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INTRODUCTION

Risk in pregnancy is in�uenced by multiple, interrelated factors. These can be considered at a number of levels.

Thaddeus and Maine established the three delays framework which describes determinants in�uence on deciding,

reaching and receiving care.1  Gabrysch and Campbell identi!ed four themes: (1) sociocultural factors; (2) perceived

bene!t/need of skilled attendance; (3) economic accessibility; and (4) physical accessibility.2  Similarly, McCarthy and

Maine concluded that morbidity in pregnancy was a consequence of !ve intermediate determinants: (1) health status; (2)

reproductive status; (3) access to health services; (4) health care behavior; and (5) unknown factors which are

underpinned by the underlying socioeconomic and cultural background of the mother.3  For the purpose of this chapter

we consider these factors at the level at which they in�uence a woman’s risk during pregnancy. Individual level factors

include biological risks such as age, parity or birth spacing as well as sociodemographic factors, such as education and

occupation. Individual factors sit within the wider sociocultural environment, which includes factors such as ethnicity,

religion and wealth. This, in turn, is dependent on wider political and contextual factors such as the functioning health

system and geographical location. A further two chapters in this volume cover each of these factors in turn and

describes their impact on maternal and neonatal mortality and morbidity. This chapter includes the biological factors

and behavioral factors such as substance misuse and a subsequent chapter describes the sociodemographic factors,

sociocultural environment and wider health system factors.
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WEIGHT AND HEIGHT

Prevalence

Obesity is one of the most commonly occurring risk factors in obstetric practice and the prevalence is increasing

globally.4  According to the World Health Organization (WHO), body mass index (BMI) can be grouped into the categories

(Table 1).5

Table 1 World Health Organization classi!cation of body mass index (BMI).

Classi,cation BMI (kg/m2)

Underweight <18.5

Normal range 18.5–24.9

Overweight ≥25.0

Pre-obese 25.0–29.9

Obese class I 30.0–34.9

Obese class II 35.0–39.9

Obese class III ≥40.0

In the United Kingdom, less than half of pregnant women (47.3%) have a BMI in the normal range and 21.3% of the

antenatal population are obese.6  Robust country wide data for BMI in pregnancy from low- and middle-resource settings

are lacking7  but the prevalence of obesity in pregnancy in Africa is reported to range from 6.5% in Democratic Republic

of Congo and 44% in South Africa7  compared to 2% in Asia.8  Globally, the prevalence of overweight and obesity is rising

in all regions as shown in Figure 1. The prevalence of low BMI has decreased in Africa and Asia, the regions where it was

highest, but remains greater than 10%.8
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Figure 1 Trends in low BMI, overweight, and obesity, using population weighted average prevalences for women aged

20–49 years across UN regions and globally, 1980–2008.8

Pregnancy risk

The impact of a high BMI on pregnancy, delivery and the postnatal period is well established. Evidence from a high-

quality systematic review, demonstrated that a low pre-pregnancy BMI was associated with a 25% reduction in the risk of

developing gestational diabetes mellitus (GDM) compared to women with a normal BMI (OR 0.75; 95% con!dence

interval 0.69–0.82). However, for every 1 kg increase in BMI, the risk of GDM increases by 0.92% (0.73–1.10), so the risk

in overweight women is double that of women with a normal BMI (overweight OR 1.97; 1.77–2.19) and in obese women

the risk is increased nearly four-fold (OR 3.76; 2.34–3.87)).9  This means women with a BMI >30 kg/m2  are advised to have

an oral glucose tolerance test between 24 and 28 weeks and should receive dietary advice.

Women that are overweight or obese prior to pregnancy are also at increased risk of pre-eclampsia in pregnancy. A high

quality systematic review reported that the unadjusted risk for overweight, obese and severely obese women to develop

pre-eclampsia were 1.58 (1.44–1.72), 2.68 (2.39–3.01) and 3.12 (2.24–4.36), respectively.10  Evidence for the impact of BMI

on timing and severity of pre-eclampsia is less conclusive. Some studies suggest an association between high BMI and

severe pre-eclampsia,11  and others a stronger association with mild or moderate pre-eclampsia.12,13  Similarly, other

studies have reported that high BMI is a greater risk for late onset pre-eclampsia than early onset.12,14,15  It is therefore

recommended that blood pressure and proteinuria are measured at every contact..16,17

Few studies have explored the association between height and pre-eclampsia. One study demonstrated that women who

were short (<164 cm) had greater risk of pre-eclampsia compared to women of a normal height (163–171 cm) (mild to

moderate pre-eclampsia aOR 1.07; 1.02–1.11; severe pre-eclampsia aOR 1.22; 1.15–0.30) and women that were tall

(>172 cm) had reduced risk (mild to moderate pre-eclampsia OR 0.90; 0.86–0.94; severe pre-eclampsia aOR 0.85; 0.79–
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0.90).18  However, this and a further study that identi!ed a positive association19  were both undertaken only in women

born in Scandinavian countries, whereas a study in Latin America and the Caribbean found no association,20  therefore

the generalizability of this !nding is not clear.

