
Introduction

Disorders induced by iodine deficiency (Iodine Defi-
cency Disorders –IDD) constitute a major nutritional pro-
blem throughout the world (9). It has been estimated that in
1990, at least 1,572,000,000 people in 118 countries world-
wide were at risk of IDD, i.e lived in areas where the total
goiter rate is at least 5%. At least 655 million people, ie, 12%
of the global population of the world, were affected by goiter.
Forty-three million were significantly mentally handicapped
as a result of the deficiency, including 11.2 million with overt
cretenism (WHO-UNICEF-ICCID/94.6). Iodine deficiency
endemia is defined by goiter prevalence and the median uri-
nary iodine concentration (UIC) in a population. According
to the WHO, a region is considered endemic if more than 5%
of the population have goiter or thyroid enlargement. The me-
dian UIC in iodine sufficient populations should be greater
than 10 µg/dl, and no more than 20% of the population should
have UIC below 5 µg/dl (WHO-UNICEF-ICCID., 94.6).

Iodine deficiency remains an important public health
problem also in Turkey. It is believed that total goiter pre-

valence in Turkey is as high as 30.5%, and that of visible
goiter 6.7% (13). On the other hand, it was demonstrated
that there are regions in Turkey where iodine deficiency is
more severe than was thought initially (18).

It seems that the optimal way of correcting iodine defi-
ciency is by sufficient intake of iodine through iodized salt.
Recently, In July 1998, codes related to iodized salt chan-
ged. Although iodization of table salt is now legally en-
forced, this is in fact impossible to establish country-wide
(18).

In this study we investigated the goiter prevalence, so-
nographic thyroid volume and UIC in adults living in
Erzurum, a city situated in northeastern Anatolia at a mo-
derate altitude of 1659 m. above the sea level.

Materials and methods

Subjects
The subjects of the study were chosen among the people

who were born in Erzurum and still living there. Study
sample was drawn through cluster sampling method. Each
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neighborhood in Erzurum province was considered a clust-
er and 7 clusters constituted the whole study sample. Total
population was approximately 180.000 and, 9000–10.000
persons were living in each cluster. In each sample group
45–50 subjects, aged 20 to 76, were randomly selected from
each cluster. Total number of subjects was 340, 192 female
and 148 male.

Body weight, height and surface area (15)
Body weight of the subjects were evaluated with a thin

dress, without shoes belts or any personal belongings, on
them. Height was measured in standing position without
shoes. BSA (m2) was calculated according to the formula:
(weight0,425 x height0,475 x 71.84)/10000.

Thyroid size
Thyroid size by palpation was scored according to the

WHO criteria (17). In addition, all subjects were examined
by real-time sonography (Toshiba® SSA-250A) with a 7.5
MHz linear array transducer (Toshiba® PLF-705S) in the
supine position with minimal hyperextension of the neck.
Longitudinal and transverse scannings and a 3-dimension
vision were obtained from each thyroid lobe, and thyroid
volume (TV) was calculated by the following formula for
each lobe separately (3).

TV = depth x width x length x 0.479
Upper limits of thyroid volume accepted as normal were

18.0 ml for females, and 25.0 ml for males (11,14). Higher
values were assessed as total thyroid hyperplasia, i.e. goiter.

Urinary iodine concentration
Spot urines were collected from subjects and kept cover-

ed up and frozen at –20 oC, in deionized tubes until the day
of analysis. Ammonium persulfate was used as the oxidiz-
ing agent to eliminate the interfering subtances in urine
before the colorimetric measurement through the Sandell-
Kolthoff reaction. The subsequent procedures to the oxida-
tion in the ammonnium persulfate method were the same
as in Sandell-Kolthoff reaction. Iodine was detected from
its catalytic reduction of ceric ammonium sulphate in the
presence of arsenious acid. Extremely close correlation (r=
0.994) is suggested between the persulfate method and re-
ference chloric acid method (10).

Probands were stratified into 4 groups with respect to
UIC (11,14).

Groups UIC (µµg/dl)
Normal > 10.0
Mild iodine deficiency 5.0–9.9
Moderate iodine deficiency 2.0–4.9
Severe iodine deficiency < 2.0

Probands were also stratified into three groups accord-
ing to their age (Group 1: 20–30 yr, Group 2: 40–60 yr and
Group 3: 60 yr and above). Among the groups, the mea-
sured TV and UIC values were compared.

Statistical analysis was performed via SPSS 10.0 ver-
sion. All data were tested for normality using Lilliefors test.
Mann Whitney U test, Chi square test and Kruskal Wallis
test were used in comparisons. Linear regression analysis
was employed where appropriate.

Results

Table 1 shows the distribution of male/female, mean
age, and goiter prevalence in different UIC groups.

The median UIC for the whole sample was 6.54 µg/dl
(range 0.03–45.7 µg/dl). Iodine deficiency was found in
64.4% of the whole sample. It was mild, moderate, and se-
vere in 26.8%, 22.0%, and 15.6%, respectively (Tab. 1). In
iodine-deficient subjects, there was a higher prevalence of
goiter than in iodine-saturated ones (Tab. 1). As seen in
table 1, similar changes were found in goiter percentage in
various groups of UIC whether it is detected with sono-
graphy or palpation method. Furthermore this changes
were relatively noticable for sonography (χ2: 7.2, p:0.065)
than palpation method(χ2: 2.8, p:0.41). Also, the UIC level
was significantly lower in patients with goiter than in non-
goitrous ones (medians 5.0 vs 7.8 µg/dl, p<0.0001). No sta-
tistically significant difference was found with respect to
age and F/M ratio between the UIC groups.

