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Does diet cost mediate the relation between
socioeconomic position and diet quality?
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Background/Obijectives: Socioeconomic disparities in diet quality are well established. This study tested the hypothesis that
such disparities are mediated, in part, by diet cost.

Subjects/Methods: The Seattle Obesity Study (S.0.S) was a cross-sectional study based on a representative sample of 1266
adults of King County, WA, conducted in 2008-09. Demographic and socioeconomic variables were obtained through
telephone survey. Income and education were used as indicators of socioeconomic position. Dietary intake data were obtained
using a food frequency questionnaire (FFQ). Diet cost was calculated based on retail prices for FFQ component foods. Energy
density (KJ/g) and mean adequacy ratio (MAR) were used as two indices of overall diet quality.

Results: Higher income and education were each associated with lower energy density and higher MAR scores, adjusting for
covariates. Higher income and education were also associated with higher energy adjusted diet cost. Higher quality diets were
in turn associated with higher diet costs. All these associations were significant (P<0.0001). In formal mediation analyses, diet
cost significantly mediated the pathway between income and diet quality measures, adjusting for covariates (P<0.05 each).
Further, income-diet cost-diet quality pathway was found to be moderated by education level.

Conclusions: The social gradient in diet quality may be explained by diet cost. Strategies to improve diet quality among lower

socioeconomic strata may need to take food prices and diet cost along with nutrition education into account.
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Introduction

That groups of higher education and incomes tend to
consume higher quality diets is well known (Shimakawa
et al., 1994; Galobardes et al., 2001; Groth et al., 2001; Giskes
et al., 2002; Kant and Graubard, 2007; Ricciuto and Tarasuk,
2007; Darmon and Drewnowski, 2008; Monsivais and
Drewnowski, 2009; Mullie et al., 2010). Although measures
of socioeconomic position (SEP) were mostly limited to
education and incomes, measures of diet quality have varied
widely from nutrients to foods or food groups. In general,
higher quality diets were characterized by higher intakes of
whole grains, lean meats, fresh fruits and vegetables, and by
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lower intakes of added fats and sugars, and refined grains
(Darmon et al., 2005; Ledikwe et al., 2006).

Diet quality measures can also include such composite
variables as energy density and mean adequacy ratio (MAR)
(Keller et al., 1997; Ledikwe et al., 2006; Kant and Graubard,
2007; Ricciuto and Tarasuk, 2007; Maillot et al., 2007b;
Monsivais and Drewnowski, 2009), the healthy eating index
(Mullie et al., 2010), dietary variety (Hatloy et al., 2000;
Worsley et al., 2003) or dietary diversity (Kant and Graubard,
2007) and others (Shimakawa et al., 1994; Dynesen et al.,
2003; Lallukka et al., 2007; Northstone and Emmett, 2010).

Higher quality diets, in turn, tend to be associated with
higher diet costs (Andrieu et al., 2006; Maillot et al., 2007a;
Murakami et al., 2009; Bernstein et al., 2010). In general,
diets that were nutrient dense were more expensive than
diets that were energy dense but nutrient poor. Diets higher
in vegetables and fruits cost more per calorie than diets
higher in grains, sweets and fats (Darmon et al., 2005).
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The present hypothesis was that the observed socio-
economic disparities in diet quality may be explained, in
part, by differential diet cost (Figure 1). If so, then the
following associations would be expected: (a) SEP would be
linked to diet quality, (b) SEP would be linked to diet cost,
(c) diet cost would be linked to diet quality and, (d) the
observed relation between SEP and diet quality would
be attenuated once the diet cost variable was entered into
the model. This was tested using mediation analysis, which
examines if an observed association can be explained, in
part, by another variable which is the mediator, and if
mediation effects were statistically significant (Baron and
Kenny, 1986). To our knowledge, the present study is the first
to assess the role of diet cost as a mediating variable in the
causal pathway between SEP and diet quality.