Labor and delivery

There is good evidence, from three systematic reviews, that obese women have double the risk of cesarean section

compared to women with a normal BMI21  (OR 2.01; 1.87–2.1522  up to OR 2.36; 2.15–2.59).23  The risk of instrumental

delivery was also reported to be increased by 20%.22  Short-stature is also associated with greater risk of cesarean

section24,25 with a study from 34 sub-Saharan African countries reporting that risk gradually increased as height

decreased. Women who were short (145.0–149.9 cm) had more than double the risk of cesarean compared to women of

average height (155.0–159.9 cm).26

Women who are obese or morbidly obese also have signi!cantly increased risk of hemorrhage and infection from all

sources compared to those with a normal BMI (OR 1.24; 1.20–1.28 and OR 3.34; 2.74–4.06, respectively).22  Surgical site

infection is also reported to be more common.21,27,28  In comparison, women who were underweight have a reduced risk

of cesarean section and hemorrhage (OR 0.81; 0.72–0.90 and 0.67; 0.55–0.82, respectively).22  These risks should

therefore be taken into consideration when planning the place of birth, ensuring that facilities to provide assisted

deliveries are available.

Obesity can also impact on the timing of delivery. It is important to consider spontaneous and induced preterm birth

(PTB) separately due to the increased risk of pre-eclampsia and GDM previously described. Overweight and obesity is

reported to signi!cantly increase the risk of induced PTB.29  Whereas, there is no increased risk of spontaneous preterm

birth at less than 37 weeks (aOR 0.93; 0.85–1.01)29  and some studies suggest a high BMI is protective against

spontaneous PTB (aOR 0.83; 0.75–0.92) even with appropriate adjustment for confounders.30  This is potentially due to

increased cervical length in this group compared to normal or underweight women. Some studies report that more

severely elevated BMI may aJect the severity of PTB, however, few studies have looked at spontaneous PTB alone, with

appropriate adjustment for confounders.30  For women with a low BMI, there is high quality evidence that the risk of

both spontaneous and induced PTB is increased (aRR1.29; 1.15–1.46, aRR 1.32; 1.10–1.57, respectively).31

Neonatal outcomes

There is also a clear association between infant birthweight and maternal BMI. Women who have a high BMI before

pregnancy are less likely to deliver a low birth weight infant (below the 10th centile) (OR 0.81; 0.80–0.83). When this eJect

is examined in diJerent regions, the protective eJect of being overweight or obese was found to be greater in low- and

middle-income countries (LMIC) compared to high-income countries (HIC) (OR 0.5; 0.47–0.71 versus 0.90; 0.79–1.01).29

However, women who are overweight or obese prior to pregnancy are twice as likely to have an infant that is large for

gestational age (above the 90th centile) (OR 2.08; 1.95–2.23)32  and three times as likely to be macrosomic (>4500 g) (OR

3.23; 2.39–4.37)) compared to infants born to normal-weight women.22  In comparison, women that are underweight

prior to pregnancy have an increased risk of having a small for gestational age (OR 1.81; 1.76–1.87) or low birth weight

infant (OR 1.47; 1.27–1.71).32

There is strong evidence that obese mothers are at greater risk of having infants with congenital defects. Associated

abnormalities include neural tube defects (OR, 1.87; 1.62–2.15), spina bi!da (OR 2.24; 1.86–2.69), cardiovascular

anomalies (OR 1.30; 1.12–1.51), cleft palate (OR 1.23; 1.03–1.47), anorectal atresia (OR 1.48; 1.12–1.97) and hydrocephaly

(OR, 1.68; 1.19–2.36). However, the risk of gastroschisis is reduced in women who are obese compared to those of an

normal BMI (OR 0.17; 0.10–0.30).33  All mothers should therefore receive an ultrasound before 24 weeks of gestation to

check for fetal abnormalities, in addition to con!rming gestational age and multiple pregnancies.16

Maternal obesity also increases the risk of stillbirth, with greater risk as maternal BMI increased (OR 1.24; 1.18–1.30 per

5 BMI units34  and overweight OR 1.47; 1.08–1.94, obese: OR 2.07; 1.59–2.74)35. This may be due to the increased risk of

pregnancy comorbidities and congenital anomalies, or reduced ability to detect changes in fetal movements. The risk of

miscarriage (OR 1.31; 1.18–1.46),36  neonatal and infant death is also reported to be increased (OR 1.15; 1.07–1.23 and
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OR 1.18; 1.09–1.28 per 5 BMI unit increase, respectively).34  All these outcomes highlight the importance of appropriate

weight management prior to pregnancy in order to reduce subsequent risks to pregnancy and the infant. The Royal

