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SUMMARY
B a c k g r o u n d
I ron d e f i c i e n c y  is the mo s t  c o mmo n  m i c r o n u t r i e n t  d e f i c i e n c y  
w o r l d w i d e ,  wi th t he  h i g h e s t  p r e v a l e n c e  f ound  in d e v e l o p i n g  
c o u n t r i e s .  C o n s e q u e n c e s  o f  i ron d e f i c i e n c y  i n c l u d e  d e v e l o p m e n t a l  
d e l a y ,  b e h a v i o u r a l  d i s t u r b a n c e s ,  g r o w t h  r e t a r d a t i o n ,  i n c r e a s e d  
s u s c e p t i b i l i t y  to i n f e c t i o n ,  l ead p o i s o n i n g  and p o o r  r e s p o n s e  to 
i o d i n e  p r oph y l a x i s .  T h e r e  is very l i t t l e  l o c a l  dat a  on p r e v a l e n c e  o f  
i ron d e f i c i e n c y  wi t h or  w i t h o u t  a n a e m i a  in an u r ba n  s e t t i ng .  In 
a d d i t i o n  t he r e  is no n a t i o n a l  p r o g r a m m e  f o r  s c r e e n i n g  f o r  a n a e mi a ,  
i ron d e f i c i e n c y  and i r on d e f i c i e n c y  a n a e m i a  in i n f an t s .
O b j e c t i v e s
The  p r i ma r y  o b j e c t i v e  o f  t h i s  s t udy  was  to d e t e r m i n e  t he  p r e v a l e n c e  
of  a n a e m i a ,  i ron d e f i c i e n c y  and i ron d e f i c i e n c y  a n a e m i a  in n i ne  
mon t h  old i n f a n t s  a t t e n d i n g  i m m u n i z a t i o n  c l i n i c
S e c o n d a r y  o b j e c t i v e s  wer e  to d e t e r m i n e  t he  a s s o c i a t i o n  b e t we e n  
t h e s e  p a r a m e t e r s  and d e v e l o p m e n t a l  s t a t u s  a nd  d i e t a r y  h a b i t s .
S t u d y  d e s i g n
T h i s  was a c r o s s  s e c t i o n a l  d e s c r i p t i v e  s t u d y  c a r r i e d  ou t  o v e r  a f i ve  
mo n t h  p e r i o d  ( 4 lh Au g u s t  2 0 0 8  to 27t h  J a n u a r y  2009) .
S e t t i n g
I m m u n i z a t i o n  c l i n i c s  in Ke n y a t t a  N a t i o n a l  Ho s p i t a l ,  R i r u t a  and 
W a i t h a k a  h e a l t h  c e n t e r s .  T h e s e  he a l t h  f a c i l i t i e s  al l  l i e wi t h i n  t he  
N a i r o b i  we s t  d i s t r i c t ,  N a i r o b i  p r o v i n c e .
S u b j e c t s
Ni ne  mo n t h  ol d i n f a n t s

x



Re s u l t s
Ov e r a l l  23 c h i l d r e n  ( 6 . 2 %)  were  c l a s s i f i e d  as no r ma l ,  1 7 5 ( 4 7 . 2 % )  
had i ron d e f i c i e n c y ,  1 2 7 ( 3 4 . 2 % )  i ron d e f i c i e n c y  a n a e m i a  and 
4 6 ( 1 2  4%)  a n a e mi a  due  to o t h e r  c aus es .  T h i s  me a ns  t ha t  81 . 4  % o f  
the s t u d y  p o p u l a t i o n  were  i r on  d e f i c i e n t  a n d  4 6 . 6 % wer e  a n a e mi c .
I ron d e f i c i e n c y  was the m o s t  c o mmo n  c a u s e  o f  a n a e m i a  in t he  
p o p u l a t i o n  s t ud i e d  a c c o u n t i n g  for 7 4% o f  al l  c a us e s .  A m o n g s t  t he  
p o p u l a t i o n  whi ch  had i ron d e f i c i e n c y  (n = 3 0 2 ) ,  4 2 . 1 %  had d e v e l o p e d  
i ron d e f i c i e n c y  a naemi a .
Di e t  and p s y c h o m o t o r  d e v e l o p m e n t  we r e  n o t  a s s o c i a t e d  w i t h  a n a e mi a  
and i ron s t a t us .
C o n c l u s i o n
T h e r e  is a h i gh  p r e v a l e n c e  o f  i ron d e f i c i e n c y  and i ron d e f i c i e n c y  
a n a e m i a  in t he  p o p u l a t i o n  s t ud i e d .  In a d d i t i o n ,  i ron d e f i c i e n c y  
a n a e m i a  is t he  mos t  c o m m o n  type  o f  a n a e m i a .  T h e r e  i s need  for  
u n i v e r s a l  p r o v i s i o n  o f  i ron in t he  p o p u l a t i o n  s t u d i e d .
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BACKGROUND AND L I T E R A T U R E  R E V I E W
E P I D E MI OL OGY
I ron  d e f i c i e n c y  is the mo s t  c o mmo n  m i c r o n u t r i e n t  d e f i c i e n c y  
w o r l d w i d e ,  wi th the h i g h e s t  p r e v a l e n c e  f ound  in d e v e l o p i n g  
c o u n t r i e s  <u . Chi l dr en  l e s s  than 2 y e a r s  o f  age are  c o n s i d e r e d  
as one  o f  the h i g h e s t - r i s k  g r o u p s  ( , ) . The  Wo r l d  Heal t h  
O r g a n i z a t i o n  ( WHO)  e s t i m a t e s  t ha t  s o m e  t wo b i l l i o n  p e o p l e  are 
a n a e m i c .  , n An e s t i m a t e d  10- 20 % o f  p r e s c h o o l  c h i l d r e n  in 
d e v e l o p e d  c oun t r i e s ,  a n d  an e s t i m a t e d  3 0-8 0% in d e v e l o p i n g  
c o u n t r i e s ,  are a n a e mi c  at  1 ye a r  o f  age.  (l) An a e mi a  is de f i ne d  
as h a e mo g l o b i n  l e ve l s  t h a t  are b e l o w  t w o  s t a n d a r d  d e v i a t i o n s  
o f  the d i s t r i b u t i o n  mean  in an o t h e r w i s e  nor ma l  p o p u l a t i o n  of  
t h e  same gende r  and a ge  at the s a me  a l t i t u d e .  (l) In a no r ma l  
p o p u l a t i o n ,  two p o i n t  f i ve  p e r c e n t  o f  t h e  p o p u l a t i o n  w o u l d  be 
e x p e c t e d  to be b e l o w t h i s  t h r e s h o l d .  H e n c e ,  a n a e mi a  w o u l d  be 
c o n s i d e r e d  a pub l i c  h e a l t h  p r o b l e m on l y  whe n  the  p r e v a l e n c e  of  
h a e m o g l o b i n  c o n c e n t r a t i o n  e x c e e d s  f i ve  p e r c e n t  o f  the 
p o p u l a t i o n . *1 *
D a t a  c o l l e c t e d  in Un i t e d  S t a t e s  n a t i o n a l  s u r v e y s  r e v e a l e d  t hat  
t h i r t y  to for t y  p e r c e n t  o f  c h i l d r e n  u n d e r  f i ve  y e a r s  o f  a ge  who 
h a d  e v i d e n c e  of  i ron d e f i c i e n c y ,  we r e  a l so a n a e m i c  (2>. In 
d e v e l o p i n g  c ou n t r i e s ,  it i s e s t i ma t e d  t h a t  t he  f r e q u e n c y  o f  i ron 
d e f i c i e n c y  is two to f i ve  t i me s  t ha t  o f  i r o n  d e f i c i e n c y  a n a e mi a .  
<u Up to a p r e v a l e n c e  o f  i ron d e f i c i e n c y  a n a e m i a  o f  for ty 
p e r c e n t ,  t he  p r e v a l e n c e  o f  i ron d e f i c i e n c y  wi l l  be a b o u t  two 
a n d  a h a l f  t imes  t h a t  o f  a n a e mi a .  ( I ) .A d e c i s i o n  a n a l y s i s  us i ng  
t h e  US na t i o n a l  s u r v e y  d a t a  r e a c h e d  a s i mi l a r  c o n c l u s i o n  (4>. 
T h e  s a me  a na l ys i s  a l s o  c o n c l u d e d  t h a t  s c r e e n i n g  b e c o me s  
i n e f f e c t i v e  by the t i me  t h e  p r e v a l e n c e  o f  a n a e mi a  is l o w e r  than 
f i v e  p e r c e n t ,  be c a u s e  mo s t  o f  the c a s e s  are  not  r e l a t e d  to i ron 
d e f i c i e n c y .  S c r e e n i n g  f o r  p r o g r a m m a t i c  p u r p o s e s  s h o u l d  be 
c o n s i d e r e d  for  a n a e m i a  p r e v a l e n c e s  b e t w e e n  f i ve  a n d  t went y  
p e r c e n t .  When t he  p r e v a l e n c e  o f  i r on  d e f i c i e n c y  a n a e mi a  
r e a c h e s  the  t went y  to t h i r t y  p e r c e n t  l e v e l  in t he  a g e - g e n d e r  
g r o u p  u n d e r  e v a l u a t i o n ,  it  may be mo r e  e f f e c t i v e  and p o s s i b l y  
m o r e  e f f i c i e n t  to p r o v i d e  un i v e r s a l  s u p p l e m e n t a t i o n  to that  
e n t i r e  g r o u p  than to s c r e e n  for  i n d i v i d u a l  c a s e - m a n a g e m e n t  
p u r p o s e s .  ( 1)
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A Ni g e r i a n  s t udy o f  i r o n  s t a t us  o f  f i f t y  r a n d o ml y  s e l e c t e d
i n f a n t s  a t t e n d i n g  an i n f an t  w e l f a r e  c l i n i c  for  r o u t i n e  i m m u n i z a t i o n  f ound t h a t  for ty p e r c e n t  o f  t he  i n f a n t s  had
p a c k e d  cel l  vo l ume s  b e l o w  0 . 3 2 ,  f o r t y  e i gh t  p e r c e n t  had 
h a e m o g l o b i n  be l ow l Og / dL and t we n t y  s e v e n  p e r c e n t  h a d  mean 
c o r p u s c u l a r  vo l ume  less  t h a t  7 0 fL.  (5'
A m i c r o n u t r i e n t  s u r vey  d o n e  in Ke n y a  f o u n d  t hat  a m o n g  

c h i l d r e n  s i x to s e ve n t y  t wo  m o n t h s  o f  a g e ,  p r e v a l e n c e  w a s l 7 . 1 ,  
4 1 . 5  and 11 pe r ce n t  for  m i l d ,  m o d e r a t e  a n d  s e v e r e  a n e m i a ,  
r e s p e c t i v e l y .  (6). A s t udy  in a Ke n y a n  p e r i - u r b a n  h e a l t h  f ac i l i t y  
s h o we d  t ha t  i ron d e f i c i e n c y  a n a e m i a  h a d  a p r e v a l e n c e  o f  s even  
p o i n t  f our  pe r c e n t  and wa s  p r e d o m i n a n t l y  mi ld.  (7,Age wa s  
f ound  to be s i g n i f i c a n t l y  a s s o c i a t e d  wi t h  i r on  d e f i c i e n c y  
a n a e m i a  wi t h  a p r e v a l e n c e  o f  f o u r t e e n  p o i n t  six p e r c e n t  in 
i n f a n t s .  T h i s  s t udy r e c o m m e n d e d  f u r t h e r  i n v e s t i g a t i o n  o f  i ron 
d e f i c i e n c y  a n a e mi a  a m o n g s t  i n f a n t s .
In o r d e r  to pl an e f f e c t i v e  i n t e r v e n t i o n s  to c o mb a t  b o t h  i ron 
d e f i c i e n c y  and a n a e m i a  t h e r e  is an u r g e n t  need to h a v e  b e t t e r  
i n f o r m a t i o n  on the i ron s t a t u s  o f  p o p u l a t i o n s .  T h i s  wi l l  e n a b l e  
t h e  r i gh t  i n t e r v e n t i o n s  to be c hos e n  in t h e  f i r s t  p l a c e  a n d  t h e n ,  
o n c e  p r o g r a m m e s  a re  in p l a c e ,  to ha ve  t h e  r i ght  i n d i c a t o r s  to 
m o n i t o r  t h e i r  i mpa c t .  t2)
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B ODY I RON C O M P A R T M E N T S
T h e r e  are  t h r ee  b od y  i r on c o m p a r t m e n t s ;

• f u n c t i o n a l
• s t o r a g e
• t r a n s p o r t

1 F u n c t i o n a l
T h i s  is the i ron i n v o l v e d  in c e l l u l a r  m e t a b o l i s m .  It i n c l u d e s  
i r on  c o n t a i n e d  in:

- he mo g l o b i n  and m y o g l o b i n  ( for  t r a n s p o r t  and  s t o r a g e  of  
o x y g e n ) ,

- c o mp o n e n t s  o f  t he e l e c t r o n  t r a n s p o r t  c h a i n ,  c y t o c h r o m e s  
and o t h e r  e n z y me  s y s t e m s ,

- r i b o n u c l e o t i d e  r e d u c t a s e  s y s t e m r e q u i r e d  f o r  the 
p r o d u c t i o n  o f  DNA,

- f e n t o n  c a t a l y s t  s y s t e m  in the p r o d u c t i o n  o f  f r ee  r a d i c a l s .
I r o n  d e f i c i e n c y  is the s t a t e  in wh i c h  t h e r e  is i n s u f f i c i e n t  i ron 
to ma i n t a i n  the no r ma l  p h y s i o l o g i c a l  f u n c t i o n  o f  t i s s u e s  such 
as the b l o o d ,  b r a i n ,  and mus c l e s .  I ron d e f i c i e n c y  can e x i s t  in 
t h e  a b s e n c e  o f  a n a e mi a  i f  it  has  not  l a s t e d  l ong e n o u g h  or  i f  it 
h a s  not  been  s e v e r e  e noug h  to c a u s e  the  h a e m o g l o b i n  
c o n c e n t r a t i o n  to fal l  b e l o w  the t h r e s h o l d  for  t h e  s p e c i f i c  sex 
a n d  age g r o u p  l2) E v i d e n c e  f rom a n i m a l s  fed on i r o n - d e f i c i e n t  
d i e t s  i n d i c a t e s  that  i ron d e f i c i e n c y  b e c o m e s  d e t e c t a b l e  at  abou t  
t h e  s a me  t i me  in t he  b l ood ,  b r a i n ,  and t i s s u e  e nz y me  
s y s t e m s . <J’ The ma j o r  l i a b i l i t i e s  o f  i r on  d e f i c i e n c y  are 
a s s o c i a t e d  onl y wi t h  d e p l e t i o n  o f  t h i s  c o m p a r t m e n t  , (8)
2 . S t o r a g e
T h i s  c o n s i s t s  of  i r on  s e q u e s t e r e d  in r e l a t i v e l y  s a f e  a nd  non 
t o x i c  f or m as f e r r i t i n  and h e mo s i d e r i n .  I t  s e r v e s  as a r e p o s i t o r y  
f r o m  wh i c h  i ron,  l os t  f r om the  f u n c t i o n a l  c o m p a r t m e n t  in 
e x c e s s  o f  a b s o r p t i o n ,  is r e p l e n i s h e d .  T h i s  pool  o f  i r on  is not  
b e i n g  u s e d  by t i s s u e s .  I ron d e p l e t i o n  is the s t a t e  in whi ch 
s t o r a g e  i r on  is a b s e n t  or  n e a r l y  a b s e n t  b u t  t he  t i s s u e s  t h a t  need 
i r o n  are a b l e  to m a i n t a i n  no r ma l  p h y s i o l o g i c a l  f u n c t i o n s .
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3. T r a n s p o r t
Thi s  c o n s i s t s  of  t he  c a r r i e r  mo l e c u l e  t r a n s f e r r i n  w h i c h  l i nks  
the s t o r a g e  and f u n c t i o n a l  c o m p a r t m e n t s .

