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Hyperkinesis and Learning Disabi l i t ies
Linked to the lngestion of Art i f icial
Food Colors and Flavors

Ben F. Feingold, MI)

The historical huckground of hyperkinesis ond
learning disahilitles (H-LD) is reviewed briefly
ond followed by o discussion ol food odclitlves.
Focus on ortificiol food c<tlors and flavors os
importlnt etiologic agents is explainec! oncl
supported by the fovorable response of' .30 to
50% of various srtrnples of H-I"D children
managed with the Kaiser-Permanente (K-P)
Diet.

The hyperkinet ic syndrome, commonly labelecl
"hyperact iv i ty,"  has captured publ ic at tent ion
in pract ical ly every developed country.  Whethe r
th is publ ic interest  represents a greater
awareness of  the problern or ref lects an actual
increasc in inciderrcc is an often debated
quest i r . ln.  l - ' lowever,  among those who deal  wi th
chi ldren, part icular ly educators and teachers,  as
wel l  as thous.rnds of  l re leaguered parents,  the
consensus favors not only a real  increase in the
incidence oi  hyperkinesis but a prevalerrce of
epidemic proport ions . r { fect ing approximarely
5,000,000 chi ldren in th is country.

l -he increased frequency with wlr ich
h y p erkirresis is encou ntered has lecl  to i l
common impression that the corrdi t ion is a new
syndrome, al though i t  is  perhaps as old as nran.
A search of  the l i tcrature discloses cl in ical
patterns descr ibed as ear ly as 400 BC (Benton
1964-65) that  were qui te s imi lar  to those cur-
rent ly latreled as "hyperki t rcsis"  or "minintal
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brain dysfurrct ion" (MBD) in which hyper-
act iv i ty is abserr t  or  r rot  prominent.  Dur ing the
I 8th,  I  9th,  and ear ly 20th centur ies ternls such
as taniruh (darrce mania),  f idgety Phi l ip
( l - lof fnran 1864),  St .  Vi tus 'dance (Abt l929),
and chorea minor (Gibson 1937) werc ol ten
appl ied to c l in ical  dcscr ipt ions c losely s imi lat  to
the hyperkinet ic syndrome or MBD.

The cpidenr ic of  encephal i t is  that  occurred
dur ing World War I  lef t  in i ts wake a nunrber of
cases with true trrain damage characterized by
signs and symptoms that are n<iw ident i f ied
wi lh hyperkinesis.  Fol lowing the col lat ion t l f
the c l in ical  exper ience of  th is per iod by Cohen
.rnd Kahn in 1934, i t  became conrmon pract ice
to label  a l l  pat ients present ing a s imi lar  c l in ical
pattern as having brain danrage (BD).  Abetted
by the reports of  Strauss and his col laborators
(Strauss & Lehtinen 

.l 
9,{8, fVloney ' l 962, Strauss

& Kephart  19-55),  the pract ice ot  label ing
indiv iduals as organical ly brain datnaged
without adeqLrate substant iat ing evidence con-
t inued into the 

, |950s.

In the ear ly '  ' l960s, to nr i t igate the st ignra
associated with the c i iagnosis of  brain danrage,
the word "nr i r r inral"  was i r r t roduced. Later the
diagnost ic term was further lemperrrd by sub'
st i tut ing "dysfunct ion" for  "damage";  th is l t rd
to the commonly encountered term, "nr in imal
brain dysfunct ion."  l r r  1951 Lai t fer  and
De nhoff  suggested the l "c im "hy'perkinet ic
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impulse disorder" which,  through usage, has
been abbreviated to "hyperkinesis" and fre-
qr.rent ly to "hyperact iv i ty.  "

Dur ing the last  50 years,  a considerable
l i terature has accumulated which reports at-
tempts to categorize the kaleidoscope of signs
and symptonrs represent ing th is condi t ion into
speci f ic  c l in ical  ent i t ies (Bax & MacKeith
1963).  Depending upon the or ientat ion of  the
observer and the clominant character ist ic
presentcd when the pat ient  was examined,
numerous labels were invented for var iat ions of
the ident ical  problem (Clenrents 1966).  Many
t imes the descr ipt ive c lassi f icat ion carr ied wi th
it a proposal for t leatment and managenrent, as

wei l  as hypotheses suggest ing t l re et io logy r>r
under ly ing biological  d isorder.

