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ABSTRACT

Preeclampsia (PE) is one of the leading causes of perinatal and maternal morbidity.
Although subclinical hypothyroidism in pregnancy is one of the established risk factors
for PE, the link between iodine deficiency and PE is not fully understood. The aim
of our study was to assess urinary iodine concentration (UIC), serum thyroid-stimulating
hormone (TSH), free triiodothyronine (fT3), and free thyroxine (fT4) levels in Polish
women with PE (PE group, n=78) compared with healthy non-pregnant women (CNP
group, n=30), and healthy pregnant women (CP group, n=46). The UIC was determined
by inductively coupled plasma mass spectrometry (ICP-MS). Both the mean UIC
of 144.6+36.4 pg/L in the CP group and the mean of 125.8+33.6 pg/L in the PE group,
respectively, were lower compared to non-pregnant women (149.8+28.8 ug/L), and the
difference between the PE and CNP groups was statistically significant. TSH values
were the highest in the PE group, while the lowest average level was for the CNP group.
The fT3 and fT4 values in the PE group were significantly lower compared to the CNP
and CP groups. Despite iodine supplementation during pregnancy, the UIC was lower
compared to non-pregnant women, while in women with PE it was at a significantly
lower level. To reduce the incidence of possible health complications, proper iodine
supplementation and monitoring of the UIC is recommended for pregnant women
suffering from PE or at risk of developing PE.
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INTRODUCTION

Preeclampsia (PE) is one of the leading causes of peri-
natal and maternal morbidity, which complicates 2-8% of
pregnancies worldwide. PE is diagnosed after the 20" week
of gestation in the presence of hypertension (blood pressure
> 140/90 mmHg) and proteinuria (>0.3 g in a 24-hour col-
lection of urine) [1]. It can lead to preterm delivery, foetal
growth restriction (FGR), multi-organ system dysfunction
and maternal or foetal death [2]. The pathophysiology of this
disorder remains poorly understood, which limits therapeutic
intervention [3]. The possible causes of PE are abnormalities
in the development of placental vascular tissue during the
first trimester and oxidative stress that arises from factors
released by the placenta [4,5]. Although the exact cause
remains uncertain, the risk factors of PE are well known
[6,7]. The most important factors include elevated body mass
index, obesity, chronic hypertension, prediabetes or diabetes,
and the presence of PE during a previous pregnancy or in the
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family history. In addition, first pregnancy, multiple preg-
nancies, maternal age (younger than 20 or older than 35
years), and African ancestry are associated with PE [7,8].
Subclinical hypothyroidism in pregnancy is one of the estab-
lished risk factors for PE, however, the link between iodine
deficiency and PE remains mostly unknown [9].

Iodine deficiency is one of the major causes of thyroid
dysfunction and affects approximately two billion people
worldwide. It has recently been found that different groups
of the population have mild to moderate iodine deficiency,
especially children and pregnant women [10]. Some studies
suggest that oxidative stress may be a contributing factor
to PE and that iodine, as one of the most potent exogenous
antioxidants, may reduce the risk of this disorder [11,12].
Iodine deficiency is associated with oxidant imbalance and
endothelial dysfunction, which is one of the mechanisms
associated with increased risk of PE [9]. Iodine is also one of
the most important microelements which play a crucial role
in human physiology [13]. It is essential for the production
of maternal and foetal thyroid hormones and its deficiency
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may cause significant clinical symptoms [14]. Adequate
levels of thyroid hormones are especially important for cell
migration, myelination, differentiation and maturation of the
foetal brain [15,16]. Severe iodine deficiency is especially
dangerous in pregnancy as it affects foetal growth and devel-
opment and can cause congenital hypothyroidism resulting
in cretinism and impaired neurodevelopment [16]. Recom-
mendations by the WHO set the minimal urinary iodine
concentration (UIC) as 100 pg/L. This recommended dose
corresponds to a daily intake of 150 pg iodine. The latest
recommended amount for adults is 150 pg/day and 200 pg
for pregnant or lactating women [17,18].

