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Abstract

Objective: To examine diet costs in relation to dietary quality and socio-economic
position, and to investigate underlying reasons for differences in diet costs.
Design: Dietary intake was assessed by a 4d food diary and evaluated using the
2005 Healthy Eating Index (HED. National consumer food prices collected by
Statistics Sweden and from two online stores/supermarkets were used to estimate
diet costs.

Setting: Sweden.

Subjects: A nationally representative sample of 2160 children aged 4, 8 or 11 years.
Results: Higher scores on the HEI resulted in higher diet costs and, conversely,
higher diet costs were linked to increased total HEI scores. Children who con-
sumed the most healthy and/or expensive diets ate a more energy-dilute and
varied diet compared with those who ate the least healthy and/or least expensive
diets. They also consumed more fish, ready meals and fruit. Regression analysis
also linked increased food costs to these food groups. There was a positive, but
weak, relationship between HEI score and diet cost, parental education and
parental occupation respectively.

Conclusions: Healthy eating is associated with higher diet cost in Swedish chil-
dren, in part because of price differences between healthy and less-healthy foods.

The cheapest and most unhealthy diets were found among those children whose Keg;:'o:;iss'
parents were the least educated and had manual, low-skill occupations. Our Food prices
results pose several challenges for public health policy makers, as well as for Diet quality

nutrition professionals, when forming dietary strategies and providing advice for
macro- and microlevels in society.

Healthy eating index
Socio-economic position

The disparities in health between groups with high and
low socio-economic position (SEP)” are also apparent in
their diets. High-SEP groups have healthier intakes of key
nutrients®®, higher intakes of fruit and vegetables®*>
and healthier dietary patterns*®® than low-SEP groups.
One of the reasons for the inequity in dietary intake might
be the cost of healthy eating.

There is increasing knowledge about the relationship
between consumer food costs and diet. In theory, it is quite
possible to compose a nutritious diet at low cost!*V.
However, these theoretical diets do not always correspond
to real-life situations''*'®. Generalized models of healthy
diets, planned on a food group level, have been shown to
be too expensive for low-SEP families'*'>. When com-
paring costs of consumed diets, studies show somewhat
mixed results: cross-sectional dietary surveys often show
that healthier diets cost more"'*?% while in intervention
studies, on the other hand, the healthy diets are often less
expensive than the control diet”®; although contra-
dicting examples can be found®3?.

*Corresponding author: Email petra.ryden@kost.umu.se
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Although accumulating evidence indicates that healthy
eating is more expensive, the need for additional studies
of consumed diets is apparent. An intriguing question that
has not yet been fully answered is why a healthier diet
costs more. Energy-dense foods, which contribute to a
less-healthy diet if eaten in excess®?, are often cheaper®?;
however, the complexity of dietary behaviour implies that
this is not the only reason for differences in diet costs. It is
also important to investigate costs in different parts of the
world, because food prices and dietary habits differ among
countries®. Few studies have examined the relationships
among diet, cost and socio-economic variables.

The aim of the present study was to examine diet costs
in relation to dietary quality and SEP in Swedish children.
We also investigated reasons for differences in diet costs
by relating cost to intake on a food group level. To our
knowledge, no other studies in this area have been
conducted using the dietary intake of children. If healthy
food cost is related to SEP, it is an important incentive for
updated public health policies.

© The Authors 2011
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Materials and methods

Dietary intake data were collected in 2003 in a Swedish
national food survey called ‘Riksmaten — children @
The population consisted of randomly selected children,
who were 4, 8 or 11 years old, from a stratified sample of
municipalities representative of Sweden. The stratification
considered regional differences and parents’ income and
education. The 4-year-old children were selected indivi-
dually, while the 8- and 11-year-olds were included class-
wise (grades 2 and 5) from randomly selected schools. In
total, 3423 children were sampled (924 children aged
4 years, 1209 children from grade 2, 1290 children from
grade 5). Of these children, 3055 (89%; 823, 1070 and
1162 children who were 4, 8 and 11 years old, respec-
tively) agreed to participate, and 2535 (74 %; 590, 909 and
1036 children who were 4, 8 and 11 years old, respec-
tively) completed the study. Forty-one children were
excluded due to incomplete dietary data, leaving a final
population of 2494 children (49 % girls).

Assessment of dietary intake, BMI and
sociodemographic factors
Dietary assessments were made using open, estimated
food diaries covering four consecutive days. All days of
the week were evenly represented. Parents or other
caregivers were responsible for the diaries of the 4-year-
olds, whereas the schoolchildren registered their dietary
intake by themselves or with assistance from an adult
(parent and/or teacher). Specially trained informers visited
the families of each 4-year-old to inform them about the
survey and how to complete the food diary. Information
was provided to the schoolchildren by informers who
visited teachers and children in the selected classes. The
food diaries were designed to be suitable for the different
age groups and contained written instructions regarding
the dietary assessment. During the four recording days,
all foods, beverages and supplements were registered.
Consumed amounts were estimated in household mea-
sures or by comparisons with a book containing pictures
of different portion sizes.
The estimated intakes of energy and nutrients
(including supplements) were calculated using the
nutritional analysis package MATs version 4-03 (Rudans
Littdata, Visteras, Sweden) based on the Swedish
National Food Administration’s food composition data-
base (version 04:1-1). In addition to the food diary, a
questionnaire containing questions about the child’s
weight and height and parents’ education and occupation
was answered. BMI was calculated from self-reported
weight and height. The validity of reported energy intake
was evaluated by comparing the ratio between reported
energy intake (ED and BMR with the lowest ratio plau-
sible (ELBMR = 1-06) for a dietary assessment over 4 d®” .
The BMR was estimated according to standard equations
using body weight, age and sex®®. If data regarding
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weight were missing, the BMR was calculated using age-
and sex-adjusted group means. Of 2494 children, 334
(13-4%) were classified as under-reporters and hence
excluded from the analysis, leaving a total of 2160 children.

