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The purpose of this short commentary is to provide a
perspective on the role of maternal stress in pregnancy. First,
however, it is important to recognize that there are both
physical and psychological stressors and that they can have
similar consequences for individuals, that is, both physical
and psychological stressors can elicit the same biological
responses. In this regard, individuals are limited in how they
respond to stressors, whether physical or psychological in
nature. In understanding the concept of “stress,” it is useful to
note that any physical or psychological event that provokes a
shift toward a more extreme biological state can be defined
as “stressful” or as a biological strain. The importance of
measuring both stressors and strain has long been acknowl-
edged in the field, since Holmes and Rahe1 in 1967 first
developed a rating scale of recent life changes requiring

various degrees of social readjustment. Although it is flawed
by the conflating of stressors and strain, this scale has been
used to quantify the amount of strain and predict the onset of
illness, likely due to ineffective coping.

A second important point is that the experience of stress
is contextual. That is, the same stressor is not likely to elicit
the same level of biological strain in all people, depending on
the context (e.g., availability of resources) and the individu-
als’ ability to relieve the stressful situation. Similarly, the
same stressor may produce different levels of biological
strain at different times for the same person, depending on
the context and on what other stressors are co-occurring.
Finally, chronic stressors, like poverty and race-based dis-
criminatory treatment,2 may create a legacy or trajectory of
biological strain that personal coping cannot relieve. In such
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Abstract Understanding the role of stress in pregnancy and its consequences is important,
particularly given documented associations betweenmaternal stress and preterm birth
and other pathological outcomes. Physical and psychological stressors can elicit the
same biological responses, known as biological strain. Chronic stressors, like poverty
and racism (race-based discriminatory treatment), may create a legacy or trajectory of
biological strain that no amount of coping can relieve in the absence of larger-scale
socio-behavioral or societal changes. An integrative approach that takes into consider-
ation simultaneously social and biological determinants of stress may provide the best
insights into the risk of preterm birth. The most successful computational approaches
and the most predictive machine-learning models are likely to be those that combine
information about the stressors and the biological strain (for example, as measured by
different omics) experienced during pregnancy.
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a circumstance, persistent biological responses in the ab-
sence of socio-behavioral or societal changes that mitigate
poverty and personally focused or systemic racism may be
harmful to the individual.

Understanding the role of stress in pregnancy and its out-
comes is especially important given the uniquebiological state
of pregnancy—a stressor in itself, thedocumented associations
between maternal stress and preterm birth and other patho-
logical outcomes,3 and the disparate rates ofmaternal mortal-
ity in the United States.4 It is critical to note that simply
identifying a possible stressor is not sufficient to predict the
level of biological strain that the stressor (whether physical or
psychological) might cause; instead, considering the putative
stressor and the consequent biological strain together is
essential for this purpose. Moreover, it is important to under-
standwhether the biological strain associatedwith the occur-
rence of a stressor can be ameliorated sufficiently within a
specified timeframe to avoid harm. Effectively resolving bio-
logical strain is a characteristic of resilience. Thus, an integra-
tiveapproachthat simultaneouslyconsiders thesocial (e.g., life
changes) and the biological determinants of preterm birth
should provide the best insight into the risk of preterm birth.
The most successful computational approaches and the most
predictive machine-learning models are likely to be ones that
combine information about both the stressors and the biologi-
cal and physiological strain (as measured by different omics)
experienced by a person.5

Researchers have shown that acute stress due to the
occurrence of a major life event (suggesting a need for social
readjustment) can affect a pregnancy, especially when it
occurs in the first trimester6; importantly, however, a wom-
an’s perception of an event can be at least as important as the
event itself.7 Moreover, chronic stress during pregnancy,
regardless of how it is measured, has been found to be
associated with an increased risk of preterm birth,8,9 pre-
sumably because of the ongoing biologic strain. Disentan-
gling a woman’s experience of stress is especially difficult in
the case of chronic stress that may arise from a wide and
diverse range of stimuli. To address this challenge, recent
machine-learning approaches that are capable of building
meaningful models based on a large number of features can
be used to analyze various factors that are involved in chronic
stress. For example, graphical learning models have been
used previously to capture complex relations among a large
number of stress variables, preterm birth, and involved
pathways.10 In addition, nonlinear predictive modeling has
been used successfully to identify psychosocial and stress-
related factors occurring early in pregnancy that predict the
risk of spontaneous preterm birth.5

