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Abstract

Objectives: To describe four different methods of identifying indicator foods that
are high, medium or low in fat with reference to dietary patterns and to use these
indicator foods to test three sets of definitions of ‘high’, ‘medium’ and ‘low’ in fat
from ‘banding schemes’ developed by the Coronary Prevention Group (CPG), the
Food Standards Agency (FSA) and Sainsbury’s.
Methods: Indicator foods were developed using food intake data from the UK
National Diet and Nutrition Survey and two parameters: (i) probability of the food
being consumed by an individual with a high-fat diet (Method 1); and (ii) the
contribution of the food to the fat intake of the average diet of consumers (Methods
3 and 4). Method 2 used both parameters. The three banding schemes were tested
by assessing their levels of agreement with methods in categorising indicators.
Results: Sensitivity in identifying high, medium and low fat indicators was highest
with the CPG banding scheme (high and medium fat indicators) and Sainsbury’s
scheme (low fat indicators) (Methods 2, 3 and 4). The levels of agreement (kappa
coefficient) were 0?68 for the CPG scheme; 0?51 for the Sainsbury’s scheme; and
0?41 for the FSA scheme (Method 3).
Conclusions: It is possible to use indicator foods related to dietary patterns of a
specific population to generate more rational definitions of ‘high’, ‘medium’ and
‘low’ in fat. This could be the starting point for the development of indicator foods
for testing more complex nutrient profile models (i.e. those that consider more
than one nutrient).
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There is a growing interest in definitions for verbal

descriptors and/or colour coding to indicate whether foods

and drinks (in the present paper shortened to ‘foods’) are

‘high’ or ‘low’ in specific nutrients. This interest is growing

because verbal descriptors and colour coding are poten-

tially useful for improving the comprehensibility of food

labelling aimed at informing consumers about the nutrient

composition of foods. Some verbal descriptors such as

‘low in fat’ and ‘high in fibre’ have long been used as a

means of marketing foods, in which case they are called

‘nutrition claims’. On the other hand, verbal descriptors

such as ‘high in fat’ and ‘low in fibre’ have been used less

frequently on food labels.

At a national level, the UK Food Standards Agency

(FSA) recently convened an expert group to agree upon

definitions for ‘high’, ‘medium’ and ‘low’ in fat, saturated

fat, total sugars and salt, which can be used in the context

of front-of-pack ‘signposting’ of these nutrients(1). The FSA

recommends that this signposting should involve colour

coding (traffic light labelling): red to indicate ‘high’, amber

to indicate ‘medium’ and green to indicate ‘low’.

At a European level, a new Regulation on the use of

nutrition and health claims has recently been adopted(2).

The Regulation contains definitions for some verbal

descriptors of the nutrient content of foods such as ‘low

in fat’, ‘low in saturated fat’, etc. (i.e. nutrition claims) and

will mean that the European Food Safety Authority will

need to advise on definitions for ‘high in fat’, ‘high in

saturated fat’, etc. The European Commission is also in

the process of reviewing the European Union (EU)

directive on nutrition labelling(3). In the future, EU legis-

lation might conceivably allow, or even prescribe, the use

of nutrition labelling which involves the use of verbal

descriptors and/or colour coding.

Meanwhile, some retailers in the UK have used, use or

propose to use verbal descriptors and/or colour coding to

label foods. One of the first to use verbal descriptors was

the Co-op Wholesale Society, who in 1992 started to use

them in conjunction with back-of-pack nutrition labelling

using definitions developed by the Coronary Preven-

tion Group (CPG)(4). Recently, other retailers including

Sainsbury’s, Waitrose and Asda have started to use colour-

coded front-of-pack nutrition signposting(5). Some of these

retailers have adopted the FSA’s proposed definitions for

‘high’, ‘medium’ and ‘low’ in fat, saturated fat, etc. but

others have used their own definitions e.g. Sainsbury’s
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(however it should be noted that Sainsbury’s has recently

agreed to use the FSA’s definitions; J Sainsbury plc,

personal communication, 2006).

There are then a number of different sets of definitions

for verbal descriptors such as ‘high’, ‘medium’ and ‘low’

in fat, fibre, etc. Table 1 shows three sets of definitions of

‘high’ and ‘low’ in fat developed by the CPG, the FSA and

those initially used by Sainsbury’s. In the present paper,

we have called such sets of definitions ‘banding schemes’.

