicator (low, middle or high
level=reference) with adherence to the fruit, vegetables and fish guidelines.
We reported adjusted odds ratios (OR) and their 95% confidence intervals. We
evaluated potential confounding variables by adding them individually to the
sex and age adjusted model and comparing the adjusted estimate with the sex
and age adjusted estimate. Confounders were included when they changed
the estimate (B) 10% or more. We used three regression models: (1) the sex
and age adjusted model, (2) a model additionally adjusted for the other two
SES indicators and (3) a model additionally adjusted for partner status and
alcohol consumption. When simultaneously adjusting the SES indicators for
each other (model 2), we interpreted the remaining statistically significant
OR as the independent association of the SES indicator in question. Tests for
trend were performed by including the SES indicators as ordinal variables in
the model. Interactions of the SES indicators with sex and age were tested.
We also performed a sensitivity analysis to examine the influence of imputing
missing data for income by first putting the respondents with missing income
data in the lowest income category and then in the highest income category.
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The direction and magnitude of the OR were compared, but no meaningful
changes were observed. Data were analysed using SAS 9.1 (SAS inc., Cary, USA,
2004). Statistical significance was defined as a two-tailed P <0.05.

RESULTS
Characteristics of the study population are shown in Table 1. The sample
included 555 women and 502 men, with a mean age of 68.9 years (SD 6.2).
More than half of the respondents had a middle level of education and a
middle level of income, 32.3% had a middle level of occupational prestige.
The Spearman intercorrelations coefficients of the SES indicators were r=0.34
for income and education, r=0.23 for income and occupational prestige and
r=0.48 for education and occupational prestige.
Adherence to the dietary guidelines
Of the older adults, 82.5% reported to adhere to the fruit guideline, 65.1% to
the vegetables guideline, and 31.7% to the fish guideline (Table 2). Women
reported to adhere more often to the fruit, vegetables and fish guidelines than
men did, although the sex difference for adherence to the fish guideline was
not statistically significant (p=0.19).
SES differences in adherence to the dietary guidelines
The proportion of the sample adhering to the dietary guidelines for fruit,
vegetables and fish by SES indicator is presented in Figure 1. Those with a lower
education reported a statistically significant lower adherence to the vegetables
guideline (58.2%) compared to those with the highest education (77.8%).
Respondents with lower income levels reported a statistically significant
lower adherence to the vegetables guideline (58.5%) and the fish guideline
(27.2%) compared to those in the highest income group (respectively 63.2%
and 42%). For occupational prestige, respondents in the lower levels reported
a statistically significant lower adherence to the vegetables guideline (63.3%)
compared to those in the highest level (74.3%).
Table 3 shows the associations of each SES indicator with adherence to the fruit,
vegetables and fish guidelines. Lower education levels were independently
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associated with lower adherence to the vegetables guideline. The fully
adjusted OR for the highest versus the lowest education level was 0.39 (95%
CI: 0.22-0.70) with a P for trend of 0.004 across the three education groups. In
model 1, education was also associated with adherence to the fish guideline,
but this association disappeared after additional adjustments for the other two
SES indicators. Lower income levels were independently associated with lower
adherence to the fruit and fish guidelines. The fully adjusted OR for the highest
versus the lowest income level was 0.44 (95% CI: 0.22-0.91) for fruit, with a P for
trend of 0.046 across the three income groups and 0.55 (95% CI: 0.33-0.91) for
fish, with a P for trend of 0.04 across the three income groups. Occupational
prestige levels were only associated with adherence to the vegetables guideline
in model 1, with an OR for the highest versus the lowest level of 0.50 (95% CI:
0.33- 0.77), but this association disappeared after additional adjustments for
the other SES indicators.
Significant interaction between sex and SES differences in adherence was
present for level of education and its association with adherence to the
vegetable guideline. The association was stronger for women (OR: 0.19, 95%
CI: 0.06-0.56) than men (OR: 0.43, 95% CI: 0.20-0.91). Significant interaction by
age was present for level of income and its association with adherence to the
fruit guideline, where the association was stronger for the youngest old, aged
<66 years (OR: 0.23, 95% CI: 0.07-0.70) compared to the middle old, aged 66–73
years (OR: 1.18, 95% CI: 0.38-3.72) and the oldest old, aged ≥74 years (OR: 0.55,
95% CI: 0.08-3.98).
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Table 1. Characteristics of the 1,057 older Dutch adults of the Longitudinal Aging Study Amsterdam
(LASA) Lifestyle study.
N¹

% or mean (SD)

Female sex, %

1,057

52.5

Age (y), mean (SD)

1,057

68.9 (6.2)

Body Mass Index (kg/m²) mean, (SD)

1,040

27.5 (4.1)

Region of Netherlands, %
West
North
South

438
377
242

41.5
35.7
22.9

Number of chronic diseases, %
no chronic diseases
1 chronic disease
≥ 2 chronic diseases

254
404
399

24.0
38.2
37.8

Smoking, %
Never smoked
Former
Current

391
491
167

37.3
46.8
15.9

Alcohol consumption, %
Non-drinker
Moderate (<3 glasses per day)
(Very) excessive (≥ 3 glasses per day)

229
590
238

21.7
55.8
22.5

Physical activity (min/d), mean (SD)

1,055

81.3 (79.1)

Presence of partner in household, %

1,057

78.4

Depressive symptoms, %

1,057

8.1

Physical performance score, mean (SD)

1,021

6.99 (2.02)

Always/mostly responsible for preparation of meal, %

1,046

65.9

Education, %
Low
Middle
High

231
607
219

21.9
57.4
20.7

Income in euro, %
Low
Middle
High

249
665
143

23.6
62.9
13.5

Occupational prestige, % (missing n=16)
Never worked
Low
Middle
High

128
385
336
192

12.3
37.0
32.3
18.4

SD: standard deviation
¹ Sample sizes varied among covariates due to missing data
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Table 2. Proportion of study sample (and women and men) adhering to the Dutch fruit, vegetable and
fish guidelines.
Total¹

Women

Men

N

%

N

%

N

%

Fruit (> 2 pieces a day)

822

82.5

471

89.2

351

74.8*

Vegetables (> 200 gram a day)

628

65.1

345

68.1

283

61.8*

Fish (> twice a week)

333

31.7

184

33.5

149

29.7

2

¹ Sample sizes varied due to missing data
* P <0.05 for differences between men and women

100

Percentages

80

*

*

*

60
40

*

20

Low
Middle
High

0

Figure 1. Proportion of the study sample adhering to the fruit, vegetables and fish guidelines by level
of socioeconomic status indicator.
* p<0.05 versus low SES

Figure 1. Proportion (%) of the study sample adhering to the fruit, vegetables and fish
guidelines by level of socio-economic status (SES) indicator.
* p<0.05 versus low SES
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0.91
(0.60-1.39)

1.00 (ref )

Middle

High

0.09

1.00 (ref )
0.03

High

1.00 (ref )

High
0.40

1.00 (ref )

1.65
(0.93-2.92)

1.01
(0.56-1.82)

0.49

1.00 (ref )

1.64
(0.92-2.92)

0.96
(0.53-1.73)

0.046

1.00 (ref )

0.47
(0.25-0.87)

0.44
(0.22-0.91)

0.21

1.00 (ref )

0.78
(0.44-1.38)

0.64
(0.32-1.29)

Model 3***

0.07

1.00 (ref )

0.60
(0.40-0.91)

0.50
(0.33-0.77)

0.35

1.00 (ref )

1.33
(0.90-1.98)

0.90
(0.57-1.43)

<.0001

1.00 (ref )

0.46
(0.32-0.67)

0.38
(0.24-0.59)

0.42

1.00 (ref )

0.87
(0.53-1.40)

0.76
(0.45-1.27)

0.28

1.00 (ref )

1.75
(1.14-2.68)

1.48
(0.88-2.47)

0.004

1.00 (ref )

0.49
(0.30-0.80)

0.40
0.22-0.71)

Model 2**

0.43

1.00 (ref )

0.87
(0.54-1.41)

0.76
(0.45-1.27)

0.31

1.00 (ref )

1.67
(1.08-2.60)

1.44
(0.86-2.44)

0.004

1.00 (ref )

0.48
(0.29-0.78)

0.39
(0.22-0.70)

Model 3***

> 200 grams vegetables a day
Model 1*

0.38

1.00 (ref )

1.15
(0.78-1.68)

0.87
(0.59-1.29)

0.0024

1.00 (ref )

0.61
(0.42-0.89)

0.49
(0.31-0.76)

0.02

1.00 (ref )

0.79
(0.57-1.10)

0.62
(0.41-0.93)

0.81

1.00 (ref )

1.41
(0.89-2.23)

1.18
(0.72-1.93)

0.03

1.00 (ref )

0.60
(0.40-0.90)

0.54
(0.33-0.90)

0.16

1.00 (ref )

0.82
(0.53-1.28)

0.67
(0.39-1.17)

Model 2**

0.78

1.00 (ref )

1.42
(0.89-2.24)

1.17
(0.71-1.93)

0.04

1.00 (ref )

0.57
(0.38-0.88)

0.55
(0.33-0.91)

0.18

1.00 (ref )

0.82
(0.52-1.28)

0.69
(0.39-1.19)

Model 3***

> twice fish per week
Model 1*

*Model 1: adjusted for sex and age. **Model 2: additionally adjusted for the other two SES indicators. ***Model 3: additionally adjusted for partner status and alcohol
consumption.
¹ Sample sizes varied due to missing data.

0.59

1.41
(0.87-2.28)

Middle

P trend

0.80
(0.49-1.28)

Low

Occupational prestige

P trend

1.00 (ref )

0.52
(0.30-0.91)

Middle

0.55
(0.30-1.00)

0.47
(0.25-0.88)

0.52
(0.26-1.04)

0.30

1.00 (ref )

0.83
(0.48-1.46)

0.70
(0.35-1.38)

Model 2**

Low

Income

0.30

0.76
(0.45-1.27)

Low

P trend

Model 1*

Education

> 2 pieces fruit a day

Table 3. Adjusted OR’s and 95% CI’s for the association between adherence to the dietary guidelines and three SES indicators in Dutch older adults (n=1,057¹)

Chapter 2

Adherence to the dietary guidelines

DISCUSSION
The results of this study demonstrate that adherence to the dietary guidelines
among older Dutch adults can be improved and that clear SES differences in
adherence are present. One in five older adults did not eat enough fruit, one in
three older adults did not eat enough vegetables and two in three older adults
did not eat enough fish to meet the Dutch dietary guidelines.
Healthy dietary habits contribute to healthy aging and are important modifiable
risk factors in the prevention of chronic diseases among older adults [40-42].
A recent study showed that these associations continue to be applicable to
people aged 75 years or older [43]. These findings suggest that encouraging
favourable lifestyle behaviours even at a higher age is worthwhile and may
enhance the quality of life in older adults.
This study was unique because several SES indicators were used to show clear
SES differences in adherence to the dietary guidelines among older adults.
Education was independently associated with adherence to the vegetable
guideline, while income was independently associated with adherence to the
fruit and fish guideline. Level of occupational prestige was not independently
associated with guideline adherence. The use of three different SES indicators
in our study increases the understanding of how SES is related to diet. Each
indicator reflects a partly different underlying social process and therefore they
are not interchangeable [14, 15, 44]. In our study the correlations between the
indicators were small to moderate. This highlights the unique contribution of
each indicator to SES inequalities in dietary adherence and shows that assessing
different SES indicators improves the investigation of SES differences in diet
quality, also among older adults. Furthermore, it facilitates the development of
potential solutions in reducing SES differences in diet quality.
In our study, lower levels of education were independently associated
with lower adherence to the vegetables guidelines. One other Dutch study
investigated SES differences in dietary intake among older adults, but did
not found that the lower educated older adults consumed fewer vegetables
[24]. A study among Canadian older adults found that a lower education
was associated with a lower adherence to the recommendation of five daily
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servings of fruit and vegetables per day [45]. This association was adjusted for
level of income. Educational differences in dietary adherence may be explained
by several mechanisms based on research conducted in younger adults. Higher
education may be related to greater knowledge and awareness of healthy
eating habits [46]. Studies also showed that lower educated persons are less
knowledgeable about the diet disease link and they may not see the healthreasons for consuming vegetables [47]. However, more research is needed to
explore the underlying mechanisms explaining why education is specifically
associated with adherence to only the vegetable guidelines and not with the
fruit and fish guidelines.
In our study lower levels of income were independently associated with lower
adherence to the fruit and fish guideline. A recent study among Iranian older
adults found that a lower income was associated with a lower adherence to
the recommendation of five daily servings of fruit and vegetables [48], but no
adjustments for other SES indicators were made. Higher household income was
significantly associated with more fruit intake in Canada and this association
was adjusted for education [45]. Based on studies conducted in younger adults,
the following mechanisms may explain income differences in adherence to the
fruit and fish guidelines. Fruit and fish may be perceived as being expensive in
comparison with less healthy, energy dense food groups [49, 50]. In general,
low SES groups spend less money on food, which may be a barrier to have
access to healthy foods [26]. Fruit may also be perceived as being expensive,
because it is not usually consumed as part of the main meals, but mostly as a
snack or dessert. Previous research conducted within the LASA lifestyle study
showed that a healthier diet costs more: more energy dense foods are generally
cheaper per calorie than healthier and less energy dense foods [16].
In our study the level of occupational prestige was not independently
associated with adherence to any of the guidelines. In the unadjusted
analyses a significant association was seen between occupational prestige and
adherence to the vegetables guideline, but after adjustment for the other SES
indicators this association disappeared. An independent association between
low occupational prestige status and a lower intake of healthy foods has been
reported in some studies among adults [3] but not in all [51].
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It would be interesting to compare our total adherence rates with other studies
in other countries. Unfortunately, this is very difficult because of the use of
different methods to investigate dietary intake, different definitions of fruits
and vegetables, but also because dietary guidelines differ between countries.
Compared to local, non-representative reports of the Netherlands among
older adults, our reported adherence to the fruit guideline seems to be higher.
A possible explanation is that in our study one piece of fruit could be replaced
by one glass of fruit juice per day. This is in accordance with the Dutch dietary
guidelines. However, not all Dutch reports counted fruit juice as a piece of fruit
and this could explain the higher rates of adherence to the fruit guideline in
our study.
The results of the present study should be considered in the context of its
strengths and limitations. The study evaluates a large sample of community
dwelling older adults living in the Netherlands. Understanding the underlying
determinants of dietary adherence among older adults is a priority, especially
in Europe, the region in which population ageing is most advanced [2].
Moreover, the LASA study is a well characterized study and we were able to
adjust for many relevant confounders. Respondents were selected on having
a good cognitive status, which has the important advantage that recall bias
due to poor cognitive functioning with regard to dietary intake and other selfreported data is limited. Furthermore, a high response rate was accomplished.
A potential limitation is the cross-sectional design of the study, and any causal
associations can only be inferred. The used nutritional assessment method
may have limitations. A FFQ is a frequently used tool to assess eating habits
among large samples and allows older adults to answer questions related to
their diet relatively quick and easy. However, this specific method has not been
validated in older adults and potential under- or over-reporting cannot be
excluded. Adherence to the fish guideline was based on the consumption of
fish and did not consider the type of fish, similar to the Dutch National Food
Consumption Survey 2007-2010 [52]. However, when we used an additional
requirement of consuming fatty fish once a week, the percentage of persons
meeting the recommendation lowered from 31.7% to 26.2%.
In conclusion, this large-scale study among older Dutch adults finds that
adherence to the fruit, vegetable and fish guidelines can be improved. After
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adjustment for potential confounders and the other two SES indicators lower
education levels were independently associated with poorer adherence to the
vegetable guideline, while lower income levels were independently associated
with a poorer adherence to the fruit and fish guidelines. Occupational prestige
levels were not independently associated with adherence to any of the
guidelines. Our results suggest that healthy nutrition promotion programs
for older adults should specifically target groups with a lower education level
and lower income. Future research should investigate the potential pathways
through which these SES indicators influence dietary adherence among older
adults and should explain the unique contribution of education and income.

42

Adherence to the dietary guidelines

REFERENCES CHAPTER 2
1.
2.
3.
4.
5.

6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

22.

23.

Mackenbach, J.P., et al., Socioeconomic inequalities in health in 22 European countries. N Engl J
Med, 2008. 358(23): p. 2468-81.
Marmot, M., et al., WHO European review of social determinants of health and the health divide.
Lancet, 2012. 380(9846): p. 1011-29.
Irala-Estevez, J.D., et al., A systematic review of socio-economic differences in food habits in
Europe: consumption of fruit and vegetables. Eur J Clin Nutr, 2000. 54(9): p. 706-14.
Hulshof, K.F., et al., Socio-economic status, dietary intake and 10 y trends: the Dutch National
Food Consumption Survey. Eur J Clin Nutr, 2003. 57(1): p. 128-37.
Touvier, M., et al., Variations in compliance with recommendations and types of meat/seafood/
eggs according to socio demographic and socioeconomic categories. Ann Nutr Metab, 2010.
56(1): p. 65-73.
Anderson, A.L., et al., Dietary patterns and survival of older adults. J Am Diet Assoc, 2011. 111(1):
p. 84-91.
Zheng, J., et al., Fish consumption and CHD mortality: an updated meta-analysis of seventeen
cohort studies. Public Health Nutr, 2012. 15(4): p. 725-37.
He, F.J., et al., Increased consumption of fruit and vegetables is related to a reduced risk of
coronary heart disease: meta-analysis of cohort studies. J Hum Hypertens, 2007. 21(9): p. 717-28.
Alinia, S, Hels, O, Tetens, I., The potential association between fruit intake and body weight--a
review. Obes Rev, 2009. 10(6): p. 639-47.
Dauchet, L., et al., Fruit and vegetable consumption and risk of coronary heart disease: a metaanalysis of cohort studies. J Nutr, 2006. 136(10): p. 2588-93.
Carter, P., et al., Fruit and vegetable intake and incidence of type 2 diabetes mellitus: systematic
review and meta-analysis. BMJ, 2010. 341: p. c4229.
Soerjomataram, I., et al., Increased consumption of fruit and vegetables and future cancer
incidence in selected European countries. Eur J Cancer, 2010. 46(14): p. 2563-80.
Krieger, N., Williams, Moss, N.E., Measuring social class in US public health research: concepts,
methodologies, and guidelines. Annu Rev Public Health, 1997. 18: p. 341-78.
Galobardes, B., Morabia, A., Bernstein, A.M., Diet and socioeconomic position: does the use of
different indicators matter? Int J Epidemiol, 2001. 30(2): p. 334-340.
Turrell, G., et al., Measuring socio-economic position in dietary research: is choice of socioeconomic indicator important? Public Health Nutr, 2003. 6(2): p. 191-200.
Waterlander, W.E., et al., Energy density, energy costs and income - how are they related? Public
Health Nutr, 2010. 13(10): p. 1599-608.
Drewnowski, A., Obesity and the food environment: dietary energy density and diet costs. Am J
Prev Med, 2004. 27(3 Suppl): p. 154-62.
Darmon, N., Briend, A, Drewnowski, A., Energy-dense diets are associated with lower diet costs: a
community study of French adults. Public Health Nutr, 2004. 7(1): p. 21-7.
Drewnowski, A., et al., Low-energy-density diets are associated with higher diet quality and
higher diet costs in French adults. J Am Diet Assoc, 2007. 107(6): p. 1028-32.
McLeod, E.R., Campbell, K.J., Hesketh, K.D., Nutrition knowledge: A mediator between
socioeconomic position and diet quality in Australian first-time mothers. J Am Diet Assoc, 2011.
111(5): p. 696-704.
Malon, A., et al., Compliance with French nutrition and health program recommendations is
strongly associated with socioeconomic characteristics in the general adult population. J Am Diet
Assoc, 2010. 110(6): p. 848-56.
Giskes, K., et al., A multilevel study of socio-economic inequalities in food choice behaviour and
dietary intake among the Dutch population: the GLOBE study. Public Health Nutr, 2006. 9(1): p.
75-83.
Moreira, P.A., Padrao, P.A., Educational and economic determinants of food intake in Portuguese
adults: a cross-sectional survey. BMC Public Health, 2004. 4: p. 58.

43

2

Chapter 2

24. van Rossum, C.T., et al., Education and nutrient intake in Dutch elderly people. The Rotterdam
Study. Eur J Clin Nutr, 2000. 54(2): p. 159-65.
25. Katsarou, A., et al., Socio-economic status, place of residence and dietary habits among the
elderly: the Mediterranean islands study. Public Health Nutr, 2010. 13(10): p. 1614-21.
26. Darmon, N., Drewnowski, A., Does social class predict diet quality? Am J Clin Nutr, 2008. 87(5): p.
1107-17.
27. Brownie, S., Why are elderly individuals at risk of nutritional deficiency? Int J Nurs Pract, 2006.
12(2): p. 110-8.
28. Huisman, M.A., et al., Cohort profile: the Longitudinal Aging Study Amsterdam. Int J Epidemiol,
2011. 40(4): p. 868-76.
29. Planbureau, CBS., Modaal inkomen. http://www.cpb.nl/onderwerp/arbeidsmarkt (accessed June
2012).
30. Koster, a., et al., Explanations of socioeconomic differences in changes in physical function in
older adults: results from the Longitudinal Aging Study Amsterdam. BMC Public Health, 2006. 6:
p. 244.
31. Sixma, H., Ultee, W. Een beroepsprestigeschaal voor Nederland in de jaren tachtig. Mens en
Maatschappij 1983; 58:360 382. 1983.
32. Block, G., et al., A rapid food screener to assess fat and fruit and vegetable intake. American
Journal of Preventive Medicine, 2000. 18(4): p. 284-8.
33. Kim, D.J., Holowaty, E.J., Brief, validated survey instruments for the measurement of fruit and
vegetable intakes in adults: a review. Prev Med, 2003. 36(4): p. 440-7.
34. Gezondheidsraad, Richtlijnen Goede Voeding 2006 (Dietary Guidelines 2006) - Den Haag:
Gezondheidsraad, 2006; publicatie nr a06/08.
35. Stel, V., et al., Comparison of the LASA Physical activity Questionnaire with a 7- day diary and
pedometer. J Clin Epidemiol. 2004 Mar;57(3):252-8., 2004.
36. Permanent Onderzoek Leefsituatie (POLS) 2005-2008. Volksgezondheid Toekomst Verkenning,
Nationale Atlas Volksgezondheid. Bilthoven: RIVM, Zorgatlas\Beïnvloedende factoren\
Lichamelijke eigenschappen, 8 april 2011.
37. Radloff, L., The CES-D scale: a self-report depression scale for research in the general population.
Appl Psych Meas, 1997. 1, 385–401.
38. Berkman, L., Berkman, C, Kasl, E.A.S., Depressive symptoms in relation to physical health and
functioning in the elderly. Am J Epidemiol, 1986. 124, 372–388.
39. Penninx, B.W., et al., Changes in depression and physical decline in older adults: a longitudinal
perspective. J Affect Disord, 2000. 61(1-2): p. 1-12.
40. Knoops, K.T. et al., Mediterranean diet, lifestyle factors, and 10-year mortality in elderly European
men and women: the HALE project. JAMA, 2004. 292(12): p. 1433- 9.
41. Stanner, S., Denny, A. Healthy ageing: the cardiovascular system. Healthy ageing: the role of
Nutrition and Lifestyle. The report of a British Nutrition Foundation Task Force, pp. 159–90. WileyBlackwell: Oxford, 2009.
42. Davies, N., Promoting healthy ageing: the importance of lifestyle. Nurs Stand, 2011. 25(19): p. 439; quiz 50.
43. Rizzuto, D., et al., Lifestyle, social factors, and survival after age 75: population based study. BMJ,
2012. 345: p. e5568.
44. Turrell, G., Kavanagh, A.M. Socio-economic pathways to diet: modelling the association between
socio-economic position and food purchasing behaviour. Public Health Nutr, 2006. 9(3): p. 375-83.
45. Riediger, N.D., Moghadasian, M.H., Patterns of fruit and vegetable consumption and the influence
of sex, age and socio-demographic factors among Canadian elderly. J Am Coll Nutr, 2008. 27(2): p.
306-13.
46. Parmenter, Waller, K.J., Wardle, J., Demographic variation in nutrition knowledge in England.
Health Educ Res, 2000. 15(2): p. 163-74.
47. Hendrie, G.A., Coveney, J., Cox, D., Exploring nutrition knowledge and the demographic variation
in knowledge levels in an Australian community sample. Public Health Nutr, 2008. 11(12): p. 136571.

44

Adherence to the dietary guidelines

48. Gasquet, I., et al., Construction of a questionnaire measuring outpatients’ opinion of quality of
hospital consultation departments. Health Qual Life Outcomes, 2004. 2: p. 43.
49. Wall, J., et al., Effectiveness of monetary incentives in modifying dietary behavior: a review of
randomized, controlled trials. Nutr Rev, 2006. 64(12): p. 518-31.
50. Blakely, T., et al., Do effects of price discounts and nutrition education on food purchases vary
by ethnicity, income and education? Results from a randomised, controlled trial. J Epidemiol
Community Health, 2011. 65(10): p. 902-8.
51. Estaquio, C., et al., Socioeconomic differences in fruit and vegetable consumption among middleaged French adults: adherence to the 5 a Day recommendation. J Am Diet Assoc, 2008. 108(12): p.
2021-30.
52. van Rossum, C.T.M, et al., Dutch Food Consumption Survey 2007-2010, ed. r.r. 350050006/2011.
2011, National Institute for Public Health and the Environment (RIVM).

45

2

CHAPTER 3

Motivations to eat healthily in older
Dutch adults - a cross sectional study.
S.C. Dijkstra, J.E. Neter, I.A. Brouwer, M. Huisman, M. Visser

Published in the Int J Behav Nutr Phys Act. 2014 Nov 18;11(1):141

Chapter 3

ABSTRACT
Background To influence dietary behaviors, more insight in food choice
motivations is necessary. This study identified what motivations older adults
have to eat healthily and investigated to what extent these motivations are
particular to specific subgroups according to socioeconomic position and
other demographic, lifestyle and health characteristics.
Methods We used data from 1,050 older Dutch adults who participated in
the Longitudinal Aging Study Amsterdam (65-80 years, independently living,
normal cognitive status). Motivations to eat healthily and characteristics were
measured with a self-reported questionnaire. We used logistic regression
analyses to estimate odds ratios (OR) and 95% confidence intervals (CI) for the
association between subgroups and motivations to eat healthily.
Results The most reported motivations to eat healthily were: “feeling fit”
(51.7%), “current health” (49.7%) and “body weight” (39.2%). Multivariate
analyses showed that older adults with chronic diseases (≥2 vs. no chronic
disease OR: 4.41, 95% CI: 2.31-8.44) and a poor self-rated health (poor vs. good
OR: 2.31, 95% CI: 1.22-3.73) were more likely to report “current disease” as a
motivation to eat healthily. Older adults from lower socioeconomic positions
were less likely to report “to prevent diseases” (low income vs. high OR: 0.52,
95% CI: 0.32-0.86, low education vs. high OR: 0.43, 95% CI: 0.27-0.70) and older
adults with obesity were less likely to report “current health” (obese vs. normal
weight OR: 0.47, 95% CI: 0.32-0.69) as motivations to eat healthily.
Conclusions Multivariate analyses showed that the presence of a disease in
older adults is an important motivation for them to eat healthily, which might
indicate that older adults with health problems are aware of the link between
their disease and nutrition. Older adults from lower socioeconomic positions
or those with obesity require a specific approach because disease prevention
seems to be of lesser importance for these groups, even though a healthy diet
could improve their health. Future research should investigate the reasons
behind the motives of low socioeconomic position and obese older adults.
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BACKGROUND
Western populations are aging and this will have significant social and
economic consequences. In the Netherlands, 17% of the population is aged
65 years and older [1]. This is around the European average, but higher than
the proportion in the United States (13%) [2]. Nowadays, an average Dutch
person aged 65 years is expected to live another 20 years [3]. Life expectancy
continues to increase throughout the world. It is estimated that in 2040, 26% of
the population will be aged 65 or older [2]. This will lead to a greater awareness
of the importance of improving the quality of life of older adults by all parties
involved.
Studies examining lifestyle characteristics in relation to health among older
adults showed that nutrition is an important modifiable determinant of health.
A healthy diet can add years to life, as well as improve the quality of life in
old age [4-7]. Despite continuous efforts to promote a healthy diet, the dietary
intake of older adults still does not meet the recommendations [8-10].
Healthy food choices are influenced by a complex combination of many
factors. Studies in younger adults showed that health motivations and
expectations are of major importance to people’s food choice [11-12]. The
later adulthood is a critical period for healthy eating as chronic diseases will
typically present themselves during this stage in life and the consequences
of dietary change may be noticed more directly. However, few studies have
investigated the underlying motivations for older adults to eat healthily. This
information provides insight in why older adults want to eat healthily and is
important for the development of effective interventions aimed at improving
the dietary quality and subsequently health of older adults. Two qualitative
studies showed that the desire to stay healthy, to regain or maintain fitness
and to preserve general health positively influenced food choice in older adults
[2, 13]. Others showed that the desire to improve the quality of life, to increase
longevity, and to prevent diseases were strong motivating factors for eating
healthily in older adults [14].
The older population in particular is a heterogeneous group and behaviors
may differ by subgroup, i.e. socioeconomic position (SEP) or health status.
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Therefore, it is not only important to know what motivates older adults to eat
healthily, but also to identify potential differences in motivations between these
subgroups. It has been suggested that motivations for healthy eating may play
a role in explaining SEP differences in diet [12]. A previous study in older adults
showed that those with higher education levels were more likely to report the
prevention of disease as a motivation for healthy eating [14], suggesting that
they acknowledge the link between healthy eating and health. Others showed
that adults with lower incomes place more importance on price than health in
their food choice compared to those with higher incomes [15, 16], but very few
studies have tested this in older adults.
The aim of the current study was first to identify what motivations older
people have to eat healthily in a large population-based sample and second,
to investigate to what extent these motivations are particular to specific
subgroups according to SEP and other demographic, lifestyle and health
characteristics.

