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Abstract

Background: Low socio-economic position is associated with consumption of lower quality diets, which may be
partly explained by the cost of healthier diets. Therefore, we aimed to investigate the mediating role of dietary
costs in the association between educational level and diet quality.

Methods: We used cross-sectional data from Dutch older adults (N =9399) in the EPIC-NL cohort. Participants
provided information about their own and their partners’ highest attained educational level (as proxy for socio-
economic position). Dietary behavior was assessed using a food frequency questionnaire from which we derived
two diet-quality scores, including the Dutch Healthy Diet index 2015 (DHD15-index) and the Dietary Approaches to
Stop Hypertension (DASH) diet. Dietary cost estimates were based on food price data from food stores, and linked
to reported consumption of food items. Multiple regression analyses and bootstrapping were used examine the
mediating role of dietary cost in the association between educational level and diet quality.

Results: Mean age of participants was 70 (SD: 10) years and 77% were women. Dietary costs significantly mediated
the association between educational level and diet quality, except for high versus middle individual educational
level and the DHD15-index. Depending on the dietary and educational indicator, dietary costs explained between 2
and 7% of the association between educational level and diet quality. Furthermore, associations were found to be
modified by sex and age. For the DHD15-index, mediation effects were only present in females and adults older
than 65 years, and for the DASH diet mediation effects were only present in females and strongest amongst adults
older than 65 years compared to adults younger than 65 years.

Conclusion: Dietary costs seems to play a modest role in explaining educational differences in diet quality in an
older Dutch population. Further research is needed to investigate which other factors may explain SEP differences
in diet quality.
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Background
The role of diet in the development of non-communicable
chronic diseases (NCDs) is well established [1, 2]. Individ-
uals with a lower socio-economic position (SEP) have an
increased risk of developing diet-related chronic diseases
[3, 4], which is partly explained by socio-economic differ-
ences in diet [5]. Indeed, studies demonstrated that indi-
viduals with a low SEP on average have unhealthier
dietary behaviors and adhere less often to dietary guide-
lines compared to individuals with a higher SEP [6, 7].

The cost of eating a healthy diet may play an import-
ant role in explaining socio-economic differences in diet
quality [7-9]. Price is an important factor in food choice,
which is especially the case for individuals with a lower
SEP [10]. Similarly, for individuals with a lower SEP, the
perceived cost of healthy foods such as fruit, vegetables
and fish is an important barrier for meeting dietary
guidelines [11, 12]. In addition, a meta-analysis showed
that, on average, healthier dietary patterns were more
costly than less healthy dietary patterns [13]. This sug-
gests that both perceived and actual food prices, poten-
tially in combination with limited individual food
budgets, may indeed constrain individuals with a lower
SEP in consuming a high-quality diet.

A large body of literature has investigated the relation-
ship between SEP and dietary behaviors, while few have
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studied the mechanisms by which SEP influences dietary
outcomes. Gaining a better understanding of the ex-
planatory role of dietary behaviors in the association be-
tween educational level and diet quality would help to
establish the potential contribution of price interventions
and policies on socio-economic differences in diet and
consequently health. There is already limited evidence
from two United States (US) and one European study
showing that dietary costs partly explain socio-economic
differences in diet quality [14—16]. However the study
conducted in England used purchasing data instead of
dietary intake data and it is unknown whether the results
from the US studies prevail in European countries such
as the Netherlands. Food price levels and socio-
economic differences in health may differ between the
US and Europe [17]. Even within European countries,
the magnitude of inequalities in health associated with
SEP differ [3]. Therefore, the current study aimed to in-
vestigate the mediating role of dietary costs in the asso-
ciation between educational level and diet quality in an
older Dutch population.

Methods

Study population

The flowchart of the study population is visualized in
Fig. 1. This cross-sectional study used data from the
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European Prospective Investigation into Cancer and
Nutrition cohort in the Netherlands (EPIC-NL) [18].
EPIC-NL consists of two Dutch cohorts, namely the Pro-
spect cohort and MORGEN cohort. Participants from
the Prospect cohort were females aged 50-70 years re-
cruited from the national breast cancer screening pro-
gram in Utrecht and its surroundings, while participants
from the MORGEN cohort were aged 20-59 years, and
selected from random samples of the Dutch population
in three large cities in the Netherlands [18]. At baseline
(1993-1997), participants filled in questionnaires and
underwent a physical examination. The participants have
been followed since for changes in risk factors and oc-
currence of chronic diseases.

