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Abstract

Many dietary recommendations include reduction of excessive intake of sugar-sweetened beverages (SSB) and other energy-rich beverages

such as juices and alcohol. The present study examines surveys of both individual dietary intake data and household food expenditure

surveys to provide a picture of patterns and trends in beverage intake and purchases in Great Britain from 1986 to 2009, and estimates

the potential for pricing policy to promote more healthful beverage purchase patterns. In 2008–9, beverages accounted for 21, 14 and

18 % of daily energy intake for children aged 1·5–18 and 4–18 years, and adults (19–64 years), respectively. Since the 1990s, the most

important shifts have been a reduction in consumption of high-fat dairy products and an increased consumption of fruit juices and

reduced-fat milk among preschoolers, children and adolescents. Among adults, consumption of high-fat milk beverages, sweetened tea

and coffee and other energy-containing drinks fell, but reduced-fat milk, alcohol (particularly beer) and fruit juice rose. In testing taxation

as an option for shifting beverage purchase patterns, we calculate that a 10 % increase in the price of SSB could potentially result in a

decrease of 7·5 ml/capita per d. A similar 10 % tax on high-fat milk is associated with a reduction of high-fat milk purchases by 5 ml/

capita per d and increased reduced-fat milk purchase by 7 ml/capita per d. This analysis implies that taxation or other methods of shifting

relative costs of these beverages could be a way to improve beverage choices in Great Britain.
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Rates of overweight and obesity have increased sharply in

Great Britain since the mid-1980s. In 2009, 61·3 % of adults

(aged 16 years or over), and 28·3 % of children (aged 2–10

years) in England were overweight or obese(1). Improving

the quality of the diet while also reducing per capita energy

intake to achieve and maintain a healthy weight among the

British represents a key policy objective(2–4). The reduction

of added sugars, specifically those from sugar-sweetened bev-

erages (SSB; namely all energy soft drinks, fruit drinks and

sugar-sweetened coffees and teas) and other high-energy bev-

erages such as juices and alcohol, has been included in most

documents concerned with obesity not only in Great Britain,

but also globally(5,6). In order to establish the likely impact

of such changes, it is necessary to consider beverage intake

patterns.

The biological basis for a policy to decrease sugar-

sweetened beverages to prevent obesity is the relationship

between beverage intake and food intake. There appears to

be little reduction in food intake when energy beverages are

substituted for water and other low-nutritive sweetened or

‘diet’ beverages(7–9). In addition, there is some evidence that

the fructose component of sugars such as sucrose and high-

fructose corn syrup might lead to additional cardiometabolic

risks(10–14). Individual studies are often inconsistent; however,

meta-analyses of clinical and epidemiological research show a

significant linkage of SSB with weight gain and a range of car-

diometabolic risks(15–17). Emerging data suggest that the effect

of fruit juice consumption on weight gain and the risk of dia-

betes and other cardiometabolic outcomes is consistent with

the SSB studies(18–22). There are only a small number of

studies comparing water as a substitute for these energy

beverages; however, they consistently suggest that water

intake may help to reduce energy intake(23,24).

There are few systematic analyses of overall beverage pat-

terns and trends at the national level. For the USA, a

number of studies have examined overall patterns and

found a large secular increase in both total energy intake

from beverages and also the total volume of beverage intake

other than water(25,26). Both the USA and Mexico (a country

that almost doubled its intake of energy from beverages
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between 1999 and 2006) obtain over 20 % of their daily energy

intake from beverages, with significant proportions from high-

sugar beverages including SSB and juices(27,28). Elsewhere,

there is a lack of systematic research on overall trends in bev-

erage consumption at the national level.

An important question for researchers is to identify how

changes in beverage intake may be stimulated. One approach

seen as being potentially effective is taxation based on the

amount of added sugar used(29,30). In Great Britain, there is

a growing literature on fat taxes, which concludes that well-

designed and targeted taxes could be useful in reducing the

burden of nutrition-related diseases(31–33) but there are limited

studies looking at pricing policies on SSB.

The present study examines surveys of both individual diet-

ary intake data and purchasing data in the context of house-

hold income and expenditures to provide a picture of

patterns and trends in beverage intake and purchases in

Great Britain over the 1986–9 period. In addition, it examines

the potential for pricing policy to promote more healthful

beverage purchase (and thus consumption) patterns.

Data and methods

Data sources

Dietary intake data. There have been five nationally repre-

sentative surveys of dietary intake among selected age

groups in Great Britain. They are the Dietary and Nutritional

Survey of British Adults, 1986–7; the 2000–1 National Diet

and Nutrition Survey (NDNS) of Adults aged 19–64 years; a

1997 NDNS of Young People aged 4–18 years; and the 1992

National Diet, Nutrition and Dental Survey of Children aged

1·5–4·5 years. Beginning in 2008, the British government

began the NDNS Rolling Programme, which collects nutrient

intakes and nutritional status of people aged 1·5 years and

older living in private households in Great Britain. Except

for the 1986 survey, each survey used a multistage random

probability sample with postal sectors as the primary sampling

unit, thus sample weights were available for all the surveys to

allow estimation of nationally representative measures.

However, there are critical differences in the data collection

periods across the surveys that require complex statistical

adjustments to provide statistically representative trends

between the surveys. The 1992 survey among children (1·5–

4·5 years) and the 2008–9 survey used a 4 d food records to

quantify food and nutrient intakes, while the previous NDNS

of adults (19–64 years) and young people (4–18 years)

were conducted over 7 d. This is pertinent because day-to-

day variability for each individual means that diary duration

may have an impact on survey estimates. Hence, to allow

for all the analyses and comparisons to be done on a 4 d

basis, we applied the methods outlined in the NDNS 2008–9

report(34) on the 1986–7 and 2000–1 adult, and the 1997

young people surveys to derive the means and standard

errors by bootstrap sampling with replacement.

We also standardised the measurement of beverages across

all the surveys. For energy from beverages, added milk

and sugar for tea, coffee and other drinks were provided

separately in the earlier food intake survey, but we could

systematically link the results, so we are able to examine

sweetened and unsweetened tea and coffee separately.

Water consumption from both tap and bottle data was utilised

from all surveys when possible; however, there is minimal

understanding of the quality of the water measurement in

most surveys conducted in Europe and the USA on this

topic(24). Table 1 provides the beverage groups used, and

their definitions, with examples.

