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Abstract
Objective: To investigate socio-economic differences in changes in fruit and
vegetable intake between 2004 and 2011 and explore the mediating role of
financial barriers in this change.
Design: Respondents completed a self-reported questionnaire in 2004 and 2011,
including questions on fruit and vegetable intake (frequency per week), indicators
of socio-economic position (education, income) and perceived financial barriers
(fruits/vegetables are expensive, financial distress). Associations were analysed
using ordinal logistic regression. The mediating role of financial barriers in the
association between socio-economic position and change in fruit and vegetable
intake was studied with the Baron and Kenny approach.
Setting: Longitudinal GLOBE study.
Subjects: A total of 2978 Dutch adults aged 25–75 years.
Results: Respondents with the lowest income in 2004 were more likely to report a
decrease in intake of cooked vegetables (P-trend< 0·001) and raw vegetables
(P-trend< 0·001) between 2004 and 2011, compared with those with the highest
income level. Respondents with the lowest education level in 2004 were more
likely to report a decrease in intake of fruits (P-trend= 0·021), cooked vegetables
(P-trend= 0·033), raw vegetables (P-trend< 0·001) and fruit juice (P-trend= 0·027)
between 2004 and 2011, compared with those with the highest education level.
Financial barriers partially mediated the association between income and
education and the decrease in fruit and cooked vegetable intake between 2004
and 2011.
Conclusions: These results show a widening of relative income and educational
differences in fruit and vegetable intake between 2004 and 2011. Financial barriers
explained a small part of this widening.
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Diets high in fruits and vegetables decrease the risk of
developing CVD, stroke, hypertension, type 2 diabetes
mellitus, overweight, obesity and several types of can-
cer(1). Among all nutritional factors, the strongest inverse
correlations with death rates in several European countries
are found for the consumption of fruit and vegetables(2–4).
In 2012, a comparative risk assessment of the global bur-
den of disease identified diets low in fruits and vegetables
to be among the five leading risk factors worldwide(5).
In the Netherlands, only 8% of adults consume the
recommended daily amount of vegetables of 200 g or more

and 13% consume two or more pieces of fruit daily(6).
Moreover, the consumption of fruits and vegetables is
unequally distributed across the population. Individuals
with lower socio-economic position (SEP) eat less fruits and
vegetables and meet the dietary guidelines less often
compared with individuals with higher SEP(7–10). It is sug-
gested that perceived affordability of healthy food products
plays an important role in SEP differences in dietary
intake(11–14), although the evidence is not conclusive(15,16).

In 2008, the world economy entered a severe economic
crisis. This crisis increased income inequalities in many
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countries and the consequences of the economic crisis
may be more severe for those with a lower SEP(17).
Reports from the Institute for Fiscal Studies and the
Organisation for Economic Co-operation and Develop-
ment showed that households decreased their food
expenditures since the beginning of the crisis and swit-
ched to lower priced and less healthy foods(18,19). A study
from Iceland showed that the crisis was associated with a
significant reduction in the consumption of fruits and
vegetables(20). An Australian study showed that individuals
who experienced financial distress during the crisis had a
20% higher risk to become obese than those who did not
suffer from such distress(21). Furthermore, the price gap
between healthy and unhealthy foods has grown between
2002 and 2012(22). Healthy foods like fruits and vegetables
became relatively more expensive, while 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 on those with a lower
SEP and may have been a barrier to eating a healthy diet.
However, the change in socio-economic inequalities in the
intake of fruits and vegetables over this particular period of
time is unknown, while a negative change for the lowest
socio-economic groups may potentially have an impact on
the widening of socio-economic inequalities in diet and
consequently in health inequalities. Understanding these
changes is crucial for the development of interventions and
policies to improve dietary intake and reduce diet-related
chronic diseases in lower socio-economic groups. If trends
vary by specific socio-economic subgroups, interventions
and policies need to be tailored to the needs and capacities
of the target population.

The longitudinal Dutch GLOBE study is designed to
investigate the causes of socio-economic differences in the
health and health behaviours of adults(23). Information about
dietary intake collected in 2004 and 2011 provides the
opportunity to investigate how the intake of fruits and vege-
tables changed during a time of economic crisis for higher
and lower socio-economic groups. Therefore, the aim of
our study was to investigate whether the intake of fruits,
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 in
the change of fruit and vegetable intake between 2004
and 2011.

Methods

GLOBE study
The study sample consisted of participants of the long-
itudinal GLOBE study, conducted in the south-east of the
Netherlands. The aim of the GLOBE study is to investigate
mechanisms and underlying factors contributing to socio-
economic differences in health. Detailed information on

the sampling and design of the GLOBE study, as well as
results obtained in the first 10 years of the study, are
provided elsewhere(23–25). Briefly, the sample for GLOBE
was randomly drawn from the municipal population
registries, stratified by age, SEP and degree of urbaniza-
tion. In 1991 a postal questionnaire was sent to 27 070
inhabitants of eighteen municipalities aged 15–78 years
(response rate= 70·1%, N 18 973). Sub-samples (total
n 5667) were interviewed and/or surveyed in 1991, 1997
and 2004 (also 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 4784), 249 had died, seventy-six had emigrated
and fourteen were lost to follow-up (i.e. no correct
address information available). This resulted in a sample
of n 4445 that was sent the 2011 survey. A total of 2983
respondents returned the survey (response rate= 67·2%).
We excluded five respondents because all required
dietary intake data were missing, leaving 2978 respon-
dents for the descriptive statistics and 2970 for the
regression analyses.