In 2015, respondents to the 2011 questionnaire on
electromagnetic radiation (EMR) [18] who were still
alive, living in the Netherlands and who gave informed
consent to be re-contacted (n =13,421) were invited to
fill out a Food Frequency Questionnaire (FFQ). Partici-
pants from the Doetinchem cohort did not receive the
EMR questionnaire. Therefore, participants who at that
time already participated in the 6th round of the Doe-
tinchem cohort study (n=1528) were invited to fill in
the FFQ. The response rate to the FFQ from 2015 was
62.9% (n=9399). For the current study, participants
were excluded if they had implausible energy intake
levels according to the lower or upper 0.5% ratio of re-
ported energy intake over estimated energy requirement
(n=93) [19]. Ultimately, data from a total of 9306 par-
ticipants was used for analysis in the current study.

Dietary assessment

Dietary intake was assessed in 2015 using the validated
FFQ-NL 1.0 [20]. The FFQ-NL 1.0 contained questions
regarding the consumption and preparation methods of
160 food items during the prior year. Intake for each
food item was reported in frequencies ranging from
“never” to “7 days a week”. The servings were specified
in terms of household measures or units of common
portions such as one egg and one slice of bread. Using
the 2011 computerized Dutch food composition table,
dietary intake data yielded dietary energy intake (M] and
kecal) and the average daily intake of 43 macro- and
micronutrients [20]. This FFQ was validated against on
average 2.7 (range 1-5) telephone-based 24-h recalls as
well as biomarkers in 24-h urine and blood samples.
Correlation coefficients based on estimates of the FFQ
and 24 h recalls ranged between 0.18 for fats, oils and
sauces and 0.99 for soy and vegetarian products [20].

Adherence to dietary guideline measures

Using the dietary intake data, adherence to the Dutch
Dietary Guidelines was assessed with the Healthy Diet
index 2015 (DHDI15-index). The DHDI15-index is
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developed for the Dutch population and is based on ab-
solute intakes of selected foods. To allow comparison
with international literature, adherence to the Dietary
Approaches to Stop Hypertension (DASH) diet was also
assessed, and represents a relative measure of dietary
quality [21].

The DHD15-index was calculated as described by Loo-
man et al. [22]. Briefly, The Health Council of the
Netherlands released updated Dutch Food-based dietary
guidelines in 2015, in which all evidence on nutrients,
foods, and dietary patterns in relation to the most im-
portant chronic diseases and related risk-factors was in-
tegrated. To measure adherence to these guidelines, the
DHD15-index was constructed. The index consists of 15
components (vegetables, fruits, whole grains, legumes,
nuts, dairy, fish, tea, fats and oils, coffee, red meat, proc-
essed meat, sweetened beverages and fruit juices, alcohol
and salt) which were assigned a score based on absolute
intake of the specific food group. For all components a
minimum of 0 points and a maximum of 10 points could
be allocated, resulting in a total score ranging from 0 to
150 points, with higher score indicating better adherence
to the guidelines. In EPIC-NL, data regarding filtered
coffee was not available and estimates of salt intake were
not included given the complexity of measuring intake
using FFQs. Also, as previous studies excluded alcohol
beverages because of their disproportionate influence on
dietary costs due to their high price [23, 24], this compo-
nent was excluded from the DHD15-index in the main
analyses, thus the DHD15-index ranged from 0 to 120.
Supplementary Table 1 includes the components of the
DHDI15-index and their minimum and maximum score
values.

The DASH diet was originally developed as an inter-
vention to prevent hypertension [25]. The DASH diet fo-
cuses on 8 components: high intake of fruits, vegetables,
nuts and legumes, low-fat dairy products and whole
grains, and low intake of sodium, sugary sweetened bev-
erages, and red and processed meats [21]. The compo-
nents of the DASH diet as proposed by Fung et al. were
used to calculate adherence to the DASH diet [21]. For
each component, participants were classified into quin-
tiles according to their intake ranking. For components
where a high intake is desired, participants in quintile 1
received one point and participants in quintile 5 received
five points. For components where a low intake is de-
sired, scoring was reversed (i.e. quintile 1 equals 5 points
and quintile 5 equals 1 point). Participants in the quin-
tiles between the lowest and highest quintiles received a
score of 2, 3 or 4. Then, component scores were
summed to obtain an overall DASH adherence score for
each individual participant ranging from 7 to 35 (as pre-
viously mentioned, the sodium component was not cal-
culated in this study). A higher score indicated better
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adherence to the DASH diet. Supplementary Table 2 in-
cludes the components of the DASH diet and the mean
intake for the lowest and highest quintiles.