Food purchase data. For 1975–2000, we utilised 5-year

increments of the British National Food Survey (NFS), the

longest-running continuous (annual) survey of household

food purchases and expenditure in the world. The NFS was

originally set up in 1940 by the then Ministry of Food to moni-

tor the adequacy of the diet of urban ‘working class’ house-

holds in wartime, but it was extended in 1950 to become

representative of households throughout Great Britain. In

1996, the survey was extended to cover the entire UK to be

presented for the first time. The household member who did

most of the food shopping was asked questions about the

household and its food purchasing, and kept a diary for 7 d,

recording food coming into the household, including quan-

tities, expenditure, food prices and some detail of the house-

hold meals (including snacks and picnics prepared from

household supplies). We only used 5-year increments of

the data due to the immensity of working with 25 years of

raw data.

From 2001, the NFS was completely replaced by the Expen-

diture and Food Survey (EFS), which combined and super-

seded both the previous Family Expenditure Survey and the

NFS. The EFS sample for the UK is a multistage stratified

random sample with clustering. The survey is continuous,

interviews being spread evenly over the year to ensure that

seasonal effects are covered. Further information on sampling

can be found in the user guide volume of the EFS documen-

tation(35). The basic unit of the survey is the household, with

each individual ($16 years) in the household keeping diary

records of daily expenditure for 2 weeks. Information about

regular expenditure, such as rent and mortgage payments, is

obtained from a household interview along with retrospective

information on certain large, infrequent expenditures such as

those on vehicles. The results have also included information

from simplified diaries kept by children aged 7–15 years.

In most years, surveys reported dried milk in its reconsti-

tuted liquid equivalent volume. All other dry or concentrated

beverages (chocolate drinks, coffee beans and tea leaves,

powders or essences) were reported as purchased. We

adjusted these systematically across the surveys so the recon-

stituted liquid equivalents are reported for all beverages for

the prices paid. This included Ribena and other beverage

concentrates that require different reconstitution formulas.

Appendix 1 shows which beverages belong to each group,

and Appendix 2 shows the ratios of diluent:powder used to

adjust non-liquid beverages to their liquid equivalents. The

main difference between analysis of beverages in the dietary

intake and food expenditure surveys is that we were able to

create separate categories for sweetened and unsweetened

tea and coffee for the dietary intake data.
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There were some significant differences in how beverage

data were recorded for the most recent surveys. Takeout

coffee and tea were added in 2007 as was the separation of

vegetable purées into juices and purées; water purchases

were not collected until 1985, and alcohol purchases were

not added until 1992. Similarly, sugar-sweetened milk was

only added in 2008.

For studying the associations between changes in the prices

households faced on their beverage purchases, we needed to

have a beverage price for all the beverages studied for each

household at the relevant time period of the diary collection.

However, prices are reported only for the households which

purchase the items, and there were too many differences

between the NFS and the EFS that affected expenditure and

our ability to create price measures in a consistent manner.

In addition, the EFS had less than 1 % missing measures for

the demographic measures used: household size and numbers

of adult males and females and children, employment status

and education levels for adults in the household, family

income per week, and recipient of income support, while

the NFS had up to 39 % missing values for some of these

measures for certain years. Consequently, we only use the

EFS data for imputing prices to conduct price-related analyses,

given that they would be more reflective of current beverage

purchase trends and behaviours and thus more appropriate

for simulating a response to potential price shifts. To impute

prices for the EFS, we divided expenditure over volume pur-

chased for each beverage type among those who reported

purchasing that beverage within a geographical area. We

then assumed that this average price was the price that all

respondents within the same geographical area were exposed

to. In this way, all respondents had measures of an average

price for each beverage, regardless of whether they purchased

beverages or not. This is the standard method economists

have used for decades as the most valid method for deriving

prices when utilising expenditure data for price studies(36).

Statistical procedures

To describe nationally representative beverage dietary intake

and purchases (g or ml and energy) using the various national

dietary intake data and food expenditure surveys, survey-

weighted means were calculated. Energy from non-beverage

sources was also calculated from each survey. We conducted

t tests to analyse differences in energy consumed from and

volume purchased for beverages and the various types of bev-

erages over time. A P value ,0·01 was considered significant.

For the analysis of income and price elasticities, we selected

the most recent as well as the earliest food purchase survey

data for which we had reliable price and income data (i.e.

EFS 2001 and 2007). Separate estimations were done for two

separate but related decisions: the decision to purchase, and

the conditional decision of the amount to purchase. This fol-

lows standard statistical procedures of eliminating biases

when examining outcomes such as purchase of milk or soft

drinks where there are large proportions of zero purchasers(37)

by using a survey-weighted two-part model. Purchase distri-

bution can be skewed because some people do not purchase

Table 1. Beverage categories from Great Britain dietary intake data sources*

Beverage group used Definition used and examples

High-fat milk .2 % milk fat
Whole milk, ‘UHT’ or sterilised liquid milk; condensed milk, evaporated milk,
infant milk, powdered milk, non-skimmed milk, cream

Reduced-fat milk #2 % milk fat
Skimmed milk, fully skimmed milk, semi- and other skimmed milk, almond,
soya, rice, hemp and other milks

Sweetened dairy Dairy beverages with added sugars
Yogurt drinks, probiotics, milkshakes, cocoa with milk, Horlicks, Ovaltine

Alcohol Any alcoholic content
Spirits/liqueurs Spirits, liqueurs
Wines Wine, fortified wines
Beer/cider/alcopops Low-alcohol beers, lagers and ciders; beers; lager and continental beers;

ciders and perries; alcopops
Soda and fruit drinks with added sugar Sugar-sweetened soft drinks and fruit drinks (,100 % juice)

Regular soft drinks, fruit-flavoured drinks, nectars, Ribena
Low-nutritive ‘diet’-sweetened drinks Diet or low-energy substitute sweetened drinks

Low-energy soft drinks, low-energy fruit drinks, diet sweetened tea/coffee drinks
Juices 100 % juice

Fruit juice, vegetable juice
Unsweetened coffee/tea Coffee or tea consumed without any added sweeteners or dairy
Sweetened coffee Coffee consumed with added sweeteners (low-energy, diet, artificial or regular) or dairy
Sweetened tea Tea consumed with added sweeteners (low-energy, diet, artificial or regular) or dairy
Other energy Other energy drinks not included above

Cacao Power, drinking chocolate and instant chocolate drinks consumed
without dairy

Water as a beverage Zero energy waters
Tap water (filtered or unfiltered), bottled water, mineral water

UHT, ultra-high temperature.
* Dietary data used: Dietary and Nutritional Survey of British Adults, 1986–7; 1992 National Diet, Nutrition and Dental Survey of Children (1·5–4·5 years); 1997 National Diet and

Nutrition Survey (NDNS) of Young People (4–18 years); 2000–1 NDNS of Adults (19–64 years); 2008–9 NDNS Rolling Programme of adults and children ($1·5 years).
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certain foods. Thus, researchers recommend using two-part

models to analyse either food purchase or dietary intake beha-

viours(37). The two-part models are also useful in predicting

actual outcomes based on observed data.

