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Abstract

Background: The distribution of goiter among children and its risk factors are not well investigated in Ethiopia.
Therefore, this systematic review and meta-analysis was designed to determine the pooled prevalence of goiter
and its associated factors among children in Ethiopia.

Methods: Electronic web-based searches of PubMed, Google Scholar, EMBASE, and the World Health Organization’s
Hinari portal (which includes the SCOPUS, African Index Medicus, and African Journals Online databases) were
conducted to find primary studies. Relevant data were extracted and descriptive summaries of the studies were
presented in tables. The I statistic was used to assess heterogeneity across studies. Funnel plot asymmetry and
Egger's tests were used to check for publication bias. A random effects model was used to estimate the pooled
prevalence of goiter. Odds ratios (OR) with 95% Confidence Intervals (Cl) were also used to determine the
association of identified variables with goiter. All statistical analyses were conducted using Stata version 14 software.

Results: Our search identified 982 studies, of which, 19 articles were eligible for inclusion in the final meta-analysis.
The pooled estimate of goiter among children in Ethiopia was 40.50% (95% Cl: 33.6-47.40). The regional distribution
of goiter ranged from 44.22 (95% Cl: 17.44-71) in Southern Nations Nationalities and Peoples’ Region, to 32.79%
(95% Cl: 19.86-45.73) in Benishangul Gumez region. The prevalence of goiter among female children (44.34%) was
higher than among male (32.88%) children. Goiter prevalence was also significantly higher among children who
consumed vegetables three or more times per week OR = 1.3 (95% Cl: 1.02-1.66); those who had family history of
goiter, OR =238 (95% ClI: 1.9-2.99); and those whose family stored salt near to fires, OR=1.41(95% Cl: 1.1-1.79).

Conclusion: The prevalence of goiter among children in Ethiopia was high, and endemic according to the WHO
criteria. Our findings suggest the need for interventions to improve salt iodization, and for improved health
education on appropriate salt storage. In addition, more research may be needed to improve our understanding of
foods that increase the risk of goiter among children.
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Background

Iodine, a trace element found in the soil, is essential for
synthesizing thyroid hormones that ensure the proper
functioning of the thyroid and assist with cell replication
[1]. Insufficient levels of iodine in the body lead not only
to goiter, an enlargement of the thyroid gland, but also
to a range of severe physical and cognitive impairments
such as mental retardation; cretinism; miscarriage and
stillbirth among pregnant women; and growth and devel-
opmental abnormalities in infants and children [2]. Ac-
cording to the World Health Organization (WHO), iodine
deficiency is the single greatest preventable causes of men-
tal retardation globally [3]. Children and adolescents are
particularly vulnerable to iodine deficiency disorders
(IDDs) [4] because of puberty-related changes in thyroid
function that may increase the need for iodine [5, 6].

Diets low in iodine are the main cause of IDDs. lodine
is found naturally in soil and water but in many parts of
the world, due to a history of heavy rains or glacial melt,
soils have been leeched of the mineral [2, 7]. The pri-
mary strategy for reducing the prevalence of goiter and
other IDDs has been to increase iodine consumption by
iodizing salt [8]. National salt iodization programs are
considered a simple, cost-effective means of preventing
IDDs, as salt iodization is relatively easy to implement,
and salt is steadily consumed by populations year round;
and because countries usually have only a few large salt
manufacturers who need to be incorporated into na-
tional programs [7, 9]. Such universal iodization pro-
grams have been extremely successful and are
considered a global health success story and a model of
public/private partnerships for promoting health [2].
However, iodine deficiency can reappear if salt iodization
is interrupted as a result of demobilization of the public
health authorities or the lack of interest of the salt in-
dustry [10].

