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Abstract 
 

The present study was undertaken to assess the state of iodine nutrition of the representa-
tive population, consumption pattern of cyanogenic plant food that generally interfere with 
iodine nutrition, and to evaluate whether there is any interrelation between iodine and thio-
cyanate intake and their excretion pattern among school children in goiter endemic sub-
Himalayan tarai region. A total of 560 urine samples from school children, aged 6-12 years 
of both sexes were collected and analyzed for iodine (I) and thiocyanate (SCN) concentra-
tion. Median urinary iodine level was 76.2 µg/l and 32.3% had concentration <50µg/l indi-
cating biochemical iodine deficiency. Mean urinary thiocyanate level was 0.762±0.45 mg/dl 
indicating relatively higher consumption of cyanogenic plant foods by the population. A sig-
nificant positive correlation (r=0.13, P<0.01) between urinary iodine and urinary thiocy-
anate concentration suggests that there is an interrelationship between mean urinary iodine 
and thiocyanate excretion pattern of the population in the study region. Body’s overall thio-
cyanate concentration perhaps plays an important role to maintain the overall iodine con-
centration in the body. Therefore the urinary iodine may not always truly reflect the iodine 
nutrition status of the body. 
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Introduction  
 
The relation of iodine deficiency to endemic goiter is well 
established and the relation between elevated urinary thi-
ocyanate and goiter prevalence has also been evidenced 

[1]. In most of our earlier studies in India, findings of 
high total goiter rate (TGR) in spite of optimal urinary 
iodine excretion have been reported [2]. Available litera-
ture suggests that the development of goiter not only de-
pends on intake of thiocyanate or intake of iodine but crit-
ically related to the balance between dietary supplies of 
iodine and thiocyanate [3]. Therefore a close interrelation 
may exist between iodine and thiocyanate intake and their 
excretion pattern in some geographical region where con-
sumption of foods containing thiocyanate precursors is 
relatively high. Our recent study in six selected areas of  
Siddharthnagar district (a sub-Himalayan tarai district) 
showed moderate goiter prevalence in the area and people 
consume cyanogenic plant foods containing goitrogenic 

/anti-thyroidal substances, which are capable of liberating 
thiocyanate in body after ingestion[4]. Therefore we con-
ducted a cross sectional study covering all the fourteen 
community development(CD) block of Siddharthnagar to 
evaluate the iodine nutritional status, consumption pattern 
of cyanogenic plant food and also to identify whether 
there is any interrelation between iodine and thiocyanate 
intake and their excretion pattern among school children 
in the study region. 
 
Subjects and Methods 
 
The Siddharthnagar district lies between Maharajganj 
district on the east and Gonda on the west, on the south 
district Basti separates it while on the north the boundary 
marches with Nepal. It has 14 Community Development 
Blocks (CD Blocks) of which 10 are rural and 4 are ur-
ban. The total area of the district is about 2895 Sq.km and 
population is about 20 Lakhs. The present study was con-
ducted in 14 representative localities taking one from each 
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of the CD Blocks covering the entire Siddharthnagar dis-
trict by purposive sampling method[5]. The study has 
been conducted from January to August’ 2010.The school 
children in the age group 6-12 yrs from both sexes were 
selected as target population, because of their high vul-
nerability to goiter; easy accessibility and they are repre-
sentative of their age group in the community[6].  This 
age group truly reflects the correct status of iodine nutri-
tion in general population [7].  
 
To get the adequate representative target population, in 
each selected study area, one primary school annexed to a 
nearby junior high school was randomly chosen .A total 
of 560 spot urine samples were collected taking 40 urine 
samples from each study area. Samples were collected 
from children of both sexes irrespective of their thyroid 
status at a definite interval maintaining proportionate rep-
resentation from the entire population of the studied 
schools following WHO/UNICEF/ICCIDD criteria[8]. 
Urine samples were kept in a wide mouth screw capped 
plastic bottles adding a drop of toluene to inhibit bacterial 
growth and minimize bad odor. The samples were 
brought to the laboratory and kept at 4°C till analyzed. 
Iodine in the urine was determined by the arsenite me-
thod[9] following dry ashing in presence of potassium 
carbonate maintaining internal quality control having a 
known concentration range of iodine content with each 
batch of test samples. Thiocyanate content in urine was 
measured from the collected urine samples used for the 
analysis of iodine by the method of Aldridge[10] and 
modified by Michajlovskij and Langer[11]. 

 

Results  
 
The median value for urinary iodine (MUI) concentration 
in the studied region was 76.2µg/l, and 32.3% of the urine 
samples had iodine level below 50 µg/l suggesting bio-
chemical iodine deficiency in the study region. Table1. 
shows that in overall 10.7% of the studied population had 
the iodine excretion level below 20 µg/l showing severe 
iodine deficiency; 21.6% had iodine level in the range of 
20-49 µg/l indicating moderate iodine deficiency; 31.6% 
had the iodine level in the range of 50-99µg/l indicating 
mild iodine deficiency, while 36.1% population had no 
iodine deficiency because their iodine excretion level was 
equal to or more than 100 µg/l as per WHO/UNICEF/-
ICCIDD criteria. 
 