Materials and methods

Participant samples
The Seattle Obesity Study (S.0.S) was a population-based
study of social disparities, diet quality and health. A stratified
sampling scheme ensured adequate representation by
income and race/ethnicity. King County zip codes with high
percentages of household incomes <$35000, African-
Americans or Hispanics were oversampled. Randomly
generated telephone numbers were matched with residential
addresses using commercial databases. A pre-notification
letter was mailed out. Telephone calls were placed mostly in
the afternoons and evenings with up to 13 follow-ups. Once
the household was contacted, an adult member of the
household aged > 18years was randomly selected. A 20 min
telephone survey was administered by trained interviewers.
The S.0.S sample was demographically comparable to the
2007 Behavioral Risk Factor Surveillance System (BRFSS) and
King County Census data. Study protocols had been
approved by Institutional Review Board at University of
Washington.

Survey participants were asked if they would also complete
a dietary intake assessment. The majority (n=1903 or 95%)
agreed and food frequency questionnaire (FFQ) instruments
and stamped addressed return envelopes were mailed.
Completed FFQs were returned by 1318 participants, a 69%
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Figure 1 Diet cost may mediate the relation between SEP and diet
quality.
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response rate. Of these, 52 questionnaires were excluded
based on extreme energy intakes (<2.1 or >21.0M]J/day)
leaving a sample of 1266 (804 women and 462 men). FFQ
respondents were compared with those who did not respond
to FFQs. FFQ respondents were likely to be married (53 vs
45%), educated (57 vs 51%) and retired (28 vs 14%). No
significant differences were seen by other SEP characteristics
or health variables.

Dietary intake assessment

The FFQ used was the G-SEL version of the Fred Hutchinson
Cancer Research Center (FHCRC), previously used in large-
scale studies (Neuhouser et al., 1999; Patterson et al., 1999).
Participants recorded the frequency of consumption of
foods and beverages listed in the FFQ along with portion
size. Completed FFQs, returned to the investigators, were
checked for errors, stripped of all identifiers and sent to
Nutrition Shared Resource at the FHCRC for processing.
Nutrient composition analyses of dietary intake data
yielded dietary energy (kcal), the weight of foods, beverages,
and drinking water (g) consumed and the estimated daily
intakes of over 45 macro- and micronutrients, using well-
established method in previous studies (Monsivais and
Drewnowski, 2009).

Measures of dietary exposure

Our variables of dietary exposure were two summary
measures of diet quality, energy density and MAR. Energy
density, defined as ratio of total energy intake over daily
weight of total foods consumed (KJ/g), was used as one
indicator of diet quality, consistent with past studies
(Ledikwe et al., 2005; Maillot et al., 2007b; Monsivais and
Drewnowski, 2009). Following these studies, energy density
of individual diets was derived from foods only. MAR was a
truncated index of the percent of daily recommended
intakes for key nutrients (Madden et al., 1976). It was
computed by taking average of nutrient adequacy ratio for
11 key nutrients, namely vitamins A, C, D, E, B12, calcium,
iron, magnesium, potassium, folate and fiber, using the
formula below. Most of these nutrients were expressed as
nutrients of concerns by 2005 Dietary Guidelines Advisory
Committee (USDA, 2005)

11 P
MAR = —Z":llrla“o L4100

Where, for nutrient;

intake i

ratio1r = DRI,

Intake; is daily intake of each micronutrient, DRI; refers to
age and gender specific dietary reference intakes for each
nutrient (Food and Nutrition Board, 2004), MAR refers
to average of nutrient adequacy ratio across 11 nutrients.



MAR is expressed as percent of adequacy/day. Following past
models, nutrients were not weighted and no attempt was
made to adjust for bioavailability (Madden et al., 1976).
Nutrient adequacy ratio for each nutrient at the individual
level was then truncated at 1 to avoid masking of overall
MAR score due to higher intake of a particular nutrient
(Madden et al., 1976; Maillot et al., 2007b). As beverages are
an importance source of nutrients in a diet, MAR was
computed using foods and caloric beverages (Kant, 1996;
Torheim et al., 2004).