The prevalence of goiter in sub-Saharan Africa has
fallen over the past four decades as populations covered
by salt iodization programs increased. However, despite
this success, goiter and other IDDs are still a significant
public health problem among children in Eastern and
Southern Africa [2]. In Ethiopia, as of 2015, the national
prevalence of goiter among children aged 6 to 12 was
39.9% (more than 4 million children). According to the
World Health Organization/International Council for
Control of Iodine Deficiency Disorders/ United Nations
Children’s Fund (WHO/ ICCIDD/UNICEF) classifica-
tion, both goiter prevalence and urinary iodine levels in
Ethiopia indicate that the entire country is affected by
iodine deficiency [11] .

One reason for the persistence of IDDs in Ethiopia is
the mixed performance of the country’s salt iodization
program. Since its launch in the 1980s it has achieved
remarkable improvements in iodized salt coverage
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despite civil conflicts and economic disruptions, which
compromised the quality of the program. However, there
have been significant challenges in assuring that the level
of iodization of salt is sufficient. Studies have found that
only a small percentage of households have access to ad-
equately iodized salt in Ethiopia. For example, a study
conducted in 2017 reported that although over 89.2% of
salt in Ethiopia contains iodine, coverage of adequately
iodized salt remains very low (26%) [12]. This virtual ab-
sence of adequately iodized salt has contributed to the
endemicity of goiter in Ethiopia.

In addition to the coverage and adequacy of salt
iodization, age, socioeconomic status, and a family his-
tory of goiter have been shown to be major risk factors
for goiter in low-income countries like Ethiopia [13].
Globally, women have been found to have higher rates
of goiter than men [14]. Some scholars have also sug-
gested that very high levels of consumption of cassava
and cruciferous vegetables such as cabbage and kale may
be associated with hypothyroidism and thyroid cancer,
particularly in areas that are iodine deficient [15, 16].
Poor salt storage may also contribute significantly to low
iodine levels in salt. Recent studies in Ethiopia have
found that consuming loose, rather than packaged salt,
and storing salt close to open fires, decrease the level of
elemental iodine [17-19] in the salt and that these be-
haviors are common in Ethiopia.

In sum, although there has been significant progress in
the reduction of goiter and related IDDs globally, they
remain significant burden in Ethiopia due, in part, to
poor salt storage practices and a weak universal salt
iodization program. There is little consistent data about
the prevalence of goiter in Ethiopia, particularly among
children; and most publicly available scientific literature
and reports on the topic were published before 2016
[20]. Understanding the extent of goiter and its associ-
ated factors is important for designing strategies that
can reduce the burden of goiter among children in
Ethiopia. This systematic review and meta-analysis,
therefore, aims to synthesize recent evidence on the
prevalence of goiter among children and its associated
factors in Ethiopia.

Methods
Search strategy and appraisal of studies
This study was conducted according to the Preferred
Reporting Items of Systematic Reviews and Meta-Ana-
lysis Protocols (PRISMA-P) checklist guidelines [21].
The electronic databases searched were PubMed, Goo-
gle Scholar, Embase, and Hinari. Hinari is the World
Health Organization (WHO) database portal for low-
and middle-income countries and includes Web of Sci-
ence, SCOPUS, African Index Medicus (AIM), Cumula-
tive Index to Nursing and Allied Health Literature
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(CINAHL), WHO'’s Institutional Repository for Informa-
tion Sharing (IRIS), and African Journals Online data-
bases. In addition, articles were also searched through a
review of the grey literature available on local university
shelves, and institutional repositories, and by reviewing
the reference lists of already identified articles.

The key terms used for the database searches were:
“epidemiology” OR “prevalence” AND “goiter” AND as-
sociated factors OR “determinant factors” AND “child”
OR “children” AND “Ethiopia”. These search terms were
pre-defined to allow a comprehensive search strategy
that included all fields within records and Medical Sub-
ject Headings (MeSH terms), in order to expand the
search in an advanced PubMed search (Appendix). Fol-
lowing the search protocol described by Negesse et al.
[22], we also used Boolean operator in our search as they
outline in their paper: “within each axis we combined
keywords with the ‘OR’ operator and we then linked the
search strategies for the two axes with the ‘AND’ oper-
ator to search studies conducted specifically for each re-
gion in the country”. Electronic database searches were
conducted from September 1, 2018 to November 10,
2018.

