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ABSTRACT
In the aftermath of the 2009 H1N1 influenza A pandemic, research revealed the relationship between body size and the severity 
of influenza outcomes. However, there is little data available on body size in historical populations; therefore, the relationship 
between body size and 1918 influenza pandemic outcomes is virtually unknown. Alaskan death records from the Alaska Bureau 
of Vital Statistics with recorded height and mass at death (n = 2724) were analyzed to illuminate this relationship during both 
the pandemic (1918–20) and a non-pandemic period (1917, 1921–25). Binomial logistic regression models were fit to predict the 
likelihood of a P&I death against four other major causes of death, first using only BMI as a predictor, then controlling for de-
mographic variables. BMI alone can predict the probability of P&I death, but only during the pandemic period (p < 0.001). BMI 
(ORs = 0.90–1.51), all regions (ORs = 2.08–9.17), age (OR = 0.98), sex (male: OR = 0.66–0.75), and ethnicity group (non-Alaska 
Native: OR = 0.36–0.37) significantly predicted the likelihood of a P&I death during the pandemic. The results suggest that as 
BMI increases, the risk of P&I death also increases with additional predictors, but only during the 1918 influenza pandemic pe-
riod. There is no significant relationship between BMI and P&I death outside of pandemic years. This result may contribute an 
additional unique feature to our understanding of the 1918 influenza pandemic and its epidemiological novelty. This research 
further contributes new data on historical population biology and contextualizes results within the framework of developmental 
origins of health and disease for ultimate explanations of differential risks between Alaska Native and settler populations.

1   |   Introduction

Recently, there has been considerable advancement in our knowl-
edge of unequal outcomes during the 1918 influenza pandemic 
(e.g., D'Adamo et  al.  2023; Dimka et  al.  2022; Mamelund and 
Dimka 2021) and epidemiological patterns in previously unstud-
ied locations (e.g., Cavert 2022; Fourie and Jayes 2021; Nygaard 
et al. 2023; Sharma et al. 2021). Higher BMI was first identified 

as a potential risk factor for severe influenza and pneumonia 
(P&I) outcomes in 2009 during the H1N1 influenza A pandemic 
(Honce and Schultz-Cherry 2019). Height and mass were typi-
cally not recorded on individual historical death records from 
the early 20th century outside of some military records (e.g., 
Noymer 2009; Summers et al. 2014). Aside from knowledge ob-
tained through military data, the relationship between body size 
and the risk of severe 1918 flu outcomes is poorly understood in 
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general, likely due to the scarcity of historical biometric data and 
gaps in our current knowledge about the nature of the immune 
response to the then-novel H1N1 influenza A virus.

This paper uses historical biometric data (height and mass) re-
corded in individual death records from Alaska to investigate 
how body mass index (BMI), along with other demographic vari-
ables, contributed to the probability of a P&I death both during 
the 1918 flu (1918–1920) and in the immediately preceding and 
succeeding years (1917, 1921–1925). First, we discuss the proxi-
mate physiological research that has been conducted since 2009 
to better understand how malnutrition and overnutrition may 
incur risks of severe outcomes due to infection with the influ-
enza virus. Then, we discuss the developmental origins of health 
and disease as an ultimate evolutionary framework for the phe-
nomena observed. Finally, we discuss the context of early 20th 
century Alaska and describe results of the analysis of the rela-
tionship between BMI and risk of death from P&I compared to 
the four other major causes of death during the two time periods 
(pandemic and non-pandemic). Although BMI is not a compre-
hensive measure of the overall health of an individual, relation-
ships have been observed between severe risks of hospitalization 
and death from influenza and both very low (Moser et al. 2018) 
and very high BMI (Louie et al. 2011; Moser et al. 2018). As such, 
the recording and survival of biometric data to the present day 
provide an opportunity for insight into historical population 
biology and whether contemporarily observed relationships be-
tween BMI and flu outcomes apply to the 1918 flu pandemic in 
Alaska.

1.1   |   Proximate Explanations: Nutritional 
and Immunopathological Factors

The historical data available to assess the relationship between 
body size and P&I outcomes is limited, but this relationship can 
be assessed in relatively more detail with contemporary body 
size, immunological, and pathological data. The immunological 
pathways to mitigate the disease process and facilitate recov-
ery from an influenza virus are variable by body size, and the 
insight that both overnutrition and undernutrition have strong 
bearings on an individual's ability to resist, fight, and recover 
from influenza infection is not new (Flanigan and Sprunt 1956; 
Underwood 1789). Here, we outline physiological explanations 
for increased risk from severe influenza outcomes under vari-
able conditions.

The impact of malnutrition on disease outcomes during the 
1918 flu is most clearly demonstrated by the Indian experience. 
Regions experiencing famine during 1918 showed the most pro-
nounced mortality due to influenza (Mills 1986). Other sources 
have similarly linked malnutrition and famine to pandemic 
flu outcomes in Mexico (Alexander  2019), Egypt (Rose  2021), 
Iran (Afkhami 2003), and Italy (Gaeta et al. 2020). The specific 
means by which undernutrition contributed to severe disease 
and death during the 1918 flu remain undetermined; how-
ever, studies have determined that low BMI is correlated with 
influenza incidence and severity in human influenza viral in-
fections generally (Blumentals et al. 2011; Morgan et al. 2010; 
Moser et  al.  2018; Okubo et  al.  2017; Papadimitriou-Olivgeris 
et al. 2020; Thangaraj et al. 2023). This heightened susceptibility 

among undernourished individuals is hypothesized to be due to 
altered nutrient absorption, chronic inflammation, and changes 
in metabolic, hormonal, microbiota, and glucoregulatory mech-
anisms (Hashimoto et al. 2012; Lesourd 1997; Qin et al. 2015; 
Savino et al. 2022).

Specifically, protein energy malnutrition (PEM) has been shown 
to increase mortality, increase viral titers in lung tissue, impair 
viral clearance, reduce inflammatory cell recruitment to the 
lungs, and decrease virus-specific antibody and nucleoprotein-
specific CD8+ T cells in mice infected with influenza A virus 
(Taylor et al. 2013). It has been proposed that protein deficiency 
leads to defective antigen processing, as well as altered prolifer-
ation, function, and survival of antigen-specific T cells (Conzen 
and Janeway  1988; Lesourd  1997; Nájera et  al.  2004; Shaobin 
and Petro 1997; Taylor et al. 2013).

Alternatively, micronutrient undernutrition may predispose 
individuals to infection through a lack of cofactors involved in 
enzymes critical to immune function. Vitamin A is involved in 
the regulation of T cell proliferation (Kiss et al. 2008), monocyte 
and dendritic cell differentiation (Klebanoff et al. 2013; Vellozo 
et al. 2017), and the regulation of immunoglobulin expression 
(Gangopadhyay et al.  1996; Stephensen et al. 1996). This defi-
ciency has been shown to increase proinflammatory responses, 
delay viral clearance, and increase susceptibility to secondary 
bacterial infections after influenza A virus infection (Penkert 
et al. 2021). Like vitamin A, vitamin C is involved in T cell prolif-
eration and immunoglobulin production (Mousavi et al. 2019), 
as well as neutrophil chemotaxis (Elste et al. 2017). In murine 
influenza A virus infection, vitamin C deficiency is associated 
with increased inflammatory cell infiltration and damage to the 
lung (Kim et al. 2016; Li et al. 2006). Vitamin D has been im-
plicated in the activation of antiviral innate immune gene tran-
scription (Hannsdottir et al. 2008; Telcian et al. 2017) and the 
regulation of T cell responses (Jeffery et al. 2012). Vitamin E is 
protective against reactive oxygen species (Traber 2007) and is 
associated with many innate and acquired immune responses, 
including increased immunoglobulin levels and NK cell activity 
(Lee and Han 2018). This review highlights the many possible 
pathways for elevated risk of severe influenza outcomes due to 
undernutrition alone, regardless of body size.

As stated above, obesity (≥30 kg/m2) and morbid obesity (≥40 kg/
m2) were independent risk factors for severe disease and death 
during the 2009 H1N1 influenza pandemic (Cocoros et al. 2013; 
Louie et al. 2011; Morgan et al. 2010; Van Kerkhove et al. 2011). 
Numerous mechanisms have been implicated in elevated risk, 
including increased cardiovascular damage (Siegers et al. 2020), 
attenuated wound repair (O'Brien et  al.  2012), impairment of 
innate and adaptive immune responses (Blaszczak et al. 2021; 
Green and Beck  2017), and a chronic proinflammatory state 
(Christ et al. 2019; Hulme et al. 2021). Specifically, an increase 
in adiposity is associated with an increase in blood volume, 
pericardial- and perivascular-specific adipose tissue, arterial 
pressure, coronary obstruction, and tachyarrhythmias (Lopez-
Jiminez et al. 2022). Variation in wound healing due to obesity 
has been linked to reductions in vascularity and alterations in 
immune responses (Gealekman et al. 2011). Increased adipos-
ity is associated with variation in cytokine and chemokine pro-
files. Proinflammatory molecules such as TNFɑ (Easterbrook 
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et al. 2011; Jung et al. 2013), CCL5 (Khan et al. 2014; Warren 
et al. 2015), CXCL2, CXCL10, and CCL7 (Khan et al. 2014) were 
shown to have an increased plasma concentration at baseline 
in obese mice. Interestingly, during influenza virus infection, 
these molecules all show a delayed increase in expression in 
mice models of obesity, suggesting that an increased proinflam-
matory baseline is also associated with a slow response to infec-
tious stimuli (Honce and Schultz-Cherry 2019; Smith et al. 2007; 
Warren et al. 2015).

Animal models of infection with the 1918 H1N1 virus indicate 
that immunopathology was particularly severe during the pan-
demic (de Wit et al. 2018; Kash et al. 2006; Kobasa et al. 2004, 
2007; Memoli et al. 2009). It has been postulated that the severe 
lung injury seen at autopsy of individuals who died of viral pneu-
monia in 1918–1919 was induced by a disproportionate proin-
flammatory response to the virus (Jung et al. 2013; Xiao et al. 
2013). It is possible that an increase in cardiovascular damage, 
impairment of wound repair, and the steady proinflammatory 
state of obese individuals may have compounded this immuno-
pathology during the 1918 flu, leading to an increase in severe 
disease and death. Individuals with greater adiposity may have 
a higher baseline of inflammation, leading to greater increases 
in immunopathology compared to lean individuals.

Lastly, secondary bacterial pneumonia has been implicated 
as a major cause of death during the 1918 flu (Brundage and 
Shanks 2008; Chien et al. 2009; Morens et al. 2008). Obese in-
dividuals have a higher prevalence of lower respiratory tract in-
fections in general (Maccioni et al. 2018; Pugliese et al. 2022). 
Obesity has been implicated as a risk factor for severe secondary 
bacterial pneumonia after influenza viral infection (Karlsson 
et al. 2013). We suggest that obese individuals would have been 
more vulnerable to secondary bacterial pneumonia after acute 
infection with the 1918 flu virus (H1N1 influenza A), lead-
ing to worse outcomes. There is less evidence for malnutrition 
contributing to increased risk of secondary bacterial pneumo-
nia; however, studies have shown that undernutrition is asso-
ciated with increased severity of bacterial pneumonia (Chisti 
et  al.  2009; Viasus et  al.  2022). Malnutrition is also a leading 
risk factor for TB (Carwile et al. 2022). Perhaps the most nota-
ble symptom of TB is wasting, leading to a bi-directional asso-
ciation with undernutrition (Schwenk and Macallan 2000). TB 
was a strong determinant of increased mortality during the 1918 
flu (Mamelund and Dimka  2019; Oei and Nishiura  2012; van 
Doren and Sattenspiel  2021). Although no causal mechanism 
has been identified, there are hypotheses related to active (in-
teraction of pathogens and disease processes) and passive (over-
lap of age groups of highest mortality of TB and P&I) selection 
(Noymer 2009). It is possible that body size, especially wasting 
caused by TB disease, is part of this story.

We recognize the limitations to what BMI can measure and its 
interpretation. BMI is widely used to determine public health 
policies (Centers for Disease Control and Prevention  2024; 
Nuttall 2015; World Health Organization 2010). However, BMI 
is criticized for its inability to adequately consider the body 
composition of the individual (adiposity), making it a poor 
measure for understanding overall health (Burkhauser and 
Cawley 2008). BMI alone certainly cannot give insight into the 
complexities of undernutrition, immunological suppression, or 

the effects of secondary bacterial infection without considerable 
additional information. Further, growth studies using BMI are 
often used as predictors of adult health outcomes (e.g., Eriksson 
et al. 2001; Toschke et al. 2007), making this measure a deeply 
embedded determinant of how we understand the relationship 
between BMI and health. The lack of ability of the singular 
measure of obesity to predict adiposity, combined with the sub-
stantial public health interventions to “prevent” obesity (Walls 
et al. 2011), can lead to mischaracterization of health in large 
groups of people, like athletes (Garrido-Chamorro et al.  2009; 
Kruschitz et  al.  2013) and cold-adapted populations (Ocobock 
and Niclou 2022; Ocobock et al. 2022). However, it is possible to 
engage with the measure of BMI while simultaneously remain-
ing cognizant of its implications and limitations (Gutin  2018), 
especially while carefully accounting for historical and syn-
demic contexts of the topic at hand. In this paper, we use BMI as 
a proxy for body size to estimate the relationship between body 
size and risk of P&I death compared to other major causes of 
death in the early 20th century with these limitations in mind.

1.2   |   Ultimate Explanations: Developmental 
and Syndemic Factors

Above, we reviewed some physiological pathways through 
which influenza infection and flu disease severity may be vari-
able depending on body size, nutritional level, and adiposity. 
These physiological mechanisms, however, are strongly based 
in more ultimate evolutionary explanations that biocultural and 
medical anthropologists have been studying for decades to bet-
ter understand health inequalities. The specific context of the 
current study—early 20th century Alaska—is one defined by a 
long history of colonialism and massive societal changes, which 
may not only be an important determinant of 1918 flu experi-
ences there but also of the overall population health of Alaska 
Native Peoples.

At the end of the 20th century, Barker and colleagues 
(Barker  1990, 1994; Barker et  al.  1989, 1991) published a se-
ries of theoretical and empirical research correlating the fetal 
environment with adult health, specifically infant birthweight 
with the risk of cardiovascular disease, diabetes, and stroke. 
Barker (1990) suggested that attention to the intrauterine envi-
ronment was important because there are critical times during 
development in which physiology may become permanently al-
tered, known as periods of developmental plasticity (Finch and 
Crimmins 2004). This plasticity allows developing biology the 
flexibility to adjust trajectories of development to best match the 
environment to which they will be born (Gluckman et al. 2009). 
Even though this plasticity can have short-term benefits for both 
the mother and the developing fetus, it can incur long-term fit-
ness costs on the individual once they are born and develop in 
an environment dissimilar from the one for which they prepared 
(Gluckman et  al. 2005). These are termed mismatches, and 
when there are significant social and environmental changes 
between conception and adulthood, disease risk can be elevated 
(Gluckman et al. 2009).

