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Abstract

the problem.

Background: lodine deficiency (ID) is a global public health problem and its impact is more pronounced in low-
income countries. During pregnancy, iodine requirement is known to elevate sharply, making pregnant women,
especially those living in low-income countries highly vulnerable to iodine deficiency. This study aims to assess the
prevalence of iodine deficiency and its associated factors among pregnant women in Ethiopia.

Methods: A systematic literature search was performed by using PubMed, CINAHL, Web of science, global health,
and Google scholar electronic databases. Two authors independently extracted all the necessary data using a
structured data extraction format. Data analysis was done using STATA Version 14. The heterogeneity of the studies
was assessed by using I” test. A random-effects model was used to estimate the pooled prevalence and pooled
odds ratio. The presence of publication bias was checked using Funnel plot and Egger’s test.

Results: One thousand one hundred and sixteen studies were reviewed and seven studies fulfilling the inclusion
criteria were included in the meta-analysis. The meta-analysis of seven studies that included 2190 pregnant women
showed a pooled prevalence of iodine deficiency during pregnancy to be 68.76% (95% Cl: 55.21-82.31). In a subgroup
analysis, the prevalence in Oromia region is 71.93% (95% Cl: 54.87-88.99) and in Amhara region is 60.93% (95% Cl:
57.39-64.48). lodized salt use (AOR=0.18; 95% Cl: 0.08-044) and 1st trimester pregnancy (AOR = 0.68; 95% Cl: 0.47-
0.99) were found to have a significant association with iodine deficiency.

Conclusions: The prevalence of iodine deficiency during pregnancy using urine iodine is considerably high in Ethiopia.
Using iodized salt is found to reduce the burden. Hence, there is a need to strengthen iodization programs to tackle
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Background

Iodine is an indispensable micronutrient and essential
component of the thyroid hormones thyroxine (T4) and
triiodothyronine (T3), which are vital for normal growth
and metabolism during pregnancy, infancy, and through-
out life [1]. Iodine deficiency (ID) is a public health
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problem globally. Although iodine deficiency affects both
developed and developing countries, the impact is more
frequently observed in low-income countries [2].

In 2011, globally an estimated 1.8 billion people had in-
adequate amounts of iodine in their diet and are at risk of
iodine deficiency disease (IDD) [3]. Iodine deficiency is
the world’s most prevalent, yet easily preventable, cause of
brain damage [4]. In 2011, Ethiopia was listed among the
most iodinedeficient countries in the world [5]. The
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magnitude of goiter in Ethiopia ranges from 5 to 60%, im-
plying, a mild to severe IDD degree [2].

The amount of iodine needed by our body varies by
different factors like physiological changes, including
pregnancy. The iodine requirement during pregnancy is
known to increase sharply because i) there is a 50% in-
crease in maternal thyroxine (T4) production needed to
maintain maternal euthyroidism and meet the thyroid
hormone requirements of the fetus; ii) iodine needs to
be transferred to the fetus for fetal production of thyroid
hormone, specifically in later gestation stages; and iii)
probable increment in renal iodine clearance. Adequate
iodine intake is essential during pregnancy for fetal and
maternal production of thyroid hormones which is crit-
ical for optimal fetal neurodevelopment [6].

Inadequate iodine in our diet leads to a range of poor
health outcomes. The consequences of severe iodine de-
ficiency (ID) during pregnancy include spontaneous
abortion, stillbirth, congenital abnormalities, and en-
demic cretinism [2]. Mounting evidence suggests that
even transient mild gestational ID has subtle negative
impacts including reductions in IQ [6] and poor educa-
tional outcomes [7].

Recently WHO/UNICEF increased the recommended
nutrient intake (RNI) for iodine during pregnancy from
200 to 250 pg/d. Inadequate iodine intake below the rec-
ommended level in children and women can be assessed
using urine iodine concentration (UIC) and thyroid vol-
ume (goiter rate) (GR) [4]. The recommended method
to assess pregnant women’s iodine level is urinary iodine
concentration (UIC) [2]. Because > 90% of dietary iodine
eventually appears in the urine, UIC is an excellent indi-
cator of recent iodine intake [1] but no published review
incorporates reports from articles that used urine iodine
to assess iodine deficiency in Ethiopia.

As one of the bold strategies to combat the highly
prevalent iodine deficiency, in 2011, Ethiopia’s govern-
ment passed comprehensive legislation that mandates
the use of iodized salt for human consumption [8].
WHO recommends that the coverage of iodized salt
utilization at the household level should be above 90% to
eliminate iodine deficiency in countries with salt
iodization programs [9]. In Ethiopia, the household level
coverage of iodized salt has increased significantly over
the years, from 15% in 2011 to 89% in 2016 [10]. Never-
theless, a national survey completed in 2014 by Ethiop-
ian Public Health Institute (EPHI) reported that the
iodine level in table salt was adequate only in 53.9% of
the households [8].

Despite the government’s implementation of a long-
term plan to eradicate ID through salt iodization, the
problem reportedly persists. Moreover, evidence con-
cerning vulnerable groups like pregnant women is in-
complete. Therefore, we conducted this systematic

Page 2 of 11

review and Meta-analysis to assess the prevalence of iod-
ine deficiency and its associated factors among pregnant
women in Ethiopia.

