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SUMMARY
I Obiective: To determine the effect of anemia and iron status on intest inal permeabil i ty in chi ldren.

n Deiign: A routine prospective study was performed in 64 chi ldren with symptoms suggesting cow's milk al lergy (CMA)

(11.8*16 mo,  2-g4 mo) .  They exh ib i ted a  negat ive cow's  mi lk  cha l lenge upon the ESPGHAN cr i ter ia .  Hemoglob in  (Hb) ,  mean

corpuscular volume (MCV), blood iron (Fe) and ferr i t in (Fer) concentrat ions were studied in al l .  Permeabil i ty was measured as

percent of urinary excretion of lact i tol  (L,%) and mannitol (M,%) (oral absorption, 0.1 g/Kg for each sugar) and determination

of the UM ratio {LlM,%|.
I Results: UM was signif icantly higher in anemic chi ldren than in non-anemic ones, 2.45, (median), 1 .92-3'43 (extremes), n=29,

1". t . i i ,  t  iO-Z.te, nàb, p=0.03. È'b correlated negatively with UM (p=0.0001) and L (p=0.05) and posit ively with M (p=0.03)'

Also, L/M correlated negatively with MCV 1p=0.001) and Fe (p=0.0a).

lH";ilJ;;, F;#'..;; ';;;;; ';;; ì;";;i;;. in" i["'o'"iution or rP shourd be taken cautiousry into account in the
diagnosis of CMA in case of anemia or iron deficiency.
Key.worde : Intestinal parmeability - lron deficiency - Anemia - Age - Cow's milk allergy - Children.

suggest ing CMA: gastro-esophageal ref lux (GER) (n=17,

26.5%\,  fa i lure to thr ive {22,34.3%), chronic diarrhea (5,

7.8%1, eczema (5,  7.8o/ol ,  recurrent abdominal  pain (3,

4.6yol, recu rrent bronch it is (3), recu rrent ea r-nose-th roat
(ENT) infect ions (2,  3.1Yo),  acute diarrhea (1,  1 '5y"1,

vomit ing (1),  const ipat ion (1),  acute l i fe threatening

events (ALTE) and anaphylact ic choc (1) '  Al l  enrol led

chi ldren exhibi ted no cow's mi lk al lergy (CMA), as def i -

ned according to the c l in ical  ESPGHAN cr i ter ia (6).  Final

d iagnos is  in  those ch i ld ren  was GER (n=18) ,  fa i lu re  to

thr ive (n=14),  eczema (n=5),  i r r i table bowel syndrome
(n=14),  a l lergic asthma (n=2\,  others (2 Hel icobacter
pytori gastric infections, 2 lactose intolerance, 2 diet

errors,  1 al lergic urt icar ia,  1 laryngomalacia,  1 pylor ic

stenosis,  1 systemic infect ion and 1 vagal  hypertonia) '

A  b lood ce l l  count  was per fo rmed in  a l l ,  inc lud ing  the

measurement  o f  Hb and o f  the  mean corpuscu la r  vo lu -

me (MCV) .  Anemia  was de f ined as  Hb<10 g /Ot  (<6  mo) ,

<11 g/dl  (6 mo-6 Yr l ,  <12 gldl  (>6 yr) '  Microcytosis was

def ined as MCV f f t )  <77 (0-3 mo),  <74 (3-6 mo),  <70 (6

mo-2yr l ,  <75 (2-6yr l ,  <77 (6-12yr) ,  <78112-18 yr) '  l ron

s ta tus  was fu r ther  exp lo red  by  assay ing  b lood i ron
(Fe)  and fe r r i t in  (Fer )  concent ra t ions '  l ron  de f ic iency

was de f ined as  Fe <10 mM/ | ,  and fe r r i t in  de f ic iency  as

Fer  <12 mgl l .

Ch i ld ren  w i th  food a l le rgy ,  cys t ic  f ib ros is ,  in f lamma-

tory bowel disease, cel iac disease, digest ive surgery,
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I  ntest inal  permeabi l i ty  ( lP) may be assessed using

I var ious probes among which oral ly absorbed non

I metabol izable sugars excreted in ur ine.  Lact i to l  (L)

which may replace lactulose, a marker of  large mole-

cu le  absorp t ion  and mann i to l  (M) ,  a  marker  o f  smal l
molecule absorpt ion,  a l low to detect  a l terat ions of  lP in

di f ferent intest inal  pathological  condi t ions (1-4).  In chi l -

dren (3),  lP was shown to be a good tool  for  d iagnosis
of  food al lergy.  In hypersensi t ive subjects,  ingest ion of

the of fending food decreased M ur inary excret ion and
increased both L ur inary excret ion and VM ur inary

rat io (3).  Cow's mi lk al lergy (CMA) modif ied lP dur ing

both digest ive and cutaneous manifestat ions (3).

