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Abstract
Despite substantial progress in the global elimination of iodine deficiency, lactating mothers and their infants remain susceptible to insufficient
iodine intake. This cross-sectional study was conducted to compare iodine statuses of breast-fed and formula-fed infants and their mothers at
four randomly selected health care centres in Tehran. Healthy infants <3 months old and their mothers were randomly selected for inclusion
in this study. Iodine was measured in urine and breast milk samples from each infant and mother as well as commercially available infant
formula. The study included 124 postpartum mothers (29·2 (SD 4·9) years old) and their infants (2·0 (SD 0·23) months old). The iodine
concentrations were 50–184 µg/l for infant formula, compared with a median breast milk iodine concentration (BMIC) of 100 µg/l in the
exclusive breast-feeding group and 122 µg/l in the partial formula feeding group. The median values for urinary iodine concentration in the
exclusive breast-feeding group were 183 µg/l (interquartile range (IQR) 76–285) for infants and 78 µg/l (IQR 42–145) for mothers, compared
with 140 µg/l (IQR 68–290) for infants and 87 µg/l (IQR 44–159) for mothers in the formula feeding group. These differences were not
statistically significant. After adjustment for BMIC, ANCOVA revealed that feeding type (exclusive breast-feeding v. partial formula feeding) did
not significantly affect the infants’ or mother’s urinary iodine levels. Thus, in an area with iodine sufficiency, there was no difference in the
iodine statuses of infants and mothers according to their feeding type.
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Iodine deficiency (ID) is an important micronutrient deficiency,
given iodine’s critical role in fetal neurologic development(1–4).
The severe form of ID can cause cretinism, congenital anomalies,
intellectual impairment, growth retardation and infant
mortality(5–7), whereas, even mild ID can impair children’s neuro-
intellectual development(8–10). Although, there has been sub-
stantial progress in the global elimination of ID, lactating mothers
and their infants remain susceptible to insufficient iodine intake(11).
Iodine sufficiency among lactating mothers is particularly

important for exclusively breast-fed infants, as breast milk is
their only source of iodine during a critical period of growth and
development(12). Based on biological mechanisms, it is plau-
sible that urinary iodine concentrations (UIC), which reflect
iodine status, are positively associated among mothers and their

exclusively breast-fed infants(12). Interestingly, results from
Turkey(13), Ireland(14), China(15) and Iran(16,17) indicate that, the
transfer of iodine from mother to infant results is the infant
having higher UIC values, it was also accompanied by an
increase in the proportion of lactating mothers with inadequate
UIC values. Moreover, a few studies that specifically assessed
iodine status among formula feeding mothers revealed con-
flicting findings. For example, one study found no difference in
the median UIC values of mothers who were breast-feeding or
formula feeding(18). However, another study revealed sig-
nificantly increased UIC values among breast-feeding mothers,
compared with formula feeding mothers(14).

Neonates and infants receive their entire supply of iodine
from breast milk and/or formula. Thus, Europe requires infant

Abbreviations: BMIC, breast milk iodine concentration; ID, iodine deficiency; IQR, interquartile range; UIC, urinary iodine concentration.
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formula to contain 10–50 μg of iodine/418·4 kJ (100 kcal),
whereas the USA requires approximately 5–75 μg/100kcal.
However, despite the importance of iodine during these critical
periods, few studies have compared the iodine statuses of breast-
fed and formula-fed infants. In addition, studies from areas
with iodine sufficiency have revealed inconclusive results. For
instance, in the USA, no significant differences in UIC values
were detected among infants who were exclusively breast-fed,
formula-fed or receiving a combination of breast milk and
formula(19). In contrast, the median UIC was significantly lower
among Chinese infants who were exclusively formula-fed,
compared with those who were exclusively breast-fed(15).
Another study in Switzerland, which is a country with iodine
sufficiency, indicated that infants who were exclusively or
partially formula-fed had a better iodine status, compared with
exclusively breast-fed infants(20).
Therefore, based on the limited data and the conflicting

results regarding the effect of feeding type on infants’ iodine
status in areas with iodine sufficiency, the present study com-
pared the UIC values from breast-fed and formula-fed infants
and their mothers in an area that has had iodine sufficiency for
more than two decades.