Inclusion and exclusion criteria

All English-language, full-text articles for studies con-
ducted in Ethiopia, published from 2000 to November
10, 2018, in peer-reviewed journals or found in the grey
literature were eligible for inclusion. Goiter was defined
according to the internationally accepted definition:
grade 0, no goiter; grade 1, thyroid palpable but not vis-
ible; grade 2, thyroid visible with neck in normal pos-
ition [23]. All studies that reported the prevalence of
goiter in children were eligible for inclusion. Studies that
did not report specific outcomes for goiter quantitatively
were excluded.

Data abstraction procedure

Titles and abstracts were screened based on the prede-
fined criteria. Retrieved articles were evaluated based on
their title, objectives, and methodology. At this stage, ir-
relevant articles were excluded and the full text of the
remainder articles was reviewed for inclusion. Articles
that fulfilled the prior criteria were used as source of
data for the final analysis.

Quality assessment of individual studies

The database search results were exported and duplicate
articles were removed using EndNote software (version
X7; Thomson Reuters, New York, NY). The Newcastle-
Ottawa Scale (NOS) criteria was used for quality assess-
ment of selected studies before analysis [24]. Two inde-
pendent reviewers critically appraised each individual
article using the NOS. Discrepancies between reviewers
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were resolved by discussion and by including a third re-
viewer. The average of two independent reviewer’s qual-
ity scores was used to determine whether the articles
should be included. Articles with methodological flaws
or incomplete reporting of results in the full text were
excluded from the final analysis.

Outcome measurements

The main aim of this review was to determine the
pooled prevalence of goiter among children in Ethiopia.
The prevalence was measured as the number of children
with goiter in the study divided by the total number of
children in a study multiplied by 100. For analysis of the
secondary outcomes (factors associated with goiter), we
extracted data on factors that had been found to be re-
lated to goiter in the literature, such as the consumption
of vegetables, a family history of goiter, consumption of
packaged vs. loose salt, and salt stored near to a fire.
The other criteria for selecting variables was how fre-
quently they were reported in studies included in the
meta-analysis. In examining factors associated with goi-
ter, data were extracted from the primary studies in the
form of two-by-two tables and a crude odd ratio (OR)
was calculated to determine the association between
each of the independent variables and having a goiter.

Data analysis

Information on the studies’ characteristics such as publi-
cation year, study geographic region, study design, sam-
ple size, diagnostic criteria, percentage of goiter in
children, and the age-range of children were extracted
from each study using a Microsoft Excel spreadsheet
template. Then, data were transferred to Stata (version
14; Stata Corp, College Station, TX) for further analysis.
Heterogeneity across studies was checked using the in-
verse variance (I?) and Cochran Q statistics and the cut-
offs of 25, 50, and 75% were used to declare the
heterogeneity as low, moderate, and severe respectively
[25]. Because the test statistic indicated significant het-
erogeneity among studies (I*>70%, p < 0.05), a random
effects model was used to estimate the pooled preva-
lence of goiter with 95% confidence interval (CI).

In addition, sub-group analysis by region was con-
ducted to estimate the prevalence of goiter across the
different regions in the country. Funnel plot asymmetry,
Egger’s and Begg-Mazumdar Rank correlation tests were
used to check for publication bias [26]. Two researchers
independently carried out the main statistical analysis
and results were crosschecked for consistency.

