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Hypothyroidism due to iodine deficiency can impair physical development, most visibly in the marked stunting of myxedematous cretinism caused
by severe in utero iodine deficiency. Whether iodine repletion improves growth in noncretinous children is uncertain. Therefore, the aim of our
systematic review was to assess the effects of iodine fortification or supplementation on prenatal and postnatal growth outcomes in noncretinous
children. Following Cochrane methods and PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) reporting guidelines,
we searched 10 databases including 2 Chinese databases (latest search February 2017). We included randomized and nonrandomized controlled
trials (RCTs; non-RCTs), controlled before-after (CBA) studies, and interrupted time-series studies in pregnant women and children (<18 y), which
compared the effects of iodine (any form, dose, regimen) to placebo, noniodized salt, or no intervention on prenatal and postnatal growth outcomes.
We calculated mean differences with 95% Cls, performed random-effects meta-analyses, and assessed the quality of evidence with the use of
GRADE (Grading of Recommendations Assessment, Development and Evaluation). We included 18 studies (13 RCTs, 4 non-RCTs, 1 CBA) (n = 5729).
lodine supplementation of severely iodine-deficient pregnant women increased mean birthweight [mean difference (MD): 200 g; 95% Cl: 183,
217 g;n=635; 2 non-RCTs] compared to controls, but the quality of this evidence was assessed as very low. lodine repletion across the other groups
showed no effects on primary growth outcomes (quality of evidence mostly low and very low). Meta-analyses showed a positive effect in moderate-
to-mildly iodine-deficient schoolchildren on insulin-like growth factor-1 (MD: 38.48 ng/mL; 95% Cl: 6.19, 70.76 ng/mL; n = 498; 2 RCTs, low-quality
evidence) and insulin-like growth factor binding protein-3 (MD: 0.46 ng/mL; 95% Cl: 0.25, 0.66 nug/mL; n = 498; 2 RCTs, low-quality evidence). In
conclusion, we identified few well-designed trials examining the effects of iodine repletion on growth. We are uncertain whether prenatal iodine
repletion increases infant growth. Postnatal iodine repletion may improve growth factors but has no clear effects on somatic growth. Our systematic
review was registered with PROSPERO as CRD42014012940. Adv Nutr 2018,9:219-237.
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Introduction countries reported inadequate intakes in pregnant women
Todized salt is an effective mass-fortification strategy that (1). Vulnerability for ID is high in the first 1000-d period
provides adequate iodine intakes for all population groups. (5). Where salt iodization programs are weak, iodine sup-
Following the scale-up of salt iodization programs over the plementation is recommended to vulnerable groups to en-
past 30 y, iodine intakes worldwide have substantially im- sure an adequate intake during these critical periods (3, 7).
proved. However, iodine deficiency (ID) remains a public ~Supplementation may be by daily iodine tablets, e.g. within
health problem in several countries (1) and certain popula-  prenatal multivitamin supplements, or micronutrient pow-
tion groups are still at risk of low intakes (2-5). Dietary iodine ~ ders containing iodine administered to at-risk infants, or
requirements increase during pregnancy (6) and in 2017, 39  iodized oil in cases of moderate to severe ID (3).
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Delayed physical development is one of several clinical
manifestations resulting from a deficiency in iodine during
the first 1000-d period (4, 8-10), most visible in the typical
stunted growth associated with myxedematous cretinism fol-
lowing severe ID during pregnancy (1). With a reduction in
stunting being the first of the six 2025 global nutrition tar-
gets adopted by the World Health Assembly (11), this poten-
tial consequence of ID finds itself firmly on the global health
agenda (12, 13). Risk of stunting due to ID starts at concep-
tion, due to functional changes likely mediated via abnor-
mal thyroid hormone (TH) concentrations. Iodine is an es-
sential component of TH and inadequate iodine intakes may
result in low serum TH concentrations. TH are responsible
for many central functions of the developmental cycle in-
cluding growth and development of the skeleton and periph-
eral tissues. They are also inextricably linked to the actions
of growth hormone (GH) and the insulin-like growth factors
(IGFs), via both the GH-IGF axis and the effects of TH on the
expression and action of GH itself (14-20). Despite plausible
mechanistic pathways, the relation between ID and growth
has been neglected in the scientific literature, confirmed by
our scoping review to identify existing systematic reviews on
iodine for prenatal and postnatal growth (21). We did not
identify any systematic reviews that investigated as primary
outcome the effects of iodine fortification or supplementa-
tion on growth and growth-related outcomes in the relevant
population groups (i.e. women of childbearing age, pregnant
and lactating women, and children of all ages). The objective
of this systematic review was therefore to assess the effects of
iodized salt or iodine supplements compared to placebo or
no intervention on prenatal and postnatal growth of the fe-
tus, infant, and child to 18 y of age.

Methods

Our detailed protocol has been published (22), therefore we
briefly report our methods. Minor deviations from the pro-
tocol are presented in the discussion. We used Cochrane
methodology (23, 24) and this report follows the Preferred
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Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (25) guidelines.

Eligibility criteria

We included randomized controlled trials (RCTs), non-
RCTs, controlled before-after (CBA) studies, and interrupted
time series (ITS) and ITS with repeated measures studies,
which assessed the effect of iodine fortification or supple-
mentation (iodized salt, daily iodine supplements at any dose,
or single or repeated oral or intravenous administration of
iodized oil at any dose), compared with placebo, non-iodized
salt, or no intervention, on prenatal and postnatal growth.
To assess the effect of iodine fortification or supplementation
on prenatal growth outcomes, eligible study populations
included pregnant women or women of reproductive age,
and their infants, where the women received the fortification,
supplementation, or placebo. For postnatal growth outcomes,
eligible participants were lactating women and infants, and
children <18 y of age, where the lactating women, infants,
or children themselves received the fortification, supple-
mentation, or placebo. Studies examining the link between
growth and populations affected by congenital hypothy-
roidism and goiter were excluded, as were studies describing
non-iodine-related growth. Data from women who smoke
were also excluded, due to confounding factors that may
be introduced by the effects of cigarette smoke on thyroid
function.