Methods

Searches

A systematic literature search was performed by using
PubMed, Cochrane library, CINAHL, and Google scholar.
We applied Boolean operator like “AND”, “NOT” and “OR”.
Through consideration of the Boolean operator we searched
as follows: ((“Iodine OR Iodine”’[Mesh]) AND (level OR
Status OR deficiency [Subheading]) AND (Pregnant Women
[Mesh]) AND “Ethiopia”[Mesh])) (Supplemental file 1)

Eligibility criteria
Based on the mentioned inclusion and exclusion criteria,
abstracts were reviewed from search results.

Inclusion criteria
Study area: studies conducted in Ethiopia only.

Study design: observational studies (cross-sectional,
case-control, and cohort studies).

Language: only studies published/written in the Eng-
lish language.

Population:
women.

Publication issue: both published and unpublished ar-
ticles were searched.

Study period: 2010-2020.

Context: Researches that have been conducted in
Ethiopia using urine iodine concentration (UIC) to as-
sess iodine deficiency were only included.

studies conducted among pregnant

Types of studies included

Systematic searching of the studies was undertaken from
the 10th of March, 2020 to the 15th of May, 2020. All
results were limited to articles published in English Lan-
guage from 2010 till May 2020 G.C. Additionally all ob-
servational studies (case-control, cross-sectional, and
cohort) were included. Case reports and case series were
excluded from this study.

Initially, availability of full text titles and abstracts of
the articles were assessed. Then the full papers of rele-
vant articles were reviewed. Articles with inaccessible
full papers and those published before 2010 were ex-
cluded from the analysis.

Data extraction

Two authors (RH and MF) independently extracted all
the necessary data using a standardized data extraction
format prepared in Microsoft Excel. Disagreements be-
tween the authors during data extractions were dis-
cussed and reached on consensus. The data extraction
format includes the name of the first author, publication
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year, name of the region, number of samples, response
rate, median UIC, the method used to measure UIC, and
prevalence with 95% CI. For the second outcome (asso-
ciated factors), data were extracted in a two by two table
format and then the odds ratio for each factor was calcu-
lated based on the findings of the original studies.

Outcome measurement

There are two main outcomes in this study. The preva-
lence of iodine deficiency was estimated by dividing the
total number of iodine-deficient cases by the total num-
ber of pregnant women participating in the studies then
multiplying by 100. The second outcome was associated
factors of iodine deficiency in pregnant women. For
major determinants, the odds ratio was calculated based
on binary outcomes from the primary studies. The
factors included in this review were: use of iodized salt
(Yes versus No), educational status of women (unable to
read and write versus able to read and write), and tri-
mester/stage of pregnancy (Ist versus 2nd, 1st versus
3rd and 2nd versus 3rd).

Risk of bias

For assessing the quality of the studies, Newcastle-
Ottawa Scale (NOS) quality assessment tool was used
[11]. The tool has indicators consisting of three main
parts in which, the first part has five components and it
assesses the methodological quality of each study. The
second part of the assessment tool examines the com-
parability of the studies. The last part of the tool mea-
sures the quality of the original articles for their
statistical analysis. Using the assessment tool, two au-
thors independently evaluated the qualities of the ori-
ginal articles. The quality of each study was evaluated
using these parameters. Those with medium quality (ful-
filling 50% of quality assessment criteria) and high qual-
ity (>=6 out of 10 scales) were included for analysis.
Disagreements between assessors were solved by taking
the mean score of their assessment results.

Data processing and analysis

After extraction, the data were imported to STATA Ver-
sion 14.0 statistical software for analysis. Heterogeneity
among the reported prevalence was assessed by using I*
test static and its p-value [12]. As the test statistic
showed, there is significant heterogeneity among the
studies (I 2= 98.3%, p = 0.000). As a result, random effect
meta-analysis model was used to estimate the pooled
prevalence. To reduce the random effect variations be-
tween the point estimates of the primary studies, a sub-
group analysis was done based on the study region
(Oromia and Amhara) where the study was conducted
and study sample size. Moreover, univariate Meta-
regression was also done to identify the possible source
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of heterogeneity by considering the year of publication,
the region of the country, and sample size. Furthermore,
we conducted influential sensitivity (leave one out) ana-
lysis to examine the effect of individual study on the ob-
served heterogeneity.

Egger’s test at a 5% significance level was used to as-
sess publication bias [13]. Pooled prevalence with 95%
confidence intervals was presented using a forest plot
format. For the second outcome, the odds ratio was used
to determine the association between determinant fac-
tors and iodine deficiency among pregnant women in
the included studies. A pooled odds ratio with 95% con-
fidence intervals was presented using forest plot format.
For reporting the findings, the ‘Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRIS
MA)’ protocol was used.

Results

General characteristics of studies

As shown in Fig. 1 below, in the first screening step we
got a total number of 1116 papers but 678 papers were
excluded due to duplication. Then, after assessing the ti-
tles and abstract, 429 papers were excluded. Nine papers
were found suitable but the full text of one paper was in-
accessible. After assessing the full text of 8 papers, 1
paper was excluded. Finally, 7 studies were included for
analysis.

