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Abstract

Background To reduce neonatal mortality, it is necessary to identify neonates with fetal malnutrition at birth using
the clinical assessment score (CAN score). Furthermore, comprehensive summary data that shows burden of fetal
malnutrition in Africa is scarce. As a result, this systematic review and meta-analysis aimed to assess fetal malnutrition
among newborns in Africa.

Method The PRISMA guidelines were used for this study. Articles were obtained from databases and websites. The
outcome of the study was fetal malnutrition, as determined using the CAN score. The meta-analysis of the primary
and secondary outcomes was performed using Stata version 18 statistical software. The pooled prevalence with a
95% Cl was estimated using the random effect method with the Der Simonian Liard model.

Results This meta-analysis and systematic review included 5356 newborns from 13 studies. The pooled prevalence of
fetal malnutrition (FM) among newborns diagnosed using the CAN score in Africa was 19% [95% Cl: 17, 22]. Based on
subgroup analysis by publication year, the lowest prevalence of fetal malnutrition 17% (95% Cl: 9-27) was observed

in the studies published in the years 2020-2023. Maternal and fetal factors were significantly associated with fetal
malnutrition.

Conclusion Nearly one-fifth of neonates delivered in Africa were found to have fetal malnutrition based on the
clinical evaluation of nutritional status. It has also been established that maternal malnutrition, a lack of proper
treatment during pregnancy, maternal malnutrition, and newborn morbidities were associated with fetal malnutrition.
To prevent fetal malnutrition, integrated efforts should be made for early maternal infection screening. Furthermore,
maternal nutritional therapy should be explored for malnourished pregnant women.

Keywords Fetal malnutrition, Newborns, Neonates, Africa

*Correspondence: 3Department of Psychiatry, School of Nursing and Midwifery, College of
Ibsa Mussa Health and Medical Sciences, Haramaya University, Harar, Ethiopia
ibsamussa93@gmail.com “Obstetrics and Gynecology, Menelik Hospital, Addis Abeba, Ethiopia
'School of Public Health, College of Health and Medical Sciences, °School of Medicine, College of Health and Medical Sciences, Haramaya
Haramaya University, Harar, Ethiopia University, Harar, Ethiopia

?School of Nursing and Midwifery, College of Health and Medical ®Department of Public Health, Rift Valley University, Harar, Ethiopia

Sciences, Haramaya University, Harar, Ethiopia

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-6318-4092
http://crossmark.crossref.org/dialog/?doi=10.1186/s12937-024-00989-3&domain=pdf&date_stamp=2024-9-6

Mussa et al. Nutrition Journal (2024) 23:102

Introduction

Fetal malnutrition (FM) is defined as the loss or failure
to acquire an appropriate amount of subcutaneous fat
and muscles during pregnancy [1]. Fetal malnutrition
is clinically distinguished by a variety of morphological
defects, including thinner hair, reduced buccal and glu-
teal fat pads, a sagging, wrinkled neck, and accordion
folds in the limbs. The nutritional status of newborns at
delivery reflects the state of intrauterine fetal feeding.
In undernourished babies, numerous systems are influ-
enced, including tissue form and composition, metabolic
processes, and enzyme activity [1, 2]. Newborns with FM
are at greater risk of developing both early adverse out-
comes (prematurity, hypoglycemia, hypothermia, convul-
sion, and low birth weight) [2] and late adverse outcomes
(neurological handicaps, mental retardation, learning
disorders, cardio-vascular diseases, and diabetic melli-
tus morbidities) [3, 4]. Whether or not they are small for
their gestational age, neonates with FM are more likely to
develop certain morbidities [5].

FM affects between 2% and 10% of all births worldwide,
with developing countries having the highest incidence
[6], On the other hand, the prevalence of fetal malnutri-
tion among newborns in Africa, as determined using the
CAN score, ranges from 13.5% in Nigeria [7] to 30% in
Egypt [8].

The intrinsic capacity for the growth of the fetus
and the mother’s ability to support that growth via
the placenta are the fundamental regulators of fetal
development. The mother offers substantially more
developmental support than the fetus requires, and the
fetus’s intrinsic ability dictates how much growth occurs
during and after pregnancy [5, 9]. FM can be caused by
poor maternal nutrition, the mother’s inability to digest
and transmit sufficient nutrients, a decreased vascular
and placental supply of nutrients to the fetus, and an
increase in fetal demand due to rapid growth [10]. There
is evidence that maternal risk factors for fetal malnutri-
tion include advanced age, weight, height, parity, hyper-
tension, poor obstetric history, antepartum hemorrhage,
maternal illnesses, alcohol use, smoking, pre-pregnancy
weight, and high altitude [5, 11, 12].

