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Abstract

Objectives: Many studies of sudden unexpected infant death (SUID) have focused on individual
domains of risk factors (maternal, infant, environmental), resulting in limited capture of this
multifactorial outcome. The objective of this study was to examine the geographic distribution

of SUID in San Diego County, and assess maternal, infant and environmental risk factors from a
large, administrative research platform.

Study design: Births in California between 2005-2017 were linked to hospital discharge
summaries and death files. From this retrospective birth cohort, cases of SUID were identified
from infant death files in San Diego County. We estimated adjusted hazard ratios (aHR) for infant,
maternal and environmental factors and SUID in multivariable Cox regression analysis. Models
were adjusted for maternal sociodemographic characteristics and prenatal nicotine exposure.

Results: There were 211 (44/100,000 live births; absolute risk 0.04%) infants with a SUID
among 484,905 live births. There was heterogeneity in geographic distribution of cases.
Multiparity (0.05%; aHR 1.4, 95% CI 1.1, 1.9), maternal depression (0.11%; aHR 1.8, 95%

Cl 1.0, 3.4), substance-related diagnoses (0.27%; aHR 2.3, 95% CI 1.3, 3.8), cannabis-related
diagnosis (0.35%; aHR 2.7, 95% CI 1.5, 5.0), prenatal nicotine use (0.23%; aHR 2.5, 95% ClI

1.5, 4.2), preexisting hypertension (0.11%; aHR 2.3, 95% CI 1.2, 4.3), preterm delivery (0.09%;
aHR 2.1, 95% CI 1.5, 3.0), infant with a major malformation (0.09%; aHR 2.0, 95% CI 1.1, 3.6),
respiratory distress syndrome (0.12%; aHR 2.6, 95% CI 1.5, 4.6) and select environmental factors
were all associated with SUID.
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Conclusions: Multiple risk factors were confirmed and expanded upon, and the geographic
distribution for SUID in San Diego County was identified. Through this approach, prevention
efforts can be targeted to geographies that would benefit the most.

Keywords
epidemiology; sudden unexpected infant death; risk factors

Introduction

Sudden unexpected infant death (SUID) is the sudden, unexpected death of a child younger
than one year of age where the cause was not obvious before investigation [1,2]. In 2019, the
rate of SUID in the United States was 90 infants for every 100,000 live births [2]. Initially
classified as sudden infant death syndrome (SIDS), the category has expanded over the last
20 years to include accidental suffocation in the sleeping environment and other deaths from
unknown causes. Although there has been a decline in the rate of SIDS deaths since the
1990’s, the overall SUID rate has decreased less, suggesting a diagnostic shift or changes

in reporting [3,4]. In 2019, only 37% of SUID in the National Vital Statistics System was
attributed to SIDS [2]. Risk for SUID peaks between one to two months of age, and is

the most common cause of death between one month and one year of age in developed
countries [1,3]. Several risk factors have previously been noted for SIDS or SUID, including
race/ethnicity, prematurity, bed sharing, gestational hypertension, inadequate prenatal care,
prenatal alcohol or nicotine exposure, household smoke exposure, and low socioeconomic
status [1,5-13]. Recently, it has been noted that select constituents of air pollution may also
increase the risk of SIDS [14-16].

Often, risk factors are individually examined, or examined by domain (maternal, infant,
pollutants), offering a narrow and potentially incomplete picture of this multifactorial
outcome. Further, when different domains of factors are studied in heterogeneous
populations, it is not possible to directly compare them to evaluate the magnitude of

the potential intervention targets. This is because different populations may not share the
same effect modifiers, making direct comparisons problematic. Given the broad range of
potential risk factors ranging from the individual to environmental factors, a large dataset
that examines these factors collectively in the same population will facilitate comparisons
between them. The objective of this study was to examine the geographic distribution of
SUID in San Diego County, and assess the maternal, infant and environmental risk factors
from a large research platform.

