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Abstract  

Objective: A comprehensive understanding of the factors contributing to perinatal blood 

pressure is vital to ensure optimal postnatal hemodynamic support. The objective of this study 



was to review existing literature on maternal and perinatal factors influencing blood pressure in 

neonates up to 3 months corrected age. 

Methods: A systematic search of published literature in OVID Medline, OVID Embase and the 

COCHRANE library identified publications relating to maternal factors affecting blood pressure 

of neonates up to corrected age of 3 months. Summary data were extracted and compared 

(PROSPERO CRD42018092886).   

Results: Of the 3683 non-duplicate publications identified, 44 were eligible for inclusion in this 

review. Topics elicited were socio demographic factors, maternal health status, medications, 

smoking during pregnancy and cord management at birth. Limited data were available for each 

factor. Results regarding the impact of these factors on neonatal blood pressure were inconsistent 

across studies. 

Conclusions: There is insufficient evidence to draw definitive conclusions regarding the impact 

of various maternal and perinatal factors on neonatal blood pressure. Future investigations of 

neonatal cardiovascular therapies should account for these factors in their study design. 

Similarly, studies on maternal diseases and perinatal interventions should include neonatal blood 

pressure as part of their primary or secondary analyses.  

 

 

 

 

 



Introduction 

Blood pressure (BP) among newborn infants varies considerably in the immediate postnatal 

period (1–3) . Observed neonatal BP values have been associated with birthweight, gestational 

age at birth, and postnatal age (4,5) . This variability in blood pressure makes it challenging to 

know whether observed blood pressure values are too high (hypertension), too low 

(hypotension), increasing too quickly, or increasing too slowly for a specific neonate during 

postnatal adaptation under specific clinical circumstances (4,6,7) . There is an additional need to 

address neonatal hypertension which is often underdiagnosed (2,8,9) . 

 

The impact of additional factors beyond gestational  and postnatal age on neonatal blood 

pressure values is unclear (1,4,10–13) .  These include maternal condition, perinatal clinical 

circumstances, and any additional, yet unclear, neonatal factors.  A comprehensive 

understanding of these factors is vital to ensuring optimal provision of hemodynamic support for 

neonates in the immediate postnatal period. 

Understanding the cause of hypotension allows for better therapeutic choices for postnatal 

neonatal hypotension treatment. For example, hypotension secondary to maternal anesthesia or 

analgesia may require reversal agents. Choice of fluid administration (in infants of insulin-

dependent diabetic mothers) and/or choice of particular vasopressors such as dobutamine, 

milrinone, vasopressin or dopamine for example may also be determined based on maternal 

factors.  Septic shock may need more than one approach. Adrenal insufficiency may require 

early use of hydrocortisone.  

 



The International Neonatal Consortium (INC) was formed in 2015 with the aim of engaging 

members of the global neonatal community to accelerate the advancement of safe and effective 

innovations in therapies for neonatal infants (14) . The Consortium comprises academic, clinical, 

industry, and nursing stakeholders as well as patient advocate groups and regulatory bodies, who 

are collaborating to collate existing evidence and combine it with their professional expertise to 

develop consensus-based guidance that can support future clinical trial methodologies.  

 

This paper is the second in a series of articles being produced by the hemodynamic adaptation 

(HA) workgroup of INC. In the first instance the group worked on best practice 

recommendations for neonatal blood pressure measurement methods (15); the second instance is 

this article regarding maternal factors influencing neonatal blood pressure during the first 3 

months after birth; the third instance the group is working towards establishing observed 

“normal” blood pressure ranges for neonatal infants of varying gestational ages based on a 

systematic review of available evidence, with the ultimate goal of establishing evidence-based 

approaches to assessment and management of neonatal circulation. 

 

Methods 

This systematic literature review is developed based on a pre-specified protocol developed by the 

INC HA workgroup prior to initiation of the review. The protocol is registered on the 

PROSPERO database (ID CRD42018092886) (16) . 

 



Eligibility Criteria 

Prospective and retrospective cohort studies, case series and randomized controlled trials were 

all included during article selection. There was no limit on the publication year due to the 

importance of published evidence from early studies and therefore included literature from 

January 1946 to January 2017. Study populations included term and preterm neonates up to the 

corrected age of 3 months of all weights and in any healthcare context. Articles reporting 

neonatal blood pressure as the main outcome, with analysis of maternal or perinatal factors were 

included. Papers with an absence of extractable data, invalid data analysis methods as 

determined by the statisticians in the HA workgroup and those published in a language not 

interpretable by any of the members of the HA workgroup were excluded. 

 

Search Strategy 

This systematic review was developed in accordance with the PRISMA guidelines (full checklist 

is available in Supplementary data) (17). A systematic search of published literature was 

performed in OVID Medline, OVID Embase, the Cochrane Central Register of Controlled Trials 

(CENTRAL) and CINAHL. Papers were identified using the search terms (blood pressure OR 

hypertension OR hypotension) AND (infant OR newborn OR neonate) AND infant [MeSH] 

AND (measurement OR normative) AND Humans [MeSH]). For finding articles related to cord 

management, additional search criteria Cord adj3 (clamp* or milk* or strip* or drain*) were 

used. 

 



The initial search included papers relevant to three primary research aims developed by the HA 

workgroup to address neonatal hemodynamic adaptation and influencing factors during the first 

few hours and months after birth.   

  

Data Extraction and Synthesis 

Content from the papers retrieved was organized by study details and each paper was assessed 

against the inclusion and exclusion criteria. Two independent reviewers screened the article titles 

and abstracts and applied the eligibility criteria in a blinded fashion to the full article once the 

article was selected based on abstract review. At this stage, all studies were assigned to the 

relevant sub-questions of the larger overarching aim of neonatal hemodynamic adaptation 

developed by the HA workgroup.  Papers were eligible and selected for inclusion in this 

systematic review if they reported on maternal factors affecting neonatal blood pressure. 

