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Abstract 

Background: The prevalence of small for gestational age (SGA) may vary depending on the chosen weight-for-ges-
tational-age reference chart. An individual participant data meta-analysis was conducted to assess the implications 
of using a local reference (STOPPAM) instead of a universal reference (Intergrowth-21) on the association between 
malaria in pregnancy and SGA.

Methods: Individual participant data of 6,236 newborns were pooled from seven conveniently identified studies 
conducted in Tanzania and Malawi from 2003–2018 with data on malaria in pregnancy, birthweight, and ultrasound 
estimated gestational age. Mixed-effects regression models were used to compare the association between malaria in 
pregnancy and SGA when using the STOPPAM and the Intergrowth-21 references, respectively.

Results: The 10th percentile for birthweights-for-gestational age was lower for STOPPAM than for Intergrowth-21, 
leading to a prevalence of  SGASTOPPAM of 14.2% and  SGAIG21 of 18.0%, p < 0.001. The association between malaria in 
pregnancy and SGA was stronger for STOPPAM (adjusted odds ratio (aOR) 1.30 [1.09–1.56], p < 0.01) than for Inter-
growth-21 (aOR 1.19 [1.00–1.40], p = 0.04), particularly among paucigravidae  (SGASTOPPAM aOR 1.36 [1.09–1.71], p < 0.01 
vs  SGAIG21 aOR 1.21 [0.97–1.50], p = 0.08).

Conclusions: The prevalence of SGA may be overestimated and the impact of malaria in pregnancy underestimated 
when using Intergrowth-21. Comparing local reference charts to global references when assessing and interpreting 
the impact of malaria in pregnancy may be appropriate.
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Background
The World Health Organization (WHO) estimated that 
11.6 million pregnant women in sub-Saharan Africa 
were exposed to malaria in 2020 [1]. Malaria in preg-
nancy (MIP) is associated with adverse pregnancy out-
comes, such as small for gestational age (SGA) [2–4], 
with the worst consequences occurring after infection 
in the first and second trimesters, particularly among 
paucigravidae [2, 4, 5].

Small for gestational age is defined as a birthweight 
below a pre-defined cut-off for a specific sex and ges-
tational age (GA), often the 10th percentile [6, 7]. 
Decreasing birthweight is associated with higher 
neonatal morbidity and mortality [8–12] as well as 
long-term complications, including cardio-metabolic 
diseases [13–15]. Thus, SGA is a commonly used out-
come in clinical trials on interventions to prevent MIP. 
The choice of reference chart is important for an accu-
rate diagnosis of SGA [7, 16, 17]. In randomized clinical 
trials evaluating the efficacy of malaria interventions 
for improving pregnancy outcomes, misclassification 
of adequate for gestational age (AGA) as SGA and vice 
versa may dilute the observed treatment effect.

The Intergrowth-21 birthweight chart (IG21) is a uni-
versally applicable reference developed based on the 
assumptions that in healthy (low-risk) pregnancies, all 
fetuses achieve a similar growth potential, irrespective 
of ethnic or geographical differences, and that mater-
nal and paternal anthropometric characteristics do not 
influence birthweight [18]. However, the WHO multi-
country [19] and the National Institute of Child Health 
and Development fetal growth [16] studies found sig-
nificant ethnic and geographic differences in newborn’s 
size. Furthermore, several other studies have indicated 
that local weight references surpass IG21 in terms of 
diagnostic accuracy of SGA and its association with 
poor pregnancy outcomes [20–27]. This suggests that 
the IG21 may not be appropriate for identifying SGA in 
all settings, as recently concluded by the International 
Federation of Gynaecology and Obstetrics (FIGO) [17].

In 2011, a local Tanzanian reference chart (STOP-
PAM) was developed using data from 583 healthy new-
borns [28] as a hybrid of fetal weights (until 38 weeks) 
and birthweights. Thus, the STOPPAM reference would 
represent the newborns’ potential size while taking the 
ethnic/geographical differences into account. STOP-
PAM is the largest chart in East Africa using ultrasound 
to estimate GA and fetal weight while excluding all 

newborns at high risk of poor fetal growth. Further-
more, the criteria used to define a healthy pregnancy 
were quite similar to IG21 (Additional file 1: Table S1) 
despite the differences in the construction of the two 
reference charts [29–34]. Other references from sub-
Saharan Africa either did not use ultrasound for GA 
estimation and included malaria positive women [35] 
or were smaller than STOPPAM [36, 37].