It is necessary to diagnose fetal malnutrition at deliv-
ery in order to identify neonates who are more vulner-
able. The government might then use this information
to design policies and undertake early interventions to
reduce the morbidity and mortality rates associated with
FM. Despite some national studies in various parts of
the continent, there is no systematic review and meta-
analysis study done on FM among newborns in Africa.
The prevalence of FM varied significantly throughout
these country-wide investigations. Hence, the current
study was devoted to performing a systematic review
and meta-analysis on fetal malnutrition among neonates
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in African countries, considering socioeconomic indices
and maternal factors precipitation in Africa.

Methods
Protocol and eligibility criteria
This review was conducted to determine the overall
prevalence of fetal malnutrition and associated factors
among neonates in Africa based on the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline [13] [additional file 1].

Studies fulfilling the following eligibility criteria were
considered in this study:

Populations Newborns with their mothers in Africa.

Exposure Factors associated with fetal malnutrition or
determinants or risk factors of fetal malnutrition (such as
sociodemographic characteristics, maternal nutritional
status, socioeconomic factors, maternal health condi-
tions, access to antenatal care). The comparators are new-
borns/mothers without identified risk factors for fetal
malnutrition.

Context Studies conducted in African countries.
Outcome Fetal malnutrition.

Study design Observational studies such as cross-sec-
tional, cohort, and case-control studies that examined
fetal malnutrition.

Furthermore, studies using clinical assessment of nutri-
tion (CAN score) were included. All full-text papers were
written in English and published from inception until
June 18, 2023. Case series, reports, reviews, commentar-
ies, and editorials were excluded from this review.

Data sources and search strategy

The articles for this review were found using a combina-
tion of Boolean logic operators (AND, OR, NOT), Medi-
cal Subject Headings (MeSH), and keywords in electronic
web-based searches on PubMed, EMBASE, Google
Scholar, MEDLINE, SCOPUS, and Google Search. The
search strategy for advanced PubMed includes fetal
malnutrition “[All Fields] OR “fetal nutrition disorders
“[MeSH Terms]. OR (“fetal” [All Fields] AND “nutrition”
[All Fields] AND “disorders” [All Fields]) OR “fetal nutri-
tion disorders” [All Fields] OR (“fetal” [All Fields] AND
“malnutrition” [All Fields]) OR “fetal malnutrition” [All
Fields]. Additionally, the above keywords were used to
search articles using the names of each of the countries
on the African continent in legitimate databases, web-
sites, and institutional repositories.
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Study selection

The database search results were consolidated, and dupli-
cate articles were manually removed using the reference
management application (Endnote version X8 ). The
titles and abstracts of the papers were then carefully eval-
uated. Two writers (TG and AE) independently reviewed
the full texts of the remaining publications to determine
their eligibility based on predetermined inclusion and
exclusion criteria. The objectives, methodology, popula-
tion, and significant findings (prevalence/magnitude of
FM and factors associated with/predictors/determinants
of FM in Africa) of the full-text studies in English were
then reviewed further. The two writers came to a logical
agreement to handle any questions that developed during
the extraction process, and the final agreement was final-
ized with the assistance of the author (AD).

Data extraction

After locating relevant papers, the authors (TG and AE)
extracted the data independently. Using a pre-defined
Microsoft Excel 2016 sheet, data was retrieved from
selected studies under the headings of author and year,
region, setting, study design, sample size, study subject,
data collection techniques, the principal result of inter-
est, and determining factors. The accuracy of the data
extraction was checked by comparing the results pro-
duced by the two writers. The quantitative information
from the included articles was extracted, which included
the overall sample size (N), frequency of occurrence (n),
and effect size.

