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Summary: The relation between nutri t ional factors and health investigated in 
epidemiological studies are often inconsistent.  One of the reasons for such findings 
can be the improper addressing of the mult i tude of nutri t ional  dimensions in the 
specific study situation such as physiological individuality of human  beings, differ- 
ent living conditions, or numerous  interdependencies between nutri t ional  var- 
iables. 

Epidemiological research in nutr i t ion and health should recognize such facts and 
work with appropiate study models and adequate data analyses. Instead of inves- 
tigating heterogenous populations it is advisable to concentrate on specific "types" 
of people. Under consideration of the study goals such "types" can be compiled 
according to physiological properties, e.g., cholesterol sensitivity, or biological- 
constitutional factors such as body build, hfe-style entities, or other factors. 

The variety of nutr i t ion factors far beyond the commonly apphed nutr ient  values 
can be expressed in integrated indices of "food patterns". Such "food patterns" can 
be derived in many ways. They can be deduced from theories by using specific 
criteria, but  also explored by modern multivariate statistical analyses. The ways 
leading to "food patterns" are discussed. 

The ideas presented and discussed in this paper lead to an improved model for 
research in the field of nutr i t ion and health with integrated indices of "food 
patterns" as the critical point. It is assumed that using this approach will generate 
new insight in the relation of nutr i t ion and health, a currently still diffuse research 
a r e a .  

Zusammenfassung: Die Beziehungen zwisehen Ern~ihrungsfaktoren und  
Gesundheit  in epidemiologischen Studien sind oft inkonsistent.  Eine der m6gli- 
chen Ursachen fur diese Gegebenheit  kann  darin liegen, dab die Vielzahl der 
potentieUen Ern~hrtmgsdimensionen in der spezifischen Untersuchungssi tuat ion 
in unzulfinglichem MaJ3e ber~icksichtigt wurden. Solche Dimensionsbereiche sind 
vor allem die physiologische Individuali tat  yon Menschen, deren verschiedenen 
Lebensumwel ten  und  die zahlreichen Interdependenzen zwischen Ern~hrungsva- 
riablen. 

Diese Tatsachen sollten in ern~hrungsepidemiologischen Studien dadurch bes- 
set erfa/3t werden, dab sowohl die Studienmodelle als auch die Datenanalysen 
entsprechend ausgerichtet werden. Anstelle yon Untersuchungen an heterogenen 
Stichproben ist es ratsam, sich auf spezifische ,,Typen" zu konzentrieren, wobei 
gem~f5 dem j eweihgen Studienziel solche ,,Typen" aus den physiologischen Beson- 
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derheiten (z. B. Cholesterinempfindlichkeit), aus biologisch-konstitutionellen Fak- 
toren (z. B. K6rperbau-Typus), aus Lebensstil-Eigenschaften oder anderen Fakto- 
renbereichen abgeleitet werden k6nnen. 

Die Variationsbreite der Ern~hrungsfaktoren geht fiber die fiblicherweise ver- 
wendeten N/ihrstoffdimensionen hinaus, doch sie 1/iBt sich durch integrierte Indi- 
zes - die ,,Nahrungsmuster" - zusammenfassen. Zu solchen ,,Nahrungsmustern" 
kann man auf verschiedene Weise kommen. Sie k6nnen aus Theorien abgeleitet 
werden und zu bestimmten Bewertungsrastern ffihren. Man kann sie aber auch 
mittels multivariater statistischer Analyse suchen. Die prinzipiellen Wege, die zu 
,,Nahrungsmustern" ffihren, werden dargestellt und diskutiert. 

Die hier vorgestellten und diskutierten Ideen leiten zu einem verbesserten Unter- 
suchungsmodell fflr ern/ihrungsepidemiologische Studien fiber. Die ,,Nahrungs- 
muster" nehmen dabei eine wichtige Position ein. Man kann annehmen, da/3 durch 
diesen Untersuchungsansatz neue Erkenntnisse fiber die Beziehungen zwischen 
Ern/ihrung und Gesundheit sichtbar werden, die helfen, den bisher noch diffusen 
Untcrsuchungsbcrcichcn klare Konturen zu geben. 

Key words: Data analysis; health status; food pattern; nutrition behavior; 
research strategy 

Schli~sseIw6rter: Gesundheitsstatus; Ernfihrungsverhalten; Forschungsstrategie; 
Datenanalyse; Nahrungsmuster; Ern/ihrungsepidemiologie 

1 Introduction 

It  is the main  objective of  etiologically or iented ep idemiology  to identify 
factors affecting h u m a n  health. F rom all life-style factors under  suspicion,  
nutr i t ion can be regarded as potential ly important .  In  m a n y  epidemiologi-  
cal studies that  examined the relat ionship of  nutr i t ional  factors to dis- 
eases, in particular the impor tan t  chronic  diseases of  the wes te rn  world, 
nutr i t ion proved to be a significant risk factor  (1, 3, 7, 9, 33, 92). The same 
holds true for populat ions  living in the Third World. There, food is also an 
impor tan t  factor in the web of  causes of  diseases and mortal i ty  (13, 17). 

Basically, research on the relation of  h u m a n  nutr i t ion to health is started 
f rom a relatively simple s tudy  model  (Fig. 1) which,  however ,  can become  
complex  in the concre te  case. The s tudy  model  presented  in Fig. 1 
envisages that h u m a n  nutr i t ion expressed in food consumpt ion  or nu- 
tr ient intake, as an independen t  variable, changes  a dependen t  heal th 
variable, which  is either an indicator variable for a changed  metabol ism,  
e.g., hyper tension,  or a disease itself. 

A close considerat ion of  the individual  const i tuents  shows that  h u m a n  
nutr i t ion consists of highly complex  variables. Scientists have difficulty in 
identifying the single causative agents out  of  this mixture.  Therefore  in 
recent  years several nutri t ionists began  to characterize "nutrit ion",  not  
with a bundle  of  single and isolated variables, but  rather  with indices 
called a "pattern", a specific constel lat ion of  variables a m o n g  or within 
individuals  that  includes m a n y  single aspects  in one index. But  until  now 
a generally accepted definit ion of  "pat tern" has been miss ing and there 
has been a lack of agreement  about  if and w h e n  "pat tern" indices should 
be used in nutr i t ion research and nutr i t ion ep idemiology (8, 10, 22, 26, 37, 
52, 56, 59, 78, 85, 86, 96, 108).. 
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We feel that  it is necessary  to start a discussion about  the role of  food 
pat terns in etiological research. In this article we in t roduce  a comprehen-  
sive research strategy including food pat terns  for analyzing nutr i t ional  
data for the purpose  of relating nutri t ional  variables (risk factors as well as 
protect ive factors) to health. Most  of the ideas presented  were  developed 
dur ing a pilot project  - EMSIG (Ern~ihrungsmodell-Studie in GieBen) - 
per formed by the authors  in 1981-1983 (19, 20). A m o n g  our  group it was 
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the  s t rongly  felt  that  h u m a n  food in take  conta ins  m o r e  re levant  informa-  
t ion than  is descr ibed  by  us ing  c o n s u m p t i o n  indices  for nutr ients .  Fu tu r e  
analysis  of  this c o m p l e x  s t ruc tu re  and  its inf luence  on heal th  s ta tus  m a y  
show m u c h  s t ronger  effects  than  before;  ye t  this  p r e s u m p t i o n  has to be  
empir ica l ly  proven.  

