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Abstract

Background and objective: A new data-entry system (DINER — Data Into Nutrients
for Epidemiological Research) for food record methods has been devised for the
European Prospective Investigation into Cancer (EPIC) cohort study of 25 000 men
and women in Norfolk. DINER has been developed to address the problems of
efficiency and consistency of data entry, comparability of data, maximising
information and future flexibility in large long-term population studies of diet and
disease that use record methods to assess dietary intakes. DINER captures more
detail than traditional systems and enables provision of new variables for specific
food types or groups. The system has been designed to be fully flexible and easy to
update. Analysis of consistency of data entry was tested in a group of 3525
participants entered by 25 coders.

Resuldts: A food list of 9000 food items and values for 24 000 portion sizes have been
incorporated into the database, using information from the 5979 diaries coded since
1995. Analysis of consistency of entry indicated that this has largely been achieved.
The effect of coders in a multivariate regression model was significant only if the
three coders involved in early use of the program were included (P < 0.013).
Conclusions: The development of DINER has facilitated the use of more accurate
record methods in large-scale epidemiological studies of diet and disease.
Furthermore, the retention of original information as an extensive food list allows
greater flexibility in later analyses of data of multiple dietary hypotheses.

Accurate estimation of nutritional intake is fundamental to methods in large-scale studies,
nutritional epidemiology. There are various methods for
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notably the

the assessment of dietary intake in free-living individuals.
The two main approaches are food-frequency question-
naires (FFQs), which have pre-assigned lists of foods and
frequencies of consumption, and diet records, which
allow open-ended listing of food intake. All methods are
associated with errors of differing magnitude. The
introduction of biomarkers has allowed these errors to
be assessed. Recent studies have shown that food record
methods have closer associations with biomarkers and
reduced measurement error — both random and, more
importantly, systematic errors — when compared with
other dietary instruments' ™. Because food records are
open-ended, they are more flexible and able
capture a much wider variety of foods and nutrients,
increasing potential accuracy. However, practical and
methodological difficulties have limited the use of record
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difficulty in coding and data entry of food intake for
nutrient analyses. The accuracy of nutrient intake from
record methods is dependent on the precision and
completeness of the data collection, the accuracy and
representativeness of the food composition database
used, and the consistency and precision when translating
records during entry.

The European Prospective Investigation into Cancer
(EPIC) is a prospective study of diet and cancer in
400 000 men and women aged 30-75 in nine European
countries’. The Norfolk component of this collaboration,
EPIC—Norfolk, comprising 25 000 men and women aged
40-75 years first surveyed in 1993-1997, has been
extended to enable study of other chronic diseases
including  cardiovascular  disease, diabetes and
osteoporosisG.

This paper describes the rationale behind the
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development of the DINER (Data Into Nutrients for
Epidemiological Research) program used for entry of 7-
day diaries (7D diaries) in the EPIC-Norfolk cohort and
gives details of the diary method. DINER can also be used
for entry of 24-hour recalls (24H) and weighed records.
Whilst developed for use within the United Kingdom for
a large-scale study, the principles have wider application
in the field of nutritional epidemiology and surveillance.

Methods

Rationale

The identification and classification of reported foods and
the association with the amount consumed are central to
the data-entry process. The DINER program aids the
translation from reported free text to structured data,
which are then converted into food and nutrient data for
analysis.

Although entry systems are important tools under-
pinning nutritional epidemiology, the systems available in
1993 were similar and had not been developed to support
the needs of a large-scale prospective cohort study with
an extended period of data collection and entry. A system
was needed that would be sufficiently robust to deal with
the anticipated changes that would occur to foods and
satisfy the multiple hypotheses to be studied.

Processing of food records for large-scale studies
introduces problems of scale, access to information and
comparability of data not apparent for smaller studies. As
food record data require interpretation during entry, they
are more sensitive to the influence of and method of use
of the entry system than other more structured methods
such as FFQs. Treatment of many thousands of diaries
over several years by numerous staff could have created
sources of bias unless attention was paid to consistency.
Study-specific bias had to be avoided as data were to be
entered for a variety of different disease endpoints. Rapid
and efficient entry was also essential.

Record methods provide detailed information on
consumption of food type and amount, but this advantage
is lost unless captured electronically. DINER has been
developed to record in a form as close as possible to the
original by incorporating a detailed classification system.
Systems in 1993 were unable to capture sufficient detail as
they were based on the limited number of food types
available within food composition databases. The range
of published portion sizes was also limited. Detailed entry
enables creation of new variables for specific food types
or groups in response to the burgeoning number of
hypotheses relating diet to disease. Detail makes the
system flexible and easy to update, an important
consideration as entry costs are high and would become
prohibitive if the original data required re-entering for
updating purposes. In addition, EPIC-Norfolk incorpo-
rates follow-up investigations of the cohort participants,
whereas the data management characteristics of the

https://doi.org/10.1079/PHN2001196 Published online by Cambridge University Press

AA Welch et al.

systems available in 1993 were inadequate for a large-
scale study with repeated dietary measurements.