Data item

The outcome variable of interest was fetal malnutrition.
In this study, using the CAN score, a systematized obser-
vation of the characteristics of nine superficial physical
parameters, including hair and buccal fat in the cheeks,
chin, neck, arms, back inter or subscapular skin, but-
tocks, legs, chest, and abdominal wall skin, fetal malnu-
trition was diagnosed. The maximum and minimum total
scores are 36 and 9, respectively. The severity of these
symptoms was graded from 1 (worst, severe fetal malnu-
trition) to 4 (best, well-nourished). A score of <25 was
deemed clinical confirmation (CAN score) of fetal mal-
nutrition in gestation [6].

Methodological quality of studies

To assess the methodological quality of observational
research (cross-sectional, case-control, and cohort stud-
ies), Newcastle-Ottawa Scale (NOS) for assessing the
quality of non-randomized studies in meta-analyses tool
was used [14]. The included studies’ methodological
validity and the quality of their conclusions were scruti-
nized. The writers (TG, IM, AD, LD, and AE) indepen-
dently assessed the quality of each study. The mean score

Page 3 of 10

of the two authors was utilized to make the final decision.
To resolve the differences regarding the inclusion of the
research, a consensus was established. Based on their
performance against each tool indicator, the included
studies were categorized as high, moderate, or low qual-
ity. Good quality is defined as 80% or more, moderate
quality as 60—-80%, and low quality as below 60%. The
quality scores of the 13 studies ranged from 60 to 90%,
with most studies (8 studies) scoring 90%. All 13 stud-
ies were considered of adequate quality for inclusion in
the analyses. A critical appraisal is used to assess internal
validity (systematic error) and external validity (general-
izability) and to reduce the possibility of biases.

Statistical analysis

Statistical analysis was conducted using the STATA ver-
sion 18 statistical software. The meta-analysis data dem-
onstrating the prevalence of fetal malnutrition in Africa
were presented using forest plots. A meta-analysis of the
fetal malnutrition was performed using a random effects
model using the Der Simonian Liard method of analysis
to reduce the heterogeneity of the included studies [15].
Subgroup analyses were also performed based on years
of publication and countries. A meta-regression analysis
was also performed to determine the causes of research
heterogeneity. Furthermore, we also assess the source of
heterogeneity using Galbraith plot. A meta-analysis of
observational studies was performed based on the rec-
ommendations of the I? statistic given by Higgins et al.
[16] (an I? of 75/100% and above, implying considerable
heterogeneity). To identify potential publication bias,
we utilized Egger’s regression test, trim fill analysis, and
visual evaluation of a funnel plot [17]. Sensitivity analysis
was performed to identify the effect of a single study on
the overall estimate and to identify outliers.

Results

Search finding and risk of bias assessment

A total of 1430 articles were found in databases (1423)
and websites (7). Using ENDNOTE and visual inspec-
tion, 48 publications found from databases were
removed from all identified studies due to duplication.
The remaining 1375 studies were then maintained and
screened based on title and abstract. After being vetted
based on titles and abstracts, 1339 were eliminated. From
articles obtained from websites (7), four were eliminated
after screened by title and abstract. Thirty-six (36) papers
from databases and 3 articles from websites, a total of 39,
were considered eligible. A total of 26 studies obtained
from both databases and websites were removed because
they measured child malnutrition and were done outside
the region. Finally, the systematic review and meta-anal-
ysis comprised 13 observational studies from Ethiopia,
Nigeria, and Egypt that met the inclusion criteria (Fig. 1).



Mussa et al. Nutrition Journal (2024) 23:102

Page 4 of 10

[ Identification of studies via databases and registers ] [ Identification of studies via other }
- Records identified from*:
o Databases (n = 1423)
= (PubMed=66), (Science Records removed before
g direct=682) (| ) 3 Records identified from:
= Google Scholar=652), Duplicate records Websites (n =7)
23 (Scopus=10), and removed (n =48)
- (MEDLINE=7)
— :
Records screened Records excluded™
(n=1375) I (n=1339)
Reports sought for retrieval i Reports sought for Reports not
- n 536) g —» (Rnezg;‘ts not retrieved refrleval ¥ retrieved
2 (=D (n=0)
o
o
¢ ! v
@ Reports excluded:
R ts luded:
Refcarés assessed for eligibility _ stu?lef ?ssessf:\yd ep;L;::%:éﬁ N aR:::sr;id Tor:
(n=36) bmg nut '3," o=17) present the outcome eligibility
eing studies of interest (n =2) (n=3)

conducted outside the
study area (n=7)

k4

Studies included in review

(n=13)

([ nctuded ] (

Fig. 1 PRISMA 2020 flow diagram for systematic reviews and meta-analysis on fetal malnutrition among neonates in Africa, 2023

A thorough review of the included research across eight
domains yielded high-quality scores.