Fruit, cooked vegetable, raw vegetable and fruit
juice consumption
Respondents were asked to complete a validated FFQ in
2004 and 2011, which included questions about the intake
frequency of fruits, cooked vegetables, raw vegetables
and fruit juice, separately(26,27). The FFQ did not ask for
different types of fruits or vegetables. In concordance with
the Dutch dietary guidelines, a potato was not considered
a vegetable(28). In this FFQ respondents were asked to
estimate how many days per week they usually consumed
fruits, boiled/baked/steamed vegetables, raw vegetables
and fruit juices in the past month. Additionally, in 2004,
respondents were asked in an open question to indicate
the number of days per week these products were
consumed. In 2011, respondents were asked the same
question but could choose between the following answer
categories: never, <1, 1–2, 3–4, 5–6 and 7 d/week. To
compare the consumption between 2004 and 2011, we
categorized the number of days per week indicated in
2004 into the corresponding 2011 categories and labelled
this variable ‘intake frequency’. In both waves, respon-
dents were also asked to indicate the average portion
size of each food product; however, because of the
high number of missing values, this information could
not be used in the analyses. The questionnaires were
filled out in the autumn (October/November) in both
waves.

Socio-economic position
SEP was defined by self-reported level of education and
household income(29). 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
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or primary education), lower secondary (lower profes-
sional and intermediate general education), higher
secondary (intermediate professional and higher general
education) and tertiary (higher professional education and
university)(30). Respondents were also asked to indicate
their net monthly household income (0–1200 €, >1200–
1800 €, >1800–2600 € and >2600 €) in 2004. Household
income was defined as the respondent’s income plus
income of a partner (if applicable), and included the
income of children only 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). These questions were combined in the
financial barrier ‘vegetables are expensive’ and categor-
ized as ‘yes’ (‘vegetables are expensive’ and ‘I often/
sometimes perceive this to be a barrier for consumption’)
or ‘no’ (‘vegetables are not expensive’ or ‘vegetables are
expensive and I sporadically/never perceive this to be a
barrier for consumption’). Exactly the same questions
were asked with regard to fruits (not fruit juice) and
combined in the barrier ‘fruits are expensive’. In 2011, the
occurrence of financial distress was assessed. Respondents
were asked to indicate if they had experienced difficulties
in paying for food, rent, electricity bill, etc. during the past
year. The financial barrier ‘financial distress’ was categor-
ized as ‘no’ or ‘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 (Netherlands v. other) and
living arrangement (living together with partner, living
alone, other).

Lifestyle factors included BMI (self-reported weight (in
kilograms) divided by the square of self-reported height
(in metres)), smoking (never, former, current), physical
activity (days per week physically active for ≥30 min/d)
and perceived general health (excellent, very good, good,
moderate, poor).

Statistical analyses
We used descriptive statistics to summarize the char-
acteristics of the study sample and the intake frequency of
fruits, cooked vegetables, raw vegetables and fruit juice in
2004 and 2011. Spearman’s correlation coefficient was
calculated to investigate the intercorrelation between the
SEP indicators (education and income).

For the regression analyses all missing data (indepen-
dent and dependent variables, confounders, effect modi-
fiers and mediators), excluding eight respondents because

level of education was ‘other’, were imputed with multiple
imputation via the predictive mean matching method(31).
Imputations were based on the associations between all
the variables included in the study. Forty imputed data sets
were generated and pooled estimates from these forty
imputed data sets were used to report OR and their 95%
CI. We used the number of imputed data sets that is equal
to the percentage of people with one or more missing
variables in the data set. Ordinal logistic regression
analyses were used to investigate the association between
SEP and intake frequency of fruits, cooked vegetables,
raw vegetables and fruit juice, because the dependent
variable (intake frequency) consisted of ordered discrete
categories(32). The proportional odds assumption was
tested with the test of parallel lines. No assumptions were
violated. Potential confounders were evaluated by adding
the variables separately to the models adjusted for age and
sex and examining 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 and therefore
the final analyses were adjusted only for age and sex. Tests
for trend were performed by including the SEP indicators
as ordinal variables in the models. Effect modification by
age and sex was examined by adding interaction terms to
the multivariate models.

To investigate the association of SEP with intake fre-
quencies in 2004 and 2011 we used two models. Model 1
included level of education or income in 2004 and was
adjusted for the variables age and sex; and model 2 was
additionally adjusted for the other SEP indicator in 2004.
When mutually adjusting for both SEP indicators, we
interpreted the remaining statistically significant OR to
indicate the magnitude of the independent effect of the
SEP indicator in question. The OR represent the likelihood
to report a lower intake frequency of fruits, cooked/raw
vegetables or fruit juice than the reference group (highest
SEP). To investigate the association between SEP in 2004
with change in intake frequency of fruits, cooked vege-
tables, raw vegetables and fruit juice between 2004 and
2011, we adjusted the intake in 2011 for the intake in 2004.
These OR represent the likelihood to report a decrease in
intake frequency between 2004 and 2011 compared with
the reference group (highest SEP). Again, two models
were used: model 1 included level of education or
income in 2004 with adjustment for age, sex and the intake
frequency in 2004; and model 2, similar to model 1, but
with additional adjustment for the other SEP indicator
in 2004.

