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Abstract
Objectives Childhood obesity and iodine deficiency are global public health concerns. Whether maternal iodine status 
mediates overweight in infancy has yet to be explored. We aimed to assess the relationship between maternal iodine status 
and infant birth weight, including small and large for gestational age (SGA and LGA, respectively).
Methods A prospective study was carried out among 134 mother–infant pairs from Israel. Maternal iodine intake and status 
were estimated via questionnaire and serum thyroglobulin (Tg), respectively. Estimated iodine intake below the Recom-
mended Daily Allowance for iodine sufficiency in pregnancy (220 μg/d) considered Inadequate. Maternal and neonatal thyroid 
function and anthropometric measurements, as well as maternal thyroid antibodies were also tested.
Results After screening, 118 participants met the inclusion criteria (distributed trimesters I, II and III: n = 3, n = 21, and 
n = 94, respectively). There was a negative association of iodine intake with Tg values among the study population. Maternal 
median Tg value was higher than the sufficiency cutoff (16.5 vs 13 µg/L), indicating insufficient iodine status. No SGA cases 
were found. Inadequate iodine intake was associated with maternal isolated hypothyroxinemia (OR = 3.4; 95% CI 1.2, 9.9) 
and higher birthweight (including macrosomia and LGA) rates. A suggestive association of elevated Tg with a greater risk of 
LGA was observed. Offsprings' birth weight percentiles were associated with Tg values in pregnant women with suggestive 
sufficient iodine status (n = 62, R2 = 0.11, p < 0.05).
Conclusions Iodine status during pregnancy can be associated with newborn anthropometric index. Maternal inadequate 
iodine intake may alter fetal growth and might increase the risk of LGA among newborns. These initial findings support the 
need to further study the impact of iodine deficiency on newborns overweight in Israel and elsewhere.
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Introduction

Fetal growth plays a key role in health and disease through-
out the lifespan. Measures of abnormal fetal growth are 
associated with perinatal morbidity and mortality, as well as 
long-term adverse health outcomes [1]. Globally, the average 
rate newborns born either small for gestational age (SGA) 
or large for gestational age (LGA) is approximately 20% 
[2[. Intrauterine growth restriction is a major risk factor for 
stillbirth, fetal hypoxia, neonatal hypoglycemia, and severe 
neonatal intestinal infection [1, 2]. In addition, SGA is 
associated with increased long-term risk to develop obesity 
in adulthood. LGA is associated with prolonged delivery, 
excessive maternal hemorrhage, severe vaginal ruptures, and 
cesarean sections [1, 3]. Newborn overweight was recently 
found to be an independent predictor of overweight at the 
age of 4 years [3, 4]. As such, both SGA and LGA are asso-
ciated with childhood obesity, a worldwide epidemic [5].

Along with placenta function and inherited genetic fac-
tors, maternal nutritional status is a major contributor to 
birthweight. The associations between overall diet qual-
ity, birthweight, and the risks of SGA and LGA has been 
recently described [6]. Additionally, numerous recent 
reports have focused on the effects of dietary and supple-
mental intake of specific nutrients (e.g., omega-3 long-chain 
polyunsaturated fatty acids, zinc, folate, iron, calcium, and 
vitamin D) and dietary patterns on fetal growth and new-
borns’ weight [6, 7]. Data on the effect of maternal iodine 
status on newborn weight are scarce and limited [8]. Iodine 
requirements are increased during pregnancy to supply 
enough maternal thyroxine to the fetus via transplacental 
passage. Globally about 2 billion people are at risk of iodine 
deficiency, of which up to 50 million present with clinical 
manifestations. Pregnant women (PW) are a well-known 
vulnerable population for iodine deficiency [9].

Given an apparent increasing prevalence of childhood 
obesity [5, 10] and growing evidence for widespread 
iodine deficiency in developed countries [11], exploring 
the association between PW iodine status and newborn 
weight has both local and global significance. Therefore, 
this study aimed to examine association between maternal 
iodine intake and status, thyroid function and birth weight, 
and SGA and LGA, in an Israeli population.

Materials and methods

Participants, settings, and design

The study took place at the Obstetrics and Gynecol-
ogy Department of Barzilai University Medical Center 

in Ashkelon (BUMCA). The BUMCA is located in the 
Ashkelon sub-district, a geographical region with known 
reliance on iodine-diluted desalinated seawater [12]. In a 
recent national iodine survey, the iodine status among PW 
from this sub-district was similar to the overall popula-
tion as assessed by median Urinary Iodine Concentration 
(UIC) [13].