College of Obstetrics and Gynaecology has recently released guidance stating that all women of childbearing age with a

BMI >30 kg/m2  should receive information about the risks to pregnancy and childbirth and should have the opportunity

to optimize their weight before pregnancy.37

RCOG Green-top Guideline No. 72, 2018: Care of women with obesity in pregnancy

https://obgyn.onlinelibrary.wiley.com/doi/full/10.1111/1471-0528.15386#

WHO recommendations on antenatal care for a positive pregnancy experience, 2016

https://apps.who.int/iris/bitstream/handle/10665/250796/9789241549912-eng.pdf?sequence=1

Smaller studies suggest that short maternal height is also associated with increased risk of infant injuries such as such

as shoulder dystocia or clavicle fracture.38  A study in sub-Saharan Africa also reported increased risk of neonatal death,

especially on the day of delivery or the !rst postnatal day, compared to average height women (OR 2.36; 1.57–3.55 and

2.34; 1.19–2.60, respectively).26  This indicates that improved intrapartum care is required for short women, although the

majority of neonatal deaths will occur in women of average height, since they are the largest population, therefore

height is not recommended as a screening tool for referral.26

SMOKING, ALCOHOL AND SUBSTANCE MISUSE

Prevalence

It is estimated that globally 1.7% of women smoke during pregnancy (0.0–4.5). This varies in diJerent geographical

regions from 8.1% in Europe, 5.9% in the Americas, 1.2% in Southeast Asia, , and 0.8% in Africa (Figure 2). Globally, 52.9%

(45.6–60.3) women who smoke daily before pregnancy continue to smoke daily during pregnancy, again this varied by

region from 30.6% (25.6–36.4) in the Europe to 79.6% (44.2–100.0) in the Western Paci!c.39

Figure 2 Global prevalence of smoking during pregnancy in 2015. Reproduced from Lange et al., The Lancet Global
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Health, 2018. 39

This study, which was based 295 empirical studies from 104 countries, found that globally the prevalence of smoking

during pregnancy has signi!cantly decreased over the past 30 years, but this was mainly driven by reductions in the USA.

This suggests that globally health care professionals need greater awareness of the impact of smoking and to oJer

smoking cessation interventions, ideally prior to conception.39

It is estimated, from data from 50 countries, that globally 9.8% (8.9–11.1) of women drink alcohol during pregnancy and

the estimated prevalence of fetal alcohol syndrome in the general population is 14.6/100,000 people (9.4–23.3).40  This

equates to one woman in every 67 that drink alcohol during pregnancy, delivering a child with fetal alcohol syndrome.

This prevalence varies worldwide. The highest prevalence of drinking alcohol during pregnancy, is in Europe (25.2%, 21.2–

29.6), compared to 11.2% (9.4–12.6) in the Americas, 10% (8.5–11.8) in Africa and 1.8% (0.9–5.1) in South East Asia.40

There are less robust data on the prevalence of drug misuse during pregnancy globally. Estimates from the USA state

that in 2015 2% of pregnant women reported illicit opioid use, including prescription opioids.41  Rates were highest in

pregnant women aged 15–17 compared to older age groups. However, it is likely that a substantial population do not

disclose drug use during pregnancy. This was demonstrated by a survey in South Africa, where 5231 pregnant women

were screened for illicit drug use and 8.8% tested positive for at least one drug, compared to 3.6% that self-reported.42

Pregnancy outcome

Smoking is associated with a number of pregnancy complications. In early pregnancy, smoking increases the risk of

miscarriage (RR 1.32; 1.21–1.44) by 1% per cigarette smoked per day. Second-hand smoke exposure during pregnancy

also increases the risk of miscarriage by 11%.43  Meta-analysis of 1167 studies has shown that smoking also increases the

risk of placental abruption by up to 80% (OR 1.80; 1.75–1.85).44  This is thought to be due to a chronic in�ammatory

process.45  Whilst less compelling, several studies also report that smoking is associated with a greater risk of placenta

praevia, a low-lying placenta, possibly due to the increased weight and size of the placenta.45  Two systematic reviews

concluded that smoking during pregnancy reduces the incidence of pre-eclampsia, and the more cigarettes smoked the

lower the risk.46,47 Despite this, the adverse eJects of cigarette smoking during pregnancy for both the mother and baby

far outweigh this bene!t.

The impact of alcohol intake in pregnancy is dependent on the volume and frequency of intake. Heavy or abusive intake

of alcohol during pregnancy is associated with increased risk of preterm birth, even taking into account the increased

likelihood of maternal smoking.48  Although a number of studies have explored the impact of low to moderate alcohol

intake during pregnancy (less than 12 g (or 1.5 units) per day), the majority are small and have methodological �aws,

such as failure to adjust for smoking. Therefore, a systematic review concluded that there is limited evidence of adverse

pregnancy outcome such as miscarriage, preterm birth following low to moderate levels of alcohol consumption during

pregnancy.49  However, as the evidence is inconclusive, safety to consume alcohol at any level has not been

demonstrated.

