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AbSTRAcT

ObJEcTIvE: To assess variations of urinary iodine concentration (UIc) during a 4-week pe-
riod among pregnant and non-pregnant women in an iodine-replete area. DESIGN: Pregnant 
(in their first trimester of pregnancy) and non-pregnant women referred to two maternity 
hospitals in Tehran were consecutively recruited from September 2005 to March 2006. Urine 
samples (5-10 ml) were collected on an every-other-day basis for 4 weeks (i.e., 12 samples for 
each individual). UIc was determined using a modified Sandell-Kolthoff method. RESUlTS: 
Thirty-six pregnant and 32 non-pregnant women completed the study. Mean±SD age of preg-
nant women was 27.4±6.4 and of non-pregnant women 27.6±4.5 years (P=0.897). Mean±SD 
gestational age was 11±3.3 weeks in pregnant participants. Median UIc of <100, 100-149, 
150-249, and ≥250 µg/l was present in 19.4, 25, 30.6, and 25% of pregnant, 15.6, 37.5, 34.4, and 
12.5% of non-pregnant, and 17.6, 30.9, 32.4, and 19.1% of total individuals, respectively. Me-
dian UIc values of samples numbers 1 to 12 were not significantly different either in pregnant 
(P=0.591) or in non-pregnant subjects (P=0.745). Except for sample number 11, median UIc 
was not significantly different between pregnant versus non-pregnant women (P values >0.05). 
Mean SD values for UIc in samples numbers 1 to 12 in pregnant women was 138.4 (24.1-404) 
and in non-pregnant women 118 (29.5-272.4) µg/l (P=0.286). cONclUSION: There was a 
wide intrapersonal variation in UIc values among pregnant and non-pregnant women residing 
in an iodine-replete area, supporting the notion that casual UIc would not reflect the iodine 
status of the individual.
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intRoDuction

Global alertness to an adequate iodine intake 
among pregnant and lactating women and their off-
spring has heightened over the past few decades.1-5 
Iodine is the major component of thyroid hormones 
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and, therefore, plays an essential role in the metabo-
lism of many organs, and especially the brain. Neu-
rodevelopment of the fetus and breast-fed newborn 
and infant is crucially affected by maternal iodine 
intake.2,3 Elimination and sustainability of elimina-
tion of iodine deficiency disorders are both consid-
ered as major health and social goals in areas with 
a history of iodine deficiency, the latter because the 
reappearance of iodine deficiency is an ever-present 
risk in those regions.6 The Islamic Republic of Iran 
now meets all criteria for sustainable elimination of 
iodine deficiency.7 Measurement of median urinary 
iodine concentration (UIC) of casual urine samples 
has become one of the most common methods used 
in the field survey in order to assess iodine status in 
a region.8 Previous studies confirmed that if the spot 
urine samples are randomly collected from a sufficient 
number of individuals, median UIC obtained would 
be a reliable indicator of iodine status of that popu-
lation and there would be no need for cumbersome 
and less feasible methods of measurement of iodine 
and/or creatinine in 24h urine.8-10

UIC values of casual urine samples show exten-
sive variations during a day in adults and children 
and follow a circadian rhythm.11 This intrapersonal 
variability remains in the consecutive days within a 
month.12 It is as yet debatable whether a casual urine 
sample would reflect overall adequacy of iodine intake 
in a given subject. In other words, the question still 
remains as to whether a subject with a low iodine level 
in the casual urine specimen could be considered an 
individual with iodine deficiency. While some inves-
tigators maintain that a person with a UIC below a 
certain threshold (e.g., 50 µg per liter) is considered 
as iodine deficient,10 others believe that individuals 
with low UIC in a casual urine sample in a given day 
may well have adequate or even excessive iodine 
excretion during the following days12 and, therefore, 
the median UIC (and not the iodine level of a single 
spot urine sample) would better reflect the true iodine 
consumption status of individuals in a given region. 

Iodine deficiency has been aggressively addressed 
in Iran by the legislation of salt iodization since 1994 
and two national surveys have shown consumption 
of iodized salt by more than 95% of the population 
and an adequate UIC of 232 and 190 among school-
children in 1996 and 2001, respectively.13,14 National 

salt iodization has resulted in a non-fluctuating sup-
ply of iodine to pregnant women and there were no 
significant differences in median UIC values among 
them in all four seasons.15 Hence, we hypothesized 
that in our region with such a continuous and adequate 
supply of iodine via household salt usage, the daily 
variability of UIC would not be observed.

