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ABSTRACT

The 1918 influenza pandemic was a major mortality event that is well understood in its proximate heterogeneous impacts, but
its long-term impacts on inequality are less understood. Within anthropology, evolutionary frameworks such as the epide-
miological transitions, biocultural anthropology, and evolutionary medicine can give meaning to ultimate explanations for

pandemics' long-term consequences. I seek to identify and shape the gap in the 1918 influenza pandemic literature around the

analysis of post-pandemic inequalities compared with pre-pandemic and pandemic period inequalities. I discuss six papers that

address consequences on the demography and epidemiology of surviving populations and 11 papers that engage with the fetal

origins hypothesis to understand unequal long-term impacts on cohorts exposed to stressful intrauterine environments during

the pandemic. I contextualize existing knowledge of unequal impacts within evolutionary anthropological theory and argue that

evolutionary anthropology is well suited to lead holistic research on ultimate determinants of long-term pandemic

consequences.

1 | Introduction

The 1918 influenza pandemic is often considered the worst-case
scenario for infectious respiratory disease pandemics and was
one of the deadliest infectious disease events in human history.
Despite its magnitude, the 1918 influenza pandemic has often
been called “The Forgotten Pandemic” [1], and after the initial
wave of research published in the decade following the pan-
demic's end, there was very little research published until the
21st century. More insights into this pandemic's origins, nature,
and impacts have come to light since its centennial in 2018 and
the onset of the COVID-19 pandemic in 2020. The influx of 1918
influenza pandemic research into many fields, including epi-
demiology (see Viboud and Lessler [2], and the corresponding
special centennial issue in American Journal of Epidemiology),
history [3], anthropology (e.g., [4-6]), and demography (7, 8],
has brought one fact into sharper focus: the ways populations
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globally experienced this pandemic were highly variable, with
many determinants contributing to that variation.

One feature of the 1918 influenza pandemic that has not been
largely investigated is its long-term impacts, especially in pop-
ulations that are known to have highly unequal experiences in
sex- and age-based mortality, gradients of pandemic outcomes
by socioeconomic status, differences among people with un-
derlying chronic and/or infectious conditions, and more. As a
relatively short and inarguably significant mortality event, the
1918 influenza pandemic likely had the potential to shape
demographic composition and at-risk populations in the years
following the end of the epidemic curve. However, while large
portions of the 1918 influenza pandemic literature are dedicated
to identifying unequal pandemic experiences, very little
research has been dedicated to identifying changes in inequal-
ities after the pandemic concluded. DeWitte and Wissler [9]
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review the existing literature on detectable shifts in demo-
graphic structure and even some genetic consequences of the
1918 influenza pandemic, and the fetal origins hypothesis has
been a point of interest for several decades, but post-pandemic
inequalities as a consequence of mortality impacts have been
relatively understudied.

In this paper, I do not seek to exclusively review the literature
on inequalities during the 1918 influenza pandemic, as there
have been several excellent reviews in recent years to which
readers may refer for a thorough treatment of this topic (e.g.,
[9-14]). My aim is rather to identify and shape the gap in the
literature related to inequalities after the 1918 influenza pan-
demic, specifically by discussing research that has addressed
this topic directly. Specifically, I describe and engage with lit-
erature related to inequalities in mortality, morbidity, and
survivorship after the pandemic, as well as the fetal origins of
adult health and inequality that could be linked to exposure to a
stressful in utero environment during the 1918 influenza pan-
demic. Additionally, I synthesize major themes of the research
that analyzes post-pandemic inequalities compared with pre-
and pandemic period inequalities and place them within evo-
lutionary anthropological theoretical frameworks that can help
explain both biological and sociocultural determinants of long-
term pandemic consequences.

1.1 | Why the 1918 Influenza Pandemic?

There are six primary reasons why the 1918 influenza pan-
demic is an ideal historical event for which to study this
question. These reasons are summarized in Table 1. First, it is
inherently valuable to closely study historical events across
geographic locations and among various sociocultural, inter-
national, and transnational spaces. The knowledge creation

TABLE1 |
influenza pandemic is an ideal pandemic to investigate long-term

Summary of reasons discussed in-text why the 1918

evolutionary consequences.

Why study the 1918 influenza pandemic and its post-
pandemic consequences?

1. It is inherently valuable to improve our knowledge of
historical events.

2. Data availability is often good, though not uniformly
through space and time.

3. Acute, massive mortality events can lead to detectable,
long-lasting consequences in surviving populations.

4. The population that survives is larger than the population
that does not®; what are their experiences?

5. We can compare 1918 influenza pandemic outcomes to
those of other typical, non-pandemic influenza outbreaks.

6. A substantial time has passed to where we may
retrospectively study long-term consequences of a century-
old pandemic.

2This is the case almost everywhere, except when analyses are broken down into
lower population levels. For example, there are villages in Alaska that were
abandoned after the influenza pandemic tore through, claiming every life aside
from those of some young children ([15]; see Phillips-Chan for a review of daily
newspaper data [16]).

surrounding the 1918 influenza pandemic, its determinants,
and its related and deeply intertwined historical events (i.e.,
World War I) has accelerated in recent years, and this has led
to more clarity about how, by nature, pandemics are anthro-
pogenic events that can be studied through a variety of life
science, social science, and humanistic lenses. Second, there
are ample early 20th century primary data sources available to
study the 1918 influenza pandemic from many different per-
spectives. This includes not only vital death (and occasionally
morbidity) records, but biological anthropologists are now
engaging with skeletal samples to understand underlying
frailty during and after the 1918 influenza pandemic [6, 17].
There are many new research endeavors that have dipped into
these rich data sources already. Unfortunately, data availa-
bility is not ubiquitous for populations affected by the 1918
influenza pandemic, so careful research and reflection on
biases are necessary.

Third, the 1918 influenza pandemic was a massive mortality
event, estimated to have resulted in the death of 50-100
million people on the high end [18] and around 20 million
people on the low end [19]. This means for some estimates of
mortality, this pandemic resulted in nearly five times as
many deaths directly attributed to World War I in only
2-3 years [20]. As such, an acute mass mortality event could
lead to detectable changes in demographic structure, socio-
cultural norms, and epidemiology in the surviving popula-
tion. Pandemic research needs to closely investigate whether
these shifts happened, and further, what their consequences
were. Fourth, and similarly, the number of people who sur-
vived the 1918 influenza pandemic was far greater than the
number who did not; there could be long-lasting detectable
changes in health and epidemiology in the surviving popu-
lation that could be directly or indirectly attributable to the
pandemic itself, and those health impacts in the surviving
populations are currently poorly understood. Without further
research into questions related to long-term impacts, we are
missing a significant domain of knowledge about the breadth
of the pandemic's impact.

Fifth, the 1918 influenza pandemic was caused by an HIN1
influenza A virus, which is now prolific but at the time was
novel [21, 22]. There are many strains of influenza circulating at
any given time, and influenza viruses were common before the
1918 pandemic and are common in the present day. As a reg-
ularly circulating virus that produces a familiar disease, re-
searchers can compare 1918 influenza pandemic outcomes to
influenza outcomes from non-pandemic years. This is not a
straightforward thing to do with other pandemic diseases like
the recently novel SARS-CoV-2 virus that causes COVID-19
disease, AIDS, or antibiotic-resistant tuberculosis. Finally, en-
ough time has now passed to retrospectively study the conse-
quences of the 1918 influenza pandemic for multiple decades
afterwards. This may not only lead to insights about how long
the consequences of the pandemic are detectable (if they indeed
are), but can provide crucial insights into how inequalities in
health were impacted by this acute event. Now, 5 years into the
COVID-19 pandemic, is the time to pursue more insights into
how pandemics end. Evolutionary anthropological theories can
provide strong insights into the nature of post-pandemic
periods.
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2 | Evolutionary Perspectives of Pandemic
Consequences

Anthropological perspectives of population health can suc-
cessfully integrate information about biology and culture over
long periods of time, often by capturing evolutionary effects on
demographic composition and intergenerational health trans-
mission. Studying population health from an evolutionary
perspective is an excellent way to conceptualize ultimate causes
of unequal impacts. Here, I briefly outline three fundamentally
evolutionary frameworks used in anthropology to describe and
give meaning to observed population health inequalities: the
epidemiological transitions, biocultural anthropology, and evo-
lutionary medicine. These theoretical frameworks are not
mutually exclusive, and a holistic understanding of pandemic
and post-pandemic inequalities may be best achieved by
drawing upon concepts from a combination of principles from
each framework.

2.1 | The Epidemiological Transitions and
Biocultural Anthropology

What is today referred to as the second epidemiological transi-
tion was first conceptualized by epidemiologist Abdel Omran in
his seminal 1971 paper “The epidemiological transition: A
theory of epidemiology of population change [23].” However,
the concept of multiple transitions throughout recent human
history (at least the last ~10,000 years) is the product of
anthropological thought [24-26]. The epidemiological transi-
tions refer to points in human history during which there were
fundamental, long-term, and irreversible changes in human
behavior and culture that led to changes in human health,
especially cause-specific mortality [26]. As such, there are cur-
rently four distinct periods and three described transitions. The
first transition aligns with the Neolithic agricultural revolution
(~12,000-10,000 years ago) in about a dozen locations around
the world relatively simultaneously, moving humans from the
Paleolithic baseline to “The Age of Pestilence and Famine” [23].
Consequences included the widespread adoption of the agri-
cultural mode of subsistence, the decline of a diversified diet,
increased sedentism, increased population size and density, and
exposure to zoonotic diseases that evolved into modern crowd
diseases (e.g., influenza, smallpox, measles) [24, 27]. For groups
that adopted agriculture, most of recent human history was
spent in this state.

The second epidemiological transition did not begin until the
mid-19th century in Western Europe and parts of North
America and occurred alongside the industrial revolution
[23, 28]. This period describes the shift from “The Age of
Pestilence and Famine” to “The Age of Receding Pandemics,”
where the mortality rates from infectious diseases declined
and the mortality from chronic diseases, brought on primarily
by aging and organismal degeneration, increased proportion-
ately. The concept of the second epidemiological transition
was primarily formulated as an explanation for the overall
mortality decline observed during the demographic transition:
a period in which a decline in all-cause mortality was followed
by a decline in fertility, leading to increases in population size
and life expectancy [29-31]. The third epidemiological

transition describes the shift into “The Age of Degenerative
and Man-Made Diseases,” and is characterized by new and re-
emerging infectious diseases with a strong emphasis on newly
recognized and truly novel pathogens in the contemporary
disease-scape [25, 26].

Epidemiological transition theory is a fundamentally evolu-
tionary theory because it involves the co-evolution of human
culture, demography, and biology, considering the integral role
of pathogens in that evolution [32]. On a single population
level, it provides tremendous insight into population history
and the dynamics of pathogens and culture over a long period of
time. On a broader cross-population level, it provides opportu-
nities to compare the trajectories of health for populations from
regions that underwent the transitions and those that did not.
The forces on demographic structure and dynamics are funda-
mentally evolutionary in nature and have inevitable conse-
quences on human biology and health [33, 34]. For example,
the second epidemiological transition in Western nations is
characterized, in part, by advancements in public health prac-
tice, nutrition, infrastructure, and much later, safe and effective
biomedical advances such as vaccines and antibiotics. However,
these benefits are also the touchpoints of tremendous health
inequities, because there is no single way to model health
transitions, and the strict model of the classic transition
described by Omran [23] is irrelevant for many regions outside
of Western Europe and parts of North America (e.g., [35-37]).
Thus, origins of baseline health inequalities are partially,
though not solely, due to populations' adaptations to their
specific ecologies, a process that gives rise to cultural adaptation
in different ways and at different times. Epidemiological tran-
sition theory plays an important role in reminding population
health researchers that nothing is static, and these changes
constantly occur in the background of other emerging health
issues, like novel pandemic infectious diseases. Thus, popula-
tion health as described by the epidemiological transitions—at
any point in time in recent human history—may provide crit-
ical contextual insights into how and why people suffer such
variable consequences during pandemics.

Discussions of the epidemiological transitions can be mean-
ingfully integrated with biocultural anthropological theory, as
the integration and co-evolution of human biology and culture
were essential to how human demography, social organization,
and health shifted over time. Biocultural theory in anthropology
is also a fundamentally evolutionary framework that highlights
the physical embodiment of humans’ macrosocial socio-
economic environments, coined “local biologies” by Margaret
Lock [38, 39]. This is a popular anthropological theory that
highlights the integrated and relatively plastic nature of human
biology and culture [40-42]. The human “environment”
includes anything from physical living spaces to plants, lands,
waters, animals, and insects [43], as well as the political eco-
nomic and political ecological contexts [40, 44]. Biocultural
variation in humans cross-culturally can be products of the
embodiment of food and water insecurity [45], stress as a
product of socioeconomic stratification and structural violence
[46-48], the embodiment of stress as evidenced through skeletal
lesions studied by paleoepidemiologists and paleopathologists
[49], and the physical markers of sex- and gender-based
stressors [50].

3 of 23



Anthropologists who study infectious diseases and humans
through an evolutionary perspective would argue that patho-
gens should be part of this story, as well. It is possible that
infectious pathogens have been one of the strongest forces of
human genome evolution [51], but humans and pathogens are
evolutionary partners: we change each other. Indeed, early in
the COVID-19 pandemic, Friedler [52] argued that a biocultural
approach to infectious respiratory diseases was crucial to
advance our understanding of how human behavior at every
level—from the community to the global—impacts infectious
disease dynamics. Other anthropologists have drawn upon
biocultural theory to identify how and why baseline nutritional
status in rural communities may have influenced tuberculosis
prevalence and mortality [53], especially when tuberculosis has
been identified as one of the primary pathogenic risk factors for
1918 influenza pandemic mortality [54, 55]. Zuckerman et al.
[56] argue these evolutionary approaches (epidemiological
transition and biocultural theory) are essential to one another.
Further, van Doren [32] argues that biocultural anthropologists
should more purposefully engage with the foundational con-
cepts of epidemiological transition theory, especially the deep
temporal scope and attention to population histories, especially
in the context of infectious disease dynamics across hundreds—
if not thousands—of years.

2.2 | Evolutionary Medicine and the Fetal
Origins of Health and Disease

In reference to centuries and millennia of human-pathogen co-
evolutionary history, evolutionary medicine within anthropology
can provide keen insights into the specific tensions between
humans and the invisible world of pathogens over broad tem-
poral depth, as well. As a field, the scope of evolutionary
medicine is broad, but the intention is straightforward: to apply
evolutionary thinking to the broad spectrum of human health
and disease [57-60]. Some of these applications include, but are
far from limited to: the effects of nutritional stress on long-term
population health [61]; the biological constraints of human
childbirth [62]; how, despite the nonexistence of genetic
markers of race, socially constructed and reinforced racialized
categories have produced embodied social inequalities in health
[63, 64]; allergies [65]; and chronic pain [66].

Anthropologists, especially but not limited to those who spe-
cialize in biological anthropology, are well-trained in evolu-
tionary theory, and with their holistic approach to
understanding the human condition, they are often most in-
terested in addressing ultimate, rather than proximate, de-
terminants of human health and disease. Evolutionary
biologists have distinguished between proximate questions
(those that answer “How?”) and ultimate questions (those that
answer “Why?”), which is a categorization that emerged from
Tinbergen's “four questions”: (1) What is it for? (2) How does it
work? (3) Why did it develop? (4) What is its evolutionary
history? [67, 68]. Biological anthropologists using evolutionary
concepts to study infectious diseases in humans may spend
considerable time studying the evolutionary origins of humans'’
relationships with viruses, bacteria, parasites, and the ecological
contexts that can lead to dis-ease in humans. Though proximate
explanations for why humans get sick when infected with

pathogens (i.e., a description of a disease process and associated
immunological responses) are extremely important as well, they
are not themselves evolutionary explanations. However, those
processes may be better understood when informed by evolu-
tionary thought. Answers to proximate questions may illumi-
nate infectious processes, human immune responses, and
epidemiology of disease; answers to ultimate questions can
explain human-pathogen co-evolution, social inequalities,
developmental and fetal origins of disease, and susceptibility to
infections based on underlying health status, among others [69].
It is not difficult to see how population health and demography
determined by human behavioral changes over time
(epidemiological transitions) and local biologies (described by
biocultural theory) are integral pieces of this human-pathogen
co-evolutionary story.