Dietary cost measure

Individual dietary costs were derived using established
methods [8, 14, 15]. A Dutch food price database was
used to link food prices to individual food consumption
as measured with the FFQ. A detailed description of the
construction of this food price database can be found
elsewhere [26]. Briefly, the food price database was de-
veloped in the summer of 2017 and covered 902 prices
of foods based on a commonly used FFQ in Dutch co-
horts [27]. This database included the retail prices of the
lowest, non-promotional prices collected from two
Dutch supermarket chains (i.e., a high segment super-
market Albert Heijn and a discount supermarket Lidl) in
Amsterdam, the Netherlands. All prices in the food price
database were adjusted for preparation and waste and
were expressed in Euros (€) per 100g edible portion
[28]. Approximately 47% of all food products (n = 649)
underlying the FFQ-NL 1.0 could directly be linked to
the retail prices in our database. For 581 products, we
linked the price of a comparable product to the con-
sumed foods. For example, we used the price for Roosvi-
cee syrup for both regular and multivitamine Roosvicee
syrup. A few products (1 = 78) that were assessed during
the dietary intake assessment in 2015 were no longer
sold when collecting the retail food prices in 2017.
Furthermore, for a small number of foods (# =27), no
comparable product with a known price could be found
in the database. Thus, the lowest available, non-
promotional prices for these products were newly col-
lected from two supermarket chains holding the largest
market shares in the Netherlands (i.e. Albert Heijn and
Jumbo). Once the dataset was complete, dietary costs
were calculated by combining data from the food price
database with the FFQ-NL 1.0 intake data. Each com-
posite food item in the FFQ (total of 160 items) consists
of a number of individual food items, weighted accord-
ing to their relative contribution to the intake of that
food in the Netherlands. We used the same weighting
factor to calculate the cost of each composite FFQ food
item. The variable obtained for each participant was the
average monetary value of their habitual diet (reported
dietary intake in the last year) in euros per day.
Additional information regarding the food price
database and the linking to FFQ data can be found
in Supplementary file 1.

Educational level measures

Based on the highest level of completed school educa-
tion reported at baseline (1993-1997), three educational
groups were constructed (low, middle and high) for
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participants and (if applicable) their partner. Those who
completed primary education or intermediate vocational
education were classified as having a low educational
level, those who completed higher secondary education
were classified as having a middle educational level and
those who completed higher vocational education or
university were classified as having a high educational
level. Because educational level may vary for different
birth cohorts and given the high proportion of older
women whose own educational level may not reflect
their SEP accurately [29], their partner’s educational
level was used in addition to construct a household edu-
cation level variable as a second indicator of SEP. Thus,
two educational level variables were used for analyses:
highest obtained individual educational level and highest
household educational level (the highest attained educa-
tional level for either the participant or the partner of
the participant). If a participant did not have a partner,
then their own educational level was used as the highest
attained educational level for the household.

Covariates

Self-reported data on age and sex were obtained using
the baseline questionnaire. Additionally, energy intake
was derived from the dietary intake data obtained from
the FFQ-NL 1.0. Study recruitment area (Amsterdam,
Doetinchem, Utrecht and Maastricht) was also used as
covariate. Because the association between SEP and diet
quality differed for males versus females and adults from
varying age groups in earlier studies, effect modification
by age and sex was investigated [12, 30].

Statistical analyses

Descriptive statistics were computed for all variables,
using percentages and means with standard deviations.
Item-nonresponse ranged from 0% (age, sex, study cen-
ter, DHD15-index and DASH score) to 0.33% (individual
educational level). Complete case analysis was used for
all analyses. Using the Hayes SPSS-macro PROCESS
[31], the mediating role of dietary cost in the association
between individual and household educational level and
adherence to the diet quality measures (i.e. the DHD15-
index and DASH diet) were assessed using multiple lin-
ear regression analyses. Figure 2 illustrates the mediating
role of dietary cost in the association between individual
and household educational level and diet quality. Instead
of running all regression analyses separately, the package
PROCESS allowed for an easier and faster estimation of
the paths by running these simultaneously. Total effects
were estimated by assessing the associations between in-
dividual and household educational level and the diet
quality measures separately (c-path). Also, the associ-
ation between the educational level variables and the po-
tential mediator dietary cost was assessed (a-path).
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Dietary costs

c’-path?
¢’-path 2
c’-path 3

b-path

Educational level

c-path?
c-path 2
c-path 2

1 Middle vs. low educational level
2 High vs. low educational level
3 High vs. middle educational level

dietary quality measures adjusted for dietary cost (c-path)