The aim of this study was to assess variability of 
urinary iodine excretion among pregnant women dur-
ing their first trimester of pregnancy and compare it 
to a control group of non-pregnant women. We are 
unaware of any previous study that assessed daily 
variation of UIC values in pregnant women residing 
in an iodine-replete area.

mateRials anD metHoDs

Pregnant women referred to the mother and child 
health care clinics of two maternity hospitals of Teh-
ran were consecutively recruited for the study from 
September 2005 to March 2006. To reach a desirable 
sample size, and anticipating a 30% dropout rate, we 
recruited 40 individuals in each group at the begin-
ning of the study. Trained midwives obtained written 
consent after appraisal of the pregnant women about 
the rationale of the study. Obstetrical history was taken 
using a standard questionnaire and physical examina-
tion was performed. Gestational age was calculated 
from the first day of the last normal menstrual period 
and gestational ages <15 weeks comprised the first 
trimester of pregnancy. Only pregnant women dur-
ing their first trimester of pregnancy were recruited. 

In order to produce a control group, females who 
were referred to the mother and child health care 
clinics for the routine obstetrical examination and 
had negative pregnancy test throughout the study 
were enrolled. Women with a past history of thyroid 
ablation and consumption of thyroid affecting medi-
cations were excluded from the study. All pregnant 
women had been residents of Tehran for a long time.

Casual morning urine samples (5-10 mL) of each 
group, both pregnant and non-pregnant, were col-
lected in screw-top containers. In order to increase 
compliance of the participants for completion of 
the study, it was decided to collect only three casual 
urine samples on an every-other-day (instead of 



Table 1. Characteristics of pregnant and non-pregnant participants 
in the study

Pregnant Non-pregnant P value

Age (years) 27.4 (±6.4)* 27.6 (±4.5) 0.897§

Weight (kg) 61.4 (±10.5) 53.6 (±5.3) 0.010§

Nulli- or primiparity/
multiparity (%)

79.4/20.6 58.1/41.9 0.063

Gestational age 
(weeks)

11.0 (±3.3)† Not  
applicable

* Numbers in parentheses indicate standard deviation.
† Gestational age ranged between 5.9 – 14.9 weeks. 
§By T-test (except for parity that was tested by χ2)

Within-month variations of urine iodine 113

every day) basis during a week and for 4 consecutive 
weeks. In this way urine samples nos. 1–3, 4–6, 7–9, 
10–12 belonged to the first, second, third, and fourth 
week of collection. The study was approved by the 
appropriate Human Research Committee of Shahid 
Beheshti University of Medical Sciences. 

Laboratory methods

The urine samples were kept by the participants 
in the containers and separately in plastic bags in a 
cool place (e.g., refrigerator) and every three samples 
collected each week were delivered to the mother and 
child health care clinics where they were immediately 
transported to the Endocrine Research Center. The 
samples were kept frozen at -20°C until assayed at the 
end of the study. Iodine content of the urine samples 
was measured by a modified Sandell-Kolthoff diges-
tion method.15 UIC values were stratified into values 
<150, 150-249, 250-499, and ≥500 µg/L representing 
insufficient, adequate, more than adequate, and 
excessive UIC values.16 

All urine samples were assayed in random order 
and in one run, and the intra-assay coefficients of 
variation of the method for 10 replicates were 11.3% 
for 3.5 µg/L, 8.4% for 14 µg/L, and 9.7% for 36 µg/L. 
For method validation, the assay sensitivity, intra- 
and inter-assay, recovery and parallelism tests were 
checked. The assay sensitivity based on zero standard 
mean signal (replication No.10) ±2SD was determined 
at 0.5µg/L. The intra-assay (n = 8) in three ranges 
(coefficient variation) 3.5, 12.7, 36.2 µg/L were 8.6, 
6.7, and 9.3 %, respectively, and inter-assay CV% 
for the mentioned consequence were 9.1, 8.6, and 
12.3%, respectively.

Statistical analysis

It was calculated that at least 30 women in each 
(pregnant and non-pregnant) group should be re-
cruited to obtain α = 5%, β = 90%, standard deviation 
(SD) = 50 µg/L, minimal UIC variation of 35 µg/L 
between two samples. The number was calculated ac-
cording to the formula: N= (Z1-α + Z 1-ß) 2r (SD)2/d2 
= (1.96 + 0.82)2 r2(50)2/(35)2 that would be equal to 
30 cases in each group. Distribution of UIC values was 
tested for normality using the Kolmogorov-Smirnov 
test. Pair-wise comparisons for UIC values between 
cases and controls were performed using the Mann-

Whitney test. UIC values of samples nos. 1 to 12 in 
each group were compared by the Friedman test. 
Correlation between UIC values among 12 samples 
in a given individual in pregnant and non-pregnant 
women was performed using Spearman’s correlation 
test. The non-parametric runs test was used to assess 
whether intrapersonal occurrence of UIC ≥150 µg/L 
among 12 samples was random.18 The intraclass cor-
relation coefficient (ICC) was done between urinary 
iodine concentrations in each group.19-21 Coefficient of 
variation of UIC values in pregnant and non-pregnant 
women was calculated using standard deviation di-
vided by mean UIC values times 100. P values less 
than 0.05 were considered as significant. Data were 
analyzed using the SPSS software package (version 
9.05, SPSS, Inc., Chicago, IL). 