Measures of dietary quality

The 2005 Healthy Eating Index (HEID) was used to assess
the healthiness of the dietary intakes®”. In short, HEI
accounts for both food and nutrient intakes and includes
adequacy components as well as moderation compo-
nents (Table 1). Using twelve components, a total HEI
score ranging from O to 100 is calculated, with a higher
score indicating a healthier diet. An advantage of HEI is
the energy adjustment (all components are calculated per
4184 kJ (1000 kcal)), which makes it possible to evaluate
diet quality while controlling for diet quantity, important
when studying children of different ages.

Minor adjustments were made for the solid fat, (alcohoD
and added sugar component; fat levels above the Swedish
‘Keyhole Symbol’ (indicating healthier alternatives within a
food group™) were considered as excess fat for the milk
and meat and beans components, instead of the original
threshold ‘lowest fat form™ . In addition, added sugar
was calculated using sucrose content, as specified in the
Swedish Food Database”.

Total HEI score can be used to classify diets as ‘poor’
(total HEI score <50), ‘needs improvement’ (score 50-80)
or ‘good’ (score >80)“". However, because only three
children had a total HEI score above 80 (0-1 %), diets with
an HEI score >70 were classified as high-HEI diets.

Energy density (MJ/g) was calculated including bev-
erages. Food intake variation was defined as the number
of unique food items reported during the data collection
period, disregarding the amount consumed.

Food price information

Food price data were compiled from national average
prices collected by Statistics Sweden for 391 out of a total
of 991 food items covering 71 % of the food intake. Prices
for the remaining 600 food items were collected mainly
from one online supermarket and one online grocery
store. Both had the same prices online as in their physical
store, but average prices were significantly higher at the
grocery store. Hence, because the supermarket was part
of a brand chain holding approximately 50% of the
market share“*® and a majority of Swedish families with
children shop at supermarkets‘*®, average prices were
weighted 70/30 towards supermarket prices. Prices for
meals from restaurants and fast foods were collected from
Statistics Sweden and fast-food restaurants. Total food
costs are presented as €/4184 kJ (1000 kcaD).

All of the prices were collected in the spring of 2010.
This could impose seasonal differences in the prices
of fruits and vegetables. However, the average prices of
fruit and vegetable staples have low seasonal variability
in Sweden, with the exception of harvest season in late
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summer/early autumn. No dietary data were collected
during this period.

The amount of food consumed was recalculated into
the amount of food purchased using factors adjusting for
waste and water retention/loss during cooking (e.g. 100 g
of banana eaten was multiplied by a factor of 1-59
(representing the weight of the banana peeD), resulting in
159 g of banana purchased).

Each food item was classified into a food group
(Table 2). Subgroups were created for food groups in
which healthier options were available. These reflect the
subcategories in HEI (i.e. healthier option in the fruit
group is the same as the whole-fruit category in HED.

PJ Rydén and L Hagfors

In HEI, some categories are not mutually exclusive; i.e.
the fatty part of a sausage is counted in the solid fat,
alcohol and added sugar category, while the sausage as a
whole is counted in the meat and beans category. For the
food group classification, each food is represented in one
food group only and, where applicable, in a subgroup.
The food groups were used to assess costs as percentage
of total costs, costs per 100 g, and number of unique food
items within groups.

Statistical analysis
All statistical analyses were performed using PASW Statistics
statistical software package version 18-0 (SPSS Inc., Chicago,

Table 1 Healthy Eating Index-2005 components and scoring, adopted from Guenther et al.®”

Score (points)

Component 0 5 8 10 20
Adequacy
Total fruitt 0«—— =0-8 cuptt eqivalents/4184 kJ

=1-3 cuptt eqivalents/4184 kJ

=2-5 0z§§ eqivalents/4184 kJ
=129/4184kJ

=7 % of energy

=0-79/4184kJ

Whole fruitt 0«———— =0-4 cupit eqivalents/4184 kJ
Total vegetables§ 0<«—————— =1-1 cuptt equivalents/4184 kJ
DGaOVal§ 0<«—— > =0-4 cup#t eqivalents/4184 kJ
Total grains 0«—— =8-0 0z§§ eqivalents/4184 kJ
Whole grains 0«—— =1-5 0z§§ eqivalents/4184 kJ
Milkll 0
Meat and beansy 0
Oilstt 0

Moderation
Saturated fat =15 10
Sodium =2 11
SoFAAS =50

=20 % of energy

DGaOVal, dark green and orange vegetables and legumes; SoFAAS, solid fats, alcoholic beverages and added sugars.

tincludes 100 % juice.
tIncludes all forms except juice.
§Includes legumes only after meat and beans standard is met.

llincludes all milk products such as fluid milk, yoghurt and cheese, and soya beverages.
YlIncludes legumes only if the meat and beans standard is otherwise not met.
ttlncludes non-hydrogenated vegetable oils and oils in fish, nuts and seeds.

tt1 cup = approx. 237 ml.
§§1 oz = approx. 28-4g.

