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Abstract

The facilitation of healthier dietary choices by consumers is one of the key elements of the UK
Government’s food strategy. Designing and targeting dietary interventionS requires a clear
understanding of the determinants of dietary choice. Conventional analysis of the determinants of
dietary choice has focused on mean response functions which may mask significant differences in the
dietary behaviour of different segments of the population. In this paper we use a quantile regression
approach to investigate how food consumption behaviour varies amongst UK households in different
segments of the population, especially in the upper and lower quantiles characterised by healthy or
unhealthy consumption patterns. We find that the effect of demographic determinants of dietary
choice on households that exhibit less healthy consumption patterns differs significantly from that on
households that make healthier consumption choices. A more nuanced understanding of the
differences in the behavioural responses of households making less-healthy eating choices provides
useful insights for the design and targeting of measures to promote healthier diets.



Introduction

The Cabinet Office report Food Matters (Cabinet Office: 2008) identifies the promotion of
healthier dietary choices by consumers as a key element in the UK Government’s food
strategy for the 21% century. This follows from the recognition of the enormous health gains
that would accrue to the UK if diets matched nutritional guidelines on fruit and vegetable
consumption, saturated fat, added sugars and salt intake. The Cabinet Office report estimates
that adherence to nutritional guidelines would reduce the risks related to cancer, heart disease
and other illnesses leading to 70,000 fewer people dying prematurely every year. Improved
dietary choices are also crucial for meeting the challenge of obesity, with a quarter of adults
and 10% of children in the UK already classified as “obese”. In addition to the social impacts,
the economic burden of diet related ill-health is estimated at almost £6 billion a year by way

of additional National Health Service costs alone.

Analysis of data from the Expenditure and Food Survey (DEFRA: 2007) suggests that
average food consumption patterns in the UK involve significant deviations from dietary
guidelines prescribed by the Department of Health and also from the dietary norms suggested
by the World Health Organization (Table-1). The contribution to total energy intake from
total fats (38%) and sugars (14%) is considerably in excess of the norms. The contribution of
Polyunsaturated Fatty Acids (PUFAS) to energy intake (6.4%) and the average cholesterol
consumption are within the acceptable range. However, fruit and vegetable intake falls well
short of the recommended intake of 400 grams per day. Designing effective policy
interventions to promote healthy eating requires identification of households and individuals
within households that make less healthy dietary choices or are at risk of food insecurity and
an understanding of the determinants of their dietary choice.

Determinants of Dietary Choice

The analysis of dietary choice spans a wide range of social science perspectives and the
literature identifies a diverse set of determinants of dietary choice that extend well beyond
physiological or nutritional needs. Other factors influencing food choice include biological,
economic, physical, social and psychological determinants besides attitudes, beliefs and
knowledge about food (EUFIC: 2008)2. Dietary choice is, thus, the result of a complex

interaction between a wide range of determinants. The influence of individual determinants

2 Biological determinants include hunger, appetite and taste, economic determinants include cost, income and
availability, physical determinants include access to food, cooking skills, education and time, and social
determinants include family, culture, peers and meal patterns



can also vary significantly across individuals and groups and over time. Different
interventions may have to be designed to modify the dietary choices of different groups of the
population, taking into account the multiplicity of factors influencing their decisions on food
choice. The influence of different sets of determinants of dietary choice identified above has
largely been analysed within the disciplinary framework to which they relate. For instance,
economic studies have focused almost exclusively on socio-economic and demographic
determinants while psychological studies have largely confined themselves to the analysis of
psychological determinants, expecting the impact of socio-economic determinants to be

mediated through their impact on attitudes, norms and beliefs.

Although the literature recognises the role of a complex set of determinants in influencing
dietary choice that go well beyond demographic and socio-economic determinants, these
determinants remain a key area of interest from a practical policy making perspective. This is
because dietary interventions can be readily targeted at broad groups based on demographic
and socio-economic characteristics of households. For instance, if it is known that the poorest
households deviate the most from healthy eating norms, then it is relatively easy to target
interventions at the poorest households. Even if the information available to the policy maker
is that the relationship between low household income and poor dietary choice holds only
when a number of factors (e.g., age, education, attitudes and knowledge) are controlled for,
the policy maker may still opt for targeting interventions based on household income —
simply because of the difficulties in identifying and targeting households that conform to a
complex set of characteristics. It is also much more difficult (and probably a lot more
expensive) to target interventions at households or individuals with certain attitudes, beliefs

and knowledge or other psychological attributes.

