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Abstract
Objective: To identify countries in sub-Saharan Africa (SSA) that have not yet
achieved at least 90 % universal salt iodization and factors associated with the
consumption of non-iodized salt among women of reproductive age.
Design: A cross-sectional study using data from Demographic and Health Surveys
(DHS). The presence of iodine in household salt (iodized or non-iodized), which
was tested during the survey process, was the study outcome. Multivariable logistic
regressionmodels were used to determine independent factors associated with the
consumption of non-iodized salt among women of reproductive age.
Setting: There were eleven countries in SSA that participated in the DHS since 2015
and measured the presence of iodine in household salt.
Participants: Women (n 108 318) aged 15–49 years.
Results: Countries with the highest rate of non-iodized salt were Senegal (29·5 %)
followed by Tanzania (21·3 %), Ethiopia (14·0 %), Malawi (11·6 %) and Angola
(10·8 %). The rate of non-iodized salt was less than 1 % in Rwanda (0·3 %),
Uganda (0·5 %) and Burundi (0·8 %). Stepwise multivariable logistic regression
showed that women were more likely to be using non-iodized salt (adjusted
OR; 95 % CI) if they were poor (1·62; 1·48, 1·78), pregnant (1·16; 1·04, 1·29), aged
15–24 years (v. older: 1·14; 1·04, 1·24) and were not literate (1·14; 1·06, 1·23).
Conclusions: The use of non-iodized salt varies among SSA countries. The higher
level of use of non-iodized salt among poor, youngwomen and pregnantwomen is
particularly concerning.
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Globally, approximately 2 billion individuals have an insuf-
ficient iodine intake and sub-Saharan Africa (SSA) is themost
affected continent(1). Iodine is an essential micronutrient
required in small amounts for healthy brain development
and normal thyroid functioning(2–4). Iodine deficiency,
defined as an insufficient amount of iodine in the human
body, is one of the leading causes of preventable mental
impairment around the globe(1,2,5). Iodine-deficiency disor-
ders (IDD) are a major contributor to the burden of diseases
of public health significance in Africa, where many people
do not consume sufficient iodine in their diet. Up to 65%
of pregnant women suffer from iodine deficiency in devel-
oping countries and this deficiency is associated with an
increased risk of poor birth outcomes such as low birth
weight, spontaneous abortions and congenital malforma-
tions. Children born to mothers with iodine deficiency are
at risk of developing neurological deficits, cretinism and

death(6–10). In addition, iodine deficiency in women is
responsible for goitre, a condition associated with stigmati-
zation and poor quality of life(1,2,5,11,12). Goitre is present in
about 28·3 % of the African population(13–16). The mainstay
of treatment and prevention of IDD is salt iodization, the for-
tification of salt for human consumption with iodine, which
is an effective and inexpensive approach to increase iodine
intake at the population level(14,17). Sources of iodine that are
recommended include plants grown in iodine-rich soils,
eggs, saltwater fish, yoghurt, nuts and dairy products(14,18).
However, people in developing countries like those in
SSA may not have access to those sources due to poverty.
The iodization of salt is the most cost-effective and simplest
method of preventing IDDwith a cost of only $US 0·02–0·05
per individual per year(1). The WHO/UNICEF/International
Council for the Control of IDD recommends a national rate
of iodized salt of at least 90%(19), but low socio-economic
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households in SSA are less likely to buy iodized salt(20,21).
While the rates of non-iodized salt consumption in SSA
countries have decreased considerably since the introduc-
tion of universal salt iodization (USI) in 1994 by the WHO
andUNICEF, information about the independent factors that
contribute to the consumption of non-iodized salt among
women of reproductive age in SSA countries is limited
and little is known about the use of non-iodized salt among
women during pregnancy.

Although a study by Knowles et al. in 2018 looked at fac-
tors associated with household salt iodine content, such as
salt brand, grain type, and whether the respondent had
heard of iodized salt and had looked for iodized salt when
purchasing salt, their study included only two countries
from SSA(22). In addition, Knowles et al.’s study did not
focus specifically on women of reproductive age. During
the earliest months of pregnancy, the production of mater-
nal thyroxine increases by more than 50 % to meet fetal
requirements for healthy brain development(23,24), which
requires crucial iodine intake by the mother. Because
IDD during pregnancy has potentially serious conse-
quences for the fetus asmentioned above, the current study
examined factors related to use of non-iodized salt among
women of reproductive age, using a large sample of more
than 100 000 women across multiple SSA countries.