There are many controversial results in the literature
regarding the relationship between UIC and the risk of PE.
Some of the studies reported lower iodine levels in women
with PE compared to healthy pregnant women [19-21],
while other studies show opposite results [9,22]. Todine
deficiency is very common among pregnant women in many
European countries, as well as in the USA [23], therefore
it is necessary to verify the possible relationship between
the iodine level and the risk of PE. Within this context, the
aim of this study was to compare the UIC in preeclamptic,
healthy pregnant, and healthy non-pregnant women. Fur-
thermore, we aimed to assess serum thyroid-stimulating
hormone (TSH), free triiodothyronine (fT3), and free thy-
roxine (fT4) levels within the same groups.

MATERIALS AND METHODS

Study population

This study was approved by the ethics committee of the
Medical University of Lublin (No KE-0254/251/2016).
Informed consent was obtained from all patients before
blood and urine sampling. Samples were collected from
pregnant women admitted to Independent Public Clinical
Hospital No. 4 in Lublin during either routine testing or their
stay at the hospital. Patients were divided into three groups:
control non-pregnant (CNP group, n=30), control pregnant
(CP group, n=46) and women with PE (PE group, n=78).
The inclusion criteria for control groups were as follows:
healthy and normotensive women with the absence of pro-
teinuria. The PE group was classified based on the definition
of the American College of Obstetrics and Gynaecologists
[24]. Patients with diabetes, hypertension, thyroid diseases,
or those taking thyroid medications were excluded from the
study. Participants supplementing iodine as recommended
for pregnant women, were not excluded from the study.

Collection of the samples

Urine samples were collected directly into plastic urine
collection containers. The collected urine samples were then
aliquoted and stored frozen at -25°C until analysis. For TSH,
fT3, and fT4 levels, fasting venous blood samples (5 mL)
were drawn in sterile vacutainers and were centrifuged at
3.000 rpm for 15 min to extract the serum.

Biochemical analysis

Serum measurements of TSH, fT3 and fT4 were per-
formed by an accredited diagnostic lab (ALAB Medical
Analysis Laboratory, 8 Jaczewskiego Street, Lublin).
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Iodine determination in urine samples

The UIC was measured by inductively coupled plasma-
mass spectrometry (ICP-MS, Thermo Fisher Scientific,
Bremen, Germany), according to the method developed
by the Centres for Disease Control and Prevention (CDC)
(25). The ICP-MS instrument operational parameters were
as follows: RF power (1550 W); plasma gas flow (14 L/
min); auxiliary gas flow (0.8 L/min); nebulizer flow rate
(0.95 L/min). The iodine (*'I) isotope was monitored for
analytical determination, and the tellurium ('*Te) isotope
was monitored as an internal standard.

The following diluent was used to prepare the solutions:
1.0% (v/v) tetramethylammonium hydroxide - TMAH 25%
w/w, 0.01% Triton™ X-100 and 10 pg/L Te (HPLC grade,
Sigma Aldrich, St. Louis, MO, USA). An aqueous solution
of 1% TMAH and 0.1% Triton X-100 was used for ICP-MS
rinsing. The urine samples were diluted 10-fold with 1%
(v/v) TMAH containing tellurium for internal standardiza-
tion. The base urine used in this method was a pool of urine
samples from several participants. It was combined with
intermediate working standards during the dilution process
just prior to analysis. The calibration standard solutions were
prepared by adequate dilution of the iodine standard, and the
calibration curve was obtained with six solutions of iodine
concentrations within the 25-1000 pg/L range. The internal
standard solution was added to all samples, as well as the
standard solutions to obtain a 10 pg/L final concentration.

For validation and analytical quality control purposes,
the certified reference materials (CRMs): Trace Elements
Urine, L1 and L2 (Seronorm™, Sero, Billingstad, Norway)
were used and were analysed under the same conditions as
the samples. All measurements were conducted in triplicate.

