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OBJECTIVES: In population studies, iodine intake estimation relies on median urinary iodine concentration (UIC). However,
interpreting UIC measurements can be challenging.

METHODS: In our study, we included 772 adult participants from three groups: nationally representative gender-mixed,
women of reproductive age, and pregnant women. We measured UIC and urinary creatinine (U-Cr) to calculate the iodine-to-
creatinine ratio (I/Cr). U-Cr cut-off value of 0.226 g/L was used for differentiation between diluted and undiluted urine
samples. After excluding samples below this cut-off, new median UIC and I/Cr ratios were calculated. We additionally
evaluated the influence of urine sample collection time on UIC.

RESULTS: Median UICs were 91.8 ug/L for nationally representative group, 58.3 ug/L for women of reproductive age, and
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74.9 ug/L for pregnant women, while I/Cr ratios were 91.7, 102.0, and 159.2 ug/g, respectively. After implementing U-Cr cut-off
and excluding all data where U-Cr was below cut-off, new median values were 93.4, 76.3, and 95.4 pug/L for UICs, and 88.6,
88.8, and 128.7 ug/g for I/Cr ratios, respectively. In women of reproductive age, median UIC was significantly lower in urine
samples collected after 9:30 and after 12:00 as compared to samples collected before 9.30 (53.4, 57.8, and 97.3 ug/L,
respectively).

CONCLUSIONS: UIC results should be interpreted with caution, considering urine dilution and sample collection timing. U-Cr
measurement should be included in population-based iodine intake studies, with corrections applied especially for pregnant

women and younger adults, for whom morning is best for single-spot samples.
European Journal of Clinical Nutrition (2024) 78:1105-1110; https://doi.org/10.1038/541430-024-01492-y

INTRODUCTION

lodine is an essential component of thyroid hormones, which
regulate a variety of important physiological processes. Dietary
iodine intake influences the prevalence of thyroid disorders.
Excessive iodine intake is associated with an increased prevalence
of autoimmune thyroid disorders, especially in previously iodine-
deficient regions [1, 2]. Conversely, insufficient iodine intake
increases the risk of iodine-deficiency disorders like goiter and
thyroid autonomy, which are common worldwide health pro-
blems. To address this, the World Health Organization (WHO)
recommends universal salt iodization, the easiest and cheapest
way to ensure adequate iodine supply [1].

According to the WHO, the recommended daily iodine intake is
150 pg in adults and 250 pg in pregnant and lactating women [1].
The most important method for assessing and monitoring iodine
supply in a population is a measurement of urinary iodine
concentration (UIC). This is because, in healthy iodine-sufficient
subjects, the majority (~90%) of dietary iodine is renally excreted,
while the rest is absorbed by the thyroid [3]. According to WHO
guidelines, UIC below 20 pg/L reflects severe iodine deficiency,

UIC 20-49 pg/L moderate iodine deficiency, and UIC 50-99 ug/L
mild iodine deficiency [1].

UIC can be measured through a 24-h urine collection or a single-
spot urine sample [4]. There are advantages and drawbacks of
different sampling methods. A 24-h urine collection is the most
accurate method and suitable for individual measurements but is
time-consuming and carries a risk of incomplete sampling [5].
Conversely, single-spot urine sampling is easier but may result in
diurnal UIC variations and is not directly comparable to 24-h urinary
iodine excretion [6]. Recommendations for single-spot urine
sampling do not specify the time of the sample collection [1].

An alternative method to estimate iodine intake is using urinary
iodine-to-creatinine (I/Cr) ratio. Creatinine serves as a marker of
hydration and potential urine dilution [7]. The European Guide-
lines for Workplace Drug Testing in Urine recommend checking
the sample’s validity for possible dilution using creatinine either
before or during the screening process, as urine dilution can lead
to false negative results in drug testing [8]. While the I/Cr ratio
helps to adjust variations in urinary volume, it can be affected by
changes in creatinine excretion due to sex, age, diet, and kidney
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function. Therefore, some authors propose calculating the 1/Cr
ratio from 24-h urinary iodine with age and sex adjustment [9-11].