To investigate the contribution of financial barriers
relating to the price of fruits and vegetables and having
financial distress to SEP differences in the change of intake
frequency between 2004 and 2011, we followed the
mediation approach of Baron and Kenny(33) (see Fig. 1 for
conceptual mediation model). Step 1 in this approach is to
link the dependent (decrease in intake frequency between
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2004 and 2011) to the independent variables (level of
income or education in 2004). Step 2 is to show a statis-
tically significant association between the independent
variable (level of income or education in 2004) and
the mediators (financial barriers). Step 3 is to show a
statistically significant association between the mediator
(financial barriers) and the dependent variable (decrease
in intake frequency between 2004 and 2011), when con-
trolling for the independent variable (level of income or
education in 2004). If all steps are confirmed, the
attenuation of the effect size in step 3 can be interpreted as
the influence of the mediator. We performed the last step
only for the mediators that fulfilled all three steps. To
assess the magnitude of the attenuation, we calculated the
percentage change in OR using the following formula:
% attenuation= [(OR model −OR base model)/OR base
model]× 100. Interaction between the final mediators,
income and education was tested, but no interaction
was found.

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 2978 participants who
were included in our sample both in 2004 and 2011. There
were slightly more females (54·2%) than males and the
mean age for the total sample was 53·4 (SD 13·4) years
(range= 25–75 years). Most respondents reported to have
finished lower secondary (33·6%) or tertiary education
(30·4%) and were categorized in the highest income
category (>2600 €/month; 28·6%), followed by the second
highest income category (>1800–2600 €/month; 25·8%).
A quarter of the respondents reported to have experienced
financial distress during the past year in 2011 (25·0%).
In 2004, 12·9% perceived the high price of vegetables

a barrier for purchase and 14·5% perceived the high
price of fruits a barrier for purchase. The Spearman
intercorrelation coefficient (r) of income and education
was 0·52.

Intake frequencies in 2004 and in 2011
Figure 2 shows the intake frequency (number of days per
week consumed) of fruits, cooked vegetables, raw vege-
tables and fruit juice in 2004 as well as 2011. Table 2
shows the number of respondents who decreased,
increased or stabilized their intake frequency of fruits,
cooked vegetables, vegetables and fruit juice between
2004 and 2011 in total and by level of education and level
of income in 2004. Between 2004 and 2011, 46·7% of the
respondents decreased their intake frequency of fruits,
18·5% remained stable and 29·9% increased. Of those
who decreased, 51·4% decreased fruit intake by one day
per week, 24·7% by two and 12·6% by three days per
week. Of those who increased, 65·5% increased their fruit
intake by one day per week, 19·1% by two and 9·8% by
three days per week (data not shown). For cooked
vegetables, 52·5% of the respondents decreased
their intake frequency between 2004 and 2011, 24·0%
remained stable and 18·8% increased. Of those who
decreased, 66·1% decreased cooked vegetable intake by
one day per week, 20·7% by two and 8·2% by three days
per week. Of those who increased, 72·3% increased their
cooked vegetable intake by one day per week, 21·2% by
two and 4·9% by three days per week (data not shown).
For raw vegetables, 19·2% of the respondents decreased
their intake frequency between 2004 and 2011, 15·0%
remained stable and 55·4% increased. Of those who
decreased their intake, 48·0% decreased their raw vege-
table intake by one day per week, 38·5% by two and 9·9%
by three days per week. Of those who increased, 49·6%
increased their raw vegetable intake by one day per week,
25·7% by two and 13·9% by three days per week (data not
shown). For fruit juice, 36·3% decreased increased their
intake frequency between 2004 and 2011, 9·0% remained

X (independent variables)
Level of education 2004

Level of income 2004

Y (dependent variables)
Decrease in intake frequency of
fruits and vegetables between

2004 and 2011

M (mediators)
Fruits are expensive

Vegetables are expensive
Having financial distress

a b

c’

c

Fig. 1 Conceptual mediation model according to Baron and Kenny(33) for the association between level of income and education in
2004 and the decrease in intake frequency of fruits and vegetables between 2004 and 2011. Path a represents the association
between X and M and path b represents the association between M and Y, adjusted for X. Path c′ is the direct effect and path c is
the total effect between X and Y
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stable and 39·3% increased. Of those who decreased,
51·5% decreased their fruit juice intake by one day per
week, 24·6% by two and 13·3% by three days per week.
Of those who increased, 40·1% increased their fruit juice
intake by one day per week, 15·3% by two and 14·6% by
three days per week (data not shown).

Socio-economic differences in intake frequencies
in 2004
Respondents in the lowest income group in 2004 had a
1·34 higher odds (95% CI 1·02, 1·77) to report a lower
intake frequency in 2004 of cooked vegetables compared
with those in the highest income group (Table 3).

Respondents in the lowest or lower education group in
2004 had a higher odds to report a lower intake
frequency in 2004 of fruits (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) compared with those in
the highest education group.

Socio-economic differences in changes in intake
frequencies in 2011
Respondents in the lowest income group in 2004 had a
higher odds to report a lower intake frequency in 2011 of
cooked vegetables (OR= 1·71; 95% CI 1·33, 2·20) and raw
vegetables (OR: 1·67, 95% CI 1·29, 2·17) compared with
those in the highest income group (Table 4). Respondents
in the lowest education group in 2004 had a higher odds to
report a lower intake frequency in 2011 of fruit (OR= 1·59;
95% CI 1·17, 2·16), cooked vegetables (OR= 1·51; 95% CI
1·12, 2·05), raw vegetables (OR= 1·97; 95% CI 1·45, 2·68)
and fruit juice (OR= 1·41; 95% CI 1·03, 1·94) compared
with those in the highest education group.