I RON B AL ANC E  D U R I N G  I N F A N C Y  (9)
In the t h i r d  t r i me s t e r  o f  p r e g n a n c y  the f o e t u s  a c c u m u l a t e s  i ron 
at a rate that  is p r o p o r t i o n a l  to t he  i n c r e a s e  in body  we i gh t ,  
ma i n t a i n i n g  a total  i ron c o n t e n t  o f  a p p r o x i m a t e l y  s e v e n t y  f ive 
m i l l i g r a m m e s  per  ki l o  b o d y  we i gh t .  A f t e r  bi r t h ,  e ry th r o p o  iesi  s 
f a l l s  as h a e m o g l o b i n  c o n c e n t r a t i o n  t e n d s  to r e t u r n  to n o r ma l  
l eve l s  a r o u n d  t we l v e  g r a m m e s  pe r  d e c i l i t r e  i n s t e a d  o f  the 
n e o n a t a l  l e ve l s  a r o u n d  s e v e n t e e n  g r a m m e s  per  d e c i l i t r e  The  
i ron d e r i v e d  f r om p h y s i o l o g i c  b r e a k d o w n  o f  red c e l l s  is 
a c c u m u l a t e d  in i r on s t o r e s  and s u b s e q u e n t l y  used  f o r  ne w 
h a e m o g l o b i n  p r o d u c t i o n .  T h u s  the i ron r e s e r v e s  o f  a h e a l t h y  
t e r m i n f a n t  may p r e s e r v e  it f rom i ron d e f i c i e n c y  a n a e m i a  for  
s e ve r a l  m o n t h s ,  e ven  i f  t h e  n u t r i t i o n a l  i r o n  s u p p l y  is ni l .
Human  mi l k  i ron c o n t e n t  is l ow ( ze r o  p o i n t  two to p o i n t  f our  
m i l l i g r a m m e s  per  l i t r e ) ,  bu t  an e s t i m a t e d  h a l f  o f  b r e a s t  mi lk 
i ron is a b s o r b e d .  T h u s  in f u l l - t e r m  i n f a n t s ,  e x c l u s i v e
b r e a s t f e e d i n g  is s u f f i c i e n t  to ma i n t a i n  an o p t i ma l  i r on  b a l a n c e  
for  at l e a s t  t he f i r s t  s ix m o n t h s  o f  l i fe .  C o w ’s mi l k  i r o n  is l ow 
in both c o n c e n t r a t i o n  ( a r o u n d  zero p o i n t  f our  m i l l i g r a m m e s  per  
l i t r e )  and  b i oavai  1 ab i 1 i ty b e c a u s e  o f  t h e  high c a l c i u m  and 
p h o s p h o r u s  and l o w a s c o r b i c  ac i d  c o n t e n t  of  c o w ’s mi l k .  In 
c o n t r a s t  to huma n  mi l k ,  c o w ’s mi l k  a n d  c o w ’s mi l k f o r m u l a s  
u n f o r t i f i e d  wi th i r on c a n n o t  s u pp l y  t he  i n f an t  wi t h  s u f f i c i e n t  
a m o u n t s  o f  i ron to m a i n t a i n  an o p t i ma l  i r on  b a l a n c e  d u r i n g  the 
f i r s t  6 m o n t h s  o f  l i f e .
A f t e r  6 mon t hs  o f  l i f e ,  i ron b o d y  c o n t e n t  i n c r e a s e s  
s u b s t a n t i a l l y  and the i n f a n t  i ron b a l a n c e  b e c o m e s  c r i t i c a l l y  
d e p e n d e n t  on d i e t a r y  i r o n ,  p r o v i d e d  by c o m p l e m e n t a r y  f oods  
c o n t a i n i n g  h i ghl y  b i o a v a i l a b l e  i ron.  U n l e s s  born p r e m a t u r e l y  or 
wi t h  l ow b i r t h  we i g h t ,  m o s t  i n f a n t s  a r e  at  l ow r i sk o f  i ron 
d e f i c i e n c y  be f o r e  6 m o n t h s  o f  age b e c a u s e  t he i r  i ron s t o r e s  are 
u s ua l l y  s t i l l  a d e q u a t e  f r o m the  p e r i n a t a l  pe r i od .  A c c o r d i n g l y ,  
the e a r l i e s t  age  to be g i n  a s s e s s m e n t  o f  i r on  s t a t u s  is n o r m a l l y  
be t we e n  6 and 9 m o n t h s ;  a s s e s s m e n t  may b e g i n  e a r l i e r  in 
c o m m u n i t i e s  wi th l o w  i r o n  s t a t us
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P h y s i o l o g i c a l  mode l  of  i r o n  s t a t us  in i n f a n c y  (l0>
I Di e t
Di e t a r y  r i sk f ac t o r s  i n c l u d e ;

• D i e t a r y  d e f i c i e n c y  o f  i r on ;  In p l a n t  b a s e d  d i e t s  in 
d e v e l o p i n g  c o u n t r i e s  mos t  d i e t a r y  i r on is n o n - h a e m  i ron 
and i t s a b s o r p t i o n  is of t en l e s s  t h a n  ten p e r c e n t  ( l l )  In 
c o n t r a s t ,  in t h i r t y  to s e v e n t y  p e r c e n t  o f  i ron in m e a t  is in 
ha e m form o f  w h i c h  f i f t e en  to t h i r t y  f i ve  p e r c e n t  is 
a b s o r b e d  (l l) The  b i o a v a i I a b i  1 i ty o f  n o n - h a e m  i ron is 
h i g h l y  v a r i a b l e  a n d  i n f l u e n c e d  by s e ve r a l  f a c t o r s ,  
i n c l u d i n g  c u r r e n t  d i e t  and t he  a m o u n t  o f  i ron a l r ea dy  
p r e s e n t  in the body.  Br a n ,  d i e t a r y  f i b e r ,  c a l c i u m ,  t a n n i n s  
( in t e a  and c o f f e e ) ,  and  o x a l a t e s ,  p h y t a t e s  (e g. s o r g h u m ,  
mi l l e t  and m a i z e ) ,  a n d  p o l y p h e n o l s  are  all i n h i b i t o r s  i ron 
a b s o r p t i o n .  A b s o r p t i o n  is e n h a n c e d  by r e d u c i n g  
s u b s t a n c e s  s u c h  as h y d r o c h l o r i c  a c i d  and a s c o r b i c  acid.  
The  c o n s u m p t i o n  o f  ha em i r on ,  e v e n  in sma l l  a mo u n t s ,  
e n h a n c e s  the a b s o r p t i o n  o f  n o n - h a e m  i ron

• B r e a s t f e e d i n g  for  l e s s  t han s i x  m o n t h s . (12)
• Use  o f  non i r on  f o r t i f i e d  i n f a n t  f o r m u l a  ,(l2)
• E x c e s s i v e  e a r l y  c o n s u m p t i o n  o f  c o w s  mi lk ( b e f o r e  one 

y e a r  o f  age)  a nd  c o n s u m p t i o n  o f  g r e a t e r  t han  s ix h u n d r e d  
and e i gh t y  m i l l i l i t r e s  o f  wh o l e  c o w s  mi lk pe r  day  a f t e r  
f i r s t  y e a r  o f  l i f e . (,2)
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2 G a s t r o i n t e s t i n a l  b l o o d  l o s s .
Th i s  may be due  to a n u m b e r  o f  c a u s e s  i n c l u d i n g ;

• C o w ’s mi lk wh i ch  may c a u s e  o c c u l t  g a s t r o i n t e s t i n a l  
b l e e d i n g  (l2)‘

• P a r a s i t e s  e g.  T r i c h u r i s  t r i c h u r i a ,  N e c a t o r  a m e r i c a n u s .
• O t h e r  c a u s e s  e g .  M e c k e l ’s d i v e r t i c u l u m ,  i n f l a m m a t o r y  

bowe l  d i s e a s e .
3. Low b i r t h  we i gh t  and p r e m a t u r e  b i r t h .
4 S e v e r e  ma t e r n a l  i ron d e f i c i e n c y  d u r i n g  p r e g n a n c y .

P A T H O P H Y S I O L O G Y  OF I R O N  D E F I C I E N C Y
Q u a n t i t a t i v e  p h l e b o t o m y  to s l owl y  r e d u c e  body i ron c o n t e n t  
ha s  s h own  that  i n i t i a l l y  t h e r e  is r e d u c t i o n  o f  t he  s t o r a g e  
c o m p a r t m e n t  wi th a p r o p o r t i o n a l  d e c l i n e  in s e r um f e r r i t i n .  
O n c e  the s t o r e s  are e x h a u s t e d  f e r r i t i n  c o n c e n t r a t i o n  p l a t e a u s  at 
a p p r o x i m a t e l y  t we l v e  n a n o g r a m m e s  per  m i l l i l i t r e  s h o w i n g  l i t t l e  
f u r t h e r  d e c l i n e  as f u n c t i o n a l  c o m p a r t m e n t  d e p l e t i o n  p r o g r e s s e s .
1 ' H o w e v e r  as the f u n c t i o n a l  c o m p a r t m e n t  d e c l i n e s ,  t h e  s e r um 

t r a n s f e r r i n  r e c e p t o r  c o n c e n t r a t i o n  s h o w s  a h i g h l y  c o n s i s t e n t  
and  p r o g r e s s i v e  i n c r e a s e  in p r o p o r t i o n  to the  m a g n i t u d e  o f  the 
i r on  d e f i c i t  ( 1 ' ' F u r t h e r  d e c l i n e  o f  t he  f u n c t i o n a l  c o m p a r t m e n t  
r e s u l t s  in a n a e mi a .  B e t w e e n  the  p o i n t  whe r e  s t o r a g e  i ron 
d e p l e t i o n  o c c u r s  a nd  t he  d e v e l o p m e n t  o f  a n a e mi a  t h e  onl y 
m e a s u r e m e n t  to a c c u r a t e l y  r e f l e c t  t he  i r on  d e f i c i t  is t h e  s e r um 
t r a n s f e r r i n  r e c e p t o r  c o n c e n t r a t i o n .  <13) E v i d e n c e  f rom a n i ma l s  
f ed  on i ro n- de f i  c i en t d i e t s  i n d i c a t e s  t h a t  i r on  d e f i c i e n c y  
b e c o m e s  d e t e c t a b l e  at  a b o u t  t he  s a me  t i me  in the b l o o d ,  b r a i n ,  
a nd  t i s s u e  e n z y me  s y s t e m s .  <2)
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C O N S E Q U E N C E S  OF  I R O N  D E F I C I E N C Y
I ron d e f i c i e n c y  wi t h  o r  w i t h o u t  a n a e m i a  ha s  i m p o r t a n t  
c o n s e q u e n c e s  for  c h i l d  h e a l t h  and d e v e l o p m e n t .  T h e s e  i n c l u d e ;
1 D e v e l o p m e n t a l
I ron D e f i c i e n c y  An a e mi a  a n d  I n f an t  D e v e l o p m e n t
I ron d e f i c i e n c y  a n a e m i a  h a s  be en  s een  to de l ay  p s y c h o m o t o r  
d e v e l o p m e n t  and i mp a i r  c o g n i t i v e  p e r f o r m a n c e  o f  i n f a n t s  in 
C h i l e  <14\  C o s t a  R i c a  <l5), G u a t e m a l a  (16)- and I n d o n e s i a  (17). 
N e u r o l o g i c a l  m a l f u n c t i o n  (as  d e t e r m i n e d  by
el e c t r o p h y s i o l o g i c a l  m e a s u r e m e n t s )  ha s  a l s o  been  d o c u m e n t e d  
as b e i n g  a s s o c i a t e d  wi t h  i r o n  d e f i c i e n c y  (18).
T h e s e  e f f e c t s  o f  i ron d e f i c i e n c y  a n a e m i a  on p s y c h o m o t o r  
d e v e l o p m e n t  in i n f a n c y  a n d  ear l y  c h i l d h o o d  ( i . e.  l ess  t h a n  two 
y e a r s  o f  a g e )  are  n o t  l i ke l y  to be c o r r e c t e d  by s u b s e q u e n t  i ron
t h e r a p y .  20- 21’ 22’>
Ma r g i n a l  I ron  D e f i c i e n c y  a nd  I n f an t  D e v e l o p m e n t
Mi l d  i ron d e f i c i e n c y  w i t h o u t  a n a e m i a  may a l so  r e s u l t  in 
d e v e l o p m e n t a l  a b n o r m a l i t i e s ,  t h e s e  c h i l d r e n  i m p r o v e  
s i g n i f i c a n t l y  a f t e r  i r on  t h e r a p y  a n d  t h u s  it a p p e a r s  t h a t  i f  
t r e a t m e n t  is to be  e f f e c t i v e ,  it m u s t  be be f o r e  a n a e m i a  
d e v e l o p s .  (21’ 221 C h i l d r e n  wi t h  m a r g i n a l  i ron d e f i c i e n c y  who 
did not  i m p r o v e  wi t h  i r o n  t h e r a p y  h a d  l ower  a c h i e v e m e n t  
s c o r e s  whe n  t e s t e d  at  f i ve  y e a r s  o f  age .  <9)
Al t h o u g h  d i r e c t  e v i d e n c e  d e m o n s t r a t i n g  an e f f e c t  o f  i ron 
d e f i c i e n c y  w i t h o u t  a n a e m i a  on c o g n i t i v e ,  b e h a v i o r a l ,  o r  o t h e r  
b r a i n  f u n c t i o n s  is l i m i t e d ,  un t i l  s h own  o t h e r w i s e  it  s e e m s  wi se  
to a s s u m e  t ha t  a g r a d a t i o n  o f  e f f e c t s  o f  i r o n  d e f i c i e n c y  o c c u r s  
in t he  b r a i n ,  wi th m i l d e r  a n a e m i a  and i r o n  d e f i c i e n c y  w i t h o u t  
a n a e m i a  r e s u l t i n g  in mor e  s u b t l e  but  s t i l l  p o t e n t i a l l y  a d v e r s e  
b r a i n  e f f e c t s ,  p a r t i c u l a r l y  i f  t hey  o c c u r  d u r i n g  s e n s i t i v e  
p e r i o d s  o f  d e v e l o p m e n t  i . e .  l e s s  t han  t wo y e a r s  o f  age.  (22)
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Ch i l d r e n  a n d  A d o l e s c e n t s  wi t h  I ron D e f i c i e n c y
Pr es c hoo l  c h i l d r e n  wi th i ron d e f i c i e n c y  wi th or  w i t h o u t  
a n a e mi a  h a v e  been s h o wn  to have  p r o b l e m s  wi t h  i n a t t e n t i o n  
r e s u l t i n g  in d i f f i c u l t i e s  wi t h  h i g h e r  c o g n i t i v e  f u n c t i o n .  Ot he r  
s t u d i e s  h a v e  d e m o n s t r a t e d  l o we r  s c o r e s  on  c o g n i t i v e  t e s t i n g  of  
i ron d e f i c i e n t  a n a e mi c  a d o l e s c e n t s .  <23, 24)
2 B e h a v i o r a l
Iron d e f i c i e n t  c h i l d r e n  t e n d  to be t i r e d  a n d  c l i ngy  wi th r e d u c e d  
i n t e r a c t i o n  wi t h  o t h e r  c h i l d r e n .  <25)
3 Gr owt h
C h i l d r e n  wh o  are i r on  d e f i c i e n t  t e n d  to be s h o r t e r  t h a n  n o n 
i ron d e f i c i e n t  chi  1 d r e n . (26’ Gr owt h  was  s h o wn  to i m p r o v e  in 
i r on - de  fi c i e n t c h i l d r e n  wh o  were  g i ven  su 
I n d o n e s i a  (37>, Ke nya  <28), a nd  B a n g l a d e s h  '
Un i t e d  K i n g d o m  (30> and t h e  Un i t e d  S t a t e s  (
4 I n f e c t i o n s
I n c r e a s e d  s u s c e p t i b i l i t y  to i n f e c t i o n s  ma i n l y  o f  t he  u p p e r  
r e s p i r a t o r y  t r a c t  wh i c h  h a p p e n  mor e  o f t e n  and ha ve  a l o n g e r  
du r a t i o n  in i r on d e f i c i e n t  a n a e m i c  t h a n  h e a l t h y  c h i l d r e n  (3I) '
5 R e s p o n s e  to I o d i n e  P r o p h y l a x i s
R e s p o n s e  to i od i ne  p r o p h y l a x i s  is r e d u c e d  in g o i t r o u s  c h i l d r e n  
wi th d e f i c i e n c i e s  o f  bo t h  i o d i n e  and i r on .  Th i s  is p r o b a b l y  due 
to i m p a i r m e n t  o f  t he  h e m e - d e p e n d e n t  e n z y me  t h y r o i d  
p e r o x i d a s e .  (32, 33)
6, Le ad  P o i s o n i n g
Iron d e f i c i e n c y  ma y  i n c r e a s e  t he  r i sk  for  c h r o n i c  l ead 
p o i s o n i n g  in c h i l d r e n  e x p o s e d  to e n v i r o n m e n t a l  l e a d .  Both 
p r o b l e m s  t e n d  to be c o n c e n t r a t e d  in c h i l d r e n  f rom l owe r  
s o c i o e c o n o m i c  s t r a t a  r e s i d i n g  in u r ba n  e n v i r o n m e n t s .  <34)

p p l e m e n t a r y  i r on  in 
29), as wel l  as  in the
2 3 )
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I N D I C A T O R S  OF I R O N  S T A T U S (12)

1 H e m a t o l o g i c a l
M a r k e r N o r m a l I r o n 1 r o n I r o n

D e p l e t i o n D e f i c i e n c y
W i t h o u t

D e f i c i e n c y
A n a e m i a

a n e m i a
H a e m o g l o b i n  
(h b ) ( g / d 1)

>  1 1 > 1 1 > 1 1 T T T

Me a n  C o r p u s c u l a r N N N D
V o l u m e ( M C V )
( f L)

70  to 
1 00

70 to 100 70  to 100 <  7 0 ’
Red Bl ood Cel l N N N I
Di s t r i  b u t i o n  
Wi d t h  ( %)

< 15 < 15 < 15 > 15
R e t i c u l o c y t e N N N N
H a e m o g l o b i n  
C o n t e n t  ( p g )

> 29 > 29 <  29 < 29
R e t i c u l o c y t e s N N I I

N _ n o r m a l ,  I _ i n c r e a s e d ,  D _ d e c r e a s e d  
• V a l u e s  for  ages  6 mo to 2 y.
C o m m e n t s

• H a e m o g l o b i n  whe n  u s e d  a l one  h a s  l o w s p e c i f i c i t y  and 
s e n s i t i v i t y  <3 5 \  T h i s  is s i mp l e  t o  me a s u r e ,  a n d  has 
f u n c t i o n a l  and p u b l i c  he a l t h  c o n s e q u e n c e s .