In this individual participant data meta-analysis, the 
performance of the IG21 was compared to the STOP-
PAM reference in estimating the association between 
MIP and SGA.

Methods
Study design
This was a meta-analysis of individual participant data 
from studies in Tanzania and Malawi. The primary out-
come was SGA defined as birthweight < 10th percentile 
based on IG21 or STOPPAM sex-specific references 
while the primary exposure was MIP.

The study hypothesized that IG21 would overesti-
mate the prevalence of SGA and ultimately weaken the 
strength of the association between MIP and SGA.

Search strategy and inclusion criteria
A literature search was performed through PubMed, 
Medline, the Cochrane Library, and EMBASE. The 
search terms were (“malaria in pregnancy” OR “plasmo-
dium malaria”) AND (SGA OR birthweight OR “birth 
weight”). In addition, personal communication was 
made for unpublished studies identified through existing 
research network. The inclusion criteria were pregnancy-
related studies from East and Central Africa with data on 
GA estimated using ultrasound, birthweight measured 
within 24 h post-delivery or adjusted if measured > 24 h, 
newborns’ sex, and MIP.

Study selection and data gathering
Two authors (GM and CS) selected potentially relevant 
studies according to the eligibility criteria after review-
ing the abstracts or full texts (Fig. 1). Then, raw data were 
conveniently sought for ten studies in which the authors 
were part of a consortium working on improving preg-
nancy outcomes using intermittent preventive treatment 
of malaria in pregnancy (IPTp) (https:// www. impro ve- 
conso rtium. org/). Eight authors agreed to collaborate, 
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and seven of them shared the individual participant data 
(Fig. 1).

Study population
The meta-analysis included all live-born singleton 
newborns without congenital malformation, and with 
birthweight measured within 24  h of birth or birth-
weights measured > 24 h if the original study teams had 
already adjusted them [38, 39], known sex and GA esti-
mated using ultrasound. Exclusion criteria were: still-
birth, multiple pregnancies, congenital malformation, 
unadjusted weights measured > 24  h post-delivery, and 
missing data on birthweight, sex, and/or GA.

Assessment of the risk of bias
The quality of each study was evaluated by one author 
(GM) using the Cochrane tool for individually rand-
omized trials [40] and the Newcastle–Ottawa scale for 
cohort studies [41], and focused on how data on birth-
weight and MIP were obtained.

Statistical analysis
Analysis was done using Stata software, version 16 
(Stata Corp, Texas, USA). Continuous variables were 
described as a mean with standard deviation (SD) or a 
median with interquartile range (IQR). Categorical var-
iables were summarized as proportions with 95% con-
fidence intervals (CI). The percentiles (10th, 50th, and 
90th), GA-specific birthweight z-scores, and the preva-
lence of SGA were compared for the IG21 and STOP-
PAM references. In addition, SGA was stratified as low 
birthweight (LBW < 2.5  kg) and normal birthweight 
(NBW ≥ 2.5 kg).

MIP was defined as any positive test at any point dur-
ing pregnancy (microscopy, malaria rapid diagnostic 
test (RDT), polymerase chain reaction (PCR), or pla-
cental histology). In all analyses, the malaria-negative 
control group was defined as never having had malaria 
detected on any test.

A one-stage approach was used to combine the indi-
vidual participant data using a mixed-effects regression 

Fig. 1 Flow diagram for obtaining individual patient data (IPD). ANC: antenatal care, BW: birth weight, GA: gestational age, IMPROVE: Improving 
pregnancy outcome using intermittent preventive treatment of malaria in pregnancy
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model. The unadjusted and adjusted odds ratios (uOR 
and aOR) for SGA in relation to MIP were calculated 
using this model. The overall effect was obtained 
from the preceding mixed-effects regression and the 
study-specific effects were obtained by logistic regres-
sion. This was done separately for both references, 
 SGASTOPPAM and  SGAIG21, and the results graphically 
presented as forest plots.