As an example, the co-evolutionary relationship between hu-
mans and diseases like tuberculosis have not only been well-
established, but modern biomedical advancements have
allowed scientists to observe pathogenic evolution in real time.
The most common respiratory form of tuberculosis is caused by
the bacterium Mycobacterium tuberculosis, which infects the
lungs and leads to a complex immune response. In fact, this
immune response is very likely an evolutionary response to the
increased virulence of the pathogen and the resulting severity of
tuberculosis disease [70], which when progressed can cause
rapid weight loss and wasting, fatigue, severe coughing with
bloody sputum, and death. Tuberculosis has been known in
humans for thousands of years and has been strongly influ-
enced by subsistence and settlement patterns, public health and
sanitation, and other critical co-circulating pathogens through
time [32]. Today, only 10% of people infected with M. tubercu-
losis will manifest symptoms, and only 10% of people who show
symptoms will progress to death [71, 72]. However, this
immunological protection against the intracellular infection
that leads to tuberculosis disease has been compromised by a
cultural advancement that has led to evolutionary responses in
the causal pathogen: the prolific use and mis-use of antibiotics
have led to the evolution of antibiotic resistance in some strains
of M. tuberculosis, resulting in multidrug resistant and ex-
tensively drug-resistant infections in recent decades [73-75].
This adaptation to humans' biomedical cultural advancements
in antibiotic use has tipped the balance back toward M. tuber-
culosis. This example, and others like it, can be cleverly illus-
trated by the metaphor of the Red Queen, which borrows
imagery from Through the Looking Glass by Lewis Carroll: two
opposed actors—Alice and the Red Queen—pushing and pull-
ing on one another to gain an advantage over the other [76].
This “Red Queen Hypothesis” is particularly relevant to studies
of novel pandemic diseases, as well. For example, some
research on the novel HIN1 influenza A virus from 1918 sug-
gests that, in terms of viral descendants and the makeup of
typical, regularly circulating influenza viruses in the
present day [21], HIN1 influenza A has been a very conse-
quential modern virus.

The fetal origins hypothesis of adult disease is also an application
of evolutionary medicine that is particularly relevant for
studying long-term health consequences of the 1918 influenza
pandemic. Though the insight on the effects of long-term health
shocks in utero were first made by Kermack et al. in [77],
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Barker's [78] comments on the persistently observed relation-
ship between low birthweight and later health outcomes, such
as cardiovascular morbidity and mortality, diabetes, and other
metabolic disorders, are likely the most cited. The relationship
between birthweight and later-in-life outcomes was so much
stronger than the outcomes related to stressful childhoods that
Barker [78] was compelled to suggest research should be
directed how a stressful intrauterine environment impacts adult
health. Barker [79] later published empirical results showing
that infants with low birthweight for their gestational ages have
significantly higher adult blood pressure, impaired glucose
tolerance, and higher mortality from cardiovascular events and
obstructive lung diseases. Developmental health theories are
based on the assumption that there are two primary pathways
of health investment throughout the life of a person: (1) the
initial health endowment determined by the fetal environment,
and (2) post-birth developmental investments [80]. Both levels
of investment are appropriately captured by the broader theo-
retical framework of developmental origins of health and disease
(DOHaD) (e.g., [81-83]), but this paper will focus specifically on
how the 1918 influenza pandemic may have compromised the
initial health endowment determined by the fetal environment.

In the context of the 1918 influenza pandemic, in utero ex-
posure does not explicitly constitute direct fetal exposure to the
pandemic virus because HIN1 influenza A does not cross the
placenta ([84, 85] present two case studies during the 2009
HINI1 influenza A pandemic). Instead, in utero exposure most
accurately refers to exposure to a stressful intrauterine en-
vironment when the mother was infected with the novel pan-
demic influenza virus. In this case, there are multiple pathways
in which a “stressful intrauterine environment” can cause
adverse health impacts on a developing fetus. Myrskyld et al.
[86] provide a broad overview of the types of stress a fetus of an
infected mother may have faced. First, as a basic principle of
evolution and adaptation, developing fetuses recognize en-
vironmental signals and must adapt to those cues; problems
arise when the stressful intrauterine environment no longer
aligns with the environment in which the individual grows into
an adult, thus producing a mismatch and potentially mal-
adaptive consequences [87]. A nutritionally deprived environ-
ment in utero, potentially from maternal malnutrition or severe
nutritional decline from either loss of appetite or vomiting and
diarrhea, may prime individuals for a similar nutritionally
stressed environment outside the womb. When this does not
occur, overnutrition as a child or adult can increase the risk of
obesity and make them more at risk of cardiovascular disease
and diabetes [88-90].

Maternal infection with the pandemic influenza virus has also
been a focus of fetal origins research as a potential determinant
of later-in-life health. The increased risk of severe disease and
symptoms in pregnant individuals has been known for some
time and can partially be explained by the simultaneous
demands of the immune response to the pregnancy and to the
influenza infection [91, 92]. Elevated immune activity during
novel influenza virus infection may prime the developing fetus
for baseline chronic inflammation in adulthood, which is
strongly linked to the development of cardiovascular disease
[93, 94]. Additionally, the trimester during which the individual
was exposed to 1918 influenza pandemic-related maternal stress

seems to matter tremendously: as the third trimester is the
primary period in which the lungs reach full development,
intrauterine stress that compromises this development can lead
to the development of asthma, chronic obstructive pulmonary
disease, bronchopulmonary dysplasia, and congenital dia-
phragmatic hernia [95, 96]. Alternatively, severe intrauterine
stress in the first trimester significantly increases the risk of
preterm birth, which elevates the risk of adult health compli-
cations [97, 98], including shortened telomere length, which is
related to the development of aging-related diseases earlier in
life than expected [99]. As I will explore in the review and
discussion of the fetal origins literature related to intrauterine
stress during the 1918 influenza pandemic, the unequal epide-
miology of the pandemic may have had substantial long-lasting
unequal impacts on the individuals who survived it—not just
those most at risk as younger adults, socially marginalized
racial groups, age-/sex-/gender-based inequalities, or disabled
individuals—but on those who lived to face consequences of the
pandemic without ever being infected with the virus.

In the remaining sections of this paper, I discuss how the bib-
liography for the conceptual review was built and the criteria
with which the primary papers of interest were selected for
deeper discussion. The papers’ primary results are then high-
lighted with special attention to the comparisons between
inequalities observed in a post-pandemic period to either a pre-
pandemic or pandemic period (oftentimes, both). Finally, I
synthesize and discuss the results within the context of the
evolutionary anthropological theories outlined here and iden-
tify key points at which further inquiry can be pursued in the
future of biological anthropological pandemic studies.

3 | Methods for Identifying Literature

This paper is not a systematic review, scoping review, or meta-
analysis. However, a careful and iterative literature search was
performed to identify appropriate pandemic experiences as a
lens through which to discuss the posed question in a concep-
tual review. As mentioned previously, there have been several
thorough literature reviews in recent years that discuss
inequalities during pandemics. These reviews were used as core
papers to initiate the literature search: D'Adamo et al. [10], a
scoping review identifying health and inequalities across the
last four major influenza pandemics (1918, 1957, 1968, and
2009); Mamelund and Dimka [13], a narrative review of
socioeconomic and racial inequalities during the COVID-19 and
1918 influenza pandemics; Mamelund et al. [100], a systematic
review and meta-analysis of research on socioeconomic
inequalities and pandemic influenza; Dimka et al. [11], a review
and synthesis of inequalities related to sex/gender, racialized
groups, disability, and pre-existing conditions during the 1918
influenza, the 2009 HIN1 influenza A, and COVID-19 pan-
demics; and DeWitte and Wissler [9], a review of demographic
and evolutionary changes after the Black Death and 1918
influenza pandemic. The seeds for contemporary research on
long-term health impacts due to fetal exposure during the 1918
influenza pandemic seem to be Almond and Mazumder [80]
and Almond [101], from which many demographers and
economists have drawn inspiration for applications of the fetal
origins hypothesis and the 1918 influenza pandemic. During the
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initial search, I used the bibliographies of the above articles to
identify research related to inequalities about only the 1918
influenza pandemic; I do not consider any other pandemic in
this paper.

I employed both backwards and forwards searches using these
core papers for new articles that analyze inequalities in any
form, but especially those related to age, sex, gender, socio-
economic status, race category, disability, and underlying con-
ditions. Throughout this paper, I conceptualize “inequality” as
heterogeneous outcomes for different subsets of a population on
the basis of the above categories. This is an important expansion
of the scope of inequalities investigated in some of the core
literature, as some are limited only to discussing articles that
formally quantify and analyze socioeconomic inequalities (e.g.,
[12]). This is not an inherent weakness of those approaches, but
the intention in the current analysis is to identify inequalities
that go beyond the scope of socioeconomic status. Character-
istics such as age and sex come with important and changing
social roles through the life course that cannot be extricated
from explanations of differential age-based mortality or other
epidemiological outcomes. These differences in social roles,
how social roles shift as one ages, and the variable infectious
disease exposure risks associated with those roles and behav-
iors, are central to an anthropological conception of pandemic
experiences.

Additionally, sex is an important marker of inequality in his-
torical studies. This is not solely due to the potential for
immunological differences in males and females (i.e., females
may exhibit a heightened immune response to influenza viruses
but can also overreact to viral pathogens and are more prone to
develop autoimmune disorders) [102], but also because re-
searchers often infer gendered differences in behavior along the
lines of recorded binary sex in vital records [103]. Although this
is an imperfect interpretation, not least of all because sex and
gender refer to different characteristics in humans [104], sex
and gender are both complex and important characteristics that
may drive differential experiences with infectious disease out-
breaks via different pathways. Thus, pandemic outcomes on the
basis of age, gender, and sex, along with ethnicity and socially
constructed race categories, are also important markers of
inequality that can exhibit dynamic patterns through time and
may be affected specifically by pandemic experiences.

Since the purpose of this article is to shape the gap in the
literature related to changes in inequalities after the 1918
influenza pandemic, then enough time had to pass after the end
of the 1918 influenza pandemic for researchers to feasibly ask
and answer this question. To my knowledge, there is no es-
tablished precedent for what qualifies as “enough time” passing
after the pandemic for this line of inquiry, particularly for
studies of how severe mortality impacts demography and epi-
demiology long-term. I have considered, and ultimately chose, a
cut-off of 10 years. There is geographic variation in when par-
ticular regions of the world first experienced the pandemic
influenza virus. For example, Europe and parts of North
America experienced the first wave of the pandemic in the
spring of 1918 [1], while the pandemic did not reach Australia
until 1919 [105]. Additionally, there is some evidence of other
isolated areas not experiencing the pandemic influenza virus

until 1920 or later (e.g., [106]). As such, although some of the
early research provides important insights into inequalities
during the pandemic in the form of surveys and canvases, pa-
pers, and reports that were published within 10 years of the end
of the 1918 influenza pandemic (~1921) were excluded.' The
question of what constitutes “long-term” after the 1918 influ-
enza pandemic was considerably easier to answer when
assessing research on the long-term impacts of fetal exposure
during the pandemic. The fetal origins of adult diseases specif-
ically stipulates that the impacts of stress in the fetal environ-
ment have consequences on adult health [78, 79, 120]. Thus, by
nature, the research on health of adults exposed in utero during
the main waves of the 1918 influenza pandemic is centered
around observed health outcomes and socioeconomic status in
1960 and beyond. This is not an arbitrarily chosen date, but
rather the earliest date at which the published research begins
to assess adult outcomes.

After this literature search was completed and the time periods
accounted for, there were a total of 44 articles that investigated
unequal epidemiological experiences during the 1918 influenza
pandemic on the basis of socioeconomic inequalities, ethnicity/
racialized groups, sex/gender, and disability. Only six of these
articles included analyses of a post-pandemic period and com-
pared them to the population's respective pre-pandemic and/or
pandemic periods [4, 5, 54, 121-123]. Figure 1 illustrates the
time periods covered in each of these studies.

The selection of papers assessing the long-term health and
socioeconomic inequalities due to fetal exposure during the
1918 influenza pandemic was slightly different. Due to the
nature and specificity of the question posed (“How does ex-
posure to a stressful fetal environment during the 1918 influ-
enza pandemic impact adult health and livelihood?”), the
gathering of articles based on a set of inclusion or exclusion
criteria as outline above does not necessarily apply. Instead, I
assessed articles for adherence to the question posed and the
intentional framing of results within the fetal origins hypothe-
sis. Once the gathered articles appeared to reach conceptual
saturation and provided a reasonable representation of the fetal
origins of adult health and disease after intrauterine stress
related to the 1918 influenza pandemic, I concluded the search.
In total, I will briefly discuss and synthesize 11 articles: Almond
[101], Almond and Mazumder [80], Cohen et al. [159], Fletcher
[160], Gonzalez et al. [88], Helgertz and Bengtsson [161], Hong
and Yun [162], Lin and Liu [163], Mazumder et al. [164],
Myrskyld et al. [86], and Nelson [165]. Figure 2 illustrates the
ranges of time these studies cover.

4 | Post-pandemic Inequalities

4.1 | Post-pandemic Inequalities Related to
Pandemic Mortality, Morbidity, and Survivorship

The knowledge surrounding the demographic and epidemio-
logical impacts of the 1918 influenza pandemic, especially its
impacts on inequality, is very limited. In other words, for ex-
ample: if sex-based inequalities were identified during the
pandemic, do sex-based differences in health and social out-
comes after the pandemic persist, magnify, or decline? The
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Paper Study Period (Range) Study Period (Dates)
Tripp et al. (2018) [ | 1891-1938
Noymer & Garenne (2000) |1900-1998
Saglanmak et al. (2011) | 1904-1937
Sattenspiel et al. (2024a) [ [ 1909-1930
van Doren & Kelmelis (2022) | | | 1909-1911, 1918-1920, 1933-1935
Zuckerman et al. (2022) [ 1912-1925
Curson & McCracken (2006) || I 1891, 1918
Olson et al. (2005) [ | 1906-1921
Nygaard et al. (2023) | 1910-1921
Andreasen et al. (2008) 1910-1919
Wissler & DeWitte (2023) 1910-1918
Eiermann et al. (2018) | 1910-1921
Sattenspiel et al. (2023) 1911-1921
Viboud et al. (2013) 1911-1919
Pearce et al. (2011) 1911-1914, 1918-1919
Shlomowitz (1990) [ 1913-1926, 1914-1919
Clay et al. (2019) 1915-1925
Murray et al. (2007) 1915-1923
Dahal et al. (2018) 1915-1921
Chowell et al. (2014a) 1915-1919
Sattenspiel et al. (2024b) 1915-1919
Bengtsson et al. (2018) 1915-1918
Chowell et al. (2010) 1915-1918
Chowell et al. (2014b) 1915-1918
Chowell et al. (2011) 1916-1918
Schmitt & Nordyke (1999) 1917-1927
Cilek et al. (2018) 1917-1920
Paskoff & Sattenspiel (2019) 1918-1920
Oei & Nishiura (2012) - 1918-1919
Bambra et al. (2021) || 1918
Britten (1932) || 1918
Dimka & Mamelund (2020) L 1918
Grantz et al. (2016) L 1918
Killingray (1994) | 1918
Mamelund (2003) | 1918
Mamelund (2006) | 1918
Mamelund (2018) | 1918
Mamelund & Dimka (2019) L 1918
Mamelund et al. (2016) L 1918
Manfredini (2022) L 1918
Noymer (2009) L 1918
Summers et al. (2013) || 1918
Tripp & Sawchuk (2023) || 1918
Tuckel et al. (2006) 1918

FIGURE1 |
of socioeconomic status, sex/gender, racialized/ethnicity groups, and disability. The six articles identified that specifically engage with post-pandemic
impacts on unequal outcomes are highlighted in pink [4, 5, 54, 121-123]. The chart is grouped first by whether or not the article assesses post-
pandemic to pre-pandemic and pandemic periods, then by the first year of the study period examined within the article. The exact study date ranges
appear on the right side of the chart. Note that Noymer and Garenne [54] investigate changes in sex-based life expectancy through 1998, but I have
truncated this timespan to 1940 for better visualization of the other papers' study periods. Articles referenced in the figure in grey correspond to

Gantt chart of the 44 articles found during the literature search that engage with 1918 influenza pandemic inequalities on the basis

references: [6, 8, 12, 55, 105, 124-158].

existing literature on post-1918 influenza pandemic inequalities
is currently limited to only six papers: the impacts on life ex-
pectancy between males and females in the United States,
1900-1998 [54]; the gradual shift in age-based influenza-related
mortality from people aged <65 to people aged 65+ until 1937
in Copenhagen, Denmark [121]; the identification of recrudes-
cent influenza mortality in urban, suburban, and rural areas of
the Maltese islands in 1921 and 1929 [122]; the analysis of post-
pandemic demographic and epidemiological change in New-
foundland [4]; the investigation of survivorship and mortality
for influenza, pneumonia, tuberculosis, and other acute respi-
ratory diseases in 1933-1935 compared with a pre-pandemic
and pandemic period in Newfoundland [5]; and the exploration
of the shifts in all-respiratory, influenza, and pneumonia mor-
tality in the MSA in 1920-1925 [123]. I address each paper in
turn alphabetically by first author's last name, except for the
two papers on Newfoundland [4, 5], which I discuss one after
the other for thematic continuity. Table 2 is a summary table of
the observations of the research detailed in the following
subsections.