These banding schemes are known to have some

weaknesses. In general, they have not been developed

using consistent or systematic methods. The CPG’s defi-

nition for ‘low in fat’ is set at 50 % below the UK’s

population dietary goal for fat while that for ‘high in fat’ is

set at 50 % above the population dietary goal(4). The FSA’s

definition for ‘low in fat’ is that of the EU Regulation on

nutrition and health claims which in turn is partly derived

from that of the Codex Alimentarius(6). Its definition for

‘high in fat’ is based on previous advice on what counts as

‘a lot’ of fat in a food(7). Sainsbury’s definitions are based

on a variety of considerations including ‘the importance

of highlighting the healthier choice in the category’

(J Sainsbury plc, personal communication, 2006).

A banding scheme categorising foods on the basis of

just one nutrient is the simplest type of nutrient profiling

model. Nutrient profiling can be defined as ‘the science of

categorising foods according to their nutritional compo-

sition’(8) and is a tool that can be used to generate logical

definitions for verbal descriptors of foods such as ‘low

in fat’, ‘low in fat, sugar and salt’, ‘healthier’, etc. For any

one descriptor, many different definitions are possible.

We and others have suggested that all such definitions

should be generated and tested with reference to ‘dietary

patterns’ and, in particular, by using foods that are indica-

tors of different types of diet(4,9). This is because descriptors

such as ‘low in fat’ as applied to a food are meaningful only

in the context of the consumer seeking to adopt a low-fat

diet in order to improve their health. Ideally, then, only the

foods that help consumers adopt a healthy, low-fat diet

should carry the descriptor ‘low in fat’.

Banding schemes are generally tested – entirely sub-

jectively – on the basis of how well they perform in clas-

sifying an arbitrary list of foods(10). However, we propose

that the way banding schemes categorise foods should

ideally be compared with the way that foods contribute to

health outcomes associated with different types of diet. This

would involve the use of data from follow-up studies that

relate health outcomes to the consumption of particular

foods. In the absence of such studies, we propose that the

way banding schemes categorise foods should at least

be compared with the way that foods contribute to the

maintenance of different types of diet.

In the present paper, we describe four different meth-

ods of generating ‘indicator foods’ that are high, medium

or low in fat on the basis of their role in the maintenance

of high- and low-fat diets. We then use these indicator

foods to test three banding schemes that provide three

different sets of definitions of ‘high’, ‘medium’ and ‘low’ in

fat: the CPG’s, the FSA’s and Sainsbury’s schemes.

There are many different methods of generating high,

medium or low fat indicators, not least because the

descriptors ‘high’, ‘medium’ and ‘low’ when applied to

the fat content of a food can have many different mean-

ings. For example, ‘low’ can mean low per se (as in the

common nutrition claim ‘naturally low in fat’) or ‘low’

relative to products of a similar type (as in ‘low-fat

Table 1 Definitions for ‘low in fat’ and ‘high in fat’ when applied to a food

Definition

Banding scheme ‘Low in fat’ ‘High in fat’

CPG(4) For all foods and drinks: For all foods and drinks:
#16?5 kcal from fat/100 kcal of food $49?5 kcal from fat/100 kcal of food

FSA(1) For solid food: For solid food:
#3 g of fat/100 g of solid food $20 g of fat/100 g of solid food and

$21 g of fat/serving, if serving size $250 g
For liquid foods-: For liquid foods-:

#1.5 g of fat/100 ml of liquid $10 g of fat/100 ml of liquid food and
$21 g of fat/serving, if serving size $250 g

Sainsbury’s* For complete meals-

-

: For complete meals-

-

:
,11?9 g of fat/100 g of food and .23?1 g of fat/100 g of food and/or
,11?9 g of fat/serving .23?1 g of fat/serving

For meal components: For meal components
,7 g of fat/100 g of food and . 17.5 g of fat/100 g of food and /or
,7 g of fat/serving . 17.5 g of fat/serving

For other foods: For other foods:
,3?5 g of fat/100 g of food and .7 g of fat/100 g of food and /or
,3?5 g of fat/serving .7 g of fat/serving

CPG, Coronary Prevention Group; FSA, Food Standards Agency.
*J Sainsbury plc, personal communication (2006).
-Liquid foods are defined as drinks and not other products such as yoghurts that are sold by volume.
-

-

Complete meals includes complete ready meals, sandwiches/rolls/baps/wraps, pizzas, etc.; meal components includes ready meal centres, meat products,
bread, cakes, etc.; other foods includes ingredients, snacks, drinks and fats and oils. For more details contact either Sainsbury’s or the corresponding author.
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spread’). In devising our methods of generating indicators

we had two hypotheses in mind: (i) that low-fat foods are

more likely to be consumed by those with a low-fat diet

than a high-fat diet (and vice versa); and (ii) high-fat

foods are more likely than low-fat foods to contribute to

high-fat diets (and vice versa).

