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Objectives: Interventions in pregnancy are commonly evaluated for their effects on birth outcomes because maternal infection and poor nutrition are the primary contributors to adverse pregnancy outcomes, especially in low- and middle-income countries (LMICs). However, the extent to which such interventions directly impact maternal health and nutrition has not been succinctly characterized.
Methods: We conducted a scoping review of systematic reviews and meta-analyses of 27 pregnancy interventions to summarize the evidence of impact on maternal outcomes.
Results: Overall, these were reported incompletely, and we failed to find any evidence for eight interventions. Influenza vaccination, insecticide-treated bed nets, intermittent preventive treatment for malaria, anthelmintic therapy, and treatment of bacterial vaginosis, asymptomatic bacteriuria, and periodontal disease during pregnancy provided direct benefit to women, with reductions in infection risk. Nutritional interventions such as micronutrient supplementation and balanced energy and protein improved outcomes of maternal anemia and gestational weight gain, particularly in deficient populations. Calcium and low dose aspirin significantly reduced the risk of pre-eclampsia.
Conclusion: These findings highlight antenatal interventions benefitting maternal health and provide insights into pathways for impacting birth and infant outcomes.
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INTRODUCTION
Maternal mortality and morbidity remain a challenge to promoting global health and achieving health equity. In 2017, an estimated 295,000 women died in pregnancy and childbirth, 94% of which were in low- and middle-income countries (LMICs) (1). While global maternal mortality fell by 42.9% between 1990 and 2015, accelerated progress, particularly in low-income countries, is needed to achieve the SDG goal of 70 deaths per 100,000 live births by 2030 (2). The leading causes of maternal death are largely preventable and include obstetric hemorrhage, hypertensive disorders in pregnancy, sepsis or infection, embolism, obstructed labor, and abortion-related complications (3). Contributors to these causes include individual level risk factors, such as infection, poor nutrition, education, and obstetric history, but also broader social, economic, environmental and health systems determinants (4).
Pregnancy increases susceptibility for various infections, including influenza, malaria, and reproductive tract infections (5). In malaria-endemic regions of Africa, one in four pregnant women are estimated to have a malarial infection at the time of delivery, resulting in high risks for adverse birth outcomes and potential for transmission to the child (6). While the prevalence of helminthic infections varies by region, it can be a significant contributor to maternal iron-deficiency anemia (7). Other infections, such as sexually transmitted diseases, bacterial vaginosis, and asymptomatic bacteriuria are also common in pregnancy, with higher rates in LMICs (8, 9). Inflammation and infection in pregnancy can impact fetal development and play a role in the etiology of adverse birth outcomes, including prematurity (10).
Maternal undernutrition represents one of the most prevalent burdens among pregnant women in LMICs (11). Underweight, defined as body mass index (BMI) less than 18.5 kg/m2, affected 14.2% of women aged 20–49 years in LMICs in 2015, with prevalence as high as 42% in India in 2014. Anemia in pregnancy, defined as hemoglobin less than 110 g/L, affected 40.1% of pregnancies in 2016. The prevalence of other maternal micronutrient deficiencies is not well documented, but evidence of improved maternal micronutrient status and birth outcomes following supplementation suggests deficiencies are common (11). Maternal undernutrition, including inadequate gestational weight gain, has direct impacts on the growth and development of the fetus, resulting in babies being born too soon and/or too small (12, 13). In LMICs, maternal nutritional and infection-related risk factors often coexist, resulting in synergistic effects, further underscoring the need for integrative antenatal care services (14).
Interventions administered in pregnancy provide the opportunity to lift children out of the intergenerational effects of poor health. As such, many evidence-based interventions and recommendations during pregnancy are targeted at reducing adverse birth outcomes, such as low birth weight (LBW), preterm birth (PTB), small for gestational age (SGA), stillbirth, and neonatal mortality (15). In trials generating the evidence of benefit, outcomes in the newborn are examined primarily, whereas those in the mother are considered secondary and are measured and reported with less frequency (15). Understanding the physiological impact of interventions on the mother can elucidate the mechanisms that promote better fetal development and what factors moderate its efficacy. Furthermore, full knowledge of intervention effects is necessary to ensure they are, at minimum, safe for pregnant women and, ideally, contribute to improvements in maternal health. The objective of this review is to present the evidence on maternal outcomes of those interventions administered in pregnancy where the primary aim is improving birth outcomes.
METHODS