Building on the concept of the fetal origins of adult disease, re-
searchers began to develop a better understanding of how health 
is impacted not just by the intrauterine environment, but also by 
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the context of development over an expanded timeframe, includ-
ing early life and even the health and socioeconomic contexts of 
previous generations. The developmental origins of health and 
disease (DOHaD) framework covers all this temporal depth and 
highlights primary proximate mechanisms by which past genera-
tions, the fetal environment, and early life can drive the predictive 
adaptive response, and ultimately, adult health risks and health 
inequalities (Gluckman and Hanson 2006; Gluckman et al. 2010).

DOHaD is relevant to the current study because of the ultimate 
determinants of variable baseline health between Alaska Native 
Peoples and settlers in the early 20th century. Alaska Native 
Peoples today have a life expectancy at birth 5–7 years lower than 
the national US average, a modest burden of cardiovascular dis-
ease, hypertension, and Type 2 diabetes, a high burden of obesity, 
modestly elevated infectious disease burdens, and high rates of 
alcoholism, suicide, and accidents (Snodgrass 2013). This health 
profile is like that of at least a century ago and covered thoroughly 
by writings on regularly circulating pathogens, tuberculosis, 
and the severe impacts of cultural loss (e.g., Fortuine 1989, 2005; 
Williams 2009). DOHaD can trace ultimate determinants of these 
health inequalities to experiences with historical trauma and cul-
tural loss, which can have biological and psychosocial impacts not 
only on the people who experienced these traumas directly but on 
those who descended from afflicted populations, as well.

Conching and Thayer  (2019) outline two possible pathways 
through which cultural loss and trauma can lead to observable 
health consequences. First, directly experienced trauma can 
lead to epigenetic modifications that can impact immune regu-
lation (Paccaud et  al.  2015), nervous system responses (Uddin 
et al. 2013), and anxiety and fear (controlled by amygdala activ-
ity) (Swartz et al. 2016). Even perceived discrimination and mar-
ginalization can produce higher stress hormone levels (Thayer 
and Kuzawa  2011), contribute to high blood pressure (Dolezsar 
et al. 2014), and lead to obesity (Cozier et al. 2014). Second, epigen-
etic modifications that contribute to these outcomes are heritable. 
Severe maternal stress during pregnancy can lead to epigenetic 
methylation of the NR3C1 promoter, whose job is to modulate the 
expression of the hypothalamic–pituitary–adrenal axis (the pri-
mary regulator of stress response) (Thayer et al. 2018), which has 
been linked to lower offspring birthweight (Mulligan et al. 2012), 
higher childhood adiposity, and higher adult BMI (Cao-Lei 
et al. 2015). High cortisol levels in breastmilk are also linked to 
heightened fear reactivity (Nolvi et al. 2017), temperament (Jonas 
et al. 2015), and BMI (Hahn-Holbrook et al. 2016). Conching and 
Thayer (2019) also astutely point out that maternal stress, poverty, 
and minority status are all common conditions for people who 
have experienced historical trauma, so these are compounding 
conditions that contribute to the intergenerational transmission of 
poor baseline health status.

Recently, van Doren  (2025) has suggested that novel pandemic 
events may help create inequalities in the following decades stem-
ming from intrauterine and postnatal development stressors. 
However, sociocultural and ecological stressors may in fact con-
tribute to unequal experiences in the first place. To reunite this 
discussion with infectious diseases and the 1918 flu, we suggest 
that historical trauma and cultural loss led to biological stress in 
Alaska Native Peoples that contributed to lower baseline health 
status, including increased adiposity, reduced immune regulation, 

chronic inflammation, and nutritional stress. As such, drawing 
upon a popular concept in medical anthropology, we suggest that 
these historical stressors acted as important syndemic conditions 
to raise the risk of severe disease and mortality during the 1918 flu. 
Syndemics are generally conceptualized as the co-infection with 
two or more co-circulating pathogens that accelerate their mutual 
disease processes and amplify negative consequences (e.g., Singer 
and Clair 2003). However, and importantly, the definition of a syn-
demic has always included the clustering of adverse health condi-
tions and social conditions (e.g., Singer's early studies of the SAVA 
syndemic: substance abuse, violence, and AIDS: Singer  1994, 
1996). As such, this paper utilizes data to address one piece of this 
syndemic, explained by the intergenerational transmission of the 
consequences of colonialism: BMI as a potential risk factor for 
mortality during the 1918 flu.

1.3   |   The 1918 Influenza Pandemic in Alaska

The 1918 flu is considered one of the worst infectious disease out-
breaks in history, with an estimated death count ranging from 15 
to 40 million, or even up to 50–100 million individuals worldwide 
(about 2%–2.5% mortality) (Johnson and Mueller 2002; Patterson 
and Pyle  1991; Spreeuwenberg et  al.  2018). The 1918 flu was 
nearly ubiquitous worldwide, and while its global spread is often 
attributed to the movement of troops during World War I, non-
belligerent nations also suffered from the deadly influenza out-
break in the fall and winter of 1918 in the northern hemisphere 
(Humphries 2013; Oxford et al. 2002). We focus our study on body 
size and risk of 1918 flu death in Alaska, then a territory of the 
US, which experienced particularly striking mortality during the 
pandemic. In 1918, Alaska reported 1672 excess deaths per 100 000 
individuals compared to the previous year's mortality estimates 
(Avila and Topol  2018). This figure is nearly double the excess 
deaths reported by the entire US in 1918 (Luk et al. 2001). While 
worldwide mortality estimates averaged around 2.5%, Alaska re-
gional mortality averages were much higher and more diverse, 
ranging from ~1%–38% mortality (Mamelund et al. 2013). Overall, 
Alaska Native individuals accounted for 83% of all recorded deaths 
from 1918 to 1920 (Sattenspiel et al. 2024).

Many sociodemographic and ecological factors may have con-
tributed to the heterogeneous severity of the 1918 flu in Alaska 
(Crosby 1989; Mamelund 2011; Mamelund et al. 2013; Philip 
and Lackman  1962; Sattenspiel and Mamelund  2013; van 
Doren et al. 2023). In the early 20th century, the over 650 000 
mile2 of territory was punctuated by rugged landscapes, unre-
liable food sources, and sub-Arctic temperatures. Inadequate 
public infrastructure in much of the territory made land travel 
difficult, and sub-zero temperatures limited river navigation 
for much of the year (Department of Commerce and Labor 
Bureau of the Census 1910). The vast territory can be split 
into five distinct regions for analyses: (1) Southeast Alaska, 
which includes Juneau and many remote island communi-
ties; (2) Western Alaska, which includes the North Slope, the 
Seward Peninsula, and everything north of the Arctic Circle; 
(3) Southcentral, which includes Anchorage and surrounding 
relatively well-connected communities; (4) Southwest, which 
includes the Bristol Bay region and Aleutian Islands; and (5) 
the Interior, which is mountainous and difficult to access at 
some points of the year due to frozen rivers, ice, and snow. A 
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map with these five regions can be found in Figure 1. This di-
versity impacted both the spread and severity of the pandemic, 
as populations were affected by known contributors of mortal-
ity heterogeneity, including environmental conditions, access 
to food and healthcare, public health responses and policies, 
and unequal distribution of government funding (Mamelund 
et al. 2013).

Many Alaska Native cultural groups practiced subsistence 
living, and groups traveled with food sources to establish sea-
sonal settlements in the territory (Mamelund et  al.  2013). For 
example, the Athabascan people moved from duck and muskrat 
camps in the spring to fishing camps in the summer, then fi-
nally to hunting sites in the winter (Crowell 2010). The Tlingit 
and Haida of Tlingít Aaní (Southeast Alaska) were dependent 
on fishing as well as hunting and gathering (especially ber-
ries) and migrated through mountainous regions in pursuit of 
seasonal food sources (Department of Commerce and Labor 
Bureau of the Census 1910; Goddard 1924). One notable excep-
tion to the nomadic patterns of Alaska Native groups was the 
Yup'ik/Sup'ik Peoples living around Bristol Bay. Due to a rela-
tively warm sub-Arctic climate and abundant natural resources, 
Yup'ik/Sup'ik Peoples practiced a less nomadic lifestyle com-
pared to other groups (Spinney 2018). In contrast, many settlers 
migrated in and out of the territory with seasonal employment. 
Workers in the mining industry often left the territory in the 
fall and returned in the spring after water navigation became 
feasible again (Department of Commerce and Labor Bureau of 
the Census 1910). The interactions between migratory Alaska 

Native groups, more sedentary Alaska Native communities, and 
highly mobile non-Alaska Native workers likely contributed to 
the transmission dynamics of the pandemic both within and 
outside of Alaska.

In this paper, we explore the relationship between BMI and the 
probability that, out of five major causes of death in the early 
20th century in Alaska, a death during the 1918 pandemic pe-
riod would be a P&I death. Given the complex nature of how 
malnutrition, undernutrition, and obesity relate to severe flu 
outcomes contemporarily, we hypothesize that, using BMI as 
a continuous variable with and without additional sociodemo-
graphic predictors, both low (underweight, ≤ 18.5 kg/m2) and 
high (morbid obesity, ≥ 40 kg/m2) BMI will result in increased 
risk of P&I death during the pandemic. We do not use these 
values as specific cut-offs in our analyses but rather suspect we 
will see general trends that lend themselves to the complexity of 
the entwined determinants of nutritional status, developmental 
factors, and colonial histories between Alaska Native and non-
Alaska Native individuals.

2   |   Materials & Methods

2.1   |   Data Description

The primary data source used in this paper is the individual 
death records of people who died in Alaska from 1917 to 1925, 
obtained from the Alaska Health Analytics and Vital Records 

FIGURE 1    |    A map of Alaska with the five major regions identified: (1) Southeast = orange; (2) Western = brown; (3) Southcentral = dark green; (4) 
Southwest = sage green; (5) Interior = bright green. These regions were drawn from resources on the major cultural areas by statewide Alaska Native 
leadership (i.e., www.​alask​anati​ve.​net).
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Section of the Alaska Bureau of Vital Statistics. Individual 
death records include data on location of death, name(s) of the 
deceased, age, sex, occupation, birthplace, primary and (less 
often) secondary causes of death, burial location, and anthro-
pometrics such as height and mass. In these records, height 
was recorded in feet and inches while mass was recorded in 
pounds and ounces; conversions to meters and kilograms were 
made to calculate BMI for analyses using the standard equa-
tion (BMI = mass (kg)/height (m)2). We acknowledge there are 
limitations to the available data on anthropometrics in vital re-
cords, and these will be addressed in the discussion.

This research assesses recorded deaths from five major causes 
of death: (1) influenza and pneumonia (P& I); (2) diseases of 
the circulatory system; (3) diseases of the nervous system; (4) 
tuberculosis (TB); and (5) violence and accidents. Diseases of 
the circulatory and nervous systems were two of the leading 
categories of death in early 20th century Alaska, and together 
account for hypertension, arteriosclerosis, aneurysms, strokes, 
and other nonspecific paralytic diseases. Basic descriptions of 
the data can be found in Table 1. Overall, for the period of study, 
there were more males (68.9% during the pandemic period and 
76.3% outside the pandemic), and there were roughly the same 
number of Alaska Native and non-Alaska Native individuals 
during the pandemic period (51% and 49%, respectively), though 
non-Alaska Native deaths accounted for 64.4% of the sample in 
the non-pandemic period. Further, the Southeast had the largest 
number of death counts during the pandemic and in the sur-
rounding years (28.6% and 37.6% of the sample, respectively), 
and the cause of death with the highest number of deaths during 
the pandemic was, unsurprisingly, P&I (44.3% of the sample), 
whereas outside of the pandemic it was violence and accidents 
(29.1%), though this is closely followed by TB (28.2%). TB was 
the leading cause of infectious disease death in Alaska for two 
centuries (Fortuine 2005).

The violence and accidents category is included here not only 
because it was a major cause of death in early 20th century 
Alaska, but also to act as an informal point of reference based 
on its status as a non-chronic and non-infectious disease cause 
of death. We do not assume individuals who died of violence 
and accidents were healthier than those who died of other 
causes; there are no data available to substantiate this as-
sumption. Violent and accidental deaths in early 20th century 
Alaska were most often drownings, hard labor accidents (min-
ing, logging, and fishing), suicides, and homicides. As such, 
these causes of death occurred relatively quickly compared to 
chronic and infectious disease progressions, and the underly-
ing health of the individual who suffered a violent or acciden-
tal death likely had less bearing on their cause of death. The 
analyses performed stratify the population by the five-region 
structure illustrated in Figure 1. Finally, the sample was lim-
ited to those whose recorded age at death was ≥ 18 years. This 
was done to limit the number of individuals in the sample who 
may have still been growing to their adult size; while this is 
not a perfect assumption, this age limitation mitigates that 
bias. In total, the sample is n = 2724 individual death records. 
All analyses were performed in R version 4.3.1 with base R 
and tidyverse. De-identified data are available with this pub-
lication in the Supporting Information, and the code will be 
available on the first author's GitHub page upon publication 

(https://www.github.com/tmvandoren). This project was 
presented to the Research Review Committee at the Alaska 
Native Tribal Health Consortium for early feedback.

2.2   |   Descriptive Analyses

Summary statistics were calculated for each of the five causes of 
death described above, including the minimum, median, mean, 
and maximum BMI for each cause of death in the complete 
sample. A visualization of yearly BMI distributions stratified by 
cause of death was generated. Density plots were generated of 

TABLE 1    |    Description of data used in logistic regression analyses 
in this paper.

Variable Pandemic Non-pandemic

Year

1917 — 281 (19.6)

1918 670 (51.9) —

1919 260 (20.2) —

1920 360 (27.9) —

1921 — 207 (14.4)

1922 — 196 (13.7)

1923 — 235 (16.4)

1924 — 257 (17.9)

1925 — 258 (18.0)

Sex

Male 889 (68.9) 1094 (76.3)

Female 401 (31.1) 340 (23.7)

Ethnicity group

Alaska Native 658 (51.0) 511 (35.6)

Non-Alaska Native 632 (49.0) 923 (64.4)

District

1: Southeast 368 (28.6) 530 (37.0)

2: Western 317 (24.5) 121 (8.4)

3: Southcentral 225 (17.5) 280 (19.5)

4: Southwest 222 (17.2) 275 (19.2)

5: Interior 158 (12.2) 206 (14.4)

Cause of death

P&I 571 (44.3) 132 (9.2)

Tuberculosis 227 (17.5) 405 (28.2)

Circulatory 118 (9.2) 285 (19.9)

Nervous 60 (4.7) 194 (13.5)

Violence & accidents 314 (24.4) 418 (29.1)

Note: Individual death record counts are presented, along with the percent share 
of the sample each element represents (e.g., during the pandemic period, 51.9% 
of the sample is from 1918).
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the BMI distributions for Alaska Native and non-Alaska Native 
individuals stratified by major cause of death. Summary sta-
tistics for BMI distributions of Alaska Native and non-Alaska 
Native subsets were calculated, and differences between means 
were tested for statistically significance with a two-sided t-test, 
assessed for significance at the α = 0.05 level.

