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goiter rate between children with low iron indices and oth-
ers. There was no significant correlation between serum 
iron, ferritin or transferrin saturation with other variables in-
cluding T4, UIC and goiter stage.  Conclusion:  The present 
study reveals that in the area studied, iron deficiency cannot 
explain the high prevalence of goiter, so other responsible 
factors should be investigated. 

 Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 It is estimated that 750 million people worldwide are 
at risk of iodine deficiency disorders (IDDs) based on goi-
ter prevalence  [1] . 

 Iodine deficiency produces a spectrum of disorders, 
endemic goiter, hypothyroidism, cretinism, and congen-
ital anomalies that are termed IDDs  [2] . 

 Iodine deficiency in childhood also impairs neuromo-
tor and intellectual development, with an average reduc-
tion in the intelligence quotient of 10 points  [3] . 

 On the other hand, in iodine-deficient areas, multiple 
nutritional factors, including goitrogenic foods, protein-
energy malnutrition, and selenium deficiency may influ-
ence the prevalence and severity of IDD and modify the 
response to iodine supplementation  [4–7] . 
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 Abstract 
  Background:  Iodine deficiency produces the spectrum of 
iodine deficiency disorders (IDDs): endemic goiter, hypothy-
roidism, cretinism, and congenital anomalies. Other factors, 
including goitrogens and micronutrient deficiencies, may 
influence the prevalence and severity of IDDs and response 
to iodine supplementation. This cross-sectional, descriptive 
study was performed in 2003 on elementary school children 
of Semirom, a mountainous region of Iran, where goiter was 
hyper-endemic in 1994, but the goiter prevalence had not 
decreased as expected many years after salt iodization and 
iodine injection. Some possible risk factors associated with 
goiter in that area were evaluated, and the results of iron 
study are presented here.  Methods:  1,869 cases were select-
ed by a multistage cluster sampling procedure. Grade 2 goi-
trous children were compared with equal number of non-
goitrous children for serum iron, ferritin, transferrin, thyrox-
in, TSH and urine iodine concentrations (UIC).  Results:  210 
children (105 goiter grade 0 and 105 goiter grade 2) entered 
this sub-study. Of 210 participants, 70 children had low trans-
ferrin saturation, 13 had low serum ferritin and 9 children 
had both problems. There was no significant difference in 
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 One of micronutrients that can potentially influence 
IDDs is iron  [8–12] , and deficiencies of iron and iodine 
are both major public health problems  [13] . 

 In many developing countries, children are at high 
risk of both goiter and iron deficiency anemia. Iron defi-
ciency adversely affects thyroid physiology. Animal and 
human studies suggest that iron deficiency impairs thy-
roid hormone metabolism and may reduce the efficacy of 
iodine supplementation in areas of endemic goiter  [14] . 
Iron deficiency anemia decreases plasma thyroxin (T4) 
and triiodothyronine (T3) concentrations, reduces pe-
ripheral conversion of T4 to T3, and may increase concen-
trations of thyrotropin  [14–17] . 

 The two initial steps of thyroid hormone synthesis are 
catalyzed by thyroperoxidases that are dependent on iron 
 [18] . In addition, iron deficiency may alter the central 
nervous system control of thyroid physiology and modi-
fy nuclear triiodothyronine binding  [15, 19] . 

 The therapeutic response to orally given iodized oil is 
lower in goitrous children with iron deficiency anemia 
than in iron-sufficient children  [12] , suggesting that the 
presence of iron deficiency anemia in children limits the 
effectiveness of iodine intervention programs  [12] . On 
the other hand, iron treatment of goitrous children with 
iron deficiency anemia improved their response to orally 
given iodized oil  [14, 20] . 

 Subjects and Methods 

 This study was performed in 2003, in Semirom, a mountain-
ous region in the central area of Iran, where goiter was hyper-en-
demic with a prevalence of about 80.5% estimated in 1994. 

 In Iran, all salt preparations have been iodized since 1988. Pro-
duction of uniodized house salt has been forbidden by legislation 
since 1994, and thereafter frequent regular evaluations of salt (at 
factory, store and house levels) and urine iodine concentrations 
by provincial organizations and local health officials have con-
firmed adequate iodine intake  [21] . In 1993, all citizens of Semi-
rom were given a single-dose injection of 480 mg of iodized oil 
intramuscularly. 

 Because the prevalence of goiter was not decreased as expected 
many years after iodine injection and salt iodization described 
above, an important question emerged: Which factors other than 
iodine deficiency are responsible for persistence of goiter in that 
area? We performed this study to evaluate these probable factors. 
Multiple risk factors were evaluated, and the results of iron indi-
ces are presented here. 