 

All relevant summary statistics from the final selection of papers were extracted to Excel® 

(Microsoft Office, Redmond, Washington, USA) regardless of statistical significance. Data 

comprised values for systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean 

arterial pressure (MAP), recorded with mean and standard deviation (± SD) where possible, as 

well as direction, magnitude and significance of factor association, and description of results. 

Descriptive comparisons of such data are reported in this study. Due to the heterogeneity in the 

data reported, a meta-analysis was not performed. 

 



Assessment of Risk of Bias 

The risk of bias was assessed by the two independent reviewers using criteria outlined in the 

Cochrane Handbook for Systematic Reviews of Interventions and an overall risk of bias score 

was given for each study using the Mixed Methods Appraisal Tool (18,19) . Evidence selection 

bias was minimized by conducting a thorough literature search in five major databases to ensure 

all available data on the topic were included.  

 

Results 

The initial systematic search retrieved a total of 5376 papers, of which 3683 remained after 

removal of duplicate titles. A detailed evaluation of the elicited papers identified 52 studies that 

fit the inclusion criteria and a final 44 contained relevant data to be included in this review 

(Figure 1). All 16 included papers related to maternal factors were prospective cohort studies 

published between 1976 and 2010 and descriptive characteristics are listed in Table 1. All studies 

included in this part of the review had a low risk for bias.  

 

Maternal socio demographic factors  

Maternal age  

Gillman et al. studied 1059 full-term neonates to identify perinatal predictors of neonatal blood 

pressure values, including maternal age. The authors reported a positive correlation between 

increasing maternal age and systolic blood pressure of infants at 48 hours of age suggesting that 

systolic blood pressure among newborns was approximately 0.8 mm Hg higher for each increase 



of five years in maternal age. This correlation persisted even after controlling for potential 

confounding factors such as maternal high blood pressure (20) . Zinner et al. found a positive 

correlation between maternal age and neonatal SBP and DBP in a subset (n=576) of 837 

maternal-infant pairs measured after uncomplicated vaginal or caesarean section deliveries (10) . 

The exact magnitude was not reported. A study by Sadoh, et al. of 473 mothers and infants found 

a lack of correlation between maternal age and neonatal SBP (r = 0.015, p=0.374)(21). However, 

every 10-year increase in maternal age was associated with an increase of 0.3 mmHg in neonatal 

SBP (neonatal SBP = 0.30×age + 60.38, R2 = 98.6%). Pairwise interclass correlation coefficients 

were 0.196 for SBP and 0.157 for DBP (p<0.001) (20) . A prospective cohort study of 406 term 

neonates reported no significant correlation between maternal age and neonatal SBP, DBP or 

MAP at either 24 or 48 hours after birth (22) . With limited numbers of studies and conflicting 

results, definitive conclusions could not be made on the influence of maternal age on neonatal 

blood pressure. 

 

Maternal ethnicity/race 

The effect of maternal ethnicity on neonatal blood pressure is uncertain. Schachter et al. found 

higher DBP in term neonates of African-American mothers at 3 days after birth compared to 

white American infants (51.9 ± 6.7 mmHg versus 50.1 ± 6.6 mmHg; p=0.047), but no significant 

difference in SBP was observed (76.4 ±8.3 mmHg versus 75 ± 8.4 mmHg) (23) . In contrast, 

Zinner et al. reported no significant difference in SBP (74.1 ± 9.2mmHg and 75.1 ± 11.2mmHg 

respectively) or DBP (51.3 ± 9.0 mmHg and 51.3 ± 10.6 mmHg) in neonates born to white or 

African-American mothers (10) . Another prospective cohort study by Schachter et al. comparing 

111 African-American with 136 white term newborn infants on day 3 after birth reported a 



marginally higher SBP for the African-American newborns (mean SBP 76.7 mmHg versus 74.3 

mmHg; SD not reported; p=0.04). However, when adjusted for number of feeds since birth, there 

was no longer a significant difference (24) . 

 

Maternal socioeconomic class  

The mean SBP values of infants born to mothers from lower socioeconomic classes was reported 

to be significantly higher than that of infants of mothers from middle and high socioeconomic 

classes (70.8 ± 8.5 mmHg (low); 68.1 ± 8.2 mmHg (middle), 68.6 ± 8.3 mmHg (high) p=0.022) 

in neonates in Nigeria (21) . Schachter et al. reported no effect of socioeconomic class on 

neonatal blood pressure in infants at an academic hospital in the United States (23,24) . 

 

Maternal health status and diseases 

Maternal Body Mass Index (BMI) 

 Studies evaluating maternal BMI and neonatal blood pressure in early life are scant. In a single 

study identified during this review, the mean SBP of infants of mothers with BMI<30 was 

reported to be significantly lower than in infants whose mothers had BMI>30 (p=0.031) in a 

cohort of 473 Nigerian infants (21) . The exact SBP values for the newborn infants were not 

reported in the paper. This was also the case in some of the papers cited below and therefore 

exact blood pressure values could not be reported. 