Methods

Data source
The Demographic and Health Survey (DHS) programme
collects, analyses and disseminates high-quality data
through more than 300 surveys in over ninety developing
countries around the world. The DHS data are a nationally
representative survey that uses a multistage, stratified
design to collect information on population demographics
and health in each country. These projects are funded
by the US Agency for International Development and are
implemented by ICF International. We conducted a
multi-country analysis using the most recent data available
from the DHS, starting from 2015 to 2018. Countries that
had the most recent DHS data and had conducted testing
of salt for iodine were (n 11): Benin, Angola, Malawi,
Rwanda, Uganda, Burundi, Senegal, Ethiopia, Tanzania,
Zimbabwe and South Africa, and were included for
analysis. First, from each country’s household data we
extracted salt iodization information which we linked to
each woman’s data using DHS merging guidelines. We
did not use the sampling weights for the current study
because we did not use standard errors for any descriptive
tables. According to the DHS, weighting matters only when
the statistical analysis involves standard errors. The files
from the eleven countries were then combined into a single
file. The year of survey extracted for each country is pre-
sented in Table 1.

Study population
The analysis included 108 318 women of reproductive age
(15–49 years) from eleven SSA countries where household
salt was tested for iodine content (Fig. 1). To avoid
repeated measures, we used data from only one woman
per household: the first woman listed who was aged
15–49 years.

Salt testing for iodine
The question in theDHS for salt testing includes the instruc-
tion to ‘ask respondent for a teaspoonful of cooking salt’.
The salt specimen is then tested using a rapid test kit to
determine whether iodine is present or not. The DHS rapid
test kit contains a starch-based solution that generates a
chemical reaction, resulting in a colour change when
iodine is present(4). The data are reported as ‘1 – iodine
present’, ‘0 – no iodine present’, ‘3 – no salt in household’
and ‘6 – salt not tested’. We excluded from the current
analysis participants with ‘no salt in household’, ‘salt not
tested’ and missing values for the salt test.

Outcome variable
The main outcome variable of interest for the present study
was the consumption of non-iodized salt.

Explanatory variables
The independent variables included individual-level and
household-level sociodemographic characteristics, includ-
ing: current pregnancy status, current breast-feeding status,
age, education status, country, history of terminated preg-
nancy, having a prenatal nurse or doctor, television and
radio in the home, marital status, wealth index, employ-
ment status, rurality of residence (urban/rural), visited a
health-care facility in the last 12 months and literacy.
Based on previous literature, we recategorized the wealth
index from five quintiles into three categories (‘poor’,
‘middle’ and ‘rich’) by grouping ‘poorest’ and ‘poorer’ into
one category as ‘poor’, retaining ‘middle’, and grouping
‘richer’ and ‘richest’ into another category as ‘rich’(25,26).
Educational status comprised two categories: ‘yes’ (ever
attended school for education) or ‘no’ (never had any
school-based education).

Statistical analysis
The descriptive results were presented as rates of consum-
ing non-iodized salt among reproductive age women in
each country. Bivariate analyses were conducted using
Pearson’s χ2 tests to investigate factors associated with
the consumption of non-iodized v. iodized salt among
women of reproductive age. Multivariable logistic regres-
sion with stepwise selection was used (entry/removal
P value= 0·05) to determine independent factors associ-
ated with the consumption of non-iodized salt. Variance
inflation factors were used to assess multicollinearity, leav-
ing variables in the model only if they had a variance

2760 DM Ba et al.

https://doi.org/10.1017/S1368980019003616 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980019003616


Table 1 Characteristics of the surveys and respondents in the current study: womenof reproductive age (15–49 years;
n 108 318) from eleven sub-Saharan African countries that participated in the Demographic and Health Survey
programme since 2015 and measured the presence of iodine in household salt

Characteristic Year of survey

Entire sample
(n 108 318)

Non-iodized salt
users (n 10 330)

P value§na* nb† %‡

Country <0·01
Benin 2017–2018 10 385 1024 9·86
Angola 2015–2016 10 206 1106 10·84
Malawi 2015–2016 17 712 2046 11·55
Rwanda 2014–2015 9242 25 0·27
Uganda 2016 13 559 64 0·47
Burundi 2016–2017 11 847 96 0·81
Senegal 2017 6880 2029 29·49
Ethiopia 2016 11 946 1669 13·97
Tanzania 2015–2016 9178 1951 21·26
Zimbabwe 2015 5928 286 4·82
South Africa 2016 1435 34 2·37

Age group 0·02
15–24 years – 29 520 2926 9·91
25–34 years – 40 479 3710 9·17
35–49 years – 38 319 3694 9·64

Wealth status <0·01
Poor – 42 397 5290 12·48
Middle – 20 466 2004 9·79
Rich – 45 455 3036 6·68