Fig. 2 Pathways through which dietary cost may mediate the association between educational level and dietary quality. The c-paths are the
associations between individual and household educational level and the dietary quality measures separately. The a-path is the association
between the educational level variables and the potential mediator dietary cost. The b-paths and c-paths are the associations between dietary
cost and the dietary quality measures adjusted for the educational level variables (b-path) and between the educational level measures and the

Dietary quality

Furthermore, the associations between dietary cost and
the diet quality measures adjusted for the educational
level variables (b-path) and between the educational level
measures and the diet quality measures adjusted for
dietary cost (c’-path) were assessed. All analyses were
adjusted for the covariates age, sex, study center and en-
ergy intake. Modification by age and sex was assessed
using interaction terms age and both educational level
measures and sex and both educational level measures
on the c-path, a-path, b-path and c’-path. If one of the
interaction terms was significant in at least one of the
paths, associations were stratified by that effect modifier.
In order to assess whether dietary cost indeed mediated
the association between individual and household educa-
tional levels and the DHD15-index and the DASH score,
the indirect effect and the corresponding 95% confidence
interval were assessed. The indirect effects were calcu-
lated by multiplying the regression coefficient of the a-
path with the regression coefficient of the b-path, which
is equal to subtracting the regression coefficient of the
c’-path from the regression coefficient of the c-path. The
bootstrapped 95% confidence intervals around the indir-
ect effects were based on 5000 bootstrap resamples. Stat-
istical significance of the indirect effects was defined by
the inclusion or exclusion of the value zero in the upper
and lower bound of the bias corrected 95% bootstrap
confidence intervals. As recommended by Hayes [31],
the proportion mediated (a*b divided by a*b +c’) was
calculated, but only if 1) significant mediation was
found, 2) the total (c path) and indirect (a-path * b-path)

effect had the same direction and 3) if the indirect effect
was smaller than the total effect. Sensitivity analysis was
conducted by excluding participants (n = 529 for individ-
ual educational level and 7 =531 for household educa-
tional level) below the age of 30 at the time of the
baseline questionnaire (i.e. between 1993 and 1997),
since their educational attainment may have changed be-
tween baseline and follow-up. In addition, sensitivity
analyses were conducted including the alcohol compo-
nent of the DHD15-index. All analyses were conducted
with SPSS 25.0, and an o-level of 0.05 was used to test
for statistical significance.

Results

Participant characteristics by individual and household
educational level are presented in Table 1. Mean age of
all participants was 69.6 (SD 10.0) years old and the ma-
jority of participants were female (77.4%). Regarding in-
dividual educational level, 58.6% had a low educational
level, 10.8% had a medium educational level and 30.6%
had a high educational level. When taking the household
educational level measure, the percentage of participants
that was categorized as highly educated increased to
42.6%, whilst the percentage of participants that was cat-
egorized as low educated decreased to 46.5%. Mean en-
ergy intake was lowest for participants with a low
individual and household educational level. Mean dietary
cost (€ per day), the DHD15-index and the DASH score
increased with increasing individual and household edu-
cational levels.
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Table 1 Sociodemographic characteristics by individual and household educational level of the EPIC-NL study population

Sociodemographic Low education Middle High education  Low household Middle High household Total
characteristics level education  level education level household education level (N=9,306)
(N=5,435) level (N=2,838) (N=4,316) education level (N=3,954)
(N=1,002) (N=1,012)
Mean age in years 716 (8.8) 64.6(13.2) 67.3(9.9) 716 (8.8) 65.1(13.1) 684 (9.9) 69.6 (10.0)
(SD)
Sex (% female) 527 91.7 782 63.3 92.2 67.2 774
Mean energy intake 1,850 (652) 1,999 (646) 2,023 (630) 1,847 (662) 2,017 (693) 1,973 (616) 1,919 (650)
in kcal/day (SD)
Study center (in %)
Amsterdam 6.6 29 8.7 56 2.6 10.0 18.1
Doetinchem 72 1.0 24 6.2 1.2 32 10.5
Maastricht 114 29 6.8 94 30 8.7 21.1
Utrecht 334 4.2 12.7 254 4.2 20.7 50.3
Mean dietary costin = 4.9 (1.7) 54(1.6) 55(1.6) 4.8(1.7) 53(1.7) 54(1.6) 51(1.7)
€/day (SD)
DHD15-index (SD)? 63.2 (15.5) 67.2(15.9) 72.0(15.2) 62.2 (15.5) 65.3(15.7) 709 (15.4) 66.2 (16.0)
DASH score (SD)b 20.1 (4.3) 21.2(4.3) 22.5(4.2) 20.0 (4.3) 20.8 (4.3) 22.1(4.3) 21.0 (4.4)