Our primary outcomes were prenatal somatic growth
measured at birth, e.g. birthweight (g), birth length (cm),
and head circumference (cm); and postnatal somatic growth
measured during infancy and childhood, e.g. weight-for-age
z score (WAZ), height-for-age z score (HAZ), length-for-
age z score, weight-for-height z score, BMI (kg/m?), and
mid-upper arm circumference (cm). Secondary outcomes
were pregnancy weight gain; surrogate outcomes of somatic
growth [e.g. IGF-1 (ng/L); insulin-like growth factor bind-
ing protein (IGFBP)-3 (ug/L); GH]; postnatal bone matu-
ration; and malnutrition disorders (e.g. kwashiorkor, maras-
mus), measured in infants, children, or adolescents.

WAZs, where reported for children >10y of age, were not
included in meta-analyses since WHO does not endorse the
use of this indicator above this age (26). WAZ does not distin-
guish between height and body mass in an age period during
which children experience the pubertal growth spurt, and re-
sults may therefore be misleading.

Search methods

With no restrictions on date, language, or publication sta-
tus, we searched 10 electronic databases for published studies
and the WHO International Clinical Trials Registry Platform
for ongoing studies (latest search date 13 February 2017).
For additional ongoing, unregistered, or unpublished studies,
we contacted 11 internationally recognized iodine specialists.
We also searched the reference lists of the systematic reviews
included in our scoping review (21) and other existing sys-
tematic reviews identified during screening, and the Chinese
literature within a repository of full-text studies yielded from
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TABLE 1 Thresholds used to define iodine status of included study populations’

lodine status/degree of deficiency Sufficient Mild Moderate Severe
mUIC for school-age children, pg/L >100 50-99 20-49 <20
mUIC for pregnant women, pg/L >150 75-149 30-74 <30
Total goiter rate, % 0-4.9 5.0-19.9 20.0-299 >30

! Data taken from reference 7 and adapted for PW. To calculate the cutoffs for PW, we used the same classification stratification as for SAC, applied to the sufficient/insufficient
cutoff of 150 ug/L for PW. Established SAC cutoffs were used for all other groups. mUIC, median urinary iodine concentration; PW, pregnant women; SAC, school-age children.

searches for a previous systematic review (27). All search de-
tails and the search strategy are provided in the Supplemen-
tal Methods.

Data collection and analysis

All search results were screened independently and in du-
plicate through the use of the Covidence online systematic
review platform (28). Reasons for excluding full-texts were
documented. Discrepancies were resolved through discus-
sions within the author team. Using the Cochrane Risk of
Bias domains (29) and the Cochrane Effective Practice and
Organisation of Care (EPOC) Group Risk of Bias domains
for RCTs, non-RCTs, CBA, and ITS studies (30), we assessed
the risk of bias of included studies, independently and in du-
plicate. We were not able to assess risk of publication bias as
per our protocol due to an insufficient number of studies per
meta-analysis.

Data were extracted independently and in duplicate with
the use of a standardized, piloted data extraction form de-
veloped by the authors. Non-English data were translated.
For trials reporting data in more than 1 publication, we ex-
tracted relevant data from all publications as comprehen-
sively as possible, and designated 1 publication as the key ref-
erence. Applicable data from non-smoking women contained
in trials including smokers were extracted; authors were con-
tacted where necessary to facilitate extraction. Data were ex-
ported into Review Manager 5.1 (Cochrane Collaboration)
for data and statistical analyses (31). For measures of treat-
ment effect for dichotomous outcomes we calculated the RR,
and for continuous variables, the mean difference (MD) with
95% CI.

Where data were missing or unclear, we contacted study
authors wherever possible. Where SEs or 95% Cls were re-
ported for means, SDs were calculated as follows: SD = SEM
x square root of sample size. Where missing data were not
able to be obtained, we reported the results as presented in the
published full text with an appropriate disclosure statement.
Results reported in the single included cluster RCT were cor-
rectly adjusted for clustering (as confirmed by a biostatisti-
cian) and thus we extracted and presented the published re-
sults.

Where possible and appropriate, we performed meta-
analyses using random-effects, as we anticipated heterogene-
ity between studies. Studies were assessed for clinical het-
erogeneity by examining variability in the study participant
baseline characteristics, type of intervention, and outcome

parameters. We assessed statistical heterogeneity using the
chi-square test (significance level P < 0.1) and the I* statistic
(22, 32). We stratified our analyses by participant age groups
(life stage), namely pregnant women (offspring measured at
birth and/or during infancy), infants (0-24 mo), preschool
children (2-5 y), school-age children (6-12 y), and adoles-
cents (13-18 y). We analyzed intervention effects across sub-
groups of baseline iodine status of the intervention group,
namely “severe”, “moderate to mild”, or “sufficient’, based on
median urinary iodine concentration (mUIC) or total goiter
rate (TGR) (Table 1). If urinary iodine concentration (UIC)
was reported as ;ug/24 h or umol/L we converted participant
baseline UIC to ug/L. We used the following algorithm to
assign studies to these subgroups: 1) where mUIC of partic-
ipants in the intervention group was measured and reported
at study baseline, WHO cutoffs (Table 1) were applied; 2)
where mUIC of participants in the intervention group was
not measured or reported at baseline but TGR in this group
was measured and reported, TGR was used and WHO cut-
offs were applied; 3) where options 1 and 2 were not possible,
but the mUIC or TGR from schoolchildren from the study
population (i.e. the specific area from which the participants
were taken) were available and within 2 y of the date given
for sample collection, these data were used and WHO cut-
offs applied; 4) where options 1-3 were not possible, but data
for the general population, e.g. TGR of the entire population
at the study site, were reported, WHO cutofts were applied;
5) if none of the aforementioned data were specified, or if a
discordance between UIC and TGR in the same study was re-
vealed, descriptive reports taken from the study manuscript
were used.