2 P r o b l e m s  o c c u r r i n g  w h e n  n u t r i t i o n  is  r e la t ed  to h e a l t h  

In  the first  pa r t  of  this pape r  p r o b l e m s  are  desc r ibed  which  are associ-  
a ted wi th  var iables  i m p o r t a n t  in the  nut r i t ion  disease  model .  S tudies  
analyzing such re la t ionships  have  to t ake  these  p r o b l e m s  into accoun t  
w h e n  resul ts  are in terpre ted .  This  list of  p r o b l e m s  is far f rom comple te ,  
bu t  m a y  be helpful  for u n d e r s t a n d i n g  the  diff icult ies nu t r i t ion  
ep idemiolog is t s  are faced with. 

2.1 Phys io log ica l  i n d i v i d u a l i t y  

Man is a sy s t em which  is open  to its env i ronmen t .  I f  he  wan t s  to survive,  
he  will have  to f ind a dynam i c  ba lance  wi th  his env i ronmen t .  The  manifes-  
ta t ion of  this ba lance  not  only  d e p e n d s  u p o n  a phys io logica l  s tandard ,  bu t  
also individual  quali t ies are impor tan t .  As an  example ,  for the  ex ten t  of  
this biological  individual i ty  we  can  use  genet ic  d i sorders  regis tered  so far. 
Of  the  rough ly  3 000 k n o w n  genet ic  disorders ,  250 a lone are b iochemica l ly  
def ined  e.g., b y  disorders  in aminoacid- ,  vi tamin- ,  mineral- ,  ca rbohydra t e s -  
and  l ip id -metabo l i sm (67, 70, 81, 101). There  are also m a n y  e x a m p l e s  of  
in ter- individual  d i f ferences  in r e sponse  to d ie ta ry  intake,  e.g., to chol- 
es terol  (58, 73), sod ium chloride (30, 76), a lcoholic  beve rages  (41), or to 
genera l  or specif ic food i tems k n o w n  as food in to lerances  or food allergies 
(11, 25, 54, 98). This  biological  var iabi l i ty  will def ini te ly  play a role, no t  only  
wi th  obvious  defects ,  bu t  also it is of  i m p o r t a n c e  w h e n  es tab l i sh ing  
individual  s ta tes  of  balance.  In  a s tudy  it is diff icult  to separa te  these  
individual  character is t ics  f rom effects  caused  by  i n d e p e n d e n t  factors.  
Thus,  for instance,  it is unc lear  w h e t h e r  be ing  m o d e r a t e l y  ove rwe igh t  
cons t i tu tes  a func t ion  of  caloric in take  or w h e t h e r  it is .par t ly  due  to 
biological  variabil i ty.  

In  this con tex t  it is pe rhaps  i l lustrat ive to rever t  to the  s y s t e m  idea in 
man.  We k n o w  of  sys t ems  that,  as a rule, can  be kep t  in ba lance  by  several  
i n d e p e n d e n t  f e edback  m e c h a n i s m s .  Shif t ing a fac tor  does  not, therefore ,  
necessar i ly  m e a n  tha t  the  s y s t em  will b r eak  down,  bu t  can  m e a n  tha t  it 
will s imp ly  find its ba lance  on a di f ferent  level. The  h u m a n  ene rgy  
balance,  for instance,  m a y  follow such  principles .  I t  is k n o w n  tha t  the  
d is t r ibut ion  of b o d y  fat affects  me tabo l i c  reac t ions  (2, 16, 40, 53, 87). The  
mani fes ta t ion  of  the  individual  f e edback  control  s y s t e m s  in m a n  h imse l f  
may,  therefore,  lead to differ ing react ions.  I t  is thus  not  surpr i s ing  that  
m o n o c a u s a l  a s s u m p t i o n s  do not  app ly  and  a cons iderab le  in ter- individual  
var iabi l i ty  is to be  found.  

This  inter- individual  var iabi l i ty  should,  however ,  no t  be  seen f ixed 
u n d e r  any  c i r cums tances  and  it m u s t  be  a s s u m e d  tha t  an individual  does  
not  a lways  r e spond  in the  s ame  m a n n e r  to an  ex te r io r  s t imulus .  Accord ing  
to the  s i tuat ion of the  individual ,  p e r h a p s  also d e p e n d i n g  u p o n  the  biologi- 
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cally f ixed r h y t h m  of  life, d i f ferent  man i fes ta t ions  m a y  be  obse rved  (33, 35, 
93, 105, 114). Phys io log ica l  individual i ty  has  to be  recognized  dur ing  
sampl ing  in nut r i t ion  ep idemiologica l  s tudies .  I n s t ead  of  inves t iga t ing  
he t e rogeneous  popu la t ion  (Fig. 1) it is advisable  to concen t ra t e  on specif ic  
" types"  of  people.  The  " types"  have  to be  se lec ted  in recogni t ion  of  the  
specif ic goals of  the  p lanned  s tudy  and  inc ludes  all ind iv iduals  who  show 
similar  phys io logica l  proper t ies ,  i.e., b o d y  fat  d i s t r ibu t ion  or salt  sensi t iv-  
ity. Bu t  such  types  can  also be  se lec ted  accord ing  to non-phys io log ica l  
var iables  such  as s imilari t ies  in soc io-psychologica l  character is t ics ,  i.e., 
l ife-style (112), s t ress -coping  behav io r  (66, 84), b io logica l -cons t i tu t ional  
types  such  as pykn i c  and  l ep tosomic  (45, 74), or food habi ts ,  wh ich  will be  
d i scussed  la ter  on (see 3.1). 

