
ABSTRACT

Objective:To evaluate the goiter and iodine intake
status of pregnant women in Isfahan, after 8 years of
iodized salt distribution in Iran.

Methods: Thyroid staging was assessed by clinical
examination, thyroid volume was determined by sonogra-
phy, and urinary iodine (UI) excretion was assessed by the
digestion method in 90 healthy pregnant women (30 in
each trimester) and 90 age-matched nonpregnant women
selected by random sampling in prenatal and primary
health-care clinics. The data were reported as mean ±
standard deviation; P values <0.05 were considered
statistically significant.

Results:The mean age of the pregnant and the non-
pregnant women was 25.3 and 27.5 years, respectively—
no significant difference (P = NS). The clinical goiter
prevalence in the pregnant and the nonpregnant groups
was 37% and 32%, respectively (P = NS). The mean thy-
roid volume in the pregnant and nonpregnant women was
7.8 ± 3.2 and 7.8 ± 2.8 mL, respectively (P = NS). Urinary
iodine (UI) excretion was 20.7 ± 6.9 µg/dL in pregnant
women and 23.7 ± 7.6 µg/dL in nonpregnant women (P =
NS). The prevalence of goiter assessed by sonography was
29% in pregnant women and 21% in nonpregnant women
(P = NS). The mean thyroid size in 26 of 90 pregnant
women with goiter (thyroid volume >9.2 mL) was 11.8 ±
2.73 mL and in 19 of 90 nonpregnant women with goiter
was 12.36 ± 1.6 mL (P = NS). The mean thyroid volume
was 6.0 ± 1.7, 9.9 ± 1.7, 11.8 ± 2.2, and 18.9 ± 2.4 mL in
the pregnant women with or without goiter at thyroid
stages 0, Ia, Ib, and II, respectively. A strong correlation
between goiter staging assessed by clinical examination
and thyroid volume determined by sonography was found
in pregnant (r = 0.77) and nonpregnant (r = 0.78) women

(both P<0.000001). Mean UI excretion was 20.9 ± 7.0,
19.9 ± 6.8, 20.6 ± 7.5, and 25.9 ± 2.3 µg/dL in the
pregnant women at thyroid stages 0, Ia, Ib, and II, respec-
tively. In the pregnant and the nonpregnant women, no
correlation was found between thyroid stage and UI
excretion or between thyroid volume and UI excretion.

Conclusion: No iodine deficiency was found in
Isfahani pregnant women. Thus, as in most iodine-suffi-
cient areas, thyroid size did not increase during pregnancy.
Despite sufficient iodine intake, a moderate prevalence of
goiter was noted in pregnant and nonpregnant women.
This study also revealed that careful physical examination
of the thyroid had diagnostic accuracy similar to sonogra-
phy. (Endocr Pract. 2002;8:23-28)

INTRODUCTION

During pregnancy, the thyroid is subjected to
increased demands associated with a tendency to endoge-
nous iodine deficiency (1). Therefore, in iodine-deficient
areas, pregnancy may disclose the underlying iodine
restriction, with maternal goiter formation as the most
visible consequence—which can easily be prevented by
iodine supplementation (2-5). Severe iodine deficiency
can result in stillbirth, abortion, congenital defects,
endemic cretinism characterized most commonly by
mental deficiency, deaf mutism, and spastic diplegia, and
lesser degrees of neurologic defects related to fetal iodine
deficiency and impaired mental function in children (6,7).
Thyroid volume may increase up to 47% during
pregnancy (2,5). Thus, the World Health Organization
(WHO) recommended daily iodine intake of 100 to 200
µg for pregnant women (2). Iran had been considered
iodine deficient until 1989 (8,9). Therefore, this study
was designed to evaluate the goiter and iodine intake
status of pregnant women in 1997, after 8 years of iodized
salt distribution in Isfahan, a city in the central part of
Iran.
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METHODS