There is a lack of well-designed studies regarding the eJect of drug use during pregnancy and conclusions are often

complicated with use of multiple substances at the same time. There is evidence that cocaine use during pregnancy

increases the risk of adverse pregnancy outcome such as premature rupture of membranes and placental abruption.50  A

meta-analysis of cannabis use during pregnancy concluded that there was increased risk of maternal anemia but not

gestational diabetes, hypertensive disorder of pregnancy or postpartum hemorrhage.51  Some studies have reported that

opioid use during pregnancy increases the risk of pregnancy complications including preterm birth, preterm premature

rupture of membranes and chorioamnionitis but there are several inconsistency among studies.52  Despite the lack of

evidence for the impact of individual drugs, polydrug use itself is associated with adverse pregnancy outcome.50

Therefore, WHO recommends that all women should have access to aJordable prevention and treatment services.53

Neonatal outcome

Smoking is also associated with increased risk of a poor pregnancy outcome. Even taking into account the physical and
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socioeconomic status of the parents, it is associated with approximately double the risk of delivering an infant that is low

birth weight (OR 2.0, 1.77–2.26)54, and 20% increased risk of having a preterm birth at less than 37 weeks of gestation

(OR 1.21, 1.19–1.24).55,56  The likelihood of an adverse outcome such as low birth weight or preterm birth are even

greater for mothers who smoke heavily (>20 per day).57  Accordingly, cessation of smoking during pregnancy reduces

these risks. For example, the probability of a preterm birth in women aged 25–29 years who smoke 1–9 cigarettes

throughout pregnancy is 9.8%, compared to 9% for those who stop smoking in the second trimester and 7.8% for those

who stop smoking at the start of pregnancy.58  A further study demonstrated that women who only smoke in the !rst

trimester have no increased risk of preterm birth <37 weeks but are at 20% increased risk of an extreme preterm birth

at <28 weeks (OR 1.20; 1.02–1.40).55  Similarly, a meta-analysis of smoking cessation trials demonstrated that the risk of

having a low birth weight infant was decreased in those who stopped smoking in pregnancy (0.65; 0.42–0.88).59  Smoking

cessation should therefore be encouraged at the earliest opportunity.

There is some evidence that congenital defects such as cleft palate are more likely to occur in mothers who smoke (RR

1.22, 1.10–1.35).60  Gastroschisis and small intestinal atresia are also reported to be more likely, especially in mothers

who smoke in combination with vasoconstrictive drugs such as cocaine, amphetamines and decongestants but this is

based on a small number of cases.61  There is more convincing evidence that active (OR 1.25; 1.16–1.34) and passive

smoking (OR 2.24, 1.81–2.77) increases the risk of congenital heart defects such as atrial septal defect and right

ventricular out�ow tract obstruction.62

There is also convincing evidence that smoking increases the risk of stillbirth by 47% (OR 1.47; 1.37–1.57) and that risk

increases the more cigarettes smoked. For example, the risk in those who smoke 1–9 cigarettes a day is increased by 9%

compared to 52% in those who smoke ≥10 cigarettes a day.63  A similar increased risk of stillbirth was also shown by

Pineles et al. who additionally demonstrated an increased risk in neonatal death (RR 1.22; 1.14–1.30) and perinatal death

(RR 1.33; 1.25–1.41) in active smokers. This risk was also increased with the amount the mother smoked. The risk of

stillbirth and perinatal death was also increased in women exposed to passive smoke (OR 1.40; 1.06–1.85 and OR 1.42;

1.10–1.85, respectively).64  Therefore, health care professionals should be aware of this and promote smoking cessation

within the home environment.

There is a large volume of literature demonstrating that heavy alcohol intake during pregnancy is associated with fetal

alcohol spectrum disorders (FASD) and neonatal poor outcomes such as growth restriction.48  The most risky pattern of

alcohol intake is binge drinking, with exposure during the !rst trimester reported to have the greatest impact. FASD is an

umbrella term that describes a range of features related to fetal alcohol exposure, the most severe being fetal alcohol

syndrome, which is associated with impaired growth, facial abnormalities and damage to the central nervous system

resulting in sustained behavioral and cognitive dysfunction.65

Similar to pregnancy outcome, there is limited consistent evidence showing that low to moderate alcohol intake during

pregnancy is associated with adverse neonatal outcome, including stillbirth, impaired growth or congenital

malformations. There is some evidence that even light to moderate alcohol intake (less than daily) can cause sustained

changes in behaviors.66  Therefore, again, the absence of evidence at this level of alcohol intake does not mean that

safety has been demonstrated and abstinence is recommended by several national bodies.49