Dietary methods

All EPIC—Norfolk participants completed an initial self-
reported 24H, a 7D diary and an FFQ. For follow-up,
repeats of the 24H and 7D diary were obtained at 18
months and 4 years. The FFQ and self-reported 24H were
completed by participants before attending a clinic where
they were instructed by nurses on how to complete the
7D diary. As part of this instruction, a 24H formed the first
day of the first 7D diary and recorded the period from
waking to sleeping on the previous day. This demon-
strated the process of recording intake and indicated the
level of detail required. Recording in detail is important as
this improves precision of the method and reduces
problems of interpretation and ambiguity during data
entry. A carbon copy of this interview was retained in the
event that the diary was not completed and returned to
the EPIC centre.

All interviewers were trained to a standardised techni-
que, using a formal documented protocol. The intention
was to reduce the potential for the impact of the interview
on the reporting process. Specific advice was given so
that the expression of criticism, surprise, disapproval or
praise was avoided. Interviewers were requested not to
ask ‘leading questions’ or give dietary advice. Neutral
probing questions were used to elicit detail of foods
consumed. At the end of the interview, interviewers
probed for foods that might have been omitted by using a
checklist of foods and snacks. Participants completed the
remaining 6 days and returned the diary by post.

The diary was based on that developed for the MRC
Study of Health and Development’. It consisted of
instructions to guide the detail and type of information
to be reported and suggested methods for estimating the
amount of food consumed, such as household measures,
recognisable standard units or the series of 17 colour
photographs small, medium or large
portions. Consumption was reported in a series of seven
meal slots with space for additional snacks and other
information.

At the end of the week’s record additional questions
were completed on important contributors to nutrient
intake such as milk, bread and fat consumption to clarify
the information already supplied. Consumption of vita-
min and mineral supplements was recorded and entered

representing

separately for later analysis.

Overview of the DINER system

Figure 1 shows an example of information obtained from
the 7D diary. The purpose of the DINER program was to
convert reported data into structured data files (DINER
files) and final nutritional analysis. A schematic overview
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Fig. 1 Example of reported 7D food diary data

of the complete DINER system, including definitions
used, is illustrated in Fig. 2 (stages A to H).

The DINER program is written in the window-based
programming language TCL/TK for multi-user access on
UNIX operating systems (Fig. 2, stage B). It is hoped to
make the entry module more widely available for use on
LINEX systems and, providing funding can be obtained,
to make the complete system available to others.

As the program is used, lists of food items, portion sizes
and associated information for fat type, brand name and
cooking factors appear within a series of windows.

The main program was designed as a separate module
from the set of menu files on which it operates. The menu
files hold the food and portion lists and associated
information. They are automatically generated from a set
of relational databases using food group as a central link.
Menu generation is version-controlled. Old menus are
archived at each menu update. The database design is an
important feature and individual menu combinations are
generated for each food item, so that specific sets of
windows appear during entry.

The individual structured DINER files (Fig. 2, stage C
and Fig. 9) are combined into the DINER database
(Fig. 2, stage E). The nutrient calculation program
(NCP) is separate from the entry program (Fig. 2, stage
F). The NCP calculates quantities from portion
descriptions and then nutrients that are incorporated

https://doi.org/10.1079/PHN2001196 Published online by Cambridge University Press

.. E \_ _ Fox’s

m-mwunumm
FoodDrink | Descripbonand Preparaton |  Amount

Tea. ’GPLCO e Sag. ::‘ﬁ

MLaw \E.Auw.u-a.ﬂ [

Dnaas Wb
Bucict  |Cuocstoke btﬁhi&)—e

into the DINER database (Fig. 2, stage FE). Final
calculation of individual intake of foods and nutrients
occurs (Fig. 2, stage G). Check programs operate on
stages C, E and G (Fig. 2).

Description of the software

The entry process

A food list item, portion size and number of portions are
entered for all reported foods. The entry process entails
making choices from a series of windows to produce the
final data window as illustrated in Figs 3-9.

An identification number (with check sum digit), the
diary version and the date of record are entered for
everyone. The software and menu versions, coder identi-
fication code and date of entry are automatically assigned
within the data structure (Fig. 9a, columns A, B and E).

Copy and paste

A ‘copy and paste’ function allows items already entered
to be copied to another meal slot or day, and is used
extensively for beverages and other routinely consumed
items.

Factors affecting intake
Food diaries are entered according to meal slot. Reasons
for missing meals are documented and factors affecting
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MENU files |7

MENU
DATABASES
For generating the
menus used for
updating the DINER
program

UPLOAD PROGRAM
Individual DINER files
merged into DINER

database
l (D)
DINER DATABASE *
Combined data for all DATABASES
individuals For portion calculation NUTRIENT CALCULATION
(E) < PROGRAM
- (NCP)
Nutrient dlelﬁabase (F)
\ {UK food composition database —
UKFCD)
FINAL DATA
(Average daily nutrient
'”Egk)e) DATA CHECKS AND CHECK PROGRAMS
For DINER files, DINER database and nutrient
data
(H)
Definitions
A REPORTED DATA — reported/raw data from 7D food diary, 24H recall or weighed intakes
B DINER PROGRAM - DINER data entry program consists of MAIN DINER PROGRAM

and MENUS accessed by the program
MENUS — menu files containing the food list, portion, brand and fat lists

Tmoo

DINER FILE — data file produced for each individual by the DINER program

UPLOAD PROGRAM - loads individual DINER files into DINER database

DINER DATABASE - contains data for all individuals

NUTRIENT CALCULATION PROGRAM (NCP) — separate processing program. Calculated portion weights

and nutrients are written back to the original DINER database

o

FINAL DATA — average food and nutrient intake by day and individual
DATA CHECKS AND CHECK PROGRAMS — for DINER files, DINER database and nutrient data