2.2 In te rdependene ies  be tween  nutrit ional variables 

Nutr i t ion  is not  a single factor,  bu t  consis ts  of  a var ie ty  of  var iab les  
of ten highly corre la ted  to each  other.  The  avai lable  t e c h n i q u e  such  as 
food diaries or  r e t rospec t ive  ques t ionna i res  is l imi ted  in assess ing  food 
in take  (14, 18, 27, 32, 48, 69, 79, 94, 100). Based  on these  t e chn iques  it will 
be  near ly  imposs ib le  to d i f ferent ia te  b e t w e e n  causal  fac tors  and  
correlates.  In  ep idemiologica l  field s tudies  w h e r e  indiv idual  nu t r i t ion  is 
recorded,  no single var iab le  is measu red ,  bu t  ins tead  only  a c o m p l e x  
m i x t u r e  of  variables.  K n o w l e d g e  abou t  the  compos i t i on  of  this m i x t u r e  is 
m o r e  or less l imited.  Iden t i fy ing  the  causal  fac tor  will  be  near ly  imposs i -  
ble by  m e a n s  of  these  t echn iques  becaus e  they  are unab le  to adequa t e ly  
descr ibe  the  c o m p l e x  factor  for causal  inferences .  Addi t ional ly ,  o ther  r i sk  
factors  associa ted  wi th  the  var iab le  of  in teres t  m a y  con found  the  results .  
Confound ing  var iables  are usua l ly  not  ful ly ident i f ied or can  only be  
m e a s u r e d  incomple te ly  (44). I t  will be  near ly  imposs ib le  in the  field 
s i tuat ion to contro l  nu t r i t ion  behavior ;  the  se lec t ion accord ing  to one  
nu t r i en t  var iable  will necessar i ly  in terfere  wi th  o the r  nut r i t ional  factors.  
The  l imita t ions  in food in take  per  day  b y  a m o u n t  or  ene rgy  con ten t  
restr icts  the  in take  of  cer ta in  food i tems  which  conta in  minera l s  and  
v i t amins  as well. In  the  fol lowing an out l ine  of  the  range  o f  poss ib le  
in terac t ions  will be  presented .  

2.2.1 Divers i ty  o f  food 

I t  is ev iden t  tha t  the  potent ia l  of  poss ib le  foods tuf fs  a lmos t  reaches  the  
total  n u m b e r  of  the k n o w n  vege tab les  and  an imals  inc luding  the i r  sub-  
groups.  Kunkel ,  in a list of  all ea tab le  plants ,  a r r ived  at a f igure of  12 850 
species  (62). Even  wi th  a res t r ic t ion to food i tems,  wh ich  can  be  acqu i red  
at an average  cost,  we  still c o m e  to 10000 products ,  wh ich  are to be  
considered.  An average  s u p e r m a r k e t  t oday  conta ins  12 000 d i f ferent  food 
p roduc t s  (68). In  addi t ion  to this selection,  the re  are series of  variat ion,  e.g., 
b y  biological  variables ,  p rocesses  dur ing  r ipen ing  and  storage,  or  var ia-  
t ions caused  b y  dif ferent  indust r ia l  p rocess ing  or di f ferent  p repa ra t ions  
wi th in  households .  

I f  we  only cons ider  the  subs t ances  con ta ined  in foodstuffs ,  this  mul -  
t i tude  of food i tems  b e c o m e s  ve ry  m u c h  rest r ic ted.  However ,  as a m a t t e r  
of  pr inciple ,  the  t e r m  " subs t ance  con ta ined  in foods"  should  go b e y o n d  
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Table 1. Classification scheme of compounds in food. 

A) Natural compounds Example 

- essential nutrients vitamin 
- non-essential nutrients sugar 
- positive acting non-nutrients fiber 
- negative acting non-nutrients myeotoxines 

B) Man-made compounds 

- intended (additives) 
- accidential (contaminents, 

reaction products) 

conservatives 
pesticides 
browning products 
(Maillard reaction) 

the term "essential nutr ients"  of which  there  are about  40, and should  also 
include the non-nutr ients  (Table 1). Though  little is k n o w n  so far about  the 
physiological  effect of  the non-nutr ients ,  there  have always been surpris- 
ing pieces of knowledge  in the past  (24, 97). Thus,  for example,  the 
observat ion that  cabbage  plays a protect ive role against  the deve lopment  
of  colon carc inoma was ascr ibed to the presence  of  certain indole com- 
pounds  which  st imulate the format ion of  enzyme  sys tems (106). 

2.2.2 Interactions be tween  nutr ients  

There are a n u m b e r  of  observat ions which  prove that  mult iple  interac- 
tions exist be tween  substances  conta ined in foodstuffs  (4, 111). On the 
basis of project ions it can be proved  that  it will never  be possible to 
complete ly  clear up this complex  ne twork  of  interactions.  Abrams,  for 
instance, calculated that  the combina t ions  of  the 40 essential  nutr ients  
with two manifestat ions alone, if one endeavored  to examine  t h e m  for all 
interactions of  first order, would  each exceed the size of  the present  wor ld  
popula t ion 250 t imes (5). If, in addition, non-nut r ients  are included,  it can 
easily by seen that  the n u m b e r  of  these interact ions is inconceivable,  
al though, as m a n y  examples,  show, they  certainly exist  (47, 75). 

2.2.3 Puri f ied food c o m p o u n d s  often have  a di f ferent  ef fect  f rom that 
exer ted  by  crude foods 

Late ly ,  results of  exper imenta l  investigations,  where  - as a rule - the 
subs tance  to be examined  is adminis tered  in a pure  form, do not  coincide 
with observat ions  made  when  the examined  subs tance  was adminis tered  
in the form of a foodstuff.  For  instance,  the blood sugar  react ion is 
different with the adminis t ra t ion of  isolated carbohydra tes ,  e.g., starch, 
than with the adminis t ra t ion of  s tarch in the form of potatoes,  rice, or 
pulse. In  the same way, different effects can be evoked  with different 
foods or menu  componen t s  (12, 28, 55, 61). 