The aim of our work was to evaluate the results of UIC
measurements taking into account urine dilution and the time of
single-spot urine sample collection, and to highlight the
importance of a precise protocol when using single-spot urine
samples on a population level.

MATERIALS AND METHODS

Study design and data collection

The Nutrihealth study was conducted as an upgrade of the Slovenian
National Dietary Survey SLMenu 2017/2018, which was carried out
following the European Food Safety Authority (EFSA) Guidance on EU
Menu Methodology [12-14]. The study included a nationally representative
(age/sex/region) sample of adults (18-74 years). The recruitment period
was between March 2017 and February 2018. A subsample of adult
participants that completed SI.Menu study was invited to participate in the
Nutrihealth study. Altogether, 279/280 provided their urine samples. The
collection of urine samples was carried out in local healthcare centers
between June 2017 and September 2018.

EUthyroid (EU) study was conducted at the Division of Nuclear Medicine,
University Medical Centre Ljubljana, between October 2017 and July 2018.
Healthy female volunteers were recruited from different parts of the
country. Two groups of volunteers, women of reproductive age (WR) and
pregnant women (PW) participated in the study. We included females
aged 18-49 years, with no known thyroid disease and not taking thyroid
medication. The sample group was not representative of an adult national
population. Overall, 308 WR and 184 PW voluntarily participated in the
study with 308/308 WR and 183/184 PW providing urine samples for
further analysis.

Both Nutrihealth and EU studies received approval from the Slovenian
National Medical Ethics Committee, and informed consent was obtained
from all participants.

All urine samples were collected between 8:00 and 15:00 into a urine
container (120 mL, non-sterile, with screw cap, Golias, Slovenia) and then
stored in a temperature-controlled freezer at —80° C until the analysis.

To confirm normal thyroid function, venous blood for thyroid
stimulating hormone (TSH) determination was collected into serum
collective tubes (BD Vacutainer® blood collection tubes) by trained
personnel. Blood was coagulating for 30min and was centrifuged
afterward for 10 min at 3000 rpm.

Methods
The researchers analyzing the urine and venous blood samples were
unaware of the experimental conditions.

UIC was measured with the spectrophotometric method on a microplate
based on the Sandell-Kolthoff (S-K) reaction with ammonium persulfate
digestion pretreatment of samples prior to analysis. The analysis is
comparable to the gold standard method for iodine determination—
inductively coupled plasma mass spectrometry. S-K reaction uses catalytic
activity of iodide ion in the reaction of arsenic acid and ceric ammonium

rate. The reaction rate is directly proportional to iodide ion concentration
in a solution [15]. All our reagents were prepared inhouse. The limit of
detection is 6.9 ug/L, linearity of the assay is in the range from 6.9 to
400 pg/L. The intra-assay and inter-assay coefficients of variation ranged
from 2.3% to 2.5% and from 4.9% to 6.3%, respectively [16].

Urinary creatinine (U-Cr) was measured using the automated system
Dimension® clinical chemistry system (Siemens Healthineers). It was
determined spectrophotometrically using a modified kinetic Jaffe reaction.
Creatinine in urine sample reacts with picric acid in an alkaline solution to
form a red chromophore. Measurement is performed in bichromatic rate
technique at two different wavelengths, 510 and 600 nm. Measured
absorbance at 510 nm is proportional to creatinine concentration in the
urine sample. Bilirubin is oxidized and eliminated with potassium
ferricyanide. Absorbance at 600 nm is used to eliminate interferences in
the sample. The limit of detection is 0.13 g/L, linearity of the assay is in the
range from 0.13 to 4.0 g/L. The intra-assay and inter-assay coefficients of
variation ranged from 1.0% to 1.1%, and 2.3% to 2.4%, respectively.

The cut-off value for U-Cr was taken from the European Guidelines for
Workplace Drug Testing in Urine, where U-Cr cut-off value of 0.226 g/L
differentiates between the diluted and undiluted sample [8].

TSH was measured as TSH3-Ultra assay on Advia Centaur XP
Immunoassay System (Siemens Healthineers). Reference interval of TSH
for the adult population is laboratory-own and was determined by CLSI
guidelines [17]. The normal reference TSH range is from 0.59 to 4.23 mlU/L.