The mean urinary thiocyanate level was 0.762±0.45 
mg/dl, indicates that the entire studied population is fur-
ther exposed to thiocyanate load (Table2). In all the study 
areas, the mean urinary thiocyanate value was more than 
the cut off value of 0.504±0.197 mg/dl for non endemic 
population[12] except in Domriaganj and Bansi. It was 
found that mean of individual I/SCN ratios obtained from 
all study areas were 17.518±21.14 µg/mg which is well 
above the critical level of 7, however, in all 19.4% of the 
studied individuals had I/SCN ratios below or equal to 7 
but more than 3 and 12.1 % had I/SCN ratios below or 
equal to 3. Therefore a total of 31.5% studied individuals 
had the I/SCN ratios below or equal to the critical level of 
7 (Table 2). 
 

 

Table 1.  Urinary iodine excretion pattern of the studied population of sub-Himalayan tarai region  
 

Study areas Number  of Urinary iodine excretion levels(µg/l) Iodine  Nutrition 
(CD Blocks) Urine  sample Median %Urine %Urine %Urine %Urine  

 analyzed  Samples Samples Samples Samples  

   
<20 

 
20-49 

 
50-99 

 
≥100 

  
Mithwal 40 37.5 25 57.5 12.5 5 Moderate deficiency 
Khesraha 40 75.0 7.5 25 35 32.5 Mild deficiency 
Uska 40 85.0 2.5 10 42.5 45 Moderate deficiency 
Jogia 40 121.2 0 7.5 30 62.5 Optimal 
Loton 40 55.0 10 35 35 20 Mild deficiency 
Khuniyaon 40 72.5 25 10 35 30 Mild deficiency 
Itwa 40 43.7 10 45 35 10 Moderate deficiency 
Birdpur 40 142.5 7.5 5 22.5 65 Optimal 
Bhanwapur 40 58.7 32.5 15 22.5 30 Mild deficiency 
Domriaganj 40 85.0 15 12.5 27.5 45 Mild deficiency 
Barhni 40 106.2 2.5 20 25 52.5 Optimal 
Sourathgarh 40 100.0 0 12.5 35 52.5 Optimal 
Naugarh 40 96.2 2.5 10 42.5 45 Mild deficiency 
Bansi 40 52.5 10 37.5 42.5 10 Mild deficiency 
All 560 76.2 10.7 21.6 31.6 36.1 Mild deficiency 
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         Table 2.  Urinary thiocyanate excretion pattern of studied population of sub-Himalayan tarai region 
 

 Study  areas Urinary thiocyanate(USCN) I/SCN ratios I/SCN* 
(CD Blocks) excretion level (mg/dl) (µg/mg) ( µg/mg ) 

 
 

Number of urine 
Sample analyzed 

Mean ± SD Mean ± SD <3 3-7 
 

 Mithwal 40 0.878±0.308 5.384±7.051 16(40) 14(35) 
 Khesraha 40 0.622±0.376 27.170±35.107 2(5) 7(17.5) 
 Uska 40 0.615±0.290 24.761±22.620 1(2.5) 4(10) 
 Loton 40 0.634±0.393 13.394±13.674 2(5) 14(35) 
 Khuniyaon 40 0.828±0.443 12.800±12.396 11(27.5) 5(12.5) 
 Itwa 40 0.570±0.156 10.652±8.761 3(7.5) 13(32.5) 

 Birdpur 40 1.187±0.566 21.394±35.303 0 4(10) 

 Bhanwapur 40 0.872±0.540 9.725±10.183 14(35) 8(20) 

 Domriaganj 40 0.393±0.218 34.623±31.247 6(15) 0 

 Barhni 40 1.149±0.550 11.987±8.706 4(10) 9(22.5) 

 Sourathgarh 40 0.825±0.384 18.847±18.736 1(2.5) 8(20) 

 Naugarh 40 0.578±0.293 27.124±21.646 4(10) 9(22.5) 

 Bansi 40 0.474±0.171 14.931±11.549 2(5) 10(25) 

   560 0.762±0.456 17.518±21.144 68(12.1) 109(19.4) 
         *Number of individual having I/SCN ratio below or equal to 3 and 7; figures inparentheses indicate percentage. 
 
