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Abstract

Background—First deliveries in women older than 35, 40, or 45 are at increased risk for adverse 

pregnancy outcomes compared with those in younger women. However, specific relationships 

between each additional year of maternal age and pregnancy risks remain unclear, and absolute 

risks at each maternal age are not known.

Methods—Using a population-based cohort of nulliparous women in British Columbia, Canada, 

from 2004–2014 (n=203,414), We examined relationships between maternal age (modeled flexibly 

to allow curvilinear shapes) and pregnancy outcomes using logistic regression. We plotted absolute 

predicted risks to display curves from age 20–50 estimated for two risk profiles: 1) population 

average values of all risk factors, 2) a low-risk profile without preexisting diabetes/hypertension, 

smoking, prior spontaneous/therapeutic abortion, diagnosed infertility, inadequate prenatal care, 

low income, rural residence, or obesity.

Results—Risks of hypertensive disorders increased gradually until age 35, then accelerated. Risk 

of multiple gestations, major congenital anomalies, and maternal mortality or severe morbidity 

increased slowly until age 30, then accelerated. Cesarean delivery and gestational diabetes risks 

increased linearly with age. While indicated preterm delivery increased rapidly with maternal age, 

spontaneous preterm delivery did not. Stillbirth, neonatal mortality, and infant mortality had j-

shaped relationships with maternal age, with nadirs near 30. Despite age-related increases, risks of 
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severe outcomes remained low for women 35 and 40: <1%–2% for severe maternal morbidity and 

5%–7% for fetal–infant composite.

Conclusions—This study provides risks for specific maternal ages to inform clinical counseling 

and public health messaging regarding the potential implications of delayed childbearing.
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advanced maternal age; delayed childbearing; perinatal outcomes; maternal outcomes; pregnancy 
complications

Background

Delayed childbearing is increasingly common in the industrialized world, largely attributed 

to changing family planning and social structure trends.1,2 In 1988, 8% of babies in the 

United States were born to women older than 35 and 1% to women older than 40.1 Births to 

older mothers have increased dramatically over the past 3 decades, with 15.7% of babies 

born to women older than 35 in 2015, and 7.9% to women older than 40.3 Previous studies 

have found that deliveries to women older than 35, 40, or 45 are at increased risk for many 

adverse pregnancy and birth outcomes compared with deliveries to younger women, though 

thresholds used to define advanced maternal age and younger referent groups have varied 

substantially.1,4–10 In particular, advanced maternal age has been linked with increased risks 

of cardiometabolic dysfunction11 and aneuploidy due to aging oocytes.12,13 Cardiometabolic 

dysfunction manifests as hypertensive disorders of pregnancy or gestational diabetes during 

pregnancy, following the hypothesis that pregnancy serves as a stress test for underlying 

cardiovascular risk.11

Categorization of maternal age implies a biologically implausible threshold effect, in which 

pregnancy risks are minimal until age 35, then increase abruptly after age 35, 40, or 45. This 

approach obscures trends within age categories and may both underestimate age-related 

risks for women in younger age groups and overestimate risks for mothers in older age 

groups. Age 35 arose as the threshold used to define advanced maternal age from prenatal 

genetic screening work in 1970 as the age at which the risk of pregnancy loss due to 

amniocentesis was equal to the risk of Down syndrome.14 Subsequent literature has 

elucidated year-by-year risks of Down syndrome.15 However, this granular approach has not 

been applied to other important pregnancy and birth outcomes for which age 35 may not be 

particularly meaningful. Further, although analyses in perinatal epidemiology are often 

conducted in cohort studies, in which absolute measures of effect are estimable, studies of 

maternal age at pregnancy have generally presented odds ratios even for common outcomes. 

Odds ratios are less useful for clinical decisionmaking and for public health policies than 

absolute risks and may be particularly unclear in this area due to varying exposure and 

referent group definitions. Analytical shortcomings of available literature make it difficult 

for clinicians and childbearing families to understand year-by-year differences in pregnancy 

and birth risks on the absolute scale.

The objective of this study was to estimate absolute risks of pregnancy and birth outcomes 

according to 1-year intervals of maternal age at first birth among nulliparous women, 
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treating age at first birth as a continuous variable with a flexible, non-linear approach. To 

examine the sensitivity of associations between maternal age and adverse pregnancy and 

birth outcomes to advanced maternal age and referent group definition thresholds, we also 

compared risk ratios for each outcome based on different exposure and referent group 

definitions.