Table 2 Definition of food groups and subgroups used to analyse differences in cost

Food group Description
Fruit Fruit, berries, fruit juice
Healthier option Fruit, berries
Vegetables Vegetables, potatoes, legumes, nuts, seeds, processed vegetable products
Healthier option Dark green and orange vegetables and legumest
Grains Bread, pasta, rice, porridge, breakfast cereals, grains
Healthier option Wholegrain products and grain products labelled with the Swedish ‘Keyhole’ indicating partial wholegrain content
Dairy Milk, milk products, cheese, eggs
Healthier option Milk, milk products and cheese labelled with the Swedish ‘Keyhole’ indicating low fat content, eggs
Fish Fish, shellfish, processed fish products
Poultry Poultry, processed poultry products (i.e. sausages, meatballs, cold cuts)
Meat Meat, game, offal, processed meat products (i.e. sausages, meatballs, cold cuts)

Healthier option

Healthier option
Miscellaneous
Ready meals

Meat, game, offal, processed meat products labelled with the Swedish ‘Keyhole’ indicating low fat content
Fat Qil, butter, margarine, dressings, mayonnaise

Qil, oil-based margarines, oil-based dressings, mayonnaise

Salt, spices, baking ingredients (not flour), ketchup, mustard, beverages not included in other groups
Ready-made meals, fast-food meals, meals at restaurants

Discretionary calories Sweets, snacks (incl. crisps, popcorn), ice cream, desserts, soft drinks, jam, marmalade, sugar

tAs specified in Healthy Eating Index-20057,
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IL, USA). When comparing groups, the Student ¢ test for
independent samples, the Mann—Whitney Utest, one-way
ANOVA, the Kruskal-Wallis test or the y* test was used.
Post hoc tests were performed using the Tukey HSD test
for ANOVA and the Dunn test for Kruskal-Wallis. Multi-
variate analyses were made using analysis of covariance
for adjusted differences between socio-economic vari-
ables and standard linear multiple regression to assess
relationships between total dietary cost and food groups.
P values below 0-05 (two-sided) were considered to be
statistically significant.

Effect size was calculated to assess the magnitude of
significant differences by using n* for the ¢ test and
ANOVA, and ¢ or Cramer's V for x°. Low effect size is
stated in the Results section.

Results

The average total HEI score for the whole group was 59-99
(sp 7-80). Children with a total HEI score below 50 (72 221,
10-2%) formed the low HEI-score group. Correspondingly,
those with a total HEI score above 70 (72 202, 9-4 %) formed
the high HEI-score group (Table 3). The high HEI-score
group had a more favourable dietary intake when compar-
ing individual nutrients, energy density and HEI component
scores with those of the low HEI-score group.

Energy-adjusted costs showed that the diet of the high
HEI-score group was more expensive (mean difference
€0-34/4184k]J, sp 0-018, P<0-001; Table 3). The largest
proportion of the cost was placed on meat (17-3 %) in the
high HEI-score group and on discretionary calories
(25:4%) in the low HEI-score group (Fig. 1. The high HEI-
score group had higher average costs for fruits, vegetables,
fish, poultry and grains, while the low HEI-score group
had higher costs for discretionary calories, ready meals,
miscellaneous and fat (P<0-001, except for fat P= 0-003).
Dividing food groups into subgroups based on healthier
options (as defined in Table 2) emphasized the differences
in costs between the high- and low HEI-score groups, with
the high HEI-score group having higher costs in all of the
healthier food groups (P<<0-001).

Dividing the participants into quintiles based on dietary
costs revealed the same pattern: spending more money on
food resulted in higher total HEI scores (mean difference
in HEI score, lowest v. highest: 4-85, sp 0-15, P<0-001;
Table 4). Energy density decreased with rising food costs
(P<<0-001). Post hoc tests revealed that those in the highest
cost quintile consumed more fish, poultry, fruit, ready
meals, vegetables, meat and miscellaneous products than
those in the lowest cost quintile (P<0-001 to P=0-007),
while those in the lowest cost quintile consumed more
dairy products (P<0-001), expressed as grams per
4184 kJ. When comparing nutrient intakes, the highest cost
quintile generally had a more favourable nutrient profile,
with the exception of a lower intake of Ca and a higher
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intake of Na (P<0-001 to P=0-047); however, the mag-
nitude of the differences was low, except for protein
(percentage of energy), fibre and Na (data not shown).

Constitutions of differences in food costs

The highest cost quintile consumed a more varied diet
(number of unique foods, Q5 v. Q1: 54:20 v. 4598,
P<0-001; Table 4), as did the high HEI-score group (high
HEI v. low HEL 54-02 v. 47-23, P<0-001; Table 3). In
both comparisons, vegetables and fruit accounted for
about half the difference in variety (data not shown).

A standard multiple regression was performed with
total cost per 4184kJ as the dependent variable and
consumed amount of food (g/4184kJ) from the different
food groups as the independent variables. The adjusted
R value of 0-465 indicates that less than half of the
variability in costs was explained by the amount of food
ingested from various food groups (Table 5). However,
fish, meat, fruit and ready meals together accounted for
just over half of the variability in total cost (sum of unique
variability = 0-586), implying that these food groups are
the major contributors to the differences between high-
and low-cost diets. The regression also implies that if, for
example, fish intake increases by 10-92 g (1 sp), total food
cost is likely to increase by €0-20 (B8 for fish (0-453)
multiplied by sp for total cost (€0-45)).