2.2.4 A h o m o g e n o u s  nutr ien t  in take  can produce  di f ferent  physiological  
ef fects by  di f ferent  m o d e s  o f  nutri t ion 

In  spite of  an ari thmetical ly equal  quant i ty  of  subs tance  intake, the 
physiological  effect of  the subs tances  can be ra ther  different. For  example,  
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the physiologica l  va lue  of  a quan t i ty  of  p ro te in  is not  equa l  bu t  corre- 
sponds  to the  compos i t ion  of  the  amino  acids. The re  are so-cal led "opti-  
mal"  pro te in  mix t u r e s  wh ich  can cover  the  overal l  h u m a n  r e q u i r e m e n t  
even  wi th  a low in take  and combina t i ons  where ,  in sp i te  of  h igh  pro te in  
intake,  the  biological  d e m a n d  is not  m e t  (38, 105, 113). In  the  s a m e  way,  
s i tuat ions migh t  be  t hough t  out  for o ther  fields where ,  in spi te  of  an 
ar i thmet ica l ly  equa l  intake,  vary ing  phys io log ica l  reac t ions  occur  con- 
d i t ioned by  differ ing m o d e s  of nutr i t ion.  As to the  overal l  ene rgy  supply ,  it 
is, for  instance,  k n o w n  that  the  n u m b e r  of  mea l s  plays  an  essent ia l  role as 
to how the ene rgy  suppl ied  is used  (6, 30). Dur ing  the  process  of  calcula-  
t ion of  nu t r i en t  in take  f rom data  of  d ie ta ry  su rveys  the  obse rved  indi- 
v idual  d ie tary  var iabi l i ty  b e c o m e s  " smoothed" .  The  var ia t ions  in nu t r i en t  
in takes  are small  c o m p a r e d  wi th  var ia t ions  in in takes  of  specif ic  foods  
(109, 110). Indiv iduals  can easi ly avoid  the  in take  of  dis l iked foods,  bu t  
none  of the  essent ia l  nu t r ien ts  should  be  ignored.  Myres  and  Kroe tsch ,  in 
analysis  of  the Nutr i t ion  Canada  data, found  few ma jo r  d i f ferences  in the  
nu t r i en t  in take  of  chi ldren a m o n g  dif ferent  i n c o m e  groups ,  a l t hough  
dif ferences  in food c o n s u m p t i o n  pa t t e rns  we re  ev iden t  (72). 

2.2.5 T h e  s t u d y  m o d e l s  are t e s t e d  in  d i f f e r e n t  e n v i r o n m e n t s  

I t  m u s t  a lways  be  t aken  into cons idera t ion  tha t  s tudies  a b o u t  the  con- 
nect ion be tween  nut r i t ion  and  heal th  of ten take  p lace  in societ ies  wi th  
different  cul tural  backgrounds .  A l though  the  basic  m e c h a n i s m  of  an 
effect  m u s t  cer ta inly  be  the  s ame  for all m e n  as long as it is no t  in f luenced  
by  different  genet ic  mani fes ta t ions ,  the  ques t ion  m u s t  be  a sked  w h e t h e r  
the  different  e n v i r o n m e n t s  of  m a n  migh t  not  exer t  an in f luence  on the  
resul t  of  the  study.  Ne i the r  the  nut r i t ion  nor  the  s ta te  of  hea l th  of  m a n  can  
be separa ted  f rom his env i ronmen t .  We m u s t  r e m e m b e r  jus t  h o w  dif ferent  
h u m a n  e n v i r o n m e n t s  m a y  be, e.g., d i f ferent  c l imat ic  zones,  f rom t rop ica l  
rain forests  to deserts ,  m o d e r a t e  c l imates  on to the  arctic, or even  the  
different  economic  s t ruc tures  b y  which  nut r i t ion  as well  as hea l th  is 
mani fes ted ,  such  as deve lop ing  and  industr ia l  nat ions,  t o w n  and  coun t ry  
regions,  worke r s  and  the  u n e m p l o y e d ,  or s ingle househo lds  ve r sus  mult i -  
ple  f a m i l y - m e m b e r  households .  

3 Consequences 

The  g roups  of  p rob l em s  s h o w n  lead us to recognize  tha t  the  objects  of  
invest igat ion-nutr i t ion,  heal th,  and  the i r  re la t ion are h ighly  complex .  The  
s impler  we  render  the  s tudy  model ,  the  less rea l i ty-or iented  the  know-  
ledge gained f rom it will be  f rom the v i ewpo in t  o f  the  ent i re  p rob lem.  As 
an in te res ted  scient is t  one  will have  to ask  h o w  the obse rva t ions  are 
connec ted  wi th in  the  f r a m e w o r k  of  the  c o m p l e x  entity.  Resea rch  in this 
field m e a n s  tha t  var iables  f rom the  c o m p l e x  en t i ty  are chosen,  because  of  
thei r  a s s u m e d  essent ia l  impor tance ,  w i thou t  k n o w i n g  exac t ly  w h e t h e r  
this is the  case. Cont ra ry  to earlier t imes,  the  choice  of  var iab les  will be  
grea te r  due  to the  use  of  e lect ronic  data  process ing .  In  this dec is ion  
process  a me thod ica l  p r o c e d u r e  is he lpfu l  w h e n  the  r e sea rch  goal is first  
defined,  a s t udy  m o d e l  der ived,  then  the  c o r r e s p o n d i n g  s a m p l e  chosen  
and  app rop r i a t e  statist ical  m e t h o d s  are es tabl ished.  I f  this  p r o c e d u r e  is 
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put  down in wri t ten form, the reduc t ion  of  reality is carried out in a 
reconstructable  manner .  It  will not  be possible to work  out general guide- 
lines as to how the process  of  reduc t ion  m u s t  take place. But  today  it can 
be said that  in the future we will definitely no t  be able to work  with simple 
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models ,  bu t  tha t  s imple  m o d e l s  will have  to be  rep laced  b y  mul t i fac tor ia l  
s tudy  models .  S o m e  work i ng  g roups  have  a t t e m p t e d  to r educe  this com-  
p lex  h a p p e n i n g  and  to tu rn  it into mode l s  (12, 23, 31, 64). S tar t ing  f r o m  the  
sy s t em idea (kybernet ics)  one  endeavor s  to r ep re sen t  obse rva t ions  of  
real i ty by  such  r educed  models ,  inc luding  obse rva t ions  of  fu r the r  environ-  
men t a l  variables.  These  mode l s  wou ld  have  to inc lude  those  var iab les  
wh ich  have  p roved  to be of  essent ia l  impor tance .  

3.1 E x t e n d e d  research mode l  

For  the  fur ther  sys temat iza t ion  of the  d i scuss ion  and  to r ende r  the  
scientific p r o c e d u r e  m o r e  precise,  we  wan t  to p re sen t  a s t udy  m o d e l  going 
b e y o n d  the  s imp le  m o d e l  s h o w n  in Fig. 1. This  s t udy  m o d e l  is su i tab le  for  
def in ing the  co r r e s pond i ng  g roups  o f  p r o b l e m s  and  for showing  the  
connec t ions  be tween  individual  research  areas.  In  par t icular ,  Fig. 2 illus- 
t ra tes  whe re  mul t ivar ia te  p r o c e d u r e s  can or should  be  used  and  h o w  far 
resul ts  of  mul t ivar ia te  p rocedu re s  can  be  seen  in the  overal l  con tex t  of  the  
objec t  of  the  study.  