Materials and Methods

Study population

This population-based cohort was drawn from all births in British Columbia, Canada, from 

April 1, 2004 to March 31, 2014, using the British Columbia Perinatal Data Registry 

(BCPDR), a high-quality birth registry maintained by Perinatal Services BC.16 This database 

contains data abstracted from obstetric and neonatal medical records on nearly 100% of 

births in the province of British Columbia from over 60 acute-care facilities as well as births 

occurring at home attended by registered midwives. The BCPDR includes pregnancies 

ending in a live or stillbirth of at least 20 weeks gestation or 500 grams birth weight and also 

collects data on maternal postpartum readmissions up to 42 days post-delivery and baby 

transfers and readmissions up to 28 days after birth. Health Information Management 

professionals abstract information from provincially standardized antenatal, labor and 

delivery, and newborn forms into the BCPDR. Diagnoses and procedures are coded using 

the International Classification of Diseases, 10th Revision, Canada (ICD-10-CA) and 

Canadian Classification of Intervention (CCI) coding systems, respectively. A recent 

validation study found that most core perinatal variables have excellent validity, with 

positive predictive values for variables in this study ranging from 67.3% for in vitro 

fertilization (IVF) to 100% for maternal age.17 Population Data BC linked the BCPDR data 

were with additional population level health and demographic data. The Medical Services 

Plan Payment Information File (physician billing)18 and PharmaNet outpatient prescription 

database19 were used to identify women with diagnosed infertility, hospital discharge data20 

were used to identify severe maternal morbidity, and census data provided 3-digit postal 

code income level21 and rural residence22 information. Neonatal, infant, and maternal deaths 

were identified using Vital Statistics data.23

To examine age at first birth, we restricted this study to nulliparous women. Our data set 

includes multiple pregnancies, anomalies and defects, and terminations after 20 weeks. The 

University of British Columbia and Children’s and Women’s Heath Centre of British 

Columbia Research Ethics Board (#H15-01208) granted ethics approval.

Variable definitions

Maternal date of birth is linked to each woman’s provincially issued personal health number 

and is used throughout prenatal care for identification purposes. Maternal age at first birth is, 

thus, reported reliably and rarely missing.17 The individual outcomes we examined included 

1) gestational diabetes mellitus; 2) hypertensive disorders of pregnancy; 3) cesarean 

delivery; 4) preterm delivery: delivery of a live infant before 37+0 weeks of gestation, using 

the Perinatal Services BC gestational age algorithm; 5) spontaneous preterm delivery (after 

the spontaneous onset of labor or spontaneous membrane rupture) and 6) indicated preterm 
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delivery (those that did not meet the criteria for a spontaneous preterm delivery); 7) multiple 

gestations; 8) major congenital anomalies documented on the newborn medical record at the 

time of hospital discharge, excluding chromosomal anomalies and minor external congenital 

anomalies;24 9) small-for-gestational-age: birth weight for sex and gestational age lower 

than the 10th percentile, using Canadian reference charts;25 10) neonatal intensive care unit 

(NICU) stay ≥48 hours: a threshold of 48 hours was used to capture admissions for serious 

and persistent health concerns; 11) stillbirth: antenatal or intrapartum fetal death at or after 

20+0 weeks of gestation or ≥500g; 12) neonatal mortality: death within the first 28 days 

after birth; and 13) infant mortality: death within the first year after birth; 14) maternal 

mortality or near-miss morbidity: adapted from the five-factor coding system developed by 

Geller and colleagues,26 includes organ failure (acute renal failure, hepatic failure, heart 

failure), unanticipated postpartum maternal surgical intervention, maternal ventilation for 

≥12 hours, maternal blood transfusion of >3 units, maternal admission to the intensive care 

unit, or maternal mortality. We also examined two composite outcome measures to 

summarize our findings: 1) healthy pregnancy and delivery composite outcome, defined as 

the absence of all adverse outcomes above (excluding multiple gestations and cesarean 

delivery); and 2) severe fetal–infant composite outcome, defined as any of the following: 

major congenital anomaly, stillbirth, very preterm delivery (<28 weeks), very low birth 

weight (<1500g), or infant death. Detailed definitions for all outcomes are provided in eFile 

1.

