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Abstract

Background: The aim of the present study was to investi-
gate the effect of povidone-iodine (PVP-I) application at 
delivery on maternal urinary iodine concentration (UIC) 
and neonatal thyrotropin concentration.
Methods: In this cross-sectional study, urine samples 
were collected from each pregnant woman after admis-
sion to the hospital and before routine application of the 
PVP-I for delivery preparation and after delivery at time 
of screening for congenital hypothyroidism. A heel-prick 
blood sample was taken from all newborns.
Results: A total of 394 pregnant women at time of deliv-
ery participated in this study. Median (interquartile range 
[IQR]) maternal UIC values were 120 (105–157) and 253 
(126–470) μg/L before and after delivery, respectively 
(p < 0.001). No significant correlations were observed 
between maternal UIC before and after delivery and neo-
natal thyrotropin levels.
Conclusions: Application of PVP-I significantly increased 
UIC in postpartum mothers; however, thyrotropin concen-
tration in neonates, whose mothers had adequate UIC, 
was within the normal range.

Keywords: maternal urinary iodine; neonatal thyrotropin; 
povidone-iodine.

Introduction
Optimal iodine nutrition status is essential for thyroid 
hormone synthesis and consequently for normal growth 
and development [1, 2]. Along with urinary iodine concen-
tration (UIC), an elevated neonatal thyroid-stimulating 
hormone (TSH) is a sensitive indicator for an inadequate 
supply of thyroid hormones to the developing brain [3]. It 
is assumed that the thyroid of newborns is very sensitive 
to iodine status and even mild iodine deficiency and/or 
excessive exposure to iodine during pregnancy will cause 
an increase in neonatal TSH concentration [4].

Excess iodine intakes from diets (either foods or 
dietary supplements) and/or exposure to iodine con-
taining disinfectants, i.e. povidone-iodine (PVP-I), have 
inhibitory effects on the thyroid gland and can be major 
contributors for hyperthyrotropinemia and subsequent 
increase recall rates, and transient neonatal hypothy-
roidism in newborn screening programs [5–7]. However, 
there are controversial results regarding the association 
between prenatal maternal exposure to PVP-I and rate of 
neonatal hyperthyrotropinemia in iodine deficient and 
iodine-replete areas. For instance, data from European 
countries with mild to moderate iodine deficiency have 
shown that topical application of PVP-I during the last tri-
mester of pregnancy, before or during delivery and to the 
skin of the newborns, especially in premature and very 
low birth weight infants may result in increased TSH levels 
[8]. However, in iodine-replete regions such as Iran, no 
increase in neonatal TSH and the rate of transient hypo-
thyroidism was observed after PVP-I application during 
vaginal and cesarean section deliveries [9–11].

Although, in most screening programs, neonatal TSH 
was obtained using heel-prick blood sampling within 
3–5  days of age, measurement of TSH in cord blood 
samples is well established [12]. However, sensitivity of 
neonatal TSH of heel-prick and cord blood samples in 
relation to iodine status has shown inconclusive results 
[8]. In addition, majority of studies have addressed the 
influence of using PVP-I disinfection on cord blood 
samples and information on dried heel blood samples is 
limited [8].

aMajid Valizadeh and Pantea Nazeri contributed equally to this work.
*Corresponding author: Majid Valizadeh, MD, Obesity Research 
Center, Research Institute for Endocrine Sciences, Shahid Beheshti 
University of Medical Sciences, P.O. Box: 19395-4763, Tehran, 
I.R. Iran, Phone: +98 21 22432503, Fax: +98 21 22402463,  
E-mail: valizadeh@endocrine.ac.ir; mvalizadeh47@yahoo.com; and 
Associate Professor of Internal Medicine and Endocrinology, Zanjan 
Metabolic Disease Research Center, Zanjan University of Medical 
Sciences, Zanjan, I.R. Iran 
Pantea Nazeri: Family Health Institute, Breastfeeding Research 
Center, Tehran University of Medical Sciences, Tehran, I.R. Iran
Farzaneh Fazli, Farnaz Mohammadian, Sadreddin Kalantari and 
Hesam Osali: Zanjan University of Medical Sciences, Zanjan, I.R. Iran
Koorosh Kamali: Department of Public Health, School of Public 
Health, Zanjan University of Medical Sciences, Zanjan, I.R. Iran