Abbreviations: SD Standard deviation

2 DHD15 index without the alcohol component ranging from 11.43 to 109.78
b DASH score ranging from 8 to 35

Effects of educational level on dietary cost (a-path) and
dietary cost on dietary quality (b-path)

Mostly, higher individual and household educational
levels were statistically significantly associated with
higher dietary costs (Supplementary Table 3; a-path). In
turn, higher dietary cost was statistically significantly as-
sociated with higher DHD15-index and DASH scores
(Supplementary Table 3; b-path). For individual educa-
tional level, a €1 increase in daily dietary costs was asso-
ciated with a 0.74-point higher DHDI15-index and a
0.29-point higher DASH score. These results are similar
for household educational levels for both diet quality
measures.

Effect of educational level on dietary quality (c-path)

Higher individual and household educational levels were
statistically significantly associated with higher DHD15-
index and DASH scores (Table 2; total effect). Partici-
pants with an individual middle educational level scored
3.96 (95%CI 2.93; 5.00) and participants with a high edu-
cational level scored 9.07 (95%CI 8.37; 9.77) points
higher on the DHD15-index compared to participants
with a lower educational level. Participants with an indi-
vidual high educational level scored 5.10 (95%CI 4.01;
6.19) points higher on the DHD15-index compared to
participants with a middle educational level. For the
DASH diet, participants with an individual middle edu-
cational level scored 1.00 (95%CI 0.71; 1.29) and partici-
pants with an individual high educational level scored
2.25 (95%CI 2.06; 2.45) points higher on the DASH diet
compared to participants with a low educational level.
Participants with an individual high educational level
scored 1.25 (95%CI 095; 1.56) points higher on the

DASH diet compared to participants with a middle edu-
cational level. These results were similar for household
educational level for both diet quality measures.

Mediating role of dietary cost

The association between individual and household edu-
cational level and both diet quality measures persisted
after controlling for the mediator dietary cost (Table 2;
direct effect). For example, household middle and high
educational levels were associated with a 0.93 (95%CI
0.64; 1.22) and 2.17 (95%CI 1.98; 2.37) higher DASH
score compared to household low educational level, re-
spectively. The difference between individual middle and
high educational level on the DASH diet after adjusting
for dietary cost was 1.24 (95%CI 0.94; 1.54).

Regarding the pathway towards the DHDI15-index
(Table 2; indirect effect), dietary cost statistically signifi-
cantly mediated the association between middle and
high individual educational levels and the DHD15-index.
These effects accounted for 4.5 and 2.2% of the differ-
ence in the DHDI15-index score between middle and
high versus low individual educational levels, respect-
ively (Supplementary Table 3; proportion mediated). No
mediating role of dietary cost in the association between
high versus middle individual educational level and the
DHD15-index was found. For household educational
level, the association between middle and high house-
hold educational levels with dietary cost statistically sig-
nificantly mediated the association with the DHD15-
index (Table 2; indirect effect). These effects accounted
for between 1.7 and 4.1% of the difference in the
DHD15-index score depending on the educational level,
with the lowest proportion mediated found when
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Table 2 Results regarding the mediating role of dietary cost in the association between individual and household educational level

and the DHD15-index and DASH score

Independent Mediator Dependent Total effect Direct effect Indirect effect Proportion
variable variable (c-path) (c-path) mediated
B 95%Cl B 95%Cl B Bootstrap 95%Cl
Dietary cost DHD15- index Individual educational level
Middlevs. low &9 (score) 396 293500 378 275482 018 010,028 45
High vs. low 9.07* 837;,9.77 8.86% 8.16; 9.57 0.20* 0.11; 030 2.2
High vs. middle 5.10% 4.01;6.19 5.07* 4.00; 6.16 0.02 —-0.03; 0.09 N/A
Household educational level
Middle vs. low 2.96* 1.91;4.01 2.84% 1.79; 3.89 0.12% 0.05; 0.21 4.1
High vs. low 8.25% 7.59; 890 8.04% 7.37, 870 0.21* 0.11; 032 25
High vs. middle 5.20% 4.15; 6.24 5.28% 4.24;6.33 0.09* 0.03;0.16 1.7
DASH diet Individual educational level
Middle vs. low (score) 100 071,129 093 064122  007* 004010 70
High vs. low 2.25% 2.06; 245 217* 1.98; 2.37 0.08* 0.05; 0.1 36
High vs. middle 1.25% 0.95; 1.56 1.24% 0.94; 1.54 0.01 —-0.01; 0.03 N/A
Household educational level
Middle vs. low 0.75* 046; 1.05 0.71* 041; 1.00 0.05* 0.03; 0.08 6.6
High vs. low 2.02% 1.84; 2.21 1.94% 1.76; 2.12 0.08* 0.05; 0.1 40
High vs. middle 1.27% 0.98; 1.56 1.23% 0.94; 1.52 0.03* 0.01; 0.06 24