Characteristics of included studies

This systematic review and meta-analysis comprised 13
observational studies (cross-sectional and cohort stud-
ies) investigating fetal malnutrition among African neo-
nates. The listed researches were published between 2007
[18] to 2023 [19]. Of all studies, three-fourths (77%) were
from Western Africa [5, 18, 20-27], two studies from
Eastern Africa [19, 28], and one study from Northern
Africa [8]. All the included studies were observational (9
cross-sectional and 4 cohort studies). The sample size of
the included studies ranged from 260 in a study done in
Nigeria [21] to a maximum of 1592 in a study conducted
in Ethiopia [28]. A total of 5356 newborns were included
in this systematic review and meta-analysis. CAN score
used in all studies to diagnose fetal malnutrition after
delivery in hospital settings. Table 1 summarizes the
main characteristics of the papers included in this sys-
tematic review and meta-analysis.

Meta-analysis of prevalence of fetal malnutrition
diagnosed using CAN score

All of the thirteen studies report the prevalence of fetal
malnutrition (FM) among newborns after delivery. The
prevalence of FM ranges from 12% in a study done in
Ethiopia by Sume BM et al. to 30% in Egypt by Rushid,
2018. The pooled prevalence of FM among newborns
diagnosed by CAN score in Africa was 19% [95% CI: 17,
22] and heterogeneity; tau’<0.01, 1>=83.21%; overall
effect z=24.64 (p<0.001) (Fig. 2).

Subgroup analysis of fetal malnutrition

Based on subgroup analysis by the subcontinent where
the studies were conducted, the lowest prevalence of FM
among newborns 17% (95% CI: 9-27) and 19% (95% CI:
16-21) were observed among studies conducted in the
eastern African countries (Fig. 3).

Based on subgroup analysis by publication year, the
lowest prevalence of FM among newborns 17% (95% CI:
9-27) was observed in the studies published from 2020
to 2023 (Fig. 4).

Publication bias

To observe publication bias, a visual inspection of the
funnel plot was carried out. It shows that there is no
one-sided view of the funnel plot but there are outliers
on the right side of the plot (Fig. 5). Egger’s test showed
that there was no small study effect on the estimate
(P=0.743). Furthermore, Trim fill analysis also showed
no difference in observed or combination of observed
and imputed effect size estimates in the random effect
model utilizing Der Simonian Liard (additional file 2).

Multivariate meta-regression

Because there was statistically significant heterogene-
ity and the I-square test statistics were less than 0.001,
a meta-regression analysis was performed. The aim of
the analysis was to identify the source of heterogene-
ity so that the findings could be correctly interpreted.
The meta-regression analysis showed that there were no
significant variables identified that explain the source of
heterogeneity. The study level covariates such as sample
size and publication year of included studies were not
statistically significant. As a result, the heterogeneity can
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Table 1 (continued)

Prevalence Factors

(%) along

Outcome

Sam-
ple

Data collection
method

Study Diagnostic
tool

Design

Setting

No Authorand Country

subject

Years

with 95% Cl

16.7

size
300

Clinical assessment

and interview

Clinically

Newborn
and their
mother

Hospital-Based Cohort

Nigeria

Josiah AE et
al, 2018
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hypozincemia

233

386

Clinical assessment

and interview

Clinically

Newborn
and their
mother

Hospital based  Cross sectional

Nigeria

Bolaji OB
2015

11

24.6

260

Clinical assessment
and record review

Clinically

Hospital based  Cross sectional Newborn

Nigeria

SafiyaYK,
2015

12

and mothers
Newborn

Morbidity 17

300

Clinical assessment,

Clinically

Hospital based  Cross sectional

Nigeria

Opara p,
2019

13

and weight
gain in FM
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be explained by aspects that these studies did not account
for (Table 2).We also run the Galbraith plot (Fig. 6) to
find the cause of heterogeneity. There were no studies
found outside of the 95% confidence interval.