We conducted a literature review of peer-reviewed systematic reviews (SRs), meta-analyses (MAs), and reviews of reviews of select interventions (n = 27) during pregnancy that focused on infection prevention and management, and nutritional support in LMIC settings with a focus on maternal health and nutrition outcomes. The selected interventions were informed by a parallel review by Ashorn et al. focusing on birth outcomes (Ashorn, P., personal communication). We did not include antiretroviral therapy for HIV-1 in pregnancy as it has been tested for maternal infection and mother-to-child transmission outcomes.
Outcomes of interest included maternal mortality and morbidity such as hemorrhage, hypertensive disorders, anemia, infections, micronutrient status indicators, adverse events, side effects, and others. Unspecified outcomes were also considered if found in the literature. We did not apply any restrictions to outcome definitions and report the definitions used by the authors when provided.
We conducted individual searches for each intervention in four databases: PubMed, Embase, Cochrane Database of Systematic Reviews, and Scopus. Each search consisted of intervention-related terms, pregnancy terms, and study type specification, i.e., review articles. The search was limited to reviews written in English and Spanish and published from 1950 onwards and last updated on January 25th, 2021. Search terms were restricted to title, abstract, and keywords to obtain the most relevant results. An example of our search strategy is available in Supplementary Table S1.
Two authors (EZ, MR) reviewed the articles independently, using Covidence software. Titles and abstracts were screened, and relevant articles underwent full-text review. We included systematic reviews and meta-analyses that evaluated the intervention of interest and reported at least one maternal outcome. We excluded narrative or scoping reviews, clinical guidelines, and intervention trials in non-pregnant women.
The following information was extracted from the review articles: title, author, year published, review type (SR/MA), effect sizes of pooled data (for MAs) or synthesis of findings (for SRs) by outcome, number of studies and participants, intervention and comparator details, and quality assessment by review authors. We did not conduct an independent quality assessment of the included review articles but report on the published assessments.
RESULTS
We screened 3,983 articles, conducted 481 full text reviews, and extracted data from 102 systematic reviews or meta-analyses across all interventions (Supplementary Table S2). To avoid duplication, we present the most recent and comprehensive findings from 24 reviews across infection-related interventions (Table 1), nutritional interventions (Table 2) and other interventions (Table 3). Relevant articles were not identified for eight interventions, specifically maternal Hib vaccination, WASH interventions, IPTp plus antibiotics, the screening and treatment of STIs other than HIV and syphilis, the treatment of deep caries of periapical periodontal disease, the screening and treatment of tuberculosis, unconditional cash transfers, and the monitoring of gestational weight gain in undernourished settings. For the other 19 interventions, at least one relevant SR/MA was identified with maternal outcomes. Additional intervention details and the published risk of bias and quality of evidence are provided (Supplementary Table S3).
TABLE 1 | Infection-related interventions in pregnancy and maternal outcomes (global, 2021).
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[image: Table 3]Seasonal Influenza Virus Vaccination
Pregnant women vaccinated with seasonal influenza virus experienced a 53% lower risk of laboratory confirmed influenza compared to those who received a saline placebo (RR: 0.47, 95% CI: 0.3–0.71, 3 RCTs, n = 10,123) (Table 1), although reductions in influenza-like illness and any respiratory illness were not statistically significant in the pooled analyses and there were no serious adverse events (16). A pooled analysis of two RCTs found a non-significant reduction in maternal death following influenza vaccination compared to placebo (IRR: 0.80, 95% CI: 0.21, 2.96, 2 RCTs, n = 5,809) (17).
Tetanus-Diphtheria-Pertussis (Tdap) Vaccination
Several systematic reviews have reported on the effectiveness of Tdap vaccination during pregnancy for neonatal outcomes, but only safety indicators were reported for mothers, with no morbidity effects examined (39–42). There was no increased risk for gestational hypertensive disorders post vaccination but higher rates of chorioamnionitis were found in three of six retrospective cohort studies, with significant risk estimates ranging from 1.11 (95% CI: 1.03–1.21) to 1.23 (95% CI: 1.17–1.28), although this was not associated with clinically relevant sequelae, such as preterm birth or ICU admission (Table 1) (18). The overall risk of bias was judged to be serious to critical, in large part due to the limitations of retrospective cohort study designs.
Insecticide-Treated Bed Nets
While it has been established that ITNs are efficacious at reducing childhood morbidity and mortality, their documented effects in pregnant women have been inconsistent (43). In regions of Africa with stable malaria transmission, ITNs reduced placental parasitemia by 23% in all gravidae (RR: 0.77, 95% CI: 0.66–0.90, 3 RCTs, n = 4,457) as compared to no nets (Table 1) (19). However, the effect on maternal hemoglobin was not significant (MD: 0.50 g/L, 95% CI: 0.95-1.95, 4 RCTs, n = 6,418) (19).
Three or More Doses of Intermittent Preventive Treatment in Pregnancy with Sulfadoxine-Pyrimethamine
