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Zusammenfassung: Durch die Entwicklungen der biochemischen Analytik in den 
letzten zehn Jahren sind eine Vielzahl von Substanzen, so auch Vitamin A, dessen 
Stoffwechsel und Wirkungsweise weitgehend aufgeklfirt schien, erneut  untersueht  
worden. Dabei haben sich neue Erkenntnisse ergeben, die ffir die menschl iehe 
Gesundheit  yon Bedeutung sind und hier in Kurzform zusammengestel l t  sind. So 
konnte festgestellt werden, da/3 ein auch in Industr ienationen m6glicher leichter 
Vitamin-A-Mangel dureh fibliche Blutanalysen nicht sicher zu erfassen ist. Die 
Ursaehe dieses marginalen Vitamin-A-Mangels kann einerseits durch Erkrankun- 
gen bedingt sein, andererseits aber auch dureh streng einseitige Ernfihrung. Folge 
einer solchen einseitigen Ern~hrung kann nach epidemiologischen Untersuchungen 
eine h6here Krebserkrankungsrate best immter  epithelialer Gewebe ein. Allerdings 
k6nnen Uberdosierungen mit  Vitamin A auch zu Nebenwirkungen ffihren. Es ist 
nicht auszuschlief~en, daf~ Vitamin A auch beim Menschen teratogen wirkt. Aus 
Sicherheitsgrfinden sollten daher Frauen im geb~irf/ihigen Alter eine Substitutions- 
empfehlung, fiber das Zweifache der empfohlenen tfiglichen Dosis ffir Schwangere 
in USA (10 000 I.E./Tag) hinaus, nur bei klarer Indikation gegeben werden. Anderer-  
seits sind MiBbildungen infolge eines Vitamin-A-Mangels nicht auszuschlieBen. 

Summary: Due to the rapid development  of biochemical  analyses in the last 10 
years different substances like vitamin A, with an apparent clarified metabolism 
and action, were re-estimated. As a result, new knowledge was presented which 
could be essential for human health. Some details and consequences are reviewed 
in this paper. Marginal deficiency, which also may occur in industrialized nations, 
cannot be determined with certainty by usual blood analyses. The reasons for 
marginal deficiency are either different diseases or unbalanced nutrition. From 
epiderniological research it is argued that low vitamin A intake is associated with a 
higher incidence of cancer in different tissues. However, vitamin A may lead by 
over-dosing to toxic side effects. There exists a possibility that vitamin A is 
teratogenic also in humans. Thus, for safety reasons, woman who can become 
pregnant should not be advised to supplement  the vitamin more than twice the 
RDA of the US Food and Nutrition Board for pregnant women (10 000 I.U./day) if 
there is no clear-cut indication. On the other hand there are indications that 
malformations may also caused by vitamin A deficiency. 
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Introduction 

Vitamin  A, an essent ia l  d ie tary  c o m p o n e n t ,  has  increas ing ly  been  the  
focus of  e x p e r i m e n t a l  r esearch  and  clinical appl ica t ions  in the  last  few 
years.  No t  the  least  of  the reasons  for  this has  b e e n  the  fact  tha t  m o r e  and  
m o r e  research  has widened  the  s p e c t r u m  of func t ions  wi th  wh ich  the  
der iva t ives  are be ing credi ted.  In  part icular ,  the  d i f ferent  m o d e s  of  ac t ion  
of the  var ious  c o m p o u n d s  as regards  the  t r ans fo rmat ion ,  different iat ion,  
and  prol i fera t ion of n o r m a l  and  neoplas t ica l ly  mod i f i ed  cells are 
e x t r e m e l y  complex .  This  expla ins  w h y  v i t amin  A def ic iency is accom-  
pan ied  by  so m a n y  s y m p t o m s  and, consequen t ly ,  w h y  it affects  var ious  
o rgans  and  t issues  to di f ferent  ex ten t s  tha t  d e p e n d  on the  dura t ion  of  the  
insuff iciency.  For  instance,  even  marg ina l  v i t amin  A def ic iency  can  affect  
the  resp i ra tory  ep i the l ium a l though  the  typical ,  clinical s y m p t o m s  only 
occur  w h e n  the  deficit  persists .  Whereas  chronic  v i t amin  A def ic iency can  
be  d iagnosed  f rom the clinical s y m p t o m s ,  its marg ina l  coun t e rpa r t  can  
e lude  diagnosis  and  consequen t ly  p rope r  therapy.  

The importance of  determining serum retinol for diagnosing the 
v i tamin A status 

The v i t amin  A s ta tus  is es tab l i shed  by  de t e rmin ing  the  a m o u n t  of  re t inol  
(vi tamin A) c i rcula t ing in the  blood. Toge the r  wi th  its t r a n s p o r t  protein,  
ret inol  b ind ing  pro te in  (RBP), the  ret inol  is f lushed out  of  the  ma in  store,  
the liver, b o u n d  in the  b lood  to t r ans thyre t in  (TTR), and  a b s o r b e d  t h r o u g h  
a cel lular  r ecep to r  by  the  target  cell. In  the  absence  of  regular  intake,  the  
l iver  can act  as a source  of  v i t amin  A for as long as suppl ies  last. A l though  
it is genera l ly  he ld  tha t  the s tores  last  for  1-2 years  in an  adult ,  r ecen t  
s tudies  have  revea led  tha t  this suppos i t ion  is invalid.  A b o v e  all, a no rma l  
p l a s m a  v i t amin  A level canno t  be  used  as a basis  for assess ing  avai lable  
s tores  in the  l iver  because  it is homeos ta t i ca l ly  regu la ted  unt i l  the  s tores  
are a lmos t  total ly depleted.  The  ra te  of  deple t ion  d e p e n d s  on  n u m e r o u s  
factors  that  govern  the  r e q u i r e m e n t s  for, avai labi l i ty  of, and m e t a b o l i s m  of 
the  v i t amin  (e.g., ho rmones ,  t race  e lements ,  medic ines ,  etc.) (67). 