The main model compared SGA and MIP. This was fur-
ther stratified by gravidity (paucigravidae (1st and 2nd 
pregnancy) vs multigravidae) and the time of infection 
(malaria in the 1st and 2nd, all trimesters, or 3rd trimes-
ter only vs malaria-negative). In sensitivity analyses, data 
were restricted to (a) only HIV-negative women-new-
born pairs, (b) exclusion of sub-patent infections (PCR 
positive, microscopy negative), past infections (RDT 
positive, microscopy negative), or only positive placental 
histology (negative microscopy, RDT and PCR), (c) exclu-
sion of studies that only used RDT [38] or only used PCR 
to detect malaria [42], (d) exclusion of a study only test-
ing symptomatic cases at antenatal visits (Gutman et al., 
unpublished), (e) exclusion of newborns with adjusted 
weight measured > 24  h post-delivery, (f ) exclusion of 
newborns with GA-delivery ≤ 38 weeks as the STOPPAM 
reference was generated based on fetal weights in addi-
tion to birthweight until this GA, (g) only  SGAIG21-AGA 
STOPPAM, (h) only  SGASTOPPAM-AGA IG21.

In addition, the inclusion criteria used in the STOP-
PAM and IG21 studies were applied to the cohort [28, 43] 
and the prevalence of SGA in the “low-risk” cohort was 
re-evaluated with the assumption that a SGA prevalence 
of 10% would indicate the reference as representative.

Potential confounders were tested in univariate analy-
sis using a mixed-effects regression model and included 
GA at enrolment and delivery, gravidity, maternal age, 
hemoglobin level, mid-upper arm circumference, and 
body mass index (BMI) at enrolment, utilization of IPTp, 
treated bed net, and iron plus folic-acid supplements, the 
number of antenatal visits, and syphilis or HIV-positivity. 
Variables with p-values < 0.2 in the univariate analysis 
were included in the multivariate model, and a step-wise 
backward elimination approach was used to obtain 
the final model, retaining confounders with a p < 0.1. A 
p-value < 0.05 was considered statistically significant.

I2 statistics could not be estimated in the one-stage 
approach because residual variability is not reported 
under mixed-effects regression with binary outcomes 
[44]. Hence, the parameters were fitted as random effects 
in the model to account for between-study variations 
[44]. Furthermore, a two-stage IPD meta-analysis was 
performed to assess heterogeneity between studies using 
 I2 statistics and to assess the robustness of the analyses.

Publication bias
A funnel plot was used to evaluate publication bias. The 
trim and fill method and contour enhancement funnel 
plot were used to determine whether the asymmetry in 
the forest plot was due to a small study effect or factors 
other than publication bias.

Results
Search results
The seven studies covered 7,443 newborns (Fig. 1). Of 
these, 521 were excluded due to: stillbirth (n = 148), 
congenital malformation (n = 56), twin pregnancy 
(n = 72), or unadjusted birthweight measured > 24  h 
post-delivery (n = 245). Of the 6922 remaining new-
borns, 610 were missing birthweight, sex, and/or GA, 
and 76 had GA > 42 + 6 weeks, which is above the range 
of the two references. Hence, 6,236 mother-newborn 
pairs were analysed.

Study description
Among the included studies, two were prospec-
tive cohorts [28, 45], and five were randomized trials, 
including one partially blinded [46] and four open-label 
[38, 39, 42] (Gutman et  al., unpublished) (Table  1). 
Women were enrolled from the 2nd trimester in four 
studies [39, 42, 46] (Gutman et  al., unpublished) and 
from the 1st trimester in three studies [28, 38, 45]. 
All studies had malaria related objectives except for 
one study on lipid-based nutrient supplements [38]. 
All women in this study received routine IPTp with 
sulfadoxine-pyrimethamine. Malaria testing strategies 
varied between studies: only RDT [38]; only PCR [42]; 
microscopy and PCR [46]; RDT, microscopy and PCR 
[28, 45]; RDT, microscopy, PCR and placental histology 
[39]; or PCR, microscopy and RDT at enrolment and 
delivery visits, but during antenatal visits only sympto-
matic women were tested (Gutman et al., unpublished). 
Three studies enrolled only HIV-seronegative women 
[39, 42] (Gutman et  al., unpublished). The remaining 
four included HIV-positive women as well [28, 38, 45, 
46].

The quality and characteristics of the included studies
Two randomized trials were graded as being of good 
quality; the other three were potentially at high risk of 
bias (Additional file 1: Table S2). The observational stud-
ies were considered to have low risk of bias (Additional 
file 1: Table S3).