By comparing cost per 100 g from different food groups
among different cost quintiles, we determined that the
highest cost quintile consumed more expensive foods
within almost all food groups (Table 4). The largest differ-
ences between the highest and lowest cost quintiles were
found for fish (mean difference €0-52, sp 0-04, P<<0-001),
ready meals (mean difference €0-50, sp 0-35, P<0-001)
and meat (mean difference €0-16, sp 0-05, P<0-001).

Socio-economic position in relation to 2005
Healthy Eating Index and cost

There were significant differences in both total HEI score
and total cost in relation to parental education and
occupation, but the magnitude of the differences was low
(Table 6). Children whose parents had a university degree
(7 1023) had a total HEI score that was 4-25 points higher
on average (sp 0-61, P<0-001) and they consumed
a more expensive diet (mean difference €0-17/4184 k],
sp 0-02, P=0-009) than children with less-educated parents
(primary school, 7 73). Differences among occupational
levels were smaller but still significant for both total HEI
score (P=0-001) and cost (P=0-001). The differences
remained after adjusting for age and cost or total HEI
score, but were weakened slightly.

Discussion

The present study showed that higher dietary costs
were associated with healthier eating in Swedish children.
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Table 3 Descriptive characteristics of groups with low, intermediate and high total HEI score

HEI <50 (n 221) HEI = 50-70 (n 1737) HEI > 70 (n 202)

891

ssaud Aissaaun abplgquied Aq auluo payslignd z79€0001L008689€ LS/£101°01/B10"10p//:sdny

Mean or Median sb or P25-P75 Mean or Median sb or P25—-P75 Mean or Median sb or P25—-P75 P value
Total cost (€/4184 kJ) Mean, sp 2:21 0-39 2-38 0-45 2-55 0-41 <0-001%
Median, P25-P75 218 1-95-2-45 2-33 2:07-2-64 250 2:28-2-85
Boys (%) 52-5 50-7 52-0 0-849§
Age (years) Mean, sp 9-51 2-72 8-54 2-89 7-25 2-78 <0-001%
Median, P25-P75 11-2 8-51-11-7 8-87 7-98-11-5 8-41 4-37-9-16
ISO-BMI > 25 kg/m? (%)t 129 15-8 21-5 0-026§
Food intake level (EI:BMR) Mean, sp 1-63 0-32 1-59 0-32 1-57 0-29 0-025%
Median, P25-P75 1-56 1-25-1-81 1-49 1-22-1-74 1-49 1-3-1-71
Energy density (kJ/g) Mean, sp 4-76 0-90 4-25 0-64 3-81 0-45 <0-001%
Median, P25-P75 4-64 4-06-5-17 4-19 3:79-4-64 3-79 3-39-4-05
Variation (no. of unique foods) Mean, sp 47-2 11-0 51-5 10-7 54-0 9-84 <0-001%
Median, P25-P75 45-0 37-0-54-0 50-0 42-0-58-0 53-0 45-0-60-0
Protein (%E) Mean, sp 13-9 2-36 15-1 2-31 15-6 2:13 <0-001%
Median, P25-P75 13-9 12-5-15-7 15-2 13-6-16-9 15-7 14-4-171
Fat (%E) Mean, sp 34-4 4-44 31-6 417 28-5 4-12 <0-001%
Median, P25-P75 34-0 31-2-37-3 314 28-8-34-1 28-6 25-6-31-1
Carbohydrates (%E) Mean, sp 51-7 5-22 53-2 4-98 55-8 4-59 <0-001%
Median, P25-P75 51-7 47-8-55-5 53-1 49-8-56-4 55-7 52-:6-59-0
Fibre (g/4184 kJ) Mean, sp 5-82 1-50 7-27 1-55 9-26 1-90 <0-001%
Median, P25-P75 5-77 4-96-6-60 7-21 6-18-8-21 8-95 7-89-10-5
Sucrose (%E) Mean, sp 157 477 13-0 4-44 11-8 3-60 <0-001%
Median, P25-P75 15-3 12-3-18-5 12-3 9-34-15-4 11-8 9-25-14-2
SFA (%E) Mean, sp 16-1 2:31 14-3 2:22 12-2 1-91 <0-001%
Median, P25-P75 15-8 14-5-17-4 14-2 12-8-15-6 12-0 11-0-13-4
MUFA (%E) Mean, sp 12-4 2-01 11-4 1-81 10-4 172 <0-001%
Median, P25-P75 12-3 11-0-13-6 11-3 10-1-12-5 10-4 9-16-11-4
PUFA (%E) Mean, sp 3-64 0-89 3-65 0-92 3-87 1-02 0-013¢
Median, P25-P75 3-57 3-05-4-19 3-49 3-04—4-04 3-71 3-13—4-38
Vitamin C (mg/4184 kJ) Mean, sp 33-3 371 50-4 50-1 66-9 43-1 <0-001§
Median, P25-P75 24-42 16-:0-37-0 40-9 27-8-59-5 57-5 43-6-74-8
Vitamin D (g/4184 kJ) Mean, sp 2:49 1.72 3-13 2-11 413 257 <0-001§
Median, P25-P75 1-97 1-52-2-73 2:45 1-84-3-47 3-10 2-39-5-00
Ca (mg/4184 kJ) Mean, sp 480 172 530 146 567 139 <0-001%
Median, P25-P75 459 337-580 524 429-621 554 468-648
Na (mg/4184 kJ) Mean, sp 1432 300 1478 260 1432 233 0-982%
Median, P25-P75 1418 1242—-1653 1489 1323-1672 1441 1288-1602
Fe (mg/4184 kJ) Mean, sp 4-20 1-08 5-00 1-51 5-76 1-85 <0-001%
Median, P25-P75 4-18 3-6-4-78 4-69 4-06-5-6 5-28 4-53-6-42
Total HEI score Mean, sp 45-7 3-48 60-3 5-25 73-0 2-56 <0-001%
Median, P25-P75 46-6 43-6-48-7 60-2 55-8-64-5 72-2 70-9-74-3
Total Fruit HEI score Mean, sp 1-32 1-30 3-19 1-62 4-46 0-89 <0-001%
Median, P25-P75 0-99 0-00-2-01 3-22 1-75-5-00 5-00 4-16-5-00
Whole Fruit HEI score Mean, sp 1-37 1-56 3-51 174 4-83 0-55 <0-001%
Median, P25-P75 0-72 0-00-2-26 4-21 1-90-5-00 5-00 5-00-5-00
Total Vegetable HEI score Mean, sp 2:26 1-03 3-03 1-22 3-84 1-04 <0-001%
Median, P25-P75 2-16 1-52-2-95 3-05 2:14-41 411 3-12-4-86
DGaOVaL HEI score Mean, sp 0-28 0-47 0-66 0-86 1-78 1-46 <0-001§
Median, P25-P75 0-02 0-00-0-35 0-29 0-01-0-97 1-47 0-47-2-79
Total Grain HEI score Mean, sb 3-82 0-99 4-34 0-77 4-65 0-57 <0-001%
Median, P25-P75 3-88 3-22-5-00 4-66 3-87-5-00 5-00 4-33-5-00
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Children with higher total HEI scores had a more
expensive diet, and those spending the most money on
food consumed a healthier diet. This is in line with other
studies showing that healthy diets cost more!*2"#* The
magnitude of the difference in cost between healthy and
less-healthy diets might seem rather small (€0-34/4184 kJ
(1000 kcal)), but it corresponds to approximately €1000/
year for a family of four.