Place of residence <0·01
Urban – 34 720 2619 7·54
Rural – 73 598 7711 10·48

Education <0·01
No – 31 860 4200 13·18
Yes – 76 458 6130 8·02

Currently working <0·01
No – 33 760 3814 11·30
Yes – 74 549 6516 8·74

Marital status <0·01
Never married – 14 873 1270 8·54
Married/living with partner – 81 691 7994 9·79
Widowed/divorced/separated – 11 754 1066 9·07

Currently pregnant 0·07
No – 98 090 9304 9·49
Yes – 10 228 1026 10·03

Currently breast-feeding 0·58
No – 73 798 7013 9·50
Yes – 34 520 3317 9·61

Household has a radio <0·01
No – 55 092 5720 10·38
Yes – 53 225 4610 8·66

Household has a television <0·01
No – 81 117 8046 9·92
Yes – 27 196 2284 8·40

Ever had terminated pregnancy 0·62
No – 91 816 8739 9·52
Yes – 16 501 1591 9·64

Prenatal nurse/midwife <0·01
No – 31 287 3472 11·10
Yes – 35 352 3122 8·83

Prenatal doctor <0·01
No – 59 532 5996 10·07
Yes – 7107 598 8·41

Received vitamin A <0·01
No – 21 039 2483 11·80
Yes – 29 598 2453 8·29

Visited health facility last in 12 months <0·01
No – 40 846 4351 10·65
Yes – 67 469 5979 8·86

Literacy <0·01
No – 43 593 5474 12·56
Yes – 64 715 4856 7·50

*Entire sample for each category (the total number for each variable may not sum to the total unweighted sample size of 108 318 due to missing
values).
†Number of non-iodized salt users (the number of non-iodized salt users for each variable may not sum to 10 330 due to missing values).
‡Rate of non-iodized salt calculated as nb/na × 100 for each category.
§P value reflects statistically significant association in the χ2 test between non-iodized salt v. iodized salt users (latter not shown in the table).
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inflation factor of 3 or less. The multivariable logistic
regression results were presented as adjusted odds ratios
(aOR) with their 95 % confidence intervals and P values.
The statistical tests were reported as significant if the level
of significance was α≤ 0·05 (two-sided). The total number
for each variable may not sum to the total sample size of
108 318 due to missing values. Furthermore, the number
of non-iodized salt users for some categories may not
sum to 10 330 owing to missing values for some partici-
pants (Table 1). In Table 2 we report only the number of
non-iodized salt users for each variable by country. The
numbers are not meant to sum up. We used the total num-
ber for each country as the denominator when calculating
the non-iodized salt rates. All statistical analyses were con-
ducted using the statistical software package SAS version
9.4 and figures were generated using R version 3.4.3.

Results

Country profile of non-iodized salt rates
Countries with the highest rate of non-iodized salt were
Senegal (29·5 %) followed by Tanzania (21·3 %), Ethiopia
(14·0 %), Malawi (11·6 %), Angola (10·8 %), Benin (9·9 %),
Zimbabwe (4·8 %) and South Africa (2·4 %). The rate of
non-iodized salt was less than 1% in Rwanda (0·3 %),
Uganda (0·5 %) and Burundi (0·8 %; Fig. 2). There was a sta-
tistically significant difference between countries on the
presence of non-iodized salt in the household (P< 0·01).

Figure 3 shows how countries in the present study meet
the WHO’s USI recommendation of at least 90 % of salt
iodized.

Sociodemographic factors associated with
non-iodized salt consumption
The sociodemographic characteristics of the sample are
presented in Table 1. Younger women aged 15–24 years