Statistical analyses

Statistical analyses were performed using TIBCO
Software Inc. (2017) Statistica, v.13.0.0.0 (TIBCO, Tulsa,
USA). Descriptive statistics were produced for the overall
sample population, as well as for the groups: CNP, CP, PE.
The Shapiro-Wilk test indicated that the variables were not
normally distributed (Table 1), therefore, the non-parametric
Kruskal-Wallis ANOVA test was applied for the comparison
of variables. The homogeneity of variance was checked via
Levene’s test.

Table 1. The p-value from the Shapiro-Wilk test for normality
in the groups

Group/variable CNP CP PE
UIC (ug/L) 0.03 0.08 0.08
TSH (mU/L) 0.04 0.04 0.00
T3 (ng/L) 0.13 0.13 0.00
T4 (ng/L) 0.04 0.04 0.00

Since the parametric tests could not be used, Dunn’s
post-hoc tests were performed to check which specific
groups’ averages were different from each other. Bonferroni
correction was applied to keep the first type error at 0=0.05.
A logistic regression analysis with a continuous dependent
variable was used to evaluate the association between the
UIC and PE. The quality of the model fit was checked with

155



Urinary iodine as an important indicator for preeclampsia: a Polish perspective

the log-rank test to assess whether the model with the UIC
variable improves the model built only with the intercept.
The significance of the coefficient with the UIC variable
in the model was tested with Wald’s test. The goodness of
the model’s fit was tested with the Lomershow-Hosmer test
(where a p-value above 0.05 indicates that the model fits the
data well). The absence of excessive scatter was assessed
based on the scaled chi-square coefficient (a value of the
coefficient around 1 indicates that the model does not have
excessive scatter). Based on the ROC curve, the classifica-
tion possibilities of the model were examined.

RESULTS

Descriptive statistics for the overall studied population

A detailed characterisation of the studied population is
presented in Table 2. As the variables were not normally dis-
tributed, nonparametric tests were used for the comparison.

Table 2. Patient characteristics
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All participants n=154

Age (years) 27.8 4.6 28.0 18.0 45.0 5,0
UIC (pg/L) 136.1 | 35.1 135.7 | 51.7 | 245.6 | 38.4
TSH (mu/L) 1.6 0.6 1.7 0.3 2.5 1.0
fT3 (ng/L) 2.4 0.9 2.3 1.0 4.6 1.6
T4 (ng/L) 14.7 | 2.7 | 14.1 | 10.3 | 204 | 4.3
Control Non-pregnant (CNP) n=30
Age (years) 272 | 7.5 | 26.0 | 18.0 | 45.0 | 12.0
UIC (upg/L) 149.8 | 28.8 | 147.9 | 82.4 | 245.6 | 27.8
TSH (mU/L) 1.2 0.5 1.1 0.4 2.1 0.8
fT3 (ng/L) 2.7 0.9 2.6 1.2 4.6 1.5
T4 (ng/L) 16.2 | 2.9 | 16.5 | 11.6 | 20.4 | 5.0
Control Pregnant (CP) n=46
Age (years) 29.2 | 3.7 | 29.0 | 21.0 | 38.0 | 4.0