There are most likely several reasons why healthier
diets are more expensive. One reason is that energy-
dense foods may be cheaper, as measured by cost per
kilojoule®®® . In our study, energy density decreased when
food expenses and the healthiness of the diet increased,
as has also been shown by others''** Because energy
density can serve as a marker for dietary quality®” — the
lower the energy density, the better the dietary quality — it
makes sense that those consuming an energy-dense diet
scored low on the HEL Those with high scores on the HEI
spent approximately 25% of their food budget on fruit
and vegetables, food groups characterized by their low
energy density, whereas the low HEI-score group spent
25% of the food budget on discretionary calories, for
which energy density is high. Another explanation for
why energy density is associated with diet cost is that one
must eat more food to reach energy equilibrium if foods
with low energy density are chosen. Although food
prices differ among and within food groups, almost all
foods cost money, and increased food intake when eating
low energy-dense diets will thereby increase food costs.

Another reason why healthier diets are more expensive
might be due to price differences among healthy and less-
healthy products within food groups. However, healthier
options within a food group are not necessarily more
expensive. Wholegrain products and healthier fat pro-
ducts are, in fact, cheaper per gram compared with their
respective food groups as a whole. Healthy dairy pro-
ducts, on the other hand, are about twice as expensive as
the total dairy group, and the average price for healthier
meat options was about €1 more expensive per kilogram.
This indicates that within some food groups, it is possible
to choose healthier alternatives without increasing food
costs, whereas in other food groups, food costs are likely
to increase if healthier alternatives are chosen.

Yet another reason why healthier diets are more
expensive may be due to the amount of intake within
more expensive food groups, if these coincide with
healthier food groups. Multiple regression analysis
showed that fish, meat, fruit and ready meals accounted
for more than half of the differences in total cost. With the
exception of fruit, these food groups represented those
with the highest cost per gram. They also represented
food groups in which relative intakes increased the most
among cost quintiles. This increased intake in approxi-
mately the same food groups was also found in other
studies when intake was stratified by total dietary
cost?**_ High intakes of fish and fruit are consistent
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Fig. 1 Comparison of cost per food group, subdivided into the healthier option (HO) within the food group where applicable (&, [7),
as median percentage of total food cost between the group with low 2005 Healthy Eating Index (HEI) score (HEI <50, n 221; m)
and the group with high HEI score (HEI > 70, n 202; [J), with 25th and 75th percentile values represented by error bars. #P value for
the whole food group including part from the HO; °P value for the HO part of the food group

with healthy eating, but ready meals and meat are not
generally considered to be healthy®®. However, more
than half of the meat consumption in the highest cost
quintile consisted of healthier options, such as lean meat
and low-fat products. The healthiness of ready meals
varies greatly depending on product type, and meals at
restaurants are likely to be healthier than fast-food
meals"””. In Sweden, it is generally more expensive to
dine at restaurants than to buy fast foods, and the higher
average cost for ready meals in the highest cost quintile
could be due to a higher proportion of restaurant meals.
Therefore, total food cost will increase if healthier food
choices lead to higher intake from food groups in which
average prices are high, even more so if healthier selec-
tions within food groups have a higher price than the
group average.