Methods

Developing indicators of foods that are high,

medium or low in fat

In order to develop high, medium and low fat indicators,

we used food intake data from the National Diet and

Nutrition Survey (NDNS)(11) and food composition data

from the nutrient databank that was used for analysing the

results of the NDNS. The NDNS assessed the diets of 1724

adults aged 19–64 years living in Great Britain between July

2000 and June 2001. Each subject was asked to complete a

7 d diary recording the weighed intake of all foods con-

sumed both in and out of the home. All foods that were

consumed by the NDNS subjects were allocated to one of

7749 different food codes in the nutrient databank. There

were 4612 foods consumed by at least one subject in the

survey. Of these, 377 foods were excluded for the analyses

reported in the present paper. The excluded items were tea,

coffee and water, alcoholic drinks, dietary supplements and

artificial sweeteners. We used four different methods for

developing high, medium or low fat indicators.

Method 1 (frequency only)

Method 1 defines a high fat indicator as a food that is

significantly more likely to be consumed by an individual

with a high-fat diet than by an individual with a low-fat

diet. Similarly, a low fat indicator is defined as a food that

is significantly more likely to be consumed by an indivi-

dual with a low-fat diet than an individual with a high-fat

diet (Fig. 1).

In order to identify those with a high- or low-fat diet,

the NDNS participants (n 1724) were divided into four

quartiles based on their fat intake (in g) per 100 kcal

(418 kJ) of total energy in the diet. Those in the first

quartile were considered to have a low-fat diet and those

in the fourth quartile a high-fat diet.

The probability that a food is more or less likely to be

consumed by an individual with a high-fat diet than

by an individual with a low-fat diet could potentially be

calculated in many different ways. In this instance, this

probability was considered to be the difference between

the proportion of individuals consuming a food in the

high-fat diet group and the proportion of individuals

consuming the food in the low-fat diet group. If the dif-

ference in the two proportions was significantly positive

(i.e. the standard normal deviate (SND) $1?96), the food

was identified as a high fat indicator. If the difference was

significantly negative (i.e. the SND #21?96), the food

was identified as a low fat indicator. Foods for which

there was no statistically significant difference were not

considered to be medium fat indicators principally

because people with medium fat diets had been excluded

from the analysis.

Method 2 (frequency and contribution)

Method 2 defines a high fat indicator as a food that con-

tributes a ‘substantial’ amount of fat to the fat intake of those

who consume that particular food, in addition to being

significantly more likely to be consumed by an individual

with a high-fat diet than that by an individual with a low-fat

diet (assessed as in Method 1). Similarly, a low fat indicator

is defined as a food that does not contribute a substantial

7.55.02.50.0–2.5–5.0

Consumption of each food by high-fat diet group compared
with low-fat diet group (given in SND units)

3.0

2.0

1.0

0.0

–1.0

–2.0

–3.0

%
 c

on
tr

ib
ut

io
n 

of
 e

ne
rg

y 
fr

om
 fa

t i
n 

ea
ch

 fo
od

 
to

 th
e 

av
er

ag
e 

di
et

 o
f t

ho
se

 w
ho

 c
on

su
m

ed
 it

High fat indicatorsLow fat indicators

Fig. 1 The identification of indicators by Method 1. SND 5 standard normal deviate calculated using (% consumption by high-fat
diet group minus % consumption by low-fat diet group)/standard deviation for the two % consumptions
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amount of fat to the fat intake of those who consume that

particular food, in addition to being significantly more likely

to be consumed by an individual with a low-fat diet than by

an individual with a high-fat diet (Fig. 2).

The amount of fat a food contributes to the fat intake of

those who consume it could potentially be calculated in

many different ways. In the present paper this contribu-

tion was considered to be the capacity (E) of the food to

change the percentage energy from fat in the diet of those

that consume it. E was calculated as follows:

E ¼
a

b

� �
�

a � c

b � d

� �
� 100%;

where a 5 energy from fat in the diet, b 5 total energy in

the diet, c 5 energy from fat in the diet provided by the

food and d 5 total energy in the diet provided by the food.

Note therefore that E can be positive as well as negative.