A significant positive correlation (r=0.13, P<0.01) found 
between urinary iodine and urinary thiocyanate concentra-
tion of the studied population. The interrelationship be-
tween mean urinary iodine and thiocyanate excretion pat-
tern of the population in different study areas are shown 

in FigI. Both the lines are running almost parallel to each 
other i.e. in an area where thiocyanate excretion of the 
population is high, iodine excretion is proportionally high. 
Therefore, body’s thiocyanate level may be considered as 
one of the regulator to maintain iodine level in the body. 
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Figure I:  Area wise interrelation between urinary iodine(UI) and urinary thiocyanate(USCN) excretion 
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Discussion 
 
The cause of endemic goiter has not been completely de-
termined, and is complicated by the existence of the fac-
tors varying from region to region. Although the relation 
of iodine deficiency to endemic goiter is well established, 
other factors may be involved. Urinary iodine excretion is 
the most important biochemical marker for the assessment 
of IDD as 90% of body’s iodine is excreted through 
urine[9]. Urinary excretion pattern of iodine indicates cur-
rent iodine nutritional status i.e. very recent dietary iodine 
intake of the population and, therefore, is the index of 
choice for evaluating the degree of iodine deficiency and 
of its correction. WHO/UNICEF/ICCIDD have also rec-
ommended that no iodine deficiency be indicated in a 
population when median urinary iodine (MUI) level is 
100µg/l or more i.e. more than 50% of the urine samples 
should have urinary iodine excretion (UIE) level ≥100µg/l 
and not more than 20% of the samples have UIE level less 
than 50 µg/l [6]. But this well known  recommendation 
for the assessment of  IDD is not always applicable since 
the urinary iodine does not always truly reflect the iodine 
intake/ current iodine nutritional status in an environment 
where consumption of foods containing thiocyanate pre-
cursors is relatively high. In the present study the median 
urinary iodine concentration in the studied region was 
76.2µg/l, which is much lower than the recommended 
level of 100µg/l and in 32.3% (i.e. more than 20%) of the 
samples has UIE level less than 50 µg/l, indicating bio-
chemical iodine deficiency of the population in the study 
region.  
 
In India, a large numbers of cyanogenic plants (SCN pre-
cursors) are used as common vegetable and IDD thus per-
sists in many such regions in spite of recommended io-
dine intake[13]. It  was  demonstrated  that  ingestion  of  
the  Brassica  vegetables  by humans  causes  a  rise  of 
thiocyanate  ion  in  the  blood  followed  by  its appear-
ance  in  the  urine.  The  thiocyanate level  was  found  to  
drop  as  soon  as  the eating  of  Brassica  plants  was  
discontinued[14]. Therefore, thiocyanate (SCN–) in urine 
reflects the consumption pattern of cyanogenic foods con-
taining goitrogen/anti-thyroid substances such as cyano-
genic glucosides and glucosinolates which are the precur-
sors of thiocyanate. It has been mentioned that mean±SD 
urinary thiocyanate value obtained from non-endemic 
population was 0.504±0.197 mg/dl[12].In the present 
study, the mean urinary thiocyanate value was 0.762±0.45 
mg/dl and in all studied areas except in Domriaganj and 
Bansi, the mean urinary thiocyanate values were much 
higher than the values found in non-endemic area indicat-

ing that the studied population consumed foods contain-
ing cyanogenic glucosides and glucosinolates. 
 
Urinary iodine-thiocyanate ratio (I/SCN) has been rec-
ommended as an indicator of the combined effect on the 
thyroid of low iodine intake and high thiocyanate expo-
sure. The mean ratio is higher than 7 under normal condi-
tion and endemic goiter has been found to occur in cas-
sava-eating population in Zaire when the mean ratio is 
less than critical threshold of 3, and cretinism when it is 
below 2 [15].The mean of individual I/SCN ratios ob-
tained from all study areas were well above the critical 
level of 7. However, a total of 31.5% of the studied popu-
lation of the sub-Himalayan tarai region had I/SCN ratio 
below or equal to 7 indicating their susceptibility for the 
development of goiter.  
 
In the present study , a significant positive correlation (P< 
0.01) found in between urinary iodine and urinary thiocy-
anate concentrations which suggests that there is a rela-
tionship between urinary iodine and thiocyanate concen-
tration; or in other words when the consumption of thio-
cyanate is increased as evidenced by increased urinary 
thiocyanate level, the excretion of iodine is also increased 
almost proportionally. Thiocyanate and  thiocyanate like 
compounds  interfere with iodine metabolism by competi-
tive inhibition of the I– transport into the thyrocyte, stimu-
lating iodide efflux and replacing iodide by thiocyanate in 
thyroid gland[16].Thiocyanate or thiocyanate like com-
pound also inhibit the iodine concentrating mechanism by 
inhibiting unidirectional clearance of iodide from the thy-
roid gland[17] or in other words iodine retaining capacity 
of thyroid/body appears to be dependent on consumption  
pattern of cyanogenic plant food[18]. Therefore most of 
the iodine is removed from the thyroid gland and ulti-
mately from the body due to thiocyanate overload leaving 
less iodine for synthesis of thyroid hormone. In this way 
thiocyanate interferes with thyroid morphology and the-
reby iodine nutrition resulting in IDD in certain environ-
mental conditions. 
 
Conclusion 
 
Therefore body’s overall thiocyanate concentration per-
haps plays an important role to maintain the overall iodine 
concentration in the body; if the consumption of cyano-
genic food is more, the production of thiocyanate be-
comes high that removes most of the unutilized iodine 
from the body resulting the excretion of more iodine in 
comparison to that of the population whose consumption 
of cyanogenic food is relatively low. Therefore the uri-
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nary iodine may not always truly reflect the iodine nutri-
tion status of the body. 
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