had the highest rate of non-iodized salt consumption
(9·9 %) compared with older women aged 35–49 years.
Similarly, poor women were more likely to consume
non-iodized salt (12·5 %) compared with women from
the highest-wealth-index households. There was a signifi-
cant association between content of iodine in salt and edu-
cation status (P < 0·01). Women with no education were
more likely to use non-iodized salt (13·2 %) compared with
those who were educated (8·0 %). In the unadjusted analy-
ses pregnant women had a slightly higher rate of consum-
ing non-iodized salt (10·0 %) compared with non-pregnant
(9·5 %), although this associationwasmarginally significant
(P= 0·07). The rate of non-iodized salt use was higher
among women who did not have a radio in the household
(10·4 %) comparedwith thosewho did have a radio (8·7 %).
Furthermore, women with no prenatal care nurse or mid-
wife were most likely to use non-iodized salt (11·1 %) com-
pared with those having a prenatal nurse or midwife
(8·4 %). In addition, statistically significant differences were
observed regarding literacy status (P< 0·01) where illiter-
ate women were most likely to use non-iodized salt
(12·6 %) compared with those who were literate (7·5 %).
Non-iodized salt rates also varied widely between coun-
tries in relation to different factors such as wealth index,
pregnancy status, marital status, place of residence and lit-
eracy status (Table 2). Senegal and Tanzania had higher
rates of non-iodized salt among poor women (16·9 and
10·9 %, respectively) compared with other countries. The
rates of non-iodized salt consumption were consistently
higher amongwomen living in the rural area in all countries
(except for Benin) with Tanzania and Senegal having the
highest rate (19·0 %), followed by Ethiopia (10·7 %),
Malawi (10·4 %), Angola (7·0 %), Zimbabwe (2·7 %),
South Africa (1·6 %), Burundi (0·7 %), Uganda (0·4 %)
and Rwanda (0·2 %). The rates of non-iodized salt con-
sumption among pregnant women were slightly higher
in Senegal (3·0 %), Tanzania (2·1 %), Angola and Ethiopia
(1·4 %) compared with the remaining countries. The rates
of non-iodized salt consumption in relation to marital status
were significantly higher amongwomenwhoweremarried
or those living with partners in Senegal (24·1 %), Tanzania
(16·6 %) and Ethiopia (10·8 %). Finally, the rates of non-
iodized salt were higher among women who were illiterate
in Senegal (19·7 %), Ethiopia (9·8 %) and Angola (7·6 %)
compared with other countries.

Independent factors associated with consuming
non-iodized salt among women
Table 3 and Fig. 4 show independent factors associated
with consuming non-iodized salt. The country of residence
was the factor most strongly associated with the consump-
tion of non-iodized salt. Compared with Malawi, the
odds of consuming non-iodized salt was significantly
higher in Senegal (aOR = 3·17; 95 % CI 2·82, 3·56),
Tanzania (aOR = 2·31; 95 % CI 2·09, 2·56) and Ethiopia

All women of reproductive
age from 11 SSA countries

n 167 971

Women with no salt in the household, salt
not tested, and repeated household

members

Excluded: n 53 230

Excluded: n 6423
Missing values for salt testing

Final eligible women
included in the analysis

n 108 318

Fig. 1 Flow diagram of participants in the present study of
non-iodized salt consumption among women of reproductive
age (15–49 years) in sub-Saharan Africa (SSA)
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Table 2 Rates of non-iodized salt use by country, stratified according to respondents’ sociodemographic characteristics, among women of reproductive age (15–49 years; n 108 318) from eleven sub-Saharan
African countries that participated in the Demographic and Health Survey programme since 2015 and measured the presence of iodine in household salt

Characteristic

Benin
(n 10 385)

Angola
(n 10 206)

Malawi
(n 17 712)

Rwanda
(n 9242)

Uganda
(n 13 559)

Burundi
(n 11 847)

Senegal
(n 6880)

Ethiopia
(n 11 946)

Tanzania
(n 9178)

Zimbabwe
(n 5928)

South Africa
(n 1435)

n % n % n % n % n % n % n % n % n % n % n %

Age group
15–24 years 274 2·64 385 3·77 650 3·67 2 0·02 22 0·16 22 0·19 478 6·95 501 4·19 511 5·57 74 1·25 7 0·49
25–34 years 378 3·64 416 4·08 734 4·14 10 0·11 21 0·15 43 0·36 714 10·38 635 5·32 643 7·01 103 1·74 13 0·91
35–49 years 372 3·58 305 2·99 662 3·74 13 0·14 21 0·15 31 0·26 837 12·17 533 4·46 797 8·68 109 1·84 14 0·98

Wealth status
Poor 281 2·71 788 7·72 990 5·59 15 0·16 25 0·18 43 0·36 1160 16·86 873 7·31 1003 10·93 86 1·45 26 1·81
Middle 180 1·73 236 2·31 422 2·38 4 0·04 21 0·15 15 0·13 414 6·02 183 1·53 476 5·19 49 0·83 4 0·28
Rich 563 5·42 82 0·80 634 3·58 6 0·06 18 0·13 38 0·32 455 6·61 613 5·13 472 5·14 151 2·55 4 0·28

Place of residence
Urban 526 5·06 394 3·86 201 1·13 5 0·05 9 0·07 16 0·14 730 10·61 391 3·27 209 2·28 127 2·14 11 0·77
Rural 498 4·80 712 6·98 1845 10·42 20 0·22 55 0·41 80 0·68 1299 18·88 1278 10·70 1742 18·98 159 2·68 23 1·60