Brought to you by | Bibliotheque de l'Universite Laval
Authenticated

Download Date | 8/2/17 3:27 PM

https://doi.org/10.1515/jpem-2017-0087
mailto:valizadeh@endocrine.ac.ir
mailto:mvalizadeh47@yahoo.com
Dr.Valizadeh
Highlight



2      Valizadeh et al.: PVP-I and maternal urinary iodine and neonatal TSH concentrations

Hence, considering the limited data and controversial 
results available, the objective of the present study was to 
investigate the effect of PVP-I application at delivery on 
maternal UIC and neonatal thyrotropin using heel blood 
sampling in newborn screening program in an iodine suf-
ficient area.

Materials and methods
Subjects

This cross-sectional study was conducted at an academic referral 
hospital in Zanjan, a province located in the northwest of Iran. From 
August 2013 to July 2014, pregnant women at median of 40 weeks ges-
tation (range 34–42 weeks) who were admitted in the obstetrics ward 
for delivery were asked to participate.

Women who had been exposed to iodine containing medica-
tions, i.e. iodinated antiseptics during the previous 2 weeks before 
admission to the hospital, were excluded. Based on the targeted sam-
ple size, random sampling continued until 400 pregnant women were 
enrolled. Using an interviewer-administered questionnaire, maternal 
information on age, gestational age, parity, history of thyroid disor-
ders, use of iodine-containing supplements during pregnancy, and 
type of delivery were documented and newborn demographic infor-
mation, including, birth date, sex, and birth weight, was obtained. 
Written informed consent was obtained from mothers after the study 
protocol, and objectives had been fully explained to all women and/
or their husbands.

All pregnant women were exposed to PVP-I 10% for perineal 
and abdominal preparations before deliveries. The volumes of PVP-I 
used for vaginal delivery and cesarean section were 100–150 and 
200–300 mL, respectively.

Urine collection

As maternal and fetal iodine status can affect neonatal thyrotropin 
levels, labeled plastic bottles, at the first visit, were provided to moth-
ers and they were asked to collect a casual urine sample at random, 
after admission to the hospital and before routine application of the 
PVP-I for delivery preparation. After delivery, of a total of 400 preg-
nant women, 100  mothers were again randomly selected, asked to 
collect the spot urine sample for iodine assessment at the time of 
screening for congenital hypothyroidism. All samples were collected 
and sent to the laboratory of Zanjan University of Medical Sciences, 
where they were transferred into screw-top labeled plastic vials. The 
aliquots were kept frozen at −20 °C until iodine concentrations were 
measured.

TSH concentration

A heel-prick blood sample was taken by trained nurses from all new-
borns usually within 3–5 days after birth, as part of routine newborn 
screening, spotted on filter paper ([Schleicher & Schuell NO 903] S&S 

903), and air-dried for 2–3 h. The samples were sent to the reference 
screening laboratory by express mail service until TSH values were 
assayed within 7–10  days. Neonates with abnormal TSH levels on 
screening, i.e. TSH levels ≥5  mIU/L in heel-prick were recalled for 
confirmatory tests on the basis of the serum TSH and thyroxin con-
centrations.

Laboratory measurements

Iodine concentration in urine samples was analyzed using the San-
dell-Kolthoff (acid-digestion) reaction [13], and results are expressed 
as micrograms of iodine per liter of urine. Intra-assay coefficients 
of variation (CV) at UIC values of 8.5, 17.5, and 36.0 μg/L were 8.5%, 
6.2%, and 8.0%, respectively. The inter-assay CV at concentrations 
of 8.5, 17.4, and 36.4 μg/L were 10.3%, 9.7%, and 8.0%, respectively. 
The TSH concentration was determined using the enzyme-linked 
immunosorbent assay by using available neonatal TSH kits (Kimia 
Pajouhan Co., Tehran, Iran). The minimal detectable concentration 
of TSH in this assay is estimated to be 1.2 μIU/mL. Intra-assay CV at 
TSH concentrations of 5.1, 8.6, 17.9, and 30 mIU/L were 11.6%, 8.0%, 
7.4%, and 6.6%, respectively. The inter-assay CV for different meth-
ods at TSH concentrations of 4.7, 8.8, 18.6, and 31.7 mIU/L were 13.2%, 
9.8%, 7.2%, and 7.3%, respectively.