A nunrber of  et io logies have bcen proposed
for hyperkinesis (see Table l ) .  Causal  factors
include toxemia, hemorrhage, and drugs cl i r r ing
pregnancy; anesthesia causing asphyxia
neonatorum and trauma dur ing del ivery;
psychological  and emot ional  factors;  environ-
mental  pol lutants of  t l re air ,  water,  and foocl
supply.

One of  the most widespreacl  and cr i t ical ly
important,  yet  not  fu l ly  recognized, group of
pol lutants in the environment.  is  foocl  addi t ives.
Food addi t ives may bc c lassi f iod as intent ional
or nonintent ional .  Nonintent ional  food addi-
t ives are the chemicals and substances that
accident ly gain entrance into the food
supply . '  e.9. ,  insect parts;  animal hairs and

feces; soi l ,  waler,  and air  pol lutants;  packaging

mater ia ls,  etc.  Intent ional  addi t ives represent
the chemicals that  are del iberately introduced
into tlre food supply for specific functions or
purposes.

The classi f icat ion of  intent ional  food addi '

t ives in Table l l  l is ts 13 categor ies consist ing of
2,764 compounds conrpiled from data gathererJ
by the Nat ional  Science Foundat ion in 1965.
This is not a complete l is t .  The precise number
of intent ional  addi t ives may approach 3,800 or
even 4,000. The exact number is not known.

Of all additives introduced into foods,
synthetic colors and flavors are porhaps the
most cornmon. By virtue of this, synthetic
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colors ; rnd f lavors are the nrost  comnlor l  cause
r.r1 '  adversc react ions,  . r f fect ing pract ical ly every
systern of  the Lrocly (Table l l l ) .  l t  is  l rccause of
th is comparat ively high frequency of  react ions
, i t t f i t )uter l  to ihe aclc led colors and f lavors that
wer.  l r ; rve focuSed our at tent ion upon these two
classes of  addi t ives.  This docs not i rnp{y that
thc rcntainirrg categor ies do not cause adverse
fe.)ct ions.  No chenr ical  is  exempt,  s ince any
cornpclund in existence, whether natural  or
svnthet ic,  nray induce an adverse react ion i f  i ts
conslrnler has 1he appropr iate genet ic prof i le,
i ,c. ,  predisposiLion. This being true, i t  becomes
esser ' l t ia l  to gvaluate each compound or c lass of
compoulrds for  i ls  bencf i t  compared with thc
r isk associated rv i th i ts use.

In addi t ion to being the most common cause
of 'adverse react ions,  the synthet ic colors and
f lavors have rro nutr i t ional  value, Their  funct ion
is purely cosmet ic,  so that  delet ing them from
the fot :d supply would cause no signi f icant loss.
Accordingl l ' ,  on balance, the r lsk associated
with synthet ic colors and f lavors outweighs
their  benef i ts,

01'al l  observed react ions to such com-
pounds, per l raps lhe most drarnat ic and most
cr i t i r :a l  ; r re the behavioral  d isturbances,
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Ini l ia l ly ,  i t  may be surpr is ing that lood addi-
t ives carr  causo belravioral  d isturbrnces. Closer
anal l 's is ; r l  lays su rpr ise.  [ :xccp t  for  ternr inology,
ther c is no di f l 'erence bctween certain com.
pounds whcn they are t rsed as medicines or
when they are introduccd info foocis as addi-
t ives.  Bot l r  arc low molecular weight com-
pounds. Thc .rvai labi l i ty  of  behavior-modify ing
drLrgs is conrmon knowledg,e .  There are drugs
that s l" imulatc,  drugs t .hat  depress,  and others
that mocl i fy the subiect 's mood. l t  is  not  re-
markable th.r t  anlong the thousands of  addi t ives
in the food supply there rnay be compounds
with s im i lar  ef fects upon behavioral  and
emotional  pat tef  ns.