2.3   |   Logistic Regression Analyses

A series of logistic regression models was the primary analytical 
method used to predict the probability that a death in the sam-
ple would be a P&I death (coded as 1) or one of the other causes 
of death (aggregately coded as 0). For each variation of logistic 
models, one was fit to the pandemic period (1918–1920) and one 
to the non-pandemic period (1917, 1921–1925).

In the first set of logistic models, the probability of a P&I death 
was assessed using only BMI as a predictor. Assessing how to 
fit the BMI predictor in these models required consideration 
of the risks related to severe outcomes during P&I disease as 
a function of body size. We drew upon previously published 
knowledge related to P&I outcomes and risk, as outlined in the 
background section, and hypothesized that the relationship be-
tween BMI and the probability of P&I death may not be best 
represented by a linear relationship. As such, we additionally 
fit the baseline logistic regression model (using only BMI as a 
predictor) with quadratic and cubic transformations of the con-
tinuous BMI variable. Therefore, three baseline models were fit, 
as represented by Equations (1–3). The resultant coefficient es-
timates were exponentiated for interpretation of the odds ratio 
(OR) of each control variable. The quadratic and cubic models 
were optimized to identify the maxima and minima of the fit-
ted models (i.e., the BMI where the probability of P&I death 
changes direction).

In the second set of logistic models, the probability of P&I death 
was assessed while controlling for BMI, region, sex, and ethnicity 

group. Like the baseline analysis, three models were fit to the data, 
one with linear, quadratic, and cubic transformations on BMI 
(Equations  4–6). For these models, BMI is again a continuous 
variable. Region is a categorical variable that takes the following 
values: when x = 0, the region is Southeast; when x = 1, the region 
is Western; when x = 2, the region is Southcentral; when x = 3, the 
region is Southwest; and when x = 4, the region is Interior. Sex is 
a categorical variable where female = 0 and male = 1; age is a con-
tinuous variable describing age at death in years; and ethnicity is 
a categorical variable where Alaska Native = 0 and non-Alaska 
Native = 1. For all logistic regression outputs, the estimated coeffi-
cients were exponentiated to obtain associated ORs. The quadratic 
and cubic multivariate models were optimized to identify where 
the probability of P&I death changes direction.

Finally, since logistic regression does not include R2 values like 
ordinary least squares regression, we calculated McFadden's pseu-
do-R2 values, which are considered good analogs to adjusted-R2 
values (Smith and McKenna 2013). This metric, also referred to as 
the likelihood ratio index, compares the relationship between the 
log likelihood of the model with full parameters to the log likeli-
hood of the null model, which is represented by the intercept only. 
McFadden  (1974) suggested that pseudo-R2 values between 0.2 
and 0.4 are adequate values for model fit, so we use this guidance 
when assessing the relative fits for each of the models.

3   |   Results

3.1   |   Descriptive Results

The summary statistics of the BMI distributions of all five major 
causes of death are reported in Table 2. Mean and median BMI 
at death are lowest for those who died of TB (21.9 and 22.0 kg/

(1)log

(

p(x)

1 − p(x)

)

= �0 + �1xBMI + �

(2)log

(

p(x)

1 − p(x)

)

= �0 + �1xBMI + �2x
2
BMI + �

(3)log

(

p(x)

1 − p(x)

)

= �0 + �1xBMI + �2x
2
BMI + �3x

3
BMI + �

(4)

log
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)
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(5)
log
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p(x)

1−p(x)
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2
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(6)

log
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1−p(x)

)

=�0+�1xBMI+�2x
2
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3
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+�7xethnicity+�

TABLE 2    |    Summary statistics of minimum, median, mean, and maximum BMI for each of the five major causes of death analyzed in this paper.

Statistic

BMI by cause of death (kg/m2) Ethnicity

Violence, accidents Circulatory system Nervous system P&I TB Alaska Native Non-AN

Min 13.8 14.6 9.8 15.2 10.4 10.4 9.8

Median 25.1 24.8 25.5 24.3 21.9 23.3 24.8

Mean 25.4 25.5 25.6 24.7 22.0 23.6 25.2

Max 41.3 47.4 39.0 46.7 37.1 46.3 47.4

Note: Additionally, summary statistics stratified by ethnicity group are presented.
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m2, respectively), potentially indicating wasting associated with 
long-term affliction with the disease. This observation will not 
be expanded upon in this paper but will be pursued in further 
research. Mean and median BMI at death for the other four 
causes are similar to one another; mean BMI at death for vio-
lence and accidents, circulatory system causes, nervous system 
causes, and P&I are 25.4, 25.5, 25.6, and 24.7 kg/m2, respectively. 
Figure  2 illustrates these cause-specific BMI distributions for 
each year of the study period (1917–1925).

Table  2 also reports the descriptive statistics of BMI distribu-
tions for Alaska Native and non-Alaska Native subsets of the 
primary dataset. Density plots of ethnicity-based BMI at death 
stratified by major cause of death are in Figure 3. The mean BMI 
at death for Alaska Native and non-Alaska Native groups is indi-
cated by the solid and dashed vertical lines, respectively, where 
mean Alaska Native BMI was 23.6 kg/m2 and mean non-Alaska 
Native BMI was 25.2 kg/m2. The difference in means was statis-
tically significant at the p < 0.001 level.

3.2   |   Baseline Logistic Regression Results

The first set of logistic regression models tested the relation-
ship between the probability of P&I death and BMI while only 

controlling for linear, quadratic, and cubic transformations of 
BMI. The results are presented in Table 3. BMI can only predict 
the probability of a P&I death during the 1918 flu with either a 
quadratic or cubic transformation of BMI. During the pandemic, 
the logistic model predicts that increases in BMI significantly in-
crease the probability of P&I death up to the maximum, calcu-
lated as 29.0 kg/m2 (OR = 1.27, p = 0.016). Beyond the maximum, 
further increases in BMI decrease the risk of P&I death by 1% 
per unit increase in BMI (OR = 0.99, p = 0.028). McFadden's pseu-
do-R2 signifies weak predictive power (0.0044). The pandemic 
model with the cubic transformation of BMI estimates signifi-
cant fits for all parameters (all p < 0.001), but McFadden's pseu-
do-R2 again suggests weak association (0.014), indicating that this 
model explains only 1.4% of the variation observed. During the 
non-pandemic period, these relationships do not hold, and there 
is no statistical relationship between BMI and probability of death 
from P&I, regardless of polynomial transformations on BMI.

3.3   |   Multivariate Logistic Regression Results

The second set of logistic regression models tested the relation-
ship between the probability of P&I death while controlling for 
district, age, sex, and ethnicity group. The relationships among 
BMI and the control variables are illustrated in Figures 4 and 

FIGURE 2    |    Boxplots of BMI for each cause of death by year for 1917–1925.

FIGURE 3    |    Density plots of BMI for Alaska Native and non-Alaska Native individuals stratified by cause of death. Mean BMI at death for Alaska 
Native and non-Alaska Native individuals is indicated by the solid and dashed lines, respectively; the solid and dashed lines that indicate mean BMI 
stratified by ethnicity are the same on each facet of the figure. The p-value associated with the t-test for significant differences is also indicated.
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5. Regression results, including ORs, p-values, minimum and 
maximum values of the curves, and McFadden's pseudo-R2 for 
the linear, quadratic, and cubic models for the pandemic and 
non-pandemic periods are reported in Table 4.

The primary result of these analyses is that the probability of a P&I 
death compared to a non-P&I death while controlling for BMI, 
district, age, sex, and ethnicity can only be confidently predicted 
during the 1918 flu pandemic period, and there is a significant 
increase in the probability of P&I death on the basis of BMI and 
district. Otherwise, outside of this major novel infectious disease 
event, there are few variables that can predict a P&I death during 

a non-pandemic period. According to the calculated McFadden's 
pseudo-R2 values, all the models perform relatively the same 
within their study periods; the pandemic models range from pseu-
do-R2 values of 0.19–0.21, while the non-pandemic models range 
from 0.068 to 0.070. The former range indicates decent fits, while 
the latter range indicates very poor fits.

Within the pandemic, BMI with any order transformation has 
strong predictive power for the probability of P&I death while 
controlling for all other variables. Aided by the visualization in 
Figure 4, there are general increases in the probability of P&I 
death per unit increase in BMI. Specifically, the linear model 

TABLE 3    |    Results of the logistic regression model using linear, quadratic, and cubic transformations of BMI to predict the probability of P&I 
death.

Time period

Linear Quadratic Vertices 
(kg/m2)

Cubic Vertices 
(kg/m2)OR (error) p OR (error) p OR (error) p

Pandemic

BMI 1.02 (1.01) 0.12 1.27 (1.10) 0.016* Max = 29.0 10.6 (1.85) < 0.001*** Max = 24.4

BMI2 0.99 (1.00) 0.028* 0.92 (1.02) < 0.001*** Min = 35.2

BMI3 1.00 (1.00) < 0.001***

McFadden's pR2 0.0014 0.0044 0.014

Non-pandemic

BMI 1.00 (1.02) 0.86 1.17 (1.18) 0.36 Max = 23.4 1.90 (1.98) 0.35 Max = 23.6

BMI2 0.99 (1.00) 0.37 0.98 (1.03) 0.39 Min = 37.4

BMI3 1.00 (1.00) 0.44

McFadden's pR2 0.00012 0.0011 0.0017

Note: Odds ratios (OR), their associated p-values, vertices, and McFadden's pseudo-R2 are reported for each model. p-value codes: p < 0.001 = ***; p < 0.01 = **; 
p < 0.05 = *; p < 0.10 = (.).

FIGURE 4    |    Predicted values of the linear (x), quadratic (x2), and cubic (x3) models for the probability of P&I death during the 1918 influenza pan-
demic period stratified by ethnicity and district.
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predicts a 7% higher probability of P&I death per unit increase 
in BMI (OR = 1.07, p < 0.001), the quadratic predicts a 51% higher 
probability per unit increase up to BMI 30.5 kg/m2 (OR = 1.51, 
p < 0.01), and the cubic predicts that those under 26.0 kg/m2 were 
over 21.1 times more likely to die from P&I during the pandemic 
(OR = 21.1, p < 0.01). This staggering increase could imply a true 
increase in the risk of P&I death with further increasing BMI, 
but given the small number of individuals with recorded BMI in 
this range, we consider this to be an indicator of overfitting the 
model with the cubic function. This will be discussed further. 
In addition to the increases observed for the quadratic and cubic 
polynomial fits, there are also significant decreases predicted 
for the probability of P&I death. The quadratic predicts a signifi-
cant decline after BMI 30.5 kg/m2 (OR = 0.99, p < 0.05), while the 
cubic predicts a significant decline after BMI 26.0 kg/m2.

During the 1918 flu, region, age, sex, and ethnicity were also 
strong predictors of the probability of death for each of the mod-
els fit and tested. Because all ORs calculated for each variable 
and all transformations of BMI were similar in size and signif-
icance, we report their ranges rather than each individually. 
Compared to the baseline region (Southeast), the Western re-
gion had the highest probability of P&I death (OR = 8.88–9.17, all 
p < 0.001), followed by the Interior (OR = 4.36–4.46, all p < 0.001). 
Southcentral and Southwest Alaska had similar probabilities 
of P&I death during the pandemic to one another, but still sig-
nificantly high odds compared to the Southeast (Southcentral: 
OR = 2.08–2.11, p < 0.001; Southwest: OR = 2.25–2.50, p < 0.001). 
Per-unit increases in age also significantly predict a decrease in 
the probability of P&I death during the pandemic (all ORs = 0.98, 
p < 0.001). Males were significantly less likely to suffer a P&I death 
than females (ORs = 0.66–0.75, linear and quadratic p < 0.05, 
cubic p < 0.01). Finally, non-Alaska Native individuals were sig-
nificantly less likely to experience P&I death than Alaska Native 
individuals during the pandemic (ORs = 0.36–0.37, p < 0.001).

For the non-pandemic period, there were no significant BMI 
predictors for the probability of P&I death even with controlling 

for other pertinent variables. In the non-pandemic period, indi-
viduals in the Interior were significantly more likely to die from 
P&I than otherwise (ORs = 2.37–2.42, linear p < 0.001, quadratic 
and cubic p < 0.01), and there was a significantly lower probabil-
ity of P&I death in the Southwest (ORs = 0.37–0.38, p < 0.01). All 
models predict a significantly lower probability of non-Alaska 
Native P&I death (ORs = 0.41–0.42, all p < 0.001). Finally, all 
non-pandemic models predicted significant increases in the 
probability of P&I death with per unit increases in age (all 
ORs = 1.02, linear p < 0.01, quadratic and cubic p < 0.05).

Briefly, for each model fit (using BMI only as well as BMI plus 
other control variables), we assessed the ratio of residual deviance 
over the degrees of freedom for additional understanding about 
whether our data were overdispersed or underdispersed, provid-
ing insight into the observed variance of the data and how well 
the coefficients are estimated. This check showed that the vari-
ance was overdispersed (more variance than expected) in all mod-
els that only used BMI as a predictor of probability of P&I death. 
Combined with the results presented in the previous section, spe-
cifically that the McFadden's pseudo-R2 values indicated relatively 
poor fits, there was too much variance in the data for these mod-
els to provide a reliable assessment of the relationships of interest. 
However, the additional predictors used in the multivariate mod-
els described here yielded ratios that indicate the data were not 
overdispersed; therefore, the multivariate models provide much 
more reliable estimates of the relationship between BMI, other de-
mographic predictors, and the probability of P&I death.

4   |   Discussion

4.1   |   Historical Orientation of Results

The results presented in this study show that BMI is a signifi-
cant predictor of the increased probability of P&I death during 
the 1918 influenza pandemic. In non-pandemic years, there 
are other variables that can significantly predict P&I death, 

FIGURE 5    |    Predicted values for the linear (x), quadratic (x2), and cubic (x3) models for the probability of P&I death during the non-pandemic 
period stratified by ethnicity and district.
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TABLE 4    |    Results of the multivariate logistic regression models using linear, quadratic, and cubic transformations of BMI, district, age, sex, and 
ethnicity group to predict the probability of P&I death during the 1918 flu pandemic and outside of the pandemic.