Methods

Subjects

This cross-sectional study was conducted between December
2014 and March 2015 at four randomly selected health care
centres in Tehran. Among 140 healthy mothers and their infants
who were referred for routine check-ups, the present study
included 124 infants who were <3 months old and either
exclusively breast-fed or exclusively/partially formula-fed, as
well as their mothers. The infants and mothers were enrolled
with unequal sample sizes from each health care centre. Mothers
and infants with a history of thyroid disorders and those who
were currently using iodine-containing supplements and
disinfectants were excluded. An interviewer-administered
questionnaire was used to collect data regarding maternal age,
education, occupation, date of last pregnancy, gravidity, parity,
history of abortion and use of iodine-containing supplements
during pregnancy. In addition, data were collected regarding the
infants’ birth date, sex, birth weight, height and head measure-
ments, type of feeding and brand of infant formula (where
applicable). Written informed consent was obtained from the
parents after they received an explanation of the study’s protocol
and objectives. The study’s protocol was approved by the ethics
committee of the Research Institute for Endocrine Sciences
(RIES), Shahid Beheshti University of Medical Sciences.

Urine and breast milk sample collection

At the first visit, labelled plastic bottles and adhesive paediatric
urine bags (SUPA Medical Services) were provided to collect
spot urine samples from each mother and infant, according to
the manufacturer’s detailed instructions. Mothers were asked to
collect a casual infant urine sample at a random point during
the day, after cleaning the infant’s genital region. For boys, the
entire penis was placed in the bag and the adhesive was

pressed against their skin. For girls, the bag was positioned to
cover the labia. If the infant’s urine sample could not be
collected after three attempts, the mothers were asked to obtain
a sample by holding a specimen bottle in the urine stream.
Lactating mothers who were exclusively or partially breast-
feeding were asked to manually express their breast milk at the
time of urine collection. All samples of urine and breast milk
were collected and stored at room temperature, before being
sent to the RIES laboratory, where they were transferred into
screw-top labelled plastic vials. The aliquots were subsequently
frozen at −20°C until the iodine concentrations were measured.

Salt sample collection

Two tablespoon-sized samples of cooking and/or table salt
were obtained from each mother at the time of urine collection.
Some mothers used two types of salt, and samples of both were
collected in those cases. The samples were stored in lightproof,
closed plastic containers that were labelled with the mother’s
identification code.

Infant formula selection

Information on different types of formula for infants from birth
to 6 months of age was obtained from the Food and Drug
Administration, Ministry of Health and Medical Education.
Based on the list of formula brands currently available in the
Tehran markets, the bands most frequently used were selected.
From each brand, three samples were purchased from referral
pharmacies and sent to the RIES laboratory for iodine testing.

Laboratory measurements

Iodine concentrations in the urine, breast milk and infant for-
mula samples were analysed using the Sandell–Kolthoff (acid-
digestion) reaction(21). The results were expressed as μg of
iodine per litre of urine and milk, or as μg/100ml of infant
formula. Breast milk and formula samples were carefully
homogenised before the alkaline ashing procedure. Intra-assay
CV for UIC were 8% at 8 µg/l, 6% at 17 µg/l and 8% at 36 µg/l.
The inter-assay CV for UIC were 10% at 8 µg/l, 10% at 17 µg/l
and 8% at 36 µg/l. The intra-assay CV for breast milk iodine
concentration (BMIC) were 9% at 3 µg/l, 7% at 13 µg/l and 9%
at 36 µg/l. The inter-assay CV for BMIC were 10% at 3 µg/l, 9%
at 13 µg/l and 12% at 36 µg/l. The intra-assay and inter-assay CV
for the infant formula samples were both 9%. The salt samples’
iodine concentrations in parts per million (ppm) were deter-
mined using the iodometric titration method, which has a sen-
sitivity of 1 ppm and a CV of 1%.

Definitions

Exclusive breast-feeding was defined according to the WHO’s
criteria as no non-breast milk food or drink, including water,
being used for nourishment. Exclusive formula feeding was
defined as the infant only being fed using a standard com-
mercially available cow’s milk-based formula. Partial breast and
formula feeding was defined as the infant receiving both breast
milk and formula. According to international criteria, median
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UIC values <100 µg/l and≥100 µg/l were defined as indicating
ID and adequacy, respectively, among postpartum mothers and
their infants(22). A median BMIC of≥100 µg/l is defined as
adequate in areas with iodine sufficiency(23).

