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Normal values of thyroid gland in Isfahan, an iodine replete area
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Abstract

BACKGROUND: Because of different values of thyroid volume in different populations, and the effects of different trace
element and geographic substances on thyroid volume, we decided to evaluate thyroid volume and its determinants us-
ing ultrasound in healthy adults of Isfahan, a centrally located city in Iran, an iodine replete area.

METHODS: In a cross-sectional study, 1500 healthy adults were enrolled by cluster sampling. Serum TSH level and
morning urine iodine level were measured. Thyroid exam was performed according to WHO criteria and history of pre-
vious or present thyroid disease was taken. If all the mentioned results were normal they were considered clinically
normal. One third of these normal subjects referred for thyroid ultrasonography. If ultrasonography of thyroid paren-
chyma texture was normal, and there was no nodule by sonography (thyroid incidentaloma), thyroid volume was meas-
ured using ellipsoid formula (XxY*Zxmn/6). Correlation between thyroid volume and age, sex, BMI, TSH level and uri-
nary iodine concentration (UIC) was determined by Pearson correlation coefficient, t-Test and Kolmogorov-Smirnov.
Thyroid volume more than 97% of this population was considered as goiter sonographically. Data expressed as mean +
SD, unless otherwise stated.

RESULTS: We finally studied 200 subjects (123 Males; 77 females, average age: 37.27 + 11.80 Years). The overall thy-
roid volume was 9.53 + 3.68 ml. Males thyroid volume (10.73 + 3.44 ml) was significantly higher than the females one
(7.71 £ 2.63 ml) (P<0.001). The thyroid volume ranges were 3-23.9 ml, 3.6-23.9 ml and 3-14.3 ml in all, males and fe-
males, respectively. Thyroid volume values more.than 97 percentile of this reference range were 10.14 ml, 11.48 ml and
8.37 ml in all, males and females respectively, and were considered goiter sonographically. Thyroid volume had a posi-
tive correlation with age (r = 0.163, P =.0.022), but did not have correlation with serum TSH, UIC, and BMI, in both
sexes. There was a strong correlation between thyroid volume, and height and body surface area (r = 0.48, P<0.001).

CONCLUSIONS: It was documented that thyroid volume is higher in male sex and increases with age, and have a positive
correlation with body surface area and height.
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Itrasound has become one of the pri-  low, the sensitivity and specificity of palpation
mary imaging modalities for the as-  are poor and goiter prevalence can be esti-
sessment of the thyroid gland ®. In ar-  mated using thyroid ultrasound. 23 This is the
eas without significant iodine deficiency dis-  most useful method for measurement of thy-

orders, where the prevalence of visible goiteris  roid volume (TV) and can also be used to dis
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criminate between cystic and solid lesions of
gland synchronously 47. Several factors are
known to be involved in the regulations of TV
and different reports of TV normal range are
presented from different populations 8. Mean
TV was reported 8.55 cc (+ 1.82) from Nigeria
and they confirmed that their values are lower
than other studies among Caucasians . An-
other study from an iodine-replete individuals
of Spain reported the median TV of 9.91 ml
(CI: 9.09-10.05 ml) for males and 6.19 ml (CI:
6.02-6.92 ml) for females with significant dif-
ference between sexes 8. A report from France
while being a borderline iodine deficient area,
calculated mean TV of 13.3 and 8.9 ml in males
and females, respectively 8. The median TV
was reported lower significantly in a mild io-
dine deficiency area than in a moderate iodine
deficiency area (11.9 ml vs. 13.6 ml, P<0.001) of
Denmark °. It is suggested the need for popula-
tion-specific references, for thyroid volumes
and it’s determinants in each area 7. The aim of
this study was to set normal values of TV in
healthy adults of Isfahan and determine-the
criteria for goiter, sonographically.