Description of included studies

A total of 2190 pregnant women were recruited and in-
volved in the included seven studies. The smallest and
largest number of participants included in a single study
was 40 and 435 respectively. All the included studies
were cross-sectional studies and were published between
2010 and 2020. See Table 1.

Risk of bias

The risk of bias for each original study was assessed by
using Newcastle-Ottawa assessment tool which encom-
passed 10 different items (31). Among the 7 articles in-
cluded, our summary assessment shows that all (100%)
of the included studies had a low risk of bias. (Supple-
mental file 2).

Prevalence of iodine deficiency
The pooled prevalence of iodine deficiency among preg-
nant women by using UIC level was 68.76% (95% CI:
55.21-82.31). High heterogeneity was observed across
the included studies (I*> = 98.3%, p < 0.000). Hence, ran-
dom effects model was used to calculate the pooled
prevalence. See Fig. 2 below.

We tried to identify the source of heterogeneity. Pos-
sible factors such as year of publication, sample size,
quality score, and region were examined using univariate
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Fig. 1 PRISMA flow diagram showing data extraction process for systematic review and meta-analysis of the prevalence and associated factors of
iodine deficiency among pregnant women in Ethiopia, 2020

Table 1 Summary of 7 studies included in the systematic review and meta-analysis of the prevalence and associated factors of
iodine deficiency among pregnant women'’s in Ethiopia, 2020

No Author Year Region Study Sample Response Quality Median Method of UIC Prevalence with
area size rate score uIC 95% ClI

Mengistu et al. 2018 Oromia Ada 356 100 10 85.7 Mass Spectrometry  77.6 (73.0-82.0)
[14]

Wubet et al. [15] 2018 Amhara Gondar 378 100 9 137 Spectrophotometer 60.5 (55-65.5)
Haji et al. [16] 2014 Oromia Haramaya 435 82.8 10 58.1 Spectrophotometer 82.7 (79.1-86.5)
Zenebe et al. 2014 Oromia Jimma 423 100 9 48 spectrophotometer 889 (85.8-92.0)
[17]

Dereje&Jemal 2013 Amhara Lai-gayint 350 100 9 110 spectrophotometer 614 (56.3-66.6)
(18]

Zeineba N [19] 2016 Oromia Bishoftu 208 100 9 194.1 spectrophotometer  30.3 (24.0-36.6)
Keno et al. [20] 2017 Oromia Aira 40 100 8 88.6 spectrophotometer 80 (67.6-92.4)




kabthymer et al. BMC Pregnancy and Childbirth (2021) 21:106

Page 5 of 11

Study

mengistu et al (2018)
wubet et al (2018)
Haiji et al (2014)
zenebe et al (2014)
Dereje & jemal (2013)
zeinaba (2016)

keno et al (2017)

Overall (I-squared = 98.3%, p = 0.000)

NOTE: Weights are from random effects analysis

- : 30.30 (24.05, 36.55) 14.28

%

ES (95% Cl) Weight
- 77.60 (73.27, 81.93) 14.51
- 60.50 (55.57, 65.43) 14.45
L= 8280 (79.25, 86.35) 14.58
+  88.90 (85.91, 91.89) 14.63

—0—‘ 61.40 (56.30, 66.50) 14.43

80.00 (67.60, 92.40) 13.11
68.76 (55.21, 82.31) 100.00

0

Fig. 2 Forest plot of the pooled prevalence of iodine deficiency among pregnant women's in Ethiopia, 2020
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Meta-regression. But none of the above factors were
found to have a statistically significant effect (P > 0.05).
See Table 2.

Presence of publication bias was evaluated by using
Funnel plot and Egger’s test. The result of funnel plot
showed that there was symmetrical distribution of arti-
cles (Fig. 3).

The result of Egger’s test for small-study effects
showed that there was no statistically significant publica-
tion bias in estimating the prevalence of iodine defi-
ciency (P =0.149).

In addition, we conducted influential sensitivity (leave
one out) analysis to see the effect of individual study on
the observed heterogeneity. The results suggest that
there is no single study that has high contribution for
the heterogeneity. See Table 3.

Subgroup analysis was done using Region, where the
studies were conducted and sample size. The highest
prevalence of iodine deficiency was found in Oromia re-
gion 71.93% (95% CI: 54.87-88.99) followed by Amhara
region 60.93%(95% CI: 57.39-64.48). The prevalence of

Table 2 Factors that might be related with heterogeneity of
prevalence iodine deficiency among pregnant women in the
current meta-analysis using univariate meta-regression

Variables Coefficient P-value
Sample size 0.0408 0.53
Quality score 16.116 0.38
Publication year —-1.384 0.761
Region
Amahara -10.977 0.56
Oromia (constant) 60.94 0.01

iodine deficiency was higher in studies having a sample
size of > 350, 77.58% (95% CI: 66.68—88.47) as compared
to those having a sample size <= 350, 68.76% (95% CI:
55.21-82.31) (Table 4).