When foods consumed by at least one NDNS subject

(n 4235) were plotted in a distribution curve by their

capacity to change the percentage energy from fat in the

diet of those who consume them (E), the values 20?037 %

(95 % CI 20?027, 20?046 %) and 10?307 % (95 % CI 0?285,

0?327 %) corresponded to the 33rd and 66th percentiles

of this distribution. Accordingly, if the capacity (E) was

$0?307 % and in addition the food was more likely to be

consumed by an individual with a high-fat diet than by

an individual with a low-fat diet, the food was identified

as a high fat indicator. Conversely, if the capacity (E) was

,20?037 % and in addition the food was more likely to

be consumed by an individual with a low-fat diet than by

an individual with a high-fat diet, the food was identified

as a low fat indicator.

Method 3 (contribution only)

Method 3 defines a high fat indicator and a low fat indi-

cator solely on the basis of the amount of fat they con-

tribute to the fat intakes of those who consume them

(assessed as in Method 2), i.e. regardless of whether they

are more or less likely to be consumed by an individual

with a high-fat or a low-fat diet (Fig. 3).

In this instance, we did not use all the foods in the

nutrient databank consumed by at least one NDNS subject

(n 4235) but only those foods that were consumed by at

least seventeen subjects (n 845), i.e. 1 % of the NDNS

subjects as a whole. This was done to reduce the number

of possible indicators to a manageable number. When

these foods were plotted in a distribution curve by their

capacity to change the percentage energy from fat in the

diet of those who consume them (E), the values 20?066 %

(95 % CI 20?041, 20?107 %) and 10?285 % (95 % CI 0?215,

0?332 %) corresponded to the 33rd and 66th percentiles

of this distribution. Accordingly, if the capacity (E) was

$0?285 %, the food was identified as a high fat indicator.

Conversely, if the capacity (E ) was ,20?066 %, the food

was identified as a low fat indicator. All other foods were

classified as medium fat indicators.

Method 4 (contribution only with optimum thresholds)

Method 4, like Method 3, defines a high fat indicator and

a low fat indicator solely on the basis of the amount of fat

they contribute to the fat intakes of those who consume

them (assessed as in Method 2) (Fig. 3). However, unlike

Method 3 where the values corresponding to the 33rd

and 66th percentiles values of E were used for identifying

the indicators, Method 4 used ‘optimum’ thresholds of

E which depended on the banding scheme to be tested.
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Fig. 2 The identification of indicators by Method 2. SND 5 standard normal deviate calculated using (% consumption by high-fat
diet group minus % consumption by low-fat diet group)/standard deviation for the two % consumptions
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In order to identify these optimum thresholds, receiver-

operating characteristic (ROC) curves(12) were drawn for

each banding scheme using different threshold values of E.

The ROC graphs plotted sensitivity (on the y axis) v.

specificity (on the x axis) for each possible threshold

value for E. This was done for each banding scheme in

turn. For each different threshold there is a different

measure of sensitivity and specificity between the indi-

cators and the banding scheme. The ROC graph identifies

the threshold that produces the largest possible sensitivity

and specificity for each banding scheme. These optimal

threshold values for E for each banding scheme are given

in the caption to Fig. 3.

Using indicators to test definitions of ‘high’,

‘medium’ and ‘low’ in fat of the banding schemes

The high, medium and low fat indicators generated by the

four methods were used to compare the three different

banding schemes by testing for:

1. The proportions of high, medium and low fat

indicators correctly classified by each banding scheme

(the sensitivity of each scheme);

2. The level of agreement between the way that a

banding scheme classifies foods and the way that a

method identifies indicators using kappa coeffici-

ents (k). Kappa coefficients could not be used for

Methods 1 and 2 because these methods did not

generate medium fat indicators.

Results

Development of indicators

The four methods used to develop high, medium and low

fat indicators generated different numbers of such indi-

cators (Figs 1–3). For Methods 1 and 2, there were 1643

potential indicator foods which were eaten by at least one

individual in the high-fat and/or the low-fat group. From

these 1643 foods, Method 1 generated sixty-three low fat

indicators and 116 high fat indicators. The indicators

identified by Method 2 (thirty-five low fat indicators and

seventy-three high fat indicators) were a subset of the

indicators generated by Method 1.

For Methods 3 and 4, there were 845 potential indica-

tors that were eaten by more than seventeen persons.

Method 3 identified a third of these foods as low fat

indicators (i.e. 281); a third as medium fat indicators (i.e.