 



Maternal Blood Pressure 

In 2004, a study by Gillman et al found a positive correlation between maternal blood pressure 

and neonatal blood pressure in 1059 maternal-infant pairs (20) .  At 48 hours after birth, there 

was an estimated 0.9 mmHg increase in neonatal SBP for every 10mmHg rise in third trimester 

maternal SBP. Furthermore Czeszynska et al. reported that at 24 hours after birth, term infants 

born to pre-eclamptic mothers had a significantly higher SBP (78.7 ± 10.9 vs SBP 74.4 ± 11.7 

mmHg; p<0.001) and DBP (44.4 ± 10.2 vs 41.2 ± 9.2mmHg; p<0.01) than those born to 

normotensive mothers (SBP 74.4 ± 11.7; DBP 41.2 ± 9.2 mmHg) (25) . DBP was higher in 

preterm neonates born to pre-eclamptic women (43.0 ± 9.2 mmHg versus 39.3 ± 8.8 mmHg; 

p<0.001), but with no difference in SBP. Another study determined the effect of maternal blood 

pressure in preterm infants (mean GA 31.5 weeks) and found that at 6 hours after birth there 

were higher values for both SBP and DBP in preterm neonates born to mothers with 

hypertension compared to a control group of healthy mothers (26) . However, a subsequent paper 

regarding the same study sample reported no difference between preterm infants born to the 

normotensive and hypertensive mothers at one and seven days of age. Fluctuations occurred over 

the days, resulting in no pattern of correlation (27) . 

 

In a 2009 study, Kent et al. found no correlation between blood pressure in a cohort of 190 

preterm and term infants born to normotensive compared with hypertensive mothers. At 14 days, 

there were no significant differences in SBP, DBP or MBP in the term infant group. No 

difference in SBP, DBP or MBP was found in the preterm infant group at 28 days after birth 

(28).  The study may have been underpowered for detecting differences. A 1983 study by 

Mausner et al. compared neonates born to a group of 201 normotensive mothers finding no 



differences between SBP and DBP in neonates between the two cohorts (29) . No significant 

difference in MBP in the first three days after birth was recorded between a small cohort of 

neonates born to pre-eclamptic mothers compared to normotensive mothers. Neonates of 

normotensive mothers had slightly higher MBP than pre-eclamptic mothers (48.1 mmHg and 

47.5 mmHg, p value not provided), but this difference was not statistically significant and would 

not represent a clinically relevant difference (30) . With conflicting results in the identified 

studies, it is still uncertain whether maternal blood pressure during and at the time of delivery 

has any effect on newborn blood pressure. 

 

Maternal Diabetes 

A study by Kent et al. showed no difference in SBP, DBP or MBP at 14 days post-delivery 

between term neonates born to mothers with diabetes compared with healthy mothers (28) . 

However, there were significantly higher readings for preterm neonates born to diabetic mothers 

at 28 days for SBP (67.4 mmHg vs 61.8 mmHg p<0.001), DBP (37.7 mmHg vs 33.2 mmHg 

p<0.02) and MAP (48.3 mmHg and 43.3 mmHg p<0.01) none of which would be considered out 

of the normal ranges for this age group.  

 

Maternal medications 

Magnesium sulphate and ritodrine are tocolytic agents. Magnesium sulphate is also used in the 

treatment of severe pre-eclampsia and more recently as a neonatal neuroprotective agent in 

preterm deliveries. While generally safe, both of these agents can cause hypotension. Rantonen 

et al. (31) investigated the effect of maternal magnesium sulphate or ritodrine treatment on 



neonatal blood pressure (BP) during the first 48 hours after birth. They found no statistically 

significant difference between neonates exposed in-utero to magnesium sulfate (n=13) or 

ritodrine (n=15) and those not exposed to these agents (n=12) although it was a small sample 

size (31) . 

The use of antenatal corticosteroids to prevent respiratory distress syndrome in preterm infants is 

common. Significantly higher mean blood pressures (up to 5 mmHg) have been reported in the 

first 24 hours after birth in infants treated with a single course of antenatal corticosteroids. There 

is also a decreased need for inotropic support and fluid resuscitation during the first 24 hours 

(32–34) . The effect of repeat courses of antenatal corticosteroids is less clear. In a randomized, 

blinded, placebo controlled clinical trial evaluating the effect of multiple courses of antenatal 

corticosteroids on neonatal blood pressure and myocardial thickness, no difference was found 

between the placebo and repeat steroid groups (35) . 

 

Maternal smoking 

A prospective cohort study by Beratis et al. demonstrated a positive correlation between the 

number of cigarettes smoked by mothers during pregnancy and blood pressure in term infants 

within the first 72 hours after birth (36) . The most marked observation was in infants born to 

mothers who smoked more than 15 cigarettes a day with significantly higher SBP (on average 12 

mmHg higher at 72 hours) and DBP (on average 8 mmHg higher at 72 hours) at every time 

interval studied up to 24 months after birth. After 24 months, there was no significant difference 

in blood pressure between infants of smoking and non-smoking mothers (36) . Similarly, Geerts 

et al. (37) found that neonates of mothers who smoked during pregnancy had higher SBP (5.4 



mmHg 95% CI: 1.2 to 9.7; p=0.01) at 2 months of age compared with neonates who were not 

exposed to tobacco during pregnancy. No association was found between maternal smoking 

during pregnancy and neonatal DBP (37) . There was no difference in SBP or DBP between 

neonates who were born to non-smokers and to mothers who were exposed to secondary 

cigarette smoke. Further analysis for differences in gender showed that male neonates born to 

smoking mothers had 8.6 mm Hg higher SBP than those born to non-exposed mothers (p=0.04). 

 

Chorioamnionitis 

There were only two studies reporting on the association between chorioamnionitis and neonatal 

blood pressure. 

A prospective observational cohort study by Been et al. (36) of 271 preterm infants born at ≤ 32 

weeks gestation studied blood pressure during the first 72 hours after birth which was correlated 

with the use of antenatal steroids and histological evidence of chorioamnionitis. Infants whose 

mothers were diagnosed with chorioamnionitis had lower mean blood pressures especially 

during the first 12 hours. In infants whose mothers received antenatal corticosteroids in the seven 

days prior to delivery, the authors found an increase in mean arterial blood pressure (36) . 