A ma jo r  d rop  in the  s e rum ret inol  va lue  to be low n o r m a l  levels  - 60 ~tg/dl 
in men ,  50 ~tg/dl in wom en ,  25 ~tg/dl in babies  and  infants  - will only  occur  
w h e n  the  l iver  s tores  (normal  value:  20-300 ~tg/g liver) are dep le ted  to 
be low the crit ical po in t  o f  10 ~tg/g l iver  (20, 45, 67). By  this  stage,  a t  the  ve ry  
latest, the  v i t amin  A stores (6, 44) in such  pe r iphera l  t i ssues  as t racheal  and  
bronchia l  m u c o u s  m e m b r a n e s ,  t ongue  and  r ep roduc t ive  glands,  all of  
which  depend  on a supp ly  of v i t am i n  A, are so dep le ted  tha t  there  is 
insuff ic ient  v i t amin  A to ma in ta in  their  s t ruc tura l  in tegr i ty  (8, 37, 38, 57, 
77). 

A marg ina l  def ic iency  tha t  is not  a c c o m p a n i e d  b y  a p r o n o u n c e d  d rop  in 
the  s e r u m  ret inol  level could  there fore  a l ready  have  been  p r eceded  b y  
morpho log ica l  and b iochemica l  changes ,  especia l ly  in the  m u c o u s  m e m -  
b ranes  of  the  resp i ra to ry  and  gas t ro in tes t ina l  t rac ts  (8, 37, 38). 

When the  s e r u m  ret inol  level  falls as a resul t  of  fu r the r  dep le t ion  of the  
liver, t h e r e b y  ac t ing  as a s y m p t o m ,  it is then  too late. 
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Given  subop t ima l  d ie ta ry  in take  of  v i t a m i n  A, it is qui te  poss ib le  for a 
marg ina l  def ic iency to e lude  diagnosis  for a long t ime.  

Aetiology of vitamin A deficiency 

1 Dietary insuff iciency 

In  Third  World countr ies ,  ex tens ive  v i t amin  A def ic iency,  wh ich  is of ten 
the  resul t  of  a lack of p ro te in  and  thus  i nadequa t e  R B P  format ion ,  is one of  
the  m o s t  c o m m o n  def ic iency i l lnesses and  is clearly recognizab le  b y  its 
s y m p t o m s :  Bi tot ' s  spots  and  xe roph tha lmia .  By  contrast ,  this  fo rm of 
v i t amin  A def ic iency is m u c h  rarer  in indust r ia l  count r ies  in wh ich  there  
are adequa te  food suppl ies .  There,  marg ina l  insuf f ic iency  exis ts  and  is 
easily over looked  owing to a lack  of de tec tab le  s y m p t o m s ,  and  it is caused  
by  poor  d ie tary  habi ts  and  i l lnesses tha t  restr ic t  the  avai labi l i ty  of  the  
v i t amin  by  var ious  means .  S tudies  by  the  Uni ted  Sta tes  D e p a r t m e n t  of  
Agr icul ture  (16, 17, 68) of  the  d ie ta ry  habi t s  o f  21 500 U.S. ci t izens revea led  
that  only  ha l f  of  t h e m  c o n s u m e d  the  r e c o m m e n d e d  daily a l lowance  (RDA) 
of  5 000 I.U. v i t amin  A; w o m e n  at the  age  of  23-34 years  were  found  to be  
in taking  only 40 % of the  RDA. A s ta te  of  marg ina l  def ic iency  is said to 
exis t  w h e n  the in take  p rov ides  less t han  70 % of  the  R D A  (68) and  such  a 
state was  d iagnosed  in 31% of  the  p r o b a n d s  as a whole  and  in 41% of  
women .  Al though  the  v i t amin  s tores  in the  l iver  mos t l y  c o m p e n s a t e  for  
f luc tuat ions  dur ing  intake,  i nadequa te  c o n s u m p t i o n ,  even  by  hea l thy  
people,  can lead to marg ina l  insuff ic iency in the  long- te rm and  thus  to an  
u n d e r s u p p l y  to the  per iphera l  t issues.  

I f  i l lnesses occur  tha t  affect  abso rp t ion  of  the  v i t amin  or increase  con- 
sump t ion  of  it, marg ina l  insuff ic iency can  deve lop  m u c h  m o r e  rapidly ,  
especia l ly  if  the  stores are low (as is the case wi th  infants,  suf ferers  of  
c o n s u m p t i v e  i l lnesses and  chronic  alcoholics).  Again,  a r epea t ed ly  
de tec ted  reduc t ion  in s e rum ret inol  levels  to be low n o r m a l  can, as a resul t  
of  homeos ta t i c  regulat ion,  be  in te rp re ted  as a s ign of  marg ina l  v i t amin  A 
insuff ic iency (20, 45). 

2 Illnesses that can induce insuf f iciency 

Here  we m u s t  d is t inguish  be t ween  those  i l lnesses wh ich  i m p e d e  absorp-  
t ion of  the v i tamin,  t he r eby  caus ing  d e m a n d  to outs t r ip  supply ,  and  those  
which  increase  c o n s u m p t i o n  or d i s rup t  me tabo l i za t ion  of  it. 