Fig. 2 Schematic representation of the DINER system with associated processes and definitions

usual intake such as illness or special diet are recorded and supply, but only 3000 are listed within the UK food
may help to explain differences in energy intakes (Fig. 3). composition database (UKFCD)®*™". The food list had to

Food list

take into account the existing requirements for the study
and predictions of future hypotheses, and was con-

Around 150 000 food items exist within the UK food structed by review of each major food group. The level of
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Fig. 3 Date and time selection

classification of the foods was decided in advance so that
when new food items appeared they could be included in
the list without change to the existing items. Home-made
and commercial versions of food items were included
where the composition varies systematically. The list
distinguishes between foods containing phyto-nutrients
such as carotenoids and phyto-oestrogens and non-
nutrients such as the heterocyclic amines formed during
the cooking of meat.

Items classified at different levels of specificity are
included in the list to aid consistency of choice and entry
at the level of reported detail (see Fig. 5). Apple pie may
be entered using one of the choices illustrated in Fig. 5,
but if no information on the type and proportion of pastry
is given, the item apple pie n.s. (non-specific) is chosen.
Items consisting of mixed single components such as
salads or sandwich fillings are included in the list to avoid
arbitrary estimation of quantities.

Food selection
Foods are selected by using the food-group-based set
of hierarchical menus or the search string mechanism
(Figs 4 and 5). The software and food name structure
have been designed for rapid and efficient use of
search mechanisms.

The string search utilises strings (identified as a series of

5: Food selection — Top menu
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letters) that may be part or the whole of a food name to
select all food items containing a particular string.
Searches can retrieve items from the overall level or at
any point below this at group or sub-group level.
Sequential nested searches can be made. The search
options available are shown in Fig. 5. Combinations of
two or more strings are the most rapid method of locating
specific items. The search mechanism operates on all
menus for portion size, fat type and brand name.

Food name structure

The food name structure was devised so that names are
clear, consistent and understandable for accurate and
rapid location and clear differentiation during entry. The
name length of 100 characters allows adequate detail
including synonyms, brand information and equivalent
food types to be included. The structure consists of a main
name, e.g. apple pie, followed by a first additional name
and further descriptions as necessary, e.g. wholemeal and
individual/one crust.

Consistency of naming ensures that the results of
searches appear in meaningful order. For instance, in a
search on the strings ‘apple pie’, versions prepared with
wholemeal pastry appear at the end of the list (see Fig. 5).

Food portion estimates

Once a food item is chosen, a group-specific list of
portion sizes appears (Fig. 7). A complete ‘generic’ list
of portions is also accessible. The number of portions
is entered. In Fig. 6, one portion of photo 3b was
chosen.

For foods consumed in the cooked form but sometimes
reported as the uncooked weight, such as meat and rice,
an additional window appears so that the portion can be
described as uncooked.

Fat in food preparation

Information on fat type, brand and description of recipes
is recorded for certain foods. A menu requesting a choice
of fat appears for foods in the groups that contribute to
the majority of fat in the UK diet, namely fried foods,

» Cereals and cersal products |

> g’r products

>

= Vegetables I" &: Food selection — Cereals and cereal products
= Fruit

Fig. 4 Selection of apple pie via the menus
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6: Food selection - full search on "apple pie”

fpple pieftart n.s.

Apple pieftart, individual

Apple pieftart, one crust

fpple pieftart, pastry top and bottom

Apple pieftart, wholemeal n.s.

Apple pieftart, wholemeal, one crust

Apple pieftart, wholemeal, pastry top and bottom

Enter search string(s): !

All strings ... ... WITHOUT spaces ... ... WITH spaces
i Case sensitive? i Starts word? % all strings?
i Ends word? %, any string?
i Starts whole name? . match as typed!
Ok Cancel

Fig. 5 Food selection — full search on apple pie

home-made recipes, commercial dishes, and cakes and
biscuits. Up to two types of fat may be chosen (see Figs 7,
8 and 9a, columns X and Y). Where relevant, the brand
and place of preparation, e.g. home-made or commercial
(as this also affects the composition of fat), are recorded
via the brand attribute. Programs will be developed to
incorporate the type of fat into calculations of fatty acid
consumption.

Brand names
Different brands of the same food type can contain
varying levels of fat, energy or nutrient fortification but

T 7: Food attributes .
Food type: % Simple food?
« Recipe - summary item?

% Recipe igredient
Recipe label: |

i ««« @s proportion of whole recipe?
OR

Portion size: gphum 3hb

i€

Fat 1: Lard ¥
Fat 2: {Safeway soft margarine (80g fat) ¥
Brand: ?Homemade, not commercial ,‘ti

Ok l Cancel i

Fig. 6 An example of chosen food attributes prior to addition to the
DINER file
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8: portion selection

Finger &
‘gigram

Individual cake n.s.
Individual cake, small
Individual cake, medium
Individual cake, standard
Individual cake, large
Individual pie n.s.
Individual pie, small
Individual pie, medium
Individual pie, standard
Individual pie, large
Individual tart n.s.
Individual tart, small
Individual tart, medium i
Individual tart, standard
Individual tart, large
ozfounce

Photo 3a

Photo 3b

Photo 3c

Portion (for 1 as purchased)
Portion/serving n.s.
Portion{serving, small
Portion/serving, average/medium 4

Enter search string(s): §
portion file
% Specific portion file ?
+ Genenc portion file ?