METHODS
Respondents
We used data from the Longitudinal Aging Study Amsterdam (LASA),
an ongoing cohort study originally designed to study the determinants,
trajectories and consequences of physical, cognitive, emotional and social
functioning in relation to aging in the Netherlands. Details on the sampling and
data collection procedures have been described elsewhere [17]. In summary, a
random sample of older individuals aged 55-85 years, stratified by age, sex,
level of urbanization and expected five year mortality, was drawn from the
population registers of eleven municipalities in three geographical areas in
the Netherlands. In total, 3,107 subjects who were representative of the Dutch
older population were enrolled in the baseline examination (1992-1993). In
2002-2003, a new cohort of 1,002 subjects, aged 55-65 years was added to
the study using the same sampling procedures. Follow up examinations were
repeated every three years.
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The source population for the current study consisted of 2,165 LASA
respondents who participated in the fourth LASA cycle (2005-2006) and were
invited to participate in the LASA Lifestyle Study, an ancillary cross sectional
study that was conducted in 2007. Eligibility criteria were: age <80 years,
independently living and having a Mini Mental State Examination score >23,
by which we attempt to exclude older adults with poor cognitive status.
In total 1,421 respondents met these criteria, of whom 1,058 completed a
self-administered lifestyle questionnaire by mail (response rate 74.5%, 326
no response, 18 refused, 8 were not able due to physical problems and 11
deceased). We excluded 8 persons for whom all data on motivations for healthy
eating were missing (N = 1,050).
This study was conducted according to the guidelines laid down in the
Declaration of Helsinki and was approved by the ethical review board of the VU
University Medical Center (Amsterdam, the Netherlands). All participants gave
written informed consent.
Motivations
We assessed the motivations for healthy eating by asking respondents
“Which of the following factors are most important for you to eat healthily?”
Respondents could choose a maximum of two responses from a list of seven
motivations (Figure 1). These motivations were based on the Food Choice
Questionnaire [18-19]. This questionnaire is designed to measure motivations
underlying the selection of foods. We selected those motivations that were
applicable for older adults. They could also choose the option “Other, being....”
and fill out their most important motivation to eat healthily.
Potential factors associated with motivations to eat healthily
Potential factors associated with motivation to eat healthily included: age,
gender, body mass index (BMI), smoking, alcohol use, SEP, the number of dietrelated chronic diseases, depressive symptoms, self-rated health, walking
disability and nutritional knowledge [9, 14, 20]. We calculated BMI as measured
weight in kilograms divided by measured height in meters squared. Weight
status was categorized as underweight: BMI <18.5 kg/m2, normal: BMI 18.524.9 kg/m2, overweight: BMI 25-29.9 kg/m2 or obesity: BMI >30 kg/m2 [21]. Only
three respondents were categorized as underweight and were included in the
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49.7 %

Frequency (%)

51.7 %

39.2 %

28.7 %

14.5 %
8.5 %
2.6 %
Feeling fit

Current
health

Bodyweight

To prevent
diseases

Taste
preference

Current
disease

Appearance

0.6 %
Other

Figure 1. Prevalence of reported motivations to eat healthily in older adults.

normal weight group. We defined smoking into three categories: current, former
and never smoking. Categories of alcohol use included: no drinking, moderate
drinking (<three glasses per day) and (very) excessive drinking (≥ three glasses
per day). Self-reported level of education and net monthly household income
were used as indicators of SEP. For level of education, respondents were asked
to indicate the highest level of education that they had completed. They could
choose from nine categories (no education completed to university degree).
Based on the Dutch educational system and transition to the labor market
Figure 1. Prevalence of reported motivations to eat healthily in older adults.
in the
Netherlands, we defined three levels: high (university, college, higher
vocational, general secondary, and intermediate vocational education), middle
(general intermediate, and lower vocational education), and low (elementary
education or less). For household income, we presented several categories of
income and asked respondents to indicate the category that corresponded
best to their own income level. Those who indicated to have a partner income
on top of their own income were asked whether they could indicate the total
net income. The categories ranged from 1 (454-567 Euro per month) to 11
(2,270 Euro or more per month). We defined three levels: high (>1,816 Euro per
month), middle (1,135-1,816 Euro per month) and low (<1,135 Euro per month).
The middle income category covered the Dutch net modal household income
of 2007 [10]. For respondents with a partner living in the same household, total
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household income was multiplied by 0.7 to be able to compare incomes of
multi-person households to single person households [21]. The number of dietrelated chronic diseases was determined during the general interview in the
fourth LASA cycle (2005-2006). Respondents were asked whether they had any
of the following diseases: cardiac diseases (including myocardial infarction),
peripheral atherosclerosis, stroke, hypertension and diabetes mellitus (DM).
To define co-morbidity we created three categories: no chronic disease; one
chronic disease and two or more chronic diseases. To investigate the type of dietrelated chronic disease we created three groups: cardiovascular disease (CVD,
including cardiac diseases, peripheral atherosclerosis and stroke), hypertension
and DM. For depressive symptoms we used the Centre for Epidemiologic
Studies Depression scale, with scores ranging from 0 to 60 [22]. A score of
≥16 indicated depressive symptoms [23]. Walking disability was assessed by
the question “Can you walk outside during five minutes without stopping”?
We dichotomized the outcome in yes/no. Self-rated health was evaluated by
the question about the perception of one’s health in general. There were five
response categories ranging from (1) `excellent’ to `poor’ (5). These responses
were dichotomized in ‘good’ and `poor’. Knowledge about healthy eating
was assessed with the question “How important are the following aspects for
healthy eating”, after which seven nutritional aspects were provided, including
high fruit intake, high vegetable intake, high fish intake, high meat intake, high
fiber intake, low salt intake and variation [24, 25]. We asked respondents to
indicate on a five point Likert scale if these aspects were; very unimportant to
very important. For every answer 0, 1 or 2 points were assigned depending on
the fact if the aspect is considered important for eating healthily. The summed
score was used as an indicator of nutritional knowledge, with higher scores
indicating more knowledge (Cronbach’s alpha: 0.73).
Statistical analyses
We used descriptive statistics to summarize the characteristics of the study
sample and the reported motivations to eat healthily. Logistic regression
analyses were used to investigate the association between each factor and
the motivations to eat healthily. We presented the univariate analyses and
the multivariate analyses, where we adjusted the factors associated with the
motivations for each other to study the independent effect. Odds ratios (OR)
and their 95% confidence intervals were presented. In additional analyses we
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examined the role of specific chronic diseases as factors potentially associated
with the motivations to eat healthily. In a subsample (N = 833 with available
data) we investigated nutrition knowledge as a factor potentially associated
with motivations to eat healthily. Tests for trend were performed by including
the categorical factors as ordinal variables in the models. Interactions of the
determinants with sex and with age were also tested. Data were analyzed using
SAS 9.1 (SAS Inc., Cary, USA, 2004). Statistical significance was defined as a twotailed P <0.05.

RESULTS
Characteristics of the study sample are presented in Table 1. The total study
sample comprised 1,050 respondents, 553 females and 497 males, with a mean
age of 68.9 years (SD: 6.2 years). About half of the respondents (48.1%) were
overweight and 22.7% were obese. More than half of the respondents had a
middle level of education (57.6%) and the majority had a middle level of income
(62.9%). The most reported diet-related chronic disease was hypertension
(35.5%) followed by cardiovascular diseases (27.0%).
The frequencies of the reported motivations to eat healthily are presented
in Figure 1. The most reported motivations were “feeling fit” (51.7%, N = 543),
“current health” (49.7%, N = 522), “body weight” (39.2%, N = 412) and “to
prevent diseases in the future” (28.7%, N = 301). The least reported motivations
were “appearance” (2.6%, N = 27), “current disease” (8.5%, N = 89) and “taste
preference” (14.5%, N = 152). Most respondents (78%, N = 920) reported two
motivations to eat healthily and 96 (9.1%) respondents reported a single
motivation. Despite the instruction to choose a maximum of two motivations,
34 (3.3%) respondents indicated more than two motivations. Six (0.6%)
respondents indicated to have other motivations to eat healthily: my vegetarian
lifestyle, tradition, not important, attention to and care for food, never thought
of it and avoidance of feeling guilty.
The univariate associations between the potential factors and the reported
motivations to eat healthily are presented in Table 2. Females were less likely to
report “feeling fit”, but more likely to report “body weight” as motivations than
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males. The oldest old were more likely to report “current health”, but less likely to
report “to prevent diseases” as motivations than the younger old. Respondents
with lower income and lower education levels were less likely to report “to
prevent diseases” (OR income low vs. high: 0.40, 95% CI: 0.26-0.63, OR education
low vs. high: 0.43, 95% CI: 0.28-0.64) as a motivation. The lower educated were
also more likely to report “taste preference” and “current disease” as motivations.
Older adults with obesity were less likely to report “current health” (OR obese
vs. normal: 0.46, 95% CI: 0.33-0.66), but more likely to report “body weight”
(OR obese vs. normal: 2.84, 95% CI: 1.99-4.06) as motivations than those with a
normal weight. Current smokers were less likely to report “to prevent diseases”
but more likely to report “current disease” as motivations compared to former
and nonsmokers. Excessive and moderate alcohol drinkers were less likely to
report “current disease” (OR excessive vs. nondrinker: 0.30, 95% CI: 0.16-0.58)
as a motivation compared to nondrinkers. Older adults with chronic diseases
were less likely to report “feeling fit” (OR two or more chronic diseases vs. no
chronic diseases: 0.65, 95% CI: 0.47-0.90) than those without chronic diseases,
but were more likely to report “current disease” as motivations. Those with a
poor self-rated health and walking disabilities were less likely to report “feeling
fit”, and both more likely to report “current disease” as motivations.
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Table 1. Characteristics of the study sample (n=1,050)
Female
Age (years)
< 65
65-69.9
70-74.9
≥ 75
Education
Low
Medium
High
Household income per month (net)
Low (<1,135 Euro)
Medium (1,135-1,816 Euro)
High (>1,816 Euro)
Weight status (BMI)
Normal (18.5-24.9 kg/m2)
Overweight (25-29.9 kg/m2)
Obesity (≥ 30 kg/m2)
Missing
Smoking
Never smoked
Former
Current
Missing
Alcohol use
Non-drinker
Moderate (<3 glasses per day)
(Very) excessive (≥ 3 glasses per day)
Number of diet related chronic diseases
0
1
2 or more
Presence of diet related chronic diseases specific
CVD
Hypertension
Diabetes Mellitus
Walking disability
Yes
Missing
Self-rated health
Excellent / good
Less than poor
Depressive symptoms
Yes
Nutritional knowledge (range: 0-14)
Low (≤ 5)
Medium (6-9)
High (≥ 10)
Missing
BMI: Body Mass Index CVD: Cardio Vascular Diseases
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N (%)
553 (52.7)
337 (32.1)
276 (26.3)
219 (20.9)
218 (20.8)
227 (21.6)
605 (57.6)
218 (20.8)
247 (23.5)
660 (62.9)
143 (13.6)
290 (27.6)
505 (48.1)
238 (22.7)
17 (1.6)
388 (37.0)
487 (46.4)
167 (15.9)
8 (0.8)
228 (21.7)
586 (55.8)
236 (22.5)
516 (49.1)
331 (31.5)
203 (19.3)
283 (27.0)
373 (35.5)
94 (9.0)
100 (9.5)
2 (0.2)
754 (71.8)
296 (28.2)
86 (8.2)
273 (26.0)
467 (44.5)
141 (13.4)
169 (16.1)

155

113

104

65-69

70-74

75+

64

110

319

114

Low

Middle

High

Education

1.00

1.01
(0.74-1.38)

0.84
(0.58-1.22)

1.00

351

Middle

High

1.39
(0.97-2.00)

128

1.33
(0.88-2.01)

0.88
(0.63-1.24)

1.03
(0.73-1.45)

1.25
(0.91-1.72)

1.00

0.76
(0.59-0.97)

1.00

Feeling fit
(fit)
N=543

Low

Income

171

<65

Age (years)

275

268

Male

Female

Gender

N†

103

297

122

81

316

125

127

106

128

161

260

262

N†

1.00

1.07
(0.79-1.46)

1.27
(0.88-1.85)

1.00

0.70
(0.48-1.00)

0.78
(0.52-1.19)

1.52
(1.08-2.14)

1.02
(0.73-1.44)

0.95
(0.69-1.31)

1.00*

0.79
(0.62-1.01)

1.00

My current
health
N=522

79

235

98

51

253

108

90

87

105

130

242

170

N†

1.00

1.12
(0.81-1.54)

1.32
(0.90-1.93)

1.00

1.11
(0.76-1.62)

1.40
(0.92-2.24)

1.12
(0.79-1.58)

1.05
(0.74-1.48)

0.98
(0.71-1.36)

1.00

1.49
(1.16-1.92)

1.00

Body weight
N=412

89

160

52

61

183

57

51

63

82

105

155

146

N†

1.00*

0.52
(0.38-0.72)

0.43
(0.28-0.64)

1.00*

0.51
(0.35-0.74)

0.40
(0.26-0.63)

0.67
(0.46-0.99)

0.89
(0.61-1.29)

0.94
(0.66-1.33)

1.00

0.93
(0.72-1.22)

1.00

To prevent
disease
N=301

18

100

34

14

97

41

33

42

25

52

86

66

N†

0.96
(0.62-1.48)
1.00

1.53
(0.71-3.28)
1.00

0.94
(0.52-1.71)
1.00*

46

22
23
20
24

26
55
8
31
42
16

1.20
(0.95-1.70)
1.00
0.55
(0.33-0.91)
1.30
(0.83-2.03)
0.98
(0.61-1.57)
1.83
(0.96-3.50)
1.58
(0.87-2.86)
1.00
1.94
(1.06-3.55)
2.20
(1.30-3.72)
1.00

1.00

43

1.00

1.98
(1.05-3.73)

1.99
(0.87-4.51)

1.78
(0.97-3.24)

1.44
(0.76-2.70)

1.31
(0.71-2.40)

My current
disease
N=89

N†

Taste
preference
N=152

Table 2. Univariate associations between reported motivations to eat healthily and the factors (OR (95 % CI) in 1,050 older persons)

6

15

6

4

14

9

9

4

10

4

14

13

N†

1.00

0.90
(0.34-2.34)

0.95
(0.30-2.99)

1.00

0.75
(0.24-2.31)

1.31
(0.40-4.35)

3.58
(1.09-11.76)

1.55
(0.38-6.25)

3.14
(0.97-10.12)

1.00

0.97
(0.45-2.07)

1.00

Appearance
N=27
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57

58

87

Current

117

Moderate

Excessive

2 or more

1

0

1.00

1.00*

0.69
(0.52-0.91)

0.65
(0.47-0.90)

293

93

1.06
(0.73-1.52)

1.26
(0.93-1.71)

1.00

1.06
(0.74-1.52)

1.05
(0.81-1.37)

157

Chronic diseases**

110

316

Non drinker

Alcohol use

199

254

Never

Former

Smoking

0.72
(0.52-1.02)

115

Obesity

1.00*

0.78
(0.59-1.04)

169

Feeling fit
(fit)
N=543

Overweight 255

Normal

Weight status

N†

Table 2. Continued

100

163

259

116

291

115

78

243

198

84

272

153

N†

0.97
(0.70-1.34)

0.96
(0.73-1.27)

1.00

0.95
(0.66-1.37)

0.98
(0.72-1.32)

1.00

0.86
(0.60-1.23)

0.97
(0.75-1.27)

1.00

0.46
(0.33-0.66)

0.98
(0.74-1.30)

1.00

My current
health
N=522

89

130

193

94

229

89

62

185

161

122

207

77

N†

1.32
(0.95-1.83)

1.08
(0.81-1.44)

1.00

1.03
(0.71-1.50)

1.01
(0.74-1.38)

1.00

0.83
(0.58-1.21)

0.86
(0.66-1.13)

1.00

2.84
(1.99-4.06)

1.86
(1.36-2.53)

1.00*

Body weight
N=412

46

105

150

72

166

63

36

144

118

64

140

93

N†

0.72
(0.49-1.05)

1.14
(0.84-1.53)

1.00

1.15
(0.77-1.72)

1.04
(0.74-1.46)

1.00

0.63
(0.41-0.96)

0.96
(0.72-1.28)

1.00

0.80
(0.55-1.16)

0.82
(0.60-1.12)

1.00

To prevent
disease
N=301

23

61

68

32

90

30

26

67

57

41

69

42

N†

0.85
(0.51-1.40)

1.49
(1.02-2.17)

1.00

1.04
(0.61-1.77)

1.20
(0.77-1.87)

1.00

1.06
(0.64-1.75)

0.91
(0.63-1.33)

1.00

1.31
(0.82-2.10)

0.99
(0.66-1.50)

1.00

Taste
preference
N=152

46

23

20

13

39

37

21

45

22

26

32

28

N†

7.30
(4.19-12.71)

1.85
(0.73-2.23)

1.00*

0.30
(0.16-0.58)

0.37
(0.23-0.60)

1.00*

2.35
(1.26-4.37)

1.66
(0.98-2.79)

1.00*

1.09
(0.63-1.90)

0.60
(0.36-1.00)

1.00

My current
disease
N=89

5

15

4

2

7

8

3

13

11

9

13

5

N†

1.65
(0.63-4.31)

1.28
(0.53-3.13)

1.00

0.24
(0.05-1.12)

0.82
(0.35-1.94)

1.00

1.64
(0.18-2.34)

0.96
(0.43-2.17)

1.00

2.37
(0.79-7.18)

1.59
(0.56-4.50)

1.00

Appearance
N=27
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1.00

0.65
(0.50-0.86)

131

1.00

0.55
(0.36-0.83)

503

38

1.00

0.89
(0.57-1.38)

501

42
40

482

49

472

141

381

N†

0.88
(0.56-1.36)

1.00

0.98
(0.65-1.47)

1.00

0.88
(0.67-1.15)

1.00

My current
health
N=522

36

376

41

370

121

291

N†

1.13
(0.72-1.77)

1.00

1.09
(0.72-1.66)

1.00

1.09
(0.83-1.43)

1.00

Body weight
N=412

* Statistically significant trend across categories (P value < 0.05)
** Number of diet related chronic diseases
† Number of respondents that reported this motivation to eat healthily

Yes

No

Depressive symptoms

Yes

No

Feeling fit
(fit)
N=543

412

Walking disability

Poor

Good

Self-rated health

N†
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24

277

25

276

76

225

N†

0.96
(0.59-1.58)

1.00

0.82
(0.51-1.31)

1.00

0.81
(0.60-1.09)

1.00

To prevent
disease
N=301

10

142

13

139

47

105

N†

1.00
2.55
(2.91-7.14)
1.00
3.78
(2.22-6.46)
1.00

54
35

66
22

72
17

1.00
1.16
(0.80-1.68)
1.00
0.87
(0.47-1.61)
1.00
0.77
(0.39-1.51)

3.06
(0.71-5.48)

My current
disease
N=89

N†

Taste
preference
N=152

2

25

5

22

18

9

N†

0.90
(0.21-3.85)

1.00

2.22
(0.82-6.01)

1.00

1.28
(0.57-2.87)

1.00

Appearance
N=27
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To determine which variables were independently associated with the
motivations to eat healthily, we performed multivariate analyses adjusting the
factors for each other (Table 3). After adjustment for BMI and the other factors,
females were still less likely to report “feeling fit”, but more likely to report
“body weight” as motivations. The oldest old were more likely to report “current
health” than the younger old, even though this association was adjusted for
diet-related chronic diseases and the other factors. The SEP indicators were
also adjusted for each other and older adults with lower incomes were still less
likely to report “to prevent diseases” (OR low income vs. high: 0.52, 95% CI: 0.320.86), but more likely to report “feeling fit” (OR low vs. high: 1.97, 95% CI: 1.132.86) as motivations than those with higher incomes. The lower educated were
also less likely to report “to prevent diseases” (OR low vs. high: 0.43, 95% CI:
0.27-0.70), but more likely to report “current health” (OR low vs. high: 1.69, 95%
CI: 1.09-2.60) as motivations than the higher educated. Those with overweight
and obesity were less likely to report “feeling fit”, but more likely to report
“body weight” (OR obese vs. normal: 2.78, 95% CI: 1.88-4.11) as motivations
than those with normal weight. Older adults with obesity were also less likely
to report “current health” (OR obese vs. normal: 0.47, 95% CI: 0.32-0.69) as a
motivation. Excessive and moderate alcohol users were less likely to report
“current disease” (OR excessive vs. nondrinker: 0.37, 95% CI: 0.17-0.83) as a
motivation than the nondrinkers. Those with chronic diseases were more likely
to report “current disease” (OR two or more vs. no chronic disease: 4.41, 95%
CI: 2.31-8.44) as a motivation than those without chronic disease. Those with a
poor self-rated health were more likely to report “current disease” (OR poor vs.
good: 2.31, 95% CI: 1.22-3.73) as a motivation than those with a good self-rated
health. We observed no interactions between any of the factors and sex and
age (P > 0.05) in the multivariate model.
In additional multivariate analyses we investigated the role of specific diet
related chronic diseases (CVD, hypertension and DM) and nutritional knowledge
in motivations to eat healthily. Older adults with CVD were less likely to report
“to prevent diseases” (OR: 0.68, 95% CI: 0.48-0.97), but were more likely to report
“current disease” (OR: 2.59, 95% CI: 1.54-4.33) as motivations than those without
CVD. Those with hypertension were also more likely to report “current disease”
(OR: 1.67, 95% CI: 1.03-2.72) as a motivation than those without hypertension.
Older adults with diabetes mellitus were less likely to report “feeling fit” (OR:
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0.53, 95% CI: 0.34-0.84), but more likely to report “current disease” (OR: 3.85,
95% CI: 2.12-6.99) as motivations than those without diabetes mellitus. Older
adults with a higher nutritional knowledge score (≥ 10 points) were more likely
to report “to prevent diseases” (OR: 2.17, 95% CI: 1.37-3.45) as a motivation
than those with a lower score (≤ 5 points). We observed no other associations
between nutritional knowledge and motivations to eat healthily.

DISCUSSION
In this study we aimed to identify what motivations Dutch older adults have
to eat healthily in a large population-based sample and to investigate if these
motivations were associated with SEP and other demographic, lifestyle and
health characteristics. We showed that the top three most reported motivations
were: “feeling fit”, “current health” and “body weight”. More importantly, the
reported motivations did largely depend on the characteristics of the older
adults. Older adults with physical health problems and a poor self-rated health
were more likely to report “current disease” as a motivation to eat healthily.
Older adults with lower SEP were less likely to report “to prevent diseases” and
those with obesity were less likely to report “current health” as motivations to
eat healthily.
In our study “current health” and “feeling fit” were the most reported motivations
in the overall sample. This is consistent with other studies that showed that
health status is an important motivation to eat healthily in adults [11, 15, 26]
but also important in older adults [14, 27]. This is not surprisingly, because
older adults are most likely to suffer from diseases and their consequences.
It is not clear from the literature whether having health related motivations
to eat healthily is more strongly associated with a healthy diet than other
motivations. Previous research did show that health related motivations are
important determinants for a healthy diet [28, 29]. However, Satia et al. showed
that health related motivations were not associated with dietary change after
a 12 month randomized intervention trial among adults [26]. It should be
noted that the study was performed in a relatively healthy sample, and health
concerns therefore may have played a minor role. In our study “current disease”
was especially important for those with chronic diseases and for those with a
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poor self-rated health. This may indicate that those with chronic diseases and
a poor self-rated health are aware of the link between nutrition and health and
that the presence of a disease is an important motivation to eat healthily in
older adults.
Special attention should be paid to lower SEP groups. Those with lower incomes
and lower education levels were less likely to report “to prevent diseases”
as a motivation to eat healthily, even after adjusting the SEP indicators for
each other and the other factors. A study among US older adults also found
that those with lower education levels were less likely to report preventing
disease as a motivation to eat healthily [14]. A study among adults showed
that a lower income was related to less importance of health considerations in
food selection [12]. These results are remarkable because it is known that low
SEP is associated with a higher risk of diet-related chronic diseases [30]. One
explanation could be that higher levels of education provide greater access
to health information, knowledge and cognitive benefits that are preventive
for diet-related chronic diseases [31]. Indeed, lower education levels are
associated with a lower nutrition knowledge including the diet-disease links
[32] and this knowledge was found to be a mediator in the SEP variation in
dietary intake, especially for vegetables and fruit [33]. A second explanation
could be that our findings reflect the fact that older adults with higher incomes
have more financial freedom to take health aspects into account in their food
choice, because of the higher costs of healthy foods [34]. This is confirmed by
others who showed that adults with lower incomes and education levels place
more importance on price than on health in their food selection [35]. These
findings might indicate that in low SEP groups more immediate problems, such
as a shortage of money to buy healthy foods, are barriers for focusing on long
term issues related to food, such as the prevention of diseases in the future.
Older adults with overweight and obesity were more likely to report “body
weight” as a motivation to eat healthily than those with normal weight. This is
consistent with other studies that showed that body weight or reducing body
weight are important motivations to eat healthily [19, 26]. However, older adults
with obesity were less likely to report “current health” as a motivation to eat
healthily. Furthermore, the motivation “to prevent diseases’ was not associated
with weight status. From a public health perspective this is surprising, because
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the relationship between body weight and health status is well established [36].
From a well-being perspective this might be less surprising, because obesity
is a complex and multifactorial disease. It also impacts physical function, selfesteem and quality of life [37, 38] which may provide additional motivations to
eat healthily for people with obesity, compared to the prospect of improving
future health only. This might reflect that the presence of overweight or obesity
and their direct consequences are more important motivations to eat healthily
than possible future health consequences.
In the overall sample, the prevention of disease was chosen by only 28.5% of
the older adults, while almost half (49.2%) of the older adults were free from
diet-related chronic diseases and 71.1% rated their self-perceived health as
excellent or good. One might expect that prevention of disease as a motivation
to eat healthily would be of more importance in older age as the risk of chronic
diseases in old age is relatively high and a healthy diet can prevent diet-related
chronic diseases [39-42]. Healthy eating is not only of importance in younger
aged, also in older aged it is associated with increased life expectancy [5, 6]. In
additional analyses (data not shown) we found that older adults with a higher
nutritional knowledge score were more likely to report “to prevent diseases”
as a motivation than those with a lower score. This might indicate that some
older adults remain unaware of the link between healthy eating and disease
prevention.
The results of our study should be considered in the context of its strengths and
limitations. This study is one of the first that presents underlying motivations to
eat healthily in the old aged and more importantly showed that the reported
motivations largely depend on the characteristics of older adults. This adds
information to the existing literature and provides further insight in why older
adults eat what they eat. Furthermore, the LASA study is a well-characterized
study with a high response rate. This enabled us to study a large sample of
community dwelling older Dutch adults. Respondents were selected on having
a normal cognitive status, which has the important advantage that recall bias
due to poor cognitive functioning with regard to self-reported data is limited.
Moreover, only six of the 1,050 respondents reported other motivations to eat
healthily than the ones presented in the questionnaire, which suggests that
the most important motivations to eat healthily were included in our study.
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Furthermore, to study the independent associations between the factors and
motivations, we adjusted the factors in the multivariate analyses for each other.
However, this does not justify the underlying causal structure of all factors in
their association with eating healthily via complex relations of confounding
and mediation. However, it should be noted that our goal was not to test
complex causal structures, but to identify subgroups and their particular sets
of motivations to eat a healthy diet. Furthermore, we asked respondents to
indicate their most important motivation to eat healthily. This answer might
depend on the interpretation of the concept of healthy eating by the older
adult in question. A final limitation is the cross-sectional design of this study
and any causal associations can only be inferred.
The findings of this study suggest that promotion messages to eat a healthy
diet should differ between subgroups of older adults. The message to older
adults with a disease or poor self-rated health needs to focus on the presence
of the disease or health problem and the link with eating healthily, because
this appears to be an important reason for them to eat a healthy diet. For older
adults with a low SEP and obese older adults disease prevention seems to be
a less important motivation to eat healthily, even though a healthy diet could
improve their health. Promotion messages aiming at disease prevention and
eating healthily might therefore be less effective in these groups. Information
and coaching about weight status and the ways a healthy diet contributes to
weight loss may be more effective for the obese group. Future research should
find out why low SEP groups find disease prevention of less importance. Do
these older adults lack necessary knowledge about the link between nutrition
and disease or is the low SEP and its associated problems a bigger issue
than eating a healthy diet? Before developing tailored interventions based
on motivations to eat healthily, a complete understanding of the pathway
between the motivations and characteristics of the older adults is necessary.