The risk of bias of included studies was assessed using
the 10-item rating scale developed by Hoy et al. for
prevalence studies [27]. Sampling, data collection, reli-
ability and validity of study tools, case definition, and
prevalence periods of the studies were assessed.
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Researchers categorized each study as having low risk of
bias (“yes” answers to domain questions) or high risk of
bias (“no” answers to domain questions). Each study was
assigned a score of 1 (Yes) or 0 (No) for each domain,
and these domain scores were summed to provide an
overall study quality score. Scores of 8—10 were consid-
ered as having a “low risk of bias”, 6-7 a “moderate
risk”, and 0-5 a “high risk” (Table 1). For the final risk
of bias classification, discrepancies between the re-
viewers were resolved via consensus.

Results

Identification and description of studies

The database search and desk review yielded a total of
982 articles. Of these, 966 articles were retrieved from
PubMed, Hinari, Google Scholar, and other electronic
databases. The remaining 16 were found from institu-
tional repositories. Our search was conducted from Sep-
tember 1, 2018 to November 10, 2018. After reviewing
the titles and abstracts, we excluded 541 articles due to
duplication. In screening, we excluded 417 articles be-
cause their outcomes were not reported. The full text of
the remaining 24 articles were downloaded and assessed
for eligibility and quality. An additional five articles were
excluded because their outcomes were not clearly stated
[28-32]. The remaining 19 studies were included in the
analysis (see Fig. 1).

Characteristics of included studies

Nineteen studies with a total sample of 10,253 children
(aged 6-18years) were included in this systematic re-
view and meta-analysis. All studies used cross-sectional
study design to estimate goiter prevalence. Seven (36.8%)
of the studies included in this review were from the
Oromia region [33-39], Six (31.6%) were from Ambhara
region [40-45], four (21%) were from Southern Nations
Nationalities and People’s Region (SNNPR) [34, 46—48],
and the remaining two (10.5%) were from Benishangul
Gumez region [49, 50]. With the exception of one study
[35], all of the studies were reported in peer-reviewed
journals. All of the studies used palpation as the assess-
ment method to diagnose goiter using the WHO/
UNICEEF/ICIDD criteria. All of the studies reported high
response rates (>90%). The quality score of included
studies ranged from 6 to 7 with a mean score of 6.67
(SD =0.42). All of the study participants were in the age
range of 6-18years (Table 2). For risk of bias assess-
ment, 13 of the 19 studies (68.4%) received high quality
scores (=8 points), two (10.5%) received medium scores
and four (21.1%) received low scores. Regarding type of
bias, 11 studies [34, 35, 37, 39, 40, 42-44, 48, 49] had
high risk of representation bias; nine studies [33, 34, 37—
40, 46, 47] had high risk of case definition bias; four
studies [35, 39, 40] had high risk of random selection
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bias, and three studies [35, 39, 40] had high risk of non-
response bias (Table 1). The pooled prevalence of goiter
was not significantly changed after exclusion of studies
with a high risk of bias.

Publication bias

Both funnel plots of precision asymmetry and the
Egger’s test of the intercept indicated the absence of
publication bias in the included studies. Visual examin-
ation of the funnel plot showed a symmetric distribution
of studies (Fig. 2). Additionally, Egger’s test of the inter-
cept was — 0.004 (95% CIL: - 0.3-0.3) p > 0.05, suggesting
that publication bias estimates were not statistically
significant.

Prevalence of goiter among children in Ethiopia

Overall, the pooled prevalence of goiter among children
in Ethiopia was 40.50% (95% CI: 33.6—47.40) (Fig. 3).
The lowest (13.6%) [46] and highest (78.03%) [34] preva-
lence reported of were found in studies conducted in
SNNPR. Because the I” static test for heterogeneity indi-
cated that the studies differed significantly (I* = 94.6%,
p <0.05) and because theoretically we expected large dif-
ferences in the study settings and socio-economic con-
texts, we fitted a DerSimonian and Laird random effect
model to estimate the pooled prevalence of goiter [51,
52]. The studies with the largest weight were Girma et
al’s [46], Emiru et al’s [35], and Berhanu et al’s [33]
with respective weights of 5.41, 5.34, and 5.32%. A
slightly smaller weight of 5.14% was given to Cherinet et
al’s study [38].

