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Background. Both iodine deficiency and excess may affect lactating women and their infants. In Limpopo Province, South Africa (SA),
there are no data on the iodine status of individuals in these vulnerable groups.

Objective. To determine the iodine status, including breastmilk iodine content, of lactating mothers and their infants aged 0 - 6 months
in Vhembe and Mopani districts, Limpopo, SA.

Methods. A cross-sectional descriptive study in the quantitative domain was undertaken in Vhembe and Mopani districts. Mother-infant
pairs were randomly selected. Breastmilk iodine content (BMIC), urinary iodine content (UIC) of infants, UIC of mothers, household
(HH) salt iodine content (SIC) and water iodine content (WIC). The iodine nutrition knowledge of mothers was determined.

Results. The median (interquartile range (IQR)) of BMIC among lactating mothers in Vhembe and Mopani was 102 (62 - 179.7) pg/L
and 150.4 (89.4 - 201.7) ug/L, respectively. The median (IQR) UIC of mothers in Vhembe and Mopani was 96.3 (54.8 - 154.8) ug/L and
137.9 (72 - 212.4) pg/L, respectively. The median UIC of infants was 217.7 (107.1 - 409.9) and 339.8 (162.9 - 490.3) ug/L in Vhembe and
Mopani, respectively. There was a significant difference between SIC of coarse and fine salt in both districts. Lactating mothers in both
areas had limited iodine nutrition knowledge.

Conclusion. The results suggest that iodised salt is a major contributor to iodine status in lactating mothers and their infants. Our results
also show that the salt iodisation programme in SA supplies sufficient iodine for children, women of reproductive age, lactating mothers

and breastfed infants.
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Dietary iodine is essential for the synthesis of thyroid hormones
(thyroxine and triiodothyronine) and is required for normal
brain development, growth and metabolism. ['! Both low and high
iodine intake can lead to thyroid dysfunction.? Infants may be
vulnerable to iodine deficiency and iodine excess because the fetal
and newborn thyroid has limited iodine stores and adapts poorly to
high levels of iodine."®! Excess iodine may result in hypothyroidism
in newborns. Little is known about the effects of high iodine
intake on thyroid function in breastfed infants.

In South Africa (SA), 77% of households are using adequately
iodised salt.”! It evident that the salt iodisation programmes
have made remarkable progress in improving iodine status in the
country and worldwide. Pearce et al.l!! points out that if salt iodine
fortification is poorly monitored, the iodine intake may be excessive.
In SA, house and retail salt should be iodised at a concentration of
35 - 65 ppm at the production site.” The legislation does not involve
fortification of agricultural salt. Mabapa et al.”! has reported that
local people from Vhembe District in Limpopo Province, SA, prefer
agricultural salt because it is cheaper to buy.

The mandatory salt iodisation programme in SA remarkably
improved the iodine status of women of reproductive age and
school children. In 2005, the SA Food Based National Food
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Consumption survey (NFCS-FB-I) reported a median urinary
iodine concentration of 215 ug/L in school children and 177 pg/L
in women of reproductive age signifying adequate iodine intake.®
Recent data on iodine status of pregnant women and school children
reported a maternal median UIC of 164 pg/L and UIC of 386 ug/L
for school children.® There is still a gap in iodine nutrition, as a third
of South Africans do not have access to adequately iodised salt.!"
Furthermore, few studies exist on iodine status of lactating women
and infants.

Breastfed infants depend solely on iodine from breastmilk for the
synthesis of thyroid hormones and to build up iodine stores.!''! BMIC
are determined by the maternal iodine intake. Osei et al.™? reported a
median (interquartile range (IQR)) BMIC of 179 pg/L (126 - 269 pg/L)
from mothers residing in SA townships, i.e. Ikageng and Promosa in
the Kenneth Kaunda District municipality, Northwest Province, SA.