Socio-economic differences in a decrease in intake
frequencies between 2004 and 2011
Between 2004 and 2011, the respondents in the lowest
income group in 2004 had a higher odds to report a
decrease in intake frequency of cooked vegetables
(OR= 1·62; 95% CI 1·23, 2·11) and raw vegetables
(OR= 1·64; 95% CI 1·25, 2·15) compared with those in the
highest or higher income group (Table 5). The respon-
dents in the lowest or lower education group in 2004 had a
higher odds to report a decrease in intake frequency
between 2004 and 2011 of fruits (OR= 1·49; 95% CI 1·08,
2·06), cooked vegetables (OR= 1·45; 95% CI 1·06, 2·00),
raw vegetables (OR= 1·75; 95% CI 1·27, 2·39) and fruit
juices (OR= 1·28; 95% CI 1·03, 1·57) compared with those
in the highest education group.

The mediating role of financial barriers in socio-
economic differences in the decrease in intake
frequencies between 2004 and 2011
The results of step 1 of the mediation analyses are already
presented in Table 5. The results of step 2 show that the
respondents in the lowest income group in 2004 had a
higher odds to report the financial barrier ‘fruits are
expensive’ (OR= 4·07; 95% CI 2·81, 5·89) and ‘vegetables
are expensive’ (OR= 3·46; 95% CI 2·33, 5·13) or ‘financial
distress’ (OR= 10·53; 95% CI 7·39, 15·03) compared with
those in the highest income group (see online supple-
mentary material, Supplemental Table 1).

The respondents in the lowest education group in
2004 had a higher odds to report the barrier ‘fruits are
expensive’ (OR= 1·71; 95% CI 1·10, 2·64) and ‘vegetables
are expensive’ (OR= 3·53; 95% CI 2·22, 5·62) or ‘financial
distress’ (OR= 2·74; 95% CI 1·88, 3·98) compared with

Table 1 Characteristics of the sample of Dutch adults from the
GLOBE study in 2004 (n 2978)

Sociodemographic characteristic n or Mean % or SD

Sex (n, %)
Female 1614 54·2
Male 1331 44·7
Missing 33 1·1

Age in years (mean, SD) 53·4 13·4
BMI category (n, %)
Underweight (<18·5 kg/m2) 21 0·7
Normal (18·5–24·9 kg/m2) 1415 47·5
Overweight (25·0–29·9 kg/m2) 1119 37·6
Obesity (≥30·0 kg/m2) 354 11·9
Missing 69 2·3

Physical activity
Days per week physically active for ≥30min/d
(mean, SD)

4·3 2·3

Missing (n, %) 171 5·7
Smoking (n, %)
Current (cigarettes & pipe) 539 18·1
Former 1071 36·0
Never 1182 39·7
Missing 186 6·2

SEP indicators
Education (n, %)
Primary education 248 8·3
Lower secondary 1001 33·6
Higher secondary 681 22·9
Tertiary education 906 30·4
Other 8 0·4
Missing 129 4·3

Income (n, %)
0–1200 €/month 328 11·0
>1200–1800 €/month 674 22·6
>1800–2600 €/month 769 25·8
>2600 €/month 852 28·6
Missing 355 11·9

Financial barriers (n, %)
Financial distress
Yes/sometimes 746 25·0
No 2176 73·1
Missing 56 1·9

Vegetables are expensive
Yes 484 12·9
No 2414 81·8
Missing 180 6·0

Fruit is expensive
Yes 432 14·5
No 2326 78·1
Missing 220 7·4

SEP, socio-economic position.
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respondents in the highest education group. These asso-
ciations were adjusted for level of income in 2004, gender
and age (Supplemental Table 1).

The results of step 3 show that respondents reporting
the barrier ‘fruits are expensive’ had a 1·42 higher odds
(95% CI 1·16, 1·75) to report a decrease in cooked vege-
table intake frequency between 2004 and 2011 than
respondents who did not report this barrier (see online
supplementary material, Supplemental Table 2). Respon-
dents who reported the barrier ‘vegetables are expensive’
had a 1·31 higher odds (95% CI 1·05, 1·63) to report a
decrease in intake frequency of cooked vegetables
between 2004 and 2011 compared with respondents who
did not report this barrier. Respondents reporting the
barrier ‘financial distress’ had a 1·26 higher odds (95% CI
1·06, 1·50) to report a decrease in intake frequency of
fruits between 2004 and 2011 compared with respondents
who did not report this barrier.

For the last step, we continued only with those variables
that fulfilled all conditions of the Barron and Kenny
approach (Table 6). The association between level of
income in 2004 and the decrease in intake frequency of
cooked vegetables between 2004 and 2011 was adjusted
for the barrier ‘fruits are expensive’ and ‘vegetables are
expensive’. The barrier ‘fruits are expensive’ explained 0·9
to 7·4% and the barrier ‘vegetables are expensive’
explained 1·5 to 5·2% of the difference in decrease in intake

frequency of cooked vegetables between people having
different levels of income. The association between level of
education in 2004 and the decrease in intake frequency of
fruits between 2004 and 2011 was adjusted for the barrier
‘financial distress’; and the association between level of
education in 2004 and the decrease in intake frequency of
cooked vegetables between 2004 and 2011 for the barriers
‘fruits are expensive’ and ‘vegetables are expensive’. The
barrier ‘financial distress’ explained 1·6 to 3·5% of the
difference in decrease in intake frequency of fruits between
people having different levels of education. The barrier
‘fruits are expensive’ explained 0·7 to 2·8% and ‘vegetables
are expensive’ explained 2·1 to 4·3% of the difference in
decrease in intake frequency of cooked vegetables
between people having different levels of education.