Statistical analysis

Data were reported as numbers and percentages, mean values
and standard deviations or medians and interquartile ranges
(IQR)), as appropriate. Normality of the variables’ distributions
was assessed using the Kolmogorov–Smirnov test and histo-
gram charts. Inter-group comparisons were performed using
the χ2 test, Mann–Whitney test, or t test, as appropriate.
Spearman’s correlation analysis was used to examine the cor-
relations between the infants’ UIC values and potentially related
variables. ANCOVA was also used to examine the effect of
feeding type (exclusive breast-feeding v. partial formula feed-
ing) on the mothers’ and infants’ iodine statuses. All statistical
analyses were performed using IBM SPSS software (version
20.0; IBM Corp.), and differences were considered significant at
a P value of <0·05. Post hoc power analysis was performed
using G*Power software (version 3.1.0) and based on the mean
difference in the UIC values according to feeding type. Using an
effect size of= 0·5 (based on previously reported data)(17,13,18),
an error probability ratio (β:α) of= 4, and the two groups’

sample sizes (breast-feeding: seventy-one cases, formula feed-
ing: fifty-three cases), the present study had an estimated sta-
tistical power of 0·787.

Results

The present study included 124 mothers (29·2 (SD 4·9) years old)
and 124 infants (2·0 (SD 0·23) months old). Among the infants,
57% were exclusively breast-fed and 43% were formula-fed
(exclusively or partially). The mothers’ and infants’ character-
istics are shown in Table 1. No significant differences were
observed between the breast-fed and formula-fed groups in
terms of infant sex, birth weight, height and head
circumference, weight-for-length z score, or length-for-age
z score, as well as maternal age, education, date of last preg-
nancy, gravidity, parity, history of abortion, or use of iodine-
containing supplements during pregnancy. Table 2 shows the
UIC and BMIC values for the mothers and infants according
to feeding type. The median UIC values were 183 µg/l (IQR
76–285) for breast-fed infants, compared with 140 µg/l (IQR
68–290) for formula-fed infants (P= 0·810). The median UIC
values were 78 µg/l (IQR 42–145) for breast-feeding mothers,
compared with 87 µg/l (IQR 44–159) for formula feeding mothers
(P= 0·421). Among breast-feeding mothers, UIC values of <100
and <50 µg/l were observed in 68 and 33%, respectively,

Table 1. Basic characteristic of infants and their mothers by type of feeding
(Numbers and percentages; mean values and standard deviations)

Type of feeding

Breast-feeding* Formula feeding†

Characteristics n % Mean SD n % Mean SD P

Infants
Sex
Male 38 53·5 32 60·4 0·446
Female 33 46·5 21 39·6

Birth weight (kg) 3·34 0·4 3·21 0·5 0·417
Birth height (cm) 50·1 2·2 49·6 2·5 0·187
Birth head circumference (cm) 34·9 1·5 34·5 1·4 0·067
Weight-for-length z score −0·25 1·3 − 0·27 1·5 0·964
Length-for-age z score 0·29 1·2 0·03 1·3 0·265

Mothers
Age (years) 28·9 4·7 29·6 5·1 0·496
Education (years) 11·1 3·7 11·1 3·4 0·998
Last date of pregnancy (years) 4·0 4·4 3·8 4·5 0·770
Gravidity
Primigravidity 20 28·2 17 32·1 0·642
Multigravidity 51 71·8 36 67·9

Parity
Primiparity 26 36·6 22 41·5 0·502
Multiparity 14 63·4 31 58·5

History of abortion
Yes 18 25·4 13 24·5 0·917
No 53 74·6 40 75·5

Use of iodine-containing supplements during pregnancy
Yes 5 7·0 6 11·3 0·407
No 66 93·0 47 88·7

Iodine content of salt (parts per million)
< 20 12 17·9 13 26·0 0·451
20–40 48 71·6 34 68·0
> 40 7 10·4 3 6·0