• Mean c o r p u s c u l a r  v o l u m e  is a r e l i a b l e  but  l a t e  i n d i c a t o r  
o f  i r on  d e f i c i e n c y ,  l ow v a l u e s  can  a l so be due  to 
t h a l a s s a e m i a .  (35)

• Mean c o r p u s c u l a r  h a e m o g l o b i n  c o n c e n t r a t i o n ;  can be
c h a r a c t e r i s t i c  o f  t ype  o f  a n a e m i a  b u t  it is s l o w  to r e s p o n d  
to i r on  d e f i c i e n c y .

• Red b l oo d  ce l l  d i s t r i b u t i o n  w i d t h  has  l o w s p e c i f i c i t y  
t h e r e f o r e  i t s  u s e  in s c r e e n i n g  is l i m i t e d  <l2'

• R e t i c u l o c y t e  h e m o g l o b i n  c o n t e n t  h a s  been s h o wn  to be 
an e a r l y  i n d i c a t o r  o f  i r on  d e f i c i e n c y  in h e a l t h y  s u b j e c t s  
r e c e i v i n g  r e c o m b i n a n t  huma n  e r y t h r o p o i e t i n .  (12) Fa l s e  
n o r ma l  va l ue s  can o c c u r  when  MCV is i n c r e a s e d  and in 
t h a l a s s a e m i a .

• R e t i c u l o c y t e s  d e c r e a s e  wi th i ron d e f i c i e n c y .  H o w e v e r ,  
t he  r e t i c u l o c y t e  c o u n t  i n c r e a s e s  wi t h  b l ood  l o s s . (l2)

9



2 B i o c h e mi c a l
Mar ker IV o r m a I I r on I r o n Iron

De p l e t i o n D e f i c i e n c y D e f i c i e n c y
W i t h o u t A n a e m i a
A n a e m i a

Ser um f e r r i t i n N D D D
( mc g / d L) 100 ± 

60
< 20 <10 <10

Ser um I ron N N D D
( mc g / d L) 115 ± 

50
< 1 1 5 < 60 <40

1 Tot a l  I r o n - N N N/I 1
b i nd i ng 330  ± 3 6 0  - 390 3 9 0  - 410 > 4 1 0
Capa c i t y 30
Tr a n s f e r r i  n N N D D
S a t u r a t i o n
(%)

35 ± 5 < 30 <2 0 < 10
Ser um N I I I
Tran sfe rri  n
Re c e p t o r
( nmo l / L)

< 35 >35 >35 >35

Zi nc
P r o t o p o r p h y r i n

N N I I
Heme

| ( m c m o l / m o l )
< 40 < 40 < 4 0 > 70

N _ n o r m a l ,  I _ i n c r e a s e d ,  D _ d e c r e a s e d  
m c g / d I ; m i c r o g r a m m e s  pe r  d e c i l i t r e  
nmol / I ;  n a n o m o l e s  p e r  l i t r e

C o mm e n t s  M 2)
• S e r u m f e r r i t i n  It i s a m e a s u r e  o f  the i ron s t o r a g e  

c o m p a r t m e n t .  It  is a l s o  an a c u t e - p h a s e  r e a c t a n t  t h a t  can 
b e c o m e  e l e v a t e d  in t h e  s e t t i n g  o f  i n f l a m m a t i o n ,  c h r o n i c  
i n f e c t i o n ,  or o t h e r  d i s e a s e .  Whe n  i n f e c t i o n  is p r e s e n t  the 
c o n c e n t r a t i o n  o f  f e r r i t i n  may i n c r e a s e  even i f  i r on  s t o r e s  
are l o w;  t h i s  me a n s  t h a t  it can be d i f f i c u l t  to i n t e r p r e t  the 
c o n c e n t r a t i o n  o f  f e r r i t i n  in s i t u a t i o n s  in wh i c h  i n f e c t i o u s  
d i s e a s e s  are  c o m m o n .

• S e r u m i ron may not  r e f l e c t  i r on  s t o r e s  a c c u r a t e l y  b e c a u s e  
it is i n f l u e n c e d  by s e v e r a l  a d d i t i o n a l  f a c t o r s ,  i n c l u d i n g  
i ron a b s o r p t i o n  f rom me a l s ,  i n f e c t i o n ,  i n f l a m m a t i o n ,  and 
d i u r n a l  v a r i a t i o n .
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• Tot a l  i ron b i n d i n g  c a pa c i ty ( T I BC)  is a f f e c t e d  by f a c t o r s
o t he r  t han i ron s t a t u s .  For  e x a m p l e  it is d e c r e a s e d  wi th m a l n u t r i t i o n ,  i n f l a m m a t i o n ,  c h r o n i c  i n f e c t i o n  and c a n c e r .

• T r a n s f e r r i n  s a t u r a t i o n  i n f l u e n c e d  by the s a me  f a c t o r s  
t hat  a f f e c t  TI BC and s e r u m  i r on  c o n c e n t r a t i o n  and  is l ess  
s e n s i t i v e  to c h a n g e s  in i r on s t o r e s  t h a n  is s e r u m f e r r i t i n

• Ser um t r a n s f e r r i n  r e c e p t o r  ( s T f R )  t h i s  r e c e p t o r  is 
p r e s e n t  on r e t i c u l o c y t e s  and is s hed  f r om the m e m b r a n e  as 
the  r e t i c u l o c y t e  m a t u r e s .  Its p r i m a r y  f u n c t i o n  is to bi nd 
to d i f f e r i c  t r a n s f e r r i n  and to i n t e r n a l i z e  it by r e c e p t o r  
m e d i a t e d  e n d o c y t o s i s .  Wi t h  t i s s u e  i r on  d e f i c i e n c y ,  t he r e  
is a p r o p o r t i o n a l  i n c r e a s e  in the n u m b e r  o f  t r a n s f e r r i n  
r e c e p t o r s .  As it is not  s u b s t a n t i a l l y  a f f e c t e d  by t he  a c u t e -  
pha s e  r e s p o n s e ,  s Tf R is t h e r e f o r e  usef ul  as an ear ly 
m a r k e r  o f  i ron d e f i c i e n c y ,  bu t  it a l s o  may d i f f e r e n t i a t e  
b e t w e e n  i ron d e f i c i e n c y  a n e m i a  a n d  a n e mi a  o f  c h r o n i c  
d i s e a s e .  (2)The  s Tf R is d i r e c t l y  c o r r e l a t e d  wi t h  t h e  tot al  
mass  o f  e r y t h r o i d  p r e c u r s o r s ;  t he  o n l y  o t h e r  d e t e r m i n a n t  
is t i s s u e  i ron d e f i c i e n c y  wh i c h  i n c r e a s e s  the s T f R  in 
p r o p o r t i o n  to t he  s e v e r i t y  o f  the  i r on  de f i c i t .  ( l3) . The  
c o n c e n t r a t i o n  o f  s T f R  is a l so  i n c r e a s e d  in h a e m o l y t i c  
a n a e m i a  and t h a l a s s a e m i a .  <2>T h i s  is the s i n g l e  mos t  
s e n s i t i v e  i n d i c a t o r  o f  f u n c t i o n a l  i r o n  d e p l e t i o n  a n d  it is 
a l so t he  f u n c t i o n a l  d e p l e t i o n  m a r k e r  mo s t  l i k e l y  to 
b e c o m e  a b n o r ma l  e a r l y  in d e f i c i e n c y .  <13) T h e r e  is no 
u n i v e r s a l  r e f e r e n c e  v a l ue  for  s T f R  but  the WHO 
r e c o m m e n d s  a p p l i c a t i o n  o f  t h r e s h o l d s  r e c o m m e n d e d  by 
m a n u f a c t u r e r  o f  a s s a y  unt i l  an i n t e r n a t i o n a l  r e f e r e n c e  
s t a n d a r d  is a v a i l a b l e .  (2)

• Zinc  p r o t o p o r p h y  r i n ( Z P P ) / h e m e  r e f l e c t s  i ron s t a t u s  
d u r i n g  h e m o g l o b i n  s y n t h e s i s  and d e t e c t s  i r on  d e f i c i e n c y  
b e f o r e  t he  on s e t  o f  a n e m i a .  ZP P  r e f l e c t s  a s h o r t a g e  in the 
s u p p l y  o f  i ron in the  l as t  s t a g e s  o f  ma k i n g  h a e m o g l o b i n  
so t ha t  z i n c  is i n s e r t e d  into t he  p r o t o p o r p h y r i n  m o l e c u l e  
in t he  p l a c e  o f  i r o n .  Al t h o u g h  Z P P  and e r y t h r o c y t e  
p r o t o p o r p h y r i n  can be  me a s u r e d  by u s i n g  a f f o r d a b l e ,  
c l i n i c - b a s e d  m e t h o d s ,  bot h are e l e v a t e d  wi t h  lead 
p o i s o n i n g  and c h r o n i c  d i s e a s e ,  m a k i n g  t hem l es s  usef ul  
f o r  t he  d i a g n o s i s  o f  a n e m i a .
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A S S E S S I N G  T H E  I R O N  S T A T U S  OF P O P U L A T I O N S (2)

The c o n c e n t r a t i o n  o f  h a e m o g l o b i n  s h o u l d  be m e a s u r e d ,  even 
t hough not  al l  a n a e m i a  is c a u s e d  by  i ron d e f i c i e n c y .  
Me a s u r e m e n t s  o f  s e r u m f e r r i t i n  and t r a n s f e r r i n  r e c e p t o r  
p r ovi de  t he  be s t  a p p r o a c h  to m e a s u r i n g  t he  i r on  s t a t u s  of  
pop u l a t i o n s .  In p l a c e s  w h e r e  i n f e c t i o u s  d i s e a s e s  are c o m m o n ,  
serum f e r r i t i n  is not  a u s e f u l  i n d i c a t o r  b e c a u s e  i n f l a m m a t i o n  
l eads  to a r i s e  in the c o n c e n t r a t i o n  o f  s e r u m  f e r r i t i n  as a r e s u l t  
of  t he a c u t e  pha s e  r e s p o n s e  to d i s e a s e .  I f  i n f e c t i o u s  d i s e a s e s  
are s e a s o n a l ,  t hen  t he  s u r v e y  s h o u l d  be d o n e  in t he  s e a s o n  of  
l owes t  t r a n s m i s s i o n .  In g e n e r a l  the c o n c e n t r a t i o n  o f  t r a n s f e r r i n  
r ec e p t o r  d o e s  not  r i s e  in r e s p o n s e  to i n f l a m m a t i o n  so that ,  
when c o m b i n e d  wi th the c o n c e n t r a t i o n  o f  s e r um f e r r i t i n ,  i t  is 
pos s i b l e  to d i s t i n g u i s h  b e t w e e n  i r o n  d e f i c i e n c y  and 
i n f l a mma t i o n .
I N T E R V E N T I O N  S T R A T E G I E S
1 I ron S u p p l e m e n t a t i o n
Thi s  is t he  p r o v i s i o n  o f  i r on  u s u a l l y  in d o s e s  h i g h e r  than 
f o r t i f i c a t i o n  b u t  w i t h o u t  f o o d .  (35)
2 E d u c a t i o n  a nd  Di e t a r y  M o d i f i c a t i o n  or  D i v e r s i f i c a t i o n .  (35)
Thi s  is t he  m o s t  s u s t a i n a b l e  i n t e r v e n t i o n  b u t  c h a n g e  o f  d i e t a r y  
p r a c t i c e s  a n d  p r e f e r e n c e s  i s  d i f f i c u l t  a n d  f oods  t ha t  p r o v i d e  
b i o a v a i l a b l e  i r on  e g.  me a t  a r e  e x p e n s i v e .
3 I ron f o r t i f i c a t i o n  o f  f ood
Thi s  i s t he  p u b l i c  he a l t h  p o l i c y  o f  a d d i n g  i r on  to f o o d s t u f f s  to 
ensur e  t ha t  m i n i m u m  d i e t a r y  r e q u i r e m e n t s  a r e  m e t . Pre  re q u i si t es  
for i m p l e m e n t a t i o n  o f  t h i s  s t r a t e g y  i n c l u d e  the i d e n t i f i c a t i o n  
of  an a p p r o p r i a t e  food  v e h i c l e  t ha t  r e a c h e s  t he  t a r ge t  
p o p u l a t i o n ,  t h a t  is c e n t r a l l y  p r o c e s s e d ,  and  t h a t  is w i d e l y  
a v a i l a b l e  a n d  c o n s u m e d  in r e l a t i v e l y  p r e d i c t a b l e  a m o u n t s  by 
v u l n e r a b l e  p o p u l a t i o n  g r o u p .
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J U S T I F I C A T I O N
The p r e v a l e n c e  o f  a n a e m i a  and i r on d e f i c i e n c y  v a r i e s  in 
d i f f e r e n t  p o p u l a t i o n s  < n \  T h e r e  is ve r y  l i t t l e  l oca l  d a t a  on 
p r e v a l e n c e  o f  i ron d e f i c i e n c y  wi t h or  w i t h o u t  a n a e m i a  in an 
ur ban s e t t i ng .  In a d d i t i o n  t h e r e  is no n a t i o n a l  p r o g r a m m e  for  
s c r e e n i n g  f o r  i r on d e f i c i e n c y  and i r on  d e f i c i e n c y  a n a e m i a .
The a d v e r s e  e f f e c t s  o f  i r o n  d e f i c i e n c y  a n a e m i a  on i n f an t  
d e v e l o p m e n t  mi gh t  be on l y  p a r t i a l l y  r e v e r s i b l e  (19). T h e r e  are 
a b o u t  two to f ive t i me s  mo r e  i ro n - de  fi ci en t t han  a n a e m i c  
i n d i v i d u a l s  <n and i t  is a l s o  r e c o g n i z e d  t ha t  e ven  w i t h o u t  
a n a e mi a ,  mi l d  to m o d e r a t e  i ron d e f i c i e n c y  has  a d v e r s e  
f u n c t i o n a l  c o n s e q u e n c e s  <22)'
The e a r l i e s t  age  to b e g i n  a s s e s s m e n t  o f  i r o n  s t a t u s  is n o r m a l l y  
b e t we e n  s i x a nd  n i ne  m o n t h s  as mos t  i n f a n t s  are at l o w  r i sk 
be f o r e  six m o n t h s  o f  age b e c a u s e  t h e i r  i r o n  s t o r e s  are u s u a l l y  
st i l l  a d e q u a t e  f rom t h e  p e r i n a t a l  p e r i od .  (l) T h e  n i ne  m o n t h  age 
g r oup  is a c c e s s i b l e ,  v u l n e r a b l e  and  r e p r e s e n t a t i v e  as  t hey 
a t t e nd  c h i l d  hea l t h  c l i n i c s  ( for  m e a s l e s  v a c c i n a t i o n )  whe r e  
a s s e s s m e n t s  can be c o n d u c t e d .  <n