Factors associated with iodine deficiency

Association between maternal education and iodine
deficiency

In this meta-analysis, we examined association between
maternal educational status and iodine deficiency using
three studies [16—18]. The findings from these three
studies revealed that there is no statistically significant
association between maternal education and maternal
iodine deficiency. See Fig. 4 below.

Association between iodized salt use and iodine deficiency
We examined the association between iodized salt use
and iodine deficiency using three studies [16—18]. As
shown on Fig. 5 below, the findings from these three
studies revealed that using iodized salt reduces the odds
of having iodine deficiency by 82% as compared to those
who do not use iodized salt.

Association between stages of pregnancy and iodine
deficiency

Furthermore, in this review we have tried to see the as-
sociation between stages of pregnancy and iodine defi-
ciency. In this regard, iodine deficiency status was
compared among different trimesters of pregnancy by
using four studies [15-18].

I) First trimester versus second trimester: The odd
of having iodine deficiency is reduced by 32% in the
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Fig. 3 Funnel plot with 95% confidence limits of the pooled prevalence of iodine deficiency among pregnant women'’s in Ethiopia, 2020

first trimester as compared to those in second
trimester. See Fig. 6 below.

II) ‘First trimester versus third trimester’ and
‘second trimester versus third trimester’: As
shown in Fig. 7 below, the odds having iodine
deficiency doesn’t show a statistically significant
difference between the first and the third trimester.
In addition, Fig. 8 below revealed that the likelihood
of having iodine deficiency in the second trimester
is not statistically different from the third trimester.

Discussion

This systematic review and meta-analysis provide new
evidence on the prevalence of iodine deficiency among
pregnant women assessed with the use of biochemical
methods employed in the included studies. The finding
of this review revealed that the prevalence of iodine

Table 3 Showing the result of influential sensitivity analysis for
prevalence of iodine deficiency among pregnant women in
Ethiopia

Author Year Pooled prevalence  Confidence interval
Mengistu et al 2018 67.27 50.96-83.58
Wubet et al. 2018 70.16 55.07-85.24
Haji et al. 2014 66.38 49.80-82.96
Zenebe et al. 2014 6531 50.63-79.99
Dereje & jemal 2013 70.00 54.84-85.17
Zeineba 2016 7515 65.22-85.08
Keno et al 2017 6706 52.35-81.80
Overall 68.76 55.21-82.31

deficiency among pregnant women is 68.79% (95% CI:
56.21-82.31).

According to the recommendation by the technical
consultation for prevention and control of IDD, a me-
dian UIC value between 150 pg/l and 249 pg/l during
pregnancy defines a population that is not iodine-
deficient [2]. The prevalence of iodine deficiency levels
among pregnant women were also measured based on
the median UIC value [21-26].

According to the world health organization, the preva-
lence of iodine deficiency among pregnant women found
in this meta-analysis can be classified as a considerable
public health problem [2]. This indicates that there is
still a long journey to make significant progress in re-
gions of Africa for reduction of iodine deficiency status
among pregnant women. A study conducted on current
global iodine status and progress over the last decade to-
wards the elimination of iodine deficiency also classified
Ethiopia among iodine-deficient countries [27]. A high
prevalence of iodine deficiency in Ethiopia might be due
to the mountainous topography of the country, which is
prone to frequent erosion of the top layer of the soil for
years leading to washing away of nutrients like iodine
[21]. Furthermore, dietary habits that predispose to iod-
ine deficiency like frequent of goitrogenic vegetables
(such as cassava), cruciferous vegetables (cabbage and
kale), and staple cereal crops (teff, wheat, lima beans, lin-
seed, and sorghum) also play a role [22]. Besides, wide-
spread use of iodine free (non iodized) table salt in
Ethiopia could also be the main reason [23].

The finding of this study is comparable with that of a
hospital-based longitudinal study conducted in Ghana
which reported a 60.8% prevalence of iodine deficiency
among pregnant women [28]. This finding is also
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Table 4 Subgroup prevalence of iodine deficiency among pregnant women'’s in Ethiopia (n=7)

Variables Characteristics Included studies Sample size Prevalence

By Region Amhara 2 728 60.93 (57.39-64.48)
Oromia 5 1462 71.93 (54.87-88.99)

By sample size > 350 4 1592 77.58 (66.68-88.47)
< =350 3 598 68.76 (55.21-82.31)

Overall 7 2190 68.76 (55.21-82.31)

supported by the results of a systematic review study
conducted on insufficient iodine intake among pregnant
women in different parts of the world; this review also
reported that the median iodine intake was insufficient
in 75% of the studies included [29].

On the other hand, the high prevalence of iodine defi-
ciency among pregnant women in Ethiopia indicated by
this review is contrary to the high coverage of iodized
salt in the country. According to Ethiopian demographic
health survey (EDHS) 2016, the coverage of iodized salt
among households in Ethiopia was 89% [10]. Consist-
ently, reports indicated that in 2017 85% of countries in
Africa had achieved adequate iodine nutrition among
the general population by using iodized salt. However,
among the 11 countries with median urine iodine con-
centration (UIC) survey data of pregnant women, only
four (South Africa, Tanzania, Sierra Leone, and Ghana)
had sufficient iodine intake [27].