We had planned to conduct sensitivity analyses based on
study design (RCT compared with non-RCT), iodine vehicle,
and risk of bias of the included studies to assess the robust-
ness of our results. However, in most cases sensitivity analyses
were not feasible, because of the small number of studies in
the meta-analysis and the large degree of uncertainty around
key aspects of study methodology due to incomplete report-
ing.

Quality of evidence

We used the Grading of Recommendations Assessment, De-
velopment and Evaluation (GRADE) (33) approach to assess
the quality of the included evidence. We reported our results
and quality assessment for the most important outcomes in
Summary of Findings tables.
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n = 3275 (Latin text databases + other resources)
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Full text articles assessed for eligibility
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n = 63 (Chinese databases)
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FIGURE 1 Flow chartillustrating the search results and study selection procedure.

Results
From an initial search yield of 20,749, we included 18 studies
with 5729 participants, reported in 23 full-text articles pub-
lished between 1969 and 2016 (Figure 1, Table 2). Further
details including reasons for exclusion of potentially eligible
full-text articles are provided in Supplemental Table 1. Sup-
plemental Table 2 details potentially eligible ongoing studies
and studies awaiting assessment owing to insufficient infor-
mation being provided in the published full text and receiv-
ing no reply after attempts to contact the relevant authors.
Prenatal growth outcomes measured at birth were re-
ported in 6 studies and postnatal outcomes measured dur-
ing infancy, childhood, and adolescence were reported in 12
studies (Table 2). There were no studies reporting on growth
of offspring after fortification or supplementation in women
of reproductive age. Owing to poor reporting practices in
many of the included studies, the risk of bias was unclear in
several domains, but particularly in the allocation conceal-
ment category. A high risk of attrition bias was identified in 8
studies (34, 35, 37, 39, 41-43, 45) classified as high risk. Risk
of bias from selective reporting of outcomes was low in all
but 1 study (42). Full details of risk of bias assessments are
found in Supplemental Figures 1 and 2 and Supplemental
Table 3.

Primary outcomes
Prenatal somatic growth outcomes measured at birth

Interventions in pregnant women: iodized oil or iodine
tablet compared with placebo or no intervention. These
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interventions include 2 non-RCTs in severely iodine-
deficient pregnant women and 4 RCTs in moderate-to-mild
iodine-deficient pregnant women. Figure 2 shows the for-
est plots for birthweight, length, and head circumference at
birth, respectively, subgrouped by baseline iodine status of
the intervention group. Table 3 provides the summary of
findings for these prenatal growth outcomes.

Providing iodine supplementation (as oral or intramuscu-
lar iodized oil, or iodine tablet; see Table 2) to severely iodine-
deficient pregnant women resulted in a 200-g greater birth-
weight on average compared with the control group (95%
CIL: 183, 217 g I> = 0%; n = 635; 2 non-RCTs; very low-
quality evidence) (34, 35), but no difference in birthweight
was observed in moderate-to-mild ID (MD: -14 g; 95% CI:
-212, 185 g; I> = 93%; n = 783; 4 RCTs; very low-quality ev-
idence) (37-39, 41). In the pooled result across all 6 studies,
iodine supplementation during pregnancy had no overall ef-
fect on birthweight (very low-quality evidence) (Figure 2A).
We found no effect of iodine supplementation during preg-
nancy on infant birth length in severe ID (35), in moderate-
to-mild ID (37-39), or in the overall pooled result of the
4 RCTs (very low-quality evidence) (Figure 2B). In 1 non-
RCT in severely iodine-deficient pregnant women, iodine
supplementation increased head circumference at birth by
0.4 cm (95% CI: 0.1, 0.7 cm; n = 568; 1 non-RCT; very low-
quality evidence) (35), but no effect was seen in moderate-to-
mildly iodine-deficient pregnant women (MD: 0.3 cm; 95%
CIL: -0.7, 1.2 cm; I* = 79%; n = 612; 2 RCTs; very low-quality
evidence) (37, 38), nor in the pooled analysis of the 3 studies
(very low-quality evidence) (Figure 2C). Additional details
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FIGURE 2

model.

A

lodine Comparator Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight \'A di 95% CI v, di 95% CI
1.1.2 Severe iodine deficiency
Anees et al. 2015 (34) (1) 2,750 70 139 2,550 40 40 19.0% 200.00 [183.00, 217.00] -
Pretell et al. 1972 (35) (2) 3,197 2,885 254 2,981 981 202 12.4% 216.00[-163.71, 595.71] 1
Subtotal (95% CI) 393 242 314% 200.03 [183.05, 217.02) [
Heterogeneity: Tau? = 0.00; Chi? = 0.01, df = 1 (P = 0.93); I* = 0%
Test for overall effect: Z = 23.08 (P < 0.00001)
1.1.3 Moderate to mild iodine deficiency
Hiéronimus et al. 2012 (39) (3) 3,120 85 25 3,363 113 42 18.8% -243.00[-290.73, -195.27] -
Gowachirapant et al. 2017 (37) (4) 2,979 467 288 3,031 495 302 18.6% -52.00[-129.63, 25.63] o
Zhou et al. 2015 (38) (5) 3,333 463 21 3,247 629 25 13.9% 86.00 [-230.24, 402.24] _—
Zhuang & Wang, 1998 (41) (6) 3,596 349 39 3,366 371 41 17.4% 230.00 [72.22, 387.78] R
Subtotal (95% CI) 373 410 68.6% -13.75 [-212.46, 184.97] e anoy
Heterogeneity: Tau? = 34442.10; Chi? = 44.85, df = 3 (P < 0.00001); I> = 93%
Test for overall effect: Z = 0.14 (P = 0.89)
Total (95% CI) 766 652 100.0% 61.19 [-165.52, 287.91] ’