I t  is  surpr is i r rg indeed to recognize that none
rr f  the thous.-rnds of  chemicals introduced into
food as acJdi t ives has evcr been subiected to
pharrnacological  stud ies such as those that are
required for a compounri  before i1.  can be
l ice nsed for use as a drug (Schmidt 1975).
Certainly,  there is l i t t le knowledge of  the be'
havioral  tox icology of  thesc addi t ives.

Thc pat ie nt  who f i rst  at t racLed my at tent ion
to the possibi l i ty  of  a l ink between behavioral
disturbances ancl  the ingest iorr  of  ar t i f ic ia l  food
colors and f lavors was a 40-year-oid woman
who reported to the Al lergy Department be-
cause of angioeclema clf the face and periorbital
region (Feingold 1973).  l - ler  food intake was
restr ictCd according to the K-P Diet  (Table lV)
and her angioedema cleared. Dur ing the in i t ia l
interview, the pat ient  had fai led to report  that
she had been in psychotherapy for two years
because of  a behavioral  d isturbance charac-
ter ized by host i l i ty  toward her husband, in-
abi l i ty  to social ize wi th her peers,  and conf l ic t
wi th her coworkers.  Whi le she adhered to the
K-P Diet ,  her behavior improved. She also
noted that arry infract ion of  the diet  induced an
inrmediate recurrencc of  both the angiocdema
and the disturbed behavioral  pat tern.

Having been alerted to a possible l ink
between food a<ldi t ives and behavior,  we ob-
served other adul ts wi th a s imi lar  associat ion,
and also chi ldren with the apparer l t  same rela-
t ionship.  Since the chi ldren were report ing to
the Al iergy Department,  their  pr imary com.
plaints were somat ic --  e.9. ,  prur i tus,  ur t icar ia,
angioederna, local ized skin lesions, nasal
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symptoms, ancl  at  t imes gastrointesl inal  com-
plaints. Early in the course of t lrese observa-
t ions,  none of  the parents volunteered i r r forma-
t ion that a chi ld was exper iencing bchavioral
disturbances, often associated with problems at
school .  Af ter  the K-P Diet  was ordered for
treatment of  the physical  complaint ,  the
parents would report not only control of the
physical  probiem, but also a marked change in
the chi ld 's behavioral  pat tern (Feingold ' l  975).

To test whether tlre observations of the
parents wouid be confirnred, we arranged for
management by the K-P Diet of children whose
primary complaint was a behavioral disturb-
ance, usual ly labeled MBD or hyperkinesis.
Using the Conners Rat ing Scale (Conners
1969), ratings were made prior to the init ial
v is i t  and per iodical ly fo l lowing dietary manage-
ment, init ially at 2-week and then at 4-week
intervals. We were soon able to confirm the

22

parents '  ear l ier  reports.  Chi ldren with a history
of signs and symptoms* usually leading, t<l a
diagrrosis of  MBD or hyperkinesis,  when man-
aged with the K-P Diet ,  cxper ienced a marked
change in behavioral pattern within 3 to 21
days, depending upon the age of  the chi ld.
Chi ldren who had been receiv ing var ious
behavior-modify ing drugs could discont inue
these agents, while the behavioral paltern con-
t i r rued to improve. When rated by tcachers on a
quarterly or semester basis, children who hacl
had di f f icul ty at  school  showed a marked ad-
justment to the c lassroom environment and

aThe ltistory developed ot the initial visit coveted oll

devcl<tptnentol periods - pretnt]l, perinotal, infuncy'

r tursery scl tool ,  k indergarten, elcmentory ot td second'

ory school. For older patieilts, perlormonce belore anrl

<tItat puberty wtts stressed,

I ottrnot rtf Leorning D isahili t ies



rapid impfovet i lcnt  in scholast ic achievernent.
r \ny diet . r r1,  c l r"r l lerrg,e,  inadverterr t  or  del ibcr"
ate,  induced (r  recurrence of  the behavioral
distrrrbance which persisted for 24 hours to
four days, sr)  {hat  a ct t i ld exper iencing an in-
f ract ion only tu ' ice a lveek coulc l  have a persis-
tence ol  thc ul i r r ical  p.r t tern.