CONCLUSIONS
In conclusion, the results of our study suggest that “feeling fit”, “current health”
and “body weight” were the most important motivations to eat healthily
in a large sample of older Dutch adults. Multivariate analyses showed that
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the importance of the reported motivations largely depended on the
characteristics of the older adults. The presence of a disease seems to be an
important motivation to eat healthily, which indicates that older adults with
self-perceived or reported health problems are aware of the link between their
disease and nutrition. Special attention should be paid towards lower SEP
groups and obese older adults, because disease prevention seems to be a less
important motivation for these older adults.
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ABSTRACT
Objective In this study we investigated (the degree of ) misperception of
adherence to the fruit, vegetable and fish guidelines in older Dutch adults and
examined to what extent misperception is associated with socioeconomic
position (SEP) and other demographic, lifestyle and nutrition related
characteristics.
Method The sample included 1,057 community dwelling adults, aged
55–85 years, who participated in the Longitudinal Aging Study Amsterdam.
Respondents completed a lifestyle questionnaire which included a food
frequency questionnaire to calculate fruit, vegetable and fish intake. After
current dietary guidelines were explained, respondents were asked to indicate
whether they believed they adhered to the fruit, vegetable and fish guidelines.
Level of education and income were used as indicators of SEP. These indicators
were scaled as the relative index of inequality (RII).
Results In the total sample, 69.1% of the older adults reported to adhere to
the fruit guideline, 77.5% to the vegetable guideline, and 36.4% to the fish
guideline. Based on the calculated intake data, 82.6% adhered to the fruit
guideline, 65.5% to the vegetable guideline and 33.8% to the fish guideline.
Overestimation of adherence was most common for the vegetable guideline
(18.7%). Multivariate analysis, adjusted for level of income as well as for attitude
and self-efficacy toward healthy eating, showed that lower educated respondents
were more likely to overestimate their adherence to the vegetable guideline
(relative index of inequality (RII): 2.97, 95% CI: 1.47–6.01). Overestimation rates
for fish (3.4%) and fruit (2.3%) were lower and not associated with any of the
characteristics.
Conclusions This study showed that overestimation in older adults is common
for adherence to the vegetable guideline and especially in those with a lower
education level, but not for overestimation of adherence to the fruit and fish
guideline.

70

Misperception of adherence

INTRODUCTION
It is beyond doubt that nutrition is related to health and disease. A healthy
diet, rich in fruit, vegetables and fish, is consistently associated with longevity,
better quality of life, as well as better cardiometabolic and cognitive health
in older adults [1-5]. Despite these positive health effects the intake of fruit,
vegetables and fish is far below the recommendations [6, 7].
But why do people eat what they eat? The process involved in food choices
is complex. People’s awareness of their own dietary intake seems to be an
important determinant of diet quality. Research showed that not all people
are aware of their own intake or aware of the fact that their dietary intake
is below the recommended level [8, 9]. Of those who misperceive their
diet quality, the overestimators are of special concern, since they eat lower
amounts than recommended, but are not aware of their suboptimal intake.
Based on the Precaution Adaption Process model people need to be aware
of their own risk behavior, before they are able to change their behavior [10].
It is unlikely that overestimators are open to health promotion messages.
This makes them a potential risk group for the development of diet-related
chronic diseases.
Factors influencing food choice change with age [11] and misperception rates
found in younger population groups do not necessarily apply to older adults.
However, to our knowledge no studies have focused on dietary misperception
in older adults. Moreover, only few studies have assessed characteristics that
are associated with misperception and provide insight in potential risk groups
in adults. These studies have observed that misperception was associated
with level of education [12], attitudes towards nutrition [8, 13] and perceived
behavioral control [8]. Older adults are a heterogeneous population group.
In previous research we showed that older adults with lower education and
income levels meet the fruit, vegetables and fish guidelines less often than
their counterparts with higher socioeconomic positions (SEP) [7]. Explanations
for these differences in older adults are unknown. Misperception could be a
possible pathway explaining the socioeconomic differences in adherence to
one of the three guidelines.
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Therefore, the aim of this study was to investigate (the degree of ) misperception
of adherence to the fruit, vegetable and fish guidelines in older Dutch adults
and to examine to what extent misperception is associated with SEP and other
demographic, lifestyle and nutrition-related characteristics.

MATERIAL AND METHODS
Respondents
We used data from the Longitudinal Aging Study Amsterdam (LASA), an
ongoing cohort study originally designed to investigate changes in autonomy
and well-being in the aging population in the Netherlands. Details on the
sampling and data collection procedures have been described elsewhere
[14]. In summary, a random sample stratified by age, sex, and expected five
year mortality was drawn from the population registers of 11 municipalities
in three geographical areas in the Netherlands. In total, 3,107 subjects were
enrolled in the baseline examination (1992–1993) and were representative
of the Dutch older population. In 2002–2003, a new cohort of 1,002 subjects,
aged 55–65 years was added to the study using the same sampling procedures.
Examinations were repeated every 3 years.
The source population for the current study consisted of 2,165 LASA respondents
who participated in the fourth LASA cycle (2005/2006) and were invited to
participate in the LASA Lifestyle Study, an ancillary study conducted in 2007.
Eligibility criteria were age <80 years, independently living and good global
cognitive functioning (Mini Mental State Examination score >23). In total 1,421
respondents met these criteria, of which 1,058 completed a self-administered
lifestyle questionnaire by mail (response rate 74.5%, 326 no response, 18
refused, 8 were not able due to physical problems and 11 deceased). We
excluded one person because all dietary intake data was missing. The study
was approved by the ethical review board of the VU University Medical Center
(Amsterdam, The Netherlands), and all participants gave informed consent.
Calculated adherence to the fruit, vegetable and fish guideline
We assessed the intake of fruit, vegetable and fish with a short food frequency
questionnaire to obtain information on the consumed frequency and amount
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of food items. This method has shown to be a valid, inexpensive and easy tool
to provide a reasonably accurate ranking of intake and to identify persons
with a low intake [15, 16]. Respondents indicated how many days per week
they usually consumed fruit. They could choose from nine response categories
ranging from ‘never’ to ‘every day’. They also indicated the number of portions
they consumed ranging from ‘less than one’ to ‘more than five portions’ per day.
To illustrate one portion of fruit, written examples were given (e.g. one mediumsized apple, two mandarins or a handful of grapes). Respondents also indicated
the frequency and number of glasses of fruit juice (fresh/bottled) per day.
Furthermore, they indicated how many days per week they usually consumed
raw vegetables (lettuce/salads) and cooked/baked vegetables (fresh/tinned,
including hotchpotches and prefabricated meals). Again, they could choose
from nine response categories ranging from ‘never’ to ‘every day’. Next, they
indicated the amount of raw vegetables and cooked/baked vegetables
consumed per day. The amount was asked in number of serving spoons (one
spoon represented 50 g of vegetables) with seven response categories ranging
from ‘less than one’ to ‘more than five spoons’. Lastly, respondents indicated how
many days per week they usually consumed fish, with nine response categories
ranging from ‘never’ to ‘every day’. This method is similar to the one used in
the Dutch National Food Consumption Survey 2007–2010 [17]. Because fish is
mostly eaten in standard portions and the fish recommendation is expressed in
frequencies per week, we did not ask details on the serving size of fish.
Based on the self-reported dietary intake data, we calculated adherence to the
Dutch fruit, vegetable and fish guidelines. The following criteria were used: two
pieces of fruit per day (with a maximum of one glass of fruit juice (200 ml) to
replace one piece of fruit), four serving spoons of vegetables per day (200 g)
and fish at least twice a week [18]. Potatoes were not counted as a vegetable.
Self-reported adherence to the fruit, vegetable and fish guidelines
Self-reported adherence to the guidelines was inferred from self-reported
responses on the questions based on the transtheoretical model from
Prochaska et al. [19, 20]. After explaining the guideline for fruit, respondents
indicated which of the statements about adherence to the fruit guideline
fitted their situation the best, with seven response categories ranging from
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‘I did not know that it is healthy to eat fruit’ to ‘I eat at least two pieces of fruit
every day and I have been doing this during the last six months’. We asked the
same question for vegetables (more than or 200 g/day) and for fish (more than
or twice weekly). Self-reported perceived adherence to the guidelines was
categorized as ‘yes’ if respondents indicated that they ate more than or two
pieces of fruit per day, more than or 200 g of vegetables per day or more than
or twice fish a week, and started doing this during the last 6 months, or had
been doing this for longer than 6 months already. The other responses were
categorized as ‘no’.
Characteristics potentially associated with misperception
Based on previous research we examined characteristics that are potentially
associated with misperception of adherence to one or more of the three
guidelines [8, 21, 22, 9]. Socio-demographics included sex and age. Lifestyle
factors included body mass index (BMI) and physical activity in the past 2 weeks
as well as smoking status and alcohol consumption during the past year. We
calculated BMI as measured weight in kilograms divided by measured height in
meters squared. We defined physical activity as the average number of minutes
of physical activity performed per day including walking, cycling, gardening,
performing heavy housework, and a maximum of two sports activities [23].
We defined smoking into two categories: current + former and having never
smoked. Categories of alcohol consumption included: no drinking + moderate
drinking (<3 glasses per day) and (very) excessive drinking (≥ 3 glasses per
day). We also asked if respondents were responsible for the preparation of their
own meals (yes/no).
We used level of education and net monthly household income as indicators
of SEP [24]. For level of education, respondents were asked to indicate the
highest level of education that they had completed. They could choose from
nine categories (no education completed to academic education). We defined
three levels: high (university, college, higher vocational, general secondary, and
intermediate vocational education), middle (general intermediate, and lower
vocational education), and low (elementary education or less). For household
income, we presented several categories of income and asked respondents to
indicate the category that corresponded best to their own income. Those who
indicated to have a partner income in addition to their own income were asked
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to indicate the total net income. The categories ranged from 1 (€454–567 per
month) to 11 (€2270 or more per month). We defined three levels: high (>€1816
per month), middle (€1135–1816 per month) and low (<€1135 per month).
For respondents with a partner living in the same household, total household
income was multiplied by 0.7 to compare incomes of multi-person households
to single person households [25].
Intention to perform behavior underlies the Theory of Planned Behavior and
largely account for actual behavior [26]. Three determinants of intention
(attitude, social support and self-efficacy) are hypothesized to influence
potential misperception. Attitude toward healthy eating was assessed with
five items using five point Likert scales (healthy eating is unpleasant–pleasant;
unappealing–appealing; bad–good; unhealthy–healthy; not worth the effort–
worth the effort). Each response was scored from −2 to +2. The internal
consistency as checked with Cronbach’s alpha was 0.87. Social support toward
healthy eating was assessed with two items using five point Likert scales
(significant others eat healthy, significant others stimulate me to eat healthy:
completely disagree–completely agree). The internal consistency was 0.63.
Self-efficacy toward healthy eating was assessed with two items using five
point Likert scales (how certain are you to eat healthy; very uncertain–very
certain; and how hard or easy is it for you to eat healthy; very hard–very easy).
The internal consistency was 0.73. Mean scores were calculated for attitude,
social support and self-efficacy.
Knowledge about healthy eating was assessed with the question “How
important are the following aspects for healthy eating”, after which 16 nutritional
aspects were mentioned. These aspects referred to types or components of
foods, food patterns or preparation methods. For example ‘a lot of vegetables’,
‘fresh’, ‘a lot of meat’, ‘a lot of fiber’, ‘a lot of dairy’, ‘variation’ or ‘low salt’. We asked
respondents to indicate on a five point Likert scale if these aspects were; very
unimportant to very important. For every answer 0, 1 or 2 points were given
depending on whether the aspect is actually important for healthy eating. For
example: a lot of meat is not important, but a lot of vegetables is. The sum of
all aspects was considered as knowledge score and ranged from 0 to 32 points,
with higher scores indicating higher knowledge.
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Data analyses
We used descriptive statistics to summarize participants’ characteristics.
Continuous variables were presented as means and standard deviations,
whereas categorical variables were presented as relative frequencies. We
calculated the proportion of misperception of adherence to the fruit, vegetable
and fish guidelines by comparing calculated adherence based on the food
frequency questionnaire (yes/no) with self-reported perceived adherence (yes/
no). We classified respondents in three groups: overestimators, realists and
underestimators. The analyses focused on comparing overestimators to the
realists. We used kappa’s coefficient to assess the agreement between selfreported adherence and calculated adherence to the guidelines [27].
We scaled the SEP indicators (level of education and level of income) as
continuous rank scores, which allow estimating the relative index of inequality
(RII). This index provides information about the SEP hierarchy in its totality,
rather than showing only the differences between the categories ‘low’, ‘middle’
and ‘high’ [28]. To calculate the RII, a score between 0 (highest SEP) and 1
(lowest SEP) was assigned to each answer category based on the proportion
of the respondents above the midpoint in that category with a higher position
in the SEP hierarchy (for level of income and education separately). The RII is
obtained by regressing the outcome on each of the continuous SEP rank scores
and can be interpreted as an odds ratio (OR), comparing the most to the least
deprived extremes of the SEP indicator hierarchy.
We used logistic regression analyses to investigate the potential associations
between the characteristics and overestimation of adherence to the fruit,
vegetable and fish guidelines (yes/no). We reported ORs with their 95%
confidence intervals. We used two regression models: (1) a crude model and
(2) a model that was additional adjusted for all the statistically significant
characteristics of model 1. We interpreted the remaining outcome of model 2
as the independent association of the characteristic in question. Analyses were
conducted with SAS software (version 9.2, 2002, SAS Institute Inc, Carry, NC).
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RESULTS
Study characteristics
The total sample included 1,057 participants (52.5% female), with an age range
of 59.2–81.1 years old (Table 1). We investigated whether the included sample
was different from the non-responders to the lifestyle study (n = 363) with
regard to the characteristics obtained in the fourth LASA cycle (2005/2006).
Respondents in the lifestyle study were slightly older (p = 0.004), smoked less
(p < 0.001) and were less likely to be an excessive drinker (p = 0.007) than those
who did not participate. There were no differences in sex, level of education,
level of income and weight status between the study sample and the nonresponders.
Table 1. Characteristics of older Dutch adults participating in the Longitudinal Aging Study
Amsterdam.
Female sex, %
Age (y), mean (SD)
Level of education, %
Low
Medium
High
Level of household income, %
Low
Medium
High
BMI (kg/m²)
Smoking, %
Never & former smoking
Current
Alcohol consumption, %
Non-drinker & moderate
(Very) excessive
Physical activity (min/d), median + IQR
Responsible for preparation of the meal, %
Attitude towards healthy eating (-2 to +2)
Social support towards healthy eating (-2 to +2)
Self-efficacy towards healthy eating (-2 to +2)
Nutritional knowledge score (0 to 32)

N (%) or mean (SD)
555 (52.5)
68.9 (6.2)
231 (21.9)
607 (57.4)
219 (20.7)
249 (23.6)
665 (62.9)
143 (13.5)
27.5 (4.1)
882 (84.1)
167 (15.9)
819 (77.5)
238 (22.5)
62 (30-108)
689 (65.9)
1.00 (0.44)
0.59 (0.62)
0.82 (0.54)
13.30 (2.15)

SD: standard deviation; IQR: Interquartile range

77

4

Chapter 4

Self-reported and calculated adherence to the fruit, vegetable and fish
guideline
In the total sample, 69.1% of the respondents reported adherence to the fruit,
77.5% to the vegetable, and 36.4% to the fish guideline (Table 2a, Table 2b
and Table 2c, respectively). Based on the calculated adherence using intake
data, 82.6% of the older adults reported adherence to the fruit, 65.5% to the
vegetable, and 33.8% to the fish guideline.
Misperception of adherence to the fruit, vegetable and fish guidelines
Concerning adherence to the fruit guideline, 81.8% (66.7% + 15.1%) of the total
sample reported their adherence correctly (realists), 15.9% underestimated
their adherence and 2.3% overestimated their adherence (Table 2a). The Kappa
coefficient (0.51) showed a moderate agreement between self-reported and
calculated adherence to the fruit guideline. Concerning adherence to the
vegetable guideline, 74.6% (58.8% + 15.9%) of the total sample reported
their adherence correctly (realists), 6.7% underestimated their adherence and
18.7% overestimated their adherence (Table 2b). The Kappa coefficient (0.39)
showed a fair agreement between self-reported and calculated adherence
to the vegetable guideline. Concerning adherence to the fish guideline 95%
(32.6% + 62.4%) of the total sample reported their adherence correctly (realists),
1.2% underestimated their adherence and 3.8% overestimated their adherence
(Table 2c). The Kappa coefficient (0.89) showed considerable agreement
between self-reported and calculated adherence to fish guideline.
Overestimation was common for the vegetable guideline (Figure 1), but
not for the fruit and fish guidelines. Therefore, we focused on investigating
characteristics potentially associated with overestimation of the vegetable
guideline (Table 3). Model 1 showed that those with lower levels of education
(RII: 3.40, 95% CI: 1.86–6.21) and income (RII: 2.30, 95% CI: 1.37–4.18) were more
likely to overestimate their adherence to the vegetable guideline. Those with
a higher attitude (OR: 0.57, 95% CI: 0.38–0.85) and higher self-efficacy (OR:
0.67, 95% CI: 0.49–0.91) toward healthy eating were less likely to overestimate
their adherence to the vegetable guideline. The other characteristics showed
no statistically significant association with overestimation of the vegetable
guideline. Model 2 showed that after adjusting the statistically significant
characteristics for each other lower education levels remained independently
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associated with a higher odds to overestimate adherence to the vegetable
guideline (RII: 2.97, 95% CI: 1.47–6.01). These results also suggest that older
persons with a more positive attitude toward healthy eating were less likely
to overestimate their adherence to the vegetable guideline, although this
association is not completely supported by statistical evidence (OR: 0.67, 95%
CI: 0.42–1.08).
Table 2a. Proportion of agreement between self-reported adherence (yes/no) and calculated adherence
(yes/no) to the fruit guideline.
Calculated adherence to fruit
guideline based on intake data (N, %)

Self-reported adherence to fruit guideline (N, %)
Yes

No

Total

Yes

Realists
656 (66.7)

Underestimators
156 (15.9)

812 (82.6)

No

Overestimators
23 (2.3)

Realists
148 (15.1)

171 (17.4)

679 (69.1)

304 (30.9)

983 (100)

Total

Kappa
0.51

N missing self-reported or calculated adherence to the fruit guideline=74

Table 2b. Proportion of agreement between self-reported adherence (yes/no) and calculated adherence
(yes/no) to the vegetable guideline.
Calculated adherence to vegetable
Self-reported adherence to vegetable guideline (N, %) Kappa
guideline based on intake data (N, %)
Yes
No
Total
Yes

Realists
557 (58.8)

Underestimators
63 (6.7)

620 (65.5)

No

Overestimators
177 (18.7)

Realists
151 (15.9)

328 (34.6)

734 (77.5)

214 (22.6)

948 (100)

Total

0.39

N missing self-reported or calculated adherence to the vegetable guideline=109
Table 2c. Proportion of agreement between self-reported adherence (yes/no) and calculated adherence
(yes/no) to the fish guideline.
Calculated adherence to fish
guideline based on intake data (N, %)

Self-reported adherence to fish guideline (N, %)
Yes

No

Total

Yes

Realists
318 (32.6)

Underestimators
12 (1.2)

330 (33.8)

No

Overestimators
37 (3.8)

Realists
610 (62.4)

647 (66.2)

355 (36.4)

622 (63.3)

977 (100)

Total

Kappa
0.89

N missing self-reported or calculated adherence to the fish guideline = 80
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Figure 1. Percentages of overestimators to the fruit, vegetable and fish guideline

Table 3. Adjusted OR’s for the potential associations between characteristics and overestimation of
adherence to the vegetable guideline in older adults.
The odds of overestimating adherence to vegetable guideline
Model 1

Model 2

Age (years)

1.02 (0.99-1.04)

-

Female

0.88 (0.63-1.22)

-

BMI (kg/m²)

1.01 (0.97-1.05)

-

Smoking (yes)

1.36 (0.88-2.10)

-

Physical activity (min/day)

1.00 (0.99-1.00)

-

Alcohol drinker (yes)

0.80 (0.51-1.20)

-

Level of education*

3.40 (1.86-6.21)

2.97 (1.47-6.01)

Level of household income*

2.30 (1.27-4.18)

1.42 (0.71-2.84)

Attitude

0.57 (0.38-0.85)

0.67 (0.42-1.08)

Social support

0.93 (0.71-1.21)

-

Figure 1. Percentage of overestimators to the fruit, vegetable and fish guideline

Self-efficacy

0.67 (0.49-0.91)

0.82 (0.56-1.20)

Healthy eating knowledge score

1.00 (0.91-1.09)

-

Responsible for preparation of the meal

0.84 (0.60-1.19)

-

Model 1: crude model
Model 2: additionally adjusted for the other determinants that were statistically significant in model 1
(level of education, level of income, attitude and self-efficacy)
*RII: Relative Index of Inequality, can be interpreted as an odds ratio to compare the most to the least
deprived for each measure of SEP

80

Misperception of adherence

DISCUSSION
In this study we compared self-reported adherence to the fruit, vegetable
and fish guidelines with calculated adherence based on intake data and we
investigated characteristics potentially associated with misperception. We
found that overestimation was substantial for adherence to the vegetable
guideline, especially among the lower educated older adults. These
overestimators are a potential risk group for diet-related chronic diseases
because they are unaware of their poor dietary behavior. They will therefore
most likely not respond to health promotion messages aiming to improve
their behavior. Overestimation was not common for adherence to the fruit
and fish guidelines.
To our knowledge, no studies have focused on dietary misperception in
older adults. Results among younger and middle-aged adults indicated that
overestimation of fruit and vegetable consumption is highly prevalent. One
study showed that 88% of the respondents aged 18–91 years old overestimated
their vegetable intake and 65% overestimated their fruit intake [29]. Another
study among adults aged 18–65 years old showed that 40% overestimated the
quality of their diets and perceived it to be better than their calculated diet
quality [13]. A Dutch study in women aged 29–50 years old showed that 68%
of the respondents overestimated their vegetable intake [8]. If we compare the
degree of misperception in these studies among younger adults with our rates
in older adults, our misperception and overestimation rates are much lower.
Some older studies investigated the influence of age on misperception and
found that overestimation did not differ by age group [22, 12]. However, these
studies used a broad age range and none of them focused on older persons
in particular. The following issues may potentially explain these discrepant
findings between older and younger adults. Firstly, the calculated adherence
rates found in our study are higher than those found in the studies in younger
adults. This will consequently reduce the likelihood to overestimate adherence
to one of the guidelines. Others have already confirmed that older adults have a
greater tendency to favor traditional diets and have more habitual actions and
traditions with respect to their diet, such as eating three meals a day [21, 30-32].
Older people have developed their eating habits in times in which the diversity
of available food was much less than it is today. It was before the proliferation