Materials and methods

The Study of Mothers and Infants (SOMI) is birth cohort largely comprised of
administrative health records, representing all births in California between 2005-2017.
Birth certificates, maintained by California Vital Statistics, were linked to hospital
discharge, emergency department, and ambulatory surgery records maintained by the
California Office of Statewide Health Planning and Development. Hospital discharge,
emergency department, and ambulatory surgery files provided diagnoses codes based on the
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International Classification of Diseases, 9th Revision (ICD-9) and 10th Revision (ICD-10)
as reported to the California Office of Statewide Health Planning and Development by the
hospitals [17]. The study dataset consists of discharge records (maternal: one year prior

to the birth through one year post-delivery; infant: first year of life) linked to the infant’s
birth certificate, resulting in over 6 million linked mother-baby dyads. In addition, maternal
and infant death records for any mother or infant who subsequently died in the State in

the infant’s first year of life are also linked into the cohort. Linkage is performed using a
probabilistic linkage between variables on vital statistics and hospital discharge summaries,
including but not limited to maternal date of birth, infant date of birth, zip code, delivery
hospital, pregnancy complications and outcomes, payer source. Finally, CalEnviroscreen
3.0 [18] and other publicly available, geographically mapped data sources were linked to
the SOMI dataset through mapping zip codes at delivery census tracts, which are the unit
of aggregation in CalEnviroScreen. The study was approved by the Committee for the
Protection of Human Subjects within the Health and Human Services Agency of the State of
California, as well as the University of California San Diego Human Research Protections
Program.

For the purposes of this analysis, we included live-born deliveries in San Diego County
(n=484,905) between the years of 2005-2017 (Supplemental Figure 1).

Outcome and exposure variables

SUID cases were identified using diagnostic codes (ICD-10: R95 (sudden infant death
syndrome), W75 (accidental suffocation or strangulation in bed), and R99 (unknown cause))
from the cause of death field on infant death records. This group of three diagnostic codes
for SUID was recognized by the National Center for Health Statistics in 2015, and for the
United States Healthy People 2020 initiative, where SUID is a reported health indicator

[3]. In the case of unexpected infant deaths, the cause of death is reported on infant

death certificates by a death certifier, who can be a medical examiner, coroner or forensic
pathologist. We also identified all other non-SUID deaths in the first year of life from infant
death records or hospital discharge summaries.

Maternal sociodemographic factors were identified from hospital discharge records recorded
during pregnancy or the delivery episode. These included maternal race/ethnicity (non-
Hispanic White, Black, Asian, Hispanic, or other/multiple/unknown), nativity (US born

or foreign born), age (<18, 18-34, <34), education (<12t grade or 12t grade or higher),
pre-pregnancy body mass index (=25 kg/m?2), prenatal care [19] (inadequate or adequate+),
and payer source for delivery (private, public, other).

Maternal and infant characteristics and environmental pollutants were primarily selected
from previous literature. However, given the exploratory nature of this project, we chose
to also include other variables that signal problems with the pregnancy or developing fetus
and could reasonably be on a causal pathway (e.g.- placental abruption or necrotizing
enterocolitis). Finally, given the very limited literature on environmental variables,

we further selected factors increasingly queried in perinatal epidemiology (e.g. noise,
pesticides) or considered particularly important in San Diego (e.g. housing burden). All
queried factors are shown in Table 1, and all were pre-specified by the team for inclusion.
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Maternal characteristics and complications included parity (nulliparous vs multiparous),
and the following diagnoses during pregnancy (all binary as present/not present):

anxiety, depression, alcohol-related diagnosis, cannabis-related diagnosis, other substance-
related diagnosis, prenatal nicotine use, antepartum migraine diagnosis, preexisting
diabetes, preexisting hypertension, gestational diabetes, preeclampsia/eclampsia, gestational
hypertension, any infection in pregnancy, placental abruption, cesarean delivery, and
polyhydramnios.

Infant factors were identified from birth through the first year of life and modeled as

binary variables. These include prematurity, sex, being a multiple, major structural birth
defect, respiratory distress syndrome, intraventricular hemorrhage, necrotizing enterocolitis,
periventricular leukomalacia, patent ductus arteriosus, and bronchopulmonary dysplasia.

Finally, we considered environmental and neighborhood level factors based on maternal
residential census tract at delivery. Environmental exposures were primarily identified
from CalEnviroScreen 3.0., which identifies California communities by census tract that
are disproportionately burdened by, and vulnerable to, multiple sources of pollution

[18]. CalEnviroscreen produces measure of pollution’s impacts and vulnerabilities in
California communities. A more detailed description of CalEnviroscreen, full list of data
sources, ICD codes and variable definitions, and environmental variables are available in
Supplemental Table 1. Variables were all modeled as continuous variables, and included
the Cal Enviorscreen score, ozone percentile, particulate matter (PM) 2.5 percentile, diesel
PM emissions percentile, drinking water contaminant index percentile, total pounds of
pesticide percentile, chemical releases percentile, traffic density percentile, solid waste sites
percentile, poverty percentile, housing burden percentile, and noise mean.