Monetary value of diets

The monetary value of diets was estimated by attaching a
food price vector to the FFQ nutrient composition database
using well-established methods (Monsivais and Drewnowski,
2007, 2009). Retail prices for each of the foods in the FFQ
were obtained from three key supermarket chains in Seattle.
The variable obtained for each respondent was monetary
value per day ($/day). Daily diet cost was energy adjusted
using residual model and then categorized into quintiles, a
standard energy adjustment and stratification technique in
epidemiological studies (Willett, 1998; Bernstein et al.,
2010). For analyses, diet cost was computed from the same
data consistent with the respective diet quality variable. For
energy density, diet cost was computed from foods only, and
from foods and caloric beverages for MAR.

Demographic and socioeconomic measures

Self-reported data on gender, age, race/ethnicity and household
size were obtained during the phone survey. For each
participant, self-reported education and annual household
income were used as indicators of SEP. Education was measured
in six categories ranging from mnever attended’ to ‘college
graduates’. For analyses, high education was defined as those
with >college education. Household income was measured
from ‘less than $10000’ to ‘greater than $100000’ per year.
High income was defined as households making >$50000.

Statistical analyses

Multivariable logistic regression was used to examine the
association between SEP and diet quality, adjusted for age,
gender, race/ethnicity, total energy intake and household
size. Quintiles of energy density and MAR each were used as
independent variables and indicator of high income and
high education each were used as dependent variables.
Percent with high income and high education were reported
setting age to 56 years and energy intake to 7.5M]/day.
Change per SD increase in energy density and MAR
separately was also assessed.

Similar analyses were used to assess the association of SEP
with diet cost. Energy adjusted quintiles of diet cost were
used as independent variable with SEP indicators as depen-
dent variables, adjusting for covariates.
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To assess the association of diet cost with diet quality,
multivariable linear regression was used. Energy adjusted
quintiles of diet cost were used as independent variable and
energy density and MAR each were used as dependent
variables, adjusting for covariates.

The role of diet cost in mediating the relation between SEP
and diet quality was assessed using Barry and Kenny three-
step framework for formal mediation analysis (Baron and
Kenny, 1986). The three steps are the following: (1) assess if
SEP is associated with diet quality, (2) assess if SEP is
associated with diet cost and, (3) assess if strength of the
association between SEP and diet quality is attenuated once
diet cost is added to the model. To formally assess step 3,
the proportion of the association between SEP and diet
quality (step 1) reduced after adding diet cost into the same
model was calculated. This method is similar to analytical
techniques used by epidemiologists frequently (Marmot
et al., 2008). However, in addition, it tests the strength of
the mediation using Sobel-Goodman test (Sobel, 1982;
MacKinnon et al., 2002). An « level of 0.05 was used to test
for statistical significance. All analyses were conducted using
STATA 10.0 (StataCorp LP, College Station, TX, USA).

Results

Participant characteristics

Mean age was 56 14 years for men and 56 £ 15 years for
women. More than half (62%) of the sample had household
incomes >50000 (median for WA State) and 57% were
college graduates.

Mean daily energy intake from all foods and caloric
beverages was 8.3+3.2 MJ/day for men and 7.1+2.8M]J/
day for women. Mean daily energy intake from foods only
was 7.1£3.0MJ/day for men and 6.3+2.4M]J/day for
women. Energy density based on foods only was
6.4+1.3KJ/g for men and 5.7+1.4K]J/g for women. As
measured by truncated MAR, dietary adequacy for 11
nutrients in the diet was 74+ 17% for men and 76 + 16%
for women. Examination of nutrient intakes with respect to
age and gender specific DRIs showed that nutrient adequacy
was significantly below recommended values for vitamins D
and E, and potassium, followed by calcium, fiber and
magnesium (results not shown).

Mean diet cost ($/day), based on foods and caloric
beverages, was $9.45+4.07 for men and $8.75+3.60 for
women. Energy adjusted diet cost ($/8.4 M]) was 9.61 £2.18
for men and 10.48 + 2.47 for women.