In this paper we use a quantile regression approach to investigate the influence of
demographic and socio-economic drivers of dietary choice in UK households in different
segments of the population, especially those characterised by less healthy consumption
patterns. Previous econometric approaches in the literature have relied on multiple linear or
logistic regressions to analyse the impact of these drivers on dietary choice. These approaches
assess the mean response of the outcome variables and constrain the effect of explanatory
variables to be the same along the whole range of (dietary) outcomes. In designing
interventions, we are more interested in the behaviour of households in the upper or lower
tails of dietary outcomes (denoting inadequate or excessive consumption of certain nutrients

or food products). In the context of dietary choice, the heterogeneity of response to



explanatory variables in different consumption ranges is a key element of interest. This paper
explores the hypothesis that the impact of demographic and socio-economic explanatory
variables tends to vary along the whole range of dietary outcomes and could be significantly

different from the mean response values in the consumption ranges of interest.

We use a quantile regression approach using household data from the UK’s Expenditure and
Food Survey to explore the demographic and socio-economic drivers of fat consumption in
UK households —specifically adherence to the dietary guidelines relating to the the share of
energy derived from fat consumption. We have chosen to explore the determinants of fat
consumption because excessive fat consumption has been strongly linked to a range of
chronic diseases, besides being considered a major cause of the increasing incidence of
obesity. The approach can, however, be readily extended to other dietary guidelines (e.g.,
those related to sugar, salt, cholestrerol or fruit and vegetable intake). The methodological
advantage of this approach is that it allows us to understand how the impact of drivers of
dietary choice in non-compliant groups (characterised by less healthy dietary choice) differ
from that in other groups that appear to conform to healthy eating advice. This can provide
insights into the potential effectiveness of dietary interventions targeted at specific
demographic/socio-economic groups. The quantile regression (QR) technique allows the
impact of the selected drivers to vary along the whole range of fat intake (share of energy
derived from fat). The relevance of QR in diet and nutrition analysis arises from the interest
in the tails of the dietary outcome distributions — characterised by inadequate or excessive
consumption of nutrients and foods- and an increasing number of applications are emerging
(e.g,Variyam, Blaylock and Smallwood (2002), Sinha (2005). A recent application examined
the impact of socio-economic determinants on fruit and vegetable intake in the UK
(Boukouvalas, Shankar and Traill: 2009).

Data and Variables

This paper uses data from the UK’s Expenditure and Food Survey (EFS) for 2005-06 which
now incorporates DEFRA’s National Food Survey data. DEFRA’s Food Survey collects
detailed information about food consumption at the household level based on two-week
diaries maintained by household members and the household reference person (HRP). The
Food Survey of 2005-06 surveyed a nationally representative sample of 6785 households and
includes data on food consumed at home as well as food consumed outside the home. The
survey records food consumed in 2225 categories, which makes it possible to analyse

household food consumption at several different levels of disaggregation. The dataset also



provides nutrient conversion factors for each food category covering a total of 47 macro and
micro nutrients. It is, therefore, possible to compute the intake of different nutrients at the

household level using the data set.

The dietary norms related to certain foods/nutrients (e.g., fruit and vegetables, cholesterol etc)
are related to the per capita per day consumption of those foods/nutrients. Meaningful
estimation of per capita consumption of these foods/nutrients from household data requires
the calculation of the number of adult equivalents in each household. The weights to be used
for household members in different age-groups in calculating the adult equivalents were
derived from the Estimated Average Requirements (EARS) for Energy of the Department of
Health (1991). The EFS also provides information on the “equivalised®” income of each
household using the OECD scale and the McClement scale (EFS: 2006).The demographic
and socio-economic characteristics of each household in the survey are available from the
EFS. The variables considered in this paper are based on primarily on the earlier literature

and are summarised in Table-2.