Consecutive PW were prospectively recruited to the 
study between May and December of 2018. Screening 
process, study sample generation and follow-up flowchart 
are described in Fig. 1. The medical files of subjects were 
carefully screened, and all PW were interviewed using a 
structured socio-demographic, health, and habits question-
naire. The questionnaires were based on previously validated 
governmental materials from the Israeli National Nutrition 
and Health Survey [14]. A series of multiple-choice and 
open-ended questions were used to collect information on 
demographic characteristics that could influence dietary and 
lifestyle practices. Self-reported health status and knowl-
edge, attitudes, and behaviors regarding nutrition and health 
were also included in these questionnaires.

The research proposal was approved by the Helsinki 
Committee at BUMCA, Israel. All PW who participated 
in this study provided written informed consent after the 
research protocols were explained in detail.

Maternal measurements during pregnancy

A validated, semi-quantitative iodine food-frequency 
questionnaire (sIFFQ) with a focus on iodine-rich foods, 
designed for the Israeli adult population was used to assess 
habitual iodine intake as previously described [12]. Both 
research staff who screened the medical files, participants, 
and the sIFFQ interviewer were blinded to the amount of 
iodine in the foods consumed by the PW during the inter-
view. All dietary interviews were performed by experienced 
dietitian, registered in the Israeli Ministry of Health. Partici-
pants were classified as having adequate estimated iodine 
intake when their sIFFQ calculated result was equal to or 
greater than the RDA iodine intake recommendations for 
PW of 220 μg/d [15].

Participants provided non-fasting venous blood samples 
within 24 h of signing the informed consent. Samples were 
centrifuged immediately, and serum was separated and 
stored at − 20 °C. Thyroid function was assessed by serum 
values of free thyroxine (FT4), free triiodotironine (FT3), 
thyrotropin (TSH), thyroid peroxidase antibody (TPOAb), 
thyroglobulin antibody (TgAb), and serum thyroglobulin 
(Tg) as determined by the clinical biochemistry laboratory 
in BUMCA, using electrochemiluminescence immunoassay 
on Modular Analytics E601 analyzer (Cobas, Roche Diag-
nostics GmbH, Mannheim, Germany). Reference ranges 
were 0.27–4.2 mU/L for TSH, 3.1–6.3 pmol/L for FT3, 



Archives of Gynecology and Obstetrics 

1 3

and 0.93–1.7 ng/dL for FT4 according to the manufacturer. 
Values of TgAb above 40 IU/mL and TPOAb above 35 IU/
mL were considered positive (respectively) as reported by 
previous studies [16]. In the absence of consensus for the 
definition of isolated hypothyroxinemia and the absence of 
established trimester-specific values from iodine-deficient 
areas, reference intervals of FT4 from BUMCA in conjunc-
tion with an TSH trimester-specific cutoffs (2.5 mU/L for 

the first, and 4.0 mU/L for both the second and the third) 
were used to define isolated hypothyroxinemia at different 
gestational ages [17, 18]. Accordingly, we classified women 
as having subclinical hypothyroidism when their TSH val-
ues were above these TSH trimester-specific cutoffs. Yet, 
there is no consensus Tg cutoff value for PW [19]. We con-
sidered iodine status as sufficient when Tg concentrations 
were below 20 µg/L as determined in the previous survey 

Fig. 1  Screening process, study 
sample generation and follow 
up flow chart. BAll research 
staff, midwives and participants 
were blinded to the amount of 
iodine in the foods consumed 
by the PW until data analysis. 
oOnly daily low 10 percent of 
TT4 samples received nTSH 
test. PW pregnant women, TD 
thyroid disease, BUMCA Bar-
zilai University Medical Center, 
Ashkelon, Israel, IVF in vitro 
fertilization, TSH thyrotropin, 
FT3 free triiodothyronine, FT4 
free thyroxine, TPOAb thyroid 
peroxidase antibodies, TgAb 
thyroglobulin antibodies, TT4 
total thyroxine, nTSH neonatal 
thyrotropin
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among a representative sample of Mediterranean European 
PW with mildly iodine insufficiency [20]. Additionally, Tg 
values above 40 µg/L were used to indicate abnormal high 
Tg concentration based on previous research in both children 
and adults' groups. A cutoff of median Tg ≤ 13 μg/L was 
considered sufficient for the entire study sample according 
to a recently suggested standard for populations [16].

Prepregnancy body mass index (BMI) was calculated 
based on prepregnancy weight obtained from medical 
records (78% of cases) or self-report (22% of cases). Prena-
tal smoking was ascertained through interview-administered 
questionnaires. Parity, gravidity, previous in vitro fertiliza-
tion (IVF) treatment, and clinically diagnosed gestational 
diabetes mellitus (GDM) status were based on a review of 
the maternal prenatal medical record.