Discussion

The present study among Dutch adults showed a widen-
ing of relative income and education differences in fruit,
cooked and raw vegetables and fruit juice intake between
2004 and 2011. The financial barriers ‘fruits are expensive’,
‘vegetables are expensive’ and ‘financial distress’ each
explained a small part of the observed decreases in fruit
and cooked vegetable intake among lower income and
education groups between 2004 and 2011.
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Number of days per week that fruits were eaten
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Number of days that cooked vegetables were eaten
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Number of days per week that raw 
vegetables were eaten
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Number of days per week that fruit juice was consumed
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Fig. 2 The number of days per week that (a) fruits, (b) cooked vegetables, (c) raw vegetables and (d) fruit juice were consumed in
2004 ( ) and 2011 ( ) by Dutch adults (n 2978) aged 25–75 years, the GLOBE study. Charts do not add up to 100% due to
missing data

SEP changes in fruit and vegetable intake over time 1709

https://doi.org/10.1017/S1368980017004219 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980017004219


Table 2 Number of respondents who decreased, increased or remained stable regarding the number of days per week they consumed fruits, cooked vegetables, raw vegetables and fruit juice in
2011 compared with 2004, by level of education and level of income in 2004: Dutch adults (n 2978) aged 25–75 years, the GLOBE study

Level of education 2004* Level of income 2004*

Total Primary education Lower education Higher education Tertiary education 0–1200 €/month >1200–1800 €/month >1800–2600 €/month >2600 €/month

n % n % n % n % n % n % n % n % n %

Days of fruits
Decreased 1390 46·7 105 49·3 489 51·4 323 48·9 414 46·7 138 46·9 323 50·6 370 49·9 393 46·9
Increased 890 29·9 59 27·7 286 30·0 216 32·7 297 33·5 91 31·0 187 29·3 229 30·9 282 33·7
Stable 551 18·5 49 23·0 177 18·6 121 18·3 176 19·8 65 22·1 128 20·1 142 19·2 163 19·5

Days of cooked vegetables
Decreased 1562 52·5 131 58·7 524 54·9 363 55·3 478 54·8 159 52·1 357 55·4 413 55·7 451 55·3
Increased 559 18·8 46 20·6 187 19·6 116 17·7 182 20·9 74 24·3 118 18·3 153 20·6 155 19·0
Stable 714 24·0 46 20·6 244 25·5 178 27·1 212 24·3 72 23·6 169 26·2 176 23·7 210 25·7

Days of raw vegetables
Decreased 572 19·2 56 27·5 191 21·5 115 18·5 175 20·9 75 26·5 132 21·9 153 21·8 149 18·9
Increased 1651 55·4 112 54·9 556 62·5 385 61·9 532 63·6 170 60·1 369 61·3 437 62·3 494 62·7
Stable 448 15·0 36 17·6 143 16·1 122 19·6 129 15·4 38 13·4 101 16·8 112 16·0 145 18·4

Days of fruit juice
Decreased 1081 36·3 82 44·8 356 42·8 253 42·5 330 41·1 114 44·9 254 44·5 281 42·4 303 39·9
Increased 1171 39·3 80 43·7 409 49·2 271 45·5 373 46·5 109 42·9 271 47·5 307 46·4 362 47·7
Stable 268 9·0 21 11·5 66 7·9 71 11·9 100 12·5 31 12·2 46 8·1 74 11·2 94 12·4

*Lines do not add up to total n and % due to missing data.

Table 3 OR and 95% CI for the association of level of income and level of education in 2004 with a lower intake frequency* in 2004 of fruits, cooked vegetables, raw vegetables and fruit juice
compared with the highest group: Dutch adults (n 2970) aged 25–75 years, the GLOBE study

Intake frequency of fruits in 2004 Intake frequency of cooked vegetables in 2004 Intake frequency of raw vegetables in 2004 Intake frequency of fruit juice in 2004

Model 1† Model 2‡ Model 1† Model 2‡ Model 1† Model 2‡ Model 1† Model 2‡

OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI

Income in 2004
0–1200 €/month 1·32 1·04, 1·67 1·13 0·87, 1·47 1·50 1·17, 1·93 1·34 1·02, 1·77 1·47 1·14, 1·89 1·17 0·89, 1·55 0·92 0·74, 1·16 0·79 0·62, 1·02
>1200–1800 €/month 1·06 0·88, 1·28 0·94 0·77, 1·16 1·15 0·94, 1·39 1·02 0·82, 1·26 1·50 1·23, 1·83 1·23 0·98, 1·53 1·07 0·33, 1·29 0·94 0·76, 1·15
>1800–2600 €/month 1·02 0·86, 1·22 0·96 0·80, 1·15 1·07 0·89, 1·28 1·01 0·82, 1·20 1·21 1·01, 1·46 1·07 0·88, 1·30 1·01 0·84, 1·21 0·93 0·77, 1·12
>2600 €/month 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