Results

In each group 40 women were recruited at the 
beginning of the study. Missing data was related to 
4 women in the pregnant and 8 in the non-pregnant 
group; 36 pregnant and 32 non-pregnant women 
eventually completed the study. The characteristics 
of the study participants are summarized in Table 
1. There were no significant variations in age and 
parity among pregnant versus non-pregnant women. 

Median UIC of 12 samples was measured for each 
subject; distribution of median UIC values in preg-
nant, non-pregnant, and total subjects are shown in 
Table 2. Nearly half of all individuals had median UIC 
values less than 150 in their 12 casual urine samples. 

Median (range) UIC values of the urine samples 



Table 2. Distribution of median urinary iodine concentration in 
pregnant (n = 36) and non-pregnant (n = 32) women

Urinary iodine 
concentration  
(µg/l)

Pregnant 
%

Non-pregnant 
% P value†

<100 19 15.6 0.4

100 – 149 25.0 37.5

150 – 249 31 34.4

≥250 * 25.0 12.5

* None of the individuals had median UIC ≥500 µg/L.
†By Chi-Square test

Table 3. Median (range) urinary iodine concentration collected on an alternate day basis within a month in pregnant and non-pregnant women

Urinary iodine concentration (µg/l)

First week sampling Second week sampling Third week sampling Fourth week sampling P  
value*No.1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10 No. 11 No. 12

Pregnant 169
(45-704)

144
(24-689)

172
(15-1090)

167
(30-545)

163
(15-1204)

228
(26-601)

166
(17-861)

245
(48-662)

167
(18-1047)

190
(23-1157)

196
(45-972)

161
(20-1169)

0.591

Non-pregnant 134
(12-704)

129
(14-867)

154
(12-372)

135
(21-784)

132
(33-417)

140
(32-704)

182
(11-714)

159
(17-880)

152
(12-746)

141
(23-768)

134
(40-571)

162
(18-855)

0.745

P value † 0.296 0.740 0.623 0.580 0.320 0.144 0.960 0.054 0.446 0.137 0.031 ‡ 0.759

* Median UIC values of the samples numbers 1 to 12 in pregnant and in non-pregnant women were compared using Friedman test.
† Median UIC values between pregnant versus non-pregnant women for each urine sample were compared using Mann-Whitney test. 
‡ Only median UIC values of eleventh sampling (fourth week) were significantly different between pregnant and non-pregnant women
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cept for sample number 11 that showed significant 
difference). Using the Friedman test, median UIC did 
not show a significant intrapersonal variation either 
in pregnant or non-pregnant individuals. 

There were high intrapersonal variations in UIC 
values (Figures 1 and 2). UIC values lower than 100 
or higher than 250 µg/L were observed in the same 
person during the first to the last week of urine sam-
pling. Mean coefficient of variation of UIC values in 
pregnant women was 60 ± 25% and in non-pregnant 
women it was 60 ± 22% (P = 0.99). Mean (range) 
values of SD of UIC values in samples nos. 1 to 12 
in pregnant women was 138.4 (24.1-404) µg/L and in 
non-pregnant women it was 118.0 (29.5-272.4) µg/L 
(P = 0.286). Also, the runs test revealed that among 
pregnant women there were 4 subjects whose UIC 

Figure 1. Dispersion of UIC values in pregnant (panel A) and non-pregnant (panel B) women. There was an excessive intrapersonal 
variation of UIC values either in pregnant or in non-pregnant participants. The small horizontal bars in each column show median 
UIC of 12 individuals’ samples. Samples are sorted / graded from the lowest to the highest median values.

by the week of sample collection are shown in Table 
3. In general, median UIC values were greater in 
pregnant than in non-pregnant women but they did 
not reach a statistical significance in all samples (ex-
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formed for her. The runs test was non-significant in 
27 (87.1%) of the 31 remaining non-pregnant women. 
The results of the runs test demonstrate high vari-
ability of UIC values among our study population.