Three covariates (maternal education, pre-pregnancy body mass index [BMI], and prenatal
care) were missing >5% among the SUID strata (Supplemental Table 5). Due to the small
number of SUID cases, we performed imputation using multivariable linear regression.
Maternal age, race/ethnicity and payer source (which were all predictive of each of the
missing covariates) were used to predict the unobserved values.

Statistical analysis

Data were first summarized by the disposition of the infant at one year of life: death
attributed to SUID, death from cause other than SUID, and alive. We assessed the univariate
association between each risk factor and SUID vs. alive at one year with chi-square and
Fisher’s exact tests where necessary, or with t-tests. Subsequently, variables with univariate
probability < 0.10 and a cell count of at least five were included in multivariable regression.
The significance was set to 0.10 due to the small strata for SUID (n=211). Cox multivariable
regression was used to estimate adjusted hazard ratios (aHR) and 95% confidence intervals
(CI). Age at death (in days) was the unit of time in models. Non-SUID deaths were
censored at the day of death, and infants alive at one year of follow up were censored

at one year. We first focused on maternal sociodemographic models, regressing SUID on
maternal race/ethnicity, nativity, age, education, pre-pregnancy BMI, prenatal care, and
payer source in a single model. We performed models with the imputed variables, and then
repeated all models with the unimputed variables. Observing no marked differences between
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imputed and non-imputed models (Supplemental Table 6), we used imputed variables in all
subsequent analyses.

We then constructed individual models for each maternal characteristic or complication,
infant characteristic or complication, and environmental factor that was significant in
univariate analyses, each adjusted for the aforementioned maternal sociodemographic
characteristics. We considered that maternal smoking, a well-documented risk factor for
SUID, may confound the variables in the prenatal and infant models. Therefore, we also
adjusted each model for maternal nicotine use (except the model estimating the risk for
maternal nicotine). In a sensitivity analysis, we limited the outcome to SIDS (censoring for
the other two death diagnoses (R99 and W75) along with other non-SIDS deaths) to assess
the impact on results. All analyses were conducted in SAS, version 9.4 (SAS Institute, Cary,
NC).

There were 484,905 live births in San Diego County between 2005-2017; 2,076 (428 per
100,000 live births) died within the first year of life. From the full live-born cohort, 211
(44/100,000 live births) had a classification of SUID on the infant death record. There

has been a negative secular trend over the study period in the incidence of SUID (-0.10,
p<0.001) and non-SUID deaths (-0.02, p=0.006), with steeper declines in the rates of SUID
deaths. Deaths attributable to SUID peaked in 2008 at 69 per 100,000 live births, and had
the lowest incidence in 2017 with 25 deaths per 100,000 live births (Supplemental Figure 2).
From the three ICD codes constituting SUID, 86% were attributed to SIDS, with declining
proportion over time (94% SIDS in 2007, 66% SIDS in 2017). The mean age at death in
infants with SUID was 105 days (standard deviation 77 days).

Examining the deaths geospatially, there was heterogeneity in incidence rates of SUID by
sub-regional area (SRA) in San Diego County (Supplemental Figure 3). The highest risk was
in the north-east and south-east regions of the county, with lower incidence in the coastal
and central regions of the county. The geospatial patterns observed were not explained by
race/ethnicity or socioeconomic status, as residents in the south east SRASs tend to identify
as Latina or non-Hispanic Black and have lower socioeconomic status, while residents

in the north east are more likely to identify as non-Hispanic White and have a higher
socioeconomic status [20].

