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ABSTRACT

There is a lack of data on the state of iodine reserves and the possible consequences of iodine deficits in
diabetic patients. The main aims of this study were to: a) obtain information about iodine saturation in
patients with type 1 diabetes; b) determine to what extent this saturation differs from the non-diabetic
population; and c) determine whether iodine levels are related to several clinical and laboratory
parameters characteristic of diabetic syndrome, including thyroid status.

Subjects and methods: A total of 54 males and 51 females treated for type 1 diabetes mellitus (DM1)
were included in this cross-sectional study. In addition to iodine saturation determined as the
concentration of iodine in the first urine sample of the day, we measured clinical, anthropometric, and
biochemical parameters in relation to DM1.

Results: Measured iodine levels were: median 152 pg/], first quartile 117 .g/l, and third quartile 219 p.g/l.
More than 50% of iodine levels varied within the optimal saturation range of 100-200 .g/1, while about 14%
showed incomplete saturation (<100 wg/l), and 34% had increased saturation (>200 g/1).

Multi-dimensional regression showed significant positive relationships; (an OPLS model explaining 9%
of the variability) between ioduria and male sex, body weight and height, and serum creatinine levels,
which to date have not yet been published. Relationships to the other analyzed parameters (glycated
hemoglobin, insulin dose, DM duration, body mass index, microalbuminuria, glomerular filtration rate,
thyroid function and volume, thyroid autoimmune markers) were not significant.

Conclusions: Iodine saturation levels in our study group were within the ICCIDD (WHO)
recommendations for optimal/good saturation for the non-diabetic population, and patients with
diabetic syndrome did not differ with respect to the chosen normal ioduria concentrations, i.e. 100 or
150 pg/l. The question remains, however, whether past attempts to deal with iodine deficits in the Czech
Republic are responsible for this satisfactory iodine status of the type 1 diabetic population, or if there are
other factors involved.
© 2016 Faculty of Health and Social Sciences, University of South Bohemia in Ceske Budejovice. Published

by Elsevier Sp. z o0.0. All rights reserved.

Introduction

however, there exist groups of people in these countries at risk of
iodine deficiency and its negative effects, in particular pregnant

According to WHO (Zamrazil et al., 2004, 2010), since 2004 the
Czech Republic is among those countries that have successfully
addressed iodine deficiency. Despite this overall positive situation,
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and breastfeeding women, children, and the elderly (Abalovich et
al., 2007; Als et al., 2000; Sullivan et al., 2013; Szybinski, 2015). In
addition, patients with diabetes mellitus are also at risk (Zamrazil,
2015), as demonstrated by data on pregnant women with diabetes
and diabetic children (Okten et al., 2006). For instance, a recent
study by Vitkova et al. (2015) found that 60% of pregnant diabetic
women in the 2nd trimester had ioduria of <100 g/l.

The aim of our study was to obtain information on the iodine
status of patients with type 1 diabetes, and to determine to what
extent this differs from the non-diabetic population. Further, we
focused on the question of whether iodine levels in our study
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group were related to several clinical factors (diabetes duration,
diabetic compensation, insulin dose), laboratory parameters
characteristic of diabetic syndrome (renal function), and other
markers. We also analyzed the volume and function of the
thyroid gland, including the presence of thyroid autoimmunity.

Subject

Our study group consisted of a total of 54 men and 51 women
treated for DM1 at the Institute of Endocrinology in Prague and at
the Motol Hospital of the 2nd Faculty of Medicine, Charles
University. Medical, clinical, and laboratory parameters of this
group are given in Table 1.

This study was approved by the ethical commission of the
Institute of Endocrinology, in agreement with the most recent
Declaration of Helsinki.

Protocol

This was a cross-sectional study, with data obtained during
standard examinations as part of regular check-ups at the diabetic
clinic of the Institute of Endocrinology and Motol Hospital,
performed in the spring of 2015. None of the studied patients
took supplementary iodine or organic medicines containing
iodine, and at least for the prior year had no medical history of
treatment with iodine-based contrast medium.