The discrepancy between iodine deficiency levels and
the coverage of iodized salt might imply either a poor
iodine content of the salt available in the households or
poor utilization of the iodized salt during food prepar-
ation at the household level. In this regard, there is also
low level of awareness on how to handle iodized salt
from production to consumption. There is a culture of
selling salt at outdoor market places such as local

outdoor vendors and retails than supermarkets. There-
fore, during this time there is exposed to sunlight. As
iodine is a volatile substance, it evaporates when exposed
to sunlight. This indicates the need for strict monitoring
of iodized salt distribution and consumption at the
household level.

Subgroup analysis using regions of the country
showed that the prevalence of iodine deficiency
among pregnant women in the Oromia region is
71.93% (54.87, 88.99). The prevalence in the Amhara
region was slightly less than that of the Oromia re-
gion. This might be due to lesser number of studies
that were analyzed from the Amhara region (only two
studies) than those studied in the Oromia (five stud-
ies). Regardless of the difference in number of studies
conducted in the two regions, the findings from both
regions have a comparable level of iodine deficiency,
which is still a public health problem [21]. Almost all
of the studies included in this meta-analysis were
conducted in the central and the northern parts of
Ethiopia, which is mostly known by its widespread
agriculture (cultivating crops and herding animals)
[23]. As a result, crop cultivation and overgrazing in
the specified areas might make the land prone to ero-
sion leading to depletion of micronutrients including
iodine.
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In this review, we also tried to examine the association
of some factors with iodine deficiency among pregnant
women. The association between utilization of iodized
salt and iodine deficiency among pregnant women was
computed using three primary studies from the total of
7 articles included in this review. The finding revealed
that the likelihood of iodine deficiency is reduced by
82% by using iodized salt. This finding in line with other
studies conducted in Ethiopia that reported poor iodized
salt utilization as the main predisposing factor to a high
prevalence of iodine deficiency [24—26]. A similar find-
ing was reported from a systematic review and meta-
analyses study conducted by WHO [30]. Hence, knowing

the fact that salt is the only food item used for iodization
in Ethiopia, it is evident that poor utilization of iodized
salt is the main contributing factor for the high preva-
lence of iodine deficiency among pregnant women, and
this is why the use of iodized salt is recommended as an
effective strategy for reducing iodine deficiency [27].
Even though some of the individual studies included
in this review has reported as there is a significant asso-
ciation between maternal educational status and iodine
deficiency, the pooled odds ratio of this review revealed
no significant association [0.71 (95% CI: ((0.50, 1.00)].
Similarly, there is no significant association between iod-
ine deficiency and the stages of pregnancy. But
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statistically significant marginal association was observed
between the first trimester and iodine deficiency as com-
pared to those in second trimester. The association of
the stage of pregnancy with iodine deficiency was also
insignificant in almost all of the included studies [16—
18] and similar findings were reported from other stud-
ies conducted elsewhere [31-33].

Limitations of the study

One of the limitations of this study was only articles
written in English were considered in this review, which
may result in the exclusion of other articles. This Meta-
analysis represented studies reported from only two re-
gions of the country, which may reflect as under-

representation since few articles were found and in-
cluded. All the studies included in this review were cross
sectional studies, thus results generated in this study
should be interpreted with caution since the quality of
evidence produced from cross sectional studies is rela-
tively low.

All included studies reported a single UIC measure-
ment, which might not clearly show iodine deficiency at
an individual level, rather at a population level. There
are also variations from one study to another study in
different aspects of urine iodine measurement like urine
storage, transportation, time of measurement by each
study. Such variations might explain the high heterogen-
eity of estimates observed in the current study.

Study

Haiji et al (2014)

Overall (I-squared = 76.8%, p = 0.005)

zenebe et al (2014) —_— 0.69 (0.34, 1.40)

dereje and jemal (2013) —_— 0.78 (0.47, 1.27)

Keno et al (2018) s 2.46 (1.47,4.11)
—t—

<=

NOTE: Weights are from random effects analysis

OR (95% Cl)
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Fig. 8 Forest plot showing pooled odds ratio of the difference in iodine deficiency between the second and third trimester in Ethiopia, 2020
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Conclusions
Iodine deficiency among pregnant women remains to be
a major public health problem in many parts of Ethiopia.
Iodized salt utilization at the household level was signifi-
cantly associated with iodine deficiency among pregnant
women. Although the iodized salt coverage in Ethiopia
is reportedly high (89.2%), the prevalence of IDD among
pregnant women remained significantly high. This find-
ing implies that the prevalence of iodine deficiency
among pregnant women in Ethiopia still needs due con-
sideration and efforts has to be made by the government
to increase accessibility and utilization of iodized salt.
Hence, intervention aiming at preventing iodine defi-
ciency in the country including the use of iodized salt as
the only primary option for iodine source at the house-
hold level might need re-consideration. Particularly,
other options like processed foods that are being prac-
ticed in some countries that might boost the effect of io-
dized salt particularly among pregnant women needs
consideration.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512884-021-03584-0.

Additional file 1: Supplemental file 1. Summary of search results for
the PubMed, Google Scholar and other databases.

