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Abstract  :  Chron ic  rena l  f a i lu re  (CRF)  pa t i en t s  on  p ro longed  d ia lys i s
have been found to have significant alteration in their thyroid status,  but
l i t t l e  i s  known abou t  the  same  in  und ia lyzed  CRF pa t i en t s .  Ox ida t ive
s t res s  has  been  impl ica ted  as  the  key  p laye r  in  a l t e r ing  the  l eve l s  o f
thyroid  hormone in  euthyroid  s ick  syndrome.  This  s tudy was  performed
to evaluate the levels of oxidative stress and thyroid status in undialyzed
CRF patients.  A case control study was performed on 20 undialyzed CRF
patients and 20 control  subjects.  There was a significant  decrease in the
levels  of  T3,  T4,  to ta l  protein  and albumin levels  in  CRF pat ients  when
compared  to  con t ro l .  There  was  a  s ign i f i can t  inc rease  in  the  l eve l  o f
malond ia ldehyde  and  to ta l  an t iox idan t  s t a tus  in  CRF pa t i en t s  when
compared  wi th  con t ro l  sub jec t s .  The  p resen t  s tudy  conf i rms  ox ida t ive
s t ress  a long  wi th  a l te red  thyro id  s ta tus  in  CRF pa t ien ts .
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INTRODUCTION

Chronic renal failure (CRF) is a state of
i r revers ib le  dece lera t ion  in  rena l  funct ion .
When only less than 10% of renal function
remains ,  i t  i s  t e rmed  as  end  s tage  rena l
failure. This permanent loss of renal function
culmina tes  in  s igns  and  symptoms te rmed
uremia. Unlike acute renal failure, from which
recovery is  frequent ,  CRF is  not  reversible
and  may lead  to  a  v ic ious  cyc le  wi th
progressive loss of remaining nephrons (1).

A high percentage of chronic renal failure
pa t ien t s  who a re  on  hemodia lys i s  the rapy
develop goi ter  and thyroid  dysfunct ion  (2 ,
3 ) .  However ,  the  l i t e ra tu re  descr ib ing  i n
vi tro thyroid function tests  in non-dialyzed
chronic  rena l  fa i lu re  pa t ien ts  i s  somewhat
cont rovers ia l .  There  i s  agreement  tha t
plasma thyroid binding globulin concentrations
are usual ly normal  (4,  5) ,  but  both normal
(6)  and  low normal  se rum to ta l  T 4 l eve l s
have  been  repor ted  (7 ) .  Serum f ree  T 4

concentrations have been reported as normal
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(8) as well as low (9). Normal serum T3 levels
have  been  repor ted  (10) ,  bu t  o thers  have
found T3 concentrations to be subnormal in
varying proportions of patients studied (11,
12).

Knowledge  of  a l t e ra t ions  o f  thyro id
hormone metabolism in euthyroid end stage
renal disease (ESRD) patients is required to
accura te ly  d iagnose  and  t rea t  concur ren t
hypothyro id i sm and  hyper thyro id i sm.
Fur thermore ,  thyro id  d i seases  inc lud ing
goiter,  hypothyroidism, thyroid nodules, and
thyro id  cancer  may occur  more  f requent ly
in ESRD patients than in general population
and may be under diagnosed due to limited
clinical awareness (13) .  Oxidative stress has
been implicated as the key player in altering
the levels  of  thyroid hormone in euthyroid
sick syndrome (14–18).

We a long  wi th  o thers  have  prev ious ly
repor ted  an  increased  ox ida t ive  s t ress  in
non-dia lyzed chronic  renal  fa i lure  pa t ien ts
(9–23). Oxidative stress has been implicated
in many pathological processes of euthyroid
sick syndrome (4–18).  Oxidative damage to
unsatura ted l ip ids  ( l ip id  peroxidat ion)  i s  a
wel l  es tab l i shed  genera l  mechanism for
ox idan t  media ted  ce l lu la r  in ju ry  (24 ,  25) .
Additionally, free radicals have been shown
to  a l te r  the  ac t iv i ty  o f  some membrane
bound  t i s sue  enzymes  (26) .  Data  f rom in
v i t ro  s tudy  ind ica tes  tha t  f ree  rad ica l s
contribute to reduced 5'-monodeiodination of
iodothyronines  in  euthyroid  s ick  syndrome
(15,  16).  For the above mentioned reasons,
we conducted a study of thyroid function in
patients on chronic renal failure who where
not  on dialysis  therapy.

The aim of the present study was (i) to

s tudy the  changes  in  thyroid  hormone and
oxidative stress status in undialyzed chronic
rena l  fa i lu re  (CRF)  pa t ien t s ,  and  ( i i )  to
eva lua te  i f  changes  in  thyro id  hormone
profi le  have any associat ion with oxidat ive
s t r e s s .