The analysis examined separately two cross-sections to esti-

mate the price effects at specific years. The assumption is that

with two nationally representative samples, the mean statistics

based on the pooled sample of households represents the

‘average’ household in each of the cross-sections. It would

have been preferable to conduct time-series analyses, which

would have allowed for error correlations over time across

the same households. However, given the cross-sectional

nature of the data available, this was not possible. The two-

part model included a survey-weighted probit model using

maximum-likelihood estimation in the first part to estimate

the probability of purchasing any of the particular beverage

of interest. The second part is a log-linear survey-weighted

ordinary least-squares regression model on only the sub-

sample of those who did purchase a particular beverage of

interest. The two parts have the same specifications. These

two parts were estimated separately before we derived the

unconditional elasticities and bootstrapped standard errors.

Own-price and cross-price effects on the volume (ml) of

purchase of each beverage were calculated. The former is

defined as the change in quantity in demand that occurs in

response to a percentage change in price. This should be

negative. Cross-price effect of demand is the change in quan-

tity demanded for the first good that occurs in response to a

percentage change in the price of a second good. Goods

with positive cross-price effects are considered substitutes

and those with negative cross-price effects are considered

complements. Examples of substitutes are coffee and tea,

while coffee and milk can be complements. Stata version

11.0 (Stata Corp.) was used in all analyses(38).

Ideally, it would be useful to study the effects of taxation

based on added sugar content in beverages. However, this

would require knowing the ‘added sugar’ of all beverages pur-

chased or consumed, which does not exist even if one were to

use commercial databases linked with nutrition facts panel

data since only total sugar is reported. Therefore, we rely on

a simplistic approach of looking at price effects on certain

sets of beverages that are known to have high or low added

sugar content. For ease of interpretation, we derived simu-

lations on the changes in the amount of beverages bought

that is associated with a 10 and 20 % increase in the price of

each beverage. Our estimates are point estimates based on

current purchase levels and assume linearity.

Results

Beverage intake patterns and trends

In the most recent (2008–9) NDNS Rolling Programme, we

can observe the different beverage consumption patterns by

age groups. Fig. 1(a) shows that preschoolers (aged 2–6

years) had 68 % of their beverage energy coming from dairy

sources (reduced-fat milk, high-fat milk and sweetened

dairy). The proportion gets progressively lower with the

older age groups, and for adults (19–64 years), only 10 % of

energy from beverages are from dairy sources. Fig. 1(b)

shows that sugar-sweetened beverage (soda, fruit drinks and

sweetened coffee and tea) intake is the highest both in absol-

ute and relative terms (548 kJ or 41 % of energy from bev-

erages) among adolescents (13–18 years), and is also large

for adults (431 kJ) but much lower among children and pre-

schoolers. In addition, energy from alcohol contributes to

16 % of energy intake from beverages among adolescents,

and 43 % of energy from beverages among adults.

There have been limited surveys on dietary intake for all

age groups before the new 2008–9 survey. For the years of

data available for select age groups, we present the per

capita energy consumption from dairy and non-dairy bev-

erages. Additional details are available in Tables A1 and A2

of Appendix 3, which present the per capita consumption,

the proportion of individuals who consume a particular bever-

age (over a 4 d basis) and the average daily amount consumed

among consumers. These are in terms of energy contribution

and total volume consumed. We also present the sample sizes

for each of the surveys by age groups.

Young children aged 1·5–4·5 years. For the purposes of

comparison across the available data in 1992 and 2008–9,

we looked at 1·5–4·5-year-old children. We found that the

proportion of young children consuming high-fat milk, swee-

tened dairy, sodas/fruit drinks and sweetened tea fell signifi-

cantly, but the percentage who consumed fruit juices rose

significantly (from 39 to 58 %). However, from a per capita

energy consumption standpoint, only energy from soda/fruit

drinks, sweetened tea and other energy drinks fell signifi-

cantly. This means that even though fewer young children

are consuming any high-fat milk and sweetened dairy, those

who are consuming these beverages are getting more

energy from these sources, indicative of increasing disparities

in intake (see Table A1 of Appendix 3).

Children and adolescents aged 4–18 years. Milk (high fat

plus low fat) intake overall declined slightly from 1997 and

2008–9 for preschoolers, children and adolescents, due to

the decline of high-fat milk concurrent with a much smaller

increase in reduced-fat milk (see Fig. 2(a)). Sweetened dairy,

however, has emerged to almost equal reduced-fat milk in

per capita consumption levels across all these age groups.

In 2008–9, energy from beverages represented about 14 %

of energy intake for all British children aged 4–18 years

with the bulk of energy coming now from sugary beverages

such as soda, fruit drinks, juices and sweetened dairy (see

Table A1 of Appendix 3). The most commonly consumed

beverage for this age group continues to be sugar-sweetened

beverages, with sugar-sweetened beverage intake in the

2008–9 period being especially high among adolescents.

The proportions consuming any juices rose significantly

from 44 to 53 %, and sweetened dairy is now consumed by

nearly a third of children aged 4–18 years (Fig. 2(b)).

Adults aged 19 years and older. In 2008–9, energy intake

from beverages represented about 18 % of energy intake for all

British adults aged 19–64 years with the bulk of energy

coming now from alcohol and sugar-sweetened beverages

such as soda, fruit drinks, sweetened coffee, tea and juices.
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Since 1986, there have been three points to measure dietary

intake of beverages by adults. During this period, British

adults’ overall proportion of energy from beverages has chan-

ged very little, but there are some shifts in the sources of

energy from beverages. Fig. 3(a) describes changes in the con-

sumption of dairy beverages, which while continuing to con-

tribute to 10–11 % of energy from beverages, has significantly

shifted away from high-fat milk towards reduced-fat milk.