41.1 | Life Expectancy in the United States

Noymer and Garenne [54] described changes in sex-based life
expectancy in the United States for nearly the entire 20th cen-
tury with specific interest in if—and how—the 1918 influenza
pandemic impacted those dynamics over time. Their results
generally indicated that females had both higher life expectancy
and lower all-cause mortality than males from 1900 to 1998,
though after the 1918 influenza pandemic, females' life ex-
pectancy and mortality advantage declined. With specific
attention to the role of the 1918 influenza pandemic on these
measurements, Noymer and Garenne [54] found that life ex-
pectancy for both sexes fell almost 12 years in 1918, and that by
1919 life expectancy rebounded to pre-pandemic levels and
continued to improve for the rest of the century. There were no
lasting negative impacts on male or female life expectancy after
the pandemic. Sex-based differences in life expectancy fell from
5.6 years to 1 year after 1918, and females did not regain their
survivorship advantage. Similarly, in 1921, male all-cause age-
standardized mortality was about 4.1 deaths per 10,000
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Paper

Lin & Liu (2014) |:|

Study Period (Range)

Study Period (Dates)
1929-1938, 1989

Almond (2006) |

I 1960-1980

Cohen et al. (2010) I 1963-2008
Fletcher (2018) 1960
Hong & Yun (2017) 1960
Helgertz & Bengtsson (2019) I I 1968-2012
Gonzélez et al. (2021) '_] 1970
Almond & Mazumder (2005) I_’il_‘ 1984-1996
Mazumder et al. (2009) 1982-1996
Myrskyla et al. (2013) 1989-2006
Nelson (2010) L 1986-1999
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FIGURE 2 |

Gantt chart of the 11 articles discussing the long-term effects of in utero exposure to the 1918 influenza pandemic within the

framework of the fetal origins hypothesis. The 1918 influenza pandemic is highlighted as a vertical grey line to delineate the time point of exposure,

and the green ranges illustrate the time periods of research on adult health and socioeconomic outcomes to fetal exposure. The exact study date

ranges appear on the right side of the chart. Articles referenced in the figure correspond to references: [80, 86, 88, 101, 159-165].

individuals higher than females, and this difference fell to 0.86
deaths per 10,000 by the end of the century [54]. In this case,
Noymer and Garenne [54] attributed these post-1918 life ex-
pectancy dynamics directly to the 1918 influenza pandemic
through the selective mortality during the pandemic and those
who were also afflicted with tuberculosis.

4.1.2 | Age-Based Mortality in Copenhagen, Denmark

Saglanmak et al. [121] investigated the changing rate ratios of
excess influenza and pneumonia (P&I) mortality between in-
dividuals aged < 65 years and those aged > 65 years (RR.5¢5), as
well as the rate ratio between seasonal post-pandemic excess
mortality to the pre-pandemic baseline P&I mortality (RRpre.
post)- This paper assessed these changes in excess mortality rates
and compared them to the pre-pandemic and pandemic P&I
mortality rates until 1937 in Copenhagen. Results indicated that
84% of deaths in 1918-19 pandemic years were in people aged
15-64, supported by 1918 and 1919 RR_.¢s of 6.5 and 2.5,
respectively. RRprepost Was highest for individuals aged 5-14
and 15-64 in fall 1918 (124 and 67, respectively?) and remained
high in 1919-20 (25 and 34, respectively). By 1921-22, RRpre-post
decreased dramatically and remained between 0.1 and 1.0 until
the end of the study period in 1937. The RRpe.post Tesult for fall
1918 for these two age groups is substantial; for example, the
RRpre-post for 5-14-year-olds in fall 1918 means that P&I mor-
tality that season was 124x larger than for the baseline years.
After 1920, these rate ratios returned to pre-pandemic levels,
and post-pandemic P&I mortality rates were occasionally
smaller than pre-pandemic rates. Unrelated to age-based excess
mortality but still relevant to deeper investigations of post-
pandemic patterns, Saglanmak et al. [121] additionally found
that seasonal excess mortality in 1918-37 coincided with high
excess influenza morbidity (p < 0.001), except for in 1923-24,
when there was high excess mortality and low excess morbidity.

Results of the age-based analyses through the calculation of
RR_.¢s help illustrate how long-term age-based inequalities
observed during the pandemic did not immediately revert to

pre-pandemic levels. For example, during the years of the pre-
pandemic baseline, older adults (> 65 years) had a 10-fold
higher risk of influenza-related death per capita than those
< 65 years. After 1920, age-based excess mortality gradually
shifted back toward older people: it took until 1925-26, 7 years
after the emergence of the novel HIN1 influenza virus, for
RR_.¢s5 to return to the prepandemic levels at 0.1 or below,
where it remained until 1937 [121]. Some of these results may
be influenced by the fact that, as people age, they move up age
classes; by 1937, there were plenty of people in the > 65 age
category who were < 65 years during the pandemic. However,
because the age classes that had the highest excess mortality
during the pandemic were individuals aged 20-44 [166], the
most at-risk age cohorts during the pandemic would not have
aged out of the <65 category by 1937. Thus, cohort effects
observed may be slightly impacted, but these impacts are likely
minimal.

413 | Demographic and Epidemiological Shifts in
Newfoundland

Sattenspiel et al. [4] sought to characterize the 1918 influenza
pandemic's impacts on the post-pandemic demography and
epidemiology on the island of Newfoundland with existing
statistical census and vital record data. Sattenspiel et al. [4]
identified declines in fertility beginning in the 1930s and per-
sistent high mortality, indicating an ambiguous position of the
demographic transition on the island during this period of the
20th century. With this information, there is no clear link
between the substantial mortality impact of the 1918 influenza
pandemic and the demographic structures observed in the 1921
and 1935 statistical censuses, though it is clear there were some
demographic shifts occurring by 1935. When this question was
investigated further with mortality schedules from vital records,
all-cause mortality and infectious disease mortality declined in
the urbanizing regions of the island, while there were no
changes in the more rural regions. Only the urbanizing region
of the island exhibited consistently higher chronic disease
mortality, likely due to the strong proportionate decrease in
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infectious disease mortality there [167]. The fertility shifts
observed were generally due to the significant decline of
infectious disease mortality rather than any observed changes in
chronic disease mortality. Sattenspiel et al. [4] point out that
given the substantial mortality for individuals aged 15-45 in
Newfoundland [124, 168], there should be a constriction in the
age-sex histograms constructed from the 1921 statistical census.
Even though this constriction does appear in those aged 30-34,
it does not appear in ages 45-49 for males or females in the 1935
census; if there were any substantial effects of the 1918 influ-
enza pandemic on this age group, they were likely short-lived
and were not quite substantial enough to manifest in 1935.

4.1.4 | Respiratory Disease Survivorship in
Newfoundland

van Doren and Kelmelis [5] analyzed survivorship for P&I, tuber-
culosis, and other common respiratory diseases that most typically
affected young children (bronchitis, measles, and whooping cough)
on the island of Newfoundland for three different time periods: a
pre-pandemic period (1909-11), the 1918 influenza pandemic
(1918-19), and a post-pandemic period (1933-35). Analyses were
stratified by age and geographic region to illuminate how age-based
differences in these common respiratory diseases changed over the
three periods between urban and rural regions. Survivorship for all
respiratory causes of death was significantly lower during the
pandemic, where the pre-pandemic hazard was 0.756 (p < 0.001)
and the post-pandemic hazard was 0.945 (p < 0.04) compared with
the pandemic baseline. This indicates that in the post-pandemic
period, individuals were significantly less likely to die from a res-
piratory cause of death than they were in both the pre-pandemic
and pandemic periods. Further, before the pandemic, survivorship
for P&I was significantly different among regions, but these differ-
ences became significantly larger post-pandemic; results indicate
that mean age at death from P&I rose from 23.0 years in 1909-11 to
26.4 years in 1933-35 [5].

One of the most significant results presented by van Doren and
Kelmelis [5] is that survivorship from P&I during the 1918
influenza pandemic was essentially equal among all regions of
Newfoundland, independent of their differences in population
size, density, demographic structure, rurality, public health
programs, access to medical care, or nutrition (although this
does not mean that mortality rates were all equal when con-
trolling for demographic characteristics or geography, [e.g.,
[124, 168]]. Therefore, it is notable that survivorship inequali-
ties exist outside of the 1918 influenza pandemic, and Cox
proportional hazards models indicated that there were no
inequalities in P&I survivorship during the pandemic. It is
important to know these differences exist, even if they do not
occur in a pandemic context, to help give meaning to observed
epidemiological patterns of respiratory diseases both inside and
outside of the 1918 influenza pandemic.

4.1.5 | Morbidity in Malta and Gozo

Tripp et al. [122] approached inequalities in pandemic and post-
pandemic experiences in the Maltese islands through

investigations of differences among urban, suburban, and rural
settlement patterns. There is much to say about the underlying
determinants of unequal patterns of health and epidemic
dynamics among urban, suburban, and rural spaces, though an
exhaustive discussion is outside the scope of this paper. How-
ever, settlement type has long been a consideration for changing
human health and infectious dynamics [169, 170]. Tripp et al.
[122] showed that, in terms of morbidity for all settlement types
in the Maltese islands, Gozo had higher morbidity than Malta,
and there were significant differences in morbidity rates in rural
and urban Malta versus Gozo (p<0.05). A more detailed
analysis in Malta suggests that it is rather the suburban region
that suffered the highest mortality during the 1918 influenza
pandemic, resulting in important questions about levels of
analysis and points about settlement type definitions [125]. Pre-
1918, influenza morbidity showed relatively large peaks in 1892,
1894, and 1900 for both islands, followed by recrudescent
morbidity waves in 1921 and 1929, further affirming observa-
tions of recrudescence identified by Saglanmak et al. [121].
However, there were no identifiable inequalities in morbidity
between Malta and Gozo for either of these post-pandemic
influenza waves.

41.6 | Respiratory and All-Cause Mortality in the
Mississippi State Asylum (MSA)

Finally, Zuckerman et al. [123] compared post-pandemic res-
piratory mortality to pandemic respiratory mortality by race,
sex, and age in the MSA using individual death records from
1912-25. In this context, when all respiratory causes of death
were pooled, there were no differences on the basis of social
race category, nor were there sex-based differences, but there
were age-based differences: using logistic regression and ages
0-19 as the baseline age category, there was significantly lower
40-59-year-old mortality (odds ratio [OR] =0.390) and signifi-
cantly lower > 60-year-old mortality (OR =0.180). For solely
P&I outcomes during the pandemic, there were again no race-
based or sex-based differences, but there was again significantly
higher probability of > 60-year-old mortality (OR =0.313).
Further, when comparing the pandemic period to non-
pandemic periods, there was significantly higher pandemic
mortality for both the pooled respiratory causes of death and
P&I alone (OR = 1.827 and 3.058, respectively). When assessing
the shifts in risk of mortality from P&I death from pre-
pandemic (1912-17) to post-pandemic (1920-25), there were no
significant changes in risk, either in the positive or negative
direction. Notably, this article also intentionally investigated the
contributions of intersectional characteristics on risk of mor-
tality, for example, interactions between race and sex, and race
and age, but the logistic regression results did not indicate any
significant relationships in these control variables on the risk of
mortality.

4.2 | Post-pandemic Inequalities Related to Fetal
Origins

The literature that addresses the long-term impacts of exposure
in utero is considerably larger than that of demographic and

10 of 23

Evolutionary Anthropology: Issues, News, and Reviews, 2025



epidemiologic impacts discussed above. Here, I discuss 11 pa-
pers that investigate the relationship between how being in
utero during the largest waves of the 1918 influenza pandemic
in the fall/winter of 1918 may have unequally influenced adult
health and socioeconomic outcomes. I organize these papers
into six thematic groups: socioeconomic status and family for-
mation in the US [101, 160]; health and disability in the United
States ([80, 86, 164]); mortality and life expectancy in 24 deve-
loped nations [159]; education and employment in South
America [88, 165]; socioeconomic and health consequences in
Sweden [161]; and education and health in Asia [162, 163].
Table 3 summarizes the body of research discussed below.

4.21 | Socioeconomic Status and Family Formation in
the United States

Almond [101] is often cited as the first paper to take up the
question of how exposure to a stressful fetal environment dur-
ing the 1918 influenza pandemic can lead to inequalities in
health and socioeconomic status in later life. Drawing upon
information from published US decennial censuses and the
Integrated Public Use Microdata Series IPUMS) for samples of
the US populations in 1960, 1970, and 1980, Almond [101]
assessed differences in educational attainment, physical dis-
ability, income, socioeconomic status, and social security pay-
ments for individuals who were in utero during the height of the
1918 influenza pandemic compared with their immediate
neighboring cohorts. The results indicated that individuals who
were born in 1919 had 5 fewer months of education if their
mothers were infected with influenza while pregnant and were
4%-5% less likely to complete high school compared with their
surrounding cohorts; the effect on educational attainment
was twice as large for non-white people. Additionally, annual
wages were $700-900 lower and $2500 lower (in 2005 dollars)
for sons of infected mothers, and poverty for the 1919 birth
cohort was 1.5% higher than their neighboring cohort. In terms
of disability, males were 6% more likely to have a work-limiting
disability and 8% more likely to have a disability that prevented
them from working completely compared with females in their
cohort.

Fletcher [160] expanded upon Almond's [101] original work by
investigating family formation among individuals born in the
1919 cohort that was in utero during the 1918 influenza pan-
demic, making this the first and—so far—only paper to spe-
cifically research this relationship. Using the same US decennial
data from 1960, Fletcher [160] was interested in identifying
differences in likelihood of marriage, age at first marriage, and
spousal education level. The results indicated that there was
about a 0.1-year reduction in years of schooling, which was
small but statistically significant. The likelihood of marriage for
the exposed cohort was 0.2%-0.4% lower than the neighboring
cohort, and age at first marriage of the exposed cohort was no
more than 1 month younger. There were sex-based differences
in the likelihood of having children and the number of children
per marriage: exposed females were slightly less likely to be
married and get married at younger ages, and males were likely
to get married at slightly older ages. Exposed females were less
likely to have children and have fewer children, and exposed

females have less educated male spouses, whereas exposed
males did not have female spouses with any higher or lower
education than expected.

4.2.2 | Health and Disability in the United States
Almond and Mazumder [80] used Survey of Income and Pro-
gram Participation (SIPP) data from 1984 to 1996 to investigate
the burden of chronic diseases and general health in people
born 1915-23 in the US. They found that individuals born in
1919 were nearly 4% more likely to be in “fair” or “poor” health
than individuals in immediately neighboring birth cohorts.
They were also more likely to have a suite of functional limi-
tations, or disabilities, including difficulty hearing (17%
increase), speaking (35% increase), lifting (13% increase), and
walking (17% increase). All differences were statistically sig-
nificant. The 1919 birth cohort had higher rates of diabetes,
stroke, cancer, heart problems, kidney problems, hypertension,
and stomach problems. Interestingly, people who were likely
conceived in August of 1918 and therefore spent their first tri-
mester in utero during the height of the pandemic in some
regions had higher risk of diabetes than any other birth cohort.
This result indicates some variable risk in health outcomes by
trimester of exposure.

Mazumder et al. [164] expanded upon this study by further
analyzing health data on heart disease and diabetes from the
National Health Interview Surveys (NHIS) by the National
Center of Health Statistics for 1982-1996. They again identified
a spike in heart disease for the 1919 birth cohort above levels of
adjacent cohorts, followed by a downward trend in heart dis-
ease in increasingly younger cohorts. The 1919 birth cohort also
showed accelerated cardiovascular aging with a 5% excess car-
diovascular disease rate at ages 63-77. Individuals born in the
first quarter of 1919 had 10.9% higher excess heart disease
(25.4% increase in ischemic heart disease, but no identifiable
effects for rheumatic or hypertensive heart disease). Further,
the authors identified excess diabetes in individuals born in
1915 up to the third quarter of 1918 (14.9% excess), and then a
large spike in excess diabetes for those born in the second
quarter of 1919 (36.7%). Based on quarter of birth (an indica-
tion of which trimester the individual was exposed in utero),
those born in the second quarter of 1919 had elevated heart
disease (8 =9.03, p =0.021), but those born in the third quarter
of 1919 had significantly decreased heart disease (5= —8.89,
p =0.010) relative to those born in the first quarter of the year.
There was a significant difference in heart disease for males and
females born in the first quarter of 1919: males had significant
excess total, ischemic, and hypertensive heart disease (23.1%,
32.7%, and 21.6%, respectively). The authors did not identify a
sex-based difference in diabetes.

Myrskyld et al. [86] also used the NHIS linked with the National
Death Index through December 31, 2006, from the NHIS-
Linked Mortality Files. Myrskyld et al. [86] are interested in
analyzing inequalities in life expectancy and excess mortality in
individuals exposed to the 1918 influenza pandemic in utero.
They found that individuals exposed in their third trimester
(the second quarter of 1918 and the first quarter of 1919) had
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significantly higher all-cause excess mortality in 1989-2006
(hazard ratios [HR] = 1.08 and 1.09, respectively, p < 0.05). In-
dividuals born in the third quarter of 1919 (those exposed
during the second and third waves of the pandemic)
had decreased non-cancer mortality (HR =0.87, p < 0.05) and
increased cancer mortality (HR = 1.26, p < 0.01). The increased
all-cause excess mortality for the first quarter 1919 birth cohort
corresponded to a 0.6-year decrease in life expectancy at age 70.
The authors concluded that the fetal exposure to the 1918
influenza pandemic increased later-life mortality in non-cancer
causes specifically, particularly for causes related to respiratory
and cardiovascular causes of death.