282); and a third as high fat indicators (i.e. 282). Method 4

identified different proportions of the total of 845 indi-

cators depending on the banding scheme to be tested.

Table 2 shows examples of the indicators generated by

each method. Foods such as butter, fried eggs, boiled

eggs and grilled economy sausages were identified by all
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Fig. 3 The identification of indicators by Method 3. SND 5 standard normal deviate calculated using (% consumption by high-fat
diet group minus % consumption by low-fat diet group)/standard deviation for the two % consumptions. The figure indicates the
threshold values of E used in Method 3 for identifying high fat and low fat indicators. Threshold values used in Method 4 (generated
by the receiver-operating characteristic curves) were as follows. For CPG (Coronary Prevention Group), high fat indicator: $0?18 %
(sensitivity: 97?47 % (95 % CI 94?9, 99?0 %); specificity: 90?14 % (95 % CI 87?4, 92?5 %); area under the curve: 0?981); low fat indicator:
,–0?01 % (sensitivity: 80?78 % (95 % CI 77?3, 83?9 %); specificity: 98?92 (95 % CI 96?9, 99?8 %); area under the curve: 0?952). For FSA
(Food Standards Agency), high fat indicator: $0?11 % (sensitivity: 98?90 % (95 % CI 96?1, 99?8 %); specificity: 72?29 % (95 % CI 68?7,
75?7 %); area under the curve: 0?907); low fat indicator: ,0?01 % (sensitivity: 79?84 % (95 % CI 76?1, 83?2 %); specificity: 98?48 %
(95 % CI 96?5, 99?5 %); area under the curve: 0?903). For Sainsbury’s, high fat indicator: $0?12 % (sensitivity: 90?51 % (95 % CI 86?6,
93?6 %); specificity: 83?09 % (95 % CI 79?7, 86?1 %); area under the curve: 0?936); low fat indicator: ,–0?01 % (sensitivity: 88?05 %
(95 % CI 84?7 90?9 %); specificity: 95?17 % (95 % CI 92?6, 97?1 %); area under the curve: 0?947)
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Table 2 Comparison of the way different methods and banding schemes categorise foods

Method

4 Banding scheme Frequency of consumption
Contribution of Fat (g/100 kcal

Food 1 2 3 CPG FSA S’bury CPG FSA S’bury Pop. freq. No. freq. fat to diet (%) of food)

Apple juice unsweetened – – L L L L L L L 56 200 20?5878 0?26
Apples raw – – L L L L L L L 66 167 20?2914 0?22
Bananas raw L L L L L L L L L 788 2275 20?6386 0?32
Bread white sliced H – L L L L L L L 1115 3982 20?1389 0?89
Bread wholemeal L – L L L L L L L 466 1504 20?9890 1?10
Butter salted H H H H H H H H H 608 2279 1?7032 11?04
Carrots frozen boiled H – M L L L L L L 116 147 20.0302 1?36
Cheese soft full-fat – – H H H H H H H 25 38 0?4495 9?63
Cheese soft medium-fat L – H H H H H M M 41 70 0?3355 8?19
Cheese soft low-fat L – M M M M H M M 22 41 0?1463 5?52
Cod in batter fried H H H H H H M M H 25 25 0?3274 5?01
Eggs fried H H H H H H H H H 267 392 0?7754 8?65
Eggs boiled H H H H H H H M M 481 726 0?3570 7?35
Low-fat spread (40 %) – – H H H H H H H 43 215 1?1507 10?30
Salmon grilled L – H H H H H M H 80 92 0?7197 6?09
Sausages economy grilled H H H H H H H H H 32 37 0?4487 6?89
Sausages low-fat grilled L – H H H H H H H 26 30 0?6180 6?00
Tomatoes fried H H H H H H H M M 34 39 0?3154 9?21
Tomatoes raw L L M L L L L L L 1183 3584 20?0382 1?76
Vinegar H – M M M M L L L 95 136 20?0011 0?001

CPG, Coronary Prevention Group; FSA, Food Standards Agency; S’bury, Sainsbury’s; Pop freq., number of National Diet and Nutrition Survey (NDNS) respondents who consumed that food; No. freq., number of
occasions on which the NDNS population consumed that food; H, high; M, medium; L, low; – indicates not consumed by at least one person in high-fat or low-fat diet group/no significant difference in consumption
between high-fat and low-fat diet groups.
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four methods as high fat indicators and foods such as

bananas were identified as low fat indicators by all four

methods.