Gestational age (weeks) 25.5 10.2 27.5 10.0 40.0 18.0

UIC (ug/L) 144.6 | 36.4 | 141.2 | 65.1 | 243.0 | 33.5

TSH (mU/L) 1.5 0.6 1.5 0.3 2.4 1.0

fT3 (ng/L) 2.5 1.0 2.5 1.0 4.1 1.5

fT4 (ng/L) 15.2 2.3 14.8 10.3 19.5 2.8
Preeclampsia (PE) n=78

Age (years) 27.3 2.3 28.0 20.0 41.0 5.0

Gestational age (weeks) 34.3 3.7 35.0 22.0 39.0 2.0

UIC (pg/L) 125.8 | 33.6 124.0 | 51.7 | 217.4 | 40.2
TSH (mu/L) 1.8 0.5 1.9 0.3 2.5 0.7
fT3 (ng/L) 2.1 0.9 2.1 1.0 3.9 1.8
T4 (ng/L) 14.0 | 2.5 | 13.2 | 106 | 19.8 | 2.6
Iodine supplementation
Group Yes % No %
All participants (n=154) n=103 67 n=49 33
CNP (n=30) n=0 0 n=30 100
CP (n=46) n=39 85 n=7 15
PE (n=78) n=64 82 n=12 18
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The mean age of all patients was 27.84+4.6 years.
The age of the CNP and PE patients was similar (27.2+7.5
vs 27.3£3.3, respectively), while the CP patients were
slightly older (29.2+3.7). The gestational age in the
PE group was significantly longer than in the CP group
(34.3+£3.7 vs 25.5+10.2). 85% of the CP group and 82%
of the PE group declared iodine supplementation in accor-
dance with the recommendations of the Polish Gynecologi-
cal Society for pregnant women [26]. Patients took mineral/
vitamin preparations dedicated to pregnant women (which
contained iodine in the form of potassium iodide) at the level
of 150-200 pg/day, while none of the CNP group supple-
mented iodine.

The Kruskal-Wallis ANOVA test results
of the comparison of three groups

The Kruskal-Wallis ANOVA test results are presented
in Table 3. There were statistically significant differences
between the mean ranks in the groups for each variable.

Table 3. The Kruskal-Wallis ANOVA test results

Variable X? p-value
UIC (ug/L) 16.92 0.0002
TSH (mU/L) 25.02 0.0000
T3 (ng/L) 11.18 0.0037
T4 (ng/L) 19.99 0.0000

Dunn’s post-hoc tests with the Bonferroni correction were
performed to check which group’s mean rank differ from each
other. The test results are presented in Table 4. There were sig-
nificant differences in the UIC between the PE group and the
other groups. Moreover, there was no significant difference
between the CNP and CP groups. Additionally, all groups
have significantly different mean values for TSH levels. The
fT3 and T4 values in the PE group compared to the CNP
and CP groups were significantly different. There were no
significant differences between the CNP and CP groups.

Table 4. Dunn’s post-hoc test results for the UIC, TSH, fT3 and
fT4 variables

Group CNP CP PE

UIC (ug/L)
CNP - 0.855063 0.000682*
Ccp 0.855063 - 0.010819*
PE 0.000682* 0.010819*

TSH (mU/L)
CNP - 0.034245* 0.000003*
Ccp 0.034245* - 0.039880*
PE 0.000003* 0.039880*

fT3(ng/L)
CNP - 1.000000 0.009697*
Ccp 1.000000 - 0.044426*
PE 0.009697* 0.044426*

fT4 (ng/L)
CNP - 0.697102 0.000174*
CcpP 0.697102 - 0.005074*
PE 0.000174* 0.005074*

* statistically significant differences, p<0.05

Current Issues in Pharmacy and Medical Sciences



Katarzyna Gajewska, Marzena Laskowska, Anna Blazewicz

The Kruskal-Wallis ANOVA test results for the UIC,
TSH, {T3 and fT4 values are presented in Figure 1. The UIC
values in the PE group were lower than in the CNP and CP
groups. TSH values were the highest in the PE group, while
the lowest average level was observed for the CNP group.
The fT3 and fT4 values in the PE group were significantly
lower compared to the CNP and CP groups.
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Figure 1. The Kruskal-Wallis ANOVA test results for: A. UIG;
B. TSH; C. fT3; D. fT4 values
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Logistic regression analyses of the relationship
between UIC and the presence of PE

A logistic regression model was built in which a variable
classifying the state into one of the two groups (PE and
CP) was selected as the dependent variable. Here, UIC
was selected as the independent variable. Application of
the log-rank test (p-value = 0.004) indicated that the UIC
variable significantly improved the model based only on
the intercept. The p-value in the Lomershow-Hosmer test
was 0.15, which reveals that the model fits the data well.
In addition, the scaled chi-square value is 1.01, which indi-
cates that there is no excessive scatter.