Education
No 550 5·30 501 4·91 352 1·99 6 0·06 13 0·10 42 0·35 1259 18·30 1006 8·42 467 5·09 3 0·05 1 0·07
Yes 474 4·56 605 5·93 1694 9·56 19 0·21 51 0·38 54 0·46 770 11·19 663 5··55 1484 16·17 283 4·77 33 2·30

Currently working
No 173 1·67 249 2·44 659 3·72 6 0·06 18 0·13 21 0·18 919 13·36 1188 9·94 405 4·41 151 2·55 25 1·74
Yes 851 8·19 857 8·40 1387 7·83 19 0·21 46 0·34 75 0·63 1110 16·13 481 4·03 1546 16·84 135 2·28 9 0·63

Marital status
Never married 117 1·13 261 2·56 172 0·97 3 0·03 10 0·07 6 0·05 294 4·27 189 1·58 171 1·86 30 0·51 17 1·18
Married/living with partner 829 7·98 735 7·20 1590 8·98 15 0·16 45 0·33 72 0·61 1658 24·10 1294 10·83 1526 16·63 215 3·63 15 1·05
Widowed/divorced/separated 78 0·75 110 1·08 284 1·60 7 0·08 9 0·07 18 0·15 77 1·12 186 1·56 254 2·77 41 0·69 2 0·14

Currently pregnant
No 912 8·78 966 9·47 1872 10·57 23 0·25 58 0·43 87 0·73 1823 26·50 1508 12·62 1755 19·12 266 4·49 34 2·37
Yes 112 1·08 140 1·37 174 0·98 2 0·02 6 0·04 9 0·08 206 2·99 161 1·35 196 2·14 20 0·34 0 0·00

Currently breast-feeding
No 695 6·69 639 6·26 1436 8·11 16 0·17 49 0·36 49 0·41 1459 21·21 1120 9·38 1292 14·08 229 3·86 29 2·02
Yes 329 3·17 467 4·58 610 3·44 9 0·10 15 0·11 47 0·40 570 8·28 549 4·60 659 7·18 57 0·96 5 0·35

Household has radio
No 464 4·47 692 6·78 1225 6·92 13 0·14 23 0·17 59 0·50 673 9·78 1274 10·66 1107 12·06 177 2·99 13 0·91
Yes 560 5·39 414 4·06 821 4·64 12 0·13 41 0·30 37 0·31 1356 19·71 395 3·31 844 9·20 109 1·84 21 1·46

Household has a television
No 654 6·30 779 7·63 1882 10·63 23 0·25 57 0·42 90 0·76 1217 17·69 1372 11·49 1806 19·68 156 2·63 10 0·70
Yes 370 3·56 327 3·20 164 0·93 2 0·02 7 0·05 6 0·05 812 11·80 297 2·49 145 1·58 130 2·19 24 1·67

Ever had terminated pregnancy
No 852 8·20 994 9·74 1833 10·35 19 0·21 51 0·38 87 0·73 1528 22·21 1512 12·66 1581 17·23 251 4·23 31 2·16
Yes 172 1·66 112 1·10 213 1·20 6 0·06 13 0·10 9 0·08 501 7·28 157 1·31 370 4·03 35 0·59 3 0·21

Prenatal nurse/midwife
No 610 8·93 373 5·22 307 2·80 0 0·00 6 0·07 71 0·92 151 3·74 651 9·89 1249 22·18 51 1·52 3 0·57
Yes 36 0·53 473 6·62 1009 9·19 14 0·27 29 0·33 1 0·01 1073 26·59 316 4·80 28 0·50 129 3·85 14 2·68

Prenatal doctor
No 601 8·80 759 10·62 996 9·07 14 0·27 33 0·38 66 0·85 1206 29·89 888 13·50 1258 22·34 161 4·80 14 2·68
Yes 45 0·66 87 1·22 320 2·92 0 0·00 2 0·02 6 0·08 18 0·45 79 1·20 19 0·34 19 0·57 3 0·57

Received vitamin A
No 217 4·14 588 10·27 262 3·49 3 0·06 8 0·12 20 0·33 333 11·54 453 9·30 561 13·29 36 1·58 2 0·60
Yes 283 5·39 116 2·03 646 8·61 10 0·20 18 0·28 38 0·63 559 19·37 275 5·64 415 9·83 81 3·56 12 3·58

Visited health facility in last
12 months
No 561 5·40 727 7·12 700 3·95 10 0·11 27 0·20 15 0·13 517 7·51 996 8·34 676 7·37 112 1·89 10 0·70
Yes 463 4·46 379 3·71 1346 7·60 15 0·16 37 0·27 81 0·68 1512 21·98 673 5·63 1275 13·90 174 2·94 24 1·67