Heterogeneity. Tau? = 70477.92; Chi? = 320.10, df = 5 (P < 0.00001); I> = 98%

Test for overall effect: Z = 0.53 (P = 0.60)

Test for subgroup differences: Chi? = 4.41, df = 1 (P = 0.04), I> = 77.3%

Footnotes

(1) Study design: non-randomised controlled trial

(2) Study design: non-randomised controlled trial

(3) Study design: randomised controlled trial, mild deficiency
(4) Study design: randomised controlled trial, mild deficiency
(5) Study design: randomised controlled trial, mild deficiency

(6) Study design: randomised controlled trial; intervention group moderate deficiency, control group, iodine sufficient

-500 -250 O 250 500
Favors Comparator Favors lodine

B
lodine Comparator Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand: 95% CI IV, Rand 95% CI
1.2.1 Severe iodine deficiency
Pretell et al. 1972 (35) (1) 49.4 4.78 254 44.7 455 202 0.5% 4.70[-1.60, 11.00] N I .
Subtotal (95% CI) 254 202  0.5% 4.70 [-1.60, 11.00] | e R e
Heterogeneity. Not applicable
Test for overall effect: Z = 1.46 (P = 0.14)
1.2.2 Moderate to mild iodine deficiency
Hiéronimus et al. 2012 {39) (2) 49 2.47 25 49.32 2.47 42  13.3% -0.32[-1.54, 0.90] e
Gowachirapant et al. 2017 (37) (3) 493 2.4 262 493 2.8 277 77.9% 0.00[-0.44, 0.44]
Zhou et al. 2015 (38) (4) 496 2.3 20 489 3 24 8.3% 0.70[-0.87, 2.27]
Subtotal (95% CI) 307 343 99.5% 0.01[-0.39,0.41]
Heterogeneity. Tau? = 0.00; Chi? = 1.03, df = 2 (P = 0.60); I = 0%
Test for overall effect: Z = 0.06 (P = 0.96)
Total (95% CI) 561 545 100.0% 0.04 [-0.42, 0.50]
Heterogeneity: Tau? = 0.02; Chi® = 3.14, df = 3 (P = 0.37); I = 5% —.3 5 é 1=0
Test for overall effect: Z = 0.17 (P = 0.86) Favors Comparator Favors lodine
Test for subgroup differences: Chi® = 2.12, df = 1 (P = 0.15), I = 52.8%
Footnotes
(1) Study design: non-randomised controlled trial
(2) Study design: randomised controlled trial, mild deficiency
(3) Study design: randomised controlled trial, mild deficiency
(4) Study design: randomised controlled trial, mild deficiency
C
lodine Comparator Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand: 95% CI 1V, Rand: 95% CI
1.3.1 Severe iodine deficiency
Pretell et al. 1972 (35) (1) 342 15 287 33.8 16 281 42.4% 0.40 [0.14, 0.66] ——
Subtotal (95% CI) 287 281 42.4% 0.40 [0.14, 0.66] -
Heterogeneity. Not applicable
Test for overall effect: Z = 3.07 (P = 0.002)
1.3.2 Moderate to mild iodine deficiency
Gowachirapant et al. 2017 (37) (2) 337 15 287 33.8 16 281 42.4% -0.10[-0.36, 0.16]
Zhou et al. 2015 (38) (3) 349 1.2 20 34 2.1 24 15.2% 0.90[-0.09, 1.89] ‘41_._1
Subtotal (95% CI) 307 305 57.6% 0.28 [-0.67, 1.23]
Heterogeneity: Tau? = 0.36; Chi? = 3.67, df = 1 (P = 0.06); I = 73%
Test for overall effect: Z = 0.58 (P = 0.56)
Total (95% CI) 594 586 100.0% 0.26 [-0.20, 0.73]

Heterogeneity. Tau? = 0.12; Chi? = 9.50, df = 2 (P = 0.009); I = 79%

Test for overall effect: Z = 1.11 (P = 0.27)

Test for subgroup differences: Chi? = 0.06, df = 1 (P = 0.81), I = 0%

Footnotes
(1) Study design: non-randomised controlled trial

(2) Study design: randomised controlled trial, mild deficiency
(3) Study design: randomised controlled trial, mild deficiency

- .

-2

) 0 1 2

Favors Comparator Favors lodine

Forest plots of iodine supplementation during pregnancy compared with placebo or no intervention for the prenatal growth
outcomes: (A) birthweight (g), (B) birth length (cm), and (C) head circumference at birth (cm). IV, inverse variance; Random, random effects
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on these data and analyses are presented in Supplemental
Table 4.

One non-RCT (n = 456) reported on placental weight
(35), a measure of intrauterine growth. There was no effect
on placental weight at birth after iodine supplementation in
severely iodine-deficient pregnant women (MD: -75 g; 95%
CI: -398, 248 g; n = 456; 1 non-RCT; very low-quality evi-
dence) (35).

Postnatal somatic growth outcomes measured during in-
fancy, childhood, and adolescence

Interventions in pregnant women: iodized oil compared
with placebo or no intervention. Postnatal growth outcomes
of infants born to iodine supplemented or nonsupplemented
pregnant women were reported in 3 RCTs (moderate-to-mild
ID) and 2 non-RCTs (severe ID) (Table 2) (42, 43). Data could
not be pooled due to disparate reporting. Outcomes included
length, head circumference, and weight at 6, 12, and 24 mo,
and height at 15 y. Iodine supplementation during pregnancy
had little or no effect on these postnatal growth outcomes
(low or very low quality of evidence) (Supplemental Table 4).

Interventions in infants (0-24 mo): high-iodine compared
with standard infant formula. One RCT (47) (n =121) inves-
tigated whether a high-iodine infant formula containing 40—
50 ug - kg™' - d7', compared to standard formula contain-
ing 12-16 ug - kg™' - d~!, would be more beneficial for the
subsequent growth of preterm infants (enrolment at <33 wk
gestational age) at 40 wk postconception. There was no dif-
ference in median infant weight (g), weight gain (g/d), lower
leg length (mm), lower leg length gain (mm/d), head circum-
ference, or head circumference growth between groups (low
quality of evidence) (Supplemental Tables 4 and 5). The re-
sults are not generalizable to infants born at term.