, ' \  double.bl ind crrrssover stuciy funded by
the Nat ional  Insr i t .ute of  Educat ion rncl
dire<;[rrd trv Dr. {-, Keith Conners of t]re Unrver-
s i ty of  Pi t tsburgh (Conners,  Goyctte,  Sou t l r "
wick,  Lees, & r \nclrulorr is ' l  976) has conf i rmeci
that  d ietaryr rnanagerrent favorably inf lLrences
hyperact iv i ty at  the .005 lcvel  of  s igrr i f icance
on .r  leaclrer-r . r t ing scale and at  .05 on a pare nt-
raf  ing s(ale" Thc st . r t r jects of  th is stucly in i t ia l ly
comprisccl  57 chi ldren who werc reviewcd in
advance of  the invcst igat ion.  Tlrrough al t r i t iorr ,
chief ly f . i i lure to cornply wirh the structure of
the study, thc group was f inal ly reducecl  to l5
chi ldrcn lv l ro iu l f i l ied ai l  t l tc  rcquiremerrts of
the protr icr :1.  Five of  the' l  5 chi ldren demorr-
str; ltcd unecluivocally that diel.ary nran.lgernnnt
in{ lucnced hyperact iv i ty as long as t l rere was
i 'u l l  compl iance with the diet .  Any infract i ( )n or
chal lerrge was i r i l lowccl  wi th in hours by I  recur.-
rence of  the bt 'havi t>ral  pal tcrn.

I 'he I  ood Rcsearclr  Inst i tute (1976) o1'  the
Uri ivr : rs i ty '  o l '  Wlsconsin c:onducted a dciublc-
bl inr i  c,rossover.  stucly on 36 boys of  sclrool  age
(tr  t t - r  12 ycars) ar ic i  l0 chj l r l rcn who werc th lce
to f iv t l  years of  agrr .  l r r  t l re school  agc group,
fouir  chi ldren in thc sanrple showecj  s igni{ ' icarr t
improvemt:nl  as rated by both parents and
teachers lncl/or on several of t lrt: obiective
measures enrployecl .  I l re youngcr chi ldren (age
3 to 5) showc. l  i t  grc, t ter  posi t ivc response to
the cxp'rr :1 intcr t t ; r i  c l io l  as indicated by parent
rat ing.  Al l  ten r lot l rcrs in th is group rated thei t '
chi ld 's bc 'havior as inrproved;s did four of  t l re
scven fathers in th is sample.

Tl te numerous var iables of  the hype rk iner ic
syndronre cr :uplcd wi t l r  the many environ-
mental  var iablcs do not permit  val id stat ist ical
conclusions on the basis of  the s l rort - ternr,
segnrental  obscrvat iorrs employed i r r  bt-r t l r  the
Connels and the Wisconsin study. Thc.se studies
merely conf i r r r red that the K-P Diet  inf luences
behavior.

Al l  our c l in i r :a l  observat ions have bcerr  repl i^
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cated in a pi lot  c l in ic ' .a l  str , rdy (Cook & Wooclhi l l
1976) in Austral ia,  d i rccted by a psychiatr ist
wi  th the Sydney Ministry of  f  leal th,  and t l ic
chairperson of  Pr ince l " lenry t lospi ta l 's  Depart-
nrent of  Nutr i t ion at  L i t t le Bay, New South
Waies.

Both t l rc Departnrent ol '  Hcal th,  tducat ion,
arrd Welfare in th is country rnd the Medical
Research Courrc i l  of  Austral ia are funding
ft t r ther stucl ies of  the problern.

