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Abstract 20 

Introduction: In malaria-endemic countries, malaria during pregnancy (MIP) is associated 21 

with adverse birth outcomes, including low birth weight (LBW) (i.e., <2.5 kilograms (kg)). 22 

However, the effects of the widely promoted and recommended approaches of intermittent 23 

preventive treatment for malaria in pregnancy (IPTp) and insecticide-treated nets (ITNs) 24 

for pregnant women on LBW have been insufficiently examined. Thus, this analysis 25 

investigated the independent and combined effects of IPTp and ITNs on LBW among 26 

Malawian children. 27 

 28 

Methods: Using pooled datasets from 2004, 2010, and 2015–16 Malawi Demographic and 29 

Health Surveys, a total of 18,285 births were analyzed between August and December 30 

2019. Binomial generalized linear regression models with a log-link function were 31 

conducted to explore the associations under consideration. 32 

 33 

Results: The overall LBW prevalence was 10.3%. LBW was lower in children whose 34 

mothers used adequate IPTp [adjusted prevalence ratio (APR) = 0.88, 95% confidence 35 

interval (CI) = 0.79–0.99] or used ITNs (APR = 0.89, 95% CI = 0.79–0.99) than their 36 

respective counterparts. LBW was 20.0% lower among children whose mothers adequately 37 

used both IPTp and ITN compared with those without IPTp or ITN use (APR = 0.80, 95% 38 

CI = 0.68–0.93). Iron supplement consumption and survey year were significant effect 39 

modifiers on IPTp and LBW relationship. 40 
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 41 

Conclusions: There were evident benefits of independent and combined use of IPTp and 42 

ITN on LBW, thereby supporting the use of these interventions during pregnancy. The 43 

reduced protective effects of IPTp over time highlight the need for innovative MIP 44 

preventive methods. 45 

 46 

Keywords: Insecticide treated nets, intermittent preventive treatment for malaria; low birth 47 

weight 48 

 49 

Introduction 50 

Low birth weight (LBW) (<2.5 kg) is a major contributor of neonatal and early childhood 51 

morbidity and mortality,1 and later life conditions such as cardiovascular diseases.2 52 

Globally, the prevalence of LBW is approximately 15.5%, with 96.5% of these cases 53 

occurring in developing countries and the highest prevalence reported in sub-Saharan 54 

Africa (15%).3 In malaria-endemic countries, malaria in pregnancy (MIP) is associated 55 

with adverse effects on pregnancy outcomes. Approximately 11 million pregnancies were 56 

exposed to malaria in 2018, out of which, 872,000 children with LBW were delivered, 57 

whereas nearly 100,000 infant deaths are due to malaria-related LBW.4,5 Based on these 58 

associations, guidelines recommend the use of intermittent preventive treatment for 59 

malaria in pregnancy using sulfadoxine–pyrimethamine (IPTp-SP) and insecticide-treated 60 

nets (ITNs) in malaria-endemic countries to prevent MIP and its consequences.6,7 61 
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However, only a few studies have examined the independent effects of either IPTp or ITN 63 

on LBW.8 For instance, a randomized trial in Kenya reported the preventive effects of ITN 64 

on LBW among children whose mothers had used ITNs.9 Moreover, limited population-65 

based studies have examined the combined effects of IPTp and ITN on LBW.10 66 

Additionally, recent studies have raised concerns on the efficacy of IPTp because of the 67 

emerging resistance of Plasmodium falciparum to IPTp-SP,10,11 thereby warranting 68 

continued monitoring of IPTp efficacy in malaria-endemic countries. Furthermore, 69 

although strong links between sociodemographic factors and LBW were reported,12 there 70 

is a paucity of data regarding the moderating effects of these sociodemographics on the 71 

relationship between malaria interventions and LBW to identify high risk groups. The 72 

identification of effect modifiers is critical for formulating tailored malaria programs and 73 

innovative MIP preventive methods to specifically target the high-risk groups.   Malawi is 74 

a malaria-endemic country and continues to experience high rates of LBW.13,14 Therefore, 75 

the objective of this population-based study was to examine both the independent and 76 

combined effects, and the potential effect modifiers on the relationship of IPTp, ITN and 77 

LBW in Malawi between 2004 and 2015–16. 78 

 79 

Methods 80 

Study design and data source 81 
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A pooled analysis of cross-sectional data derived from the Malawi Demographic Health 82 