O B J E C T I V E S
Pri ma r v  Ob j e c t i  ve
1. To d e t e r m i n e  the p r e v a l e n c e  o f  a n a e m i a ,  i ron d e f i c i e n c y  and 
i ron d e f i c i e n c y  a n a e m i a  in n i ne  mo n t h  o l d  i n f a n t s  a t t e n d i n g  
i m m u n i z a t i o n  c l i n i c  in K e n y a t t a  N a t i o n a l  H o s p i t a l ,  R i r u t a  and 
W a i t h a k a  h e a l t h  c e n t r e s .
S e c o n d a r y  O b j e c t i v e s
1. To d e t e r m i n e  wha t  p r o p o r t i o n  o f  t h o s e  wi th a n a e m i a  and 

t h o s e  wi t h  i r on  d e f i c i e n c y  have  i r on  d e f i c i e n c y  a n a e m i a .
2. To a s se s  t he  i n f l u e n c e  o f  d i e t  on a n a e m i a ,  i r on  d e f i c i e n c y  

a n d  i ron d e f i c i e n c y  a n a e m i a .
3. To  d e t e r m i n e  the a s s o c i a t i o n  b e t w e e n  i n f a n t  d e v e l o p m e n t ,  

a n a e m i a ,  i r on  d e f i c i e n c y  and  i ron d e f i c i e n c y  a n a e m i a  in t hi s  
s e t t i n g .
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ME T HODOL OGY
a> STUDY S I T E S
I mmu n i z a t i o n  c l i n i c s  at K e n y a t t a  N a t i o n a l  Ho s p i t a l  ( K N H ) ,  
Ri ruta and W a i t h a k a  h e a l t h  c e n t r e s .  KNH is a state c or por a t i on  at 
the top of  t he  referral  sys t e m in the hea l t h  sec tor  in Kenya.  The 
total bed capac i t y  is 1800.  Howe ve r  on any gi ven day the hospi t a l  
hosts in its war ds  be t ween 2 50 0  and 3000 pa t i ent s .  On aver age  the 
hospi tal  ca t er s  for over  80 , 000  i n-pa t i ent s  and over  500 , 000  ou t 
pat ients annual l y .  Ri rut a  and Wai t haka  hea l t h  cent res  are pr imary 
care fac i l i t i es  run by the Nai r obi  city counc i l  serving a pe r i - ur ban  
populat ion.  Th e y  of fer  ou t pa t i e n t  servi ces  onl y.  Ri ruta heal t h cent re 
serves the Ri r u t a  and Ka wangwar e  d i v i s i ons  of  Nai robi  wi th a 
combined c a t chme n t  popu l a t i on  o f  140,000.  Wai t haka  heal th cent re 
serves Wai t ha ka  di v i s i on wi th a ca t chment  popul a t i on  o f  46 , 000 .
b ) S TUDY P O P U L A T I O N
Nine mon t h  o l d  i n f a n t s  a t t e n d i n g  i m m u n i z a t i o n  c l i n i c  in 
Kenya t t a  N a t i o n a l  H o s p i t a l ,  R i r u t a  a n d  Wa i t h a k a  he a l t h
cent res .
c) S T UDY D E S I G N
Cross  s e c t i o n a l  d e s c r i p t i v e  s t udy .
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d\  S AMP LE SI ZE E S T I M A T I O N
Using F i s c h e r ’s f o r m u l a  f or  s a m p l e  s i ze  e s t i m a t i o n  in 
p r e va l ence  s t u d i e s ;
n = Z 2 ( 1 - q  / 2)  P ( 1 - P )

d 2
Where ;
n -  s a mp l e  s i z e
p = e s t i m a t e d  p r e v a l e n c e  o f  a n a e m i a  in i n f a n t s ;  40 p e r c e n t  
f rom a N i g e r i a n  s t udy  (5)
d = p r e c i s i o n  ( f i ve  p e r c e n t )
Z : ( l - a / 2 )  = t he  s q u a r e  o f  t he  s t a n d a r d  n o r ma l  d e v i a t i o n
c o r r e s p o n d i n g  to a c o n f i d e n c e  i n t e r va l  o f  n i n e t y  f i ve  p e r c e n t
i .e. 1 . 9 6 2
Power ;  e i g h t y  p e r c e n t  
n = 369

e) S A M P L I N G  M E T H O D
P r o p o r t i o n a t e  a l l o c a t i o n  o f  s a mp l e  s i ze  wa s  done  b a s e d  on the 
a ve r a ge  n u m b e r  o f  c l i e n t s  in each  h e a l t h  f a c i l i t y  o v e r  the  
p r e v i o u s  o n e  yea r .  A t o t a l  o f  337 1 i n f a n t s  r e c e i v e d  m e a s l e s  
i m m u n i z a t i o n  in the t h r e e  f a c i l i t i e s  b e t w e e n  J u n e  2 0 0 7  and 
May 2 0 0 8 . In KNH,  608  i n f a n t s  ( 1 8 . 1 % o f  t he  t o t a l )  w e r e  seen 
wi th 668 ( 2 3 . 2 % )  and  1 981 ( 5 8 . 8 %)  in W a i t h a k a  and Ri r u t a  
r e s p e c t i v e l y .  S u b s e q u e n t l y  c o n s e c u t i v e  s a m p l i n g  was  d o n e  in 
each f a c i l i t y  un t i l  t h e  s a m p l e  s i ze  was  a c h i e v e d  ov e r  a f our  
mont h  p e r i o d  ( 3 rd Au g u s t  t o 2 7 th J a n u a r y  2 0 0 9 ) .  A t o t a l  o f  371 
s u b j e c t s  w e r e  t hus  r e c r u i t e d ,  218 f r o m R i r u t a ,  86 f rom 
Wa i t h a k a  a nd  67 f rom KNH.
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n  I N C L U S I O N  AND E X C L U S I O N  C R I T E R I A  
Inc l us i on;

• n i ne  mo n t h  old i n f a n t s  c o m i n g  for  m e a s l e s  v a c c i n e
• we i gh t  for  age g r e a t e r  t h a n  e i g h t y  p e r c e n t .
• we i gh t  f o r  l e ng t h  g r e a t e r  t han e i g h t y  p e r c e n t .
• P a r e n t a l / g u a r d i a n  i n f o r m e d  c o n s e n t .

Exc l us i on :
• i n f a n t s  b o r n  p r e m a t u r e l y  or  wi t h  l o w b i r t h  we i g h t .
• i n f a n t s  k n o wn  to have  h e r e d i t a r y  a n a e m i a .
• f ami l y  h i s t o r y  o f  h e r e d i t a r y  a n a e m i a .
• k no wn  b l e e d i n g  t e n d e n c y .
• h i s t o r y  o f  b l o o d  t r a n s f u s i o n  or  s u pp  1 e m e n t a t i o n / t r e a t m e n t  

wi t h  i r o n .

a) D E F I N I T I O N S
• A n a e m i a  h a e m o g l o b i n  c o n c e n t r a t i o n  o f  l e s s  than 

1 1.0 g / d L . (,)
• I ron d e f i c i e n c y  as s e r u m  t r a n s f e r r i n  r e c e p t o r  ( s T f R)  

c o n c e n t r a t i o n  o f  g r e a t e r  t han 8.3 u g / ml .  The  no r ma l  r ange  
for  s e r u m  s Tf R as m e a s u r e d  by the R a m c o  s T f R  a s s a y  has 
be en  d e t e r m i n e d  to be 2 . 9  - 8.3 u g / ml .

• I ron d e f i c i e n c y  a n a e m i a  as h a e m o g l o b i n ,  l ess  t han  l l g / d L  
p l us  m e a n  c o r p u s c u l a r  v o l u m e  l ess  t h a n  70 fL and s e r um 
t r a n s f e r r i n  r e c e p t o r  g r e a t e r  t han  8 . 3 u g / m l .

• N o r m a l ;  no a n a e m i a ,  i r on  d e f i c i e n c y  or  i r on d e f i c i e n c y  
a n a e m i a .
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n  P R O C E D U R E S  
Re c r u i t me n t
P a t i e n t s  we r e  r e c r u i t e d  by  the  r e c e p t i o n  n u r s e  u s i n g  the 
i n c l u s i o n  and e x c l u s i o n  c r i t e r i a .

Hi s t or y
D e m o g r a p h i c  i n f o r m a t i o n  wa s  c o l l e c t e d  u s i n g  q u e s t i o n n a i r e s  
( a p p e n d i x  1) wh i c h  i n c l u d e d  t he  s t udy  s u b j e c t s ’ n a me ,  a g e ,  and 
sex.  I n f a n t  f e e d i n g  p r a c t i c e s  wer e  e v a l u a t e d  u s i ng  t he  t we n t y  
f our  h ou r  d i e t a r y  r eca l l  and s e v e n  da y  f ood  f r e q u e n c y  
t e c h n i q u e s  ( a p p e n d i x  1).
P h y s i c a l  E x a m i n a t i o n
A c o m p l e t e  p h y s i c a l  e x a m i n a t i o n  was  c a r r i e d  out  by the 
i n v e s t i g a t o r  and  t he  p r e s e n c e  or  a b s e n c e  o f  p a l m a r  p a l l o r  
r e c o r d e d  ( a p p e n d i x  1). N u t r i t i o n a l  s t a t u s  was  a s s e s s e d  by 
m e a s u r i n g  w e i g h t  and l e n g t h .  We i g h t  f or  age  and w e i g h t  for  
h e i g h t  was  s u b s e q u e n t l y  o b t a i n e d  f r o m WHO c h a r t s  <6) 
( a p p e n d i x  3) .
D e v e l o p m e n t a l  S c r e e n i n g .
D e v e l o p m e n t  s c r e e n i n g  was  d o n e  by the i n v e s t i g a t o r  u s i n g  the  
D e n v e r  D e v e l o p m e n t a l  S c r e e n i n g  T e s t ( D D S T I l ,  A p p e n d i x  
4 ) . T h e  ( D D S T )  was s t a n d a r d i z e d  and p u b l i s h e d  in 1 967.  It was 
s u b s e q u e n t l y  r e v i s e d  and r e - s t a n d a r d i z e d  in 1992 i . e.  t he  DDST 
I I . D D S T  II c o n t a i n s  125 t e s t  i t e ms  in f o u r  d e v e l o p m e n t a l  
s e c t o r s  i . e.  g r o s s  m o t o r  , l a n g u a g e ,  f i ne  m o t o r - a d a p t i v e  and 
p e r s o n a l  s o c i a l .
The  c h i l d ’s t e s t  b e h a v i o r  wa s  a l so a s s e s s e d  and r a t e d  T h e  t es t  
b e h a v i o r  ma y  a f f e c t  t e s t  s c o r e s  but  t h i s  i s no t  f a c t o r e d  in the 
f i na l  s c o r i n g  and  is t h u s  a l i m i t a t i o n  o f  t h i s  s c r e e n i n g  t e s t .
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L a b o r a t o r y  I n v e s t i g a t i o n s
Full  Bl ood  C o u n t
One mi l l i l i t e r  o f  v e n o u s  b l o o d  wa s  c o l l e c t e d  in an EDTA 
v a c u t a i n e r  a nd  a ful l  b l o o d  c o u n t  d o n e  by t he  MS4 m a c h i n e  in 
the d e p a r t m e n t  o f  P a e d i a t r i c s  l a b o r a t o r y  U n i v e r s i t y  o f  Na i r o b i  
to ob t a i n  h a e m o g l o b i n  and me a n  c o r p u s c u l a r  v o l u m e .
Ser um T r a n s f e r r i n  R e c e p t o r
One ml wh o l e  b l ood  was  c o l l e c t e d  a s e p t i c a l l y ,  t he  b l o o d  was 
a l l o we d  to c o a g u l a t e  and t h e  c l ot  s e p a r a t e d  f rom t he  s e r u m  by 
c e n t r i f u g a t i o n .  S e r u m t r a n s f e r r i n  r e c e p t o r  c o n c e n t r a t i o n  was 
d e t e r mi n e d  u s i n g  the R a m c o ' s  t r a n s f e r r i n  r e c e p t o r  ( T f R )  a s say.  
Thi s  is an e n z y m e  i m m u n o a s s a y  b a s e d  u po n  the d o u b l e  a n t i b o d y  
s a n d wi c h  m e t h o d  ( a p p e n d i x  5) t h i s  a s s a y  wa s  c a r r i e d  o u t  in the 
I mm u n o l o g y  d e p a r t m e n t  U n i v e r s i t y  o f  N a i r o b i
hi  DATA M A N A G E M E N T  AN D  S T A T I S T I C A L  A N A L Y S I S
Data c o l l e c t e d  was e n t e r e d  i n t o  a M i c r o s o f t  Ac c e s s  d a t a b a s e  
then c l e a n e d  and v e r i f i e d .  T h e  da t a  wa s  t hen s u b s e q u e n t l y  
s t o r ed  in c o m p a c t  d i s c s  a n d  a f l ash d i s c .  Da t a  a n a l y s i s  was 
done  u s i ng  S PSS  v e r s i o n  11. 5  and E p i n f o .  D e s c r i p t i v e  a n a l y s i s  
for  c a t e g o r i c a l  v a r i a b l e s  was d o n e  us i ng  f r e q u e n c i e s  
d i s t r i b u t i o n s .  For  c o n t i n u o u s  v a r i a b l e s ,  me a n ,  s t a n d a r d  
d e v i a t i o n  m e d i a n  and  r a n g e  we r e  c o m p u t e d .  I n f e r e n t i a l  
s t a t i s t i c s  f o r  c a t e g o r i c a l  v a r i a b l e s  wer e  c o m p u t e d  u s i n g  Chi  
Squa r e  s t a t i s t i c s  for  m e a s u r e  o f  a s s o c i a t i o n s .  For  c o n t i n u o u s  
v a r i a b l e s ,  i f  t he  v a r i a b l e  was  n o r m a l l y  d i s t r i b u t e d  T t es t  
t e c h n i q u e  wa s  u s e d ,  i f  s k e w e d  Man W h i t n e y  U t e s t  was  u s e d .
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G E T HI CAL  C O N S I D E R A T I O N S
The s t udy  wa s  u n d e r t a k e n  a f t e r  a p p r o v a l  by the  D e p a r t m e n t  of  
Pa e d i a t r i c s  U n i v e r s i t y  o f  Na i r o b i  and  t he  E t h i c a l  r e v i e w 
c o mmi t t e e  K e n y a t t a  N a t i o n a l  H o s p i t a l .  P e r m i s s i o n  was  s o u g h t  
f rom the N a i r o b i  Ci t y  C o u n c i l  to c o l l e c t  da t a  f r om W a i t h a k a  
and Ri r u t a  H e a l t h  c e n t r e s .
P a r e n t s / G u a r d i a n s  we r e  g i v e n  ful l  e x p l a n a t i o n  o f  t h e  s t u d y  and 
wr i t t en  c o n s e n t  was s o u g h t  f r o m t h e m.  C o s t s  o f  l a b o r a t o r y  t es t s  
were bor ne  by the i n v e s t i g a t o r .  Al l  p a t i e n t  i n f o r m a t i o n  was 
t r ea t ed  wi t h  s t r i c t  c o n f i d e n t i a l i t y .  R e s u l t s  o f  t he  a s s e s s m e n t s  
were c o m m u n i c a t e d  to the P a r e n t s / G u a r d i a n s .  P r e s c r i p t i o n s  for  
fol a t e  and i r o n  wer e  g i v e n  f o r  all  p a t i e n t s  wi t h  i r on d e f i c i e n c y  
and i ron d e f i c i e n c y  a n a e m i a  t o g e t h e r  wi th n u t r i t i o n a l  
c ouns e l i ng .
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RESULTS
DEMOGRAPHIC CHARACTERISTICS
Table 1: D e m o g r a p h i c  C h a r a c t e r i s t i c s  of  the s t udy
popul at i on
A t o t a l  o f  371 s u b j e c t s  w e r e  r e c r u i t e d .  Al l  the i n f a n t s  wer e  
nine mo n t h s  o l d .  Al l  i n f a n t s  had a w e i g h t  for  l e ng t h  a n d  age 
g r ea t e r  t han 2 s t a n d a r d  d e v i a t i o n s  a b o v e  t he  me a n .  K e n y a t t a  
Na t i ona l  h o s p i t a l ,  R i r u t a  and  W a i t h a k a  a re  l o c a t e d  wi t h i n  
Na i r ob i  Wes t  d i s t r i c t  in N a i r o b i  p r o v i n c e