423 |
Nations

Mortality and Life Expectancy in 24 Developed

Cohen et al. [159] assessed mortality and life expectancy on a
much broader scope using the World Mortality Database for 24
developed nations primarily in North America and Europe from
1963-2008. They found little evidence for differences in mor-
tality among cohorts born from 1911-1923, even when con-
trolling for age. Specifically, there were no cohort-specific
mortality rate differences for cohorts born in either 1918
(B=-0.29, p=0.23) or 1919 (8=0.27, p=0.26), and analyses
comparing life expectancy among cohorts yielded similarly
insignificant results. To put this into context, the authors sug-
gested that the quantity of life lost for those exposed in utero
may have led to no more than 19 days of reduced life ex-
pectancy for females, and no change for males.

4.2.4 | Education and Employment in South America
There are two papers that investigate education and employ-
ment in South America. The first by Gonzalez et al. [88] uses
the 1970 National Census of Population, Households, and
Housing from the Integrated Public Use Microdata Series
(IPUMS) for Argentina and data from the National Hygiene
Department of Argentina. They found that individuals in utero
during the 1918 influenza pandemic had significantly lower
educational attainment than their neighboring cohorts, and the
most educational reduction was in the regions of Argentina
with the lowest socioeconomic status (e.g., up to 0.5 fewer years
of education than surrounding cohorts). They found no rela-
tionship between fetal exposure during the pandemic and em-
ployment status for either males or females. The authors noted
that it was not possible to assess other employment-related
outcomes (such as income) with the available data.

Nelson [165] used the Pesquisa Mensal de Emprego, conducted
by the Instituto Brasileiro de Geografia e Estatistica, for
the years 1986-1998 to investigate effects on college
education, years of schooling, literacy, unemployment, and
hourly wages in Brazil. Similarly to results found in Argentina
by Gonzalez et al. [88], Nelson [165] found that individuals born
in the first quarter of 1919 were less likely to graduate from
college (25.1%) and less likely to be employed (20.7%) later in
life. Similarly, individuals born in the second quarter of 1919
were less likely to graduate from college (25.9%), less likely to be

literate (12.4%), less likely to be employed (12.8%), have
fewer years of schooling (0.191 years), and have lower hourly
wages (24.6%) than their neighboring cohorts. Nelson [165] also
identified sex-based differences in these education and socio-
economic outcomes: males born in the first quarter of 1919
were less likely to graduate from college (22.9%), less likely to be
literate (7.2%), and less likely to be employed (27.1%) than their
surrounding male cohort neighbors. Males born in the second
quarter of 1919 were less likely to graduate college (29.3%), less
likely to be literate (19.9%), and less likely to be em-
ployed (17.2%).

425 |
Sweden

Socioeconomic and Health Consequences in

Helgertz and Bengtsson [161] covered nearly half a century
(1968-2012) in Sweden, where they used Swedish Inter-
disciplinary Panel (SIP) data administered at the Centre for
Economic Demography at Lund University to investigate
income attainment, occupational status, hospitalizations, and
mortality for exposed cohorts. They found that for both males
and females, fetal exposure is linked to overall higher morbidity
(more hospitalizations) in people aged 54-87. Specifically, in-
dividuals exposed to a stressful environment during the second
trimester were linked to increased risk of death from cancer and
heart disease. Overall, effects on all-cause mortality were
modest, and results indicated that there was a reduction in life
expectancy for the 1919 birth cohort of about 3 months. How-
ever, the authors suggest that, with these data in Sweden, there
is no consistent evidence that support any long-term conse-
quences on socioeconomic status for individuals who were in
utero during the height of the 1918 influenza pandemic.

4.2.6 | Education and Health in Asia

Hong and Yun [162] made use of data collected by Statistics
Korea in the Microdata Integrated Services (MDIS), and ana-
lyzed a 2% microsample of the 1960 census, resulting in a
sample of just over 100,000 individuals born between 1910-1929
who probably completed their education by 1960. In Korea,
Hong and Yun [162] showed that the largest gaps in educational
attainment for the 1919 birth cohort were in provinces most
severely affected by influenza (i.e., South Chungcheong, North
Gyeongsang, and South Gyeongsang). Overall, the authors es-
timated that the gap in years of schooling caused by the 1918
influenza pandemic in Korea for those born in 1919 was about
0.3 years, or nearly 4 months.

For available historical data in Taiwan, Lin and Liu [163] ex-
plored potential impacts on health for those who were in utero
during the 1918 influenza pandemic. Interestingly, data avail-
able in the Taipei County's Statistical Books from 1929-1938
provided growth data through adolescence and puberty, which
supplemented analyses performed using data from the 1980
Census of Taiwan and the 1989 Survey of Health and Living
Status of the Elderly in Taiwan. Lin and Liu [163] found that
until about age 13, the average height of males born in the 1919
cohort were statistically the same as their immediate
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neighboring cohorts, but a significant gap appeared in ages
14-16 among cohorts; by age 16, individuals born in 1919 were
3.5cm shorter. However, by age 17, the height difference
between the 1919 and 1920 birth cohorts was an insignificant
1 cm. This result indicated that individuals in utero during the
height of the 1919 influenza pandemic had a later growth spurt,
with no lasting impacts on adult height. Later in life, however,
analyses that relate maternal mortality rate and probability of
having respiratory diseases (e.g., asthma, bronchitis, and other
breathing-related diseases), diabetes, and kidney diseases
showed a significant positive correlation.

Lin and Liu [163] also described some educational attainment
relationships that could potentially be linked to in utero ex-
posure. For example, males in the 1919 birth cohort had a 1.8%
drop in years of education, which is slightly higher than the
1.4% drop observed by Almond [101]. They also observed that
every 1% increase in maternal mortality rate was related to a
reduction in education by 0.87 years. Finally, the authors
observed that both the 1919 and 1920 birth cohorts were less
likely to be employed by the 1980 census, although they
acknowledge that this relationship is difficult to interpret since
the age of retirement was relatively young in Taiwan (55 years).

5 | Discussion and Synthesis

The two sets of articles described in this paper cover two
important domains of long-term post-pandemic impacts: those
related to demographic and epidemiological consequences as a
product of morbidity and mortality, and those related to adult
health impacts of a stressful intrauterine environment during
the pandemic. Upon description of the former set of papers, a
clear difficulty emerges when attempting to develop a discus-
sion that synthesizes all results: there are many ways to mea-
sure pandemic experiences, and each of these papers
investigates a different experience. As such, with the already
limited knowledge produced on post-pandemic experiences,
there is little opportunity for cross-cultural/cross-population
comparisons of similar quantifications of pandemic outcomes.
This is one realm in which there is ample opportunity for future
research, and an area to which biological anthropologists spe-
cifically can contribute knowledge due to their intellectual
strengths with cross-cultural comparisons [11]. It is still valu-
able, however, to engage with the knowledge produced about
long-term post-pandemic outcomes within the limited scope in
which it currently exists.

Based on the results reported for each of the first six studies,
there is no way to generalize about how the 1918 influenza
pandemic affected populations demographically or epidemio-
logically in the long term. Noymer and Garenne's [54] results
are perhaps the clearest: the 1918 influenza pandemic resulted
in a very brief and dramatic decline in life expectancy at birth
(nearly 12 years), followed by a similarly dramatic increase in
life expectancy at birth beginning in 1919, which was higher
than life expectancy in 1917. Life expectancy at birth then
proceeded to increase for the remainder of the 20th century.
Additionally, sex-based differences in life expectancy and
mortality virtually disappeared after the 1918 influenza pan-
demic. The authors attribute this partially to selection against

those who also had tuberculosis during this time period and
suggest that this strong selective effect resulted in a relatively
healthier population after the massive mortality wave in the fall
of 1918. This type of selective mortality—that is, selection
during a period of acute stress on population health, like a novel
infectious disease pandemic—does have the potential to trans-
form population health, as Noymer and Garenne [54] illustrate.
These patterns are more difficult to identify for smaller popu-
lations. However, further investigation into the heterogeneity of
the 1918 influenza pandemic's impacts on life expectancy on a
smaller population or geographic unit than the entire United
States is a worthwhile future opportunity, especially since the
results may provide important insights into early 20th century
demographic and health transitions. Given the results of sex-
based life expectancy identified by Noymer and Garenne [54],
as well as the fact that the 1918 influenza pandemic resulted in
the highest excess mortality in people in their primary
reproductive years (ages ~20-44) [166], we must acknowledge
that, in severely impacted subpopulations, there could have
been substantial impacts on fertility, social organization,
migration, labor norms, and dependent care. This is evolutio-
narily relevant: in a thorough review of demographic biological
anthropology work, DeWitte [33] describes how natural selec-
tion is heavily influenced by variations in fertility and mortality,
especially during periods of rapid change [34] and the impacts
of migration and gene flow [171].

Saglanmak et al.'s [121] results on the relatively slow return of
total and age-based mortality back to pre-pandemic levels after
the 1918 influenza pandemic provide insight into a different
point of interest in long-term population health impacts after
major mortality events. Saglanmak et al. [121] frame their
results within the context of antigenic drift and suggest that
recrudescent influenza waves of the novel HIN1 influenza A
virus became less severe as time went on because people con-
ferred immune protection against similar viruses earlier in their
lives. In evolutionary theory, human-pathogen co-evolution is
the adaptation of a virus to humans' immunological and cul-
tural responses to that virus, and vice versa [172-174]. There is
a delicate balance between the survival advantages of humans
and pathogens, in this case the HIN1 influenza A virus,
whereby humans mount increasingly adaptive immunological
defenses against the once-novel virus, and the virus continues
to evolve in response to those immunological defenses so that it
can continue to infect, reproduce, and spread [175]. Ultimately,
this process produced the phenomenon by which the novel
HI1NI1 influenza A virus that circulated the globe in 1918-20 for
the first time became the viral ancestor of HIN1 influenza A
virus strains that co-circulate today as typical and somewhat
predictable viral strains.

This evolutionary framing could help explain other results re-
ported in the above discussion in a way that adds to—rather
than detracts from—Noymer and Garenne's [54] explanations
regarding selective mortality. For example, the increase in
survivorship from respiratory diseases in Newfoundland [5] and
the identification of recrudescent waves with reduced severity
in post-pandemic years in the Maltese Islands [122] suggests
that there were improvements in population health, potentially
and partially linked to human-pathogen co-evolution, that can
produce the observed improvements in epidemiological and
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demographic outcomes. As discussed, van Doren and Kelmelis
[5] reported significant improvements in survivorship for res-
piratory diseases, including influenza, from 1909-11 to 1933-35
in Newfoundland. This could be a product of selection against
those with tuberculosis, those with lower underlying health
status due to nutritional stress, and the cumulative effects of
adaptation to the ubiquitous novel influenza virus. Researchers
have not used the Newfoundland data to systematically identify
recrudescent influenza waves beyond 1920—not because the
recrudescent waves do not exist, but because this has not yet
been a point of research. More research should be done to
corroborate the results reported for Copenhagen and the Mal-
tese Islands [121, 122].

Further, the work done in van Doren and Kelmelis [5] and
Tripp et al. [122] is done from a biocultural anthropological
perspective, which is not only a fundamentally evolutionary
perspective but depends heavily on the synthesis of human
biology and culture to produce observable population health
differences [38, 40-42]. Thus, human-pathogen co-evolution is
not the singular explanation for the observed differences,
especially given the time frame over which these changes occur.
Schmidt and Sattenspiel [167] and van Doren [103] point out
that there were substantial demographic and epidemiological
transitions occurring in the background in the early 20th cen-
tury in Newfoundland, potentially influencing both 1918
influenza pandemic experiences and the population health of
the surviving people in ways unrelated to the pandemic virus
itself. In Newfoundland, public health advancements during the
early 20th century, such as improved water sanitation proce-
dures and improvements in nutrition, were key in the infectious
disease decline through the 1930s and 1940s [4, 167]. Schmidt
and Sattenspiel [167], specifically, show that the second epide-
miological transition was underway in the urbanizing region of
Newfoundland by 1939, but the full scope of the transition has
not been identified there as of this writing, and it had not yet
begun in the more rural regions of the island. In this way, it is
possible to conceive of a situation where cultural adaptations
(public health advancements) augmented baseline health,
which bolstered the surviving populations' ability to immuno-
logically adapt to the novel influenza virus in post-
pandemic years.

Similarly, Zuckerman et al. [123] place their post- to pre-
pandemic survivorship analyses in the MSA within the context
of biocultural anthropological theory. One of the main differ-
ences between Zuckerman et al's [123] results and the
improvements in survivorship and morbidity in Newfoundland
and the Maltese Islands is that the MSA is neither a represen-
tation of the general population nor even of Mississippi, but a
highly stigmatized and marginalized population. By the early
20th century, most patients in the MSA were Black and mem-
bers of the labor and working classes [176]. Stigma is “.. a
process through which people become labeled in ways that are
morally discrediting” (e.g., [177, 178]), which can involve not
only barriers to accessing important healthcare [179], but also
through the psychosocial and physiological stress of embodying
a marginalized identity [63, 180]. Thus, stigma and marginal-
ization are important determinants of biocultural and biosocial
health disparities [181]. These social determinants of health
likely had strong bearing on population health within the MSA

for long before and after the 1918 influenza pandemic and may
not have improved under the same biological and sociocultural
pressures that produced shifts in national-level populations.
Indeed, this is an illustrative example of how large-scale pat-
terns of total life expectancy improvements and the reduction of
the sex-based differences in life expectancy for the United States
are likely not applicable to particular pockets of the United
States, especially in the case of a specific population of sys-
temically marginalized MSA residents.

One thing that should be considered in terms of how the 1918
influenza pandemic impacted post-pandemic population health,
and even the co-evolution of humans and the novel influenza
virus and its subsequent viral descendants, is that the 1918
influenza pandemic may not, in fact, have been severe enough
to produce dramatic shifts. As discussed, Sattenspiel et al. [4]
did not identify any substantial changes in age-sex histogram
forms in the censuses following the 1918 influenza pandemic
(1921, 1935). Beyond the subsequent analyses of fertility and
cause-specific mortality, Sattenspiel et al. [4] concluded that, if
there were any demographic impacts of the 1918 influenza
pandemic in Newfoundland, they were likely short-lived, if they
existed. This is not to understate the severity of the pandemic,
the tragedy of up to 100 million deaths globally, or the social
and biomedical upheavals that followed the pandemic. How-
ever, the 1918 influenza pandemic resulted in a global mortality
of approximately 2.5% in a population of 1.8 billion with the
highest death count estimates. For example, in contrast, the
Black Death likely caused the deaths of one-third to half of a
much smaller European population in the 14th century [182],
which likely produced substantially higher stochasticity in
human demographic—and possibly genetic—consequences. On
the global scale, the 1918 influenza pandemic may not have
produced enough mortality to substantially alter demographic
trajectories. However, because of the clear heterogeneity in
severity, it is worth continuing to investigate potential evolu-
tionary impacts on a smaller population level.

In reference to the set of 11 papers on the fetal origins of adult
health and socioeconomic disparities, these papers are united in
that they each seek to answer the same basic question: “How
does exposure to a stressful fetal environment during the 1918
influenza pandemic impact adult health and livelihood?” Thus,
the goal of each of these papers is the same, and the alignment
of results produces a relatively compelling picture of this phe-
nomenon. This is distinct from the literature on demographic
and epidemiological impacts of unequal morbidity and mor-
tality on long-term outcomes, because the analysis of post-
pandemic impacts is more commonly embedded within another
set of analysis with variable goals. Based solely on the geo-
graphic scope of knowledge produced, the fetal origins litera-
ture discussed here is certainly broader than that of
demographic and epidemiological outcomes with the inclusion
of multiple papers using South American and Asian data.
Overall, there are a couple generalizations that we can make
about the outcomes of this set of fetal origins of inequality
literature.

First, the results of these papers seem to suggest that there are
variable outcomes in long-term health and socioeconomic sta-
tus based on sex. Fletcher [160] found that females were less
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likely to get married and get married at younger ages, while
males got married at slightly older ages. Further, exposed
females were less likely to have children and had fewer children
if they did. Finally, exposed females tended to have less edu-
cated spouses. Nelson [165] found that males were less likely to
be educated, literate, and employed, and overall had lower
wages. Mazumder et al. [164] showed that males had higher
risk of cardiovascular disease but otherwise no sex-based risk
for diabetes, and Cohen et al. [159] reported a minimal reduc-
tion in life expectancy for females. Based on these results, ex-
posed males and females seemed to experience elevated risks in
different realms, but these inequalities vary by population.