RTSPONSES TO MANAG t-M IN-f
wt ' fH' f l - tE K-P DlEf
l t ive separate pr()g,rams, relrrcscnl  ing a to la l  of
360 chi ldren managcci  wi th the l ("P Diet ,
shrrwed f.rvorable responses ranging from 30 to
50% of the sarnple,  c lepeut l ing upon t l re mean
ager of  the chi ldren ancl  the presen(;e or abse nce
of a history suggcst ivc of  r reulologic damage.
Precise cletelnrin.rt ion for t lre percentage o1'
respr:nders t r :  d ictary manago"nent wi l l  require
large samples,  perhaps 1,000 sLrhiects or more,
studied longi tudirral ly over a pt : r ' iod ol '  several
years.  At  th is lcve l ,  i t  is  inrportarr t  to rccognize
that dietary intervent ion c loc 's inf luence the
behavioral  def  ic i ts of  the hyperkine t ic syn-
drome and, part icular ly,  hyperact iv i ty.

Al l  of  the def ic i ts associated with the hyper-
k inet ic or MBD syndromc l is ted in - [able V are
not o[rserved in evcry c l r i lc l .  Not only do€s each
chi ld havc his own mosaic of  def ic i ts,  l iut  for
any giverr  chi ld,  t l rc pattern may vary l ' rom day
to day, ancl  at  t imes cven 1'rom hour to hour.
Hyperact iv i ty is usual ly the donr in;rnt  feature
of the pat lern,  but  i t  is  not  a lways present.  One
chi lc i  nray cxhibi t  features of  only a s ingle
group l is ted in Table V; in other chi ldren,
var ious cornbinat ions of  def ic i ts drawn from
one or more of  the three groups may charac-
ter izc t l re bchavioral  pat tern.  At  t i  nres only a
single def ic i t  may be observed. l lowt:ver,  i f  th is
def ic i t  is  a cr i t ical  one --  e .9, ,  nn audi tory per-
ceptual  or  a v isual  perceptual  d isturbance --
severe learning disabi i i t ies may resul t .

Although we have observed the resporrsc to
dietary management for f ive years, we are sti l l
unable to predict  f rorr  h istory,  physical  ex-
aminat ion,  ; rnd neurologic and psychometr ic
tests the ul t imate response of  the indiv idual .
Simi lar ly,  assumptions regarding the speed and

23
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TAB t-{ V. Descripttw clwlailerlstics
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of. ' . ' l ' l r l i degree of  response to dietary management
cannot.  be made on the basis of  est imales of
neurologic c lamage, previous use of  medicines,
or age of  the chi ld,  Chi ldrcn wi th a histor.y
su ggest ing a possiblc cause for ncurolo[4ic
damage may exper ience a complete recovery on
the diel ,  whi lc others wi th a complctely nega-
tive history may fail to respond, or may show (l
part ia l  response, such as improved behavior
with def ic i ts in coordinat ion,  or  cogni t ion,  or
perception. The history cannot always be
precise in disclosing neurotoxic factors. Not
infrequent ly the mother,  re ly ing upon memory,
carlnot accrrrately reconstruct the events before
or dur ing pregr lancy. In addi t ion,  considerat ion
mLtst be given to less overt factors, such as en-
vironmcntal  pol lutants of  a i r ,  soi l ,  and water,
which serve as neurobehavioral  toxicants dur ing
gestation or early childhood.

A determination can be made only through
str ict  appl icat ion of  the diet .

When a favorable response follows dietary
management,  the in i t ia l  improvement is in the
behavioral pattern (Table V, Group l). Control
of aggression, impulsiveness, and the tendency
to perseverate resul ts in a calmer chi ld;  the im"
provement in mood enables the chi ld to con'
centrate, which leads to improved attention. lf
there are no cognitive or percoptual deficits,
there is rapid improvement in learning. The
chi ld who was abusive,  d isobedient,  incorr i -
gible, and disdainful of attention'moves toward
becoming affectionate, lovable, and responsive
to guidance.