MATERIAL AND METHODS

Twenty  Chronic  rena l  fa i lu re  (CRF)
patients  (12 men and 8 women) with mean
age  of  43 ± 6 years  were  se lec ted  for  th i s
s tudy .  Twenty  age  matched  hea l thy
volun teers  (10  men and  10  women)  were
taken as control. The blood sample collected
from these subjects was ceritrifuged and the
serum was used for  the est imation of  total
an t iox idan t  assay ,  malondia ldehyde ,  u rea ,
creatinine, protein, albumin, T3, T4 and TSH.

Malondia ldehyde  was  measured
us ing  the  es tab l i shed  th iobarb i tu r ic  ac id
(TBARS) method (27).  This assay is  based
on  the  fo rmat ion  of  red  adduc t  in  ac id ic
medium be tween  th iobarb i tu r ic  ac id  and
malondialdehyde, a colorless product of lipid
peroxidation, measured at 532 nm. The MDA
values were calculated using the extinct ion
coef f ic ien t  o f  MDA-th iobarb i tu r ic  ac id
complex (1.56 × 105 l × mol–1 × cm–1) at 532
nm and expressed as  nmol/ml .

The  to ta l  an t iox idan t  ac t iv i ty  was
measured by the ferr ic  reducing/antioxidant
power (FRAP) assay (28). The working FRAP
reagent consisted of 300 mmol/1 of acetate
buffer (pH 3.6), 10 mmol/1 2,4,6,-tri-pyridyl-
s-triazine (TPTZ) in 40 mmol/1 HC1 and 20
mmol /1  FeCl 3.6H 2O in  he  ra t io  o f  10 :1 :1 .
Seven hundred f i f ty  microl i ters  of  working
FRAP reagent  was  mixed  wi th  25  µ l  o f
se rum or  s tandard  in  a  t es t  tube .  Af te r
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exactly 10 minutes at room temperature, the
absorbance  a t  593  nm was  read  aga ins t
reagent blank. The change in absorbance was
directly related to the “total reducing power”
of the electron-donating antioxidants present
in  the  reac t ion  mixture .

The  thyro id  s ta tus  o f  a l l  sub jec t s  was
es t imated  by  rad io immunoassay  (BARC,
Mumbai ,  Ind ia ) .  Serum concent ra t ions  o f
urea ,  c rea t in ine ,  to ta l  pro te in  and a lbumin
were  es t imated  by  us ing  commerc ia l  k i t s
adap ted  to  550  Express  p lus  au toana lyser
(Ciba  Corn ing  Diagnos t ics ,  Ober l in ,  Ohio ,
C a n a d a ) .

Stat i s t i ca l  ana lys i s

All  var iab les  a re  shown as  the
mean ± SD.  The  da ta  be tween  cont ro l  and
tes t  g roups  was  compared  us ing  unpa i red
student’s t  test .  Correlation was determined
by  Pearson’s  cor re la t ion  coef f ic ien t .  The
level of significance used was P value less
than  0 .05 .

R E S U L T S

The  da ta  fo r  the  chron ic  rena l  fa i lu re
(CRF)  pa t ien t s  and  hea l thy  sub jec t s  a re
shown in Table I .  There was no significant
d i f fe rence  be tween  the  two groups  wi th
respect to age and serum TSH levels. Serum
creatinine and urea levels were significantly
increased  in  CRF pa t ien t s  compared  to
control subjects.  Serum T3, T4,  total protein
and  a lbumin  leve l s  o f  CRF pa t ien t s  were
signif icantly decreased compared to control
sub jec t s .  There  was  a  s ign i f ican t  inc rease
in  the  l eve l  o f  malondia ldehyde  and
to ta l  an t iox idan t  s ta tus  as  measured  by

FRAP assay.  No significant correlation was
observed  be tween  e i ther  to ta l  an t iox idan t
s ta tus  o r  l ip id  perox ides  wi th  the  thyro id
profi le  in  CRF pat ients .

D I S C U S S I O N

Abnormal i t i es  o f  thyro id  func t ion  in
nonthyro ida l  s ick  syndrome have  been
c lass i f i ed  as  1 )  low T 3 syndrome,  2 )  low
T3 – low T4 syndrome, 3) high T4 syndrome,
and 4)  other  abnormali t ies  (29) .

Serum T3 concentration was less than the
normal range in 12 of the 20 patients with
chronic renal failure (60%). The mean serum
T 3 concent ra t ion  of  70 .4 ± 27 .06  ng /d l  in
pa t ien t s  wi th  chron ic  rena l  fa i lu re  g roup
was  s ign i f ican t ly  (P<0 .001)  lower  than
that  in control  subjects (123 ± 25.36 ng/dl) .
These  resu l t s  conf i rm ear l i e r  observa t ions
of  severa l  au thors  (3 ,  30)  tha t  in  about
one  th i rd  to  one  ha l f  o f  cases  o f  chron ic
renal failure serum T3 are below the normal
r a n g e .

T A B L E I : Mean  and  s t andard  dev ia t ion  o f  se rum
biochemical  parameters  in controls  (n = 20)
and chronic  rena l  fa i lure  (n = 20) .