The maternal and newborns’ characteristics are pre-
sented in Table 1. The median (IQR) maternal age was 23 
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(19–28) years, and > 50% of the women were paucigravi-
dae. Among the four studies including women with HIV, 
10.0% (340/3,409) were HIV-seropositive. The cumula-
tive malaria incidence varied from 6.9% to 75.5%, with an 
average of 35.6% for all studies. The median (IQR) GA at 
delivery was 39 + 0 (38 + 0–40 + 0) weeks, and 9.9% were 
born preterm. The mean (SD) birthweight was 2978 (451) 
grams, with 10.3% being LBW (< 2500 g).

Birthweight percentiles and prevalence of SGA
The weight percentiles differed between the STOPPAM 
and IG21 references depending on GA (Additional file 2: 
Fig. S1). The 10th percentiles for the two references con-
verged at a GA of 36 + 2 for boys and 38 + 1 for girls. The 
IG21 had a lower 10th percentile than the STOPPAM ref-
erence at earlier GA, with a mean difference of − 105 g 
for boys and −136 g for girls at GA 36 + 0. At later GA, 
the direction shifted, with the 10th percentile for IG21 
being higher, resulting in a mean difference of + 133  g 
for boys and + 123 g for girls at GA 40 + 0 compared to 
the STOPPAM reference. A similar pattern was also 
observed for the 50th percentile, whereas the 90th per-
centile for the IG21 was higher compared to the STOP-
PAM reference throughout gestation (Additional file  2: 
Fig. S1). The mean (SD) birthweight z-score was − 0.14 
(1.19) for the STOPPAM and − 0.42 (0.99) for IG21 ref-
erence (Additional file 3: Fig. S2).

The differences in the 10th percentile were reflected in 
the prevalence of SGA. Fewer newborns were SGA when 
using the STOPPAM compared to the IG21 reference 
(14.2% (95% CI: 13.4–15.1) vs 18.0% (95% CI: 17.1–19.0)), 
p < 0.001) (Table  2) and the proportion of SGA varied 
with GA. Preterm, the prevalence of SGA was higher 
when using the STOPPAM reference  (SGASTOPPAM 15.4% 
(95% CI: 12.6–18.3) vs.  SGAIG21 7.0% (95% CI: 5.0–9.0), 
p < 0.001). All preterm SGA newborns were also LBW 
(Additional file  1: Table  S4). At term, the prevalence 
was higher when using the IG21 reference  (SGAIG21 
19.3% (95% CI: 18.2–20.3) vs.  SGASTOPPAM 14.1% (95% 
CI: 13.2–15.0), p < 0.001) (Table  2). The excess propor-
tion of  SGAIG21 was especially among NBW-term new-
borns (Additional file 1: Table S4). When applying IG21 
and STOPPAM inclusion criteria,  SGAIG21 were 14.9% 
and 17.2%, whereas  SGASTOPPAM were 9.6% and 11.5%, 
respectively (Additional file 1: Table S5).

Association between MIP and SGA
The STOPPAM reference was more sensitive than the 
IG21 reference in detecting an association between MIP 
and SGA (STOPPAM: uOR 1.54 (95% CI: 1.30–1.82), 

p < 0.001; aOR 1.30 (1.09–1.56), p = 0.004. IG21: uOR 
1.38 (95% CI: 1.18–1.61), p < 0.001; aOR 1.19 (1.00–1.40), 
p = 0.044) (Fig. 2).

When only including newborns of paucigravidae 
women, the results were robust, with slightly higher uOR 
for  SGASTOPPAM than for  SGAIG21 and the aOR was only 
significant when using the STOPPAM reference (Fig. 3).

The proportion of SGA was highest among newborns 
of women who had malaria in the 1st and/or 2nd trimes-
ter or in all three trimesters compared to malaria only in 
the 3rd trimester (Table 3). This was reflected in a strong 
association between MIP and SGA in these groups, both 
when using the STOPPAM reference (uOR 1.72 (1.41–
2.10), p < 0.001; aOR 1.45 (1.17–1.78), p = 0.001) and the 
IG21 reference (uOR 1.62 (1.35–1.94), p < 0.001; aOR 
1.39 (1.14–1.69), p = 0.001) (Fig.  4). Malaria infection 
during the 3rd trimester only was not significantly associ-
ated with SGA (Table 3).