In the sub-group analysis by region, the highest pooled
prevalence of goiter was found in SNNPR, 44.22% (95%
CIL: 17.44, 71), and in Ambhara region, 41.86% (95% CI:
31.39-52.34). The pooled prevalence of goiter among
children in Oromia region was 39.48% (95% CI: 30.26—
48.70), and in Benishangul Gumez, 32.79% (95% CI:
19.86-45.73) (Fig. 3).

The sub-group analysis indicated the presence of het-
erogeneity across the studies. To identify the source of
heterogeneity, we conducted meta-regression and sensi-
tivity analysis. The meta-regression analysis was con-
ducted using the following study covariates: publication
years, sample size, and region. However, the results
showed that none of these variables were a statically sig-
nificant source of heterogeneity.

We also performed a sensitivity analyses to examine
the influence of each study on the overall effect size. No
single study significantly affected the overall pooled esti-
mate of goiter.

Sex difference in goiter prevalence
The average pooled estimate of goiter among female and
male children was 44.34% (95% CI: 35.02-53.66) and
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Fig. 1 PRISMA Flow diagram showing the procedure for selecting studies for meta-analysis, 2000-2017, Ethiopia

32.88% (95% CI: 25.32-40.45), respectively. However,
the difference in prevalence by sex was not statistically
significant, as the 95% confidence intervals overlap.
Studies in SNNPR reported the highest pooled preva-
lence of goiter among both female and male children:
55.09% (95% CI: 13.57-92.62) and 42.07% (95% CIL
3.70-80.44) respectively. Studies in Benishangul Gumez
had the lowest prevalence for both sexes: 23.57% (95%
CI: 19.20-27.95) for female children and 22.21% (95%
CI: 13.69-30.73) for male children (Table 3).

Factors associated with goiter among children in Ethiopia
Five studies [38, 40, 47-49] were assessed for the associ-
ation between high vegetable consumption and goiter.
Children who consume vegetables three or more times
per week were significantly more likely to develop goiter
than those who consumed less, OR = 1.3 (95% CI: 1.02—
1.66) (Fig. 4).

Our analysis of three studies [40, 43, 45] found that
children who have family history of goiter had more
than double the odds of having goiter, OR =2.38 (95%
CI: 1.90-2.99). Our examination of three studies [35, 40,
43] found no association between the consumption of
packaged salt and goiter in children OR =0.62 (95% CIL:
0.38-1.00). However, the three studies examining salt
storage [35, 43, 47] found that storing salt next to fires
had a modest but significant positive association with
goiter in children OR =1.41 (95% CI: 1.10-1.79).

Heterogeneity tests showed evidence of high and mod-
erate heterogeneity in studies that assessed vegetable
consumption and family history as factors respectively
(I* of 90.55 and 66.5% with p-value< 0.05). The publica-
tion bias was also significant for all factors (Begg’s test =
0.033 and Egger’s test = 0.015).

Discussion

This meta-analysis and systematic review was conducted
to estimate the pooled prevalence of goiter among chil-
dren in Ethiopia. We also assessed factors associated
with goiter among children using the available published
and unpublished studies.

We found a high prevalence of goiter among children,
with an overall pooled prevalence of 40.5% (95% CI:
33.6—47.41). This high prevalence meets WHO’s thresh-
old for endemicity [3] and implies the presence of mod-
erate to severe iodine deficiency in the country [53]. Our
estimated prevalence is similar to the 39.9% rate (95%
CL: 38.6-41.20) found in a nationwide, community-
based, cross-sectional study conducted in 2005 [11] and
a systematic review of the literature on progress in elim-
inating iodine deficiency in Ethiopia which found a 35%
child prevalence of goiter [20]. Additionally, a survey
among school children carried out in 2016 found that
48% of school-age children had iodine deficiency [54].
Assuming that these estimates and ours are accurate, it
is striking that the prevalence of goiter has not
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Fig. 2 Meta funnel presentation of the prevalence of goiter among children, 2000-2017, Ethiopia
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Fig. 3 Forest plot showing the pooled prevalence of goiter in regions among male children in Ethiopia, 2000 to 2017
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Table 3 Distribution of goiter based on sex and region in studies conducted from 2000 to 2017, in Ethiopia