A median UIC of <100pg/L indicates insufficient iodine intake in
lactating women and in children <2 years."* To date, few studies have
been conducted to assess the iodine status of lactating mothers and
their breastfed infants. The present study assessed the BMIC, iodine
status of mothers and breastfed infants in Vhembe and Mopani
districts, Limpopo Province, SA. Potential predictors of UIC and
BMIC were explored.
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Methods

The present study included 300 mother-infant pairs from clinics
in Vhembe and Mopani districts from a total of 15 clinics: 10 clinics
in Vhembe (with the highest number of mother-infant pairs
attending growth monitoring) and 5 in Mopani were randomly
selected. The study commenced in March 2018 and was completed
in September 2018. A validated questionnaire was administered
to obtain demographic data, salt consumption patterns and iodine
nutrition knowledge. The contents of the questionnaire included the
following: maternal age, whether the infant was exclusively breastfed
or not, the type of salt used and the frequency of salt consumption.
A single-spot urine sample from lactating mothers (n=232) and
infants (n=203), breastmilk (1=237), household (HH) salt (n=219)
and drinking water (n=218) were collected from taps in the HH.
Urine samples were used to determine UIC, breastmilk was used to
determine BMIC, drinking water was used to determine WIC and salt
was used to assess household SIC. UIC and iodine content of water
was determined by the ammonium persulfate digestion microplate
method using the Sandell-Kolthoff reaction.! SIC was determined
by the iCheck method at the North-West University (NWU) in
Potchefstroom."! BMIC was analysed at the Laboratory of Human
Nutrition of ETH Zurich, Switzerland. Iodine was extracted from
the samples using a modified tetramethylammonium hydroxide
(TMAH) extraction procedure. The iodine content in filtered
TMAH extracts was measured using multicollector-inductively
coupled plasma mass spectrometer (MC-ICP-MS) (ThermoFisher
Scientific, USA).

Ethics

Participating lactating mothers gave written informed consent for
themselves and their infants. The Research and Ethics Committee
of the University of Venda approved the study, and an ethics
certificate (ref. no. SHS/17/NUT/05/1108) was issued. Permission
to conduct the study was also obtained from the Limpopo
Provincial Health Department.

Statistical analysis

Data were analysed using SPSS version 26.0 (IBM Corp., USA).
Data were checked for normality using Q-Q plots and the
Shapiro-Wilk test. Normally distributed data were presented as
means with standard deviation (SD). Non-normally distributed
data were presented as median values with interquartile ranges
(IQRs). Categorical data were expressed as frequencies. The
Mann-Whitney U-test was used to determine differences between
groups. Multiple linear regression analyses were used to explore
whether household SIC, UIC of mothers, age of infants, and area
(Vhembe or Mopani) were predictors of BMIC and UIC of infants
(dependent variables), and whether household SIC, age of infants,
BMIC, UIC of mothers and area were predictors of UIC of infants
(dependent variable) were predictors of BMIC and UIC of infants.
Spearman correlations were performed to determine associations
between variables. A p-value <0.05 was considered significant.
The strength of the correlation was determined by the Spearman
correlation coefficient (r). A strong correlation was r >0.70 or r
<-0.70, moderate correlation was r >0.30 to 0.70 or r <-0.30 to
-0.70 and weak correlation was r = 0.00 to 0.30 or r = 0.00 to -0.30.
Associations were deemed to be significant at p<0.05 .

Results

Characteristics of the study participants are shown in Table 1. More
than half of the infants were girls. Of all the infants, 54% were not
exclusively breastfed and 47% were predominantly breastfed.
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Breastmilk iodine content of lactating mothers

The median (IQR) BMIC of lactating women in Vhembe was 102
(62.0 - 179.7) ug/L and in Mopani it was 150.4 (89.4 - 201.7) ug/L
(Table 2). Although the median BMIC was >75 ug/L in both groups,
14% and 8% of mothers in Vhembe and Mopani, respectively, had
BMIC levels <75 ug/L, which was indicative of iodine insufficiency.
HHSIC was a positive predictor of BMIC (Table 3). There were no
further significant differences between the districts or predictors of
BMIC.

Urinary iodine content of lactating mothers

The median UIC of mothers was <100 pg/L in Vhembe District
and >100 ug/L in Mopani District. More than half of the mothers in
Vhembe (52%) and 37% of in Mopani district had UIC <100 ug/L which
signifies iodine insufficiency (Table 2). The UIC of mothers was
positively correlated with the UIC of infants in Vhembe (r=0.354;
p=0.000) and Mopani (r=0.376; p=0.008) districts.