SEP with diet quality

Table 1 shows associations between quintiles of energy
density and MAR each with SEP indicators (income and
education separately), after adjusting for covariates. With
increase in quintiles of energy density, there was a significant
drop in the proportion of those with higher income (60 to
39%) and higher education (74 to 53%). By contrast, higher
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Table 1 Multivariate regression with socioeconomic indicators® as dependent variables and energy density® and MARC each as independent variables,
adjusted” for covariates

Dependent variables Quintiles of energy density (n=1266) P-value® f
Q1 Q2 Q3 Q4 Qs
Socioeconomic indicators
High income % (95% ClI) 60.3 (45.6, 73.3) 49.5 (35.0, 64.0) 49.9 (35.5, 64.3) 46.7 (32.6, 61.3) 38.5(25.8,52.9) <0.0001 0.77*
High education % (95% Cl) 74.2 (63.1, 82.8) 72.3 (60.0, 81.5) 66.0 (53.7, 76.4) 64.2 (51.7, 75.0) 53.3 (40.7, 65.5) <0.0001 0.71*
Quintiles of MAR (n=1266)
Q7 Q2 Q3 Q4 Q5
Socioeconomic indicators
High income % (95% ClI) 29.1 (17.6, 44.2) 47.5 (33.2, 62.1) 51.5(37.3, 65.5) 52.9 (38.7, 66.6) 62.9 (47.5,76.1) <0.0001 1.76*
High education % (95% Cl) 37.2 (25.1, 51.2) 57.8 (45.0, 69.7) 65.7 (53.5,76.0) 69.4 (57.8,79.0) 79.2 (68.6, 86.9) <0.0001 2.02*

Abbreviations: MAR, mean adequacy ratio; Cl, confidence interval.

“Income (>50K vs <50K as reference category) and education (at least college graduates vs less as reference category).

PEnergy density defined as KJ/g and computed from foods only.

“MAR defined as percent adequacy/day and computed from foods and caloric beverages.

dAdjusted for age, gender, race/ethnicity, household size and total energy intake. Proportions presented for mean age of 56 years and mean energy intake of 7.5 MJ/day.
€P-value for trend test across quintiles of energy density and MAR respectively.

fOdds ratio for socioeconomic indicators per s.d. increase in energy density/MAR, respectively. 1 s.d. of energy density = 1.4 KJ/g; 1 s.d. of MAR=16.7%.

*P<0.0001.

Table 2 Multivariate regression with socioeconomic indicators® as dependent variables and quintiles of diet cost® as independent variable, adjusted® for
covariates

Dependent variables Quintiles of energy-adjusted diet cost (n=1266) P-value Be
Q1 Q2 Q3 Q4 Qs
Socioeconomic indicators
High income % (95% ClI) 32.7 (21.4, 46.6) 38.8 (25.9, 53.6) 51.5(37.2, 65.5) 60.4 (45.9,73.1) 64.4 (49.9,76.7) <0.0001 1.55*
High education % (95% Cl) 49.2 (36.8, 61.6) 59.2 (46.2, 71.0) 63.5(51.2, 74.2) 69.8 (58.2,79.2) 78.7 (68.6, 86.1) <0.0001 1.54*

Abbreviations: MAR, mean adequacy ratio; Cl, confidence interval.

“Income (>50K vs <50K as reference category) and education (at least college graduates vs less as reference category).

PDaily diet cost ($/day) energy adjusted using residual method and then converted into quintiles. Computed from foods and caloric beverages.
“Adjusted for age, gender, race/ethnicity and household size. Proportions presented for mean age of 56 years.

dp_value for trend test across energy-adjusted quintiles of daily diet cost.

€0dds ratio for socioeconomic indicators each per s.d. increase in energy-adjusted diet cost. 1 s.d. of energy adjusted diet cost=2.06 $/day.
*P<0.0001.

MAR score, a positive indicator of diet quality, was associated
with significantly higher proportion of those with higher
income (increased from 29 to 63% across extreme quintiles)
and higher education (37 to 79%). These trends were all
significant, with P for linear trend <0.0001.