Literacy
No 682 6·57 779 7·63 728 4·11 9 0·10 32 0·24 33 0·28 1352 19·65 1168 9·78 671 7·31 18 0·30 2 0·14
Yes 342 3·29 327 3·20 1318 7·44 16 0·17 32 0·24 63 0·53 677 9·84 501 4·19 1280 13·95 268 4·52 32 2·23

Table 2 reports only the number of non-iodized salt users for each variable by country. The numbers are not meant to sum up. The total number for each country was used as the denominator when calculating non-iodized salt rate.
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Fig. 3 (colour online) Map of Africa showing the distribution of the rate of salt iodization among eleven sub-Saharan African countries
that participated in the Demographic and Health Survey programme since 2015 and measured the presence of iodine in household
salt. Benin, Rwanda, Uganda, Burundi, Zimbabwe and South Africa reached the goal of at least 90% universal salt iodization
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Fig. 2 (colour online) Rates of salt testing positive (i.e. iodized; ) and negative (i.e. non-iodized; ) for iodine, by country, among eleven
sub-Saharan African countries that participated in the Demographic and Health Survey programme since 2015 andmeasured the pres-
ence of iodine in household salt. Countries with the highest rate of non-iodized salt were Senegal (29·5%) and Tanzania (21·3%)
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Table 3 Multivariable logistic regression showing independent predictors of non-iodized salt use among women
of reproductive age (15–49 years; n 108 318) from eleven sub-Saharan African countries that participated in the
Demographic and Health Survey programme since 2015 andmeasured the presence of iodine in household salt

Parameter Crude OR 95% CI Adjusted OR 95% CI

Country
Malawi 1·00 Ref. 1·00 Ref.
Benin 0·84 0·77, 0·91 0·81 0·71, 0·91
Angola 0·93 0·86, 1·01 1·05 0·94, 1·18
Rwanda 0·02 0·01, 0·03 0·02 0·01, 0·03
Uganda 0·04 0·03, 0·05 0·03 0·02, 0·04
Burundi 0·06 0·05, 0·08 0·07 0·05, 0·09
Senegal 3·20 2·99, 3·43 3·17 2·82, 3·56
Ethiopia 1·24 1·16, 1·33 1·18 1·05, 1·32
Tanzania 2·07 1·93, 2·21 2·31 2·09, 2·56
Zimbabwe 0·39 0·34, 0·44 0·45 0·37, 0·55
South Africa 0·19 0·13, 0·26 0·37 0·21, 0·63

Wealth status
Poor 2·00 1·90, 2·09 1·62 1·48, 1·78
Middle 1·52 1·43, 1·61 1·33 1·20, 1·47
Rich 1·00 Ref. 1·00 Ref.

Currently pregnant
Yes 1·06 0·99, 1·14 1·16 1·04, 1·29
No 1·00 Ref. 1·00 Ref.

Age group
15–24 years 1·03 0·98, 1·09 1·14 1·04, 1·24
25–34 years 0·95 0·90, 0·99 1·06 0·98, 1·15
35–49 years 1·00 Ref. 1·00 Ref.

Household has a radio
No 1·22 1·17, 1·27 1·08 1·01, 1·15
Yes 1·00 Ref. 1·00 Ref.

Place of residence
Rural 1·43 1·37, 1·50 1·43 1·31, 1·57
Urban 1·00 Ref. 1·00 Ref.

Literacy
No 1·77 1·70, 1·84 1·14 1·06, 1·23
Yes 1·00 Ref. 1·00 Ref.

Ref., reference category.

Benin v. Malawi
Angola v. Malawi

Rwanda v. Malawi
Uganda v. Malawi
Burundi v. Malawi
Senegal v. Malawi
Ethiopia v. Malawi

Tanzania v. Malawi
Zimbabwe v. Malawi

South Africa v. Malawi
Poor v. rich

Middle v. rich
Pregnant v. not pregnant

15–24 years v. 35–49 years
25–34 years v. 35–49 years

0

No radio v. has a radio
Rural v. urban

No literacy v. literacy

1 2 3

aOR (95 % CI)