Second, in terms of socioeconomic inequalities, although many
of these articles find evidence that exposure to the 1918 influ-
enza pandemic in utero eventually led to identifiable socio-
economic inequalities decades afterwards, few operationalize
socioeconomic status as a predictor of long-term outcomes.
That is, it is difficult to tell if the inequalities observed were
overrepresented among individuals with lower socioeconomic
status, which is a dimension of inequality that is well known to
be associated with more severe epidemiological outcomes dur-
ing the pandemic [100]. In fact, one of the primary criticisms of
Almond [101] is that there was no control for the confounder of
the status of the family into which the exposed infant was born
[183, 184]. As a result, it is possible that the effects of exposure
on later life socioeconomic inequality are overstated [183]. One
of these articles does actually account for socioeconomic status
in their analyses: Gonzalez et al. [88] found that the regions of
Argentina that experienced the greatest reduction in educa-
tional attainment were regions with relatively lower socio-
economic status.

Most of the literature of adult health and socioeconomic status
after fetal exposure during the 1918 influenza pandemic comes
from the field of economics. Almond and Currie [185]
acknowledge that economists are primarily interested in this
topic because it has implications for human capital develop-
ment. Indeed, one of the most substantial contributions of
economists’ work on fetal origins of 1918 influenza pandemic
consequences is the focus on “non-health endpoints,” or the
consequences unrelated to morbidity and mortality. However,
evolutionary anthropological frameworks of long-term conse-
quences might argue that what some fields consider non-health
endpoints are, in fact, critical to the overall social and ecological
contexts that influence human biology, and vice versa. An-
thropologists Morgan Hoke and Thomas McDade [186] make
this claim in their proposal for the anthropological framework
of biosocial inheritance, which they define as “the process
whereby social adversity in one generation is transmitted to the
next through reinforcing biological and social mechanisms that
impair health, exacerbating social and health disparities”
(p. 187, 194). This framework is strongly rooted in biocultural
anthropology, with some key advancements.

Biosocial inheritance acknowledges the intergenerational and
transgenerational transmission of biological and social char-
acteristics, bringing into focus how both health and socio-
economic disparities interact and compound vertically through
the generations. Hoke and McDade [186] point out that poor
health and low socioeconomic status, especially under the

influence of power structures that create inequality (a topic
popular in political economy, e.g., [187, 188]), are not mutually
exclusive. Thus, what economists have identified as “non-health
endpoints” of consequences of fetal exposure to stressful
intrauterine environments during the 1918 influenza pandemic
may rather be more holistically conceptualized as biosocial
socioeconomic consequences of several possible pathways of
inheritance (e.g., epigenetics, hypothalamic-pituitary-axis
functioning, and/or metabolism). Within this framework, it is
also important to recognize that the maternal environment is
not a de novo environment, meaning the health of the mother
during pregnancy is not where the story begins; rather, the
intergenerational focus of biosocial inheritance (as well as other
evolutionary frameworks) elevates the importance of interro-
gating greater temporal depth (i.e., more generations) for de-
terminants of health. A biosocial perspective of fetal origins and
long-term consequences on health and socioeconomic
inequality from the 1918 influenza pandemic may more ex-
plicitly seek to integrate ecological and social contexts of the
people who suffered—but survived—the pandemic, rather than
simply acknowledge that maternal mortality rates and birth-
weight are roughly correlated with negative health and socio-
economic markers in later life.

Finally, the fetal origins literature discussed in this paper col-
lectively helps provide a foundation for an important point
about the long-term impacts of pandemics: pandemics do not
only unequally impact heterogeneous populations, but as an
acute stressor on maternal health (and therefore fetal environ-
ment), they may indeed help create inequality. It is impossible
to say whether the inequalities in health and socioeconomic
status between the 1919 birth cohort and their immediate
neighboring cohorts identified by these 11 papers would have
existed if the 1918 influenza pandemic had never happened.
However, apart from the large-scale analyses that identified no
compelling evidence of unequal impacts on adult health [159],
the general pattern is that individuals in utero during the major
waves of the pandemic had lower educational attainment, lower
income, higher risk of cardiovascular, respiratory, and kidney
disease morbidity and mortality, more disabilities, and altered
family formational outcomes. Health-related fields such as
public health and biomedicine may be interested in identifying,
treating, and preventing these outcomes on a proximate level,
which are extremely important interventions to maintaining
and advancing population health. However, evolutionary
anthropological approaches may help provide context for why
these risks exist in the first place, and later-in-life health-related
risks can be unequally transmitted intergenerationally.

6 | Conclusion

The goal of this paper was to shape the gap in the literature
surrounding post-1918 influenza pandemic inequalities com-
pared with those that existed before the pandemic and those
that have been observed during the pandemic. The analysis of
the existing literature within this space indicates two things:
(1) There were indeed dynamics in inequalities after the 1918
influenza pandemic in the historical populations studied; and
(2) There is not enough continuity in methods of analysis or
populations of study to generalize about those impacts, or to
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confidently describe the heterogeneity of long-term impacts. All
but two papers on demographic and epidemiological conse-
quences focused on North American populations [4, 5, 54, 123],
while the other two were on European populations [121, 122].
The fetal origins of inequalities on this topic covers a slightly
broader scope, including papers from South America [88, 165]
and Asia [162, 163]. As of now, there is an obvious bias in our
understanding of post-1918 influenza pandemic inequalities
toward Western populations. Additionally, I sought to place the
results discussed within evolutionary anthropological frame-
works, namely the epidemiological transitions, biocultural
anthropology, and evolutionary medicine. Of the six papers
discussed in this conceptual review, four were first authored
(for the majority, wholly authored) by anthropologists [4, 5, 122,
123] and were placed primarily within these evolutionary fra-
meworks. As such, this topic is already an important one in the
anthropology of pandemics community. None of the research
on fetal origins of inequalities was done by anthropologists,
despite the significant conceptual and theoretical strengths that
evolutionary anthropological theory can contribute to our un-
derstanding of long-term intergenerational transmission of
health and inequality.

Overall, there is a tremendous body of work from diverse fields of
inquiry that investigates the nature of the 1918 influenza pan-
demic through a more proximate lens. There is always room to
increase our knowledge of the events of the pandemic as they
happened. However, there is also substantial opportunity to ex-
pand the scope of historical pandemic inquiry, especially within
the field of anthropology. There is much more work to be done in:
(1) Expanding the geographic breadth of research on post-1918
influenza pandemic consequences, with particular emphasis on
non-Western nations that have available data; (2) Analyzing data
with methods that lead to results that are directly comparable with
existing results in other populations, allowing researchers to learn
more about the heterogeneity of specific long-term impacts; and
(3) Engaging more purposefully with evolutionary theories to
answer ultimate questions related to populations’ unequal and
long-lasting experiences with acute pandemic pathogens.
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Endnotes

!The first research articles and reports published on the 1918 influenza
pandemic are useful and illuminating in regard to unequal pandemic
experiences. Though they are not discussed within the contexts of the

review here, interested readers should see Allard [107], Armstrong
and Hopkins [106], Brewer [108], Collins [109], Crampton [110],
Frankel and Dublin [111], Frost [71, 112], Jordan [114], Peltier [115],
and Sydenstricker [116-119]. Readers should note that Allard 107 and
Peltier [115] are written in French.

2Note that these measurements are rate ratios; therefore, they do not
have associated units.

References

1. A. W. Crosby, America’s Forgotten Pandemic: The Influenza of 1918
(Cambridge University Press, 1989).

2.C. Viboud and J. Lessler, “The 1918 Influenza Pandemic: Looking
Back, Looking Forward,” American Journal of Epidemiology 187, no. 12
(2018): 2493-2497, https://doi.org/10.1093/aje/kwy207.

3. A. Budgell, We All Expected to Die: Spanish Influenza in Labrador,
1918-1919 (ISER Books, 2018).

4. L. Sattenspiel, T. P. van Doren, and J. Dimka, “The impact of the 1918
Influenza Pandemic on the Demography of Newfoundland and Labra-
dor in the First Half of the 20™ Century,” Newfoundland & Labrador
Studies, in press (2024a):

5.T. P. van Doren and S. Kelmelis, “Contextualizing Pandemics: Res-
piratory survivorship Before, During, and After the 1918 Influenza
Pandemic in Newfoundland,” American Journal of Biological
Anthropology 181, no. 1 (2022): 70-84, https://doi.org/10.1002/ajpa.
24678.

6. A. Wissler and S. N. DeWitte, “Frailty and survival in the 1918
Influenza Pandemic,” Proceedings of the National Academy of Sciences
120 (2023): €2304545120, https://doi.org/10.1073/pnas.2304545120.

7. H. Gaddy and M. M. Ingholt, “Did the 1918 Influenza Pandemic
Cause a 1920 Baby Boom? Demographic Evidence From Neutral Eur-
ope,” Population Studies 78 (2024): 269-287, in press, https://doi.org/10.
1080/00324728.2023.2192041.

8. S.-E. Mamelund, “Geography May Explain Adult Mortality From the
1918-20 Influenza Pandemic,” Epidemics 3 (2011): 46-60, https://doi.
0rg/10.1016/j.epidem.2011.02.001.

9.S. N. DeWitte and A. Wissler, “Demographic and Evolutionary
Consequences of Pandemic Diseases,” Bioarchaeology International 6,
no. 1-2 (2022): 229-253, https://doi.org/10.5744/bi.2020.0024.

10. A. D'adamo, A. Schnake-Mahl, P. H. Mullachery, M. Lazo,
A. V. Diez Roux, and U. Bilal, “Health Disparities in Past Influenza
Pandemics: A Scoping Review of the Literature,” SSM - population
health 21 (2023): 101314, https://doi.org/10.1016/j.ssmph.2022.101314.

11.J. Dimka, T. P. van Doren, and H. T. Battles, “Pandemics, Past and
Present: The Role of Biological Anthropology in Interdisciplinary Pan-
demic Studies,” American Journal of Biological Anthropology 178, no.
S74 (2022): 256-291, https://doi.org/10.1002/ajpa.24517.

12. S.-E. Mamelund and J. Dimka, “Tuberculosis as a Risk Factor for
1918 Influenza Pandemic Outcomes,” Tropical Medicine and Infectious
Diseases 4, no. 2 (2019): 1-14, https://doi.org/10.3390/
tropicalmed4020074.

13. S.-E. Mamelund and J. Dimka, “Not the Great Equalizers: COVID-
19, 1918-20 Influenza, and the Need for a Paradigm Shift in Pandemic
Preparedness,” Population Studies 75, no. supl (2021): 179-199, https://
doi.org/10.1080/00324728.2021.1959630.

14. H. Qkland and S.-E. Mamelund, “Race and 1918 Influenza Pan-
demic in the United States: A Review of the Literature,” International
Journal of Environmental Research and Public Health 16 (2019): 2487,
https://doi.org/10.3390/ijerph16142487.

15. S.-E. Mamelund, L. Sattenspiel, and J. Dimka, “Influenza-Associated
Mortality During the 1918-1919 Influenza Pandemic in Alaska and Labra-
dor: A comparison,” Social Science History 37, no. 2 (2013): 177-229.

18 of 23

Evolutionary Anthropology: Issues, News, and Reviews, 2025


https://doi.org/10.1093/aje/kwy207
https://doi.org/10.1002/ajpa.24678
https://doi.org/10.1002/ajpa.24678
https://doi.org/10.1073/pnas.2304545120
https://doi.org/10.1080/00324728.2023.2192041
https://doi.org/10.1080/00324728.2023.2192041
https://doi.org/10.1016/j.epidem.2011.02.001
https://doi.org/10.1016/j.epidem.2011.02.001
https://doi.org/10.5744/bi.2020.0024
https://doi.org/10.1016/j.ssmph.2022.101314
https://doi.org/10.1002/ajpa.24517
https://doi.org/10.3390/tropicalmed4020074
https://doi.org/10.3390/tropicalmed4020074
https://doi.org/10.1080/00324728.2021.1959630
https://doi.org/10.1080/00324728.2021.1959630
https://doi.org/10.3390/ijerph16142487

16. A. Phillips-Chan, Stronger Together/Kammanatut Atausigun/Ikna-
qataghaghluta Qerngaamta: Bering Strait Communities Respond to the
COVID-19 Pandemic (University of Alaska Press, 2024).

17. A. Wissler (2021). Engaging the osteological paradox: A Study of
Frailty and Survivorship in the 1918 Influenza Pandemic. Doctoral
Dissertation, Arizona State University.

18. N. P. A. S. Johnson and J. Mueller, “Updating the Accounts: Global
Mortality of the 1918-1920 “Spanish” Influenza Pandemic,” Bulletin of
the History of Medicine 76, no. 1 (2002): 105-115, https://doi.org/10.
1353/bhm.2002.0022.

19. P. Spreeuwenberg, M. Kroneman, and J. Paget, “Reassessing the
Global Mortality Burden of the 1918 Influenza Pandemic,” American
Journal of Epidemiology 187, no. 12 (2018): 2561-2567, https://doi.org/
10.1093/aje/kwy191.

20.J. Oxford, A. Sefton, R. Jackson, W. Innes, R. Daniels, and
N. Johnson, “World War I May Have Allowed the Emergence of
“Spanish” Influenza,” The Lancet Infectious Diseases 2, no. 2 (2002):
111-114, https://doi.org/10.1016/s1473-3099(02)00185-8.

21. R. W. Carter and J. C. Sanford, “A new Look at an old Virus: Pat-
terns of Mutation Accumulation in the Human HIN1 Influenza Virus
Since 1918,” Theoretical Biology and Medical Modelling 9 (2012): 42,
https://doi.org/10.1186/1742-4682-9-42.

22. M. L. Nelson, C. Viboud, L. Simonsen, et al., “Multiple Reassortment
Events in the Evolutionary History of HIN1 Influenza A Virus Since
1918,” PLoS Pathogens 4, no. 2 (2008): €1000012, https://doi.org/10.
1371/journal.ppat.1000012.

23. A. R. Omran, “The Epidemiologic Transition: A Theory of the
Epidemiology of Population Change,” The Milbank Memorial Fund
Quarterly 49, no. 1 (1971): 509-538, https://doi.org/10.1007/s13398-
014-0173-7.2.

24. R. Barrett and G. J. Armelagos, An Unnatural History of Emerging
Infections (Oxford University Press, 2013).

25.R. Barrett, C. W. Kuzawa, T. McDade, and G. J. Armelagos,
“Emerging and Re-Emerging Infectious Diseases: The Third Epide-
miologic Transition,” Annual Review of Anthropology 27, no. 1 (1998):
247-271, https://doi.org/10.1146/annurev.anthro.2.1.247.

26. K. Harper and G. Armelagos, “The Changing Disease-Scape in the
Third Epidemiological Transition,” International Journal of Environmental
Research and Public Health 7, no. 2 (2010): 675-697, https://doi.org/10.
3390/ijerph7020675.

27.G. J. Armelagos, P. J. Brown, and B. Turner, “Evolutionary, His-
torical and Political Economic Perspectives on Health and Disease,”
Social Science & Medicine 61, no. 4 (2005): 755-765, https://doi.org/10.
1016/j.socscimed.2004.08.066.

28. A. R. Omran, “Epidemiologic Transition in the United States: The
Health Factor in Population Change,” Population Bulletin 32, no. 2
(1977): 1-42.

29. K. Davis, “The World Demographic Transition,” Annals of the
American Academy of Political and Social Science 273 (1945): 1-11,
https://doi.org/10.1177/000271624523700102.

30. D. Kirk, “Demographic Transition Theory,” Population Studies 50,
no. 3 (1996): 361-387, https://doi.org/10.1080/0032472031000149536.

31. W. S. Thompson, “Population,” American Journal of Sociology 34,
no. 6 (1929): 959-975.

32. T. P. van Doren, “Biocultural Perspectives of Infectious Diseases and
Demographic Evolution: Tuberculosis and its Comorbidities Through
History,” Evolutionary Anthropology: Issues, News, and Reviews 32, no. 2
(2022): 100-117, https://doi.org/10.1002/evan.21970.

33.S. N. DeWitte, “Demographic Anthropology,” American Journal of
Physical Anthropology 165 (2018): 893-903, https://doi.org/10.1002/ajpa.
23317.

34.T. B. Gage, S. DeWitte, and J. W. Wood, “Demography, Part 1:
Mortality and Migration.” in Human Biology: An Evolutionary and
Biocultural Perspective, eds. S. Stinson, B. Bogin, and D. O'Rourke
(Hoboken, NJ: Wiley-Blackwell, 2012), 695-756).

35.J. C. Caldwell, “Population Health in Transition,” Bulletin of the
World Health Organization 79, no. 2 (2001): 159-160.

36. B. K. Defo, “Demographic, Epidemiological, and Health Transitions:
Are They Relevant to Population Health Patterns in Africa?,” Global
Health Action 7 (2014): 22443.

37. A. Santosa, S. Wall, E. Fottrel, U. Hogberg, and P. Byass, “The
Development and Experience of Epidemiological Transition Theory
Over Four Decades: A Systematic Review,” Global Health Action 7, no.
SUPP.1 (2014): 23574, https://doi.org/10.3402/gha.v7.23574.