Ok % Cancel

Fig. 7 Portion selection menu

the UKFCD contains little specific information for
commercial foods. Brand is recorded for foods in the
groups contributing the most to fat or energy, or where
the nutrient fortification levels are variable, for future
re-classification (Fig. 6).

Composite or recipe foods
Recipe foods (or composite dishes) vary in the number,
type and proportion of ingredients used to prepare them.
The UKFCD contains a number of the most commonly
consumed dishes. This list has been revised and extended
to cover the range of dishes and nutritionally important
ingredients commonly consumed.

During entry all reported recipes are assigned to a
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W Include menu titles? _j Ends wd @ Include menu titles? _| Ends word?
_i Starts v

Ok Hext time-of Ok §

Fig. 8 Fat selection via menu

standard recipe. Where individuals have reported details
of ingredients for recipes, these are summarised, in text
form, in the recipe label field. This stores the information
for future use and allows review of recipe items.

Data structure

Data are written to the DINER file once all decisions have
been completed. Each food is represented by one line of
data in the final structure, see Fig. 9. A simplified view of
this data structure is used during entry.

Staff training, issues of consistency and problem
solving

It is important that consistency should be achieved
between coders and coding on different occasions.

Data are entered for specific sub-studies and coders are
unaware of the purpose. The same coders enter data for
cases and controls to ensure consistency.

New entry staff undergo a two-day training programme
with a qualified nutritionist (AMcT). Intensive support,
checking and feedback are given until the level of
knowledge of, and familiarity with, the program and
entry protocol is considered adequate.

Decisions and issues of interpretation that have been
made during the development and use of DINER have
been documented in a 177-page reference manual, to
ensure a consistent approach to entry. This includes the
priorities to be used in the decision process where the
reported data are incomplete. New decisions are updated
within the manual. On a day-to-day basis one person is
responsible for decisions regarding entry.

Trained coders identify problems and use the reference
manual for backup. Issues not readily solved are referred
to a nutritionist for solution. Food items requiring further
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.4 Starts whole name’

Tesco packet margarine for cooking (81q fat) END34
Tesco vegetable margarine (B1g fat) END34

Tesco vegetable marganine for baking (819 fat) END34
Tomor block margarine, Rakusens (82.3q fat)

investigation are entered as the next best match on the
food list and identified as difficult to categorise (DCD for
later checking. On average a nutritionist deals with two
queries per diary, one of which can usually be resolved
immediately.

A reference bank of information for commercial food
products was instigated at the start of the study and is kept
up-to-date for consultation.

New foods
After completion of a batch of diaries, the DCI are
identified and the nutritional composition evaluated. This
requires review of the available information and possible
contact with food manufacturers and retailers. Where
possible, DCI are entered using existing food list items.
Items that are sufficiently different are added to the food
list as new foods. The existing DINER data are then edited.
Foods considered to be new fit one or more of the
following criteria: a new food type; nutritionally different
from other items within a food group; or a mixed dish
prepared by an established cooking method. This same
approach is used to evaluate food portion descriptions, fat
types and brand names.

Conversion into nutrients and food groups
Individually created files are amalgamated into the DINER
database (stages D and E in Fig. 2). A separate nutrient
calculation program (NCP) calculates firstly portion sizes
and secondly nutrients. These values and a number of
intermediate calculations and factors are read back into
the DINER database (columns AJ-AS and BB—BD, Fig. 9b).
The nutrient database used for calculations is based on
2200 foods in the UKFCD®™; mainly the supplements to
McCance and Widdowson’s The Composition of Foods.


https://doi.org/10.1079/PHN2001196

AA Welch et al.

1260

(g6 ‘614 ‘Ov=) uswabeuew

aseqejep Joj Ajua jo sousnbas Buiesipul spoo aul — aur] 4v

uonewIo|

|euonippe Jo juaipaibul jo Anjus Joj pjal 1xa] ‘plaly adipel — adipey Qv

spooy adA} adioas uiyym sjusipaibul 1o} uojEWIOUI BI0W

sajeolpul adioay "way (s) Aewwns 1o (}) pooy :way jo adAy —adA | av

abejsem

Jnoypm poo} jo Ayuenb o} uoISIBAUOD o) pialj JOJEDIpUl — P ov

sjuaipalbul

Pe3002 0} MEJ WWOJJ UOISIBAUOD 10} p|8l} JOJEDIPUI — MEY
s)INosIq Jo} 8poo uonduosap sweu — eijx3
2poo uonduosap pueiq — puelg

(z) uoneiedaid pooy ul pasn 1e} — Zie4

(1) uonesedaud pooy ul pasn je) — L1e4

(a6 "Bi14 “1v=) pepiodal (Jeydiynw) suoiuod Jo Jaquinu — “jueny
(g6 614 ‘|y=) @po2 uonduosap uoniod — uoiuod
apod dnoib pooy — dnoi

S>Zx>n2?