A SRMA including seven RCTs conducted in malaria-endemic countries of Sub-Saharan Africa found three or more doses of IPTp-SP was associated with a 32% and 49% reduced risk of maternal parasitemia and placental malaria, respectively, compared to two doses (95% CI: 0.52–0.89; 7 RCTs, n = 4,218); (95% CI: 0.38, 0.68; 6 RCTs, n = 2,882), with greater effects among HIV+ and primi- and secundi-gravidae women (Table 1) (20). More frequent dosing improved hemoglobin by 0.13 g/dl overall and resulted in a 40% reduction of moderate or severe anemia among primi- and secundi-gravidae mothers (RR: 0.60, 95% CI: 0.36–0.99, 6 RCTs, n = 3,130) (20). Included trials were classified as high GRADE quality except two due to high risk of bias.
Dihydroartemisinin-Piperaquine IPTp
Three trials in SSA assessed three-dose or monthly IPTp-DP versus IPTp-SP and found lower odds of clinical malaria (OR: 0.17, 95% CI: 0.10–0.29, 2 RCTs, n = 498) as well as placental malaria and peripheral malaria at delivery (Table 1) (21). In individual trials, three-dose IPTp-DP and monthly IPTp-DP reduced the odds of maternal anemia (<11 g/dl) by 25% (95% CI: 0.60–0.94, n = 1,031) and 42% (95% CI: 0.39–0.84, n = 527) compared to IPTp-SP group, respectively. IPTp-DP was also associated with fewer maternal adverse events compared to IPTp-SP, but with low certainty evidence (21).
Intermittent Screening and Treatment in Pregnancy
ISTp-ACT (artemisinin-based combination therapy) versus IPTp-SP resulted in a 9% increased risk of maternal parasitemia in the screen and treat groups (RR:1.09, 95% CI: 1.02–1.17, 4 RCTs, n = 7,225) (22). In two trials conducted in highly SP-resistant areas in Kenya and Malawi, the pooled analysis showed an increased risk of placental malaria with high certainty evidence (OR: 1.29, 95% CI: 1.10–1.50, n = 2,903) (21). Rates of maternal anemia and serious adverse events were not different between groups (Table 1).
Preventive Anthelmintic Treatment
A pooled analysis found that any anthelmintic drug during pregnancy reduced maternal anemia by 23% (RR: 0.77, 95% CI: 0.73–0.81, 3 RCTs, n = 5,216) and judged the evidence as moderate quality (23). However, reductions in hookworm or T. trichiura infection density with anthelmintic treatment were not significant (Table 1).
Antibiotic Treatment for Bacterial Vaginosis
A 2013 Cochrane review summarized the evidence from 21 good quality trials assessing antibiotic treatment, usually clindamycin or metronidazole, compared to placebo or no treatment (24). Overall, antibiotic treatment was found to be effective in clearing BV infection (RR: 0.42, 95% CI: 0.31–0.56, 10 RCTs, n = 4,403), but did not reduce risks for postpartum infection or preterm prelabor rupture of membranes (PPROM) (Table 1). Among women who had a previous PTB, antibiotic treatment led to a nonsignificant reduction in BV clearance (RR: 0.57, 95% CI: 0.22–1.50, 2 RCTs, n = 276) and did not affect the risk of subsequent PTB (RR: 0.78, 95% CI: 0.42–1.48, 3 RCTs, n = 421). Antibiotic treatment also resulted in greater side effects, in some cases sufficient to stop treatment, but the kinds of side effects were not detailed (24). A subsequent review highlighted side effects such as candidal vaginitis, troublesome discharge, and withdrawal due to itching as being more common in antibiotic treatment groups versus placebo groups, however effects were not pooled or consistent across studies (44).
Screening and Treatment of Asymptomatic Bacteriuria
Treatment of ASB with antibiotics compared to no treatment or placebo was found to reduce the risk of pyelonephritis by 76% (RR: 0.24, 95% CI: 0.13–0.41, 12 RCTs, n = 2017), though the evidence was considered low GRADE quality (26). In a SR assessing the effects of ASB screening effectiveness, the risk of pyelonephritis fell by a similar 72% margin in screened versus unscreened pregnancies (RR: 0.28, 95% CI: 0.15–0.54, 3 studies, n = 5,659) (25).
Treatment of Periodontal Disease
A 2017 Cochrane review of periodontal treatment trials in pregnancy found improved periodontal outcomes, including probing depth, bleeding on probe, plaque index, and clinical attachment level (Table 1) (27). A recent SRMA described that periodontal treatment had no effect on the risk of pre-eclampsia (RR: 0.98, 95% CI: 0.77–1.26, 6 RCTs, n = 4,397), C-section (RR:0.84, 95% CI: 0.67–1.07, 2 RCTs, n = 1,177), or gestational diabetes (RR: 1.60, 95% CI: 0.64–4.00, n = 67) (28).
Nutrition Education in Undernourished Populations
Nutritional counseling increased protein intake in pregnancy (MD: +6.99 g/day, 95% CI: 3.02–10.97), may have increased energy intake (MD: 105.61 kcal/day, 95% CI: −18.94–230.15), and had no effect on gestational weight gain (GWG) (MD: −0.41, 95% CI: −4.41–3.59) as compared to no counseling, but the quality of evidence was deemed as very-low (Table 2) (29). An earlier review found GWG was significantly higher in women who received nutritional counseling than in control groups (MD: 0.45 kg, 95% CI: 0.12–0.79), however, this result was only significant when counseling was accompanied by nutritional support such as food or micronutrient supplements and in studies conducted in high-income settings (Table 2) (30). Nutritional counseling reduced the risk of maternal anemia in the third trimester by 30% (RR: 0.70, 95% CI: 0.58–0.84), including in LMIC settings (RR 0.69, 95% CI 0.56–0.85). When coupled with food or micronutrient supplementation, the effect of nutrition counseling on anemia was more pronounced (RR: 0.58, 95% CI: 0.44–0.76) (30). The quality of evidence for maternal outcomes of weight gain and anemia in this review were considered low.