* Exclusive breast- feeding.
† Exclusive or partial formula feeding.
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compared with 59 and 35%, respectively, of formula feeding
mothers. The median BMIC values were 100 µg/l
(IQR 83–147) among breast-feeding mothers, compared with
122 µg/l (IQR 77–172) among formula feeding mothers
(P= 0·254). The median iodine concentrations in the salt samples
were 26ppm (IQR 20–32) in the breast-feeding group and
25 ppm (IQR 20–29) in the formula feeding group (P= 0·155).
The iodine content of the selected formula brands (n 9)
were 5–18 µg/100ml, which was often higher than the labelled
amount (Table 3), with differences that ranged from −5 to +4µg/
100ml.
The maternal UIC values were significantly correlated with

the BMIC values (r 0·36, P< 0·001) and the infants’ UIC values
(r 0·21, P= 0·04). In addition, the BMIC values were sig-
nificantly correlated with the infants’ UIC values (r 0·35,
P= 0·001) (Fig. 1). However, the salt samples’ iodine contents
were not significantly correlated with the BMIC or UIC
values. Analysis of covariance revealed that BMIC significantly
affected the infants’ iodine status (P= 0·002). However,
after adjustment for BMIC, feeding type (exclusive breast-
feeding v. partial formula feeding) did not affect the mothers’ or
infants’ UIC values.

Discussion

To the best of our knowledge, the present study is one of the
first to compare UIC values between breast-fed and formula-fed
infants, as well as their mothers, in Iran, where iodised salt is the
main dietary iodine source for all age groups, including lactat-
ing mothers and their infants. The present study revealed no
significant differences in the mothers’ and infants’ UIC values
according to feeding type. Furthermore, although BMIC was
significantly correlated with the infants’ iodine status, the

feeding type (exclusive breast-feeding v. partial formula feed-
ing) did not affect the infants’ and mothers’ UIC values in the
analyses that were adjusted for BMIC.

According to the international criteria, the median UIC in a
representative sample of schoolchildren provides a reliable
assessment of a population’s iodine status. However, there is
significant evidence that pregnant and/or lactating women can
have a suboptimal iodine status in areas with iodine sufficiency.
For example, iodine sufficiency among school-aged children
was not accompanied by adequate UIC values among pregnant
and/or lactating women in Switzerland(20), Iran(24), Australia(25)

and New Zealand(26). However, data from different countries
have indicated that, in areas with iodine sufficiency or even
mild ID, infants’ needs for iodine and thyroid hormones are
sufficiently fulfilled using breast milk, because of a compen-
satory mechanism in the mammary glands that leads to

Table 2. Urinary and breast milk iodine concentrations in infants and their mothers by type of feeding
(Numbers and percentages; medians and interquartile ranges (IQR))

Type of feeding

Breast-feeding* Formula feeding†

Variables n % n % P

UIC (µg/l)
Infants

Median 183 140 0·810
IQR 76–285 68–290
<100 19 35 16 39 0·701
≥100 35 65 25 61

Mothers
Median 78 87 0·421
IQR 42–145 44–159
<100 47 68 30 59 0·294
≥100 22 32 21 41

BMIC (µg/l)
Median 100 122‡ 0·254
IQR 83–147 77–172
<150 55 79 17‡ 59 0·069
≥150 15 21 12‡ 41

UIC, urinary iodine concentration; BMIC, breast milk iodine concentration.
* Exclusive breast-feeding.
† Exclusive or partial formula feeding.
‡ Data reported from partial formula feeding group.

Table 3. Comparison of labelled and measured iodine content in different
brands of infant formula

Adapted
formula
brands

Labelled
iodine

(µg/100 g)

Labelled
iodine

(µg/100ml)
Measured
(µg/100ml)*

Differences
(µg/100ml)†

Aptamil-1 75 10 14 4
Biomil-1 78 – 9 –
Biomil Plus-1 74 14 18 4
Nan-1 95 12 15 3
Bebelac-1 90 12 16 4
Guigoz-1 95 12 16 4
Tro Vital-1 130 – 12 –
Supramil-1 70 9 13 3
Isomil-1 76 10 5 −5

* Measured using the Sandell–Kolthoff (acid-digestion) reaction.
† Differences of measured iodine concentration compared with labelled iodine

concentration based on µg/100ml formula.
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up-regulation of the sodium–iodide symporter and sufficient
transfer of iodine from mother to infant(20,27–30). Present data
confirm that iodine adequacy among infants may be accom-
panied by suboptimal iodine status among lactating mothers,
which was observed more in the exclusive breast-feeding group
than the formula feeding group. Similarly, a significant pro-
portion of exclusively breast-fed infants and their mothers have
ID in India, although the infants’ iodine status is relatively
protected(31). Similar patterns were observed among lactating
mothers and their infants in China (122 v. 183 µg/l), Ireland
(76 v. 100 µg/l) and Turkey (40 v. 85 µg/l), which indicates that
lactating mothers have lower UIC values than their infants(13–15).
Given the broad ranges of BMIC in countries with iodine