Studies have suggested that cocaine exposure during pregnancy increases the risk of the infant being low birth weight

and small for gestational age, although this eJect was also seen in polydrug use without cocaine.50  Cannabis use is also

associated with a decrease in birth weight and increased risk of admission to the neonatal intensive care unit compared

to mothers that did not use cannabis during pregnancy.51  Neonates exposed to opiates during pregnancy have a greater

risk of major birth defects such as septal defects (2.0; 1.2–3.6), spina bi!da (2.0; 1.3–3.2) and gastroschisis (1.8; 1.1–

2.9).67  In addition, between 50% and 80% of infants born to opiate-dependent mothers have neonatal abstinence

syndrome due to physical dependence on them, and therefore suJer hyperre�exia, jitteriness, hypertonia and

convulsions.68

A large proportion of pregnancies are unplanned; indeed alcohol and drug use may increase the risk of unplanned

pregnancy. Therefore, women may continue to smoke, drink alcohol or take illicit drugs at their pre-pregnancy level until

pregnancy is con!rmed. The gold standard is pre-conception advice to optimize healthy behaviors in all women of
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reproductive age and contraceptive counseling. However, screening in pregnancy and referral to smoking cessation or

substance abuse programs is also important to avoid the negative consequences to the pregnancy and fetus.

Guideline for identi!cation and management of substance use and substance use disorders in pregnancy; 2014,

World Health Organization

https://www.who.int/substance_abuse/publications/pregnancy_guidelines/en/

AGE, PARITY AND BIRTH SPACING

Advanced maternal age

Advanced maternal age is de!ned as childbearing in a woman aged over 35 years. This group represents a signi!cant

proportion of pregnancies in higher income countries. In 2017, 22% of births in the UK were to women aged 35 and

over69  and the prevalence in Norway is even higher at 33%.70  The trend towards delaying childbirth to later reproductive

years is clear in this setting, although this group also includes multiparous women who continue childbearing. Advances

in and availability of assisted reproductive technologies is likely to be an important factor. In lower-income countries,

sociodemographic factors such as marital status and education diJer signi!cantly with age, but it is estimated that 14.0%

of births were in women of advanced maternal age in 2015–2020,71  which has gradually declined over the last 25 years.

The prevalence in individual countries is estimated to vary substantially, for example from 3% in Nepal to 22% in

Afghanistan.72

Pregnancy outcome

As maternal age increases, fertility declines and the rate of spontaneous abortion increases (Table 2).

Table 2 Risk of infertility and spontaneous miscarriage with age.73

Maternal age (years) Fertility rate per 1000 married women Spontaneous miscarriages (%)

20–24 470 11

25–29 440 12

30–34 400 15

35–39 330 25

40–44 190 51

≥45 40 93

The prevalence of maternal death, maternal near miss and severe morbidity increases substantially with increasing

maternal age. Evidence from a secondary analysis of the WHO multi-country study of 29 countries reported that the risk

of maternal near miss (surviving a life-threatening pregnancy complication) was more than double in women aged 35–39

compared to 20–34 years of age and more than triple in women aged 40–44 (4/1000 live births in women aged 20–34;

9/1000 in women aged 35–39 and 14/1000 in women aged 40–44).

The majority of births, and therefore deaths, are in women aged 25–34.74  Therefore, even though women aged 35–39

had a 70% increased risk of maternal death compared to those aged 20–34, the overall numbers are small (OR 1.7; 1.2–

2.6).72  Others have reported that the risk rapidly increases after age 30, becoming progressively greater as age

advances. This risk is high irrespective of the underlying maternal mortality ratio (MMR) of the region (Figure 3),

suggesting that the barriers to improved maternal health outcomes are more resistant to change at advanced maternal

ages74  and risk is in�uenced by common biological and social factors. These are explored elsewhere in this volume.
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Figure 3 Maternal mortality ratios (MMR), all countries and low- and high-MMR groups for increasing age groups. High

group, overall MMR >500; low group, overall MMR <500. Reproduced from Blanc  et al., PLoS One, 2013. 74

Several studies have shown that compared to younger women, those aged over 35 are less likely to have skilled

attendance at birth75  and postnatal care.76  However, these studies failed to take into account that parity increases with

age and the negative in�uence that this has on care-seeking behaviors. When studies appropriately adjust for parity they

!nd that either age has no eJect on use of skilled care attendants, or older women are more likely to use skilled

attendants than younger mothers.2  In addition to diJerences in care, women who conceive when older are more likely

to have low education levels and greater poverty, which both contribute to increased parity.74  Women who deliver aged

over 35 years are nearly twice as likely to develop pre-eclampsia (OR 1.99; 1.65–2.36) and nearly three times as likely to

develop gestational diabetes than younger women (OR 2.85; 2.46–3.32).77  These likely contribute to the increased risk of

preterm birth reported at <37 weeks of gestation (OR 1.10; 1.03–1.17)).78  The risk of cesarean section and operative

delivery is also increased in advanced maternal age, irrespective of parity (RR varied from 1.39 to 2.76).79  It is

hypothesized that this is due to poorer uterine contractility than in younger mothers.

