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Abstract

Background: Africa remains the epicenter of the global burden of malnutri-
tion and the only region the number of stunted children is on the rise. A ma-
jor cause of morbidity and mortality amongst children, it has been associated
with factors such as poverty, food insecurity, maternal education and so-
cio-economic inequalities. The role of research publication has been noted in
providing an important connection between knowledge creation and transla-
tion of evidence to practice. Therefore, to determine the trend and the efforts
put in place to eliminate malnutrition in the African region, bibliometric
analysis was used to cumulatively present research productivity. The aim of
this study was to assess childhood malnutrition research productivity in
Africa, quantifying gaps, the most significant factors associated with the cita-
tions and future bibliometrics study path. Methods: A search of the PubMed
database was conducted in December 2020 in order to obtain the childhood
malnutrition research volume of each African country over a twenty-year pe-
riod. The search was conducted and metadata of publications and articles ga-
thered from the PubMed database using the PubMedR package. A compara-
tive weighting for population and Gross Domestic Product (GDP) was done
by calculating the ratio of the number of articles from each country to their
respective populations and GDP. Poisson regression models were used to
examine the publication productivity time trends over the twenty-year pe-
riod. The association between research productivity, population size and
GDP were examined using the Pearson correlation analysis. Results: A total
of 11,758 articles on childhood malnutrition indexed on PubMed were re-
turned and described in this study. Six countries—South Africa, Ethiopia,
Egypt, Nigeria, Kenya and Malawi account for about half of total publica-
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tions. However, when controlled for population and GDP, much smaller
countries Cape Verde, Swaziland, Gambia were most productive. Africa’s rel-
ative share of the world’s total childhood malnutrition publication rose from
6.2% in 1999 to a record high of 12.3% in 2019. Across the top 10 most pro-
ductive countries by volume of research publication, there was a statistically
significant average annual percent change. There was a strong positive and
statistically significant correlation between total publications on childhood
malnutrition and countries’ population (r= 0.65, P < 0.01). We also observed
a strong positive and statistically significant correlation between total publi-
cations on childhood malnutrition and countries’ GDP (r = 0.60, P < 0.01).
Conclusion: Africa’s percentage share of the world’s childhood malnutrition
research output has experienced a steady improvement. There remains an
under-representation of the continent in research productivity. Populous
countries with relatively higher GDP had the most indexed articles, and much
smaller countries were more efficient in terms of research productivity rela-
tive to population size and GDP.
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1. Introduction

All Malnutrition remains a major cause of death and disease amongst children
globally. An estimated 52 million children less than 5 years suffer from malnu-
trition leading to a variety of morbidity conditions [1]. One in every ten children
suffer from low weight and about 45% of child deaths are associated with mal-
nutrition [2] [3]. Malnutrition includes severe hunger, undernutrition and obes-
ity which can jeopardize the life of a child even until adult stage [4] [5]. Studies
have shown that low birth weight and undernutrition were subsequently risk
factors for high glucose concentrations and increased blood pressure rate ob-
served at an adult stage [6].

Malnutrition arises as a result of insufficient or excess intake of nutrient or as
a result of imbalanced intake of adequate diet in the body. Malnutrition encom-
passes undernutrition (stunting, underweight, wasting) or inadequate micronu-
trient deficiencies such as lack of vitamins and minerals as well as obesity and
overweight [4]. This cuts across both developed and underdeveloped countries
therefore, the need to combat malnutrition is a major priority globally such that,
international policies and research are required to tackle the condition [1]. Al-
though concerted efforts have been made through investments in malnutrition
programs and research to reduce severe malnutrition especially in low- and
middle-income countries, it is still very much prevalent. Global trends show that
with the current level of efforts on tackling malnutrition, the world is not on
course to meet the Sustainable Development Goal-2 (SDG) (Zero hunger) target

for malnutrition [7].
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Several literatures have documented the factors associated with childhood
malnutrition which include poverty [7] [8], droughts [9], food insecurity, pa-
rental education, government policies, and socio-economic inequalities [10].
Additionally, other studies have found that factors such as household food inse-
curity, level of maternal education and no consumption of vitamin supplements
contribute to malnutrition [11]. Overall, poverty has been found to be the most
pervasive cause of childhood malnutrition [7] [11].