Statistical Analysis

We used logistic regression models to examine the relationship between maternal age at 

birth and each outcome of interest. Maternal age was defined using exact age based on 

maternal and perinatal dates of birth and modeled using restricted cubic splines to allow the 

most flexible characterization of the relationship with each outcome.27 After considering 

between three and seven knots placed at the default percentiles recommended by Harrell,27 

we selected the number of knots based on the structure that minimized Bayesian Information 

Criterion in an unadjusted model for each outcome.28 Twelve outcomes were modeled using 

three knots at the 10th, 50th, and 90th percentiles of maternal age at first birth in the study 

population (ages 21.4, 29.3, and 36.5), and four outcomes were modeled using four knots at 

the 5th, 35th, 65th, and 95th percentiles (ages 19.7, 27.1, 31.5, and 38.6).

For each outcome, we fit an unadjusted logistic regression model with only maternal age 

spline terms. We then fit a multivariable model for each outcome including terms all 

conditions associated with maternal age, which were identified on a priori grounds. The 

following conditions were included: chronic hypertension, type 1 or type 2 diabetes, body 

mass index, smoking, inadequate antenatal care (fewer than five visits), low income (postal 

code census tract indicating the lowest two deciles of income), rural residence (defined as 

community size <10,000 according to Statistics Canada census geographical areas), prior 

known spontaneous or therapeutic abortion, and diagnosed infertility (outpatient infertility 

medication prescriptions or infertility diagnosis billing codes prior to conception). We 

further adjusted for calendar year using indicator variables to account for secular trends, 

with 2014 as the reference year. Risks from multivariable models were estimated at the 

lowest-risk values of all covariates (no pre-pregnancy hypertension or diabetes, no smoking, 
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adequate antenatal care, not low-income, non-rural residence, no prior known spontaneous 

or therapeutic abortion, no infertility diagnosis or treatment, and body mass index of 23.9), 

with year set to 2014. Gestational diabetes analyses were restricted to women without pre-

pregnancy type 1 or type 2 diabetes. Small-for-gestational-age analyses were restricted to 

singletons born between 22 and 43 weeks. Our main analyses include both singleton and 

multiple gestations; we then repeated all analyses among singletons and multiple births 

separately. For models including multiple gestations, we used a robust (sandwich) variance 

estimator for correlated outcomes among multiple gestations.28

We computed unadjusted and adjusted odds of each outcome at each maternal age value30 

and transformed predicted odds to find predicted absolute risks (probabilities). Probabilities 

were tabulated and presented graphically to illustrate age-outcome relationships visually.

Finally, we estimated risk ratios for each outcome using three definitions of advanced 

maternal age (≥35, ≥40, or ≥45), each compared with six referent group definitions (20–24, 

20–29, 20–34, <35, <40, or <45) using logistic regression models and post-estimation 

procedures. We compared the resulting 15 risk ratios for each outcome to examine the 

degree of variability according to threshold choice.

We imputed missing data for number of antenatal visits (n=16,191; 8.0%) and maternal pre-

pregnancy body mass index (n=53,828; 26.5%) using multiple imputation. Missing census 

tract deciles = (n=31,249; 15.4%) and missing community size data (n=28,300, 13.9%) for 

the year of birth were imputed using the closest year with available data. Those with no 

census tract data (n=5,590; 2.8%) or community size data (2,613, 1.3%) for any year were 

imputed using multiple imputation. Maternal age, all covariates from adjusted models and 

all outcomes were used to impute values for 30 imputations. Imputation was implemented 

using Stata’s mi impute command, which both imputes and combines parameter estimates 

according to Rubin’s formula.31 Estimated risks from the multiple imputation analysis did 

not differ materially from estimates from a complete case analysis.

All analyses were conducted using Stata 14.2.31

Sensitivity analyses

Definitions of gestational diabetes and NICU admission changed during our study period. 

The International Association of Diabetes in Pregnancy Study Group’s (IADPSG)33 

diagnostic criteria for gestational diabetes were adopted in British Columbia in 2010. Before 

April 2010, infants who occupied a level II or III bed were coded as NICU admissions; after 

April 2010, infants who required level II or III care were coded as NICU admissions 

regardless of the actual bed they occupied. We conducted sensitivity analyses for each 

outcome examining cases before and after coding changes separately. In vitro fertilization 

(IVF) data became available in the BCPDR in April 2008. While we did have data on 

diagnosed infertility and non-IVF infertility treatment throughout the study period, IVF may 

be an additional indicator of underlying infertility. We conducted a sensitivity analysis for all 

outcomes after April 2008 to compare predicted risks from multivariable models that 

included and excluded adjustment for IVF as a covariate.
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Results

Of 436,498 births in British Columbia during the study period (2004–2014), the population 

for this study was restricted to the 203,414 births to nulliparous women. Maternal age at first 

birth increased steadily throughout the study period, from a mean of 30.3 years in 2004 to 

31.2 in 2014. Similarly, the proportion of births to women older than 35 increased from 

15.4% in 2004 to 16.5% in 2014, the proportion of births to women older than 40 increased 

from 2.7% to 3.3%, and the proportion of births to women older than 45 increased from 

0.1% to 0.3%.