On the  o ther  hand,  bo th  age (4 )  and i ron  de f ic iency

can induce in otherwise heal thy infants (5) reversible

al terat ions of  lB that  might interfere wi th modif ica-
t ions  o f  lP  dur ing  pa tho log ica l  s ta tes .  The a im o f  the

study was to analyze to what extent anemia and iron

def ic iency  may a l te r  lP  in  ch i ld ren .

A routine prospective study was performed in 64 chil-

dren (1 1.8t16 mo, 2-94 mo) wi th c l in ical  manifestat ions
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smal l -bowel bacter ia l  overgrowth,  parasi t ic  or  infec-
t i o u s  g a s t r o e n t e r i t i s  a n d  d i a b e t e s  m e l l i t u s  w e r e
exc luded.

lP  was ana lyzed as  a l ready  descr ibed (3 ) .  Br ie f l y ,  on
the  morn ing  fo l low ing  a  6h  overn igh t  fas t ,  ch i ld ren
were  g iven a  mix tu re  o f  a  10% M and L  aqueous so lu -
t ion at  a dosage of  0.1 g/Kg of  body weight for  each
sugar .  Ur ine  co l lec t ion  was main ta ined fo r  the  5  fo l lo -
w ing  hours ,  us ing  a  spec i f i c  adhes ive  ur ine  bag in
younger  ch i ld ren .  The ur ine  vo lume was measured,
and al iquots stored frozen.

Gas chromatography  was used fo r  u r inary  ana lys is .
The resul ts of  the lP was measured as percent of  ur i -
nary  excre t ion  o f  L  (L ,%)  and M (M,%)  and then de ter -
minat ion of  the L/M rat io (LlM,%|.  Al l  studies were
done w i th  the  in fo rmed consent  o f  paren ts .

Ca lcu la t ion  o f  mean,  med ian ,  SD and ex t remes o f  a l l
q u a n t i t a t i v e  p a r a m e t e r s  w e r e  d o n e  u s i n g  t h e
StatView System (Abacus' ,  CA, USA).  Since al l  the
parameters  exh ib i ted  la rge  d is t r ibu t ion  resu l ts  (no t
be long ing  to  the  normal  low) ,  s ta t i s t i ca l  eva lua t ion  o f
those resul ts was made using non parametr ic tests as
the  Anova tes t  fo r  con t inuous  var iab les .  Cor re la t ion
between di f ferent parameters was assessed using the
s imp le  regress ion  cor re la t ion .  A  p  va lue  <  0 .05  was
cons idered s ta t i s t i ca l l y  s ign i f i can t .

Correlation between L,yo, M, yo, LlM, % ratios and Fe,
Fer ,  Hb and MCV in  anemic  and non anemic  ch i ld ren
are  summar ized in  tab le  L  Cons ider ing  the  en t i re  popu-
la t ion ,  (n=64) ,  Hb cor re la ted  negat ive ly  w i th  L /M
(n-0.53, p=0.0001) and L (n-0.24, p--0.05) and posi t ively
w i th  M ( r .0 .25 ,  p=0.03) ,  tab le  l .  L /M was h igher  in  ch i l -
d ren  w i th  Fer  de f ic iency  (3 .52 ,3 .01-3 .85 ,  n=49,  ys .  1 .95 ,
1.72-2.05, n=15, p=0,003) and correlated negat ively
with MCV (n-0,38, p=0,001) and Fe {n-0.24, p=0.041.
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Among the  64  enro l led  ch i ld ren ,  there  were  29  ane-
mic  ch i ld ren  and 34  non anemic .  The L /M ra t io  was
h i g h e r  i n  a n e m i c  c h i l d r e n ,  n = 2 9 , 2 . 4 5  ( m e d i a n ) ,  1 . 9 2 -
3 .43  (ex t remes) ,  than in  non anemic  ones ,  n=35,  1 .72 ,
1 .56-2 .18 ,  p=Q.93.