Energy from sweetened dairy has also declined, particularly

between 1986–7 and 2000–1.

For the average adult, SSB increased gradually from 113 kJ/d

in 1986–7 to 209 kJ/d in 2008–9, as did alcohol, which by

2008–9 accounted for nearly half of the energy from bev-

erages. Wine increased slightly but beer remains the single lar-

gest source of energy from beverages and represents about

two-thirds of energy from alcohol (see Table A2 of Appendix

3). Meanwhile, sweetened tea and coffee and other energy-

containing drinks declined markedly (Fig. 3(b)). Much of

these noted changes may be due to the fact that since

1986–7, the percentage of British adults consuming high-fat

milk, sweetened tea and coffee fell significantly, while the per-

centage who consumed reduced-fat milk, low-nutritive (diet)

sweetened drinks and juices rose. In addition, we note that

the increase in energy from juice was due to both increases

in the percentage of consumers and the amount consumed

per person. Adults, in particular, had a large increase in the

consumption of low-nutritive (diet) sweetened beverages

from 17 ml/d in 1986–7 to 102 ml/d in 2008-9 (see Table A2

of Appendix 3).

Water’s role in British beverage patterns. The volume of

total water intake per capita across all age groups has

increased over time. These differences are large and statisti-

cally significant (Fig. 4). From these cross-sectional years of

data, about 23–32 % of water intake comes from food sources,

and the remainder comes from beverages. Water as a beverage

increased across all age groups in the most recent survey,

which may be due to greater efforts to measure water con-

sumption in the more recent surveys. Still, it is important to

note that the surveys may not provide reliable data on tap

or unbottled water intake(23,24).

700

600

500

400

300

200

100

0

68 %
(a)

46 %

25 %

10 %

2–6 7–12 13–18 19–64

Age group (years)

2–6 7–12 13–18 19–64

Age group (years)

B
ev

er
ag

e 
co

n
su

m
p

ti
o

n
(k

J/
ca

p
it

a 
p

er
 d

)
B

ev
er

ag
e 

co
n

su
m

p
ti

o
n

(k
J/

ca
p

it
a 

p
er

 d
)

32 %

54 %

16 %

75 %
43 %

90 %
1800

1600

1400

1200

1000

800

600

400

200

0

(b)

Fig. 1. Daily per capita (a) dairy and (b) non-dairy energy beverage con-

sumption in the UK in 2008–9, by age groups. Results are weighted to be

nationally representative. Percentage reflects the contributing source of

energy from all beverages. , Sweetened dairy; , high-fat milk; ,

reduced-fat milk; , other energy; , alcohol; , juices; , soft drinks, juice

drinks and sweetened coffee/tea; , diet drinks and unsweetened coffee/tea.

Source: National Diet and Nutrition Survey Rolling Programme, 2008–9

(n 995), 4 d diet recall.
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Fig. 2. Daily per capita (a) dairy and (b) non-dairy beverage consumption in

the UK among children aged 4–18 years, 1997 v. 2008–9. Results are

weighted to be nationally representative where weights were available.

Percentage reflects the contributing source of energy from all beverages.

, Sweetened dairy; , high-fat milk; , reduced-fat milk; , other energy;

, alcohol; , juices; , soft drinks, juice drinks and sweetened coffee/tea;

, diet drinks and unsweetened coffee/tea. * Values were significantly

different between 1997 and 2008–9 (P,0·01). Sources: National Diet and

Nutrition Survey of Young People (4–18 years), 1997 (n 1798), 7 d recall

bootstrap sampled to a 4 d diet recall; National Diet and Nutrition Survey

Rolling Programme, 2008–9 (n 462), 4 d diet recall.
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Long-term trends in household per capita purchases

The household expenditure data collected from British

families demonstrate changes in purchases over the 1975–7

period. Fig. 5 highlights major shifts while Table A3 of Appen-

dix 3 provides detailed information. The major trends over

these three decades include a reduction in purchase of tea,

no change in coffee, a decline in overall purchases of milk

with a shift towards more reduced-fat milk, and a slight

decline in sweetened dairy (e.g. yogurt drinks, hot chocolate),

a large increase in SSB (soda and fruit drinks), low-nutritive

(diet) sweetened beverages and fruit juice.

These results are provided only in ml of weekly purchase

after adjusting for the number of people in each household.

These data represent purchases during a limited time period

and do not account for wastage. Our inability to separate

coffee and tea purchases into unsweetened and sweetened

categories does not allow any understanding of the health

effects of shifts in tea and coffee purchases. However, the

total increase in the purchases of beverages containing

sugar – SSB (soda and fruit drinks) and fruit juices – is clear.

Price effects

Water, chocolate drinks and vegetable juice purchases were

made by about 20, 10 and 1 % of the households, respectively,

and we do not report the effects of prices on these outcomes

(SW Ng and BP Popkin, unpublished results). We also exclude

alcohol, though over 50 % of households purchased this. For

all the other beverages, the proportion of households that pur-

chased the items ranged from 30 to 75 %.

Analyses of the two cross-sectional datasets from 2001 and

2007 provide the estimated own-price effects, defined as the

ml change in amount purchased per capita per week, related

to a 10 and 20 % increase in price (Table 2). These are the esti-

mates of the effect of changes in the price of SSB from a tax or

removal of a subsidy on SSB on beverage purchases. SSB are

fairly price responsive, with a 10 % increase in the price of SSB

being associated with a 50–53 ml/capita per week (or about

7·5 ml/capita per d) lower purchase. Increasing elasticities

for juice and reduced-fat milk over time suggest a shift

towards reduced-fat milk as the commodity of choice and

also greater availability of different varieties of milks (e.g.

soya, rice, almond) and juice such that households have

become more price sensitive to these beverages. Also, consu-

mers are consistently price responsive to increases in the

prices of tea, although less so over time.