However, Method 1 identified some foods as high fat

indicators that have very low amounts of fat indeed (e.g.

white sliced bread and frozen carrots) or even no fat at

all (e.g. vinegar). Similarly, it identified some foods as low

fat indicators that have comparatively large amounts of

fat (e.g. medium-fat soft cheese, grilled low-fat sausages

and grilled salmon).

Since Method 2 is a ‘refinement’ of Method 1, it

removes from the list of high fat indicators identified by

Method 1 those foods that make a small contribution to

the fat intake of those who consume them, and similarly it

removes from the list of low fat indicators those foods that

make a large contribution. For example, while Method 1

identified vinegar, white sliced bread and frozen carrots

as high fat indicators, and wholemeal bread and medium-

fat soft cheese as low fat indicators, Method 2 did not

identify them as such.

Methods 3 and 4 take no account of the probability of a

food being consumed by an individual with a low- or

high-fat diet but only take account of the contribution the

food makes to the fat intake of those who consume it (E).

This means that Methods 3 and 4 generally identify, as

low and high fat indicators, the same foods that Method 2

identifies as indicators but also additional indicators.

There are, however, some differences in how Methods 2,

3 and 4 categorise individual foods because the threshold

values of E are different for the three methods. For

example, raw tomatoes and frozen carrots were identified

as medium fat indicators by Method 3 but as low fat

indicators by Method 4.

Testing banding schemes

The four sets of indicators were used to test the three

banding schemes. The results are summarised in Tables 3

and 4.

The CPG banding scheme showed the highest sensitivity

in identifying high fat indicators generated by all methods

except Method 1 and the FSA banding scheme the lowest

sensitivity. The CPG scheme also showed the highest

sensitivity in identifying medium fat indicators generated

by Methods 3 and 4 and Sainsbury’s scheme the lowest

sensitivity. Sainsbury’s scheme showed the highest sensi-

tivity in identifying low fat indicators generated by all four

methods and there was then little to choose between the

CPG and the FSA schemes. In other words, some schemes

performed better with high fat indicators and others with

low fat indicators, although in general the CPG scheme

performed best by classifying over 50% of high, medium

and low fat indicators correctly.

The proportion of correct classifications is a measure of

the sensitivity of the scheme but ignores specificity. The

kappa coefficient gives an indication of the overall level

Table 3 Proportions of high, medium and low fat indicators correctly classified by banding schemes

High fat Medium fat Low fat

Correctly classified Correctly classified Correctly classified

Banding scheme n n % n n % n n %

Method 1 116 – 63
CPG 70 60?3 36 57?1
FSA 55 47?4 43 68?3
Sainsbury’s 80 69?0 49 77?8

Method 2 73 – 35
CPG 67 91?8 34 97?1
FSA 47 64?4 33 94?3
Sainsbury’s 65 89?0 35 100?0

Method 3 282 282 281
CPG 247 87?6 197 69?9 223 79?4
FSA 152 53?9 142 50?4 218 77?6
Sainsbury’s 231 81?9 84 29?8 253 90?0

Method 4
CPG 327 270 82?6 142 128 90?1 376 271 72?1
FSA 364 179 49?2 50 45 90?0 431 324 75?2
Sainsbury’s 359 266 74?1 55 26 47?3 431 374 86?8

CPG, Coronary Prevention Group; FSA, Food Standards Agency.
Statistical tests were not used to assess the significance of the difference between proportions that were correctly classified by the banding schemes because
samples of indicators were not independent.

Table 4 Level of agreement between the way banding schemes
classify foods and the way Methods 3 and 4 identify indicators

Banding scheme k 95 % CI P

Method 3
CPG 0?684 0?64, 0?73 ,0?01
FSA 0?409 0?36, 0?46 ,0?01
Sainsbury’s 0?508 0?46, 0?55 ,0?01

Method 4
CPG 0?689 0?65, 0?73 ,0?01
FSA 0?487 0?45, 0?52 ,0?01
Sainsbury’s 0?648 0?61, 0?69 ,0?01
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of agreement between how banding schemes classify

foods and methods identify indicators, i.e. incorporating

measures of both sensitivity and specificity(12). However,

kappa coefficients can only be used for Methods 3 and 4

because it is only these methods that generate medium fat

indicators. Table 4 shows that the level of agreement

between the way a banding scheme classifies foods and

the way both Methods 3 and 4 identify indicators was

greatest for the CPG banding scheme followed by the

Sainsbury’s scheme and then the FSA scheme.