However, on multivariate analysis, maternal chorioamnionitis did not significantly affect 

neonatal blood pressure. Antenatal corticosteroids, cord blood pH, and absence of maternal 

HELLP syndrome were associated with higher neonatal blood pressure. Yanowitz et al. studied a 

cohort of 55 preterm infants <32 weeks gestation, including 22 with histologically confirmed 

maternal chorioamnionitis. They reported no significant differences in SBP at three (±1) hours 



after birth, but lower MBP and DBP for the group with chorioamnionitis (p<0.05, exact data in 

mmHg not provided) (38) . 

 

Cord management 

The standard approach to cord management at birth has been to clamp and cut the umbilical cord 

early (ECC) especially for infants born prematurely or those deemed to need resuscitation. 

However, in the past three decades, methods to enhance the transfer of placental blood to the 

baby have included Delayed Cord Clamping (DCC) or Umbilical Cord Milking (UCM) (39). Our 

literature searches identified 24 papers in preterm infants (n=1638 infants) (40–63) and four in 

term infants (n=484 infants) (64–67) reporting on randomized trials comparing different cord 

management methods which are listed in table 2. Of the preterm infant studies, 5 studies had no 

extractable data but these studies were included in the review as they had BP related comments 

within the text for comparative purposes (40,42,58,60,61) . Two papers were based on the same 

original cohort but the second paper reported additional data (55,56) .  

Study designs of comparison groups are listed in table 3 (see online supplement). All studies 

were at high risk for performance bias as placental transfusion cannot be blinded for the 

practitioners. Many of the studies were unclear for other aspects of risk of bias. Certainty of the 

evidence (CoE) using GRADE was mostly low, mainly due to imprecision and unclear risk of 

bias. The studies are listed in table 2. Overall, the randomized controlled studies were difficult to 

compare as study designs were heterogeneous in terms of methods chosen and timing and 

degrees of the placental transfusion. In the preterm studies (14 studies, 850 infants), delayed cord 

clamping timings were set from 30 to 90 seconds with a median of 30 to 45 seconds.  



 

Similar variations were seen in UCM (10 studies, 788 infants), where the number of times 

milked varied between two to four-fold. Furthermore, eight studies milked before 

clamping/cutting the cord, and two cut the cord before milking the remaining cord stump, mostly 

due to the perceived need to resuscitate at birth.  

 

The definition of immediate ECC ranged from 10 to 20 seconds. Only 4 studies (484 infants) 

reported BP data in term infants born after receiving placental blood and these were highly 

heterogeneous (64–67). The gestational age at birth for preterm infants in the eligible studies 

varied widely and there was inconsistency in study design.  

 

Fourteen studies compared DCC versus ECC. These studies are described in Table 2. Five 

studies found no difference in mean BP between groups while eight studies did report a 

difference (six of which reported statistically significant differences between groups in favor of 

DCC;), which resulted in less need for inotropes.  

 

Seven studies looked at UCM versus ECC. Three reported no difference between cohorts 

(54,60,66) . Four reported statistically significant difference with an average increase in mean BP 

by as much as 6 mmHg in infants after UCM as compared to ECC. Focusing on SBP, DBP and 

MBP in the first hour after birth, at 4 hours, and at 24 hours allows for some comparison of all 

studies in preterm and term infants with extractable data (Figure 2a-d). The illustration 



demonstrates a trend towards higher values for DBP and SBP with longer cord clamping times or 

milking of the intact cord. 

Two studies looked at UCM versus DCC. One reported no difference in neonatal BP. The other 

study reported a statistically significant difference in mean BP with higher values reported after 

UCM.  

 

In term infants, two studies reported no differences in neonatal BP values between cohorts whilst 

the study comparing shorter DCC (60 seconds) versus longer DCC (300 seconds) reported long 

DCC favorable and 1 comparing UCM versus ECC showed a statistically significant difference 

in favor of UCM. Due to the high number of studies where the device used for BP measurements 

was not reported, it is not possible to link outcomes with type of BP device used.  

  

Discussion 

Only 44 papers met inclusion criteria for this systematic review – a relatively low number given 

the breadth of the topic and range of years included. However, all of the included studies which 

covered the topics of maternal conditions and medications had a low bias risk, and yielded 

results from 7,172 mother-infant pairs. This literature searches and incorporated studies provide 

interesting data on the impact of maternal socio-demographics, health status during pregnancy, 

maternal smoking, and antenatal medications on neonatal BP values (5,20,23,27,28,33,35,36) .  

 



The included studies present mixed results regarding the impact of maternal factors on the blood 

pressure in neonates.  Maternal age is reported to be positively associated with neonatal BP in 

some studies (10,20) , but not others (23,24) . Similarly, studies investigating associations 

between maternal social class and ethnicity and neonatal blood pressure report mixed results 

(21,23,24) . Pregnancy related maternal diseases (e.g. maternal hypertension, diabetes or other 

medical conditions) appear to be associated with increased neonatal blood pressure, but to a 

variable extent (26,27) . 

 

It can be concluded that maternal age, the advancement of which was shown to correlate with an 

increase in neonatal blood pressure in two out of four papers, has presented as the most 

important associated sociodemographic factor in determining BP at birth, in this 

review(10,20,21,24) . There are inconsistencies among the studies reporting on associations 

between ethnicity and socioeconomic status of mothers on neonatal BP, leading to insufficient 

evidence to draw conclusions on whether or not these factors have a significant impact.(21,23) In 

addition, multiple factors may be occurring in individual patients and studies could have 

difficulty in separating out the influences. 