P-trend 0·045 0·62 0·003 0·10 <0·001 0·12 0·88 0·11
Education

Elementary 1·54 1·17, 2·02 1·48 1·10, 2·00 1·45 1·10, 1·92 1·30 0·95, 1·76 1·74 1·31, 2·32 1·56 1·14, 2·14 1·20 0·91, 1·58 1·33 0·99, 1·80
Lower secondary 1·25 1·05, 1·49 1·26 1·04, 1·52 1·35 1·13, 1·62 1·29 1·06, 1·58 1·84 1·53, 2·21 1·70 1·39, 2·09 1·36 1·14, 1·62 1·44 1·19, 1·74
Higher secondary 1·21 1·01, 1·45 1·21 1·01, 1·47 1·30 1·07, 1·57 1·28 1·05, 1·56 1·31 1·09, 1·58 1·26 1·03, 1·53 1·10 0·91, 1·32 1·13 0·94, 1·37
Tertiary 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

P-trend 0·001 0·007 0·001 0·03 < 0·001 < 0·001 0·004 0·001

Ref., reference category; SEP, socio-economic position.
Significant results are indicated in bold font.
*The intake frequency is the number of days per week that fruits, cooked vegetables, raw vegetables and fruit juice were consumed in 2004 (<1, 1–2, 3–4, 5–6, 7 d/week).
†Model 1: model adjusted for sex and age.
‡Model 2: additionally adjusted for the other SEP indicator in 2004 (level of income or education).
§The estimates represent the likelihood to report lower intake frequency of fruits, cooked vegetables, raw vegetables and fruit juice compared with the reference group.
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Table 4 OR and 95% CI for the association of level of income and level of education in 2004 with a lower intake frequency* in 2011 of fruits, cooked vegetables, raw vegetables and fruit juice
compared with the highest group: Dutch adults (n 2970) aged 25–75 years, the GLOBE study

Intake frequency of fruits in 2011 Intake frequency of cooked vegetables in 2011 Intake frequency of raw vegetables in 2011 Intake frequency of fruit juice in 2011

Model 1† Model 2‡ Model 1† Model 2‡ Model 1† Model 2‡ Model 1† Model 2‡

OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI

Income in 2004
0–1200 €/month 2·54 1·17, 1·88 1·25 0·95, 1·63 2·02 1·60, 2·54 1·71 1·33, 2·20 2·23 1·76, 2·83 1·67 1·29, 2·17 1·21 0·95, 1·54 1·03 0·09, 1·34
>1200–1800 €/month 1·17 0·97, 1·41 1·02 0·83, 1·26 1·53 1·27, 1·85 1·32 1·07, 1·63 2·15 1·78, 2·60 1·67 1·36, 2·06 1·22 1·01, 1·48 1·05 0·86, 1·29
>1800–2600 €/month 1·17 0·98, 1·39 1·08 0·89, 1·29 1·24 1·03, 1·49 1·12 0·93, 1·36 1·15 1·27, 1·81 1·31 1·09, 1·57 1·14 0·95, 1·36 1·03 0·86, 1·25
>2600 €/month 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

P-trend 0·002 0·225 <0·001 <0·001 <0·001 < 0·001 0·038 0·743
Education in 2004

Elementary 1·73 1·32, 2·28 1·59 1·17, 2·16 1·97 1·50, 2·60 1·51 1·12, 2·05 2·69 2·04, 3·55 1·97 1·45, 2·68 1·44 1·09, 1·92 1·41 1·03, 1·94
Lower secondary 1·31 1·09, 1·56 1·26 1·03, 1·53 1·55 1·30, 1·86 1·34 1·10, 1·63 2·30 1·92, 2·76 1·86 1·53, 2·27 1·49 1·24, 1·79 1·47 1·20, 1·79
Higher secondary 1·37 1·14, 1·65 1·34 1·11, 1·62 1·66 1·38, 2·00 1·54 1·27, 1·86 1·50 1·27, 1·83 1·35 1·12, 1·63 1·29 1·07, 1·55 1·27 1·06, 1·54
Tertiary 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

P-trend < 0·001 0·004 <0·001 0·003 <0·001 < 0·001 < 0·001 0·001

Ref., reference category; SEP, socio-economic position.
Significant results are indicated in bold font.
*The intake frequency is the number of days per week that fruits, cooked vegetables, raw vegetables and fruit juice were consumed in 2011 (<1, 1–2, 3–4, 5–6, 7 d/week).
†Model 1: model adjusted for sex and age.
‡Model 2: additionally adjusted for the other SEP indicator in 2004 (level of income or education).
§The estimates represent the likelihood to report lower intake frequency of fruit, cooked vegetables, raw vegetables and fruit juice compared with the reference group.

Table 5 OR and 95% CI for the association of level of income and level of education in 2004 with a decrease in intake frequency* between 2004 and 2011 of fruits, cooked vegetables, raw
vegetables and fruit juice compared with the highest group: Dutch adults (n 2970) aged 25–75 years, the GLOBE study

Decrease in intake frequency of fruit
2004–2011

Decrease in intake frequency of cooked
vegetables 2004–2011

Decrease intake frequency of raw
vegetables 2004–2011

Decrease intake frequency of fruit juice
2004–2011

Model 1† Model 2‡ Model 1† Model 2‡ Model 1† Model 2‡ Model 1† Model 2‡

OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI OR§ 95% CI

Income in 2004
0–1200 €/month 1·39 1·08, 1·79 1·21 0·91, 1·59 1·85 1·44, 1·43 1·62 1·23, 2·11 2·03 1·59, 2·61 1·64 1·25, 2·15 1·30 1·01, 1·69 1·16 0·87, 1·55
>1200–1800 €/month 1·18 0·97, 1·43 1·05 0·85, 1·30 1·52 1·25, 1·85 1·36 1·10, 1·70 1·98 1·63, 2·41 1·64 1·33, 2·03 1·25 1·02, 1·52 1·12 0·90, 1·40
>1800–2600 €/month 1·19 0·99, 1·44 1·11 0·92, 1·35 1·24 1·03, 1·51 1·15 0·94, 1·41 1·47 1·23, 1·77 1·32 1·09, 1·60 1·16 0·96, 1·40 1·09 0·89, 1·32
>2600 €/month 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

