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Abstract

Objective: Podoconiosis, one of the neglected tropical diseases (NTDs), affects barefoot people in impoverished regions
and contributes to poverty by having negative impacts on economic output, education, and disability. People who have
the disease waste nearly half of all of their productive workdays. There is limited evidence available on prevalence of
podoconiosis in sub-Saharan Africa (SSA). Therefore, the aim of this research was to determine the pooled prevalence of
podoconiosis in the SSA over the last |0years.

Methods: Studies were retrieved from PubMed, Embase, Web of Science, Scopus, Google Scholar, and Google by using
a combination of search terms with Boolean operators. All authors independently assessed each study’s quality using the
modified Newcastle—Ottawa Scale for cross-sectional studies. STATA Version 14 was used to conduct the statistical analysis.
The random-effect approach of meta-analysis was used. To test for heterogeneity, |-Squared (/%) statistics were employed
and sensitivity analysis with a leave-one-out was done.

Result: In this systematic review and meta-analysis, a total of 16 publications with 2,195,722 individuals were included.
The pooled prevalence of podoconiosis was 2.66 (95% confidence interval (Cl): 2.24, 3.10) with heterogeneity index (I?)
of 99.9%. Walking barefoot adjusted odd ratio (AOR) 5.35 (95% CI: 1.65, 9.05), p=0.001, not washing feet with soap and
water regularly AOR 2.8 (95% ClI: 1.16, 4.44, p=0.001), and an increased age AOR 2.23(95% CI: 1.25, 5.58) were factors
significantly associated with the prevalence of podoconiosis.

Conclusion: This study revealed that pooled prevalence of podoconiosis was considerable in SSA. Age, being barefoot, and
failing to wash one’s feet with soap and water have been identified to be factors that were significantly associated with the
prevalence of podoconiosis. Therefore, creating awareness on shoe wearing and providing shoes in communication with
supporting organizations in podoconiosis prevalent areas, and early diagnosis based on family history are needed for the
prevention of podoconiosis
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Introduction with perfect agreement on the disease’s occurrence in 6 of
them (Cameroon, Ethiopia, Kenya, Tanzania, Rwanda, and
Uganda), and substantial evidence in 4 others (Burundi,
Cape Verde, So Tomé and Prncipe, and Sudan).

Podoconiosis, one of the neglected tropical diseases (NTDs),
affects barefoot people in impoverished regions and con-
tributes to poverty by having negative impacts on economic
output, education, and disability.! It is a noninfectious type
of elephantiasis that affects persons who are barefoot and
have been exposed to red clay soil for a long time. It is prev-
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Podoconiosis is characterized by bilateral swelling below
the knee, which can be avoided and managed by putting on
shoes, regularly bathing the foot as well as applying antisep-
tics and emollients.>

Lymphatic filariasis and the non-filarial elephantiasis
known as podoconiosis are the two main kinds of elephantia-
sis. Podoconiosis is a nonparasitic illness, whereas lymphatic
filariasis is caused by parasitic worms.*

It is a condition that is caused by a combination of envi-
ronmental and inherited factors. There have been no reports
of any biological agents. There is a link between podoco-
niosis and regions of the genome frequently engaged in
T-cell driven inflammatory reactions as well as a height-
ened helper T-cell response in the lymph nodes of persons
with podoconiosis.’

Although the pathophysiology of the disease has not yet
been thoroughly researched, it is thought that it is brought on
by tiny dirt particles that penetrate the skin and cause the
lymphatic system to become irritated.®

The substances come into touch with the exposed skin
under the feet, ascend up to the lymphatic veins, obstruct
them, and cause an infection termed as podoconiosis.”®

The World Health Organization presently lists the condi-
tion as one of the NTDs in endemic areas.’’

Podoconiosis affects four million people worldwide,
with the majority of them living in highland regions of trop-
ical Africa, Central and South America, and various regions
of Asia.'®

Podoconiosis severely hampers sufferers’ human rights.
They are unable to exercise their right to the things they
require to live at a level of living sufficient for their health
and well-being. Social and economic prospects are eventu-
ally disrupted by failing to address health risks. Podoconiosis
puts a strain on patients’ social, psychological, and financial
well-being and causes them to miss work and work less
hours because of frequent acute bouts and anxiety about
being stigmatized. Podoconiosis consequently poses a seri-
ous danger to possibilities for career and education."
Podoconiosis has numerous negative consequences, such as
an immense economic and social challenge; it additionally
contributes to significant stigma at school, employment, or
the market, as well as marginalization from social ties like
marriage.?