 

This review found wide variations in reported associations between maternal blood pressure and 

neonatal BP. Clearly positive correlations were identified in some studies, although this is 

inconsistent throughout all papers and there is ambiguity between findings, sometimes even 

within the same study.(20,25–30) Discrepancies between the studies around age of neonates at 

the time of BP measurements poses challenges when comparing the outcomes, due to the rapidly 



evolving haemodynamic state of infants over the first weeks after birth.(1,2) Although this 

review highlights maternal BP as a potential factor affecting neonatal BP without strong 

evidence in large scale studies, no definitive conclusions can be drawn from the available 

evidence and therefore, further research is required. Only one study reported on the effect of 

BMI on neonatal BP with a significant difference between neonates of mothers with BMI >30 

compared with BMI <30 (20). Maternal BMI is known to affect maternal and fetal outcomes, 

although the exact cause of this is not fully understood.(68) In particular, infants born to mothers 

with high or low BMI experience more adverse effects than those of healthy mothers and are 

more likely to require neonatal hospital admission(68). It would be beneficial, therefore, to 

investigate further the link between maternal BMI and neonatal BP. Diabetes in mothers is 

known to result in poorer neonatal outcomes, including cardiac pathologies. Only one paper 

reported on maternal diabetes and found that it was not correlated with neonatal BP(28).  Further 

research could provide insightful evidence around this topic(68). Overall conclusion cannot be 

drawn from these single studies about the impact of maternal BMI and diabetes.  

 

No correlation was noted, either between maternal use of magnesium sulphate or ritodrine during 

pregnancy and neonatal BP in the single study in which this was reported(31). The use of 

antenatal steroids has been associated with higher neonatal BP(5). Two studies reported a 

positive correlation between smoking during pregnancy and a higher BP of neonates (36,37).  

Overall, 24 papers related to placental transfusion in preterm infants, either through delayed cord 

clamping or umbilical cord milking, reported either no effect or an increase in BP measurement 

during the first 72 hours after birth. The recently updated Cochrane Review found a benefit of 

placental transfusion in reducing the need for inotrope treatment for preterm infants during the 



first week after birth (39). Not all randomized controlled trials reported on blood pressure as a 

primary or secondary outcome measure, which should be correctly measured and reported in 

future studies. Likewise, drug studies during pregnancy should report both on shorter as well as 

longer term neonatal outcomes including BP and should record the cord management methods 

used. 

Strengths of this review which increase validity include strict adherence to the PRISMA 

statement and pre-registering the study protocol on PROSPERO.  Limitations include the small 

number of papers investigating each maternal factor and exclusion of papers published in a 

language not spoken by any member of the Consortium team. The methodological quality of 

included studies was disparate, particularly with regards to study design, patient population, 

methods of data analysis, and data presented.  Potential explanations include the years elapsed 

since publication of several of the papers, challenges with data extraction – particularly variation 

in both the age at which BP values were obtained and type of blood pressure (systolic, diastolic, 

mean) measured across studies, limited information or adjustment for possible confounding 

variables, and study differences in the neonatal population investigated.  

 

Implications for current practice and future research 

The lack of concrete conclusions drawn from the available literature reflects the limited data on 

the topic surrounding the association between maternal factors and neonatal BP. The findings 

from this systematic review are not strong enough to impact current practice or offer 

generalizable information. 

 



Future investigations of neonatal cardiovascular therapies should include both, maternal and 

perinatal factors in their study design and analysis and have adequate sample size. Similarly, 

studies on maternal diseases and perinatal interventions should include neonatal BP as part of 

their primary or secondary analyses. Understanding the cause of neonatal hypotension will allow 

for more targeted therapeutic interventions in the treatment of postpartum neonatal hypotension 

providing immediate effective therapies while avoiding adverse effects from “trial and error” 

approaches that utilize polypharmacy and are currently prevalent in the clinical arena. 

 

Conclusion 

The aim of this systematic review was to assess the available published data regarding the 

influence of maternal factors on neonatal BP values.  Ambiguity in the current published 

literature means that there is insufficient evidence to draw definitive conclusions about the extent 

to which certain maternal factors correlate with neonatal BP. There are some indications that 

maternal age, maternal BP, maternal BMI and maternal smoking have an effect, but data were 

insufficient to draw definitive conclusions or recommendations. There is a need to consider 

influential maternal conditions and therapies in future studies in order for a more complete 

understanding of factors contributing to the hemodynamic status of neonates in the immediate 

postnatal period. This review in conjunction with additional studies through the International 

Neonatal Consortium will assist with the development of evidence-based standards for neonatal 

protocols for hemodynamics therapy studies or understanding of normal or abnormal conditions 

to define adverse events.  
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Figure 1 PRISMA flow diagram 

 

Figure 2a Mean blood pressure (mm Hg) and 95% confidence interval in studies of umbilical 

cord milking, delayed and early cord clamping in preterm infants. *variance estimated as range/4 

Figure 2b Systolic blood pressure (mm Hg) and 95% confidence interval in studies of umbilical 

cord milking, delayed & early cord clamping in preterm infants. *variance estimated as range/4 

Figure 2c Diastolic blood pressure (mm Hg) and 95% confidence interval in studies of umbilical 

cord milking, delayed & early cord clamping in preterm infants. *variance estimated as range/4 

Figure 2d Mean blood pressure (mm Hg) and 95% confidence interval in studies of umbilical 

cord milking, delayed & early cord clamping in term babies. 
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Figure 2b  
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Table 1 – Characteristics of included studies 
 Authors 

(Country) 
Study 
Type 

n Population
(gestational age range) 

Maternal 
Factor 

Indicator
(number of subjects) 

1 Beratis, N.G., et al. 
(36) 
1996 
(Greece) 

Prospective 
cohort 

369 Term neonates born during a 
6-month period in the 

Maternity Hospital of Patras 
(37-41) 

Smoking in 
pregnancy 

Non-smoking (296)
3-5 cigarettes/ 
day 

(24)