Survey (MDHS) of 2015–16, 2010, and 2004 was conducted. Comprehensive methods 83 

used in these surveys are described in detail elsewhere.13,15,16 Briefly, using a stratified two-84 

stage cluster design, the MDHS recruited a nationally representative sample. Data were 85 

collected from women aged 15–49 years through face-to-face interviews to obtain 86 

measures of population health and birth histories. The Malawi Health Sciences Research 87 

Committee and the International Classification Function under the Demographic and 88 

Health Survey program approved the survey. Informed consent for the surveys was 89 

obtained from each respondent at the start of each interview.  90 

 91 

Overall, birth weight information was available for 33,002 births (under 5 years). The 92 

analysis was limited to the youngest child born in the preceding 36 months (to reduce recall 93 

on the outcome and main independent variables), singleton births, and births with complete 94 

information. The study excluded 7211 children who were not the youngest child, 1550 95 

children who were not singletons, 5578 children aged ≥3 years, and 378 children with 96 

missing information. Subsequently, the final sample included 18,285 births for analysis. 97 

 98 

Measures 99 

Outcome: The dichotomized outcome variable LBW was defined as low (<2.5 kg) and 100 

normal (≥2.5 kg) according to the WHO guidelines.17 Information on birth weight was 101 

based on both written records and mother’s recall.13,15,16  102 
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Main independent variables: IPTp uptake and ITN use during the most recent pregnancy 104 

were considered. 105 

 106 

The recommendations of IPTp have changed over time. Before 2012, 2 IPTp doses were 107 

recommended as the minimum optimal dose. However, concerns were raised about the 108 

efficacy of 2 IPTp doses and the recommendation changed to ≥3 IPTp doses.18 Hence, the 109 

definition of adequate IPTp uptake was adapted accordingly. Specifically, for the 2004 and 110 

2010 surveys, IPTp uptake was defined as the uptake of fewer than 2 IPTp doses (low 111 

uptake) or the uptake of 2 or more IPTp doses (recommended),19 whereas for the 2015–16 112 

survey, IPTp uptake was categorized as low uptake (<3 IPTp doses) and recommended 113 

uptake (≥3 or more IPTp doses).18 Accordingly, all women with recommended IPTp 114 

uptake, regardless of the survey year, were categorized as having adequate IPTp uptake, 115 

whereas those with low uptake were categorized as having inadequate IPTp uptake. 116 

 117 

ITN use, a dichotomized (yes/no) variable, was defined as sleeping under an ITN during 118 

the night before the survey. Considering the consistency of health behavior patterns, the 119 

response (i.e., ITN use or nonuse behavior) to this question was assumed to denote ITN 120 

usage during pregnancy period.20 121 

 122 
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Covariates: Based on their importance in the literature,21 other potential covariates were 123 

considered, and they were categorized under the following three themes: underlying 124 

factors21 included wealth,13,15,16 educational level, employment status, residence, region, 125 

and survey year; proximate factors included body mass index (BMI) [measured as weight 126 

in kilograms divided by height in meters squared (kg/m2) as per the WHO conventional 127 

classification, and BMI was categorized into three groups (underweight < 18.5, normal 128 

18.5–24.9, overweight ≥25.0 kg/m2)], preceding birth interval, number of antenatal care 129 

(ANC) visits (those with <4 visits were defined as having inadequate ANC visits while 130 

those with ≥ 4 visits were categorized as having adequate ANC visits)22, iron tablet 131 

consumption during previous pregnancy, smoking, use of polluting cooking fuels (those 132 

who reported using wood, dung, crop residues, shrubs, coal, charcoal were categorized as 133 

using high polluting fuels or otherwise, were regarded as using low polluting fuels)23, 134 

drinking water source (improved water source included piped water into dwelling, piped 135 

water to yard/plot, public tap or standpipe, tube well or borehole, protected dug well, 136 

protected spring and rainwater, otherwise water source was categorized as unimproved)24 137 

, and access to improved sanitation (improved sanitation included flush toilet, piped sewer 138 

system, septic tank, flush/pour flush to pit latrine, ventilated improved pit latrine, pit latrine 139 

with slab, and composting toilet, otherwise sanitation was categorized as unimproved)24; 140 

and gestational and fetal growth factors such as age at birth, parity, and sex of the child. 141 

 142 

Statistical analysis 143 
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All analyses were performed using Stata version 15.0 (Stata Corp LP, College Station, TX, 144 