Balanced Energy Protein Supplementation
BEP supplementation trials have previously found no increase in weekly GWG (MD: 18.63 g/wk, 95% CI: −1.81, 39.07, 9 RCTs, n = 2,391) (29), but a meta-analysis that included one additional trial found a small but significant increase (MD: 20.74 g/wk, 95% CI: 1.46–40.02, 10 RCTs, n = 2,571) (31). Neither review found BEP to have any effect on the risk of pre-eclampsia (Table 2).
Iron and Folic Acid Supplementation
An updated Cochrane review reported daily iron supplementation compared to no iron or placebo decreased maternal anemia by 70% (95% CI: 0.19–0.46, 14 RCTs, n = 2,199) and maternal iron deficiency by 57% (95% CI: 0.27–0.66, 7 RCTs, n = 1,256) (32). Oh et al. further supported these findings by highlighting the effects of iron supplementation on increasing maternal hemoglobin concentration (MD: 7.80 g/L, 95% CI: 4.08–11.52, 11 studies, n = 17,288) and serum/plasma ferritin concentrations (MD: 24.14 μg/L, 95% CI: 10.83–37.45, 9 studies, n = 5,045) (33). Improvements in anemia and gains in hemoglobin and ferritin concentrations were similar when IFA supplements were compared to folic acid only or placebo/no treatment (Table 2). Severe anemia (Hb <70 g/L) and pre-eclampsia or eclampsia were not significantly different between iron-containing supplement groups and comparison groups. A separate Cochrane review found that when compared to daily IFA, intermittent IFA did not result in a difference in risk of anemia (RR: 1.22, 95%CI: 0.84–1.80, 4 studies, n = 676), though it did result in a decreased risk of side effects (RR: 0.56, 95% CI: 0.37–0.84, 11 studies, n = 1777) although the evidence was deemed to be of low to very low quality and several studies were considered to have a high risk of bias (45).
Multiple Micronutrient Supplementation
Over the past 2 decades, 19 trials comparing MMS versus the standard of care of IFA have been undertaken in LMICs to test the efficacy of the intervention for reducing low birth weight and other adverse outcomes. MMS did not differ compared to IFA with regard to anemia reduction in the third trimester (RR: 1.04, 95% CI: 0.94–1.15, 9 RCTs, n = 5,912) nor did it impact maternal mortality (RR: 1.06, 95% CI: 0.72–1.54, 6 RCTs, n = 106,275), with evidence of moderate certainty (34). Another SRMA similarly found no differences in maternal mortality or anemia, which could be explained by the lack of differences in plasma hemoglobin, ferritin, transferrin receptor, and folate concentrations between groups (33). However, the pooled analyses did reveal higher levels of serum or plasma retinol, zinc, and vitamin B-12 concentrations in women supplemented with MMS compared to IFA (Table 2) (33). Additional findings from Nepal and Bangladesh found decreases in the prevalence of serum riboflavin, vitamin B-6, vitamin B-12, folate, and vitamin D deficiencies, and in the prevalence of vitamins B-12, A, and D and zinc deficiencies with MMS compared to placebo or IFA, respectively (46, 47). These findings suggest MMS is superior to IFA in improving overall maternal micronutrient status in addition to decreasing adverse birth outcomes.
Lipid-Based Nutrient Supplements
LNS supplements have been studied as a potential vehicle for MMS in pregnancy. In a recent review of four trials, LNS was not found to increase weekly GWG or reduce maternal mortality when compared to IFA or MMS alone (Table 2) (35).
Calcium Supplementation
Calcium supplementation during pregnancy reduces the risk of pre-eclampsia by 55% (RR: 0.45, 95% CI: 0.31–0.65, 13 RCTs, n = 15,730), with the greatest reductions among populations with low baseline calcium intakes (48). A 2018 update of the Cochrane review found a 35% reduction in high blood pressure, a 55% reduction in pre-eclampsia, and a 20% reduction in the composite outcome of maternal death or serious morbidity when comparing ≥1 g/day of calcium versus placebo (Table 2) (36). In a complementary review, non-hypertension related adverse outcomes, such as C-section, urinary stones, urinary tract infection, anemia, and side effects did not differ between supplemented and placebo or no treatment groups (49). Low dose calcium (less than 1 g per day) compared to placebo or no treatment significantly reduced the risk of high-blood pressure (RR: 0.53, 95% CI: 0.38–0.74, 5 studies, n = 665) and pre-eclampsia (RR: 0.38, 95% CI: 0.28–0.52, 9 studies, n = 2,234) (36), although the quality of evidence is low. Despite the beneficial effects of low and high dose calcium on hypertension and preeclampsia, the risk of eclampsia was not significantly reduced with either intervention (Table 2).
Omega-3 Fatty-Acid Supplementation
Evidence from 70 trials of supplementation with omega-3 fatty acids vs. placebo or no treatment found no effect on outcomes, including hypertension, gestational diabetes, weight gain, C-section, and other adverse events (Table 2) (37). The exceptions were prelabor rupture of membranes (PROM) (RR: 0.41, 95% CI: 0.21–0.82, 3 trials, n = 915) (37) and preeclampsia (RR: 0.82, 95% CI: 0.70–0.97, 14 RCTs, n = 10,806) (50) which were reduced with n-3 fatty acid supplementation.
Conditional Cash Transfers