Demographic Variables Riruta
(n=2U!L_

KNH
(n=67)

Waith
(n=86j

aka Total
(n=371)

n % n % n % n %
Sex
Male 119 54.6 38 56.7 55 64.0 212 57.1
Female 99 45.4 29 43.3 31 36.0 159 42.9
Maternal marital status
Married 197 90.4 57 85.1 75 87.2 329 88.7
Single 21 9.6 9 13.4 10 11.6 40 10.8
Separated 0 0.0 1 1.5 1 1.2 2 0.5
Maternal education
Primary 122 56.0 6 9.0 47 54.7 175 47.2
Secondary 85 39.0 33 49.3 33 38.4 151 40.7
Tertiary 9 4.1 28 41.8 5 5.8 42 11.3
No Formal 2 0.9 0 0.0 1 1.2 3 0.8
Maternal employment
status
Employed 21 9.6 24 35.8 10 11.6 55 14.8
Unemployed 158 72.5 22 32.8 56 65.1 236 63.6
Self employed 39 17.9 21 31.3 20 23.3 80 21.6
Maternal Age (Years)
Mean 25.68 28.43 24.76 25.96
Standard deviation 5.00 5.25 4.79 5.14
Infant Age (mths)
Mean 9 9 9 9
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There was no s i g n i f i c a n t  d i f f e r e n c e  in d i s t r i b u t i o n  o f  s e x  and 
mar i t a l  s t a t u s  by s i t e  (p = 0 . 3 3 0  and 0 . 4 2 3  r e s p e c t i v e l y ) .  Ther e  
was a s i g n i f i c a n t  d i f f e r e n c e  ( p<  0 . 0 0 1 0 )  in t e r ms  o f  m a t e r n a l  
oc cu pa t i on  by s i t e  wi t h  K . N . H  h a v i n g  t he  l a r ge s t  p r o p o r t i o n  of  
empl oye d  ( 3 5 . 8 % )  f o l l o w e d  by Wa i t h a k a  ( 1 1 . 6 % )  and Ri r u t a  
( 9 . 6 % ) . The s a me  d i s t r i b u t i o n  was  s een  w i t h  s e l f  e m p l o y m e n t ;  
K. N.H ( 3 1 . 3 %) ,  Wa i t h a k a  ( 2 3 . 3 % ) ,  R i r u t a  ( 1 7 . 2 % ) .
There  was  a s i g n i f i c a n t  d i f f e r e n c e  in d i s t r i b u t i o n  o f  e d u c a t i o n  
l eve l s  by s i t e  wi t h al l  t he  m o t h e r s  in K . N . H  h a v i n g  r e c e i v e d  
formal  e d u c a t i o n  c o m p a r e d  to 9 9 . 1 % in R i r u t a  a nd  9 8 . 8 %  in 
Wa i t haka .  T h e r e  was  s i g n i f i c a n t  d i f f e r e n c e  in me a n  ma t e r n a l  
age b e t we e n  K. N. H on one  h a n d  and R i r u t a  and W a i t h a k a  on the 
ot her  hand .  H o w e v e r ,  t h e r e  wa s  no s i g n i f i c a n t  age  d i f f e r e n c e  
be t we en  R i r u t a  and W a i t h a k a .
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SUMMARY DI S TRI BUTI ON OF HAE MOGL OB I N ,  
MEAN C O R P U S C U L A R  VOL U ME  and S ERUM  
TRANSFERRI N R E C E P T OR
Table  2: D i s t r i b u t i o n  of  Hb,  s TFR and M C V
V a r i a b l e n M e a n SD n ? 5 %  c . i
Hb ( g / d l ) 37 1 10.8 1.7 n o . 5 3 - 1 0 . 8 7
(sTFR ( u g / m l ) 37 1 16.7 8.1 1 5 . 8 8 - 1 7 . 5 2
MCV (f»)______________ 37 1 68. 2 7.6 |67.4 3 - 6 8 . 9 7
. Over a l l  me a n  h a e m o g l o b i n  l eve l  in al l  s i t e s  was  10.8 +. 1.7 
g/d 1 ( 9 5 % C. I  10. 53-1 0 . 8 7 ) .  The  o v e r a l l  m e a n  MCV in a l l  s i t es  
was 68 . 2  + 7 . 6  fl ( 9 5 % C. I  6 7 . 4 3 - 6 8 . 9 7 ) .  Ov e r a l l  me a n  sFTR 
level  was  16. 7 + 8.1 ug / ml  ( 9 5 %  C.I  1 5 . 8 8 -  1 7 . 52) .
Tabl e  3: D i s t r i b u t i o n  of  Hb,  MCV and s T F R  by s t u d y  s i t e s

Variable Riruta (n=218) KNH (n=67) W aithaka (n=86)

Mean
(SD) 95% C.I

Mean
(SD) 95% C.I

Mean 
iSD )____ 95% C.I

Hb 10.6 (1.7) 10.37-10.83 11.1 (1.7) 10.69-11.51 10.8(1.7) 10.44-11.16
MCV 67.9 (6.9) 66.98-68.82 68.4 (8.4) 66.39-70.41 68.6 (8.5) 66.80-70.4
sTFR 16.2 (7.9) 15.15-17.25 19.7 (8.7) 17.62-21.78 15.7 (7.7) 14.07-17.33

Ther e  was  b e t w e e n  s i t e s  v a r i a t i o n  o f  h a e m o g l o b i n  r a n g i n g  f rom 
10.6 g / d l  ( R i r u t a )  to 11.1 g / d l  ( K . N . H) .  T h e  l o we s t  MCV was  in 
Ri r u t a  ( 6 7 . 9 f  1) and h i g h e s t  in Wa i t h a k a  6 8 . 6 f 1. Al l  t h e  t h r ee  
s i t es  had t h e  mean  s TF R h i g h e r  t han  t he  u p p e r  l i m i t  o f  
8 . 3 u g / ml  as s h o w n  in t a b l e  3.

22



Tabl e  4: C o m p a r i s o n  of  m e a n  Hb .  M C V  a n d  S T F R  by s t u d y
si t es
Var i abl e s  I s t udy  S i t e  |P v a l u e
Hb( g / d l )

Ri r u t a  vs .  KNH 0. 0 35
Wa i t h a k a  vs.  KNH 0. 2 2 4
Ri r u t a  vs .  W a i t h a k a 0 . 4 15

iMCV(f l )
Ri r u t a  vs .  KNH 0 . 6 5 0
Wa i t h a k a  vs.  K NH 0. 93  1
Ri r u t a  vs .  W a i t h a k a 0 . 5 3 9

| S F T R ( u g / ml )
Ri r u t a  vs .  KNH 0. 0 05
Wa i t h a k a  vs.  K NH 0. 0 0 4
Ri r u t a  vs .  W a i t h a k a 0 . 5 9 6

Mean h a e m o g l o b i n  c o m p a r i s o n  b e t w e e n  R i r u t a  ( 1 0 . 6  g / d l )  and 
KNH (11.1 g / d l )  r e v e a l e d  a s i g n i f i c a n t  d i f f e r e n c e ;  (P = 0 . 0 3 5 ) .  
Howe ve r ,  T h e r e  was  no s i g n i f i c a n t  d i f f e r e n c e  in t he  m e a n  Hb 
be t we en  R i r u t a  ( 1 0 . 6  g / d l )  and W a i t h a k a  ( 10 . 8  g / d l ) ;  
(P = 0 . 4 1 5 ) .  L i k e w i s e  t h e r e  was  no s i g n i f i c a n t  d i f f e r e n c e  
be t we en  W a i t h a k a  ( 10 . 8  g / d l )  and KNH ( 11 . 1  g / d l ) ;  (P = 0 . 2 2 4 ) .  
There  was  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  the 
mean MCV as s h own  in t a b l e  4 . T h e r e  was  a s i g n i f i c a n t  
d i f f e r e n c e  in me a n  s TFR b e t w e e n  R i r u t a  a n d  KNH (P = 0 . 0 0 5 ) .  
The s a me  w a s  seen b e t w e e n  Wa i t h a k a  a n d  KNH (P = 0 . 0 0 0 4 ) .  
Howe ve r ,  t h e r e  was  no s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  Ri r u t a  
and W a i t h a k a  (P = 0 . 5 9 6 ) .
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PREVALENCE OF A NA E MI A ,  I RON P E F I C E N CY  
AND IRON DEFI CENCY ANAEMI A
Tabl e  5: D i s t r i b u t i o n  of  I r on  and A n a e m i a  S t a t us
I r o n  a n d  A n a e m i a  
S t a t u s : V. 9 5 %  C . I
Nor mal 23 6.2 3 . 8 2 - 8 . 5 8
Iron d e f i c i e n c y 175 47. 2 43. 5 1 - 5 0 . 8 9
Iron d e f i c i e n c y  a n a e m i a 127 34. 2 3 0 . 2 9 - 3 8 . 1  1
Ot her  An a e m i a 46 12.4 9. 26-1 5 . 5 4
Total 371 100
Ove r a l l  23 c h i l d r e n  ( 6 . 2 % ,  9 5 % C. I  3 . 8 2 - 8 . 5 8 )  we r e  c l a s s i f i e d  
as n o r ma l ,  1 7 5 ( 4 7 . 2 % ,  9 5 %  C. I  4 3 . 5 1 - 5 0 . 8 9 )  had  i ron
d e f i c i e n c y  w i t h o u t  a n a e m i a ,  i r on  d e f i c i e n c y  a n a e m i a  1 2 7 ( 3 4 . 2 % 
95% C. I ,  3 0 . 2 9 - 3 8 . 1 1 )  a n d  a n a e m i a  d u e  to o t h e r  c a u s e s  
4 6 ( 1 2 . 4 %,  9 5 %  C. I  9 . 26 - 1  5 . 5 4 ) . Thi s  m e a n s  t h a t  81 . 4  % o f  wel l  
nine mon t h  o l d  i n f a n t s  a t t e n d i n g  t he  c l i n i c s  are i r on d e f i c i e n t  
and 4 6 . 6 % a r e  a n a e m i c .
Tabl e  6: D i s t r i b u t i o n  of  I r on  and A n a e m i a  s t a t u s  by s t udy
si te
I r o n  a n d  A n a e m i a R i r u t a K N H W a i t h a k a T o t a
s t a t u s n % n % n % n %
Nor mal 1 1 5.0 3 4. 5 9 10.5 23 6.2
Iron d e f i c i e n c y 97 44. 5 41 6 1 . 2 37 43. 0 175 47. 2
Iron d e f i c i e n c y  a n a e mi a 78 35. 8 17 2 5 . 4 32 37. 2 127 34. 2
Ot he r  A n a e m i a 32 14.7 6 9 . 0 8 9.3 46 12.4

The p r e v a l e n c e  o f  i ron d e f i c i e n c y  a n a e m i a  was  h i g h e s t  in 
Wa i t h a k a (  3 7 . 2 % ) .  I r on  d e f i c i e n c y  was  h i g h e s t  in KNH ( 6 1 . 2 % )  
and a n a e m i a  c a u s e d  by o t h e r  f a c t o r s  w a s  h i g h e s t  in Ri r u t a  
( 1 4 . 7 % )  T h e r e  was  no s i g n i f i c a n t  d i f f e r e n c e  in t he  d i s t r i b u t i o n  
o f  i r on  and a n a e m i a  s t a t u s  by  s i t e s  (P = 0 . 0 9 2 ) .
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PROPORTION OF I RON DE F I CI E N CY  A NAE MI A IN 
INFANTS WI TH IRON D E F I C I E N C Y  AND A NAE MI A
Ki gur e  1: I r o n  d e f i c i e n c y  a n a e m i a  in i n f a n t s  w i t h  i r on
de f i c i e nc y  a n d  a n a e m i a

Anaemia due to 
other causes 
n=46

Iron
deficiency
only
n=175

All  a n a e m i a  = 1 7 3 All i r o n  d e f i c i e n c y  = 3 0 2

In t o t a l  173 i n f a n t s  we r e  a n a e m i c ,  out  o f  t h i s  127 h a d  i ron 
d e f i c i e n c y  a n a e m i a  m e a n i n g  i ron d e f i c i e n c y  wa s  t h e  mos t  
c ommon c a u s e  o f  a n a e m i a  in p o p u l a t i o n  s t u d i e d  a c c o u n t i n g  for  
74%. Th e r e  we r e  302  i n f a n t s  wi t h  i r on  d e f i c i e n c y  and 
127 ( 42 . 1%)  o f  t hem had  i r o n  d e f i c i e n c y  a n a e m i a .  Th i s  me a n s  
the p r e v a l e n c e  o f  i r on  d e f i c i e n c y  w i t h o u t  a n a e m i a  ( n = 1 7 5 )  
i s l . 4  t i me s  t h a t  o f  i r on  d e f i c i e n c y  a n a e m i a .
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ANAEMIA AND I RON S T ATUS  BY B R E AS T F E E DI N G  
PRACTICE
Table  7; D i s t r i b u t i o n  o f  Iron and A n a e m i a  s t a t u s  by 
b r e a s t f e e d i n g  p r a c t i c e

P O P U L A T I O N
S A M P L E D T o t a l

I r o n
N o r m a l  Idefici

[ i ron
d e f i c i e n c y  O t h e r  

e n c y  l a n a e mi a  a n a e m i a
n % n % n % n % n %

Cur r e nt l y
b r e a s t f e e d i n g 346 93 . 3 22 6. 4 160 46. 2 1 22 35. 3 42 12.1
St opped
b r e a s t f e e d i n g 19 5.1 1 5.3 12 63. 2 3 15.8 3 15.8
Never
bre as t f e d 6 1.6 0 0. 0 3 50. 0 2 33. 3 1 16. 7
Ex c l u s i v e
b r e a s t f e e d i n g 150 41. 1 1 1 7.3 70 46. 7 49 32. 7 20 13.3
Not e x c l u s i v e  
b r e a s t f e e d i n g 215 58 . 9 12 5. 6 102 47. 4 76 35. 3 25 1 1.6