Table 5. Logistic regression analysis results
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& o 0o = ST | 57
Intercept 2.66 0.81 10.74 1.06 4.25 0.001
UIC (pg/L)| -0.015 | 0.98 0.006 7.48 0.027 | -0.005 | 0.006

The obtained odds ratio shows that with an individual
increase in the UIC variable, the probability of the patient
being in the PE group decreases by 2%. With the difference
of 32 units between the mean values of the groups, this
observation is significant.

DISCUSSION

Our study demonstrated a prevalence of maternal iodine
with a mean UIC of 144.6 + 36.4 pg/L in the CP group
and 125.8433.6 ng/L in the PE group. These values were
lower compared to the CNP group (149.8+28.8 pg/L). The
difference between the PE and CNP group was statistically
significant. Most pregnant women (both in the CP and PE
groups) supplemented iodine with pregnancy vitamins at an
average level of 150-200 pg per day. Despite this supple-
mentation, the UIC was at a similar or lower level (approxi-
mately 67% of all studied patients, including 88% of all
of the pregnant women, had a UIC below 150 pg/L). This
observation is caused by increased production of thyroid
hormones, the passage of iodine across the blood-placenta
barrier, and an increase in renal clearance [27]. Pregnancy
induces several major changes in the physiology of the
thyroid gland. Starting in early pregnancy, T4 production
increases by approximately 50%, circulating thyroxine-
binding globulin (TBG) increases 1.5-fold, and the levels
of T3 and T4 are enhanced [28]. Moreover, during the first
trimester, the thyroid is also stimulated by the alpha subunit
of human chorionic gonadotropin (hCG), which binds to and
activates the TSH receptor. All these processes contribute to
the increased demand for thyroid hormones and adequate
iodine availability [29].

The upsurge in demand for iodine during pregnancy is
also associated with an increase in the maternal glomerular
filtration rate wherein lodine is passively excreted, which
causes additional losses of ingested iodine. The placenta and
foetus also consume iodine and maternal thyroid hormone.
Pessah-Pollack et al. [30] showed that pregnant women are
at an increased risk for iodine deficiency. Their data reveals
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that the UIC of the pregnant women who supplemented
iodine at a dose of 150 pg of potassium iodide daily (n=182)
was 169.8 pug/L — which was significantly higher than
the group without supplementation (128.4 pg/L, p<0.01,
n=183). Furthermore, the results of that study indicated that
over 50% of all women were exposed to iodine deficiency
during pregnancy, and more than 20% of all women who
supplemented iodine were still at risk. Bath et al. [31] con-
tribute research that British women are characterised by mild
to moderate iodine deficiency (median UIC was 56.8 pg/L).
Moreover, their work show that only a very small number
of patients supplemented iodine during pregnancy (3%).

In the study by Gulaboglu et al. [19], the level of urinary
iodine of women with severe PE was 4.25+2.7 ng/dL —
less than 20.89+6.4 pg/dL of the urinary iodine of healthy
pregnant women (p<0.001). There was no difference in
thyroid hormone levels (T4, TSH, fT4). However, there was
a significant difference in the T3 levels between women
with severe PE (1.86+0.4 ng/dL) and healthy pregnant
women (1.45+0.3 pg/dL; p<0.001), and in the fT3 levels
(2.77+0.4 ng/mL in the PE group vs 2.41+0.5 ng/dL in the
control group; p<0.01). In our study, the TSH values were
the highest in the PE group, while the lowest average level
was observed in the CNP group. Of note, the fT3 and T4
values in the PE group were significantly lower compared
to the CNP and CP groups. Sattar et al. [32] also saw sta-
tistically insignificant differences in the levels of TSH, fT3
and fT4 in the PE group compared to the healthy control
group; however, their study was limited by it being a very
small study group (PE group — 17; control group — 16).
Muraleedharan et al. [33] found that TSH was significantly
higher in patients with PE (3.76+1.55 mIU/L) than in healthy
controls (2.30+0.94 mIU/L). Mean FT3 in the PE group was
2.1240.55 pg/ml and was 2.43+0.47 pg/ml in the control
group. FT4 in the PE group was 1.16+0.24 ng/dL and was
1.3340.27 ng/dL in controls; these data are suggestive of
hypothyroidism. In the study by Khanam and Ilias [34], the
mean (£SD) TSH of the study group and control group was
4.14+2.24 mIU/L and 2.75+1.73 mIU/L, respectively. There
was a highly significant difference between the two groups
(p=0.0007), whilst there were no significant differences
between the two groups in T3 and T4 levels (1.95+0.64
nmol/L and 1.98+0.57 nmol/L and 128.38+33.43 nmol/L
vs 126.37+34.70 nmol/L, respectively; p>0.05).