Clinical and demographic characteristics of the study population are tabulated according to 

5-year age categories in Table 1. Pre-pregnancy type 1 or type 2 diabetes and chronic 

hypertension increased with increasing maternal age, though the proportion of births to 

women with either condition remained low across age groups (at <3% among those older 

than 45). On the other hand, current smoking, inadequate prenatal care, low-income status, 

and rural residence decreased with increasing maternal age. Pre-pregnancy obesity remained 

relatively stable across age categories. The incidence of a prior spontaneous or therapeutic 

abortion, diagnosed infertility, in vitro fertilization, and multiple gestations increased sharply 

with increasing maternal age, particularly after age 35. Approximately half of women with a 

first birth at age 40 or older had a prior spontaneous or therapeutic abortion (50.7%) or had 

been diagnosed with infertility (47.1%). Likewise, more than half of women with a first birth 

at 45 or older had a prior spontaneous or therapeutic abortion (56.0%) and the majority 

(71.9%) had been diagnosed with infertility. The proportion of women meeting the lowest-

risk profile decreased with increasing maternal age, largely due to infertility diagnosis/

treatment and prior spontaneous or therapeutic abortion, though 14.0% of women older than 

age 35 still met the low-risk criteria.

The Figure presents the unadjusted and adjusted predicted risks of each outcome at each 

maternal age from 20 to 50 years, with corresponding 95% confidence intervals. Though the 

forms of each curve differed, risks of all outcomes increased with increasing maternal age 

among women older than 30. Unadjusted curves show the population average risks for 

women at each age, while adjusted curves show risks for the lowest-risk profile (i.e., when 

age-related comorbidities and risk factors were absent). Predicted risks from multivariable 

models present a “best-case scenario” for low-risk women across the age continuum, with 

lower absolute risks compared with those from unadjusted models for most outcomes. 

Adjustment for infertility accounted for the greatest attenuation in risk observed between 

crude and adjusted estimates many outcomes, largely due to its strong association with 

multiple gestations. Curves for cesarean delivery, and the healthy pregnancy and delivery 

composite, were virtually unchanged by adjustment for covariates across the age continuum. 

Adjusted risks of gestational diabetes and small-for-gestational age were elevated compared 

with crude risks, largely due to low income status and calendar year. Predicted risks from the 

Figure are tabulated by 5-year increments of maternal age in Table 2, and by 1-year 

increments in eTable 1.

Predicted risks stratified by multiple gestations are tabulated in eTables 3 and 4, and 

stratified curves are graphed in eFigure 1. Risks were higher for all outcomes among 
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multiple gestations compared with singleton births, though curves were similarly shaped for 

many outcomes (gestational diabetes, hypertensive disorders, maternal mortality or near-

miss morbidity, stillbirth, and severe adverse fetal-infant composite). Risk of neonatal or 

infant mortality were substantially elevated for multiple gestations to mothers younger than 

35, though the rate of increase in risk to older mothers was similar among singleton and 

multiple gestations. Risks of cesarean delivery and preterm delivery were much higher for 

multiple gestations regardless of maternal age, yielding flatter curves compared with those 

for singleton births.

When we dichotomized maternal age to estimate risk ratios comparing each advanced 

maternal age definition to each referent group definition (eTable 2), we found sufficient 

variability in risk ratios to conclude that a more detailed approach than dichotomization of 

maternal age is recommended. However, the overall conclusions regarding the relationship 

between maternal age and pregnancy and birth risks were not qualitatively changed by 

exposure or referent group definitions.

Sensitivity analyses

Because of higher overall risk of NICU stay ≥48 hours before the change in coding, we 

restricted analyses for this outcome to after 1 April 2008, when the change took effect. 

Despite the change in diagnostic criteria for gestational diabetes during the study period, the 

incidence of gestational diabetes overall and according to maternal age at first pregnancy 

remained similar before and after the change in criteria. We therefore examined all cases of 

gestational diabetes together.