Methods

We randomly selected 1500 adult people
(age>20 years) in a cross-sectional study in Is-
fahan, a centrally located city in Iran, which is
an iodine replete area, in 2006. % By a clustered
random sampling method, 300 cases were se-
lected from each of the five geographic areas of
the city. Demographic data collection was per-
formed and serum:TSH level and urinary io-
dine concentration’ (UIC) were measured in
each case. History of any present or previous
thyroid disease was asked. Thyroid exam was
performed by one expert examiner to rule out
clinical goiter or thyroid nodule and consid-
ered normal clinically if the gland was neither
palpable, nor visible 1. If all the mentioned re-
sults were normal, they were considered clini-
cally normal. One-third of these normal sub-
jects referred for thyroid ultrasonography se-
quentially, which were totally 394 cases. 268
people accepted to be studied by sonography
(68% acceptance). All ultrasounds were per-
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formed by one of the two radiologists using
the same technical method. If ultrasonography
of thyroid parenchymal texture was normal,
and there was no nodule by sonography (thy-
roid incidentaloma), thyroid volume was
measured using three dimensional ellipsoid
formula (XxYxZx1/6). TV values more than
97 percentile of this population was considered
as goiter sonographically. Body mass index
(BMI) (kg/m?) was calculated for each subject,
using Secca scale to measure height (HT) and
weight (WT). Body surface area (BSA) was cal-
culated from HT and WT according to the Du
Bois formula °.

Laboratory methods

Serum TSH was measured by IRMA method
by Berthoud LB2111 unit Gamma counter
equipment with its normal range of 0.3-4
mlu/L. Urinary iodine level was determined
by the spectrophotometric method (405 wave-
lengths) from 5 ml fresh urine 12. Values which
were more than 10 pg/dl considered as suffi-
cient iodine uptake.

Ultrasonography

Thyroid ultrasonography was performed with
HS-2000 Honda ultrasound equipment with
7.5 MHZ linear probe. Cases were examined in
a supine position with hyperextended neck by
one of the two radiologists. Transverse (X),
saggital (Y) and anteroposterior (Z) lengths of
right and left lobes were measured and vol-
umes calculated by three-dimensional ellipsoid
formula (V=11/6 x XxYxZ) and expressed in
ml 3. The sum of both lobes volume was con-
sidered as TV. The isthmus was not taken into
account in volume calculation.

Statistical Analysis

Data was entered to SPSS version 11. Student t-
test was used for comparing means and
ANOVA test was used to compare TV between
age groups. The Kolmogorov- Smirnov test
was applied to check normality of data. Corre-
lation between thyroid volume and age, sex,
BMI, BSA, TSH level and urinary iodine excre-
tion was determined by Pearson correlation
coefficient. Data expressed as mean * SD,
unless otherwise stated. All differences and
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relationships were statistically significant at
P<0.05. The study was approved by the ethics
committee of Isfahan Endocrine and Metabolic
Research Center and Isfahan University of
Medical Sciences.

Results

Of 268 cases sequentially came for thyroid ul-
trasound, thyroid nodule and parenchymal
heterogeneity were detected in 68 subjects.
Sixty (23%) people had thyroid nodule and 8
(3%) cases had parenchymal abnormality in
sonography and were excluded from the
study. We finally studied 200 subjects repre-
sentative of healthy population, according to
history, palpation, ultrasonography and serum
TSH level and UIC data (123 males, 77 females,
average age: 37.27 + 11.80 years). The overall
TV was 9.53 £ 3.68 ml (range: 3-23.90 ml).
Mean TV was 10.73 + 3.44 ml (range: 3.60-23.90
ml) in males and 7.71 £ 2.63 ml (range: 3-14.30
ml) in females (P<0.001). There was statistically
significant positive correlation between TV
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and age (r = 0.163, P = 0.022). Median UIC was
22 ng/dl (range: 10-42 pg/dl) and there was no
correlation between TV and UIC (P = 0.352).
The mean serum TSH level was 1.90 + 0.30
mlU/L with no significant correlation between
TV and TSH level (P = 0.367). In our cases, the
average BMI was 25.16 + 4.53 kg/m? and there
was no significant correlation between TV and
BMI (P = 0.112), but there was significant cor-
relation between TV and subject's heights and
BSA (r = 0.48, P<0.001 in both). There was nei-
ther significant correlation between age and
serum TSH level nor between age and UIC (P
= 0.929 and P = 0.078, respectively). Table 1
shows the participants demographic data, TSH
level, UIC and TV in all cases, males and fe-
males. Figure 1, 2 and 3 show percentiles of TV
in normal participants: all, males and females,
separately.In this reference range, TV more
than 97 percentiles were 10.14 ml, 11.48 ml and
8.37 ml in all, males and females, respectively,
and were considered goiter sonographically.