 This was a cross-sectional, descriptive study performed on 
schoolchildren of Semirom. 108 elementary schools with 4,773 
students were considered as primary sampling units. 79 schools 
were from rural areas with 2,449 students (1,247 male and 1,202 
female), and 29 schools from urban areas with 2,324 students 
(1,126 male and 1,198 female). Subjects were enrolled with a mul-

tistage cluster sampling procedure and then appropriate numbers 
of children were sampled randomly within selected clusters. In-
formed consent was obtained from parents of children before in-
clusion. 

 We excluded subjects with a history of exposure to radioactive 
iodine, thyroid surgery or significant underlying disease such as 
cardiopulmonary, liver or renal problems. Information for exclu-
sion was collected based on available medical records of students 
and interviews with parents, teachers and participants. 

 Endocrinologists examined all children and goiter grading 
was done according to WHO classification  [1] . 

 These children were classified in 3 groups (grades 0, 1 and 2) 
with respect to goiter grading. The first group (grade 0) was con-
sidered as the control in comparison with others (grades 1 and 2). 
The sum of grades 1 and 2 provided the total goiter rate (TGR) of 
the study population. 

 To evaluate the responsible factors for goiter, grade 2 goitrous 
children were compared with an equal number of randomly se-
lected children from the control group for serum iron, ferritin, 
transferrin, thyroxin (T4) and thyroid-stimulating hormone 
(TSH) and urine iodine concentration. 

 The blood samples were transported on dry ice to the reference 
laboratory of the endocrine and metabolism research center. The 
samples were stored in the freezer at –70   °   C until analysis. All 
urine and blood assays were performed within a median time of 
26 h of sampling. The same person performed each assay using 
the same method. 

 Urine iodine concentration (UIC) was measured by the diges-
tion method based on a modification of the Sandell-Kolthoff reac-
tion  [1, 22]  (intra-assay CV 1.2% and inter-assay CV 2.2%). Mea-
sures less than 10  � g/dl were considered as iodine deficiency  [1] . 

 Serum iron was measured by photometric assay (intra-assay 
CV 2.2% and inter-assay CV 2.9%) and transferrin by immuno-
turbidometery (intra-assay CV 2.7% and inter-assay CV 3.1%), 
both with an automated analyzer (Liasys, Italy). Serum ferritin 
was measured with IRMA by Iran kavoshyar kits (intra-assay CV 
5.9% and inter-assay CV 5.5%). Values equal to 50  � g/dl were 
considered as the normal lower limit of serum iron, and 12 ng/ml 
as the normal lower limit of serum ferritin. Transferrin saturation 
between 19 and 50% was considered normal. Iron deficiency was 
defined as low transferrin saturation and ferritin. Serum T4 con-
centrations were measured with radio-immunoassay (RIA) by 
Iran kavoshyar kits (intra-assay CV 4.7% and inter-assay CV 
4.9%). Serum TSH concentrations were measured with IRMA by 
Iran kavoshyar kits (intra-assay CV 1.5% and inter-assay CV 
1.9%). The normal range of T4 was 4.5–12  � g/dl and for TSH was 
0.3–3.9 mU/l. 

 Statistical Analysis 
 Variables with normal distribution (serum iron level, transfer-

rin and transferrin saturation) are presented as means  8  SD. Goi-
ter prevalence was compared between groups with the  �  2  test. 
Correlation between variables was calculated by Pearson’s corre-
lation test. p  !  0.05 was considered statistically significant. Anal-
yses were performed with SPSS statistical package version 11.5. 

 The study was approved by the ethics committee of the Goiter 
Research Center affiliated to Isfahan University of Medical Sci-
ences. Written permission was taken from the Provincial Orga-
nization of Education. At Semirom, a local official of health and 
education always accompanied us. 
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 Results 

 The results of our studies are given in  tables 1–3  and 
below. 

 1,869 schoolchildren (899 from urban and 970 from 
rural areas) were enrolled in this study with male to fe-
male ratio of 1.18 and age of 7–13 (mean  8  SD: 9.3  8  1.0 
years) ( table 1 ). Of these, 1,199 were classified as goiter 
grade 0 (64.15%), 556 had goiter grade 1 (29.74%) and 114 
had goiter grade 2 (6.09%) with total goiter prevalence of 
about 36%. 

 The mean UIC in children was 19.3  8  9.1  � g/dl. Mild 
(UIC  ! 10  � g/dl) and moderate (UIC  ! 5  � g/dl) iodine 
deficiency was detected in 6.4 and 3.2% of cases, respec-
tively. Only 1.8% of the children were severely iodine de-
ficient (UIC  ! 2  � g/dl). 