Fig. 4 (colour online) Adjusted odds ratios (aOR), with 95% confidence intervals represented by horizontal bars, for the independent
factors associated with the use of non-iodized salt among women of reproductive age (15–49 years; n 108 318) from eleven sub-
Saharan African countries that participated in the Demographic and Health Survey programme since 2015 and measured the pres-
ence of iodine in household salt
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(aOR =1·18; 95 % CI 1·05, 1·32). After controlling for coun-
try and other factors, poor womenwere 62 %more likely to
use non-iodized salt (aOR= 1·62; 95 % CI 1·48, 1·78)
compared with women in the highest socio-economic
class. In addition, compared with non-pregnant women,
pregnant women were 16 % more likely to be consuming
non-iodized salt (aOR= 1·16; 95 % CI 1·04, 1·29).
Furthermore, women living in rural areas were 43 % more
likely to consume non-iodized salt (aOR= 1·43; 95 % CI
1·31, 1·57) compared with those living in urban areas.
Illiterate women were 14 % more likely to use non-iodized
salt (aOR= 1·14; 95 % CI 1·06, 1·23) compared with literate
women. Lastly, compared with older women aged
35–49 years, younger women aged 15–24 years were
14 % more likely to use non-iodized salt (aOR= 1·14;
95 % CI 1·04, 1·24).

Discussion

Findings from our study show significant differences in the
consumption of non-iodized salt across SSA countries. Our
results indicated that non-iodized salt consumption in
women varied significantly between and within countries.
According to the WHO, an estimated 42 % of the popula-
tion of Eastern Africa was iodine deficient in 2003(27).
Following the World Summit for Children in 1990, over
120 countries committed to eliminating IDD by implement-
ing USI as an integral part of their national nutrition
strategies(1). However, almost three decades later, the con-
sumption of iodized salt is still a major challenge in SSA, a
region that carries a disproportionally higher burden of
poverty and illiteracy. Our results show that of the eleven
countries included in our study, five countries still had not
achieved USI (≥90 % household coverage with adequately
iodized salt) and only 70·5 % of women in their reproduc-
tive years in Senegal had iodized salt in their household,
followed by Tanzania (78·7 %) and Ethiopia (86·0 %).
Between-country differences remained large even after
adjusting for other factors that may be associated with
the use of non-iodized salt. In 2010 the national iodine
survey in Senegal indicated that household coverage of
iodized salt was only about 56 %(28). In addition, a previous
study showed that 41 % of the population living in different
geographic areas in Tanzania were subject to IDD(29). In
order to achieve USI, the Tanzania Salt Producers
Association was formed in 1994, which provides technical
support and monitoring of the USI(30). For instance, a study
by Knowles et al. reported that the national household cov-
erage of adequately iodized salt was 37·2 % in Senegal and
97·0 % in Uganda(20). These findings are consistent with our
findings which showed that Senegal has the lowest rate of
iodized salt compared with other countries in the present
study. The evidence from our study indicates that gains
have been made across different countries regarding the
rate of iodized salt, from a rate of 97·0 % of iodized salt

in Uganda to 99·5 %, from 67·9 to 78·7 % in Tanzania,
and from 37·2 to 70·5 % in Senegal(20). Furthermore, the
higher rate of non-iodized consumption among women
with low socio-economic status and those living in the rural
areas in Tanzania and Senegal from the present study
agrees with the previous findings(20,31).

Other factors associated with non-iodized salt
consumption in women
Independent factors associated with a higher rate of non-
iodized salt consumption from the multivariable-adjusted
analysis were pregnancy, poverty, younger age, not having
a radio, living in a rural area and lack of literacy. These
observations are in agreement with previous reports which
indicated that households in the richest wealth quintile are
more likely to access iodized salt than those in the poorest
wealth quintile(20). This could be explained by the higher
cost of purchasing iodized salt compared with non-iodized
salt(32–34). However, it should be noted that between-
country wealth index differences regarding non-iodized
salt consumption are mostly driven by two countries
(Senegal and Tanzania), compared with other countries
where wealth index plays a very limited role. In addition,
lack of consumption of iodized salt among women who
were not literate could be due to lack of awareness or mis-
information about the benefit of iodized salt for prevention
of IDD(32). Our findings showed that pregnant women had
higher odds of consuming non-iodized salt, rendering them
susceptible to poor birth outcomes associated with iodine
deficiency. These include increased risk of spontaneous
abortion, stillbirth and low birth weight. Furthermore,
iodine deficiency is a risk factor for impaired fetal neuro-
development which possesses an increased risk of infant
mortality(1,14,35–37). It is well established that iodine
deficiency during the second trimester to the second year
of life is associated with devastating consequences such as
permanent damage to the brain(2). In addition, children
from 2 months to 15 years old born in regions with IDD
have the highest risk of having low intelligence quotient
scores(38,39). IDD in pregnant and lactating women can
be avoided by consuming iodized salt. One teaspoon of
iodized salt contains approximately 400 μg iodine, which
fulfils the RDA for iodine of 150 μg/d (for adult men and
women) and 250 μg/d (for pregnant and lactating
women)(40). Therefore, at a population level, the easiest
and most cost-effective strategy to prevent IDD is to
vigilantly monitor USI(14).