Our  cons idera t ions  are concen t r a t ed  on the  in take  of  foodstuffs .  The  
in take  in fo rmat ion  should  be  covered  and  desc r ibed  in sepe ra t e  d imen-  
sions, i.e., where ,  when ,  what ,  b y  w h o m  (see 3.2). Many  indiv idua l  observa-  
t ions can  be  c o m b i n e d  and  desc r ibed  as a pa t te rn .  Food  (dietary) pa t t e rns  
can be  def ined  as: "Repea t ed  a r r a n g e m e n t s  of  food and  beve rages  tha t  can  
be  obse rved  in food c o n s u m p t i o n  records ,  inc luding  the  c o m b i n a t i o n  of  
foods  into mea l s  or into rec ipes  for  p r e p a r e d  i t ems  in mea l s  or  snacks .  More  
loosely,  types  of  foods  c o n s u m e d  by  peop le  in a country ,  cu l tu re  or  locale 
emerges  as a resul t  of  food habi t s"  (63). De t e rmina t i on  of  food pa t t e rns  
should  poss ib ly  cons ider  d i f ferent  d imens ions  in food c o n s u m p t i o n  in the  
fo rm of  in tegra t ing  indices.  The  indices  can  be  ob ta ined  b y  us ing  a cer ta in  
pa t t e rn  of  cri teria (see 3.3) or  by  ident i fy ing  the  s t ruc tura l  e l emen t s  of  
c o n s u m p t i o n  by  m e a n s  of  exp lo ra t ive  da ta  analysis.  In  so doing,  explora-  
t ive  da ta  analysis  wi th  the  inc lus ion  of  m a n y  factors  is a way  to o rder  
nutr i t ional  consumpt ion  wi thou t  the  b u r d e n  of  p rev ious ly  ex is t ing  criteria. 

Ano the r  poss ibi l i ty  to descr ibe  the  var iab le  nu t r i t ion  consis ts  in the  
evaluat ion  of  food c o n s u m p t i o n  wh ich  has  t aken  place.  In  m o s t  cases,  the  
ca lcula t ion of  nu t r ien ts  is an  eva lua t ion  p r o c e d u r e  used  to desc r ibe  food 
c o n s u m p t i o n  of  indiv iduals  or  groups.  However ,  d e p e n d i n g  u p o n  the  
research  p rob lem,  not  only  m a y  the  subs tances  be  of  interest ,  bu t  the re  are 
also m a n y  di f ferent  possibi l i t ies  of  eva lua t ion  in o rder  to der ive  indices  
f rom food consumpt ion .  F igure  3 shows the  di f ferent  d isc ipl ines  wh ich  
m a y  be in te res ted  in h u m a n  nut r i t ion  and  their  s t andards  of  evaluat ion.  
Pr incipal ly ,  all of  t h e m  m a y  con t r ibu te  va luab le  in fo rma t ion  to the  deter-  
m inan t s  of  obse rv ed  food behavior ,  and  thus,  h o w  they  are re la ted  to 
indiv idual  hea l th  status.  On the  level  of  the  indices  der ived  b y  eva lua t ing  
food in take  accord ing  to eva lua t ion  s tandards ,  it will, in m a n y  eases,  be  
o p p o r t u n e  to ident i fy  essent ia l  s t ruc tu res  b y  m e a n s  of  exp lo ra t ive  da ta  
analysis  or p r e f o r m e d  pa t te rns  of  cri teria and  to r educe  the  wea l th  of  da ta  
b y  us ing  m o r e  h ighly  der ived  var iables .  

This  aspec t  at  p r e sen t  appea r s  to be  of  s e c o n d a r y  interest ,  s ince  food 
c o n s u m p t i o n  is the  var iab le  f rom which  the  o ther  var iab les  are der ived.  A 
concen t ra t ion  on food c o n s u m p t i o n  appea r s  to be  the  m o s t  p r o m i s i n g  
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approach  on account  of  the l imited resources,  since, wi th in  the f r amework  
of  the groups  of problems already described,  a sys temat ic  research as to 
the derived indices will lead to inexplicable p h e n o m e n a  wi thou t  a good 
knowledge  of the basic variable, the food intake. 

The relation of  nutr i t ional  variables to heal th status should  not  be 
established wi thout  fur ther  contex t  variables. These con tex t  variables can 
act as addit ional  filter variables t h roughou t  wh ich  the  individual  heal th  
status is fur ther  defined. F rom the past  it is k n o w n  that, for instance,  sex 
and age exert  an inf luence u p o n  the invest igat ion model .  However ,  not  
only should the classic soc iodemographic  variables be inc luded  but  also 
other  factors which  are k n o w n  to inf luence nutr i t ional  behavior.  In  terms 
of statistical analysis in t roducing  these factors will lead to more  homoge-  
nous  subgroups  from which  conclusions  are drawn. It  is k n o w n  that  the 
heterogenei ty  of  s tudy  groups  can evoke or veil results. An  example  is 
found in Fig. 4. The context  variables can also be used to describe the 
member s  of  a pat tern more  precisely and to develop specific " types" for 
which  a pat tern  is characteristic.  In  m a n y  cases, these factors can be 
designated as lifestyle factors. Hendr ichs  succeeded  in giving an accurate  
descr ipt ion of  nutr i t ional  pat terns  inc luding such lifestyle factors as 
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a t t i tudes  or m e n t a l  s tate  (49). There  are only  few o ther  s tudies  wh ich  
inves t iga te  nut r i t ion-re la ted  " types" ,  such  as res t ra ined  non- res t ra ined  
eaters,  hea l th-consc ious  dieters,  fas t food devotees ,  f in icky  eaters,  or high- 
calorie t radi t ional is ts  (8, 50, 82, 95). 

The re  are as yet  no exac t  n u m b e r  of  con tex t  var iab les  to be  inc luded  in 
the  s t udy  model .  However ,  wi th in  the  f r a m e w o r k  of  this  paper ,  we  w a n t e d  
to in t roduce  the  concep t  in which  con tex t  var iab les  factors  are a neces sa ry  
cons t i tuen t  of  the  invest igat ion.  

Ana logous  to se t t ing up  a catalog of  con tex t  var iab les  p e r m i t t i n g  divi- 
sion of  the  popu la t ion  to be  inves t iga ted  into h o m o g e n e o u s  g roups  or  to 
descr ibe  specif ic  pat terns ,  it should  be  cons ide red  h o w  nut r i t ion  in its 
var ious  aspec t s  is to be  covered.  