B r e a s t f e e d i n g  p r a c t i c e s  w e r e  c l a s s i f i e d  as t h o s e  c u r r e n t l y  
b r e a s t f e e d i n g ,  t hos e  who ha d  b r e a s t f e d  f o r  any d u r a t i o n  but  
now s t o p p e d  and t h o s e  w h o  had n e v e r  b r e a s t f e d .  T h o s e  who 
were  c u r r e n t l y  b r e a s t f e e d i n g  or  had d o n e  so and s t o p p e d  were  
f u r t he r  c a t e g o r i z e d  i n t o  e x c l u s i v e l y  b r e a s t f e d  for  s ix mo n t h s  
and not  e x c l u s i v e l y  b r e a s t f e d
Ther e  was  no s i g n i f i c a n t  d i f f e r e n c e  in d i s t r i b u t i o n  o f  I r o n  and 
An a e m i a  s t a t u s  by b r e a s t f e e d i n g  p r a c t i c e  o v e r a l l  (P = 0 . 7 0 4 ) .  
The p r e v a l e n c e  o f  i r on  d e f i c i e n c y  w i t h o u t  a n a e m i a  a m o n g s t  
t hose  who ha d  s t o p p e d  b r e a s t f e e d i n g  w a s  63. 2 %(  9 5 %  C.I  
5 0 . 0 4 - 7 6 . 3 6 )  c o m p a r e d  to 5 0 % ( 95% C.I  2 1.7 1 - 78 . 29)  o f  t hos e  
that  n e v e r  b r e a s t f e d ,  4 7 . 4 %  ( 9 5 % C. I  4 2 . 5 6 - 5 2 . 2 4 )  o f  t h o s e  t ha t  
did n o t  e x c l u s i v e l y  b r e a s t f e e d ,  46 . 7  %(  9 5 %  C.I  4 0 . 8 7 - 5 2 . 5 3 % )  
o f  t h o s e  t h a t  e x c l u s i v e l y  b r e a s t f e d  and 4 6 . 2 %  ( 9 5 % C. I  42 . 3 5 -  
50 . 05 )  o f  t h o s e  t ha t  are  c u r r e n t l y  b r e a s t f e e d i n g .  A n a e m i a  is 
mos t  p r e v a l e n t  in t h o s e  t ha t  n e v e r  b r e a s t f e d  ( 3 3 . 3 + 1 6 . 7  = 5 0 %) .
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There was no s i g n i f i c a n t  d i f f e r e n c e  in d i s t r i b u t i o n  o f  i r o n  and 
Anaemi a  s t a t u s  by b r e a s t f e e d i n g  p r a c t i c e s  in al l  t he  t h r e e  s i t es .  
Ana l ys i s  o f  a s s o c i a t i o n  b e t w e e n  I ron  a n d  An a e m i a  s t a t u s  by 
whe t he r  the  p a t i e n t s  we r e  b r e a s t f e e d i n g  or  not  r e v e a l e d  no 
s i gn i f i ca n t  a s s o c i a t i o n ;  R i r u t a  (P = 0 . 4 5 4 ) ,  KNH (P = 0 . 7 6 6 )  and 
Wai t haka  (P = 0 . 794 .
The same  s c e n a r i o  was  s een  whe n  a s s o c i a t i o n  b e t we e n  I r o n  and 
Ana emi a  s t a t u s  by w h e t h e r  t he  p a t i e n t  d i d  e x c l u s i v e  
b r e a s t f e e d i n g  or  no t  was  a n a l y s e d ;  R i r u t a  (P = 0 . 2 5 2 ) ,  KNH 
(P = 0 . 5 6 9 )  a nd  Wa i t h a k a  (P = 0 . 4 4 0 ) .
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ANAEMIA AND I RON S TATUS  BY IRON CONTENT  
OF CURRENT PI ET
T a b l e  8:  D i s t r i b u t i o n  o f  I r o n  a n d  A n a e m i a  s t a t u s  b y  i r o n  
i n t a k e  ( 2 4  h o u r  d i e t a r y  r e c a l l )

Popul a t i on  
Sam pled

Iron p o o r  
di e t
( n = 3 3 6 ,
9 0 . 5 7 %)

Iron
rich d i e t  
( n = 3 5 
9 . 4 3 %)

O d d s  rat i o  
( 9 5 % C. I )

P
v a l u e

1. O V E R A L L
Nor mal 22

( 9 5 . 6 %)
1
( 4 . 4 )

1
Iron d e f i c i e n c y 157

( 8 9 . 7 )
18
( 1 0 . 3 )

0 . 4
( 0 . 0 2 - 3 . 0 6 )

0 . 594
Iron d e f i c i e n c y  
anaemi a

1 1 7
( 9 2 . 3 )

10
(S)

0 . 5 3
( 0 . 0 2 - 4 . 5 2 )

0. 871
Other  a na e m ia 40

( 8 6 . 9 )
6
( 1 3 . 1 )

0 . 3
( 0 . 0 1 - 2 . 5 6 )

0.481
2. R I R U T A
Nor mal 1 1

(1 0 0 %)
0 1

Iron d e f i c i e n c y 8 8 ( 9 0 . 7 2 ) 9 ( 9 . 2 7 ) <0 . 01
( < 0 . 0 1 - 5 . 5 1 )

0. 631
Iron d e f i c i e n c y  
anaem i a

70 ( 8 9 . 7 5 ) 8 ( 1 0 . 2 5 ) <0 . 01
( < 0 . 0 1 - 5 . 0 4 )

0 . 968
Ot her  a n a e m i a 2 9 ( 9 0 . 6 3 ) 3 ( 9 . 3 7 ) <0 . 01

( < 0 . 0 1 - 7 .  13)
0 . 737

3 . K. N . H
Nor ma l 2 ( 6 6 . 6 % ) 1 ( 33 . 3 ) 1
Iron d e f i c i e n c y 34 ( 8 2 . 9 3 ) 7 ( 1 7 . 0 7 ) 2 . 4 3

( < 0 . 0 1 - 4 3 . 7 1 )
0 . 9 44

Iron d e f i c i e n c y  
anaem i a

15 ( 8 8 . 2 3 ) 2(1 1 . 76) 3 . 7 5
( < 0 . 0 1 - 3 8 . 7 )

0 . 930
Ot her  a n a e m ia 5 ( 8 3 . 3 3 ) 1 ( 16 . 67) 2 . 5

( < 0 . 0 1 - 1 9 5 . 3 )
0 . 777

4 . W A I T H A K A
No r ma l 9 ( 1 0 0 % ) 0 1
Iron d e f i c i e n c y 3 5 ( 9 4 . 6 ) 2 ( 5 . 4 ) < 0 . 0 1  (<0. 01 

( 5 6 2 . 1 6 )
0 . 042

Iron d e f i c i e n c y  
a n a e mi a

32 ( 100) 0 u n d e f i n e d 0 . 538
Ot he r  a n a e m i a 6 ( 75) 2( 25) < 0 . 0  1 ( <0 . 0  I - 

1 0 7 . 9 8 )
0 . 2 80
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Diet  was d e s c r i b e d  as  b e i n g  i ron r i ch i f  any h a e m i r o n  was
ea t en ,  in the las,t s e v e n  d a y s  u s i ng  t he  2.4 hou r  d i e t a r y  reca l l  ana the s e v e n  day f o o d  f r e q u e n c y  t e c h n i q u e s .  I ron p o o r  d i e t
was d e f i n e d  as a b s e n c e  o f  a n y  ha e m i ron in the  d i e t  d u r i n g  the
same pe r i od .
There  was no  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  in d i s t r i b u t i o n  
of  i r on and a n a e m i a  s t a t u s  by i ron c o n t e n t  o f  c u r r e n t  d i e t  in 
the p r e v i o u s  24 h o u r s .  O v e r a l l ,  9 5 . 6 %  o f  t h o s e  wh o  were  
c l a s s i f i ed  as n o r ma l  had  an i r on p o o r  d i e t  c o m p a r e d  to 89 . 7% 
o f i r o n  d e f i c i e n c y ,  9 2 . 3 % o f  i r on  d e f i c i e n c y  a n a e m i a  and  86 . 9% 
of  a n a e mi a  d u e  to o t h e r  c a u s e s .
In K N. H,  t h o s e  wi th i ron d e f i c i e n c y  we r e  more  l i ke l y  to have  
had an i ron p o o r  d i e t  in t h e  l as t  24 h o u r s  c o m p a r e d  t o  t hose  
c l a s s i f i ed  as n o r ma l  ( o d d s  r a t i o  2.4 3 ,p = 0 . 94  ). The  s a me  a p p l i e s  
to i r on d e f i c i e n c y  a n a e m i a  ( o d d s  r a t i o  3 . 7 5 ,  p = 0 . 9 3 0 )  and 
a na e mi a  due  to o t h e r  c a u s e s  ( o d d s  r a t i o  2 . 5 ,  p = 0 . 7 7 7 )  c o m p a r e d  
to t he  n o r m a l  i n f a n t s .  H o w e v e r  t h e s e  a r e  not  s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s .  In Ri r u t a  and W a i t h a k a  the no r ma l  
i n fant s  wer e  mo r e  l i ke l y  to h a v e  had  an i r on  poo r  d i e t  b u t  t h i s  
was no t  s t a t i s t i c a l l y  s i g n i f i c a n t .
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I a b l e  9:  D i s t r i b u t i o n  o f  I r o n  a n d  A n a e m i a  s t a t u s  b y  i r o n  
i n l a k e  w i t h i n  7 d a y s  ( 7  d a y  f o o d  f r e q u e n c y ) .
P o p u l a t i o n
S a m p l e d

I i on 
p o o r

p

r i ch ( 9 5 % C. I ) v a l u e
a let
( n = 2 5 6 ,

a l et
( n = l 15,

6 9 %) 3 1 % )
1 O V E R A L L
Nor mal 1 7

( 7 3 . 9 %)
6
( 2 6 . 1 )

I
Iron d e f i c i e n c y 120

( 7 7 . 4 )
55
( 2 2 . 6 )

0 . 77  ( 0 . 2 6 - 2 . 2 3 ) 0 . 6
Iron d e f i c i e n c y  
a na e mi a

92
( 7 2 . 4 4 )

35
( 2 7 . 5 5 )

0. 93 ( 0 . 3 0 - 2 . 7 7 ) 0.8
Ot her  a n a e m i a 27

( 5 8 . 7 )
1 9
( 4 1 . 3 )

0.5 ( 0 . 1 4 - 1 . 6 9 ) 0.21
2 R I R U T  A
Nor mal 8

( 7 2 . 7 2 % )
3
( 2 7 . 2 7 )

1
Iron d e f i c i e n c y 73

( 7 5 . 2 6 )
24
( 2 4 . 7 4 )

1.14 ( 0 . 2 2 - 5 . 3 1 ) 0 . 8 5 4
Iron d e f i c i e n c y  
a n a e mi a

53
( 6 7 . 9 5 )

25
( 3 2 . 0 5 )

0.8 ( 0 . 1 5 - 3 . 7 2 ) 0 . 5 8 2
Ot he r  a n a e m i a 1 8

( 5 6 . 2 5 )
1 4
( 4 3 . 7 5 )

0. 48 ( 0 . 0 8 - 2 . 5 9 ) 0 . 7 1 4
3 K . N . H
Nor ma l 1

(3 3.3 3%)
2
( 6 6 . 6 7 )

1
Iron d e f i c i e n c y 21

( 5 1 . 2 1 )
20
( 4 8 . 7 8 )

2.1 ( 0 . 1 3 - 6 3 . 8 1 ) 1 .00
Iron d e f i c i e n c y  
a n a e mi a

10
( 8 8 . 2 3 )

7
( 1 1 . 7 6 )

2 . 86  (0.  1 5 - 9 9 . 4 8 ) 0 . 8 9 7
Ot he r  a n a e m i a 3 ( 50) 3 (50) 1.5 ( 0 . 2 5  - 8 . 9 8 ) 0. 8 13
4 . W A I T H A K A
Nor ma l 8

( 8 8 . 8 9 % )
1
( 1 1 . 1 1 )

1
Iron d e f i c i e n c y 26

( 7 0 . 2 7 )
1 1
( 2 9 . 7 2 )

0.3 ( 0 . 0 1 - 2 . 9 2 0 . 473
Iron d e f i c i e n c y  
a n a e m i a

29
( 9 0 . 6 3 )

3
( 9 . 3 8 )

1.21
( < 0 . 0 1 - 1 6 . 9 1  )

0. 631
Ot h e r  a n a e m i a 6 ( 7 5 ) 2 (25) 0 . 38  ( 0 . 01  - 7 . 72 ) 0 . 9 1 0
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There was no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  in d i s t r i b u t i o n
of  i ron and a n a e m i a  s t a t u s  by  i ron c o n t e n t  o f  c u r r e n t  d i e t  in the l as t  s e v e n  days .  O v e r a l l ,  7 3 . 9 %  o f  t hos e  who were
c l ass i f i ed  as nor ma l  ha d  an i ron p o o r  d i e t  c o m p a r e d  to 7 7 . 4 % 
of  i ron d e f i c i e n c y ,  7 2 . 4 4 %  o f  i r on  d e f i c i e n c y  a n a e m i a  and 
58 7% of  a n a e m i a  due  to o t h e r  c a u s e s .
In K N.H,  t h o s e  wi th i ron d e f i c i e n c y  we r e  mor e  l i ke l y  to have  
had an i ron p o o r  di et  in t he  l a s t  s e ve n  d a y s  c o m p a r e d  t o  t hose  
c l a s s i f i ed  as n o r ma l  ( o d d s  r a t i o  2 . 1 , p = 1 . 0 0 ) .  The  s a me  a p p l i e s  
to i ron d e f i c i e n c y  a n a e m i a  ( o d d s  r a t i o  2 . 8 6 ,  p = 0 . 8 9 7 )  and 
anaemi a  due  to o t h e r  c a u s e s  ( o d d s  r a t i o  1 . 5 ,  p = 0.8 1 3 ) c o m p a r e d  
to the n o r ma l  i n f a n t s .  H o w e v e r  t h e s e  a r e  not  s t a t i s t i c a l l y  
s i gn i f i ca n t  d i f f e r e n c e s .  In R i r u t a ,  t h e  n o r m a l  i n f a n t s  we r e  more  
l ikely to h a v e  had an i r o n  p oo r  d i e t  bu t  t h i s  wa s  not  
s t a t i s t i c a l l y  s i g n i f i c a n t .  On c o n s i d e r i n g  W a i t h a k a ,  t h e r e  wa s  a 
s t a t i s t i c a l l y  i n s i g n i f i c a n t  i n c r e a s e d  c h a n c e  o f  an i r on  p o o r  di et  
a mongs t  t h o s e  wi t h i r on d e f i c i e n c y  a n a e m i a  c o m p a r e d  to the 
normal  i n f a n t s .
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t a b l e  10: D i s t r i b u t i o n  o f  Iron and A n a e m i a  s t a t u s  by
c on s u mp t i o n  o f  cow mi l k

%.r i r „ .« O d d s  r a t i nP o p u l a t i o n
S a m p l e d c o w ’ s

U 1 1 C U
c o w ’ s

U U > 1 dl i u
( 9 5 %  C. I ) v a l u e

mi l k  
( n = 112) ( n = 2 5 9 )

1 O V E R A L L
Normal 8 1 5 1
Iron d e f i c i e n c y 44 1 3 1 0 . 63  ( 0 . 2 3 - 1 . 7 5 ) 0 . 4 62
Iron d e f i c i e n c y  
a na e mi a

43 84 0 . 9 6  ( 0 . 3 5 - 2 . 7 0 ) 0 . 878
Ot her  a n a e m i a 17 29 1.1 ( 0 . 3 4 - 3 . 5 6 ) 0 . 9 29
2 R I R U T A
Nor mal 7 4 1
Iron d e f i c i e n c y 67 30 1. 28 ( 0 . 2 9 - 5 . 3 9 ) 0 . 9 8 0
Iron d e f i c i e n c y  
a n a e mi a

48 30 0.91 ( 0 . 2 - 3 . 9 1 ) ) 0 . 8 44
Ot her  a n a e m i a 19 1 3 0 . 8 4  ( 0 . 5 5 - 1 . 5 9 ) 0 . 9 14
3 K. N. H
Nor mal 3 0 1
Iron d e f i c i e n c y 36 5 <0 . 01

( < 0 . 0 1 - 2 3 . 2 )
0 . 7 6 4

Iron d e f i c i e n c y  
a n a e mi a

10 7 <0 . 01
( < 0 . 0 1 - 4 . 5 9 )

0 . 4 7 0
Ot he r  a n a e m ia 3 3 <0 . 01

( < 0 . 0 1 - 5 . 5 2 )
0 . 453

4 W A I T H A K A
Nor ma l 5 4 1
Iron d e f i c i e n c y 28 9 2 . 4 9  ( 0 . 43- 1  4 . 4 2 ) 0 . 4 30
Iron d e f i c i e n c y  
a n a e mi a

26 6 3 . 4 7  ( 0 . 5 5 - 2 2 . 6 3 ) 0 . 2 52

Ot h e r  a n a e m  ia 7 1 5 . 6 0
( 0 . 35 - 1  81 . 2 2 )

0 . 363
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Any c o w ’s mi l k  feed in t h e  l as t  s e v e n  d a y s  was  c o n s i d e r e d
s i gn i f i ca n t  s i n c e  any c o n s u m p t i o n  o f  c o w ’s mi lk in t h e . f i r s t  year  o f  l i fe is a r isk f a c t o r  for  d e v e l o p m e n t  o f  i ron d e f i c i e n c y
( 1 2 ) .