In a cross-sectional study, 90 healthy pregnant
women (30 patients in each trimester) and 90 age-matched
nonpregnant women (control subjects), with no previous
history of thyroid dysfunction or use of medication affect-
ing the thyroid gland, were selected by random sampling
in prenatal and primary health-care clinics in three differ-
ent regions in Isfahan. Approximately 60 women were
studied in each region (N = 180). Thyroid staging was
determined by physical examination and based on WHO
criteria (10). Throughout the entire study, thyroid volume
was measured with a Dornier scanner (Dornier, Germany)
and use of a 7.5-MHz linear transducer by an experienced
sonographer (A.H.), who was “blinded” with regard to the
findings on physical examination of the women. All study
subjects were examined in the supine position with the
neck in hyperextension. The volume of each thyroid lobe
was calculated on the basis of Brunn’s equation, as fol-
lows (4): Volume of each thyroid lobe (mL) = length (mm)
× width (mm) × thickness (mm) × 0.479. Total thyroid
volume was the sum of both thyroid lobes; the isthmus
was not included in these calculations.

The thyroid volume of nonpregnant women, who
proved not to have goiter on physical examination, was
assumed as an index of normal thyroid volume. Any
thyroid volume greater than this index was considered as
goiter in the pregnant women or in the control subjects.

Urinary iodine (UI) excretion was measured in ran-
dom urine samples of all 180 subjects by means of the
digestion method (11). Results were expressed as micro-
grams of iodine per deciliter (µg/dL). UI excretion of less
than 2.0 µg/dL was considered severe deficiency, between
2.0 and 4.9 µg/dL as moderate deficiency, and between
5.0 and 9.9 µg/dL as mild iodine deficiency. UI excretion
of 10.0 µg/dL or more was assumed to reflect a normal
daily iodine intake (10).

Statistical analysis was performed with use of the
Student t test, analysis of variance, chi-square tests, and

Spearman and Pearson correlation coefficients in SPSS
software. P values less than 0.05 were considered statisti-
cally significant. The data are reported as mean ± standard
deviation, unless otherwise noted.

RESULTS

The mean ages of the two groups (pregnant versus
nonpregnant women) were not significantly different (P =
NS) (Table 1). In addition, the UI excretion and thyroid
volume of the pregnant women did not differ significantly
from those of the nonpregnant women (P = NS). In the
pregnant women, these values also were not significantly
different among the trimesters (P = NS) (Table 1).
Clinically, 63% of pregnant women did not have goiter.
None of them had a large goiter (stage III) (Table 2 and
Fig. 1).

In the nonpregnant women, clinical examination
showed that 68% did not have goiter and 32% had mild to
moderate goiter (Table 2 and Fig. 1). No statistically sig-
nificant difference was observed between clinical goiter
prevalence in the two groups (P = NS) (Table 2 and Fig.
1). The mean thyroid volume in pregnant and nonpregnant
women was 7.8 ± 3.2 mL and 7.8 ± 2.8 mL, respectively
(P = NS) (Table 1). The upper limit of the thyroid volume
in 61 women in the control group who did not have goiter
on physical examination was 9.2 mL. Thus, thyroid
volume of more than 9.2 mL was considered an index for
goiter. On the basis of this criterion, the prevalence of goi-
ter was 29% in pregnant women and 21% in nonpregnant
women (P = NS) (Table 2 and Fig. 2). The mean thyroid
size in 26 of 90 pregnant women with goiter (thyroid vol-
ume >9.2 mL) was 11.8 ± 2.73 mL and in 19 of 90 non-
pregnant women with goiter was 12.36 ± 1.6 mL (P = NS)
(Table 2). In the pregnant women with goiter, the differ-
ence in the thyroid size assessed by sonography during the
three trimesters also did not reach a significant level (P =
NS) (Table 2 and Fig. 2).
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Table 1
Age, Urinary Iodine Excretion, and Thyroid Volume

in Pregnant and Nonpregnant Women in Isfahan

Urinary iodine Thyroid
Age excretion volume

Group (yr) (µg/dL) (mL)

Pregnant women* (N = 90) 25.3 ± 5.1 20.7 ± 6.9 7.8 ± 3.2
1st trimester (N = 30) 25.7 ± 5.4 20.6 ± 7.0 8.8 ± 3.5
2nd trimester (N = 30) 25.7 ± 4.9 23.3 ± 6.3 7.0 ± 2.5
3rd trimester (N = 30) 24.6 ± 4.9 18.4 ± 6.7 7.6 ± 3.3

Nonpregnant women† (N = 90) 27.5 ± 7.8 23.7 ± 7.6 7.8 ± 2.8

*Study cases.
†Control group.