3.2 Choice o f  d imens ions  o f  food in take  

When e n u m e r a t i n g  the  di f ferent  a spec t s  of  nutr i t ion,  we  w a n t  to 
different ia te  b e t w e e n  the  d imens ions  of  food in take  s imu l t aneous ly  
r eco rded  b y  the  m e a s u r e m e n t  t echn iques  and  the  en l i s tmen t  of  eva lua t ion  
s tandards .  The  in take  of  foods  bas ica l ly  shows  di f ferent  d imens ions :  the  
subs tan t ia l  d imens ion  (the respec t ive  foodstuff) ,  the  t e m p o r a l  d i m e n s i o n  
(the respec t ive  eat ing time), and  the  spat ia l  d imens ion  (the r e spec t ive  
eat ing situation). I t  is in this m u l t i d i m e n s i o n a l  pa t t e rn  tha t  the  ind iv idua l  
food in take  t akes  place;  it could  thus  be  infini t ively var ied.  However ,  dai ly 
expe r i ence  shows tha t  food in take  does  no t  t ake  p lace  u n s t r u c t u r e d  in 
these  th ree  d imens ions  bu t  tha t  par t ly  ind iv idua l  s t ruc tu res  are fo rmed ,  
s o m e  of wh ich  b e c o m e  nut r i t ional  habi ts .  

The  individual  food in take  or ra ther  the  indiv idual ized  recur r ing  pa t t e rn  
s h o w n  as an average  f igure per  day, can be j u d g e d  by  eva lua t ion  s tand-  
ards. Accord ing  to the  w a y  the  nutr i t ional  i n fo rma t ion  is col lected these  
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evaluation s tandards can differ greatly. For  instance,  food intake, can be 
judged  according to its nutr i t ional  value. Other  evaluat ion s tandards  are 
economy,  ecology, enjoyment ,  wholesomeness ,  repleteness  or s t imulat ion 
offered by the consumpt ion  of  a foods tuf f  (see Fig. 3). 

One has to recognize that  the evaluat ion s tandards  are not  evident  to the 
acting s u b j e c t -  the eating person - but  we can try to use the recorded food 
intake data for such an evaluation. Since food intake belongs to the daily 
actions, man  would  rather conform with habi ts  and exper iences  in the 
selection of his foods instead of  some scientific evaluat ion standards.  For  
instance, the knowledge  about  nutr i t ional  science definitely belongs to 
those experiences  considered to set the s tandards  for the execut ion  of  
eating. But  the f requent ly  negative exper iences  collected w h e n  including 
the considerat ion of  knowledge  about  nutr i t ion into the act ion of  nutri- 
tional intake point  to the fact that  knowledge  about  nutr i t ion plays but  a 
very  subordinate  role as a parameter  of  judgment .  

The nutri t ional  researcher  is faced with a si tuation where  he has infor- 
mat ion  on the object of  invest igat ion with regard to the context  variables 
which  enable him to form h o m o g e n e o u s  subgroups  f rom the s tudy  popu-  
lation. On the other  hand,  he can observe how individual  persons  consume  
their nour i shmen t  wi thin  the f r amework  of  this mul t id imens ional  net- 
work  (e.g., what,  when,  and how). In  addition, he can validate wha t  he 
observes. On the other  side there is the object to be invest igated - the 
h u m a n  being ("The eating h u m a n "  - Fig. 3), who  acts a lmost  entirely 
independent ly  of  the scientific point  of view - he s imply  rats. We only 
know with certainty that  the interest  of  the researcher  in aspects  of 
nutr i t ion does not  coincide with the factors which  de te rmine  the nutri- 
tional behavior  of  man. 

3.3 T h e  role  o f  f o o d  p a t t e r n s  

We have seen that  food intake can be mul t id imens ional ly  represented  
and that, for this purpose,  certain criteria of  evaluat ion can be used at the 
same time. I f  "nutri t ion" is to be described,  it is impor tan t  to present  the 
combina t ion  or constel lat ion of  foodstuffs  dependen t  u p o n  t ime and space 
since these are the d imensions  which  can, for example,  be objectively 
established by means  of  food records.  

With the keyword  "food pat tern" a concep t  is to be in t roduced  by which  
food intake can be s t ructured in mul t id imens iona l  space. We start by  
assuming  that  while nutr i t ional  act ion takes place individually,  the indi- 
vidual  persons  are more  or less c o m m o n  in their nutr i t ional  behavior.  This 
can be ant icipated since nutri t ional  behavior  as such mus t  be manifes ted  
by structures,  otherwise it would  operate in an entirely uns t ruc tu red  
manner.  In  descr ibing food patterns,  we wan t  to concent ra te  essentially on 
food intake behavior  and leave the evaluat ion s tandards  out of  considera- 
t ion at this time. The s tandards  of  evaluat ion are j u d g m e n t s  of  this 
behavior  and reduce  the manifold food intake act ions to certain aspects  
which  might  likewise be of  interest  for a considera t ion of  patterns. Thus,  
for example,  it is extraordinari ly  interest ing to compare  individual  per- 
sons with regard to their provision with nutrients.  However ,  in so doing it 
should be taken  into account  that  the considera t ion of the level of  act ion 
const i tutes  a fur ther  differentiation (see 2.2.4). 
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3.4 Strategies for ident i fy ing  relevant  food pat terns  
The  substant ia l ,  t e m p o r a l  and  spat ia l  charac te r iza t ion  of food in take  can  

be carr ied t h r o u g h  in mani fo ld  ways  and  will  neve r  be  exhaus ted .  
Resea rch  can  p ick  out  individual  aspec ts  which,  as a rule, will have  to be  
res t r ic ted to the  essent ia l  indices.  One will h a v e  to dec ide  w h e t h e r  all 
d imens ions  are of  i m p o r t a n c e  or whe ther ,  d e p e n d e n t  on the  resea rch  
p rob lem,  only cer ta in  indices  should  be  enl is ted for  the  p u r p o s e  of  charac-  
terization. As a rule, m a n y  indices  of  food in take  behav io r  will remain ,  in 
spi te  of  p rev ious  reduct ion,  and  will en te r  into the  s tudy  model .  The  
s t ra tegy  to be  fo l lowed m o s t  f r equen t ly  will be  to d e t e r m i n e  wh ich  food  
i tems are of  i m p o r t a n c e  for the  s tudy,  for e x a m p l e  on the  basis  o f  the i r  
nu t r ien t  content .  As far  as the research  p r o b l e m  m a k e s  no  o ther  demands ,  
food i tems will have  to be  c o m b i n e d  into groups.  In  the  s a m e  way,  it will 
be  poss ib le  to ident i fy  those  food i tems which  fo rm the  basis  of  nu t r i t ion  
in the  respec t ive  s tudy  popu la t ion  (core diet). F r o m  this s t a t ement ,  it 
b e c o m e s  clear  that  by  data  r educ t ion  f rom the  mani fo ld  offer  of  food i t ems  
only relat ively few foods r em a i n  for the  s t udy  model .  