Urinary iodine content of infants
The median UIC of infants fell in the more-than-adequate range in
Vhembe and in the excessive range in Mopani (Table 2). The UIC
of infants in Mopani was significantly higher than that of infants
in Vhembe (p<0.005). Almost a quarter of the infants in Vhembe
(24%) and 7.6% in Mopani had a UIC <100 pg/L, while 34% and
52%, respectively, had a UIC in the excessive range. A decrease in
UIC was evident as infants grow (Table 4). This was also evident
from the negative correlation between infant age and their UIC.
Predictors of UIC in infants were age (negative), BMIC
(positive) and the district where they resided (Vhembe - negative)
(Table 3).

Household salt iodine content

The SIC for all salt samples combined (coarse and fine) was
14.7 ppm in Vhembe District and 16.8 ppm in Mopani District,
which was in the inadequate range. Half of the salt samples in HHs
in both districts were inadequately iodised. (Table 2). In Vhembe,
37% of the HHs were using fine salt, 40% were using coarse salt and
the remaining HHs used both. In Mopani almost half (48%) of the
HHs were using fine salt, whereas 37% used coarse salt (Table 5)
There was a significant difference between fine and coarse salt iodine
content within Vhembe (p<0.05) and Mopani (p<0.05) districts
(Table 5).

Water iodine content

The median (IQR) water iodine concentration (WIC) was 12.6
(3.4 - 23.9) pg/L in Vhembe District and 45.8 (14.9 - 72.1) pg/L
in Mopani District, which was in the insufficient range. Only 15%
of water samples from Vhembe and 47% percent of samples from
Mopani fell in the sufficient iodine content range (Table 2).

lodine nutrition knowledge

When participants were asked if they know about salt iodisation, the
majority in both districts reported that they had no knowledge of
the iodisation process. Most participants in both districts could not
identify the symbol for salt on food packages and did not check the
salt content of food before buying it (Table 6).

Discussion

The aim of the present study was to determine the iodine status,
including breastmilk iodine content, of lactating mothers and their
infants aged 0 - 6 months in Vhembe and Mopani districts, Limpopo
Province, SA. An exact BMIC cut-off point that reflects a sufficient
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Table 1. Characteristics of lactating mothers (N=245) and their breastfed infants (N=245)

Total, Vhembe District (N=178), Mopani District (N=67),
n (%) n (%) n (%)
Maternal age, years
18-24 84 (34) 62 (35) 22 (33)
25-35 127 (52) 87 (49) 40 (60)
36 - 45 34 (14) 29 (16) 5(8)
>45 0 0 0
Age of infants, months
<1 39 (16) 34 (19) 5(8)
2 71 (29) 44 (25) 27 (40)
3 47 (19) 36 (20) 11 (16)
4 29 (12) 21 (12) 8 (12)
5 28 (11) 24 (14) 4 (6)
6 31 (13) 19 (11) 12 (17)
Infant gender
Male 112 (46) 81 (46) 31 (46)
Female 133 (54) 97 (55) 36 (54)
Employment status of mothers
Healthcare professional 2 (1) 2 (1) 0
Retail industry 4(2) 4(2) 0
Security 3(1) 3(2) 0
Cleaning services 6(2) 6 (3) 0
Education 3(1) 2 (1) 1(2)
Other 7(3) 6(3) 1(2)
Unemployed 220 (90) 155 (87) 65 (97)
HH income per month, ZAR
>500 10 (4) 2(1) 7 (10)
500 - 1 000 44 (18) 28 (16) 16 (24)
1001 - 3500 125 (51) 96 (54) 29 (43)
3501 - 6 000 37 (15) 28 (16) 9 (13)
>6 000 30 (12) 24 (14) 6(9)
Level of education
Grades 1 -7 15 (6) 12 (7) 3(5)
Grades 8 - 10 58 (24) 45 (25) 13 (19)
Grades 11 - 12 123 (50) 82 (46) 41 (61)
Tertiary 49 (20) 39 (22) 10 (15)
None 0 0 0
Marital status
Single 137 (56) 97 (52) 45 (67)
Married 95 (39) 75 (42) 20 (30)
Widowed 1(0.4) 1(0.6) 0
Divorced 12 (5) 10 (6) 2 (3)
Living with partner 0 0 0
Do you breastfeed exclusively?
Yes 114 (47) 90 (51) 24 (36)
No 131 (54) 88 (49) 43 (64)

HH = household.