Interventions in preschool children (2-5 y): iodized com-
pared with non-iodized salt. One cluster RCT (48) reported
growth outcomes in preschool children aged 4.5-
5 y after exposure to iodized salt [>15 parts per million
(ppm) for ~4 mo; see Table 2] compared with non-iodized
salt in a severely iodine-deficient area of Ethiopia. There
was no difference in mean HAZ between children who
received iodized salt and controls (MD: 0.11; 95% CI: -0.01,
0.23; n = 1376; 1 cluster RCT; very low-quality evidence);
however, on average, children in clusters receiving iodized
salt had a 0.13 greater WAZ than children in control clusters
(95% CI: 0.03, 0.23; n = 1376; 1 cluster RCT; very low-quality
evidence) (Supplemental Tables 4 and 6).

Interventions in school-age children (6-12 y): iodized oil
or iodine fortification compared with placebo or no interven-
tion. We identified 6 studies that included growth outcome
measurements in school-age children: 5 RCTs (49, 50, 52-54)
that compared oral iodized oil capsules, containing between
400 and 490 mg iodine given once, or 191 mg twice, with a
placebo oil capsule; and 1 CBA (55) that compared iodized

salt, iodinated drinking water, or iodine-fortified fish paste
with no intervention, for which data could not be pooled
(Table 2).

ITodized oil compared with placebo: Figure 3 shows the for-
est plots for height, HAZ, and weight after iodine supple-
mentation in school-age children, subgrouped by iodine sta-
tus of the intervention group at baseline. Overall, there was
no difference in the pooled or subgrouped results for any of
these growth outcomes (Figures 3A-C) at 112-180 d post-
intervention. The quality of evidence for these outcomes was
either low or very low (Table 4).

Iodine fortification compared with no intervention: One
CBA study (55) (n = 263) assessed the effects of iodized salt,
water, or food condiment (fish sauce) compared with no in-
tervention in school-age children with mild ID, over the pe-
riod of 1y (Table 2). The study authors report: “a significant
difference in the weight and height of children from the 4
schools investigated [3 intervention and 1 control school],
before and after supplementation within each school”. Me-
dians and ranges are reported in this study and the authors
did not reply to our correspondence attempts, thus the data
could not be meta-analyzed. Further details are included in
Supplemental Table 4.

Interventions in adolescents (13-18 y): iodized oil compared
with placebo: One RCT (n = 47) (56) assessed the effect of
190 mg oral iodized oil compared with placebo on height,
weight, and BMI of iodine-sufficient adolescent girls. At
12 wk postsupplementation, there was no mean difference
in height, weight, or BMI (moderate-quality evidence) (56)
between the intervention and control groups (Supplemental
Tables 4 and 7).

Secondary outcomes
Postnatal somatic growth outcomes measured during
childhood

Interventions in school-age children (6-12 y): iodized oil
compared with placebo. Two RCTs reported on the biochem-
ical markers IGF-1 and IGFBP-3 after oral iodized oil sup-
plementation, as 400 mg iodine once or 191 mg iodine twice
in 90 d, in school-age children (Table 2) (50, 52). Compared
to controls, iodine supplementation increased mean IGF-1
and IGFBP-3 concentrations in moderate-to-mildly iodine-
deficient school-age children, by 38.48 ng/mL (95% CI: 6.19,
70.76 ng/mL; I> = 65%; n = 498; 2 RCTs; low-quality evi-
dence) (50, 52) (Figure 4A) and 0.46 pg/mL (95% CI: 0.25,
0.66 j1g/mL; I* = 0%; n = 498; 2 RCTs; low-quality evidence)
(50, 52) (Figure 4B), respectively. Table 4 provides the sum-
mary of findings for these secondary outcomes.

Discussion

This systematic review assessed 18 studies (12 RCTs, 1 cluster
RCT, 4 non-RCTs, and 1 CBA study), including 5729 partic-
ipants across a range of settings and age groups, to investi-
gate the effect of iodine supplementation or fortification on
prenatal or postnatal growth outcomes. For most reported
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A

lodine Comparator Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
7.1.1 Severe iodine deficiency
Furnee et al. 2000 (49) 129.6 7.2 197 130.1 6.5 33 24.5% -0.50[-2.93, 1.93] i
Subtotal (95% CI) 197 33  24.5% -0.50[-2.93,1.93]

Heterogeneity. Not applicable
Test for overall effect: Z = 0.40 (P = 0.69)

7.1.2 Moderate to mild iodine deficiency
Zimmerman et al. 2007 (50) (1) 1325 13.9 90 136.2 14.2 78 9.8% -3.70([-7.96, 0.56]

Bautista et al. 1982 (54) (2) 9.4 7.934 95 9 7.934 94 27.2% 0.40[-1.86, 2.66] S |
Zimmerman et al. 2006 (52) (3) 143.8 7.8 157 1429 7.4 146 38.5% 0.90[-0.81, 2.61] T
Subtotal (95% CI) 342 318 75.5% -0.06 [-2.06, 1.95] iy
Heterogeneity: Tau? = 1.49; Chi? = 3.86, df = 2 (P = 0.15); I? = 48%
Test for overall effect: Z = 0.05 (P = 0.96)
Total (95% CI) 539 351 100.0% -0.03 [-1.45,1.39] ?
Heterogeneity: Tau? = 0.60; Chi? = 4.19, df = 3 (P = 0.24); I? = 28% :_10 _‘,5 ;‘ 10:
Test for overall effect: Z = 0.04 (P = 0.97) Favors Comparator Favors lodine
Test for subgroup differences: Chi2 = 0.08, df = 1 (P = 0.78), I = 0%
Footnotes
(1) 180 days post-intervention; endpoint data. Participants mildly iodine deficient at baseline.
(2) 154 days post-intervention; change data
(3) 168 days post-intervention; endpoint data. Participants mildly iodine deficient at baseline.
B