Linear Quadratic

Vertices (kg/m2)

Cubic

Vertices (kg/m2)OR (error) OR (error) OR (error)

Pandemic (1918–1920)

BMI 1.07 (1.02)*** 1.51 (1.13)*** Max = 30.5 21.1 (1.92)*** Max = 26.0

BMI2 0.99 (1.00)** 0.90 (1.02)*** Min = 35.3

BMI3 1.00 (1.00)***

Region

Southeast Baseline

Western 8.94 (1.23)*** 8.88 (1.23)*** 9.17 (1.23)***

Southcentral 2.11 (1.22)*** 2.11 (1.22)*** 2.08 (1.23)***

Southwest 2.25 (1.23)*** 2.34 (1.23)*** 2.50 (1.24)***

Interior 4.39 (1.24)*** 4.36 (1.24)*** 4.46 (1.25)***

Age 0.98 (1.00)*** 0.98 (1.00)*** 0.98 (1.00)***

Sex

Female Baseline

Male 0.75 (1.16)* 0.70 (1.16)* 0.66 (1.16)**

Ethnicity

Alaska Native Baseline

Non-Alaska

Native 0.37 (1.17)*** 0.36 (1.16)*** 0.36 (1.17)***

McFadden's pR2 0.19 0.20 0.21

Non-pandemic (1917, 1921–1925)

BMI 1.01 (1.02) 1.24 (1.21) Max = 26.8 1.82 (2.06) Max = 25.3

BMI2 0.99 (1.00) 0.98 (1.03) Min = 42.3

BMI3 1.00 (1.00)

Region

Southeast Baseline

Western 0.70 (1.47) 0.72 (1.47) 0.72 (1.47)

Southcentral 0.96 (1.32) 0.96 (1.33) 0.95 (1.33)

Southwest 0.37 (1.41)** 0.38 (1.41)** 0.38 (1.41)**

Interior 2.42 (1.27)*** 2.38 (1.27)** 2.37 (1.27)**

Age 1.02 (1.01)** 1.02 (1.01)* 1.02 (1.01)*

Sex

Female Baseline

Male 0.74 (1.26) 0.70 (1.27) 0.70 (1.26)

Ethnicity

Alaska Native Baseline

Non-Alaska

Native 0.42 (1.26)*** 0.41 (1.26)*** 0.41 (1.26)***

McFadden's pR2 0.068 0.070 0.070

Note: Odds ratios (OR), significance values, vertices, McFadden's pseudo-R2, and correct prediction percentage are reported for each model. p-value codes: 
p < 0.001 = ***; p < 0.01 = **; p < 0.05 = *; p < 0.10 = (.).
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but BMI cannot. Further, BMI alone is not enough to confi-
dently predict whether any given individual died from P&I or 
one of the other four aggregated causes. Rather, other vari-
ables such as region, sex, age, and ethnicity group must also 
be controlled to gain insight into how body size is related to 
the risk of P&I death.

In general, the logistic regression models for the pandemic 
show that the risk of P&I death increases up to BMI in the 
mid- to high-20s kg/m2, and for Alaska Native individuals 
in all regions. Additionally, increases in age predict a small 
but significant decrease in the risk of P&I death. During the 
pandemic, males were significantly less likely to die from 
P&I. Finally, the probability of dying from P&I regardless of 
body size, region, age, sex, or ethnicity group was substan-
tially higher during the 1918 flu than in non-pandemic years 
(Figures 4 and 5). This result is not necessarily surprising but 
does present another way of interpreting the severity of the 
pandemic.

The substantially increased risk of P&I death for Alaska Native 
individuals in all regions, but especially in Western Alaska and 
the Interior, is not a surprising result in light of the original de-
scriptions of the 1918 flu in the historical record. Worldwide, 
Indigenous Peoples are known to have experienced more severe 
outcomes during the pandemic than settler populations in the 
same regions (Mamelund 2003; Mamelund et al. 2013; Mølbak 
Ingholt et  al.  2019; Nygaard et  al.  2023; Rice  2018). This was 
especially true in Alaska, where remote areas of the Seward 
Peninsula (Western) suffered some of the highest mortality 
rates in the world, to the point where many villages' survivors 
were children, leading to a high burden of orphans and aban-
donment of settlements (Lauterat 1986; Mamelund et al. 2013). 
Mamelund (2011) suggests that the percent mortality in Teller, 
Nome, and Wales was 90%, 58.3%, and 54.8%, respectively. In 
total, the Governor of Alaska, Thomas Riggs, reported to US 
Congress that ~90% of pandemic deaths in Alaska were Alaska 
Native individuals, with an estimated 950 Alaska Native deaths 
in Nome alone (Sisson et al. 1919).

The results of this study support written historical evidence and 
other more recent research that Alaska Native individuals were 
at substantially higher risk of P&I death. This observation holds 
true for the non-pandemic period as well. All multivariate mod-
els predict that non-Alaska Native individuals have significantly 
less risk of death from P&I during the pandemic (OR = 0.38) 
and outside the pandemic (OR = 0.46). All multivariate regres-
sion results indicate that individuals in Western Alaska were 
almost nine times (> 900%) more likely to die of P&I during the 
pandemic than those in the Southeast. The other predicted ORs 
related to district were comparably smaller but still range from 
two times (> 200%) up to over four times (> 400%) increased risk 
compared to the Southeast. The sex-based differences identified 
here, which show that males were less likely to die of P&I during 
the 1918 flu pandemic, join the ranks of variable findings on this 
topic worldwide, where there have been significantly more se-
vere consequences observed in males (Garenne  2015; Noymer 
and Garenne  2000), in females (Mamelund et  al.  2016; Tripp 
et  al.  2018), as well as no clear differences at all (Bengtsson 
et  al.  2018; Paskoff and Sattenspiel  2019; Tuckel et  al.  2006; 
Viboud et al. 2013).

With respect to age, a characteristic that sets the 1918 flu apart 
from regularly circulating, seasonal flus is its widely observed 
“signature” age-based pattern of mortality, where younger 
adults aged 15–40 experienced the highest excess mortality 
in almost every location studied (Luk et  al.  2001). However, 
this was not a universal observation, as some rural Sami, 
Alaska Native, and Greenland Inuit had different age patterns 
of mortality (Ingholt et  al.  2024; Mamelund  2011; Nygaard 
et  al.  2023; Sattenspiel et  al.  2024). Even though the multi-
variate models presented in this paper do control for both eth-
nicity group and age, they do not consider the different age 
patterns of mortality between Alaska Native and non-Alaska 
Native groups, as this has been done previously (Sattenspiel 
et al. 2024).

The “signature” age-based pattern of 1918 flu mortality only 
describes the non-Alaska Native pattern, for which mortality 
in ages 25–29 peaked at 111.7 deaths per 10 000 (Sattenspiel 
et  al.  2024). The Alaska Native age-based pattern of 1918 flu 
mortality has high mortality among younger adults, but exhib-
its even higher mortality among those aged 35–49, with a peak 
in years 40–44 at 618 deaths per 10 000 (Sattenspiel et al. 2024). 
While Sattenspiel et  al.  (2024) do find decreasing age-based 
mortality beyond these ages (specifically in 55–59), we cannot 
ignore the possibility that the detected reduction in risk of P&I 
death with increasing age may reflect a lower life expectancy, 
and therefore fewer deaths in general beyond age 60. Finally, we 
must also recognize that the present study only considers indi-
viduals who died at age 18 or older; P&I is a common cause of in-
fant and young child illness and death in typical non-pandemic 
years, so the relationship between children and risk of death 
from P&I regardless of body size would likely yield separate 
relationships.

Interpreting the relationship between body size and risk of P&I 
death is difficult, as there are many factors that could contrib-
ute to overall risk. BMI does not consider body proportions or 
composition of adipose tissue to muscle tissue, making it a poor 
marker of overall health status. Further, populations adapted to 
cold climates tend to have higher BMI due to ecological pressures 
of lower average temperature (Katzmarzyk and Leonard  1998), 
while emerging biocultural anthropological research suggests that 
there are potentially metabolically healthy obese phenotypes in 
Arctic-adapted Indigenous Peoples (Hopping et al. 2010; Ocobock 
and Niclou 2022; Ocobock et al. 2022). As a population, Inuit have 
one of the highest average BMIs and a high proportion of over-
weight and obese individuals, yet relatively lower blood pressure 
and other markers of health like plasma insulin and triglycerides 
(Galloway et  al.  2000; Young et  al.  2007). Further, in the back-
ground section, we discussed the complexity of protein energy 
malnutrition, micronutrition, undernutrition, and immunopathol-
ogies associated with each, and we want to re-emphasize that the 
physiology underlying susceptibility to severe influenza disease is 
not as simple as BMI. We caution against interpretations that un-
critically associate higher BMI with poor health, especially in cold 
climate adapted populations which exhibit cold adapted anatomy 
(higher adiposity, fat free mass, overall body size, and BMI), cold 
adapted physiology (higher resting metabolic rates in brown adi-
pose tissue), high activity levels leading to higher cardiovascular 
fitness, and consumption of high protein and low carbohydrate 
diets (Ocobock and Niclou 2022).
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Despite this, the BMI distributions calculated in this paper show 
that in this sample, Alaska Native individuals had significantly 
lower BMI at death than non-Alaska Native individuals (23.3 kg/
m2 vs. 25.1 kg/m2, respectively, p < 0.001) (Figure  3, Table  2). 
This phenomenon may not necessarily be contradictory to the 
body of anthropological research that parses the relationship 
between body size and latitude or temperature. Rather, it could 
be reflective of the embodiment of childhood nutritional stress-
ors (Bjerregaard et al. 2014; Druet and Ong 2008), a heavy bur-
den of TB, which can lead to wasting (Fortuine  2005; Martin 
and Sabina 2018; Paton and Ng 2006), and the lasting effects of 
the history of bi-directional colonialism (from Russia and the 
U.S.) that severed Alaska Native people from their cultures 
(Czyzewski 2011; Poppel 2017). This discrepancy speaks strongly 
to the dynamic nature of population biology over a century, and 
that contemporary knowledge of body size and composition may 
not be an accurate reflection of that of only a century ago.

The immunopathologies associated with protein energy malnu-
trition, micronutrition, and undernutrition described are prox-
imate explanations for how individuals with varying levels of 
nutrition—not necessarily body size—fight influenza infection. 
However, the conditions that contribute to health disparities be-
tween Indigenous Peoples and non-Indigenous individuals in the 
same locations may be contextualized with ultimate explanations 
of the embodiment of historical trauma and cultural loss through 
the lenses of DOHaD and syndemic effects. Land dispossession, 
displacement, and nutritional disruption are non-mutually exclu-
sive determinants that can afflict significant stress on the body, 
and epigenetic modifications in response to  those stressors can 
be passed down intergenerationally. Contemporary research with 
Indigenous youth has shown that even today, individuals who 
regularly thought about cultural and land dispossession had sig-
nificantly higher levels of depression and anxiety than those who 
did not, even if they had not directly experienced the trauma their 
ancestors did (Altaha and Kraus 2017; Armenta et al. 2016).

Before and during the early 20th century in Alaska, displace-
ment and dispossession of lands and waters, in addition to 
forcible movement of communities, are significant features of 
colonial impact. This would have had a strong direct impact on 
Alaska Native communities, which rely heavily on subsistence 
hunting and gathering of nutritionally dense animals and plants 
(Redwood et al. 2008). A decrease in nutrient and diet diversity, 
as well as the chronic stress of displacement and dispossession, 
can have severe consequences on long-term health on their own. 
However, the DOHaD framework may additionally suggest that 
proximate nutritional stressors can instigate epigenetic modi-
fications in the affected individual, which may be inherited in 
future generations. Thus, there is likely a complex evolutionary 
push-and-pull, whereby high latitude physiology provides rela-
tively strong adaptations to the environment while extant colo-
nial factors cause reductions in fitness. This mismatch may have 
shaped the unequal susceptibility to the novel and acute 1918 
influenza pandemic virus observed in Alaska Native Peoples.

4.2   |   Interpretation of Model Variations

Here, we briefly discuss how contemporary knowledge of the 
relationship between BMI and the risk of severe influenza 

outcomes aligns with how we chose to model this relationship 
and the results it produced. First, McFadden's pseudo-R2 values 
assessed between pandemic and non-pandemic models clearly 
show that the variables selected can predict P&I death more ac-
curately during the pandemic (Tables 3 and 4). This could be due 
to the substantial burden of P&I deaths during the pandemic, 
while the non-pandemic period can be characterized better by 
a substantial burden of TB (Fortuine 1989, 2005), as well as a 
high representation of violent and accidental deaths. Again, the 
ability of the models to predict significantly higher probability 
of a P&I death during the 1918 flu pandemic is not a surprising 
result, but the primary result of interest is the significant rela-
tionship between increasing BMI and the elevated risk of P&I 
death during the pandemic only.

Within the set of pandemic models, it is more difficult to assess 
which model (linear, quadratic, or cubic transformation of BMI) 
best represents the relationship between controls and risk of P&I 
death. Given the similarities among McFadden's pseudo-R2 val-
ues, each of the three suggests relatively good fit and predictive 
power. However, research on the relationship between BMI and 
contemporary influenza outcomes suggests that the relationship 
is not linear, but rather that there are higher risks for people 
under ~20 kg/m2 and over ~40 kg/m2 (Moser et al. 2018). These 
two high-risk groups cover the risks associated with being 
underweight, particularly having fewer fat stores for energy 
use during illness (Dobner and Kaser 2018; Green et al. 2021), 
and of high adiposity, in which persistent pro-inflammatory 
states exist that compromise immune function (Rojas-Osornio 
et al. 2019). Thus, we did not assume a linear relationship for the 
historical data, and this body of work was a primary motivator 
to test higher-order transformations of BMI in the prediction of 
P&I death.

Further, the motivation to fit the cubic transformation of 
BMI to predict the probability of P&I death was due to the 
substantially increased risk for those with BMI ≥ 40 kg/m2 to 
be hospitalized and/or die from P&I. However, the research 
that produced this result was carried out with contemporary 
data for which higher BMI is increasingly common. Given this 
repeatedly observed result, we sought to identify this relation-
ship in the historical Alaskan data, as well. The density plots 
of BMI for all individuals in the data clearly show that there 
are very few people whose BMI at death was at or above 40 kg/
m2 (Figure 3, Table 2). Specifically, there are only nine people 
in this sample with a BMI ≥ 40 kg/m2, and over half of them 
died of P&I during the 1918 flu. Compared to the proportions 
of individuals with slightly lower BMI (in the 35–39 kg/m2 
range), this is an over-representation of P&I deaths by BMI. 
We cautiously suggest that this result indicates an elevated 
risk of P&I death for individuals with BMI ≥ 40 kg/m2 during 
the 1918 influenza pandemic. Ultimately, although there were 
some individuals in the sample with higher ranges of BMI, the 
results of the cubic model fits (Table 4, Figures 4 and 5) sug-
gest that there are too few points in this range to give insight 
into the relationship between very high BMI and increased 
risk of P&I death, even though contemporary influenza data 
provide more clear evidence of this relationship. This can be 
posited from the OR values predicted by the cubic model for 
the pandemic in Table 4: beyond the BMI value of 34.9 kg/m2, 
the OR for the remaining values is 1.00—indicating that there 
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is neither an increase nor decrease in risk for the few BMI 
values above this minimum. Additionally, in the models that 
predicted the probability of P&I death only with BMI, the pre-
dicted values increased in significance with increasing power 
transformations, which is not necessarily a reliable indicator 
of improved model validity. Thus, for this population, the 
cubic model is likely overfit and is not a good reflection of the 
nature of this relationship. We conclude that linear and qua-
dratic transformations of BMI for early 20th century Alaska 
for P&I and these other four primary causes of death may be 
appropriate for populations with BMI distributions that do not 
include a large proportion of the population in the ≥ 40 kg/
m2 range. For contemporary Western populations where this 
would be more common (James 2004) and for which overfit-
ting a cubic model would be less of a risk, a cubic model to cap-
ture increased risk in two very different ranges of body size 
may be more appropriate.