Neonatal measurements

Information on date of birth, gender, Apgar score as well 
as birth weight, length, and head circumference were 
obtained from the participants medical records at BUMCA. 
Gestational age at birth was calculated on the basis self-
reported last menstrual period, and confirmed using fetal 
crown–rump length. This parameter was calculated in sin-
gle numbers of days added to completed weeks. Delivery 
room midwives performed the Apgar test and measured the 
newborns weight, length, and head circumference. Mid-
wives were blinded to iodine intake and thyroid function of 
PW. Newborn birth weight percentiles were calculated and 
standardization by the Israeli birth population index using 
gestational age and gender as described in details elsewhere 
[21]. Percentiles below 10th and above 90th were considered 
as SGA and LGA, respectively. Low birth weight (LBW) 
was defined as birth weight below 2500 g among full-term 
newborns, and preterm was defined as birth before 37 com-
pleted weeks of gestation. Any case of newborn with weight 
above 4000 g was considered as macrosomia. Length and 
head circumference calculated and standardization for the 
Israeli birth population using gestational age and gender as 
described in details elsewhere [22].

Blood from neonates born in Israel were collected by a 
heel prick blotted using a 903-filter paper-dried blood spot 
(DBS), manufactured by Eastern Business Forms (530 Old 
Sulphur Springs Rd. Greenville, SC 29607, USA). For this 
study, only DBS samples that were collected on day 3 or 4 
(72–96 h) from birth were included. The DBS were tested 
for total T4 (TT4) and the daily low 10% received neonatal 
TSH (nTSH) test on the same DBS. The DBS were pro-
cessed by the Israeli National Newborn Screening Program 
testing  for  TT4  and TSH  using  a sensitive  commercial 
AutoDELFIA time-resolved fluoroimmunoassay, Perki-
nElmer, Wallac Oy, Finland. For this study TSH level, above 

5 and 20 international units per liter blood (IU/L) were con-
sidered elevated or abnormal (respectively).

Statistical analysis

Statistical analyses were performed with JMP Pro software 
(version 15). Categorical parameters (such as socio-demo-
graphic factors, risk factors for thyroid disease, medical 
diagnosis, and clinical conditions) were compared by group 
using the Chi-square test, Pearson test, or Fisher’s exact test 
and calculation of the Odds Ratio (when statistically avail-
able). Goodness-of-fit for the distribution of estimated con-
tinuous parameters (such as estimated iodine intake levels, 
anthropometric measurement results, and thyroid function 
serum values) for the complete study sample and per group 
were determined by the Shapiro–Wilk W or Cramer–von 
Mises W tests. These parameters were compared by one-way 
ANOVA with Student’s t, Welch’s ANOVA, Kruskal–Wal-
lis, and Median tests as appropriate. Serum Tg values were 
log-transformed before analysis to normalize distribution. 
Geometric means of serum Tg values were calculated on 
back-transformed data. The association of continuous esti-
mated iodine intakes by the sIFFQ and log-transformed Tg 
values was determined by linear regression (adjusting for 
age). A two-tailed P value < 0.05 was considered statisti-
cally significant.

Results

Participants

Of the consecutive PW recruited, 118 met the inclusion cri-
teria and participated in the study (aged 20–42 years). The 
gestational week mean, median, and interquartile range at 
recruitment were 30.8, 32.0 and 27–36 weeks (participants 
from trimesters I, II, and III distribution: n = 3, n = 21, and 
n = 94, respectively). Iodine intake as estimated by the sIFFQ 
was considered adequate for 48 women (Adequate group), 
with a median intake of 282 µg/d (IQR 250–330 µg/d). 
Seventy women were considered to have inadequate iodine 
intake (Inadequate group), with a median intake of 101 µg/d 
(IQR 60–166 µg/d). The socio-demographic characteristics 
of the Adequate and Inadequate groups are shown in Table 1. 
The groups did not differ significantly with respect to age, 
place of birth or nationality, parity, gravidity, gestational 
week at recruitment, prepregnancy BMI and at recruitment, 
GDM, or prevalence of thyroid disease risk factors. How-
ever, the prevalence of any previous IVF treatment among 
participants was significantly higher in the Adequate group 
compared to the Inadequate one (p < 0.05, Pearson test).
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Maternal nutritional, hormonal, and clinical 
characteristics