S8p02 ,po0} MaU, ale 8 ‘p Yim paxiald sepo)) "apo2 poo} — apo)
(a6 “Bi4 ‘Hy=) poo} jo aweu — poo

s|eaw Buissiw Joj pjay Jojeoipul — SSI|

UOISEOJ0 [BBW — JO|S

(d) 48410 “(Q) Mys WBIu ‘(N) 181p [eroads ‘() uoiseoado [eroads
(1) ssaujl ;Jewou woly aeiaap Aew ayejul Aym Bunesipul spiai4
SHULP Joy Ul Jsjem palall jo asn Buyesipul pjaly — Jaji4

pJooal sy} wouy Buissiw sAep 1oy pjaiy 103e21pul — SSIp

alep paplooal 8y} Jo ¥aam sy} jo Aep — AMNOQ

Hirg/Aseip ul ejep papiooal — ejep Aleig

AJelp JO UDISIaA — W0

Jaquinu uonedynuapl 199igns — Q|

sSnuaW Jo uoIslan — NUajy

Apnis jo aseyd Jo uoisian Apnis — Apnig

upa Jo Anus Jo ajep — payipg

(apo2 ucneoyuapl 18pP02) J9POD JO SWEU — JIBS

81emyos YIN|Q JO UOISIBA — "IBA

Srovr

i
|

<oO0oOwLdIr_-Hx

suoiiuyeq

Gao i L Lo0s3d  eeq 20021 "EUYW pILWnE RS [ GW L1} 0 0 0 0 0 9 SBELOLEE L0BD SLOJOLED B¥L 26 0MENGL wdin m_.ua._.\ Woap W T

¥2g i LoLoodng  ved posge Beqesmwoy sbeine'prepuetes) 0 Gw L] o 0 0o o 0 9 SEEUOLSE LOSD SLOLOLED B¥L 25 norenslL GLe0'L

0z8 + Loyyad @b skons 1 COFLP paojsun'ympealg pw 1] 0 0 0 0 0 9 SBENOWEZ 109D SLOZOLED &FL 76 OHZNGL wdsio m_.S._._|

BLE i L OLOMOa 8 CZZTL U PALILIESS s i dn apell PSR 0 o0 o 0 00 0 0 9 CRRUONEZ 109D SLOLOLED, B¥ L Z° OOZOVGL s gLeQL

aLe i Ll LWL el ganll sgeeypageinuesd apyatebng. 0 gw LI} 0 0 0 0 0 9 SBELOUEE 103D SLOZOLED B¥#'L 26 NNZNGL wdsuy glegtL

218 i LOMOHID 2962P 0LO2L L SHOOHd de gzale wupeyad addy. 0 pw 0 o 0 0o o 0 9 CEEUOLSE LOSD SLOLOLED B¥L ¢ oEwaL udsn gLeo)

SHS i L S200Hd P FELGL edoDUgpILIERPA0Y  UsZog'sead ) FW LI} 0 0 0o 0 0 9 SEENOWEE 108D SLOZOLED 6F'L o5 OOENSL wdsud gleg L

¥LE H L9629 L 00LOHd %P GLEP wupaysdyy 0 pw O o 0 00 0 0 4 CBELOUEZ. L0SDSLOJOLED 6L 2% OORZ0VGL Widsi gLep’L _ deap

oL 1 9 GLONND  EEW LLLE9 SEeR0DA" IBUSE ROseS) UDLIUNey ) W L1} 0 0 0o 0 0 9 SBELOUEE 103D SLOJOLED 6F'L 26 OOZNGL wdsuy glegtL

TLE. sapEp Wi ¥ LOWOHD 2962P L SE20Hd e galLp ure|dgull'@Eopny 0 ow 0 o 0 oo o 0 9 CBEUOLEE LOGD SLOLOLED BF'L 2¢ OH2NSL WdsD GLeO'L _ ;|aq

LLE 4 S1 L0Ov3L e gE0ll seeeypageinuesd  apyatebng 0 gw o o 0 0 0 0 9 SEENOWEE 103D SLOZOLED 6% L o5 OOZNGL wdsud gleg L

0Le __ L L00Onw g 20021 FUIW pEUUMS RS 0 gw o0 o0 0o 00 0 0 4 CRELONEZ. L0SDSLOLOLED B¥ L 2% OORE0GL Wi gLep°L Adoy

BOS ) a1 LooanM ad 51508 ‘SukEhy 0 sw L1} o 0 0 0 0 9 SEELOUEE 103D SLOJOLED 6F'L 26 nZGL wdsud glegtL L)

808 F LoObON  wed gLl HIOMOd WEEU S0l 0 g L] 0 0 oo 00 8 CBENOUET LOGD SLOLOLED BF'L 76 O0Z0GL s m_.s,_.l.,r

sul adoay adflp3mey EE  pRIg ZE4 LES WEND uoniod dnoio apo) poo4 SSIA J0IS S0 WEIN 810 *200) [ JBHd SSI MO0 SED AR W4 QI nus s pewp3 Jesn  UBA

: MOpUIM BIED GLEQ'L Jaulp [
Lo Lov VIS Lo [ [a [ fm [ afn]s] | sfolalofw[nfs e[ [w]o]slalafo]aly]

dv Ell VI V|V vy 74 A X M A n 1 s d|D|d|O|N|N[T|H r | H 2 d 3 a ) g Y

https://doi.org/10.1079/PHN2001196 Published online by Cambridge University Press


https://doi.org/10.1079/PHN2001196

1201

DINER data-entry program

Suole|NOJED puUB SI0J0B) BleIpawWIalul pue
weJboid uoie|Noed JusLINU By} JO SYNsal Buipnjoul 81njonJls eyep [eul} Y} jo sued pajos|as Jo uonelsn||l (q) ‘erep palajue sy} Jo ainjoniis ay) Buimoys mopuim eyep [euld (e) 6 "Bi4