Child malnutrition is more prevalent in Africa and Asia than elsewhere glo-
bally [12]. However, Africa bears most of the burden of all malnutrition and it is
the only region where the number of stunted children is on the rise [4]. More
than one quarter of children less than 5 years live in Africa and high childhood
mortality is often associated with regions with severe malnutrition, with under-
lying malnutrition playing a main role in the risk of death [13]. Although other
developed regions like North America suffer from overweight, the number of
overweight children less than 5 years is gradually on the increase in Africa since
the year 2000, thereby presenting “double burden of malnutrition” in the region
(4] [14].

The role of research publication is important in providing an important con-
nection between knowledge creation, approval and utilization [15] [16]. Publica-
tions and their citations (bibliometric) are the most appropriate method for
quantitatively assessing scientific researches at several levels (global, institutional
and individual) and have been utilized by different researchers [17] [18] [19]
[20]. In order to determine the trend and the efforts put in place to eliminate
malnutrition in the African region by different studies and reviews, bibliometric
analysis will be utilized to cumulatively present research productivity of previous
studies and reviews in Africa from 1999-2019. Of importance in 1999 was the
launch of the public availability of the WHO Global Database on Child Growth
and Malnutrition which provides a compilation of standardized and comparable
nutritional survey results from around the world [21]. This will provide insight
regarding the history and growth of childhood malnutrition research in Africa.

Therefore, the aim of the study is to assess childhood malnutrition research
productivity in Africa, quantifying gaps, the most significant factors associated

with the citations and future bibliometrics study path.

2. Methods

2.1. Data Sources

A search of the PubMed database was conducted in December 2020 in order to
obtain the childhood malnutrition research volume of each African country over
a twenty-year period from 1st January 1999 till 31st December 2019. The search
was conducted using the R package and articles generated by specifying the
search parameters: search terms, place and year of publication. The search terms
used include “stunting [MeSH] OR stunting OR underweight [MeSH] OR un-
derweight OR undernutrition [MeSH] OR undernutrition”. The names of the
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countries were imputed in their different possible forms, for example, “Cape
Verde” = “Cape Verde OR Cabo Verde”. Some names of countries are also
names of parts of other countries, for example, Benin and Niger are names of
African Countries and names of places in Nigeria. To eliminate this error, requi-
site search command restrictions were written: “Benin” = “Benin NOT Nigeria”
and “Niger” = “Niger NOT Nigeria”.

The study used childhood malnutrition research articles indexed in the
PubMed database over the twenty-year period as proxy for total research prod-
uctivity in Africa. The total number of publications was the total number of ar-
ticles returned from the search indexed on PubMED for the twenty-year period.
A comparative weighting for population and Gross Domestic Product (GDP)
was done by calculating the ratio of the number of articles from each country to
their respective populations and GDP. The population and GDP estimates were
obtained from the World Development Indicators database of the world bank
[22]. Thereafter, three top 10 lists of countries with the highest absolute number
of publications, the highest number of publications relative to population and

GDP respectively were created.

2.2. Statistical Analyses

Poisson regression models were used to examine the publication productivity
time trends over the twenty-year period, with the absolute number of publica-
tions as the outcome variable and the year of publication as the predictor varia-
ble. This further confers the ability to calculate average annual percentage changes
across individual years of the twenty-year study period. The Poisson regression
fits the model as detailed below:

ln(p)=a+,3*(t)

From the foregoing, p equals number of articles per year, log is the natural
log, ais the intercept, S is the trend, and ¢ is the year—year starting from 1999.
Average annual percentage changes (AAPC) were calculated using the following
formula: AAPC =100 (exp( p ) —l) . The absolute and relative increases in the
number of publications on the subject matter between the beginning and end of
the search time period was also calculated:

Percent relative growth
number of publications in 2019

_ x100
number of publications in 2019 —number of publications in 1999

Further analysis of the change in trend per year was conducted by assessing
change over four 5-year periods (1999-2003, 2004-2008, 2009-2013 and 2014-2019).
In addition, the proportion of Africa’s research productivity in childhood mal-
nutrition as a share of world research output was calculated for each year as be-
low:

Annual Percent share of world’s research ouptut

number of articles from Africa 100

= X
total number of articles indexed in PubMed
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Thereafter, the association between research productivity and population size
was examined; and research productivity and GDP using the Pearson correlation
analysis method. For correlation analysis, the number of publications, popula-
tion size, and GDP were log transformed to linearise these associations. Data
were processed and analyzed with R, a free software environment for statistical
computing and graphics. The search was conducted, and metadata of publica-
tions and articles gathered from the PubMed database using the PubMedR
package.