Overall, the sIFFQ calculated estimates of iodine intake 
correlated significantly with log Tg values (R2 = 0.039, beta 
95%CI − 0.197 (− 0.001, − 4.143), p = 0.037), as shown in 
Fig. 2. After multivariate analysis including BMI, age, previ-
ous IVF treatment, and GDM, the association of log Tg with 
estimated iodine intake remained significant (p = 0.019). 
Given the socio-demographic similarity of the groups, we 
first determined the distribution of iodine intake and status 
in our population, as estimated by sIFFQ and serum Tg. We 
then analyzed whether iodized salt, ICS, thyroid function, 
and preterm delivery distribution differed between groups. 
The iodized salt use was similar in both groups. However, 
the ICS intake distribution among the Adequate group was 
significantly higher than in the Inadequate group (90 vs 23%, 
Fisher’s exact test, p < 0.01). Participating PW in the Inad-
equate group were about ten times less likely to consume 

ICS than in the Adequate group (OR 0.04; 95%CI 0.01–0.12, 
p < 0.01).

Means of serum FT4, FT3, and TSH, as well as total 
ranges that were found in both groups were not different. 
However, isolated hypothyroxinemia distributed signifi-
cantly differently. Nearly a third of the PW with inadequate 
intake were found to have isolated hypothyroxinemia, com-
pared to 10% among those with adequate intake. The likeli-
hood of finding isolated hypothyroxinemia was more than 
three times higher in the Inadequate group vs. the Adequate 
group (OR 3.4; 95% CI 1.2–9.9, p < 0.05). The proportion of 
positive TPOAb in the Inadequate group was higher than in 
the Adequate one (9% vs. 0, p < 0.05 Pearson test), with the 
same pattern in TgAb (4% vs. 0), but without a significant 
difference. The geometric mean for Tg was higher among 
the women with inadequate iodine intake as compared to 
those with adequate intake (28.1 vs. 17.5 ng/dL respectively, 
p < 0.05, Kruskal–Wallis test). The proportions of elevated 
and abnormal Tg were significantly higher among the 

Table 1  Socio-demographic 
characteristics, anthropometrics, 
and risk factors for TD in the 
PW population by group

TD thyroid disease, PW pregnant women, IVF in  vitro fertilization, BMI body mass index, GDM gesta-
tional diabetes mellitus
SD Standard deviation in brackets
*Significant difference (Pooled t test, α = 0.05)
† Number of positive cases (percentage in brackets)
MIQR Median and intraquartile range in brackets
Pe Significant difference (Pearson test, α = 0.05)

Characteristics Adequate Inadequate p

N 48 70
Age (years)
  MeanSD 32.0 ± 4.5 30.4 ± 5.0 NS
 Range 23.0–42.0 20.0–41.0

Israeli  born† 33 (72) 55 (72) NS
Nationality (Jewish, other) 44.2 73.2
Tertiary  education†,Pe 36 (75) 45 (64) NS
ParitySD 2.6 ± 1.4 2.5 ± 1.6 NS
GraviditySD 3.2 ± 1.8 3.4 ± 1.4 NS
Previous IVF  treatment†,Pe 8 (17) 4 (6)  < 0.05
Gestational week at recruitment (weeks)MIQR 31.5 (26.8–36.0) 32.1 (17.0–41.0) NS
BMI
  PreconceptionMIQR 24.2 (21.2–27.3) 23.4 (21.0–27.3) NS
 At  recruitmentMIQR 28.2 (25.0–32.4) 28.3 (24.5–34.2) NS

GDM diagnosis at recruitment 5 (10) 3 (4) NS
Possible risk factors for  TD†

 Daily dietary Goitrogens exposure 8 (17) 8 (11) NS
 Daily excessive Alcohol consumption 1 (2) 0 (0) NS
 Previously X-ray examinations 15 (32) 23 (31) NS
 Post-psychological-stressful event 9 (20) 24 (32) NS
 Prior use of thyroid disrupting medication 15 (33) 18 (24) NS
 Family history of TD 11 (24) 22 (29) NS
 Current smoking habits 11 (24) 10 (13) NS
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Inadequate group (47% and 19%, respectively) than among 
the Adequate group (25% and 5%, respectively, p < 0.05, 
Fisher’s exact test for both proportions). Furthermore, those 
in the Inadequate group were almost three times more likely 
to have elevated Tg and more than five times more likely to 
have abnormal Tg values compared to those in the Adequate 
group (OR 2.6, 95% CI 1.1–5.9 and 5.1, 95% CI 1.1–23.7; 
p < 0.05 for both measures). Three stillbirths occurred dur-
ing the study, all of which were among the Inadequate group; 
however, the rate of pregnancy loss was not significantly 
different between groups. Detailed nutritional, hormonal, 
and clinical characteristics of PW from the two groups are 
shown in Table 2.