B00Z ¥R oo : 86~ £k oo 1 b 0’ A 100S3Q S'U [ PAWINS WSS GZE
e wo 000 66 66 GG  ODb  BE 66" 66" SokiL 66- oL 0zik I b } A 00dND Beq ea) woy ‘abesane ‘pepUEls Ba] pEE
85°/LL 68D €20 66 O0E 08 O 66 0BLE  00LLL  EOMLL 66" Sl x4 50 zi b Mo 5RONS paASUN ‘Slu ‘PRI 0ZE
9%06T  PLT ®h : : : : 66" &) 0oL b b 80 A Oomos I PAWLLNS [Was Yiim dn Spew ‘piesn) GLE
89%8 000 00'e 4 t : : 66 1S 09 1 b 580 A 100V3L Jeyseaipajeinuest ‘ayym uebng g
04'890F  BSZ ZULL 66 66 05 05 66 B6- 8IZV B2 86- 00k 00k l I b M GPOOHd s peyzid 3ddy Jig
896EL 98T o : ‘ : : 66° 08k 0o I b 90 A SLIOHd PANEMORILIPAWERIS/PE|IO] ‘UBZ0Y ‘Sead GLE
ZEEL  1ZS ogFL 0L Ob O O [Z0EL  O20EL  SZOEL  MZOEL 66" 008k 008l 1 b b M 00LOHd supely 'sdiyy e
Bv'9L8  MESE  S8G 66 66 66 O0b 66 66" 66~ e 990 STHL vz 9 9 b M GIONND Ao uEs) 'parEMaIOL BUSELEIS/HESIS UGWWED £LE
0519y 851 oy 68 B6 G600 66 66" 66 002HL 66" ol 0l I | ! M SEZOHd ureidyB) ‘axes g ZLe
7582k 000 ooe ‘ ' : : 86" Ll 09 5 5l 80 A b00VAL Jssepaeinuel ‘aym Uebing |1g
0vesE  SET ez : . : : 85" 676 0852 50 o €01 A 100NN SU U pALILINS 1WA OLE
000 000 000 66~ G666 O0L 66 B6- B6- LIELL 66 0621 0952 50 zi I A D0SNN SUSBIEM 608
08 o i} : : : : 66" 5k 5 ! b b Mo OLOMN- HAAMOd ‘TUEISYl ‘380D BOE
% 0% % % lojagy

8p00  8pOO BP0 BpOD Bupjoca sseqeiep  sendninw

0S¥ 0S¥ 0S¥ OS¥  epod  apoa  8pod  spos  Guunp Rnuenb 8218 uomod u) vood  Jeydpnw  fususp  Bdl spoo
rifBeuy Busioid  Bled  wp  pE Uz 1L OSH W OSHPE OSHPUZ OSYisL  abueyn [elid paicis flguens  pelenoled  uoiiod  BAlE[SY UbMod  Loiod Bllel pood  BUr
_ am_ um_ mm_ é_ Nq_ E_ é_ gq_ 3_ _.z_ 2_ mq_ o«_ z,q_ ...,“_ #._ gq_ :_._ a_ 14_ oq_

(a)

https://doi.org/10.1079/PHN2001196 Published online by Cambridge University Press


https://doi.org/10.1079/PHN2001196

1262

For new foods, nutrient data are derived by matching the
known composition of the new food to proportions of up
to four food items in the UKFCD, to create the best
possible nutritional equivalent. A set of criteria has been
developed to guide the decisions of the mapping process
and take into account the important nutrients for each
group. This system accounts for the different composition
of new foods, ensures consistent treatment and utilises
validated official data. The NCP applies a proportion of
each UKFCD code (Fig. 9, columns AT-BA). Apple pie
n.s. (code e1623) is represented by 50% each of UKFCD
codes 11279 and 11278 (apple pie with one crust and
apple pie with pastry top and bottom).

As the UKFCD is considerably incomplete for some
nutrients, a series of in-filling programs is ongoing. The
design of DINER will allow the range of nutrients
available to be extended.

Portions

Portions described as either weight or volume are
converted via a number of databases to gram weight
values. The main portion database has been structured for
efficiency so that portion size values are applied at
different levels to all foods, particular sub-groups or
specific foods.

Conversion factors for relative density or to account for
wastage during food preparation are applied to specific
foods to reach the final gram weight (columns AK-AO,
Fig. 9b). For example, the value for peas is derived by
converting the representative volume for photo 12a
(80 ml) by the relative density of 0.6 and multiplied by
1 to give the final quantity of 48 g.

Certain foods estimated by weight of the uncooked
form are converted to the cooked weight equivalent. An
example is gammon steak, shown in Fig. 9b, converted
using the factor in column AS to reach the final weight
(6X28.4X0.66 = 112.5g).

As new foods (see below) are added to the food
list, new portions are identified. Default values are
applied in the first instance where portion sizes are
missing. Inappropriate portion choices are systematically
converted to more correct choices.