Correction clf the behavioral pattern may be
followed rapidly by improved muscular co-
ordinat ion (Table V, Group l l ) .  lmprovement
of th e gross muscle involvenrent corrects
awkwardness in gai t  and permits part ic ipat ion
in sports, such as swimming, ball games, and
bicycle r id ing.  lmprovement of  the f ine muscle
coordination leads to improved writ ing and
drawing ski l ls  and, in some chi ldren, improved
speech,

Cognit ion and perccpt ion (Table V,
Group l l l )  are next to respond; improvement in
these permits increased scholastic achievement,
Learning abi l i ty  may show a slow improvement
over months or even years. An improved be-
havioral pattern always precedes the correction

lournol of Leorning Disobilities



in corrrr l inat iorr ,  cogni t ion,  and percept iorr .  The
iat ter  c ief ic i ts c lo not improve unless behavior
lespond5 to lhe c j ier t .  Cogni t ive and perceptual

def ic i ts are thosc that persist  nrosl  commonly,
causing learning disabi l i t ies even af te r  a marked
improvement in behavior arrd mLlscle
coordinat ion.

r \ge inf luences the speed and degree of
respor lse to dietary r i lanagemenl.  Usual ly,  the
yDung,er the chi id,  the rnore rapid and rnore
completc lhe response. In ear lv infancy im-
provenrent or reversal  of  a l l  s igns . r r rc l  symp[onts
nray occrrr  wi t l r in 24 to 48 hoLrrs . r f ter  e l inr ina-
t ion of  pecl iatr ic v i tanr in drops, a r ich source of
synthet ic colors and f l .avors.  The two" to f ive"
yr:ar-old chilc{ nray inrprove al' l .er l ' ive days,
whi le t l te f ive- to l2-year-old chi ld may respond
irr  l0 to 14 days. ln some chi lc l ren,  part icular ly
those w|ro have receivcd long-act ing c l rugs, e.g. ,
dextroanrphctamine Spansules@ or large doses
oi  hcl tavior.rnodi fy ing drugs [ ; r r r rphctar l ine,
nrethylpherr idate (Ri ta l inG)),  Stelazine@, N1e, l -
lar i l@, lofrani l (D, Elavi l@, Vistrr i lO, CylerrG)]  ,
tte resporrse nray be clelaycd for 3 to 5 weeks.
Very of tc 'n,  fo l lowirrg such delays the inrprove-
ment nra)' occur abruptly rather thatr clevelop
gradual ly .

The olc lcr  chi ld,  postpubescent or acloles"
cent,  usual l i ,  requires a longer per ic id,  f re-
quenl ly several  months,  before improvemcnt is
noted; even then, the response is not always
complele.  The highest incidence of  fa i lure to
respond to dietary management is observed
among pat ients t reated dur ing . rdolescence.

As the child passes through puberty, a spon-
taneous improvement in the belravioral  pat tern
rn,ry [:e observed. lf the deficits persist, the
adolescent cannot perform to r s full potential.
I 'h is makes i t  c l i f f icul t  for  h im ro coDo with his
errv i ronnrent,  leading to f rustrat ion resul t i r rg in
withdrawal,  ant isocial  behavior,  ly ing,  steal ing,
ancl  u l t imately,  in many cases, juveni le
del  i  nquency.

BEHAVIORAL TOXICOLOGY
The behavioral  d isturbances with learning dis-
abi l i t ies at t r ibuted to the ingest ion of  ar t i f ic ia l
food c<,:iors and flavors represent a small band
in the broad spectrum of the newly emerging
discipline of behavioral toxicology. Ac.cord.
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ingly,  the var iety of  c l in ical  pat terns observed
can best be interpreted relative to some con-
siderat ions lhat  are basic to th is discipl ine.

Since molecules of almost anv substance
can cross the placcntal barrier, it must be recog-
nized that any cnvironmental  compound,
whet.her ingested, inhalet l ,  or  in jected, has the
potent ia l  of  being toxic to the fetus.  The
developing organism does not have the same
capaci ty as a fu l ly  devcloped person to
rnetabol ize and detoxi fy potent ia l ly  toxic sub-
stances. Accordirrgly, the fetus, particularly
dur ing lhe stage of  organ di f ferent iat ion,  is
highly suscept ib le to the insul ts of  any sub-
stance crossing the placental  barr ier .