Illnesses that inhibit  absorption o f  vitamin A 

Reduced  s e r u m  ret inol  and  R B P  s e r u m  va lues  as a resul t  of  res t r ic ted 
absorp t ion  of  v i t amin  A have  been  r epor t ed  (7, 39, 54, 59, 61, 69) in cases of  
mald iges t ion  and  m a l a b s o r p t i o n  s y n d r o m e s ,  Morbus  Crohn  and  parasi t ic  
intest inal  a i lments .  Wechsler  (71) r epor t ed  a case  of  v i t amin  A insuffi- 
c iency as a resul t  of  in tes t inal  factors  in wh ich  a 15-year-old girl who  had  
u n d e r g o n e  by-pass  su rge ry  of  the  smal l  in tes t ine  as a t r e a t m e n t  for obes i ty  
and  re tu rned  for t r e a t m e n t  because  she had  d e v e l o p e d  the rapy- res i s t an t  
follicular kera to t ic  lesions of  the  ex t remi t i es  and  also nycta lopia .  
Al though  the  p l a s m a  v i t am i n  A level  was  m a r k e d l y  d o w n  at 16 Mg/dl - a 
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value  never the less  above  tha t  of  10 ~g/dl def ined  by  the  WHO as const i tu t -  
ing insuff ic iency - her  nyc ta lop ia  and  skin  s y m p t o m s  rapid ly  r eceded  
af ter  admin i s t r a t ion  of  high doses  of  v i t am in  A. This  case shows  tha t  
s y m p t o m s  of  v i t amin  A insuff ic iency need  not  necessar i ly  be  accom-  
pan ied  by  drast ical ly r educed  s e r u m  v i t a m i n  A levels  and  tha t  supple-  
m e n t s  of  v i t amin  A should  be  cons ide red  dur ing  p ro t r ac t ed  i l lnesses or 
resec t ion  of  the  small  intestine.  I m p a i r e d  abso rp t i on  of  fa t -soluble  sub- 
s tances  has been  repor ted ,  par t icular ly  in cases of  fever ish ly  ill infants  (19, 
59). 

R e d u c e d  s e r u m  ret inol  and  R B P  levels are character is t ic  of  meas le s  (29, 
32) and  ch icken  p o x  (2). Whether  or not  the  cause  is impa i r ed  absorp t ion ,  
increased  c o n s u m p t i o n  or changes  in the  h i ther to  u n k n o w n  regu la to r  of  
s e r u m  ret inol  homoeos t a s i s  is still uncer ta in .  The  consequence ,  however ,  
is res t r ic ted suppl ies  of  the  v i t amin  to the  per ipher ies ,  a s i tuat ion tha t  can  
lead to deficits a c c o m p a n i e d  b y  the  co r r e spond ing  changes .  Ev idence  for 
this comes  f rom the fact that,  in cases of  v i t amin  A insuff ic iency,  an  
addi t ional  meas le s  infect ion m a r k e d l y  increases  the  ex t en t  of  cornea l  
changes  induced  by  the  def ic iency (29). 

Utilization p rob l e ms  

Frequent ly ,  pa t ien ts  suffer ing f rom l iver  d i sorders  have  low p l a s m a  
v i t amin  A and R B P  levels (55) tha t  are occas ional ly  connee ted  wi th  
clinical s y m p t o m s  (nyctalopia)  of  v i t am i n  A insuff ic iency.  In  a com-  
prehens ive  study,  Smi th  and G o o d m a n  (60) s h o w e d  tha t  the  p l a s m a  levels  
of  v i t amin  A, RBP,  and  TTR are grea t ly  r educed  in c i r rhosis  and  eases  of  
chronic,  active, and  acute  hepati t is .  Biopt ic  mate r ia l  f rom the  pa t i en t s  
cons is ten t ly  p roduced  low v i t amin  A stores  tha t  were  still wi th in  the  
no rma l  range.  I t  is suspec ted  tha t  the  lower  s e r u m  level  is caused  b y  less 
synthes is  or impa i red  f lushing of  R B P  or both.  In  ano the r  s tudy,  however ,  
rats  that  were  chronical ly  admin i s t e r ed  a lcohol  we re  found  to have  low 
liver v i t amin  A values  and  s imu l t aneous ly  ra ised  s e r u m  ret inol  (52, 53). 
Desp i t e  sl ightly impa i r ed  l iver cell m e t a b o l i s m  (degenera t ion  of  liver) 
s u b s e q u e n t  to chronic  alcohol  in take  and  a lmos t  total ly  dep le ted  l iver  
stores,  no rma l  p l a s m a  ret inol  levels have  b e e n  r eco rded  in h u m a n s  (34, 35). 
M o b a r h a n  et al. (40) have  demons t r a t ed ;  moreove r ,  tha t  chronic  a lcohol  
c o n s u m p t i o n  eventua l ly  deple tes  not  only  the  cent ra l  (liver) s tores  b u t  also 
the  per iphera l  stores. As a l ready men t ioned ,  these  i l lnesses or insuff ic ient  
in take  of  v i t amin  A can crea te  s ta tes  of  marg ina l  insuff ic iency tha t  e lude  
diagnosis  because  of a lack of s y m p t o m s .  Even  to le rance  tes ts  can only 
give s o m e  indicat ion of the  s i tuat ion if marg ina l  v i t amin  A insuf f ic iency  
has  ex is ted  for a longer  per iod  of  t ime.  I t  m u s t  the re fore  be  p r e s u m e d  tha t  
certain,  unspec i f ic  s y m p t o m s  can  s ignify pe r iphera l  v i t amin  A def ic iency  
and  necess i ta te  app rop r i a t e  (i.e., p rophylac t ic )  the rapy .  F o r e m o s t  a m o n g  
these  s y m p t o m s  are i l lnesses of  the  t r acheobronch ia l  tract.  