7-14 
cigarettes/ 
day 

(25)

15+ 
cigarettes/ 
day 

(24)

2 Geerts, C.C., et al. (37) 
2007 
(Netherlands) 

Prospective 
cohort 

456 Healthy term neonates in 
Leidsche Rijn (37-42) 

Smoking in 
pregnancy 

Non-exposed (363)
Exposed to 
others' smoke 

(63)

Mother 
smoked 

(30)

3 Czeszynska, M.B., et 
al. (25) 
1999 
(Poland) 

Prospective 
cohort 

89 Newborns born in the 
Department for Pathology of 

Pregnancy and Labor, 
Pomeranian Medical Academy 
in Szcezin, Poland during a 2-

year period (23-41) 

Blood 
pressure 
(Pre-
eclampsia) 

Normotensive 
(term) 

(30)

Pre-eclamptic 
(term) 

(21)

Normotensive 
(preterm) 

(19)

Pre-eclamptic 
(preterm) 

(19)

4 Hegyi, T., et al. (26) 
1994  
(USA) 

Prospective 
cohort 

1105 Preterm neonates born/ 
transferred to neonatal 

intensive care units in the 
counties of Ocean, Monmouth, 
and Middlesex August 1984 - 
June 1987 (Mean= 31.5, SD= 

4.4) 

Blood 
pressure 
(hypertensio
n/  pre-
eclampsia) 

Normotensive (244)

Hypertensive (47)

5 Hegyi, T., et al. (27) 
1996 
(USA) 

Prospective 
cohort 

991 Preterm neonates born/ 
transferred to neonatal 

intensive care units in the 
counties of Ocean, Monmouth, 
and Middlesex August 1984 - 
June 1987 (Mean= 31.5, SD= 

4.4) 

Blood 
pressure 
(hypertensio
n) 

Normotensive  (183)
Hypertensive 
mothers 

(38)

6 Hernandez Arriaga, 
J.L., et al. (30) 
1999 
(Mexico) 

Prospective 
cohort 

72 Neonates 1,500 and 2,500g 
born in Hospital General 

Regional de la Secretaría de 
Salud, Leon, Guanajuato, 

Mexico in March- August 1998 
(NR) 

Blood 
pressure 
(Pre-
eclampsia) 

Normative (50)
Pre-eclampsia  (22)

7 Kent, A.L., et al. (28) 
2009 
(Australia)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Prospective 
cohort 

190 Neonates admitted to the 
neonatal intensive care unit 

(Mean= 35) 

Blood 
Pressure 
(hypertensio
n) 

Term 
normotensive 

(60)

Term 
Hypertensive 

(38)

Preterm 
normotensive  

(44)

Preterm 
hypertensive 

(14)

Diabetes Term non-
diabetic 

(60)

Term Diabetic (27)
Preterm non-
diabetic 

(44)

Preterm 
diabetic 

(7)



Table 1 – Characteristics of included studies 
 Authors 

(Country) 
Study 
Type 

n Population
(gestational age range) 

Maternal 
Factor 

Indicator
(number of subjects) 

8 Mausner, J.S., et al. 
(29) 
1983 
(USA) 

Prospective 
cohort 

391 Neonates enrolled at the 
Medical College of 

Pennsylvania and an affiliated 
hospital September 1977 - 

March 1979 (NR) 

Blood 
pressure 
(hypertensio
n) 

Healthy mothers  (38)
Hypertensive (60)

9 Gillman, M.W., et al. 
(20) 
2004 
(USA) 

Prospective 
cohort 

1059 Term neonates born in 
hospitals in Massachusetts 

(33.6 - 43.3) 

Age 14-19 years (NR)
Blood 
Pressure 

20-24 (NR)
25-29 (NR)
30-34 (NR)
35-39 (NR)
40-44 (NR)
Maternal BP (NR)

10 Sedaghat, N., et al. 
(22) 
2008 
(Australia) 

Prospective 
cohort 

406 Term neonates born between 
August 2003 and August 2005 

(NR) 

Age Maternal age (406)

11 Zinner, S.H., et al. (10) 
1980  
(USA) 

Prospective 
cohort 

837 Healthy Term neonates born in 
Boston City and the Women & 

Infants Hospitals of Rhode 
Island in Providence (37-42) 

Age Maternal age (576)
Race White (380)

Black (26)

12 Schachter, J., et al. (23) 
1976 
(USA) 

Prospective 
cohort 

247 Term neonates born in a large 
academic hospital (37-42) 

Race White (136)
Black (111)

13 Schachter, J., et al. 
(24) 
1982 
(USA) 

Prospective 
cohort 

392 Healthy term neonates at 
normal birth weight (37-42) 

Race White (197)
Black (142)

14 Sadoh, W.E., et al. (21) 
2010 
(Nigeria) 
 

Prospective 
cohort 

473 Term neonates born at the 
UBTH, Benin City and admitted 
to the postnatal ward (37-43) 

Age Maternal age (473)
Socioecono
mic status 

Low SEC (NR)
Middle SEC (NR)
High 
socioeconomic 
class 

(NR)

BMI BMI <25 (NR)
BMI 25-30 (NR)
BMI 30> (NR)

15 Rantonen, T.H., et al. 
(31) 
2002 
(Finland) 

Prospective 
cohort 

40 Preterm neonates born at the 
Turku University Central 

Hospital (<33) 

Magnesium 
sulphate 
treatment 

Non-exposed (12)
Magnesium 
Sulphate 
treatment 

(13)

Ritodrine 
treatment 

Non-exposed (12)
Ritodrine 
treatment 

(15)

16 Yanowitz, T.B., et al. 
(38)     
2002  
(USA)  

Prospective 
cohort 

55 Preterm neonates born at 
Magee Women’s Hospital, 
Pittsburgh, Pennsylvania 

Premature 
labor 
chorioamnio
nitis 

On histology 
 

(22

control (33)