Other sensitivity analyses
The performance of the STOPPAM and IG21 references 
was also assessed after stratifying for malaria testing 
strategies, birthweight adjustment, GA ≤ 38  weeks, or 
HIV-seropositivity. Overall, similar results on the perfor-
mance of the two references in detecting the association 
between MIP and SGA were obtained when excluding: 
studies using only one type of diagnostic test (RDT or 
PCR) or only testing symptomatic cases during ante-
natal visits, newborns with adjusted birthweight, new-
borns with GA ≤ 38 weeks, and HIV-seropositive. When 
solely defining malaria as microscopy blood smear posi-
tive, the effect of malaria was not statistically significant 
for neither  SGASTOPPAM nor  SGAIG21 (Additional file  1: 
Table S6, Additional file 4: Fig. S3).

The association between malaria and SGA was not 
significant for neither  SGAIG21-AGA STOPPAM (aOR 0.90 
(0.67–1.20), p = 0.47), nor  SGASTOPPAM-AGA IG21 (aOR 
1.02(0.62–1.69), p = 0.93) (Additional file 1: Table S7).

Finally, a two-stage individual participant data meta-
analysis was applied, which yielded similar trends for the 
STOPPAM (uOR 1.57 (1.25–1.96); aOR 1.21 (0.99–1.43)) 
and the IG21 reference (uOR 1.39 (1.14–1.69); aOR 1.12 
(0.92–1.31)) (Additional file 5: Fig. S4).

The trim and fill funnel plots revealed no strong evi-
dence of small study effects for neither STOPPAM 
(p = 0.10) nor IG21 reference (p = 0.35). Similarly, the 
contour-enhanced funnel plot indicated the distribution 
of studies in both contours with small and large p-values 
(Additional file 6: Fig. S5).
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Discussion
Malaria can cause fetal growth restriction, preterm deliv-
ery, and SGA [2, 4, 5]. In this meta-analysis, the use of 
a local reference (STOPPAM) was more sensitive than 
a universal reference (IG21) in detecting a relationship 
between MIP and SGA. The effect was more pronounced 
among paucigravidae and following malaria infection in 
early pregnancy.

Malaria infection in early pregnancy is detrimental to 
fetal growth [2, 4, 5]. We likewise observed an increased 
risk of SGA after stratifying by early infections. The IG21 
reference was less sensitive than STOPPAM in detecting 

an association between MIP and SGA. However, this 
was by far outweighed by the greater impact of malaria 
in early pregnancy, and the association between MIP 
and  SGASTOPPAM as well as  SGAIG21 was statistically 
significant.

The association between MIP and SGA was similar 
for only paucigravidae compared to all gravidae. How-
ever, the aOR for IG21 was not statistically significant, 
reflecting the smaller aOR for  SGAIG21 and the smaller 
sample size when including only paucigravidae. Simi-
larly, the sample size was considerably reduced if malaria 
was only defined as microscopy positive. This resulted 

Table 2 Comparing the prevalence of small for gestational age among preterm, full term and all infants using the STOPPAM and the 
Intergrowth-21 references

SGASTOPPAM: small for gestational age (SGA) using STOPPAM reference, SGAIG21: SGA using intergrowth-21 reference, Preterm: gestational age (GA) < 37 weeks, Full term: 
GA ≥ 37 weeks

Preterm (N = 616) Full term infants (N = 5,620) All infants (N = 6,236)

SGAIG21 SGASTOPPAM, n (%) SGASTOPPAM, n (%) SGASTOPPAM, n (%)

Yes No Total Yes No Total Yes No Total

Yes 43 (7.0) 0 (0.0) 43 (7.0) 745 (13.3) 336 (6.0) 1,081 (19.3) 788 (12.6) 336 (5.4) 1,124 (18.0)

No 52 (8.4) 521 (84,6) 573 (93.0) 47 (0.8) 4,492 (79.9) 4,539 (80.7) 99 (1.6) 5,013 (80.4) 5,112 (82.0)

Total 95 (15.4) 521 (84.6) 616 (100) 792 (14.1) 4,828 (85.9) 5,620 (100) 887 (14.2) 5,349 (85.8) 6,236 (100)