Statistical methods

Descriptive statistics was used to calculate group characteristics. The
Kolmogorov-Smirnov test was employed to assess the normality of data
distribution. None of the data was normally distributed; therefore, all data
are presented as medians with a 95% confidence interval (Cl), except for
age, which is presented as the mean and associated range. Inferential
statistics was performed using the Mann-Whitney test and Chi-squared
test. Statistical analysis was conducted using MedCalc Statistical Software
version 20.014 (MedCalc Software bvba, Ostend, Belgium). Statistical
significance for all tests was set as P < 0.05.

RESULTS
A total of 772 participants were included in our study and
classified into three groups: (1) Nutrihealth, (2) EU WR, and (3) EU
PW. The characteristics of the study population are outlined in
Table 1. Overall, two participants failed to provide a urine sample
and 31 samples were removed from evaluation since their results
were either below or above the detection limit. Participants in the
Nutrihealth group were significantly older than EU WR and EU PW
participants (P <0.001 and P < 0.001, respectively) and those in EU
WR group were significantly younger than EU PW participants
(P <0.001).

The median UIC value and I/Cr ratio were calculated for each
group and compared between groups (Table 2). In Nutrihealth
group, the UIC was significantly higher compared to EU WR and

sulfate in sulfuric acid solution. lodide’s presence increases the reaction EU PW groups (P<0.001 and P=0.07, respectively) and
Table 1. Characteristics of participants in the three groups: Nutrihealth, EU WR, and EU PW.
Variable All Nutrihealth EU WR EU PW
Number of participants 772 280 308 184
Provided urine samples 770 279 308 183
Samples out of measuring interval 31 7 21 3
Age (mean, range) 42 (18-76) 60 (19-76)* 30 (18-49)** 33 (20-46)
Gender Male (%) 128 (45.7) n.a. n.a.
Female (%) 152 (54.3) 308 (100) 184 (100)

TSH (mIU/L) (95% ClI)
Values were compared using Mann-Whitney test.

1.61 (1.55-1.68)

1.91 (1.78-2.04) 1.61 (1.51-1.75) 1.43 (1.34-1.52)

EU WR EUthyroid study, the population of women of reproductive age, EU PW EUthyroid study, the population of pregnant women, n.a. not applicable, TSH

thyroid stimulating hormone.
*P <0.001 compared with EU WR and EU PW group.
**P <0.001 compared with EU PW group.
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Table 2. Median values of UIC and I/Cr ratios for the three groups: Nutrihealth, EU WR, and EU PW.

Group Samples N UIC (pg/L) P value® 1/Cr ratio (ng/g) P value® P value©

Nutrihealth All 273 Median (95% Cl) 91.8* (89.1-98.4) 0.364 91.2* (86.2-101.4) 0.425 0.647
Above cut-off 259 Median (95% Cl) 93.4*** (90.3-102.9) 88.2** (83.2-98.1) 0.193

EU WR All 287 Median (95% Cl) 58.3** (51.7-69.0) 0.001 102.1** (94.8-113.2) 0.004 <0.001
Above cut-off 224 Median (95% Cl) 76.3** (68.7-89.1) 88.8** (82.2-97.4) 0.008

EU PW All 180 Median (95% Cl) 74.9 (65.2-84.9) 0.007 159.0 (134.8-173.8) 0.001 <0.001
Above cut-off 133 Median (95% Cl) 95.4 (82.3-104.4) 128.4 (123.8-144.0) <0.001

Median values were assessed before and after removing samples with urinary creatinine below the cut-off value of 0.226 g/L, which defines the difference
between diluted and undiluted urine samples. Values were compared using Mann-Whitney test.
EU WR EUthyroid study, the population of women of reproductive age, EU PW EUthyroid study, the population of pregnant women, UIC urinary iodine

concentration, I/Cr iodine-to-creatinine ratio.

*P < 0.05 compared with EU WR and EU PW group.
**P < 0.05 compared with EU PW group.