Additional file 2: Supplemental file 2. Quality score of each study.

Additional file 3: Supplemental file 3. PRISMA (Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses) checklist.

Abbreviations

AOR: Adjusted odds ratio; Cl: Confidence interval; EDHS: Ethiopian
demographic health survey; GC: Gregorian calendar; ID: lodine deficiency;
IDD: lodine deficiency disorder; IQ: Intelligence quotient; PRISMA: Preferred
Reporting Items for Systematic Reviews and Meta-Analyses;

RNI: Recommended nutrient intake; Ul: Urine iodine; UIC: Urine iodine
concentration; UNICEF: United Nations international children’s emergency
fund; WHO: World health organization

Acknowledgements
We acknowledge the authors and participants of the included original
studies in this systematic review and Meta-analysis.

Authors’ contributions

RK conceived the idea, done data extraction, and analysis. MS had also a role
in data extraction. RK, MS, GA and BM have contributed to the analysis,
writing, drafting, and editing. All the authors read and gave final approval for
the manuscript.

Funding
No funding is available for this work.

Availability of data and materials
Data will be available upon reasonable request of the corresponding author.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Page 10 of 11

Competing interests
The authors declare that they have no competing interests.

Author details

!College of Health sciences and Medicine, School of Public Health, Dilla
University, P.O. Box 419, Dilla, Ethiopia. “College of Health sciences and
Medicine, Department of Midwifery, Dilla University, P.O. Box 419, Dilla,
Ethiopia. *World Vision Ethiopia, Sodo Program coordination office, Wolaita
Sodo, Ethiopia.

Received: 13 August 2020 Accepted: 22 January 2021
Published online: 04 February 2021

References

1.

Gunnarsdottir |, Dahl L. lodine intake in human nutrition: a systematic
literature review. Food Nutr Res. 2012,56:19731. https://doi.org/10.3402/fnr.
v56i0.19731.

WHO/UNICEF/ICCIDD. Assessment of iodine deficiency disorders and
monitoring their elimination: A guide for program managers. 3rd ed.
Geneva: World Health Organization; 2007. https.//apps.who.int/iris/
bitstream/handle/10665/43781/9789241595827

Pearce EN, Andersson M, Zimmermann MB. Global iodine nutrition: where
do we stand in 20137 Thyroid. 2013;23:523-8. https;//doi.org/10.1089/thy.
2013.0128.

Zimmermann MB, Jooste PL, Pandav C. lodine deficiency disorders. Lancet.
2008;372:1251-62. https://doi.org/10.1016/50140-6736(08)61005.

Andersson M, Karumbunathan V, Zimmermann MB. Global iodine status in
2011 and trends over the past decade. J Nutr. 2012;142:744-50. https://doi.
0rg/10.3945/jn.111.149393.

Glinoer D. The regulation of thyroid function during normal pregnancy:
importance of the iodine nutrition status. Best Pract Res Clin Endocrinol
Metab. 2004;18:133-52. https://doi.org/10.1016/j.beem.2004.03.001.

Hynes KL, Otahal P, Hay 1, Burgess JR. Mild iodine deficiency during
pregnancy is associated with reduced educational outcomes in the
offspring: 9-year follow-up of the gestational iodine cohort. J Clin
Endocrinol Metab. 2013;98(5):1954-62. https.//doi.org/10.1210/jc.2012-4249.
Zerfu D. National salt iodization coverage towards Prevention of lodine
Deficiency Disorder in Ethiopia. Addis Abeba: EPHI; 2014. Unpublished.
https.//www.ephi.gov.et/images/pictures/USI%20presentation_Forum_
October_25_2014.pdf

World Health Organization |, UNICEF. Indicators for assessing iodine
deficiency disorders and their control through salt iodization. Geneva: World
Health Organization; 1994. https://apps.who.int/iris/handle/10665/70715
Central Statistical Agency (CSA) [Ethiopia] and ICF. Ethiopia Demographic
and Health Survey 2016. Addis Ababa: CSA and ICF; 2016. https.//
dhsprogram.com/pubs/pdf/FR328/FR328.pdf

Wells G, Shea B, OConnell D. The Newcastle-Ottawa scale (NOS) for
assessing the quality of nonrandomised studies in meta-analyses. Ottawa:
Ottawa Hospital Research Institute; 2009. http://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp

Rucker G, Schwarzer G, Carpenter JR, Schumacher M. Undue reliance on | 2
in assessing heterogeneity may mislead. BMC Med Res Methodol. 2008;8:79
https://doi.org/10.1186/1471-2288-8-79.

Borenstein M, Hedges LV, Higgins J, Rothstein HR. A basic introduction to
fixed-effect and randomeffects models for meta-analysis. Res Synthesis
Methods. 2010;1(2):97-111 https://doi.org/10. 1002/jrsm.12.

Mengistu F, Samson G, Tafere G, Meron G, Barbara JS. Prevalence of iodine
deficiency and associated factors among pregnant women in Ada district,
Oromia region, Ethiopia: a cross- sectional study. BMC Pregnancy Child.
2018;18:257 https;//doi.org/10.1186/512884-018-1905-z.