4.3   |   Limitations

There are several limitations of this research that we must ac-
knowledge. Primarily, the height and mass measurements that 
appear on death records are height and mass at death. There are 
two reasons this is an important consideration for the interpre-
tation of any result. First, many individuals suffered from infec-
tious and/or chronic conditions for long periods of time before 
death, such as TB, circulatory diseases, and nutritional stress 
(Fortuine  2005). Many of these conditions can have a strong 
bearing on the mass of the afflicted individual, especially TB 
and nutritional disorders, which can cause wasting (Paton and 
Ng 2006; Schwenk and Macallan 2000). The death records do 
not account for the process of mass change through illness (i.e., 
the records do not contain multiple measurements over time for 
the same individual); therefore, height and mass at death can 
only capture the end of the process.

We acknowledge the possibility that the large number of TB 
deaths in the sample may have helped decrease the overall aver-
age body size of the sample, especially for Alaska Native individ-
uals via the disease's chronic wasting process. However, in the 
absence of longitudinal data for individuals who died of TB (in-
deed, lack of longitudinal data for all individuals in the dataset), 
we cannot know for sure if wasting was prevalent, or to what ex-
tent. Additionally, by including four other major causes of death 
aside from P&I during this time period, we found the inclusion 
of TB deaths to be essential to approximate a reasonable repre-
sentation of the population at the time. We do, however, believe 
it is significant that the probability of mortality controlling for 
BMI among the other variables was so elevated during the 1918 
influenza pandemic compared to the other aggregate causes, in 
which TB deaths were part. This not only speaks to the severity 
of the pandemic's novelty, but to the unique immunopathologi-
cal stressors caused by the novel influenza virus.

The second reason height and mass at death need to be inter-
preted with caution is because there are likely variations in ac-
curacy between measurements recorded during autopsy and 
those that were not. It may be assumed that many heights—and 
especially body masses—were estimates because in the process 

of cleaning and doing initial descriptive analyses there was evi-
dence of heaping. That is, mass was more likely to end with a “0” 
or a “5” as a rounding or estimation phenomenon rather than 
the recording of precise measurements. This is important to ac-
knowledge, but descriptive analyses and density plots presented 
in this paper indicate that BMI was still relatively normally dis-
tributed around a feasible mean (Figure 2).

Another limitation is that the number of individuals with both 
height and mass recorded at death was relatively small compared 
to the total number of individuals that died in the period stud-
ied. A total of 5690 individuals died from one of the five causes 
of death considered in this paper from 1917 to 1925; therefore, 
the sample of 2724 records in this paper for whom BMI could 
be calculated accounts for nearly 48% of the total number of in-
dividuals who died from P&I, TB, cardiovascular, nervous, or 
violent/accidental causes. While this is not a prohibitive level of 
representation for this sample, we must also acknowledge that, 
in four of the hardest hit localities in Alaska (Port Clarence, 
Wales, Nome, and Teller in the Seward Peninsula of Western 
Alaska), there were 399 Alaska Native individuals recorded to 
have died from P&I during November–December 1918 that had 
neither height nor mass recorded. The presence of data from 
these individuals in the pandemic dataset could have increased 
the pandemic sample by up to 31%, which would have undoubt-
edly influenced the model predictions for risk of P&I death in 
the Western region. Despite the inability to account for individ-
uals with missing data, the models still predicted that individ-
uals in the Western region were over eight times more likely to 
suffer a P&I death during the pandemic compared to the base-
line (Southeast) region (p < 0.001), so this substantial impact was 
nevertheless detected with strong predictive power. Finally, and 
in the same vein, we must acknowledge that there is likely a data 
collection bias based on geography and sociocultural factors. Of 
most importance is the probable undercounting of pandemic 
P&I deaths in remote villages of Alaska, especially for Alaska 
Native groups who are seasonally migratory (Howe  2009; 
Lewis et  al.  2023), compared to regions with relatively larger 
settler populations, like in the Southeast (Juneau, Sitka) and 
Southcentral (Anchorage).

5   |   Conclusion

We conclude that, while there are indications that increasing 
BMI can predict a higher probability of P&I death during the 
1918 flu in Alaska, there are other important sociodemographic 
factors that likely played a more significant role in the vari-
able risk of P&I death during the pandemic compared to the 
other major causes of death observed during this time period. 
Additionally, the relationship between BMI and the probability 
of death outside of the 1918 flu is weak and cannot be improved 
with the inclusion of additional predictors. Overall, this research 
contributes insights into how height and mass, and therefore 
BMI, in a historical Arctic population may have contributed to 
1918 flu outcomes. This is an important but otherwise poorly 
understood dimension of the historical pandemic's impacts in a 
non-military population, especially in a region of the world (the 
Arctic) where historical data generally and biometric data spe-
cifically are relatively scarce.

 15206300, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajhb.70151, W

iley O
nline L

ibrary on [01/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



15 of 20

Acknowledgments

This research was funded by a National Science Foundation Office of 
Polar Programs Postdoctoral Research Fellowship (#2219216) and the 
University of Missouri College of Arts & Sciences Heart of Mizzou 
Endowment. We would also like to recognize the Centre for Pandemics 
and Society (PANSOC) at Oslo Metropolitan University and the Centre 
for Advanced Study at the Norwegian Academy of Science and Letters 
for the support and space to prepare data for the years 1917–1921.

Ethics Statement

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that supports the findings of this study are available in the 
Supporting Information of this article.

References

Afkhami, A. 2003. “Compromised Constitutions: The Iranian 
Experience With the 1918 Influenza Pandemic.” Bulletin of the 
History of Medicine 77, no. 2: 367–392. https://​doi.​org/​10.​1353/​bhm.​
2003.​0049.

Alexander, R. M. 2019. “The Spanish Flu and the Sanitary Dictatorship: 
Mexico's Response to the 1918 Influenza Pandemic.” Americas 76, no. 3: 
443–465. https://​doi.​org/​10.​1017/​tam.​2019.​34.

Altaha, N., and S. Kraus. 2017. “Kill the Indian, Save the Man: Native 
American Historical Trauma in College Students.” Metamorphosis, 
2017.

Armenta, B. E., L. B. Whitbeck, and P. N. Habecker. 2016. “The 
Historical Loss Scale: Longitudinal Measurement Equivalence and 
Prospective Links to Anxiety Among North American Indigenous 
Adolescents.” Cultural Diversity & Ethnic Minority Psychology 22: 1–10. 
https://​doi.​org/​10.​1037/​cdp00​00049​.

Avila, R., and R. Topol. 2018. “Alaska Facts and Figures, 1918 Pandemic 
Influenza Mortality in Alaska. Health Analytics and Vital Records. 
Division of Public Health Department of Health and Social Services.” 
https://​health.​alaska.​gov/​dph/​Vital​Stats/​​Docum​ents/​PDFs/​AK_​1918F​
lu_​DataB​rief_​0920.

Barker, D. J., K. M. Godfrey, C. Fall, et  al. 1991. “Relation of Birth 
Weight and Childhood Respiratory Infection to Adult Lung Infection 
and Death From Obstructive Airways Disease.” British Medical Journal 
303: 671–675.

Barker, D. J. P. 1990. “The Fetal and Infant Origins of Adult Disease.” 
BMJ (Clinical Research Ed.) 301: 1111.

Barker, D. J. P. 1994. “The Fetal Origins of Adult Disease.” Fetal and 
Maternal Medicine Review 6: 71–80.

Barker, D. J. P., P. D. Winter, C. Osmond, B. Margetts, and S. J. 
Simmonds. 1989. “Weight in Infancy and Death From Ischemic Heart 
Disease.” Lancet 2: 577–580.

Bengtsson, T., M. Dribe, and B. Eriksson. 2018. “Social Class and Excess 
Mortality in Sweden During the 1918 Influenza Pandemic.” American 
Journal of Epidemiology 187, no. 12: 2568–2576. https://​doi.​org/​10.​1093/​
aje/​kwy151.

Bjerregaard, L. G., K. M. Rasmussen, K. F. Michaelsen, et  al. 2014. 
“Effects of Body Size and Change in Body Size From Infancy Through 

Childhood on Body Mass Index in Adulthood.” International Journal of 
Obesity 38: 1305–1311. https://​doi.​org/​10.​1038/​ijo.​2014.​108.

Blaszczak, A. M., A. Jalilvand, and W. A. Hsueh. 2021. “Adipocytes, 
Innate Immunity and Obesity: A Mini-Review.” Frontiers in Immunology 
12: 650768. https://​doi.​org/​10.​3389/​fimmu.​2021.​650768.

Blumentals, W. A., A. Nevitt, M. M. Peng, and S. Toovey. 2011. “Body 
Mass Index and the Incidence of Influenza-Associated Pneumonia in a 
UK Primary Care Cohort.” Influenza and Other Respiratory Viruses 6, 
no. 1: 28–36. https://​doi.​org/​10.​1111/j.​1750-​2659.​2011.​00262.​x.

Brundage, J. F., and G. D. Shanks. 2008. “Deaths From Bacterial 
Pneumonia During 1918-19 Influenza Pandemic.” Emerging Infectious 
Diseases 14, no. 8: 1193–1199. https://​doi.​org/​10.​3201/​eid14​08/​071313.

Burkhauser, R. V., and J. Cawley. 2008. “Beyond BMI: The Value of More 
Accurate Measures of Fatness and Obesity in Social Science Research.” 
Journal of Health Economics 27, no. 2: 519–529. https://​doi.​org/​10.​1016/j.​
jheal​eco.​2007.​05.​005.

Cao-Lei, L., K. N. Dancause, G. Elgbeili, et al. 2015. “DNA Methylation 
Mediates the Impact of Exposure to Prenatal Maternal Stress on BMI 
and Central Adiposity in Children at Age 13(1/2) Years: Project Ice 
Storm.” Epigenetics 10: 749–761. https://​doi.​org/​10.​1080/​15592​294.​2015.​
1063771.

Carwile, M. E., N. S. Hochberg, and P. Sinha. 2022. “Undernutrition Is 
Feeding the Tuberculosis Pandemic: A Perspective.” Journal of Clinical 
Tuberculosis and Other Mycobacterial Diseases 27: 100311. https://​doi.​
org/​10.​1016/j.​jctube.​2022.​100311.

Cavert, W. M. 2022. “‘In the Grip of Calamity’: Tahiti and the 1918 
Spanish Influenza Pandemic.” Journal of Pacific History 57, no. 1: 1–20. 
https://​doi.​org/​10.​1080/​00223​344.​2021.​2013724.

Centers for Disease Control and Prevention. 2024. “Body Mass Index 
(BMI). CDC Healthy Weight, Nutrition, and Physical Activity.” cdc.​gov/​
healt​hywei​ght/​asses​sing/​bmi/​index.​html.

Chien, Y.-W., K. P. Klugman, and D. M. Morens. 2009. “Bacterial 
Pathogens and Death During the 1918 Influenza Pandemic.” New 
England Journal of Medicine 361: 2582–2583. https://​doi.​org/​10.​1056/​
NEJMc​0908216.

Chisti, M. J., M. Tebruegge, S. La Vincente, S. M. Graham, and T. 
Duke. 2009. “Pneumonia in Severely Malnourished Children in 
Developing Countries - Mortality Risk, Aetiology and Validity of 
WHO Clinical Signs: A Systematic Review.” Tropical Medicine & 
International Health 14, no. 10: 1173–1189. https://​doi.​org/​10.​1111/j.​
1365-​3156.​2009.​02364.​x.

Christ, A., M. Lauterbach, and E. Latz. 2019. “Western Diet and the 
Immune System: An Inflammatory Connection.” Immunity 51, no. 5: 
794–811. https://​doi.​org/​10.​1016/j.​immuni.​2019.​09.​020.

Cocoros, N. M., T. L. Lash, A. DeMaria Jr., and M. Klompas. 2013. 
“Obesity as a Risk Factor for Severe Influenza-Like Illness.” Influenza 
and Other Respiratory Viruses 8, no. 1: 25–32. https://​doi.​org/​10.​1111/​
irv.​12156​.

Conching, A. K. S., and Z. Thayer. 2019. “Biological Pathways for 
Historical Trauma to Affect Health: A Conceptual Model Focusing 
on Epigenetic Modifications.” Social Science & Medicine 230: 74–82. 
https://​doi.​org/​10.​1016/j.​socsc​imed.​2019.​04.​001.

Conzen, S. D., and C. A. Janeway. 1988. “Defective Antigen 
Presentation in Chronically Protein-Deprived Mice.” Immunology 63: 
683–689.

Cozier, Y. C., J. Yu, P. F. Coogan, T. N. Behtea, L. Rosenberg, and J. R. 
Palmer. 2014. “Racism, Segregation, and Risk of Obesity in the Black 
Women's Health Study.” American Journal of Epidemiology 179: 875–
883. https://​doi.​org/​10.​1093/​aje/​kwu004.

Crosby, A. W. 1989. America's Forgotten Pandemic: The Influenza of 
1918. Cambridge University Press.

 15206300, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajhb.70151, W

iley O
nline L

ibrary on [01/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1353/bhm.2003.0049
https://doi.org/10.1353/bhm.2003.0049
https://doi.org/10.1017/tam.2019.34
https://doi.org/10.1037/cdp0000049
https://health.alaska.gov/dph/VitalStats/Documents/PDFs/AK_1918Flu_DataBrief_0920
https://health.alaska.gov/dph/VitalStats/Documents/PDFs/AK_1918Flu_DataBrief_0920
https://doi.org/10.1093/aje/kwy151
https://doi.org/10.1093/aje/kwy151
https://doi.org/10.1038/ijo.2014.108
https://doi.org/10.3389/fimmu.2021.650768
https://doi.org/10.1111/j.1750-2659.2011.00262.x
https://doi.org/10.3201/eid1408/071313
https://doi.org/10.1016/j.jhealeco.2007.05.005
https://doi.org/10.1016/j.jhealeco.2007.05.005
https://doi.org/10.1080/15592294.2015.1063771
https://doi.org/10.1080/15592294.2015.1063771
https://doi.org/10.1016/j.jctube.2022.100311
https://doi.org/10.1016/j.jctube.2022.100311
https://doi.org/10.1080/00223344.2021.2013724
http://cdc.gov/healthyweight/assessing/bmi/index.html
http://cdc.gov/healthyweight/assessing/bmi/index.html
https://doi.org/10.1056/NEJMc0908216
https://doi.org/10.1056/NEJMc0908216
https://doi.org/10.1111/j.1365-3156.2009.02364.x
https://doi.org/10.1111/j.1365-3156.2009.02364.x
https://doi.org/10.1016/j.immuni.2019.09.020
https://doi.org/10.1111/irv.12156
https://doi.org/10.1111/irv.12156
https://doi.org/10.1016/j.socscimed.2019.04.001
https://doi.org/10.1093/aje/kwu004


16 of 20 American Journal of Human Biology, 2025

Crowell, A. 2010. Living Our Cultures, Sharing Our Heritage: The First 
Peoples of Alaska. Smithsonian.