Consequences  o f  marginal  de f i c i ency  

Agains t  the b a c k g r o u n d  of  low p l a s m a  ret inol  levels  and  i n a d e q u a t e  
s tores  in the l iver  of  neonates ,  especia l ly  those  who  are p r e m a t u r e  (56), one 
illness tha t  f r equen t ly  leads to ser ious compl ica t ions  at this age dese rves  
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special  a t ten t ion  because  of  the  close corre la t ion  tha t  exis ts  b e t w e e n  
v i t amin  A avai labi l i ty  and  changes  which  are typica l  of  v i t amin  A insuffi- 
ciency, viz. b r o n c h o p u l m o n a r y  dysplasia .  

Vi tamin  A inf luences  regular  g rowth  and  di f ferent ia t ion  of  epithel ial  
cells. P r o n o u n c e d  insuff ic iency of  it causes  typica l  changes  in the  
t racheobronchia l  ep i the l ium,  such  as basa l  cell prol i ferat ion,  which  
resul ts  in necros is  of  the  over ly ing  t i s sue  and  u l t imate ly  in s q u a m o u s  
metap las ia  (37, 74). The  c o n s e q u e n c e  of  the  cel lular  changes  is m o r e  or less 
p r o n o u n c e d  loss of  cilia (8, 24) and  hence  i m pa i r ed  mucoc i l i a ry  clearance.  
As Born  et al. (12) have  dem ons t r a t ed ,  the  degree  of  cil iary loss var ies  wi th  
the  ex ten t  of  the  v i t amin  A insuff iciency.  

Similar  morpho log ica l  changes  (necrot izing bronchiol i t i s  and  s q u a m o u s  
metap las ia  of  the  t r acheobronch ia l  ep i the l ium)  occur  in the  illness k n o w n  
as b r o n c h o p u l m o n a r y  dysp las ia  (BPD), wh ich  is obse rved  especia l ly  in 
neona tes  and  is a resul t  of  hya l ine  m e m b r a n e  def ic iency  (HMD; 43). I t  
r educes  mucoc i l i a ry  c learance  and  thus  induces  a p red i spos i t ion  for seri- 
ous rec id ivat ing  infect ions  (48, 70). 

In  the  l ight  of  these  morpho log ica l  s imilari t ies  and  the  specia l  s i tuat ion 
regard ing  v i t amin  A s u p p l y  in neonates ,  it has  been  p r o p o s e d  tha t  B P D  
can  be caused  by  v i t am i n  A def ic iency  or its progress ,  at  least, in f luenced  
by  it (28, 56). However ,  the  et iology of  B P D  is gove rned  b y  m a n y  pa r ame-  
ters and  bo th  e x o g e n o u s  (mechanica l  respira t ion,  addi t ional  02 therapy)  
and  endogenous  (e.g., HMD) factors  are cur ren t ly  the  sub jec t  of  d i scuss ion  
(9, 43, 65). 

F r o m  the  s tudies  carr ied out  by  Shena i  et al. (56), v i t amin  A m i g h t  exe r t  
a p ro tec t ive  effect  in the  heal ing of necrot iz ing  bronchiol i t i s  and  squa-  
m o u s  dysplasia,  bo th  of  which  are c o n c o m i t a n t  wi th  BPD.  T h e y  found  
tha t  neona tes  wi th  B P D  have  m u c h  lower  p l a s m a  re t inol  levels  t han  
c o m p a r a b l e  neona tes  wi thou t  it. Whereas  the  p l a s m a  levels  of  the  hea l thy  
babies  r ema ined  cons tan t  or rose sl ightly af ter  bir th,  the  a l ready  low levels  
in the  babies  wi th  B P D  fell m a r k e d l y  in weeks  1-3. Poss ib l e  causes  for  this 
m a y  lie bo th  in increased  c o n s u m p t i o n  or i m pa i r ed  ut i l izat ion of  v i t amin  
A and in the fact  tha t  the  s ick babies  we re  genera l ly  fed art if icially for  
longer  t han  were  the  hea l thy  neonates .  L o w  l iver  r e se rves  can  the re fo re  be  
regarded  as a p red i spos i t ion  fac tor  for  BPD.  

Hus t ead  et al. (28) c a m e  to s imilar  conclus ions .  T h e y  found  tha t  neona tes  
wi th  B P D  have  m u c h  lower  p l a s m a  re t inol  va lues  t han  are normal .  As 
poss ib le  reasons,  they  cite: low initial va lues  (at birth), insuff ic ient  v i t amin  
A in take  (after birth) and  r educed  mobi l iza t ion  or inc reased  uti l ization of  
the vi tamin.  L o w  initial va lues  in the  sense  of  low l iver s tores  occur  in 
neona tes  and,  especial ly,  p r e m a t u r e  neona te s  w h e n  in take  of  the  v i t amin  
is ve ry  inadequa te  dur ing  p regnancy ,  wh ich  is a per iod of  increased  
requ i rements .  This  p h e n o m e n o n  can  be  obs e rv ed  in industr ia l ized nat ions  
(18). 