81

4

Chapter 4

of the food industry and availability of fast food chains, which increased the
opportunities for acquiring unhealthy diets with lower intakes of fruit and
vegetables. The recent Dutch National Food Consumption Survey Older
Adults also showed that, compared to younger adults, older adults in general
consume more fruit, vegetables and fish [33]. This will lead to better adherence
to the guidelines. Secondly, it could also be that having these consistent food
habits made it easier for older adults to correctly estimate their intake, resulting
in lower overestimation rates. Nevertheless, we cannot exclude the possibility
that differences in overestimation rates between younger and older adults may
have been caused by differences in methodology, such as methods to asses
dietary intake or questions to assess self-perceived adherence.
Overestimation was most prevalent for adherence to the vegetable guideline
(18.7%), but uncommon for the fish (3.8%) and fruit guidelines (2.3%). Other
studies among adults also confirmed higher overestimation rates for vegetable
intake compared to fruit intake [8, 34]. Respondents have been shown to be
more confident in assigning a serving size to fruit than to vegetables [35]. An
explanation for this could be that vegetables are often eaten as part of a meal,
which makes it more difficult to estimate and to recall the amount consumed
per day. Fruits and fish could be easier to estimate because fruits are usually
consumed per piece, as in between snack or as a dessert and fish is usually
consumed per portion.
A novel aspect of this study is the identification of characteristics associated
with overestimation of adherence to the vegetable guideline in older adults.
Lower education levels were independently associated with more frequent
overestimation of adherence to the vegetable guideline. These results are
confirmed in studies conducted in younger adults [12, 13]. Previously, we
showed that older adults with lower education levels were less likely to adhere
to the vegetable guideline than their counterparts with higher education
levels [7]. Our recent finding that lower educated older adults misperceive
their adherence more frequently provides a possible pathway to explain
educational differences in adherence to the vegetable guideline. A lower
level of education has been linked to less nutritional knowledge [36, 37]. This
may lead to a lower understanding of nutritional information, which may lead
to a less accurate assessment whether dietary intake is in agreement with
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the recommendations. Nutritional knowledge by itself was not associated
with overestimation of adherence to the vegetable guideline in our study.
However, our nutritional knowledge score was designed to measure overall
knowledge about healthy eating and did not focus on exclusively vegetables
or knowledge about the recommendations. In additional analyses the
nutritional knowledge score was statistically significant lower (p = 0.003) in
respondents with the lowest education level (mean: 13.0; SD: 2.3) compared
to the middle (mean: 13.2; SD: 2.1) and highest level (mean: 13.7; SD: 2.2) on a
scale from 0 to 32 points. The process of translation of dietary knowledge to
the optimal assessment of diet quality and its association with education level
should be further investigated. Another, statistical argument for the higher
overestimation rates among the lower educated could be that they are the
result of the actual lower vegetable intake in this group, which increases the
possibility of overestimation.
The potential characteristics other than level of education showed no
statistically significant associations with overestimation of the vegetable
guideline. In the univariate analyses, lower levels of income, as well as lower
attitude and lower self-efficacy toward healthy eating, were associated with
more frequent overestimation of the vegetable guideline. After adjustment,
only lower attitude toward healthy eating continued to show a borderline
statistically significant association with more frequent overestimation of
adherence to the vegetable guideline. Based on the Theory of Planned
Behavior [26], lower attitude levels are expected to lead to a lower intention
for healthy eating, which we hypothesize could potentially lead to a higher
likelihood of misperception. Studies among younger adults showed varying
results; some found that lower attitude was associated with more frequent
misperception of diet quality [13], while others found no association between
attitude and overestimation of vegetable intake [8]. Although our associations
were not completely supported by statistical evidence, future research should
investigate whether attitude or self-efficacy influence misperception of dietary
intake among older adults.
Our study has several strengths. This study was conducted in a large sample of
older men and women. Respondents were selected for having a good cognitive
status, which has the important advantage that recall bias with regard to
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dietary intake, self-reported adherence and other self-reported data due to
poor cognitive functioning is limited. Moreover, we scaled the SEP indicators
as a continuous rank score. This provides information about the SEP hierarchy
in its totality, rather than showing only the differences between the categories
‘low’, ‘middle’ and ‘high’. It presents a more accurate evaluation of the actual
degree of education and income inequalities in adherence to the guidelines. In
addition to SEP, we included a wide range of other characteristics potentially
associated with misperception of adherence.
Limitations should be noted as well. The cross-sectional design of the study
limits causal inference. Unfortunately, dietary intake was only assessed once
in the LASA study and longitudinal analyses of dietary intake could not be
performed. The nutritional assessment method used may have some limitations.
A food frequency questionnaire is a frequently used tool to assess eating habits
among large samples and it allows older adults to answer questions related to
their diet relatively quick and easy [15, 16]. However, this specific method has
not been validated in older adults and potential under- or over reporting cannot
be excluded. Furthermore, we cannot exclude that the order of questions
may have influenced our misperception rates. First, we asked respondents to
indicate their intake, then we explained the guidelines, after which we asked
respondents about their adherence to the guidelines. The intake questions may
have raised the awareness of adherence and our misperception rates could
be underestimated. However, a study on question order in the assessment of
misperception of physical activity found that the order of questions did not
influence overestimation rates [38]. As indicated in our results, the respondents
included in our study were slightly older, smoked less and were less likely to be
an excessive drinker than those who did not participate, which suggests that
the included sample was a relatively healthy sample with a relatively healthy
lifestyle. This may have caused an overestimation of adherence rates to the
three dietary guidelines and an underestimation of misperception rates, as we
know that both are associated with a healthy lifestyle. Another limitation are
the missing data in our sample, especially for vegetable intake. This could have
given rise to bias. A possible explanation for the higher proportion of missing
data for vegetable intake could be that respondents perceived it more difficult
to estimate and recall their vegetable intake than for instance fruit, which is
eaten per portion instead of part of the meal [35]. Lastly, adherence to the fish
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guideline was based on the consumption of fish and did not consider the type
of fish (fatty or non-fatty fish) because there was a large amount of missing
data regarding the type of fish.
In conclusion, this first study in older adults suggests that overestimation was
common for adherence to the vegetable guideline, especially in those with
a lower education level. Overestimation was uncommon for adherence to
the fruit and fish guidelines. Future research should focus on ways to make
older adults, and in particular those with a lower education, more aware of
their vegetable intake and investigate if reduced misperception will lead to
improved adherence to the vegetable guideline.
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ABSTRACT
Background We aimed to identify barriers for meeting the fruit, vegetable and
fish guidelines in older Dutch adults and to investigate socioeconomic status
(SES) differences in these barriers. Furthermore, we examined the mediating
role of these barriers in the association between SES and adherence to these
guidelines.
Methods We used cross-sectional data from 1,057 community-dwelling adults,
aged 55–85 years old from the Longitudinal Aging Study Amsterdam, the
Netherlands. SES was measured by level of education and household income.
An FFQ was used to assess dietary intake and barriers were measured with a
self-reported lifestyle questionnaire.
Results Overall, 48.9% of the respondents perceived a barrier to adhere to the
fruit guideline, 40.0% for the vegetable and 51.1% for the fish guideline. The most
frequently perceived barriers to meet the guidelines were the high price of fruit
and fish and a poor appetite for vegetables. Lower-SES groups met the guidelines
less often and perceived more barriers. The association between income and
adherence to the fruit guideline was mediated by ‘perceiving any barrier to
meet the fruit guideline’ and the barrier ‘dislike fruit’. The association between
income and adherence to the fish guideline was mediated by ‘perceiving any
barrier to meet the fish guideline’ and the barrier ‘fish is expensive’.
Conclusions Perceived barriers for meeting the dietary guidelines are common
in older adults, especially in lower SES groups. These barriers and in particular
disliking and cost concerns explained the lower adherence to the guidelines for
fruit and fish in lower income groups in older adults.
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BACKGROUND
Reducing socioeconomic health inequalities is an important challenge, since
a low socioeconomic status (SES) continues to increase the risk of chronic
diseases and early death, also among older adults [1, 2]. One mechanism
through which SES influences health inequalities is dietary intake. Diets low in
fruit, vegetables and fish are associated with higher mortality risk worldwide
[3-5] and an increased risk of CVD, obesity, type 2 diabetes and certain types of
cancer [6-9]. Lower SES groups have a greater tendency to consume unhealthy
diets and meet the dietary guidelines less often than higher SES groups [10, 11].
These SES differences are also found among older adults [12, 13]. Information
on underlying mechanisms that explain these SES inequalities in dietary intake
is needed. This information may contribute to the prevention of diet-related
chronic diseases and SES differences in these diseases.
To increase fruit, vegetable and fish intake in the general population, barriers to
healthy eating have been identified, including disliking, limited cooking skills,
no time to prepare healthy food, perception of high costs, no availability or no
motivation to change eating habits [14-17]. SES differences in these barriers
have also been described, where low-income groups spend less money on
healthy foods than higher-income groups [15, 18] and low education groups
lack knowledge about healthy eating compared with higher education groups
[19]. Despite the fact that it is important to investigate SES differences in barriers
to healthy eating, research among older adults is scarce. Older adults may
face specific age-related barriers such as loss of appetite, chewing problems,
decreased mobility and limited transport that may all negatively influence food
choice and food intake [20-23]. It is not clear from the literature if the impact of
SES on healthy eating and barriers is also present in older adults.
The aim of our study was to identify the main barriers for meeting the fruit,
vegetable and fish guidelines in older adults and to examine SES differences
in these barriers. More importantly, we tested if specific barriers mediate
the association between SES and adherence to the fruit, vegetable and fish
guidelines.
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METHODS
Respondents
We used data from the Longitudinal Aging Study Amsterdam (LASA), an
ongoing cohort study originally designed to investigate changes in autonomy
and well-being in the ageing population in the Netherlands [24]. In summary, a
random sample stratified by age, sex and expected 5-year mortality was drawn
from the population registers of eleven municipalities in three geographical
areas in the Netherlands. In 1992–1993, 3,805 individuals were enrolled in
the baseline examination (response rate 60 %). In 2002–2003, a new cohort
of 1,002 individuals aged 55–65 years was added to the study using the same
sampling procedures (response rate 55 %). Examinations were repeated every
3 years. The source population for the current study consisted of 2,165 LASA
respondents who participated in the general LASA cycle 2005–2006. They
were invited to participate in the LASA Lifestyle Study, a side study conducted
in 2007. Eligibility criteria were: age <80 years, independently living and
cognitively well-functioning (Mini Mental State Examination score >23). In
total 1,421 respondents met these criteria, of whom 1,058 completed a selfadministered lifestyle questionnaire (response rate 74.5 %; 326 no response,
eighteen refused, eight were not able due to physical problems and eleven
were deceased). We excluded one person because all dietary data were
missing. The study was conducted according to the guidelines laid down in the
Declaration of Helsinki and all procedures involving human subjects/patients
were approved by the Medical Ethical Committee of the VU Medical Center in
Amsterdam, the Netherlands. All respondents gave informed consent.
Socioeconomic indicators
We used net monthly household income and level of education as indicators
of SES [25]. For household income, we presented several categories of income
ranges and asked respondents to indicate the category that corresponded best
with their own income. To those who indicated to have a partner with their
own income, it was asked whether they could indicate the net income of them
together. Net monthly household income was categorized as: high (>1816 €),
middle (1135–1816 €) and low (<1135 €). The middle income category covered
the Dutch net modal household income of 2007 [26]. For level of education,
respondents were asked to indicate the highest level of education that was
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completed. They could choose from nine categories (no education completed
to scientific education). Based on the Dutch education system and transition
to the labour market, we defined three levels of education: high (university,
college, higher vocational, general secondary, and intermediate vocational
education); middle (general intermediate, and lower vocational education);
and low (elementary education or less). For respondents with a partner living
in the same household, total household income was multiplied by 0.7 to
compare incomes of multi-person households with those of single-person
households [27]. Missing values for income (n 48, 4.5 %) were replaced by the
most common sex-specific income category.
Potential mediating barriers
We measured the perceived barriers to meet the fruit guideline by asking
respondents, ‘Which of the following factors are barriers for you to eat two
pieces of fruit per day?’ Respondents were asked to indicate, from a list of
twelve barriers, the two barriers that were most important for their situation.
We asked the same questions for barriers to meet the guidelines for vegetables
(≥ 200 g/d) and fish (twice weekly). Items were derived from previous research
that investigated barriers to healthy eating [28, 29] and presented in Tables
2, 3 and 4. Respondents could also indicate the option ‘Other, being…’ and
fill out their barrier. We created three composed variables that indicated
if respondents perceived any barrier to meet the fruit, vegetable and fish
guideline, respectively (yes/no). Respondents were categorized as ‘no’ if they
indicated not to perceive any barriers in the ‘Other, being…’ option or did not
choose any of the presented barriers from the list.
Age-related barriers included depressive symptoms, walk disability and
co-morbidity. For depressive symptoms, we used the Dutch translation of the
Centre for Epidemiologic Studies Depression scale, with scores ranging from 0
to 60 [30]. A score of ≥16 indicated depressive symptoms [31]. We measured
the presence of walk disability with the question, ‘Can you walk outside during
five minutes without stopping?’ We created two categories: ‘yes’ (no walking,
or only with help and difficulties) and ‘no’ (I can walk without difficulties). Comorbidity was measured by the number of self-reported chronic diseases
including chronic non-specific lung disease, cardiac disease, peripheral arterial
disease, diabetes mellitus, stroke, arthritis and/or cancer. We created two
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categories to define co-morbidity: ‘no’ (no chronic diseases) and ‘yes’ (one or
more chronic diseases).
Adherence to the fruit, vegetable and fish guidelines
We assessed the intakes of fruit, vegetables and fish by means of a food
frequency method to derive information on the consumed frequency and
number of food items. This method has shown to be a valid, inexpensive and
easy tool to provide a reasonably accurate ranking of intake and to identify
persons with a low intake [32, 33]. Respondents indicated how many days
per week they usually consumed fruit. They could choose from nine response
categories ranging from ‘never’ to ‘every day’. Next, respondents were asked for
the number of portions they consumed per day ranging from ‘less than one’
to ‘more than five portions’. To illustrate one portion of fruit written examples
were given (one medium-sized apple, two mandarins or a handful of grapes).
Respondents also indicated the frequency and number of glasses of fruit juice
(fresh/bottled) per day. In addition, respondents indicated how many days
per week they usually consumed raw vegetables (lettuce/salads) and cooked/
baked vegetables (fresh/tinned, including hotchpotches and pre-packaged
meals) where they could choose from nine response categories ranging
from ‘never’ to ‘every day’. Next, respondents were asked for the amount of
vegetables consumed per day. The amount was expressed in number of serving
spoons, which represents 50 g of vegetables per spoon, with seven response
categories ranging from ‘less than one’ to ‘more than five spoons’. Lastly,
respondents indicated how many days per week they usually consumed fish,
with nine response categories ranging from ‘never’ to ‘every day’. This is similar
to the method used in the national Food Consumption Survey. Even more
importantly, the Dutch fish guideline recommendations are in frequencies and
not in amount of fish consumed.
Based on the self-reported dietary intake data, we calculated adherence to the
Dutch dietary guidelines for fruit, vegetables and fish. The following criteria
were used: two portions of fruit per day (a maximum of one glass of fruit juice
(200 ml) to replace one portion of fruit); four serving spoons of vegetables per
day (200 g); and fish twice per week [24]. In accordance with these guidelines,
we did not count potatoes as a vegetable.
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Covariates
Sociodemographic factors included sex, age and region of the Netherlands
(west, north and south). Lifestyle factors included BMI, physical activity in the
past two weeks, smoking status and alcohol consumption during the past year.
We calculated BMI as measured weight (in kilograms) divided by the square
of measured height (in metres squared). We defined physical activity as the
average number of minutes of physical activity performed per day including
walking, cycling, gardening, performing heavy housework and a maximum of
two sports activities [34]. We defined smoking into three categories: current,
former and never smoking. Never smokers included former smokers who
stopped smoking more than 15 years ago. Categories of alcohol consumption
included: no drinking, moderate drinking (less than three glasses per day) and
(very) excessive drinking (three or more glasses per day). Partner status was
defined as ‘yes’ (presence of a partner in the household) or ‘no’ (no partner in
the household).
Statistical analyses
We used descriptive statistics to summarize the characteristics of the
respondents. Continuous variables were presented as means and standard
deviations, whereas categorical variables were presented as relative
frequencies. We calculated the frequencies for the barriers to meet the fruit,
vegetable and fish guidelines and performed Fischer’s exact tests to test for
statistically significant differences between SES groups. This test can handle
very low cell frequencies.
We scaled the SES indicators as continuous rank scores. Applying these
rank scores allows for estimating the relative index of inequality (RII), which
enables direct comparison between the two SES indicators [35]. To calculate
the RII, a score between 0 (highest SES) and 1 (lowest SES) was assigned to
each answer category based on the proportion of respondents above the
midpoint in that category with a higher position in the SES hierarchy (for level
of income and education separately). For example, if 10% of the respondents
were in the highest education category, respondents in this group were
represented by the range 0–0.1 and were allocated the score 0.05 (0.1/2). If
20% of the respondents were in the next group, then this education group
was allocated the score 0.20 (0.1+0.2/2) and so on. The RII was then obtained
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by performing the regression of the outcome v. each of the continuous SES
rank scores, and can be interpreted as the odds ratio comparing the most
with the least deprived measure of SES.
To assess the barriers as potential mediating variables in the association
between SES and adherence to the guidelines for fruit, vegetables and
fish, we conducted structural equation modelling using Mplus software
(Figure 1). We estimated the mediation models separately for income and
education levels and for adherence to the fruit, the vegetable and the fish
guideline. First, the regression of the SES indicators v. adherence to the
fruit, vegetable and fish guideline was performed (c path=total effect).
Path a represents the association between the SES indicator and the potential
mediating barrier, while path b represents the association between the
potential mediating barrier and adherence to the dietary guideline, adjusted
for the SES indicators. Thereafter, the association between the SES indicators
and adherence to the fruit, vegetable or fish guideline was examined adjusted
for the potential mediating barrier (c’ path=direct effect). The mediation
effect (a×b) was calculated for each mediator separately. Weighted least
squares with means and variance adjusted (WLSMV) estimates were used as
the estimation method with bootstrapped confidence intervals. The probit
regression coefficient (B) can be interpreted as an odds ratio by calculating
exp(1.7 × B)=OR.
We evaluated potential confounding by adding covariates individually to the
sex- and age-adjusted models and compared the adjusted estimate with the
sex- and age-adjusted estimate. We included variables when they changed
the estimate (B) by 10% or more, which resulted in additional adjustments
for presence of a partner in the household and alcohol consumption. We also
adjusted the analyses for the other SES indicator. By adjusting simultaneously
we investigated the independent associations of the barrier with the SES
indicator in question. P<0.05 was considered statistically significant. Statistical
analyses were performed using the statistical software package IBM SPSS
Statistics for Windows version 20.0 and Mplus version 6.11.
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Barriers to meet the guidelines for fruit, vegetables and fish (M)
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Figure 1. The mediation figure for the associations between level of income and adherence to the
guidelines. X is the independent variable, Y is the dependent variable and M is de mediator. Path a
represents the associations between X and M, and path b represents the associations between M and Y,
adjusted for X. Path c’ is the direct effects and path c is the total effects between X and Y.

RESULTS
Characteristics
The total sample included 1,057 participants, 555 women and 502 men, with
a mean age of 68.9 (SD 6.2) years (Table 1). More than half of the respondents
had both a middle level of education and a middle level of income. Of the
sample, 82.5% reported to adhere to the fruit guideline, 65.1% to the vegetable
guideline and 31.7% to the fish guideline.
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(10.5%, n 106), ‘fruit is diffi
cult to
store’
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n 82)
and
spoils
quickly’
(7.5%, n 76). ‘Eating out often’ (1.0%, n 10), ‘it takes time to buy fruit’ (1.9%, n 19)
and ‘recommendations for fruit are not clear’ (2.1%, n 21) were mentioned by
only a very small proportion of the respondents

Perceiving any barrier to meet the vegetable guideline was reported by 40.0%
(n 405) of the respondents (Table 3). Most reported vegetable barriers were ‘poor
appetite’ (10.3%, n 104), ‘vegetables are expensive’ (8.2%, n 83) and ‘concerns
about pesticide residues on vegetables’ (6.3%, n 64). ‘Eating vegetables is
impractical’ (0.6%, n 6), ‘troubles with chewing vegetables’ (1.2%, n 12) and
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‘persons with whom I eat do not like vegetables’ (1.6%, n 16) were mentioned
by only a very small proportion of the respondents.
Perceiving any barrier to meet the fish guideline was reported by 51.1% (n 525)
of the older adults (Table 4). Most reported fish barriers were ‘fish is expensive’
(32.1%, n 237), ‘habits and tradition’ (20.1%, n 206) and ‘persons with whom
I eat do not like fish’ (9.5%, n 97). ‘Recommendations for fish are not clear’
(1.9%, n 19), ‘fish spoils quickly’ (3.1%, n 32) and ‘concerns about unwanted
materials in fish’ (3.1%, n 32) were mentioned by only a very small proportion
of the respondents.
Table 1. Characteristics of 1,057 older Dutch participants of the Longitudinal Aging Study Amsterdam.
Female sex, %
Age (y), mean (SD)
Region of the Netherlands, %
West
North
South
Education, %
Low
Middle
High
Income, %
Low
Middle
High
Body Mass Index (kg/m²) mean, (SD)
Smoking, %
Never smoked
Former
Current
Alcohol consumption, %
Non-drinker
Moderate
(Very) excessive
Partner in the household (yes)
Physical activity (min. per day), median (IQR)
Depressive symptoms, (CES-D ≥16) %
Walk disability, %
Co-morbidity (≥ 1 chronic disease), %
Adherence to the guidelines, %
Fruit (≥2 pieces per day)
Vegetable (≥200 grams per day)
Fish (≥2 times fish a week)
SD: standard deviation, IQR: Interquartile range
¹ N total sample (sample sizes vary due to missing data)
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N¹
1,057
1,057

% or mean (SD or IQR)
52.5
68.9 (6.2)

438
377
242

41.5
35.7
22.9

231
607
219

21.9
57.4
20.7

249
665
143
1,040

23.6
62.9
13.5
27.5 (4.1)

391
491
167

37.3
46.8
15.9

229
590
238
1,057
1,055
1,057
1,055
1,057

21.7
55.8
22.5
78.4
62 (30-108)
8.1
9.6
50.9

997
965
1,050

82.5
65.1
31.7

Perceived barriers

Differences in adherence to the guidelines for fruit, vegetable and fish by
socioeconomic status
SES differences in adherence to the guidelines are presented in Table 5 and
represent path c (total effect). Lower income levels were statistically significantly
associated with lower adherence to the fruit guideline (B=−0.40, 95 % CI −0.81,
−0.01) and the fish guideline (B=−0.38, 95 % CI −0.72, −0.02). No association
between income and adherence to the vegetable guideline was observed.
Lower education levels were statistically significantly associated with lower
adherence to the vegetable guideline (B=−0.70, 95 % CI −1.03, −0.36). Level
of education was not associated with adherence to the guidelines for fruit and
fish.
Differences in barriers to meet the fruit guideline by socioeconomic status
Table 2 shows the perceived barriers to meet the fruit guideline by education
and income levels and Table 6 shows the regression coefficients for the
associations between education and income levels, potential mediators and
adherence to the guideline for fruit. Path a in Table 6 indicates the association
between income (column 1) and education levels (column 2) and the potential
mediating barriers for adherence to the fruit guideline. Lower income levels
were statistically significantly associated with a higher probability to perceive
any barrier to meet the fruit guideline and to perceive the barriers ‘fruit is
expensive’, ‘dislike fruit’, ‘fruit is difficult to store’, ‘troubles with chewing fruit’
and with having a walk disability. Lower education levels were statistically
significantly associated with a higher probability to perceive the barriers ‘fruit
is expensive’ and ‘fruit spoils quickly’. Path b in Table 6 (column 3) indicates
the associations between the potential mediating barriers and adherence to
the fruit guideline, adjusted for the SES indicators. Perceiving any barrier to
meet the fruit guideline and the barriers ‘recommendations for fruit are not
clear’, ‘eating fruit is impractical’, ‘difficult to find tasty fruit’, ‘dislike fruit’, ‘poor
appetite’, ‘troubles with chewing fruit’ and having one or more chronic diseases
all statistically significantly lowered the probability to adhere to the fruit
guideline.
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100
13 (5.5)
24 (10.1)

76 (7.5)
21 (2.1)
46 (4.6)
54 (5.3)
35 (3.5)

Recommendations for fruit are not clear

Eating fruit is impractical

Difficult to find tasty fruit

Dislike fruit

96 (9.5)

Other

20 (8.4)

1 (0.4)

10 (4.2)

62 (9.8)

4 (0.6)

14 (2.2)

32 (5.0)

42 (6.6)

9 (1.4)

53 (8.4)

18 (2.8)

31 (4.9)

33 (5.2)

15 (2.4)

48 (7.6)

53 (8.3)

297 (46.8)

*P <0.05 = statistically significant difference in perceived barriers within income and education levels

10 (1.0)

Eating out often

20 (8.4)

59 (5.8)
25 (2.5)

Poor appetite

Troubles with chewing fruit

13 (5.5)

66 (6.5)

Concerns about the pesticides residues on fruit

7 (2.9)

82 (8.1)
19 (1.9)

Fruit is difficult to store

It takes time to buy fruit

18 (7.6)

6 (2.5)

5 (2.1)

18 (7.6)

106 (10.5)

43 (18.1)

130 (54.6)

Middle

High

14 (10.1)

5 (3.6)*

1 (0.7)

7 (5.1)

11 (8)

3 (2.2)

5 (3.6)

4 (2.9)

5 (3.6)

7 (5.1)

1 (0.7)

10 (7.2)

10 (7.3)*

58 (42.0)*

Level of income, N (%)

Fruit spoils quickly

485 (48.9)

Low

Fruit is expensive

Specific barriers:

Perceiving any barrier to meet the fruit guideline

Total, N (%)

16 (7.1)

0 (0)

5 (2.2)

21 (9.4)

13 (5.8)

6 (2.7)

24 (10.7)

7 (3.1)

17 (7.6)

5 (2.2)

2 (0.9)

28 (12.5)

34 (15.2)

60 (10.3)

7 (1.2)

14 (2.4)

29 (5)

39 (6.7)

6 (1.0)

45 (7.7)

22 (3.8)

29 (5)

25 (4.3)

15 (2.6)

39 (6.7)

62 (10.7)

275 (47.3)

Middle

20 (9.8)

3 (1.5)

6 (2.9)

9 (4.4)*

14 (6.8)

7 (3.4)

13 (6.3)

6 (2.9)

8 (3.9)

16 (7.8)*

4 (2.0)

9 (4.4)*

10 (4.9)*

95 (46.3)

High

Level of education, N (%)
115 (51.3)

Low

Table 2. Perceived barriers to meet the fruit guideline by income and education levels in 1,010 older Dutch participants of the Longitudinal Aging Study Amsterdam.
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6 (0.6)
55 (5.4)
24 (2.4)
20 (2.0)
62 (6.1)
61 (6.0)
64 (6.3)

Eating vegetables is impractical

Difficult to find tasty vegetables

Dislike vegetables

Recommendations for vegetables are not clear

It is difficult to store vegetables

It takes a lot of time to prepare vegetables

Concerns about the pesticides residues on vegetables

24 (2.4)
16 (1.6)
45 (4.4)

Eating out often

Persons with whom I eat do not like vegetables

Other

4 (2.9)
0 (0)

7 (5.1)
2 (1.4)

43 (6.8)
24 (3.8)
4 (0.6)
37 (5.8)
16 (2.5)
16 (2.5)
36 (5.7)
36 (5.7)
35 (5.5)
64 (10.1)
6 (0.9)
14 (2.2)
10 (1.6)
28 (4.4)

34 (14.2)
14 (5.9)
1 (0.4)
17 (7.1)
4 (1.7)
4 (1.7)
20 (8.4)
12 (5.0)
18 (7.5)
27 (11.3)
6 (2.5)
3 (1.3)
4 (1.7)
11 (4.6)

6 (4.3)

0 (0)

13 (9.4)

11 (8.0)

13 (9.4)

6 (4.3)

1 (0.7)*

1 (0.7)

5 (3.6)

6 (4.3)*

Low

11 (5)

6 (2.7)

2 (0.9)

3 (1.4)

32 (14.5)

10 (4.5)

14 (6.3)

20 (9)

4 (1.8)

5 (2.3)

16 (7.2)

0 (0)

16 (7.2)

25 (11.3)

106 (48.0)

21 (3.6)

9 (1.5)

15 (2.6)

7 (1.2)

56 (9.6)

41 (7)

28 (4.8)

30 (5.1)

14 (2.4)

12 (2.0)

13 (5.6)

5 (0.9)

20 (3.4)

54 (9.2)

224 (38.2)

13 (6.3)

1 (0.5)

7 (3.4)

2 (1)

16 (7.8)

13 (6.3)

19 (9.2)

12 (5.8)

2 (1.0)

7 (3.4)

6 (2.9)

1 (0.5)

7 (3.4)

4 (1.9)*

75 (36.4)*

High

Middle

High
47 (34.1)*

Middle
246 (38.7)

Low
112 (46.9)

* P <0.05 = statistically significant difference in perceived barriers within income and education levels.

12 (1.2)

Troubles with chewing vegetables

104 (10.3)

43 (4.2)

Vegetables spoil quickly

Poor appetite

83 (8.2)

405 (40.0)

Total, N (%)

Vegetables are expensive

Specific barriers:

Perceiving any barrier to meet the vegetable guideline

Level of education, N (%)

Level of income, N (%)

Table 3. Perceived barriers to meet the vegetable guideline by income and education levels in 1,013 older Dutch participants of the Longitudinal Aging Study
Amsterdam.
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5

101

102
50 (4.9)
36 (3.5)

It is difficult to prepare fish

Poor appetite
58 (5.7)

12 (5)

48 (19.8)

17 (7)

13 (5.4)

7 (2.9)

13 (5.4)

14 (5.8)

26 (10.7)

27 (19.9)
7 (5.1)

39 (6)

1 (0.7)*

12 (8.8)

5 (3.7)

2 (1.5)

5 (3.7)

10 (7.4)

7 (5.1)

12 (8.8)

4 (2.9)

6 (4.4)

10 (7.4)

27 (19.9)*

58 (42.6)*

High

131(20.0)

18 (2.8)

25 (3.9)

20 (3.1)

24 (3.7)

51 (7.9)

50 (7.7)

35 (5.4)

49 (7.6)

12 (1.9)

16 (2.5)

65 (10)

124 (19.2)

325 (50.2)

* P <0.05 = statistically significant difference in perceived barriers within income and education levels.

Other

206 (20.1)

32 (3.1)

Concerns about unwanted materials in fish

Habits and tradition

39 (3.8)

Difficult to store fish

20 (8.3)

80 (7.8)
70 (6.8)

54 (5.3)

Good quality fish is hard to find

Dislike fish

87 (8.5)

Fish bones are unpalatable

Fish smells unpalatable

12 (5)

19 (1.9)

3 (1.2)

10 (4.1)

32 (3.1)

Fish spoils quickly

Recommendations for fish are not clear

86 (35.5)

142 (58.4)

Middle

Level of income, N (%)

22 (9.1)

237 (32.1)

525 (51.1)

Low

97 (9.5)

Persons with whom I eat do not like fish

Fish is expensive

Specific barriers

Perceiving any barrier to meet the fish guideline

Total, N (%)

15 (6.7)

39 (17.3)

15 (6.7)

14 (6.2)

6 (2.7)

11 (4.9)

19 (8.4)

16 (7.1)

8 (3.6)

21 (9.3)

4 (1.8)

11 (4.9)

14 (6.2)

67 (29.8)

31 (5.3)

115 (19.5)

17 (2.9)

23 (3.9)

19 (3.2)

27 (4.6)

39 (6.6)

45 (7.6)

32 (5.4)

48 (8.1)

13 (2.2)

19 (3.2)

65 (11)

139 (23.6)

296 (50.1)

Middle

12 (5.7)

52 (24.8)

4 (1.9)*

13 (6.2)

7 (3.3)

1 (0.5)*

12 (5.7)

19 (9.0)

14 (6.7)

18 (8.6)

2 (1)

2 (1)*

18 (8.6)

31 (14.8)*

106 (50.5)

High

Level of education, N (%)
123 (54.4)

Low

Table 4. Perceived barriers to meet the fish guideline by income and education levels in 1,013 older Dutch participants of the Longitudinal Aging Study Amsterdam.
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Table 5. Association between income, education levels and adherence to the fruit, vegetable and fish
guideline (total effect, path c)1

Level of income ²
Level of education ²

Adherence to the fruit
guideline
Total effect, path c
B + 95 % CI

Adherence to the
vegetable guideline
Total effect, path c
B + 95 % CI

Adherence to the fish
guideline
Total effect, path c
B + 95 % CI

-0.40 (-0.81, -0.01)*

-0.02 (-0.36, 0.34)

-0.38 (-0.72, -0.02)*

-0.13 (-0.49, 0.27)

-0.70 (-1.03, -0.36)***

-0.27 (-0.58, 0.07)

Statistical significance of the associations: * P <0.05, ** P < 0.01, *** P < 0.001
1
Adjusted for sex, age, alcohol consumption, partner status and the other SES indicator
² Level of income and education are scaled as relative index of inequality (score between 0-1), comparing
the most to least deprived measure of SES

Differences in barriers to meet the vegetable guideline by socio-economic
status
Table 3 shows the perceived barriers to meet the vegetable guideline by level
of education and income and Table 7 shows the regression coefficients for
the associations between level of income and education, potential mediators
and adherence to the guideline for vegetables. Path a in Table 7 indicates the
association between income (column 1) and education levels (column 2) and
the potential mediating barriers for adherence to the vegetable guideline.
Lower income levels were statistically significantly associated with a higher
probability to perceive the barrier ‘vegetables are expensive’ and having a walk
disability. Lower education levels were statistically significantly associated
with a higher probability to perceive the barrier ‘vegetables are expensive’.
Path b in Table 7 (column 3) indicates the associations between the potential
mediating barriers and adherence to the vegetable guideline, adjusted for the
SES indicators. Perceiving any barrier to meet the vegetable guideline and the
barriers ‘difficult to find tasty vegetables’, ‘dislike vegetables’ and ‘poor appetite’
all statistically significantly lowered the probability to adhere to the vegetable
guideline.
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5

104
0.13

0.21
0.14
0.30
0.78*
0.47*
0.49
-0.26
0.20
0.91*
-1.35

Recommendations for fruit are not clear

Eating fruit is impractical

Difficult to find tasty fruit

Dislike fruit

Fruit is difficult to store

It takes time to buy fruit

Concerns about the pesticides residues on fruit

Poor appetite

Troubles with chewing fruit

Eating out often

-0.21

Walk disability

Co-morbidity

0.06

0.23

0.39

-0.26

-0.67

0.35

0.14

-0.47

0.38

-0.53

-0.14

0.62*

-0.24**

0.01

-0.08

-0.04

-0.26*

-0.45***

0.01

-0.04

0.06

-0.61***

-0.29**

-0.36***

-0.26*

0.10

0.10

-0.55***

(B)

Path b

-0.45*

-0.40

-0.38

-0.45

-0.15

-0.31

-0.40

-0.38

-0.42*

0.08

-0.31

-0.35

-0.34

-0.39

-0.46*

-0.17

path c’
income
(B)

Statistical significance of the associations: * P <0.05, ** P < 0.01, *** P < 0.001
1
All associations are adjusted for sex, age, alcohol consumption, partner status and the other SES indicator

0.15
0.68**

Depressive symptoms

Age related barriers

-0.03

-0.08

Fruit spoils quickly

0.55*

0.64**

Fruit is expensive

0.16

0.41*

Path a
education
(B)

Any barrier to meet the fruit guideline

Path a
income
(B)

0.00 (-0.14, 0.15)
0.05 (-0.07, 0.20)

-0.12

-0.01 (-0.12, 0.02)

0.06 (-0.40, 0.87)

-0.24 (-0.68, 0.00)

-0.09 (-0.35, 0.14)

0.00 (-0.06, 0.09)

-0.02 (-0.28, 0.13)

0.03 (-0.05, 0.18)