Around half of the total productive workdays of those
who have podoconiosis are lost. Podoconiosis is predicted
to cost a population of 1.5million people US$16 million
per year in direct and productivity expenditures, putting a
US$208 million annual financial cost on Ethiopia.?!

Other than the economic and societal effects, compli-
cations are the most common side effects of podoconiosis.
People with podoconiosis scored significantly lower on
all quality of life measures in one SSA country, Ethiopia,
including hygienic circumstances, nutritional status, and
accessibility to shoes.?? Thus, these situations lead to
acute adenolymphangitis, one of the main consequences

of podoconiosis, which results in 149.5 days of lost activ-
ity each year.??

Podoconiosis patients face a significant level of prejudice
and discrimination in important spheres of life, including
marriage and work. Forced divorce affects the majority of
people, and breakups in marriage were highly common.?

In recent years, there have been a number of positive
advancements in the fight against podoconiosis. In four
endemic countries (Ethiopia, Uganda, Rwanda, and
Cameroon), national or local strategies have been launched
for the control and eradication of podoconiosis. Three nations
have finished their nationwide mapping of podoconiosis,**
and at least three others have made notable advancements in
their surveillance systems. Ethiopia has also improved the
availability of morbidity management services.?®

Despite various impressive achievements in reducing the
public health issue of podoconiosis in SSA, there are still a
number of significant obstacles that must be taken into par-
ticular account at the SSA regional and international level.
The challenges persist: an absence of a global strategy for
the control or elimination of podoconiosis exists;?° the dis-
ease is the least financed NTDs;* regarding new and
improved tools for podoconiosis prevention, control, and
eradication, there is a lack of innovation;?® and there is a
shortage in reliable data for decision-making to make the
best use of the resources at hand.?®

Hence, thorough data and ongoing updates on the dis-
ease’s burden are required to strengthen the current strategy
and create a fresh plan to end podoconiosis. The objective of
this study was to determine the pooled prevalence of podoc-
oniosis throughout the sub-Saharan Africa (SSA) over the
last 10 years.

Methods

Search strategy

Preferred Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines were followed. Search for published
articles was done by using different data bases. We searched
systematically data bases PubMed, Scopus, Web of sci-
ences, Embase, MEDLINE, Google Scholar and Google by
using terms “podoconiosis,” “non-filarial elephantiasis,”
“mossy-foot,” “epidemiology,” “prevalence,” “magnitude”
and the name of sub-Saharan countries by combinning the
boolean operator “OR” combined by or. Articles published
in English Language in the last 10years were searched.
With registration number (CRD42023392583), the study
protocol was submitted to and published in the PROSPERO
international prospective register of systematic reviews
(Supplemental Material 1). The PRISMA criteria were fol-
lowed for the literature search approach, study selection,
data extraction, and result reporting in this systematic
review and meta-analysis.?’ Endnote Version X7 Software
for managing references was used to download, arrange,
review, and cite linked publications.
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Criteria for article selection

Inclusion criteria. Articles published in English Language,
which assessed prevalence/magnitude of podoconiosis, arti-
cles published in the last 10years in member countries of
SSA (from 1 February 2012 to 1 February 2023) and cross-
sectional studies were included.

Exclusion criteria. Studies that were published in languages
apart from English were not included. Studies conducted on
podoconiosis but did not assess the prevalence/magnitudes
were also excluded. Case reports, review, methodologically
poor studies, and interventional studies were excluded from
this review.

Quality assessment of included studies

The modified Newcastle—Ottawa Scale (NOS) for cross-sec-
tional research was used to rate the quality of each study.*
The scale, which has eight categories, assessed the included
articles based on their selection, comparability, assessment of
their exposure, and their outcomes. The point score and inter-
pretation were as follows: Quality is rated from 0 to 5 as low
quality, 67 as moderate, and 8 and above being considered
high quality. We only incorporated items with a minimum
NOS rating of 6 (Supplemental Material 2). AA and EW eval-
uated the quality of each study using NOS. Researchers eval-
uated the titles and abstracts of the identified studies for their
suitability to the review and were checked and the full texts of
relevant articles were retrieved by TLA.

Data extraction and synthesis

Data extraction was done after the study search was com-
pleted. Each study was carefully read by AA and EW and the
figure of the prevalence/magnitude of podoconiosis, and fac-
tors associated were identified, and extracted to a prepre-
pared data extraction Excel sheet. After extracting data by
excel, they were exported to STATA Version 14.