Systematic review of factors
Of the total studies, seven articles report factors asso-
ciated with fetal malnutrition among newborns in
Africa [5, 18, 19, 24, 26-28]. Of the reported factors,
fetal factors were significantly associated with fetal
malnutrition. Placental weight below 519 g was signifi-
cantly associated with fetal malnutrition, as reported
by two studies in Ethiopia [19, 28]. A small gestational
age was also found to be significantly associated with
fetal malnutrition, as reported by studies done in Ethi-
opia [28] and Nigeria [24]. Other reported fetal factors,
including prematurity, post maturity, low birthweight,
respiratory distress syndrome, asphyxia, neonatal sep-
sis, and meconium aspiration syndrome were signifi-
cantly associated with fetal malnutrition [18, 19].
Maternal factors were significantly associated with
fetal malnutrition. Lack of antenatal care follow-up
significantly associated with the nutritional status of
the fetus, as reported by studies in Ethiopia and Nige-
ria [5, 19]. Maternal infections, including malaria, were
found to be associated with fetal malnutrition [5, 27].
Other maternal factors such as intimate partner vio-
lence, folic acid supplementation, dietary counseling,
maternal nutritional status, younger age, pregnancy
complications (antepartum hemorrhage and hyperten-
sion), and low levels of zinc were also associated with
fetal malnutrition among newborns in Africa [5, 26,
27].

Sensitivity analysis

Sensitivity analysis was assessed using a leave-one-out
meta-analysis using the Der Simonian Liard method
to determine the effect of a single study on the meta-
analysis results and to identify outliers if they existed.
As shown in the figure (Fig. 7), there was no significant
difference observed when the outliers and inliers were
removed.

Discussion

This meta-analysis study demonstrated that the over-
all pooled prevalence of fetal malnutrition was 20% in
African countries. The study findings showed a com-
parable magnitude of fetal malnutrition of 19.6% [29]
and 16.3% [30] in different countries. Unfavorable fetal
nutritional status can be caused by a variety of factors,
including maternal body mass before and during preg-
nancy, placental weight below 519 g, and small gesta-
tional age [31]. Moreover, the government’s and other
stakeholders’ nutrition intervention differences across
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Fig. 3 Subgroup analysis of the pooled prevalence of fetal malnutrition

among newborns in Africa based on region, 2023

countries can vary the level of fetal malnutrition bur-
den from country to country [32, 33]. The present

Freeman-Tukey's p

Fig. 5 Funnel plot of fetal malnutrition

using CAN score in Africa, 2023

Table 2 Bivariate and multi variate meta-regression analysis to check heterogeneity, 2023

among newborns diagnosed

Variables Coefficients Standard error p 95% Cl

Publication year @ -0.0012474 00.0031285 0.698 -0.0082181,0.0057233
Sample size 0.0000123 0.0000411 0.772 -0.0000794, 0.0001039
Publication year ° -0.0017293 0.0034609 0.629 -0.0095583, 0.0060997
Sample size b 0.0000194 0.0000455 0.679 -0.0000834, 0.0001223

a=bivariate meta regression, b=multivariate meta regression
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Fig. 6 Galbraith plot of fetal malnutrition among newborns diagnosed
using CAN score in Africa, 2023

Proportion
Omitted study with 95% CI p-value
TesfaD, et al . 0.19[0.16, 0.22] 0.000
Sume BW et al - 0.20[0.17, 0.23] 0.000
Adebami OJ et al p 0.19[0.16, 0.22] 0.000
Ezenwa, B.N - 0.20[0.17, 0.23] 0.000
Ezenwa B - 0.20[0.17, 0.23] 0.000
Adebami OJ et al . 0.19[0.16, 0.22] 0.000
Tongo OO et al - 0.19[0.16, 0.22] 0.000
Rushid e 0.18[0.16, 0.21] 0.000
Josiah AE et al - 0.19[0.17, 0.22] 0.000
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Safiya YK . 0.19[0.16, 0.22] 0.000
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Fig. 7 Leave one out meta-analysis of fetal malnutrition among new-
borns diagnosed using CAN score in Africa, 2023. REML =restricted maxi-
mum likelihood

figure is lower than the one provided by India, which
was 76.5% fetal malnutrition [34]. This finding demon-
strated that the risky level differential between moth-
ers and the variation in community-level poverty could
cause these conclusions to diverge [35].