CCT programs (n = 7) were effective in increasing antenatal care uptake and use of a skilled birth attendant at delivery, which can be arguably considered to provide a health benefit, however no direct effects on maternal health outcomes were identified (51). An earlier review evaluating the Oportunidades CCT program in Mexico, with the condition of attending antenatal care found that maternal mortality in areas exposed to the program was 11% lower than in areas that were not exposed from 1995 to 2002 (RR: 0.89, 95% CI: 0.82–0.95) (52, 53). A trial in Nepal examining the effects of participatory learning and action (PLA) women’s groups, alone, with food transfers (fortified flour), or with unconditional cash transfers found that pregnant women in the PLA + cash arm experienced a 0.35 increase in diet diversity score (95%CI: 0.08–0.63, n = 789) and an increase in mid-upper arm circumference (MD: 0.75 cm, 95% CI: 0.33–1.17) compared to the control group (54).
Provision of Aspirin
A 2019 Cochrane review reported with high certainty evidence that any antiplatelet agent versus placebo or no treatment resulted in a 18% reduced risk of pre-eclampsia (RR: 0.82, 95% CI: 0.77–0.88, 60 RCTs, n = 36,716) (38). The greatest reductions were observed among women at high risk of pre-eclampsia as defined by individual study authors and when treatment was started before 20 weeks gestation (Table 3). High dose aspirin (≥75 mg) led to great reductions in the risk of pre-eclampsia (RR: 0.78, 95% CI: 0.66–0.92, 16 RCTs, n = 9,107) compared with low-dose (<75 mg) aspirin (RR: 0.92, 95%CI: 0.85–1.00, 11 RCTs, n = 22,618). However, the risk of eclampsia was not reduced with aspirin, and the risk of postpartum hemorrhage increased slightly (RR: 1.06, 95% CI:1.00–1.13, 16 RCTs, n = 23,396). Other maternal outcomes, such as placental abruption, death, and severe morbidity were not affected by antiplatelet therapy (38). A recent multi-site trial (n = 11,976) found administration of low dose (81 mg) aspirin in pregnancy was associated with an 11% reduced risk of preterm birth (RR: 0.89, 95% CI: 0.81–0.98) (55), whereas effects on maternal outcomes of hypertensive disorders, hemorrhage, anemia, and maternal mortality were not significantly different with low dose aspirin. However, hypertensive disorders among women with an early preterm delivery (<34 weeks) had a 62% reduced risk of hypertensive disorders with low dose aspirin (95% CI: 0.17–0.85) (55).
DISCUSSION
The goal of this scoping review was to present the evidence on the maternal effects of infection-related, nutrition and other interventions administered in pregnancy with the aim of improving birth outcomes. Findings of maternal effects were far less reported nor primary compared to birth and infant outcomes, as demonstrated by the eight interventions where no reviews reporting maternal outcomes could be identified. Despite this lack of data, several important findings can be drawn from this work.
Vaccination of pregnant women against infectious diseases has been predominately evaluated for its effect on young infants, with limited evidence on maternal morbidity effects. However, vaccine use in pregnancy has been shown to protect mothers from infection, including influenza, and more recently, SARS-CoV-2 (56). Tdap vaccination in pregnancy is considered safe for the mother and fetus and should be scaled up globally with continued surveillance of chorioamnionitis outcomes. Additional research is needed to discover more effective vaccines, to characterize the optimal timing and seasonality of vaccination in pregnancy for maternal immunogenicity and protection of the infant, and to identify strategies for increasing coverage and uptake globally (57–60).
Insecticide-treated bed nets and frequent IPTp-SP are effective interventions in reducing maternal malaria infection and transmission. In areas of high SP resistance, transitioning to DP should be considered given its effectiveness in reducing maternal malaria and anemia. Studies of cost-effectiveness will help determine whether this new drug regimen should be widely adopted. Conversely, the intermittent screen and treat approach is not yet a suitable alternative to IPTp, even in SP-resistant areas, because the lack of sensitivity of the rapid diagnostic tests (RDTs) may cause more maternal malaria infections to go untreated.
Anthelmintic treatment in pregnancy is recommended and effective in reducing anemia, but evaluations of large-scale implementation programs could shed more light on the effectiveness of anthelmintic treatment for specific parasites. Additional research on whether two doses result in better outcomes, particularly in highly endemic areas, is needed (61).
Treatment with antibiotics is effective in clearing BV in pregnancy but does not appear to reduce the risk of maternal or infant adverse events. With high rates of BV being reported in LMICs (62), more research is needed to determine whether broad screen and treat programs are effective in these settings, whether specific sub-groups benefit more from treatment, and whether earlier administration of treatment improves outcomes (63). Given the significant increased risk of side effects with antibiotic treatment, exploration of alternatives to antibiotic therapy is warranted (64).
Periodontal treatment in pregnancy ameliorates maternal health through improving dental health, but additional research is needed to understand how periodontal indices may link to fetal growth and birth outcomes, and whether timing and type of treatment plays a role. Treatment of ASB in pregnancy significantly reduces the risk of pyelonephritis, but research on effectiveness and cost-effectiveness of RDTs on maternal outcomes is lacking in LMICs. Similarly, evidence on the effectiveness of screen and treat programs for STIs and TB in pregnancy are needed, particularly in LMICs where burdens are high.