level has not yet been specified, however, studies! have shown that
breastmilk with iodine concentrations >75 pg/L may be considered
as an index of sufficient iodine intake. Most lactating mothers in
the present study had BMIC levels >75 ug/L. The median BMIC in
Vhembe (101.4 pg/L) and Mopani (154 pg/L) was lower than that
found in Potchefstroom in the Kenneth Kaunda District.'” Although
BMIC has not been specified at a national level, the findings also
suggest that interventions such as salt fortification may be reaching
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lactating mothers in rural areas, resulting in improved BMIC levels.
On the other hand, some participants in Vhembe are still using
agricultural coarse salt, which is uniodised in SA, and it may be
implicated in their low BMIC levels, i.e. <75ug/L. Mabapa et al.l”
previously reported the use of agricultural coarse salt in Vhembe
district.

Based on a BMIC of 101.4ug/L and breastmilk consumption
rate of 0.78L/day at 2 - 5 months," infants from Vhembe District
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Table 2. BMIC, UIC of lactating mothers, UIC of breastfed infants, SIC and WIC in Vhembe and Mopani districts, n (%)*

BMIC category,"® pg/L Total Vhembe District Mopani District p-value'
<75 29 (13) 24 (14) 5(8) NA
75 -100 71 (31) 58 (34) 13 (21)
101 - 150 82 (35) 57 (33) 25 (41)
151 - 200 31 (13) 20 (12) 11 (18)
201 - 250 13 (6) 6 (4) 7 (12)
251 - 300 4(2) 4(2) 0
>300 2(1) 2(1) 0
Total group 232 (100) 171 (100) 61 (100)
Median (IQR) BMIC 114.4 102.0 150.4 0.023
(68.5 - 188.7) (62.0 - 179.7) (89.4 - 201.7)
UIC category of mothers,® ug/L
<100 (insufficient) 111 (48) 87 (52) 24 (37) NA
100 - 250 (adequate) 91 (39) 63 (37) 28 (45)
251 - 499 (more than adequate) 25 (11) 17 (10) 8 (13)
>500 (excessive) 4(2) 2 (1) 2(3)
Total 254 (100) 169 (100) 62 (100)
Median (IQR) UIC 104.4 96.3 137 0.094
(60.2 - 166.2) (54.8 - 154.8) (72.0 - 212.4)
UIC category of infants,® pg/L
<20 (severe) 4(2) 3(2) 1(2) NA
20 - 49 (moderate) 9 (4) 8 (5) 1(2)
50 - 99 (mild) 27 (13) 25(17) 2 (4)
100 - 199 (optimum) 51 (25) 40 (27) 11 (21)
200 - 299 (more than adequate) 33 (16) 23 (15) 10 (19)
>300 (excessive) 79 (39) 52 (34) 27 (52)
Total 203 (100) 151 (100) 52 (100)
Median (IQR) UIC 246.2 217.7 339.8 0.967
(122 -4294) (107.1 - 409.9) (162.9 - 490.3)
SIC,"”! ppm
<5 (non-iodised) 0 0 0 NA
5 - 14.9 (inadequately iodised) 109 (51) 79 (51 30 (51)
15 - 64.9 (adequately iodised) 86 (40) 67 (43) 19 (32)
65 - 79.9 (more than adequately iodised) 7 (3) 1(1) 6 (10)
>80 (excessively iodised) 13 (6) 9 (6) 4(7)
Total 215 (100) 156 (100) 59 (100)
Median (IQR) SIC 14.7 14.7 16.8 0.001
(6.4-37.7) (6.4 -37.1) (6.5 - 40.4)
WIC,[18] pg/L
<10 (deficient) 75 (35) 64 (41) 11 (18) NA
10 - 49.9 (insufficient) 90 (42) 69 (44) 21 (35)
50 - 299 (sufficient) 50 (23) 22 (14) 28 (47)
>300 (Excessive) 1(0.5) 1 (0.6) 0
Total 216 (100) 156 (100) 60 (100)
WIC (ug/L), median (IQR) 14.6 12.6 45.8 0.000
(4.9 - 46.2) (3.4-23.9) (149 -72.1)

BMIC = breastmilk iodine concentration; UIC = urinary iodine concentration; SIC = salt iodine concentration; WIC = water iodine concentration;

