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Abstract
Objective: To assess the burden of iodine deficiency in pregnancy in Africa using
estimated pregnancy median urinary iodine concentration (pMUIC).
Design: pMUIC for each African country was estimated using a regression equation
derived by correlating the school-age children (SAC) median UIC (mUIC) and
pMUIC from countries around the globe, and the SAC mUIC data for African coun-
tries obtained from the Iodine Global Network (IGN) 2017 and 2019 Score cards.
Setting: Iodine deficiency was endemic in many African countries before the intro-
duction of iodine fortification,mainly through universal salt iodisation programmes
about 25 years ago. There is a scarcity of data on the level of iodine nutrition in
pregnancy in Africa. Women living in settings with pMUIC below 150 μg/l are
at risk of iodine deficiency-related pregnancy complications.
Participants: Fifty of the fifty-five African countries that had data on iodine nutri-
tion status.
Results: A cut-off school age mUIC ≤ 175 μg/l is correlated with insufficient iodine
intake in pregnancy (pregnancy mUIC≤ 150 μg/l). Twenty-two African countries
had SAC mUIC< 175 μg/l, which correlated with insufficient iodine intake during
pregnancy (pMUIC< 150 μg/l). However, nine of these twenty-two countries had
adequate iodine intake based on SAC mUIC.
Conclusions: There is likely a high prevalence of insufficient iodine intake in preg-
nancy, including in some African countries classified as having adequate iodine
intake in the general population. A SAC mUIC≤ 175 μg/l predicts insufficient
iodine intake among pregnant women in these settings.
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Africa

More than 89 % of the African population was at risk of
insufficient iodine intake before the wide-scale implemen-
tation of population-oriented iodine supplementation
through food fortification around 1995(1,2). Iodine defi-
ciency to a large extent was a result of low iodine content
in soil and groundwater, and a diet rich in goitrogens(3–5).
As from 1995, nationwide universal salt iodisation became
the main approach of population-based iodine fortifica-
tion in most African countries(6). Other vehicles of iodine

fortification in some African countries include bouillon
cubes, canned foodstuffs and other processed foods which
are not necessarily regularly consumed(7,8).

Iodine nutritional status in countries in Africa and else-
where around the world has been monitored using school-
age children (SAC) median urinary iodine concentration
(mUIC)(9). However, SAC mUIC does not correctly predict
iodine nutritional status in pregnancy(10,11). This can be
attributed to the pregnancy-induced physiological changes
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that predispose pregnant women to iodine deficiency
through increased thyroid hormone production, increased
renal perfusion, increased iodine filtration and urinary
iodine excretion in addition to increased transfer of iodine
to the fetus(12). In the general population, a mUIC of
100–199 μg/l is considered sufficient nutrition, while a
pregnancy median UIC (pMUIC) below 150 μg/l indicates
insufficient iodine intake(12).The prevalence of insufficient
iodine intake in pregnancy is likely to be high in African
countries where a significant proportion of the population
has mUIC below 150 μg/l. In such countries, large propor-
tions of women of childbearing age could therefore be at
risk of iodine deficiency in pregnancy and associated
adverse outcomes such as miscarriage, fetal and childhood
growth restriction, still-birth, postpartum thyroiditis, sub-
clinical and overt hypothyroidism, dyslipidaemia, neuro-
cognitive and psychomotor deficits(13–15). There is a paucity
of data on iodine nutrition status in pregnancy in Africa.
Hence, this study was carried out to assess the prevalence
of iodine deficiency in pregnancy in Africa using the esti-
mated pMUIC.

Methods

We estimated iodine nutrition in pregnancy using the most
recent SAC mUIC from the Iodine Global Network (IGN)
2019 score card(16). The IGN publishes and updates the
national iodine nutrition status for most countries every
2 years. In the IGN 2017 score card(17), sixty-five countries,

including eleven in Africa, had data showing both SAC
mUIC and pMUIC. We plotted the SAC mUIC against the
pMUIC of these sixty-five countries to depict the linear rela-
tionship between the SAC mUIC and the pMUIC (Fig. 1)
defined by the following regression equation:

pMUIC= 6·8587þ 0·8208 × SAC mUIC (r= 0·8164,
P < 0·001; r2= 0·6665)

Using this regression equation and the most recent SAC
mUIC of African countries obtained from the IGN 2019
score card(16), the pMUIC was estimated for all the
African countries with recent iodine nutrition survey data.

Results

Fifty of the fifty-five countries in Africa had data on iodine
nutrition status in the general population, estimated mainly
through SAC UIC surveys (44/50) carried out between
2002 and 2018, exception for Botswana, Central
African Republic, Rwanda and Swaziland where the most
recent SAC UIC surveys were conducted between 1993
and 1999. Eleven of these fifty countries also had pMUIC
survey data(16,17). Four countries had the iodine nutrition
status estimated through surveys involving samples of
women of reproductive age (Algeria, Gambia, Madagascar
and Sierra Leone), one from a sample of adults (Mauritius)
and another from a sample with broad age (Central African
Republic). Five countries (Congo, the Comoros, Libya, Sao
Tome and Principe, and Seychelles) had no data on iodine
nutrition.