Controls C R F

Age (in years) 45.50± 6.39 43.70± 6.04
Urea (mg/dl) 31.60± 5.40 94.80± 62.91*
Creatinine (mg/dl) 0.67± 0.10 3.58± 2.61*
T3 (µg/dl) 123.00± 25.36 70.40± 27.06*
T4 (µg/dl) 7.99± 1.02 5.08± 1.20*
TSH (µIU/ml) 4.23± 2.35 3.65± 3.77
Total Protein (g/dl) 6.15± 0.43 5.40± 0.96*
Albumin (g/dl) 4.02± 0.28 3.11± 0.57*
MDA (nmol/ml) 1.59± 0.28 3.02± 0.53*
Antioxidant power 979.8± 128.92 1598.3± 315.57*
(FRAP) (µmol/l)

*P<0.05.
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In  nonthyro ida l  i l lness ,  r educed  T 3

leve l s  a re  due  to  decreased  per iphera l
conversion of T4 to T3,  while thyroid gland
production of T3 is normal and T3 clearance
ra tes  are  normal  or  decreased,  as  in  o ther
nonthyroidal illness (30). T4 is a prohormone
requiring 5'-monodeiodination to produce the
most  ac t ive  thyro id  hormone  T 3.  Selen ium
func t ions  as  a  cofac tor  o f  2  func t iona l ly
d is t inc t  enzymes :  g lu ta th ione  perox idase
and  5 ' -de iod inase  (31) .  Reduced  leve l s  o f
selenium have been reported in patients with
chronic renal failure (32).  5’deiodination of
T4 occurs in practically all tissues of the body
and the reaction is  catalyzed by the family
of  enzymes  known as  the  iodothyronine
de iodinases .  The  l iver ,  k idney  and  musc le
supply  more  than  80% of  p lasma T 3 (33) .
Impai red  convers ion  of  T 4 to  T 3 may be
related to malnutr i t ion and humoral  factors
inc lud ing  cy tok ines  tha t  a re  genera l ly
associated with CRF (34). The works of Hung
e t  a l  (15)  and  Brzez inska-S lebodz inska  &
Pietras  (14)  showed that  f ree  radicals  may
influence 5 ' -monodeiodenase,  and indirect ly
reduce plasma T3 level .

The ini t ia t ion of  l ip id  peroxidat ion has
often been considered the proximal cause of
ce l l  damage  due  to  f ree  rad ica l s  (24)
Increased amounts of malondialdehyde have
been found in patients with renal failure (22,
23) .  Our  resul ts  a lso indicate  an increased
l ip id  perox ida t ion  in  chronic  rena l  fa i lu re
patients. In our study, we found an increase
in  FRAP va lues  as  measured  as  to ta l
ant ioxidant  capaci ty .  Previous s tudies  have
also reported an increased total  antioxidant
capaci ty  in  chronic  rena l  fa i lure  and  have
a t t r ibu ted  th i s  inc rease  to  the  increase  in
ur ic  ac id  leve l  (35) .  We d id  not  f ind  any

s ign i f ican t  cor re la t ion  be tween  thyro id
profile and either total  antioxidant capacity
or malondialdehyde. This lack of correlation
be tween  ox ida t ive  s t ress  parameters  and
T 3 l eve l s  ind ica te  tha t  the  a l t e ra t ion  in
T 3 l eve l s  in  CRF i s  mul t i fac tor ia l  and
other  fac tors  l ike  malnut r i t ion  and  p lasma
protein levels may also have a predominant
ro le .

Serum T 4 concentra t ion was  diminished
below the normal range in 15 patients (75%)
wi th  chron ic  rena l  fa i lu re  in  the  p resen t
s tudy .  The  mean  d i f fe red  s ign i f ican t ly
(P<0.001)  fo r  chron ic  rena l  fa i lu re
(5.08 ± 1.20 µg/dl)  and for  control  subjects
(7.99 ± 1.02 µg/dl) .  Low total  T4 values  in
chron ic  rena l  fa i lu re  pa t ien t s  may  be
primari ly related to impaired T4 binding to
serum carrier proteins.  It  has been reported
that many inhibitors of T4 binding to serum
carrier proteins are present in CRF patients
and thus contributing to the decreased levels
of  T4 in  CRF (15) .  The decreased tota l  T 3

levels can also be attributed to the increase
in excretion of bound and free T4 in urine of
chron ic  rena l  fa i lu re  as  repor ted  in  o ther
previous study (36).

Serum mean  TSH concent ra t ions  were
wi th in  the  normal  range  in  chron ic  rena l
failure and did not differ from that found in
the controls. Reduced serum TSH levels have
not  been  repor ted  to  da te  in  eu thyro id
chronic  renal  fa i lure  pat ients .

In  conc lus ion  T 3 and  T 4 l eve l s  were
significantly reduced in CRF patients  when
compared with healthy controls.  TSH levels
were s imilar  in  both the groups.
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