USA). The level of significance was set at p < 0.05 (two-tailed). The complex sample 145 

design of the surveys was considered, and the “svy” command was used to adjust for cluster 146 

effects and weights. Chi-squared tests were employed to assess the distribution of study 147 

characteristics based on IPTp uptake, ITN use, and LBW status. 148 

 149 

In evaluating the independent effects of IPTp and ITN on LBW, the generalized linear 150 

models (GLM) with a log link function and a binomial distribution were used to report the 151 

crude and adjusted prevalence ratios (APR) and 95% confidence intervals (CIs). 152 

Furthermore, the two variables were combined into the following four groups: (1) adequate 153 

IPTp and ITN use (i.e., those who used recommended IPTp doses during pregnancy and 154 

those that reported sleeping under an ITN the night before the survey); (2) adequate IPTp 155 

and no ITN use; (3) inadequate IPTp and ITN use; and (4) inadequate IPTp and no ITN 156 

use. Group 4 was used as the reference group. A two-fold approach was used in model 157 

building. First, variables with p-value <0.125 in the unadjusted model were manually 158 

included in the multivariate GLM models using purposeful selection method.26 Second, 159 

based on previous evidence, maternal BMI has been extensively linked to LBW 27,28 and 160 

thus, despite lacking significance in the bivariate analysis, it was carried forward for 161 

adjustment in the multivariate GLM analysis. 162 

 163 

Interaction terms between IPTp or ITN and the sociodemographic factors associated with 164 

LBW were examined, and interactions with significant p-values (p < 0.05) were further 165 
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examined in subgroup analysis to assess potential moderation effects. Other non-166 

significant interaction terms were excluded from further analyses. 167 

 168 

Sensitivity analyses 169 

Four sensitivity analyses were conducted by; (1) setting the cut-off for adequate IPTp dose 170 

as ≥ 2, and ≥ 3, and ≥4,  respectively, across all survey waves to assess whether this may 171 

affect the results; (2) including only infants to examine the effects of the main independent 172 

variables on LBW to minimize recall bias on IPTp/LBW and to ensure the behavioral 173 

consistency on ITN usage in a shorter period; (3) including health behavior variables and 174 

designing a composite health behavior variable (good, moderate, and poor) from water 175 

treatment behaviors in households (yes/no) and the presence of handwashing facilities 176 

(yes/no) in 2010 and 2015-16 samples; (4) comparing the results for birth weight obtained 177 

by maternal recall vs written records. 178 

 179 

Results 180 

Distribution of study characteristics 181 

Overall, 36.6% and 63.4% of birthweight data were collected through written records and 182 

mothers’ recall, respectively. 183 

 184 
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Characteristics of the study participants based on the IPTp uptake and ITN use are 185 

displayed in Table 1. Overall, the prevalence of IPTp uptake and ITN use for the entire 186 

period was similar (i.e., 43.6% and 44.0%, respectively). Adequate IPTp and ITN use was 187 

more likely for women from wealthy households and who took iron tablets during the 188 

previous pregnancy (all p < 0.05). Significant differences were observed in other factors 189 

considered in the study based on IPTp uptake and ITN use and are listed in Table 1. 190 

 191 

Table 2 presents the distribution of study characteristics according to the LBW status. The 192 

overall prevalence of LBW was 10.3%. An increasing trend in LBW rates was observed, 193 

with LBW rates of 8.3%, 10.2%, and 11.0% in 2004, 2010, and 2015–16, respectively. 194 

Higher proportions of infants with LBW were born to mothers who had inadequate IPTp 195 

uptake (11.0%), did not sleep under ITN (11.0%), and who were from poor households 196 

(12.2%) among others. 197 

 198 

Independent and combined effects of ITN and IPTp on LBW 199 

LBW was 12.0% (APR = 0.88, 95% CI 0.79–0.99) and 11.0% (APR = 0.89, 95% CI 0.79 200 

– 0.99) lower in children whose mothers took an adequate IPTp dose and slept under an 201 

ITN, respectively, compared with their respective counterparts (Table 3). 202 

 203 

Table 3 further displays the combined effect of IPTp and ITN use during pregnancy on 204 

LBW. Children whose mothers had adequate IPTp uptake and did not use ITNs were 15% 205 
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less likely (APR = 0.85, 95% CI = 0.74–0.98) to have LBW compared with children having 206 

mothers without IPTp or ITN use. Similarly, the prevalence ratio of LBW was lower in 207 

children whose mothers only used ITN and did not adequately use IPTp (APR = 0.86, 95% 208 