Vitamin A and cancer  

Metaplas t ic  changes  and  cil iary loss are s y m p t o m s  of  a n u m b e r  of  
t r acheobronch ia l  a i lments .  S q u a m o u s  me tap las i a  wi th  ciliary loss also 
occurs  in neoplas t ic  lung a i lments ,  such  as those  fol lowing chronic  inhala- 
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Table 1. Prospect ive and retrospective studies that  establish a l ink between carci- 
noma incidence and serum retinol values relative to a heal thy control  group. 

Country Average serum values ~g/dl 

Number  of Control 
ill patients 

Number  and localization 
of the  neoplasms 

India  31 48 555 oral 
Pakis tan  22 40 203 oral 
England 55 59 35 mult ip le  
England 46 66 28 lung 
England 47 60 26 lung 
USA 25 48 51 gastro-intestinal  

tract  

t i o n  o f  c i g a r e t t e  s m o k e  (3), c h r o n i c  (51) a n d  a c u t e  i n f e c t i o n s  o f  t h e  r e s p i r a -  
t o r y  t r a c t s  (25, 27, 49, 75). 

S i n c e  s u c h  s q u a m o u s  m e t a p l a s t i c  c h a n g e s  o f  t h e  t y p e  o b s e r v e d  in  c a s e s  
o f  v i t a m i n  A d e f i c i e n c y  a n d  f o l l o w i n g  c h e m i c a l  o r  p h y s i c a l  n o x a e  a r e  
o f t en  d i s c u s s e d  in  c o n n e c t i o n  w i t h  t h e  d e v e l o p m e n t  o f  p r e c a n c e r s  (41, 42) 
a n d  s i n c e  v i t a m i n  A in  v i t r o  a n d  in  v i v o  e x h i b i t s  c l e a r  a n t i n e o p l a s t i c  
e f fec t s  (63), t h e r e  h a v e  b e e n  a g r e a t  m a n y  a t t e m p t s  to  t r y  a n d  e s t a b l i s h  a 
l i n k  b e t w e e n  c a r c i n o m a  f o r m a t i o n  a n d  i n d i v i d u a l  v i t a m i n  A s u p p l i e s .  

Epidemiological  s tudies  on vi tamin A def ic iency  and carcinogensis 

G i v e n  t h e  a b o v e  d i s c u s s i o n  on  t h e  u n r e l i a b i l i t y  o f  o b t a i n i n g  a n  o b j e c t i v e  
v i e w  of  p l a s m a  r e t i n o l  l eve l s ,  e p i d e m i o l o g i c a l  s t u d i e s  ( see  T a b l e  l )  s h o u l d  
b e  i n t e r p r e t e d  c a u t i o u s l y .  M o r e  i n f o r m a t i o n  o n  p o s t u l a t e d  l i n k s  b e t w e e n  
v i t a m i n  A s u p p l y  a n d  t h e  i n c i d e n c e  o f  c a r c i n o m a s  is p r o v i d e d  b y  s t u d i e s  
o f  d i e t a r y  b e h a v i o r  ( see  T a b l e  2). E s p e c i a l l y  i n t e r e s t i n g  a r e  t h o s e  s t u d i e s  

Table 2. Studies in which the incidence of  carcinoma was pr imari ly  obtained by 
determining the dietary intake of provi tamin (beta-carotene) A and vi tamin A. 

Country Relative r isk Number  and Dietary 
(low:high intake) localization of component  

the  neoplasms assessed 

Norway 2.6 : 1 36 lung Vitamin A 
Norway 1.7 : i 228 s tomach Green vegetables  

1.4 : 1 278 colorectal Green vegetables  
USA 1.5 : 1 83 s tomach Green vegetables 

1.4 : 1 373 colorectal  Green vegetables  
USA 1.7 : 1 292 lung Vitamin A 
USA 2.1 : 1 569 b ladder  Vitamin A 
USA 1.9 : 1 122 esophagus Vitamin A 
USA 3.0 : 1 421 larynx Vitamin A 
Singapore 2.2 : 1 233 lung Green vegetables  
England 1.4 : 1 104 lung Vitamin A 
Japan 1.5 : 1 807 lung Green vegetables  
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which  have  e x a m i n e d  the  inf luence  of  v i t am i n  A and  be ta -ca ro tene  in take  
on the  d e v e l o p m e n t  of  c a r c inomas  in k n o w n  r isk  categories ,  such  as 
smokers ,  or in g roups  suffer ing f rom a lcohol- induced,  impa i red  v i t amin  A 
metabo l i sm.  

When the  g roups  inves t iga ted  by  the  var ious  resea rchers  are ran- 
domized,  it tu rns  out  tha t  the  inc idence  of ca rc inoma,  par t icu lar ly  of  the  
lungs,  is s ignif icant ly  h igher  in s m o k e r s  wi th  a low die ta ry  in take  of  
v i t amin  A than  in those  w h o  c o n s u m e  m u c h  m o r e  of  it (13, 22, 23, 31). The  
risk of  deve lop ing  c a r c i n o m a  shows  a m a r k e d  d e p e n d e n c y  on the  total  
v i t amin  A and p r o v i t a m i n  intake,  especia l ly  in regular  c o n s u m e r s  of  
alcohol  (31). In  this r isk  category,  too - as wi th  s m o k e r s  - there  is a 
corre la t ion b e t w e e n  the relat ive a m o u n t  of  the  v i t amin  c o n s u m e d  and  the  
risk of  ca rc inoma.  In  o ther  words ,  a h igh v i t amin  A in take  reduces  the  r isk  
of  ca rc inoma  in spi te  of  a lcohol  c o n s u m p t i o n  and  a low in take  increases  
the r isk in chronic  abusers .  Tha t  regular  alcohol  in take  ind i spu tab ly  
impai rs  the  l iver  cell m e t a b o l i s m  to give rise to v i t amin  A def ic iency  (to an 
ex ten t  depend ing  on the  degree  of  l iver  damage)  s eems  to have  b e e n  
conf i rmed  by  Kva le  et  al. (31), w h o  e x a m i n e d  the  s e r u m  ret inol  of  all 
categories  and only found  a clear  nega t ive  cor re la t ion  wi th  c a r c i n o m a  
inc idence  in alcoholics.  St~helin et al. (64) also no ted  a clear  cor re la t ion  
be tween  alcohol  in take  and  lung c a r c i n o m a  inc idence  in 4222 men ,  
whereas  they  were  unab l e  to es tabl i sh  a l ink b e t w e e n  s e r u m  ret inol  levels 
and lung ca rc inoma  inc idence  in the  g roup  as a whole.  