Fig. 2 Association between malaria in pregnancy and small for gestational age using the STOPPAM reference  (SGASTOPPAM) vs. the Intergrowth-21 
reference  (SGAIG21). uOR: unadjusted odds ratio in panels A and B, aOR: adjusted odds ratio in panels C and D controlling for body mass index, 
gravidity, gestational age at enrolment, HIV, and hemoglobin level at enrolment. In addition, adjusted for gestational age at delivery for  SGAIG21, CI 
confidence interval, malaria was defined as positive slide or positive malaria rapid test or positive polymerase chain reaction or positive placenta 
histology, % Weights are from random effects analysis
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in statistically insignificant results for both references 
despite microscopy positivity normally being stronger 
associated with SGA than PCR positivity.

The IG21 classified 6.0% of full-term newborns as SGA 
who were AGA based on the STOPPAM reference. These 
newborns could be constitutionally small but healthy. 
Misclassification of SGA may diminish the ability to 
detect an effect of MIP on SGA. Indeed, the uOR and 
aOR were close to 1 in this sub-group.

The study also revealed that 1.6% of newborns 
(99/6,236) were  SGASTOPPAM but AGA IG21, with the 
majority being born preterm. The STOPPAM chart 
combines fetal weights and birthweights, whereas the 
IG21 chart is exclusively based on birthweight. Preterm 
newborns tend to be smaller than fetuses staying in the 
womb at the same GA [28, 47, 48]. This may explain the 
lower  10th percentile for IG21 at preterm GA, resulting 
in a higher proportion of preterm newborns being classi-
fied as AGA on IG21. The association between MIP and 
 SGASTOPPAM-AGA IG21 was statistically insignificant. This 
may partially be explained by the very small number of 
 SGASTOPPAM-AGA IG21.

The findings from this meta-analysis support prior 
studies showing that an international reference may over-
estimate SGA in a high-risk population with increased 
exposure to multiple causes of poor fetal growth, includ-
ing infections like malaria and poor nutrition [20, 49] 
while underestimating it in low-risk populations [50]. 
Several other studies [22, 23, 50, 51] found differences 
between local and global references. The results of this 
and previous studies [20–23, 49–51] strengthen the 
importance of having a reference chart derived from a 
local population, thereby accounting for geographical 
and ethnic differences. The FIGO position paper sup-
ports this approach [17].

The study findings have implications in research set-
tings where the correct diagnosis of SGA is important to 
accurately estimate the effect of malaria interventions for 
improving pregnancy outcomes. When SGA is misclassi-
fied, particularly in randomized clinical trials using com-
posite endpoints that include SGA, the treatment effect 
can be weakened, especially when the proportionate 
reduction of adverse pregnancy outcome is small.

Fig. 3 Association between malaria among paucigravidae and small for gestational age using the STOPPAM  (SGASTOPPAM) vs. the Intergrowth 
 (SGAIG21) references, uOR: unadjusted odds ratio in panels A and B, aOR: adjusted odds ratio in panels C and D controlling for body mass index and 
gestational age at enrolment. In addition, adjusted for gestational age at delivery and hemoglobin level at enrolment for  SGAIG21 hence n = 3,327 
due to missing value for hemoglobin level, CI confidence intervals, % Weights are from random effects analysis
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The difference in the 10th percentile between the two 
references is critical. The study revealed a mean dif-
ference in the 10th percentiles between STOPPAM 
and IG21 of 133  g for boys and 123  g for girls at GA 
40 + 0  weeks. This may affect a study’s ability to detect 
an impact on SGA given the relatively small difference in 
mean birthweight resulting from malaria interventions, 
such as insecticide-treated nets or IPTp with sulfadoxine-
pyrimethamine (+ 2.5 to 3%) [52, 53].

It is important to determine which reference is the 
most representative for the study population. Both the 
IG21 and the STOPPAM reference were based on low-
risk populations. Therefore, the IG21 and STOPPAM 
criteria were applied to limit the cohort to the healthy/
low-risk population, expecting the prevalence of SGA to 
be close to 10% on a representative reference. However, 
 SGAIG21 was 15% and 17% when applying the IG21 [43] 
and STOPPAM [28] criteria but only 9.6% and 11.5% for 
 SGASTOPPAM, respectively. This indicates that the study 
population is more similar to the STOPPAM reference 
and the higher proportion of SGA when using IG21 is 
likely an overestimation.