Discussion

The present paper is designed to be a contribution to the

development of methods to test different nutrient profil-

ing models. We and others have suggested that nutrient

profiling models should be tested with reference to

dietary patterns and, in particular, by using foods which

are ‘indicators’ of different types of diet. A banding

scheme is the simplest type of nutrient profiling model,

categorising foods on the basis of just one nutrient(4,9).

In this case, we have developed four different methods

of generating high, medium and low fat indicators and

have used these sets of indicators to test three banding

schemes. This approach to testing could readily be

extended to testing definitions for ‘high’, ‘low’ and

‘medium’ in other nutrients: saturated fat, sodium, fibre,

etc. In addition, the methods could be used as a starting

point for the development of indicator foods for testing

more complex nutrient profile models (i.e. those that

consider more than one nutrient).

An International Life Sciences Institute working group

has already sought to develop a method for characterising

‘healthy’ and ‘less healthy’ indicator foods with which

nutrient profiling models that generate definitions of

‘healthy’, ‘less healthy’, etc. can be tested in a way very

similar to our Method 1(9). Those who have sought to

develop a more scientific approach to the development of

food-based dietary guidelines have used methods similar

to ours for characterising foods that people should eat

less or more of, if they are to achieve healthier diets(13).

A comparison between four methods of

generating indicators

In the present paper, we have demonstrated that there are

several ways of generating high, medium and low fat

indicators. We have illustrated this by developing four

different methods with reference to patterns of fat intake

in the UK. All of these methods have their strengths and

weaknesses – although in our view, Methods 3 and 4

have more strengths and fewer weaknesses than Methods

1 and 2.

Method 1 defines a high fat indicator as a food that is

significantly more likely to be consumed by an individual

with a high-fat diet than by an individual with a low-fat

diet. There are three potential weaknesses of such a

method. First, the method identifies some foods as high

fat indicators merely because they are commonly eaten in

conjunction with other high fat indicators. For example,

Method 1 identifies vinegar (which contains no fat at all)

as a high fat indicator because, in the UK, vinegar is eaten

with other foods commonly eaten by those with a high-fat

diet such as fried cod in batter (Table 2). Second, such a

method seems to identify some foods as high fat indica-

tors merely because these foods are characteristic of diets

consumed by the high-fat diet group rather than by the

low-fat diet group, regardless of their fat content or even

the fat content of what they are eaten with. For example,

Method 1 identifies white sliced bread as a high fat indi-

cator but wholemeal bread as a low fat indicator (Table 2).

Third, the method identifies as low fat indicators some

foods that are merely slightly lower fat versions of their

regular high-fat equivalents, e.g. low-fat soft cheese and

low-fat sausages (Table 2).

Method 2 is an improvement over Method 1 in that it

takes account of the amount of fat a food contributes to

diets. However, it generates only a few indicators which

limits its usefulness.

Methods 3 and 4 define a high fat indicator as a

food that contributes a ‘substantial’ amount of fat to the

average diet of those who consume that particular food.

One strength of such a method is that it takes into account

the serving size and frequency of consumption of foods

together with their nutritional content. However, a pos-

sible weakness is that such a method does not auto-

matically identify as low fat indicators those foods that

contain very little fat, either because they contain very

little energy or because they are not eaten in sufficient

quantities to make a large (negative) contribution to the

fat intake of those who consume them. For example,

Method 3 identifies raw tomatoes, frozen carrots and

vinegar as medium fat indicators while Method 4 identi-

fies only vinegar as a medium fat indicator (Table 2). This

could be addressed by using a higher threshold to identify

low fat indicators.

In addition to the weakness discussed above, another

weakness of Methods 1 and 2 is that they cannot be used

to generate medium fat indicators. It might be supposed

that those foods for which there was no statistically sig-

nificant difference in the consumption between people in

the high-fat and low-fat diet groups should be considered

to be medium fat indicators. These foods consist of two

sorts of foods: (i) foods that were consumed in large

quantities by similar numbers within both high-fat and

low-fat diet groups; and (ii) foods that were consumed in

small quantities where there was a lack of statistical

power to detect a difference in the frequency of con-

sumption by the two groups. In our view, neither type

of food can be said to be an indicator of a medium fat

diet because people with a medium fat diet had been

excluded from the analysis.