In  this context ,  long- te rm v i t amin  A def ic iency  in the  pe r iphe ra l  stores,  
and the  resp i ra tory  ep i the l ium especial ly,  is qui te  conce ivab le  s ince 
alcohol deple tes  not  only  the  l iver  bu t  also the  ex t r ahepa t i c  s tores  (40, 53). 
Leo  and Lieber  (35) have  d e m o n s t r a t e d  wi th  var ious  ca tegor ies  suf fer ing  
f rom minor  to ma jo r  i m p a i r m e n t s  of  the  l iver  cell m e t a b o l i s m  (chronic,  
pers i s ten t  hepati t is ,  a lcohol -degenera ted  liver, and  cirrhosis)  tha t  the  l iver  
can be  deple ted  to levels far be low normal .  In  none  of  the  cases  was  there  a 
significant  drop  in p l a s m a  ret inol  levels or R B P  values,  wi th  the  resul t  tha t  
the  v i t amin  A deficit  e ludes c l in ico-b iochemica l  diagnosis ,  and  this fact  
accounts  for the  miss ing  corre la t ion  b e t w e e n  p l a s m a  va lue  and  lung 
ca rc inoma  incidence in the  s tudy  by  St~ihelin et al. (64). However ,  as 
a l ready ment ioned ,  it does  m e a n  tha t  s t ruc tura l  changes  ( s q u a m o u s  meta -  
plasia) in the  resp i ra to ry  ep i the l ium can  be  e x p e c t e d  in alcoholics  as the  
consequence  of  v i t amin  A insuff ic iency.  These  ep idemio log ica l  f indings  
leave r o o m  for the  ten ta t ive  conc lus ion  tha t  v i t amin  A def ic iency 
increases  the r isk  of  c a r c i n o m a  wi thou t  it necessar i ly  be ing  impl ied  tha t  
v i t amin  A def ic iency a lone can  cause  neop lasms .  

The  resul ts  of  n u m e r o u s  in vivo and  in vi t ro e x p e r i m e n t s  in recen t  years  
have  d e m o n s t r a t e d  tha t  v i t amin  A is essent ia l  for the  s t ruc tu re  of  skin and  
m u c o u s  m e m b r a n e s  and  the  resp i ra to ry  ep i the l ium especia l ly  and tha t  it 
in te rvenes  in par t icular  in s t ruc tura l  repa i r  p rocesses  w h e n  the  t i ssue has 
been  d a m a g e d  by  phys ica l  and  chemica l  noxae .  This  under l ines  the  spe- 
cial role of  v i t amin  A in p reven t ing  neoplas t ic  changes  of  the  ep i the l ium 
and has  encouraged  m a n y  clinical s tudies  of  the v i t amin ' s  m o d e  of act ion 
dur ing  the rapy  of  n e o p l a s m s  of  the  lungs,  n a s o p h a r y n x ,  the bladder ,  
cervix,  and  the  gas t ro in tes t ina l  tract.  
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This p ic ture  of  an inf luence poss ib ly  be ing  exe r t ed  on the  resp i ra to ry  
ep i the l ium by  v i t amin  A in the  p reven t ion  of p recance r s  or the  induc t ion  
of n e o p l a s m s  is only  a m i n o r  aspec t  of  the  v i t amin ' s  "an t ineoplas t ic  
action".  Ex tens ive  in vivo and  in vi t ro e x p e r i m e n t s  have  clear ly revea led  
tha t  the  v i t amin  plays  an i m m e d i a t e  regu la to ry  role in d i f ferent ia t ion  
processes ,  wh ich  are connec ted  wi th  the  induc t ion  and  g rowth  phases  of  
neop lasms .  

This  type  of p ic ture  has  been  p re sen ted  in su rveys  in r ecen t  yea rs  (14, 73) 
and  shows tha t  v i t amin  A inf luences  genet ic  exp res s ion  g lycopro te in  
synthes is  and  the  i m m u n e  s y s t em  at the  m o s t  d iverse  nuc lear  and  extra-  
nuc lear  levels, t he r eby  in te rven ing  in specif ic  d i f ferent ia t ion  and  t ransfor-  
ma t i on  processes .  A b o v e  all, it has  also been  s h o w n  tha t  t u m o r  induc t ion  
and  g rowth  in vi tro and  in vivo can  be inhib i ted  b y  v i t amin  A (5, 63). 