38. M. Lock, “Cultivating the body: Anthropology and Epistemologies of
Bodily Practice and Knowledge,” Annual Review of Anthropology 22
(1993): 133-155, https://doi.org/10.1146/annurev.an.22.100193.001025.

39. M. Lock, “Recovering the body,” Annual Review of Anthropology 46
(2017): 1-14, https://doi.org/10.1146/annurev-anthro-102116-041253.

40. A. H. Goodman and T. L. Leatherman, Building a New Biocultural
Synthesis (Ann Arbor: University of Michigan Press, 1998).

41.T. Leatherman and A. Goodman, “Building on the Biocultural
Syntheses: 20 years and Still Expanding,” American Journal of Human
Biology 32, no. 4 (2020): €23360, https://doi.org/10.1002/ajhb.23360.

42. A. S. Wiley and J. M. Cullin, “What do Anthropologists Mean When
They use the Term Biocultural?,” American Anthropologist 118, no. 3
(2016): 554-569, https://doi.org/10.1111/aman.12608.

43.]. S. Weiner, “Human ecology.” in Human Biology: An Introduction
to Human Evolution, Variation, and Growth, eds. G. A. Harrison, J. S.
Weiner, J. M. Tanner, and N. A. Barnicot (New York: Oxford University
Press, 1964), 401-506).

44. A. F. Dorsey, “Urbanization and Infectious Disease,” American
Journal of Human Biology in press (2024): €24197, https://doi.org/10.
1002/ajhb.24197.

45. A. A. Brewis, B. Piperata, A. L. Thompson, and A. Wutich, “Loca-
lizing Resource Insecurities: A Biocultural Perspective on Water and
Wellbeing,” WIREs Water 7, no. 4 (2020): Portico, https://doi.org/10.
1002/wat2.1440.

46.J. S. Beatrice, A. Soler, R. C. Reineke, and D. E. Martinez, “Skeletal
Evidence of Sructural Violence Among Undocumented Migrants From
Mexico and Central America,” American Journal of Physical Anthropology
176, no. 4 (2021): 584-605, https://doi.org/10.1002/ajpa.24391.

47.R. C. Redfern and S. N. DeWitte, “Status and Health in Roman
Dorset: The Effect of Status on Risk of Mortality in Post-Conquest
Populations,” American Journal of Physical Anthropology 146, no. 2
(2011): 197-208, https://doi.org/10.1002/ajpa.21563.

48. L. M. Schell, “Culture as a Stressor: A Revised Model of Biocultural
Interaction,” American Journal of Physical Anthropology 102 (1997):
67-77, https://doi.org/10.1002/(SICI)1096-8644(199701)102:1<67::AID-
AJPA6>3.0.CO;2-A.

49. K. S. Kelmelis and D. Dangvard Pedersen, “Impact of Urbanization
on Tuberculosis and Leprosy Prevalence in Medieval Denmark,”
Anthropologischer Anzeiger 76, no. 2 (2019): 149-166, https://doi.org/10.
1127/anthranz/2019/0962.

50. L. Z. DuBaois, J. K. Gibb, R. Juster, and S. I. Powers, “Biocultural
Approaches to Transgender and Gender Diverse Experience and
Health: Integrating Biomarkers and Advancing Gender/Sex Research,”
American Journal of Human Biology 33, no. 1 (2020): Portico, https://
doi.org/10.1002/ajhb.23555.

51. E. K. Karlsson, D. P. Kwiatkowski, and P. C. Sabeti, “Natural
Selection and Infectious Disease in Human Populations,” Nature
Reviews Genetics 15 (2014): 379-393, https://doi.org/10.1038/nrg3734.

19 of 23


https://doi.org/10.1353/bhm.2002.0022
https://doi.org/10.1353/bhm.2002.0022
https://doi.org/10.1093/aje/kwy191
https://doi.org/10.1093/aje/kwy191
https://doi.org/10.1016/s1473-3099(02)00185-8
https://doi.org/10.1186/1742-4682-9-42
https://doi.org/10.1371/journal.ppat.1000012
https://doi.org/10.1371/journal.ppat.1000012
https://doi.org/10.1007/s13398-014-0173-7.2
https://doi.org/10.1007/s13398-014-0173-7.2
https://doi.org/10.1146/annurev.anthro.2.1.247
https://doi.org/10.3390/ijerph7020675
https://doi.org/10.3390/ijerph7020675
https://doi.org/10.1016/j.socscimed.2004.08.066
https://doi.org/10.1016/j.socscimed.2004.08.066
https://doi.org/10.1177/000271624523700102
https://doi.org/10.1080/0032472031000149536
https://doi.org/10.1002/evan.21970
https://doi.org/10.1002/ajpa.23317
https://doi.org/10.1002/ajpa.23317
https://doi.org/10.3402/gha.v7.23574
https://doi.org/10.1146/annurev.an.22.100193.001025
https://doi.org/10.1146/annurev-anthro-102116-041253
https://doi.org/10.1002/ajhb.23360
https://doi.org/10.1111/aman.12608
https://doi.org/10.1002/ajhb.24197
https://doi.org/10.1002/ajhb.24197
https://doi.org/10.1002/wat2.1440
https://doi.org/10.1002/wat2.1440
https://doi.org/10.1002/ajpa.24391
https://doi.org/10.1002/ajpa.21563
https://doi.org/10.1002/(SICI)1096-8644(199701)102:1%3C67::AID-AJPA6%3E3.0.CO;2-A
https://doi.org/10.1002/(SICI)1096-8644(199701)102:1%3C67::AID-AJPA6%3E3.0.CO;2-A
https://doi.org/10.1127/anthranz/2019/0962
https://doi.org/10.1127/anthranz/2019/0962
https://doi.org/10.1002/ajhb.23555
https://doi.org/10.1002/ajhb.23555
https://doi.org/10.1038/nrg3734

52. A. Friedler, “Sociocultural, Behavioural and Political Factors Shap-
ing the COVID-19 Pandemic: The Need for a Biocultural Approach to
Understanding Pandemics and (Re)Emerging Pathogens,” Global Public
Health 16, no. 1 (2021): 17-35, https://doi.org/10.1080/17441692.2020.
1828982.

53.T. P. van Doren and L. Sattenspiel, “The 1918 Influenza Pandemic
did not Accelerate Tuberculosis Mortality Decline in Early-20th Cen-
tury Newfoundland: Investigating Historical and Social Explanations,”
American Journal of Physical Anthropology 176, no. 2 (2021): 179-191,
https://doi.org/10.1002/ajpa.24332.

54. A. Noymer and M. Garenne, “The 1918 Influenza Epidemic's Effects
on Sex Differentials in Mortality in the United States,” Population and
Development Review 26, no. 3 (2000): 565-581, https://doi.org/10.1111/j.
1728-4457.2000.00565.X.

55. A. Noymer, “Testing the Influenza-Tuberculosis Selective Mortality
Hypothesis With Union Army Data,” Social Science & Medicine 68, no. 9
(2009): 1599-1608, https://doi.org/10.1016/j.socscimed.2009.02.021.

56. M. K. Zuckerman, B. L. Turner, and G. J. Armelagos, “Evolutionary
Thought in Paleopathology and the Rise of the Biocultural Approach.”
in A Companion to Paleopathology, eds. A. L. Grauer. Blackwell Pub-
lishing Ltd, (2012), 34-57.

57. R. M. Nesse and G. C. Williams, Why We Get Sick: The New Science
of Darwinian Medicine (New York: Vintage, 1994).

58.S. C. Stearns, “Evolutionary Medicine: Its Scope, Interest and
Potential,” Proceedings of the Royal Society B: Biological Sciences 279
(2012): 4305-4321, https://doi.org/10.1098/rspb.2012.1326.

59. W. R. Trevathan, “Evolutionary Medicine,” Annual Review of
Anthropology 36 (2007): 139-154, https://doi.org/10.1146/annurev.
anthro.36.081406.094321.

60. G. C. Williams and R. M. Nesse, “The Dawn of Darwinian Medi-
cine,” The Quarterly Review of Biology 66, no. 1 (1991): 1-22.

61. T. Roseboom, S. de Rooij, and R. Painter, “The Dutch Famine and its
Long-Term Consequences for Adult Health,” Early Human
Development 82, no. 8 (2006): 485-491, https://doi.org/10.1016/j.
earlhumdev.2006.07.001.

62. H. Dunsworth and L. Eccleston, “The Evolution of Difficult Child-
birth and Helpless Hominin Infants,” Annual Review of Anthropology
44, no. 1 (2015): 55-69, https://doi.org/10.1146/annurev-anthro-
102214-013918.

63. C. C. Gravlee, “How race becomes biology: Embodiment of Social
Inequality,” American Journal of Physical Anthropology 139, no. 1
(2009): 47-57, https://doi.org/10.1002/ajpa.20983.

64. C. W. Kuzawa and E. Sweet, “Epigenetics and the Embodiment of
Race: Developmental Origins of US Racial Disparities in Cardiovascular
Health,” American Journal of Human Biology 21 (2009): 2-15, https://
doi.org/10.1002/ajhb.20822.

65. G. J. Armelagos and K. Barnes, “The Evolution of Human Disease
and the Rise of Allergy: Epidemiological Transitions,” Medical
Anthropology 18, no. 2 (1999): 187-213, https://doi.org/10.1080/
01459740.1999.9966155.

66. R. M. Nesse and J. Schulkin, “An Evolutionary Medicine Perspective
on Pain and its Disorders,” Philosophical Transactions of the Royal
Society, B: Biological Sciences 374 (2019): 20190288, https://doi.org/10.
1098/rstb.2019.0288.

67.P. Bateson and K. N. Laland, “Tinbergen's Four Questions: An
Appreciation and an Update,” Trends in Ecology & Evolution 28, no. 12
(2013): 712-718, https://doi.org/10.1016/j.tree.2013.09.013.

68. N. Tinbergen, “On Aims and Methods of Ethology,” Ethology 20, no.
4 (1963): 410-433, https://doi.org/10.1111/j.1439-0310.1963.tb01161.x.

69. T. P. van Doren, “Past Pandemics and Social Inequality.” In Oxford
Research Encyclopedia of Anthropology, eds. Mark Aldenderfer (New

York: Oxford University Press, 2025), https://doi.org/10.1093/acrefore/
9780190854584.013.675.

70. D. Brites and S. Gagneux, “Co-evolution of Mycobacterium Tuber-
culosis and Homo Sapiens,” Immunological Reviews 264 (2015): 6-24.

71. R. Duarte, K. Lonnroth, C. Carvalho, et al., “Tuberculosis, Social
Determinants and Co-Morbidities (Including HIV),” Pulmonology 24,
no. 2 (2018): 115-119, https://doi.org/10.1016/j.rppnen.2017.11.003.

72.J. E. Paluzzi, “A Social Disease/A Social Response: Lessons in
Tuberculosis From Early 20th Century Chile,” Social Science & Medicine
(1982) 59, no. 4 (2004): 763-773, https://doi.org/10.1016/j.socscimed.
2003.11.039.

73. S. Borrell and S. Gagneux, “Infectiousness, Reproductive Fitness and
Evolution of Drug-Resistant Mycobacterium Tuberculosis,” The
International Journal of Tuberculosis and Lung Disease: The Official
Journal of the International Union Against Tuberculosis and Lung
Disease 13, no. 12 (2009): 1456-1466.

74. L. Fattorini, G. B. Migliori, and A. Cassone, “Extensively Drug-
Resistant (XDR) Tuberculosis: An Old and New Threat,” Annali
Dell'Istituto Superiore di Sanita 43, no. 4 (2007): 317-319.

75. A. Wright, M. Zignol, A. Van Deun, et al., “Epidemiology of Anti-
tuberculosis Drug Resistance 2002-07: An Updated Analysis of the
Global Project on Anti-Tuberculosis Drug Resistance Surveillance,” The
Lancet 373, no. 9678 (2009): 1861-1873, https://doi.org/10.1016/S0140-
6736(09)60331-7.

76. L. Van Valen, “A New Evolutionary Law,” Evolutionary Theory 1
(1973): 1-30.

77. W. O. Kermack, A. G. McKendrick, and P. L. McKinlay, “Death-
Rates in Great Britain and Sweden: Some General Regularities and
Their Significance,” The Lancet 223 (1934): 698-703.

78. D. J. Barker, “The Fetal and Infant Origins of Adult Disease,” BMJ
301, no. 6761 (1990): 1111, https://doi.org/10.1136/bm;j.301.6761.1111.

79. D. Barker, “The Fetal Origins of Adult Disease,” Fetal and Maternal
Medicine Review 6, no. 2 (1994): 71-80, https://doi.org/10.1017/
S09655395000010.

80. D. Almond and B. Mazumder, “The 1918 Influenza Pandemic and
Subsequent Health Outcomes: An Analysis of SIPP Data,” American
Economic Review 95, no. 2 (2005): 258-262.

81. M. W. Gillman, “Developmental Origins of Health and Disease,”
New England Journal of Medicine 353, no. 17 (2005): 1848-1850.

82. P. D. Gluckman, M. A. Hanson, and A. S. Beedle, “Early Life Events
and Their Consequences for Later Disease: A Life History and Evolu-
tionary Perspective,” American Journal of Human Biology 19, no. 1
(2007): 1-19, https://doi.org/10.1002/ajhb.20590.

83.P. D. Gluckman, M. A. Hanson, and T. Buklijas, “A Conceptual
Framework for the Developmental Origins of Health and Disease,”
Journal of Developmental Origins of Health and Disease 1, no. 1 (2010):
6-18, https://doi.org/10.1017/S2040174409990171.

84. H. Gozde Kanmaz, O. Erdeve, S. Suna Ogz, et al., “Placental
Transmission of Novel Pandemic Influenza A virus,” Fetal and Pediatric
Pathology 30 (2011): 280-285, https://doi.org/10.3109/15513815.2011.
572956.

85. E. Saleeby, J. Chapman, J. Morse, and A. Bryant, “HIN1 Influenza
in Pregnancy: Cause for Concern,” Obstetrics and Gynecology 114, no. 4
(2009): 885-891, https://doi.org/10.1097/A0G/0b013e3181bb44bb.

86. M. Myrskyld, N. K. Mehta, and V. W. Chang, “Early Life Exposure to
the 1918 Influenza Pandemic and Old-Age Mortality by Cause of
Death,” American Journal of Public Health 103, no. 7 (2013): e83-e90,
https://doi.org/10.2105/AJPH.2012.301060.

87.C. E. Finch and E. M. Crimmins, “Inflammatory Exposure and
Historical Changes in Human Life-Spans,” Science 305, no. 5691 (2004):
1736-1739.

20 of 23

Evolutionary Anthropology: Issues, News, and Reviews, 2025


https://doi.org/10.1080/17441692.2020.1828982
https://doi.org/10.1080/17441692.2020.1828982
https://doi.org/10.1002/ajpa.24332
https://doi.org/10.1111/j.1728-4457.2000.00565.x
https://doi.org/10.1111/j.1728-4457.2000.00565.x
https://doi.org/10.1016/j.socscimed.2009.02.021
https://doi.org/10.1098/rspb.2012.1326
https://doi.org/10.1146/annurev.anthro.36.081406.094321
https://doi.org/10.1146/annurev.anthro.36.081406.094321
https://doi.org/10.1016/j.earlhumdev.2006.07.001
https://doi.org/10.1016/j.earlhumdev.2006.07.001
https://doi.org/10.1146/annurev-anthro-102214-013918
https://doi.org/10.1146/annurev-anthro-102214-013918
https://doi.org/10.1002/ajpa.20983
https://doi.org/10.1002/ajhb.20822
https://doi.org/10.1002/ajhb.20822
https://doi.org/10.1080/01459740.1999.9966155
https://doi.org/10.1080/01459740.1999.9966155
https://doi.org/10.1098/rstb.2019.0288
https://doi.org/10.1098/rstb.2019.0288
https://doi.org/10.1016/j.tree.2013.09.013
https://doi.org/10.1111/j.1439-0310.1963.tb01161.x
https://doi.org/10.1093/acrefore/9780190854584.013.675
https://doi.org/10.1093/acrefore/9780190854584.013.675
https://doi.org/10.1016/j.rppnen.2017.11.003
https://doi.org/10.1016/j.socscimed.2003.11.039
https://doi.org/10.1016/j.socscimed.2003.11.039
https://doi.org/10.1016/S0140-6736(09)60331-7
https://doi.org/10.1016/S0140-6736(09)60331-7
https://doi.org/10.1136/bmj.301.6761.1111
https://doi.org/10.1017/S09655395000010
https://doi.org/10.1017/S09655395000010
https://doi.org/10.1002/ajhb.20590
https://doi.org/10.1017/S2040174409990171
https://doi.org/10.3109/15513815.2011.572956
https://doi.org/10.3109/15513815.2011.572956
https://doi.org/10.1097/AOG/0b013e3181bb44bb
https://doi.org/10.2105/AJPH.2012.301060

88. F. A. I. Gonzdlez, J. A. Dip, and S. London, “Long-Lasting Effects of
Pandemics: The Case of the 1918 Influenza Pandemic in Argentina,”
Spatial and Spatio-temporal Epidemiology 37 (2021): 100409, https://doi.
org/10.1016/j.sste.2021.100409.