SEP with diet cost

Table 2 shows positive associations between SEP and
quintiles of diet cost, after adjusting for covariates. People
in the highest quintile of diet cost were significantly more
likely to be from higher income and higher education
categories. There was a 96% increase in the proportion of
higher income among those in highest quintile of diet cost
compared with lowest. Similarly, proportion of those with
higher education was higher by 60% across extreme
quintiles. The trends were significant with P-value <0.0001.
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Diet cost with diet quality

Table 3 shows associations between energy adjusted quintiles
of diet cost with energy density and MAR separately. Mean
energy density of the diet was 36% lower among those in
the highest quintile of diet cost compared with the lowest
(4.8KJ/g vs 7.5KJ/g, respectively). By contrast, MAR showed
a strong positive association and increased from 75% to 85%
across extreme quintiles of diet cost. These trends were all
significant, with P for linear trend <0.0001.

Role of diet cost in mediating the relation between SEP and diet
quality

Table 4a shows results of mediation analysis with energy
density as the dependent variable, SEP indicator (high
income) as the independent variable and energy-adjusted
diet cost as the mediator variable, after controlling for other
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Table 3 Multivariate regression with energy density and MAR® each as dependent variables and quintiles of diet cost® as independent variable,
adjusted® for covariates

Dependent variables Quintiles of energy-adjusted diet cost (n=1266) P-value® I
Q1 Q2 Q3 Q4 Q5
Summary measures
Energy density (95% Cl)  7.5(7.3,7.7) 6.6 (6.4, 6.9) 6.0 (5.8, 6.3) 5.6 (5.4,5.9) 4.8 (4.6,5.1) <0.0001 -0.89*
MAR % (95% Cl) 74.5(72.3,76.8) 77.2 (74.8,79.5) 79.3(77.0,81.6) 82.8 (80.6, 85.0) 85.2(83.0, 87.5) <0.0001 3.57*

Abbreviation: Cl, confidence interval.

AEnergy density defined as K]/g and computed from foods only.

PMAR defined as percent adequacy/day and computed from foods and caloric beverages.

“Daily diet cost ($/day) energy adjusted using residual method and then converted into quintiles. Diet cost estimates were obtained from the same data as used for
the respective diet quality variable. Energy density and its corresponding diet cost were computed from foods only. MAR and its corresponding diet cost were
computed from foods and caloric beverages.

dAdjusted for age, gender, race/ethnicity, household size and total energy intake. Means presented for age of 56 years and energy intake of 7.5 MJ/day.
€P-value for trend test across energy-adjusted quintiles of diet cost.

fRegression coefficients for each energy density and MAR per s.d. increase in energy-adjusted diet cost. 1 s.d. energy adjusted diet cost from foods only = 1.57 $/day,
from foods and caloric beverages=2.05 $/day.

*P<0.0001.

Table 4a Mediation analysis with energy density® as the dependent variable, SEP indicators® as independent variables and diet cost® as the mediating
variable. Effect modification by education was examined

Model 1¢ Model 2° Model 3f Proportion of total effect
mediated by diet cost
B 95% ClI B 95% Cl B 95% ClI
Income as the independent variable and diet cost as the mediating variable before taking education into account
Higher income —0.34%** —-0.51, -0.16 0.46*** 0.25, 0.66 —-0.08 —0.21, 0.04
Diet cost — — —0.56*** —0.60, —0.52 76%"
Only among those with < high school education (n=180)
Higher income —0.48* —0.93, —0.03 0.80** 0.29, 1.31 —0.02 —0.37, 0.32
Diet cost — — —0.57*** —0.67, —0.47 95%**
Only among those with some college (n=274)
Higher income —-0.09 —0.44, 0.24 0.16 —-0.23, 0.56 —0.002 —-0.26, 0.25
Diet cost — — —0.58*** —0.65, —0.50 —
Only among those with > college graduates (n = 648)
Higher income —0.27* —0.50, —0.03 0.35* 0.06, 0.64 —-0.08 —0.25, 0.09
Diet cost — — —0.53*** —0.58, —0.48 69%*

Abbreviation: Cl, confidence interval.

AEnergy density defined as K]/g and computed from foods only.

PHigher income defined as >50K vs <50K as the reference category. Effect modification by education examined. High school defined as <12 years of education,
some college as college 1-3 years and college graduates as college of 4 years or more.