Toxicology 

In  m o s t  cases (mainly  chi ldren  aged 1-5) in wh ich  a single, oral dose  of  
300000 I.U. in oily or  aqueous  so lu t ion  was  used  to t rea t  v i t a m i n  A 
insuff iciency,  there  were  no repor t s  of  any  side effects  hav ing  occur red  
(46, 50, 62). Such  t e m p o r a r y  side-effects  as dizziness,  headache ,  and  vomi t -  
ing did occur  in individuals  (47, 58). Chi ldren  aged  9 m o n t h s  to 6 years  
were  repor ted  by  Bonv ie r  (11) as deve lop ing  sl ight  swel l ing of  the  fon- 
tanel le  af ter  a single dose  of  300 000 or 900 000 I.U. Marioni  and  Pan izon  
(36) descr ibed  the  case  of  a g roup  of  22 chi ldren  aged  6 m o n t h s  to 7 years  
who  were  g iven one  dose  of  300 000 I.U. and  150 000 I.U. (with v i t amin  D); 
they  deve loped  swell ing of the  fontanelle,  headache ,  vomi t ing ,  and  dizzi- 
ness,  all of  wh ich  s y m p t o m s  receded  c o m p l e t e l y  af ter  36 h. 

Baue rn fe ind  (4) m a d e  an ex tens ive  analysis  of  the  l i te ra ture  and  con- 
cluded: "A s tudy  of  75 k n o w n  repor t s  of  chronic  hype rv i t aminos i s  A in 
adul ts  reveals  that  the  s y m p t o m s  of  in tox ica t ion  deve lop  m o r e  rap id ly  
w h e n  very  high doses  are t aken  daily. Dai ly in take  of  1 mil l ion I.U. or m o r e  
mani fes t s  i tself  in s y m p t o m s  of  in toxica t ion  wi th in  days  or severa l  weeks .  
In t ake  of  400 000-700 000 I.U. per  day  p roduces  the  s y m p t o m s  wi th in  1-36 
m o n t h s  and  150 000-200 000 I.U. per  day, wi th in  6-85 mon ths . "  

The  occur rence  and  sever i ty  of  s y m p t o m s  of in tox ica t ion  d e p e n d  
s t rongly  on the  v i t amin  A s ta tus  of  the  indiv idual  conce rned ,  wi th  the  
resul t  tha t  h igh doses  can be  to lera ted  m o r e  readi ly  w h e n  the  l iver  s tores  
are dep le ted  than  w h e n  they  are suff ic ient ly  full. 

Owing  to the  d e p e n d e n c y  of  the  s y m p t o m s  of  in tox ica t ion  on such  
var ious  b o u n d a r y  condi t ions  as l iver s tore  status,  age, p ro te in  supply ,  or 
assor ted  p r i m a r y  il lnesses, it is v i r tual ly  imposs ib le  to es tab l i sh  a 
the rapeu t i c  spec t rum.  The  s tudies  b y  G o o d m a n  eta l .  (21) show tha t  a daily 
in take  of  200 000 I .U./m 2 b o d y  area  (A 330 000 I.U. pe r  person)  for up  to 4 
m o n t h s  does  not  give rise to ma jo r  side-effects.  The  s i tuat ion is d i f ferent  
for p r egnan t  w o m e n  or those  of  ch i ld-bear ing  age w h o  are u n d e r g o i n g  
v i t amin  A t h e r a p y  or supp lemen t ing .  

Teratogenicity o f  vi tamin A 

Both  defini te  unde rdos ing  and  m as s i ve  ove rdos ing  wi th  v i t amin  A 
cause  te ra togenic  d a m a g e  in animals .  A clear  d is t inct ion m u s t  be  m a d e  
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be tween  ret inoic acid der ivat ives ,  wh ich  are  used  for the rapeu t i c  pur-  
poses,  and  ret inol  or re t inyl  esters,  wh ich  are used  for supp lemen t ing .  The  
ques t ion  as to te ra togenic i ty  p u r s u a n t  to ove rdos ing  wi th  v i t amin  A 
canno t  therefore  address  the  d a m a g e  caused  by  ret inoic  acid therapy.  

There  are n u m e r o u s  repor t s  in the  l i tera ture  of  t e ra togenic  effects,  
especia l ly  in an imals  (26, 72), of  the  ret inoic  acid der iva t ives  (par t icular ly  
isotret inoin = 13-cis-retinoic acid), wh ich  are used  to t rea t  severe  cyst ic  
acne  and  chronic  de rma tos i s  (10). The re  are also repor t s  tha t  indicate  a 
causal  re la t ionship  b e t w e e n  ret inoic  acid t h e r a p y  and  increased  rates  of  
spon t aneous  abor t ions  and  of  m a l f o r m a t i o n s  (ret inoid s y n d r o m e )  in 
h u m a n s  (33). 

As for ret inol  and  ret inyl  esters,  there  are repor t s  of  t e ra togenic i ty  in 
animals;  however ,  these  effects  have  not  ye t  been  ver i f ied  in h u m a n s  (30). 

Since so few h u m a n  cases of  t e ra togen ic  effects  of  v i t amin  A (as ret inol  
or re t inyl  esters) have  been  repor ted ,  an  ep idemio log ica l  eva lua t ion  is 
e x t r e m e l y  difficult  to make .  Thus ,  Rosa  et al. of  the  Food  and  Drug  
Admin i s t r a t ion  (FDA) analyzed the  only  18 r epor t ed  cases  k n o w n  up  to 
1986 of ma l fo rma t i ons  as a resul t  of  h igh  v i t amin  A in take  long before  and  
dur ing  p r e g n a n c y  (49a). They  conc luded:  "Al though  the  da ta  so far do not  
p rov ide  h u m a n  dose/ r isk  es t imates ,  f indings  in l abora to ry  s tudies  and  
h u m a n  expe r i ence  wi th  o ther  v i t amin  A ana logues  p rov ide  r eason  for 
caut ioning aga ins t  long- te rm e x p o s u r e s  of  25 000 uni ts  per  day  or m o r e  in 
w o m e n  who  m a y  b e c o m e  pregnan t . "  