3. Results

A total of 11,758 articles on childhood malnutrition indexed on PubMed were
returned using the search parameters and described in this study. The last year
(2019) of the twenty-year period had the highest research productivity with 1480
indexed articles, while 2001 was the year with the lowest research productivity
with 174 indexed articles. Over the twenty-year period, South Africa had the
greatest number of indexed articles (1876) accounting for 16% of the total in-
dexed articles, and Sao Tome and Principe with the least number of indexed ar-
ticles.

Africa’s relative share of the world’s total childhood malnutrition publication
rose from 6.2% in 1999 to a record high of 12.3% in 2019, with Africa’s lowest
world share proportions in 2001 (4.2%), 2006 (4.3%), 2004 (4.4%) and 2002
(4.6%) (Figure 1). Moreover, since 2009 Africa’s share of the world’s research
productivity in childhood malnutrition has not gone below 5.6%.

Table 1 below shows the ten top ranking countries with the most indexed ar-
ticles from the results of the search. These 10 countries account for over 60% of
the articles described in this study. Over the study period, all countries except
Guinea had a higher number of articles in 2019 compared to 1999. Similarly,
Guinea, Nigeria, South Africa and United Republic of Tanzania’s relative share
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Figure 1. Africa’s annual percent share of world’s research output.
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Table 1. Number of articles indexed by PubMed from top 10 countries, percentage of Africa publication, relative growth, and

Poisson regression analysis of annual percent change: 1999-2019.

Country 1999-2019
Guinea 379 (3.2)
Uganda 419 (3.6)

United Republic of Tanzania 429 (3.6)

Swaziland 516 (4.4)
Malawi 541 (4.6)
Kenya 722 (6.1)
Nigeria 789 (6.7)
Egypt 804 (6.8)

Ethiopia 910 (7.7)
South Africa 1876 (16.0)

1999 2019 Absolute growth (%) Relative growth (%) AAPC p-value
19 (8.4) 16 (1.1) 84.2 -15.8 1.9 0.031
3(1.3) 52 (3.5) 1733.3 1633.3 17.0 <0.001
11 (4.9) 57 (3.9) 518.2 418.2 13.3 <0.001
7 (3.1) 87 (5.9) 1242.9 1142.9 15.4 <0.001
3(1.3) 65 (4.4) 2166.7 2066.7 13.2 <0.001
5(2.2) 103 (7.0) 2060 1960 14.3 <0.001
19 (8.4) 86 (5.8) 4526 352.6 8.9 <0.001
9 (4.0) 109 (7.4) 1211.1 1111.1 16.0 <0.001
16 (7.1) 178 (12.0) 1112.5 1012.5 19.1 <0.001

38 (16.9) 233 (15.7) 613.2 513.2 11.5 <0.001

of indexed articles on childhood malnutrition in Africa decreased in 2019 com-
pared to their relative share in 1999.

When analyzed across five-year bands (Figure 2) for the top 5 ranked coun-
tries in malnutrition research, South Africa ranked 1* in childhood malnutrition
research in all the bands: 1999-2003, 2004-2008, 2009-2013 and 2014-2019. Ni-
geria ranked second from 1999 till 2013 and dropped to 5" in research produc-
tivity between 2014-2019. Guinea which was ranked 3 in research productivity
between 1999-2003 and dropped to 7, 10" and 14™ between 2003-2008, 2009-2013
and 2014-2019 respectively. Ethiopia’s relative rank in malnutrition research
productivity fluctuated from 4™ between 1999-2003, to 6™ between 2004-2008, to
5" between 2009-2013 and improved to 2™ between 2014-2019. Most significant
was the change in Egypt’s malnutrition research productivity ranking from 5%
between 1999-2003, to 4™ between 2004-2008 and 3™ between 2009-2013 and
2014-2019.

Among the bottom 5 ranked countries in malnutrition research productivity
between 1999-2003, Sao Tome and Principe ranked last (57"), moved to the
second to the last (56™), back to 57" and then up to 53" between 2003-2008,
2009-2013 and 2014-2019 respectively. Equatorial Guinea which ranked 56™
between 1999-2003 moved significantly up the ranking to the 44™ position be-
tween 2004-2008 and back to 56" between 2009-2013 and finally ranked 55
between 2014-2019. While Seychelles which ranked 55" between 1999-2003
moved downwards to 57" and upwards to 51* initially and finally 46" over five-year
bands, Mauritania which ranked 54" between 2009-2013 moved downwards to
55®, then upwards to 48" rank and ended as the bottom ranked country between
2014-2019. While Gabon which was ranked 52 between 1999-2003 had the
most significant change moving to 39" between 2004-2008, 40" between 2009-2013
and 45™ between 2014-2019.