Multivariable models that included IVF (risks estimated in the absence of IVF) produced 

lower predicted risks for women older than 37, compared with multivariable models that 

excluded IVF (risks estimated at average IVF values). These differences were most 

pronounced for preterm delivery (both spontaneous and indicated), though estimates were 

somewhat lower for hypertensive disorders of pregnancy and severe fetal–infant summary 

outcome, and slightly lower for maternal mortality or near-miss morbidity, major congenital 

anomaly, and neonatal mortality. Analyses were not impacted at younger maternal ages, 

likely due to low use of IVF use among younger women. Predicted risks from adjusted 

models including and excluding IVF are juxtaposed in eFigure 2.

Discussion

This study found that risks for adverse pregnancy and birth outcomes increased steadily with 

increasing maternal age at first birth. The overall proportion of women in our study with 

each outcome according to age category was consistent with previous studies.2,4,8–10,34,35 

Our findings provide baseline absolute risks of many important outcomes by age, which will 

be useful for patient counseling and decisionmaking, and the curves we present are 

accordant with most previous reports of risks increasing with maternal age.2,5–7,10,35–37

This paper complements previous work by presenting absolute risks and by displaying the 

form with which risks increase. While age 35, 40, and 45 have been used to define advanced, 

very advanced, and extremely advanced maternal age thresholds, clear inflection points at 
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these ages were not evident for most outcomes. In fact, inflection points were not observed 

at age 40 or age 45 for any outcomes, despite clinical guideline cutoffs geared towards those 

older than 40 (e.g., induction at 40 weeks for women over 40).37 By examining absolute 

risks, we see that many pregnancies to mothers between age 35 and 40 result in healthy 

mothers and babies. Risks of less severe adverse outcomes (e.g., pregnancy complications, 

cesarean delivery) were fairly common among women older than age 35. However, absolute 

risks for the most severe outcomes (severe maternal morbidity and severe adverse fetal-

infant composite) remained quite low (<1%–2% and 5%–7%, respectively) for women at 

age 35 and 40. By age 50, however, predicted absolute risks for even these outcomes were 

substantially higher.

Risks of hypertensive disorders of pregnancy were stable and low from age 20 until age 35, 

where there was a clear inflection point, after which risks increased rapidly (particularly 

among term deliveries). Despite previous reports of an association between “advanced 

maternal age” and increased risk of hypertensive disorders of pregnancy,39,40 this sharp 

change in risk at age 35 has not been previously reported. Further work in this area would be 

useful to elucidate whether the abrupt increase at age 35 is related to increased surveillance 

for women of “advanced maternal age” or reflecting true age-related pathophysiology. The 

quadratic increase in risk of major congenital anomalies with increasing maternal age may 

be a useful contribution to an area of confusion in the literature, with recent studies reporting 

conflicting relationships between non-chromosomal major congenital anomalies and 

maternal age.35,36,41 Curves for gestational diabetes and cesarean delivery showed linear 

increases in risk, and likelihood of a healthy pregnancy and delivery decreased linearly with 

increasing maternal age. Stillbirth, neonatal and infant mortality, and severe adverse fetal–

infant composite curves were j-shaped, with elevated risks for mothers both younger and 

older mothers. Curves for indicated preterm delivery, multiple gestations, major congenital 

anomalies, NICU stay, and maternal mortality or near-miss morbidity showed increases in 

risk accelerating gradually with increasing maternal age, following a quadratic shape. In our 

study, the age-related indicated preterm delivery risk was attenuated by the null relationship 

between age and spontaneous preterm delivery when all preterm deliveries were examined 

together. Our findings suggest that previously mixed findings5,7,37 may be due to combining 

spontaneous and indicated preterm deliveries into a single outcome. Because the relationship 

between maternal age at first pregnancy and each outcome is different, examination of the 

risks for our two composite outcomes provides a vehicle for women and clinicians to 

summarize the overall role of maternal age in pregnancy and birth risks.

Chronologic age and biologic age are not always equal, with wide variability in the rate of 

reproductive aging.42 Examining both the average predicted risks (from unadjusted models) 

and the “best-case scenario” predicted risks from (multivariable models) provides a plausible 

range for the relationships between increasing maternal age at first birth on pregnancy and 

birth risks among healthy nulliparous women with access to care. The tables and figures can 

be used to facilitate family planning decision-making about risk differences associated with 

small differences in maternal age at first birth. Likewise, our findings can inform discussions 

about the importance of maintaining a low-risk profile for women who delay childbearing, 

by examining the slower increase in risks for women across the age spectrum when age-

related risk factors are absent. It should be noted that our findings are meant to be 
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interpreted as mean population parameters, rather than individual-level risk predictions for 

each outcome. Individual experiences will show more variability than the estimated 

population averages we report.