It has been demonstrated that fetal malnutri-
tion in Africa is associated with several fetal factors.
According to the review results of our study, prema-
turity, post maturity, low birth weight, respiratory
distress syndrome, asphyxia, neonatal sepsis, meco-
nium aspiration syndrome, and hypoxia have all been
connected to FM. Reports on similar discoveries on
other continents [36, 37]. This implies that malnour-
ished newborns are more likely to encounter neuro-
developmental difficulties, illness, and mortality, all
of which harm the current national and global goal
of reducing neonatal mortality by 2030 [38]. Similar
to this, post-maturity, small gestational age, and neo-
natal sepsis were all reported to be related to FM in
this study. Thus, growth monitoring, follow-up, and
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prompt intervention for any newborn problems are all
necessary for the reduction of neonatal morbidity and
mortality [39]. Furthermore, infants with intrauter-
ine growth retardation needed to have their develop-
ment regularly noted as being less favorable than that
of children with proper intrauterine growth before the
introduction of intense prenatal and postnatal care, as
well as early and high-calorie feeding [29].

Maternal variables such as a lack of antenatal care,
malaria infection, intimate partner violence, folic acid
supplementation, dietary counseling, maternal nutri-
tional status, younger age, pregnancy complications
(antepartum hemorrhage and hypertension), and low
levels of zinc were also linked to FM in Africa. A previ-
ous study [29] also supported the finding that mater-
nal factors contributed to FM. Because implementing
and ensuring utilization of maternal health care ser-
vices has the potential to be one of the most effective
health interventions for preventing maternal and neo-
natal morbidity and mortality, care during pregnancy
(increased coverage with care must be accompanied
by improved quality of care to truly influence health
outcomes) and maternal health conditions are critical
indicators for fetal and neonatal health [40, 41]. Addi-
tionally, maternal health care provides opportunities
for providing medical advice and assistance that can
greatly improve the overall well-being of women and
their unborn children [42]. So, this finding suggests
that there is a need to improve the quality of maternal
health care services and maternal health.

Strengths and limitations of the study

The study’s strength is that the publications were found
on various websites and institutional repositories.
Another strength is that, to the investigators’ knowledge,
it is the first SRM on fetal malnutrition diagnosed using
the CAN score. The study’s limitations include that only
the English language was considered for the search of
articles.

Conclusion

Using clinical assessment of nutritional status, almost
one-fifth of newborns delivered in Africa were identified
as having fetal malnutrition. It has been established that
maternal malnutrition, a lack of proper treatment during
pregnancy, maternal malnutrition, and newborn morbid-
ities associated with fetal malnutrition. To prevent fetal
malnutrition, integrated efforts should be made for early
maternal infection screening. Furthermore, maternal
nutritional therapy should be explored for malnourished
pregnant women.



Mussa et al. Nutrition Journal (2024) 23:102

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512937-024-00989-3.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
We would like to express our sincere gratitude to Haramaya University for
supporting us in writing this work.

Author contributions
IM, AD, MB, BG, LD, MG, ADw, FM, AB, HF and AE wrote the main manuscript
text and prepared figures. All authors reviewed the manuscript.

Funding
The study’s design, data collection, analysis, and interpretation, as well as the
development of the paper, are all independent of the sponsor.

Data availability
In this study, all pertinent information is given. However, the corresponding
author will provide more information upon reasonable request.

Declarations

Ethical approval
Not applicable.

Consent to publish
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 20 July 2023 / Accepted: 22 July 2024
Published online: 06 September 2024

References

1. Metcoff J. Clinical assessment of nutritional status at birth: fetal malnutrition
and SGA are not synonymous. Pediatr Clin North Am. 1994;41(5):875-91.

2. Korkmaz A, et al. Fetal malnutrition and its impacts on neonatal outcome in
preterm infants. Turk J Pediatr. 2011,53(3):261-8.

3. Kim'S, Fleisher B, Sun JY. The long-term health effects of fetal malnutrition:
evidence from the 1959-1961 China great leap forward famine. Health Econ.
2017,26(10):1264-77.

4. Fall CH. Fetal malnutrition and long-term outcomes, in Maternal and Child Nutri-
tion: The First 1,000 Days. 2013, Karger Publishers. pp. 11-25.

5. Adebami OJ, Oyedeji GA, Owa JA, Oyelami OA. Maternal factors in the etiol-
ogy of fetal malnutrition in Nigeria. Pediatr Int. 2007;49(2):150-5. https://doi.
org/10.1111/j.1442-200X.2007.02328 x.