NR: not reported 

        



Table 2: Study designs with comparison groups for placental transfusion and number of studies in 
preterm and term babies 

Preterm studies: Term studies: 

DCC versus ECC: 14 papers UCM versus ECC: 2 papers 

UCM versus ECC: 8 papers DCC long (300s) versus DCC shorter (60s): 1 paper

UCM versus DCC: 2 papers UCM versus DCC: 1 paper 

ECC: Early cord clamping 

DCC: Delayed cord clamping 

UCM: Umbilical cord milking 

s: seconds 



Table 3 Characteristics of randomised controlled trials related to cord management 

 

Authors  n Population and 

gestation 

Intervention, 

time in 

seconds  and 

positioning 

with regards 

to placenta 

level 

Control 

group, 

time and 

positioning 

with 

regards to 

placenta 

level 

Main blood pressure (mmHg) findings 

and measurement  method 

 

 

Preterm infants 

Delayed Cord Clamping 

Backes et al., 2016 (40) 40 mother/single 

infant pairs, 22-

27 weeks 

DCC 30-45s, 

baby held 

low 

ECC 5-10s During first 24hrs of life MBP was lower 

in ECC group than in DCC group 

(p<0.05). DCC had higher MBP (mean 

difference of 4.13 mmHg, 95% CI 2.0-6.2, 

p<0.01) (intra-arterial line). No extractable 

data 

Baenziger O., et al., 2007 (41) 39 mother/infant 

pairs, 24-32 

weeks 

DCC 60-90s, 

baby held 

low 

ECC <20s MBP higher in experiment group 

compared to control group at 4 hours but 

did not differ at 24 and 72 hours. (MBP, 

NR) 

Dipak et al., 2017 (42) 78 mother/infant 

pairs, 27-31.6 

weeks  

DCC (with 

and without 

ergometrine), 

60s, baby 

held low 

ECC <10s MBP higher in DCC group. Mean 

difference  between groups ECC and DCC 

(no ergometrine) was MBP at 12 hrs: 

10.2(±2.3), p<0.001                               

ECC and DCC (with ergometrine) 10.3 

(±2.3) p<0.001 (MBP, Non-invasive) 

No extractable data 

Dong et al, 2007 (43) 90 Mother/infant DCC 45s, ECC >10s higher MBP in DCC group MBP <1hr: 



pairs, <32 

weeks 

baby held 

low 

DCC 47(±6) 

ECC 42 (±8) 

p<0.001 

Gokmen et al, 2011 (44) 42 Mother/infant 

pairs, 24-31.6 

weeks  

DCC 30-45s, 

not reported 

ECC <10s initial MBP was higher in DCC group  

MBP <1hr: 

DCC 42.8 (±6.5) 

ECC 39.4 (±8.9) 

p<0.05 

Hofmeyr et al., 1988 (45) 38 Mother/infant 

pairs, <35 

weeks 

DCC 60s, not 

reported 

ECC <10s No statistically significant difference 

between groups (SBP, NR) No data in text. 

Kugelman et al, 2007 (46) 65 Mother/infant 

pairs, <35 

weeks 

DCC 30-45s, 

baby held 

low 

ECC <10s Initial MBP on admission to NICU in 

neonates <1500g tended to be higher in 

DCC group, in the total cohort and in the 

section deliveries (SBP/ DBP/MBP, NR). 

MBP <1hr neonates <1500g, section: 

DCC 44 (±11) 

ECC 36 (±7) 

p= 0.05 

Mercer et al, 2003 (47) 32 mother-infant 

pairs <32 

weeks, vaginal 

or c-section 

delivery 

DCC 30-45s, 

baby held 

low 

ECC 5-10s Adjusting for gestational age, infants in the 

DCC group were three times more likely 

to have mean BP above 30 mmHg 

(Dinamap)  

MBP <4hrs: DCC 35 (±7) 

ECC 30 (±4.6) 

p=0.017 

Mercer et al., 2006 (48) 72 Mother/infant 

pairs, <32 

weeks 

DCC 30-45s, 

baby held 

low 

ECC 5-10s No significant difference MBP in first 4 

hrs (data NR) 

Mercer et al., 2016 (49) 211 Mother/infant 

pairs, 24-31.6 

weeks 

DCC 30-45s, 

baby held 

low (UCM 

ECC <10s MBP: No significant difference between 

groups  

(Dinamap) 



1x before 

clamping or 

UCM 2-3x if 

could not do 

DCC) 

Nelle et al., 1998 (50) 19 Mother/infant 

pairs, <32 

weeks 

DCC, 30s, 

baby held 

low;  

ECC <10s, 

 

DCC improves MBP (Dinamap) 

Oh et al., 2011 (51) 33 Mother/infant 

pairs, 24-27+6/7 

weeks 

DCC 30-45s, 

baby held 

low 

ECC <10s Hourly MBP ranged between 26 and 

32 mm Hg during the first 12 h. No 

difference was observed between the two 

groups (no exact data) ( intra-arterial 

catheter or Dinamap) 

Popat et al., 2018 (52) 51 Infants aged <6 

h and <30 

weeks  

DCC <60s, 

baby held 

low 

ECC <10s Infants with DCC had a higher diastolic 

blood pressure at 12–28 h of age 

(MBP/SBP/DBP, indwelling arterial 

catheter) DBP 24hrs: 

DCC 30(±5) 

ECC 26 (±5) 

p< 0.05 

Rabe et al., 2000 (53) 40 Mother/infant 

pairs <33 weeks 

DCC, 45s, 

baby held 

low 

ECC, <20s No significant differences between groups 

(SBP/DBP/MAP, NR) 