Ove r a l l ,  t he  o d d s  o f  h a v i n g  fed on c o w ’s mi l k we r e  l ess  
a mon gs t  i n f a n t s  wi th i r on d e f i c i e n c y  ( o d d s  ra t i o  0 . 6 3 ,  p = 0 . 46 ) ,  
and i ron d e f i c i e n c y  a n a e m i a  ( o d d s  r a t i o  0 . 9 6 ,  p = 0 . 8 7 8 )  
c omp a r e d  to t he  no r ma l  i n f a n t s .  I n f a n t s  wi t h  o t h e r  a n a e m i a  
(odds  r a t i o  1 . 1 ,  p = 0 . 4 6 )  we r e  h o w e v e r  mo r e  l i ke l y  to h a v e  been 
fed c o w ’s mi l k .  T h e s e  d i f f e r e n c e s  are s t a t i s t i c a l l y  
i n s i g n i f i c a n t .
In R i r u t a  t h e  i r on d e f i c i e n t  i n f a n t s  wer e  mo r e  l i k e l y  to have  
been fed c o w ’ s mi lk c o m p a r e d  to the n o r ma l  i n f a n t s  ( o d d s  rat io 
1.28,  p = 0 . 98) .  In K . N . H ,  n o r m a l  i n f a n t s  we r e  mo r e  l i k e l y  to 
have been f ed  c o w ’s mi l k c o m p a r e d  to t he  i r on d e f i c i e n t  ( odds  
r a t i o < 0 . 0 1 ,  p = 0 . 7 6 4 ) ,  i ron d e f i c i e n t  a n a e m i c  odds  rat i o ( < 0 . 0 1 ,  
p = 0 . 4 70 ) ,  a n d  o t h e r  a n a e m i a  ( o d d s  r a t i o < 0 . 0 1 ,  p = 0 . 7 6 4 ) .  In 
Wa i t h a k a  t h o s e  wi th i ron d e f i c i e n c y  we r e  mor e  l i ke l y  to have  
been fed c o w ’s mi lk c o m p a r e d  to t h o s e  c l a s s i f i e d  as n o r ma l  
( odds  r a t i o  2 . 4 9 ,  p = 0 . 43 ) .  T h e  same a p p l i e s  to i r on d e f i c i e n c y  
a n a e mi a  ( o d d s  rat i o 3 . 4 7 ,  p = 0 . 2 5 2 )  and a n a e m i a  due  t o  o t he r  
causes  ( o d d s  r a t i o  5 . 60 ,  p = 0 . 3 6 3 )  c o m p a r e d  to the no r ma l  
i n f an t s .  N o n e  o f  t h e s e  d i f f e r e n c e s  in t he  t h r e e  s i t e s  is 
s t a t i s t i c a l l y  s i g n i f i c a n t  ( p > 0 . 0 5 )
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F i g u r e  2

Distribution of questionable Psychomotor development by 
Iron and anaemia status
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A m o n g s t  t he  i n f a n t s  wi t h  i r o n  d e f i c i e n c y  ( n = 1 7 5 ) ,  0 . 6 % ( n = l )  
had “ q u e s t i o n a b l e ” s c o r e  on  DDSTI I .  On t he  o t h e r  h a n d  4% 
(n = 5) o f  t h e  i n f a n t s  wi t h  i r on d e f i c i e n c y  a n a e m i a  s c o r e d  
q u e s t i o n a b l e .  T h e  t r e n d  is t o w a r d s  mo r e  l i k e l y  h oo d  o f  h a v i n g  
q u e s t i o n a b l e  d e v e l o p m e n t  w i t h  w o r s e n i n g  i r on  d e f i c i e n c y .

D I V E R S I T Y  O F  N A IR O B  
m e d i c a l  l ib r a r y
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DI SCUSSION
Ke nya t t a  N a t i o n a l  Ho s p i t a l ,  R i r u t a  a nd  W a i t h a k a  h e a l t h  c e n t r e s  
are al l  s i t u a t e d  in Na i r o b i  We s t  d i s t r i c t .  K. N. H is a n a t i o n a l  
t e a c h i n g  and r e f e r r a l  h o s p i t a l  wh i l e  R i r u t a  and W a i t h a k a  are 
p i mar y  he a l t h  c a r e  f a c i l i t i e s  run by the  N a i r o b i  c i t y  c o u n c i l .  
The wel l  b a b y  c l i n i c s  in t h e s e  he a l t h  f a c i l i t i e s  s e r v e  an u r ban  
and p e r i u r b a n  p o p u l a t i o n .
The o v e r a l l  p r e v a l e n c e  o f  a n a e m i a  was  4 6 . 6 % . T h i s  is wi t h i n  
the WHO e s t i m a t e  t h a t  3 0 - 8 0 %  o f  c h i l d r e n  in d e v e l o p i n g  
c o u n t r i e s  a re  a n a e m i c  at 1 y e a r  o f  a ge  (1). H o w e v e r  t h i s  
p r e v a l e n c e  i s l e s s  t h a n  w h a t  was f o u n d  in D e m o g r a p h i c  and 
Heal t h  s u r v e y s  in t h e  r e g i o n  < 7) w h e r e  the  p r e v a l e n c e  of  
a n a e mi a  (Hb < 1 1 . 0  g / d L )  in i n f a n t s  s i x to n i n e  mo n t h s  o f  age:  
E t h i o p i a  ( 2 0 0 5 )  76.3 %,  T a n z a n i a  ( 2 0 0 4 )  8 3 . 2 % and U g a n d a  
( 2 0 0 6 )  9 2 . 2 % . The  s t u d y  was  h o s p i t a l  b a s e d  and o n l y  i n c l u d e d  
o t h e r wi s e  we l l  n i ne  mo n t h  o l d  i n f a n t s  t h e r e f o r e  p r e v a l e n c e  may 
be h i g h e r  in t h e  c o m m u n i t y .  T h e  p r e v a l e n c e  o f  i r on d e f i c i e n c y  
a n a e mi a  in t h e  s t udy  p o p u l a t i o n  was  3 4 . 2 % . WHO r e c o m m e n d s  
that  whe n  t h e  p r e v a l e n c e  o f  i r on d e f i c i e n c y  a n a e m i a  r e a c h e s  
the 2 0 - 3 0 %  p e r c e n t  l eve l  in the a g e - g e n d e r  g r o u p  un d e r  
e v a l u a t i o n ,  i t  may be  m o r e  e f f e c t i v e  and  p o s s i b l y  more  
e f f i c i e n t  to p r o v i d e  u n i v e r s a l  s u p p l e m e n t a t i o n  to t ha t  e n t i r e
g r oup  t han to s c r e e n  for  i n d i v i d u a l  c a s e - m a n a g e m e n t  p u r p o s e s .
( i )

The c u t  o f f  h a e m o g l o b i n  l e v e l  o f  l l . O g / d l  is b a s e d  on  two 
s t a n d a r d  d e v i a t i o n s  o f  the  d i s t r i b u t i o n  me a n  in an o t h e r w i s e  
no r ma l  p o p u l a t i o n  o f  t he  s a m e  g e n d e r  and a ge .  H o we v e r ,  t her e  is 
d i s a g r e e m e n t  a b o u t  t h e  a p p r o p r i a t e  c u t - o f f  v a l u e s  f or  t he  
d i a g n o s i s  o f  a n a e m i a  in i n f a n t s  ( 7>. The  c o m m o n l y  u s e d  va l ue  
for  d i a g n o s i s  r e c o m m e n d e d  by WHO is Hb ,  11.0 g / d L ,  us e  of 
thi s  v a l u e  a l l o w s  c o m p a r i s o n  wi th o t h e r  s t u d i e s .  A l t e r n a t i v e  
c u t - o f f  l eve l  f or  i n s u f f i c i e n t  Hb has  been p r o p o s e d  as 10.0 g / dL 
for  i n f a n t s  9 mo o f  a ge  (37) Use  o f  t h i s  c o n s e r v a t i v e  l e v e l  wi l l  
r e s u l t  in l o w e r  p r e v a l e n c e  o f  a n a e m i a  but  a n a e m i a  st i l l  r e m a i n s  
the mo s t  p r e v a l e n t  n u t r i t i o n a l  p r o b l e m  (37)' In a d d i t i o n ,  t he  
p r e v a l e n c e  o f  i ron d e f i c i e n c y  a nd  p o t e n t i a l  c o n s e q u e n c e s  
r e ma i n  the s a me .

36



Iron d e f i c i e n c y  was  t h e  m o s t  c o m m o n  c a u s e  o f  a n a e m i a  in the
popu l a t i on  s t u d i e d  a c c o u n t i n g  for  74% o f  all  c a u s e s .  Th i s  p r e va l e n c e  o f  i r on  d e f i c i e n c y  " a n a e m i a  is mo r e  t han  t he  WHO
es t i ma t e  t ha t  I DA r e p r e s e n t s  50% o f  a l l  a n a e mi a s  (l1 The  
p r e v a l e n c e  o f  i ron d e f i c i e n c y  ( 8 1 . 4 %)  wa s  1.75 t i m e s  the  
p r e v a l e n c e  o f  al l  a n a e m i a s  ( 4 6 . 6 % )  wh i c h  is l ess  t han  t he  WHO 
e s t i ma t e  o f  2 . 5  t i me s  t he  p r e v a l e n c e  o f  a n e m i a 11*.

Ther e  was  no  a s s o c i a t i o n  b e t w e e n  d i e t  a n d  a n a e mi a  a nd  i ron 
s t a t us .  In t e r m s  o f  b r e a s t  f e e d i n g  p r a c t i c e  o n l y  a s ma l l  n u m b e r  
o f  i n f a n t s  ( 1 . 6 % )  had n e v e r  b e e n  b r e a s t f e d ,  and o n l y  5 . 1 %  had 
been b r e a s t f e d  bu t  s t o p p e d ,  t h i s  may a c c o u n t  for t he  a p p a r e n t  
a b s e nc e  o f  a s s o c i a t i o n .  T h e  s a me  is s e e n  in i ron c o n t e n t  of  
c u r r e n t  d i e t  as  t he  ma j o r i t y  h a d  an i r on  p o o r  di et  in the l a s t  24 
hour s  and s e v e n  days  ( 9 0 . 5 7 % ,  6 9% r e s p e c t i v e l y ) .  H o w e v e r ,  
me e t i n g  i r on r e q u i r e m e n t s  t h r o u g h  f o o d  a l one  is ne a r l y  
i mp o s s i b l e  p a r t i c u l a r l y  b e t w e e n  6 a nd  12 mo n t h s  o f  a ge  when  
r e q u i r e m e n t s  r e ma i n  ve r y  h i g h  and i n f a n t s  c o n s u m e  r e l a t i v e l y  
smal l  a m o u n t s  o f  f ood  (3f*' In a d d i t i o n ,  in l o w  i n c o me  c o u n t r i e s  
t here  may be i n a d e q u a t e  ma t e r n a l  i r on  s t a t u s ,  and 
i n a d e q u a t e  b i r t h  p r a c t i c e s  ( i . e .  d e l a y e d  c o r d  c l a mp i n g  f o r  two 
m i n u t e s )  to p r o m o t e  t h e  t r a n s f e r  o f  a p o r t i o n  of  t h e  b i r t h  i ron 
via p l a c e n t a l  b l o o d  (37) The  p o s s i b l e  c o n t r i b u t i o n  by t h e s e  two 
f a c t o r s  to i n f a n t  i ron s t a t u s  was  not  a s s e s s e d  in t h i s  s t u d y .
The r e  was  no a s s o c i a t i o n  f o u n d  b e t we e n  a n a e mi a ,  i ron s t a t u s  
and p s y c h o m o t o r  d e v e l o p m e n t .  Th i s  may be due to f a c t  the 
d e v e l o p m e n t  a s s e s s m e n t  t oo l  has  not  been a d a p t e d  for  us e  in 
the  p o p u l a t i o n  s t u d i e d .
S t r a t e g i e s  for  p r e v e n t i o n  o f  i r on  d e f i c i e n c y  at  c o m m u n i t y  l evel  
i n c l u d e  d i e t a r y  m o d i f i c a t i o n ,  f ood  f o r t i f i c a t i o n  a nd  i ron 
s u p p l e m e n t a t i o n .  D i e t a r y  m o d i f i c a t i o n  may no t  be o p t i m a l  for  
t he  i n f a n t s  as  it  has  be en  s h o wn  t ha t  it i s very d i f f i c u l t  to 
p r o v i d e  a d e q u a t e  i ron to i n f a n t s  t h r o u g h  d i e t  a l o n e  (37). I ron 
f o r t i f i c a t i o n  h a s  been  d o n e  l o c a l l y  wh e r e  c o n s u m p t i o n  o f  wh o l e  
ma i ze  f l ou r  f o r t i f i e d  wi th N a F e E D T A  c a u s e d  mo d e s t ,  d o s e -  
d e p e n d e n t  i m p r o v e m e n t s  in c h i l d r e n ’ s i r o n  s t a t us  ( ’8). I ron 
s u p p l e m e n t a t i o n  may be a s s o c i a t e d  wi t h  i n c r e a s e d  r i s k  o f  
ma l a r i a  in e n d e m i c  r e g i o n s  <39). In s u c h  areas  a c a u t i o u s  
a p p r o a c h  to s u p p l e m e n t a t i o n  b a s e d  e i t h e r  on s c r e e n i n g  out  
i r o n - r e p l e t e  c h i l d r e n  or  c o m b i n i n g  i ron a d m i n i s t r a t i o n  wi th 
e f f e c t i v e  d i s e a s e  c o n t r o l  s t r a t e g i e s  is r e q u i r e d  The  s t udy  a r eas  
h o w e v e r  do no t  ha ve  i n t e n s e  and all  y e a r  r o u n d  m a l a r i a  
t r a n s m i s s i o n .
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Other  ways  o f  p r e v e n t i n g  i r on  d e f i c i e n c y  s p e c i f i c a l l y  in i n f a n t s
i ncl ude  p r e n a t a l  i r on  s u p p l  e me n t a t i o n  and  d e l a y e d  . cor d  c l a mp i ng  D e l a y e d  c o r d  c l a m p i n g  for  t wo  to t h r e e  m i n u t e s
t r a ns f e r s  3 5 - 4 0  mL o f  b l o o d  p e r  k i l o g r a m m e  body  w e i g h t  to the
infant  (40). T h i s  has  be en  s h o w n  to have  a b e n e f i c i a l  e f f e c t
t h r ough to s i x m o n t h s  o f  age  (40)'

STUDY L I M I T A T I O N S

• The  s t u d y  was  not  a d e q u a t e l y  p o w e r e d  to a l l o w  s u b 
g r oup  a n a l y s i s  o f  t h e  s e c o n d a r y  o b j e c t i v e s  by s t udy  
si t e .

• I ron c o n t e n t  o f  c u r r e n t  d i e t  was  no t  q u a n t i f i e d  and 
t h e r e f o r e  the d i e t a r y  a s s e s s m e n t  t o o l  may n o t  have  
been s e n s i t i v e  e n o u g h  to p i ck  up i m p o r t a n t  d i f f e r e n c e s .

• The  D e n v e r  d e v e l o p m e n t  s c r e e n i n g  t ool  ha s  n o t  been 
v a l i d a t e d  for  u s e  in t h e  p o p u l a t i o n  s t u d i e d .

C O N L U S I O N S
Ther e  is a h i g h  p r e v a l e n c e  o f  a n a e m i a ,  i ron d e f i c i e n c y  a n d  i ron 
d e f i c i e n c y  a n a e m i a  in t he  s t u d y  p o p u l a t i o n  s i n c e ;

• 4 6 . 6 %  are  a n a e m i c
• 8 1 . 4 %  are  i ron d e f i c i e n t .
• 3 4 . 2 %  h a v e  a l r e a d y  d e v e l o p e d  i ron d e f i c i e n c y  a n a e m i a .
• 4 2 . 1 %  o f  i n f a n t s  wi t h  i r on d e f i c i e n c y  have  i r on  

d e f i c i e n c y  a n a e mi a .
In t h i s  p o p u l a t i o n  i ron d e f i c i e n c y  a n a e m i a  i s t he  mos t  
c o mmo n  t y p e  o f  a n a e m i a  a c c o u n t i n g  for  7 4 % o f  t he  s t udy  
p o p u l a t i o n  wi t h  a n a e mi a .