Data analysis

Data analysis was conducted by STATA version 14. Funnel
plot was used for checking the publication bias of the stud-
ies via personal observation of authors and forest plot was
used for checking the analysis results briefly by using con-
fidence intervals. Random-effect model was used for the
estimation of pooled prevalence of podoconiosis.
Heterogeneity analysis test was done. Subgroup analysis
between countries was conducted and sensitivity analysis
of studies was tested.

Results

In the beginning, 637 studies were first gathered via manual
searching and database searches. Fifteen duplicates were

detected from this and eliminated. A total of 542 unrelated
studies were eliminated after screening based on their title
and abstract. The remaining 80 articles were evaluated for
suitability and 62 of them were excluded for not reporting
the wanted outcome, podoconiosis studies with no preva-
lence, or not primary studies. At the end, 16 articles met the
study’s inclusion requirements (Figure 1).

Features of the study

This systematic review and meta-analysis comprised a total
of 16 publications involving 2,195,722 people from four
SSA countries. All 16 studies included were cross-sectional
in design. The number of participants included in the sam-
ples varies throughout studies, from 366°! to 1,360,61232
participants. The highest numbers (nine) of studies were
included from Ethiopia and one study was obtained from
Rwanda. The lowest prevalence of podoconiosis (0.07% )
was reported in Rwanda,’? and the highest (6.3%) was
reported from Ethiopia®® (Table 1).

Prevalence of podoconiosis in SSA

The pooled effect size was calculated using a DerSimonian
and Laird random-effects model. Based on the estimate, the
pooled prevalence of podoconiosis among adults was 2.66
(95% confidence interval (CI): 2.21, 3.10) with heterogene-
ity index (/%) of 99.9% (p <0.001) (Figure 2).

Subgroup analysis

Subgroup analyses showed a substantial variation between
countries, highest prevalence of podoconiosis was 4.32 (95%
CI: 3.96, 4.68) and the lowest was (0.07, 95% CI, 0.07, 0.07)
seen in Ethiopia and Rwanda, respectively (Figure 3).

Heterogeneity and publication bias

We conducted a subgroup analysis based on the data from
this study to correct and reduce the reported huge heteroge-
neity among countries in SSA and conducted random-effect
model. To pinpoint the cause of heterogeneity, meta-regres-
sion employing sample size and publication year as covari-
ates was also carried out. According to regression, sample
size and year of publication have little impact on the degree
of heterogeneity between studies (Table 2). Egger’s test and
a funnel plot were used to visually and graphically assess
the presence of publication bias for included studies.’'#¢
Visual inspection of the funnel plot revealed an uneven dis-
tribution (Figure 4), which the Egger test revealed to be sta-
tistically significant (»p <0.001). The final effect size was
therefore calculated using trim and fill analysis with the
random-effects model (Figure 5). But utilizing the model, a
comparable effect magnitude was discovered. Additionally,
we performed sensitivity analysis by gradually deleting
studies to assess the impact of each study (Table 3).
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Figure |. PRISMA flowchart diagram of the study selection.

|dentification

Records identified through data base search of published and
unpublished studies, n=637

Screening

15 Duplicate articles identified and removed

Articles enrolled for titles and abstract screen n=622

Screening

542 articles are irrelevant/on other topics
and removed

Full — text articles assessed for eligibility, n=80

62 articles were excluded
» 32 articles did not report outcome of interest
* 3 articles reviews
e 27 due to exclusion criteria
« 2 methodologically poor studies

analysis

Finally, 16 articles were included in systematic review and meta-

Table I. Information about the articles that were included in the systematic review and meta-analysis of the prevalence of
podoconiosis in SSA in 2023 (n=2,195,722).

No Author’s name (reference) Publication year Country Study design Sample size Prevalence % (95% Cl)
l. Bekele et al®' 2016 Ethiopia Cross-sectional 366 3.05 (2.9, 3.2)

2. Deribe et al.? 2019 Rwanda Cross-sectional 1,360,612 0.07 (0.03,0.08)

3. Molla et al.® 2012 Ethiopia Cross-sectional 51,017 3.3(3.2,3.6)

4, Elias et al.>* 2016 Ethiopia Cross-sectional 1483 5.4 (4.3,6.7)

5. Dejene et al.*® 2019 Ethiopia Cross-sectional 652 6.3 (5.8, 6.8)

6. Ayele et al.3¢ 2013 Ethiopia Cross-sectional 6710 5.6 (5.1, 6.2)

7. Getie et al.¥ 2020 Ethiopia Cross-sectional 808 4.3 (12.83,20.17)
8. Getachew et al.’® 2022 Ethiopia Cross-sectional 683 6.2 (4.3, 8)