Previous work integrating multiomics datasets (e.g., ge-
nomics, transcriptomics, proteomics, metabolomics, immu-
nomics, epigenomics, lipidomics, and microbiomics) using
machine-learning approaches has identified molecular
changes that occur during pregnancy, resulting in highly
accurate models predicting gestational age,11 preterm
birth,12 onset of labor,13,14 and preeclampsia. It is plausible
that alterations in any of the omics measures due to stress
can be captured in the mother and the offspring, including

stress-related changes in DNA methylation,15 microRNA,16

and the metabolome.17 Integrating multiomics with stres-
sors and perceived stress variables could further elucidate
the effects of stress on the outcomes of pregnancy, such as
preterm birth, low birthweight, and various neonatal out-
comes, thereby providing us with refined predictive models.
Moreover, this integration could lead to the identification of
associations between stressors and different measurements
of women’s omics biology and possible mechanisms by
which they are related. These integrative approaches involve
analyses of high-dimensional data with a relatively small
number of samples (subjects) and an extremely large num-
ber of features. Existing forms ofmachine learning that apply
feature reduction18 and sparse modeling19 can be used to
identify the most important features and build meaningful
and accurate models of pregnancy outcomes based on these
predictors. Such integrative approaches might provide in-
sight into how various stressors create strain, whether acute
and resolvable, or chronic and intractable, with long-term
health consequences. Advanced computational approaches,
including knowledge graphs,20 neural networks,21 and ulti-
mately, artificial general intelligence22 might lead to the
identification of stress-based modifiable factors that can
steer biological systems (and, consequently, patient out-
comes) without the need for costly pharmacological or
physiological interventions. More precise interventions can
improve patient outcomes and reduce high rates of maternal
mortality, particularly among women of color.4,23

Because biological strain itself can influence the clinical
trajectoryofan individual andan individual’spredisposition to
develop pathological conditions (depending on their genetic
capacity to respond to environmental challenges), it is essen-
tial that we alleviate both such biological strain and any
identified stressors. For example, the chronic stress of racism,
a social construct resulting in race-based personal or systemic
discriminatory treatment, isparticularly insidiousbecause it is
not easily resolved, and its associated biological strain can
persist, even from one generation to the next through epige-
netic influences, with damaging effects—sometimes acute and
sometimes long term. Based on our research24,25 and that of
others,23,26 the biological strain associated with racism in all
its forms2 may alter inflammatory functioning. Of course,
there are likely to be many causative pathways that lead to
one final common pathway for preterm parturition as a result
of racism. Interestingly, although normal parturition involves
inflammation, it is highly programmedwith a transition point
little less than 1month before the onsetof labor, characterized
by a shift in gene expression and cell signaling from a disposi-
tion of tolerance to one of rejection—labor.13,14 This biochemi-
cal shift is evidence of a transcriptomic or immune clock of
pregnancy that can be strained or dysregulated by physical or
psychological stressors.11,27–29 The usefulness of an integra-
tive approach for predicting preterm labor and a multifaceted
approach to its prevention is logical strategies that can be
derived from accumulating evidence.

In sum, whether some specific feature or collection of
features that characterize a pregnant woman’s circumstance
are conceptualized as stressful requires more than simply
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identifying the possible stressor(s). It requires measuring
biology at various levels of “omics” interrogation. Thus,
the degree of perturbation and its duration become relevant
to determining the likelihood of harm or leading to an
adverse outcome. Such an integrated approach to under-
standing stress also provides the opportunity to understand
resilience, which reflects a rebalancing to a healthy state of
repose. Such a state is characterized not by sustainedmoder-
ation but by a flexibility of disposition or dynamism in
response to life’s stressors.

In conclusion, it is important to note that not all types of
stress have negative effects on health or are necessarily
associatedwith adverse outcomes. Stress can also contribute
touseful, or even necessary, strain. For example, bone growth
depends onmechanical stress. Similarly, pregnancy is itself a
form of stress that shapes a woman’s immunological, meta-
bolic, and neurohormonal systems inways that are necessary
for the birth of a healthy offspring. Finally, in the simplest
terms, “stress” is often defined by those who study it not by
thosewho experience it. There is the rub.Wemust findways
to define stress in terms of what the personwho is experienc-
ing it considers “stressful” not by what an investigator
believes. As a result, we need to define stress in terms of
both the stressors themselves and the strain they create.
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