Diet  a nd  p s y c h o m o t o r  d e v e l o p m e n t  wer e  n o t  a s s o c i a t e d  wi th 
a n a e m i a s  and i r on  s t a t u s .
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R E C O M M E N D A T I O N S
In o r de r  to h e l p  p r e v e n t  i r on  d e f i c i e n c y  a n d  i ron d e f i c i e n c y  
a nae mi a  a m o n g s t  i n f a n t s  in the p o p u l a t i o n  s t u d i e d  two 
s t r a t e g i e s  are r e c o m m e n d e d ;

• R e i n f o r c e  e x c l u s i v e  b r e a s t f e e d i n g  to s i x mo n t h s .
• P r o m o t e  use o f  i r on  r i ch f o o d s  a nd  i r on  f o r t i f i e d

l o c a l l y  a v a i l a b l e  f o o d s  e g .  ma i z e  f l o u r  for
c o m p l e m e n t a r y  f e e d i n g  f rom age  o f  s i x  mo n t h s .
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APPENDI X 1

DATA C O L L E C T I O N  T O O L
1. D E M O G R A P H I C S

Name
St udy N u m b e r  
Age  ( m o n t h s )
Sex

• Ma l e
• F e m a l e  

Ma t e r n a l  age  ( y r s )

S t u d y  s i t e

[ 1]
[ 2]

Ma t e r n a l  m a r i t a l  s t a t u s  ( t i c k )
•  M a r r i e d  [1]
• S i n g l e  [2]
• S e p a r a t e d  [2]

Ma t e r n a l  l e v e l  o f  e d u c a t i o n  ( t i c k  h i g h e s t  l e v e l )
•  P r i m a r y  s c h o o l  [ 1 ]
• S e c o n d a r y  s c h o o l  [2]
• T e r t i a r y  e d u c a t i o n  [3]
•  A d u l t  e d u c a t i o n  [4]
• No  f o r m a l  e d u c a t i o n  [5]

Ma t e r n a l  e m p l o y m e n t  s t a t u s  ( t i c k )
•  E m p l o y e d  [1]
• U n e m p l o y e d  [2]
• S e l f  e m p l o y e d  [3]

2. B R E A S T F E E D I N G  P R A C T I C E S
2. 1 .  H a v e  yo u  e v e r  b r e a s t f e d  t h i s  c h i l d ?  . . .

•  Ye s  [ 1 ] go  to 2.2
•  N o  [2]  go  to 3.1

2.2 Ar e  you  c u r r e n t l y  b r e a s t f e e d i n g  t h i s  c h i l d ?
•  Ye s  [ 1 ] g o  to 3.1
•  N o  [ 2 ] g o  to 2.3

2.3 Ho w o l d  w a s  y o u r  c h i l d  w h e n  yo u  s t o p p e d  b r e a s t f e e d i n g ?
m o n t h s
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3. C O M P L E M E N T A R Y  F E E D I N G
3.1 How ol d w a s  y o u r  c h i l d  wh e n  y o u  i n t r o d u c e d  o t h e r  f o o d s
apar t  f r o m b r e a s t  m i l k ?  m o n t h s .
3.2 Wh i c h  f o o d ( s )  a p a r t  f r o m  b r e a s t  m i l k  d i d  y o u  i n t r o d u c e  
f i r s t  and  at  w h a t  a ge?
Food g r o u p C o d e Ag e  ( m o n t h s )
C o w s ’ Mi l k 1
Ani mal  P r od  u c t s (  M e a t ,  F i s h ,  
Liver ,  C h i c k e n )

2

C e r e a l s ( M a i z e ,  M i l l e t ,  
S o r g h u m )

3

Cer ea l  m i x t u r e  ( M a i z e ,  M i l l e t ,  
S o r g h u m w i t h  p e a n u t s ,  b e a n s  
, f i sh)

4

L e g u m e s ( B e a n s ,  P e a s ,  G r e e n -  
G r a m m e s )

5

Frui t  ( M a n g o e s ,  B a n a n a s ,  
O r a n g e s ,  L e m o n s )

6

V e g e t a b l e s  ( G r e e n  L e a f y ,  
C a b b a g e .  C a u l i f l o w e r )

7
Root s  / T u b e r s ( I r i s h  P o t a t o e s ,  
Swee t  P o t a t o e s ,  A r r o w  R o o t s ,  
C a s s a v a )

8

I nf an t  F o r m u l a 9
Wa t e r  o r  g l u c o s e  w a t e r 10
Ot h e r  ( S p e c i f y ) 1 1
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3.3 W h a t  ha ve  y o u  fed y o u r  c h i l d  s i n c e  y e s t e r d a y  m o r n i n g ?  (24 
hour  d i e t a r y  r e c a l l  AND 7 d a y  f o o d  f r e q u e n c y )
Food g r o u p N u m b e r  O f  F e e d s  

S i n c e  Y e s t e r d a y  
M o r n i n g

N u m b e r  o f  days  
fed in t h e  l as t  
one  w e e k

Br e a s t  mi l k
C o w s ’ Mi l k
An i ma l  P r o d u c t s ( M e a t ,  
Fi sh ,  L i v e r ,  C h i c k e n )
C e r e a l s  ( M a i z e ,  Mi l l e t ,  
S o r g h u m )
C e r e a l  m i x t u r e  ( M a i z e ,  
Mi l l e t ,  S o r g h u m  wi t h  
p e a n u t s ,  b e a n s  , f i s h )
L e g u m e s ( B e a n s ,  P e a s ,  
G r e e n - g r a m s )
Fr u i t  ( M a n g o e s ,  
B a n a n a s ,  O r a n g e s ,  
L e m o n s )
V e g e t a b l e s  ( G r e e n  
L e a f y ,  C a b b a g e ,  
Ca u l i  f l o w e r
R o o t s  / T u b e r s ( I r i s h  
P o t a t o e s ,  S we e t  
P o t a t o e s ,  A r r o w  R o o t s ,  
C a s s a v a )
I n f a n t  F o r m u l a
O t h e r  ( S p e c i f y )

KE Y
a) F o o d  g r o u p ;  s ee  a b o v e
b)  I r o n  c o n t e n t

• I r o n  r i c h  ( h a e m - i r o n ) ; a n i m a l  p r o d u c t s  [1]
• I r o n  p o o r  ( n o n - h a e m )  c o w s ’ m i l k ,  c e r e a l s ,  c e r e a l  

m i x t u r e ,  l e g u m e s ,  f r u i t ,  v e g e t a b l e s ,  r o o t s ,  t u b e r s ,  [2]
c )  . I n h i b i t o r s  o f  i r on  a b s o r p t i o n ;  c e r e a l s ,  t e a .  [3]
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4 D E N V E R  D E V E L O P M E N T  S C R E E N  II S C O R I N G
G r o s s
m o t o r

L a n g u a g e F i n e  m o t o r  
- a d a p t i v e

P e r s o n a l  -  
s o c i a l

N u m b e r
p a s s e d
N u m b e r
f a i l e d

•  A b n o r m a l  [1]
• Q u e s t i o n a b l e  [2]
• N o r m a l  [3]

2.  A N T H R O P O M E T R I C  M E A S U R E S
W e i g h t  1 W e i g h t  2 A v e r a g e  W e i g h t  f o r  age

L e n g t h  1 L e n g t h  2 A v e r a g e  W e i g h t  f o r  l e n g t h

5. P H Y S I C A L  E X A M I N A T I O N
P a l m a r  p a l l o r  

P r e s e n t  [ 1 ]
A b s e n t  [2]

6.  L A B O R A T O R Y  I N V E S T I G A T I O N  R E S U L T S
6.1 H a e m o g l o b i n ( g / d l ) .............

>11 [ 1] <11 [2 ]
6. 2  M e a n  C o r p u s c u l a r  V o l u m e  ( f l ) ..........

> 7 0  [1]  < 7 0  [2]
6.3 S e r u m  T r a n s f e r r i n  R e c e p t o r  ( u g / m l )  ........

> 8 . 3  [1]  2 . 9 - 8 . 3  [2]

46



AP P ENDI X 2
CONSENT FORM
D r . A l u v a a l a  J a l e m b a  
P . 0  Box 3 0 1 9 7 3
D e p a r t m e n t  o f  P a e d i a t r i c s  a n d  C h i l d  H e a l t h ,  
U n i v e r s i t y  o f  N a i r o b i ,
Ke n y a t t a  N a t i o n a l  H o s p i t a l .
Te l ;  0 7 2 2 - 2 1 7 0 3 4
De a r  P a r e n t / G u a r d i a n ,
RE:  P R E V A L E N C E  OF A N A E M I A .  I R O N  D E F I C I E N C Y  AND 
I RON D E F I C I E N C Y  A N A E M I A  IN N I N E  M O N T H  OLD 
I N F A N T S
A n a e m i a  is i n s u f f i c i e n t  a m o u n t s  o f  h a e m o g l o b i n  in t he  b l o o d .  
H a e m o g l o b i n  i s u s e d  to t r a n s p o r t  o x y g e n  in t h e  b l o o d .  I r o n  is a 
m i c r o n u t r i e n t  u s e d  by t he  b o d y  to m a k e  h a e m o g l o b i n .  I r on  
d e f i c i e n c y  is t h e r e f o r e  t he  p r e s e n c e  o f  i n a d e q u a t e  a m o u n t s  o f  
i r on  i n  t h e  b o d y  w h i c h  c a n  t h e r e f o r e  l e a d  to i r o n  d e f i c i e n c y  
a n a e m i a .  I r o n  d e f i c i e n c y  a n e m i a  is t h e  m o s t  c o m m o n
m i c r o n u t r i e n t  d e f i c i e n c y  w o r l d w i d e ,  w i t h  t h e  h i g h e s t
p r e v a l e n c e  f o u n d  in d e v e l o p i n g  c o u n t r i e s .  I t  is e s t i m a t e d  t h a t  
t he  f r e q u e n c y  o f  i r on  d e f i c i e n c y  in d e v e l o p i n g  c o u n t i e s  i s t wo  
to f i ve  t i m e s  t h a t  o f  i r o n  d e f i c i e n c y  a n a e m i a .  I r o n  d e f i c i e n c y  
and i r o n  d e f i c i e n c y  a n a e m i a  ma y  c a u s e  i r r e v e r s i b l e  d e l a y s  in 
b r a i n  d e v e l o p m e n t .
Th i s  s t u d y  a i m s  to f i nd  ou t  h o w  c o m m o n  a n a e m i a ,  i r o n  a n d  i r on  
d e f i c i e n c y  a n a e m i a  a r e  a m o n g s t  n i ne  m o n t h  o l d  b a b i e s  in n i ne  
m o n t h  o l d  b a b i e s  a t t e n d i n g  i m m u n i z a t i o n  c l i n i c  in K e n y a t t a  
N a t i o n a l  H o s p i t a l ,  R i r u t a  a n d  W a i t h a k a  h e a l t h  c e n t r e s .  3 
m i l l i l i t r e s  o f  b l o o d  w i l l  be d r a w n  to d e t e r m i n e  t he  p r e s e n c e  o f  
a n a e m i a ,  i r o n  d e f i c i e n c y  a nd  i r o n  d e f i c i e n c y  a n a e m i a .  A t e s t  o f  
t he  c h i l d ’ s d e v e l o p m e n t  wi l l  a l s o  be c a r r i e d  ou t  a n d  a s s e s s m e n t  
o f  d i e t  d o n e  u s i n g  a q u e s t i o n n a i r e .  Al l  p a t i e n t  i n f o r m a t i o n  wi l l  
be t r e a t e d  w i t h  t he  s t r i c t e s t  c o n f i d e n t i a l i t y .  R e s u l t s  o f  t he  
a s s e s s m e n t s  w i l l  be  c o m m u n i c a t e d  to t he  P a r e n t s / G u a r d i a n s .
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The b e n e f i t s  o f  p a r t i c i p a t i n g  i n  t h i s  s t u d y  a r e ;
• E a r l y  d e t e c t i o n  o f  a n a e m i a  i r o n  d e f i c i e n c y  a n d  i r on  

d e f i c i e n c y  a n a e m i a  and  a p p r o p r i a t e  t r e a t m e n t  p r e s c r i b e d .
• E a r l y  d e t e c t i o n  o f  d e v e l o p m e n t a l  d e l a y .
• T h e r e  wi l l  be no c h a r g e  f o r  t he  t e s t s  c a r r i e d  o u t

The r e  i s  a r i s k  o f  p a i n  a n d  b r u i s i n g  w h e n  b l o o d  is b e i n g  d r a w n .  
No  m o r e  t h a n  t h r e e  a t t e m p t s  a t  d r a w i n g  b l o o d  wi l l  be  m a d e .

I a g r ee  to be p a r t  o f  t h i s  s t u d y

N a me ; S i g n a t u r e Da t e

W i t n e s s ; S i g n a t u r e Da t e
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AP P ENDI X 3

A5.2 Calculating the child’s weight-for-length
Determining child 's %  weight-for-length or SD weight-for-length 
Refer to Table 35 on page 365.
• Locate the row containing the child’s length in the central column of Table

35.
• Look to the left in that row for boys, and to the right for girls.
• Note where the child’s weight lies with respect to the weights recorded in 

this row.
• Look up the adjacent column to read the weight-for-length of the child. 

Example 1: Boy: length 61 cm, weight 5.3 kg;
this child is -1SD weight-for-length (90% of the median).

Example 2: Girl: length 67 cm. weight 4.3 kg;
this child is less than -4SD weight-for-length (less than 60% of 
the median).
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Table 35. WHO/NCHS normalized reference weight-for-length (49-84 cm) and 
weight-for-heighl (85-110 cm), by sex

>oys might (kg) Girls' weight (kg)

-4SD -350 -2SD -1SD Median Length Median -1SD -25 D -iso -4SD
W . 70S 10% 90S (cm) 90% 80% 70% 69%

1.8 2.1 2.5 2.8 3.1 49 3.3 2.9 2.6 2.2 1.8
1.8 2.2 2.5 2.9 3.3 50 3.4 3 2.6 2.3 1.9
1.8 2.2 2.6 3.1 3.5 51 3.5 3.1 2.7 2.3 1.9
1.9 2.3 2.8 3.2 3.7 52 3.7 3.3 2.8 2.4 2
1.9 2.4 2.9 3.4 3.9 53 3.9 3.4 3 2.5 2.1
2 2.6 3.1 3.6 4.1 54 4.1 3.6 3.1 2.7 2.2
2.2 2.7 3.3 3.8 4.3 55 4.3 3.8 3.3 2.8 2.3
2.3 2.9 3.5 4 4.6 56 4.5 4 3.5 3 2.4
2.5 3.1 3.7 4.3 4.8 57 4.8 4.2 3.7 3.1 2.6
2.7 3.3 3.9 4.5 5.1 58 5 4.4 3.9 3.3 2.7
2.9 3.5 4.1 4.8 5.4 59 5.3 4.7 4.1 3.5 2.9
3.1 3.7 4.4 5 5.7 60 5.5 4.9 4.3 3.7 3.1
3.3 4 4.6 5.3 5.9 61 5.8 5.2 4.6 3.9 3.3
3.5 4.2 4.9 5.6 6.2 62 6.1 5.4 4.8 4.1 3.5 I
3.8 4.5 5.2 5.8 6.5 63 6.4 5.7 5 4.4 3.7
4 4.7 5.4 6.1 6.8 64 6.7 6 5.3 4.6 3.9
4.3 5 5.7 6.4 7.1 65 7 6.3 5.5 4.8 4.1
4.5 5.3 6 6.7 7.4 66 7.3 6.5 5.8 5.1 4.3
4.8 5.5 6.2 7 7.7 67 7.5 6.8 6 5.3 4.5
5.1 5.8 6.5 7.3 8 68 7.8 7.1 6.3 5.5 4.8
5.3 6 6.8 7.5 8.3 69 8.1 7.3 6.5 5.8 5
5.5 6.3 7 7.8 8.5 70 8.4 7.6 6.8 6 5.2
5.8 6.5 7.3 8.1 8.8 71 8.6 7.8 7 6.2 5.4

6 6.8 7.5 8.3 9.1 72 8.9 8.1 7.2 6.4 5.6
6.2 7 7.8 8.6 9.3 73 9.1 8.3 7.5 6.6 5.8
6.4 7.2 8 8.8 9.6 74 9.4 8.5 7.7 6.8 6
6.6 7.4 8.2 9 9.8 75 9.6 8.7 7.9 7 6.2
6.8 7.6 8.4 9.2 10 76 9.8 8.9 8.1 7.2 6.4

7 7.8 8.6 9.4 10.3 77 10 9.1 8.3 7.4 6.6
7.1 8 8.8 9.7 10.5 78 10.2 9.3 8.5 7.6 6.7
7.3 8.2 9 9.9 10.7 79 10.4 9.5 8.7 7.8 6.9
7.5 8.3 9.2 10.1 10.9 80 10.6 9.7 8.8 8 7.1
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