The categorical variables listed in Table-2 have a large number of categories in the EFS.
They were redefined and reduced to a smaller number of categories for convenience in
regression analysis and presentation. For these categorical variables a number of dummy
variables were defined for use in regression analysis. The base category defined for each
categorical variable is indicated in Table-2. After deleting the households which did not

maintain food consumption diaries data on 6767 households were used in the analysis.

Least Squares and Quantile Regression Analysis

A multiple linear regression was first estimated to provide a basis for comparison with
quantile regression results. The dependent variable was the share of fat in total energy intake
in the household (expressed in percentage points) [hereinafter referred to as “fatshare”] which
was computed from the data on all the food consumed by the household and the associated
nutrient conversion factors. The explanatory variables were the demographic and socio-
economic variables described in Table-1. For household income, a quadratic term was also
included in the equation to allow its effect to vary with size. All the continuous variables

were centred at the median for convenience in the interpretation of regression coefficients.

® “Equivalised” income is a measure of income for each household which adjusts for the composition of the
household and economies of scale in expenditure in different categories.



In quantile regression, conditional quantiles were estimated for fatshare at six different
quantiles — 0.05, 0.25, 0.50 (median), 0.75, 0.90 and 0.95. The estimation was done using the
‘quantreg’ module in the R statistical software package. Confidence intervals were computed
using the bootstrap procedure described in Koenker (2005) which is incorporated in the

quantreg module.

Results

The UK dietary guidelines for fat consumption suggest that energy derived from fats should
not exceed 30% of total energy intake. Figure-1 shows the distribution of energy derived
from fat (in percentage points) for the survey households. It may be seen that variance in
energy intake from fat is considerable at the household level. A little over 50% of the
households exceed the 30% recommended norm for fat intake. A quarter of the households
derive more than 40% of their total energy from fats. This variance can be observed even
within specific ranges of the socio-economic determinants (e.g., within a specific household
income range). This suggests that the impact of these determinants may vary by intake level,

which is what quantile regression allows us to explore.

Table-3 presents the results for linear quantile regression with “fatshare” as the dependent
variable and the same set of explanatory variables as used in the multiple linear regression.
The table presents the coefficients and P-values for all the explanatory variables for the
selected set of quantiles from 0.05 to 0.95. The ordinary least squares (OLS) estimates are
also presented in the last column of the table to facilitate comparisons. Figure-2 presents the
graphs for each explanatory variable showing the coefficients estimated at each of the
selected quantiles. The shaded areas in the graphs show the 95% percent confidence intervals
associated with the co-efficient estimates. The OLS estimates and the associated 95%
confidence intervals, shown as the black line and dotted lines respectively, are superimposed

on the quantile regression graphs.

It may be seen from the graphs in Figure-2, that for most variables, some portion of the QR
estimates lie outside the OLS confidence intervals. Interestingly, these differences are marked
at the lower and upper quantiles, which represent healthy or less healthy eating choices. In
the case of fatshare, it is the upper quantiles that represent less healthy dietary choices, while
the lower quantiles represent healthier dietary choices. The large divergence of the QR
estimates from the OLS estimates, particularly in the extreme quantiles suggests that the
simple conditional mean shift suggested by the OLS model may be a misleading



representation of the impact of demographic/socio-economic drivers on dietary choice. The
implications of the QR results for the impacts of these drivers are discussed below.

The coefficients of equivalised household income are insignificant in OLS as well as QR.
This suggests that income has virtually no effect on the share of fat in energy intake. The QR
coefficients at all quantiles lie within the OLS confidence intervals. Moreover, the quadratic
household income term is also insignificant which suggests that the effect of income does not
change as the size of income increases or decreases. It must be noted that these results are not
inconsistent with results from previous studies (e.g. Riccuito, Tarasuk and Yatchew (2006),
Giskes et al (2006)) that find a positive relationship between income and dietary intakes,
particularly in the lower income ranges. Our dependent variable is the share of energy
derived from fat and the OLS and QR coefficients only indicate that this share is not affected
significantly by changes in the level of income. It is the adherence to the dietary guideline

which is insensitive to income, not the level of dietary intakes.