 105 of 114 grade 2 goitrous children and an equal num-
ber of randomly selected children from the control group 
agreed to enrolment into this sub-study of iron evalua-
tion. 

 Of these 210 children, 70 had low (less than 18%) 
transferrin saturation, 139 had normal (between 19 and 
50%) transferrin saturation, and 1 had high (more than 
50%) transferrin saturation. There was no difference be-
tween these 3 groups regarding the presence or absence 
of goiter (p = 0.56). 

 13 children had low serum ferritin (7 in goiter group 
and 6 in control group) and 197 children had normal se-
rum ferritin. There was no difference between low and 

normal ferritin levels in children regarding presence or 
absence of goiter (p = 0.775) ( table 2 ). 

 Of 210 participants, based on low transferrin satura-
tion and serum ferritin levels, 9 children were found to 
be iron deficient (5 in the goiter group and 4 in the control 
group) ( table 3 ). 

 There was no significant difference in goiter rate be-
tween cases with iron deficiency (both transferrin satura-
tion and ferritin level lower than normal) and other cases 
(at least one normal serum iron index) (p = 0.722). 

 There was no significant difference between groups 
with goiter grade 0 and goiter grade 2 in iron indices such 
as serum iron level (p = 0.999), ferritin (p = 0.729), TIBC 
(p = 0.316), and transferrin saturation (p = 0.686). 

 There was also no significant difference of UIC be-
tween goitrous and nongoitrous children. Correlation 
data analysis by Pearson’s correlation coefficient for se-

Table 1. Baseline characteristics of the study population

Male Female Age, years Height, cm Weight, kg

All 989 (54.1%) 839 (45.9%) 9.3381.02 132.3987.54 26.2184.58
Selected subgroup with grade 0 61 (57.5%) 45 (42.5%) 9.2080.85 131.4687.35 25.5684.68
Selected subgroup with grade 2 51 (48.6%) 54 (51.4%) 9.4781.06 134.2087.47 26.9183.82

Table 2. Hormonal and biochemical results of participants in iron evaluation groups

T4, �g/dl TSH, mIU/ml Tpo Ab, IU/ml Tg Ab, IU/ml UIC, �g/dl Fe, �g/dl TIBC, �g/dl Ferritin, ng/ml

Male 9.0281.43 2.9282.72 90.338485.36 146.638707.76 19.7488.94 80.23833.90 342.71848.04 32.12818.73
Female 8.7981.66 2.5781.49 20.798114.60 12.30823.91 19.56810.32 75.80837.55 340.28845.68 30.26817.39
Goiter grade 0 9.1481.47 2.4581.17 7.86812.05 11.12827.35 19.2889.81 78.16836.08 344.79846.58 31.68819.06
Goiter grade 2 8.6581.59 3.0882.95 31.568154.61 13.29820.83 21.5488.42 78.15835.37 338.31847.12 30.81817.15
Total 8.9181.54 2.7582.22 57.708363.12 83.608519.19 19.6589.58 78.15835.64 341.57846.85 31.25818.09

Data of variables with normal distribution are presented as mean 8 SD.
Tpo Ab = Thyroid peroxidase antibodies; Tg Ab = thyroglobulin antibodies; UIC = urinary iodine concentration.

Table 3. Goiter grade in iron-deficient and non-iron-deficient 
participants

Goiter
grade

Serum iron status Total

iron deficient non-iron deficient

Control 0 4 101 105
Goitrous 2 5 100 105

Total 9 201 210
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rum iron, ferritin and transferrin saturation and each 
other variable shows that there is no significant correla-
tion between serum iron level, ferritin and transferrin 
saturation with other variables including TSH, T4, urine 
iodine concentration and goiter stage (p  1  0.5). 

 None of the students had thyroid dysfunction. 

 Discussion 

 As stated, this study shows that goiter prevalence has 
decreased from 80.55% in 1994 to about 36% in 2003. 
This implies that iodine deficiency has been the most im-
portant cause of endemic goiter and also shows the effec-
tive role of a single intramuscular injection of iodized oil 
and also salt iodization in treating goiter. However, Semi-
rom is still considered an endemic region of goiter and 
despite the salt iodization program and iodized oil injec-
tion, the goiter rate is still high. Although iodine defi-
ciency is present in mild-to-moderate degrees, it cannot 
truly explain the still high prevalence of goiter. 