The mean thyroid volume was 6.0 ± 1.7 mL, 9.9 ± 1.7
mL, 11.8 ± 2.2 mL, and 18.9 ± 2.4 mL in pregnant women
with or without goiter at thyroid stages 0, Ia, Ib, and II,
respectively (Table 3 and Fig. 3). A strong correlation was
noted between thyroid staging assessed by clinical exami-
nation and thyroid volume determined by sonography in
the pregnant women (r = 0.77; P<0.000001) and the non-
pregnant women (r = 0.78; P<0.000001) (Table 2 and Fig.
3). The thyroid size was well correlated with thyroid stag-
ing during the different trimesters (r = 0.79; P<0.000001)
(Table 2 and Fig. 4).

No correlation was found between thyroid stages and
UI excretion in the pregnant women (r = -0.007; P = NS)
and the nonpregnant women (r = -0.1; P = NS) (Table 3).
Furthermore, no correlation was observed between thyroid

volume and UI excretion in the pregnant (r = -0.05; P =
NS) and the nonpregnant women (r = -0.08; P = NS)
(Table 3).

DISCUSSION

Investigators who have performed studies in iodine-
sufficient areas have concluded that the maternal thyroid
gland is able to adapt to the new state of equilibrium asso-
ciated with the gestational status, without substantial mod-
ification in thyroid volume (12-14). During pregnancy,
increased thyroid volume can occur but goiter formation is
uncommon in iodine-sufficient or iodine-repleted areas
(goiter was found in 9% of women at delivery in Belgium)
(15). In areas of low iodine intake, however, goiter has

Thyroid Size and Pregnancy, Endocr Pract. 2002;8(No. 1) 25

Table 2
Relative Prevalence of Goiter

Assessed by Clinical Examination and Sonography
in Pregnant and Nonpregnant Women in Isfahan

and Thyroid Volume in Subjects With Goiter Determined by Sonography

Goiter
Goiter sonographically Thyroid

clinically (TV >9.2 mL)* volume
Group No. % No. % (TV >9.2 mL)*

Pregnant women (N = 90) 33 37 26 29 11.8 ± 2.73
1st trimester (N = 30) 13 43 11 37 12.76 ± 2.3
2nd trimester (N = 30) 9 30 8 27 10.38 ± 1.35
3rd trimester (N = 30) 11 37 7 23 11.94 ± 3.94

Nonpregnant women (N = 90) 29 32 19 21 12.36 ± 1.6

*TV = thyroid volume; 9.2 mL was upper limit of TV in 61 control subjects without goiter on physical
examination (see text).

Fig. 1. Prevalence of clinical goiter (%) in pregnant and non-
pregnant women in Isfahan, stratified by thyroid stage. 

Fig. 2. Prevalence of goiter (%) in nonpregnant and pregnant
women in Isfahan, stratified by trimester and by clinical and
sonographic diagnosis. 



been observed in more than 50% of all pregnant women
whose goiter prevalence before pregnancy was 25 to 40%
(1). In another study, the increment of the goiter rate was
found to be as high as 47% (5), which was not completely
reversible after pregnancy (16). In one study in Krakow,
80% of the pregnant women had enlarged thyroid glands
(17). In the current study in Isfahan, no statistically signif-
icant difference was found between thyroid volume in the
pregnant and the nonpregnant women (Table 1 and Fig. 2).
Thus, as reported in iodine-sufficient areas, the thyroid
size did not increase during pregnancy (2).