89. B. T. Alexander, J. H. Dasinger, and S. Intapad, “Fetal Programming
and Cardiovascular Pathology,” Comprehensive Physiology 5, no. 2
(2015): 997-1025, https://doi.org/10.1002/j.2040-4603.2015.tb00618.x.

90. E. H. Yeung, C. Robledo, N. Boghossian, C. Zhang, and P. Mendola,
“Developmental Origins of Cardiovascular Disease,” Current Epidemiology
Reports 1 (2014): 9-16, https://doi.org/10.1007/s40471-014-0006-4.

91. G. Gabriel and P. C. Arck, “Sex, Immunity and Influenza,” Journal
of Infectious Diseases 209, no. Suppl 3 (2014): S93-99, https://doi.org/10.
1093/infdis.jiu020.

92. R. Morgan and S. L. Klein, “The Intersection of Sex and Gender in
the Treatment of Influenza,” Current Opinion in Virology 35 (2019):
35-41, https://doi.org/10.1016/j.coviro.2019.02.009.

93. E. M. Crimmins and C. E. Finch, “Infection, Inflammation, Height,
and Longevity,” Proceedings of the National Academy of Sciences 103,
no. 2 (2006): 498-503.

94. M. Y. Henein, S. Vancheri, G. Longo, and F. Vancheri, “The Role of
Inflammation in Cardiovascular Disease,” International Journal of Molecular
Sciences 23 (2022): 12906, https://doi.org/10.3390/ijms232112906.

95. 7. Stocks, A. Hislop, and S. Sonnappa, “Early Lung Development:
Lifelong Effect on Respiratory Health and Disease,” The Lancet
Respiratory Medicine 1, no. 9 (2013): 728-742, https://doi.org/10.1016/
$2213-2600(13)70118-8.

96. A. V. Yaremenko, N. A. Pechnikova, K. Porpodis, et al., “Association
of Fetal Lung Development Disorders with Adult Diseases: A Com-
prehensive Review,” Journal of Personalized Medicine 14 (2024): 368,
https://doi.org/10.3390/jpm14040368.

97.J. B. Armengaud, C. Yzydorczyk, B. Siddeek, A. C. Peyter, and
U. Simeoni, “Intrauterine Growth Restriction: Clinical Consequences
on Health and Disease at Adulthood,” Reproductive Toxicology 99
(2021): 168-176, https://doi.org/10.1016/j.reprotox.2020.10.005.

98. N. Potdar, R. Singh, V. Mistry, et al., “First-Trimester Increase in
Oxidative Stress and Risk of Small-for-Gestational-Age Fetus,” BJOG:
An International Journal of Obstetrics and Gynaecology 116, no. 5 (2009):
637-642, https://doi.org/10.1111/j.1471-0528.2008.02096.X.

99.S. Entringer, E. S. Epel, R. Kumsta, et al., “Stress Exposure in
Intrauterine Life is Associated With Shorter Telomere Length in Young
Adulthood,” Proceedings of the National Academy of Sciences 108, no. 33
(2011): E513-E518, https://doi.org/10.1073/pnas.1107759108.

100. S.-E. Mamelund, C. Shelley-Egan, and O. Rogeberg, “The Associ-
ation Between Socioeconomic Status and Pandemic Influenza: Sys-
tematic Review and Meta-Analysis,” PLoS One 16, no. 9 (2021):
€0244346, https://doi.org/10.1371/journal.pone.0244346.

101. D. Almond, “Is the 1918 Influenza Pandemic Over? Long-Term
Effects of in Utero Influenza Exposure in the Post-1940 U.S. Popula-
tion,” Journal of Political Economy 114, no. 4 (2006): 672-712.

102. S. L. Klein, A. Hodgson, and D. P. Robinson, “Mechanisms of Sex
Disparities in Influenza Pathogenesis,” Journal of Leukocyte Biology 92,
no. 1 (2012): 67-73, https://doi.org/10.1189/j1b.0811427.

103. T. P. van Doren, “Sex-Based Tuberculosis Mortality in Newfoundland,
1900-1949: Implications for Populations in Transition,” American Journal of
Human Biology 36, no. 5 (2024): €24033, https://doi.org/10.1002/ajhb.24033.

104. L. Z. DuBois and H. Shattuck-Heidorn, “Challenging the Binary:
Gender/Sex and the Bio-Logics of Normalcy,” American Journal of Human
Biology 33, no. 5 (2021): 23623, https://doi.org/10.1002/ajhb.23623.

105. P. Curson and K. McCracken, “An Australian Perspective of the
1918-1919 Influenza Pandemic,” New South Wales Public Health
Bulletin 17, no. 7-8 (2006): 103-107, https://doi.org/10.1071/nb06025.

106. C. Armstrong and R. Hopkins, “An Epidemiological Study of the
1920 Epidemic of Influenza in an Isolated Rural Community,” Public
Health Reports (1896-1970) 36, no. 29 (1921): 1671-1702.

107. M. Allard, “L'epidemic d'influenza de 1918-1919 Dans Les Colonies
Francaises De L'Oceanie,” AMedPhC 20 (1922): 66-72.

108. I. Brewer, “Report of Epidemic of Spanish Influenza, Which Oc-
curred at Camp AA Humphreys, VA, During September and October,
1918,” The Journal of Laboratory and Clinical Medicine (1918): 87-111.

109. S. D. Collins, “and Sex Incidence of Influenza and Pneumonia
Morbidity and Mortality in the Epidemic of 1928-29 With Comparative
Data for the Epidemic of 1918-19: Based on Surveys of Families in
Certain Localities in the United States Following the Epidemics,” Public
Health Reports (1896-1970) 46, no. 33 (1931): 1909-1937.

110. H. E. Crampton, “On the Differential Effects of the Influenza
Epidemic Among Native Peoples of the Pacific Islands,” Science 55
(1922): 90-92.

111. L. K. Frankel and L. I. Dublin, “Influenza Mortality Among Wage
Earners and Their Families: A Preliminary Statement of Results,”
American Journal of Public Health 9, no. 1 (1919): 731-742, https://doi.
org/10.2105/ajph.9.10.731-a.

112. W. H. Frost, “The Epidemiology of Influenza,” Journal of the
American Medical Association 73, no. 5 (1919): 313-318.

113. W. H. Frost, “Statistics of Influenza Morbidity: With Special Ref-
erence to Certain Factors in Case Incidence and Case Fatality,” Public
Health Reports (1896-1970) 35 (1920): 584-597.

114. E. Jordan, Epidemic Influenza: A Survey (Chicago: American
Medical Association, 1923).

115. F. Peltier, “L'epidemie d'influenza qui a sevi en Nouvelle Caledonie
en 1921,” Bulletin de l'Office International d'Hygiene Publique 14 (1922):
676-685.

116. E. Sydenstricker, “Preliminary Statistics of the Influenza Epi-
demic,” Public Health Reports (1896-1970) 33, no. 52 (1918): 2305-2321.

117. E. Sydenstricker, “Variations in Case Fatality During the Influenza
Epidemic of 1918,” Public Health Reports (1896-1970) 36, no. 36 (1921):
2201-2210.

118. E. Sydenstricker, “The Illness Rate Among Males and Females:
Hagerstown Morbidity Studies No. VL,” Public Health Reports (1896-
1970) 42, no. 30 (1927): 1939-1957.

119. E. Sydenstricker, “The Incidence of Influenza Among Persons of
Different Economic Status During the Epidemic of 1918,” Public Health
Reports (1896-1970) 46, no. 4 (1931): 154-170, https://doi.org/10.2307/
4579923.

120. D. Barker, J. Eriksson, T. Forsén, and C. Osmond, “Fetal Origins of
Adult Disease: Strength of Effects and Biological Basis,” International
Journal of Epidemiology 31 (2002): 1235-1239.

121. N. Saglanmak, V. Andreasen, L. Simonsen, K. Moalbak, M. A. Miller,
and C. Viboud, “Gradual Changes in the age Distribution of Excess Deaths
in the Years Following the 1918 Influenza Pandemic in Copenhagen:
Using Epidemiological Evidence to Detect Antigenic Drift,” Vaccine 29
(2011): B42-B48, https://doi.org/10.1016/j.vaccine.2011.02.065.

122. L. Tripp, L. A. Sawchuk, and M. Saliba, “Deconstructing the
1918-1919 Influenza Pandemic in the Maltese Islands: A Biosocial
Perspective,” Current Anthropology 59, no. 2 (2018): 229-239, https://
doi.org/10.1086/696939.

123. M. K. Zuckerman, A. G. Tribble, R. M. Austin, C. M. S. DeGaglia,
and T. Emery, “Biocultural Perspectives on Bioarchaeological and Pa-
leopathological Evidence of Past Pandemics,” American Journal of
Biological Anthropology 182, no. 4 (2022): 557-582, https://doi.org/10.
1002/ajpa.24647.

124. T. Paskoff and L. Sattenspiel, “Sex- and Age-Based Differences in
Mortality During the 1918 Influenza Pandemic on the Island of

21 of 23


https://doi.org/10.1016/j.sste.2021.100409
https://doi.org/10.1016/j.sste.2021.100409
https://doi.org/10.1002/j.2040-4603.2015.tb00618.x
https://doi.org/10.1007/s40471-014-0006-4
https://doi.org/10.1093/infdis.jiu020
https://doi.org/10.1093/infdis.jiu020
https://doi.org/10.1016/j.coviro.2019.02.009
https://doi.org/10.3390/ijms232112906
https://doi.org/10.1016/S2213-2600(13)70118-8
https://doi.org/10.1016/S2213-2600(13)70118-8
https://doi.org/10.3390/jpm14040368
https://doi.org/10.1016/j.reprotox.2020.10.005
https://doi.org/10.1111/j.1471-0528.2008.02096.x
https://doi.org/10.1073/pnas.1107759108
https://doi.org/10.1371/journal.pone.0244346
https://doi.org/10.1189/jlb.0811427
https://doi.org/10.1002/ajhb.24033
https://doi.org/10.1002/ajhb.23623
https://doi.org/10.1071/nb06025
https://doi.org/10.2105/ajph.9.10.731-a
https://doi.org/10.2105/ajph.9.10.731-a
https://doi.org/10.2307/4579923
https://doi.org/10.2307/4579923
https://doi.org/10.1016/j.vaccine.2011.02.065
https://doi.org/10.1086/696939
https://doi.org/10.1086/696939
https://doi.org/10.1002/ajpa.24647
https://doi.org/10.1002/ajpa.24647

Newfoundland,” American Journal of Human Biology 31, no. 1 (2019):
€23198, https://doi.org/10.1002/ajhb.23198.

125. L. Tripp and L. A. Sawchuk, “The Emergence of a Suburban
Penalty During the 1918/19 Influenza Pandemic in Malta: The Role of a
Marketplace, Railway, and Measles,” PLoS Global Public Health 3, no. 9
(2023): €0002167, https://doi.org/10.1371/journal.pgph.0002167.

126.V. Andreasen, C. Viboud, and L. Simonsen, “Epidemiologic
Characterization of the 1918 Influenza Pandemic Summer Wave in
Copenhagen: Implications for Pandemic Control Strategies,” The
Journal of infectious diseases 197 (2008): 270-278, https://doi.org/10.
1086/524065.

127. C. Bambra, P. Norman, and N. P. A. S. Johnson, “Visualising
Regional Inequalities in the 1918 Spanish flu Pandemic in England and
Wales,” Environment and Planning A: Economy and Space 53, no. 4
(2021): 607-611, https://doi.org/10.1177/0308518X20969520.

128. T. Bengtsson, M. Dribe, and B. Eriksson, “Social Class and Excess
Mortality in Sweden During the 1918 Influenza Pandemic,” American
Journal of Epidemiology 187, no. 12 (2018): 2568-2576, https://doi.org/
10.1093/aje/kwy151.

129. R. H. Britten, “The Incidence of Epidemic Influenza, 1918-19,”
Public Health Reports (1896-1970) 47, no. 6 (1932): 303-375.

130. G. Chowell, C. Viboud, L. Simonsen, M. A. Miller, and R. Acuna-
Soto, “Mortality Patterns Associated with the 1918 Influenza Pandemic
in Mexico: Evidence for a Spring Herald Wave and Lack of Preexisting
Immunity in Older Populations,” The Journal of Infectious Diseases 202,
no. 4 (2010): 567-575, https://doi.org/10.1086/654897.

131. G. Chowell, C. Viboud, L. Simonsen, et al., “The 1918-1920 Influ-
enza Pandemic in Peru,” Vaccine 29S, no. 2011 (2011): B21-B26, https://
doi.org/10.1016/j.vaccine.2011.02.048.

132. G. Chowell, A. Erkoreka, C. Viboud, and B. Echeverri-Davila,
“Spatial-Temporal Excess Mortality Patterns of the 1918-1919 Influenza
Pandemic in Spain,” BMC Infectious Diseases 14 (2014a): 1-12, https://
doi.org/10.1186/1471-2334-14-371.

133. G. Chowell, L. Simonsen, J. Flores, M. A. Miller, and C. Viboud,
“Death Patterns During the 1918 Influenza Pandemic in Chile,”
Emerging Infectious Diseases 20, no. 11 (2014b): 1803-1811, https://doi.
0rg/10.3201/eid2011.130632.

134. L. Cilek, G. Chowell, and D. Ramiro Farifias, “Age-Specific Excess
Mortality Patterns During the 1918-1920 Influenza Pandemic in
Madrid, Spain,” American Journal of Epidemiology 187, no. 12 (2018):
2511-2523, https://doi.org/10.1093/aje/kwy171.

135. K. Clay, J. Lewis, and E. Severnini, “What Explains Cross-City
Variation in Mortality During the 1918 Influenza Pandemic? Evidence
from 438 US cities,” Economics & Human Biology 35 (2019): 42-50.

136.S. Dahal, M. Jenner, L. Dinh, K. Mizumoto, C. Viboud, and
G. Chowell, “Excess mortality patterns during 1918-1921 Influenza
Pandemic in the State of Arizona, USA,” Annals of Epidemiology 28, no.
5 (2018): 273-280, https://doi.org/10.1016/j.annepidem.2017.12.005.

137.J. Dimka and S.-E. Mamelund, “1918 Influenza Outcomes Among
Institutionalized Norwegian Populations: Implications for Disability-
Inclusive Pandemic Preparedness,” Scandinavian Journal of Disability
Research 22, no. 1 (2020): 175-186, https://doi.org/10.16993/sjdr.725.

138. M. Eiermann, E. Wrigley-Field, J. J. Feigenbaum, J. Helgertz,
E. Hernandez, and C. E. Boen, “Racial Disparities in Mortality During
the 1918 Influenza Pandemic in United States Cities,” Demography 59,
no. 5 (2022): 1953-1979, https://doi.org/10.1215/00703370-10235825.

139. K. H. Grantz, M. S. Rane, H. Salje, G. E. Glass, S. E. Schachterle,
and D. A. T. Cummings, “Disparities in Influenza Mortality and
Transmission Related to Sociodemographic Factors Within Chicago in
the Pandemic of 1918,” Proceedings of the National Academy of Sciences
113, no. 48 (2016): 13839-13844, https://doi.org/10.1073/pnas.
1612838113.

140. D. Killingray, “The Influenza Pandemic of 1918-1919 in the British
Caribbean,” Social History of Medicine 7, no. 1 (1994): 59-87, https://doi.
org/10.1093/shm/7.1.59.

141. S.-E. Mamelund, “Spanish Influenza Mortality of Ethnic Minorities
in Norway 1918-19,” European Journal of Population/Revue europenne
de Dmographie 19 (2003): 83-102.

142. S.-E. Mamelund, “1918 Pandemic Morbidity: The First Wave Hits
the Poor, the Second Wave Hits the Rich,” Influenza and Other
Respiratory Viruses 12, no. 3 (2018): 307-313, https://doi.org/10.1111/
irv.12541.

143. S.-E. Mamelund, B. Haneberg, and S. Mjaaland, “A Missed Sum-
mer wave of the 1918-1919 Influenza Pandemic: Evidence From
Household Surveys in the United States and Norway,” Open Forum
Infectious Diseases 3, no. 1 (2016): 1-6, https://doi.org/10.1093/ofid/
ofw040.

144. M. Manfredini, “The Spanish flu and the Health System: Consid-
erations From the City of Parma, 1918,” Demographic Research 47, no.
32 (2022): 1009-1018, https://doi.org/10.4054/DemRes.2022.47.32.

145. C. J. Murray, A. D. Lopez, B. Chin, D. Feehan, and K. H. Hill,
“Estimation of Potential Global Pandemic Influenza Mortality on the
Basis of Vital Registry Data from the 1918-20 Pandemic: A Quantitative
Analysis,” The Lancet 368 (2006): 2211-2218.