Neonatal outcomes

Excluding the three stillbirths and due to ethical restric-
tions, only available consecutive newborns’ medical files 
were accessed. Data were available for 104 newborns, 41 
for the Adequate and 63 for the Inadequate groups. Gen-
der and preterm delivery were distributed similarly among 
both groups. In addition, gestational age, Apgar score, birth 
weight, as well as the prevalence of SGA and LBW did not 

differ significantly. However, the proportion of LGA and 
macrosomia was higher in the Inadequate group than in the 
Adequate one (10% vs. 0%, p < 0.05, Pearson test and 8% 
vs. 0%, p < 0.05, Likelihood ratio test, respectively). The 
length (median and percentile) was significantly higher 
among newborns from the Inadequate group compared to the 
Adequate one (51.0 vs 49.5 cm and 80.5 vs 60.0, p < 0.05, 
Median test for both measures, respectively). Also, new-
borns in the Inadequate had larger median head circumfer-
ence than in the Adequate group although not statistically 
significant (34.8 vs 34.0 cm, p = 0.08). The neonatal mean 
TT4 did not differ significantly between the two groups and 
the proportion of elevated nTSH was similar in both groups.

The median Tg of PW of 16 ng/dL at recruitment (median 
gestation = 32 weeks) was higher than the suggested cut-
off for iodine sufficiency in pregnancy (13 ng/dL, respec-
tively), indicating probable iodine insufficiency with respect 
to the study population [16]. The proportion of elevated 
nTSH ≥ 5 IU/L among all available matching newborns was 
13% higher than the 3% WHO cutoff for iodine sufficiency, 
also demonstrating presumably iodine insufficiency for the 
study population [23]. As shown in Fig. 3, matching new-
borns birth weight percentiles of PW with suggestive suf-
ficient iodine status (by Tg) followed a polynomial curve 
significantly (n = 62, R2 = 0.11, p < 0.05). When birth weight 
percentile for this subgroup was adjusted for IVF, BMI, and 
GDM, it was not independently related to log Tg but along 
with estimated iodine intake it presented the greatest link to 
birth weight percentile (p value of 0.25 vs. 0.43, 0.77, and 
0.83, respectively).

Discussion

In the absence of a known association between maternal 
iodine status and newborns birth size parameters, our study 
of an Israeli population may be informative. The basis for 
this assumption is threefold. First, the rate of infants born 
SGA and LGA in Israel is 18.8%—similar to the estimated 
global rate based on a comparable standard [2, 24]. Second, 
a recent national survey (n = 1074) demonstrated insufficient 
iodine status among Israeli PW [13]. Third, the prevalence 
of overweight (including obesity) for school-age children in 
OECD countries is similar to a representative sample for the 
majority of the Israeli children—25% [10]. This overweight 
prevalence is higher than in developing regions—were one 
study regarding maternal iodine status and newborns weight 
took place [25].

Thyroid imbalance during pregnancy raises concerns 
about possible adverse outcomes. In this study, we found a 
high prevalence of inadequate iodine intake in presumably 
euthyroid PW, along with an increased risk for LGA, pos-
sibly mediated by isolated hypothyroxinemia. This finding 
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Fig. 2  Scatter plot of estimated iodine intake by sIFFQ of (y axis) 
plotted against log Tg (x axis) for PW available matching results 
(n = 116) with a line to show linear fit. The regression line equa-
tion is y = 248 − 53*(x), and R2 = 0.039 and beta (95%CI) is − 0.197 
(−  0.001, −  4.143), p = 0.037. The association remained significant 
in multivariate regression analysis adjusting for PW age, BMI, GDM 
and IFV (p = 0.019). sIFFQ semi-quantitative iodine food frequency 
questionnaire, log Tg log-transformed serum thyroglobulin, PW preg-
nant women, BMI body mass index, GDM gestational diabetes mel-
litus, IVF in vitro fertilization
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Table 2  Estimated iodine-related dietary characteristics of PW, maternal and newborns thyroid function, pregnancy outcomes, and newborns 
anthropometrics in the study population by group

Characteristics Adequate Inadequate p OR

PW
 N 48 70
 Estimated dietary iodine intake (μg/d)**,MIQR 282 (250–360) 101 (60–166)  < 0.01
  n (Iodine intake < RDA)†,F 0 (0) 70 (100)