Ethnicity appears to be a highly important factor explaining variations in fatshare. The base
category for ethnicity is “White”, so the coefficients for ethnic “Asians”, “Blacks” and
“Others” must be interpreted as the differences in fatshare compared to “Whites”. The OLS
coefficients for all the three ethnic categories are highly significant. For “Asians”, the OLS
coefficient suggests that at the median value of continuous variables, fatshare is just 0.02
percentage points above those of “Whites”. However, the OLS coefficient masks the
significant differences in the impact of Asian ethnicity across quantiles. In the lower
quantiles, representing healthier eating choices, “Asians” have a sharply lower fatshare
compared to “Whites”- in the lowest quantile, their fatshare is lower than that of “Whites” by
more than 9 percentage points. However, the picture is completely reversed in the upper
quantiles, representing less healthy eating choices, with “Asians” having a fatshare which is
more than 10 percentage points compared to that of “Whites”. In the case of “Blacks”, the
OLS coefficient implies that, at median values of explanatory variables, they have a fatshare
which is 2.86 percentage points less than that of “Whites”. However, this is true only in the
lower quantiles, where “Blacks” have a substantially lower fatshare; in the upper quantiles fat
intake patterns of “Blacks” are only marginally different from those of “Whites”. Thus in the
less healthy quantiles, there is virtually no difference between “Blacks” and “Whites”. For
the “Others” group (which includes a mixture of ethnicities) the QR coefficients are close to
the OLS coefficients in most quantiles, except in the top quantiles where they have a fatshare

4-7% above those of “Whites”. These results have certain interesting implications for the



targeting of dietary interventions. The average figures for fatshare for “Asians” (37%) and
“Blacks” (33%) are only marginally different from “Whites” (36%) which may suggest that
the dietary choices of these ethnic groups are not of special concern in dietary interventions
aimed at reducing fatshare. This may not be an appropriate conclusion in the light of the QR
results. While “Asians” and “Blacks” make better dietary choices in the lower (healthy
eating) quantiles, in the upper quantiles (characterised by less healthy eating choices) they
fare substantially worse than “Whites” (as in the case of “Asians”) or are not different from
“Whites” (as in the case of “Blacks™). Any dietary intervention targeting high fatshare groups
should in fact prioritise these ethnic groups for attention.

The education variable shows the age at completion of full time education of the HRP.
Higher the age at completion, the better educated a person is likely to be — although that may
not always be the case. It should be noted that this variable does not directly measure the
level of educational attainment. The OLS and QR coefficients for education are all significant
but their effect on fatshare is small compared to the effect of ethnicity. The nature of the
effect is similar across all quantiles with an increase in education being associated with a
small decline in fatshare of 0.01 -0.04 percentage points. Previous studies using the level of
educational attainment as an explanatory variable have found a much stronger influence of

education in promoting healthier dietary choices (e.g, Roos et al.(1998), Turrell et al. (2002)).

Occupational class is a categorical variable with the base category being the “Higher”
(managerial, professional and executive) occupations. The coefficients reflect the change in
fatshare in different occupational categories relative to the base category. Most of the OLS
and QR coefficients of occupational class are small and insignificant. Households in the
“Intermediate” occupational class have a lower fatshare relative to the “Higher” category but
the effect wears off as we go up the quantiles. The coefficients of employment status are also
small and insignificant. The only significant QR coefficients indicate that in the upper
guantiles, the unemployed have a higher fatshare by 1-2% in relation to the base category of
households in full time employment. The age of the HRP (generally the household head) has
a small effect on fatshare, which is significant in the upper quantiles.

The coefficients of the accommodation variable measure the impact of accommodation status
(rented, mortgaged or free) relative to the base category of households that fully own their
accommodation. The OLS coefficients are insignificant except for the rented category.
However, several QR coefficients are significant. Households in rented accommodation have



higher fatshare relative to the base category (of the order of 1-3 percentage points) and this
effect increases in the higher quantiles. Similarly, households with a mortgage also have a
higher fatshare relative to the base category — but this effect is smaller compared to rented

accommodation households.

The effect of the number of adult equivalents in a household on fatshare is also significant in
OLS and QR. The OLS coefficient implies that an increase in the number of adult equivalents
in a household has the effect of increasing fatshare by 0.01 percentage points. However, this
masks the differential impact of the variable in different quantiles. In the lower quantiles an
increase in the number of adult equivalents increases fatshare. However, as we move up the
quantiles, the effect changes sign, leading to a decrease in fatshare at the higher quantiles. For
households making less healthy eating choices, the size of the household is not a factor

increasing fatshare.