Using the 2007 EFS data, we estimated the associations

between a 10 and 20 % increase in the price of some of

these beverages and the weekly purchase (in ml) of other bev-

erages (Table 3). The values along the diagonals are the own-

price effects, which are the same as reported in Table 2B for

the weekly purchase in ml for the average household

member on a per capita basis. The values in the off-diagonals

are the cross-price effects. We find that raising the price of SSB
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Fig. 3. Trends in daily per capita (a) dairy and (b) non-dairy energy beverage

consumption among adults (19–64 years) in the UK, 1986–7, 2000–1,

2008–9. Results are weighted to be nationally representative where weights

were available. Percentage reflects the contributing source of energy from

all beverages. , Sweetened dairy; , high-fat milk; , reduced-fat milk;

, other energy; , alcohol; , juices; , sweetened coffee/tea; , soda/

juice drinks; , diet drinks and unsweetened coffee/tea. * Values were signifi-

cantly different between 1986–7 and 2008–9 (P,0·01); † Values were

significantly different between 2000–1 and 2008–9 (P,0·01). Sources:

Dietary and Nutritional Survey of British Adults, 1986–7 (n 2030), 7 d diet

recall bootstrap sampled to use only a 4 d diet recall; National Diet and Nutri-

tion Survey, 2000–1 (n 1724), 7 d diet recall bootstrap sampled to use only

a 4 d diet recall; National Diet and Nutrition Survey Rolling Programme,

2008–9 (n 434), 4 d diet recall.
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had no significant effect on the consumption of other

beverages, and the demand for low-nutritive (diet) sweetened

beverages is separate from that for SSB (i.e. they are not sub-

stitutes). In contrast, there is strong substitutions among the

high- and reduced-fat milks, as we find that a 10 % increase

in the price of high-fat milk is associated with an increase in

the purchase of reduced-fat milk by 48 ml/capita per week

(7 ml/capita per d) and a decrease in high-fat milk purchases

by 35 ml/capita per week (5 ml/capita per d).

Discussion

In 2008–9, beverages accounted for 21, 14 and 18 % of energy

per d for children aged 1·5–18 and 4–18 years, and adults

(19–64 years), respectively. Since the 1990s, the most import-

ant shifts have been a reduction of consumption of high-fat

milk, particularly among preschoolers, children and adoles-

cents with a shift towards sodas, fruit drinks, juices and swee-

tened dairy. Among adults, consumption of dairy, sweetened

tea and coffee and other energy-containing drinks fell, but

alcohol (particularly beer) and juice rose. Furthermore, the

total volume of water consumed increased.

Data are limited but patterns of beverage consumption in

British adolescents appear to mirror those of adolescents

across other European countries(39). In comparison with the

USA, Mexico and other countries with published beverage

consumption data, the British beverage consumption pattern

has not changed as markedly(27,40). While energy from bev-

erages has not shifted markedly overall during the past

decade in Britain, energy intake from beverages, especially

SSB, remains a significant contributor to total energy intake.

Given that the population-level energy imbalance in the UK

over the last 10 years, estimated very recently by a Department

of Health Expert Group, has just been 67 or 100 kJ/d for the

90th percentile of weight gain(41), encouraging the replace-

ment of SSB and high-fat milk with less energy-dense bev-

erages is one potential public health target.

To understand the implications of taxation as an option for

shifting beverage consumption patterns, the present study

explored taxation of SSB and high-fat milk, among other

products. The findings for a 10 % price increase were quite com-

parable with the effect found in the USA and Mexico(40,42–44).

Increasing the price of SSB by just 10 % is associated with a

reduction of 7·5 ml/capita per d based on 2007 data. Interest-

ingly, there is a clear substitution between high-fat and

reduced-fat milk whereby a 10 % price increase of high-fat

milk is associated with a decline in purchase by 5 ml/capita

per d and an increase in the purchase of reduced-fat milk by

7 ml/capita per d. We consider the potential implications on

beverage purchases of these price changes. In 2007, the British

population was about 60 769 000. Data from the British soft

drink industry(45) indicate total annual soft drink (including

bottled water, sports and energy drinks, fruit juices, smoothies,

and SSB) volume sales of 14 060 million litres, or 231 litres/

capita, of which only 65 % (or 151 litres/capita per year)

apply to our categorisation of SSB. Our estimate of 7·5 ml/

capita per d reduction in SSB purchase is equivalent to 2·8

litres/capita per year, or about 1·9 % of the total British SSB

(based on our definition) volume. Given that change in SSB

volume sales over the last 5 years has ranged from 21·1 to

þ3·3 % per year(45), this is not an insignificant finding. Mean-

while, a 10 % increase in the price of high-fat milk is associated

with a decrease of about 6 % of the total British high-fat milk

sales, and an increase of nearly 4 % of the total British

reduced-fat milk sales (based on applying the estimates from

the ESF 2007 data). We do not extend the present findings to

estimate potential changes in beverage intake or health out-

comes since there are differences between what is purchased

and consumed (e.g. people might be consuming fruit juices

that are freshly squeezed rather than packaged from the store;

people may be buying milk and adding it to their coffee or

tea, or using it for cooking/baking). However, this analysis

suggests the potential for taxation or other methods of shifting

relative costs of these beverages as a way to change beverage

choices in Great Britain, which may support public health goals.

Of course, the present paper focuses only on beverages, so

there are other important foods that might be affected by bev-

erage prices that we cannot address here. In addition, we do

not address the role of price changes in alcohol(46), a beverage

whose role in obesity and cardiometabolic health is quite

complex(47,48). Ideally, we would have liked to study how

taxation based on added sugar content or fat content would

affect beverage purchase and/or intake. However, that

would require detailed measurements of each beverage pur-

chased/consumed along with the added sugar content of

each beverage product, which currently are not even reported

on nutrition facts panels and do not exist in any country.

Therefore, we have simply looked at SSB as a beverage cat-

egory that is known to have significant added sugar content,

and milks by fat content.

In considering taxation based on added sugar, it is not clear

what proportion of this tax might be absorbed by producers.