Umbilical Cord Milking 

El-Naggar et al., 2016 (54) 73 mother/infant 

pairs 24-30+6/7 

weeks 

UCM, 3x, 

baby held at 

placental 

level or 

below 

ECC, <10s No statistically significant difference 

between MBP UCM and ECC group at 4-6 

and 10-12 h 

(ultrasound) 

Hosono et al, 2008 (55) 40 mother/infant 

pairs 24-28 

weeks 

UCM 2-3x, 

baby held at 

or below 

ECC <10s UCM was associated with higher blood 

pressure 34(±9) than controls 28(±8; 

p=0.03. (SBP/DBP/MBP,  arterial 



placenta level catheter)  

MBP <1h:UCM 34(±9) ECC 28(±8) 

p<0.03 

SBP <1h: UCM 45(±11) ECC 38 (±10) 

p<0.05 DBP <1 h: UCM 29(±8) ECC 

23(±7) p<0.04 

Hosono et al., 2009 (56) 40 Same study as 

above but 

extended 

UCM 2-3x, 

baby held at 

or below 

placenta level 

ECC <10s (SBP/DBP, arterial catheter) Graph only, 

showing p < 0.05 in favour of UCM for 

<1h, 6h, 12h 

Katheria, A.C., et al 2014 (57) 60 Pregnant 

women < 32 

weeks gestation 

UCM 3x, 

baby held 

low 

ECC, NR At time of first Echocardiogram (<6h), 

UCM neonates had slightly higher DBP 

and MBP (MBP/SBP/DBP, Oscillometric)  

MBP 6h: UCM 41(±9) ECC 36 (±9) 

p<0.05 

DBP 6h: UCM 34 (±8) ECC 29 (±10) p< 

0.001 

Katheria et al., 2015 (58) 197 Mother/infant 

pairs <32 

weeks, 

scheduled for 

sectio 

UCM 4x, 

baby held 

low 

DCC 45-

60s, baby 

held low 

MBP was higher in UCM group for first 

15 hours of life (p<0.02) (Ultrasound) 

Graph only 

Kumar et al., 2015 (59) 125 Mother/infant 

pairs, 32-36+6/7 

weeks 

UCM after 

cutting, 3x 

ECC <10s MBP at 30min higher in UCM group (NR)  

March et al., 2013 (60) 75 Mother/infant 

pairs, 24-28 

weeks  

UCM 3x, 

baby at level 

of or below 

placenta 

ECC <10s No significant differences between groups 

(SBP/DBP, NR) 

Rabe et al., 2011 (61) 58 Mother/infant 

pairs, 24-32+6/7 

weeks 

UCM 4x, 

baby held 

low 

DCC 30s, 

baby held 

low 

No significant differences between groups 

(MBP, NR) 



Ram-Mohan et al. 2018 (62) 60 Mother/infant 

pairs <37 

weeks, infant 

requiring 

resuscitation at 

birth 

UCM after 

cutting, 25cm  

4x 

ECC NR Babies in milking group had higher MBP 

at 6h (p=0.04) and 24h of life. (MAP, 

multichannel monitor) MBP 6h:UCM 

50.36 (7.0) 

ECC 45.3 (7.5) p< 0.04 

Song et al., 2018 (63) 66 Mother/infant 

pairs, 24-36+6/7 

weeks 

UCM 4x, 

baby held 

low 

ECC <10s No significant differences between groups. 

(MBP, NR) 

Term infants      

Erickson-Owens et al., 2012 (64) 24 Mother/infant 

pairs, 37-41+6/7 

weeks, C-

sections 

UCM 5x, at 

or below 

placenta 

ECC <10s No significant difference observed 

between groups (MBP, Dinamap) 

Jaiswal et al., 2015 (65) 200 Mother/infant 

pairs, 36> 

weeks 

DCC 60-90s, 

baby at level 

of placenta 

UCM, cut 

cord 3x, 

25cm, baby 

at level  

No significant difference observed 

between groups MBP (oscillating NIBP 

(Schiller) in right arm using a size “0” cuff 

for term babies with bladder dimension of 

6 cm) 

Katheria et al, 2017 (66) 60 infants 

>37weeks 

needing 

attendance of a 

neonatal health 

care provider; 

infants with a 

fetal heart rate 

(HR) tracing 

showing 

minimal-absent 

variability, 

recurrent fetal 

DCC 300s DCC 60s Mean BP values were significantly greater 

at 12 h of life in the infants in the 5-minute 

DCC group (Dash 3000)  

MBP 12h: DCC 300s: 53 (±13) 

DCC 60s: 47 (±7) 

p=0.02 



HR 

decelerations, 

prolonged 

tachycardia or 

bradycardia, 

shoulder 

dystocia, fetal 

malpresentation, 

vacuum- or 

forceps-assisted 

vaginal 

delivery, and 

meconium-

stained amniotic 

fluid 

Upadhyay et al., 2013 (67) 200 Mother/infant 

pairs, >35+6/7 

weeks 

UCM, after 

cutting 3x, 

25cm, baby 

held at level 

of incision 

ECC <10s Study demonstrated relatively higher 

blood pressure (although within normal 

range) over an initial period of 48 hours in 

milked group  

MBP <1 h: UCM 51.6 (±11.3) 

ECC 48.4 (±10.7), p<0.05. 

MBP 12h: UCM 50.6 (±10.8) 

ECC 47.3 (±9.5), p<0.05. 

MBP 48hrs: UCM 50.3 (±11) 

ECC 46.2 (±9.2) p<0.05. 

 

ECC: Early cord clamping 

DCC: Delayed cord clamping 

UCM: Umbilical cord milking 



NR: not reported 

MBP: Mean blood pressure 

SBP: Systolic blood pressure 

DBP: Diastolic blood pressure 
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