6.  Crosby WM. Studies in fetal malnutrition. Am J Dis Child. 1991;145(8):871-6.

7. Ezenwa BN, et al. Comparative study of Clinical Assessment of Nutritional
status score and proportionality indices in the assessment of fetal malnutri-
tion in term newborns. Nigerian Med Journal: J Nigeria Med Association.
2016;57(2):124.

8. RushdiR, et al. Fetal malnutrition: a Multicenter cross-sectional study in
Egypt. Am J Perinatol. 2018;35:01.

9. Janardhan AM, Alok S, Janardhan L. Detection of fetal malnutrition and its
associated maternal factors in a rural setting 2020.

10.  Dastgerdi RC et al. Assessment of fetal malnutrition based on the CANSCORE
Index and Anthropometric Indices. J Nutr Fasting Health, 2022. 10(1).

11, Bolaji O, et al. Maternal serum zinc levels and fetal malnutrition of term
babies in Nigeria. Pakistan J Nutr. 2016;15(7):673-9.

12. Garcfa-Contreras C, et al. Fetal growth-retardation and brain-sparing by
malnutrition are associated to changes in neurotransmitters profile. Int J Dev
Neurosci. 2017,57:72-6.

20.

21.

22.

23.

24.

25.

26.

27.

29.

Page 9 of 10

Moher D, et al. The PRISMA Group. Preferred reporting items for sys-

tematic reviews and metaanalyses: the PRISMA statement. PLoS Med.
2009;6(6):21000097.

Luchini C, et al. Assessing the quality of studies in meta-analyses: advan-
tages and limitations of the Newcastle Ottawa Scale. World J Meta-Analysis.
2017:5(4):80-4.

Morgan ROBINS-E, Rooney R, Taylor A, Thayer K, Silva K, Lemeris R, Akl C,
Arroyave A, Bateson W, Berkman T, Demers N, Forastiere P, Glenn F, Hrébjarts-
son B, Kirrane A, LaKind E, Luben J, Lunn T, McAleenan R, McGuinness A,
Meerpohl L, Mehta J, Nachman S, Obbagy R, Connor J, Radke A, Savovi¢

E, Schubauer-Berigan J, Schwingl M, Schunemann P, Shea H, Steenland B,
Stewart K, Straif T, Tilling K, Verbeek K, Vermeulen V, Viswanathan R, Zahm

M. S, Sterne J). Risk Of Bias In Non-randomized Studies - of Exposure (ROBINS-E).
Launch version, 20 June 2023. 2023.

Higgins JPT, et al. Measuring Inconsistency meta-analyses.
2003,327(7414):557-60.

Lin L, Chu H. Quantifying publication Bias in Meta-Analysis. Biometrics.
2017;74(3):785-94.

Adebami OJ, et al. Prevalence and problems of foetal malnutrition in term
babies at Wesley Guild Hospital, South Western Nigeria. West Afr J Med.
2007;26(4):278-82.

Sume BW. Fetal malnutrition and associated factors among newborn babies
delivered at Debre Markos Comprehensive Specialized Hospital, Ethiopia. Int
J Afr Nurs Sci. 2023;18:100543.

Adebami OJ, Owa J. Comparison between CANSCORE and other anthropo-
metric indicators in fetal malnutrition. Indian J Pediatr. 2008;75:439-42.
Yahaya-Kongoila S. Prevalence and risk factors for fetal malnutrition in new-
borns in University of llorin Teaching Hospital, llorin. Faculty of PAEDIATRICS;
2015.

Tongo OO, et al. Static skinfold thickness in African newborns as an index of
fetal nutritional assessment. Paediatr Int Child Health. 2013;33(3):161-4.
Josiah AE, Opara PI, Nte AR. Prevalence of and risk factors for fetal malnutri-
tion in term babies delivered at a Tertiary Hospital in Southern Nigeria. J Clin
Neonatology, 2018. 7(1).

EZENWA BN. Determination of fetal malnutrition in term and preterm
neonates at the Lagos University Teaching Hospital using CANSCORE and
anthropometry. Faculty of PAEDIATRICS; 2012.