P-trend 0·010 0·279 <0·001 <0·001 <0·001 <0·001 0·014 0·248
Education in 2004

Elementary 1·61 1·21, 2·15 1·49 1·08, 2·06 1·87 1·40, 2·49 1·45 1·06, 2·00 2·34 1·76, 3·11 1·75 1·27, 2·39 1·43 1·06, 1·94 1·32 0·94, 1·85
Lower secondary 1·25 1·04, 1·51 1·20 0·98, 1·48 1·41 1·17, 1·71 1·21 0·99, 1·49 1·95 1·62, 2·35 1·59 1·30, 1·95 1·35 1·11, 1·63 1·28 1·03, 1·57
Higher secondary 1·33 1·10, 1·61 1·29 1·06, 1·58 1·61 1·33, 1·95 1·48 1·21, 1·80 1·40 1·16, 1·69 1·25 1·03, 1·51 1·28 1·05, 1·56 1·25 1·02, 1·53
Tertiary 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

P-trend 0·001 0·021 <0·001 0·033 <0·001 <0·001 <0·001 0·027

Ref., reference category; SEP, socio-economic position.
Significant results are indicated in bold font.
*The intake frequency is the number of days per week that fruits, cooked vegetables, raw vegetables and fruit juice were consumed in 2011 (<1, 1–2, 3–4, 5–6, 7 d/week).
†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 in 2004 (level of income or education).
§The estimates represent the likelihood to report a decrease in intake frequency of fruits, vegetables, raw vegetables and fruit juice between 2004 and 2011 compared with the reference group.
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Table 6 OR and 95% CI for the association of level of income and level of education in 2004 with a decrease in intake frequency* between 2004 and 2011 of fruits and cooked vegetables
additionally adjusted for financial barriers and the magnitude of the attenuation: Dutch adults (n 2970) aged 25–75 years, the GLOBE study

Decrease in intake frequency of fruits 2004–2011 Decrease in intake frequency of cooked vegetables 2004–2011

Base model† Base model† plus financial distress Base model† Base model† plus fruits are expensive Base model† plus vegetables are expensive

OR‡ 95% CI OR‡ 95% CI OR‡ 95% CI OR‡ 95% CI OR‡ 95% CI

Income in 2004
0–1200 €/month X X 1·62 1·23, 2·11 1·50 1·14, 1·97 1·54 1·17, 2·02
% attenuation§ −7·4 −5·2
>1200–1800 €/month X X 1·36 1·10, 1·70 1·32 1·06, 1·65 1·34 1·08, 1·67
% attenuation§ −3·0 −1·5
>1800–2600 €/month X X 1·15 0·94, 1·41 1·14 0·93, 1·39 1·15 0·94, 1·40
% attenuation§ −0·9 0
>2600 €/month 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref.

Education in 2004
Elementary 1·49 1·08, 2·06 1·44 1·04, 1·99 1·45 1·06, 2·00 1·41 1·02, 1·93 1·39 1·01, 1·91
% attenuation§ −3·5 −2·8 −4·3
Lower secondary 1·20 0·98, 1·48 1·18 0·96, 1·45 1·21 0·99, 1·49 1·20 0·98, 1·47 1·19 0·97, 1·46
% attenuation§ −1·7 −0·8 −1·7
Higher secondary 1·29 1·06, 1·58 1·27 1·04, 1·54 1·48 1·21, 1·80 1·47 1·21, 1·80 1·45 1·19, 1·78
% attenuation§ −1·6 −0·7 −2·1
Tertiary 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·00 Ref. 1·0 Ref.

X, did not fulfil the conditions of all three steps of Baron and Kenny(32); Ref., reference category; SEP, socio-economic position.
Significant results are indicated in bold font.
*The intake frequency is the number of days per week that fruits and cooked vegetables were consumed in 2011 (<1, 1–2, 3–4, 5–6, 7 d/week).
†Base model: adjusted for sex, age, the intake frequency of fruits or cooked vegetables in 2004 and the other SEP indicator in 2004.
‡The estimates represent the likelihood to report a decrease in intake frequency between 2004 and 2011 of fruits and cooked vegetables compared with the reference group.
§% attenuation= [(OR model with mediator−OR base model)/OR base model] ×100.
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The present study extends previous research by exam-
ining the relative SEP differences in changes in dietary
intakes within a sample of Dutch adults, using both edu-
cation and income as indicators of SEP, to study financial
barriers as potential explanation for the observed differ-
ences in changes between SEP groups. The results of our
study suggest that the influence of income and education
in the sample on fruit and vegetable intake became
stronger between 2004 and 2011. Even though the
Netherlands is a wealthy and economically developed
country, the present study’s findings show that also in
developed countries the income and education differences
in fruit and vegetable intake are increasing and conse-
quently widening socio-economic health differences.