Nutrition interventions more commonly reported direct maternal effects compared to the infection-related interventions. Nutrition education may help undernourished pregnant women improve their dietary intakes, but nutritional support, i.e., provision of supplements or food, may be key to improving nutritional status, particularly in food insecure contexts. While the current WHO recommendation does not promote BEP as an individual level intervention, many women in LMICs may experience low BMI when entering pregnancy, even if 20% of the overall population is not underweight as illustrated by sub-national map of the world for low BMI among women (11), and many more may experience inadequate GWG regardless of their BMI at the start of pregnancy (65). As such, regular screening of GWG has the potential to be an effective intervention to ensure adequate weight gain and dietary intakes, especially if followed by nutritional supplementation such as BEP (12). Exploring this targeted approach to nutrition in antenatal care is pressing as populations across LMICs grow more heterogenous in nutritional status. Trials underway using expert consensus formulations of BEP will provide future evidence for the impact of fortified BEP supplementation on birth and maternal outcomes (NCT03533712, NCT03668977, NCT04012177) (66).
IFA is highly effective in reducing maternal anemia and improving iron status. The replacement of IFA with MMS should be considered based on the evidence regarding improved birth outcomes and maternal micronutrient status with MMS supplementation. Findings from individual trials suggest additional maternal health benefits with MMS supplementation, such as reduced cortisol and erythropoietin levels in the third trimester (67), and reductions in obstetric complications such as PPROM, postpartum hemorrhage, and puerperal sepsis (68).
High dose calcium is recommended for reducing the risk of hypertension and preeclampsia in pregnancy in low calcium intake settings; the cost and adherence issues related to high dosage have limited the scale-up in such settings (69). Ongoing non-inferiority trials of low vs. high dose calcium will shed light on this issue (NCT03725891, NCT03735433).
Supplementation with omega-3 fatty acids has not been strongly associated with any maternal outcomes, though additional research on hypertension-related and metabolic outcomes are indicated (70, 71). RCT evidence is needed to evaluate conditional and unconditional cash transfer programs in pregnancy on maternal outcomes, short and long-term. Implementation research is needed to evaluate how either high or low dose aspirin interventions may be integrated within antenatal care and brought to scale.
Much of the current focus in maternal and child health in LMICs is on halting the intergenerational cycles of poor health, and pregnancy and pre-pregnancy interventions are evaluated by their effects on birth outcomes, particularly gestational age and growth indicators. The likelihood that these indicators will be influenced by a particular intervention relies in large part on the maternal physiological response. Maternal health and nutritional status are often considered ‘secondary’ and are either omitted from research results or never measured in the first place, except in the context of interventions that are directly targeted to impact maternal infection, health and survival. Our review demonstrates the importance of capturing maternal outcomes to elucidate whether and by what extent direct effects on the mother impact her and may in turn be the pathway for influencing fetal and infant outcomes. We found an overall under-reporting of maternal outcomes for the selected interventions, and very few results on maternal mortality and serious morbidity. Some studies reported long-term impacts of pregnancy interventions on children, but no long-term health effects on mothers were described, despite the plausible hypothesis that such effects could accrue. There is also a gap in our understanding of the cost-benefit ratios of interventions, which exclude assessments of benefits to maternal health. Future RCTs should include and measure maternal outcomes as primary and should systematically report non-significant estimates and rare events. In summary, our scoping review of antenatal interventions may help policy makers, program implementers, and researchers identify what interventions should be prioritized for the benefit of maternal health in high burden settings.
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Placental malaria® 3-dose IPTp-DP vs. standard IPTp-SP OR: 0.73 (0,50, 1.06) 2RCTs, = 1231
Monthy DP vs. standard IPTp-SP OR: 041 (0:23,0.74) 1 RCT, n = 206
Matemal peripheral malaria? 3-dose IPTp-DP vs. standard IPTp-SP OR: 027 (0.15, 047) 2RCTs, n = 1231
Monthly DP vs. standard IPTp-SP OR: 0.09 (0.01, 1.68) 1RCT. n =206
Anernia (<11 g/c) 3-dose IPTp-DP versus standard IPTp-SP OR: 0.75 (0,60, 0.94) 1 RCT, n = 1,081
Monthly DP versus standard IPTp-SP OR: 0.58 (0.39, 0.84) 1 RCT, n = 527
Matermal SAES® 3-dose IPTp-DP versus standard IPTp-SP OR: 042 (0.29, 0.62) 2RCTs, n = 1231
Monthly DP versus standard IPTp-SP OR: 069 (0.19, 2.64) 1RCT. n =206
Replacement of IPTp with ISTp (intermittent screening and treatment)
en Matemal parastemia in pregnancy orat  ISTR-ACT vs. IPTp-SP RR:1.09 (102, 1.17) 4RCTs,n =7.225
deivery’
(26) Glinical malara during pregnancy 1STP-DP vs. IPTp-SP OR: 1.1 (0.87, 1.51) 2RCTs,n
Pacental malaria OR: 1.29 (1,10, 1.50) 2RCTs.n
Maternal peripheral malaria OR: 1.39 (1.14, 1.69) 2RCTs, n = 2
Anemia (<11 g/d) OR: 088 (0.74,1.04) 2RCTs, n
Materal SAES OR: 0.96 (0.74, 1.24) 2RCTs.n