Samples of coagulated and non-coagulated blood were taken
between 7-9 A.M. after fasting. Basal insulin was given unchanged
before sampling, while morning prandial insulin given with food
was delayed until after sampling was performed.

Methods
a) Serum or plasma examinations

Glycated hemoglobin (HbA1c) was measured using an immu-
noturbidimetric assay (Tina quant, Cobas 6000, Roche, Manheim,
SRN).

Creatinine was measured spectrophotometrically, using an
enzymatic method with creatinase (Cobas 6000, Roche, Manheim,
Germany).

Estimation of glomerular filtration (eGF) according to MDRD
(Modification of Diet in Renal Disease) was calculated as: 515.3832 x
(serum creatinine)-1.154 x (age)-0.203 x (0.742 for women).

Thyreotropic hormone (TSH), free thyroxine fraction (fT4) and
Vitamin D (250HD total—-250HD, +250HD3) were measured by
immunoanalytic ECLIA methods (Cobas 6000, Roche, Manheim,
Germany).

Thyroid auto-antibodies (T-Ab)—antibodies to thyroid peroxi-
dase (anti TPO) and antibodies to thyreoglobulin (anti Tg) were
measured using an ELISA method (Aesku.Diagnostics, Wendel-
sheim, Germany) on an Immunomat BASE (Serion Immunologics,
Germany).

b) Urine examinations

Ioduria was analyzed from samples taken from the first
morning urine. Patients were instructed on hygienic sampling
methods and to take samples from the middle part of urination.
The measurement of ioduria was done spectrophotometrically on a
Helios Alfa spectrophotometer (Spectronic Unicam) at 430 nm,
using alkaline mineralized melting and the Sandell-Kolthoff
reaction (Bilek et al., 2005).

For analyzing microalbuminuria (MAU), albumin was measure
from urine sampled during the nighttime, with sampling starting
when lying down to sleep and ending before the morning urine
sampling. For analyzing the albumin/creatinine ratio (ACR),
albumin was measured from the first morning urine, which was
sampled in the same way as for ioduria. Measurements were
performed using an immunoturbidimetric assay: normal MAU
values < 21 pwg/min, ACR for men < 2.5mg/mmol, for women
< 3.5mg/mmol (Cobas 6000, Roche, Manheim, Germany).

Calculations: MAU = (Albumin (mg/1) x urinary volume (ml))/(time
of sampling (min))

ACR = Albumin (mg/1)/Creatinine (mmol/l)

c) Clinical examinations

Thyroid volume was measured by ultrasonography using a 3D
image reconstruction and volume calculations according to
Brunnan on a SonoAce X8 (Samsung Medison).

Thyroid volume was calculated for each lobe separately
according to the equation:

Table 2
Table 1 Comparison of median for selected parameters characteristic of diabetic syndrome
Basic parameters of the study group (n=105). in patients with ioduria <150 vs > 150 pg/l.
Variable Unit Median (25. a 75. Quartile) loduria signif.
Age Years 42 (31, 55) Variable <150 >150
Body weight kg 78 (66, 91) n (%) 49 (47%) 56 (53%)
Body height cm 172 (165, 180) Body weight kg 75.0 79.5
BMI kg/m>? 25.9 (233, 29.7) Body height cm 168 175 *
loduria g/l 152 (117, 219) BMI kg/m? 255 26.0
Diabetes duration Years 18 (13, 23) loduria ngfl 114 217 ok
Insulin dose/kg/day IU/kg/day 0.62 (0.44, 0.75) Diabetes duration years 19.5 17.0
Insulin dose/day IU/day 49 (36, 62) Insulin dose/kg/day IU/kg/day 0.643 0.602
HbAlc mmol/mol 61 (51.2, 71.0) Insulin dose/day IU/day 49 49
Creatinine mmol/l 71 (61, 83) HbA1c mmol/mol 64 60
eGF ml/s/1.73m? 1.63 (1.38,1.92) Creatinine mmol/l 67 72
Microalbuminuria g/min 4.3 (1.9, 11.8) eGF ml/s/1.73m? 1.59 1.69
Albumin/Creatinine ratio mg/mol 0.54 (0.23, 2.08) Microalbuminuria ng/min 43 5.1
Vitamin D nmol/l 58 (39.3, 82.8) Albumin/Creatinine ratio mg/mol 0.50 0.75
TSH mlU/1 1.77 (1.12, 2.80) Vitamin D nmol/l 66.8 55.9
T4 pmol/l 15.6 (13.9, 18.2) TSH mIU/l 1.82 175
Thyroid volume males ml 18.5 (12.0, 22.1) fT4 pmol/l 16.2 15.1
Thyroid volume females ml 9.6 (7.7, 12.6)