***P < 0.05 compared with EU WR group.

2P value calculated between all samples and above cut-off samples for UIC.

bP value calculated between all samples and above cut-off samples for I/Cr ratio.

P value calculated between UIC and I/Cr ratio.

Table 3.
subgroups according to the time of sample collection.

Before 9:30

Group Samples (%) Median time (IQR)

Nutrihealth*** 26 08:58 (08:23-09:11) 60
EU WR*** 1 09:26 (09:17-09:29) 51
EU PW 4 09:26 (09:24-09:28) 67

Values were compared using Chi-squared test.

9:30-12:00

Samples (%)

Median times of single-spot urine samples collection for participants in the three groups: Nutrihealth, EU WR, and EU PW divided into

After 12:00

Median time (IQR) Samples (%)
10:45 (10:15-11:10) 14
10:39 (10:03-11:17) 38
10:48 (10:05-11:18) 29

Median time (IQR)
12:56 (12:22-13:30)
13:23 (12:47-13:47)
12:58 (12:25-13:36)

EU WR EUthyroid study, the population of women of reproductive age, EU PW EUthyroid study, pregnant women, /QR interquartile range.

*P <0.001 calculated between Nutrihealth and EU WR sample proportions.

**P < 0.001 calculated between Nutrihealth and EU PW sample proportions.

***p — 0,036 calculated between EU WR and EU PW sample proportions.

significantly lower in EU WR than in EU PW group (P =0.002). On
the contrary, I/Cr ratio was significantly lower in Nutrihealth than
in EU WR and EU PW groups (P=0.003 and P<0.001,
respectively), but significantly lower in EU WR than in EU PW
group (P<0.001). There were no significant differences between
UIC value and I/Cr ratio in the Nutrihealth study, whereas in EU WR
and EU PW significant differences were observed (P < 0.001 and
P <0.001, respectively).

To exclude too diluted urine samples, a U-Cr cut-off value of
0.226 g/L [9] was implemented and a second evaluation was
performed. This yielded 14 invalid samples (5%) in the Nutrihealth
group, 63 (22%) in EU WR, and 47 samples (26%) in EU PW group
(Table 2). Following the removal of those samples and re-
calculation of the median UIC values and I/Cr ratios, the UIC in
the Nutrihealth group was significantly higher only compared to
EU WR (P = 0.007), but not compared to EU PW group (P = 0.976).
The UIC in EU WR group remained significantly lower than in EU
PW group (P=0.009). The I/Cr ratio did not differ between
Nutrihealth and EU WR groups (P = 0.437), but was significantly
lower in both groups compared to EU PW group (P<0.001 and
P <0.001, respectively). No statistically significant differences
between UIC value and I/Cr ratio were observed in the Nutrihealth
study, whereas significant change persisted in the EU study for
both groups (Table 2).

In addition, we evaluated the impact of the median time of
urine sample collection on UIC. The groups were further divided
into subgroups according to the time of urine sample collection:
(1) before 9:30, (2) 9:30-12:00, and (3) after 12:00. These timings
were selected based on the results of the study on variability of

European Journal of Clinical Nutrition (2024) 78:1105-1110

U-Cr in healthy individuals [18]. The differences in median times of
urine collection for each group were as follows: for the Nutrihealth
study 10:34 (25th-75th percentile: 9:25-11:19), for EU WR group
11:23 (25th-75th percentile: 10:06-13:04), and for EU PW group
11:13 (25th-75th percentile: 10:15-12:14), and were statistically
significant (P < 0.001).

In Table 3, we present the proportions of urine samples
obtained at different time intervals. In the Nutrihealth group, a
higher proportion of samples was taken at earlier time intervals
than in EU WR and EU PW groups (P<0.001 and P<0.001,
respectively). A larger proportion of samples from EU WR group
was obtained earlier than in EU PW group (P = 0.036).

Further comparison of median UIC, U-Cr, and I/Cr in subgroups
with different times of sample collection is presented in Table 4.
We did not observe statistical differences in median UIC, U-Cr, and
I/Cr ratio in the three sampling times in Nutrihealth and EU PW
groups. However, statistically significant differences were
observed in median UIC, U-Cr, and I/Cr ratio between the three
sampling times in EU WR group (Table 4).