Scatter plot of pMUIC against SAC mUIC
Preg MUIC = 6·8587+0·8208*x; 0·95 Pred.Int.
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Fig. 1 (colour online) Scatter plot, line of best fit and regression equation of pregnancy median urinary iodine concentration (UIC)
against school-age children (SAC) median UIC
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Of the fifty countries with UIC survey data available,
three had insufficient iodine intake with moderate deficiency
(20–49 μg/l); seven had insufficient iodine intake with
mild deficiency (50–99 μg/l); eighteen had adequate
iodine intake (100–199 μg/l); seventeen had more than
adequate iodine intake (200–299 μg/l) exposing suscep-
tible population groups to iodine-induced hyperthyroid-
ism, while five had excessive iodine intake (≥300 μg/l)
which increases the risk of autoimmune thyroid disease
in addition to iodine induced hyperthyroidism(18) (Table 1).

The African countries with the lowest iodine intake in
the general population (moderate iodine deficiency status)
were Angola, Central African Republic and Madagascar.
Most countries with mild iodine deficiency were from
Eastern and Western Africa, while countries with optimal
iodine nutrition in the general population were evenly
distributed across the northern, eastern and western
regions of Africa. All Southern Africa countries apart from
Swaziland had more than adequate iodine intake in the
general population (SAC mUIC 200–299 μg/l). Benin,
Djibouti, Equatorial-Guinea, Somalia and Uganda had
excessive iodine intake (SAC mUIC > 300 μg/l), likely
attributable to enthusiastic implementation of iodine for-
tification programmes without regular evaluation(18); and
in the case of Somalia and Djibouti, the use of ground
water that has high iodine concentration(5).

Of the eleven African countries with pMUIC survey
data, Burkina Faso, Egypt, Morocco, Niger and Senegal
had inadequate iodine intake during pregnancy. Ghana,
Sierra Leone, South Africa and Tanzania had adequate
intake, while Djibouti and Liberia had more than enough
iodine intake in pregnancy(17).

The pMUIC values calculated in the current study are
comparable to findings from population-based surveys
from nine countries. The exceptions include Ghana (with
sufficient intake) found to have insufficient iodine intake
in pregnancy in the current study and Liberia (more than
adequate intake) classified as having adequate iodine
intake in pregnancy (Fig. 2).

After applying the WHO criteria for monitoring
progress towards sustainable IDD elimination where
pMUIC < 150 μg/l indicates insufficient iodine intake
during pregnancy(19), twenty-two of the forty-four coun-
tries with median SAC data available had insufficient
iodine nutrition during pregnancy (Fig. 2). Sixteen had
adequate and five had more than adequate iodine intake
in pregnancy. None of the African countries with avail-
able data had pMUIC in the range of excessive iodine
intake (pMUIC > 500 μg/l). The current study also found
that a cut-off school age mUIC of ≤175 μg/l correlated
with insufficient iodine intake in pregnancy (pMUIC
≤ 150 μg/l) (Fig. 1).

Egypt, Gambia, Ghana, Guinea, Guinea-Bissau, Niger,
Nigeria, Senegal and Togo are African countries classified

Table 1 School-age children (SAC) median urinary iodine
concentration (mUIC), measured and estimated pregnancy mUIC
(pMUIC) (μg/l) for African countries

Country
SAC
mUIC

*Measured
pMUIC

Estimated
pMUIC

Northern Africa
Algeria 241 204·7
Egypt 170 135 146·4
Libya NA NA
Mauritania 179 153·8
Morocco 96 31 85·7
Sudan 66 61·0
Tunisia 220 187·4
Western Sahara NA NA

Central Africa
Angola 29 30·7
Cameroon 190 162·8
†CAR 21 24·1
Chad 213 181·7
Congo NA NA
DRC 249 211·2
Equatorial-

Guinea
564 470

Gabon 196 167·74
Sao Tome &

Principe
NA NA

West Africa
Benin 318 267·9
Burkina Faso 99 74 88·1
Cabo Verde 115 101·3
Cote d’Ivoire 203 173·5
Gambia 143 124·3
Ghana 130 184 113·6
Guinea 139 121·0
Guinea Bissau 110 97·2
Liberia 244 254 218·6
Mali 69 56·64
Mauritania 179 153·8
Niger 101 82 89·8
Nigeria 130 113·6
Senegal 104 80 92·2
Sierra Leone 203 176 173·8
Togo 171 147·2

Eastern Africa
Burundi 70 64·3
Comoros NA NA
Djibouti 335 265 281·8
Eritrea 175 150
Ethiopia 104 92·2
Kenya 208 177·6
Madagascar 46 44·6
Malawi 269 227·7
Mauritius 160 138·2
Mozambique 60 49·3
†Rwanda 298 251·5
Somalia 417 349
South Sudan 94 84·0
Tanzania 204 171 174·3
Uganda 464 387·7

Southern Africa
†Botswana 219 186·6
Lesotho 215 183·3
Namibia 216 177·3
†Swaziland 120 105·4
South Africa 215 163 183·3
Zambia 245 208·0
Zimbabwe 220 187·4

NA: data not available.
*Measured pregnancy median UIC (IGN 2017).
†Data collected before 2002.
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as having sufficient iodine intake in the general population
(IGN 2019) that in the current study have been found to
have insufficient iodine intake in pregnancy (estimated
pMUIC< 150 μg/l).