lodine Comparator Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
7.2.1 Severe iodine deficiency
Furnee et al. 2000 (49) 1.7 09 197 16 1 33 20.9% 0.10[-0.26, 0.46]
Subtotal (95% CI) 197 33 20.9% 0.10 [-0.26, 0.46]
Heterogeneity. Not applicable
Test for overall effect: Z = 0.54 (P = 0.59)
7.2.2 Moderate to mild iodine deficiency
Zimmerman et al. 2007 (50) (1) -0.59 1.26 90 -0.44 1.08 78 22.1% -0.15[-0.50, 0.20] i R
Zimmerman et al. 2006 (52) (2) -0.83 1.02 159 -0.88 0.96 151 57.0% 0.05[-0.17, 0.27] r
Subtotal (95% CI) 249 229 79.1% -0.01[-0.19,0.18]
Heterogeneity. Tau? = 0.00; Chi? = 0.88, df = 1 (P = 0.35); I’ = 0%
Test for overall effect: Z = 0.06 (P = 0.95)
Total (95% CI) 446 262 100.0% 0.02 [-0.15, 0.18] ,
Heterogeneity. Tau? = 0.00; Chi? = 1.14, df = 2 (P = 0.56); I = 0% :_1 _0= 5 1) 0:5 1:

Test for overall effect: Z = 0.19 (P = 0.85)

Test for subgroup differences: Chi? = 0.26, df = 1 (P = 0.61), I = 0%

Footnotes

(1) 180 days post-intervention; endpoint data. Participants mildly iodine deficient at baseline.
(2) 168 days post-intervention; endpoint data. Participants mildly iodine deficient at baseline.

Favors Comparator Favors lodine

C

lodine Comparator Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, di 95% CI v, d 95% ClI
7.3.1 Severe iodine deficiency
Furnee et al. 2000 (49) 26.7 4 197 26.1 3.3 33  20.4% 0.60[-0.66, 1.86] *\;
Subtotal (95% CI) 197 33 204% 0.60 [-0.66, 1.86]
Heterogeneity. Not applicable
Test for overall effect: Z = 0.94 (P = 0.35)
7.3.2 Moderate to mild iodine deficiency
Zimmerman et al. 2007 (50) (1) 28.9 9 90 313 9.4 78 5.6% -2.40[-5.19, 0.39] —
Huda et al. 2001 (53) (2) 22:1 3.1 145 22.2 3.3 142 36.6% -0.10[-0.84, 0.64] ——
Bautista et al. 1982 (54) (3) 6 3976 95 56 3976 94 23.4% 0.40[-0.73, 1.53] —T—
Zimmerman et al. 2006 (52) (4) 379 81 157 36.7 63 146 14.0% 1.20([-0.43, 2.83] ———
Subtotal (95% CI) 487 460 79.6% 0.11[-0.78,0.99] e
Heterogeneity. Tau? = 0.35; Chi? = 5.38, df = 3 (P = 0.15); I* = 44%
Test for overall effect: Z = 0.24 (P = 0.81)
Total (95% CI) 684 493 100.0% 0.21 [-0.48, 0.90] ?
Heterogeneity: Tau? = 0.20; Chi® = 5.90, df = 4 (P = 0.21); I’ = 32% Y =) 5 3 1

Test for overall effect: Z = 0.61 (P = 0.54)

Test for subgroup differences: ChiZ = 0.39, df = 1 (P = 0.53), I = 0%

Footnotes

(1) 180 days post-intervention; endpoint data. Participants mildly iodine deficient at baseline.
(2) 112 days post intervention; endpoint data

(3) 154 days post-intervention; change data

(4) 168 days post-intervention; endpoint data. Participants mildly iodine deficient at baseline.

Favors Comparator Favors lodine

FIGURE 3 Forest plots of iodine supplementation in school-age children compared with placebo for the postnatal growth outcomes: (A)
height (cm), (B) height-for-age z score, and (C) weight (kg). IV, inverse variance; Random, random effects model.
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A

Study or Subgroup

lodine
Mean SD Total

Comparator
Mean

SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

7.5.1 Moderate to mild iodine deficiency
Zimmerman et al. 2007 (50) (1) 197 114 100 176 90 88 47.0% 21.00[-8.20, 50.20] -T—
Zimmerman et al. 2006 (52) (2) 247 112 159 193 109 151 53.0% 54.00[29.40, 78.60] ——
Subtotal (95% CI) 9 239 100.0% 38.48 [6.19, 70.76] —aREEEE—
Heterogeneity: Tau? = 354.71; Chi = 2.87, df = 1 (P = 0.09); I* = 65%
Test for overall effect: Z = 2.34 (P = 0.02)
Total (95% CI) 259 239 100.0% 38.48 [6.19, 70.76] o

i 2 _ - ChiZ = - - SR = } t + |
Heterogeneity: Tau? = 354.71; Chi* = 2.87, df = 1 (P = 0.09); I° = 65% oo 5 55 100

Test for overall effect: Z = 2.34 (P = 0.02)
Test for subgroup differences: Not applicable
Footnotes

Favors Comparator Favors lodine

(1) 180 days post-intervention; endpoint data. Participants mildly iodine deficient at baseline.
(2) 168 days post-intervention; endpoint data. Participants mildly iodine deficient at baseline.