In univariate analyses, women with infants with a SUID were more likely to identify as
non-Hispanic Black or other/multiple races, and less likely to identify as non-Hispanic
Asian than women who had an infant who survived the first year of life (Table 1). Further,
mothers of infants with a SUID were more likely to be born in the US, to be young, to
have less than a high-school education, to be overweight/obese, to have inadequate prenatal
care, and use public insurance. Multiple maternal characteristics and complications, infant
characteristics, and environmental variables in Table 1 had a univariate p-value <0.10 for
inclusion in multivariable models. Based on low frequency, we were not able to include
alcohol-related diagnosis, intraventricular hemorrhage, or periventricular leukomalacia in
multivariable models.
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In the multiply adjusted model for maternal sociodemographic characteristics, non-Hispanic
Black women were more likely than non-Hispanic White women to have an infant with
SUID (graphed in Figure 1, point estimates and confidence intervals in Supplemental

Table 3). Additionally, women born outside of the US were less likely to have an infant

with SUID. Finally, having less than a high school education, being overweight or obese
pre-pregnancy, having inadequate prenatal care, and public or other non-private insurance all
were associated with an increase likelihood of having an infant with SUID.

When maternal characteristics or complications, infant characteristics or complications,

and environmental characteristics were queried in individual models, after adjusting for
maternal sociodemographic characteristics and nicotine, several factors were associated with
SUID (Figure 2, Supplemental Table 4). These included multiparity, maternal depression,
cannabis, nicotine and other substance-related diagnoses, preexisting hypertension, preterm
delivery, the infant having a major structural malformation, or having respiratory distress
syndrome. Neighborhood level environmental exposures, including poverty, housing burden
and noise pollution also were associated with SUID, although with very modest hazard
estimates. The strongest risk factors were cannabis-related diagnosis and respiratory distress
syndrome, although confidence intervals were wide.

In a sensitivity analysis, we limited our outcome to SIDS (n=181) and repeated

all models (data not shown). The only difference was that the estimate for parity

now included the null; all other results and interpretations were unchanged. Finally,
unimputed frequencies (Supplemental Table 5) and multivariable models for maternal
sociodemographic characteristics without imputation (Supplemental Table 6) are available in
the supplemental material.

Discussion

SUID is a devastating outcome that is known to be multifactorial [21]. Between 2005-2017,
death rates from SUID have declined in San Diego County, although from these data one
cannot establish a true decline in prevalence from other factors (e.g. scientific advances in
classifying cause of death). To fully appreciate the collective risk factors, it is necessary

to analyze multiple domains of risk factors from a given population. Upon examination

of maternal characteristics, identifying as non-Hispanic Black, having low educational
achievement, being overweight or obese, having inadequate prenatal care, and having
public insurance all increased the risk of having an infant with SUID. Maternal nativity
(born outside of the US) was associated with a reduced risk. In adjusted models, there

were positive associations between SUID and parity, maternal depression, substance-related
diagnoses, cannabis-related diagnosis, prenatal nicotine exposure, preexisting hypertension,
preterm delivery, the infant having a major structural malformation, or having respiratory
distress syndrome, and neighborhood level economic and noise pollution factors.

Some of these factors have been noted in previous studies, with the literature primarily
limited to SIDS. In a large administrative data set from the Centers for Disease Control
and Prevention of 37 million births (1995-2004), women who identified as Black, who
smoked or use alcohol during pregnancy, had inadequate prenatal care, had increasing

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2023 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bandoli et al. Page 7

parity and who delivered prematurely had a higher risk for having an infant with SIDS

[7]. When an updated analysis from the same source was carried out using data through
2010, similar risk factors were again identified [10]. It is important to note that, particularly
within the US, factors such as race, education, payer source and prenatal care often proxy
for structural factors that negatively impact birth and infant outcomes, including racism,
red-lining, chronic stress and environmental adversity, and should not be viewed as causal
[22,23].

Others have examined the association between maternal mental health and the risk of SIDS.
From population-based data from Denmark between 1973-1998, psychiatric admissions for
either parent conferred a two-fold increased risk of SIDS for the infant. However, when
admission causes were examined, affective disorders and alcohol and drug-related disorders
conferred the increased risk, while schizophrenia and related disorders did not increase

the risk of having an infant with SIDS [6]. A second study from national data in Sweden
(1978-2004) also noted the increased risk of SIDS with maternal admission for a psychiatric
illness, and found that 50% of the excess risk was explained by maternal smoking and
social adversity measures (low education, poverty) and less so by obstetric complications
[9]. In our models, depression was a risk factor for SUID, while the confidence intervals
for anxiety disorders crossed the null. Notably, these associations were independent of
prenatal smoking. Finally, like many others [5-7,10,13,24], we noted an increased risk