However, it is likely as it was with alcohol and tobacco taxa-

tion that all (or a large proportion of) taxes are passed on

through higher prices and reduced purchases as we

show(49–51). Interestingly, in the agricultural area, recent sub-

sidies on food are often not passed on either to producers or
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Fig. 5. UK beverage group trends (ml purchased per person per week),

1975–2007. , Tea; , reduced-fat milk; , sweetened diary; , sugar

sweetened beverages; , coffee; , high-fat milk; , diet drinks; , fruit

juices. SSB, sugar-sweetened beverages. Source: UK household expendi-

tures and consumption from the 1975–2000 Family Expenditure Survey and

the 2001–7 Expenditure and Food Survey.
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Table 2. Effects of a 10 and 20 % price increase on the volume (ml) of weekly purchases of beverages per capita†

10 % price increase 20 % price increase

With income
support

Without income
support

Average
UK household

With income
support

Without income
support

Average
UK household

A. 2001 (7411 households)
Coffee 254* 242* 243* 2107* 286* 289*
Tea 2241* 261* 284* 2458* 2121* 2162*
Reduced-fat milk 253* 243* 245* 2106* 284* 288*
High-fat milk 280* 241* 246* 2151* 279* 289*
Low-nutritive ‘diet’-sweetened beverages 246 226 228 286 250 253
Sugar-sweetened beverages 272* 247* 250* 2137* 292* 298*
Fruit juice 224 213 214 246 225 228
2001 households (%) 12 88 100 12 88 100

B. 2007 (6071 households)‡
Coffee 233 230 230 265 259 260
Tea 261* 248* 249* 2121* 294* 295*
Reduced-fat milk 268* 272* 272* 2132* 2140* 2140*
High-fat milk 241* 235* 235* 278* 268* 269*
Low-nutritive ‘diet’-sweetened beverages 222 223 222 242 244 244
Sugar-sweetened beverages 262* 253* 253* 2121* 2103* 2104*
Fruit juice 212 219* 219* 223* 237* 236*
2007 households (%) 6 94 100 6 94 100

Source: The UK Data Archive National Food Surveys 2001 and 2007.
Note: Results are weighted to be nationally representative and are in terms of ml/capita per week.
* Values were significantly different at the 5 % level (P,0·05).
† These point elasticities are based on a two-part model that first estimates the effects of prices while controlling for key sociodemographic measures. These include: family income, whether a person in the household has full-time

employment, the highest education of members of the household, the total household size, the number of adult males and females and children in the household, the price per 100 g of each beverage. Prices of other beverages
are included in each model. The sample is stratified by whether the household had income support or not.

‡ In 2007, the sample of households with income support was very small (,6 %).
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consumers but rather absorbed by agribusiness middle-

men(52,53). Another consideration that we have not studied

here is the potential of using revenue from taxation of less

healthy foods and beverages to support direct point-of-

purchase subsidies on healthier foods such as fruits and veg-

etables, which has been shown to influence consumption in

an intervention study(54). The debate around taxing certain

foods or beverages can be contentious, particularly in

countries such as the USA(55), making price simulation exer-

cises, like what we have done here, critical in providing the

scientific basis for any arguments on either side of the issue.

This is not to say that there are no limitations to the present

study. One limitation is the basic issue of under-measurement

and limitations in the collection of accurate 24 h recall data, in

particular less desirable foods high in fat or sugar(56). Comparison

of self-reported intakes in the NDNS with measured energy

expenditure provides clear evidence of under-reporting of

energy intake, highlighted in past studies suggesting that

there is a secular trend towards greater under-reporting(57,58).

A similar analysis has not been performed on the present

NDNS data, as they represent only the first year in a rolling

programme. Further measures of energy expenditure using

doubly labelled water have been conducted in year 3, but

have yet been reported. However, preliminary suggestions

are that under-reporting is of similar magnitude in the recent

survey to that reported in an earlier study(58). This would

mean that our measurement of trends for SSB intake and

other sugary or high-energy beverages might actually be

understated(58–62).

In addition, there are gaps in the measurement of selected

beverages – an issue that also exists in US diet and expendi-

ture data. We compared the patterns with British Soft Drinks

Association data. Sports and energy drinks do not appear to

be captured in these surveys. In a related report by the British

Soft Drinks Association, a marked increase in the consumption

of energy drinks is shown, to about 8·3 litres/person per

year(45). We also could not find any category for flavoured

waters, many of which are sweetened. Moreover, the NSF

and ESF are based on 1- and 2-week food and beverage

expenditure diaries, which do not fully capture the consump-

tion patterns of households over the course of the year and

are simply snapshots. As such, consumption of some of

these beverages may seem lower that is estimated from propri-

ety data (e.g. The Nielson Company, Symphony IRI Group)

that track household purchases over longer periods of time

and across seasons. The same is true, of course, for the dietary

intake measures. There would be great potential for UK scho-

lars to utilise the TNS Kantar sales and purchase data or the

Nielsen data for the UK to study tax issues as has been done

in the USA(45). As with the publicly available dietary intake

data, these data provide benefits in sample size and precise

prices but lack representativeness, and suffer from other

data collection issues(63–65).

In summary, this is a comprehensive study of trends in over-

all beverage intake patterns in Britain. We utilise sophisticated

methods to ensure comparability of trends between all sur-

veys. A marked decline in the intake of dairy beverages with

a shift towards sweetened milk is one major finding.

A second is the increase in the consumption of all sugar-

sweetened beverages across all age groups along with high

alcohol intake among British adults. Modelling suggests that

higher prices for high-fat milk and SSB are associated with a

reduction in their purchase while increasing purchases of

healthier beverages (e.g. reduced-fat milk).
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Appendix 1. Beverage group categories for the UK Data Archive National Food Survey – food expenditure data

Name Food description Unit

Water Mineral water fl oz
Coffee (unsweetened or sweetened) Coffee, bean and grounded

Coffee, instant
Coffee, essences

oz
oz
fl oz

Tea (unsweetened or sweetened) Tea* oz
Milk, low-fat and skimmed (low/reduced-fat) Skimmed milk

Fully skimmed milk
Semi- and others skimmed milk
Other milk, including skimmed

Im pt

Milk, high-fat and infant (whole/high-fat) Milk, liquid
‘UHT’ liquid milk
Sterilised milk, full price
Other liquid milk
Milk, condensed
Milk, dried, national
Infant milks
Milk, instant
Other milk, not skimmed
Other milks
Cream

Im pt

Chocolate, Horlicks, Ovaltine (sweetened dairy) Cocoa, drinking chocolate and instant chocolate
Branded food drinks

oz
oz

Low-nutritive/energy (diet sweetened) Soft drinks, low energy
Soft drinks, low energy, concentrated
Soft drinks, low energy, unconcentrated

fl oz

Soda and fruit drinks with added sugar (sugar sweetened) Soft drinks, concentrated
Soft drinks, unconcentrated

fl oz

Fruit juice Fruit juices† fl oz
Vegetable juice Vegetable juices fl oz
Alcohol Low-alcohol beers, lagers and ciders