CI = 0.75–0.99) compared with children having mothers without IPTp or ITN use. A more 209 

significant effect was observed in the group with combined adequate IPTp uptake and ITN 210 

use. Specifically, LBW was 20.0% lower in children whose mothers took adequate IPTp 211 

and used ITN (APR = 0.80, 95% CI = 0.68–0.93) compared with those having mothers 212 

without IPTp or ITN use. 213 

 214 

Subgroup analysis 215 

Significant interactions (p < 0.05) between IPTp uptake and other factors were observed; 216 

thus, a subgroup analysis was warranted. Notably, the protective effects of adequate IPTp 217 

uptake on LBW were observed among children whose mothers reported to have consumed 218 

iron supplements (APR = 0.84, 95% CI = 0.74–0.94), and were surveyed in 2004 (APR = 219 

0.61, 95% CI = 0.46–0.82) (Table 4). Finally, the interactions between ITN usage and other 220 

investigated factors on LBW were non-significant. 221 

 222 

Sensitivity analyses  223 

Results were similar when the cut-off point for adequate IPTp dose was changed to ≥2, ≥3, 224 

and ≥4 across all survey waves. Restricting the sample to infants indicated that recall bias 225 

on the main independent variables and the outcome was minimal. The influence of using 226 
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both malaria interventions remained significant even after additionally controlling for other 227 

health behaviors in the model. There were differences in the results in the comparison 228 

between written records and mothers’ recall of birth weight. Nevertheless, the direction of 229 

relationship remained consistent to indicate protective effects of the malaria interventions 230 

(all sensitivity analyses results are in the supplement).  231 

 232 

Discussion 233 

Based on literature review, this is the first population-based study to examine the 234 

association between IPTp, and ITN (independently and jointly) with LBW and the 235 

associated moderating factors. Notably, using both IPTp and ITN reduced the likelihood 236 

of LBW by 20.0% among Malawian children between 2004 and 2015–16. These two 237 

interventions (i.e., IPTp and ITN) also independently exerted preventive effects on LBW. 238 

The relationship between IPTp uptake and LBW was moderated by the survey year, and 239 

consumption of iron supplements during previous pregnancy. 240 

 241 

An overall LBW prevalence of 10.3% was observed between 2004 and 2015–16 among 242 

children aged less than 3 years in Malawi. Consistent with reports between 2004 and 2015-243 

16 on LBW among under-fives,13,15,16 an increasing trend for LBW prevalence was 244 

observed from 2004 to 2015–16, although slight differences were observed between 2010 245 

and 2015–16. In Malawi, there have been increased efforts in caring for infants with LBW 246 

through the Kangaroo Mother Care (KMC) program. KMC is a practice involving thermal 247 
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care through continuous skin-to-skin contact, support for exclusive breastfeeding, and early 248 

recognition or response to illness, and it has been reported to have the potential of 249 

preventing approximately half of all deaths in infants with LBW.29 Therefore, the scale-up 250 

and continued efforts to improve the components of the KMC program in Malawi over the 251 

years have largely helped to increase the survival rate of infants with LBW, such that 252 

infants with LBW born in 2015–16 are more likely to have survived than those born in 253 

2004. Nonetheless, LBW is still observed in Malawi; therefore, efforts to reduce LBW 254 

should be reinforced; thus, understanding the factors associated with LBW is crucial. 255 

 256 

In this study, LBW was lower among children whose mothers had taken adequate IPTp. 257 

Walker and colleagues estimated that scaling up IPTp among women with ≥3 ANC visits 258 

would prevent an additional 215,000 LBW deliveries in Africa.30 A 2011 meta-analysis 259 

conducted in malaria-endemic countries reported a 26% reduction in LBW owing to the 260 

use of IPTp.31 Optimal IPTp doses have been shown to prevent MIP and maternal anemia.9  261 

In addition to preventing MIP and maternal anemia, IPTp with SP may improve birth 262 

outcomes (especially LBW), as the antimicrobial nature of SP may prevent and clear other 263 

pathogens that may deter fetal growth.32 Earlier studies have demonstrated that infants of 264 

mothers with an infected placenta are two times more likely to be born with LBW.33 265 