The regional effects are generally insignificant except in the case of the “Midlands” where
fatshare is consistently lower at all quantiles. The insignificance of the regional effects
suggests that certain popular conceptions about diets in particular regions being oriented to
excessive fat consumption may not be accurate. Once we control for other socio-economic
drivers, households in Scotland and North of England cannot be said to have diets with high

fatshare.

Conclusions

In designing dietary interventions, we are more interested in the impact of demographic and
socio-economic determinants in segments of the population characterised by less healthy
eating choices and large deviations from recommended dietary guidelines. The QR results
discussed above show that the effect of demographic and socio-economic determinants can
be quite different in the healthy and less healthy quantiles of dietary choice — with the
direction of effect of some determinants being reversed in the less healthy quantiles. The
different impact of the determinants in the upper quantiles of fat intake can be masked by the
conditional mean response functions in multiple linear regression models. In general, the
effects of these determinants in the healthy quantiles (characterised by low fatshare and better
conformity to recommended dietary guidelines) are much weaker in the less healthy quantiles
Characterised by “excessive” consumption of fat. The implication for the design of dietary
interventions is that these determinants provide limited leverage in influencing the dietary
choices of segments of the population making less healthy dietary choices. The results may



also indicate that traits and preference patterns unrelated to socio-economic characteristics
may be responsible for poor dietary choice. This is perhaps reflected in the large impact of
ethnicity relative to other socio-economic determinants. Ethnicity may encapsulate a range of
culturally determined traits and preferences, which are independent of the socio-economic
situation of the household. The results also suggest that some of the popular perceptions of
the drivers of dietary choice (e.g., attribution of better dietary choice to ethnic minorities or
association of excessive fat consumption with certain regional diets or occupational status)
may be inaccurate. This analysis can be extended to other nutrients and associated dietary
guidelines. This can provide useful insights into the potential effectiveness or utility of
targeting dietary interventions based on demographic and socio-economic characteristics of

the population.
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Table-1: Recommended Dietary Intake Norms - UK and WHO

UK Dietary Norms

(DOH: 1991)
Nutrient Recommened amount
Share of energy from:
Total fat <33%
Saturated fatty acids (SFAS) 10%
Monounsaturated fatty acids (MUFAS) 12%
Polyunsaturated fatty acids (PUFAS) 6-10%
Trans fatty acids (TFAS) <2%
Glycerol 3%
Protein 10-15%
Free Sugars <10%
Total carbohydrates 50%
Other nutrients
Cholesterol <300 mg/day
Fruit and Vegetables >= 400 gms per day
Salt <6 gms/day
Sodium equivalent <2.36 gms/day
Total dietary fibre >=18 gms/day

WHO Dietary Norms

(WHO: 2003)
Dietary factor Goals
Total fat 15-30% energy
Saturated fatty acids <10% energy

Polyunsaturated fatty acids (PUFAS)

6-10% energy

n-6 Polyunsaturated fatty acids (PUFAS)

5-8% energy

n-3 Polyunsaturated fatty acids (PUFAS)

1-2% energy

Transfatty acids

<1% energy

Monosaturated fatty acids (MUFAS)

a
By difference

b
Total carbohydrate
C

55-75% energy

Free sugars <10% energy
Protein 10-15% energy
Cholesterol <300 mg/day
Sodium chloride (sodium) <5 g/day
Fruits and vegetables >= 400 g/day
Total dietary fibre From foods

®This means “total fat — (saturated fatty acids + polyunsaturated fatty acids + trans fatty acids)”

b
The percentage of total energy available after taking into account that consumed as protein and fat,
hence the wide range.