Neonatal outcome

Advanced maternal age is associated with increased risk of a range of adverse pregnancy outcomes. It is estimated that

6.7% (uncertainty 6.3–7.3%) of all stillbirths are attributable to older maternal age.80  A review which included over 44

million births found that the risk of stillbirth was increased by 75% in women aged over 35 compared to younger women

(OR 1.75; 1.62–1.89). The majority of the studies were undertaken in high-income countries but separate analysis by

geographical region found similar increased risk in low and-middle income regions (East Asia (n = 5 studies), OR 1.99;

1.44–2.74), South America (n = 4), OR 1.80; 1.28–2.53), Africa (n = 2), OR 1.76; 1.63–1.90). The risk of fetal growth

restriction is also reported to be increased by 23% (OR 1.23, 1.01–1.52) and other pregnancy outcomes are also more

likely, such as the infant being small for gestational age (OR 1.16, 1.06–1.27), low birth weight (<2500 g) (OR 1.37, 1.26–

1.50) and having a neonatal death (OR 1.48, 1.30–1.67)77  with similar increased risk in LMIC.72  In the UK, experts have

therefore argued that women aged 40 years or older should be oJered induction of labor at 39–40 weeks of gestation to

reduce the risk of stillbirth.

RCOG Scienti!c Impact Paper 34, 2013: Induction of Labor at Term in Older Mothers
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However, it is important to note that only few of studies exploring the relationship between maternal age and pregnancy

outcome evaluate the impact of parity. Those that have (nine studies) report that nulliparous women aged over 35 were

not at increased risk of stillbirth (compared to nulliparous women aged less than 35 years) but that multiparous women

were (OR 1.88; 1.54–2.28), so parity plays an important role in the increased risk in this age group and should be taken

into account when making clinical decisions. Similarly, a study from low-income countries concluded that after adjusting

for parity, advanced maternal age was no longer a signi!cant risk factor for low birth weight.81  Evidence is less

conclusive for preterm birth, which some studies suggest are increased in mothers aged over 35 years, regardless of

parity,77  but others report no association after parity and past medical history are adjusted for.78  Pre-eclampsia and

gestational diabetes are reported to be increased irrespective of parity in mothers aged over 35 years.77  Although, the

impact of other factors such as body mass index, pre-existing medical problems and smoking are likely to be of greater

importance.

It is therefore vital that family planning programs clearly communicate the greater risks associated with older age,

notably subfertility, severe maternal morbidity or death, stillbirth, preterm birth, low birth weight, and neonatal death.

Low maternal age

In 2017, 3.0% of births in the UK were to mothers under 20 years of age, a !gure which has steadily been declining over

the past 20 years.69  In low-income countries, this proportion is estimated to be much higher at an average of 14.9% in

2015–2020.82  This represents an estimated 18.5 million adolescent girls (10–19 years old) that give birth every year,83  2.5

million of which are under 16 years old.84  However, this varies by geographical regions, from 115 per 1000 in west Africa

to 45 per 1000 women in South-Eastern Asia and 7 per 1000 women in Eastern Asia.85  The number of live births per

1000 women aged between 15 and 19 years is steadily declining in every region of the world,82  but as the adolescent

population continues to grow, projections indicate that adolescent pregnancies will increase globally by 2030.86

Maternal outcome

Adolescents pregnancy is associated with greater risk to both the mother and the baby. 83  Historically, advocacy articles

have reported the risk of maternal death to be doubled in adolescent mothers (aged under 20 years) compared to

women in their twenties.87,88  However, there are limited data to support this. One compilation of 13 data sets concluded

that the risk of mortality was either equivalent (six studies) or only slightly increased (less than 26%, six studies) in

adolescents aged 15–19 compared to women aged 20–24.89  A subsequent analyses of 38 low-income countries'

demographic health surveys reported the risk for those aged 15–19 to be increased by 28%, much less than the

increased risk in women aged over 35 years.74  This pattern is seen in all regions of the world apart from southeast Asia,

where maternal mortality ratio is lower in those aged 15–19 years than for 20–24 year olds (Figure 4).90
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Figure 4 Age-speci!c maternal mortality ratios by region.