-0.48 (-0.96, -0.08)*

-0.08 (-0.28, 0.07)

-0.05 (-0.25, 0.10)

-0.06 (-0.33, 0.13)

-0.00 (-0.07, 0.04)

0.06 (-0.04, 0.23)

-0.23 (-0.39 -0.05)*

Mediation effect
income
(B + 95% CI)

-0.13

-0.10

-0.14

-0.31

0.03

-0.13

-0.15

-0.14

-0.15

-0.03

-0.32

-0.17

-0.14

-0.19

-0.05

path c’
education
(B)

-0.01 (-0.14, 0.10)

0.00 (-0.06, 0.07)

-0.03 (-0.18, 0.02)

0.01 (-0.11, 0.40)

0.18 (-0.02, 0.54)

-0.16 (-0.45, 0.10)

-0.00 (-0.07, 0.05)

0.02 (-0.12, 0.30)

0.01 (-0.03, 0.13)

0.02 (-0.35, 0.41)

-0.11 (-0.33, 0.03)

0.19 (0.01, 0.45)

0.04 (-0.15, 0.33)

0.01 (-0.10, 0.16)

0.05 (-0.03, 0.21)

-0.09 (-0.28, 0.09)

Mediation effect
education
(B + 95% CI)

Table 6. Association between income and education levels with adherence to the fruit guideline adjusted for the perceived barriers (c’ path), and the association
between income and education levels with the perceived barriers (a path) and the association between the perceived barriers with adherence to the fruit guideline
adjusted for the SES indicators (b path)1 and the mediation effects for income and education levels in 1,013 older Dutch participants of the Longitudinal Aging Study
Amsterdam.
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0.26

-0.10
0.88
-0.79
0.49

Poor appetite

Troubles with chewing vegetables

Eating out often

Persons with whom I eat do not like vegetables

-0.21

Walk disability

Co-morbidity

0.05

0.24

-0.02

0.28

-0.17

-0.52

-0.04
-0.02
-0.08
0.06
-0.17
0.06
-0.02
-0.01
-0.01

-0.08
-0.01
-0.56***
-0.09
-0.19
-0.16
-0.99
-0.01
0.08

†

†

-0.29**
-0.02

0.07
-0.09

-0.34***
†

†

†

-0.01

-0.58*

-0.02

-0.01

-0.57**

-0.70***

-0.69***

-0.72***

-0.65***

-0.73***

-0.74***

0.55**

-0.70***

-0.72***

-0.69**

-0.57**

†

-0.70

-0.65***

0.08
0.04

-0.08

path c’
education
(B)

-0.42***

(B)

path c’
income
(B)

Path b

-0.02 (-0.11, 0.02)

-0.01 (-0.13, 0.11)

-0.00 (-0.80, 0.55)

-0.08 (-0.41, 0.02)

0.15 (-0.03, 0.54)

-0.08 (-0.60, 0.14)

0.05 (-0.20, 0.33)

0.00 (-0.05, 0.04)

0.02 (-0.02, 0.15)

-0.00 (-0.13, 0.08)

†

0.06 (-0.14, 0.43)

-0.09 (-0.30, 0.09)

†

-0.00 (-0.13, 0.08)

-0.06 (-0.21, 0.04)

-0.10 (-0.24, 0.05)

Mediation effect
income
(B + 95% CI)

-0.00 (-0.03-0.08)

-0.00 (-0.08, 0.04)

-0.01 (-0.09, 0.03)

-0.04 (-0.31, 0.05)

0.03 (-0.07, 0.29)

0.05 (-0.11, 0.47)

-0.14 (-0.40, 0.10)

0.00 (-0.04, 0.05)

0.03 (-0.02, 0.18)

-0.09 (-0.00, 0.05)

†

-0.11 (-0.50, 0.08)

-0.13 (-0.37-0.04)

†

-0.00 (-0.08, 0.06)

-0.05 (-0.19, 0.03)

-0.13 (-0.27, 0.01)

Mediation effect
education
(B + 95% CI)

Statistical significance of the associations: * P <0.05, ** P < 0.01, *** P < 0.001
1
All analyses were adjusted for sex, age, alcohol consumption, partner status and the other SES indicator; † too few observations to perform mediation analyses

0.00
0.68**

Depressive symptoms

Age related barriers

-0.08

0.07

Concerns about the pesticides residues on
vegetables

-0.30

-0.20

It takes a lot of time to prepare vegetables

0.22

0.49

†

0.39

0.39

†

0.08

0.58*

0.31

Path a
education
(B)

It is difficult to store vegetables

†

Dislike vegetables

Recommendations for vegetables are not clear

0.26
-0.23

Difficult to find tasty vegetables

0.37

Vegetables spoil quickly
†

0.69**

Vegetables are expensive

Eating vegetables is impractical

0.23

Any barrier to meet the vegetable guideline

Path a
income
(B)

Table 7. Association between income and education levels with adherence to the vegetable guideline adjusted for the perceived barriers (c’ path), and the association
between income and education levels with the perceived barriers (a path) and the association between the perceived barriers with adherence to the vegetable
guideline adjusted for the SES indicators (b path)1 and the mediation effects for income and education levels in 1,013 older Dutch participants of the Longitudinal
Aging Study Amsterdam.

Perceived barriers

105

5

106
-0.03
0.30
0.22
0.21
-0.11
0.54
0.02
-0.21
0.49
0.05

Recommendations for fish are not clear

Fish bones are unpalatable

Good quality fish is hard to find

Dislike fish

Fish smells unpalatable

Difficult to store fish

Concerns about unwanted materials in fish

It is difficult to prepare fish

Poor appetite

Habits and tradition

-0.21

Walk disability

Co-morbidity

0.05

0.23

0.39

-0.21

0.35

0.11

-0.20

0.31

0.20

-0.31

-0.49

-0.13

0.36

0.56

-0.06

0.32

-0.05

Path a
education
(B)

0.03

-0.05

0.03

-0.48***

-0.39***

-0.27

-0.03

0.05

-0.42***

-0.66***

-0.02

-0.12

-0.05

0.18

-0.43***

-0.15*

-0.40*

(B)

Path b

-0.37*

-0.35

-0.38*

-0.36*

-0.19

-0.43

-0.38*

-0.41*

-0.43*

-0.24

-0.38*

-0.35

-0.38

-0.37

-0.33

-0.26

-0.23

path c’
income
(B)

-0.03 (-0.17, 0.06)
-0.01 (-0.09, 0.02)

-0.27

0.00 (-0.03, 0.08)

-0.02 (-0.19, 0.16)

-0.19 (-0.53, 0.07)

0.06 (-0.08, 0.27)

-0.00 (-0.10, 0.06)

0.03 (-0.08, 0.18)

0.05 (-0.16, 0.25)

-0.14 (-0.43, 0.14)

-0.00 (-0.11, 0.04)

-0.03 (-0.16, 0.01)

-0.00 (-0.12, 0.15)

-0.01 (-0.21, 0.11)

-0.05 (-0.29, 0.16)

-0.12 (-0.26, -0.03)*

-0.15 (-0.28, -0.02)*

Mediation effect
income
(B + 95% CI)

-0.26

-0.28

-0.36

-0.13

-0.24

-0.27

-0.28

-0.18

-0.47*

-0.28

-0.28

-0.25

-0.37*

-0.29

-0.22

-0.29

path c’
education
(B)

Statistical significance of the associations: * P <0.05, ** P < 0.01, *** P < 0.001
1
All analyses were adjusted for sex, age, alcohol consumption, partner status and the other SES indicator

0.15
0.68**

Depressive symptoms

Age related barriers

0.12
-0.06

Fish spoils quickly

0.81***

Fish is expensive

Persons with whom I eat do not like fish

0.38*

Any barrier to meet the fish guideline

Path a
income
(B)

0.00 (-0.03, 0.05)

-0.01 (-0.12, 0.02)

0.01 (-0.04, 0.11)

0.10 (-0.08, 0.28)

-0.14 (-0.49, 0.12)

-0.03 (-0.22, 0.11)

0.01 (-0.82, 0.38)

0.02 (-0.04, 0.15)

-0.09 (-0.33, 0.12)

0.21 (-0.79, 0.16)

0.01 (-0.07, 0.15)

0.02 (-0.03, 0.11)

-0.02 (-0.27, 0.08)

0.10 (-0.02, 0.37)

0.03 (-0.17, 0.23)

-0.05 (-0.15, -0.00)

0.02 (-0.11, 0.15)

Mediation effect
education
(B + 95% CI)

Table 8. Association between income and education levels with adherence to the fish guideline adjusted for the perceived barriers (c’ path), and the association
between income and education levels with the perceived barriers (a path) and the association between the perceived barriers with adherence to the fish guideline
adjusted for the SES indicators (b path)1 and the mediation effects for income and education levels in 1,013 older Dutch participants of the Longitudinal Aging Study
Amsterdam.
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Differences in barriers to meet the fish guideline by socio-economic status
Table 4 shows the perceived barriers to meet the fish guideline by level of
education and income and Table 8 shows the regression coefficients for the
associations between level of income and education, potential mediators and
adherence to the guideline for fish. Path a in Table 8 indicates the association
between income (column 1) and education levels (column 2) and the potential
mediating barriers for adherence to the fish guideline. Lower income levels were
statistically significantly associated with a higher probability to perceive any
barrier to meet the fish guideline and the barrier ‘fish is expensive’ and having
a walk disability. We observed no association between level of education and
any barrier to meet the fish guideline. Path b in Table 8 (column 3) indicates the
associations between the potential mediating barriers and adherence to the
fish guideline, adjusted for the SES indicators. Perceiving any barrier to meet
the fish guideline and the barriers ‘fish is expensive’, ‘persons with whom I eat
do not like fish’, ‘dislike fish’, ‘fish smells unpalatable’, ‘poor appetite’ and ‘habits
and tradition’ all statistically significantly lowered the probability to adhere to
the fish guideline.
Potential mediators
The mediation effects are presented in Tables 6 (fruit), 7 (vegetables)
and 8 (fish) for level of income (column 6) and education (column 7). The
association between level of income and adherence to the guideline for
fruit was mediated by ‘perceiving any barrier to meet the fruit guideline’
(mediation effect: B=−0.23, P=0.02) and by the barrier ‘dislike fruit’ (mediation
effect: B=−0.48, P=0.04). The association between level of income and
adherence to the fish guideline was mediated by ‘perceiving any barrier to
meet the fish guideline’ (mediation effect: B=−0.15, P=0.03) and by the barrier
‘fish is expensive’ (mediation effect: B=−0.12, P=0.03). We found no mediation
effects for experiencing any barrier towards the vegetable guideline and
adherence to the vegetable guideline. Experiencing any barrier to meet the
vegetable guideline had only marginal impact on the association between level
of education and adherence to the vegetable guideline (c’) and this mediation
effect was not statistically significant.
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When we adjusted the associations between the SES indicators and adherence
to the guidelines for the statistically significant mediators (path c’=column 4
and column 5 in Tables 6, 7, and 8), the observed associations diminished and
became non-significant, which confirms the statistically significant mediation
effects that we showed. Exclusion of the barriers ‘dislike fruit’ and ‘fish is
expensive’ from the composed barriers ‘perceiving any barrier to meet the fruit/
fish guideline’ did not change the mediation results.

DISCUSSION
The present study is the first to show that previously observed SES differences
in dietary adherence are mediated by barriers to meet the fruit and fish
guidelines in older Dutch adults. Our study has several main findings. First
of all, perceiving any barriers to meet the guidelines was common, 48.9% of
the respondents perceived a barrier to meet the fruit guideline, 40.0% for the
vegetable guideline and 51.1% perceived a barrier to meet the fish guidelines.
The most frequently perceived barriers in the overall sample concerned the
high price of fruit and fish and a poor appetite for adherence to the vegetable
guideline. Furthermore, lower SES groups adhered less often to the dietary
guidelines and were more likely to perceive barriers. Lastly, perceiving any
barrier to meet the fruit or the fish guideline and the barriers ‘dislike fruit’ and
‘fish is expensive’ were mediators and partly explained the findings why lower
income groups adhere less often to the fruit and fish guidelines.
In our study, we found that a lower education was independently associated
with a lower adherence to the vegetable guideline and that a lower household
income was independently associated with a lower adherence to the fruit and
fish guideline. These SES inequalities in diet have been documented in the
literature [10, 11, 36], also among older adults [12, 13]. These results motivate
the aim of our study to investigate the potential pathways through which these
SES indicators influence dietary adherence in older adults.
The most frequently perceived barriers in the overall sample concerned the
high price of fruit and fish. This is in accordance with results in younger adults
where the cost of food is related to its nutritional quality, with lower priced
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products being nutritionally poor and more energy dense v. higher priced
products being nutritionally rich and less energy dense [37, 38].
To our knowledge, no previous study in older adults has focused on barriers
that can explain SES differences in diet quality by performing mediation
analyses. In the present study, we found evidence for mediating barriers in
the associations between SES and adherence to the guidelines. Reporting any
barrier to meet the fruit guideline and the barrier ‘dislike fruit’ partly explained
the income differences in adherence to the fruit guideline. Taste is known to be
an important factor in food choices [16, 39, 40]. A study in older adults showed
that higher intakes of fruit were associated with a greater liking of fruit [23].
Information is limited in relation to whether taste preferences vary by SES, but
our finding may provide information on one of the underlying mechanisms.
Having a higher income may increase the possibility to try different fruits,
leading to a wider taste for different fruits. Trying new fruits represents a risk of
waste that lower-income individuals cannot afford to take [41, 42]. Interventions
aiming to increase liking of fruit may be beneficial to lower-income groups
and have been found to result in improvements in fruit consumption among
younger adults [43].
Perceiving any barrier to meet the fish guideline and the barrier ‘fish is
expensive’ partly explained the income difference in adherence to the
fish guideline. Price concerns as mediating barriers are supported by the
literature among younger adults, where diet costs significantly mediated
the link between income and diet quality in American adults [44]. A recent
study in adults from Finland showed that price partly mediated the effects
of SES indicators on the intake of fruit and vegetables [45]. Studies in adults
from Australia and America also provide evidence that SES differences in food
cost concerns represented part of the pathway through which SES influenced
dietary outcomes [46, 47]. It is reasonable to assume that a lower income
affects older people’s food choice, especially with regard to fish, since it is
known that especially fish is perceived to be expensive [48]. A study in adult
women showed that those with the highest income had 90% lower odds to
perceive price as a barrier in fish consumption [49]. Drewnoski confirmed this
finding and compared the costs of different foods relative to their energy and
nutritive value, showing that fish was responsible for the highest costs per
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serving [37]. An important question is whether removal of the price barriers
leads to a higher intake and better adherence to the fish guideline. Recent
studies showed that a price discount on fruit and vegetables increased
the purchase of fruit and vegetables, especially in low SES groups [50–52].
However, it remains unknown whether price reductions will also lead to an
increased fish intake in older adults.
In our study, the association between level of education and adherence to the
vegetable guidelines was not mediated by any barrier. A possible explanation
could be that fewer barriers were perceived for adherence to the vegetable
guidelines. Additionally, price was the most perceived barrier and price is
known to be more closely related to income than to education [44]. Education
is known to be more related to attitudes towards healthy eating [36] and
knowledge about healthy eating [19, 46].
A greater proportion of the participants adhered to the fruit guidelines than to
the vegetable guidelines (82.5% v. 65.1%, respectively), while perceiving any
fruit barrier was actually more common (48.9%) than perceiving any vegetable
barrier (40.0%). Although this suggests a contradictory finding, it can be
explained. The higher adherence to the fruit guideline may in part be the
consequence of the fact that a maximum of one piece of fruit per day can be
replaced by one glass of fruit juice. This is in accordance with the Dutch dietary
guidelines, but it is possible that not all respondents were aware of this and
therefore underestimated their adherence to the fruit guideline and perceived
more barriers. Another explanation may be that vegetables are more versatile
than fruit. Vegetables can be eaten as part of the meal, or in hotchpotches,
soups or as a salad. People can choose from many options, while the methods
of preparation for fruit are more limited. This could lead to a smaller number
of perceived barriers for meeting the vegetable guideline than for the fruit
guideline.
Also, the age-related barriers, measured by health and physical variables, did
not mediate any of the associations between SES and adherence to the dietary
guidelines suggesting that these barriers are of little interest in explaining
SES differences. This may seem surprising as health status is known to differ
according to SES group and plays an important role in food choices [16]. Since
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no other studies have investigated age-related barriers as mediators in the
association between SES and adherence to guidelines we can only speculate
about explanations for this finding. Dietary resilience is a new concept that
explains how some older adults eat well despite age-related changes. Foodrelated motivations, such as the availability of support and the willingness
to draw on this support, may contribute to dietary resilience [53], but future
research must find out how dietary resilience is related to SES.
Our study has several strengths. It is the first study that focused on the
mediating role of barriers to explain SES differences in adherence to the
dietary guidelines in older adults. It extends findings from previous research
that showed associations between SES and adherence to the guidelines.
The LASA evaluates a large sample of community-dwelling older adults who
were selected on the basis of having a good cognitive status, which has the
advantage that recall bias due to poor cognitive functioning with regard to
dietary intake and other self-reported data is lower. The well-characterized
design of LASA enabled us to investigate a broad range of perceived barriers
by older adults as well as potential age-related barriers and to adjust for
relevant confounders. We also included two measures of SES in our models,
which allows a clearer assessment of the SES indicator in question and
its association with diet quality. Limitations should be noted as well. The
cross-sectional design of the study limits the ability to infer a causal
relationship or its direction. Nevertheless, SES is more likely to influence
adherence to the dietary guidelines and the barriers for adherence than
vice versa. Another potential limitation is that the nutritional assessment
method followed, although used widely, has not yet been validated in older
adults and so potential reporting bias cannot be excluded. However, an FFQ
is a frequently used tool to assess dietary intake among large samples and
allows older adults to answer questions related to their diet relatively quickly
and easily. Finally, many of the barriers to meet the fruit, vegetable and fish
guidelines differed across SES groups, but did not mediate the association
between SES and dietary adherence. Some of the barriers were mentioned
by only a small proportion of the respondents and the categories became
very small and reduced our power. Respondents were instructed to report a
maximum of two barriers. This was done to obtain information on the most
relevant experiences by our respondents. However, due to this restriction
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some of the barriers may have been reported less frequently and we cannot
exclude that additional mediation pathways may be overlooked by our
answer restriction.

CONCLUSION
The findings of the present large-scale study in older Dutch adults suggest
that focusing on barriers to meet the fruit and fish guidelines, and in particular
taste preferences and cost concerns, may be important in reducing income
inequalities in fruit and fish intakes among older adults. Affordable and
accessible healthy foods, and interventions aimed at improving liking of fruits,
could potentially increase fruit and fish intakes, especially in populations with
lower incomes. Studies in older persons should be conducted to test whether
removal of these barriers in fact leads to better dietary adherence.
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ABSTRACT
Objective Investigate socioeconomic differences in changes of fruit and
vegetable intake between 2004 and 2011 and explore the mediating role of
financial barriers.
Design Respondents completed self-reported questionnaires about fruit and
vegetable intake, education, income and financial barriers in 2004 and 2011.
Associations were analysed using ordinal logistic regression and mediation
analyses to study the role of financial barriers
Setting Longitudinal GLOBE study.
Subjects A total of 2,978 Dutch adults (aged 25-75 year).
Results In 2004, lower education groups, but not lower income groups, were
more likely to report lower intake frequencies of fruit and vegetables. In 2011,
lower income and education groups were more likely to report lower intake
frequencies of fruit and vegetables. Between 2004 and 2011, respondents with
the lowest income were more likely to report a decrease in intake frequencies
of fruit (OR: 1.50, 95% CI: 1.13-1.99), cooked vegetables (OR: 1.87, 95% CI: 1.332.36) and raw vegetables (OR: 1.66, 1.24-2.20) than those with the highest
income level. Respondents with lower education levels were more likely to
report a decrease in intake frequencies of raw vegetables (OR: 1.81, 95% CI:
1.31-2.49) between 2004 and 2011 than those with the highest education level.
The barriers “financial distress” and “vegetables are expensive” explained a small
part of the income differences in the decrease of fruit and vegetables.
Conclusions These results suggest a widening of relative income differences in
fruit and vegetable intake between 2004 and 2011, which may have contributed
to widening socioeconomic inequalities in dietary intake.
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INTRODUCTION
Diets high in fruit and vegetables decrease the risk of developing cardiovascular
diseases, stroke, hypertension, type 2 diabetes mellitus, overweight, obesity
and several types of cancer [1]. However, data show that people in European
countries eat less than the recommended amounts of fruit and vegetables
[2, 3]. In the Netherlands, only 8% of the adults consume 200 grams or more
vegetables per day and 13% consume 2 or more pieces of fruit per day [4].
Moreover, the consumption of fruit and vegetables is unequally distributed
across the population. People from lower socioeconomic positions (SEP) eat
less fruit and vegetables and meet the dietary guidelines less often than
people from higher SEP [5-8]. It is suggested that perceived affordability of
healthy food products plays an important role in SEP differences in dietary
intake [9-12], although the evidence is not conclusive [13, 14]. A nationally
representative US surveys conducted between 1999 and 2012, reported
several improvements in self-reported dietary habits, with additional findings
suggesting persistent or worsening disparities based on education level and
income level [15].
In 2008, the world economy entered a severe economic crisis. This crisis
increased income inequalities in many countries and mainly affected low SEP
groups [16]. Reports from the Institute for Fiscal Studies and the Organisation
for Economic Co-operation and Development (OECD) showed that households
decreased their food expenditures since the beginning of the crisis and
switched to lower priced and less healthy foods [8, 17]. An analysis in 21 OECD
countries showed that the economic crisis decreased the consumption of fruit
and vegetables by more than 3.5 kg per head per year, which is about one
portion a week. A study from Iceland showed that the crisis was associated
with a significant reduction in the consumption of fruit and vegetables [18]. An
Australian study showed that people who experienced financial distress during
the crisis, had a 20% higher risk to become obese than those who did not
suffer from such distress [19]. Furthermore, the price gap between healthy and
unhealthy foods has grown between 2002 and 2012 [20]. Healthy foods, like
fruit and vegetables became relatively more expensive, while the unhealthy
foods became relatively cheaper. Thus, the occurrence of the economic crisis
and the higher price of healthier foods may have had the largest budget impact

119

6

Chapter 6

on those with lower incomes and may have been an impediment to eating a
healthy diet.
However, the change in socioeconomic inequalities in the intake of fruit and
vegetables over this particular period of time is unknown. Understanding these
changes is crucial for the development of interventions or policies to improve
dietary intake and reduce diet related chronic diseases. If these changes vary
by specific socioeconomic subgroups, interventions or policies need to be
tailored to the needs and capacities of the target population.
The longitudional Dutch GLOBE study is designed to investigate the causes
of socioeconomic differences in health and health behaviours of adults [21].
Information about dietary intake collected in 2004 and 2011 provides the
opportunity to investigate how the intake of fruit and vegetables changed
during a time of economic crisis for higher and lower socioeconomic groups.
Therefore, the aim of our study is to investigate whether the intake of fruit,
cooked vegetables, raw vegetables and fruit juice changed between 2004
and 2011 and to determine SEP differences in intake and intake change.
Furthermore, we explored if financial barriers could explain potential SEP
differences.

METHODS
GLOBE study
The study sample consisted of participants of the longitudinal GLOBE study,
conducted in the southeast of The Netherlands. The aim of the GLOBE study is to
investigate mechanisms and underlying factors contributing to socioeconomic
differences in health. Detailed information on the sampling and design of the
GLOBE study, as well as results obtained in the first ten years of the study, are
provided elsewhere [21-23]. Briefly, the sample for GLOBE was randomly drawn
from the municipal population registries, stratified by age, SEP, and degree of
urbanization. In 1991, a postal questionnaire was sent to 27,070 inhabitants of 18
municipalities aged 15-78 years (response rate: 70.1%, N=18,973). Subsamples
(total N=5,667) were interviewed and/or surveyed in 1991, 1997, 2004 (also
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including a new sample). In 2011, a large-scale postal survey was administered
in a new wave of data collection. Of the respondents of the previous survey
of 2004 (N=4,784), n=249 had died, n=76 had emigrated, and n=14 were lost
to follow-up (i.e. no correct address information available). This resulted in a
sample of N=4,437 that was sent the 2011-survey. A total of 2,983 respondents
returned the survey (response 67.2%). We excluded 5 respondents because all
required dietary intake data were missing, leaving 2,978 respondents for the
descriptive statistics and 2,970 for the regression analyses.
Fruit, cooked vegetable, raw vegetable and fruit juice consumption
Respondents were asked to complete a validated food frequency questionnaire
(FFQ) in 2004 and 2011, which included questions about the intake frequencies
of fruit, cooked vegetables, raw vegetables and fruit juice [24, 25]. In
concordance with the Dutch dietary guidelines, potatoes were not considered
a vegetable [26]. This FFQ asked respondents to estimate how many days per
week they usually consumed fruit, boiled/baked/steamed vegetables, raw
vegetables and fruit juices in the past month. In both waves questionnaires
were filled out in the autumn (October/ November). In 2004, respondents were
asked to indicate the number of days per week these products were consumed,
ranging from 0 to 7 days per week. In 2011, respondents could choose between
<1, 1-2, 3-4, 5-6 and 7 days per week. To compare the consumption between
2004 and 2011, we categorized the number of days indicated in 2004 into the
corresponding 2011 categories and labelled this variable “intake frequency”. In
both waves, respondents were also asked to indicate the average portion size
of each food product, but because of the high number of missing values, this
information could not be used in the analyses.
Socioeconomic position
SEP was defined by self-reported level of education and household income [27].
In 2004 respondents were asked to indicate their highest level of completed
education. The eight categories, from which respondents could choose, were
combined into four categories: elementary (less than or primary education),
lower secondary (lower professional and intermediate general education),
higher secondary (intermediate professional and higher general education)
and tertiary (higher professional education and university) [28]. Respondents
were also asked to indicate their net monthly household income (0-1200 euro,
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1200-1800 euro, 1800-2600 euro and ≥ 2600 euro per month) in 2004 and
2011. Household income was defined as the respondents income plus income
of a partner (if applicable), and only included the income of children if it was
shared with the household.
Potential mediators
In 2004, respondents were asked to indicate if they agreed with the proposition
that ‘vegetables are expensive’ (yes/no). If yes, they were asked to indicate if
this was a barrier for them to consume vegetables (often, sometimes, and
sporadic/never). The variable indicating price concern was categorized as ‘yes’
(vegetables are expensive and I often/sometimes perceive this to be a barrier
for consumption) and ‘no’ (vegetables are not expensive or vegetables are
expensive and I sporadic/never perceive this to be a barrier for consumption).
Similar questions were asked with regard to fruit (not fruit juice). In 2011,
the occurrence of financial distress was assessed. Respondents were asked
to indicate if they had experienced difficulties in paying for food, the rent,
the electricity bill, etc. during the past year. We used financial distress in
2011 because this period (past year) overlaps with the period in which we
investigated the change in intake frequencies and where we expected to find
the most direct link between income differences, changes in intake frequencies
of fruit and vegetables and perceiving financial distress. The variable indicating
financial distress was categorized as ‘no’ versus ‘sometimes/yes’.
Potential confounders
Demographics included age (<40, 40-60 and >60 years old), sex, marital
status (married, single, divorced, widowed), employment status (employed,
unemployed, non-active), country of birth (Netherland vs. other) and living
arrangement (living together with partner, living alone and other). Lifestyle
factors included Body Mass Index (self-reported weight (kg) / self-reported
height (m))2, smoking (never, former, current), physical activity (days per week
physically active for ≥30 minutes per day), and perceived general health
(excellent, very good, good, moderate and poor).
Statistical analyses
We used descriptive statistics to summarize the characteristics of the study
sample and the intake frequencies of fruit, cooked vegetables, raw vegetables
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and fruit juice in 2004 and 2011. The Spearman’s correlation coefficient was
calculated to investigate the intercorrelation between the SEP indicators
(education and income).
For the regression analyses all missing data (independent and dependent
variables, confounders, effect modifiers and mediators) were imputed with
multiple imputation via the predictive mean matching method (excluding 8
respondents because level of education was “other”) [29]. Imputations were
based on the associations between all the variables included in this study.
Forty imputed datasets were generated and pooled estimates from these
forty imputed datasets were used to report odds ratio’s (OR’s) and their 95%
confidence intervals (CI’s).
We used ordinal logistic regression models to investigate the association of SEP
with intake frequencies of fruits, cooked vegetables, raw vegetables and fruit
juice, because the dependent variable (intake frequency) consists of ordered
discrete categories [30]. The proportional odds assumption was tested with
the test of parallel lines. No assumptions for ordinal logistic regression analyses
were violated. Intake frequency was categorized as never, <1, 1-2, 3-4, 5-6 and 7
number of days per week. We did so for the data of 2004 and 2011, as well as for
the change in intake frequency between 2004 and 2011. Potential confounders
were evaluated by adding the variables separately to the models adjusted for
age and sex and to examine the change in point estimates of the independent
variable. If the estimate changed more than 10% the variable was considered
a confounder. However, this was not the case for any of the variables, therefore
the final analyses were only adjusted for age and sex.
For 2004 and 2011, we used two models: model 1 is adjusted for the
confounders age and sex and model 2 is additionally adjusted for the other SEP
indicator. When simultaneously adjusting the SEP indicators for each other, we
interpreted any remaining statistically significant OR to indicate the magnitude
of the independent effect of the SEP indicator in question. For income, data from
2004 or 2011 were used, depending on the period of interest. For education
level, data from 2004 were used because the average age in our sample was
53.4 years old (SD: 13.4 year, age range 25-75 years old) and no substantial
number of education changes were expected. The estimates represent the
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likelihood to report a lower intake frequency than the reference group (highest
SEP). To investigate the association of SEP with changes in intake frequencies
of fruit, cooked vegetables, raw vegetables and fruit juice between 2004 and
2011, we adjusted the intake in 2011 (dependent variable) for the intake in
2004. These estimates represent the likelihood to report a decrease in intake
frequencies between 2004 and 2011 compared to the reference group (highest
SEP). Again, two models were used: model 1 included age, sex and the intake
frequency in 2004, and model 2 additionally included the other SEP indicator.
We reported OR’s and their 95% CI’s.
To investigate the contribution of the barriers relating the price of fruit and
vegetables and having financial distress to the income differences in intake
frequency between 2004 and 2011, we followed the mediation approach of
Baron & Kenney [31]. To assess the magnitude of the attenuation, we calculated
the percentage change in OR’s using the following formula: % attenuation =
[(OR model – OR base model) / OR base model] x 100. Interaction between
income and the two mediators was tested, but no interaction was found (price
vegetables * income p = 0.62 and financial distress * income p = 0.26).
Tests for trend were performed by including the SEP indicators as ordinal
variables in the models. Effect modification with regard to age and sex was
examined by performing stratified analyses per age and sex category for the
association between SEP and the (change) in intake frequencies. Statistical
analyses were performed using the statistical software package IBM SPSS
Statistics for Windows version 20.0 and P<0.05 was considered statistically
significant (two tailed).