Discussion

Despite more than 25 years of iodine fortification in Africa,
the prevalence of iodine deficiency in pregnancy in Africa
appears to have remained high. This high prevalence
seems to be masked by the reliance on SAC mUIC for
the monitoring of the iodine nutrition status of populations.
Although forty out of fifty African countries are currently
classified as having adequate or more than adequate iodine
intake based on SAC mUIC (IGN 2017 and IGN 2019), the
current study estimated that pregnant women in more than
half of the forty countries may be prone to insufficient
iodine intake. This finding correlates with results from other
studies that have shown SAC mUIC to inaccurately reflect
the state of iodine nutrition of pregnant women within
the same study settings(10,11,20). The observed discrep-
ancy between the SAC mUIC and pMUIC can be attributed
to variations in access to iodine-fortified foodstuffs, dif-
ferences in food choices between school-age children
and pregnant women, and the high depletion of iodine

stores in pregnancy secondary to increased thyroid hormone
production, elevated renal filtration and urinary iodine excre-
tion, and trans-placental transfer of iodine to the fetus(10–12).

If the results of the current study are confirmed by future
studies, there will be a need to revisit ongoing iodine for-
tification strategies, especially in endemic areas for iodine
deficiency. While universal salt iodisation is a popular and
inexpensive approach suggested by the WHO and ICCIDD,
African countrieswith pMUIC< 150 μg/l could require iodine
supplementation during pregnancy, especially those coun-
tries with SAC mUIC below 175 μg/l. Oral iodised oil
has previously been shown to improve and maintain
the level of iodine nutrition within normal limits among
adults and children in areas with endemic iodine deficiency,
without causing neonatal ormaternal hypothyroidism, hyper-
thyroidism or auto-immune thyroiditis(21–23). This may help
mitigate the morbidity that may accrue from widespread
insufficient iodine nutrition in pregnancy in Africa.

Since iodine deficiency tends to induce themost adverse
effects during pregnancy, infancy and lactation, an appro-
priate assessment of iodine nutrition would benefit from a
direct estimation of the pMUIC as one of the baseline met-
rics. This can be complemented by assessing the iodine
nutrition status of infants, although this may be quite chal-
lenging. This could however be achieved through the use
of the dry blood spot thyroglobulin test(24) if this becomes

UIC < 150µg/l

UIC 150-249 µg/l

UIC 250-499 µg/l

UIC > 500 µg/l

Data not available

Fig. 2 (colour online) Map of Africa showing country-specific iodine nutrition status during pregnancy (pregnancy median urinary
iodine concentration (UIC)) as estimated from school-age children (SAC) median UIC
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readily available for public health use in iodine deficient
endemic areas and populations.

Although the current study found that five African coun-
tries are likely to have more than adequate iodine intake in
pregnancy, the thyroid dysfunction associated with high
iodine intake tends to be transient and mild, especially if
the increase in iodine intake in formerly iodine-deficient
countries was gradual(18). Populations in countries with
endemically higher water iodine content such as Djibouti
and Somalia tend to be tolerant to high daily iodine
intake(5). However, it is recommended that excessive
iodine intake should be prevented, especially in countries
formerly with chronic iodine deficiency(25).

Strength and limitations

This study has provided an estimate of the level of iodine
nutrition state in pregnancy for most countries in Africa and
the minimum SAC mIUC that can be used to predict
adequate iodine nutrition status among pregnant women
in these settings. The current study design precluded a reli-
able estimation of the true magnitude of iodine deficiency
in pregnancy. However, the data from the current study
form a basis for further research to ascertain the true iodine
nutrition status among pregnant women in various coun-
tries in Africa. While deriving the regression equation for
estimating the pMIUC, we assumed that SAC mUIC would
correlate with pMIUC. However, this may not always be the
case given the different vehicles of iodine fortification
around the world and the diverse nutritional practices dur-
ing pregnancy.

Conclusion

Insufficient iodine nutrition in pregnancy seems to be
prevalent in several African countries, even in countries
thought to have sufficient iodine intake in the general pop-
ulation on the basis of SAC mUIC surveys. The SAC mUIC,
the current recommended method by WHO to assess
iodine nutrition status, seems to conceal insufficient iodine
nutrition in pregnancy. Optimum assessment of iodine
nutrition status in pregnant women may not be achieved
without direct estimation of the pMUIC. Oral iodised oil
supplementation could be a possible remedy for insuffi-
cient iodine nutrition in pregnancy in countries with a high
proportion of the population still prone to moderate-to-
severe iodine deficiency despite universal salt iodisation.
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