BMI (body mass index), HbAlc (glycated hemoglobin), eGF (estimation of
glomerular filtration), TSH (thyrotrophic hormone), fT4 (free thyroxine fraction).
Data are given as median (25., 75.quartile).

BMI (body mass index), HbAlc (glycated hemoglobin), eGF (estimation of
glomerular filtration), TSH (thyrotrophic hormone), fT4 (free thyroxine fraction).
Mann-Whitney test was used at the significance levels 2ac=0.05%, 0.01**, and
0.001***,
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Table 3
Comparison of median for selected parameters characteristic of diabetic syndrome
in patients with ioduria <100 vs >100 p.g/l.

lIoduria signif.
Variable <100 >100
n (%) 15 (14%) 90 (86%)
Body weight kg 65.1 79.5 *
Body height cm 169 172
BMI kg/m? 24.2 26.6
Toduria g/l 77 167 o
Diabetes duration years 18 18
Insulin dose/kg/day 1U/kg/day 0.643 0.615
Insulin dose/day IU/day 44 50
HbAlc mmol/mol 64.2 60.8
Creatinine mmol/l 65 72
eGF ml/s/1.73m? 175 1.62
Microalbuminuria pg/min 5.1 43
Albumin/Creatinine ratio mg/mol 0.53 0.55
Vitamin D nmol/l 56.9 62.4
TSH mlIU/l 217 175
fT4 pmol/l 15.1 15.9

BMI (body mass index), HbAlc (glycated hemoglobin), eGF (estimation of
glomerular filtration), TSH (thyrotrophic hormone), fT4 (free thyroxine fraction).
Mann-Whitney test was used at the significance levels 2ac=0.05%, 0.01**, and
0.001***,

V (ml)=0.479 x length x depth x width

Total volume was the sum of both lobes; the volume of the
isthmus was not included. For the purposes of this study we used
the upper limits for a normal thyroid given by WHO for the
European population: 18 ml for women and 22 ml for men. WHO
does not give a lower limit for thyroid volume, so we used data
from the Czech population (Dvorakova et al., 2006).

d) Anthropometric examinations

Body weight, body height, body mass index (BMI) calculated as
weight (kg)/height (m?).

Criteria recommended by ICCIDD (WHO) for evaluating ioduria
in the non-diabetic population

Severe iodopenia is classified as ioduria values <19 pg/l, serious
iodopenia 20-49 pg/l, slight iodopenia 50-99 g/l, optimal
saturation 100-199 pg/l, increased saturation 200-299 pg/l, and
high saturation 300-499 g/l, excessive saturation >500 g/l
(WHO, UNICEF, ICCIDD, 1999).

Statistical evaluation
Multivariate regression with a reduction in dimensionality

(method of orthogonal projections to latent structures, OPLS)

60%

(Table 4), ordinary multiple regression (Table 4), and the
Mann-Whitney test (Tables 2 and 3) were used to analyze the
data, using the statistical software Statgraphics Centurion
version XIV (Manugistics, USA) and the multi-dimensional
statistics software Sitica version XII (Umetrics, Sweden). Statistical
methods were used at the significance levels 20.=0.05.

