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Racial disparities in infant outcomes in the 
United States
Insights from, and for, formal demography



Hello from sunny Toronto

CN tower 
somewhere here



• Formal demography involves study of population 
processes using mathematical and empirical models 

• Formal demographic models are useful to describe 
and compare populations through time and space with 
a reduced set of parameters 

Background
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• But these models are evolving over time, as we gain new 
insights from population processes 

• Mathematical models: different priorities and viewpoints 
lead to different formulations and insights (e.g. lifespan 
disparity) 

• Empirical models: we have new experiences, new questions, 
and new data

Background

Source: Aburto, J. M., Villavicencio, F., Basellini, U., Kjærgaard, S., & Vaupel, J. W. (2020).  
Dynamics of life expectancy and life span equality.  
Proceedings of the National Academy of Sciences, 117(10), 5250-5259



• Demonstrate how formal demographic methods help to study racial disparities in infant 
outcomes, and vice versa. 

• Touching on two projects:  

1. How racial differences in infant outcomes help to improve demographic models 

2. How demographic methods help to quantify the extent of disparities in fetal and infant 
outcomes across gestational age

This talk



Competing effects on the average age of 
infant death



• Life table quantity  (‘average time lived for those who died’) 

• A particular quantity of interest is the average age of infant death, i.e. the average number of 
days lived of those who died in the first year of life:  

• To get accurate measure, need individual life lines (know everyone's date of birth and death) 

• More realistically, we usually only have death and population counts aggregated by age, so need 
to approximate 

• Existing approximations take advantage of the strong relationship between  and the infant 
mortality rate

nax

1a0

1a0

Background



Empirical relationship



… oh no



• Coale-Demeny (1966) 

• Keyfitz and Flieger (1968, 1970, 1971):  

• Andreev and Kingkade (2015): 
updating using new data

1a0 = 0.07 + 1.71M0

Existing approximations



• Understand and illustrate the relationships between , infant mortality, and premature births 

• Use these relationships to motivate a new approximation formula in low-mortality settings 

• Take a more ‘explanatory’ model building approach, rather than purely curve-fitting 

• Approximation formula depends on data/estimates that are widely available 

Joint work with Leslie Root [Demography (2022) 59 (2): 587–605]

1a0

Goals



Infant mortality, 1a0, and prematurity



• Data from U.S. Birth Cohort Linked Birth and Infant Death Data of the National Center for 
Health Statistics' National Vital Statistics System, years 2008–2012 

• Information on birth outcomes, e.g. gestational age, birthweight, characteristics of mother, 
birth complications… 

• Information on death outcomes (if applicable), e.g. age at death, cause of death

Data



Infant mortality rates (per 1,000 births) are higher for Non-Hispanic black babies in (basically) all subgroups 

What would you expect to see for race-specific values of ?1a0

Mortality rates



 is lower for the Non-Hispanic black population overall, even though it is higher in every 
gestational age category
1a0

A Simpson’s Paradox



Premature births are much more likely for non-Hispanic Black population 

Because values of  are much lower for preterm births, the weighted average for non-Hispanic blacks is 
lower

1a0

Prematurity



Relationships

1. The distribution of the timing of infant 
deaths is left skewed, with the majority of 
deaths in the first few days. 

2. All other things being equal, the degree of 
this left skewness increases as mortality 
decreases. 

3. The distribution of the timing of infant 
deaths conditional on births being premature 
is also heavily left skewed, with an even larger 
density of deaths in the first few days. 

4. The share of births that are premature 
tends to decrease as mortality decreases
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A new approximation in low-mortality settings



A proxy for prematurity

• The ratio of infant to total child 
mortality proxies prematurity 

• As share of under-five mortality that is 
infant mortality increases, the 
proportion of births that are premature 
tends to increase 

• Why do we use this? Because estimates 
of IMR and U5MR are readily available for 
all countries; while info on prematurity is 
not.
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'Ratio’ model 

Compare to piecewise linear model (e.g. from Andreev and Kingkade)

Model

1a0i = α + β1 (IMRi) + β2 ( IMRi

U5MRi ) + εi

1a0i = α + β1 (IMRi) + β2 (IMRi − θ) + εi



• Data from the Human Mortality Database 

• To evaluate model performance, we split data into a “training” data set, which comprises a 
random sample of 80% of all the available data, and a “test” data set, which comprises the 
remaining 20% of data. 