Preventive anthelmintic treatment in pregnancy

=) Anemia at tem (HD < 11 g/d) ‘Any antheimintic drug vs. placebo or o treatment RR: 077 (073, 081) 3RCTs, n = 5216
Infection intensty: 7. trchiura® AR 069 (0.42, 1.13) 2RCTs,n = 2,867
Infection itensty: Hookwor' RR: 0,52 (018, 1.47) 2RCTs, n = 2,867

Clindamycin or metronidazole treatment of pregnant women with current bacterial vaginosis (BV)

9 Failure of test of cure (BY detected)” Any antibiotc” vs. placebo .42 (031, 0.56) 10RCTs, n
Clindamycin (vaginal) vs. placebo RR: 040 (030, 0.59) 3RCTs. n
Metronidazoe (oral) vs. placebo RR: 052 (030, 0.88) 3RCTs, n
Previous preter birth Any antibiotc vs. placebo RR: 057 (022, 1.50) 2RCTs =
Postpartum infection” Clindamycin or metronidazole vs. placebo RR: 091 (026, 3.21) 2RCTs, n
PPROM Metronidazole (oral) vs. placebo RR: 074 (030, 1.84) 2RCTs.n
Side effects sufficient 1o stop treatment Any antibiotc vs. placebo/no treatment RR: 1.66 (1.02, 2.68) 4RCTs.n

Side effects not sufficent o stop treatment  Any antibiotic vs. placebo/no treatment 27 (076, 2.13) 3RCTs,n

Screening and treatment of asymptomatic bacteriuria (ASB) in pregnancy

©) Pyeloneptritis™ Screening vs. o screening RR:0.28 (0.15, 0.54) 3RCS, n = 5659
@) Pyelonephitis Any antibiotc vs. placebo/no treatment RR: 024 013, 0.41) 12 RCTs, n = 2,017
Persistent bacteruria RR:0.30 (0.18, 0.53) 4RCTs, n = 59
Treatment of documented periodontal disease during pregnancy
©) Periodontal outcomes” Periodontal treatment vs. 1o treatrment Not avaiable. Lowest and highest MD
included
Probing depth -0.88 (-095, -081) 3RCTs, = 1241
~0.40(-0.70, ~0.10)
Bleading on probe 476 (~49.6, ~45.6) 5RCTs,n = 2278
206 (187, 225)
Plaque index -50.1 (-51.6, ~48.5) 2RCTs,n= 1211
435 (-47.0, -30.9)
Glical attachment level -0.80(-090, -0.70) 3RCTs, = 1241
: ~0.25 (-030, -0.20)
) Pre-eciampsia™ Periodontal treatrment vs. to no treatment RR: 098 (077, 1.26) 6RCTs, n = 4,397
Cesarean section RR: 0,84 (067, 1.07) 2RCTs, n = 1,177
Gestational dabetes RR: 1.60 (064, 4.00) 1RCT.n =67

*Laboratory confimed infuenza by polymerase chain reaction (PCR.

I af trils the influenza vacoine was a Iivalent inactivated inflienza vaccie. n one tria, the controlwas a quackivalent meningococcal conjugate vaccine and in another, the controlwas  23-valent preumococeal polysaccharide vaccine.
“Influenza-fie iiness not defined.

“Rospiatory iiness with or without fever (>38°C).

“Defintion for hypertension varid by study.