Consumption of foods by group is
separately.

computed

Data checks
A series of post-entry checks ensures correct data are
available for analysis. The data structure has allowed the
development of automated checks to replace some
manual checks and reduce data handling (Fig. 2, stage H).
The design of DINER limits the capacity to enter
incorrect data. Data are chosen from fixed lists and
written to file only after choices are complete. Errors that
do occur may be due to incorrect choice or combination
of foods or portion sizes, or to incorrect numbers of
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portions. Foods may also be missed, duplicated or subject
to misinterpretation errors.

For new entry staff, preliminary checks are made
routinely by a more experienced coder by comparing the
original record with a printout of the entered data. A
further program is run on each diary to check for
inappropriate food and portion combinations, discrepant
dates and completion of all meal slots. Meals that are
smaller than expected, i.e. containing fewer than two
items, are identified, as are duplicates of main meal type
food items, e.g. meat dishes. The data are screened to
ensure the number of portions is correctly configured and
unexpectedly high numbers of portions are checked.
Incorrect values are edited.

An automated check on nutrient output identifies
maximum expected values for individual foods and
minimum and maximum values for expected nutrient
intake per day. For the volume of data generated by EPIC,
this process would previously have required visual
inspection by several nutritionists.

Test for consistency of data entry

The impact of the attempt to achieve consistency of entry
has been evaluated using energy intake. The hypothesis
tested was that age, sex, height, weight and batch of entry
(dataset) would be the major determinants of energy
intake and the inclusion of a variable to define coder
would not have a significant impact in a multivariate
regression model.

Data used for the analysis included those diaries
entered for descriptive population studies, cases of non-
fatal disease and controls. The 25 coders who had entered
15 or more diaries were included and, after exclusion for
missing data, this resulted in 3525 individuals available
for analysis. Dataset was added to the model to account
for entry of data in different batches. Three multivariate
regression models were tested on the dependent variable
energy intake (kJ). The first included sex, age, height and
weight. The second also included dataset. The final model
included coder in addition to the other covariates. Tests
for maximum likelihood were performed between each
model.

Mean energy intake was also calculated for each entry
person and adjusted for sex, age, weight, height and
dataset. Analyses were performed using STATA V6.0.

Results

Data collected

Ninety-two per cent of participants completed and
returned their first 7D diary. A total of 50 465 7D diaries
(23 655 first, 15 666 second and 11 144 third diaries) and
52 363 self-reported 24H were collected between 1993
and 2000. This provides 21 days of reported intake for
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47% of the population who completed three diaries for
later analysis of repeatability and seasonal variation.

Five thousand nine hundred and seventy-nine diaries
and 824 24H recalls have been entered using DINER since
1995, a total of 1 251 000 lines of data. Thirty-four staff
have been trained. Each diary averages 210 lines of data.
Mean entry time was 75 min per diary (range 0.75-3.5 h).
After the initial training stages, support of entry was
around 5 min per diary. Further processing, checking and
data management took around 1 h per diary.

Food list

The compiled food list presently consists of 9000 items,
30% of which are directly equivalent to the UKFCD. The
remainder are new food items that have been included to
guide entry, provide specific classifications for data
analysis and to account for the composition of foods
not available within the UKFCD. The food list includes
more specific detail for foods of particular nutritional
importance in the UK such as breads, breakfast cereals
and fat spreads. So far, 337 specific types and brands of
breakfast cereals have been identified and mapped to the
32 items within the UKFCD.

Food portions

The database contains 24 000 values compiled from
official publications (26%)'®'°, obtained from food
manufacturers or retailers (35%), or imputed from
established sources. There are 3200 density, edible part
and cooking loss factors stored in the databases used by
the NCP. Values for these factors were derived from in-
house measurements or published sources® #1017,
Brand names

The brand name database contains 900 brands and brand

types.

Food groups

Two hundred and forty-two food groups have been
developed for classification of the food list, menu
generation program and data entry.

Nutrient and food intake
Mean intake of nutrients and food groups produced by
the DINER system have been presented elsewhere®.

Consistency of entry

For the analysis of consistency of entry, the number of
diaries entered by each coder is shown in Table 1. For
model 1 all of the covariates were significantly related to
energy intake: sex, B = 1478 (P < 0.001); weight, B =
—15/kg (P < 0.001); height, 8= 61/cm (P < 0.001); and
age, B = —30/year (P < 0.001), > = 0.308. The addition
of dataset to model 2 increased r* to 0.317. The addition
of coder to model 3 increased #* to 0.325. A maximum
likelihood ratio test confirmed that the effect of adding
coder to the model was significant (P < 0.013). Three
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Table 1 Number of diaries entered by individual coders

Coder Number Percentage
1 88 2.5
2 81 2.3
3 39 1.1
4 37 1.1
5 118 3.4
6 22 0.6
7 249 71
8 528 15.0
9 32 0.9

10 145 4.1

11 39 1.1

12 307 8.7

13 499 14.2

14 205 5.8

15 164 4.7

16 84 2.4

17 36 1.0

18 79 22

19 112 3.2

20 164 47

21 124 3.5

22 114 3.0

23 84 2.4

24 97 2.8

25 78 22

3525 100

coders showed the greatest impact on entry: numbers 14,
B=—1293 (P < 0.015); 19, B = —1253 (P < 0.020); and
5, B= —1223 (P < 0.015). When these were dropped
from the analysis and the model re-run and tested for
maximum likelihood, the effect of coder was no longer
significant (P < 0.122), indicating that consistency had
been achieved for the remaining 22 coders.