Reproduced from Nove et al. The Lancet Global Health,

2014.90

Few studies separate outcomes for adolescent mothers by age, but all that do, demonstrate that decreasing age is

associated with increased risk. One study of 854,377 Latin American women reported that, even taking into account

other factors such poverty, parity and maternal health care, girls under 15 years of age were four times more likely to

die in pregnancy and childbirth than those aged 20–24.91  In Chad, Guinea, Mali, Mozambique, Niger and Sierra Leone

more than 10% of girls are mothers before the age of 16. These countries have some of the highest MMR in the world,

therefore the risk of mortality in this group will be extremely high.84

The causes of maternal death in this group are comparable with other age groups: hypertensive disorders of pregnancy,

hemorrhage, abortion and sepsis.92  As in older age groups, the increased risk in this group is likely to be a combination

of factors such as poverty, low educational attainment and access to high quality healthcare.93,94  However, adolescents

are also more likely to be primiparous, which is associated with increased risk of mortality at any age.90  The increased

risks associated with pregnancy and childbirth in adolescence are therefore compounded by the risk of !rst pregnancy

and delivery. There are insuPcient data to adjust for this, therefore comparison of risk in this age group between

countries may be unreliable where the proportion of births and parity in this age group diJer.

Adolescents are less likely to use antenatal care, and more likely to book later in pregnancy and receive fewer care

components.95  In some cultures, they are also less likely to have a skilled assistant at delivery.96  This is likely a result of

socioeconomic factors but also stigma from health care providers. Physiologically, adolescents (<20 years) are at greater

risk of severe anemia as well as indirect causes of morbidity and mortality such as malaria and dengue in those under

18 years.97  The prevalence of morbidity such as eclampsia, hemorrhage and puerperal endometritis is also signi!cantly

increased in those under 20 years compared to 20–24 years.91,97,98  There is also evidence to suggest that younger girls

(<15) are at greater risk of obstructed labor (OR 1.32; 1.13–1.55), a risk not seen in older adolescents.99  This is suggested

to be because the pelvic bones and birth canal are still growing. Few studies have quanti!ed the risk of obstetric !stula

in this age group, but in Ethiopia and Nigeria, more than 25% of !stula patients had become pregnant under 15 years of

age and more than 50% were under 18 years. This results in life long disability and disadvantage.100  Surgical

management of !stula is available that can minimize this impact, however, access across LMIC is limited.101  Pregnant

adolescents are less likely to continue education and, therefore, have fewer opportunities for employment, which

perpetuates cycles of poverty. The economic cost to countries is also signi!cant due to the loss of lifetime annual

income.102  Therefore, the risks that adolescents face in giving birth are still severe and have lifelong impact.
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Neonatal outcome

Adolescent pregnancy is also associated with increased risk of poor neonatal outcomes, especially at younger ages. The

risk of neonatal mortality is signi!cantly increased in mothers aged under 16 years compared to those aged 20–29 years,

even after adjusting for socioeconomic, demographic and health care factors. Whereas, only a minority of countries (e.g.

Maldives and Malawi) report signi!cantly increased risk in mothers aged 18–19 years.103  Similarly, a study undertaken in

29 countries by WHO found that adolescents under 20 years old were more likely to have a preterm delivery (<37 weeks)

and that risk was increased as age decreased (prevalence 11.2% in girls aged 15 years and under, 8.6% aged 16–17

years, 7.7% aged 18–19 years and 7% aged 20–24 years, p <0.001).97  The risk for neonatal severe conditions (birth weight

<1500 g, gestational age at delivery <32 weeks or 5-minute Apgar score of <7) shows a similar pattern, with the greatest

risk in those under 15 years of age (3.6% aged 15 years, 2.7% aged 16–17, 2.3% aged 18–19 and 1.9% aged 20–24 years

(p <0.001)). This study found similar, non-signi!cant trends for low birth weight (p = 0.357),97  but others have found a

signi!cantly increased risk of low birth weight in all adolescent groups compared to women aged 20–24, with the

greatest risk in those aged 15 years and under (12.8% of <15 years compared to 8.1% of 20–24 years OR 1.62; 1.54–

1.71,91 13.9% compared to 6.5% respectively, RR 1.81; 1.40–2.34)104. Fewer studies have found a signi!cant change in the

risk of stillbirth.91,97,99,104  Again it is important to note the impact of parity on risk. In all three regions, the risk of

neonatal mortality associated with adolescent birth was greater for second or subsequent deliveries than in the !rst

birth when compared to women in their 20s of the same parity (Figure 5).103

Figure 5 Child health indicator weighted prevalence by age of the mother at !rst birth. Reproduced from Finlay et

al., BMJ Open , 2011, with permission.105

In addition to perinatal outcomes, the prevalence of poor child health outcomes such as infant mortality, stunting,

underweight and anemia are also increased in younger mothers. Evidence based on data from 55 LMIC suggests the

elevated risk in infant mortality is seen in all women who have their !rst-born child at ages below 27–29 years, although
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the eJect is only signi!cant in women below 18 years. Even when other socioeconomic, demographic and health care

factors are taken into account, the risk associated with age remained similar, suggesting that it is an independent risk

factor for poor infant outcomes.105  However, adolescents who have multiple births before the age of 20 years are likely

to be among the most deprived. This section demonstrates an important link between adolescent sexual health and

child health. Prevention of adolescent pregnancies in very young age groups should be prioritized to reduce maternal

and neonatal mortality and poor infant outcomes. In addition, access to high quality health care for adolescents during

pregnancy and labor is likely to reduce risks by ensuring early detection and management of underlying factors such as

anemia and hypertension.