Wubet WT, Mekuriaw A, Terefe D, Amare T. Two-thirds of pregnant women
attending antenatal care clinic at the University of Gondar Hospital are
found with subclinical iodine defciency, 2017. BMC Res Notes. 2018;11:738
https://doi.org/10.1186/513104-018-3829-0.

Haji K, Yemane B, and Alemayehu W. Subclinical iodine deficiency among
pregnant women in Haramaya District, Eastern Ethiopia: A Community-
Based Study. Journal of Nutrition and Metabolism (2014). https://doi.org/10.
1155/2014/878926

Zenebe N, Teshome G, Rajesh PN, Mehidin K. Determining the magnitude
of iodine deficiency and its associated risk factors among pregnant women
visiting Jimma University specialized Hospital for Antenatal Care. World J


https://doi.org/10.1186/s12884-021-03584-0
https://doi.org/10.1186/s12884-021-03584-0
https://doi.org/10.3402/fnr.v56i0.19731
https://doi.org/10.3402/fnr.v56i0.19731
https://apps.who.int/iris/bitstream/handle/10665/43781/9789241595827
https://apps.who.int/iris/bitstream/handle/10665/43781/9789241595827
https://doi.org/10.1089/thy.2013.0128
https://doi.org/10.1089/thy.2013.0128
https://doi.org/10.1016/S0140-6736(08)61005
https://doi.org/10.3945/jn.111.149393
https://doi.org/10.3945/jn.111.149393
https://doi.org/10.1016/j.beem.2004.03.001
https://doi.org/10.1210/jc.2012-4249
https://www.ephi.gov.et/images/pictures/USI%20presentation_Forum_October_25_2014.pdf
https://www.ephi.gov.et/images/pictures/USI%20presentation_Forum_October_25_2014.pdf
https://apps.who.int/iris/handle/10665/70715
https://dhsprogram.com/pubs/pdf/FR328/FR328.pdf
https://dhsprogram.com/pubs/pdf/FR328/FR328.pdf
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1186/1471-2288-8-79
https://doi.org/10.%201002/jrsm.12
https://doi.org/10.1186/s12884-018-1905-z
https://doi.org/10.1186/s13104-018-3829-0
https://doi.org/10.1155/2014/878926
https://doi.org/10.1155/2014/878926

kabthymer et al. BMC Pregnancy and Childbirth (2021) 21:106 Page 11 of 11

Med Med Sci. 2014;2(4):1-16 http//www.wjmms.com/WJMMS_Vol.%202
%20N0.9%204,%20April%202014/Determining.pdf.

18.  Dereje D, Jemal H. lodine deficiency disorder and its correlates among
antenatal care service users from Northwest Ethiopia: Evidence from Lai-
Gayint District. Ethiop J Health Dev. 2013;27(3) https://ejhd.org/index.php/
ejhd/article/view/325.

19. Nagesso Z. Prevalence of iodized salt intake and iodine deficiency disorders
status of pregnant women visiting Bishoftu hospital and health Center for
Antenatal Care. MPH Thesis, Addis Ababa University, 2016. http://www.
localhost:80/xmlui/handle/123456789/1762

20. Keno T, Christel A, Judith L, Henok K, Hans KB, Veronika S. lodine status in
pregnant women and school children of the Aira district in Ethiopia. NFS J.
2017;7:1-7 https;//doi.org/10.1016/j.nfs.2017.03.001.

21.  Gebretsadikan TM, Troen AM. Progress and challenges in eliminating iodine
deficiency in Ethiopia: a systematic review. BMC Nutr. 2016;2:12 https://doi.
0rg/10.1186/540795-016-0051-0.

22.  Gebreegziabher T, Teyike N, Mulugeta A, Abebe Y, Hambidge K, Stoecker B.
Lack of dietary sources of iodine and the prevalence of iodine deficiency in
rural women from Sidama zone, Southern Ethiopia. Afr J Food Agric Nutr
Dev. 2013;13(5) https//www.ajol.info/index.php/ajfand/article/view/99956.

23.  Berihie GK. Minerals and trace elements in the soil-plant-animal continuum
in Ethiopia: A review. Afr J Food Agricult Nutr Dev. 2016;16:4 https://www.
ajolinfo/index.php/ajfand/article/view/149180.

24. Hiso DE, Roba KT. Utilization of lodized salt and Associated Factor in Zuway
Dugda District, Arsi Zone, Oromia Regional State, South East Ethiopia. East
Afr J Sci. 2019;13(1):75-80 https.//www.ajol.info/index.php/eajsci/article/
view/189735.

25.  Andinet Hailu Remarkable progress against iodine deficiency in Ethiopia
EPHI and Ethiopian National Micronutrient Survey Report: 2017. https//
www.ign.org/newsletter/idd_aug17_ethiopia.pdf

26. Desta AA, Kulkarni U, Abraha K, Worku Sand Sahle BW. lodine level
concentration, coverage of adequately iodized salt consumption and factors
affecting proper iodized salt utilization among households in NorthEthiopia:
a community based cross sectional. BMC Nutr. 2019;18:5. https.//doi.org/10.
1186/540795-019-0291-x.

