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Abstract
Purpose: The term iodine de� ciency disorders (IDD) re� ects the spectrum of health effects
owing to iodine de� ciency in all age groups. Although environmental iodine de� ciency
leading to dietary iodine inadequacy is one major factor responsible for IDD, goitre is
endemic in Terai, North India, despite iodized salt consumption by the majority of the
population. The study was designed to discover the adequacy of iodine in the cooked daily
diet of adults, and relate it to the prevalence of IDD in the region as the information on
the iodine content of cooked mixed diets is limited.
Materials and Methods: Eighty low-income group adults (40 males and 40 females) of
Pantnagar, situated in Terai, North India, were randomly selected for the study. Morning
urine samples, salt and the diet samples for iodine estimation were collected from selected
subjects. The entire population was divided into normal and those having IDD based on
their urinary iodine excretion (UIE). Percentage loss of iodine in cooking was calculated
by comparing the iodine content of cooked and uncooked food.
Results: An overall IDD prevalence of 44% was found, comprising 35% of males and 53%
of females. In the studied population, 76% of the subjects consumed salt with 15 mg/kg or
more of iodine. The average iodine content in the uncooked and cooked diet samples was
358 and 104 l g respectively indicating a loss of about 70% iodine while cooking. The
cooked diets of only 32.5% of the subjects contained adequate iodine for normal function-
ing of the body.
Conclusion: Subnormal iodine content in the cooked daily diet of adults is the main cause
of IDD, despite iodized salt consumption in the region because iodine loss while cooking
is appreciable. The results of the present study, therefore, stress the need to minimize loss
of iodine in cooking by adding salt on cooked food rather than adding salt while cooking.
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INTRODUCTION

Iodine de� ciency is the world’s single most signi� cant cause of preventable brain damage
and mental retardation [1] affecting 118 countries world-wide. Clinical and subclinical
manifestations of iodine de� ciency, collectively denoted by the term iodine de� ciency
disorders (IDD) [2], affect all stages of human life and encompass a variety of conditions
including goitre, cretinism, dwar� sm, mental retardation, muscular disorders, spontaneous
abortions and stillbirths. India is one of the major endemic areas of IDD where 167 million
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FIG. 1. Urinary iodine excretion of adults (j males; 7 females; h total).

people are at risk, 54 million people have goitre, 6.6 million have mild neurological defects
and 2.2 million are cretins [3]. The Terai region of North India falls within an area of
endemic goitre in India with an overall goitre prevalence ranging from 34 to 50% [4].
Environmental iodine de� ciency leading to dietary inadequacy is one of the main factors
responsible for IDD, but studies conducted in the Terai area indicate goitre endemicity in
children of the region despite the adequate availability and consumption of iodized salt [5].
A study conducted at the National Institute of Nutrition indicated appreciable losses of
iodine during the cooking of various food items [6]. Therefore, in an attempt to � nd out the
factors leading to IDD despite adequate iodized salt intake, the present study was conducted
to discover the adequacy of iodine in the cooked daily diet of adults and relate it to the
prevalence of IDD in the region.

MATERIALS AND METHODS

The study population comprised 80 randomly selected low-income group adults (40 males
and 40 females) of Pantnagar, in the district of Udham Singh Nagar, situated in the Terai
region of North India.

Sample Collection

About 20 g salt samples and 10% of the weighed diet samples consumed by the subjects
at all their meals in a day were collected in self-sealing polythene packets at the survey site.
Morning urine samples in glass vials treated with chromic acid and cleaned with deionized
water were collected from the subjects on the day following the collection of the diet
samples.

Urinary Iodine Estimation

The collected urine samples were stored in a refrigerator at 4°C until analyzed for iodine
content using the standard laboratory method [7]. On the basis of urinary iodine excretion,
subjects were classi� ed into four groups with urinary iodine excretion less than 2, 2 to 4.9,
5 to 9.9 and 10 l g dl 2 1 indicating severe, moderate, mild and no de� ciency, respectively.
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Salt Iodine Estimation

The iodine content of the salt samples was estimated using the iodometric titration method
[8].