Apar t  f rom the qual i ta t ive  va l ida t ion  of  the  food in take  behav io r  the re  is 
the  quant i ta t ive  aspect .  I t  can  be  d e t e r m i n e d  for eve ry  ind iv idua l  partici-  
pan t  which  quan t i ty  he  or she c o n s u m e d  at w h a t  t ime  and w h a t  place.  In  
so doing it is of ten suff icient  to rever t  to por t ion  sizes wh ich  are usua l ly  
used  in the  household ,  s ince these  are only  of  re lat ive i m p o r t a n c e  com-  
pared  to the potent ia l  var iabi l i ty  in f requency .  

I t  is ev iden t  tha t  these  s t ruc tures  of  the  quant i t ies  in meals ,  in addi t ion  
to the  qual i ta t ive informat ion ,  g ran t  fu r ther  ins ight  into the  food in take  
behav ior  of  the  individual .  

An impor t an t  aspec t  w h e n  cover ing  h u m a n  nut r i t ion  is the  ques t ion  of  
h o w  the  s tudy  e x p e n s e  can be  reduced ,  and  the  use  of  " ab r idged  m e t h o d s "  
is indicated.  The  concep t  of  concen t ra t ing  on the  basic  foods tuf fs  wh ich  
cons t i tu te  the  essent ia l  pa r t  of  the  nut r i t ion  of  the  g roup  u n d e r  invest iga-  
tion, has  a l ready been  in t roduced .  This  m e a n s  tha t  a r o u g h  a s s i g n m e n t  of  
individual  pe r sons  is m a d e  wi th  regard  to the  food i t ems  which,  for 
instance,  p lay  an i m p o r t a n t  role in the  p rov is ion  wi th  nutr ients .  By  s tand-  
ardized presenta t ion ,  i.e., wh ich  is m e r e l y  re la ted  to those  foods,  w h e n  
inves t igat ing the  nutr i t ion,  the  e x p e n s e  of  the  inves t iga t ion  is cons ider -  
ably  r educed  and  only in fo rmat ion  on the  relevari t  a spec t s  of  food in take  
behav io r  will b e c o m e  available.  The  concep t  to concen t ra t e  on cer ta in  
aspec ts  o f  food in take  behav io r  accord ing  to a f ixed s c h e m a  of  eva lua t ion  
can be generahzed  and  cons ide red  as a basic  concep t  to cove r  nut r i t iona l  
action. Accord ing  to the  resea rch  p r o b l e m  supp l i ed  b y  the  s c h e m a  of  
evaluat ion,  cer ta in aspec ts  of  food in take  can be  p i cked  out  and  cove red  
by  rela t ively s imple  me thods .  E x a m p l e s  for such  s imp le  shor t  cut  d ie ta ry  
in take  m e a s u r e m e n t  m e t h o d s  are deve loped  in the  cance r  ep idemio logy  
(21, 46, 94, 102, 107) (e.g., v i t amin  A/caro tene  scores  (43, 90)), bu t  are also 
found  in inves t igat ions  into co rona ry  hear t  d iseases  (e.g., choles te ro l  
score) (51), and  in publ ic  heal th  nut r i t ion  (e.g., to ident i fy  r isk  h igh-ea t ing  
pat terns)  (29, 60, 80, 83, 89, 91). However ,  one should  be  consc ious  of  the  
fact  tha t  the  actual  objec t  of  the  s tudy  r em a ins  food in take  in the  mul -  
t id imens iona l  n e t w o r k  and  tha t  only  on the  basis  of  p r ior  k n o w l e d g e  h a v e  
co r re spond ing  eva lua t ion  s t andards  or cri teria b e e n  set  up. 
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Ano the r  s trategy,  p r e s u p p o s i n g  an  in tens ive  coverage  of  the  nutr i t ional  
behavior ,  is the  j u d g m e n t  of  food in take  af ter  the  invest igat ion.  A poss ib le  
s t andard  of  evaluat ion,  cer ta in ly  of  in teres t  in m a n y  p rob l ems ,  is the  
in take  of  nu t r ien ts  in connec t ion  wi th  the  foodstuffs .  For  the  choice  of  
coeff icients  of  evaluat ion,  food tables  are avai lable  indicat ing the  average  
con ten t  of  a nu t r i en t  or subs t ance  for a cer ta in  foodstuff .  Less  a t ten t ion  
has  so far been  paid  to the  s t andards  of  eva lua t ion  for o ther  fields of  
nutr i t ional  behav io r  which  can be  of i m p o r t a n c e  for  nutr i t ional  research  
and  can  cons t i tu te  essent ia l  s t ruc tura l  fea tures  for  nutr i t ion.  Only  a few 
aspec ts  can be  indica ted  by  w a y  of  example ,  such  as eva lua t ion  accord ing  
to gusta tory ,  olfactory,  visual,  or hapt ic  impre s s ions  (34, 36, 77, 88). By  
co r re spond ing  tables  of  coefficients,  i n fo rma t ion  on food c o n s u m p t i o n  
could  be  t rans la ted  and  t rea ted  stat is t ical ly in the  s a m e  way  as wi th  
nutr ients .  

4 D i s c u s s i o n  

F r o m  the  var ious  aspec ts  p re sen ted  earl ier  only  the  fo rming  of  food 
pa t t e rn  will be  d i scussed  here  because  it was  our  feel ing tha t  this  a rea  
needs  m o s t  u rgen t  clar if icat ion a m o n g  nut r i t ion  epidemiologis ts .  

The  fo rming  of  food pa t t e rns  and  the i r  in t roduc t ion  into et iological  
mode l s  should  not  be  d iscussed  wi thou t  inc luding  recen t  d e v e l o p m e n t s  in 
ep idemiologica l  et iological  research  which  can  be  charac te r ized  by  focus-  
ing on interre la t ions  a m o n g  i n d e p e n d e n t  var iables  and  m e a s u r e m e n t  
errors  of  the  d e p e n d e n t  and  i n d e p e n d e n t  var iables .  In te rcor re la t ions  and  
m e a s u r e m e n t  errors  are connec ted  inso far as bo th  have  c o n s e q u e n c e s  for 
statist ical  model l ing.  