 Some potential explanations for the inadequate 
 response of goiter rate to iodine supplementation in 
children may exist: first, incomplete regression of en-
larged thyroid in children who were iodine deficient 
during their early years of life  [23] , and second, the lag 
period between iodine supplementation and normaliza-
tion of thyroid size  [24] . The first theory cannot explain 
the results of the present study because since 1988 all 
people have used iodized salt, so 7- to 13-year-old par-
ticipants of this study haven’t lived in an iodine-defi-
cient area. 

 Some investigators suggested that after iodine supple-
mentation, there is a lag before the goiter rate normalizes. 
The duration of this lag is unclear, with experts suggest-
ing that it may last from months to years  [24] . With re-
spect to the prolonged interval between iodine supple-
mentation and follow-up assessment in the present study, 
and also according to the fact that thyroid enlargement 
regresses more rapidly in response to bolus iodine supple-
mentation in comparison with gradual iodized salt pro-
grams  [25, 26] , the high prevalence of goiter in our study 
cannot be attributed to a lag period. 

 The manual goiter palpation technique yields suffi-
ciently precise quantitative results for clinical purposes 
 [27]  but it has some limitations. While the goiter rate re-
mains high after iodine supplementation, sonography 
may reveal significant changes in thyroid volume  [28, 
29] . Previous studies indicated that measurement of goi-
ters by palpation may not be appropriate in the short-

term evaluation of iodization programs, but for a long-
term follow-up it could be reliable  [30] . However, even if 
our assessment of response to iodized oil supplementa-
tion is biased, the high prevalence of goiter in the area 
studied is undeniable. 

 Other explanations for this unexpected high goiter 
rate are the roles of unknown goitrogens  [31] , autoimmu-
nity  [32] , or other micronutrient deficiencies  [33–39] . 
Iron deficiency is one of the suspected candidates  [12, 16, 
40] . 

 As mentioned, iron deficiency, with or without ane-
mia, can impair thyroid hormone metabolism  [8, 11, 19, 
41]  and results in goiter development. In our study, serum 
iron, ferritin and transferrin measurements showed that 
only 9.52% of school-age children were iron deficient. On 
the other hand, goiter rate and thyroid function tests 
didn’t show a statistical difference between subjects with 
normal and low serum iron indices. Correlation tests also 
didn’t show any relationship between serum iron and fer-
ritin levels or transferrin saturation and goiter, UIC, se-
rum T4 and TSH concentrations. These data suggest that 
although iron deficiency is present in the studied area, it 
has little or no impact on the goiter rate and thyroid hor-
mone profile. This is in contrast with some other studies, 
as some studies in Iran and other countries have con-
firmed the above-mentioned association of iron deficien-
cy and IDDs  [12, 14, 42] . On the other hand, there was no 
correlation between iron status and goiter rate or thyroid 
hormone levels in a survey carried out in Ethiopian chil-
dren  [38, 43]  or another study in Turkey  [44] . There were 
also no significant differences in the prevalence of goiter 
among anemic and nonanemic children and adults in a 
study in the Philippines  [34] . 

 The causes of this difference are unclear but may be 
attributed to geographic differences and the genetic het-
erogeneity of the participants in various studies, multiple 
confounding factors or probably methodological differ-
ences. Some studies have used total serum thyroxin as an 
indicator of thyroid hormone state  [15] , but total thyrox-
in per se is not an accurate method of thyroid function 
evaluation as it is predisposed to multiple disturbing fac-
tors like TBG effects and chronic diseases. Combination 
of TSH and thyroxin as used in this study can give more 
accurate and interpretable results. We used serum ferri-
tin, iron and transferrin saturation for evaluation of body 
iron status but not hemoglobin. Low iron indices are not 
equivalent to iron deficiency anemia, so the negative re-
sults of our study may be due to milder degrees of iron 
deficiency. 
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 Altogether, it seems that factors other than iodine and 
iron deficiency may be at least partly responsible for the 
high prevalence of goiter in Semirom. These include pro-
tein-energy malnutrition  [14, 39, 45] , vitamin A  [36, 46] , 
selenium and Zn deficiencies  [47, 48]  or autoimmunity 
 [32] . 

 Further investigations for evaluating other micronu-
trient deficiencies and autoimmunity in goitrous chil-
dren would contribute to plan more effective goiter con-
trol programs. Assessment of change in thyroid size of 
goitrous children by ultrasound, even in a part of the 
evaluated subjects, gives more accurate and valuable data 
for future planning. 

 In conclusion, the present study reveals that in the area 
studied, iron deficiency cannot explain the high preva-
lence of goiter and that other responsible factors should 
be investigated. 
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