Intrapersonal correlation of UIC values showed 
that only 27.3% of correlations were statistically 
significant (P <0.05). However, when correlation of 
UIC values in a given sample was assessed with its 

values were totally higher (n=2) or lower (n=2) than 
the cut-off of UIC ≥150 µg/L. For these individuals the 
test could not be performed. Among the 32 remain-
ders, 28 of the subjects had non-significant P values, 
indicating that in 87.5% of cases the occurrence of 
UIC ≥150 µg/L was random. Among non-pregnant 
women there was only one whose UIC values were 
lower than the cut-off and the runs test was not per-

Figure 2A, b. Some of the individuals (panel A and B) who showed frank variations in their UIC values during the first to the last 
week of urine sampling. Number of samples shows the time order of consecutive sampling in each individual from the first to the 
twelfth sample. Please note that many of the pregnant or non-pregnant women showed UIC values either lower than 100 or higher 
than 250 µg/L on a course of consecutive sampling within 4 weeks.
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one previous and one later samples, 9 (81.8%) of 11 
situations in pregnant women were statistically signifi-
cant (P values <0.05) with r values ranging between 
0.34-0.54. Four (44.4%) of 9 significant correlations 
(i.e., 36.4% of total situations) had moderate strength 
(r values between 0.52-0.54) and the remainder had 
low strength. Similarly, 6 (54.5%) of 11 situations in 
non-pregnant women were statistically significant (P 
values <0.05) with r values ranging between 0.39-
0.62. Four (66.7%) of 6 significant correlations (i.e., 
36.4% of total situations) had moderate strength (r 
values between 0.52-0.62) and the remainder had 
low strength. It should be noted that correlation of 
sample no. 1 could only be assessed with sample no. 2 
and that of sample no. 12 could only be assessed with 
sample no. 11 in each group of participants. Intraclass 
correlation coefficient (ICC, CI) for urinary iodine 
concentrations is depicted in Table 4.

Discussion

In the present study conducted in an area with io-
dine sufficiency, it was shown that, despite a legislated 
national program of iodization of all household salts 
and the consumption of iodized salt by more than 
95% of the population, which sustained adequate 
median UIC among schoolchildren in all provinces 
of Iran 2 and 7 years after national salt iodization,13,14 
excessive intrapersonal variations in UIC values (and 
thus in iodine intake) persisted among pregnant and 
non-pregnant women. 

The best method of urine sampling by which io-
dine determination would reflect the iodine status of 
individuals continues to be a matter of debate. While 
determination of iodine in casual urine samples is 
routine in most field surveys,8 some investigators 
prefer iodine measurement in 24h urine specimens 
with concomitant measurement of creatinine, con-
sidering it as a better indicator of iodine status in 
that given population. However, even for 24h urine 

sampling, more than one sample should be used to 
determine the iodine status of an individual.22 On 
the other hand, apart from the technical difficulties 
involved in collection of 24h urine samples, there is 
evidence that iodine to creatinine ratio in urine may 
be an inferior index in comparison to the simple UIC 
measurement.23 However, pregnant women as well 
as lactating women and their newborns up to early 
infancy are among the most vulnerable populations 
for the detrimental effect of iodine deficiency.2 During 
recent decades much attention has been paid to these 
target populations and their iodine statuses, but there 
still remain many areas to be studied and assessed.24 

A cross-sectional study was conducted in four cities 
of Iran in 1996-1998. The study showed an adequate 
median UIC value of 186 µg/L among Tehranian 
pregnant women, for whom, however, trimester 
specification was not determined.25 We have shown 
in a prospective study conducted in Tehran in 2004-
2006 that our national salt iodization with 40 parts per 
million potassium iodide has resulted in a continuous 
iodine supply among pregnant women and that there 
were no seasonal fluctuations in median UIC values 
in all trimesters of pregnancy.26 

In the present study, similarly to our previous 
report,26 median UIC was borderline sufficient in the 
first trimester of pregnancy. Moreover, non-pregnant 
women showed median UIC <150 in 41.6% on occa-
sion (Table 3). In general, median UIC values were 
higher in pregnant than in non-pregnant women 
(although this difference was not statistically signifi-
cant). This seems to be due to increased glomerular 
filtration rate occurring in early pregnancy.27 

In some countries, although the main dietary iodine 
supply is via iodized salt, other sources like seafood, 
seaweed, iodine-enriched (cow’s) milk, and bread are 
additionally available and have considerable impact 
on the general iodine intake of the population.28,29 
In Switzerland with borderline iodine sufficiency 

Table 4. Intraclass Correlation Coefficient (ICC, CI) for urinary iodine concentrations in each group

Urinary iodine concentration(µg/dl)

First week sampling Second week sampling Third week sampling Fourth week sampling

Pregnant 0.643 (0.381-0.806) 0.723 (0.519-0.849) 0.705 (0.489-0.839) 0.700 (0.783-0.932)

Non-pregnant 0.402 (0.072-0.687) 0.613 (0.307-0.798) 0.272 (0.304-0.619) 0.597 (0.278-0.789)
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demonstrating the fact that one cannot estimate iodine 
status of an individual via a casual urine sample iodine 
level. This finding is in agreement with the previous 
notion that iodine level of a spot urine sample would 
not reflect iodine status of the individual. As the 
universal salt iodization may not be adequate during 
pregnancy, we need to prepare pregnant women with 
multivitamin containing iodine. 
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