A final reason why healthier diets are more expensive
is that healthy diets often include a greater variety of
foods™®. In our study, the highest cost quintile consumed
the largest number of unique food items, as did the high
HEI-score group. On a food group level, fruit, vegetables,
fish, meat (healthier options) and ready meals accounted
for the majority of the difference in variety. These food
groups are also those in which relative intake and cost per
gram increases the most with rising food costs. This
implies that a larger intake within food groups will
comprise greater variety, perhaps because it might not be
satisfying to eat the same food repeatedly. It also implies
that it might not be possible to find alternative foods
within the same food group at the same price; therefore,
dietary costs would rise with increasing dietary variety.

A possible consequence of higher dietary costs when
eating healthily is that low-SEP groups will find it too
expensive to adhere to a healthy diet. In the present

https://doi.org/10.1017/51368980010003642 Published online by Cambridge University Press

study, we found a small but significant indication that
children whose parents had lower educational and
occupational levels consumed a cheaper and less-healthy
diet. The relationship between dietary quality and SEP is
in line with several other studies based on both Swedish
and international data®”*”. There are, however, few
studies examining the relationship between actual dietary
costs and SEP. Waterlander et al. found no difference in
actual food costs among income levels in adults; how-
ever, they suggested that the lack of significance could be
due to the small number of participants in the low-
income groups*”. On the other hand, low-SEP groups
have been found to spend less money on food®*>" and
to have less-healthy food purchasing behaviour®*>%3%
indicating the likelihood of lower actual dietary costs with
lower SEP. This implies that one of the reasons for the
less-healthy dietary pattern associated with low SEP is the
cost of healthy eating.

Some limitations of our study are worth noting.
Although we excluded obvious dietary under-reporters,
our cut-off point at EI:BMR=1-06 is likely to have
allowed some under-reporters to be included. Because
under-reporting is biased towards unhealthy foods®®, it
is possible that the high HEI scores were overestimated.
This is indicated by the differences in food intake levels
among HEI groups. However, it is unclear to what extent
total food costs might have been affected by selective
under-reporting; there was a significant difference in food
intake level between the highest and lowest cost quin-
tiles, but it is likely that the energy adjustment decreased
the effect of the under-reporters.

Disposable income is likely a more important deter-
minant with regard to food budget choice than SEP
markers such as education and occupation. Although
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Table 4 Characteristics of participants and their food intake according to daily food costs. Data are presented as mean and standard deviation for normally distributed variables or median and
25th—75th percentile where data are skewed

Quintile of daily food consumption cost (€/4184 kJ)

1 (lowest; n 427) 2 (n 438) 3 (n 446) 4 (n 440) 5 (highest; n 409)
Mean or sD or Mean or sD or Mean or sD or Mean or sD or Mean or sD or

Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75 P value

Total cost (€/4184 kJ) Mean, sp 1-84 0-14 213 0-06 2-33 0-06 2-57 0-09 3-08 0-33 <0-001%

Total HEI score Mean, sp 57-5 7-60 58-5 7-80 60-3 7-59 61-4 7-58 62-3 7-45 <0-001%

Age (years) 8-67 2:97 8-67 2:93 8-40 2:84 8-49 2-:93 8:34 2:86 0-325¢

Boys (%) 54-6 56-2 52-5 48-0 43-5 0-001§

ISO-BMI > 25 kg/m? (%)t 18-8 13-0 15-6 16-1 16-0 0-295§

Food intake level (EI:BMR) Mean, sp 1-60 0-35 1-61 0-33 1-60 0-31 1-60 0-31 1-55 0-29 0-079%

Energy density (kJ/g) Mean, sp 4-53 0-81 4-34 0-66 4-20 0-66 4-18 0-63 4-05 0-56 <0-001%

Energy intake (kJ) Mean, sb 7668 1889 7670 1563 7594 1750 7588 1732 7247 1508 0-001%

Variation (no. of unique items) Mean, sp 46-0 10-2 50-5 10-7 52-5 10-4 53-3 10-5 54-2 9-95 <0-001%

Fruit (€/100 g) Mean, sp 0-20 0-11 0-21 0-10 0-22 0-09 0-22 0-09 0-23 0-10 <0-001%

Whole fruit (€/100 g) Median, 0-20 0-18-0-22 0-20 0-18-0-23 0-21 0-19-0-24 0-20 0-19-0-24 0-21  0-19-0-27 <0-001§
P25-P75

Vegetables (€/100g) Mean, sp 0-17 0-08 0-19 0-08 0-20 0-09 0-20 0-08 0-22 0-09 <0-001%

DGaOVaL (€/100g) Median, 0-11  0-00-0-17 0-11  0-11-0-18 0-11  0-11-0-23 0-11  0-11-0-28 0-11  0-11-0-22 <0-001§
P25-P75

Grains (€/1009) Mean, sp 0-35 0-09 0-36 0-08 0-37 0-08 0-37 0-09 0-36 0-07 <0-001%

Whole grains (€/100g) Mean, sp 0-34 0-17 0-35 0-17 0-35 0-16 0-35 0-17 0-35 0-15 0-978%

Dairy (€/100Q) Mean, sp 0-12 0-05 0-13 0-04 0-12 0-04 0-14 0-06 0-13 0-04 <0-001%

Dairy, HO (€/1009) Median, 0-21  0-14-0-40 0-20 0-14-0-40 0-27 0-15-0-40 0-22 0-14-0-40 0-21  0-13-0-40 0-180§
P25-P75