The teratogenic damage which may be mani-
fest as either ovcrt or covert alterations in the
organism is governed by the genet ic prof i le of
the indiv idual ,  the nature and doses of  the
offerrding compound, and the stage of organ
development at  thc t ime ol  l .he insul t .  l t  is  con-
ceivable th;1[  substances of  low toxic i ty or in
small doses can induce covert af terations in the
organism which carr later manifest as behavioral
disturbances without gross funct ional  impair-
ment or structural birth dcfects. The overt
damage to organs and to the nervous system is
usual ly obvious, and i ts pattcrns are wel l
known.

I t  is  not  goneral ly recognized that the dis-
turb;lnces caused by such alterations are not
necessar i ly  obvious at  b i r th,  but  emerge as the
chi ld grows older.  Nor is i t  commonly appreci"
ated that teratogens which have an affinity for
dcvcloping brain centers may induce subt le
al tcr . r l i<-rns which may marr i fesl  in later l i fe as
behavioral  d isturbances and learning disabi l i t ies.
ln I  968 Nair  and Dubois reported that a
morphological  or  b iochemical  lesiorr  may re-
main dormant and not be manifest  as a be-
havioral  d isorder or funct ional  impairment unt i l
later l i fe.  This may explain the delayed onset of
the behavioral disturbance and learning dis-
abi l i t ies so f requent ly noted when the history
suggests possible intrauterine damage.

Relative to the mode of action of artif icial
food colors and flavors, there are two possi-
bil i t ies to consider. The food additives mav
play a pr i rnary role as the sole et io logic agent.
Or, they may serve as irritants superimposed
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upon a substratum created by any one of  the
conlmonl)-  c i ted causes of  netrrologic danragc
(Table l ) .  In ei ther s i tuat ion,  the toxicants nray
be ingested by the mother dur ing pregnancy or
encountercd by the pat ient  dur ing extrauter inc
I i I 'e.

Al though i t  is  possible that  thtr  ar t i f ic . ia l
coir>rs and f lavors ingested by the nrother may
play a pr imarv role in the induct iorr  of  terato-
genic. . r l ter ; r t ions,  there is as yet  r ro suppt.rr t ing
evidence for lh is concept.  - l -he pr intary extra-
uter ine role is suggested by the complete re-
versal of all deficits, both behavior,rl and learn-
ing,  fo l lorv ing the el iminat ion of  the cci lors and
f lavors f rom the diet .  The completeness of  the
favorable response and the abi l i ty  to induce a
rapid recurrence within hours indicate that  th is
is a funct ional  d isturbarrce.

In addi t ion to the funct ional  d isturbances
induced by the art i f ic ia l  colors and f lavors,  i t  is
conceivable Lhat i r reversible rreurologic damage
may resul t ,  par l , icular ly f rom cont inued ex-
posure to the chemical  over many years.  Suclr
damage could explain the persisterrce of various
degrees of  muscle incoordinat ion and lea,rning
disabi l i t ies when a dramat ic improvement in the
behavioral pattern follows dietary management.
Since the higher association centers are the last
to differentiate, they are the most susceptible
to neurt>toxicants. ln the human, these centers
are not fully developed ar birth and are'ready
targets for damage which ian be manilest as the
hyperkinet ic syndrome. l t  is  conceivable that
the high incidence of failure to respond among
adolescents may be attributed to irreversible
neurologic damage.

As secondary agents acting upon pre-existing
neuropathology, thc synthet ic colors and
f lavors can produce a var iety of  c l in ical  pat terns
.--e.9. ,  the hyperkinet ic syndrome, seizures

labeled as pet i t  mal,  mental  retardat ion,  and
learning disabil it ies. The secondary role is sug-
gested by a history positive for neurologic
damage attributed to other causes, and im-
provemellt of various degrees in response to
dietary management.