Just as the mean thyroid volume during pregnancy in
different geographic areas has been reported to vary—
from 14.3 mL in Belgium (3) and 16.2 mL in Germany (4)
to 26.4 mL in Ireland (5)—likewise the sonographic index
of goiter diagnosis has been at variance in different coun-
tries. For example, thyroid volumes of 18 mL in Germany
and 22 mL in Belgium were considered as the goiter index
in pregnant patients (2,4). Therefore, we decided to estab-
lish a local criterion for goiter by ultrasonography. Values
greater than the upper limit of the thyroid volume range in
61 nonpregnant women without goiter (assessed by phys-
ical examination) was considered the goiter index (thyroid
volume >9.2 mL). On the basis of Gutekunst’s criterion in
Germany (4), among all subjects in our study, only one
pregnant woman in her third trimester of pregnancy might
have had goiter (Fig. 4). This finding would be contrary to
expectation in Iran, which had long been considered an
area of endemic goiter (8,9,18)—especially because 37%
of pregnant women and 32% of nonpregnant women had
goiter on the basis of WHO criteria (10) (Table 2 and Fig.
1 and 2). With use of the local criterion established in our
current investigation, goiter was present in 29% or 37% of

pregnant women assessed either by sonography or by
physical examination, respectively (P = NS) (Table 2 and
Fig. 2), whereas in the control (nonpregnant) group, the
corresponding goiter prevalences were 21% and 32% (P =
NS) (Table 2 and Fig. 2).

The increment in the thyroid stage was well correlat-
ed with increasing thyroid volume in the pregnant women
(for assessment of the entire pregnancy period as well as
each trimester) and in the nonpregnant women (Table 3
and Fig. 3 and 4). Consequently, careful physical exami-
nation has almost the same accuracy as sonographic
assessment in goiter diagnosis (Fig. 2). The mean incre-
ment in thyroid volume in women with iodine supplemen-
tation during pregnancy has been reported to range from
less than 5% in Italy to 15% in Belgium (2). In the current
study, no statistically significant difference was noted in
thyroid volume between the pregnant women and the con-
trol group (Table 1), similar to findings in a study report-
ed by Italian researchers (2).

The mean UI excretion in both case and control
groups was more than 10 µg/dL (Tables 1 and 3). There-
fore, daily iodine intake seemed to be sufficient. Thus, we
conclude that Iran has been successful in its national pro-
gram of iodine repletion, despite some reported cases of
iodine deficiency in European countries and Australia
(4,19,20). The relatively high prevalence of goiter in the
pregnant and the nonpregnant women in our study (Table
2 and Fig. 1 and 2) and their sufficient UI excretion
(Tables 1 and 3) suggest the possible role of other goitro-
gens besides iodine deficiency in Isfahan. This finding is
similar to the results of other studies conducted in
Bangladesh (21) and in Tehran, Iran (8,22,23). An alter-
native explanation is the possibility of an increased rate of
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Table 3
Urinary Iodine Excretion and Thyroid Volume

in Pregnant and Nonpregnant Women in Isfahan,
Stratified by Thyroid Stage

Urinary
iodine Thyroid

Group and excretion volume
thyroid stage (µµg/dL) (mL)*

Pregnant women (N = 90)
0 20.9 ± 7.0 6.0 ± 1.7
Ia 19.9 ± 6.8 9.9 ± 1.7
Ib 20.6 ± 7.5 11.8 ± 2.2
II 25.9 ± 2.3 18.9 ± 2.4

Nonpregnant women (N = 90)
0 23.8 ± 8.9 6.4 ± 1.6
Ia 19.5 ± 8.7 9.6 ± 1.8
Ib 24.8 ± 6.5 12.9 ± 1.8
II 23.7 ± 6.5 14.1 ± 0.2

*See text for method of calculation of thyroid volume.



occurrence of autoimmune thyroid diseases manifested as
goiter in their early stages in iodine-replete areas, even in
endemic prevalence (24-27).

CONCLUSION

On the basis of UI excretion, pregnant women in
Isfahan did not have iodine deficiency due to insufficient
intake of iodine. Thyroid size did not increase significant-
ly during pregnancy, similar to the finding in iodine-suffi-
cient areas. Despite sufficient iodine intake, study subjects
had a relatively high prevalence of goiter. Careful physical
examination was as valid as sonography in determination
of thyroid size.
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