C
The term “free sugars” refers to all monosaccharides and disaccharides added to foods by the
manufacturer, cook or consumer, plus sugars naturally present in honey syrups and fruit juices.
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Table 2: Socio-Economic and Demographic Variables

Variable Units Categories
Household income from all | £ ‘000 per week
sources
Equivalised household | £ ‘000 per week
income
Age of HRP Years
Education of HRP (age at | Years
completion of full time
education)
Accommodation status of | Categorical variable Owned, Mortgaged,

household

Rented, Free [Base =
Owned]

Mortgage outstanding
(proxy for debt burden of
the household)

£ 000s

Employment status of the
household

Categorical variable

Full time, Part time, Self-
Employed and
Unemployed [Base = Full
time]

Occupational status of the | Categorical variable Higher, Intermediate,

household Lower, Not working [
Base= Higher]

Ethnicity Categorical variable White, Black, Asian,

Others [Base = White]

Government Office Region

Categorical variable.

North, Midlands, East,
South, London, Scotland,
Wales, Northern Ireland
[Base= London]
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Figure 1: Distribution of share of fat in energy intake

- 1

T T T
20 40 60

Share of fat in energy intake (percentage)

14



S|eAJa1ul @duapIljuod

ST10 %S6 @Yl MOYS Sauj| paJ pa3Iop dY} pue JUBIDIYB0I STO dY} SMOYS dul| PaJ 3y 'S|eAIdIUl DDUBPIFUOD %GE Y} SMOYS Bale Papeys ayl pue siuajdly4a0d uolssaigal

3lauenb ay3 moys sauj| de|q ayl 'sixe A ayir Suoje umoys aJe

(syutod a8ejuaduad) ayejur ASiaua ul 1e) JOo aueys ayl pue sixe-x ayl Suoje UMOYS aJe s3|lueny 910N

80 90 7o 20 80 90 7o 20 80 90 0 20 80 90 o 20 80 90 70 20
| | | | | | | | | | | | | | | | | | | |
- L L €
- e o i L[ e | 0z L
oo e [ @ L B——— [ e —— o i = B I e Fon
. -+ o r T 1 [ Nt OO T s
[ oz =z — T
S9[eM-40O yinos-40o puUe109S-409 UYLION-409 pueall N-409
80 90 o 2o 80 90 o 20 80 90 o co 80 90 o co 80 90 o co
| | | | | | | | L | | | L | | | | | | |
[ & L ~ . s0-
| I [ & 202 O — 1 ° T
et eee— T e o e - 5 "ot
(x4
SpuB|pIN-dO0O 1se3-409 A31LN3IY-1eIswoddy FOVOLHOWN-1eISWOoIdY
80 90 o zo 80 90 o 20 80 90 o 20 80 90 o 2o 80 90 o co
L | | | _ L | | | L | | | . L | | | | | | |
[ o ] F e I — ] -
- - o L L] - yrrreu “““““““ . ““““““ 0 T o B-c———--—-—"C see—— .\ \\\\\\ o N e =B .
e <& | B T e ! 1
- s z =
- 900 ~ .
3344-1eISW022Y dYH jo aby A3IAOTdNANN- uawAojdwz diN3 473S-uswhojdws JNIL Ld-uswAodws
80 90 o 0 80 90 0 2o 80 90 70 2o 80 90 70 2o 80 90 70 2o
| | | | | | | | | | | | | | | | | | | |
\\\\\\\\\\\\\\\\\\\\\\\\\\\ F ot oz N GhEa hhhhhhhbbbk [ &
— R | ° | Bcasss s N et i ' . N —— —
1 . 3 = . ] & G TN r.r/[\ - R e L ¢
B = oo 0 g A L
[ ot 000 9 —
ONIHHOMLON-SSE|D 320 d3IMOT-SSe|D 220 J1LVIAIWLILNI-SSe|D 200 uolyrednp3 ———Sd3Hlo=0uplg
80 90 o zo 80 90 o 20 80 90 0 zo 80 90 o 20 80 90 0 20
L | | | L | | | | | | | _ L | | |
8- \. Hoﬁ R N Ame.H
““““““““““““““““ " == ] i — 5 B
~-==== P \.\ I~ FT0 e s mee Y- - - - 00
: C o, [ F oot r B
MOv1g- dluylg NVISV-dluyig ¢vouwooul| awoouj 1daausiup

ayeju| AS1au3 |e30] Ul Jed JO d4eyS UO S3|gelIe/ JIWOoUu023-0120S pue dlydesSowaq O 193443 :S}NS3Y UOISsaISayY ajueny pue §10 :2-24nSi4

15