Policy implications
There are two potential options available at the policy level
for achieving the WHO recommendation of at least 90 %
USI, including salt industry consolidation and support for
small-scale producers. Each of the options has pros
and cons.

2766 DM Ba et al.

https://doi.org/10.1017/S1368980019003616 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980019003616


First, the pros of salt industry consolidation include:
improved internal and external monitoring; improved qual-
ity control of laboratories; and effective enforcement such
as strengthening surveillance at points of entry in salt-
importing countries. The option of consolidation has been
used successfully in Africa. For example, in Uganda,
Rwanda and Burundi, the low prevalence of non-iodized
salt is in part due to the higher level of industrial consolida-
tion and mechanization of the salt supply in addition to the
mandatory USI(20). On the other hand, countries such as
Ethiopia, Tanzania and Senegal that have extensive
small-scale salt producers also had high prevalence of
non-iodized salt. Therefore, poor performers could learn
from countries such as Uganda by consolidating their salt
supply. However, the downside of consolidation is putting
small-scale salt producers out of business, and yet these
producers create employment for more than thousands
of workers in isolated areas(41).

Second, the support of small-scale producers, although
an option, is more likely not to be an effective strategy to
eliminate the circulation of non-iodized salt on the market.
Small-scale producers are less likely to adhere to govern-
ment regulations(42). As a result, unmonitored small-scale
businesses will still produce salt of which the majority will
not be iodized due to poor technical capacity and lack of
quality assurance(43,44). Support of small-scale producers
is critical for achieving USI(41,45). Nevertheless, the major
pro of supporting small-scale salt producers is creating
employment for citizens in isolated regions. Although
small-scale salt producers have limited financial means to
stay in business, by collaborating with the government,
they can develop a business plan, financing mechanism
and follow-up mechanisms to ensure sustainable pro-
gramme implementation(41). There are technological
advances available in salt iodization that are applicable
at small-scale salt producers. Some of the options available
for policy makers to support small-scale salt producers
include: procuring and installing salt iodization machines
to replace the current method of hand-and-knapsack
sprayers that produce highly variable iodine content(41);
replacing the widely used qualitative method using rapid
test kits by the quantitative titrationmethod for determining
salt iodate content; and subsidizing the cost of potassium
iodate. The major disadvantage of supporting small-scale
salt producers is the need for continuous financial support
from the government and international partners, which
may not be sustainable.

Furthermore, countries like Rwanda, with zero tolerance
for corruption, may be more likely to enforce the importa-
tion of adequately iodized salt. However, some SSA coun-
tries, particularly those from West Africa, have failed to
enforce these policies in part due to corruption, where
cheaper inadequately iodized salt crosses over the border
to enter the general market. Finally, South Africa has the
strongest economy among the SSA countries(46) and there-
fore its citizens are able to afford the more expensive

adequately iodized salt. Continuous monitoring for quality
assurance, control and enforcement of the addition of iodine
to salt among small-scale salt producers and salt industry
consolidation could be an effective approach to achieve
USI and eliminate IDD in low-performing countries.

Study strengths and limitations
The strength of our study is the analysis using a nationally
representative sample with a large number of women aged
15–49 years from each of eleven countries. As far as we are
aware, this was the biggest sample ever analysed using
DHS data of salt testing for iodine. However, the study
has several limitations. First, it is a cross-sectional study.
The cross-sectional nature of the survey does not allow
for the determination of a temporal or causal relationship
between the explored variables and IDD among women
of reproductive age. The household salt was tested for
iodine (non-iodized or iodized) using a rapid test kit, which
measured the presence of iodine in salt but could not quan-
tify the amount of iodine. The rapid test kit is easy and cost-
effective; however, it cannot be used for estimating the salt
iodine concentration or whether the salt is adequately
iodized or not. Lastly, the gold standard test for determining
IDD – urinary iodine concentration –was not done by DHS
for each country, hence these data are not available for the
present study. Notwithstanding these limitations, our study
provides important information concerning the use of non-
iodized salt in SSA and associated factors among women of
reproductive age.

Conclusion

In the present study, we found that poverty and lack of lit-
eracy were significantly associated with using non-iodized
salt among women of reproductive age in SSA. In addition,
the positive association between non-iodized salt and preg-
nancy calls for action to implement and enforce USI so as to
prevent IDD among women of reproductive age, as well
as potentially devastating outcomes in their offspring.
Awareness campaigns about the benefits of iodized salt
need to be implemented, particularly for the most vulner-
able and economically disadvantagedmembers of the pop-
ulation. Lastly, countries not performing well could learn
practical solutions of legislation and industry consolidation
from those that have attained the USI recommendation.
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