Definition of terms

According to World Health Organization criteria, median UIC < 150 
and ≥150 μg/L for pregnant women and median UIC < 100 and ≥100 
μg/L for postpartum mothers were considered as iodine nutrition 
inadequacy and adequacy, respectively [14]. The TSH cutoff point 
was set at 5 mIU/L, and a frequency below 3% for TSH > 5 mIU/L was 
considered population iodine sufficiency [14].

Statistical analysis

Frequency distribution (percentage) and median (interquartile 
range [IQR]) were expressed according to categorical and con-
tinuous variables. Normality of the variables was assessed by the 
 Kolmogorov-Smirnov test and histogram chart. Depending on nor-
mality of variables, categorical variables were compared by Mann-
Whitney or χ2-tests. The Wilcoxon test was used to compare the 
maternal UIC before and after delivery. Spearman correlation was 
applied to show the correlation between maternal UIC before and 
after delivery and neonatal TSH concentration. Statistical analyses 
were done using SPSS for windows (version 16.0, 2006, SPSS Inc., 
Chicago, IL), p < 0.05 being considered as significant.

Results
Of a total of 400 pregnant women, 394  subjects aged 
26.3 ± 4.6  years with median (range) gestational age 
of 40 (34–42) weeks at time of delivery participated in 
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this study. Table 1 shows basic characteristics of preg-
nant women and neonates. Over half of the pregnant 
women (57.7%) were primiparous, and approximately 
one-third of them had had cesarean sections. None of 
the women in this study had been taking iodine con-
taining supplements. After delivery, of a total of 100 
postpartum mothers, 85  subjects agreed to participate. 
Fifty-four percent of newborns were male and 46.0% 
were female; mean ± SD birth weight among newborns 
was 3278 ± 427 g and 3% of them were low birth weight. 
Based on national screening protocol, none of neonatal 
blood specimens were collected earlier than 72  h after 
birth to avoid the physiological newborn surge in TSH, 
whereas 20 (5%) of neonatal samples were taken within 
6–21 days after birth.

Data on maternal UIC and neonatal TSH levels 
according to type of delivery are shown in Table 2. Median 
(IQR) maternal UIC was 120 (105–157) and 253 (126–470) 
μg/L before and after delivery, respectively. A significant 
increase was observed in UIC of postpartum mothers 
(p < 0.001). Urinary iodine of mothers did not differ 
between those who had natural vaginal delivery (NVD) 
and those who had cesarean section. Median (IQR) neo-
natal TSH was 1.20 (0.50–2.30) mIU/L. There was differ-
ence in the neonatal TSH of mothers who had NVD, as 
compared to those who had cesarean section (1.35 mIU/L 
vs. 0.90  mIU/L, p = 0.007). No differences were found in 
time of sampling and gestational age between two differ-
ent types of delivery.

Frequency distributions of maternal UIC before and 
after delivery according to neonatal thyrotropin are pre-
sented in Table 3. No significant differences were found in 
frequency of neonatal TSH born to mothers with deficient 
and sufficient urinary iodine before and after delivery. No 
significant correlations were observed between neonatal 
TSH and maternal urinary of iodine before and after deliv-
ery (r = 0.017, p = 0.736, r = 0.063, p = 0.572), respectively.

Discussion
Findings of the current study indicate that despite iodine 
sufficiency in the general population of Zanjan prov-
ince, based on adequate median UIC in schoolchildren, 
the iodine status of pregnant women was inadequate. 
Application of PVP-I as local skin antiseptic significantly 

Table 1: Basic characteristics of the pregnant women and neonates.