B

lodine Comparator Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Rand: 95% CI
7.6.1 Moderate to mild iodine deficiency
Zimmerman et al. 2007 (50) (1) 42 11 100 3.8 11 88 41.9% 0.40 [0.08, 0.72] ——
Zimmerman et al. 2006 (52) (2) 46 13 159 41 11 151 581% 0.50[0.23, 0.77] ——
Subtotal (95% CI) 259 239 100.0% 0.46 [0.25, 0.66] -~ CEEP
Heterogeneity. Tau? = 0.00; Chi? = 0.22, df = 1 (P = 0.64); > = 0%
Test for overall effect: Z = 4.40 (P < 0.0001)
Total (95% CI) 259 239 100.0% 0.46 [0.25, 0.66] Becesoy
Heterogeneity. Tau? = 0.00; Chi? = 0.22, df = 1 (P = 0.64); > = 0% =-1 _03 5 0:5 1:

Test for overall effect: Z = 4.40 (P < 0.0001)
Test for subgroup differences: Not applicable
Footnotes

Favors Comparator Favors lodine

(1) 180 days post-intervention; endpoint data. Participants mildly iodine deficient at baseline.
(2) 168 days post-intervention; endpoint data. Participants mildly iodine deficient at baseline.

FIGURE 4 Forest plots of iodine supplementation in school-age children compared with placebo for the postnatal growth outcomes: (A)
IGF-1 (ng/mL) and (B) IGFBP-3 (g/mL). IV: inverse variance; Random: random effects model.

outcomes, the quality of the available evidence (GRADE) was
low or very low and therefore we remain uncertain of the ef-
fects of iodine supplementation or fortification on prenatal
or postnatal growth outcomes.

lodine supplementation and prenatal growth outcomes
TH concentration in utero regulates fetal growth, develop-
ment, and viability through several pathways (58), making
an adequate supply of iodine paramount during pregnancy.
Maternal iodine supplementation (59) or an adequate io-
dine status (60, 61) has been positively associated with in-
fant birthweight in previous intervention and observational
studies (studies ineligible for inclusion in this review; see
Supplemental Table 1). The pooled results of 6 studies (2
non-RCTs and 4 RCTs) in our review showed no differ-
ence in the weight, length, or head circumference at birth of
infants born to iodine-supplemented iodine-deficient preg-
nant women, compared with non-supplemented women. As
a collective, these studies had high risks of performance,
detection, and attrition bias, and considerable heterogene-
ity. When looking only at severely iodine-deficient pregnant
women, findings from 2 non-RCTs suggest, on average, a
200-g greater weight and 0.4-cm greater head circumference
at birth in infants born to supplemented women compared
with controls. This finding is, however, likely subject to at-
trition bias and confounding from lack of randomization,
which results in an imbalance in prognostic factors associ-
ated with these outcomes that may severely compromise its
validity (29).

lodine supplementation and postnatal growth
outcomes

The results on postnatal growth outcomes of infants born
to women who received iodine or a placebo supplement or
no intervention during pregnancy could unfortunately not
be pooled, and the designs of 3 of these 4 studies were
open to substantial bias. The fourth study, a recent RCT (37)
(n = 613) in which mildly iodine-deficient pregnant women
were supplemented with 200 ug iodine daily from approxi-
mately week 10 of gestation until delivery, was judged as low
risk of bias in most domains. This study reported no differ-
ences between infants of iodine-supplemented women and
controls, on infant length, weight, and head circumference
at 12 and 24 mo postnatally. The positive effect of iodized
salt in preschool children reported in the only cluster-RCT
(48) should be interpreted with caution because of a high risk
of bias from contamination between intervention and con-
trol clusters, and statistically significant differences in base-
line characteristics and outcomes between the 2 groups.

In schoolchildren, iodine supplementation may make lit-
tle or no difference to height, HAZ, or weight, as the quality of
the evidence retrieved for these outcomes was very low. The
main reason for downgrading the evidence was a high risk of
bias due to contamination between the intervention and con-
trol groups and high risk of selection bias as evidenced by the
statistically significant differences in baseline characteristics
and outcomes.

In adolescents, mean differences between intervention
and control groups for height, weight, and BMI were trivial
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and based upon 1 small trial only (56), which was consider-
ably underpowered to appropriately detect any differences in
anthropometric measurement.

Although somatic growth was reported as a primary out-
come in 1 study (54), it is important to note that a hypothe-
sis measuring a difference in growth outcomes with iodine
supplementation was the main objective of none of the 18
studies. As a result, no study, nor subsequent meta-analysis,
was sufficiently powered to detect an effect of iodine on so-
matic growth as the primary outcome. Previous RCTs mea-
suring the effects of nutrition interventions on growth as the
primary outcome have included >800 participants to suffi-
ciently detect an effect in growth outcome with a difference
0f 0.2 SD, a 90% power (1-), and 95% confidence level («)
(62-64). Furthermore, although the follow-up period of trials
included in this systematic review was generally longer than
100 d, this may be too short to detect measurable differences
in growth with respect to the intervention.

The methodological quality of most studies included in
this review was questionable when considering existing study
design standards that seek to minimize systematic errors
that threaten the internal validity of comparative studies.
This was exacerbated by incomplete reporting in some stud-
ies (and lack of response when authors were contacted),
which impacted negatively on the assessment of the quality of
evidence.

Positive associations between salt fortification, household
iodized salt availability, and child growth have been previ-
ously described (65). Although causality was not established
by Kramer et al. (65), there are physiologically plausible links
between both inadequate iodine intake and severe stunt-
ing, and adequate iodine intake and age-appropriate growth.
However, somatic growth from in utero to adulthood is a
complex process influenced by numerous direct and indirect
factors. Most studies did not provide a comprehensive de-
scription of the nutrition status and/or dietary intake of the
study participants. This is a significant limitation with respect
to the interpretation of the results of this systematic review,
yet this factor could be integrated into study designs. Ap-
propriately designed intervention trials seeking to investigate
the effect of iodine repletion on prenatal or postnatal growth
are needed. Such studies should be adequately powered, con-
ducted in iodine-deficient populations, and, depending on
the participant age group and growth rate, cover a substantial
follow-up period (e.g., greater than 2 y).