27.  Andersson M, Tkkouche B, Egli IE, Allen H, de BB. Current global iodine
status and progreaa over the last decade towards the elimination of iodine
deficiency. Bull World Health Organ. 2005;83:518-25 https://pubmed.ncbi.
nim.nih.gov/16175826/.

28. Simpong DL, Awuku YA, Kye-Amoah KK, Morna MT, Adoba P, Anin SK; et al.
High iodine deficiency among pregnant women in Periurban Ghana: a
hospital-based longitudinal study. J Nutr Metab 2018;2018. https://doi.org/
10.1155/2018/9706805.

29. Candido AC, de Morais NS, Dutra LV, Pinto CA, do CC FS, de CG AR.
Insufficient iodine intake in pregnant women in different regions of the
world: a systematic review. Arch Endocrinol Metab. 2019;63:306-11 https//
doi.org/10.20945/2359-3997000000151.

30.  Aburto NJ, Abudou M, Candeias V, Tiaxiang Wu P. Effect and safety of salt
jodization to prevent iodine deficiency disorders: a systematic review with
meta-analyses WHO library cataloguing-in-publication data. Geneva: 2014.
https.//www.who.int/nutrition/publications/micronutrients/effect_safety_
saltiodization/en/

31. Liberman CS, Pino SC, Fang SL, Braverman LE, Emerson CH. Circulating
iodide concentrations during and after pregnancy. J Clin Endocrinol Metab.
1998;83(10):3545-9 https://doi.org/10.1210/jcem.83.10.5163.

32. Zhou H, Ma ZF, Lu Y, Pan B, Shao J, Wang L, et al. Assessment of lodine
Status among Pregnant Women and Neonates Using Neonatal Thyrotropin
(TSH) in Mainland China after the Introduction of New Revised Universal

Salt lodisation (USI) in 2012: A re-emergence of iodine deficiency? Int J

Endocrinol. 2019; https://doi.org/10.1155/2019/3618169. Ready to submit your research? Choose BMC and benefit from:
33. Bath SC, Steer CD, Golding J, Emmett P, Rayman MP. Effect of inadequate

iodine status in UK pregnant women on cognitive outcomes in their ¢ fast, convenient online submission

children: results from the Avon longitudinal study of parents and children o thorough peer review by experienced researchers in your field

(alspac). Lancet. 2013;382(9889):331-7. https://doi.org/10.1016/50140- e rapid publication on acceptance

6736(13)60436-5. e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
Publisher’s Note e maximum visibility for your research: over 100M website views per year

Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations. At BMC, research is always in progress. . B C
Learn more biomedcentral.com/submissions ‘ v \



http://www.wjmms.com/WJMMS_Vol.%202,%20No.%204,%20April%202014/Determining.pdf
http://www.wjmms.com/WJMMS_Vol.%202,%20No.%204,%20April%202014/Determining.pdf
https://ejhd.org/index.php/ejhd/article/view/325
https://ejhd.org/index.php/ejhd/article/view/325
http://www.localhost:80/xmlui/handle/123456789/1762
http://www.localhost:80/xmlui/handle/123456789/1762
https://doi.org/10.1016/j.nfs.2017.03.001
https://doi.org/10.1186/s40795-016-0051-0
https://doi.org/10.1186/s40795-016-0051-0
https://www.ajol.info/index.php/ajfand/article/view/99956
https://www.ajol.info/index.php/ajfand/article/view/149180
https://www.ajol.info/index.php/ajfand/article/view/149180
https://www.ajol.info/index.php/eajsci/article/view/189735
https://www.ajol.info/index.php/eajsci/article/view/189735
https://www.ign.org/newsletter/idd_aug17_ethiopia.pdf
https://www.ign.org/newsletter/idd_aug17_ethiopia.pdf
https://doi.org/10.1186/s40795-019-0291-x
https://doi.org/10.1186/s40795-019-0291-x
https://pubmed.ncbi.nlm.nih.gov/16175826/
https://pubmed.ncbi.nlm.nih.gov/16175826/
https://doi.org/10.1155/2018/9706805
https://doi.org/10.1155/2018/9706805
https://doi.org/10.20945/2359-3997000000151
https://doi.org/10.20945/2359-3997000000151
https://www.who.int/nutrition/publications/micronutrients/effect_safety_saltiodization/en/
https://www.who.int/nutrition/publications/micronutrients/effect_safety_saltiodization/en/
https://doi.org/10.1210/jcem.83.10.5163
https://doi.org/10.1155/2019/3618169
https://doi.org/10.1016/S0140-6736(13)60436-5
https://doi.org/10.1016/S0140-6736(13)60436-5

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Searches
	Eligibility criteria
	Inclusion criteria
	Types of studies included
	Data extraction
	Outcome measurement
	Risk of bias
	Data processing and analysis

	Results
	General characteristics of studies
	Description of included studies
	Risk of bias
	Prevalence of iodine deficiency
	Factors associated with iodine deficiency
	Association between maternal education and iodine deficiency
	Association between iodized salt use and iodine deficiency

	Association between stages of pregnancy and iodine deficiency

	Discussion
	Limitations of the study

	Conclusions
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