Pregnant women
 Age, years   26.3 ± 4.6
 Gestational age at delivery, weeks  40 (34–42)
 Parity, n (%)  
  Primiparous   226 (57.5)
  Multiparous   168 (42.5)
 Type of delivery, n (%)  
  NVD   272 (68.9)
  CS   122 (31.1)
Neonates
 Sex, n (%)  
  Male   213 (54.3)
  Female   179 (45.7)
 Birth weight, g   3278 ± 427

NVD, natural vaginal delivery; CS, cesarean section.

Table 2: Maternal urinary iodine and neonatal thyrotropin concentrations by type of delivery.

Variables Total Type of delivery p-Value

CS NVD

Maternal UIC, μg/L
 Before delivery 
  Median (IQR) 120 (105–157) 119 (102–159) 121 (106–154) 0.546
  ≥150, n (%) 106 (26.9) 33 (27.0) 73 (27.0) 0.998
  <150, n (%) 288 (73.1) 89 (73.0) 197 (73.0)
 After delivery
  Median (IQR) 253 (126–470) 251 (121–469) 262 (127–475) 0.622
  ≥100, n (%) 72 (84.7) 24 (80.0) 46 (86.8) 0.413
  <100, n (%) 13 (15.3) 6 (20.0) 7 (13.2)
Neonatal TSH, mIU/L
 Median (IQR) 1.20 (0.50–2.30) 0.90 (0.20–2.00) 1.35 (0.60–2.50) 0.007
 ≥5, n (%) 22 (5.6) 5 (4.1) 17 (6.3) 0.391
 <5, n (%) 369 (94.4) 116 (95.9) 253 (93.7)

CS, cesarean section; NVD, natural vaginal delivery; UIC, urinary iodine concentration; IQR, interquartile range; TSH, thyroid-stimulating 
hormone.
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increased urinary iodine level in postpartum mothers; 
however, normal values were found in thyrotropin con-
centration in neonates born to mothers, who had adequate 
urinary iodine levels. In addition, although no significant 
correlations were observed between neonatal thyrotropin 
and maternal UICs before and after delivery, there was 
significant difference in neonatal thyrotropin between the 
two types of delivery.

There is a similar pattern in thyrotropin values of neo-
nates, whose mothers had been exposed to either excess 
dietary iodine intake from foods or dietary supplements 
in countries with different iodine status. In Japan and 
China, a transient elevation of TSH was reported in some 
neonates born to mothers chronically exposed to high 
doses of iodine mainly from foods and drinking water [5, 
6]. In Thailand and Denmark, both areas with iodine defi-
ciency, neonates born to mothers who took iodine con-
taining supplements had a shift in distribution toward 
higher serum TSH concentration [15, 16]. However, data 
from iodine-replete and iodine-deficient regions have 
shown controversial results regarding the maternal expo-
sure to PVP-I and rate of neonatal hyperthyrotropinemia. 
In countries, for instance Poland [17] and Spain [18], and 
Turkey [19] where iodine intake is insufficient, transient 
hypothyroidism is a common sequelae of routine skin 
cleansing of newborns with iodine; consistent with find-
ings of previous studies conducted in iodine sufficient 
regions, e.g. North America [11], Bosnia Herzegovina 
[10], and Iran (Tehran province) [9], our results also 
have indicated that routine use of PVP-I had no effect 
on heel blood neonatal thyrotropin levels and rate of 
hyperthyrotropinemia.

Frequencies >3% of neonatal TSH concentra-
tions >5  mIU/L in heel and/or cord blood samples 
have been proposed as the threshold indicating iodine 
insufficiency at population level [14]. In our study, the 

percentage of TSH concentration >5 mIU/L was 6.3% in 
neonates born to mothers, who had inadequate urinary 
iodine levels during pregnancy. Although, the discrep-
ancy between neonatal TSH and maternal UIC has been 
reported in many studies [20–23], median UIC of preg-
nant women confirm iodine insufficiency in our studied 
population on the basis of newborn TSH concentration 
(5.6% of neonates had TSH values >5  mIU/L), despite 
iodine sufficiency in the general population of Zanjan 
province, based on adequate median UIC in school-
children [24]; however, no association was observed 
between neonatal thyrotropin and maternal UIC before 
and after delivery.