Not surprisingly, ultrasonography was more sensitive in
finding goiter and thyroid nodules than palpation. Whereas
palpation detected goitre in 5.6%, ultrasound revealed en-
larged thyroid in 27.6% (χ2:18, p<0.001). As for the thyroid
nodule detection the respective values were 2.1% and 18%
(χ2:14, p<0.001).
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UIC Females/Males Age Goiter*
(µµg/dl) No. (yr) Palpation** Sonography

<2 51 32 / 19 39.9 ± 12.9 4 (8) 18 (35)
2–5 75 40 / 35 39.7 ± 14.0 6 (8) 22 (29)
5–10 91 46 / 45 38.3 ± 13.5 5 (6) 30 (33)
>10 123 74 / 49 36.9 ± 12.2 4 (3) 24 (20)

Total 340 192 / 148 38.3 ± 13.1 19 (5.6%) 94 (27.6%)

*Number in paranthesis shows percentage of subjects with goiter in the respective group.
**Goiter scores of the cases with palpation method according to WHO criteria (WHO-UNICEF-ICCID., 94.6):
Grade 1(n=4) 1.2%; Grade 2(n=8) 2.3%; Grade 3(n=7) 2.1%.

Tab. 1: Goiter prevalence, female/male distrubution and age in different urinary iodine concentration (UIC) groups.



TVs of men were significantly higher than that of women
(median 17.0 ml. and 11.7 ml, respectively and z=-3.3,
p<0.001). Either in palpation or sonographic measure-
ments, the ratio of goiter patients in male and female
groups appeared to be similar (approximately 1.4); F/M
54/40 in sonographic measurements, and 11/8 in palpation.

TVs of the cases having different UIC were significantly
different from each other (Fig. 1, Kruskal Wallis test;
χ2=8.7, p<0.05). On the other hand, TVs of the cases were
significantly correlated with UIC and BSA (r= -0.16 p<0.05
and r= 0.15 p<0.05, respectively). There was no significant
correlation between the TV and BMI, height and age. In the
different age groups, the median values of TV were not sig-
nificantly different: 20–29 years:12.9 ml, 40–59 years: 15.3
ml, and above 60 years: 11.9 ml (Kruskal Wallis test; χ2:2.1,
p>0.05).

Fig. 1: Median thyroid volume in different urinary iodine
concentration groups.

Discussion

In an iodine sufficent population, the value of UIC<50
µg/l would not be common and persistently present. In
1994, percentage of the risk of persistent iodine deficiency
in an iodine sufficient population was assumed to be about
20%, whereas the recent studies have revealed that 4.8%
could be accepted as the risk level (11). The value (38%) for
the iodine deficiency risk in the region, where the study was
conducted, is far beyond the value mentioned above.

Our findings have thus shown that sufficient iodine in-
take in diet was not achieved to the reasonable extent in
Erzurum province and probably in Northeastern Anatolian
region as a whole. While the iodine deficiency problem is
also seen in different regions of Turkey (5), it seems to be
a much more serious problem in some mountain villages
when compared with the metropolitan areas in the same re-
gion. Furthermore iodine deficiency in such areas is com-
parable with those of the severe iodine-deficient regions of
Africa (18).

It is obvious that sonographical detection of thyroid en-
largement is more sensitive and accurate than palpation
method (1,2,4,7,12). Indeed, it has been reported that the
discordance between sonography and palpation were 23.9%
(8). The correct interpretation of thyroid sonography de-
pends mainly on the standardized reference criteria taken
from an iodine sufficient population. The proposed refe-

rence values for the upper limit of thyroid volume are 18 ml
for females and 25 ml for males (11,14). In our measure-
ments, the discordance between the sonography and palpa-
tion was very close to the values in the literature (8). The
prevalence of thyroid nodules in our country is believed to
be highest in Blacksea Region and lowest in the Eastern
Anatolia. However, these results were obtained by palpa-
tion method (13). Although our values obtained through
palpation are in general agreement with the mentioned
above results, the values detected by sonographic method
indicate that the problem is much more serious than pre-
viously assumed.

UIC in sonographically detected goiter patients was
found to be significantly lower than those of the average
individuals surveyed during the study (p<0.0001). Thyroid
volumes of different UIC groups varied greatly, with the
highest volume found in the severe iodopenia group (Fig.
1). Thyroid volumes also were inversely correlated with
UIC. These findings are consistent with the available lite-
rature (3,15,18).

It was emphasized that regional data should be taken
for the interpretation of goiter and iodine deficiency (6). In
a nationwide study conducted in Turkey, a discordant rela-
tionship was suggested between the scale of goiter problem
and the ratio of female/male patients with goiter, i.e. the
higher the ratio is the lower the goiter problem or versa.
While the nationwide ratio is 3 (13), the ratio of the present
study was found to be 1.4 for Erzurum. The results of this
study affirms that goiter is still a crucial problem in Erzu-
rum. However, the optimal comparison of these ratios may
be done in the future after providing an iodine sufficient
population in the region.

Berghout et al. (1), also observed that TV of men was
higher than that of women. On the other hand, they suggest
a positive relation between the TV and BSA, not between
TV and age. Our results are in accord with their findings.

In conclusion, the iodine deficiency and goiter conti-
nues to be an important problem in Erzurum, the biggest
city of Northeastern Anatolia. Although the production of
iodinated salt is required by law, the habit of the non-iodi-
nated salt consumption persists in the region. The reason
for this may be that iodinated salt is only supplied by trade-
mark companies whereas many people obtain non-iodi-
nated salt from other sources. This seems to be the biggest
obstacle for the efforts to eradicate the iodine deficiency
problem. In the regions, where the nationwide “general pur-
pose programs” remain insufficient, region-specific initia-
tives may contribute, a lot more, to the solution of the
iodine deficiency problem in the years to come.
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