Czyzewski, K. 2011. “Colonialism as a Broader Social Determinant of 
Health.” Human Health and Well-Being 2, no. 1: 1–14. https://​doi.​org/​10.​
18584/​​iipj.​2011.2.​1.​5.

D'Adamo, A., A. Schnake-Mahl, P. H. Mullachery, M. Lazo, A. V. 
Diez Roux, and U. Bilal. 2023. “Health Disparities in Past Influenza 
Pandemics: A Scoping Review of the Literature.” SSM–Population 
Health 21: 101314. https://​doi.​org/​10.​1016/j.​ssmph.​2022.​101314.

de Wit, E., J. Y. Siegers, J. M. Cronin, et al. 2018. “1918 H1N1 Influenza 
Virus Replicates and Induces Proinflammatory Cytokine Responses in 
Extrarespiratory Tissues of Ferrets.” Journal of Infectious Diseases 217, 
no. 8: 1237–1246. https://​doi.​org/​10.​1093/​infdis/​jiy003.

Department of Commerce and Labor Bureau of the Census. 1910. 
Thirteenth Census of the United States Taken in the Year 1910. Statistics 
for Alaska. Bureau of the Census. https://​www2.​census.​gov/​libra​ry/​
publi​catio​ns/​decen​nial/​1910/​abstr​act/​suppl​ement​-​ak.​pdf.

Dimka, J., T. P. van Doren, and H. T. Battles. 2022. “Pandemics, Past 
and Present: The Role of Biological Anthropology in Interdisciplinary 
Pandemic Studies.” Yearbook of Biological Anthropology 178, no. S74: 
256–291. https://​doi.​org/​10.​1002/​ajpa.​24517​.

Dobner, J., and S. Kaser. 2018. “Body Mass Index and the Risk of 
Infection - From Underweight to Obesity.” Clinical Microbiology and 
Infection 24, no. 1: 24–28. https://​doi.​org/​10.​1016/j.​cmi.​2017.​02.​013.

Dolezsar, C. M., J. J. McGrath, A. J. M. Herzig, and S. B. Miller. 2014. 
“Perceived Racial Discrimination and Hypertension: A Comprehensive 
Systematic Review.” Health Psychology 33: 20–34. https://​doi.​org/​10.​
1037/​a0033718.

Druet, C., and K. K. Ong. 2008. “Early Childhood Predictors of Adult 
Body Composition.” Clinical Endocrinology & Metabolism 22, no. 3: 
489–502. https://​doi.​org/​10.​1016/j.​beem.​2008.​02.​002.

Easterbrook, J. D., R. L. Dunfee, L. M. Schwartzman, et al. 2011. “Obese 
Mice Have Increased Morbidity and Mortality Compared to Non-Obese 
Mice During Infection With the 2009 Pandemic H1N1 Influenza Virus.” 
Influenza and Other Respiratory Viruses 5, no. 6: 418–425. https://​doi.​
org/​10.​1111/j.​1750-​2659.​2011.​00254.​x.

Elste, V., B. Troesch, M. Eggersdorfer, and P. Weber. 2017. “Emerging 
Evidence on Neutrophil Motility Supporting Its Usefulness to Define 
Vitamin C Intake Requirements.” Nutrients 9, no. 5: 503. https://​doi.​org/​
10.​3390/​nu905​0503.

Eriksson, J., T. Forsén, J. Tuomilehto, C. Osmond, and D. Barker. 
2001. “Size at Birth, Childhood Growth, and Obesity in Adult Life.” 
International Journal of Obesity 25: 735–740. https://​doi.​org/​10.​1038/​sj.​
ijo.​0801602.

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

Flanigan, C. C., and D. H. Sprunt. 1956. “The Effect of Malnutrition on 
the Susceptibility of the Host to Viral Infection.” Journal of Experimental 
Medicine 104: 687–706. https://​doi.​org/​10.​1084/​jem.​104.5.​687.

Fortuine, R. 1989. Chills and Fever: Health and Disease in the Early 
History of Alaska, 178. University of Alaska Press.

Fortuine, R. 2005. “Must We All Die?”: Alaska's Enduring Struggle With 
Tuberculosis. University of Alaska Press.

Fourie, J., and J. Jayes. 2021. “Health Inequality and the 1918 Influenza 
in South Africa.” World Development 141: 105407. https://​doi.​org/​10.​
1016/j.​world​dev.​2021.​105407.

Gaeta, R., A. Fornaciari, and V. Giuffra. 2020. “The 1918/19 Spanish 
Flu in Pisa (Tuscany, Italy): Clinical, Epidemiological and Autoptic 
Considerations.” Acta Medico-Historica Adriatica 18, no. 1: 47–62. 
https://​doi.​org/​10.​31952/​​amha.​18.1.​3.

Galloway, V. A., W. R. Leonard, and E. Ivakine. 2000. “Basal 
Metabolic Adaptation of the Evenki Reindeer Herders of Central 
Siberia.” American Journal of Human Biology 12, no. 1: 75–87. https://​
doi.​org/​10.​1002/​(SICI)​1520-​6300(200001/​02)​12:​1<​75::​AID-​AJHB9​>​
3.0.​CO;​2-​G.

Gangopadhyay, N. N., Z. Moldoveanu, and C. B. Stephenson. 1996. 
“Vitamin A Deficiency Has Different Effects on Immunoglobulin A 
Production and Transport During Influenza A Infection in BALB/c 
Mice.” Journal of Nutrition 126, no. 12: 2960–2967. https://​doi.​org/​10.​
1093/​jn/​126.​12.​2960.

Garenne, M. 2015. “Demographic Evidence of Sex Differences in 
Vulnerability to Infectious Diseases.” Journal of Infectious Diseases 211, 
no. 2: 331–332. https://​doi.​org/​10.​1093/​infdis/​jiu448.

Garrido-Chamorro, R. P., J. E. Sirvent-Belando, M. Gonzalez-Lorenzo, 
M. L. Martin-Carratala, and E. Roche. 2009. “Correlation Between 
Body Mass Index and Body Composition in Athletes.” Journal of Sports 
Medicine and Physical Fitness 49, no. 3: 278–284.

Gealekman, O., N. Guseva, C. Hartigan, et  al. 2011. “Depot Specific 
Differences and Insufficient Subcutaneous Adipose Tissue Angiogenesis 
in Human Obesity.” Circulation 123, no. 2: 186–194. https://​doi.​org/​10.​
1161/​circu​latio​naha.​110.​970145.

Gluckman, P. D., and M. A. Hanson. 2006. “The Developmental Origins 
of Health and Disease: The Breadth of the Important Concept.” In Early 
Life Origins of Health and Disease, edited by E. M. Wintour and J. A. 
Owens. Springer Science.

Gluckman, P. D., M. A. Hanson, P. Bateson, et  al. 2009. “Towards a 
New Developmental Synthesis: Adaptive Developmental Plasticity and 
Human Disease.” Lancet 373, no. 9675: 1654–1657. https://​doi.​org/​10.​
1016/​s0140​-​6736(09)​60234​-​8.

Gluckman, P. D., M. A. Hanson, and T. Buklijas. 2010. “A Conceptual 
Framework for the Developmental Origins of Health and Disease.” 
Journal of Developmental Origins of Health and Disease 1, no. 1: 6–18. 
https://​doi.​org/​10.​1017/​S2040​17440​9990171.

Gluckman, P. D., M. A. Hanson, and C. Pinal. 2005. “The Developmental 
Origins of Adult Disease.” Maternal & Child Nutrition 1, no. 3: 30–141. 
https://​doi.​org/​10.​1111/j.​1740-​8709.​2005.​00020.​x.

Goddard, P. E. 1924. Indians of the Northwest Coast. Vol. 10. American 
Museum Press.

Green, W. D., and M. A. Beck. 2017. “Obesity Impairs the Adaptive 
Immune Response to Influenza Virus.” Annals of the American Thoracic 
Society 14, no. Suppl 5: S406–S409. https://​doi.​org/​10.​1513/​Annal​sATS.​
20170​6-​447AW​.

Green, W. D., E. A. Karlsson, and M. A. Beck. 2021. “Viral Infections 
and Nutrition: Influenza Virus as a Case Study.” In Nutrition and 
Infectious Diseases, edited by D. L. Humphries, M. E. Scott, and S. H. 
Vermund. Humana. https://​doi.​org/​10.​1007/​978-​3-​030-​56913​-​6_​5.

Gutin, I. 2018. “In BMI We Trust: Reframing the Body Mass Index as 
a Measure of Health.” Social Theory and Health 16, no. 3: 256–271. 
https://​doi.​org/​10.​1057/​s4128​5-​017-​0055-​0.

Hahn-Holbrook, J., T. B. Le, A. Chung, E. P. Davis, and L. M. Glynn. 
2016. “Cortisol in Human Milk Predicts Child BMI.” Obesity 24: 2471–
2474. https://​doi.​org/​10.​1002/​oby.​21682​.

Hannsdottir, S., M. M. Monick, s. L. Hinde, N. Lovan, D. C. Look, and G. 
W. Hunninghake. 2008. “Respiratory Epithelial Cells Convert Inactive 
Vitamin D to Its Active Form.” Journal of Immunology 181, no. 10: 
7090–7099. https://​doi.​org/​10.​4049/​jimmu​nol.​181.​10.​7090.

Hashimoto, T., T. Perlot, A. Rehman, et al. 2012. “ACE2 Links Amino 
Acid Malnutrition to Microbial Ecology and Intestinal Inflammation.” 
Nature 487: 477–482. https://​doi.​org/​10.​1038/​natur​e11228.

Honce, R., and S. Schultz-Cherry. 2019. “Impact of Obesity on 
Influenza A Virus Pathogenesis, Immune Response, and Evolution.” 

 15206300, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajhb.70151, W

iley O
nline L

ibrary on [01/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.18584/iipj.2011.2.1.5
https://doi.org/10.18584/iipj.2011.2.1.5
https://doi.org/10.1016/j.ssmph.2022.101314
https://doi.org/10.1093/infdis/jiy003
https://www2.census.gov/library/publications/decennial/1910/abstract/supplement-ak.pdf
https://www2.census.gov/library/publications/decennial/1910/abstract/supplement-ak.pdf
https://doi.org/10.1002/ajpa.24517
https://doi.org/10.1016/j.cmi.2017.02.013
https://doi.org/10.1037/a0033718
https://doi.org/10.1037/a0033718
https://doi.org/10.1016/j.beem.2008.02.002
https://doi.org/10.1111/j.1750-2659.2011.00254.x
https://doi.org/10.1111/j.1750-2659.2011.00254.x
https://doi.org/10.3390/nu9050503
https://doi.org/10.3390/nu9050503
https://doi.org/10.1038/sj.ijo.0801602
https://doi.org/10.1038/sj.ijo.0801602
https://doi.org/10.1084/jem.104.5.687
https://doi.org/10.1016/j.worlddev.2021.105407
https://doi.org/10.1016/j.worlddev.2021.105407
https://doi.org/10.31952/amha.18.1.3
https://doi.org/10.1002/(SICI)1520-6300(200001/02)12:1%3C75::AID-AJHB9%3E3.0.CO;2-G
https://doi.org/10.1002/(SICI)1520-6300(200001/02)12:1%3C75::AID-AJHB9%3E3.0.CO;2-G
https://doi.org/10.1002/(SICI)1520-6300(200001/02)12:1%3C75::AID-AJHB9%3E3.0.CO;2-G
https://doi.org/10.1093/jn/126.12.2960
https://doi.org/10.1093/jn/126.12.2960
https://doi.org/10.1093/infdis/jiu448
https://doi.org/10.1161/circulationaha.110.970145
https://doi.org/10.1161/circulationaha.110.970145
https://doi.org/10.1016/s0140-6736(09)60234-8
https://doi.org/10.1016/s0140-6736(09)60234-8
https://doi.org/10.1017/S2040174409990171
https://doi.org/10.1111/j.1740-8709.2005.00020.x
https://doi.org/10.1513/AnnalsATS.201706-447AW
https://doi.org/10.1513/AnnalsATS.201706-447AW
https://doi.org/10.1007/978-3-030-56913-6_5
https://doi.org/10.1057/s41285-017-0055-0
https://doi.org/10.1002/oby.21682
https://doi.org/10.4049/jimmunol.181.10.7090
https://doi.org/10.1038/nature11228


17 of 20

Frontiers in Immunology 10: 1071. https://​doi.​org/​10.​3389/​fimmu.​
2019.​01071​.

Hopping, B. N., E. Erber, E. Mead, C. Roache, and S. Sharma. 2010. 
“High Levels of Physical Activity and Obesity Co-Exist Among Inuit 
Adults in Arctic Canada.” Journal of Human Nutrition and Diabetes 23, 
no. s1: 110–114. https://​doi.​org/​10.​1111/j.​1365-​277X.​2010.​01096.​x.

Howe, E. L. 2009. “Patterns of Migration in Arctic Alaska.” Polar 
Geography 32, no. 1–2: 69–89. https://​doi.​org/​10.​1080/​10889​37090​
3000422.

Hulme, K. D., E. C. Noye, K. R. Short, and L. I. Labzin. 2021. 
“Dysregulated Inflammation During Obesity: Driving Disease Severity 
in Influenza Virus and SARS-CoV-2.” Frontiers in Immunology 12: 
770066. https://​doi.​org/​10.​3389/​fimmu.​2021.​770066.

Humphries, M. O. 2013. “Paths of Infection: The First World War and 
the Origins of the 1918 Influenza Pandemic.” War in History 21, no. 1: 
55–81. https://​doi.​org/​10.​1177/​09683​44513​504525.

Ingholt, M. M., L. Simonsen, S.-E. Mamelund, P. Noahsen, and M. 
van Wijhe. 2024. “The 1919-21 Influenza Pandemic in Greenland.” 
International Journal of Circumpolar Health 83: 2325711. https://​doi.​
org/​10.​1080/​22423​982.​2024.​2325711.

James, P. T. 2004. “Obesity: The Worldwide Epidemic.” Clinics in 
Dermatology 22, no. 4: 276–280. https://​doi.​org/​10.​1016/j.​clind​ermat​ol.​
2004.​01.​010.

Jeffery, L. E., A. M. Wood, O. S. Qureshi, et  al. 2012. “Availability 
of 25-Hydroxyvitamin D3 to APCs Controls the Balance Between 
Regulatory and Inflammatory T Cell Responses.” Journal of Immunology 
189, no. 11: 5155–5164. https://​doi.​org/​10.​4049/​jimmu​nol.​1200786.

Johnson, N. P. A. S., and J. Mueller. 2002. “Updating the Accounts: 
Global Mortality of the 1918-1920 “Spanish” Influenza Pandemic.” 
Bulletin of the History of Medicine 76, no. 1: 105–115.