Fish (€/100g) Median, 0-00 0-00-1-09 0-00 0-00-1-29 0-00 0-00-1-31 1-09 0-00-1-31 1-31  0-00-1-36 <0-001§
P25-P75

Poultry (€/100g) Median, 0-00 0-00-0-32 0-00 0-00-0-32 0-32 0-00-0-37 0-32 0-00-0-52 0-32 0-00-0-75 <0-001§
P25-P75

Meat (€/100 g) Mean, sb 0-72 0-19 0-75 0-17 0-78 0-19 0-82 0-20 0-87 0-24 <0-001%

Meat, HO (€/100g) Mean, sp 0-84 0-33 0-86 0-27 0-89 0-27 0-91 0-29 0-93 0-33 <0-001%

Fat (€/1009) Mean, sp 0-45 0-15 0-46 0-16 0-47 0-16 0-46 0-17 0-48 0-16 0-115¢

Fat, HO (€/100g) Mean, sp 0-33 0-14 0-33 0-16 0-34 0-16 0-34 0-15 0-34 0-16 0-988%

Miscellaneous (€/100 g) Median, 0-03 0-01-0-09 0-03 0-01-0-07 0-03 0-01-0-07 0-03 0-01-0-06 0-03 0-01-0-07 0-101§
P25-P75

Discretionary calories (€/100g) Mean, sp 0-29 0-13 0-31 0-15 0-33 0-18 0-32 0-15 0-36 0-21 <0-001%

Ready meals (€/100 g) Median, 0-45 0-00-0-70 0-46  0-00-0-89 0-54 0-00-0-89 0-64 0-00-1-09 0-88 0-44-1-42 <0-001§
P25-P75

All foods (€/100 g) Mean, sp 0-34 0-07 0-36 0-07 0-38 0-07 0-41 0-09 0-43 0-07 <0-001%

Fruit (g/4184 kJ per d) Median, 52-0 20-9-92-7 68-3 32-8-118 89-5 47-5-143 100-8 47-7-153 114-6 63-7-178  <0-001§
P25-P75

Whole fruit (g/4184 kJ per d) Median, 34-2 13-1-64-1 377 15-8-69-3 52-6 24-3-82-6 56-4 26-4-93-2 66-2 38-4-114  <0-001§
P25-P75

Vegetables (g/4184 kJ per d) Mean, sp 82-4 43-6 85-3 41-7 90-1 42-5 99-4 447 104-7 49-6 <0-001%

DGaOVal (g/4184 kJ per d) Median, 0-96 0-00-7-83 3-39 0-06-9-83 372 0-11-11-12 3-95 0-10-12-84 4.28 0-52—-14-20 <0-001§
P25-P75

Grains (g/4184 kJ per d) Median, 96-0 72-2-131 96-8 76-5-129 91-9 74-5-118 91-6 73-6-115 89-0 69-7-116 0-005§
P25-P75

Jds pue Aenb 101p 1500 1010
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Table 4 Continued

Quintile of daily food consumption cost (€/4184 kJ)

1 (lowest; n 427) 2 (n 438) 3 (n 446) 4 (n 440) 5 (highest; n 409)
Mean or sD or Mean or sD or Mean or sD or Mean or sD or Mean or sD or

Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75 Median P25-P75 P value

Whole grains (g/4184 kJ per d) Median, 13-0 4-64-28-2 126 5-15-29-1 14-8 5-85-28-3 12-8 4.82-25-0 14-8 6-23-27-2 0-498§
P25-P75

Dairy (g/4184 kd per d) Mean, sp 323 132 310 131 311 119 286 124 286 124 <0-001%

Dairy, HO (g/4184 kJ per d) Median, 20-0 4-25-52-1 18-4 4-65-47-1 14-9 3-50-46-6 191 3-82-53-7 21-0 4-46-51-7 0-474§
P25-P75

Fish (g/4184 kJ per d) Median, 0-00 0-00-1-76 0-00 0-00-6-47 0-00 0-00-9-56 2-82 0-00-13-5 10-8 0-00-22-8 <0-001§
P25-P75

Poultry (g/4184 kJ per d) Median, 0-00 0-00-9-17 0-00 0-00-11-7 2:20 0-00-12-2 2:33 0-00-13-0 2:48 0-00-15-3 <0-001§
P25—-P75

Meat (9/4184 kJ per d) Mean, sb 41-3 19-4 45-6 20-3 491 20-5 52-5 24-0 56-8 27-8 <0-001%

Meat, HO (g/4184 kJ per d) Median, 15-3 8-21-23-9 19-1 10-6-30-8 21-6 12-0-32:4 23-2 12-9-35-3 27-0 15-6-39-2 <0-001§
P25-P75

Fat (9/4184 kJ per d) Median, 7-35  4-94-11-1 7-14  4-87-10-1 7-08 4-64-10-4 6-65 3-97-9-72 6-59 4-19-10-2 0-013§
P25—-P75

Fat, HO (g/4184 kJ/day) Median, 4.53 2:13-8-27 450 1-47-7-84 4-37 1-70-7-33 3-94 1-64-7-24 4-03 1-55-6-68 0-063§
P25-P75

Miscellaneous (g/4184 kJ per d) Median, 781 31-2-148 92-2 42-8-174 98-4 41-8-162 92-3 42-8-171 106 45-8-186 0-001§
P25-P75

Discretionary calories (g/4184 kJ Median, 177 114-252 178 118-262 181 118-249 177 115-262 171 114-235 0-523§
per d) P25-P75

Ready meals (g/4184 kJ per d) Median, 11-7 0-00-25-2 15-1 0-00-30-8 18-7 0-00-36-6 20-4 0-00-40-9 24-8 7-69-48-6  <0-001§
P25-P75

All foods (g/4184 kd per d) Mean, sp 956 168 988 154 1016 162 1026 165 1068 174 <0-001%

HEI, 2005 Healthy Eating Index; ISO-BMI, age-adjusted BMI; El, energy intake; DGaOVal, dark green and orange vegetables and legumes; HO, healthier option.