Across the top 10 countries in Table 1, there was a continuous increase in
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Relative Rank of Childhood Malnutrition Research in Africa, 1999 - 2019
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Figure 2. Relative rank of childhood malnutrition research in Africa, 1999-2019.

research productivity in the twenty-year study period. Ethiopia (19.1%, P < 0.01)
Uganda (17.0%, P < 0.01) and Egypt (16.0%, P < 0.01) had the most significant
average annual percent change AAPC. Nigeria (8.9%, P < 0.01) and Guinea
(1.9%, P = 0.031) had the least significant average annual percentage change and
were the only two countries whose average annual percentage change were less
than 10%.

The map (Figure 3) below disaggregates research productivity over the twen-
ty-year study period into quintiles. Seven countries that had between 501 to 2000
publications overall were in the highest quintile, followed by 21 countries with
101 to 500 publications in the second quintile, then 9 countries with 51 to 100
publications in the third quintile, 15 countries with 11 to 50 publications in the
fourth quintile and 5 countries with 1 to 10 publications in the lowest quintile.

There was a strong positive and statistically significant correlation between

total publications on childhood malnutrition and countries’ population (r =
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Figure 3. Colour-coded map representing total number of indexed PubMed Publications.

0.65, P < 0.01) as evidenced in Figure 4. Countries with large populations such
as Nigeria, South Africa, Egypt, Ethiopia, and Kenya had the highest research
productivity when compared with population on the logarithmic scale, and
countries with much smaller populations like Sao Tome and Principe and Equa-
torial Guinea had the lowest research productivity when compared with popula-
tion on the logarithmic scale.

We also observed a strong positive and statistically significant correlation be-
tween total publications on childhood malnutrition and countries’ GDP (r =
0.60, P < 0.01) (Figure 5). Similarly, in Figure 5, same countries: Nigeria, South
Africa, Egypt, Ethiopia, and Kenya; with large populations had the highest re-
search productivity when compared with GDP on the logarithmic scale, and
countries with much smaller populations like Sao Tome and Principe and Dji-
bouti had the lowest research productivity when compared with GDP on the lo-
garithmic scale. We also noted a strong positive and statistically significant cor-
relation well as between countries’ GDP and population (r = 0.80, P < 0.01).

Although these countries: South Africa, Ethiopia, Nigeria, Kenya and Malawi;
with large populations account for about 40% of all the publications, much
smaller countries like Cape Verde, Swaziland, Gambia and Congo ranked 1%, 2nd)
3 and 4™ are among the top 10 countries (Figure 6) when the publications are
considered per million inhabitants, with Malawi (ranked 6") and South Africa
(ranked 7™) being the only exception. Guinea, Reunion, Botswana, and Sey-

chelles (ranked 5%, 8", 9™ and 10" respectively) complete the ranking of top 10
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Figure 5. Scatter plot showing the association between total PubMed publications for different countries in
Africa and the GDP of each country.

countries when the publications are considered per million inhabitants. Similarly,
Gambia, Cape Verde and Swaziland ranked highest for total number of publica-
tions on childhood malnutrition relative to GDP (Figure 7). In addition, Mala-
wi, Guinea, Reunion, and Congo also made the list of top 10 countries when to-
tal number of publications relative to GDP are ranked, with Guinea-Bissau, So-

malia and Central Africa Republic completing the list.
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Figure 7. Top 10 countries and their number of PubMed publications per US$1 billion GDP per
year during the period between 1999 and 2019.

4. Discussion

This study presents the findings of a bibliometric analysis of articles on child-
hood malnutrition with the objective of describing Sub-Saharan Africa’s re-
search productivity over a twenty-year period. PubMed was used as the source of
scientific information as it remains the optimal tool in biomedical electronic re-
search [23]. While both Scopus, Web of Science and Google Scholar offer some
advantages in journals breadth and citation analysis, PubMED remains the most

used resource and offers advantages including its utilization of MESH vocabu-
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lary and specification of retrieval parameters as well as its ease of use [23] [24].
We found in this study that South Africa remains the country with the highest
research productivity, similar to the findings in other studies [18] [20]. In addi-
tion, six countries—South Africa, Ethiopia, Egypt, Nigeria, Kenya and Malawi
account for about half of total publications and together with an additional four
countries (Swaziland, Tanzania, Uganda and Guinea) countries about 60% of
total publications. This skewed distribution in research productivity on the
African continent had been posited in earlier publications [20] [25].