 Iodized salt  use†,ם 1 (2) 3 (4) NS
 ICS  intake†,F 43 (90) 16 (23)  < 0.01 0.04 (0.01–0.13)
 Serum TSH (mIU/L)
   MeanSD 1.6 ± 0.9 1.9 ± 1.0 NS
  Range 0.12–4.94 0.13–4.89
  n (subclinical hypothyroidism)† 1 (2) 3 (4) NS

 Serum FT4 (μg/L)
   MeanSD 1.1 ± 0.1 1.0 ± 0.2 NS
  n (isolated hypothyroxinemia)†,F 5 (10) 20 (29) 0.02 3.4 (1.2–9.9)

 Mean serum FT3 (pmol/L) 4.3 ± 0.6 4.2 ± 0.6 NS
  TPOAb†,Pe 0 (0) 6 (9) 0.04
 TgAb 0 (0) 3 (4) NS
 Serum Tg
  Mean (ng/dL)G,K 17.5 28.1 0.05
  n (> 20 μg/L)†,F 12 (25) 33 (47) 0.04 2.6 (1.1–5.9)
  n (> 40 μg/L)†,F 2 (5) 13 (19) 0.03 5.1 (1.1–23.7)

  Stillbirths† 0 (0) 3 (4) NS
Newborns
 N 41 63
  Birth†

  Gestational age (weeks)SD 38.1 ± 1.7 38.4 ± 2.3 NS
  Preterm birth 6 (14) 7 (11) NS

 Gender (female, male) 18, 23 27, 36 NS
 Apgar score
  At 1 min’ after  deliverySD 9.0 ± 0.5 8.9 ± 0.8 NS
  At 5 min’ after  deliverySD 10 ± 0.2 9.9 ± 0.5 NS

 Weight
  Mean (g)SD 2972 ± 91 3157 ± 74 NS
   PercentileDo,MIQR 38.0 (23.0–70.8) 49.0 (31.0–75.0) NS
  n  (SGADo)† 4 (10) 5 (8) NS
  n (LBW) 4 (12) 3 (5) NS
  n  (LGADo)†,Pe 0 (0) 6 (10) 0.04
  n  (macrosomiaM)†,L 0 (0) 5 (8) 0.03

 Length
  Median (cm)MIQR,** 49.5 (48.0–51.0) 51.0 (49.0–53.3) 0.02
   PercentileDa,MIQR,** 60.0 (40.0–90.0) 80.5 (55.0–98.0) 0.02
  n (< 10th  percentileDa)† 1 (2) 1 (2) NS
  n (> 90th  percentileDa)† 9 (22) 26 (41) NS

 Head circumference
  Median (cm)MIQR 34.0 (31.0–36.0) 34.8 (30.0–37.0) 0.08
  n (< 10th  percentileDa)† 4 (10) 5 (8) NS
  n (> 90th  percentileDa)† 5 (12) 16 (25) 0.08

 TT4 mean (nmol/L)SD 15.3 ± 3.7 15.8 ± 3.9 NS
 nTSH
  n (elevated nTSH ≥ 5 IU/L)† 5 (12) 8 (13) NS
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of inadequate iodine intake was supported by geometric Tg 
means and elevated Tg prevalence comparisons (Table 2), a 
biomarker for iodine deficiency among euthyroid PW [16]. 
Moreover, our findings include a significant association 
between estimated iodine intake and serum Tg in the study 
population (Fig. 2). The last association remained significant 
after adjusting for possible confounders (BMI, age, previous 
IVF treatment, and GDM). Moreover, while the vast major-
ity of this population was recruited after the 20th week of 
pregnancy, the current study results may suggest an interest-
ing pattern that raises a possible concern: inadequate iodine 
intake and isolated hypothyroxinemia during the second half 
of pregnancy may be linked with increased fetal growth. 
Such an increase might be beyond the fetus needs, thereby 
exaggerating the fetal weight gain.

The pattern shown in Fig. 3, as well as the mechanisms 
behind the effect of iodine status on newborns' birth size are 
a not fully understood [17]. While the patterns underlying 
this association may be complex and need to be clarified, 
a few explanations may be suggested. It appears that ID is 
involved in the etiology of isolated hypothyroxinemia [17, 
26]. Maternal thyroid function may influence directly fetal 
growth via maternal and fetal metabolism, even within the 
normal range [27, 28]. Several reports showed that isolated 
hypothyroxinemia among PW was significantly linked with 
a higher insulin resistance index [27, 29]. This effect may 
not necessarily result in overt diabetes, which may lead to 

increased circulating glucose that increases in turn placental 
transfer of glucose to the fetus with consequent fetal weight 
gain [30]. Additionally, a positive association of maternal 
glucose levels at 24–32 weeks of gestation below that diag-
nostic of diabetes with increased birth weight was found 
among 25,505 PW-neonate dyads at 15 centers in nine coun-
tries [31]. All in all, we suggest the hypothesis that mater-
nal ID might increase LGA prevalence among newborns of 
presumably euthyroid PW, which should be cautiously taken 
into consideration.