• We also validated against the true race-specific values in the US population 

• Code for model fitting and evaluation: https://github.com/MJAlexander/a0-competing-effects

Data

https://github.com/MJAlexander/a0-competing-effects


Results



HMD

Model validation
US data



• Patterns in infant outcomes by race in the US give insights into the dynamics of relationships 
between , infant mortality, and prematurity 

• Use these observations to motivate a new empirical model to approximate  in low-mortality 
settings 

• Model outperformed existing alternatives that were based on historically observed data, or 
purely curve fitting approaches

1a0

1a0

Summary



• We saw that the non-Hispanic Black population is more likely to experience preterm births AND 
the early death of a child 

• These racial disparities extend to fetal deaths and stillbirths 

• We tend to focus on studying these outcomes individually 

• But there is a need to consider the cumulative and compounding risk of multiple potential 
outcomes in one comprehensive framework, and also to understand how risk evolves over 
gestational age

Comments



A multi-decrement lifetable approach to 
study outcomes by gestational age 



• Propose a multi-decrement lifetable approach to study fetal and neonatal outcomes across 
different population groups  

• Extend the life table framework to tabulate outcomes by gestational age (rather than age after 
birth) 

• Tabulate decrements based on gestational outcome (death or birth, by prematurity) and also 
eventual neonatal outcome (death or survival) 

• Allows us to encode the risk of all possible outcomes throughout the fetal-neonatal period, from 
20 weeks of gestation 

Joint work with Leslie Root (very much a work in progress!). Submission to PAA: https://
www.monicaalexander.com/pdf/paa2023.pdf

Goals

https://www.monicaalexander.com/pdf/paa2023.pdf
https://www.monicaalexander.com/pdf/paa2023.pdf
https://www.monicaalexander.com/pdf/paa2023.pdf
https://www.monicaalexander.com/pdf/paa2023.pdf
https://www.monicaalexander.com/pdf/paa2023.pdf
https://www.monicaalexander.com/pdf/paa2023.pdf


Multiple potential outcomes across the fetal and neonatal 
period
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• Define  to be gestational age in weeks,  

• We consider exists from gestation due to different causes :  

• (extremely, very, moderate) premature live birth, survives to at least 28 days 

• full-term live birth, survives to at least 28 days 

• (extremely, very, moderate) premature live birth, neonatal death 

• full-term live birth, neonatal death 

• fetal death (<28 weeks gestation) 

• stillbirth  (>= 28 weeks)

x x = 20,…,42+

i

Definitions



We define the following life table columns: 

•  is the number of fetuses still in gestation at gestational age .  is referred to as the radix, which we set to 
be 100,000.  

•  is the number of fetuses that have exited gestation (i.e. either through a live birth or death) at gestational 
age   

•  refers to the number of fetus that have exited gestation due to cause  at gestational age .  

•  is the probability that a fetus of gestational age  will exit through any cause 

•  is the cause-specific probability that a fetus of gestational age x will exit  

lx x l20

dx
x

di
x i x

qx x

qi
x

Definitions



• An additional measure that is interesting in studying fetal outcomes is one of ‘lifetime’ risk, that is, 
the probability that a fetus will eventually exit through a cause , conditional on reaching gestational 
age . This is calculated as 

 

• Where  is the last gestational age group 

• A nice property is that these are additive, so can be combined in various ways 

• As before, data are from U.S. Birth Cohort Linked Birth and Infant Death Data of the National Center 
for Health Statistics' National Vital Statistics System, years 2008–2012

i
x

pi
x =

∑ω
x di

x

lx
ω

‘Lifetime’ risk of outcomes 



Some results



Life tables and age-specific probabilities
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‘Lifetime’ risk of eventual neonatal death by gestational age
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Combined outcomes
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Risk ratios of lifetime risks
fetal death/stillbirth neonatal death both
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• Racial disparities are persistent across almost all dimensions of mortality in the United States, 
but are particularly stark around childbearing, childbirth, and the early years of life 

• A need to fully quantify these risks and the experiences of these risks for the mother in concert 

• Repurpose existing demographic methods to study gestational outcomes 

• At 20 weeks gestation, NHB women have a ~0.8% chance of experiencing any adverse outcome. 
(contrast: ~0.3% for NHW women) 

• Racial disparities generally persist through gestational ages, but are highest at early ages. Non-
Hispanic blacks experience elevated risk of all outcomes across the full gestational period 

Summary



• The use of formal demographic models to study population outcomes is a dynamic process 

• New questions, new data, traditional (but updated) methods 

• Demography rediscovers its core 

• Future work? 

• Extending  work to LMIC/high-mortality contexts (challenging, because there are less 
available data and data that do exist may have measurement errors that mask true 
relationships) 

• Using multi-decrement approach to study and adjust for data with definitional issues

1a0

Final thoughts



Thanks!

monica.alexander@utoronto.ca 

monicaalexander.com 

      @monjalexander 

MJAlexander 

mailto:monica.alexander@utoronto.ca
http://monicaalexander.com


Extra



Simulation

• Scenario 1: Vary the risk of infant 
mortality of a population, holding the 
rate of prematurity constant. 

• Scenario 2: Vary the share of premature 
births in a population, holding mortality 
risk constant. 

• The trajectory of  over time depends 
on the relative changes across the two 
dimensions

1a0



• Fit the ratio and piecewise models to training, test, and AK datasets 

• All models fit in Stan (code: https://github.com/MJAlexander/a0-competing-effects) 

• Models evaluated based on  

• Root mean squared error (RMSE), both in-sample and out-of-sample  

• Out-of-sample RSME on test dataset and US data 

• Approximate leave-one-out cross validation (LOO-CV), which gives an estimate of the 
expected log predictive density (ELPD)

Fitting and evaluation

https://github.com/MJAlexander/a0-competing-effects