Regions Male Female

Amhara 31.7% (95% Cl: 20.0-43.3) 47% (95% Cl: 30.1-63.8)
Oromia 33.2% (95% Cl: 23.3-43.1) 44.4% (95% Cl: 32.8-56%)
SNNPR 42.1% (95% Cl: 3.7-80.4) 55.1% (95% Cl: 13.6-92.6)

Benishangul Gumez

22.21% (95% Cl: 13.7-30.7)

23.6% (95% Cl: 19.2-28.0)

significantly decreased over time in line with improve-
ments in the distribution of iodized salt in the country.
Low consumption of iodized salt and inadequate levels
of iodine in iodized salt may account for these persist-
ently high rates of goiter. A previous Ethiopian study
found that one-third of salt samples in the study area
were not adequately iodized [55] and another that a sig-
nificant proportion (22.2 to 64.6%) of the households in
Ethiopia used inadequately iodized salt; well below the
WHO recommended level [56]. In other low- and mid-
dle-income countries with more robust salt iodization
programs we see dramatically lower prevalence of goiter.
For example, in Lesotho where 94.4% of salt samples are
iodized, the goiter prevalence in children has been esti-
mated to be 4.9% [57]. Similarly, in India, a large popula-
tion-based study found 80% adequate iodized salt
coverage [58] and community-based studies have found

goiter prevalence in children ranging from 4.29-13.80%
[58, 59].

Ethiopia’s high prevalence of goiter among children is
a significant public health problem. The presence of goi-
ter with iodine deficiency (including mild forms of defi-
ciency) is one of the main causes of delayed mental
development among children [58]. IDDs such as goiter
create significant short- and long-term physical, mental
and socio-economic harm and their continued presence
in Ethiopia underscores the need to reinvigorate the
country’s universal salt iodization program [60]. It is well
established that continuous iodized salt supplementation
can contribute significantly to the prevention of goiter
and cognitive impairment in children [53, 61, 62].

Providing consistent supplementation will require
more training and better equipment for the many small-
scale local salt producers in order to improve adequate

Study %
D OR(95% ClI) Weight
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Hibstu DT.etal (2017) e —— 1.50(0.89,2.52) 6.35
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YinebebM.etal (2012) T 2.07 (0.65,6.65) 1.10
Subtotal (I-squared =66.5%,p =0.013) o 1.30 (1.02,1.66) 30.78
|
. !
Family history of goiter i
Abebe Z. et al (2017) = 0.71(0.39,1.27) 7.80
Mesele M.etal (2014) ! - 3.36(2.41,469) 1024
Tigabu E. etal (2017) i 276(1.85,4.13) 7.89
Subtotal (I-squared =90.5%, p =0.000) L= 2.38(1.90,2.99) 2593
i
. !
Consumption of packed sall :
Abebe Z. et al (2017) T 0.81(0.34,1.92) 3.32
Mesele M. et al (2014) | 0.35(0.13,0.93) 4.77
Emiru S. (2016) —a— 0.76 (0.37,1.58) 4.87
Subtotal (I-squared=0.0%, p =0.371) L e i 0.62(0.38,1.00) 12.96
|
Stored saltnearto fir |
Hibstu DT. etal (2017) -1 1.63(0.89,2.97) 453
Abebe Z. et al (2017) — 0.93 (0.54,1.60) 7.71
Mesele M. et al (2014) = = 1.56 (1.14,2.12) 18.08
Subtotal (I-squared =30.5%, p =0.237) O. 1.41(1.10,1.79) 30.32
!
Overall (I-squared =80.6%, p = 0.000) <> 1.52(1.34,1.74) 100.00
\
|
i

Fig. 4 Forest plot showing factors associated with goiter among children in Ethiopia, 2000 to 2017
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idolization of salt [63]. As important as supporting
small-scale salt producers will be increasing investment
in large, “industrial-scale iodization factories” [63]. It
must also be noted that even in settings with well-func-
tioning universal salt iodization programs infants may
not consume enough salt to prevent IDDs, therefore,
additional supplementation for pregnant women and in-
fants may be necessary [10].