“Daily diet cost ($/day) energy adjusted using residual method and computed from foods only.

9Model 1 of mediation analyses. Multivariable regression with energy density regressed on SEP variables, before adding diet cost to the model. Adjusted for age,
gender, household size, race/ethnicity and total energy intake.

*Model 2 of mediation analyses. Multivariable regression with diet cost (mediating variable) as the dependent variable, regressed on SEP variables, adjusted for age,
gender, household size, race/ethnicity and total energy intake.

*Model 3 of mediation analyses. Multivariable regression with energy density regressed on SEP variables, after adding diet cost to the model. Adjusted for age,
gender, household size, race/ethnicity and total energy intake.

*P<0.05, **P<0.005, ***P<0.0001, "P<0.00001.

- D

covariates. Model 1 and 2 obtained from mediation tests
re-establish the associations between income and energy
density (—0.34KJ/g mean difference between high and low
income), and income and diet cost (0.46 $/day), respectively.
Both these associations were highly significant (P-value
<0.0001). Model 3 shows significant attenuation in the
association observed between income and energy density
when diet cost was added to the model. The effect of income

reduced by 76% from —0.34KJ/g in model 1 to —0.08 KJ/g in
model 3. Sobel-Goodman test indicates that mediation by
diet cost was highly significant (P-value <0.00001). Further,
the income-diet cost-—energy density pathway was found to
be moderated by the education level. Among those with
education <high school, the relation between income and
energy density was much stronger (—0.48KJ/g) compared
with those with >college degree (—0.27 KJ/g). However, after
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further adjusting for diet cost, the association reduced by
95% (—0.48K]/g in model 1 to —0.02K]/g in model 3) among
those with >high school education compared with 69%
among college graduates (—0.27 KJ/g in model 1 to —0.08 KJ/g
in model 3). As indicated by Sobel-Goodman test, the
mediation effects by diet cost were significant for both lower
and higher education. However, as no significant association
was initially observed between income and energy density
among those with some college education, there was no effect
to be mediated.

Table 4b shows similar results with MAR as the dependent
variable. Model 1 re-established the positive association
between income and MAR. However, there was significant
attenuation after adding diet cost to the model (model 3).
Similar to the results obtained with energy density, the
income-diet cost-MAR pathway was found to be moderated
by education. Among those with >high school education,
the association of income with MAR was much stronger
(5.24% difference in nutrient adequacy between high and
low income) compared with college graduates (2.20%).
After adding diet cost to the same model, the income effect
was attenuated by 40% (from 5.24 in model 1 to 3.16 in
model 3) among those with >high school education as
compared with 38% among college graduates (2.20 in model
1 to 1.37 in model 3). Sobel-Goodman test showed that the
mediation effects were highly significant with P-value

<0.05. Again, no initial association was observed among
those with some college education.

Discussion

The present study is the first to show that the previously
observed relation between SEP and diet quality may be
significantly mediated by diet cost. As predicted, stepwise
analyses confirmed that lower SEP groups consumed more
energy dense and nutrient poor diets. Furthermore, lower
SEP groups had lower diet costs and lower cost diets were
more likely to be energy dense and nutrient poor. These
findings are consistent with past observations (Keller et al.,
1997; Kant and Graubard, 2007; Maillot et al.,, 2007b;
Monsivais and Drewnowski, 2009; Bernstein et al., 2010).
The hypothesis that diet cost may be one of the
mechanisms to explain socioeconomic disparities in diet
quality has been advanced before (Darmon and Drewnowski,
2008; Monsivais and Drewnowski, 2009; Mullie et al., 2010).
The present study is the first to establish this mechanism
using formal mediation analyses. Data shows that the effects
of income on diet quality can be explained by diet cost. This
can be attributed to the general consensus that income is a
direct proxy for affordability of foods (Turrell et al., 2003;
Kant and Graubard, 2007). Further, income-diet cost

Table 4b Mediation analysis with MAR? as the dependent variable, SEP indicators® as independent variables and diet cost as the mediating variable.