348 C Arambepola et al.



Methods 3 and 4, however, do generate medium fat

indicators. This is a major advantage over Methods 1 and

2 because it means that the kappa coefficient can be used

to give an indication of the overall level of agreement

between how methods identify indicators and banding

schemes classify foods, i.e. incorporating measures of

both sensitivity and specificity.

As well as the four methods we have developed for

generating indicators, there are several others. With each

method, there are various possible modifications and

refinements. For example, Method 1 is based on differences

in the numbers of people consuming a food within the

high-fat and low-fat diet groups but does not take account

of the frequency with which each food is consumed by each

individual. A modified version of Method 1 could take into

account the frequency of consumption by individuals and

would then generate a different set of indicators. Similarly,

Method 3 takes no account of the differences in the way that

foods are consumed by those with high- and low-fat diets.

A modified version of Method 3 might, for example, define

a high fat indicator as a food that contributes a substantial

amount of fat to the average diet of those with a high-fat

diet. This definition is similar but not identical to the defi-

nition of a high fat indicator for Method 2. However, the

four methods for generating indicators discussed in this

paper are illustrative of the range of possible methods.

Of the four methods, we consider Methods 3 and 4 to

be better methods of generating high and low fat indi-

cators than Methods 1 and 2. Furthermore, we think that

Method 4 is preferable to Method 3 because it involves a

less arbitrary method of selecting the threshold levels of

E for defining indicators.

Whatever the method, a problem in defining verbal

descriptors in relation to diets is that the classification of

foods that are high in fat and low in fat might not be

applicable universally owing to the population, culture

and time-specific nature of dietary surveys. This is a major

limitation, but is unavoidable if indicators are to be

defined with reference to diets.

A comparison between three banding schemes

We have argued previously(8) that the development of

nutrient profiling models (including banding schemes)

should proceed systematically through a number of steps

which include: (i) deciding whether to use food category-

specific or ‘across-the-board’ criteria; (ii) deciding which

base or combination of bases to use (i.e. whether to

set thresholds per 100 g, per serving, per 100 kJ, or a

combination thereof); and (iii) deciding on the precise

numbers for the thresholds.

Of the three banding schemes, only one – the CPG

scheme – has truly ‘across-the-board’ criteria (i.e. the same

criteria for all categories of food), although the FSA scheme

only has two categories: solids and liquids. On the other

hand, the Sainsbury’s scheme uses truly ‘category-specific’

criteria (i.e. different criteria for three different categories of

food). In theory, Method 1 should favour schemes which

use category-specific criteria. This is because Method 1 is

more likely than the other methods to identify as low fat

indicators foods which are lower fat versions of their regular

equivalents (e.g. low-fat soft cheese and low-fat sausages).

The rationale behind the choice of category-specific criteria

is that they are more suited to labelling schemes which help

consumers identify healthier alternatives within categories.

Indeed, Sainsbury’s scheme correctly classifies more of the

high and low fat indicators identified by Method 1 than the

other two schemes (Table 3).

The three different banding schemes use different

bases – the CPG scheme uses the per 100 kJ base; the FSA

and Sainsbury’s schemes use a combination of per 100 g

and per serving bases. There are various advantages and

disadvantages of the different bases as outlined else-

where(8). Per 100 kJ and per serving bases take more

account of the way foods are eaten than the per 100 g

base. The FSA’s definition of ‘low in fat’ – the same as the

EU definition of ‘low in fat’ – uses only a per 100 g base,

so it is perhaps not surprising that, of the three banding

schemes, the FSA scheme classifies the least number of

low fat indicators correctly.

The three different banding schemes use different

numbers for their thresholds. These numbers have see-

mingly been selected fairly arbitrarily. Numbers for

banding schemes (and other nutrient profiling schemes)

are generally selected by the persons responsible for

developing the scheme scrutinising lists of foods to see

how they classify foods and subjectively deciding what

the numbers should be. Testing schemes against indicator

foods should provide a more rational way of selecting the

numbers (regardless of the choice of across-the-board or

category-specific criteria or choice of base).

Conclusion

The present paper describes four methods of developing

indicator foods with reference to dietary patterns for the

purpose of testing simple nutrient profiling models – i.e.

banding schemes. It further illustrates how these methods

can be used to test three sets of definitions for ‘high’,

‘medium’ and ‘low’ in fat (banding schemes). We recom-

mend that similar indicators should also be developed for

testing definitions of other nutrients. It is not yet clear

which method or methods of developing indicators are

most appropriate. We consider, however, that methods

based purely on the probability of consumption by people

with healthy or unhealthy diets are unlikely to be sufficient.
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