Results

The incidence of measured ioduria in individual categories for
evaluating iodine saturation according to the ICCIDD (WHO) for
non-diabetics is shown in Fig. 1.

Fifty five (52%) of samples tested for ioduria were within the
optimal saturation range, while 14 (13%) had decreased saturation;
however, no sample had ioduria <20 wg/l. Increased/higher
saturation was found in 36 (35%) of samples.

The measured clinical and biochemical parameters tested here
characterizing diabetic syndrome were not significantly related to
the chosen normal iodine saturation range, with the exception of
height (the group with ioduria <100 vs. > 100) and weight (groups
with ioduria <150 vs. > 150) (Tables 2 and 3).

We further found differences in the incidence of positive
thyroid auto-antibodies in men compared to women. The presence
of some individual T-Ab or their combination (anti TPO and/or anti
Tgl) reached almost 40% in women, while positive T-Ab was found
in only 24% of men.

Table 4 shows results of the multi-dimensional regression
analyzing relationships between ioduria and other laboratory and
clinical parameters. Of all analyzed parameters, only sex, body
height and weight, and creatinine levels were statistically
significant predictors of ioduria. The model predicted 9% of the
ioduria-related variability.

Discussion

According to WHO, more than about 2 billion people are at risk
of a lack of sufficient iodine, and providing iodine has been the
subject of much attention worldwide (Delange et al., 2002). The
Czech Republic was among those countries having insufficient
iodine levels, and was one of the first countries to address this
problem more than 50 years ago (Silink and Reisenauer, 1957).
Iodine comprises more than 60% of the molecular volume of
the thyroid gland hormones—thyroxine and triiodothyronine.
Especially during pregnancy, even a slight iodine deficit may lead
to many serious fetal defects. lodine deficits just after birth result
in defects in psychosomatic development, while in later years and
in adulthood a lack of iodine results most often in goiter (Horacek
et al., 2013; Volzke et al., 2016). An overall success in addressing
iodine deficits does not mean, however, that there are not
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Fig. 1. The incidence of measured ioduria in individual categories for evaluating iodine saturation according to the ICCIDD (WHO) for non-diabetics.
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Table 4

Relationships between ioduria and various clinical-laboratory parameters evaluated by multivariate regression (method of orthogonal projections to latent structures, OPLS)

and ordinary multiple regression.

Variable OPLS, predictive component Ordinary multiple regression
Component loading t-statistic R* Regression coefficient t-statistic
Relevant predictors T Male 0.595 15.89 0.888 > 0.147 2.50 *
(matrix X) T Body Weight 0.466 6.94 0.695 * 0.074 5.42 *
1 Body Height 0.543 10.53 0.810 > 0.098 2.48 *
1 Creatinine 0.424 5.52 0.634 o 0.060 8.50 o
Dependent variable (matrix Y) loduria 1.000 1.97 0.299 *

Variability explained

9% (6.8% after cross-validation)

¢ R-Component relationship expressed as a correlation coefficient with predictive component. OPLS model and multiple regression models were used at the significance

levels 2a =0.05%, and 0.01**.

certain population groups for whom iodine deficiency does not
present a continued risk (Zamrazil, 2015), in particular for
pregnant/breastfeeding women and children (Abalovich et al.,
2007; Pearce, 2014; Péter et al., 2015).

Another group considered to be at risk includes those suffering
from diabetes mellitus (Zamrazil, 2015). However, there are only
sporadic data on the status of iodine reserves and the con-
sequences of iodine deficits and/or increased saturation in those
with diabetes. This is surprising considering that diabetes affects
about 10% of the population, and treatment of these patients is
associated with an economic burden many times higher than for
the non-diabetic population (American Diabetes Association
(ADA), 2013; DolezZal et al., 2009; Késter et al., 2014).

The main aim of our study was to obtain basic information on
the iodine saturation status in patients with type 1 diabetes, and to
analyze the relationships between iodine saturation and clinical-
laboratory parameters characteristic of diabetic syndrome. We
measured iodine saturation as the iodine concentrations in the first
morning urine, in line with common epidemiological practice.