NA = not applicable; IQR = interquartile range.
*Unless otherwise specified.
"Mann-Whitney U-test.

consumed 79 pg of iodine daily, whereas infants in Mopani District
consumed™ 120.4 pg iodine per day. The results show that in
Vhembe district, infants consumed <90 pug and 110 pug recommended
by IOM and WHO, respectively, for infants below 6 months of age;!'”)
however, infants in Mopani District consumed 120 pg iodine daily
which was above the recommended daily intake. The results suggest
a variation in BMIC in Vhembe and Mopani districts. Iodine levels

also vary based on maternal intake, i.e. BMIC can be increased by
increasing maternal iodine intake.”"!

According to Untoro et al,?!! a median UIC >100 pg/L in
lactating mothers is regarded as sufficient. In the present study, the
median UIC of lactating mothers in Vhembe District showed iodine
deficiency, while the median UIC of mothers in Mopani District was
indicative of iodine sufficiency. The UIC of mothers in Vhembe was
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Table 3. Predictors of BMIC in lactating mothers and UIC of breastfed infants in the two districts combined

BMIC (ug/L) UIC (pg/L) in infants
Multiple linear regression B p-value B p-value
SIC (ppm) 0.201 0.005 0.037 0.600
Age of infant (months) 0.079 0.262 -0.171 0.014
BMIC (pg/L) - - 0.174 0.014
Maternal UIC (pg/L) 0.090 0.199 0.022 0.756
Area (Vhembe) -0.108 0.124 -0.184 0.008

BMIC = breastmilk iodine concentration; UIC = urinary iodine concentration; ppm = parts per million; p = beta; SIC = salt iodine concentration.

Table 4. UIC distribution of infants by age in Vhembe and Mopani districts

Age of infants (months)

Vhembe District Mopani District
0-3,n(%) 4-6,n (%) 0-3,n(%) 4-6,n(%)
UIC category of infants, pg/L
Severe (< 20) 2(2) 1(2) 1(3) 0
Moderate (20 - 49) 3(3) 4(8) 1(3) 0
Mild (50 - 99) 16 (16) 10 (19) 1(3) 1(5)
Optimum (100 - 199) 24 (24) 13 (25) 6 (19) 5(25)
More than adequate (200 - 299) 18 (18) 7 (13) 6 (19) 4 (20)
Excessive (> 300) 36 (36) 17 (33) 17 (53) 10 (50)
Median (IQR) 222.8 (107.1 - 411.3)  190.9 (82.7 - 382.9) 358.5(178.9 - 484.7)  309.5 (153.6 - 508.4)

UIC = urinary iodine concentration; IQR = interquartile range.

Table 5. Comparisons of SIC by salt appearance in Vhembe and Mopani districts

Area
Vhembe District p-value Mopani District p-value

Salt appearance
Fine (ppm), median (IQR) 25.3 (12.7 - 41.7) 0.000* 27.5(7.9 - 70.1) 0.001*
Coarse (ppm), median (IQR) 6.5(6.1-11.6) 6.73 (5.9 - 16.8)
Salt used (N=178), n (%)

Fine 65 (37) 32 (48)

Coarse 71 (40) 25 (37)

Both 42 (24) 10 (15)

SIC = salt jodine concentration; ppm = parts per million; IQR = interquartile range.
*Mann-Whitney U-test.

Table 6. Iodine nutrition knowledge of breastfeeding mothers in Vhembe and Mopani districts

Area Vhembe District (N=178), n (%) Mopani District (N=67), n (%)
Do you know about salt iodisation?

Yes 26 (15) 7 (10)

No 152 (85) 60 (90)

Do you check salt content of food before buying?

Yes 3(2) 13 (19)

No 175 (98) 54 (81)

Can you identify the formula (symbol) for salt on food packages?

Yes 23 (13) 3(5)

No 155 (87) 64 (95)

lower than the 111ug/L reported by Osei et al."?! in Potchefstroom.
Salt fortification may be the reason for iodine sufficiency in Mopani
District. UIC is a well-accepted, cost-effective and easily obtainable
indicator for iodine status,” since most iodine absorbed by the body

is excreted in urine.”??