Within the gender-mixed Nutrihealth group, we additionally
assessed the influence of gender on UIC, but did not confirm a
significant difference between females and males (959 and
90.4 ug/L, respectively, P=0.272).

DISCUSSION

Our results revealed a significant influence of urine dilution on UIC
due to physiological (age, drinking habits, and pregnancy)
differences among individuals and sample collection timing.

SPRINGER NATURE
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Table 4.
of sample collection.

Before 9:30 9:30-12:00
Group UIC (ng/L) U-Cr (g/L)  I/Cr (ng/g Cr)  UIC (pg/L)
Nutrihealth 101.7 1.06 87.2 92.7
EU WR 97.3 1.09 100.8 53.4°
EU PW 80.2 1.04 103.9 74.9

Values were compared using Mann-Whitney test.

Median UIC, U-Cr, and I/Cr for participants in the three groups: Nutrihealth, EU WR, and EU PW divided into subgroups according to the time

After 12:00
U-Cr (g/L)  1/Cr (pg/g Cr)  UIC (pg/L) U-Cr (g/L)  1/Cr(pg/g Cr)
1.09 90.2 79.0 1.09 849
0.54° 94.0 57.8° 0.50¢ 114.8°
0.49 158.8 85.2 0.54 165.0

EU WR EUthyroid study, the population of women of reproductive age, EU PW EUthyroid study, pregnant women, UIC urinary iodine concentration, U-Cr urinary

creatinine, I/Cr iodine-to-creatinine ratio.

2P =10.008 calculated between 9:30-12:00 and before 9:30.
bp — 0.028 calculated between 9:30-12:00 and before 9:30.
P =0.009 calculated between after 12:00 and 9:30-12:00.
4P —0.004 calculated between after 12:00 and 9:30-12:00.
€P =0.031 calculated between after 12:00 and before 9:30.

UIC and I/Cr ratio are common urinary biomarkers for assessing
population-level iodine supply, each with its advantages and
disadvantages. UIC is the most widely used biomarker. When
measured from single-spot urine, this simple test provides a good
estimate of recent iodine intake. However, it can be significantly
affected by factors influencing urine dilution such as sample
collection time, hydration, diuresis, fasting, exercise, bladder
retention time, and pregnancy, characterized by physiological
polyuria [18, 19]. Therefore, I/Cr ratio has been used as another
urinary iodine biomarker. In our study, we established signifi-
cantly higher values of I/Cr than UIC in non-pregnant (EU WR) and
PW (EU PW) and similar values of I/Cr and UIC in the gender-
mixed individuals (Nutrihealth) who were older than EU WR and
EU PW. These differences likely result from distinct physiological
characteristics of the three groups (age, drinking habits, and
pregnancy status).

Regarding sample collection timing, we assessed urine
dilution before analysis using U-Cr as a key dilution marker
[7, 8]. U-Cr varies with age, sex, diet, and kidney function,
leading to population-wide result differences [18]. Our study
revealed higher U-Cr values in morning urine samples and
lower values in mid-day samples. Indeed, the first-morning
urine sample is typically more concentrated than any other
urine sample [20, 21]. EU WR and EU PW groups had more late-
day samples, resulting in a larger portion of overly dilute
samples with U-Cr values below 0.226g/L (26% and 22%,
respectively).

Pregnancy status can influence UIC. Surprisingly, PW included
in our study had higher median UIC than non-pregnant WR,
despite increased iodine utilization in pregnancy [19]. Adjusting
median UIC for PW is therefore recommended. Using the I/Cr
ratio [11], the first measured median UIC for PW was 74.9 ug/L,
and the median I/Cr ratio was 159.0 ug/g of creatinine. After
excluding 26% of urine samples that were below the U-Cr cut-
off, the median UIC significantly increased to 95.4 pug/L and, the
I/Cr ratio decreased to 128.4 ug/g of creatinine. Similar trends
occurred in non-PW included in our study, with 22% of urine
samples below the U-Cr cut-off.