RESULTS
Table 1 shows the characteristics of 2,978 participants who were included
in our sample both in 2004 and in 2011. There were slightly more females
(54.2%) than males and the mean age for the total sample was 53.4 years
old (SD: 13.4 year, age range 25-75 years old). Most respondents reported
to have finished lower secondary (33.6%) or tertiary education (30.4%) and
were categorized in the highest income category (>2600 euro) (28.6%),
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followed by the second highest income category (1800-2600 euro) (25.8%). A
quarter of the respondents reported to have experienced financial problems
during the past year in 2011 (25%). In 2004, 12.9% perceived the high price of
vegetables a barrier for purchase and 14.5% perceived the high price of fruit
a barrier for purchase. The Spearman intercorrelation coefficient (r) of income
and education was 0.52.
Intake frequencies in 2004 and in 2011
Figure 1 shows the intake frequencies (number of days per week consumed)
of fruit, cooked vegetables, raw vegetables and fruit juice in 2004, as well as in
2011. Table 2 shows the number of respondents who decreased, increased and
stabilized their intake frequencies of fruit, cooked vegetables, vegetables and
fruit juice between 2004 and 2011 in total and by level of education and level
of income. Between 2004 and 2011, 46.7% of the respondents decreased their
intake frequencies of fruit, 18.5% remained stable and 29.9% increased. For
cooked vegetables 52.5% of the respondents decreased their intake frequencies
between 2004 and 2011, 24% remained stable and 18.8% increased. For raw
vegetables, 19.2% of the respondents decreased their intake frequencies
between 2004 and 2011, 15% remained stable and 55.4% increased. For fruit
juice, 36.3% decreased their intake frequencies between 2004 and 2011, 9%
remained stable and 39.3% increased.
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Table 1. Characteristics of the study population of the GLOBE study in 2011 (N=2,978)
Socio-demographics
Sex (N,%)
Female
Male
Missing
Age in years (mean, SD)
BMI (N,%)
Underweight (<18.5 kg/m²)
Normal (18.5-24.9 kg/m²)
Overweight (25-29.9 kg/m²)
Obesity (≥ 30 kg/m²)
Missing
Physical activity (mean, SD)
Days per week physically active for 30 minutes per day
Missing
Smoking (N,%)
Current (cigarettes & pipe)
Former
Never
Missing
SEP indicators
Education (N,%)
Primary education
Lower secondary
Higher secondary
Tertiary education
Other
Missing
Income (N,%)
0-1200 euro
1200-1800 euro
1800-2600 euro
>2600 euro
Missing
Barriers
Financial problems past year
Yes / sometimes
No
Missing
Vegetables are expensive to buy
Yes
No
Missing
Fruit is expensive to buy
Yes
No
Missing
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1,614 (54.2)
1,331 (44.7)
33 (1.1)
53.4 (13.4)
21 (0.7)
1,415 (47.5)
1,120 (37.6)
368 (12.4)
54 (1.8)
4.3 (2.3)
171 (5.7)
539 (18.1)
1,071 (36.0)
1,182 (39.7)
186 (6.2)

248 (8.3)
1,001 (33.6)
681 (22.9)
906 (30.4)
13 (0.4)
129 (4.3)
328 (11.0)
674 (22.6)
769 (25.8)
852 (28.6)
355 (11.9)

746 (25.0)
2176 (73.1)
56 (1.9)
484 (12.9)
2,414 (81.8)
180 (6.0)
432 (14.5)
2,326 (78.1)
220 (7.4)
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Figure 1. The number of days per week that fruit, fruit juices, cooked vegetables and raw vegetables were consumed (N=2,978). Charts do not count up to 100% due
to missing data.
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890 (29.9)

551 (18.5)

- Increased

- Stable

559 (18.8)

714 (24.0)

- Increased

- Stable

448 (15.0)

- Increased

- Stable

21 (11.5)

80 (43.7)

82 (44.8)

36 (17.6)

112 (54.9)

56 (27.5)

46 (20.6)

46 (20.6)

131 (58.7)

49 (23.0)

59 (27.7)

105 (49.3)

Primary
education

*Lines do not count up to total N and % due to missing data.

268 (9.0)

1,171 (39.3)

- Increased

- Stable

1,081 (36.3)

- Decreased

Days of fruit juice

572 (19.2)

1,651 (55.4)

- Decreased

Days of raw vegetables

1,562 (52.5)

- Decreased

Days of cooked vegetables

1,390 (46.7)

- Decreased

Days of fruit

Total (N, %)

66 (7.9)

409 (49.2)

356 (42.8)

143 (16.1)

556 (62.5)

191 (21.5)

244 (25.5)

187 (19.6)

524 (54.9)

177 (18.6)

286 (30.0)

489 (51.4)

Lower
education

71 (11.9)

271 (45.5)

253 (42.5)

122 (19.6)

385 (61.9)

115 (18.5)

178 (27.1)

116 (17.7)

363 (55.3)

121 (18.3)

216 (32.7)

323 (48.9)

Higher
education

Level of education (N, %)*

100 (12.5)

373 (46.5)

330 (41.1)

129 (15.4)

532 (63.6)

175 (20.9)

212 (24.3)

182 (20.9)

478 (54.8)

176 (19.8)

297 (33.5)

414 (46.7)

Tertiary
education

16 (8.3)

95 (49.2)

82 (42.5)

34 (15.7)

123 (56.7)

60 (27.6)

54 (22.2)

54 (22.2)

135 (55.6)

44 (18.2)

73 (30.2)

125 (51.7)

0-1200 euro

44 (10.3)

197 (46.2)

185 (43.4)

72 (16.3)

273 (61.8)

97 (21.9)

118 (24.2)

94 (19.5)

271 (56.1)

104 (22.1)

127 (27.0)

240 (51.0)

1200-1800
euro

65 (10.9)

278 (46.6)

254 (42.5)

109 (17.0)

390 (60.8)

142 (22.2)

183 (27.2)

118 (17.5)

373 (55.3)

131 (19.5)

206 (30.7)

335 (49.9)

1800-2600
euro

Level of income (N, %)*

112 (11.6)

456 (47.2)

398 (41.2)

175 (17.4)

633 (63.1)

195 (19.4)

260 (25.0)

227 (21.8)

554 (53.2)

193 (18.3)

376 (35.6)

486 (46.1)

>2600 euro

Table 2. The number of respondents who decreased and increased their days of fruit, cooked vegetables, raw vegetables and fruit juice intake per week between 2004
and 2011 in total and by level of education and level of income (N=2,928).
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P trend

1.00
(ref )
0.10

1.07
(0.89-1.28)
1.00
(ref )

0.96
(0.80-1.15)

1.00
(ref )
0.03

1.00
(ref )
0.001

0.001

P trend

0.007

1.29
(1.06-1.58)

0.000

1.00
(ref )

1.31
(1.09-1.58)

1.84
(1.53-2.21)

1.74
(1.31-2.32)

0.00

1.00
(ref )

1.21
(1.01-1.46)

1.50
(1.23-1.83)

1.47
(1.14-1.89)

Model 1†
OR2 + 95%CI

0.000

1.00
(ref )

1.26
(1.03-1.53)

1.70
(1.39-2.09)

1.56
(1.14-2.14)

0.12

1.00
(ref )

1.07
(0.88-1.30)

1.23
(0.98-1.53)

1.17
(0.89-1.55)

Model 2‡
OR2 + 95%CI

Intake frequency raw
vegetables

0.004

1.00
(ref )

1.10
(0.91-1.32)

1.36
(1.14-1.62)

1.20
(0.91-1.58)

0.88

1.00
(ref )

1.01
(0.84-1.21)

1.07
(0.33-1.29)

0.92
(0.74-1.16)

Model 1†
OR2 + 95%CI

0.001

1.00
(ref )

1.13
(0.94-1.37)

1.44
(1.19-1.74)

1.33
(0.99-1.80)

0.11

1.00
(ref )

0.93
(0.77-1.12)

0.94
(0.76-1.15)

0.79
(0.62-1.02)

Model 2‡
OR2 + 95%CI

Intake frequency fruit juice

‡

†

Model 1: model adjusted for sex and age.
Model 2: additionally adjusted for the other SEP indicator (level of income or education).
1
The intake frequencies are the days per week that fruit, cooked vegetables, raw vegetables and fruit juice were consumed in 2011 (0, 1-2, 3-4, 5-6, 7 days per week).
2
The estimates represent the likelihood to report lower intake frequencies of fruit, cooked vegetables, raw vegetables and fruit juice compared to the reference group.

1.00
(ref )

Tertiary

1.00
(ref )

1.28
(1.05-1.56)

1.30
(1.07-1.57)

1.21
(1.01-1.47)

1.21
(1.01-1.45)

Higher secondary

1.35
(1.13-1.62)

1.26
(1.04-1.52)

1.25
(1.05-1.49)

Lower secondary

1.30
(0.95-1.76)

1.45
(1.10-1.92)

1.48
(1.10-2.00)

1.54
(1.17-2.02)

0.003

0.62

1.02
(0.82-1.26)

0.045

Elementary

Education

1.01
(0.82-1.20)

1.15
(0.94-1.39)

0.94
(0.77-1.16)

1.00
(ref )

1.02
(0.86-1.22)

1800-2600 euro

1.50
(1.17-1.93)

1.13
(0.87-1.47)

1.34
(1.02-1.77)

Model 1†
OR2 + 95%CI

Model 2‡
OR2 + 95%CI

Model 2‡
OR2 + 95%CI

Intake frequency cooked
vegetables

1.00
(ref )

1.06
(0.88-1.28)

1200-1800 euro

> 2600 euro

1.32
(1.04-1.67)

0-1200 euro

Income in 2004

Model 1†
OR2 + 95%CI

Intake frequency fruit

Table 3. Odds ratios (OR’s) and 95% confidence intervals (CIs) for the association between level of education and income and intake frequencies 1 in 2004 of fruit,
cooked vegetables, raw vegetables and fruit juice compared to the highest group (N=2,970).
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P trend

0.03

1.00
(ref )

1.33
(1.10-1.61)

1.21
(1.00-1.48)

1.43
(1.06-1.93)

0.000

1.00
(ref )

1.66
(1.38-2.00)

1.55
(1.30-1.86)

1.97
(1.50-2.60)

0.000

1.00
(ref )

1.23
(1.03-1.48)

1.71
(1.41-2.09)

2.09
(1.64-2.68)

Model 1†
OR2 + 95%CI

0.01

1.00
(ref )

1.55
(1.28-1.88)

1.32
(1.08-1.61)

1.44
(1.06-1.96)

0.000

1.00
(ref )

1.10
(0.91-1.33)

1.51
(1.22-1.88)

1.82
(1.39-2.39)

Model 2‡
OR2 + 95%CI

Intake frequency cooked
vegetables

0.000

1.00
(ref )

1.50
(1.27-1.83)

2.30
(1.92-2.76)

2.69
(2.04-3.55)

0.000

1.00
(ref )

1.53
(1.28-1.82)

1.96
(1.61-2.39)

2.30
(1.80-2.94)

Model 1†
OR2 + 95%CI

0.000

1.00
(ref )

1.39
(1.15-1.68)

1.93
(1.58-2.35)

2.00
(1.47-2.72)

0.000

1.00
(ref )

1.27
(1.06-1.53)

1.50
(1.21-1.86)

1.73
(1.31-2.28)

Model 2‡
OR2 + 95%CI

Intake frequency raw
vegetables

0.000

1.00
(ref )

1.29
(1.07-1.55)

1.49
(1.24-1.79)

1.44
(1.09-1.92)

0.006

1.00
(ref )

1.07
(0.89-1.27)

1.29
(1.06-1.62)

1.30
(1.00-1.67)

Model 1†
OR2 + 95%CI

0.002

1.00
(ref )

1.27
(1.05-1.54)

1.44
(1.18-1.76)

1.33
(0.97-1.82)

0.28

1.00
(ref )

0.96
(0.80-1.16)

1.12
(0.90-1.40)

1.14
(0.86-1.51)

Model 2‡
OR2 + 95%CI

Intake frequency fruit juice

‡

†

Model 1: model adjusted for sex and age.
Model 2: additionally adjusted for the other SEP indicator (level of income or education).
1
The intake frequencies are the days per week that fruit, cooked vegetables, raw vegetables and fruit juice were consumed in 2011 (0, 1-2, 3-4, 5-6, 7 days per week).
2
The estimates represent the likelihood to report lower intake frequencies of fruit, cooked vegetables, raw vegetables and fruit juice compared to the reference group.

0.000

P trend

1.37
(1.14-1.65)

Higher secondary

1.00
(ref )

1.31
(1.09-1.56)

Lower secondary

Tertiary

1.73
(1.32-2.28)

0.004

0.000

Elementary

Education

1.03
(0.85-1.24)
1.00
(ref )

1.11
(0.93-1.33)

1800-2600 euro

1.12
(0.90-1.39)

1.57
(1.19-2.05)

Model 2‡
OR2 + 95%CI

1.00
(ref )

1.24
(1.02-1.52)

1200-1800 euro

> 2600 euro

1.79
(1.40-2.28)

0-1200 euro

Income in 2011

Model 1†
OR2 + 95%CI

Intake frequency fruit

Table 4. Odds ratios (OR’s) and 95% confidence intervals (CIs) for the association between level of income and education and intake frequencies 1 in 2011 of fruit,
cooked vegetables, raw vegetables and fruit juice compared to the highest group (N=2,970).
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P trend

1.00
(ref )
0.000

1.29
(1.07-1.55)
1.00
(ref )

1.03
(0.85-1.25)

1.00
(ref )
0.07

1.00
(ref )
0.000

0.001

P trend

0.07

1.18
(0.95-1.43)

0.000

1.00
(ref )

1.40
(1.16-1.69)

1.95
(1.62-2.35)

2.34
(1.76-3.11)

0.000

1.00
(ref )

1.49
(1.24-1.78)

1.72
(1.40-2.10)

2.07
(1.60-2.68)

Model 1†
OR2 + 95%CI

0.000

1.00
(ref )

1.29
(1.06-1.57)

1.67
(1.36-2.05)

1.81
(1.31-2.49)

0.000

1.00
(ref )

1.28
(1.06-1.55)

1.39
(1.11-1.73)

1.66
(1.24-2.20)

Model 2‡
OR2 + 95%CI

Decrease in intake frequency
raw vegetables

0.001

1.00
(ref )

1.28
(1.05-1.56)

1.35
(1.11-1.63)

1.43
(1.06-1.94)

0.006

1.00
(ref )

1.08
(0.89-1.30)

1.29
(1.04-1.59)

1.34
(1.02-1.75)

Model 1†
OR2 + 95%CI

0.04

1.00
(ref )

1.00
(0.82-1.22)

1.17
(0.93-1.47)

1.21
(0.90-1.66)

0.12

1.00
(ref )

1.25
(1.03-1.54)

1.27
(1.03-1.56)

1.28
(0.99-1.78)

Model 2‡
OR2 + 95%CI

Decrease in intake frequency
fruit juice

1

‡

†

Model 1: adjusted for sex, age and the intake frequency of fruit, cooked vegetables, raw vegetables or fruit juice in 2004.
Model 2: additionally adjusted for the other SEP indicator (level of income or education)
1
The estimates represent the likelihood to report a decrease in intake frequencies of fruit, vegetables, raw vegetables and fruit juice between 2004 and 2011 compared
to the reference group.

1.00
(ref )

Tertiary

1.00
(ref )

1.46
(1.06-1.57)

1.61
(1.33-1.93)

1.29
(1.06-1.57)

1.33
(1.10-1.61)

Higher secondary

1.41
(1.17-1.71)

1.17
(0.95-1.43)

1.25
(1.04-1.15)

Lower secondary

1.37
(0.98-1.86)

1.87
(1.40-2.49)

1.35
(0.80-1.86)

1.61
(1.21-2.15)

0.000

0.01

1.55
(1.24-1.94)

0.001

Elementary

Education

1.19
(0.89-1.57)

1.70
(1.38-2.09)

1.14
(0.38-1.43)

1.00
(ref )

1.10
(0.92-1.33)

1800-2600 euro

1.98
(1.53-2.56)

1.50
(1.13-1.99)

1.87
(1.33-2.36)

Model 1†
OR2 + 95%CI

Model 2‡
OR2 + 95%CI

Model 2‡
OR2 + 95%CI

Decrease in intake frequency
cooked vegetables

1.00
(ref )

1.24
(1.01-1.53)

1200-1800 euro

> 2600 euro

1.79
(1.29-2.14)

0-1200 euro

Income 2011

Model 1†
OR2 + 95%CI

Decrease in intake frequency
fruit

Table 5. Odds ratios (OR’s) and 95% confidence intervals (CIs) for the association between level of income and education and a decrease in intake frequencies
between 2004 and 2011 of fruit, cooked vegetables, raw vegetables and fruit juice compared to the reference group (N=2,970).
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Table 6. Odds ratios (OR’s) and 95% confidence intervals (CIs) for the association between level of
income and a decrease in intake frequencies 1 between 2004 and 2011 of fruit and cooked vegetables
additionally adjusted for financial barriers (N=2,970).
Intake frequency fruit
2004-2011

Intake frequency cooked vegetables
2004-2011

Base model1

Base model1+
financial distress

Base model1

Base model1+ vegetables
are expensive

1.50 (1.13-1.99)

1.36 (1.01-1.83)

1.87 (1.33-2.36)

1.71 (1.28-2.28)

1.55 (1.24-1.94)

1.51 (1.20-1.89)

1.19 (0.89-1.57)

1.18 (0.97-1.43)

1.00 (ref )

1.00 (ref )

Income level
0-1200 euro
% attenuation†
1200-1800 euro

-9.3%
1.14 (0.38-1.43)

1.07 (0.85-1.36)

1.03 (0.85-1.25)

1.01 (0.83-1.22)

1.00 (ref )

1.00 (ref )

% attenuation†
1800-2600 euro

-6.1%

% attenuation†
> 2600 euro

-8.6%
-2.6%

-1.9%

-0.8

Base model: adjusted for sex, age, intake frequency in 2004 and level of education.
† % attenuation = [(OR model – OR base model) / OR base model] x 100
1
The estimates represent the likelihood to report a decrease in intake frequencies between 2004 and
2011 of fruit and cooked vegetables compared to the reference group.

Socioeconomic differences in intake frequencies
In 2004 (Table 3), respondents in the lowest income group were more likely to
report a lower intake frequency of cooked vegetables than those in the highest
income group (OR: 1.34, 95% CI: 1.02-1.77). No other differences were found
for intake frequencies of fruit, raw vegetables and fruit juices between income
groups. In 2004, respondents in the lower education groups were more likely
to report a lower intake frequency of fruit (OR: 1.48, 95% CI: 1.10-2.00), cooked
vegetables (OR: 1.29, 95% CI: 1.06-1.58), raw vegetables (OR: 1.56, 95% CI:
1.14-2.14) and fruit juice (OR: 1.44, 95% CI: 1.19-1.74) than those in the highest
education groups.
In 2011 (Table 4), respondents with lower income levels were more likely to
report a lower intake frequency of fruit (OR: 1.57, 95% CI: 1.19-2.05), cooked
vegetables (OR: 1.82, 95% CI: 1.39-2.39) and raw vegetables (OR: 1.37, 95%
CI: 1.31-2.28) than respondents with the highest income level. In 2011,
respondents with lower education levels were more likely to report a lower
intake frequency of fruit (OR: 1.43, 95% CI: 1.06-1.93), cooked vegetables
(OR: 1.44, 95% CI: 1.06-1.96), raw vegetables (OR: 2.00, 95% CI: 1.47-2.72) and
fruit juice (OR: 1.89, 95% CI: 1.18-1.76) than respondents with the highest
education level.
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Socioeconomic differences in changes in intake frequencies
Between 2004 and 2011 (Table 5), respondents with lower income levels were
more likely to report a decrease in intake frequencies of fruit (OR: 1.50, 95% CI:
1.13-1.99), cooked vegetables (OR: 1.87, 95% CI: 1.33-2.36), raw vegetables (OR:
1.66, 95% CI: 1.24-2.20) and fruit juice (OR: 1.27, 95% CI: 1.03-1.56) than those
with the highest income level. Respondents with lower education levels were
more likely to report a decrease in intake frequencies of raw vegetables (OR:
1.81, 95% CI: 1.31-2.49) between 2004 and 2011 than those with the highest
education level, but did not show decreases for the other outcomes.
The mediating role of financial barriers in income differences in changes
in intake frequencies
Respondents with lower income levels were more likely to report the barriers
“fruit is expensive” (OR: 3.42 95% CI: 2.37-4.93), “vegetables are expensive” (OR:
3.28, 95% CI: 2.20-4.90) or “financial distress” (OR: 16.36, 95% CI: 11.35-23.59)
than respondents with higher income level. These associations were adjusted
for level of education, gender and age.
Respondents reporting the barrier “financial distress” were more likely to
have decreased their fruit intake frequency between 2004 and 2001 (OR:
1.20, 95% CI: 1.01-1.44) than respondents who did not report this barrier.
Respondents reporting the barrier “vegetables are expensive” were more
likely to have decreased their cooked vegetables intake frequency between
2004 and 2011 (OR: 1.29, 95% CI: 1.04-1.60) than respondents who did not
report this barrier. These associations were adjusted for gender, age and fruit
or cooked vegetable intake frequency in 2004. No associations were seen
between the barrier “fruit is expensive” and changes in intake frequency of
fruit, between the barrier “financial distress” and changes in intake frequency
of cooked vegetables, or between any of the barriers and changes in intake
frequency of raw vegetables.
After this, the association between income and changes in intake frequencies
of fruit was adjusted for the barrier “financial distress” and the association
between income and cooked vegetables was adjusted for the barrier
“vegetables are expensive” (Table 6). Income differences in the change in intake
frequencies of fruit were explained for 9.3% by the barrier “financial distress”.
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Income differences in the change in intake frequencies of cooked vegetables
were explained for 8.6% by the barrier “vegetables are expensive”.

DISCUSSION
The present study among Dutch adults showed a widening of relative income
differences in fruit and vegetables intake between 2004 and 2011. Lower
income groups were more likey to have decreased their intake frequencies of
fruit, cooked vegetables, raw vegetables and fruit juice between 2004 and 2011
than their higher counterparts. The barrier “financial distress” and the barrier
“vegetables are expensive”, each explained a small part of the observed income
differences of intake frequencies in fruit and cooked vegetables between 2004
and 2011. Lower education groups were more likely to have decreased their
raw vegetable intake between 2004 and 2011.
This study extends previous research by examining the changes in relative SEP
differences in dietary intake, using both education and income as indicators
of SEP and to study financial barriers potentially explaining the change. The
results of our study suggest that the influence of income on fruit and vegetable
intake (in contrast to education) became stronger between 2004 and 2011. This
is a striking finding, knowing that the economic crisis took place during this
period. Studies on how socioeconomic disparities in eating behaviors develop
over time and especially during an economic crisis are limited. Nevertheless,
our results support findings of the studies conducted during the economic
crises on socioeconomic differences in dietary intake, which suggested that
the economic crisis widened socioeconomic differences in dietary intake. A
previous observational study from Greece on dietary behavior revealed that
SEP disparities in healthy eating increased during 2006 and 2011 [32]. In that
study the consumption of at least five portions of fruit and vegetables per day
significantly decreased among those of lower SEP groups (from 9.0 to 4.1%).
An Italian study showed that the adherence to the healthy Mediterranean
diet considerably decreased between 2007 and 2011 and that socioeconomic
indicators became major determinants of adherence to the Mediterranean
diet, which was suggested to be caused by the economic crisis [33]. A study
in Iceland showed that the economic crisis was associated with reductions in

134

Change in fruit and vegetable intake

various health behaviours between 2007 and 2009, including the consumption
of fruit and vegetables [18]. However, it is important to mention that none of
these studies directly investigated the impact of the crisis on dietary intake and
that the effects of a crisis can be clearly complex. Future research must find out
if the emergence of the economic crisis and it consequences underlie changes
in dietary intake.
Having financial distress and concerns regarding the high price of cooked
vegetables each explained 8.6% to 9.3% of the observed income differences in
change in intake frequencies between 2004 and 2011. Previous cross-sectional
studies support these findings and reported mediating effects of price concerns
on fruit and vegetable intake among different SEP groups [34-36]. There are
indications in the literature, that a healthy diet costs more than unhealthy diets
[37], although contrasting evidence exists as well [14, 38]. Australian data show
that the average cost of a healthy 7-day meal plan requires 20% of the income
of an average income family, but double that for a welfare dependent family
[39]. In our study, one out of four respondents reported to have experienced
financial problems during the last year (25%) and 13% and 15% of the
respondents reported that vegetables and fruit respectively are expensive
to buy. These findings emphasize again the role of income in socioeconomic
differences in fruit and vegetable intake, which may be partly dependent on
the pricing of fruit and vegetables.
An important question is whether removal of the price barriers would lead
to a higher intake of fruit and vegetables, particularly among those in lower
socioeconomic groups. Food pricing strategies including taxation and subsidies
may be effective in influencing dietary intake [40]. Indeed, recent studies
showed that a price discount on fruit and vegetables increased the purchase of
fruit and vegetables, especially in low SEP groups [41, 42]. However, no study to
date took into consideration the potential impact of these price discounts on
the rest of the food system and global economy. It has also been suggested that
food pricing strategies are likely to be regressive and may exacerbate incomebased and education-based differences in dietary intake [43]. Researchers have
called for the implementation of taxes and subsidies to improve dietary quality
in the United States [40]. They recommend that this should be implemented
via a comprehensive tax subsidy framework that alters priorities and incentives
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across the whole food system, including for consumers, agricultural producers,
food manufacturers, supermarkets, convenience stores and restaurants. Future
research must continue to investigate the role of financial barriers in SEP
differences in dietary intake over time and if the implementation of taxes and
subsidies to improve diet quality can be effective in a real life setting and could
decrease SEP differences in intake.
The financial barriers investigated in our study only explained a small
proportion of the difference in change of intake frequencies of fruit and
cooked vegetables between 2004 and 2011. This suggests that many other
factors underlie the socioeconomic differences in dietary intake. According
to the commonly used socioecological model there are four key domains
that are associated with the quality of dietary intake, including the individual,
interpersonal, community and societal domain [44]. The impact of various
factors operating at each domain may vary according to socioeconomic
groups. Before developing new interventions, future research should focus
on providing insights into the other causes and mechanisms that underlie
socioeconomic differences in dietary intake. Only then can interventions that
are tailored to the needs and capacities of the target population be adequately
designed [45]. Without taking adequate account of these underlying causes,
interventions run the risk of failing to benefit the lower SEP groups, or even
widen the differences.
Our study has a number of strengths and limitations. The main strength
of our study is that we investigated changes in SEP differences in dietary
intake during a period of economic crisis. Therefore this study adds valuable
information to the recent literature. We were able to include two different SEP
indicators and different financial barriers, which allowed an in depth analyses
of this complex problem. Limitations of this study should be noted as well. All
data, including the dietary and socioeconomic information were self-reported,
which may have resulted in biased responses. Furthermore, between 2004
and 2011 a substantial number or participants died, were immigrated or could
not be traced. Therefore, potential biases due to loss to follow up cannot be
excluded. Finally, we were not able to investigate whether decreasing fruit and
vegetable intake led to replacement by other foods and, if so, which. If fruit and
vegetables were replaced by cheaper, unhealthier foods, the impact on dietary
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quality will be negative, whereas if they were replaced by cheaper foods, such
as legumes, will not be necessarily negative.
In conclusion, during a period of economic crisis, the intake differences of
fruit and vegetables between lower and higher income groups widened.
This is partly explained by the barriers “financial problems” and “vegetables
are expensive” among the lower income groups. To obtain a comprohensive
picture of this complex problem, future research should further investigate the
underlying mechanisms of socioeconomic differences in dietary intake over
time. In addition, as the effects of the economic crisis on dietary intake have
only recently become apparent, it is important to monitor the occurance of
dietary related problems in lower socioeconomic groups.
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The overall purpose of this thesis was to investigate SEP differences in adherence
to the fruit, vegetable and fish guideline in older Dutch adults and to unravel
potential pathways underlying these SEP differences. To this end, we used data
from two Dutch observational cohort studies of a general older population. This
chapter summarizes and discusses the results presented in chapters 2 to 6 by
providing the main conclusions, a discussion of methodological considerations,
and finally recommendations for future research and policy makers.
Research questions and main findings
1. To what extent is SEP associated with adherence to the fruit, vegetables
and fish guideline in older Dutch adults?
This thesis shows that SEP differences in adherence to the fruit, vegetable
and fish guideline exist. Older adults with lower education levels reported to
adhere less often to the vegetable guideline than older adults with a higher
education, whereas older adults with a lower income reported to adhere less
often to the fruit and fish guideline than older adults with a higher income
(Table 1). Occupational prestige did not appear to be independently associated
with adherence to the fruit, vegetable or fish guideline.
2. To what extent are motivations to eat healthily, misperceptions and
barriers with regard to adherence to the fruit, vegetable and fish guideline
associated with SEP in older Dutch adults?
This thesis shows that motivations to eat healthily, misperceptions and barriers
with regard to adherence to the fruit, vegetable and fish guideline were
associated with SEP (Table 1). Older adults with lower education or income
levels were less likely to report “the prevention of disease” as a motivation for
them to eat healthily than older adults with a higher education or income.
Furthermore, older adults with lower education levels were more likely to
report “feeling fit” and “current health” as motivations to eat healthily than
older adults with higher education levels. With regard to misperceptions
towards adherence to the guidelines for fruit, vegetables and fish, older adults
with lower education levels were more likely to overestimate their vegetable
intake than those with higher education levels. Overestimation rates for fruit
and fish intake were lower and not associated with any of the SEP indicators.
Furthermore, older adults with lower education or income levels perceived
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more barriers than those with higher education or income levels. Noteworthy
and consistent for the three food groups were the findings that the “high price”
of fruit, vegetables and fish were the most reported barriers by older adults
with lower education and income levels.
3. To what extent do barriers with regard to adherence to the fruit,
vegetable and fish guideline explain SEP differences in fruit, vegetable
and fish intake in older Dutch adults?
This thesis shows that barriers to eat fruit and fish partly explained the observed
associations between income and adherence to the fruit and fish guideline
in older adults (Table 1). The association between income and adherence to
the fruit guideline was mediated by perceiving any barrier to meet the fruit
guideline and the barrier “dislike of fruit”. The association between income
and adherence to the fish guideline was mediated by perceiving any barrier
to meet the fish guideline and “high price” of fish. The potential age-related
barriers, such as mobility limitations, co-morbidity and chewing problems did
not specifically mediate the observed SEP differences adherence to the fruit,
vegetables and fish guideline in older adults. Furthermore, we did not find any
mediating barriers that explained the observed association between education
levels and adherence to any of the guidelines.
4. To what extent has the intake of fruit and vegetables changed over time
and is this change explained by socioeconomic determinants?
This thesis shows that intake frequencies of fruit and vegetables have changed
between 2004 and 2011 (Table 2). Lower income groups were more likely to
have decreased their fruit, cooked vegetables, raw vegetables and fruit juice
intake than their higher income counterparts. The lower educated groups
were more likely to report a decrease in raw vegetable intake compared to
those with higher education levels. The income differences in the changes of
fruit and vegetable intake between 2004 and 2011 were partly explained by
experiencing “financial problems” and by the “high price” of fruit and vegetables.
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Adherence
guidelines