We found large regional variation in the prevalence of
goiter among children. Regional differences in preva-
lence may be due to regional differences in soil compos-
ition; differences in the consumption of cruciferous
vegetables, cassava leaves and wild edible plants that
may affect thyroid function; and in differences in the
level of bacterial contamination of drinking water. For
example, SNNPR, were we saw the highest goiter preva-
lence (44.22%), has high consumption of wild edible
plants and cassava leaves [64, 65] and many of the
SNNPR studies analyzed in this review were conducted
in areas where drinking water has significant bacterial
contamination [34], which may significantly increase the
risk of goiter [66]. The second highest prevalence of goi-
ter was reported from Ambhara region (41.9% prevalence)
which is a mostly highland area with nutrient poor,
eroded soils [67]. In contrast, the Oromia (39.5% preva-
lence) and Benishangul-Gumuz regions (32.79% preva-
lence) are lowland forest and farming areas that should
have more iodine in the soil [68, 69]. The observed re-
gional variation in prevalence suggests that when rolling
out improved national iodization programs, SNNPR and
Ambhara may deserve special attention.

The prevalence of goiter among females was roughly
11 percentage points larger than that reported among
males. This finding is unsurprising as it is well estab-
lished in Ethiopian [20] and global studies [14] that
women have higher rates of goiter than men and that
this difference is most pronounced in iodine deficient
areas and among younger age groups, particularly
among those in late puberty [5, 6]. These sex differences
in goiter prevalence may be due to differences between
the sexes in levels of the hormones and sex steroids that
affect thyroid function. These differences may be par-
ticularly pronounced during puberty and menopause [5,
70]. Given young women’s relatively higher risk, stand-
alone, school- and community-based health education
and supplementation programs that target this popula-
tion may deserve consideration.

Our study also found that the consumption of vegeta-
bles and storing salt near to fires modestly increased the
odds of goiter among children, and that a family history
of goiter had a large estimated positive impact on the
odds of having goiter. The consumption of packaged vs.
loose salt had no significant association with goiter
among children.
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The findings on vegetable consumption are somewhat
expected as it has long been posited that consumption
of goitrogenic foods such as cabbage and cassava in-
crease concentrations of thiocyanate, which might inter-
fere with iodine transport [71]. Although recent
epidemiological and experimental studies provide little
evidence for this relationship (and may indeed suggest
that thiocyanate improves thyroid function) [72, 73], ani-
mal studies offer some support for the theory that high
consumption of goitrogenic foods might lead to
hypothyroidism. In animal studies, feeding cassava that
metabolized to thiocyanate in the absence of adequate
iodine supplementation causes hypo functioning of the
thyroid gland [74]. In recent physiological studies the
morphological changes after prolonged consumption of
goitrogenic foods were characterized by replacement of
colloid containing follicles with cuboidal cells with dis-
tinct nucleus that showed hypertrophy and hyperplasia.
These morphological changes were also accompanied by
inhibition of thyroid peroxidase and 5" monodeiodinase
with simultaneous decrease in serum thyroxine (T4),
and triiodothyronine (T3) levels. These anatomical and
physiological changes may lead to absolute biochemical
hypothyroidism [73-76].