Table 1. Demographic data, TV, TSH level and UIC in all normal participants, males and females.

age# [years] BMI# [kg/m2] TV# [ml] TSH# [mIU/L] UIC* [ng/dl]
ALL 37.27 (11.80) 25.16 (4.53) 9.53 (3.68) 1.90 (0.30) 22.00
MALES 38.84 (11.47) 25.27 (4.48) 10.7 (3.44) 1.72 (0.78) 22.00
FEMALES 34.72 (12.21) 24.97 (4.65) 7.71 (2.63) 1.94 (0.80) 22.30

# Data are presented as mean (SD).

* Data are presented as median.
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Figure 1. Thyroid volume in different decades in all normal participants.
*The mean TV differences were significant between the first and all other groups only (P<0.05).
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Figure 2. Thyroid volume in different decades in normal female participants.
*There was significant difference between mean TVs of the first (<25 years) and the second
(26-35 years) groups (P = 0.03) and also between mean TVs of the second and the third
(36-45 years) groups. (P = 0.026).
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Figure 3. Thyroid volume in different decades in normal male participants.
*There was not any significant difference among mean TVs of different groups.

Discussion Berghout et al 15. TV was correlated well with
This study presents the normal values of adult  height in this study as was reported previously
thyroid volumes in Isfahan region. Our meas- & The Chinese TV studied by Hsiao and Chang

ured mean TV was in agreement with reported =~ was 7.7 + 3.3 ml, which is slightly lower than
values of Gomez et al 8, Tahir et al 4, and  ours and could be explained by the short
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height of the Chinese population 6. The total
TV in our study was obviously less than that in
Hegedus et al study 7, which was conducted
in Copenhagen with reported volumes found
19.6 ml and 17.5 ml in males and females, re-
spectively. It could be speculated that the Dan-
ish subjects were in fact iodine deficient to
some degree . Genetic background and envi-
ronmental factors could contribute to the varia-
tions of the results in these different geo-
graphic areas 7. We observed larger mean TV
in males than in females, which is supported
by other studies. Because structural anatomy is
larger in male than that in female irrespective
of BMI, this difference would be expectable
581617 Significant correlation was found be-
tween mean TV and age, which was reported
by others too 1517. This was explained previ-
ously by a tendency towards higher serum
TSH levels in advanced age or lower iodine
intake in higher age groups #17. But, we did not
find any significant rise in TSH or drop in UIC
with increasing age. Our selected group had
normal TSH and UIC ranges, so this finding
was expected because in previous reported
studies all clinically normal subjects were en-
rolled irrespective of lab findings. Though
some other data are against this‘finding 81115,
This can be explained by decrease of lean body
mass that is the active metabolic mass of body
in elderly people 6. We did not find any rela-
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tionship between TV and UIC. Studies con-
ducted in iodine sufficient countries do not
support any association too 15. But, those con-
ducted in iodine deficient areas, differ signifi-
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adequate UIC, the results were expectable. The
same is true for absence of relationship be-
tween TV and serum TSH level in this study.
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sent suggesting that a wide variety of envi-
ronmental agents may stimulate thyroid
growth 1517 We observed absence of correla-
tion between mean TV and BMI. In some stud-
ies TV had correlation with weight and height
and also weakly with BMI or only with weight
1115, We suggest evaluating TV with lean body
mass, which is the metabolic part of body to
find any real relation. BSA showed the best
correlation with TV previously, and we found
a strong correlation too 7. In conclusion, the
clinical estimate of TV is prone to error. There-
fore, it is necessary to know the regional refer-
ence values of thyroid volume in disease-free
populations and its determinants. Mean TV of
Isfahan was 9.53 + 3.68 ml, which was signifi-
cantly correlated with age and male sex. TV
more than 97 percentiles were 10.14 ml, 11.48
ml and 8.37 ml in all, males and females, re-
spectively, and were considered as goiter crite-
ria, sonographically.

1. Ahidjo A, Tahir A, Tukur M. Ultrasound Determination of Thyroid Gland Volume Among Adult Nigerians.
The Internet Journal of Radiology 2006;4[2]. Available at URL:
www.ispub.com/ostia/index.php?xmlFilePath=journals/ijra/vol4n2/thyroid.xml

2. WHO, UNICEF, ICCIDD. Indicators for assessing iodine deficiency disorders and their control though salt io-
dization.WHO/NUT/94.6.Geneva:WHO 1994. Available at URL: www.metabase.net/docs/bns-ni/04895. html.