Although Africa’s share of malnutrition research productivity grew relatively
steadily over the 20-year periods and particularly in the last 10 years, there re-
mains an under-representation of the continent in research productivity. It has
been argued that authors from rich countries with investments in research and
generation of new knowledge are at an advantage [26]. With only Seychelles
classified as a high-income country on the continent [22], researchers on the
continent face other challenges beyond funding such as infrastructural, human
and technical capacity [25] [26] [27] [28] [29]. Moreover, studies [30] [31] [32]
have documented the unbalanced composition of editorial and advisory boards
in medicine in favor of academics from developed countries. Often over-looked
is the donor agenda driven funding of research on the continent, which deter-
mines research specialization, partnerships and by extension publications [27]
[29] [33]. Authors of African origin also have limited access to international
journals and have been found to publish in local journals which are not usually
available in electronically accessible medical libraries and journals [26] [27] [29].
This point has been further buttressed by [33], which concluded that electronic
information sources and databases are not all encompassing of African biomed-
ical publications.

On the continent, we noted that countries with bigger GDP had higher quan-
tity of publications. In addition, same correlation exists between countries’ pop-
ulation and research productivity. Besides the fact that there is also a positive
and statistically significant relationship between GDP and population, the higher
research productivity from these more populous African countries with relative-
ly higher GDP (South Africa, Ethiopia, Egypt, Nigeria and Kenya) have been
previously examined and has been attributed to higher numbers of tertiary and
research institutions, journals and researchers across different specializations
[20] [25] [34] [35] [36] [37]. Instructively, we also observed that relative to
number of publications per million persons in a country, much smaller countries
(Cape Verde, Swaziland and Gambia) were ranked highest and the most produc-
tive. Same countries but in a different order (Gambia, Cape Verde and Swazil-
and) were ranked highest and the most productive when total publications are
compared relative to GDP.

Among the 10 countries with the most publications, Guinea, Nigeria, South
Africa and Tanzania had a relative lower proportion of publications at the end of
the study period compared to the beginning of the study period. When relative

ranking overtime of these countries with a lower contribution to total publica-
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tions in 2019 are assessed, South Africa’s position remained unchanged at 1st,
while Nigeria, Guinea and Tanzania’s relative ranks tanked from 2™ to 5", 3 to
14™ and 9™ to 10™ respectively. They all however had a significant increase in
average annual percentage change. Among these countries, only Guinea (fran-
cophone) and Egypt (Arabic-speaking) were not English-speaking countries, with
English widely spoken in Ethiopia and a medium of instruction in schools al-
though not an official language. The extent to which language played a role in
research productivity cannot be determined, however some researchers [25] [26]
[29] have argued that authors from non-English countries are at a publishing dis-
advantage with problems of presentation, writing style and language proficiency.
The search, aggregation and analysis conducted for this study were objective
and comprehensive to the authors’ best efforts. However, only relevant articles
indexed on PubMED which served as the sole source of scientific information
were included in the study. In addition, majority of the studies on PubMED are
in English Language, thereby possibly biasing the study findings. As had been
highlighted earlier, a number of research publications on the continent remain
inaccessible through electronic databases. Authors’ contribution attributions can
also be misleading as their addresses on research articles are reflective of their
respective institutions, organizations, affiliations or country of employment when

they may not necessarily be resident/citizens of the same.

5. Conclusion

This study quantitatively assessed childhood malnutrition research productivity
in Africa over a twenty-year period, with Africa’s percentage share of the world’s
research output experiencing a steady improvement. Populous countries with
relatively higher GDP had the most indexed articles, however a number of much
smaller countries were more efficient in terms of research productivity relative
to population size and GDP. Overall, while there were changes in relative rank of
countries overtime and proportion of total publications between 1999 and 2019,
there was a continuous increase in research productivity among the top 10 most
productive countries who account for about 60% of the total number of publica-
tions. As had been highlighted, a key to combatting childhood malnutrition is

addressing the social determinants of health: both a cause and consequence.
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