Fruit (-)
Vegetables
(ns)
Fish (-)

SEP

Lower
income

Prevent
diseases (-)
Taste
preferences (na)
Current disease
(na)
Feeling fit (ns)
Current health
(ns)
Body weight (ns)
Appearance (ns)

Motivations to
eat healthily
Overestimation
fruit (ns)
Overestimation
vegetables (ns)
Overestimation
fish (ns)

Misperception
adherence
guidelines
Mobility
limitations
(+)
Depressive
symptoms
(ns)
Co-morbidity
(ns)

Age related
barriers
Any barrier fruit (+, M)
Expensive (+)
Spoils quickly (ns)
Recommendations not
clear (ns)
Eating is impractical (ns)
Difficult finding tasty
fruit (ns)
Dislike (+, M)
Difficult to store (+)
It takes time to buy fruit
(ns)
Concerns pesticides
residues (ns)
Poor appetite (ns)
Troubles with chewing
(+)
Eating out often (ns)

Barriers adherence
fruit guideline
Any barrier vegetables (ns)
Expensive (+)
Spoil quickly (ns)
Recommendations not
clear (‡)
Eating is impractical (‡)
Difficult finding tasty
vegetables (ns)
Dislike (ns)
Difficult to store (ns)
It takes a lot of time to
prepare (ns)
Concerns about pesticides
residues (ns)
Poor appetite (ns)
Troubles with chewing (ns)
Eating out often (ns)
Persons with whom I eat
do not like vegetables (ns)

Barriers adherence
vegetable guideline

Any barrier fish (+, M)
Expensive (+, M)
Spoils quickly (ns)
Recommendations not
clear (ns)
Fish bones unpalatable
(ns)
Good quality hard to find
(ns)
Dislike (ns)
Difficult to store (ns)
Difficult to prepare (ns)
Concerns about
unwanted materials (ns)
Poor appetite (ns)
Smells unpalatable (ns)
Persons with whom I eat
do not like fish (ns)
Habits and traditions (ns)

Barriers adherence fish
guideline

Table 1. Summary of the main findings of the association between level of income and education and adherence to the guidelines, motivations to eat healthily,
misperceptions and barriers towards adherence to the fruit, vegetables and fish guideline (bold findings indicate statistically significant results).
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Overestimation
of the
vegetable
guideline (+)
Overestimation
of the fruit
guideline (ns)
Overestimation
of the fish
guideline (ns)

Prevent
diseases (-)
Taste
preferences (+)
Current disease
(+)
Feeling fit (ns)
Current health
(ns)
Body weight (ns)
Appearance (ns)

Lower
Fruit (ns)
education Vegetables
(-)
Fish (ns)

ns: no statistically significant association
M: proven to be a statistically significant mediator
+: positive association (more likely)
- : negative association (less likely)
‡ : too few observations to perform analyses
SEP: socioeconomic position

Misperception
adherence
guidelines

Motivations to
eat healthily

Adherence
guidelines

SEP

Table 1. Continued

Walk
disability (ns)
Depressive
symptoms
(ns)
Co-morbidity
(ns)

Age related
barriers
Any barrier fruit (ns)
Expensive (+)
Spoils quickly (+)
Recommendations not
clear (ns)
Eating is impractical (ns)
Difficult to find tasty
fruit (ns)
Dislike (ns)
Difficult to store (ns)
Takes time to buy (ns)
Concerns about
pesticides residues (ns)
Poor appetite (ns)
Troubles with chewing
(ns)
Eating out often (ns)

Barriers adherence
fruit guideline
Any barrier vegetable (ns)
Expensive (+)
Spoil quickly (ns)
Recommendations not
clear (‡)
Eating is impractical (‡)
Difficult to find tasty
vegetables (ns)
Dislike (ns)
Difficult to store (ns)
Takes lot of time to prepare
(ns)
Concerns about pesticides
residues (ns)
Poor appetite (ns)
Troubles with chewing (ns)
Eating out often (ns)
Persons with whom I eat
do not like vegetables (ns)

Barriers adherence
vegetable guideline

Any barrier fish (ns)
Expensive (ns)
Spoils quickly (ns)
Recommendations not
clear (ns)
Fish bones are
unpalatable (ns)
Good quality is hard to
find (ns)
Dislike (ns)
Difficult to store (ns)
Difficult to prepare (ns)
Concerns about
unwanted materials (ns)
Poor appetite (ns)
Smells unpalatable (ns)
Persons with whom I eat
do not like fish (ns)
Habits and traditions (ns)

Barriers adherence fish
guideline
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Table 2. Summary of the main findings of the mediating role of socioeconomic factors in the association
between income and the change in fruit and vegetable intake between 2004 and 2011 in the GLOBE
study (only tested for level of income, because no association between education and the change in
fruit and vegetable intake was found).
SEP

Decreased fruit intake

Lower
Financial distress (+) (M)
income Fruit is expensive (+)

Decreased cooked
vegetables intake

Decreased raw vegetables
intake

Financial distress (+) (M)
Vegetables are expensive
(+) (M)

Financial distress (+)
Vegetables are expensive (+)

+: positive association (more likely)
M: proven to be a statistically significant mediator
SEP: socioeconomic position

Methodological considerations
The main strengths and limitations of the performed studies in this thesis
have already been described per individual chapter. This section describes the
methodological considerations most relevant for the overall thesis.
Indicators of socioeconomic position
Characterizing people’s SEP is complex because SEP is a concept that refers to
a combination of social and economic factors. For this thesis, we used the most
common indicators of SEP that are used in public health research including
level of education, level of income and level of occupational prestige.
However, these indicators do not fully reflect all potentially relevant social and
economic factors, especially not in older adults. For example, level of income
does not reflect the level of wealth a person has accumulated over time, such
as savings, inheritances or the value of real estate [1]. Education is usually
largely acquired relatively early in life and, thus, level of education does not
reflect factors such as knowledge and experiences acquired at a later stage
in life [2]. In this thesis, level of occupational prestige was not independently
associated with adherence to any of the dietary guidelines. Other studies did
show an independent association between low occupational prestige and
lower intake of healthy foods among adults [3], but not in middle aged adults
(4]. Occupational prestige could influence diet by creating environmental or
social networks that can influence dietary intake [5]. However, it is known
that one of the most important limitations of occupational indicators is that
they cannot be readily assigned to people who are not currently employed,
as is the case with retired older adults [2]. Although we used previous
occupation for those who were retired in this thesis (n=519), this may have
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inadequately indexed the current socioeconomic circumstances of the
retired older adults. In addition, the generation of older women included in
the LASA study, compared to younger generations of women, is more likely
to include a relatively high number of women who have stayed at home
taking care of their families, rather than pursuing a career out of the house
[6]. Measuring occupational prestige is therefore not likely to be a useful
indicator of socioeconomic position for this generation of women. Since
participation in the labor force is more common in subsequent generations
of women, associations between occupational prestige and dietary intake
may be present in these future generations.
In the statistical analyses, we adjusted the models for each SEP indicator.
By doing so, we interpreted the remaining association as the independent
association for the SEP indicator in question. However, many researchers still
assume that SEP indicators are surrogates for each other and can be used
interchangeably. This is reflected by studies that investigated the association
between a single SEP indicator and dietary intake and afterwards refer to this
indicator as SEP. There are also studies that do include more than one indicator
of SEP, but use them separately in their models and therefore fail to take account
of the covariance between the different indicators [7]. The results of this thesis
show that this will lead to biased estimates for individual SEP indicators, as
for example can be seen in Chapter 2 showing that in the univariate model,
occupational prestige was statistically significantly associated with adherence
to the vegetable guideline. After adjustment for level of education and income
this association disappeared.
Dietary assessment method
In this thesis, fruit, vegetable and fish intake were assessed by the use of a
food frequency questionnaire (FFQ). The FFQ is the most widely used dietary
assessment method in epidemiological studies and it was used in this thesis for
two reasons [8, 9]. First, it allowed respondents to answer questions on specific
food groups relatively quickly and easily [10, 11]. Second, there was an interest
in average long-term habitual intake of fruit, vegetables and fish, rather than
the intake on one or a few specific days. However, the data of an FFQ are often
less precise than data obtained with other methods such as food records, 24
hour recalls, or dietary biomarkers. Nevertheless, the goal of our studies was
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to rank intake levels of older adults in high vs. low and to investigate SEP
differences for which the FFQ is suitable [9].
Dietary guidelines used
In the presented LASA studies, adherence to the dietary guidelines was
calculated based on self-reported dietary intake data. For misperception
rates, we asked respondents to indicate if they believed their intake was in
concordance with the dietary guidelines for fruit, vegetables and fish after first
explaining these guidelines. At that moment, in 2007, the dietary guidelines of
the Health Council of the Netherlands for fruit, vegetables and fish were: two
pieces of fruit per day (a maximum of one piece could be replaced by one glass of
fruit juice), four serving spoons of vegetables per day (200 grams) and fish twice
per week [12]. However, recently, on 4 November 2015, new dietary guidelines
were presented [13]. It may be clear that the new guidelines, with new cut-off
values, will lead to different conclusions about adherence and misperception
rates presented in this thesis. The new guideline for fruit is still two pieces of
fruit per day. However, it no longer allows the replacement of one piece of fruit
for a glass of fruit juice because new evidence has shown that the consumption
of sugar-containing drinks increases the risk of obesity and diabetes mellitus
type two [14, 15]. These findings also apply to drinks with ‘natural’ sugar such as
fruit juice. It is difficult to estimate if this new fruit guideline will lead to higher or
lower adherence or misperception rates for fruit. For vegetables, the guideline
changed from a recommended minimum of 200 grams to 250 grams per day.
This may imply that the adherence rates for the vegetable guideline presented
in this thesis are an overestimation compared to the new vegetable guideline.
For fish, the guideline changed from a recommended twice to once per week.
This may imply that the adherence rates for the fish guideline presented in this
thesis are underestimated compared to the new fish guideline. It is difficult
to estimate how these new cut-of values will influence the observed SEP
differences in adherence to the fruit, vegetables and fish guidelines or SEP
differences in misperception rates for these guidelines.
Self-reported data
The majority of the data that we analyzed for this thesis were self-reported.
The advantage of self-reported data is that they can be collected relatively
easily and fast. Self-reported data are relatively undemanding for respondents,
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especially when compared to objective markers such as the collection of
blood for dietary biomarkers. In addition, the use of self-reported data allows
investigating psychosocial variables such as attitudes, barriers and motivations
with regard to dietary intake. The most important disadvantages of selfreported data are the several types of measurement errors that may occur [8,
16, 17]. Measurement errors can be random, meaning that any factor randomly
affects a variable across the sample. However, errors may also be systematic,
meaning that any factor systematically affects a variable across the sample
[18, 19]. The errors that may have occurred as a result of using self-reported
variables in this thesis are discussed below.
First, eating fruit, vegetables and fish is well documented as health promoting
behavior. Studies have shown that people with a higher SEP value a healthy
diet more and have more knowledge about health promotion behavior than
people with a lower SEP [20, 21]. Consequently, higher SEP groups may be
more likely to provide socially desirable answers and report higher intakes
of healthy foods including fruit, vegetables and fish intake, compared
to lower SEP groups [22]. However, the literature is inconclusive on the
association between misreporting and SEP. Some studies showed a positive
association between misreporting with either low [23] or higher education
levels [24], whereas others reported no significant association [25, 26]. As
a result, misreporting of fruit, vegetable and fish intake by higher or lower
SEP groups cannot be excluded in this thesis, which may have caused an
over- or underestimation of the observed socioeconomic differences in fruit,
vegetables and fish intake.
Second, in the light of bias in self-reported data, the accuracy of self-reports of
income or education levels and potential SEP differences are relevant as well.
However, at present, very little is known about this topic, mainly because it is
very difficult to check the accuracy of income or education reporting. Some
older studies compared tax data to self-reports of income, and conclude that
self-reports of income are relatively unbiased, but they did not focus specifically
on SEP differences in accuracy [27]. Therefore, we cannot exclude that the results
of this thesis may be biased because of potential over- or underestimation of
income or education levels.
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Third, there is evidence that level of income is a more private and sensitive
question than level of education. As a result, people may be reluctant to
provide income information, resulting in high numbers of non-response [28].
In GLOBE, as well as, in LASA respondents were asked to indicate their income
based on broad income categories, since it is known that questions about the
exact amount of income cause the highest non-response rate. Respondents
could also indicate ‘I don’t know / I don’t want to say. Nevertheless, the nonresponse rate of income compared to education was higher in both cohorts
(GLOBE: 11.9% for income vs. 4.3% for education, LASA: 4.5% for income vs. 0%
for education). In both cohorts, missing income values were imputed to reduce
the influence of non-response. In addition, non-response rates for income are
suggested to vary by SEP group, although the evidence presents a mixed and
somewhat inconsistent picture. Some studies suggest that non-response is
higher among people with higher incomes [29], while others suggest that nonresponse is higher among people with lower incomes [30, 31]. Therefore, we
cannot exclude the possibility that non-response of income and SEP differences
in non-response rates of income influenced the results of thesis.
Fourth, in the LASA study, respondents were selected on having a good
cognitive status, which has the important advantage that recall bias with
regard to self-reported data is less likely to be influenced by impaired cognitive
functioning.
Cross-sectional versus longitudinal data
In the LASA study, we examined cross-sectional associations because the
dietary intake data and the other nutrition related variables such as motivations,
barriers and perceptions, were only measured at one point in time. In crosssectional studies, exposure and outcome are assessed at the same moment
in time, which limits the inference of any casual relations or its direction
between SEP and dietary intake. In the GLOBE study, we examined longitudinal
associations and these results confirmed some of the cross-sectional findings
of the LASA study. An advantage of longitudinal analyses is that conclusions
can be drawn on the order in which determinants and outcomes occur.
However, knowing the order of occurrence does not necessarily imply a causal
relationship. In the literature three explanatory mechanisms are described
to explain socioeconomic differences in health, namely artefact, selection
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and causation [32]. These mechanisms can be translated to socioeconomic
differences in dietary intake as well.
First of all the artefact mechanism suggests that socioeconomic differences
in diet are the results of an imperfect study design or measurement issues
due to for instance inappropriate measure of SEP or measurement errors in
dietary intake. However, the strong and consistent findings of the association
between diet and SEP presented in this thesis and by others worldwide and
across varying times do not suggest that artefacts play a major role in the
explanantion of socioeconomic differences in dietary intake. In addition,
both LASA and GLOBE included a wide range of demographic, lifestyle and
nutrition-related characteristics, which enabled us to adjust for several relevant
potential confounders. However, we cannot exclude that there are unmeasured
or unknown factors influencing both SEP and dietary intake that were not
included in this thesis, such as stress, personality, intelligence, environmental
influences, or cultural factors.
Second, the selection mechanism refers to the situation in which a person’s
dietary intake affects their socioeconomic position, i.e. persons with a healthy
diet and consequently better health may move up in the socioeconomic
hierarchy, while people with an unhealthy diet and consequently worse health
may move down. However, research in the field of SEP differences in health
showed little evidence for the selection mechanism [33, 34]. It is therefore not
plausible that dietary intake causes level of SEP, although we cannot completely
exclude selection mechanisms as partial explanations for the findings in this
thesis.
The explanatory mechanism that remains is the causation mechanism, where
SEP causes dietary intake via intermediary factors. This is supported by a large
body of evidence in the literature on socioeconomic health differences [35, 36].
Generalizability and external validity of the results
The LASA as well as the GLOBE study consisted of samples representative for the
Dutch population. The LASA cohort is based on a sample of older adults aged
55–85 years, from three geographic regions in the Netherlands. These three
regions were selected so that an optimal representation of the older Dutch
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population would be achieved, with respondents from the predominantly
protestant north, the predominantly catholic south and the predominantly
secular parts of the Netherlands and from both urbanized and rural areas within
each of these regions. For GLOBE, a random sample, stratified by age, degree
of urbanization, and socioeconomic status, aged 15–75 years was recruited via
the municipal registries of the city of Eindhoven and 15 surrounding villages in
the Southern part of the Netherlands. However, in both studies several factors
were likely to influence the generalizability of our sample and the external
validity of the results.
Firstly, the included sample of the LASA Lifestyle ancillary study consisted of
respondents with a relatively healthy lifestyle, as the respondents smoked less
and were less likely to be excessive drinkers compared to respondents who
did not want, or were not able to participate in the Lifestyle ancillary study.
Furthermore, exclusion criteria for the study were > 80 years of age, not living
independently, or having a poor cognitive status. This may have influenced the
generalizability of our sample and implies that the results of LASA presented
in this study are less representative for older adults with a less healthy lifestyle,
the very old, institutionalized older adults and those older adults with a poor
cognitive status.
Secondly, persons with a very low SEP are least likely to respond to, or participate
in, population research [37-40]. Reasons for this low response-rate are factors
such as low literacy, not having a permanent or stable address and having
severe psychological problems [41]. If this was the case in the LASA study or the
GLOBE study, the presented results of this thesis would be less representative
for older adults with a very low SEP. The socioeconomic differences that we
observed in this thesis may then be an underestimation of the true differences,
because the individuals with very lowest SEP may have been underrepresented
in the studies.
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Recommendations for future research
The results of this thesis lead to the following suggestions for future research.
Replications in other studies and inclusion of different subgroups
First, the research field on SEP differences in dietary intake among older adults
is relatively small and our findings should be replicated in other studies. In
addition, it is important to keep monitoring SEP differences in dietary intake
over time as we showed in Chapter 3 that income differences in fruit and
vegetable intake seem to be widening over time.
Second, it is important to mention that the GLOBE study was not specifically
targeted at older adults. The average age in the GLOBE study was 54.4 years
(SD: 13.4) vs. 68.9 years (SD: 6.2) in the LASA study. In order to fully understand
the influence of SEP on dietary quality in the older aged, future research should
also investigate how SEP is associated with dietary intake in very old adults.
Third, since LASA and GLOBE both consisted of a mainly indigenous Dutch
population sample, future studies should include older adults from nonwestern immigrants. Non-western immigrants in the Netherlands are often
over represented in lower SEP groups [42]. Furthermore, they have a higher risk
of diet related chronic diseases ([43, 44], but also consume fruit, vegetables and
fish than non-immigrants [45]. Therefore, future research should investigate
how SEP is associated with dietary intake in older adults from non-western
immigrants.
Current dietary guidelines and other food products
The recently introduced dietary guidelines describe different cut-off values
for adherence. Future research should investigate the influence of SEP on
adherence to the new dietary guidelines. Furthermore, this thesis focused on
fruit, fruit juices, vegetables and fish only. To provide a better understanding
of SEP differences in dietary intake in older adults, future research should also
investigate the influence of SEP on other food products, including the less
healthy options, such as savory snacks, sweet snacks, and sugar sweetened
beverages in older adults.
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Inclusion of other indicators of socioeconomic differences in dietary
intake
This thesis used level of education, level of income and occupational prestige as
indicators of SEP. The use of different indicators adds something unique to our
understanding of how SEP is related to dietary intake [7]. Each indicator reflects
a different underlying process and they should not be used interchangeably,
and do not serve as proxies for each other. Future studies should unravel causal
mechanisms of multiple SEP indicators together, in which the indicators can be
mediators of each other or can interact with each other. In addition, measures
of SEP should be modelled in a way that enables accurate estimates of their
independent contribution to diet.
With regard to SEP indicators among older adults, the inclusion of other
indicators could provide new insights and supplement the findings of this
thesis. As suggested by others, the financial assets available to older adults
can be more adequately measured by using wealth, rather than income and
education [1, 46]. Wealth as defined in these studies includes financial and
material assets such as the value of housing, cars, investments, inheritance and
pensions and measures the accumulation of these resources over time [47].
Therefore, future research should investigate if indicators of wealth provide
additional understanding of SEP differences in dietary intake of older adults.
Another relevant indicator for the understanding socioeconomic differences
in dietary intake is food (in) security. Food (in) security can be defined as the
lack of availability of nutritionally adequate and safe foods, or the lack of
availability to acquire acceptable foods in socially acceptable ways [48]. In the
United States, the degree of food insecurity is measured in annual, nationally
representative surveys. Only a small number of high-income Western countries
report prevalence rates of food insecurity. A Dutch study in 251 very low SEP
food bank recipients showed that the prevalence of food insecurity was 72.9%,
of which 40.4% reported very low food insecurity. Of these food insecure food
bank recipients, 56.8% reported that they experienced hunger, but did not eat
because they could not afford enough food in the previous three months. The
mean age of the recipients in the Foodbank study was 46.3 years old (SD: 10.6)
and did not include a large proportion of older adults. It is unclear whether this
was because poor older adults are hard to reach for researchers or because
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poverty or food insecurity is less prevalent in older adults. Therefore, future
research should investigate if food insecurity is prevalent among the older
population.
Interventions based on the results of this thesis
Interventions to promote healthy eating may be a tool to promote the intake
of fruit, vegetables and fish. However, not all interventions are equally effective
in different subgroups of the population [49]. Some interventions targeted
at the general population may have greater benefits for those with a higher
SEP and would therefore be likely to widen SEP differences in dietary intake.
This thesis provides new information on factors that are associated with SEP
among older Dutch adults. Careful acknowledgement and understanding of
these differences is important in order to be able to develop and increase the
effectiveness of future interventions. In this way, interventions and policies
can be tailored to the needs and capacities of the target population. Future
studies should investigate if the differences in motivations to eat healthily and
misperception of vegetable intake also mediate the association between SEP
and dietary intake. If this is the case, research should investigate if interventions
focusing on these mediators and the once that were confirmed in this thesis
will lead to a higher fruit, vegetable and fish intake and consequently better
health among older adults with a lower SEP.
A consistent finding in this thesis was that the perceived high price of fruit,
vegetables and fish mediated SEP differences in fruit, vegetables and fish intake.
Having financial distress partly explained the decrease in fruit and vegetable
intake in lower income groups over time. This supports findings of previous
studies reporting mediating effects of price concerns on fruit and vegetable
intake among different SEP groups [50-52]. These results follow from the
economic theory that food price is an important determinant of food choice
[53]. It is established in literature that healthy diets cost more than unhealthy
diets [54-56]. Although, the evidence is not conclusive [57-60]. Products that
contain high percentages of sugar and fat provide most calories for money,
while fruits and vegetables are relatively expensive [61-63]. Furthermore,
British researchers showed that from 2002 to 2012, the absolute price gap
between healthy and less healthy foods has grown [64]. The size of the gap
has increased by almost 29%. Australian and American researchers confirmed
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these findings [61, 65, 66]. Dutch research conducted in the LASA study also
showed that a healthier diet is more expensive: the energy dense foods are
generally cheaper per calorie than healthier and less energy dense foods [67].
Perceptions of price are also relevant. In a study among adults with a lower SEP,
perceptions of higher price of healthier foods, rather than actual price, were
associated with fewer healthy food purchases [58].
An important question is whether lowering food price barriers of healthy
products, leads to a higher intake of fruit, vegetables and fish in lower
socioeconomic groups and consequently a better health. There has been a
growing body of research on the potential role of taxes or subsidies to decrease
the intake of less healthy foods and beverages or increase the intake of healthier
foods and beverages. It is summarized below.
Tax strategies are currently already in place in some countries in Europe (e.g.
Hungary, France and Finland) and in various states in the USA [68]. In October
2011, the Danish government introduced a fat tax, although it quickly came
under fire and was abolished after little more than a year. According to the
Danish Government, the fat tax led to extremely high prices and possibly also
to unemployment in the food industry. Others suggested that industry and
trade associations were heavily involved in the political process of the fall of
the fat tax [69]. Mexico introduced a sugar tax on 1 January 2014. The world
has had Mexico under observation since and the recent published results
look promising [70]. By the end of 2014, a 12% sales drop in sugary drinks had
occurred. Among the poorest households, the annual average sale of sugary
drinks dropped by 17%. However, taxing unhealthy foods may not automatically
increase the consumption of healthy foods, such as fruit, vegetables and fish.
This could be achieved by subsidizing healthy foods. However, no country so
far has introduced this in a real life setting. Experimental studies did show that
a price discount on fruit and vegetables increased the purchase of fruit and
vegetables and that this increase was larger in low SEP groups [71, 72]. A Dutch
randomized controlled trial examining the effects of a 50% price discount on
fruits and vegetables showed that the percentage of participants consuming
the recommended amount of fruit and vegetables increased substantially in the
discount group [73]. This study was focused on people with a relatively low SEP
and the mean age was around 52 years old (SD: 12.4). Two systematic reviews
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investigating the effect that subsidies and taxes have on food consumption
and health concluded that food taxes and subsidies should be at least 10% to
30% and preferably be used in tandem [56, 74]. However, many studies that
examined lowering the price of healthy products are modeling studies and
there is a lack of good quality experimental studies [49]. The methods involved
with modeling are quite different from an intervention study in real life and
caution should be used when translating these results to the daily life situation.
Furthermore, no study to date took into consideration the impact of taxes
and subsidies on the rest of the food system and global economy. Our food
system crosses multiple levels of scale, from individual farmers, consumers, and
decision makers to national and international economic markets, multinational
firms, and global supply chains. This makes it very complex to study, although
according to some not impossible. Mozzafarian et al. recently suggested a
comprehensive tax subsidy framework that alters priorities and incentives
across our food system [75]. This framework includes consumers, agricultural
producers, food manufacturers, supermarkets, convenience stores and
restaurants.
Future research should investigate the feasibility and impact of taxes and
subsidies in a real life setting, on a large scale, with a long follow up taking the
framework of Mozzarfarian et al. as a starting point. Any implementation should
be accompanied by careful evaluation research and consequent adjustments
to maximize benefits and minimize unintended adverse consequences.
Providing insights into further causes and mechanisms
According to the ‘inverse evidence’ law there is more knowledge on
interventions that are assumed to have limited impact on socioeconomic
differences, and less on interventions that are assumed to have more impact
[76, 77]. A recent review of McGill et al. showed that “upstream” interventions,
categorized as interventions that remove reliance on resources such as
price interventions, appear to decrease SEP differences [49]. “Downstream”
interventions, categorized as interventions that rely solely on individuals
making and sustaining behavioral change, and in particular dietary counseling
or public awareness campaigns, increase SEP differences. Those with more
resources to act on the information, make use of these efforts more readily. The
determinants studied in this thesis mainly rely on individual characteristics of
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older adults and therefore, future research should carefully focus on providing
further insights into the “upstream” causes and mechanisms that underlie
socioeconomic differences in dietary intake in old age. With this information,
“upstream” interventions should be developed, conducted and evaluated
thoroughly.
Other methods for studying SEP differences in dietary intake
Dietary intake, nutrition related factors and socioeconomic circumstances do
not stand alone. There is a complex background, overlap and interaction with
material, psychosocial and environmental factors. In addition to traditional
research methods, such as cross-sectional studies, longitudinal cohort studies
and randomized controlled trials, future research should make use of other
research methods to study this complex background of socioeconomic
differences in dietary behavior. It is suggested that the traditional research
methods are likely to focus too much on narrow problem definitions and
linear analytic representations and are therefore insufficient for adequately
addressing the complex character of socioeconomic differences in dietary
intake [78, 79].
An example of other research methods is the system science approach
[80, 81]. System science has already been successfully used in for example
connecting the world by air travel and revolutionizing manufacturing and
agriculture production. It is a broad class of analytical approaches such as
system dynamics, agent based modelling and other computational systems
that aim to uncover the behavior of complex systems. These approaches
connect interrelated systems across disciplinary lines and explicitly
examine interaction effects and feedback loops. The emphasis is placed
on understanding the whole system, rather than focusing on individual
components [82, 83]. Recently, system science approaches have the attention
of public health researchers focusing on childhood obesity [84]. Elaborating
on their results, system science could shed light on possible new mechanisms
as to how factors or determinants interact and lead to SEP differences in
dietary intake of populations [85]. Since this method is not yet often used for
this topic, future research should investigate the value of system science in
order to study SEP differences in dietary intake.
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Another method that is known to be particularly appropriate for studying
socioeconomic differences in health behavior is participatory health research
[86-88]. The goal of this research is to maximize the participation of those who
are the subject of the research in all stages of the research process. Research
is not done “on” people as passive subjects providing data, but “with” them
to provide relevant information for improving their lives. The entire research
process is a collaboration between academic researcher, professionals in the
fields of health care, education and social welfare, members of civil society,
policy makers and other relevant stakeholders. Together they decide which
questions will be addressed in the research, what the goals of the research are,
how the research will be performed and how the results will be used. This offers
a strategy that embraces self-determination, encourages and even demands
ongoing consultation and negotiation, and provides opportunities for capacity
building and empowerment in the communities involved in the research [89].
Future research should investigate the value of participatory health research in
order to study SEP differences in dietary intake.
Recommendations for policy makers
How to translate scientific evidence into policies? This thesis shows that
socioeconomic differences in diet among older adults exist and that income
differences in dietary intake are likely to widen over time. The most direct
policy approach to reduce socioeconomic differences in dietary intake is to
address the socioeconomic differences themselves. However, if we take the
existence of the socioeconomic differences as a given and choose to address
the differences in dietary intake between SEP groups, what can we learn from
past experiences? The United Kingdom for example has a long and frustrating
history of commitment to narrowing socioeconomic health differences. These
health differences have been the explicit focus of policy since at least 1997 [90].
Yet, there is little or no evidence that these differences have indeed narrowed.
The English strategy is built on decades of public health research, was based
on empirical evidence, and was collected and summarized by world leading
health experts. If this did not work, what will? In a 2010 paper, Mackenbach
asked whether the English strategy to reduce health differences had failed
[91]. He described three important barriers that, according to him, made the
English strategy fail in reducing socioeconomic differences in health. In short,
the first barrier is that there are no readily available packages of policies and
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interventions with proven effectiveness in reducing health inequalities because
important opportunities for evaluation have been missed. The second barrier is
that the scale and intensity of policy change that are necessary to make a real
difference are likely to be in excess of what public health strategies can deliver.
The third barrier is that health inequalities are the result of the cumulative
impact of decades of exposure to health risks, some of them intergenerational,
of those who live in socioeconomically less advantaged circumstances. What
does this mean for public health concerning SEP differences in dietary intake
in the Netherlands?
First of all, the results of this thesis provide some starting points for policies to
influence healthy eating in lower SEP groups in order to reduce SEP differences
in dietary intake, which have not been utilized in the Netherlands so far. The
most promising policy would be the reduction of the perceived price barriers
for the consumption of fruit, vegetables and fish. From the literature it is known
that a combination of taxes on unhealthy foods and subsidies on healthy foods
may improve healthy eating outcomes for those people with a lower SEP
and potentially reduce SEP differences in dietary intake [49]. If this is done,
special attention should be paid to the development of food prices of healthy
versus unhealthy food products while dealing with the interests of public
health, agricultural, industry and economy. Furthermore, when considering
implementation of a food policy at any level, those involved should consider
the potentially differential impact of the policy on SEP differences in dietary
intake. This thesis shows that there are clear differences in motivations, barriers
and misperception with regard to dietary intake between low and high SEP
groups. Policy makers should take this into account when developing policies
to ensure reaching the target populations. Furthermore, when new policies
that aim to reduce SEP differences in dietary intake are implemented, these
measures should be carefully evaluated. Only then, packages of policies and
interventions can be developed that have proven effectiveness in reducing
socioeconomic differences in dietary intake.
Second, policy makers need to be aware that in order to make a real difference,
policy changes on a large scale, with long follow up and a great intensity are
necessary. This will require a thorough and major commitment of all relevant
partners. It also means that the research environment that investigates
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socioeconomic differences in dietary intake needs to be adequately supported
in order to generate the knowledge necessary to perform this task.
Third, policy makers, as well as researchers need to realize that addressing SEP
differences in dietary intake may take years or even generations. Therefore,
they have to commit for the long term.
Main conclusion
The results of this thesis show that in older adults, substantial income and
education differences in adherence to the fruit, vegetable and fish guideline
exist. It also shows that older adults with a lower SEP perceive other motivations
to eat healthily and overestimate their vegetable intake more often than those
with a higher SEP. Furthermore, older adults with a lower SEP perceive more
barriers for adherence to the fruit, vegetables and fish guideline. Underlying
pathways that partly explain these socioeconomic differences are the barriers
“high price” of fruit and fish and the “dislike” of fruit. The results of this thesis
also indicate that the income differences in fruit and vegetable intake are likely
to widen over time. Underlying pathways that partly explain this change in
income difference of fruit and vegetable intake over time are the barriers “high
price” of fruit and vegetables, and having “financial distress”.
In the development of interventions and policies aiming to reduce
socioeconomic differences in dietary intake in older adults, careful
consideration of underlying causes of SEP differences in dietary intake should
be a first research priority. This is necessary to ensure that interventions and
policies are tailored to the needs and capacities of the target population.
Implementation of these interventions and policies should go hand in hand
with careful scientific research that investigates if this will lead to an increase
in fruit, vegetable and fish intake and consequently will improve health in
older adults with a lower SEP. In addition, the intended and unintended impact
of these interventions and policies on our food system and local and global
economies should be assessed, monitored and evaluated.
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SUMMARY