Abbreviations: B beta regression coefficient, CI confidence interval, N/A Not Applicab
2Sample size for analyses with individual educational level is 9275

PSample size for analyses with household educational level is 9282

*P < 0-05

All analyses were adjusted for age, sex, study center and energy intake

Proportion mediated was not calculated for non-significant indirect effects

comparing high to middle household educational levels
(Table 2; proportion mediated). Overall, the results re-
garding the associations between both individual and
household educational level with the DASH score as the
diet quality indicator were comparable to the results
found with the DHD15-index.

Modification by age and sex

Both sex and age were identified as modifiers in the educa-
tional level — dietary cost — diet quality pathway. Tables 3
and 4 include the results regarding the indirect effects by
strata of age and sex. Full results of the mediation analyses
separate for participants younger than 65 years and older
than 65 years, and for males and females, can be found in
the Supplementary Tables 4 through 7, respectively.

For the diet quality measure the DHD15-index, sub-
group analyses showed significant mediating effect by
dietary cost in participants older than 65 years. For par-
ticipants younger than 65 years, dietary cost did not play
a statistically significant role in explaining educational
differences in diet quality (Table 3). For the DASH diet,
stronger mediating effects were found for participants
older than 65years compared to participants younger
than 65 years (Table 3). Within both dietary quality mea-
sures, sub-group analyses showed that dietary cost

le

explained between 3 and 12% of the differences between
educational level and dietary quality for females, while
no mediation effect was found for males (Table 4).

Sensitivity analyses

Sensitivity analyses excluding participants below the age
of 30 years at baseline show similar results compared to
the main analyses with all participants (Supplementary
Table 8). Dietary cost accounted for 2 to 8% of the indi-
vidual and household educational level differences in
diet quality scores. This is similar to the results found in
the entire sample, where the proportion mediated
ranged from 2 to 7%.

The results for the DHD15-index including the alcohol
component can be found in Supplementary Table 9.
Contrary to the results without the alcohol component,
dietary cost was negatively associated with the DHD15-
index including the alcohol component. For example, for
individuals with a middle compared to lower educational
level, a €1 increase in daily dietary costs was associated
with a 0.78-point lower DHD15 score. Contrary to the re-
sults excluding the alcohol component from the DHD15-
index, a statistically significant negative mediating effect of
dietary cost in the association between educational level
and the DHD15-index was found.



Hoenink et al. Nutrition Journal (2020) 19:88

Page 8 of 12

Table 3 Results regarding the mediating role of dietary cost in the association between individual and household educational level
and the DHD15-index and DASH score for participants within varying age groups

Independent Mediator Dependent < 65 years? > 65 years?
variable variable Indirect effect Proportion Indirect effect Proportion
B Bootstrap 95%Cl mediated B Bootstrap 95%Cl mediated
Dietary cost DHD15- index Individual educational level

Middlevs.low &9 (score) 007 —003020 N/A 025%  0.13;040 69

High vs. low 0.07 -0.03; 0.20 N/A 0.27* 0.15; 0.41 33

High vs. Middle 0.01 -0.05; 0.07 N/A 0.02 -0.07; 0.1 N/A
Household educational level

Middle vs. low 0.04 —-0.04; 0.15 N/A 0.18* 0.08; 0.30 6.3

High vs. low 0.07 —-0.07;0.22 N/A 0.27* 0.15; 040 37

High vs. Middle 0.03 -0.03;0.13 N/A 0.09* 0.02; 0.19 2.1

DASH diet Individual educational level

Middle vs. low (score) 004 001;008 32 009* 006014 105

High vs. low 0.04* 0.01; 0.08 1.5 0.10* 0.07;0.14 50

High vs. Middle 0.00 —-0.03; 0.03 N/A 0.01 —-0.02; 0.04 N/A
Household educational level

Middle vs. low 0.02 —0.00; 0.06 N/A 0.07* 0.03; 0.10 100

High vs. low 0.05* 0.01; 0.09 19 0.10* 0.06; 0.14 58

High vs. Middle 0.02 -0.00; 0.06 N/A 0.03* 0.01; 0.07 29

Abbreviations: B beta regression, C/ confidence interval, N/A Not Applicable

N =2413 and N = 2418 for individual and household educational level, respectively
PN =6862 and N = 6864 for individual and household educational level, respectively

* P <005
All analyses were adjusted for energy intake, study center and sex.
Proportion mediated was not calculated for non-significant indirect effects.