Effect modification by education was examined

Model 19 Model 2¢ Model 3f Proportion of total effect
mediated by diet cost
p 95% Cl p 95% Cl p 95% Cl
Income as the independent variable and diet cost as the mediating variable before taking education into account
Higher income 3.28%** 1.99, 4.56 0.72%** 0.46, 0.98 2.10* 0.88, 3.33
Diet Cost — — 1.61%** 1.34,1.88 36%***
Only among those with < high school education (n=180)
Higher income 5.24** 2.00, 8.49 1.02** 0.46, 1.57 3.16 —0.006, 6.33
Diet Cost — — 2.04*** 1.22,2.86 40%**
Only among those with some college (n=274)
Higher income 0.62 -1.93,3.17 0.31 -0.17, 0.79 0.17 —2.29, 2.64
Diet Cost — — 1.43%** 0.83, 2.03 —
Only among those with > college graduates (n= 648)
Higher income 2.20* 0.46, 3.94 0.57** 0.18, 0.96 1.37 —-0.28, 3.03
Diet Cost — — 1.43%** 1.11,1.76 38%**

Abbreviation: Cl, confidence interval.

*MAR defined as percent adequacy/day and computed from foods and caloric beverages.
PHigher income defined as > 50K vs <50K as the reference category. Effect modification by education examined. High school defined as <12 years of education,

some college as college 1-3 years, college graduates as college 4 years or more.

“Daily diet cost ($/day) energy adjusted using residual method and computed from foods and caloric beverages.
9Model 1 of mediation analyses. Multivariable regression with MAR regressed on SEP variables, before adding diet cost to the model. Adjusted for age, gender,

household size, race/ethnicity and total energy intake.

*Model 2 of mediation analyses. Multivariable regression with diet cost (mediating variable) as the dependent variable, regressed on SEP variables, adjusted for age,

gender, household size, race/ethnicity and total energy intake.

*Model 3 of mediation analyses. Multivariable regression with MAR regressed on SEP variables, after adding diet cost to the model. Adjusted for age, gender,

household size, race/ethnicity and total energy intake.
*P<0.05, **P<0.005, ***P<0.0001.
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pathway was found to have a stronger role in determining
diet quality among lower education as compared with higher
education. This can be attributed to the fact that education
extends beyond affordability and also reflects one’s ability
to use dietary knowledge to achieve better quality diets
within the given budget constraints (Galobardes et al., 2001;
Turrell et al., 2003; Kant and Graubard, 2007). No significant
associations were seen among those with some college
education. This could be due to heterogeneity in this sub-
group by income, which may be a typical characteristic of
Seattle population.

The study had certain limitations. First, estimates of diet
quality and diet cost were each based on FFQs, which have
some known biases (Willett, 1998; Drewnowski, 2001).
However, the estimates of energy density obtained from
FFQs were consistent with previous studies (Ledikwe et al.,
2005; Monsivais and Drewnowski, 2009). Secondly, diet cost
used as an indicator of monetary value of the diet was based
on retail food prices rather than actual expenditures made by
the study sample. At the same time, this method of
estimating diet cost has already been used in existing studies
(Schroder et al., 2006; Drewnowski et al., 2007; Monsivais
and Drewnowski, 2009; Murakami et al., 2009; Bernstein
et al., 2010). Third, the study sample was representative of
adult residents of King County, WA and not of the US
population as a whole. Median incomes in King County were
higher than the national figures and percentage of mino-
rities was lower. Fourth, mediation analyses were based on
cross sectional data, assuming temporality in SEP, diet cost
and diet quality.

Nonetheless, the present findings have implications
for epidemiological studies and public health policy.
First, cost of the diet is one of the critical, yet under-
appreciated, factors that may explain consumption of lower
quality diets among lower socioeconomic strata. It becomes
imperative for future studies and interventions, aimed at
improving the diet quality and diet related diseases, to take
diet cost into account. Second, improving dietary knowledge
should continue to be the focus of nutrition education
programs and interventions as another strategy to improve
diet quality within the income constraints. A key question
remains whether socioeconomic differences in physical
access to healthy foods, food preferences and attitudes may
also contribute to social differences in diet quality.
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