9. Deribe et al.¥ 2015 Ethiopia Cross-sectional 129,959 4(3.9,4.1)

10. Deribe et al.* 2018 Cameroon Cross-sectional 214729 0.41 (0.38, 0.44)
I1. Deribe et al.*! 2018 Cameroon Cross-sectional 10,178 0.5 (0.4, 0.7)

12. Waniji et al.*? 2018 Cameroon Cross-sectional 214,195 0.48 (0.46, 0.52)
13. Waniji et al.* 2016 Cameroon  Cross-sectional 56,479 1.9 (0.9,7.7)

14. Muli et al.* 2017 Kenya Cross-sectional 385 3.4 (0,18.8)

5. Sultani et al.*® 2021 Kenya Cross-sectional 6228 0.3 (0.1,0.5)

16. Deribe et al.* 2015 Ethiopia Cross-sectional 141,238 4(0.9,5.4)
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Figure 2. Forest plots showing the pooled prevalence of podoconiosis in SSA.

Factors associated with magnitude of
podoconiosis in SSA

To determine the variables associated with the prevalence of
podoconiosis in adults, eight variables were retrieved. From
these variables, three (barefoot, washing foot with soap and
water, and age) were found to be significantly associated
with occurrence of podoconiosis. Participants who walk
barefoot were 5.73 (95% CI: 2.49, 8.96), p=0.001 times
more likely to get podoconiosis (Figure 6).

This study revealed that participants who do not wash
their feet with soap and water regularly were 2.8 (95% CI:
1.16, 4.44, p=0.001) times more likely to acquire podoco-
niosis than participants who wash their feet with soap and
water (Figure 7).

The current study indicated that increased age has 2.23
(95% CI: 0.16, 4.3) times higher chance of getting podoco-
niosis than younger ages (Figure 8).

Because of significant heterogeneity in this study, we con-
ducted a subgroup analysis among SSA countries. There is
significant difference between prevalence of podoconiosis
among included countries in this study. The subgroup

analysis identified that Ethiopia had a high pooled prevalence
of podoconiosis, which is 4.32 (95% CI: 3.96, 4.68), and the
lowest prevalence was seen in Rwanda, 0.007. We also used
random-effect model to control heterogeneity. Publication
bias of the study was checked via Egger’s test and visual
inspection of funnel plots. Funnel plot showed that the
included studies had asymmetrical distribution, so that we
conducted trim and fill method.

Discussion

This study was conducted to determine the prevalence of
podoconiosis in SSA. The pooled prevalence of podoconio-
sis in SSA was 2.66 (95% CI: 2.21, 3.10). This finding is
comparable with single studies conducted in Ethiopia®® and
in Kenya.®® The current study finding is lower compared
to researches conducted in Ethiopia,3*3>383947-49 9 794
5.4%, 4.3%, 6.2%, 7.4%, 5.6%, and 5.1%, respectively.
The difference may be related to an overall steady rise in
practices of putting on footwear, improved availability of
sanitary tools such as soap, and growing knowledge of
broader social and hygienic aspects.
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Figure 3. Subgroup analysis of prevalence of podoconiosis by countries in SSA.

Table 2. Analysis of the factors influencing the between-study
heterogeneity using meta-regression.

Heterogeneity source  Coefficients  Standard error  p-Value
Publication year -0.196 0.16 0.24
Sample size -1.32 233 0.58

Concerning subgroup analysis, the highest prevalence of
podoconiosis was observed in Ethiopia and the lowest was in
Rwanda, this may be due to number of studies included from
Ethiopia is high, this may underestimate the prevalence of
podoconiosis in Rwanda.

According to the findings of this meta-analysis, the occur-
rence of podoconiosis was significantly associated with par-
ticipants’ age, going barefoot, and not washing one’s feet
with soap and water.

Funnel plot with pseudo 95% confidence limits

log plv

Figure 4. Funnel plot to test the publication bias in 16 studies
with 95% confidence limits.
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Figure 5. Filled funnel plot after adjusting for publication bias with 95% confidence limits.

Table 3. Sensitivity analysis of the combined prevalence for
removing each study one at a time.

Study omitted Publication year Estimate (95% ClI)

Ethiopia.**47 This may be the reality that washing the feet
regularly may help to remove any dust or other factors that
could otherwise produce a super infection.