A study by Reische et al. [22], however, showed no sig-
nificant difference in iodine levels (case mean = 26.04 ng/
mL, control mean = 27.88 ng/mL, p=0.995) between pre-
eclamptic and healthy women. There was also no signifi-
cant difference in the TSH levels between compared groups
(case mean = 1.30 mIU/L, control mean = 1.24 mIU/L,
p=0.896). Furthermore, Gargari ef al. [35] did not find any
statistically significant difference between maternal iodine
deficiency and maternal complications of the pregnancy
such as PE, gestational diabetes mellitus, premature rupture
of membrane or bleeding. The results differed in the study
of Yang et al. [36] that aimed to determine the effects of
UIC and thyroid diseases on adverse pregnancy outcomes
and the risk of various disorders like PE. Their prospec-
tive study was conducted on a large number of patients
(2347 pregnant women) and their outcomes were compared
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between different UIC and thyroid function groups. Herein,
pregnant women with a UIC between 150 and 249 pg/L had
lower incidences of PE (adjusted odds ratio (OR) 0.12, 95%
CI: 0.01-0.87). In some studies, maternal hyperthyroidism
was associated with an increased risk of hypertensive dis-
orders, which may induce PE [37,38].

All the results presented above highlight a controver-
sial association between the UIC, TSH, fT3 and fT4 levels
and PE; and most studies point to iodine deficiency in the
population. In our opinion, this problem is important, and
attempts should be made to improve the current situation. In
Poland, there is a strategy of iodine prophylaxis that requires
iodised table salt and supplements for infant’s iodization.
Moreover, it recommends an additional dose of iodine
during pregnancy/breastfeeding and increasing the consump-
tion of natural iodine carriers, such as sea fish, milk, or
mineral waters with an iodide concentration of 100-200 pg/L
[39,40]. Despite these actions, most Polish pregnant women
suffer from iodine deficiency [41]. Thus, it can be concluded
that the effectiveness of iodine prophylaxis is not satisfac-
tory. Based on the WHO guidelines, where UIC below 150
ng/L can pose a risk of iodine deficiency, approximately
67% of all studied patients, including 88% of all pregnant
women, were at risk for mild, moderate or severe iodine
deficiency, which indicates insufficient iodine intake in
pregnancy, despite additional supplementation. This is par-
ticularly dangerous for women at risk of developing PE.

CONCLUSIONS

An increase in serum TSH levels with a concomitant
decrease in thyroid hormones indicates hypothyroidism,
but is not synonymous with iodine deficiency. To deter-
mine whether a patient is iodine deficient, a urine test for
iodine should be performed. Our studies suggest that such
tests should be performed routinely, especially in patients
with PE where not only significantly lower mean UIC was
found, but also hormonal alterations (i.e. the highest values
of TSH, and the lowest fT3 and T4 values) in the PE group
compared with the healthy controls.

Despite iodine supplementation during pregnancy, the
UIC was lower compared to non-pregnant women, while
in women with PE it was at a significantly lower level. To
reduce the incidence of possible health complications, proper
iodine supplementation and monitoring of the UIC is recom-
mended for pregnant women suffering from PE or at risk
of developing PE.
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