Ezenwa B, et al. Comparative study of Clinical Assessment of Nutritional sta-
tus score and proportionality indices in the assessment of fetal malnutrition
in term newborns. Nigerian Med J. 2016,57(2):124-8.

BOLAJI OB. FETAL MALNUTRITION AND MATERNAL SERUM LEVELS OF ZINC
AT IDO-EKITI, SOUTHWESTERN NIGERIA. Faculty of PAEDIATRICS; 2015.
Adebami OJ, et al. Associations between placental and cord blood malaria
infection and fetal malnutrition in an area of malaria holoendemicity. Am J
Trop Med Hyg. 2007;77(2):209-13.

Tesfa D, Teshome F, Ambaw B. Fetal Malnutrition and Associated Factors among
Term Newborn Babies at Birth in South Gondar Zone Hospitals, Northwest Ethio-
pia International Journal of Pediatrics, 2021. 2021.

Deodhar J, Jarad R. Study of the prevalence of and high risk factors for fetal
malnutrition in term newborns. Ann Trop Paediatr. 1999;19(3):273-7.
Natarajan 'V, et al. Maternal and placental risk factors for small gestational age
and fetal malnutrition. Curr Pediatr Reviews. 2023;19(2):187-96.

Sebastiani G, et al. Eating disorders during Gestation: implications for Moth-
er's Health, fetal outcomes, and epigenetic changes. Front Pediatr. 2020;8:587.
Kerr K, et al. Differences in Nutrition interventions among malnourished hos-
pitalized patients. Curr Developments Nutr. 2020;4(Supplement2):1129-1129.
Marquis GS, Martin SL, Lartey A. The multiple dimensions of participation: key
determinants of Nutrition intervention outcomes. Curr Developments Nutr.
2023;7(5):100001.

Singh S et al. Maternal health: a reflector for fetal malnutrition. Indian J Child
Health, 2019: p. 353-6.

Chinnakali P, et al. Prevalence of household-level food insecurity and its
determinants in an urban resettlement colony in north India. J Health Popul
Nutr. 2014;32(2):227.

Gustafsson J. Neonatal energy substrate production. Indian J Med Res.
2009;130(5):618-23.

HanT, et al. Fetal malnutrition is associated with impairment of endog-
enous melatonin synthesis in pineal via hypermethylation of promoters of
protein kinase C alpha and cAMP response element-binding. J Pineal Res.
2021;71(4):e12764.

Central statistical agency, E. and, Calverton M. USA, Ethiopia demographic and
health survey, Addis Ababa, Ethiopia 2016.


https://doi.org/10.1186/s12937-024-00989-3
https://doi.org/10.1186/s12937-024-00989-3
https://doi.org/10.1111/j.1442-200X.2007.02328.x
https://doi.org/10.1111/j.1442-200X.2007.02328.x

Mussa et al. Nutrition Journal (2024) 23:102

39.

40.

41.

42.

Opara P, Josiah A, Nte A. Morbidity and weight gain patterns amongst babies

with fetal malnutrition in Port Harcourt, Nigeria. J Pediatr Neonatal Individual-

ized Med (JPNIM). 2019;8(2):2080208-080208.

Raven JH, et al. What is quality in maternal and neonatal health care? Mid-
wifery. 2012,28(5):e676-83.

ten Hoope-Bender P, et al. Improvement of maternal and newborn health
through midwifery. Lancet. 2014,384(9949):1226-35.

Birmeta K, Dibaba Y, Woldeyohannes D. Determinants of maternal health
care utilization in Holeta town, central Ethiopia. BMC Health Serv Res.
2013;13(1):1-10.

Page 10 of 10

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Fetal malnutrition among neonates in African countries: a CAN score systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Protocol and eligibility criteria
	﻿Data sources and search strategy
	﻿Study selection
	﻿Data extraction
	﻿Data item
	﻿Methodological quality of studies
	﻿Statistical analysis

	﻿Results
	﻿Search finding and risk of bias assessment
	﻿Characteristics of included studies
	﻿Meta-analysis of prevalence of fetal malnutrition diagnosed using CAN score
	﻿Subgroup analysis of fetal malnutrition
	﻿Publication bias
	﻿Multivariate meta-regression
	﻿Systematic review of factors
	﻿Sensitivity analysis


	﻿Discussion
	﻿Strengths and limitations of the study

	﻿Conclusion
	﻿References