Our results from 105 patients with type 1 diabetes showed that
52% had good/optimal iodine saturation, i.e. between 100 and
199 pg/l. This is in agreement with a recently published study on
the adult non-diabetic Czech population, who had median ioduria
values between 110 and 250 pg/l (Dvorakova et al., 2006).

We found ioduria of <100 g/l in 14 (13%) of diabetic patients,
in the category of a slight deficiency. Serious iodine deficiency
levels of <20 g/l were not found in any patient. In contrast, about
one third (35%) of our study group had increased/high iodine
saturation according to the ICCIDD (WHO) criteria (> 200 p.g/l), 2/3
of whom were men. The OPLS model from our data found
significant predictors of ioduria to be male sex, body weight and
height, and creatinine. These correlations are in agreement with
the findings of a group of epidemiological studies on iodine
deficiency in the Czech population, which repeatedly found higher
iodine levels in men (Dvorakova et al., 2010). The level of creatinine
in the blood under physiological conditions and normal kidney
function reflect the total muscle mass, or respectively muscle
metabolism, and thus tends to be higher in men. The positive
correlation of iodine with creatinine levels is logical with respect to
male-linked physiological parameters, and also explains the lack of
correlation with BMI. Importantly, these relationships have not yet
been reported.

When commenting on iodine values in adult diabetics it must
be kept in mind that currently no normal ioduria values have been
set and/or published for this population. In order to analyze to
what extent the level of iodine saturation influences the clinical-
biochemical parameters of our diabetic study group, we chose two
levels as normal, the <150 wg/l recommended for pregnant
women with diabetes, and the <100 g/l considered the lower
normal level for the general population.

Our statistical analysis found that besides body height and
weight, no other parameters characterizing diabetic syndrome -
diabetes duration, BMI, diabetic compensation (HbAlc, insulin
dose), renal function (creatinine, eFG, MAU, ACR), thyroid function
(TSH, fT4) or vitamin D levels - were associated with normal iodine
concentrations of either 100 or 150 g/l (Tables 2 and 3).

We also did not find a significant relationship between levels of
glycated hemoglobin and ioduria in our patient group. Diabetic
compensation evaluated by HbA1c values did not differ between
patients with lower iodine saturation (<100 pg/l) and those with
good saturation (>100 pg/l). It should be noted, however, that
HbAlc values in our group reflected very good or good
compensation. A study by Steisse et al. indicates that the diabetic
compensation status should be taken into account when evalua-
tion ioduria in diabetics (Steiss et al., 1996). Similarly to our results,
Okten et al. (2006) found no differences between HbA1c values,
DM duration, or thyroid hormone levels between child diabetics
with iodine deficiency and those with good saturation.

In agreement with our previous findings (Vondra et al., 2004,
2005), our results here showed a high percent of positive T-Ab,
particulary in women. Irrespective of the presence of T-Ab, we also
found lower thyroid volume in diabetic women, with the median of
9.6 ml falling within the 10th to 25th percentile of Czech women
with good iodine saturation (Dvorakova et al., 2006). A tendency
toward a lower thyroid volume in the male part of the study group
was not seen, with volume ranging between the 75th to 90th
percentile of Czech men with ioduria > 100 g/l (Dvorakova et al.,
2006).

Conclusions

Based on our results, iodine saturation in adult DM1 patients
met the conditions of ICCIDD (WHO) for optimal/good saturation.
Steps taken in the past to address iodine insufficiency in the Czech
Republic currently seems to have been adequate. The question
remains, however, whether the satisfactory status of the type 1
diabetic population is also influenced by additional factors. This is a
subject for future research.

When discussing normal values of ioduria in an adult diabetic
population, results of our analysis on the relationships between
clinical-laboratory parameters characteristic for diabetic syn-
drome are important. No direct significant correlations were
found, but multi-dimensional regression found a new, as yet
unpublished positive relationship between ioduria and male sex,
body weight and height, and creatinine levels.
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