Several limitations to our study must be considered in interpreting our findings. Women who 

delay childbearing are less likely to become pregnant and more likely to experience 

spontaneous abortion than younger women.12,13,38 As our cohort was defined by women 

with a pregnancy of ≥20 weeks, we could not assess the risk of spontaneous abortion or 

inability to become pregnant in this study, which restricts interpretation of our findings to 

the unidentifiable group of women who will be able to become pregnant at each maternal 

age. Further, older parturients may undergo additional antenatal monitoring compared with 

younger women, which may lead to overestimation of risk for some outcomes for older 

women.

Our analyses compare outcomes from different women at each age, rather than changes in 

risk within women at each age. Thus, there may be confounding by unmeasured factors that 

differ between women. Of note, information on race is not collected in population-level data 

from BC. In the U.S., race is associated with age at first birth.43 The distribution of racial 

groups is different in BC from in the U.S., with a smaller black population and larger East 

and Southeast Asian population despite a similar proportion of white/non-visible minorities.
44,45 Though universal health care in BC may attenuate the impact of race on health 

outcomes, failure to account for race in our multivariable models may result in unmeasured 

confounding. Further, if race modifies the relationship between maternal age and pregnancy 

and birth outcomes, our findings represent the population average for BC, which is different 

from the population averages in areas with different distributions of race/ethnicity. Future 

research exploring effect modification by race would be useful. In addition to race, marital 

status, educational attainment, and employment status would be of interest in describing our 

study population, and in defining our lowest-risk profile from the adjusted models. 

Unfortunately, these data are missing for a high fraction of pregnancies in the BCPDR and 

were thus excluded from our analysis. Although most IVF cases were identified by 

diagnosed infertility or other infertility treatment (86.7% sensitivity), IVF was not captured 

in our database until 2008. Thus, our multivariable models provide estimates at the 

population average values of IVF for each maternal age, which may lead to an 

overestimation of risk for older women who do not undergo IVF.

Despite these limitations, this population-based study provides a unique examination of the 

role of increasing maternal age in pregnancy and birth risks which complements previous 

work. We examined a wide range of maternal and perinatal outcomes using a high-quality, 

population-level, North American data set. By estimating absolute risks across the 

reproductive age spectrum, our results can be easily interpreted by childbearing women and 

clinicians, and may enable clinicians to approach discussions about advanced maternal age 

with more granularity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Predicted absolute risks (with 95% confidence intervals) of adverse pregnancy and birth 

outcomes at specified values of maternal age at first birth in British Columbia (Canada), 

2004–2014 (n=203,414). Unadjusted and adjusted risks according to maternal age at first 

birth: i) gestational diabetes mellitus; ii) hypertensive disorders of pregnancy; iii) cesarean 

delivery; iv) preterm delivery; v) spontaneous preterm delivery; vi) indicated preterm 

delivery; vii) multiple gestations; viii) major congenital anomaly; ix) small-for-gestational 

age; x) NICU stay >=2 days; xi) stillbirth; xii) neonatal mortality; xiii) infant mortality; xiv) 

maternal mortality or near-miss morbidity; xv) severe adverse fetal-infant composite; xvi) 

health pregnancy and delivery composite.

Models for gestational diabetes were restricted to those without pre-pregnancy type 1 or type 

2 diabetes mellitus. Models for NICU stay ≥2 days restricted to births after April, 2008. 

Models for small-for-gestational age restricted to singleton pregnancies and gestational ages 

from 22 to 43 weeks. Adjusted models included pre-pregnancy diabetes, pre-pregnancy 

chronic hypertension, pre-pregnancy body mass index, smoking, indicator variables for 

calendar year, inadequate prenatal care, low income, rural residence, previous spontaneous 

or therapeutic abortion, diagnosed infertility, infertility treatment.

Maternal age at first birth was modeled using restricted cubic splines with 4 knots (at the 

5th, 35th, 65th, and 95th percentiles; ages 19.7, 27.1, 31.5, and 38.6) for hypertensive 

disorders of pregnancy, gestational diabetes, cesarean delivery, spontaneous preterm 

delivery, and healthy preterm delivery and modeled using restricted cubic splines with 3 

knots (at the 10th, 50th, and 90th percentiles; ages 21.4, 29.3, and 36.5) for all other 

outcomes.
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