4184 kJ = 1000 kcal.
tQ1, n 373; Q2, n 399; Q3, n 397; Q4, n 386; Q5, n 371.

1P for difference between groups as calculated by ANOVA.
§P for difference between groups as calculated by x? (sex and ISO-BMI) or Kruskal-Wallis test.
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these SEP markers can be seen as reflecting income,
recent studies have shown that financial situation, rather
than education or occupation, is associated with a higher
fruit and vegetable intake®>>. Knowledge of disposable
income and/or the current financial situation of children’s
families might have strengthened the weak relationship
between SEP groups and diet cost in our study.

Although we put much effort into verifying the accu-
racy of food price information, there were some short-
comings: the lack of details about the foods consumed
made it necessary for us to use the average price of each
food instead of using actual prices. It is likely that low-
SEP families use discounts and low-cost foods to reduce
food costs®” to a larger extent, which would increase
differences in total food costs compared with high-SEP
families. Furthermore, food prices were collected 7 years
after the diet survey was conducted. During these years,
prices might have changed both within and among food
groups”®, which in turn could have affected dietary
intake, because cost is one determinant of food pur-
chase®” . 1t is also likely that the ready meals food group
was underestimated, as all meals were considered home-
cooked unless clearly stated otherwise. This could change
the impact of ready meals on total food costs, but because
the food group comprises meals bought in grocery stores,
meals from restaurants and fast food, it is unclear how the
underestimation would have affected food costs.

It is also important to consider that all of the partici-
pants were children. In Sweden, all school children are
provided free school lunches and a majority of 4-year-
olds are enrolled in day-care, where all meals are free.
However, costs for these meals were calculated as if
they were home-cooked. Both school and day-care meals
are usually planned by nutritionally trained managers
(although often with budget restraints). Hence, dietary
intakes might be healthier in these settings than diets
eaten within a family setting.

The strength of our study is that dietary data were
based on a large number of nationally representative
children using an open-survey technique (food diaries)
instead of a predefined technique, such as an FFQ. When
considering food costs, it is important to investigate food
intake in as much detail as possible.

Conclusion

Healthy eating was associated with higher dietary cost in
Swedish children. Important reasons for this are: (i) dif-
ferences in food prices, in which healthier options such as
fish and lean meats were more expensive; (ii) increased
intakes of less energy-dense foods; and (iii) a higher cost
when consuming a more varied diet. Because higher
dietary costs are likely to be a barrier for low-income
groups with regard to eating healthily, as indicated in our
study, this result poses challenges for public health policies,
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Table 6 Socio-economic position in relation to total dietary cost and total HEI score

Cost (€/4184 kJ) Total HEI score

Mean 95% Cl Adjusted meant 95% ClI Mean 95% Cl Adjusted meant  95% ClI

Parental education

Primary (n 73) 2:25 2-14,2:35 2:29 2-18,2-:39 56-41 54-75, 58-07 57-58 55-85, 59-28
Secondary =2 years (n 479) 2-35 2-31, 2-39 2-36 2:32,2-40 59-05 58-34, 59-77 59-46 58-78, 60-11
Secondary =3 years (n 542) 2-38 2-34, 2-42 2-38 2-34,2-42 60-00 59-35, 60-65 59-83 59-12, 60-46
University (n 1023) 2:42 2-39, 2-44 2:41 2-38,2-44 60-66 60-18, 61-13 60-49 60-04, 60-95

P=0-001§ P=0-035Il, P<0-001§ P=0-002Il,%

Parental occupation

Manual, non-skilled (n218) 2-:35 2-29, 2:42 2:37 2:31,2:43 58-69 57-58, 59-81 58-88 57-90, 59-87
Manual, skilled (n 362) 2:31 2:27,2:35 2-31 2:27,2-36 59-78 58-99, 60-57 60-06 59-29, 60-82
Non-manual, lower (n 200) 2:35 2-29, 2-41 2-36 2-30,2-42 59-04 57-93, 60-16 59-34 58-30, 60-37
Non-manual, higher (n 1218) 2-42 2-39, 2-44 2:41 2-33,2-50 60-58 60-15, 61-01 60-41 60-00, 60-83
Self-employed (n 93) 2:40 2-30, 2-51 2:42 2-39, 2-44 59-03 57-46, 60-60 59-21 57-67, 60-70

P=0-001§ P=0-004ll,t P=0-001§ P=0-024I1,%

HEI, 2005 Healthy Eating Index.

4184 kJ = 1000 kcal.

tAdjusted for total HEI score, age and sex of child.

tAdjusted for cost/1000€, age and sex of child.

§P for difference between groups as calculated by ANOVA.

|IP for difference between groups as calculated by analysis of covariance.
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