sufficiency(12,23,32,33), there is no consensus regarding the

required iodine levels in breast milk that are needed to ade-
quately fulfil infants’ iodine requirements(7,34–36). For example,
reported BMIC values are 46–155 µg/l in the USA(29,37,38) and
58–170 µg/l in Iran(17,39,40). These differences may be related to
several factors that can affect BMIC values, including maternal
iodine status(23,32,36), recent maternal iodine intake(41), duration
of lactation(42) and maternal fluid intake(27), of which maternal
iodine status plays the most crucial role. In addition, despite the
mechanism that enhances iodine excretion in the mother’s
mammary glands, different studies have indicated that mothers
with suboptimal iodine status have lower BMIC values, com-
pared with mothers with adequate iodine status. For example,
lactating mothers with ID have inadequate BMIC values in
Australia(43), Turkey(44) and Portugal(45), whereas lactating
mothers in Iran(17,46) and the USA(29) (areas with iodine suffi-
ciency) have BMIC values that are within the optimal range.
Similarly, a recent study by Dold et al.(47) revealed that lactating
mothers with an adequate iodine status had greater fractional
iodine excretion in their breast milk, compared with their urine,
although a relatively constant proportion (approximately 33%)
of total iodine was excreted in breast milk from mothers with
ID. There is some evidence that BMIC can be used to monitor
the iodine status of breast-fed infants(48), although this rela-
tionship remains speculative, given the limited number of
relevant studies. The present finding is compatible with our
previous reports that revealed a significant positive correlation
between BMIC and infants’ UIC values(17,39,46). Furthermore, in
the USA and China, iodine sufficiency among infants was also
accompanied by adequate iodine levels in breast milk(15,19).

Only a few studies have compared the iodine contents of
breast milk and infant formula, and related those findings to
infants’ iodine status according to feeding type in areas with
iodine sufficiency. A recent report from Switzerland indicates
that partially breast-fed and formula-fed infants had higher UIC
values than infants who were exclusively breast-fed (109 v.
73 µg/l), which was attributed to the higher iodine content of
infant formula (45–148 µg/l), compared with breast milk
(40–80 µg/l)(20). The present study revealed that the iodine
content of infant formula was 50–184 µg/l, whereas the median
BMIC values were 100 µg/l (40–320 µg/l) in the exclusive breast-
feeding group and 122 µg/l (25–394 µg/l) in the group that
received breast milk and formula. In addition, although the
difference was not significant, exclusively breast-fed infants had
higher UIC values, compared with infants who received for-
mula. Similarly, an American study(29) revealed no significant
difference between the median iodine concentrations of breast
milk and infant formula (155 µg/l, n 57 v. 145 µg/l, n 17). It also
found similar iodine statuses among infants who were exclu-
sively breast-fed (203 µg/l, n 39), formula-fed (182·5 µg/l, n 44)
or received breast milk and formula (198 µg/l, n 10)(19).

The main strength of the present study is the simultaneous
assessment of iodine status among breast-fed and formula-fed
infants, as well as their mothers, in an area with a successful salt
iodisation programme. However, the present study only eval-
uated individuals from randomly selected regions of Tehran,
and the data may not be representative of the entire city.
Therefore, caution should be taken in generalising these find-
ings to other areas and populations. In addition, the use of a
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single urine sample is a poor indicator of long-term iodine
status(49), as intra-individual variability could be introduced
through maternal dietary intake of iodine (i.e. iodised salt in
Iran), maternal hydration and the iodine content and amount of
the formula and/or breast milk that the infant receives.
Furthermore, programmes promoting the importance of breast-
feeding, as well as low family incomes and relatively high
formula prices, resulted in a limited number of mothers who
exclusively fed their children formula (n 15). Thus, categorisa-
tion of the mothers into groups that exclusively breast-fed,
partially formula fed, and exclusively formula fed could lead to
inadequately powered statistical analyses.
In conclusion, the present study revealed that in Tehran (an

area with iodine sufficiency based on the median UIC from the
WHO), there were no differences in infants’ or mothers’ urinary
iodine levels according to the feeding type and the iodine sta-
tuses of mothers and their infants were not affected by the type
of feeding. Thus, both breast milk with adequate iodine levels
and infant formula that is supplemented with iodine can fulfil
infants’ iodine requirements during the first 6 months of life.
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