Dietary Iodine Estimation

The collected diet samples were brought to the laboratory and were dried at 60°C in an oven
for approximately 7–8 hours. The samples were powdered � nely and stored for estimation
of iodine content using the standard technique [9]. The iodine value was calculated as the
total iodine content of the cooked food consumed in a day.

Calculation of the Percentage Iodine Loss in Cooking

(1) The estimated iodine content in salt samples was multiplied by 10 to calculate the total
intake of iodine through salt as the average salt intake is 10 g per person daily [10].

(2) A pilot study was conducted on 10% of the subjects in which both twenty-four hour
recall survey and the food weighing method were used to check the reliability of the
twenty-four hour recall survey. The values obtained by both these methods were found
to be well correlated. Therefore, the twenty-four hour recall method was used for the
rest of the subjects and iodine intake in the food items consumed by the subjects was
calculated using the iodine values of commonly consumed food items [11].

(3) The sum of (1) and (2) represented the iodine content of raw food in the daily diet of
the adults.

(4) The iodine content in the cooked diet samples was obtained by estimating the iodine
in the diet samples collected from the subjects.

(5) Percentage iodine loss while cooking was calculated by using the formula:
Iodine in uncooked food 2 Iodine estimated in cooked food/Iodine in uncooked
food 3 100

RESULTS

Urinary Iodine Excretion

The iodine status of the population was found by measuring the urinary iodine excretion of
the subjects. IDD prevalence was calculated as 44%, comprising 35% of males and 53% of
females. Severe, moderate and mild iodine de� cient status was found in 6, 9 and 29% of
the total population. The average urinary iodine excretion (UIE) in the severe, moderate and
mild iodine de� cient groups and in the normal population was 0.76, 3.97, 8.09 and
12.88 l g/dl, respectively. Median UIE values were 10.48, 9.76 and 10.26 l g/dl for males,
females and the total population, respectively. Mean UIE for the total population of adults
was 9.94 l g/dl.

Salt Iodine Content

It was observed that none of the subjects in the selected population consumed salt devoid
of iodine and 76% of the subjects in the total population consumed salt with 15 mg/kg or
more iodine (Table 1).

Average Iodine Intake Through Diet in Uncooked Food

The average iodine intake through salt and through uncooked food was 338 and 358 l g
respectively (Table 2) indicating that IDD was endemic in the region despite the adequate
availability and consumption of iodized salt. Salt provided roughly 95% of the total iodine
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TABLE 1. Iodine content of salt samples (mg/kg of salt)

De� cient (35) Normal (45) Total (80)
mg iodine/kg
of salt N % N % N %

0 – – – – – –

1–15 7 20.0 12 26.7 19 23.8
> 15 28 80.0 23 73.3 61 76.2

TABLE 2. Dietary iodine intake ( l g) and percentage loss while cooking

Iodine intake through

Uncooked diet Cooked diet Percentage loss
Classi� cation of IDD Salt with salt with salt while cooking

Severe (5) 296 6 129 319 6 128 86 6 25 73.2
Moderate (7) 304 6 208 329 6 209 101 6 38 69.3
Mild (23) 344 6 170 365 6 173 99 6 41 72.8
Iodine de� cient (35) 329 6 169 351 6 171 98 6 37 72.2
Normal (45) 334 6 187 363 6 188 109 6 41 69.9
Total population (80) 338 6 177 358 6 180 104 6 40 70.9

consumed by the subjects. There was a signi� cant positive correlation (r 5 0.235 p , 0.05)
between UIE and total dietary iodine intake in uncooked food.