Discussion

This study used a large cohort of older Dutch adults to
investigate to what extent dietary costs explain educa-
tional differences in diet quality. We observed a modest
association of individual and household educational level
with diet quality as measured by adherence to the 2015
Dutch nutrition guidelines and adherence to the DASH
diet. A small part of this association was explained by
dietary costs, such that mediation effects were mostly
only present in females and adults older than 65 years
compared to males and adults younger than 65 years.

In line with previous findings [6, 30, 32], we observed
that higher educational levels were associated with
healthier dietary behaviors. We hypothesized that educa-
tional differences in diet quality would be partly ex-
plained by dietary costs, because high quality diets (e.g.,
diets containing plenty of fruits and vegetables and less
red meats) tend to be more costly than lower quality di-
ets [13, 33]. Indeed, a €1 increase in daily dietary costs
was associated with a 0.29-point higher DASH score,
which is comparable to the results of a previous study
[34]. Dietary cost explained between 2 and 7% of the as-
sociation between educational level and diet quality
measures. The somewhat larger explanatory role of diet-
ary cost in the association between educational level and

diet quality for females (proportion mediated between 2
and 12%) and adults older than 65 (proportion mediated
between 3 and 11%) may be explained by differences in
competing factors such as perceived quality, price, taste,
habits, intentions to eat healthily and family preferences
for females versus males and older adults versus younger
adults [35]. For example, a study among European adults
showed that while price was among the top four import-
ant factors influencing food choices for females, this was
not the case for males [35]. As noted in two previous
studies [23, 24], the in- or exclusion of the alcohol com-
ponent in the DHD15-index had a significant impact on
the association between dietary costs and diet quality.
Compared to previous studies [14-16], this study
found relatively small mediation effects by dietary cost
in the association between educational level and diet
quality measures for which the explanation may be two-
fold. Firstly, the type of socio-economic indicator may
play a role. Socio-economic indicators including income,
educational level and occupation are not interchange-
able, as they assess different aspects of SEP [36]. Educa-
tional level is thought to better reflect knowledge-related
assets, while income may reflect material circumstances
such as grocery shopping budget better [37]. While in-
come and education were not differentially associated
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Table 4 Results regarding the mediating role of dietary cost in the association between individual educational and household

educational level and the DHD15-index and DASH score for females and males separately

Independent Mediator Dependent Females® Males®
variable variable Indirect effect Proportion Indirect effect Proportion
B Bootstrap 95%Cl mediated B Bootstrap 95%Cl mediated
Dietary cost DHD15- index Individual educational level
Middlevs. low &9 (score) 027% 015040 68 ~002  —018010 N/A
High vs. low 0.28* 0.18; 040 33 -0.03 -0.21;0.14 N/A
High vs. Middle 0.01 -0.07;0.10 N/A -0.01 -0.08; 0.06 N/A
Household educational level
Middle vs. low 0.19% 0.10; 0.31 7.1 -0.02 —-0.14; 0.08 N/A
High vs. low 0.29* 0.18; 042 38 -0.04 —0.24; 0.15 N/A
High vs. Middle 0.10% 0.02; 0.19 20 -0.02 —-0.14; 0.09 N/A
DASH diet Individual educational level
Middle vs. low (score) 010  006;015 110 0.00 ~004; 004 N/A
High vs. low 0.11* 0.07;0.14 54 0.00 —-0.05; 0.05 N/A
High vs. Middle 0.01 —-0.03; 0.04 N/A 0.00 —-0.02; 0.02 N/A
Household educational level
Middle vs. low 0.08* 0.04; 0.11 1.7 0.00 —-0.03; 0.03 N/A
High vs. low 0.11* 0.08; 0.15 58 0.00 —-0.05; 0.05 N/A
High vs. Middle 0.04* 0.01; 0.07 34 0.00 —-0.03; 0.04 N/A

Abbreviations: B beta regression coefficient, CI confidence intervals, N/A Not Applicable
N =7175 and N=7182 for individual and household educational level, respectively