Summary

INTRODUCTION
Nowadays, all Western countries face large and growing socioeconomic
differences in health. In the Netherlands, lower educated people live on
average six years shorter than higher educated people. The differences in
healthy life expectancy are even larger: almost 19 years. Research performed
in the past decade shows that socioeconomic health differences are mainly
caused by a higher exposure to a wide range of unfavorable risk factors of
people with a lower socioeconomic position (SEP). One behavioral factor that
may be part of the broader causal pathway is dietary intake. It has been shown
that unhealthy dietary behavior is more prevalent among groups with a low
SEP. Unhealthy diets are associated with a higher risk of diet related chronic
diseases. The identification of factors that explain SEP differences in dietary
intake is of paramount importance for the development of interventions and
policies aiming to reduce SEP differences in diet and consequently health.
The Western population is rapidly getting older. A healthy diet is important
for older adults’ health. Only few studies have investigated the association
between SEP and dietary intake in older adults. Even fewer have focused on
factors associated with SEP or factors that explain SEP differences in dietary
intake in older adults. There may be additional factors that have a unique
influence in older adults, such as health related motivations, or specific barriers
to eat healthily, for example functional limitations in going out to buy groceries,
preparing meals or chewing problems.
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OBJECTIVE
The overall purpose of this thesis was to investigate SEP differences in adherence
to the fruit, vegetable and fish guideline in older Dutch adults and to unravel
potential pathways underlying these SEP differences. We investigated:
1)

If socioeconomic position (SEP) is associated with adherence to the fruit,
vegetable and fish guidelines in older Dutch adults.

2)

Whether motivations to eat healthily, misperception and barriers with
regard to adherence to the fruit, vegetable and fish guidelines are
associated with SEP in older Dutch adults.

3)

To what extent barriers with regard to adherence to the fruit, vegetable
and fish guidelines explain SEP differences in adherence to the these
guidelines in older Dutch adults.

4)

Whether the intake of fruit and vegetables changed over time and if this
change is associated with socioeconomic factors.

To this end, data from two Dutch observational cohort studies of a general older
population were used. Chapters 2, 3, 4 and 5 show data from the Longitudinal
Aging Study Amsterdam (LASA) and include 1,057 older adults, with a mean
age of 68.9 years. For chapter 6, data from the longitudinal GLOBE study were
used and includes 2,978 adults, with a mean age of 53.4 years.

RESULTS
Conclusion 1: Older adults with lower levels of education and income are
less likely to meet the fruit, vegetable and fish guidelines.
This chapter describes adherence to the fruit, vegetable and fish guidelines in
older adults and investigates the independent association between three SEP
indicators and dietary adherence. The SEP indicators that were included were
level of education, level of income and level of occupational prestige.

169

Summary

Of the older adults, almost 83% reported to adhere to the fruit guideline,
65% to the vegetable guideline and 32% to the fish guideline. Cross-sectional
analyses show that older adults with lower education levels were less likely to
adhere to the vegetable guideline than those with higher education levels.
Older adults with lower income levels were less likely to adhere to the fruit
and fish guidelines than those with higher income levels. Level of occupational
prestige was not associated with adherence to any of the guidelines in older
adults.
These results show that there is room to improve fruit, vegetable and fish intake
in older adults and that there are clear and independent education and income
differences in adherence to these guidelines among older adults.
Conclusion 2: Motivations to eat healthily are different for distinct
socioeconomic groups of older adults.
This chapter identifies motivations to eat healthily in older adults and
investigates the independent association with level of education, level of
income, and other demographic, lifestyle and health characteristics.
The results show that the most frequently reported motivations to eat healthily
were “feeling fit”, “current health” and “body weight”. Cross-sectional analyses
show that older adults with lower education and income levels were less likely
to report “to prevent diseases” as a motivation to eat healthily than those
with higher education and income levels. Older adults with lower education
levels were more likely to report “taste preferences” and “my current disease”
as motivations to eat healthily than those with higher education levels. This
study also shows different motivations to eat healthily for older adults with
overweight, chronic diseases and for those with a poor self-rated health.
These results suggest that motivations to eat healthily depend on
socioeconomic circumstances of older adults. Consequently, promotion
messages to eat healthily can be expected to be more effective if they focus on
the specific motivations of different SEP groups.
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Conclusion 3: Older adults with lower education levels are more likely to
overestimate their adherence to the vegetable guideline.
This chapter describes the degree of misperception of adherence to the fruit,
vegetable and fish guidelines in older adults and investigates if misperception
is associated with SEP and other demographic, lifestyle and nutrition related
characteristics. The results show that overestimation was most common for
adherence to the vegetable guideline. Overestimation rates for adherence to
the fruit and fish guidelines were very small. Cross-sectional analyses show
that older adults with lower education levels were more likely to overestimate
their adherence to the vegetable guideline than those with higher education
levels. Level of income was not associated with overestimation to any of the
guidelines.
These results suggest that older adults with lower education levels and who
do not meet the vegetable guideline are more likely to be unaware of their
insufficient vegetable intake. Therefore, they are less likely to respond to health
promoting messages aiming to improve vegetable intake and consequently
fail to change their behavior.
Conclusion 4: The barriers “cost concerns” for fish and “dislike” of fruit
explain lower adherence to the fruit and fish guidelines in older adults
with a lower income.
This chapter identifies barriers for adherence to the fruit, vegetable and fish
guidelines in older adults and investigates SEP differences in these barriers.
Furthermore, it describes if these barriers were mediators that explained SEP
difference in adherence to the guidelines.
The results show that barriers for adherence to the fruit, vegetable and fish
guidelines are commonly reported by older adults. The most frequently
reported barriers in older adults with lower education or income levels were
the “high price” of fruit, vegetables and fish. Barriers that were most frequently
reported by higher SEP groups were “concerns about pesticide residues” for
fruit and vegetable, “time concerns for preparation” for vegetables and “habits
and traditions” for fish. Furthermore, older adults with lower education and
income levels perceived more barriers than those with higher education and
income levels. Mediation analyses show that perceiving any barrier to meet the

171

Summary

fruit guideline and the barrier “dislike fruit” mediated the association between
income and adherence to the fruit guideline. Perceiving any barrier to meet
the fish guideline and the barrier “fish is expensive” mediated the association
between income and adherence to the fish guideline. No mediating barriers
for the association between education and adherence to the fruit, vegetable or
fish guidelines were found.
These results suggest that focusing on barriers with regard to adherence to the
fruit and fish guidelines and in particular “cost concerns” for fish and “dislike” for
fruit may be important in reducing income differences in fruit and fish intake
in older adults.
Conclusion 5: Lower income groups have decreased their fruit and
vegetable intake more than those with higher incomes between 2004 and
2011.
This chapter describes intake changes of fruit and vegetables between 2004
and 2011 and investigates SEP differences in intake and intake change.
Furthermore, it describes if socioeconomic barriers were mediators that
explained the SEP difference in intake change.
Longitudinal analyses show that fruit and vegetable intake changed between
2004 and 2011. Respondents with lower education levels were more likely to
report a decrease in raw vegetable intake frequencies than those with higher
education levels. Respondents with lower income levels were more likely to
report a decrease in intake frequencies of fruit, cooked vegetables and raw
vegetables. Experiencing “financial distress” and “price concerns” with regard
to fruit and vegetables partly explained the changes in income difference in
fruit and vegetable intake between 2004 and 2011.
These results suggest a widening of relative income differences in fruit and
vegetable intake between 2004 and 2011. Focusing on barriers with regard
to “cost concerns” and “financial distress” may be important in reducing the
widening of income differences in fruit and vegetable intake.
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OVERALL CONCLUSION
Overall, the results of this thesis show that in Dutch older adults, substantial
income and education differences in adherence to the fruit, vegetable and fish
guideline exist. It also shows that older adults with a lower SEP perceive other
motivations to eat healthily and overestimate their vegetable intake more
often than those with a higher SEP. Furthermore, older adults with a lower SEP
perceive more barriers to eat fruit, vegetables and fish. Underlying pathways
that partly explain the socioeconomic differences observed in fruit and fish
intake are the barriers concerning the “high price” of fish and the “dislike” of
fruit. The results of this thesis also indicate that the income differences in fruit
and vegetable intake have widened over time. Underlying pathways that partly
explain these changes in income difference in fruit and vegetable intake over
time are the barriers concerning the “high price” of fruit and vegetables, and
having “financial distress”.
The results of this thesis provide some starting points for the development
of interventions and policies aiming to reduce socioeconomic differences in
dietary intake in older adults. However, there is still a lot unknown. Future
research should prioritize careful and throughout consideration of the
underlying causes of SEP differences in healthy and unhealthy dietary intake.
This is necessary to ensure that interventions and policies are tailored to the
needs and capacities of the target population. It is important not to focus on
individual factors only, but also on physical, socio-cultural and political factors.
If this succeeds, the development and implementation of these interventions
and policies should go hand in hand with careful scientific research that
investigates if the interventions or policies lead to a decrease in SEP differences
in dietary intake and consequently improves health in those subjects with
a lower SEP. In addition, the intended and unintended impact of these
interventions and policies on our food system and local and global economy
should carefully be assessed, monitored and evaluated.
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INTRODUCTIE
Grote sociaal economische gezondheidsverschillen zijn een groeiend probleem
in bijna alle Westerse landen. In Nederland leven mensen met een lagere
opleiding gemiddeld zes jaar korter dan mensen met een hogere opleiding.
De verschillen in gezonde levensverwachting zijn momenteel nog groter en
beslaan bijna 19 jaar. Onderzoek heeft laten zien dat deze sociaaleconomische
gezondheidsverschillen voornamelijk worden veroorzaakt door een hogere
blootstelling aan een breed scala van ongunstige factoren bij mensen met
een lagere sociaaleconomische positie (SEP). Eén van deze risicofactoren is
een ongezonde voeding. Uit onderzoek blijkt dat mensen een lage SEP minder
gezond eten, zoals minder groente, fruit en vis, dan mensen me een hoge SEP.
Dit is ongunstig, want een ongezonde voeding is geassocieerd met het ontstaan
van voedingsgerelateerde chronische ziektes. Juist daarom is de identificatie
van factoren die SEP verschillen in gezonde voeding verklaren van groot belang.
Deze informatie draagt bij aan de huidige kennis in de wetenschap, maar ook
aan de ontwikkeling van interventies en beleid gericht op het verminderen van
SEP verschillen in voeding en op lange termijn gezondheid.
Het aandeel ouderen in de Westerse bevolking stijgt. Een gezonde voeding
is belangrijk voor iedereen, ook voor ouderen. Echter, weinig studies hebben
de associatie tussen SEP en een gezonde voeding bij ouderen onderzocht.
Nog minder studies hebben de factoren onderzocht die SEP verschillen in
gezonde voeding bij ouderen kunnen verklaren. Terwijl er juist bij ouderen
mogelijk bijkomende factoren zijn die een unieke invloed kunnen hebben
op SEP verschillen in voeding. Voorbeelden zijn gezondheidsgerelateerde
motivaties of specifieke belemmeringen om gezond te eten, zoals het hebben
van functionele beperkingen die het lastig maken om boodschappen te doen,
een warme maaltijd te koken of te kauwen.
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DOEL
Het doel van dit proefschrift was om sociaal economische verschillen in het
behalen van de groente, fruit en vis richtlijn onder Nederlandse ouderen
te onderzoeken. Daarnaast was het doel om potentiële mechanismes te
ontrafelen die ten grondslag liggen aan deze SEP verschillen.
Wij onderzochten of:
1)

Sociaaleconomische positie (SEP) geassocieerd was met het behalen van
de groente, fruit en visrichtlijn in Nederlandse ouderen.

2)

Motivaties om gezond te eten, mispercepties en belemmeringen met
betrekking tot het behalen van de groente, fruit en visrichtlijn geassocieerd
waren met SEP in Nederlandse ouderen.

3)

Belemmeringen met betrekking tot het behalen van de fruit, groente en
visrichtlijn de SEP verschillen in groente, fruit en vis konden verklaren in
Nederlandse ouderen.

4)

De inname van groenten en fruit in de loop der tijd veranderd was, of er
SEP verschillen waren in deze veranderingen en of deze veranderingen
verklaard konden worden door sociaaleconomische factoren.

In dit proefschrift zijn gegevens gebruikt uit twee Nederlandse observationele
cohortstudies. In de hoofdstukken 2, 3, 4 en 5 is gebruik gemaakt van data uit
een deelstudie van de Longitudional Aging Study Amsterdam (LASA) van het
VU Medisch Centrum Amsterdam en de Vrije Universiteit Amsterdam. Aan deze
studie deden 1057 oudere volwassenen mee, met een gemiddelde leeftijd van
68,9 jaar. In hoofdstuk 6 is gebruik gemaakt van data van de longitudinale
GLOBE studie van het Erasmus MC Rotterdam, met daarin 2978 volwassenen,
met een gemiddelde leeftijd van 53,4 jaar.
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RESULTATEN
Conclusie 1: Ouderen met een lager opleidings- en inkomensniveau
voldoen minder vaak aan de richtlijn voor groente, fruit en vis.
Dit hoofdstuk beschrijft in hoeverre ouderen voldoen aan de groente, fruit en
vis richtlijn. Daarnaast wordt de onafhankelijke associatie tussen verschillende
SEP indicatoren en het voldoen aan deze richtlijnen onderzocht. De SEP
indicatoren die zijn onderzocht zijn opleidingsniveau, inkomensniveau en
beroepsprestige.
Van de ouderen voldoet bijna 83% aan de richtlijn voor fruit, 65% aan de
richtlijn voor groente en 32% aan de richtlijn voor vis. Cross-sectionele analyses
laten zien dat ouderen met een lager opleidingsniveau minder vaak aan de
groente richtlijn voldoen dan ouderen met een hoger opleidingsniveau.
Ouderen met een lager inkomensniveau voldoen minder vaak aan de fruit en
vis richtlijn dan ouderen met een hoger inkomensniveau. Beroepsprestige was
niet geassocieerd met het behalen van de voedingsrichtlijnen.
Deze resultaten laten zien dat er nog volop ruimte is voor de verbetering
van groente, fruit en vis inname onder ouderen. Tevens laten de resultaten
zien dat er duidelijke en onafhankelijke associaties zijn tussen het inkomensen opleidingsniveau en het behalen van de richtlijnen onder ouderen. Dit
suggereert dat de meeste verbetering mogelijk is in ouderen met een lager
inkomen en opleidingsniveau en dat interventies gericht op het stimuleren van
groente, fruit en vis consumptie zich wellicht specifiek op deze risicogroepen
zouden moeten richten.
Conclusie 2: Motivaties om gezond te eten zijn verschillend tussen SEP
groepen onder ouderen.
Dit hoofdstuk geeft inzicht in verschillende motivaties om gezond te eten
onder ouderen en onderzoekt de onafhankelijke associatie tussen de SEP
indicatoren, demografische, leefstijl, gezondheidsindicatoren en de motivaties
om gezond te eten.
De meest gerapporteerde motivaties om gezond te eten onder ouderen waren
“fit voelen”, “huidige gezondheid” en “huidig gewicht”. Cross-sectionele analyses
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laten zien dat ouderen met een lager inkomens- en opleidingsniveau minder
vaak “preventie van ziekten” als motivatie om gezond te eten rapporteerden
dan ouderen met een hoger opleidings- en inkomensniveau. Ouderen
met een lager opleidingsniveau rapporteerden vaker “smaak voorkeur” of
“huidige ziekte” als motivatie om gezond te eten dan ouderen met een hoger
opleidingsniveau.
Deze resultaten laten zien dat motivaties om gezond te eten verschillen tussen
groepen ouderen met een verschillende SEP. Dit suggereert dat interventies
gericht op het stimuleren van gezond eten onder ouderen mogelijk effectiever
zouden zijn als deze beter zouden zijn afgestemd op specifieke motivaties van
de verschillende SEP groepen.
Conclusie 3: Ouderen met een lager opleidingsniveau overschatten vaker
dat zij voldoen aan de groente richtlijn.
Dit hoofdstuk beschrijft de mate van misperceptie wat betreft het behalen van
de groente, fruit en vis richtlijn onder ouderen en onderzoekt SEP verschillen
met betrekking tot misperceptie.
Misperceptie komt voor wanneer een persoon denkt voldoende of onvoldoende
groente, fruit of vis te eten, maar dit in werkelijkheid niet doet.
De resultaten laten zien dat misperceptie het meeste voorkwam wat betreft
het behalen van de groente richtlijn, en in mindere mate voor de fruit en
vis richtlijn. Cross-sectionele analyses laten zien dat ouderen met een lager
opleidingsniveau vaker overschatten dat zij de groenterichtlijn halen dan
ouderen met een hoger opleidingsniveau. Er werden geen verschillen
gevonden wat betreft misperceptie en inkomensniveau.
De resultaten van deze studie suggereren dat ouderen met een lager
opleidingsniveau en een lage groenteinname zich mogelijk niet bewust zijn
van hun lage inname. Daarom zullen zij zich mogelijk minder aangesproken
voelen door een voorlichtingsboodschap om meer groente te eten en daardoor
niet gestimuleerd worden hun gedrag te veranderen.
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Conclusie 4: De barrières “hoge prijs” voor vis en “niet lekker” voor fruit
verklaren deels waarom ouderen met een lager inkomen minder vaak
voldoen aan de richtlijn voor fruit en vis.
Dit hoofdstuk beschrijft de barrières voor ouderen om de groente, fruit en vis
richtlijn te behalen en onderzoekt SEP verschillen in deze barrières. Tevens
werd onderzocht of deze barrières een deel van de mogelijke SEP verschillen in
het behalen van de groente, fruit en vis richtlijn kunnen verklaren.
De resultaten laten zien dat ouderen veel barrières ervaren wat betreft het
behalen van de richtlijn voor groente, fruit en vis. Ouderen met een lager
opleidings- en inkomensniveau rapporteerden meer barrières dan ouderen
met een hoger opleidings- en inkomensniveau. De meest gerapporteerde
barrières voor ouderen met een laag opleidings- en inkomensniveau zijn de
“hoge prijs” van groente, fruit en vis. Voor ouderen met een hoog opleidingsen inkomensniveau waren dit “bezorgd om bestrijdingsmiddelen” voor
groente en fruit, “voorbereiding kost tijd” voor groente en “gewoonten en
tradities” voor vis. De inkomensverschillen in barrières om te voldoen aan de
fruit richtlijn konden deels verklaard worden door de barrière “niet lekker” en
voor het behalen van de vis richtlijn was dit de barrière “hoge prijs”. Er werden
geen barrières gevonden die de opleidingsverschillen in het behalen van de
groente richtlijn konden verklaren.
Deze resultaten suggereren dat interventies die gericht zijn op het stimuleren
van fruit en vis inname in lagere inkomensgroepen zich mogelijk specifiek
zouden moeten richten op de smaak /variatie van fruit en de prijs van vis.
Conclusie 5: Mensen met een lager inkomensniveau zijn minder vaak
groente en fruit gaan eten tussen 2004 en 2011.
Dit hoofdstuk beschrijft de verandering in groente en fruit inname tussen
2004 en 2011 en beschrijft SEP verschillen in deze verandering. Tevens werd
onderzocht of sociaal economische barrières deze mogelijke SEP verschillen in
verandering kunnen verklaren.
Longitudinale analyses laten zien dat de groente en fruit inname veranderd
is tussen 2004 en 2011. Respondenten met een lager inkomensniveau zijn
minder vaak groente en fruit gaan eten tussen 2004 en 2011 dan respondenten
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met een hoger inkomensniveau. Voor opleidingsniveau was geen verandering
zichtbaar. De barrières “financiële zorgen” en “hoge prijs” van groente en fruit
verklaarden deels de afname van groente en fruit inname tussen 2004 en 2011
onder respondenten met een lager inkomen.
Deze resultaten suggereren een relatieve groei van inkomens verschillen
in groente en fruit inname tussen 2004 en 2011. Interventies gericht op het
verkleinen van inkomensverschillen in groente en fruit inname zouden zich
mogelijk kunnen concentreren op de barrières “financiële zorgen” en “hoge
prijs”.

CONCLUSIE
De resultaten van dit proefschrift laten zien dat er aanzienlijke sociaal
economische verschillen zijn in groente, fruit en vis inname onder Nederlandse
ouderen. Daarnaast rapporteerden ouderen met lagere opleidings- en
inkomensniveaus andere motivaties om gezond te eten en overschatten ze
vaker dat ze voldoen aan de richtlijn voor groente dan ouderen met een hogere
SEP. Tevens ervaren zij meer barrières om te voldoen aan de groente, fruit en
visrichtlijn. Onderliggende mechanismen die de gevonden SEP verschillen
verklaarden waren barrières betreffende het niet lekker vinden van fruit en de
hoge prijs van vis. Ook laat dit proefschrift zien dat de inkomensverschillen in
groente- en fruitinname tussen 2004 en 2011 zijn toegenomen. Onderliggende
mechanismen die deze verandering deels verklaarden waren het hebben van
financiële problemen en de hoge prijs van groente en fruit.
De resultaten van dit proefschrift bieden enkele aanknopingspunten voor de
ontwikkeling van interventies en beleid gericht op het verminderen van sociaal
economische verschillen in voeding onder ouderen. Toekomstig onderzoek zou
zich specifiek moeten richten op het verder ontrafelen van de onderliggende
oorzaken van SEP verschillen in gezonde en ongezonde voeding. Dit zorgt
ervoor dat interventies en beleid dat ontwikkeld wordt afgestemd zijn op de
behoefte en capaciteit van de doelgroep. Dit onderzoek zou zich niet alleen
moeten richten op individuele factoren, maar ook op fysieke, sociaal-culturele,
economische en politieke factoren. Pas als dit zorgvuldig in kaart is gebracht,
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kunnen passende interventies en beleid ontwikkeld worden. Het ontwerp en
de implementatie van interventies en beleid dienen daarna samen te gaan met
een zorgvuldige wetenschappelijke evaluatie waarin onderzocht wordt of de
interventie of het beleid ook echt bijdragen aan een gezondere voeding onder
mensen met een lage SEP en of SEP verschillen in voeding worden verkleind.
Bovendien moeten ook de bedoelde en onbedoelde gevolgen van deze
interventies en beleid in relatie tot ons gehele voedselsysteem en de lokale
en landelijke economie zorgvuldig beoordeeld, gecontroleerd en geëvalueerd
worden.
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