Studies on how socio-economic disparities in eating
behaviours develop over time and especially during
an economic crisis are limited. Nevertheless, our results
support findings of some previous studies which sug-
gested that, during the economic crisis, socio-economic
differences in dietary intake widened. A previous obser-
vational study from Greece on dietary behaviour revealed
that SEP disparities in healthy eating increased during 2006
and 2011(34). In that study the consumption of at least five
portions of fruits and vegetables daily decreased sig-
nificantly among lower SEP groups (from 9·0 to 4·1%). An
Italian study showed that adherence to the healthy Medi-
terranean diet decreased considerably between 2007 and
2011 and that socio-economic indicators became major
determinants of adherence to the Mediterranean diet,
which was suggested to be caused by the economic cri-
sis(35). A study in Iceland showed that the economic crisis
was associated with reductions in various health beha-
viours between 2007 and 2009, including the consumption
of fruits and vegetables(20). 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 complex. Future research must find
out if the emergence of the economic crisis and its
consequences underlie changes in dietary intake or
whether other developments or factors were involved.

Having financial distress and concerns regarding the
high price of fruits and vegetables explained a small part
of the observed income and education differences in the
decrease in intakes 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(36–38). There are indi-
cations in the literature that healthy diets cost more than
unhealthy diets(39), although contrasting evidence exists as
well(40). Australian data show that the average cost of a
healthy 7 d meal plan requires 20% of the income of an
average-income family, but double that for a welfare-
dependent family(41). 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 fruits,

respectively, are expensive to buy. These findings
emphasize again the role of income in socio-economic
differences in fruit and vegetable intake, which may be
partly dependent on the pricing of fruits and vegetables.
An important question is whether removal of the price
barriers would lead to a higher intake of fruits and vege-
tables, particularly among those in lower socio-economic
groups. Food pricing strategies including taxation and
subsidies may be effective in influencing dietary intake(42).
Indeed, recent studies showed that a price discount on
fruits and vegetables increased the purchase of fruits and
vegetables, especially in low SEP groups(43,44). 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
explained only a small proportion of the differences in
changes of intake frequency of fruits and cooked vege-
tables between 2004 and 2011. This suggests that many
other factors underlie the socio-economic differences in
dietary intake. According to the commonly used socio-
ecological model there are four key domains that are
associated with the quality of dietary intake, including the
individual, interpersonal, community and societal
domain(45). Individual factors associated with diet quality
include knowledge about healthy eating, intention or
motivation to eat a healthy diet, age, gender and health
status. Interpersonal factors include food availability at
home, cultural factors regarding healthy eating and social
support from others to eat a healthy diet. Examples of
community factors associated with diet quality are food
availability in shops, at the workplace and when eating
out. Societal factors include the dietary guidelines of a
country, public health policies, retail, marketing and
media. The impact of all these various factors operating at
each domain may vary according to socio-economic
group. Before developing new interventions, future
research should focus on providing insights into the most
relevant causes and mechanisms that underlie socio-
economic differences in dietary intake. It is only then
that interventions can be adequately designed and tailored
to the needs and capacities of the target population(46).
Without taking adequate account of the most important
underlying causes, interventions run the risk of failing
to benefit the lower SEP groups, or even to widen the
differences in dietary intake and consequently health.

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, the study adds
valuable information to the recent literature. Furthermore,
the GLOBE sample was representative of the source
population of residents aged 25–74 years who resided in
Eindhoven and surroundings in 2004 and were born in the
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Netherlands. We were able to include two different SEP
indicators and different financial barriers which allowed
us to study potential mediators to provide insights into
the complex character of socio-economic differences in
dietary intake. Furthermore, a strength of the analytical
approach is the use of multiple imputations to handle
missing data. Limitations of our study should be noted as
well. All data, including the dietary and socio-economic
information, were self-reported, which may have resulted
in biased responses. Furthermore, we were able to report
only the number of days that fruits and vegetables were
eaten per week, because of high numbers of missing data
on portion sizes. This may have resulted in biased results
in change in intake of fruits and vegetables between 2004
and 2011. The financial barriers in the study did not
account for a lot of variability in the dietary intake changes
and it should be taken into account that food frequencies
are measured with the corresponding error; therefore, the
associations are likely to be subject to measurement error
with potential attenuation of the results. Furthermore,
between 2004 and 2011 a substantial number or partici-
pants died, immigrated or could not be traced. Therefore,
potential biases due to loss to follow-up cannot be
excluded. Moreover, we specifically focused on fruits and
vegetables and used these as indicators of a healthy diet.
To provide a better understanding on SEP differences
in dietary intake over time, future research should also
investigate other food products, including unhealthier
products such as savoury snacks, sweet snacks and
sugar-sweetened beverages. In addition, the mediation
approach that we chose has disadvantages and better
alternatives are available. However, since our outcome
variable is an ordinal categorical variable these approa-
ches are highly advanced. Since the primary aim of our
research was to investigate socio-economic differences in
the change in intake frequency and the mediation analyses
were only a secondary aim, we decided to choose a simple
and straightforward mediation method, like the Baron and
Kenny method. Finally, we were not able to investigate
whether decreasing fruit and vegetable intake led to repla-
cement by other foods and, if so, which. If fruits and
vegetables were replaced by cheaper, unhealthier foods, the
impact on dietary quality will be negative, whereas if they
were replaced by cheaper, healthier foods such as legumes,
the effect will not be necessarily negative.

Conclusion

In conclusion, during a period of economic crisis, relative
differences in intake of fruits and vegetables between
lower and higher income and education groups widened.
This is partly explained by the perception that fruits and
vegetables are expensive and the experience of financial
distress among the lower income and education groups.
To obtain a comprehensive picture of this complex

problem, future research should further investigate the
underlying mechanisms of socio-economic 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 occur-
rence of unhealthy dietary intake and/or barriers to mak-
ing healthy dietary choices in lower socio-economic
groups.
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