Beers
Lager and continental beers
Ciders and perry
Wine
Wine (not full strength) spirits with additions
Fortified wines
Spirits
Liqueurs
Alco-Pops

cl
cl
cl
cl
cl
cl
cl
cl
cl
ml

fl oz, Fluid ounce; Im pt, imperial pint; UHT, ultra-high temperature.
* The lone ‘tea’ code in the British National Food Survey (NFS) data did not include instant tea or herbal tea, which was part of a ‘miscella-

neous’ code.
† The ‘fruit juices’ code in the NFS data did not include juice concentrate, which was part of the ‘dried fruit’ code.
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Appendix 3. Descriptive statistics on beverage
consumption in Britain

Appendix 2. Mean ‘diluent:powder’ ratios from the 2000 UK Data Archive Food Intake and Expenditure Data*

NFS data
Diluent:powder ratio

Powder/concentrate Diluent† Powder/concentrate Median Mean SD Minimum Maximum

Instant coffee‡ Water and/or
milk

Instant coffee, Instant cappuccino, whitener,
no sugar Instant cappuccino, whitener, sugar,

Instant coffee, decaffeinated

169 173 78 3 620

Tea§ Water Instant tea, freeze-dried, lemon Instant tea,
milk powder added

45 71 73 10 383

Diet soft drinksk Water Fruit drink, etc., containing blackcurrant, Barley
water, diet, no blackcurrant, High juice drink, low
sugar, Ribena light, low sugar, Ribena, no
added sugar

Fruit drink, etc., no blackcurrant
Barley water, diet, containing blackcurrant

5 6 5 0·3 42

Regular soft drinksk Water Lime juice cordial, Fruit drink, squash, no blackcurrant
Super-concentrated crush
Ribena original, Cordial
High juice drink, no blackcurrant
High juice drink, containing blackcurrant, Fruit

drink, squash, containing blackcurrant, Barley
water

High juice, red. sugar, no blackcurrant,
Fruit drink, containing blackcurrant

5 6 7 0·3 155

Dairy and chocolate
drinks

Water and/or
milk

Cocoa powder, Milk shake powder, Drinking
chocolate, instant, Cadbury highlights,
chocolate instant, Instant malted drinks

17 23 22 2 266

Branded drinks Water and/or
milk

Horlicks malted food drink
Ovaltine not Ovaltine instant
Horlicks powder instant
Ovaltine instant low fat
Horlicks low fat instant, chocolate
Horlicks chocolate malted food
drink Bournvita not instant

12 18 27 3 287

red. sugar, Red-coloured sugar used in some beverages.
* This table shows basic descriptive statistics for diluent:powder ratios, which were calculated for various powders and concentrates using the 2000 UK Food Intake & Expendi-

ture data. The median ratio was used to reconstitute the corresponding powder or concentrate in the National Food Survey (NFS) and the Expenditure and Food Survey
where the dry weight of the powder or concentrate was reported.

† Milk as a diluent codes include: 602, 603, 604, 608, 610, 613, 616, 622, 694, 8543, 8544, 9132.
‡ The ratios for both coffee beans and coffee essences could not be calculated, since their weights were reported in reconstituted form in the Food & Expenditure data. We

used our own calculations: coffee beans ¼ 42 and coffee essences ¼ 4.
§ The NFS code for tea only included tea bags. Since tea bags were reported in reconstituted form in the Food & Expenditure data, we calculated the ratios for instant

tea ¼ 45 and instant herbal tea ¼ 16. After consideration, we decided that the instant tea ratio was more comparable with tea bags.
kWe changed the ratio for soft drinks from 4 to 5 to match the 2008 ‘Family Food’ report, Table 1·1, footnote c.
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Table A1. Daily per capita and per consumer beverage consumption (kJ/d and ml/d) among children in Britain*

Ages 1·5–4·5 years† Ages 4–18 years‡

1992 2008–9 1997 2008–9

Per
capita

Consumed
(%)

Per
consumer§

Per
capita

Consumed
(%)

Per
consumer§

Per
capita

Consumed
(%)

Per
consumer§

Per
capita

Consumed
(%)

Per
consumer§

Energy contribution (kJ/d)
High-fat milk 510 82 623 565 69† 828 192 44 439 138‡ 30‡ 464
Reduced-fat milk 100 33 301 138 42 331 155 52 301 159 58 276
Sweetened dairy 130 90 146 88 21† 406 63 21 297 105‡ 30‡ 356
Alcohol 0 1 21 0 0 0 42 8 544 92 8 1100

Spirits/liqueurs 0 0 0 0 0 0 4 2 247 25 3 808
Wine 0 1 21 0 0 0 4 2 192 4 3 163
Beer/cider/alcopops 0 0 21 0 0 0 33 6 611 63 6 1038

Sodas/fruit drinks 280 86 326 88† 52† 172 285 81 351 318 79 402
Low-nutritive ‘diet’-sweetened drinks 13 49 25 13 61 17 21 72 33 13‡ 59‡ 21
Juices 67 39 176 109 58† 188 92 44 213 130‡ 53 247
Unsweetened coffee/tea 4 18 29 4 17 21 8 17 54 4 15‡ 38
Sweetened coffee 8 6 163 0 0 172 25 11 218 13 7 172
Sweetened tea 79 30 264 21† 16† 121 67 31 218 38 24 159
Other energy 88 33 268 38† 21 172 92 38 247 79 39 209
Total energy from beverages 285 249 228 250
Total energy from all sources 1137 1173 1725 1759
Total energy from beverages (%) 25 21† 13 14

Volume consumed (ml/d)
Water intake

Water in food 235 357† 400 457
Water in beverages 771 804† 854 1037
Water total from all sources 1007 1161 1254 1494

Beverage pattern
No energy

Water as a beverage 180 77 235 173 74 234 97 51 189 307‡ 80‡ 383
Unsweetened coffee and tea 9 18 51 12 17 71 33 17 198 26 15 169

High energy
High-fat milk 180 82 220 208 69 303 69 44 158 51 30‡ 171
Reduced-fat milk 52 33 157 79 42 186 81 52 158 87 58 149
Sweetened dairy 42 90 47 30† 21† 140 20 21 92 31 30‡ 104
Alcohol 0 1 8 0 0 0 28 8 358 44 8 522
Soda/fruit drinks 181 86 211 79 52† 153 212 81 264 230 79 290