146.1. H. Nygaard, S. Dahal, G. Chowell, L. Sattenspiel,
H. L. Sommerseth, and S.-E. Mamelund, “Age-Specific Mortality and
the Role of Living Remotely: The 1918-20 Influenza Pandemic in
Kautokeino and Karasjok, Norway,” International Journal of
Circumpolar Health 82, no. 1 (2023): 2179452, https://doi.org/10.1080/
22423982.2023.2179452.

147. W. Oei and H. Nishiura, “The Relationship Between Tuberculosis
and Influenza Death During the Influenza (HIN1) Pandemic From
1918-19,” Computational and Mathematical Methods in Medicine 2012
(2012): 1-9, https://doi.org/10.1155/2012/124861.

148. D. R. Olson, L. Simonsen, P. J. Edelson, and S. S. Morse, “Epide-
miological Evidence of an Early Wave of the 1918 Influenza Pandemic
in New York City,” Proceedings of the National Academy of Sciences 102,
no. 31 (2005): 11059-11063, https://doi.org/10.1073/pnas.0408290102.

149. D. C. Pearce, P. K. Pallaghy, J. M. McCaw, J. McVernon, and
J. D. Mathews, “Understanding Mortality in the 1918-1919 Influenza
Pandemic in England and Wales,” Influenza and other respiratory
viruses 5, no. 2 (2011): 89-98, https://doi.org/10.1111/j.1750-2659.2010.
00186.x.

150. L. Sattenspiel, C. Orbann, A. Bogan, et al., “Associations Between
Rurality and Regional Differences in Sociodemographic Factors and the
1918-20 Influenza and 2020-21 COVID-19 Pandemics in Missouri
Counties: An Ecological Study,” PLoS One 18, no. 8 (2023): €0290294,
https://doi.org/10.1371/journal.pone.0290294.

151. L. Sattenspiel, S.-E. Mamelund, S. Dahal, A. Wissler, G. Chowell,
and E. Tinker-Fortel (2024b), “Death on the Permafrost: Revisiting the
1918-20 Influenza Pandemic in Alaska using Death Certificates,”
American Journal of Epidemiology, in press, https://doi.org/10.1093/
aje/kwael73.

152. R. Schmitt and E. Nordyke, “Influenza Deaths in Hawaii,
1918-1920,” Hawaii Journal of History 33 (1999): 101-117.

153. R. Shlomowitz, “Differential Mortality of Asians and Pacific
Islanders in the Pacific Labour Trade,” Journal of the Australian
Population Association 7 (1990): 116-127.

154.7J. A. Summers, N. Wilson, M. G. Baker, and M. Gottfredson, “The
Influenza Pandemic of 1918-1919 in Two Remote Island Nations: Ice-
land and New Zealand,” The New Zealand Medical Journal 126, no.
1373 (2013): 1-7, https://journal.nzma.org/nz.journal/126-1373/5613.

155.J. A. Summers, J. Stanley, M. G. Baker, and N. Wilson, “Risk
Factors for Death From Pandemic Influenza in 1918-1919: A

22 of 23

Evolutionary Anthropology: Issues, News, and Reviews, 2025


https://doi.org/10.1002/ajhb.23198
https://doi.org/10.1371/journal.pgph.0002167
https://doi.org/10.1086/524065
https://doi.org/10.1086/524065
https://doi.org/10.1177/0308518X20969520
https://doi.org/10.1093/aje/kwy151
https://doi.org/10.1093/aje/kwy151
https://doi.org/10.1086/654897
https://doi.org/10.1016/j.vaccine.2011.02.048
https://doi.org/10.1016/j.vaccine.2011.02.048
https://doi.org/10.1186/1471-2334-14-371
https://doi.org/10.1186/1471-2334-14-371
https://doi.org/10.3201/eid2011.130632
https://doi.org/10.3201/eid2011.130632
https://doi.org/10.1093/aje/kwy171
https://doi.org/10.1016/j.annepidem.2017.12.005
https://doi.org/10.16993/sjdr.725
https://doi.org/10.1215/00703370-10235825
https://doi.org/10.1073/pnas.1612838113
https://doi.org/10.1073/pnas.1612838113
https://doi.org/10.1093/shm/7.1.59
https://doi.org/10.1093/shm/7.1.59
https://doi.org/10.1111/irv.12541
https://doi.org/10.1111/irv.12541
https://doi.org/10.1093/ofid/ofw040
https://doi.org/10.1093/ofid/ofw040
https://doi.org/10.4054/DemRes.2022.47.32
https://doi.org/10.1080/22423982.2023.2179452
https://doi.org/10.1080/22423982.2023.2179452
https://doi.org/10.1155/2012/124861
https://doi.org/10.1073/pnas.0408290102
https://doi.org/10.1111/j.1750-2659.2010.00186.x
https://doi.org/10.1111/j.1750-2659.2010.00186.x
https://doi.org/10.1371/journal.pone.0290294
https://doi.org/10.1093/aje/kwae173
https://doi.org/10.1093/aje/kwae173
https://journal.nzma.org/nz.journal/126-1373/5613

Case-Control Study,” Influenza and Other Respiratory Viruses 8, no. 3
(2014): 329-338, https://doi.org/10.1111/irv.12228.

156. P. Tuckel, S. Sassler, R. Maisel, and A. Leykam, “The Diffusion of
the Influenza Pandemic of 1918 in Hartford, Connecticut,” Social
Science History 30, no. 2 (2006): 167-196.

157. C. Viboud, T. Tam, D. Fleming, M. A. Miller, and L. Simonsen,
“1951 Influenza Epidemic, England and Wales Canada, and the United
States,” Emerging Infectious Diseases 12, no. 4 (2006): 661-668.

158. C. Viboud, J. Eisenstein, A. H. Reid, T. A. Janczewski,
D. M. Morens, and J. K. Taubenberger, “Age- and Sex-Specific Mortality
Associated with the 1918-1919 Influenza Pandemic in Kentucky,” The
Journal of Infectious Diseases 207, no. 5 (2013): 721-729, https://doi.org/
10.1093/infdis.jis745.

159. A. Cohen, J. Tillinghast, and V. Canudas-Romo, “No Consistent
Effects of Prenatal or Neonatal Exposure to Spanish flu on Late-Life
Mortality in 24 Developed Countries,” Demographic Research 22 (2010):
579-634, https://doi.org/10.4054/DemRes.2010.22.2.

160.J. M. Fletcher, “The Effects of in Utero Exposure to the 1918
Influenza Pandemic on Family Formation,” Economics & Human
Biology 30 (2018): 59-68, https://doi.org/10.1016/j.ehb.2018.06.004.

161.J. Helgertz and T. Bengtsson, “The Long-Lasting Influenza: The
Impact of Fetal Stress During the 1918 Influenza Pandemic on Socio-
economic Attainment and Health in Sweden, 1968-2012,” Demography
56 (2019): 1389-1425, https://doi.org/10.1007/513524-019-00799-x.

162.S. C. Hong and Y. Yun, “Fetal Exposure to the 1918 Influenza
Pandemic in Colonial Korea and Human Capital Development,” Seoul
Journal of Economics 30, no. 4 (2017): 353-383.

163. M.-J. Lin and E. M. Liu, “Does in Utero Exposure to Illness Matter?
The 1918 Influenza Epidemic in Taiwan as a Natural Experiment,”
Journal of Health Economics 37 (2014): 152-163, https://doi.org/10.
1016/j.jealco.2014.05.004.

164. B. Mazumder, D. Almond, K. Park, E. M. Crimmins, and
C. E. Finch, “Lingering Prenatal Effects of the 1918 Influenza Pandemic
on Cardiovascular Disease,” Journal of Developmental Origins of Health
and Disease 1, no. 1 (2009): 26-34, https://doi.org/10.1017/
$2040174409990031.

165. R. E. Nelson, “Testing the Fetal Origins Hypothesis in a Developing
Country: Evidence From the 1918 Influenza Pandemic,” Health
Economics 19, no. 10 (2010): 1181-1192, https://doi.org/10.1002/
hec.1544.

166. J. Luk, P. Gross, and W. W. Thompson, “Observations on Mortality
During the 1918 Influenza Pandemic,” Clinical Infectious Diseases 33,
no. 8 (2001): 1375-1378, https://doi.org/10.1086/322662.

167.D. M. Schmidt and L. Sattenspiel, “The Second Epidemiologic
Transition on the Brink: What We can Learn From the Island of
Newfoundland During the Early 20th Century,” American Journal of
Human Biology 29, no. 5 (2017): €22997, https://doi.org/10.1002/ajhb.
22997.

168. L. Sattenspiel, “Regional Patterns of Mortality During the 1918
Influenza Pandemic in Newfoundland,” Vaccine 29S, no. 2011 (2011):
B33-B37, https://doi.org/10.1016/j.vaccine.2011.02.046.

169. C. J. Houldcroft and S. Underdown, “Infectious Disease in the
Pleistocene: Old Friends or Old Foes?,” American Journal of Biological
Anthropology 182, no. 4 (2023): 513-531, https://doi.org/10.1002/ajpa.
24737.

170. C. S. Larsen, “Biological Changes in Human Populations with
Agriculture,” Annual Review of Anthropology 24 (1995): 185-213,
https://doi.org/10.1146/annurev.an.24.100195.001153.

171. T. Lenormand, “Gene Flow and the Limits to Natural Selection,”
Trends in Ecology & Evolution 17, no. 4 (2002): 183-189, https://doi.org/
10.1016/S0169-5347(02)02497-7.

172. N. Kodaman, R. S. Sobota, R. Mera, B. G. Schneider, and
S. M. Williams, “Disrupted Human-Pathogen Co-Evolution: A Model
for Disease,” Frontiers in Genetics 5 (2014): 1-13, https://doi.org/10.
3389/fgene.2014.00290.

173.L. M. Van Blerkom, “Role of viruses in Human Evolution,”
American Journal of Physical Anthropology 122, no. S37 (2003): 14-46,
https://doi.org/10.1002/ajpa.10384.

174. K. Voskarides, E. Christaki, and G. K. Nikolopoulos, “Influenza
Virus-Host Co-evolution: A Predator-Prey Relationship?,” Frontiers in
Immunology 9 (2018): 2017, https://doi.org/10.3389/immu.2018.02017.

175. L. Sattenspiel, “Chapter 30 - Coevolution of Humans and Patho-
gens,” Basics in Human Evolution 2015 (2015): 415-426, https://doi.org/
10.1016/B978-0-12-802652-6.00030-X.

176. C. D. Mitchell (1933). Thirty-ninth Biennial Report of the Missis-
sippi State Hospital, Jackson, Mississippi, from July 1, 1931, to June 30,
1933. Report of the Secretary of State to the Legislature of Mississippi.
University of Mississippi, https://egrove.olemiss.edu/sta_sosrpt.

177. A. Brewis and A. Wutich, “Stigma.” in International Encyclopedia
of Anthropology, eds. H. Callan (Hoboken, NJ: Wiley-Blackwell, 2018),
https://doi.org/10.1002/9781118924396.wbiea2172.

178. B. Major, J. G. Dovidio, B. G. Link, and S. K. Calabrese, “Stigma
and its Implications for Health: Introduction and Overview.” The
Oxford Handbook of Stigma, Discrimination, and Health (New York:
Oxford University Press, 2017). 3.

179. H. Allen, B. J. Wright, K. Harding, and L. Broffman, “The Role of
Stigma in Access to Health Care for the Poor,” The Milbank Quarterly
92, no. 2 (2014): 289-318, https://doi.org/10.1111/1468-0009.12059.

180. H. H. McClure, J. J. Snodgrass, C. R. Martinez, J. M. Eddy,
R. A. Jiménez, and L. E. Isiordia, “Discrimination, Psychosocial Stress,
and Health Among Latin American Immigrants in Oregon,” American
Journal of Human Biology 22, no. 3 (2010): 421-423.

181. A. Brewis and A. Wutich, “Stigma: A Biocultural Proposal for
Integrating Evolutionary and Political-Economic  Approaches,”
American Journal of Human Biology 32 (2020): €23290, https://doi.org/
10.1002/ajhb.23290.

182. D. Herlihy, The Black Death and the Transformation of the West
(Harvard University Press, 1997).

183. B. Beach, R. Brown, J. Ferrie, M. Saavedra, and D. Thomas, “Re-
evaluating the Long-Term Impact of in Utero Exposure to the 1918
Influenza Pandemic,” Journal of Political Economy 130, no. 7 (2022):
1963-1990, https://doi.org/10.1086/719757.

184. R. Brown (2011). The 1918 U.S. Influenza Pandemic as a Natural
Experiment, Revisited. Duke University, conference paper, http://dupri.
duke.edu/pdfs/ryanbrownpaper.pdf.

185. D. Almond and J. Currie, “Killing me Softly: The Fetal Origins
Hypothesis,” Journal of Economic Perspectives 25, no. 3 (2011): 153-172,
https://doi.org/10.1257/jep.25.3.153.

186. M. K. Hoke and T. McDade, “Biosocial inheritance: A Framework
for the Study of the Intergenerational Transmission of Health Dispari-
ties,” Annals of Anthropological Practice 38 (2014): 187-213, https://doi.
org/10.1111/napa.12052.

187. W. Roseberry, “Political Economy and Social Fields.” in Building a
New Biocultural Synthesis, eds. A. H. Goodman and T. L. Leatherman
(Ann Arbor, Michigan: University of Michigan Press, 1998).

188. E. R. Wolf, Europe and the People Without History (Berkeley, CA:
University of California Press, 1982).

23 of 23


https://doi.org/10.1111/irv.12228
https://doi.org/10.1093/infdis.jis745
https://doi.org/10.1093/infdis.jis745
https://doi.org/10.4054/DemRes.2010.22.2
https://doi.org/10.1016/j.ehb.2018.06.004
https://doi.org/10.1007/s13524-019-00799-x
https://doi.org/10.1016/j.jealco.2014.05.004
https://doi.org/10.1016/j.jealco.2014.05.004
https://doi.org/10.1017/s2040174409990031
https://doi.org/10.1017/s2040174409990031
https://doi.org/10.1002/hec.1544
https://doi.org/10.1002/hec.1544
https://doi.org/10.1086/322662
https://doi.org/10.1002/ajhb.22997
https://doi.org/10.1002/ajhb.22997
https://doi.org/10.1016/j.vaccine.2011.02.046
https://doi.org/10.1002/ajpa.24737
https://doi.org/10.1002/ajpa.24737
https://doi.org/10.1146/annurev.an.24.100195.001153
https://doi.org/10.1016/S0169-5347(02)02497-7
https://doi.org/10.1016/S0169-5347(02)02497-7
https://doi.org/10.3389/fgene.2014.00290
https://doi.org/10.3389/fgene.2014.00290
https://doi.org/10.1002/ajpa.10384
https://doi.org/10.3389/immu.2018.02017
https://doi.org/10.1016/B978-0-12-802652-6.00030-X
https://doi.org/10.1016/B978-0-12-802652-6.00030-X
https://egrove.olemiss.edu/sta_sosrpt
https://doi.org/10.1002/9781118924396.wbiea2172
https://doi.org/10.1111/1468-0009.12059
https://doi.org/10.1002/ajhb.23290
https://doi.org/10.1002/ajhb.23290
https://doi.org/10.1086/719757
http://dupri.duke.edu/pdfs/ryanbrownpaper.pdf
http://dupri.duke.edu/pdfs/ryanbrownpaper.pdf
https://doi.org/10.1257/jep.25.3.153
https://doi.org/10.1111/napa.12052
https://doi.org/10.1111/napa.12052

	Post-pandemic Inequalities: Evolutionary Anthropological Frameworks for Long-Term Impacts of the 1918 Influenza Pandemic
	1 Introduction
	1.1 Why the 1918 Influenza Pandemic?

	2 Evolutionary Perspectives of Pandemic Consequences
	2.1 The Epidemiological Transitions and Biocultural Anthropology
	2.2 Evolutionary Medicine and the Fetal Origins of Health and Disease

	3 Methods for Identifying Literature
	4 Post-pandemic Inequalities
	4.1 Post-pandemic Inequalities Related to Pandemic Mortality, Morbidity, and Survivorship
	4.1.1 Life Expectancy in the United States
	4.1.2 Age-Based Mortality in Copenhagen, Denmark
	4.1.3 Demographic and Epidemiological Shifts in Newfoundland
	4.1.4 Respiratory Disease Survivorship in Newfoundland
	4.1.5 Morbidity in Malta and Gozo
	4.1.6 Respiratory and All-Cause Mortality in the Mississippi State Asylum (MSA)

	4.2 Post-pandemic Inequalities Related to Fetal Origins
	4.2.1 Socioeconomic Status and Family Formation in the United States
	4.2.2 Health and Disability in the United States
	4.2.3 Mortality and Life Expectancy in 24 Developed Nations
	4.2.4 Education and Employment in South America
	4.2.5 Socioeconomic and Health Consequences in Sweden
	4.2.6 Education and Health in Asia


	5 Discussion and Synthesis
	6 Conclusion
	Acknowledgments
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	Endnotes
	References