Average Iodine Intake Through Cooked Food and Percentage Loss After Cooking

Average iodine in the cooked diet sample was 104 l g, indicating a loss of about 70% iodine
through cooking (Table 2). The diet of 67.5% of the subjects from the total population was
de� cient in iodine (Table 3) and no signi� cant difference was found in the iodine intake of
normal and de� cient subjects. This indicates the non-availability of iodine from uncooked
food or the role of other factors such as malnutrition, poor sanitation, low socio-economic
status and food goitrogens in the aetiology of IDD. Median iodine intake per day was 89.19,
93.74 and 91.5 l g for the iodine de� cient, normal and total population, respectively. A
positive but non-signi� cant correlation (r 5 0.118) was found between UIE and the iodine
content of cooked food. The iodine content in cooked food was less than 150 l g in 89%
of the subjects.

TABLE 3. Distribution of iodine intake through cooked diet among iodine de� cient
and normal subjects

De� cient (35) Normal (45) Total (80)
Iodine
intake (l g) N % N % N %

> 150 2 5.7 7 15.6 9 11.3
120–150 9 25.7 8 17.8 17 21.3
90–120 6 17.2 11 24.4 17 21.3
60–90 16 45.7 16 35.5 32 40.0
, 60 2 5.7 3 6.7 5 6.2
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DISCUSSION

The urinary iodine level re� ects an individual’s iodine consumption as 90% of the body’s
iodine is excreted through urine, and thus the excretion of iodine is used as a biochemical
marker of iodine intake [7]. Urinary iodine estimation revealed a 44% iodine de� ciency
status in adults. Median UIE values of 10.48, 9.76 and 10.26 l g/dl for males, females and
the total population respectively indicate mild endemicity of IDD in females and in both
males and females of the region following the criteria given by ICCIDD/WHO/UNICEF
(1994) [12] and the modi� cation proposed by Karmarkar and Pandav (1999) [13].

The results show that 76% of the subjects consumed salt with an adequate iodine content.
The average daily iodine intake through salt and uncooked food in both the de� cient and
the normal group was greater than the minimum iodine requirement of 120–150 l g, and
suf� cient to meet the growth and functional needs of the body. The results reveal
endemicity of IDD, implying the non-availability of iodine from salt for body metabolism.
Average iodine in the cooked diet samples was found to be 104 l g, indicating a loss of
about 70% through cooking. This revealed that, although the uncooked diet of the subjects
contained more than the recommended levels of iodine, the amount which the subjects
received after cooking was not suf� cient to meet the body’s physiological requirements.
High losses of iodine while cooking can be attributed to the volatile nature of the
compound. Thus, to prevent losses while cooking it is advisable to sprinkle salt on food
after cooking rather than adding salt while cooking as has been done traditionally. Further,
storage of salt in hot and humid conditions near the cooking area may also lead to iodine
loss.

The diets of only 32.5% of the subjects contained suf� cient iodine to meet the body’s
functional needs. The majority of the population (67.5%) consumed sub-normal amounts of
iodine in their daily diet and this could be one of the major reasons for the high prevalence
of IDD in the region. However, a general iodine de� ciency in the cooked diets of both
iodine de� cient and normal subjects indicates the possible role of other goitrogenic factors,
such as food goitrogens [14], poor sanitation [15], lower socio-economic status and general
malnutrition [16] in the aetiology of IDD. A positive but non-signi� cant correlation
between UIE and the iodine content in the cooked diet samples was due to the uneven loss
of iodine from the diets of the subjects as no standardized cooking practices were followed
by the people of the community and the diets of only 11% of the subjects in the total
population contained more than 150 l g of iodine.

CONCLUSION

The results of the present study suggest that iodine values calculated from raw foods give
a wrong impression with regard to iodine intake as losses while cooking are appreciable.
Therefore, mere consumption of iodized salt does not indicate iodine adequacy in the daily
diet of adults. It can be concluded from the results that subnormal iodine intake, along with
other goitrogenic factors, was responsible for the persistence of IDD despite the adequate
availability and consumption of iodized salt in the region. The � ndings therefore stress the
need to minimize cooking losses of iodine by adding salt to food items after cooking and
storing salt in sealed airtight containers away from � re. The � ndings indicate a need to
study further the chemical ways in which iodine losses can occur from salt or food items
during cooking.
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