Parity and birth spacing

Recent evidence demonstrated that on average across 30 LMIC, 6.3% of all second-order and high-order births were in

adolescents aged <20 years. This varied from 0.8% in Rwanda to 12.5% in Bangladesh and 12.1% in Chad.106  Whilst these

percentages are relatively small, the numbers of adolescents aJected can be large. USAID estimated that of the 22.5

million adolescents who gave birth in 2017, 4.1 million were a second or higher order birth.107  Whilst many adolescent

pregnancies occur in marriage, it is likely that closely spaced pregnancies are unintended. Rapid repeat pregnancy is a

concern, which presents further risks for both the mother and child. Systematic reviews have identi!ed that short

pregnancy intervals in women with a previous cesarean section are associated with increased risks of uterine rupture

and uteroplacental disorders (placental abruption and previa).108  The risk of other adverse maternal outcomes such as

anemia, hemorrhage and maternal death are less conclusive.108  In comparison, a longer interval between pregnancy is

associated with an increased risk of pre-eclampsia, with increasing risk as the interpregnancy interval increases.108

There is also a clear relationship between a short duration between pregnancies (<18 months) and increased risk of

adverse neonatal outcomes including a 61% increased risk of having a low birth weight infant (OR 1.61; 1.39–1.86), 40%

increased risk of preterm birth (OR 1.40; 1.24–1.58) and 26% increased risk of small for gestational age infants (OR1.26;

1.18–1.33) compared to intervals of 18–23 months. Long intervals between pregnancies of over 59 months have similarly

increased risks for neonates.109  There is limited evidence to conclude why there is increased risk with shorter

interpregnancy intervals, but maternal nutritional depletion, cervical insuPciency, transmission of infections,110

socioeconomic status and inadequate healthcare usage have all been hypothesized to contribute.108

Nulliparity and grand multiparity are widely reported as risk factors for pregnancy and labor. Studies from many

diJerent countries demonstrate that the risk of maternal mortality is raised for primiparous women, then reduced for

second and third order births, then risk increases as parity increases with the greatest risk seen at parities greater than

six.111  Therefore, avoiding births above parity !ve has been proposed as strategy to substantially reduce maternal

mortality worldwide.

Nulliparity is also associated with increased neonatal morbidity such as small for gestational age births (OR 1.51; 1.39–

1.64) and neonatal mortality (OR 1.28; 1.11–1.51) compared to parous women also aged between 18 and 35. The same

was also seen in nulliparous women aged <18 compared to parous women in this age group. This may be due to the

increased risk of obstetric complications such as eclampsia, malaria and obstructed labor. Increased risk is also seen in

women with parity ≥3, where greater risk of preterm birth is seen irrespective of age (age 18–<35: OR 1.20, 1.06–1.35,

age ≥35: OR 1.43, 1.21–1.69).112  High parity (≥3) also increases the risk of neonatal mortality irrespective of age (age 18–

<35: OR 1.30, 1.11–1.51, age ≥35: OR 1.66, 1.23–2.23).112  It therefore appears that parity is an independent risk factor

for neonatal adverse outcome, however, other studies have concluded that in contexts where women had appropriate

access to care there was no increased risk,113  therefore it is possible that residual confounding persists.

In clinical practice, it is the combination of these risk factors, age, parity and interpregnancy interval that confer the

greatest risks of mortality. One study that attempted to quantify the contribution of these risks used data from 45

countries Demographic and Health Surveys, which demonstrated that combination of these categories, such as maternal

age >40 and parity >4 that conferred the greatest risks for infant mortality.114  This suggests that meeting unmet

contraceptive need in all age groups is an eJective way of reducing pregnancy-related morbidity and mortality by

avoiding high-risk births in these groups.115
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PRACTICE RECOMMENDATIONS

All women of childbearing age with a BMI >30 should receive information about the risks to pregnancy and
childbirth, and should have the opportunity and support to optimize their weight before pregnancy.
All pregnant women should have their weight and height measured, and their BMI calculated and recorded
at the antenatal booking visit.
Advice should be given about healthy diets in pregnancy rather than specific weight gain targets.
All pregnant women with a booking BMI 30 or greater should be screened for gestational diabetes.
Women who smoke should be informed of the risk and supported to stop, prior to pregnancy or at the
booking appointment.
Women should be advised that there is no known safe level of alcohol intake during pregnancy and
therefore abstinence is advised.
Women should be screened for substance misuse in pregnancy and have access to affordable prevention
and treatment services.
Women should be informed about the impact of age and parity on pregnancy and neonatal risk in order to
make informed decision about family planning.
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