The present study conf i rms that lP var ies according to
anemia and i ron status and that the L/M rat io is r ised
in  anemic  as  compared to  non anemic  ch i ld ren .  The
role of  i ron def ic iency in mucosal  intest inal  structural
abnormal i t ies was suggested in the al terat ions of  lP
already descr ibed by Berant et  a l  (5) .  We conf i rm an
inverse correlat ion between Fe and L/M rat io,  found by
Goto et  a l  (4)  and also show an inverse correlat ion of
L/M with Hb and MCV thus further assessing that ade-
quate i ron stores are needed to maintain normal lP (4).

The reason why i ron  de f ic iency  may a l te r  lP  remains
di f f icul t  to assess. l ron def ic iency in infants al ters
smal l  in tes t ina l  func t ion  and impa i rs  absorp t ion  o f
fa t ,  v i tamin  A and xy lose  (5 ) ,  th rough a  mechan ism
that was envis ioned as a decreased synthesis of
b rush border  enzymes (5 ) .  Lac t i to l  and mann i to l
a b s o r p t i o n  d o e s  n o t  d e p e n d  o n  b r u s h  b o r d e r
enzymes. Permeabi l i ty  probably ref lects both the abi-
l i t y  o f  the  ep i the l ium to  be  c rossed by  molecu les  and
the  ab i l i t y  o f  the  b lood f low to  wash ou t  the  mole-
c u l e s  a c c u m u l a t i n g  i n  t h e  s u b e p i t h e l i a l  m e d i u m  ( 7 ) .

Therefore,  the L/M rat io could depend both on a nor-
mal  func t ion ing  o f  v i l lus  ep i the l ia l  ce l l s  in  metabo l i te
absorp t ion  and on  a  normal  v i l lus  b lood f low (8) ,  a t
leas t  par t ia l l y  respons ib le  fo r  the  water  t ransep i the l ia l
passage or  so lvent  d rag .  Cons ider ing  the  ro le  o f  Hb
and Fe in  the  b lood f low supp ly  in  normal  v i l lus  ep i -
the l ia l  ce l l s ,  one may pos tu la te  tha t  in  case o f  i ron
def ic iency  anemia ,  a l te ra t ions  in  the  vascu la r  coun-
tercurrent lead to a decrease in the solvent drag and
second ly  in  the  passage o f  mann i to l  and o f  o ther
micro-nutr ients.  The role of  i ron def ic iency,  even i f
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Table  1 :  Corre la t ion betweenL,o/o ,M,yo,L lM% and Fe,  Fer ,  Hb & MCV.
Corre la t ion is  s ign i f icant ,  p<0 05.

v o l u m e 3 9 - n ' 1 - 2 0 0 7 21



anemia  is  no t  p resent ,  m igh t  be  s imi la r ,  lead ing  to
l im i ted  a l te ra t ions  o f  permeab i l i t y  parameters .

The ro le  o f  CMA in  d is rup t ing  lP  was a l ready  descr i -
bed by us (3) and by others (4).  The reason why CMA
al te rs  lP  has  a l ready  been w ide ly  d iscussed and might
imp ly  the  loca l  re lease,  fo l low ing  the  immuno log ic
conf l ic t ,  of  cytokines able to disrupt the intest inal  wal l ,
such  as  gamma in te r fe ron  and TNF a lpha (9 ) .  Our  da ta
show that these al terat ions of  lP are suf f ic ient  to dis-
rupt almost al l  the correlat ions observed between i ron

s ta tus  and permeab i l i t y  in  cont ro l  ch i ld ren .

l ron def ic iency is a feature of  CMA (10).  We have

shown tha t  ch i ld ren  w i th  CMA exh ib i t  i ron  de f ic iency  in
28 % o f  cases  desp i te  normal  da i l y  i ron  in takes  (11) .

Anemia  obv ious ly  l im i ts  the  re l iab i l i t y  o f  lP  tes ts .  Our
data imply that  in the purpose of  using permeabi l i ty  for

diagnosis of  CMA, analysis cr i ter ia might f i rst  require
the ver i f icat ion of  normal i ron status parameters.

ln  conc lus ion ,  lP  depends on  anemia  and i ron  s ta tus
and the  in te rpre ta t ion  o f  lP  shou ld  be  taken caut ious-
ly  in to  account  in  case o f  i ron  de f ic iency  or  anemia .
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