There are differences in the construction of the two 
references, with the STOPPAM reference being a hybrid 
chart including fetal weights until GA 38 and IG21 

being a pure birthweight chart. A levelling of growth 
was observed in late pregnancy on the STOPPAM ref-
erence. The Hadlock formula was used for estimat-
ing fetal weight, which may be slightly overestimated 
when applied in an African population [54]. This could 
explain the observed levelling. However, the flattening 
of the percentiles could also represent a true waning of 
growth as observed in other populations in late preg-
nancy [55, 56]. If restricting the analyses to newborns 
with GA > 38  weeks, and both references thereby con-
structed based on birthweights, a similar higher asso-
ciation between MIP and  SGASTOPPAM compared to MIP 
and  SGAIG21 was observed. This supports the use of the 
STOPPAM reference despite the different methodology 
compared to IG21.

The strength of this analysis is the use of a large num-
ber of individual participants from a similar geographical 
area, all with GA estimated by ultrasound. The quality of 
birthweight was optimized by excluding newborns with 
unadjusted birthweight measured > 24  h post-delivery, 
twin deliveries, congenital malformations, and stillbirths. 
However, there are several limitations. First, the analysed 
studies used different methodologies for malaria diagno-
sis, with only one study including placenta histology and 
some studies using either only one type of malaria test or 

Fig. 4 Association between SGA and malaria infection in the 1st and 2nd trimester vs. no malaria. Newborns of women having had mmalaria in 
the1st/2nd and 1st/2nd/3rd trimesters were pooled together but excluded if they had malaria in the  3rd trimester only. Data from the study by 
Divala et al. were also excluded as malaria testing was only performed at enrolment and delivery. Panels A and B shows the unadjusted odds ratio 
(uOR) for small for gestational age (SGA) using STOPPAM  (SGASTOPPAM) and Intergrowth-21  (SGAIG21) references while panels C and D shows the 
adjusted odds ratio (aOR), % Weights are from random effects analysis
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testing symptomatic cases only. This has a potential for 
misclassification bias. Except for the analyses on micros-
copy positivity (Additional file  1: Table  S6), analysis 
based on a single test was not performed due to the small 
sample size that would have reduced the study power; 
however, the sensitivity analyses stratified by malaria 
diagnosis methodology gave robust results. This reasure 
that the results were not significantly affected. Further-
more, some studies adjusted birthweight measured > 24 h 
while others did not report the precise time of measure-
ment, allowing for birthweight adjustment. However, 
excluding all adjusted birthweights did not alter the 
results, thereby justifying including them to obtain as 
large a sample size as possible.

The analysis excluded newborns missing informa-
tion on sex, GA, or birthweight, and those with unad-
justed birthweight measured > 24  h post-delivery. These 
accounted for a small proportion (12%) of total new-
borns and thus are unlikely to have led to selection bias. 
Furthermore, these newborns were not different from 
included newborns with respect to malaria exposure 
and the main confounders though there were some dif-
ferences with respect to maternal age, gravidity, and BMI 
(Additional file  1: Table  S8). The study compared two 
reference charts which were developed using different 
methodologies. Intergrowth-21 was only based on birth-
weight while STOPPAM is a hybrid of birthweight and 
fetal weight; the latter may be prone to errors, especially 
at a later GA with the expected uncertainty on the fetal 
weight of ± 10%.

Finally, the analysis conveniently included studies that 
were part of the IMPROVE Consortium (https:// www. 
impro ve- conso rtium. org/). The study aim was not to get 
a precise estimate of the association between MIP and 
SGA through a systematic review including all possi-
ble studies, but rather to investigate the impact of using 
one reference versus another. Data were not obtained for 
three eligible studies. Therefore, it can’t be ruled out that 
this may have influenced the result, given the fewer stud-
ies for publication bias assessment.

Conclusion
The higher birthweight percentiles at term for the IG21 
reference may lead to an overestimation of SGA and an 
underestimation of malaria’s potential impact on birth-
weight. When analysing the impact of malaria on preg-
nancy outcomes or trials of intervention to reduce 
malaria-associated fetal growth restriction, adding locally 
created reference charts to global references may be 
appropriate as they account for ethnic diversity and geo-
graphical differences.
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