Furthermore, beside maternal iodine status and 
maternal or neonatal exposure to iodine containing anti-
septics, several other factors, including mode of delivery, 
time of sampling, type of sample (dried cord blood vs. 
cord blood serum vs. dried heel blood spot), gestational 
age, multiple pregnancy and birth order, duration of 
labor, season of birth, sex of newborn, and birth weight 
also can influence the neonatal TSH concentration [8, 25–
30]. In case of mode of delivery, the results are still incon-
clusive. Our finding is consistent with several studies [9, 
31, 32], indicating that despite significant use of PVP-I 
before cesarean section, infants born vaginally delivery 
had high blood TSH concentration and a higher rate of 
hyperthyrotropinemia, which can be attributed to stress 
associated with vaginal delivery. In addition, there is no 
consensus regarding sensitivity of neonatal TSH to mater-
nal or neonatal iodine status in cord and/or heel blood 
samples [8]. The present study showed that although use 
of PVP-I at time of delivery significantly increased UIC 
in postpartum mothers, the percentage of TSH values 
>5  mIU/L in heel blood samples was 2.9% among neo-
nates, whose mothers had urinary iodine levels ≥100 
μg/L after delivery, a finding in line with our previous 
screening program using cord blood sampling [9]. Fur-
thermore, it is worthy to note that during normal preg-
nancy, glomerular filtration rate substantially increases 
within the first month after conception, peaking by the 
end of the first trimester at approximately 40%–50% 
above prepregnancy levels, and maintains high through-
out pregnancy. However, after delivery, the physiology of 
thyroid hormone production and urinary iodine excre-
tion returns to normal, but iodine is concentrated in the 
mammary gland for excretion in breast milk [33]; for this 
reason, the World Health Organization recommends that 
to determine iodine status of nonpregnant and lactating 
women, UIC cutoff should be decreased from 150 μg/L 
in pregnancy to 100 μg/L during postpartum period [14]. 
Therefore, it seems that significant increased UIC after 

Table 3: Maternal urinary iodine concentration before and after 
delivery by neonatal thyrotropin levels.

Maternal UIC, 
μg/L

Neonatal TSH levels (mIU/L) p-Value

<5 ≥5

Before delivery
 ≥150, n (%) 101 (96.2) 4 (3.8) 0.348
 <150, n (%) 268 (93.7) 18 (6.3)
After delivery
 ≥100, n (%) 68 (97.1) 2 (2.9) 0.537
 <100, n (%) 13 (100.0) 0 (0.0)

UIC, urinary iodine concentration; TSH, thyroid-stimulating 
hormone.
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delivery in our study cannot be attributed to physiologi-
cal changes that occurred during the first few postpar-
tum days.

The main strength of this research is the assess-
ment of the effect of PVP-I application, for the first 
time, during two types of deliveries (vaginal and cesar-
ean section) on maternal UIC and neonatal thyrotropin 
using heel blood sampling in an iodine sufficient area. 
However, among limitations, a single random urine 
sample may be a poor indicator of an individual’s iodine 
status due to significant day-to-day variation in dietary 
iodine intake, and also variations in hydration in indi-
viduals. Unfortunately, we were not able to determine 
the iodine concentration in breast milk of postpartum 
mothers for further confirmation of our results. Another 
potential limitation of this study is related to the cross-
sectional design of this study that cannot establish cau-
sality relationships.

In conclusion, despite iodine sufficiency in general 
population of Zanjan province, based on adequate median 
UIC among schoolchildren, pregnant women suffer from 
iodine deficiency. Application of PVP-I during vaginal 
delivery and cesarean section significantly increased 
postpartum maternal urinary iodine levels, but the 
normal levels were observed for thyrotropin values in neo-
nates, whose mothers had adequate UICs. In addition, no 
association was found between neonatal thyrotropin and 
maternal urinary iodine before or after delivery, although, 
neonatal TSH concentrations were significantly affected 
by the type of delivery.
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