 266 

Moreover, this study revealed that children whose mothers used ITNs were also less likely 267 

to be born with LBW compared with those whose mothers had not used ITNs. A systematic 268 

review reported that ITN use is associated with a 50-g increment in birth weight.34 The 269 
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results further revealed a 20.0% reduction in the likelihood of LBW among children whose 270 

mothers had adequate IPTp and ITN use. The use of both IPTp and ITN has been observed 271 

to be associated with a favorable effect on the mean hemoglobin levels and is associated 272 

with anemia prevention among pregnant women.9 Malaria-associated anemia may affect 273 

oxygen supply to the fetus, thereby contributing to intrauterine growth restriction 274 

(IUGR).35 Moreover, placental malaria has been reported to activate immune responses 275 

through the release of antibodies, cytokines, and macrophages, which in turn may stimulate 276 

early labor (preterm birth).36 Independently or jointly, IUGR and premature birth (<37 277 

gestation weeks) are leading causes of LBW. In addition, the adequate use of both IPTp 278 

and ITNs may reflect the health behaviors of women related to different health aspects that 279 

could influence pregnancy outcomes. Women who use IPTp and ITN are more likely to 280 

practice and understand the importance of favorable health behaviors that would eventually 281 

improve pregnancy outcomes. Nevertheless, after considering other nonmalaria specific 282 

health behaviors in the analysis, the effect of malaria-related health behaviors (IPTp uptake 283 

and ITN use) on LBW remained significant. This finding indicates the importance of 284 

malaria-related health behaviors (IPTp uptake and ITN use) in addition to other health 285 

behaviors and the need to integrate malaria prevention programs with programs aimed at 286 

reducing LBW. 287 

 288 

Notably, the effects of IPTp on LBW were significant among children whose mothers were 289 

surveyed in 2004, and reported consuming iron supplements during pregnancy. 290 

Particularly, in the present study, considerable protective effects of SP were observed 291 
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among those surveyed in 2004 compared with those sampled in 2010 and 2015–16. This 292 

finding is of concern considering that a 2015 Malawian study reported the prevalence of 293 

the sextuple A581G mutation in malaria parasites and its negative effect on the efficacy of 294 

IPTp with SP.37 Therefore, in addition to the combined use of IPTp and ITN to maximize 295 

protection, new interventions such as malaria vaccines may be vital and should be 296 

implemented in the future. Iron supplementation during pregnancy has been shown to 297 

reduce incidence of LBW in a randomized trial in Cleveland.38 Severe maternal anemia 298 

increases the risk for premature births and subsequently, LBW. Coupled with the use of 299 

malaria interventions, children whose mothers consume iron supplements during 300 

pregnancy may receive a relatively greater protection. 301 

 302 

Strengths and Limitations 303 

This study used nationally representative samples; hence, the results can be generalized to 304 

the Malawian population. Several factors were controlled for, thereby strengthening the 305 

associations observed in this study. Several limitations should be noted. First, birth weight 306 

was based on both recall and written records. Additionally, the assessment of IPTp uptake 307 

during pregnancy was based on recall. Consequently, recall bias is a threat to this analysis 308 

and therefore findings should be carefully interpreted. Moreover, limiting the inclusion to 309 

the most recent birth and under 3 years would have helped reduce the recall bias. Second, 310 

the measure for ITN use was self-reported and was based on the assumption that the 311 

reported ITN use (for the night before the survey) may represent the use during pregnancy 312 

owing to the consistency of behavioral patterns.18 However, ITN use reported in the survey 313 
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and the ITN use behavior during pregnancy could be different, thereby leading to 314 

misclassification. If women started to use ITN after having a baby with LBW (considering 315 

the vulnerability of the baby), the findings would be biased towards the null. Besides, self-316 

reporting may lead to social desirability bias. Third, although the KMC program might 317 

have increased the survival of LBW babies over time, LBW babies are still at an increased 318 

risk of dying compared with normal weight babies.39 Therefore, those children that might 319 

have died due to LBW may have been missed in the current sample and in turn, the results 320 

may have been compromised. Nevertheless, the observance of association between the 321 

malaria interventions and LBW provides valuable evidence to inform malaria programs.  322 

Fourth, causality could not be inferred because of the cross-sectional nature of the data. 323 

 324 

Conclusion 325 

The evidence-based findings were observed to affirm the importance of the strengthened 326 

and continued implementation of MIP interventions to reduce the incidence of LBW in 327 

Malawi. The reduced effects of IPTp on LBW in later survey years underscore the need for 328 

innovative MIP preventive methods such as community based scheduled screening and 329 

treatment of malaria during pregnancy. Integrating malaria programs with initiatives aimed 330 

at reducing the incidence of LBW in Malawi may prove beneficial.  331 

 332 
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