Limited information is available on the risk of LGA in 
PW with iodine deficiency. So far, iodine deficiency fol-
lowed by isolated hypothyroxinemia during second half of 
pregnancy has not been identified as LGA risk factor [32]. 
A focused study on the effect of maternal iodine status on 
adverse pregnancy outcomes in a relatively large prospec-
tive Chinese cohort (N = 2347) did not identify a direct link 
between maternal iodine deficiency and LGA. However, 
the authors found increased odds for macrosomia among 
newborns of mothers with isolated hypothyroxinemia [25]. 
Unlike the Chinese study, we demonstrate here an associa-
tion between both inadequate iodine intake and maternal 
isolated hypothyroxinemia (combined) and LGA. A possible 
explanation for this discrepancy is a difference in studies 
design: along with isolated hypothyroxinemia (n = 46), the 
Chinese study included five other thyroid dysfunction groups 
including overt thyroid diseases in addition to PW with 

Table 2  (continued)

Characteristics Adequate Inadequate p OR

  n (elevated nTSH ≥ 20 IU/L)† 1 (2) 1 (2) NS

ICS iodine-containing supplement, TSH thyrotropin, PW pregnant women, OR odds ratio (95% confidence interval in brackets), PW preg-
nant women, μg/d microgram per day, RDA recommended daily allowance (220 μg/d) [15], subclinical hypothyroidism (TSH > 2.5 mU/L or 
4.0 mU/L during first and both second and third trimesters, respectively) [18], FT4 free thyroxine, μg/L microgram per liter, isolated hypothyrox-
inemia serum FT4 < 0.93 ng/L, FT3 free triiodothyronine, pmol/L picomoles per liter, TPOAb thyroid peroxidase antibodies, TgAb thyroglobulin 
antibodies, Tg serum thyroglobulin, ng/dL nanogram per deciliter, TT4 total thyroxine, nTSH neonatal TSH thyrotropin, SGA small for gesta-
tional age, LBW low birth weight > 2500 g in full-term newborns, LGA weight > 90th percentile, ng/mL nanogram per milliliter, mIU/L milli 
international unit per liter
MIQR Median and intraquartile rand in brackets
**Significant difference (Median test, α = 0.05)
*Significant difference (Student’s t test, α = 0.05)
† Number of positive cases (percentage in brackets)
Iodized salt = 3 μg of iodine per 100 g ם
SD Standard deviation in brackets
Pe Significant difference (Pearson test, α = 0.05)
k Significant difference (Kruskal–Wallis test, α = 0.05)
F Significant difference (Fisher’s exact test, α = 0.05)
G Geometric mean
M Macrosomia = newborn weight > 4000 g
Do Adjusted for birth week and gender according to birth weight standards in Israel [21]
Da Adjusted for birth week and gender according to birth length and head circumference standards in Israel [22]
L Significant difference (likelihood ratio test, α = 0.05)
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adequate iodine intake. In the current study, we excluded 
overt thyroid diseases, leaving our sampled population with 
only isolated hypothyroxinemia (n = 25) and subclinical 
hypothyroidism cases scattered within the Adequate and 
Inadequate groups. It is noteworthy to indicate that the total 
prevalence rate of thyroid dysfunction among the Chinese 
PW with the estimated lowest iodine status was higher than 
the prevalence among other maternal iodine status groups, 
but the difference did not reach statistical significance. All 
in all, the study presented here is possibly the first to report 
of an association between maternal inadequate iodine intake 
and risk for increased birthweight.

Increased birthweight has several well-known risk fac-
tors, including maternal obesity, excessive gestational 
weight gain, GDM, maternal and gestational age, maternal 
geographic residency, and parity [2]. However, we did not 
find significant differences in BMI, maternal weight gain, 
GDM prevalence, maternal and gestational age, as well as 
in parity. Additionally, both the adequate and inadequate 
groups in the current study were living in the same sub-dis-
trict, without known or reported environmental independent 
risk factors for altered birthweight, such as perchlorate [33]. 
In fact, the main water supply in the geographic location of 

this study was reverse osmosis desalinated sea water, leav-
ing zero or negligible chance for perchlorate contamination 
in water supply [12]. It is important to mention that TPOAb 
positivity was associated with higher proportion of LGA 
as was found in the present study [18]. However, a recent 
study contradicted possible TPOAb–LGA axis, showing that 
maternal TPOAb positivity in the second trimester increased 
a probable “opposite” risk for LGA—which is SGA [34]. 
From our perspective, the effect of maternal iodine status 
may affect fetal growth birthweight and must be considered 
when exploring the association between maternal thyroid 
function and birthweight and LGA.