BN = 2100 for both individual and household educational level

*P < 0-05

All analyses were adjusted for age, study center and energy intake
Proportion mediated was not calculated for non-significant indirect effects

with daily dietary costs in a population from the United
Kingdom [8], this may differ from country to country. A
study by Aggarwal et al. found larger mediation effects
with the SEP indicator income, e.g., 76% of the associ-
ation between income and energy density and 36% of
the association between income and the mean adequacy
ratio (i.e., a truncated index of the percent of daily rec-
ommended intakes for key nutrients) could be explained
by dietary cost [14]. In contrast, a study by Waterlander
et al. found that level of income was not associated with
food expenses [38]. This leads us to the second explan-
ation, namely that in the Netherlands, dietary costs may
play a smaller role in the association between SEP and
dietary quality due to the relatively low cost of food
compared to other countries and other consumer goods.
According to European Union (EU), the prices of food
and non-alcohol beverages in the Netherlands is around
the EU average, which is lower compared to other West-
European countries [39].

The limited explanatory power of dietary cost also
warrants discussion about other potential factors that
explain SEP inequalities in diet quality. Socio-economic
inequalities are traditionally explained through three
mechanisms; the material explanation, the behavioral ex-
planation and the psychosocial explanation [40]. While

several studies have examined these explanatory mecha-
nisms separately, it would be of interest to study the
relative contribution of dietary costs compared to other
explanatory factors [41]. Other explanatory factors may
include access to healthy foods, other aspects of the food
environment and psychosocial resources such as know-
ledge of healthy eating, cooking skills, food literacy or
social support. Thus, before developing new interven-
tions, future studies should focus on providing insights
into the most relevant causes and mechanisms that
underlie socioeconomic differences in diet quality. It is
only then that interventions can be adequately designed
and tailored to the needs and capacities of the target
population. Some interventions to date that have in-
creased dietary quality without increasing socio-
economic inequalities include subsidies on healthy foods
[42] and sugar sweetened beverage taxes [43].

The results of this study should be interpreted within
the context of its strengths and limitations. A first
strength is the use of a detailed food price database that
could be linked to individual food intake using estab-
lished techniques. Second, we used a diet quality indica-
tor that was relevant for the study population (DHD15)
and a diet quality indicator that is widely used in the
international literature (DASH). The first limitation is
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the use of data from an older Dutch population, limiting
the generalizability of the results. However, given that data
was collected across different regions in the Netherlands,
the generalizability of the results can be increased to the
entire older Dutch population. Second, mediation analyses
were based on cross sectional data, and therefore we can-
not make inferences about causality [14]. For example, it
is possible that higher educational level leads to more diet-
ary knowledge, in turn leading to a healthier diet, and that
this healthier diet leads to higher dietary costs, and vice
versa [16]. Third, the dietary cost measure (as derived
from reported dietary intake with a fixed food price data-
base) is not suitable for estimating actual expenditure,
since price data regarding the cheapest available product,
instead of the actual consumed product, was collected.
However, our current measure of dietary costs is found to
be moderately associated with actual food expenditure,
and able to rank individuals on the basis of the monetary
value of their diets [44]. Furthermore, our conservative ap-
proach of only using the lowest available prices is more
likely to have led to an underestimation than to an over-
estimation of the mediating role of dietary cost in the edu-
cational level and diet quality pathway [16]. Fourth, the
dietary cost measure data was collected 2 years after the
dietary intake data. Within these 2 years, the prices of
foods may have increased due to inflation. However, given
that this type of time-varying bias would not systematic-
ally misclassify people of different dietary or social charac-
teristics, the ranking of individuals has likely not changed
in the period of 2015 to 2017. Fifth, while the validity of
the FFQ used in this study has been documented, the limi-
tations of FFQs are well-known [45]. One such limitation
includes the fact that dietary intake may be under- or
overreported. Underreporting may especially be the case
for participants with a lower education [46]. However,
what effect this may have on the results is currently un-
known and beyond the scope of this paper. Sixth, unfortu-
nately data on other important SEP proxies such as
income was not collected, potentially resulting in an
underestimation of the mediating role of dietary cost in
the relation between SEP and dietary quality.

Conclusion

Dietary costs seems to play a modest role in explaining
educational differences in diet quality in an older Dutch
population, such that mediation effects were mostly only
present in females and adults older than 65 years com-
pared to males and adults younger than 65 years. The re-
sults of this study suggest that further research is needed
to investigate which other factors may explain SEP dif-
ferences in diet quality. A multi-factorial approach is
needed to tackle socio-economic differences in diet, not
only focusing on the cost of food, but also other factors
such as food knowledge and access to healthy foods.
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