The  corre la t ion of  a var iable  wi th  the  inves t iga ted  r isk fac tor  is one of  
the  r e q u i r e m e n t s  for  be ing  a c o n f o u n d e r  va r iab le  which,  i f  no t  control led,  
leads to a b iased r isk es t imate .  Many  work i ng  g roups  were  able  to show 
tha t  misclass i f ica t ion of  the  con found ing  var iab les  in the  range  wh ich  can 
be obse rved  in nutr i t ional  s tudies  p reven t s  or r educes  the  contro l  of  such  
confound ing  effects  (44, 99, 103). Bu t  m o s t  nut r i t ional  factors  are interre-  
la ted and  are there fore  potent ia l  confounders .  These  f indings  led us  to 
conc lude  tha t  in some  ins tances  only  c rude  r isk  e s t ima tes  had  b e e n  
ob ta ined  in ep idemiolog ica l  s tudies  based  on food records  or  r e t rospec t ive  
die tary  ques t ionnai res .  

This  f inding clearly shows  the  l imi ta t ion  of  ep idemio log ica l  nut r i t ional  
s tudies ,  bu t  also u n d e r s c o r e s  the  exp lo ra to ry  cha rac t e r  o f  such  
approaches .  In  a specif ic  s tage of  k n o w l e d g e  the  exp lo ra to ry  search  for 
re la t ionships ,  wh ich  should  be  inves t iga ted  fu r the r  wi th  s tudy  des igns  
m o r e  able to add  ev idence  for  a causal  relation, is an  accep tab le  and  
va luab le  p r o c e d u r e  (42). I t  should  be  m e n t i o n e d  tha t  ep idemio logy  have  
s tudy  des igns  avai lable  b y  which  single nut r i t ional  factors  can be  tes ted  
ve ry  s t rongly  regard ing  causal  inf luences  such  as in te rven t ion  s tudies  (15). 

I t  is obv ious  tha t  s t ra tegies  to cope  wi th  the  l imita t ions  of  some  
epidemiologica l  s tudy  des igns  are n e e d e d  be cause  of  the  grea t  va lue  of  
such  s tudies  explor ing  etiological  m e c h a n i s m s  in the  field of  nu t r i t ion  and  
health.  One  in teres t ing a p p r o a c h  to cope  wi th  the  l imita t ions  is to intro- 
duce  the  m e a s u r e m e n t  errors  into the  stat is t ical  m o d e l  (104). Also, the  
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use fu lness  of l a t en t  s t ruc tu re  equa t ion  m o d e l s  has to be  i nves t i ga t ed  for 
its use  for  ep idemio log i ca l  s tud ies  such  as L I S R E L  or L I S C O M P  w h i c h  
have  a m e a s u r e m e n t  e r ror  m o d e l  as in tegra l  pa r t  of  the  to ta l  s ta t i s t ica l  
m o d e l  (57, 71). 

A fu r the r  s t r a t egy  - and  p r o p o s e d  here  - is to inves t iga te  the  in te rna l  
s t ruc tu re  of  the  nu t r i t i ona l  va r i ab les  w h i c h  enab le s  the  r e sea rche r s  to 
p r o p e r l y  i n t e rp re t  the  f ind ings  in l ight  of f ind ings  f rom o ther  areas  or 
b io logica l  p laus ib i l i ty .  One w a y  to exp lo r e  the  in te rna l  s t ruc tu re  i n h e r e n t  
to nu t r i t i ona l  va r iab les  is by  m e a n s  of  fo rming  pa t t e rn s  as i n t e g r a t e d  
indices .  Based  on var ious  s ta t i s t ica l  a lgo r i t hms  wh ich  shou ld  be u sed  to 
dea l  wi th  the  wea l th  of  da ta  and  t h r o u g h o u t  w h i c h  the  s t ruc tu re  can  be  
revea led  w i thou t  sub jec t ive  in fe rences  pa t t e rn s  can  be  de f ined  as a con- 
s te l la t ion  of  va r i ab les  (over persons ,  " fac tor  analysis") ,  as a s imi la r i ty  
b e t w e e n  pe r sons  (over var iables ,  "c lus te r  analysis") ,  or  as ind ices  de r i ve d  
t h rough  p r e f o r m e d  pa t t e rn s  of  cri teria.  All  concep t s  had  b e e n  u sed  previ-  
ous ly  and  the re  is no p re fe rence  for  one  m e t h o d  over  the  other .  Only  
s imple  fac tor  ana lys is  shou ld  be  cau t ious ly  a p p l i e d  be c a us e  m e a s u r e m e n t  
er rors  affect  the  va r i ance  s t ruc tu re  and  can  lead  to i n a p p r o p r i a t e  fac tor  
solut ions.  With L I S R E L ,  a more  power fu l  s ta t i s t ica l  fac tor  ana lys i s  s y s t e m  
is ava i lab le  in wh ich  misc lass i f i ca t ion  of va r i ab le s  is t a k e n  into a c c oun t  
(conformator ic  fac tor  analys is )  (65). 

We t h i n k  tha t  in tu i t ive ly ,  the  ex i s t ence  of food p a t t e r n s  is w ide ly  
accep t ed  by  sc ient i s t s  desp i t e  the re  be ing  no sc ient i f ic  p h i l o s o p h y  of  
iden t i fy ing  and  us ing  them.  I t  is the  h y p o t h e s i s  t ha t  food pa t t e rn s  m a y  
d i f fe ren t ia te  the  p o p u l a t i o n  in g roups  of  d i f fe ren t  l i fes ty les  m u c h  m o r e  
p rec i se ly  (cons ide r ing  misc lass i f ica t ion)  than  s ingle  food i tems.  The  iden-  
t i f ica t ion  and  a s s i g n m e n t  of sub jec t s  to pa t t e rn s  w h i c h  u s ua l l y  c o m p r i s e  
m a n y  s ingle  va r i ab le s  m a y  no t  be  as v u l n e r a b l e  to m e a s u r e m e n t  e r rors  
and  misc lass i f i ca t ion  because  of  the  b r o a d e r  base  of  j u d g m e n t s  and  wil l  
show s t ronger  effects on hea l th  than  b y  us ing  s ingle  va r i ab l e s  - b u t  fu r the r  
r e sea rch  m a y  show if  th is  ho lds  t rue  in real i ty.  

A ckn o wl  e dgem en t 
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