of SUID/SIDS with prenatal alcohol and nicotine use. Further, we found that a cannabis-
related diagnosis in pregnancy conferred a 2.7-fold increased risk of SUID, which included
adjustment for maternal nicotine use. To our knowledge, few have examined cannabis as

a risk factor. In a study of 393 SIDS cases in New Zealand, authors noted that frequent
maternal cannabis (> weekly use) was a weak risk factor for SIDS after adjusting for
tobacco smoke. Given the increased legality and potency of cannabis in the United States
[25], this finding warrants additional follow up.

We observed both geospatial variation and a higher overall environmental burden among
SUID cases in univariate analyses. Respective to the geospatial variation, some identified
factors had very similar geospatial variation to SUIDs, e.g. rates of preterm birth. Other
factors, like cannabis diagnoses, had similar geospatial patterns in some parts of the county,
but differed in others. These disparate patterns by risk factor highlight the importance

of community-level dissemination and prevention strategies. Additionally, infants with
SUID were born in areas with higher PM 5, pesticides, poverty, housing burden and
noise pollution. In multivariable analyses, these factors were either not significant (overall
burden, PM, 5, pesticide) or very marginally significant (poverty, housing burden and
noise pollution), although environmental factors often have very small risk estimates [26].
Previous studies of SIDS and constituents of air pollution have either not adjusted for
individual level maternal factors [14,16] or adjusted for some but did not adjust for
smoking [15]. Given the correlation between areas of high environmental burden, low
socioeconomic status, and behaviors such as prenatal smoking, it is unclear whether those
reported associations were confounded by maternal smoking. It is important to highlight
that our estimates of environmental burden were static averages (i.e. not temporally
estimated for each individual) and were relative measures within California communities.
Thus, these estimates cannot be directly compared to absolute values from other work.

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2023 December 01.
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Further, the averaged measures may lead to misclassification for pollutants with strong
temporal variation or pollutants in areas with less regional representation (e.g. density of air
monitoring stations). Nonetheless, the literature is increasingly supportive of the role of the
environment in child health outcomes, including SUID, and future research should model
pollutants with greater precision than the estimates available to this analysis.

While our findings from this study are novel in the breadth of factors analyzed, they should
be viewed in light of the limitations. Administrative data, which benefits from large numbers
to study rare outcomes, relies on ICD codes and birth records for demographic factors and
comorbidities. Reliance on these data can lead to misclassification, although given that these
data were recorded prior to the known outcome would likely be non-differential and bias
results towards the null. Further, some variables such as substance-related diagnoses are
known to be under-reported in hospital discharge summaries and likely represent disordered
use. It is unclear how these biases would ultimately influence results. Also, we are only
capturing infants who died in California in the first year of life. Families who leave the state
would be assumed to be alive at one year, which may not be the case. Within the cohort,

we do not have a good variable to identify siblings, and were unable to adjust standard
errors for non-independence of siblings. Finally, given the source of the data, we did not
have information on sleep position, which is a well-established risk factor for SUID. Some
of our identified factors, particularly the socioeconomic factors used for model adjustment,
likely operate through this pathway, but we were unable to query this further. Despite

these limitations, the platform represents virtually the entire population of infants in San
Diego County, an ethnically and economically diverse sample. Therefore, results should be
reasonably generalizable to other similar populations.

In summary this analysis confirmed and expanded maternal, infant and environmental
factors and the risk of SUID. Further, the geospatial distribution noted in the findings allows
for targeted public outreach campaigns for SUID prevention, and shared learnings from
areas with low incidence of SUID.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Adjusted hazard ratios for maternal sociodemographic factors derived from a single model.

Reference not plotted for binary factors. Reference group is infants who did not die in the
first year of life. PNC=prenatal care.
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Figure2.

32 6.4

Adjusted hazard ratios for maternal characteristics and complications (circle markers), infant
characteristic and complications (triangle markers), and environmental (square markers)
factors. Reference not plotted for binary factors. Adjusted hazard ratios derived from
individual models adjusted for sociodemographic factors and prenatal nicotine use (nicotine
model only adjusted for sociodemographic factors). Reference group is infants who did not

die in the first year of life.
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