In our study, urine sample collection time had varying effects on
results depending on pregnancy status. A high percentage of PW
and non-pregnant WR collected samples after 9:30 (96% and 89%,
respectively). Daytime urine dilution significantly impacted UIC in
the EU WR group, indicating that fluid intake can affect UIC
measurements. In PW, UIC and U-Cr did not significantly differ
during the day. However, caution is needed in interpreting these
results due to the limited number (4%) of EU PW participants who
provided morning samples. A study with more morning samples
in WR or younger adults could be valuable. PW, with their
physiological changes affecting UIC, should be excluded from

SPRINGER NATURE

population-based iodine supply evaluations, as also noted in a
recent EU study [22].

With respect to gender, we expected to observe similar UIC
values across the gender-mixed Nutrihealth group and EU WR
group. Surprisingly, WR had significantly lower UIC than
participants in the gender-mixed group. Therefore, we further
assessed the influence of gender in the Nutrihealth group, but
we did not confirm a significant difference in UIC between
females and males.

In contrast to WR, the I/Cr ratio in the gender-mixed
Nutrihealth group was comparable to UIC. Excluding 5% of
samples below the U-Cr cut-off did not impact UIC median
values and I/Cr ratio. Likely, Nutrihealth participants had less
diluted urine, more collected samples before noon, and were
significantly older than WR, who tend to consume more fluids.
The National Health and Nutrition Examination Survey from
2009 to 2012, which included 20,293 participants, showed a
significantly lower fluid intake in participants aged 60 and over
than of the younger age groups [23]. Aging, on the other hand,
is characterized by increased urinary dilution and decreased
U-Cr levels as a result of muscle mass reduction and reduced
kidney function, whereas U-Cr levels remain relatively stable
throughout the day. The latter was confirmed in our Nutrihealth
group. However, the time of urine collection did yield
statistically significant changes in U-Cr in the EU WR group
with the lowest U-Cr found in samples obtained after 12:00.
This is also addressed in Sallsten and Barregard’s study on
variability of U-Cr in healthy individuals with an average age of
34 years in whom significant changes appeared in I/Cr ratios
during the day [18]. Overall, our results showed that correction
using the I/Cr ratio appears to be less important in older than in
younger subjects.

When attempting to align with WHO recommendations in
interpreting our UIC measurements, an issue arose. If only the
results of the Nutrihealth group were considered, our population
would be very close to iodine sufficiency. When the results of the
EU WR and EU PW groups were considered, our population would
be mildly iodine deficient. Our findings suggest that both the
timing of urine sampling and U-Cr determination are very
important for population-based studies including younger
females. Using UIC alone to define iodine status in a population
may be misleading and inaccurate.

The limitation of our study is that we did not obtain any
information from the participants about the possible intake of
nutritional supplements or medications. Certain substances like
iodine, KBr, CuSO4, MgS04, or nitrites [24, 25] directly interfere
with the S-K reaction in UIC analysis, thereby affecting the
measurement results. In our research, such results were not
excluded from the analysis.

European Journal of Clinical Nutrition (2024) 78:1105-1110



Our study showed that the results of UIC measurements
should be interpreted with caution taking into consideration
urine dilution as well as the time of urine sample collection.
Although it has been shown that ~500 participants should be
included to obtain reliable results in iodine intake studies [26],
our results show that urine dilution is also a very important
factor influencing the median UIC result. Therefore, in addition
to a sufficiently large study, the measurement of U-Cr should be
included in the research to differentiate between dilute and
undilute urine samples. Overly dilute samples should be
excluded from analysis in population-based iodine intake
studies. Correction with U-Cr should also be applied in studies
that include PW who have physiologically permanently diluted
urine. Additionally, the time of urine sampling should be
considered in younger adults. The most suitable time for
single-spot urine sampling in such individuals seems to be
before 9:30. Taking our findings into account, we believe that a
precise protocol for urine sampling is needed before starting
population-based iodine intake studies.

DATA AVAILABILITY
The anonymized data analyzed in this study can be obtained from the corresponding
author upon reasonable request.
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