Agains t  the b a c k g r o u n d  of  an imal  expe r imen t s ,  e x p e r i e n c e  wi th  
re t inoids  in h u m a n s  and  the few cases of  m a l f o r m a t i o n s  a t t r ibu tab le  to 
hyperv i t aminos i s  A, var ious  ins t i tu t ions  m a d e  r e c o m m e n d a t i o n s  in 1987 
on v i t amin  A doses  for p r e g n a n t  w o m e n .  P r e g n a n t  w o m e n  and  w o m e n  of  
chi ld-bear ing age should  restr ic t  thei r  total  v i t amin  A in take  to 
8 000-10 000 I.U./day. The  FDA r e c o m m e n d s  tha t  p r e g n a n t  w o m e n  l imit  
their  total  daily in take  of  v i t amin  A to 8 000 I.U. The  Te ra to logy  Soc ie ty  
(66) and the Ame r i can  College of Obs te t r ic ians  and  Gyneco log i s t s  (1) 
r e c o m m e n d  8 000 I.U. v i t amin  A/day, the  Counci l  for R e s p o n s i b l e  Nutri-  
t ion (15) and  the  In te rna t iona l  Vi tamin  A Consu l ta t ive  G r o u p  (IVACG, 30) 
quote  10 000 I.U. as the  u p p e r  l imit  for diet  s u p p l e m e n t s .  I V A C G  and WHO 
view 10 000 I.U. v i t amin  A/day as pos ing  no r isk  to p r e g n a n t  w o m e n  bu t  
r e c o m m e n d  this dose  only in cases  of  s u s p e c t e d  v i t amin  A def ic iency  (30). 
A w o r k s h o p  held  at the  end  of  S e p t e m b e r ,  1987, in Li t t le  Rock,  Arkansas ,  
USA, on the  subjec t  of  the  t e ra togen ic i ty  of  v i t amin  A rea f f i rmed  exis t ing  
r e c o m m e n d a t i o n s  and  def ined  new, neces sa ry  resea rch  object ives.  

Al though  there  is no scientif ic basis  for l imi t ing  daily v i t amin  A in take  
by  p regnan t  w o m e n  to 8 000-10 000 I.U., these  l imits  have  been  chosen  out  
of  a high regard  for safety. Ano t he r  r eason  for this  choice  is tha t  no rma l  
diet  s u p p l e m e n t a t i o n  p rec ludes  h igher  doses.  

Conclusions 

Vitamin  A is crucial  to the growth ,  deve lopmen t ,  and  s t ruc tura l  integr i ty  
of  skin and  m u c o u s  m e m b r a n e s .  I f  there  is a defici t  of  the  vi tamin,  the  
m u c o u s  m e m b r a n e s ,  especial ly,  unde rgo  s q u a m o u s  metap las t i c  changes  
of  the k ind  tha t  are e n c o u n t e r e d  wi th  o ther  noxae  and  are genera l ly  
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viewed as s y m p t o m s  of  precancers .  These observations,  coupled wi th  the 
fact that  test animals suffering f rom a v i tamin A def ic iency f requent ly  
develop epithelial tumours ,  have led to intensive invest igations of  these 
parameters  in animal exper iments  and clinical and epidemiological  
studies. It has been discovered that: 

- S q u a m o u s  metaplasia  arising f rom vi tamin A def ic iency is reversed 
th rough  intake of the vitamin. 

- There is evidence that, even w h e n  vi tamin A supplies are adequate,  the 
squamous  metaplast ic  changes  caused by  other  noxae,  part icular ly 
a round  the t racheobronchia l  epi thel ium can be reconver ted  into the 
original epi thel ium phenotype .  

- Vi tamin A can inhibit  the induct ion  of  chemical ly  induced  neoplasms.  
- Vitamin A prevents  the growth  of t u m o u r  cell lines in vitro and in vivo. 
- Vitamin A reduces  the incidence of  t u m o u r  recidivat ion after surgical, 

radiological, or cytostat ic  therapy.  
- A high vi tamin A intake in the diet cons iderably  reduces  the risk of  lung 

carc inomas posed by carc inogens  (e.g. inhalat ion of cigarette smoke,  
benzo(a)pyrene, etc.). 
The significance of  this for the prevent ion of  mal ignant  neop lasms  is 

that  risk categories in industrial ized nat ions should be advised to take 
extra amoun t s  of this v i tamin in addi t ion to the r e c o m m e n d e d  daily 
allowance. Chief among  the reasons for this is that  an evaluat ion of  
available li terature reveals that  there is more  and more  evidence  about  the 
impor tance  of  this vi tamin in connec t ion  with carcinogenesis .  R e c o m m e n -  
dations to the effect that  daily intake of  more  than  10 000 I.U. v i tamin A for 
prevent ing carc inomas are based more  on speculat ive calculat ions than  on 
scientific knowledge.  

I f  one takes into considerat ion the fact that  v i tamin A and beta-carotene 
apjoear to be effective at different stages of  ca rc inoma development ,  the 
intake of  vi tamin A and its provi tamins  mus t  be balanced.  The p rob lem of 
toxic side effects occurr ing within  the r e c o m m e n d e d  supp lemen t  range 
can be disregarded provided  that  chi ldren and pregnan t  w o m e n  do not  
exceed a long-term daily dose of 10 000 I.U. in the form of diet supplement -  
ing (IVACG, 1986). 
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