The UIC of infants in the current study was significantly different
(p=0.004) between the two districts. The results suggest that infants
consumed more than adequate amounts of iodine in Vhembe and
excess amounts iodine in Mopani. The UIC of infants was higher
than that of their mothers. This finding may be attributed to the

126 SAJCH SEPTEMBER 2023 Vol.17 No.3



RESEARCH

fact that thyroid and renal functions in infants are not mature and
therefore excess iodine cannot be retained. In addition, lactating
mothers may lose iodine in breastmilk.”! Most studies!"?! tracking
the UICs of mother-infant pairs have reported findings similar to
those in the present study. Excessive iodine intake is an emerging
problem, and to the best of our knowledge there are no SA studies
exploring the consequences of excessive iodine intake. It is evident
that the strategies used in SA to eradicate iodine deficiency disorders
are effective, since recent studies 2 report excessive iodine in
infants and schoolchildren. A higher-than-normal iodine intake can
affect thyroid gland function, leading to autoimmune disease, goitre,
hypothyroidism, iodine-induced thyrotoxicosis or thyroid cancer.?"

Confirming the decrease of BMIC on the iodine status of breastfed
infants,®®! the results show that the UIC of breastfed infants
decreased from a higher concentration to a lower concentration in
the 0 - 3 months and 4 - 6 months, respectively, although the UIC
remained within the adequate range. The results of the regression
analysis showed a negative association between the age of infants and
their UIC, thereby a decrease in BMIC as the infant grows.

In the present study, HH salt in Vhembe District was inadequately
iodised, while HH salt in Mopani was adequately iodised. In
Vhembe, 43% of HHs were using adequately iodised salt, compared
with almost a third of HHs in Mopani District. These values were
lower than the national coverage of 77% and the international goal
of 90% coverage.?

Mabasa et al.””! also found that 52.5% of households in Mopani
used adequately iodised salt, with an iodine concentration of
215 ppm. It was concerning that almost half of household salt
in the present study and the study conducted by Mabasa et al.’}
were inadequately iodised. It is noteworthy to mention that the
salt samples with inadequate iodine were coarse in the current
study. It can be assumed that salt producers iodising salt at a
concentration of more than 20 ppm contributes to the elimination
of iodine deficiency.””” However, a proportion of the salt examined
in this study was clearly not iodised in accordance with the legal
requirement. A potential reason for not iodising salt in accordance
with legal requirements may be that monitoring and evaluation is
not done properly at production sites therefore some salt producers
may over- or under-iodise.

In the present study, the WIC was 12.6 pg/L and 45.8 ug/L in the
Vhembe and Mopani districts, respectively. The possible reason for
the discrepancy in WIC levels may be the geographical location.
Vhembe District is mountainous whereas Mopani is situated on flat
terrain. The WIC in Vhembe was lower than that of 46.2ug/L found
by Mabasa et al.”’ in Mopani District, while the WIC in Mopani
was almost the same as the WIC levels reported by Mabasa et al.
®1 The WIC in the two studies was lower than the 117 pg/L found
in the Northern Cape Province by the NFCS.?® The results of the
present study suggest that iodine levels in drinking water is sufficient
in Mopani District and insufficient in Vhembe District. Iodine in
drinking water may serve as an indication of the amount of iodine
occurring naturally in the environment.” However, the limited
contribution of iodine in water to the total daily iodine intake would
usually be considered inadequate for the nutritional requirements of
children and pregnant women.®!

Many of the study participants had limited iodine nutrition
knowledge. Most of the participants did not know anything about
salt iodisation and could not identify the symbol for salt on food
packaging. Jooste et al.?®) drew similar conclusions in a study done
among the SA adult population and suggested that the education
and promotion aspects of the iodised salt intervention are seriously
lacking.
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Conclusion

Our findings suggest that iodised salt is a major contributor to
iodine status in lactating mothers and their infants. The results also
show that the salt iodisation programme in SA supplies sufficient
iodine for children and women of reproductive age and for lactating
mothers and breastfed infants. However, there are areas where
agricultural salt is used for human consumption. In addition, some
of the salt samples (agricultural coarse salt) have low or no iodine
at all. Communities should be taught about the adverse effects of
iodine deficiency that may result secondary to the use of uniodised
salt. Iodine levels appear to be poorly monitored at production sites
- there is an urgent need for ongoing monitoring of salt fortification
at production site, to avoid under and over-iodisation of salt.
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