Jonas, W., L. Atkinson, M. Steiner, M. J. Meaney, A. Wzana, and A. S. 
Fleming. 2015. “Breastfeeding and Maternal Sensitivity Predict Early 
Infant Temperament.” Acta Paediatrica 104, no. 7: 678–686. https://​doi.​
org/​10.​1111/​apa.​12987​.

Jung, S. H., J.-M. Kwon, J. W. Shim, et al. 2013. “Effects of Diet-Induced 
Mild Obesity on Airway Hyperreactivity and Lung Inflammation in 
Mice.” Yonsei Medical Journal 54, no. 6: 1430–1437. https://​doi.​org/​10.​
3349/​ymj.​2013.​54.6.​1430.

Karlsson, E. A., N. van De Velde, J. McCullers, and S. Schultz-Cherry. 
2013. “Obesity Increases the Severity of Secondary Bacterial Coinfection 
Following Influenza Virus Infection.” FASEB Journal 27, no. S1: 123.4. 
https://​doi.​org/​10.​1096/​fasebj.​27.1_​suppl​ement.​123.​4.

Kash, J. C., T. M. Tumpey, S. C. Proll, et al. 2006. “Genomic Analysis 
of Increased Host Immune and Cell Death Responses Induced by 1918 
Influenza Virus.” Nature 443: 578–581. https://​doi.​org/​10.​1038/​natur​
e05181.

Katzmarzyk, P. T., and W. R. Leonard. 1998. “Climatic Influences on 
Human Body Size and Proportions: Ecological Adaptations and Secular 
Trends.” American Journal of Physical Anthropology 106: 483–503.

Khan, S. H., E. A. Hemann, K. L. Legge, L. A. Norian, and V. P. Badovinac. 
2014. “Diet-Induced Obesity Does Not Impact the Generation and 
Maintenance of Primary Memory CD8 T Cells.” Journal of Immunology 
193, no. 12: 5873–5882. https://​doi.​org/​10.​4049/​jimmu​nol.​1401685.

Kim, H., M. Jang, Y. Kim, et  al. 2016. “Red Ginseng and Vitamin C 
Increase Immune Cell Activity and Decrease Lung Inflammation 
Induced by Influenza A Virus/H1N1 Infection.” Journal of Pharmacy 
and Pharmacology 68, no. 3: 406–420. https://​doi.​org/​10.​1111/​jphp.​
12529​.

Kiss, I., R. Rühl, É. Szegezdi, et al. 2008. “Retinoid Receptor-Activating 
Ligands Are Produced Within the Mouse Thymus During Postnatal 
Development.” European Journal of Immunology 38: 147–155. https://​
doi.​org/​10.​1002/​eji.​20073​7342.

Klebanoff, C. A., S. P. Spencer, P. Torabi-Parizi, et al. 2013. “Retinoic 
Acid Controls the Homeostasis of Pre-cDC-Derived Splenic and 
Intestinal Dendritic Cells.” Journal of Experimental Medicine 210, no. 
10: 1961–1976. https://​doi.​org/​10.​1084/​jem.​20122508.

Kobasa, D., S. M. Jones, K. Shinya, et  al. 2007. “Aberrant Innate 
Immune Response in Lethal Infection of Macaques With the 1918 
Influenza Virus.” Nature 445: 319–323. https://​doi.​org/​10.​1038/​natur​
e05495.

Kobasa, D., A. Takada, K. Shinya, et  al. 2004. “Enhanced Virulence 
of Influenza A Viruses With Haemagglutinin of the 1918 Pandemic 
Virus.” Nature 431: 703–704. https://​doi.​org/​10.​1038/​natur​e02951.

Kruschitz, R., S. J. Wallner-Liebermann, M. J. Hamlin, et  al. 2013. 
“Detecting Body Fat–a Weighty Problem BMI Versus Subcutaneous 
Fat Patterns in Athletes and Non-Athletes.” PLoS One 8, no. 8: e72002. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​0072002.

Lauterat, R. L. 1986. “Alaska's Great Disaster: The 1918 Spanish 
Influenza Epidemic.” Alaska Journal 16: 238–243.

Lee, G. Y., and S. N. Han. 2018. “The Role of Vitamin E in Immunity.” 
Nutrients 10, no. 11: 1614. https://​doi.​org/​10.​3390/​nu101​11614​.

Lesourd, B. M. 1997. “Nutrition and Immunity in the Elderly: 
Modification of Immune Responses With Nutritional Treatments.” 
American Journal of Clinical Nutrition 66, no. 2: 478S–484S. https://​doi.​
org/​10.​1093/​ajcn/​66.2.​478S.

Lewis, J. P., S. M. Kim, Z. Asquith-Heinz, and L. Thompson. 2023. 
“Cyclical Migration in Alaska Native Elders and Its Impact on Elders' 
Identity and Later Life Well-Being.” Journals of Gerontology. Series B, 
Psychological Sciences and Social Sciences 79, no. 3: gbad072. https://​doi.​
org/​10.​1093/​geronb/​gbado72.

Li, W., N. Maeda, and M. A. Beck. 2006. “Vitamin C Deficiency 
Increases the Lung Pathology of Influenza Virus-Infected Gulo−/− 
Mice.” Journal of Nutrition 136, no. 10: 2611–2616. https://​doi.​org/​10.​
1093/​jn/​136.​10.​2611.

Lopez-Jiminez, F., W. Almahmeed, H. Bays, et  al. 2022. “Obesity 
and Cardiovascular Disease: Mechanistic Insights and Management 
Strategies. A Joint Position Paper by the World Heart Federation and 
World Obesity Federation.” European Journal of Preventive Cardiology 
29, no. 17: 2218–2237. https://​doi.​org/​10.​1093/​eurjpc/​zwac187.

Louie, J. K., M. Acosta, M. C. Samuel, et al. 2011. “A Novel Risk Factor 
for a Novel Virus: Obesity and the 2009 Pandemic Influenza A (H1N1).” 
Clinical Infectious Diseases 52, no. 3: 301–312. https://​doi.​org/​10.​1093/​
cid/​ciq152.

Luk, J., P. Gross, and W. W. Thompson. 2001. “Observations on Mortality 
During the 1918 Influenza Pandemic.” Clinical Infectious Diseases 33: 
1375–1378.

Maccioni, L., S. Weber, M. Elgizouli, et  al. 2018. “Obesity and Risk 
of Respiratory Tract Infections: Results of an Infection-Diary Based 
Cohort Study.” BMC Public Health 18: 271. https://​doi.​org/​10.​1186/​s1288​
9-​018-​5172-​8.

Mamelund, S.-E. 2003. “Spanish Influenza Mortality of Ethnic 
Minorities in Norway 1918–1919.” European Journal of Population 19: 
83–102. https://​doi.​org/​10.​1023/A:​10221​7902583.

Mamelund, S.-E. 2011. “Geography May Explain Adult Mortality From 
the 1918-20 Influenza Pandemic.” Epidemics 3: 46–60. https://​doi.​org/​
10.​1016/j.​epidem.​2011.​02.​001.

Mamelund, S.-E., and J. Dimka. 2019. “Tuberculosis as a Risk Factor for 
1918 Influenza Pandemic Outcomes.” Tropical Medicine and Infectious 
Disease 4, no. 2: 1–14. https://​doi.​org/​10.​3390/​tropi​calme​d4020074.

Mamelund, S.-E., and J. Dimka. 2021. “Not the Great Equalizers: 
Covid-19, 1918-20 Influenza, and the Need for a Paradigm Shift in 
Pandemic Preparedness.” Population Studies 75, no. S1: 179–199. https://​
doi.​org/​10.​1080/​00324​728.​2021.​1959630.

 15206300, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajhb.70151, W

iley O
nline L

ibrary on [01/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.3389/fimmu.2019.01071
https://doi.org/10.3389/fimmu.2019.01071
https://doi.org/10.1111/j.1365-277X.2010.01096.x
https://doi.org/10.1080/10889370903000422
https://doi.org/10.1080/10889370903000422
https://doi.org/10.3389/fimmu.2021.770066
https://doi.org/10.1177/0968344513504525
https://doi.org/10.1080/22423982.2024.2325711
https://doi.org/10.1080/22423982.2024.2325711
https://doi.org/10.1016/j.clindermatol.2004.01.010
https://doi.org/10.1016/j.clindermatol.2004.01.010
https://doi.org/10.4049/jimmunol.1200786
https://doi.org/10.1111/apa.12987
https://doi.org/10.1111/apa.12987
https://doi.org/10.3349/ymj.2013.54.6.1430
https://doi.org/10.3349/ymj.2013.54.6.1430
https://doi.org/10.1096/fasebj.27.1_supplement.123.4
https://doi.org/10.1038/nature05181
https://doi.org/10.1038/nature05181
https://doi.org/10.4049/jimmunol.1401685
https://doi.org/10.1111/jphp.12529
https://doi.org/10.1111/jphp.12529
https://doi.org/10.1002/eji.200737342
https://doi.org/10.1002/eji.200737342
https://doi.org/10.1084/jem.20122508
https://doi.org/10.1038/nature05495
https://doi.org/10.1038/nature05495
https://doi.org/10.1038/nature02951
https://doi.org/10.1371/journal.pone.0072002
https://doi.org/10.3390/nu10111614
https://doi.org/10.1093/ajcn/66.2.478S
https://doi.org/10.1093/ajcn/66.2.478S
https://doi.org/10.1093/geronb/gbado72
https://doi.org/10.1093/geronb/gbado72
https://doi.org/10.1093/jn/136.10.2611
https://doi.org/10.1093/jn/136.10.2611
https://doi.org/10.1093/eurjpc/zwac187
https://doi.org/10.1093/cid/ciq152
https://doi.org/10.1093/cid/ciq152
https://doi.org/10.1186/s12889-018-5172-8
https://doi.org/10.1186/s12889-018-5172-8
https://doi.org/10.1023/A:102217902583
https://doi.org/10.1016/j.epidem.2011.02.001
https://doi.org/10.1016/j.epidem.2011.02.001
https://doi.org/10.3390/tropicalmed4020074
https://doi.org/10.1080/00324728.2021.1959630
https://doi.org/10.1080/00324728.2021.1959630


18 of 20 American Journal of Human Biology, 2025

Mamelund, S.-E., B. Haneberg, and S. Mjaaland. 2016. “A Missed 
Summer Wave of the 1918–1919 Influenza Pandemic: Evidence From 
Household Surveys in the United States and Norway.” Open Forum 
Infectious Diseases 3, no. 1: 1–6. https://​doi.​org/​10.​1093/​ofid/​ofw040.

Mamelund, S.-E., L. Sattenspiel, and J. Dimka. 2013. “Influenza-
Associated Mortality During the 1918-1919 Influenza Pandemic in 
Alaska and Labrador: A Comparison.” Social Science History 37, no. 2: 
177–229. https://​doi.​org/​10.​1215/​01455​532-​2074420.

Martin, S. J., and E. P. Sabina. 2018. “Malnutrition and Associated 
Disorders in Tuberculosis and Its Therapy.” Journal of Dietary 
Supplements 16, no. 5: 602–610. https://​doi.​org/​10.​1080/​19390​211.​2018.​
1472165.

McFadden, D. 1974. “Conditional Logit Analysis of Qualitative Choice 
Behavior.” In Frontiers in Econometrics, edited by P. Zarembka, 104–
142. Academic Press.

Memoli, M. J., T. M. Tumpey, B. W. Jagger, et  al. 2009. “An Early 
‘Classical’ Swine H1N1 Influenza Virus Shows Similar Pathogenicity 
to the 1918 Pandemic Virus in Ferrets and Mice.” Virology 393, no. 2: 
338–345. https://​doi.​org/​10.​1016/j.​virol.​2009.​08.​021.

Mills, I. D. 1986. “The 1918–1919 Influenza Pandemic–the Indian 
Experience.” Indian Economic and Social History Review 23, no. 1: 1–40. 
https://​doi.​org/​10.​1177/​00194​64686​02300102.

Mølbak Ingholt, M., M. van Wijhe, M. Linnet Perner, et  al. 2019. 
“Influenza in Greenland 1914–1921 Untold Stories and Diverging 
Patterns.” Singapore: Options X.

Morens, D. M., J. K. Taubenberger, and A. S. Fauci. 2008. “Predominant 
Role of Bacterial Pneumonia as a Cause of Death in Pandemic 
Influenza: Implications for Pandemic Influenza Preparedness.” 
Journal of Infectious Diseases 198, no. 7: 962–970. https://​doi.​org/​10.​
1086/​591708.

Morgan, O. W., A. Bramley, A. Fowlkes, et  al. 2010. “Morbid Obesity 
as a Risk Factor for Hospitalization and Death due to 2009 Pandemic 
Influenza A(H1N1) Disease.” PLoS One 5, no. 3: e9694. https://​doi.​org/​
10.​1371/​journ​al.​pone.​0009694.

Moser, J.-A. S., A. Galindo-Fraga, A. A. Ortiz-Hernández, et al. 2018. 
“Underweight, Overweight, and Obesity as Independent Risk Factors 
for Hospitalization in Adults and Children From Influenza and Other 
Respiratory Viruses.” Influenza and Other Respiratory Viruses 13, no. 1: 
3–9. https://​doi.​org/​10.​1111/​irv.​12618​.

Mousavi, S., S. Bereswill, and M. M. Heimesaat. 2019. 
“Immunomodulatory and Antimicrobial Effects of Vitamin C.” 
European Journal of Microbiology & Immunology 9, no. 3: 73–79. https://​
doi.​org/​10.​1556/​1886.​2019.​00016​.

Mulligan, C., N. D'Errico, J. Stees, and D. Hughes. 2012. “Methylation 
Changes at NR3C1 in Newborns Associated With Maternal Prenatal 
Stress Exposure and Newborn Birthweight.” Epigenetics 7: 853–857. 
https://​doi.​org/​10.​4161/​epi.​21180​.

Nájera, O., C. González, G. Toledo, L. López, and R. Ortiz. 2004. “Flow 
Cytometry Study of Lymphocyte Subsets in Malnourished and Well-
Nourished Children With Bacterial Infections.” Clinical and Vaccine 
Immunology 11, no. 3: 577–580. https://​doi.​org/​10.​1128/​CDLI.​11.3.​577-​
580.​2004.

Nolvi, S., H.-M. Uusitupa, D. J. Bridgett, et  al. 2017. “Human Milk 
Cortisol Concentration Predicts Experimentally Induced Infant Fear 
Reactivity: Moderation by Infant Sex.” Developmental Science 21, no. 4: 
e12625. https://​doi.​org/​10.​1111/​desc.​12625​.

Noymer, A. 2009. “Testing the Influenza-Tuberculosis Selective 
Mortality Hypothesis With Union Army Data.” Social Science & 
Medicine 68: 1599–1608. https://​doi.​org/​10.​1016/j.​socsc​imed.​2009.​
02.​021.

Noymer, A., and M. Garenne. 2000. “The 1918 Influenza Epidemic/s 
Effects of Sex Differentials in Mortality in the United States.” Population 

and Development Review 26, no. 3: 565–581. https://​doi.​org/​10.​1111/j.​
1728-​4457.​2000.​00565.​x.