Larger more robust studies of the risks associated with
diets that are extremely high in goitrogenic vegetables
and assessments of how these risks are balanced with
benefits may be warranted. Such studies would require
rigorous research designs to control for possible con-
founding between very high consumption of vegetables
such as cassava, which are staples of the poor during
times of food insecurity, and factors such as poverty that
might also be associated with low-iodine consumption
and other micro-nutrient deficiencies that exacerbate
IDDs.

We found that the prevalence of goiter was more pro-
nounced among families who stored salt near fires, OR =
1.41, but this estimate was not very precise as our confi-
dence interval ranged from 1.1 (almost no effect on the
odds of goiter) to 1.79 (almost double the effect). Other
studies have suggested that iodine concentration can be
significantly lower when salt was stored near a fireplace
before use [77] due to chemical changes that occur with
rapid evaporation [19, 78]. The consumption of pack-
aged salt had no significant association with goiter
prevalence. This finding was somewhat surprising, as, in-
tuitively one would assume that packaged salt would
have higher iodine content. However, other factors such
as duration of salt storage, and whether salt is covered in
storage might also affect iodine content and reduce the
importance of packaging. In short, the importance of
home storage and packaging practices in preventing goi-
ter is unclear. As a precaution, it may be useful to in-
clude instruction on salt storage in nutrition health
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education until the effects of storage on iodine defi-
ciency outcomes are better established.

The prevalence of goiter was significantly larger among
children who had a family history of goiter, OR =2.38
(95% CI: 1.90-3.99). This finding is expected as family
clustering of goiter has been common historically [79]. A
complex, “multifactorial” interaction of genetic and shared
environmental factors are thought to a explain higher
rates of goiter among people with a family history [79].

In our study, a risk of bias assessment showed that 13
(68.4%) studies had high quality scores and two (10.5%)
had moderate quality scores. Representation and case-
definition biases were the most commonly noted. To de-
termine the influence of low methodological quality/high
risk of bias on our estimates we estimated pooled preva-
lence without the low-quality studies. The confidence in-
tervals of our estimates of pooled prevalence with and
without these studies overlapped, indicating no signifi-
cant difference between them. These results suggest that
the majority of the primary study authors have met qual-
ity standards and lend credibility to our findings.

Limitations

Due to the absence of data, crude odds ratios were used to
estimate factors related to goiter, which prevented us from
excluding confounding factors. Our discussion of factors
associated with goiter would be best interpreted keeping
this important limitation in mind. In addition, although
we screened all of the studies in this review for quality, we
must note that most were published in very small journals
where it is difficult to gauge the quality of the peer review
process, and most had only modest quality scores.

Conclusion

This meta-analysis found that the prevalence of goiter
among children in Ethiopia is high, and that goiter may
be endemic in the country according to WHO criteria.
Goiter among children was significantly associated with
consuming vegetables three or more times per week, the
presence of family history of goiter, and storing salt near
a fire. Our results suggest that more attention should be
given to strengthening the government’s national salt
iodization program. Future research should investigate
household-level factors that contribute to high goiter
prevalence even when there is high coverage of ad-
equately iodized salt. In particular, additional research
on appropriate salt storage and the risks of consuming
goitrogenic foods require more robust investigation.

Appendix

PubMed Advanced Search Terms
(((((("epidemiology"[Subheading] OR "epidemiology"[All
Fields] OR "epidemiology"[MeSH Terms]) OR ("epide-
miology"[Subheading] OR "epidemiology"[All Fields] OR
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"prevalence"[All Fields] OR "prevalence'[MeSH Terms]))
AND ("goitre"[All Fields] OR "goiter"[MeSH Terms] OR
"goiter"[All Fields])) AND (associated[All Fields] AND
factors[All Fields])) OR (determinant[All Fields] AND
factors[All Fields])) AND ("child'[MeSH Terms] OR
"child"[All Fields])) OR ("child"[MeSH Terms] OR
"child"[All Fields] OR "children"[All Fields])) AND
("ethiopia"[MeSH Terms] OR "ethiopia"[All Fields])
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