3. Zimmermann M, Saad A, Hess S, Torresani T, Chaouki N. Thyroid ultrasound compared with World Health
Organization 1960 and 1994 palpation criteria for determination of goiter prevalence in regions of mild and
severe iodine deficiency. Eur J Endocrinol 2000;143:727-731.

4. Ueda D. Normal volume of the thyroid gland in children. J Clin Ultrasound 1990;18:455-62.

5. Gutekunst R, Smolarek H, Hasenpusch U, Stubbe P, Friedrich HJ, Wood WG et al. Goitre epidemiology: thyroid
volume, iodine excretion, thyroglobulin and thyrotropin in Germany and Sweden. Acta Endocrinol (Copenh)

1986;112:494-501.

6. Amoah AG, Asibey-Berko E, Ayettey OM, Addo F, Agyepong E, Lartey A et al. Feasibility of thyroid ultrasono-
graphy in field studies in a developing country, Ghana. Afr ] Med Med Sci 2004;33:161-164.

Journal of Research in Medical Sciences March & April 2008; Vol 13, No 2. 59



Normal values of thyroid gland in Isfahan Adibi et al

7. Busnardo B, Nacamulli D, Frigato F, Vianello-Dri A, De Vido D, Mian C et al. Normal values for thyroid ultra-

sonography, goiter prevalence and urinary iodine concentration in schoolchildren of the Veneto Region, Italy.
J Endocrinol Invest 2003;26:991-996.

8. Gomez JM, Maravall FJ, Gomez N, Guma A, Soler J. Determinants of thyroid volume as measured by ultrasono-

graphy in healthy adults randomly selected. Clin Endocrinol (Oxf) 2000;53:629-634.

9. Knudsen N, Bulow I, Jorgensen T, Laurberg P, Ovesen L, Perrild H. Goitre prevalence and thyroid abnormalities

10.

11.

12.

13.

14.

15.

16.

17.

60

at ultrasonography: a comparative epidemiological study in two regions with slightly different iodine status.
Clin Endocrinol (Oxf) 2000;53:479-485.

Aminorroaya A, Amini M, Rezvanian H, Kachoie A, Sadri G, Mirdamadi M et al. Effects of iodized salt
consumption on goiter prevalence in Isfahan: the possible role of goitrogens. Endocr Pract 2001;7:95-98.
Barrere X, Valeix P, Preziosi P, Bensimon M, Pelletier B, Galan P et al. Determinants of thyroid volume in
healthy French adults participating in the SU. VI. MAX cohort. Clin Endocrinol (Oxf) 2000;52:273-278.
Markou KB, Georgopoulos NA, Anastasiou E, Vlasopoulou B, Lazarou N, Vagenakis GA et al. Identification of
iodine deficiency in the field by the rapid urinary iodide test: comparison with the classic Sandell-Kolthoff
reaction method. Thyroid 2002;12:407-410.

Lyshchik A, Drozd V, Reiners C. Accuracy of three-dimensional ultrasound for thyroid volume measurement
in children and adolescents. Thyroid 2004;14:113-120.

Tahir A, Ahidjo A, Yusuph H. Ultrasonic assessment of thyroid gland size in‘Maiduguri, Nigeria. West Afri
Ultras 2001;3:26-31.

Berghout A, Wiersinga WM, Smits NJ, Touber JL. Determinants of thyroid volume as measured by ultrasono-
graphy in healthy adults in a non-iodine deficient area. Clin Endocrinol (Oxf) 1987;26:273-280.

Hsiao YL, Chang TC. Ultrasound evaluation of thyroid abnormalities and volume in Chinese adults without
palpable thyroid glands. J Formos Med Assoc 1994;93:140-144.

Hegedus L, Perrild H, Poulsen LR, Andersen JR, Holm B, Schnohr P et al. The determination of thyroid volume
by ultrasound and its relationship to body weight, age, and sex in normal subjects. J Clin Endocrinol Metab
1983;56:260-263.

Journal of Research in Medical Sciences March & April 2008; Vol 13, No 2.