Our finding regarding maternal iodine deficiency and 
increased LGA prevalence among newborns of presum-
ably euthyroid PW is somewhat in contrast with two recent 
important studies [8, 35]. A Norwegian study (N = 78,318) 
showed that maternal low iodine intake was associated with 
restricted fetal growth [8]. Additionally, lower maternal 
iodine status was associated with lower birthweight and 
greater probability of SGA in a British cohort (N = 7066) 
[35]. However, our opposing finding may stem from the 
study design, the population characteristics, and the gesta-
tional period. Unlike the Norwegian pregnant participants, 
the estimated iodine intake (by sIFFQ) and iodine status 
(by Tg) were measured mainly during the second half of 
pregnancy. Moreover, we did not include participants with 
known or reported thyroid disease, who were probably 
included in the British cohort. All in all, our total popu-
lation median of estimated iodine intake was substantially 
higher than that among the Norwegian (178 vs 121 μg/d), 
which may reflect different iodine intake patterns, along with 
trimester-specific iodine needs [9].

The study has a number of limitations. First, we did not 
extensively explore maternal circulating glucose indices 
and our study sample is relatively small, raising concerns 
regarding the strong potential for type II error (low statisti-
cal power to detect the purported associations). However, 
along with the high LGA prevalence among our Inade-
quate group, significant increased prevalence of elevated 
Tg and isolated hypothyroxinemia was found, while other 
LGA risk factors such as high BMI, maternal weight gain, 
GDM prevalence, maternal and gestational age, as well 
as parity were similar to the adequate group (Table 2). 
Second, we assessed iodine intake and status indirectly 
by sIFFQ and serum Tg, rather than by UIC. While UIC 
is commonly used in population studies, it was not used 
in the current study, because UIC indicates only recent 
Iodine intake (hours-days), whereas the fetal growth pat-
tern can be affected after long-term (months) of iodine 
deficiency, buffered by maternal thyroidal iodine stores 
[9]. We therefore chose to complement the sIFFQ, which 
classifies habitual intake and dietary patterns in the long 
term (up to a year), with Tg, an intermediate measure 
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Fig. 3  Scatter plot of newborns' weight percentiles (y axis) plot-
ted against PW log Tg (x axis) for PW with suggestive sufficient 
iodine status and newborns matching pairs (n = 62) and a line to 
show polynomial fit (Degree = 2). The association was modelled 
by quadradic term. The curve represents the estimated predicted 
newborns' weight  percentilesDo by only maternal PW with sug-
gestive sufficient iodine  statusTg. The association line equation is 
y = 18  −  29*(x) + 85*(x  −  1)2, and R2 = 0.11, p < 0.05. Adjustment 
for IVF, BMI and GDM showed that new it was not independently 
related to log Tg but along with estimated iodine intake it presented 
the greatest link to birth weight percentile (P value of 0.25 vs. 0.43, 
0.77 and 0.83, respectively). PW pregnant women, log Tg log-trans-
formed serum thyroglobulin, BMI body mass index, GDM gestational 
diabetes mellitus, IVF in vitro fertilization. DoAdjusted for birth week 
and gender according to birth weight standards in Israel [21]. Tgsug-
gestive sufficient iodine status = Tg < 20 ng/dL [20]
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reflecting iodine status over recent months [36]. Third, 
this was a hospital-based study with a single geographic 
catchment area. While we could assess the contribution 
of maternal iodine status to fetal growth under certain 
assumptions, the relative lack of variance involved with 
PW from narrow iodine intake levels did not allow us to 
compare neonatal outcomes in populations with severe and 
excess iodine intake.

In conclusion, the present study suggests that mater-
nal iodine status during pregnancy may be related to the 
anthropometric index of their respective newborns. We 
suggest a possible association between gestational iodine 
and newborns’ overweight. Adequate iodine intake of 
PW could be beneficial for their infants’ normal fetal 
growth. Although based on a modest convenience sam-
ple—but also because of this—the study underscores the 
urgent need for further reliable data to illuminate trends of 
increasing maternal iodine deficiency and abnormal fetal 
growth in the context of excess anthropometric index. As 
this index is closely associated with overweight at the 
age of 4, these study findings support the important need 
to probe the impact of global iodine deficiency on early 
childhood obesity in Israel and elsewhere.
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