{Definiion for pre-eciampsia varied by study.

“Severe pre-eclampsia defned by ICD 10-AM O14.1.

"Defiton for chorioamioits varied by study.

Placental malaia defined s the presence of asexual parastemia detectable by miroscopy.

(61-G2 indicates primi- and secundi-gravidae Le., st or second pregnancies.

*anemia (<11 g/d) and severe anemia (defied by indivical trils as Hb <6, 7, or 8 /) at term or llvery.

Maternal malaria infecton identifed in peripheral blood at delvery.

"Placental malaria (il speces) dentifed by microscopy.

"Cinical malaia episode defined as presence of asexual parasites and fever during pregnancy.

“As defined by indivicual study authors.

“Parasitemia at delivery, defned by indiicual study authors.

“Serious adverse events (SAES) as defined by indvidual study authors.

‘Matemal parasitemia in pregnancy or at term ot defined.

“Any T.Trichiur infecton, as defined by indvidual study authors.

‘Any hookworm infection, as defined by individual study authors.

“Timing and method of test of cure varied by individual stucles. Diagnosis of BY also varied by study (Amssi o clncal cteria, Gram stain critera, and abnormal Nugent score 4-10).

“Antotics incudea: oral amoxiclin, oral and vaginal clndamycin, oral metronidazole, and oral erythromycin.

*As delined by individual stucly authors.

“Pyelonephii (kicney infection) not defined

"Defined as bacteruria persisting at the time of delivery.

“Periodontal outcomes incuded probing depth, plaque index, blseding on probe, and ciinica attachment evel as defined by individual study authors

*Pre-eclampsia and gestational dlabetes were not efned.

RR, relativ isk: OR, 0dds rato; MD, mean diference; IRR, incidence rate ratio; RCT, randomized. controlie ria: PCS, prospective cohort stucy; RCS, retrospective cohort stuay; LG, laboratory-confimed influenza; L, inflenza-fke ness;
R respatory ilness; Tdap, tetanus-ciphthenia-aceluar pertussis vaccine; Td, tetanus-clphtheria vaccine; TT, tetanus toxoi vaccine; TN, insecticide-treated bed net; 1PTp, infermitent preventatie treatment n pregnancy; HIV, human
immunodeficiency vins; SP, sulfadoxie-pyrimethamine; DP, dihydroartemisiin-piperaquine; SAE, serious aderse event;ISTp, intermittent screening and reatment in pregnancy; ACT., rtemisinin-based combination therapy; BV; bacterial
bl PR e b Ril 7o of membiivion: PROM. tfo-iioriohat if maoibinas: PTE. teolairts i AR strokialls Rackaikute: LANES: A il Soais Sania
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“Study designs included RCTs, cluster-ACTs, and quas-experimental (honvandomizea) designs. Characterizaton of stucy design in meta-analyses was not reported.

“Anemia not defined.

“Balanced protein-energy supplementation was defined as nutrtional supplementation during pregnancy in which protein provided less than 25% of total energy content.
n Ota et a, preclampsia was dofne by indvial tucy authors. I Imdad & Bt pre-eciampsia was ot define.

Tiwo i in th review used! #on without o & as he conirols, whereas o remainig tls (17) usd FA.

THigh blood pressure as defined by individual study authors, with or without proteinuria.

"High dose calcum defined as >1 g of dietary calcum.
Low dose cakium defned as <1 g of etary caicum.

High blood pressure with signifcant proteinuria, as defined by individual study authors.

‘Eciampsia not defned

(Composte outcome of death or at least one measure of serious morbidity: ectampsi; renal faiure; HELLP syndrome; and admission to inensive care.

"Piacental abruption no defined.

"HELLP syndfome defined as syndrome of hemolysi, elevated iver enzymes, and low platelets.
“High blood pressure defined as high blood pressure without proteinuria (no cut-of indfcated).
Omega-3 long-chain polyunsaturated fatty acids (LCPUFA) as supplements or dieary aditons.

“Randomized-controled rias, inciuding quasi-randomized tras.

‘Pre-ectampsia defined as hypertension with proteinura.
*Eciampsia not deined,
‘Gestational iabetes not defned.
“Anemia not defined.

“PPROM and PROM ot defined.

“Adverse events as defined by indidual study authors.
“Serious adverse events not defined.

*Postpartum hemorthage not defned,

“Assessed using the Edinburgh Postnatal Development Scale (EPDS). Thresholds described as varying per stuay and defined by indvidual study authors

ancrs,
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RR, refativ isk; MD, mean difference; RCT, randomizeds-controlled ra; LVICs, ow-and midde-income countie; IFA iron-foic acio; MMN, multple-micronutrent; BEP, balanced energy-protein supplementation; LN, fpid-based nutient
supplements; SO, standard devations; GWG, gestational weight gain; PPROM, preterm pre-labor rpture of membranes; PROM, pre-iabor rupture of membranes; EPDS, Edinburgh Postnatal Depression Scak; CCT, conditional cash
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