Indirect biochemical growth markers such as IGF-1 and
IGFBP-3 are more sensitive measures of growth. There is an
intricate relation between TH and the GH-IGF axis, and nor-
mal GH secretion is dependent upon normal thyroid func-
tion (66, 67). The main function of GH is to promote the
synthesis and secretion of IGFs, which enhance cell growth
and differentiation (68). IGFs circulate in the plasma in com-
plexes with structurally related IGFBPs, of which IGFBP-3
is the most common (51, 68). The synthesis of TH requires
the presence of IGF-1 (69), and IGF-1 is necessary for the
anabolic effect of triiodothyronine, the active TH metabolite
(66). In addition, GH accelerates the peripheral conversion of
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thyroxine to triiodothyronine (70). Given this interrelation,
and that normal thyroid function depends upon an adequate
iodine intake, the pooled results from the 2 RCTs (50, 52)
in our review are aligned with this mechanistic pathway and
the plausible contributory effect of iodine on growth, medi-
ated by both TH and the GH-IGF axis. This interpretation is,
however, limited by the lack of trials investigating these out-
comes, and our results should be confirmed in further rigor-
ous and appropriately designed studies.

The IGFs have been described as the principal fetal growth
factors (71), and correlations between human fetal IGF-1
concentrations in utero and fetal weight (72, 73) have been
previously described. During childhood, beginning from be-
tween 6 mo and 3 y to puberty, the GH-IGF-1 axis and TH
become more influential on growth, and at puberty, GH and
IGF-1 concentrations increase significantly in both males and
females (71).

In a cross-sectional study in Turkey, pubertal children liv-
ing in an area affected by severe ID had significantly lower
IGF-1 and IGFBP-3 values than their counterparts living in
an area with mild deficiency (P < 0.0001) (16). In our re-
view, a meta-analysis of 2 RCTs (50, 52) in school-age chil-
dren (n = 498) showed that iodized oil compared to placebo
in a moderate or mildly iodine-deficient setting increased
IGF-1 and IGFBP-3 concentrations. A similar effect was ob-
served after the introduction of iodized salt (to 25 ppm) to
school-age children in a severely iodine-deficient area of Mo-
rocco (51, 74). This study (RCT, n = 71) compared the IGF-1
of 7-10-y-old school-age children whose families either did
or did not (retrospective control) make use of iodized salt at
household level. Over 10 mo of iodized salt use, median IGF-
1 concentrations in the intervention children were higher
compared with the control children (202 ng/mL for inter-
vention children compared with 134 ng/mL for control chil-
dren; P < 0.05). In this study, there was also a greater increase
in HAZ in children exposed to iodized salt compared with
controls (median baseline value —0.98 for intervention chil-
dren compared with -0.93 for control children; median end-
point value -0.69 for intervention children compared with
-1.04 for control children, P < 0.05). The Moroccan study
was not included in this review because the data for the con-
trol group were collected retrospectively; see Supplemental
Table 1.

To our knowledge, this is the first systematic review to
investigate the effects of iodized salt or iodine supplements
on both prenatal and postnatal somatic growth. In the lim-
ited discussion on growth in the 2 systematic reviews (75,
76) included in our scoping review (21) that assessed stud-
ies measuring growth and development, we note a consis-
tency in findings. These include a higher birthweight with
superior iodine status (UIC of 50-99 ug/L compared to
<50 pg/L during pregnancy) (76), and a slightly greater
(but nonsignificant) body weight or height in iodine-
supplemented groups compared with control groups, across
3 and 4 studies, respectively (meta-analyses not performed)
(75). Similar to our findings, a recently published Cochrane
Review (77) found no difference between iodine or no iodine



groups for the outcome of low birthweight. A forthcoming
Cochrane review (78) will investigate the effect of iodine for-
tification of foods and condiments other than salt on the pre-
vention of disorders related to ID, and includes physical de-
velopment as an outcome measure.

With the aim of generating evidence that could guide
healthcare decisions and due to the nature of our question
that makes undertaking RCTs challenging, we incorporated
data from non-RCTs, CBA, and ITS studies to complement
the RCT evidence-base, in line with reports from the field
of comparative effectiveness research (79-82). Strengths of
our review include a comprehensive search for both pub-
lished and unpublished literature, and methods directed by
our previously published protocol in which we sought to fol-
low recommendations for good conduct, adapted specifically
for inclusion of non-randomized studies. The minor devia-
tions from our protocol are described next and are also re-
ported on the PROSPERO International Register of Prospec-
tive Systematic Reviews (83), number CRD42014012940. We
acknowledge that there is an abundance of cross-sectional
and ecological literature on iodine that may elucidate some
interesting and potentially relevant findings about the effect
of iodine repletion on prenatal and postnatal growth out-
comes in infants, children, and adolescents.

Minor deviations from the protocol

We excluded cretinism as a secondary outcome due to the
irreversible manifestation of stunted growth with this con-
dition that would confound our comparisons. Our decision
to subgroup outcome data by baseline iodine status of the
intervention group was a deviation from our protocol. This
decision was based on evidence from the iodine literature,
which suggests that the physiologic response to iodine reple-
tion would be different depending upon the degree of ID be-
fore treatment.

Conclusions

We identified few adequately designed trials investigating
the effect of iodine repletion on human growth. Importantly,
our review does not show “evidence of no effect’, rather “no
evidence of an effect”—which is distinctly different. Based
on our findings, current best evidence remains too uncer-
tain to fully answer our research question. Thus, we cannot
firmly conclude that maternal iodine repletion has an effect
on growth outcomes at birth, nor confidently identify clear
effects on somatic growth outcomes in infants, children, and
adolescents after postnatal iodine repletion. That said, pool-
ing of results of 2 trials in the review showed that postna-
tal iodine supplementation may improve concentrations of
growth factors and their binding proteins (IGF-1 and IGFBP-
3), which can be regarded as indirect markers of growth. This
finding must be confirmed by further rigorous RCTs, suffi-
ciently powered to detect a clinically significant difference in
such growth factors, or physical indicators of somatic growth,
as primary outcomes.
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