For example,  the el iminat ion of  colors and
f' lavor-s may be followed by improved behavior
but persistence of muscle incoordination with
perceptual and cognitive deficits. Seizures may

26

be control led wi thout the use of  c l rugs;  but
musclc incoordinat ion and lcarning abi l i ty  im-
prove only part ia l ly  or  ta i l  c<;mpletely to
respond. In retardat ion the c l in ical  rcsponse
may be dramat ic,  as evidenced by impioved
behavior,  bet ter  coordinat ion of  both f ine and
gross muscles,  and improved learning abi l i ty .  Al l
of  these gains induce a marked transf<. l rmat ion
in the pat ient ,  whose expression becomes more
alert  and br ight ,  h is social  adjustment improves,
permit t ing him to funct ion as a sel f -suf f ic ient
persorr who does nr:t require one^to-one attcn-
t ion or i t tstruct ion.  In most pat ients labeled as
"rctarded," however, the level of learning
abi l i ty  usual ly remairrs below the normal
estirnated for age.

At t intes,  residuals may persist  wi th rrothirrg
in the histclry to suggest a cause. Behavioral
toxicology is not yet suffir; iently developed to
provide guiclelines for corrclation of behavioral
patterns and learning disabi l i t ies wi th al l  oI  the
potential neurotoxicants in the ecosystem.

CONCLUSION
Artif icial food colors and flavors lravc the
capacity to induce adverse reactions affecting
every system of the body. Of all these adverse
reactions, the nervous system involvement, as
evidenced by behavioral  c l is turbances and learn-
ing d isabi l i t ies,  is  the most f requent ly en-
countered and most cr i t ical ,  af fcct ing mi l l ions
of indiv iduals in th is country alone.

The K.P Diet ,  which el iminatcs al l  ar t i f ic ia l
food colors and flavors as well as foods with a
natural  sal icylate radical ,  wi l l  control  the be-
lravioral disturbance in 30 to 50% (depending
upon the sample) of  both normal arrd neuro-
logically damaged children. * Allergy Depart-
ment, Kaiser-Permanente Medlcol Center, 2200
O'Farrell Street, Son Francisco, Culif. 941 I 5,
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T[ ' { [  \ 'AL. lDl l -Y'  AND reproducibi l i ty  ot  t l re
gr ibcutat leous Drovocat i \ /e food test  were not
conf innecl  by . r  double-bl i r rc i  study, accotding
to a report presented to the American Academy
of Al lergy.  Resul ts ol  the study, conducted by
Dr.  1. .V,  C)rawl<lrd,  chairman of  the Academy's
Fcloil Comnrittee, revealed that fewer tlrarr half
of  the pat ienls who reacted posi t ively to an
ini t ia l  subcutanec)us in ject ion of  possibly
al lergenic food extract  y ie lded posi t ive resul ts
wherl  retcsted. Ot '  Lhe 61 p.r t ients part ic ipat ing
in the study, nrore rhan hal f  reacted posi t ively
to sal inc placebos, and l2 pat ients reacted posi-
tively to bclth placebcl injections. Results also
revealed that of  2 l  pat ients wi th al lergic rhirr i t is
arld asthma, but rvith no history of food sensi-
t iv i ty,  oral  chal lenge tests were negat ive,
al though l4 of  these pat ients l rad at  least  one
positive subcutaneous food test. Of 22 patients
who had cl i r r ical  h istor ies of  food sensi t iv i ty
and posi1.ive oral challenge testsr 20 had one or
moro positive subcutaneous food tests, but 16
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of these patients also reacted to at least one
placebo, Of rr inc pat ients wi th al lergic rhini t is ,
asthnla,  and lv i th histor ies of  food al lergies,
eight reacted positively to subcutaneous food
tests but had negative oral challenge tests, and
six reacted positively to placebos.

THE "FEINGOLD FAMILIES" are newly
act ive.  Parer l ts who have seen their  hyperact ive
chi ldren i rnprove or return ent i re ly to normal
on the addi t ive-free Feingold diet  have
organized a national association. One of the
purposes oi ' the group is to persuade food pro-
cessors to provide more complete and detai led
label ing on their  products.  Another purpose is
to encoLrrage the national use of a logo or
design which would identify foods that are free
of artrf icial f lavors and colors and make
shopping easier.  The Feingold group wi l l  answer
inquir ies and send essent ia l  inforfnat ion to any
interested party, Contact the Feingold Associa-
t ion of  the Uni ted Stares,  759 Nat ional  Press
Bui ld ing,  Washington, D.C. 20045.

aa