Means of energy intake were adjusted for age, height
and dataset for each coder. The deviation from the group
mean is illustrated in Fig. 10 for women. The X-axis
indicates the number of diaries entered by each coder.
Deviation from the mean is generally lower in those
entering more diaries. It is greatest in those entering data
at the start of the study.

Discussion

Around 150 000 food items exist within the UK food
supply and individuals may report and describe any of
them with varying levels of adequacy and precision.
Furthermore, the vast changes that have affected food
supply in recent years are set to continue. Around 10 000
foods are modified, appear or are discontinued each year.
Ranges of pre-prepared meals have increased and new
and functional foods have appeared in the market place.
Ordinary foods have been fortified with additional
nutrients and existing foods reduced in macronutrient
density; mainly sugar and fat. Such diversity and change
represents an almost overwhelming problem in nutri-
tional epidemiology. However, DINER is capable of
tracking changes in the food supply by accommodating
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Fig. 10 Plot of difference from mean energy (kJ) in women (adjusted for age, height, weight, sex and dataset) by individual coders. Ordered
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those that affect nutrient composition. The detailed
classification structure for food items allows new foods
to be incorporated without the need to change existing
items. New portions, fat types and brand names can also
be added. The information garnered from monitoring
change to the food supply over six years has been
incorporated.

Some nutritional knowledge to distinguish the relevant
characteristics when interpreting and matching reported
foods with those in DINER is needed. The features of a
detailed, systematic food classification and name structure
reduce reliance on pre-existing nutritional knowledge.
The detailed food and portion lists speed up and increase
the accuracy of entry and the ability to locate items, and
reduce ambiguity and the onus for decision making by
individual coders. The food list acts as the interface to
avoid misclassification. This is particularly important in
groups such as breakfast cereals, in which non-starch
polysaccharides, fat, minerals, vitamins and sugar vary
widely. The use of consistent defaults for inadequately
reported foods, portions, mixed component foods and
new food items also reduces the burden of interpretation
and potential for bias between coders.

The detailed, extended food names reduce the
requirement for external documentation and look-up
lists for equivalent foods. In contrast, traditional entry
systems require coders to memorise equivalent items with
the associated potential for incorrect choice and bias.

The level of detail incorporated in DINER eliminates
much of the possible bias between coders, and the results
of the analysis for consistency indicate that this has been
achieved for the majority (Fig. 10). The least consistent
coders were involved early in the use of the program,
prior to the development of the extensive entry guidelines.
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It is possible that we have not completely accounted for
all of the factors that influence consistency of entry in the
analytical model.

The development of automated checks using the data
structure allows more checks than other systems. How-
ever, this advantage means an almost infinite amount of
time can be spent on data correction. Hence, the relative
impact of proposed modifications or corrections is
evaluated.

Familiarity with the software soon leads to knowl-
edge of the most useful combination of menu level and
search string for rapid selection of food items. Entry
and use of the extensive check programs takes 2 h per
diary and results in clean data ready to use for analysis
without further handling. The introduction of immediate
post-entry checks should reduce this time further.

It was anticipated that nutritional assessment would be
more accurate if reported recipes were calculated from
individual ingredients rather than using the existing
standards and the original DINER specification included
a method for this. However, a review of entered diaries
revealed that only 4% of items were individual recipes
and many were incomplete. Hence a recipe module was
not included. Further development will involve partition-
ing the contribution of individual foods, such as onions or
tomatoes, to estimate foods found within recipes.

Separation of the main program from menu generation
means that change can be implemented without the high
cost of developing new entry programs. Entry of data as
close to the original description, non-hard coding of
actual values for foods and portion sizes, and separation
of the NCP, ensure flexibility and potential for updating.
The NCP acts on modifiable databases, making it possible
to change any database value and re-run the program
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without recourse to editing the DINER files. New versions
of the UKFCD will be incorporated.

Measures have been taken to improve the accuracy of
the data collection of the 7D diary by ensuring it was as
complete as possible and not subject to interviewer bias.
The method of matching the composition of new foods to
UKFCD items addresses the shortfall in information in the
food composition tables. The rationale for the develop-
ment of DINER has balanced the known limitations of
food record methods, e.g. the limited accuracy of portion
estimates®’, and the requirements of flexibility and
accuracy of the final data. The need to satisfy the multiple
hypotheses generated by a multiple-disease cohort study
was anticipated and the detailed food classification
structure allows specific variables to be created for
analysis. For instance, the intake of brassica vegetables
acts as a surrogate for glucosinolate consumption.

In conclusion, accurate methods for measuring dietary
intake are needed in large cohort studies to minimise
random and systematic measurement errors that may
reduce power or bias results. Data-entry methods that can
cope with the rapidly changing food supply and extensive
variety of foods consumed are required. The develop-
ment of DINER has addressed a number of the problem-
atic issues that can impede the use of 7D diaries for large
prospective cohort studies and has made the use of such
data feasible within EPIC—Norfolk. DINER is a flexible
system, capable of being updated and of accommodating
change for use in prospective dietary surveys and, to our
knowledge, is the first in the UK to adopt this type of
approach.
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