Low energy
Low-nutritive ‘diet’-sweetened drinks 81 49 165 185† 61 304 220 72 307 170‡ 59‡ 289
Juices 48 39 122 69 58† 118 63 44 145 81 53‡ 154
Other energy 62 33 186 26 21 124 86 38 227 73 39 187

Total ml of beverages 100 835 100 860† 100 909 100 1099
Number of observations 1689 141 1798 462
Days of intakek 7 adjusted to 4 4 7 adjusted to 4 4

* Results are weighted to be nationally representative where weights were available (weights applied to 1997 and 2008–9 data).
† 2008–9 is statistically different (P,0·01) from 1992.
‡ 2008–9 is statistically different (P,0·01) from 1997.
§ Unable to determine statistical difference between years for per consumer consumption since the sample population that consumes the beverage varies from beverage to beverage.
kThe 1992 and 1997 surveys have 7 d recalls, but adjusted by bootstrap sampling to allow comparisons with 2008–9 on a 4 d basis.
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Table A2. Daily per capita and per consumer beverage consumption (kJ/d and ml/d) among adults (19–64 years) in Britain*

1986–7 2000–1† 2008–9‡§

Per

capita

Consumed

(%)

Per

consumerk

Per

capita

Consumed

(%)

Per

consumerk

Per

capita

Consumed

(%)

Per

consumerk

Energy contribution (kJ/d)

High-fat milk 155 49 314 54† 15† 351 42‡ 13‡ 331

Reduced-fat milk 42 24 172 117† 50† 234 100‡ 54‡ 184

Sweetened dairy 63 16 368 29† 12 255 38 12 310

Alcohol 565 62 916 619 65 925 770‡ 64 1205

Spirits/liqueur 54 19 272 59 17 314 100 17 573

Wine 121 32 385 163 35 456 205 36 565

Beer/cider/alcopops 389 40 975 397 42 916 469 40 1159

Sodas/fruit drinks 113 49 226 155† 46 335 209‡ 54§ 381

Low-nutritive ‘diet’-sweetened drinks 0 12 8 8 36† 25 8 35‡ 17

Juices 54 34 163 79 40 192 84‡ 41 205

Unsweetened coffee/tea 109 69 159 71† 59† 121 75‡ 68§ 109

Sweetened coffee 276 63 435 209† 64 326 105‡§ 37‡§ 289

Sweetened tea 339 60 569 163† 39† 414 117‡ 40‡ 293

Other energy 619 84 741 372† 81 464 251‡§ 65‡§ 385

Total energy from beverages 411 359 376

Total energy from all sources 2064 1978 1950

Total energy from beverages (%) 19 18 18

Volume consumed (ml/d)

Water intake

Water in food 544 571 610‡

Water in beverages 1555 1715† 1884‡

Water total from all sources 2099 2286† 2494‡

Beverage pattern

No energy

Water as a beverage 75 44 169 268† 66† 408 432‡§ 78‡§ 556

Unsweetened coffee and tea 440 69 635 326† 59 555 451§ 68 664

High energy

High-fat milk 56 49 116 20† 15† 131 16‡ 13‡ 124

Reduced-fat milk 23 24 98 65† 50† 131 55‡ 54‡ 103

Sweetened dairy 24 16 145 11† 12 93 13‡ 12 102

Alcohol 316 62 511 336 66 511 405 64 635

Soda/fruit drinks 76 49 154 108† 46 236 139‡ 54 256

Low energy

Low-nutritive ‘diet’-sweetened drinks 17 12 144 99† 36† 272 102‡ 35‡ 290

Juices 37 34 108 59† 40 147 55 41 133

Other energy 572 84 683 509 80 633 301‡§ 65‡§ 460

Total ml of beverages 1637 100 1637 1801† 100 1801 1970‡ 100 1970

Number of observations 2030 1724 434

Days of intake{ 7 adjusted to 4 7 adjusted to 4 4

* Results are weighted to be nationally representative where weights were available (weights applied to adults 2000–1 and 2008–9).
† 2000–1 is statistically different (P,0·01) from 1986–7.
‡ 2008–9 is statistically different (P,0·01) from 1986–7.
§ 2008–9 is statistically different (P,0·01) from 2000–1.
kUnable to determine statistical difference between years for per consumer consumption since the sample population that consumes the beverage varies from beverage to

beverage.
{The 1986–7 and 2000–1 surveys have 7 d recalls, but adjusted by bootstrap sampling to allow comparisons with 2008–9 on a 4 d basis.

S. W. Ng et al.550

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114511006465  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114511006465


Table A3. Great Britain beverage group trends: volume purchased per household per week (ml)*

Beverage purchases by British households per week (ml)

Beverage category 1975 1980 1985 1990 1995 2000 2001 2007

High-fat milk 3056 2711 2190 1469 982 847†‡ 764 579§k{
Reduced-fat milk 8 23 258 763 1207 1278†‡ 1191 1301§k{
Sweetened dairy 294 279 271 316 246 275 149 134k{
Alcohol NA NA NA NA 700 817 770 833
Sugar sweetened (soda/fruit drinks) 512 607 771 940 1082 1189† 1195 1142k
Low-nutritive ‘diet’-sweetened drinks 5 12 40 134 468 483†‡ 464 472k{
Juices 47 105 177 231 284 342†‡ 342 347k{

100 % fruit juice 46 104 175 229 282 340† 337 340k{
Vegetable juice 1 1 2 2 2 2 5 7k{

Coffee 3029 3260 3247 3003 2669 2522 2758 2920
Tea 3417 3302 2782 2415 2253 1993†‡ 1811 1644k{
Water, bottled NA NA 21 93 174 246‡ 215 267{
Sample size (no. of households) 7405 7914 7102 7174 8011 6590 7450 6102

NA, not available.
Source: British household expenditures and consumption from the 1975–2000 Family Expenditure Survey and the 2001–7 Expenditure and

Food Survey.
* All results are weighted to be nationally representative.
† 2000 is statistically different (P,0·01) from 1975.
‡ 2000 is statistically different (P,0·01) from 1990.
§ 2007 is statistically different (P,0·01) from 2001.
k2007 is statistically different (P,0·01) from 1975.
{2007 is statistically different (P,0·01) from 1990.
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