This study showed that increased age has 2.23 (95% CI:

Bekele et al.' 2016 1.7 (0.77, 3.74) 0.16, 4.3) times higher chance of getting podoconiosis than
Deribe et al.*? 2019 1.99 (1.26,3.14) younger ages. This result is in line with research done in
Molla et al.3? 2012 1.54 (0.7, 3.39) Ethiopia*¢ and in Cameroon.® It is to be believed that as
Elias et al.** 2016 1.63 (0.74, 3.6) people get older, the likelihood of developing podoconiosis
Dejene et al.** 2019 1.64 (0.74, 3.6) rises, probably as a result of repeated exposure to irritated
Ayele et al.*¢ 2013 1.6l (0.73, 3.57) soil. Moreover, changes in shoe-wearing habits and cumula-
Getie et al.¥/ 2020 1.66 (0.75, 3.66) tive exposure to the alleged causes over a person’s lifetime
Getachew et al.*® 2022 .64 (0.74, 3.6) are potential contributing factors.

Deribe et al.” 2015 1.64 (076, 3.5) This analysis found that although podoconiosis is fre-
Deribe et al*® 2018 1.98 (081, 4.85) quent in SSA and has been documented by prior studies,
Deribe et al." 2018 192 (086, 4.27) many of these countries lack recent findings that indicate the
Wanji et al. 2 2018 1.94 (0.84, 4.52) .

Waniji et al# 2016 173 (079,379)  Prevalence of the condition.

Muli et al.* 2017 1.69 (0.77, 3.72)

Sultani et al.* 2021 1.99 (0.89, 4.44) Limitations

Deribe et al.* 2015 1.63 (0.76, 3.51)

This review revealed that study participants who walk
barefoot were 5.73 (95% CI: 2.49, 8.96), p=0.001 times
more likely to get podoconiosis than participants who wear
shoes. This finding is similar to studies conducted in
Ethiopia,3%3!343¢ Kenya,* and Cameroon.* This is because
walking bare foot exposes people to mineral particles and
this long-term exposure to mineral particles predisposes peo-
ple to develop podoconiosis.*

The current finding showed that participants who do not
wash their feet with soap and water regularly were 2.8 (95%
CI: 1.16, 4.44, p=0.001) times more likely to acquire podo-
coniosis than participants who wash their feet with soap and
water. This finding is comparable with studies conducted in

There are some limitations that need to be taken into account
in the future study even if this systematic review and meta-
analysis offers the most recent information regarding the epi-
demiology of podoconiosis in SSA. First, we could not find
studies from many of SSA countries except Ethiopia,
Cameroon, Rwanda, and Kenya, and generalizing the results
to the entire SSA countries may be challenging. Secondly,
we found high variability among the included studies and the
existence of publication bias; hence, the results must be
interpreted with caution

Conclusion

This study revealed the pooled prevalence of podoconiosis
in SSA was considerable. Most of the podoconiosis studies



8 SAGE Open Medicine

Authors %
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Figure 6. Pooled effect (adjusted odd ratio) of the association between walking on barefoot and occurrence in Ethiopia, 2023.

Authors *
Name Year AOR (95% CI), Weight
Elias A. e tal 2016 % 1.86(-0.81,4.53) 37.644
Dejene F.etaal 2019 [ * 3.68 (-0.08, 7.44) 19.02
Getie A. eta al 2020 * 3.87(0.01,7.73) 18.09
Getachew T.etaal 2022 * 2.77 (-0.49, 6.04) 25.25
Overall (I-squared = 0.0%, p = 0001) <\/\\/ 280 (1.16, 4.44) 100.00
NOTE: Weights are from random effects analysis

T
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Figure 7. Pooled effect (adjusted odd ratio) of the association between not washing feet with soap and water and occurrence of
podoconiosis among adults in Ethiopia, 2023.
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Figure 8. Pooled effect (adjusted odd ratio) of the association between increased age and occurrence of podoconiosis in Ethiopia,

2023.

were concenterated in two of SSA countries, such as
Ethiopia and Cameroon. Age, walking barefoot, and not
washing feet with soap and water were discovered to be
strongly linked to the prevalence of podoconiosis.
Therefore, creating awareness on shoe wearing and provid-
ing shoes in communication with supporting organizations
in podoconiosis prevalent areas, teaching the communities
about washing feet with soap and water, limiting the soil
contact with feet and early diagnosis based on family his-
tory are needed for the prevention of podoconiosis.
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