Nuttall, F. Q. 2015. “Obesity, BMI, and Health, a Critical Review.” 
Nutrition Today 50, no. 3: 117–128. https://​doi.​org/​10.​1097/​NT.​00000​
00000​000092.

Nygaard, I. H., S. Dahal, G. Chowell, L. Sattenpsiel, H. L. Sommerseth, 
and S.-E. Mamelund. 2023. “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: 
2179452. https://​doi.​org/​10.​1080/​22423​982.​2023.​2179452.

O'Brien, K. B., P. Vogel, S. Duan, et al. 2012. “Impaired Wound Healing 
Predisposes Obese Mice to Severe Influenza Virus Infection.” Journal 
of Infectious Diseases 205, no. 2: 252–261. https://​doi.​org/​10.​1093/​infdis/​
jir729.

Ocobock, C., and A. Niclou. 2022. “Commentary–Fat but Fit…and Cold? 
Potential Evolutionary and Environmental Drivers of Metabolically 
Healthy Obesity.” Evolution, Medicine, & Public Health 10, no. 1: 400–
408. https://​doi.​org/​10.​1093/​emph/​eoac030.

Ocobock, C., P. Soppela, and M. T. Turunen. 2022. “No Association of 
BMI and Body Adiposity With Cardiometabolic Biomarkers Among a 
Small Sample of Reindeer Herders of Sub-Arctic Finland.” International 
Journal of Circumpolar Health 81, no. 1: 2024960. https://​doi.​org/​10.​
1080/​22423​982.​2021.​2024960.

Oei, W., and H. Nishiura. 2012. “The Relationship Between Tuberculosis 
and Influenza Death During the Influenza (H1N1) Pandemic From 
1918-19.” Computational and Mathematical Methods in Medicine 2012, 
no. 1: 1–9. https://​doi.​org/​10.​1155/​2012/​124861.

Okubo, Y., N. Michihata, K. Uda, et  al. 2017. “Dose-Response 
Relationship Between Weight Status and Clinical Outcomes in Pediatric 
Influenza-Related Respiratory Infections.” Pediatric Pulmonology 53, 
no. 2: 218–223. https://​doi.​org/​10.​1002/​ppul.​23927​.

Oxford, J. S., A. Sefton, R. Jackson, W. Innes, R. S. Daniels, and N. P. A. 
S. Johnson. 2002. “World War I May Have Allowed the Emergence of 
“Spanish” Influenza.” Lancet Infectious Diseases 2: 111–115.

Paccaud, F., S. Stringhini, G. Campanella, et  al. 2015. “Life-Course 
Socioeconomic Status and DNA Methylation of Genes Regulating 
Inflammation.” International Journal of Epidemiology 44: 1320–1330. 
https://​doi.​org/​10.​1093/​ije/​dyv060.

Papadimitriou-Olivgeris, M., N. Gkikopoulos, M. Wüst, et  al. 2020. 
“Predictors of Mortality of Influenza Virus Infections in a Swiss 
Hospital During Four Influenza Seasons: Role of Quick Sequential 
Organ Failure Assessment.” European Journal of Internal Medicine 74: 
86–91. https://​doi.​org/​10.​1016/j.​ejim.​2019.​12.​022.

Paskoff, T., and L. Sattenspiel. 2019. “Sex- and Age-Based Differences 
in Mortality During the 1918 Influenza Pandemic on the Island of 
Newfoundland.” American Journal of Human Biology 31, no. 1: e23198. 
https://​doi.​org/​10.​1002/​ajhb.​23198​.

Paton, N. I., and Y.-M. Ng. 2006. “Body Composition Studies in Patients 
With Wasting Associated With Tuberculosis.” Nutrition 22, no. 3: 245–
251. https://​doi.​org/​10.​1016/j.​nut.​2005.​06.​009.

Patterson, K. D., and G. F. Pyle. 1991. “The Geography and Mortality of 
the 1918 Influenza Pandemic.” Bulletin of the History of Medicine 65, no. 
1: 4–21. https://​www.​jstor.​org/​stable/​44447656.

Penkert, R. R., A. P. Smith, E. R. Hrincius, et al. 2021. “Effect of Vitamin 
A Deficiency in Dysregulating Immune Responses to Influenza Virus 
and Increasing Mortality Rates After Bacterial Coinfections.” Journal 
of Infectious Diseases 223, no. 10: 1806–1816. https://​doi.​org/​10.​1093/​
infdis/​jiaa597.

Philip, R. N., and D. B. Lackman. 1962. “Observations on the Present 
Distributions of Influenza A/Swine Antibodies Among Alaska Natives 
Relative to the Occurrence of Influenza in 1918-1919.” American 
Journal of Hygiene 75, no. 3: 322–334.

 15206300, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajhb.70151, W

iley O
nline L

ibrary on [01/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1093/ofid/ofw040
https://doi.org/10.1215/01455532-2074420
https://doi.org/10.1080/19390211.2018.1472165
https://doi.org/10.1080/19390211.2018.1472165
https://doi.org/10.1016/j.virol.2009.08.021
https://doi.org/10.1177/001946468602300102
https://doi.org/10.1086/591708
https://doi.org/10.1086/591708
https://doi.org/10.1371/journal.pone.0009694
https://doi.org/10.1371/journal.pone.0009694
https://doi.org/10.1111/irv.12618
https://doi.org/10.1556/1886.2019.00016
https://doi.org/10.1556/1886.2019.00016
https://doi.org/10.4161/epi.21180
https://doi.org/10.1128/CDLI.11.3.577-580.2004
https://doi.org/10.1128/CDLI.11.3.577-580.2004
https://doi.org/10.1111/desc.12625
https://doi.org/10.1016/j.socscimed.2009.02.021
https://doi.org/10.1016/j.socscimed.2009.02.021
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/10.1097/NT.0000000000000092
https://doi.org/10.1097/NT.0000000000000092
https://doi.org/10.1080/22423982.2023.2179452
https://doi.org/10.1093/infdis/jir729
https://doi.org/10.1093/infdis/jir729
https://doi.org/10.1093/emph/eoac030
https://doi.org/10.1080/22423982.2021.2024960
https://doi.org/10.1080/22423982.2021.2024960
https://doi.org/10.1155/2012/124861
https://doi.org/10.1002/ppul.23927
https://doi.org/10.1093/ije/dyv060
https://doi.org/10.1016/j.ejim.2019.12.022
https://doi.org/10.1002/ajhb.23198
https://doi.org/10.1016/j.nut.2005.06.009
https://www.jstor.org/stable/44447656
https://doi.org/10.1093/infdis/jiaa597
https://doi.org/10.1093/infdis/jiaa597


19 of 20

Poppel, B. 2017. “Well-Being of Circumpolar Arctic Peoples: The Quest 
for Continuity.” In The Pursuit of Human Well-Being. International 
Handbooks of Quality-of-Life, edited by R. Estes and M. Sirgy. Springer. 
https://​doi.​org/​10.​1007/​978-​3-​319-​39101​-​4_​17.

Pugliese, G., A. Liccardi, C. Graziadio, L. Barrea, G. Muscogiuri, and 
A. Colao. 2022. “Obesity and Infectious Diseases: Pathophysiology 
and Epidemiology of a Double Pandemic Condition.” International 
Journal of Obesity 46: 449–465. https://​doi.​org/​10.​1038/​s4136​6-​021-​
01035​-​6.

Qin, N., B. Zheng, J. Yao, et al. 2015. “Influence of H7N9 Virus Infection 
and Associated Treatment on Human Gut Microbiota.” Scientific 
Reports 5: 14771. https://​doi.​org/​10.​1038/​srep1​4771.

Redwood, D. G., E. D. Ferucci, M. C. Schumacher, et  al. 2008. 
“Traditional Foods and Physical Activity Patters and Associations With 
Cultural Factors in a Diverse Alaska Native Population.” International 
Journal of Circumpolar Health 67, no. 4: 335–348. https://​doi.​org/​10.​
3402/​ijch.​v67i4.​18346​.

Rice, G. W. 2018. “Influenza in New Zealand Before 1918: A Preliminary 
Report.” American Journal of Epidemiology 187, no. 12: 2524–2529. 
https://​doi.​org/​10.​1093/​aje/​kwy180.

Rojas-Osornio, S. A., T. Cruz-Hernández, M. E. Drago-Serrano, and R. 
Campos-Rodríguez. 2019. “Immunity to Influenza: Impact of Obesity.” 
Obesity Research & Clinical Practice 13, no. 5: 419–429. https://​doi.​org/​
10.​1016/j.​orcp.​2019.​05.​003.

Rose, C. S. 2021. “Implications of the Spanish Influenza Pandemic 
(1918-1920) for the History of Early Twentieth-Century Egypt.” Journal 
of World History 32, no. 4: 655–684.

Sattenspiel, L., and S.-E. Mamelund. 2013. “Cocirculating Epidemics, 
Chronic Health Problems, and Social Conditions in Early 20th Century 
Labrador and Alaska.” Annals of Anthropological Practice 36, no. 2: 
402–421.

Sattenspiel, L., S.-E. Mamelund, S. Dahal, A. Wissler, G. Chowell, and 
E. Tinker-Fortel. 2024. “Death on the Permafrost: Revisiting the 1918-
20 Influenza Pandemic in Alaska Using Death Certificates.” American 
Journal of Epidemiology 194, no. 1: 152–161. https://​doi.​org/​10.​1093/​aje/​
kwae173.

Savino, W., J. Durães, C. Maldonado-Galdeano, G. Perdigon, D. A. 
Mendes-da-Cruz, and P. Cuervo. 2022. “Thymus, Undernutrition, and 
Infection: Approaching Cellular and Molecular Interactions.” Frontiers 
in Nutrition 9: 948488. https://​doi.​org/​10.​3389/​fnut.​2022.​948488.

Schwenk, A., and D. C. Macallan. 2000. “Tuberculosis, Malnutrition 
and Wasting.” Current Opinion in Clinical Nutrition and Metabolic Care 
3, no. 4: 285–291.

Shaobin, Z., and T. M. Petro. 1997. “The Effect of Moderate Protein 
Malnutrition on Murine T Cell Cytokine Production.” Nutrition Research 
17, no. 1: 51–64. https://​doi.​org/​10.​1016/​S0271​-​5317(96)​00232​-​1.

Sharma, A., D. Ghosh, N. Divekar, M. Gore, S. Gochhait, and S. S. 
Shireshi. 2021. “Comparing the Socio-Economic Implications of the 
1918 Spanish Flu and the COVID-19 Pandemic in India: A Systematic 
Review of the Literature.” International Social Science 72, no. S1: 23–36. 
https://​doi.​org/​10.​1111/​issj.​12266​.

Siegers, J. Y., B. Novakovic, K. D. Hulme, et al. 2020. “A High-Fat Diet 
Increases Influenza A Virus-Associated Cardiovascular Damage.” 
Journal of Infectious Diseases 222, no. 5: 820–831. https://​doi.​org/​10.​
1093/​infdis/​jiaa159.

Singer, M. 1994. “AIDS and the Health Crisis of the U.S. Urban Poor: 
The Perspective of Critical Medical Anthropology.” Social Science & 
Medicine 39, no. 7: 931–948. https://​doi.​org/​10.​1016/​0277-​9536(94)​
90205​-​4.

Singer, M. 1996. “A Dose of Drugs, a Touch of Violence, a Case of 
AIDS: Conceptualizing the SAVA Syndemic.” Free Inquiry in Creative 
Sociology 24, no. 2: 99–110.

Singer, M., and S. Clair. 2003. “Syndemics and Public Health: 
Reconceptualizing Disease in a Bio-Social Context.” Medical 
Anthropology Quarterly 17, no. 4: 423–441. https://​doi.​org/​10.​1525/​maq.​
2003.​17.4.​423.

Sisson, T. U., J. McAndrews, J. A. Gallivan, C. R. Davis, and W. R. Wood. 
1919. Influenza in Alaska and Porto Rico: Hearings Before Subcommittee 
of House Committee on Appropriations. Washington Government 
Printing Office.

Smith, A. G., P. A. Sheridan, J. B. Harp, and M. A. Beck. 2007. “Diet-
Induced Obese Mice Have Increased Mortality and Altered Immune 
Responses When Infected With Influenza Virus.” Journal of Nutrition 
137, no. 5: 1236–1243. https://​doi.​org/​10.​1093/​jn/​137.5.​1236.

Smith, T. J., and C. M. McKenna. 2013. “A Comparison of Logistic 
Regression Pseudo R2 Indices.” Multiple Linear Regression Viewpoints 
39, no. 2: 17–26.

Snodgrass, J. J. 2013. “Health of Indigenous Circumpolar Populations.” 
Annual Review of Anthropology 42: 69–87. https://​doi.​org/​10.​1146/​
annur​ev-​anthr​o-​09241​2-​155517.

Spinney, L. 2018. Pale Rider: The Spanish Flu of 1918 and How It Changed 
the World. Random House UK.

Spreeuwenberg, P., M. Kroneman, and J. Paget. 2018. “Reassessing the 
Global Mortality Burden of the 1918 Influenza Pandemic.” American 
Journal of Epidemiology 187, no. 12: 2561–2567. https://​doi.​org/​10.​
1093/​aje/​kwy191.

Stephensen, C. B., Z. Moldoveanu, and N. N. Gangopadhyay. 1996. 
“Vitamin A Deficiency Diminishes the Salivary Immunoglobulin A 
Response and Enhances the Serum Immunoglobulin G Response to 
Influenza A Virus Infection in BALB/c Mice.” Journal of Nutrition 126, 
no. 1: 94–102. https://​doi.​org/​10.​1093/​jn/​126.1.​94.

Summers, J. A., J. Stanley, M. G. Baker, and N. Wilson. 2014. “Risk 
Factors for Death From Pandemic Influenza in 1918-1919: A Case-
Control Study.” Influenza and Other Respiratory Viruses 8, no. 3: 329–
338. https://​doi.​org/​10.​1111/​irv.​12228​.

Swartz, J. R., A. R. Hariri, and D. E. Williamson. 2016. “An Epigenetic 
Mechanism Links Socioeconomic Status to Changes in Depression-
Related Brain Function in High-Risk Adolescents.” Molecular 
Psychiatry 22: 209–214.

Taylor, A. K., W. Cao, K. P. Vora, et al. 2013. “Protein Energy Malnutrition 
Decreases Immunity and Increases Susceptibility to Influenza Infection 
in Mice.” Journal of Infectious Diseases 207, no. 3: 501–510. https://​doi.​
org/​10.​1093/​infdis/​jis527.

Telcian, A. G., M. T. Zdrenghea, M. R. Edwards, et al. 2017. “Vitamin D 
Increases the Antiviral Activity of Bronchial Epithelial Cells In Vitro.” 
Antiviral Research 137: 93–101. https://​doi.​org/​10.​1016/j.​antiv​iral.​2016.​
11.​004.

Thangaraj, A., J. Anbazhagan, V. Chandrasekara, NMANS, F. S. 
Philomenadin, and R. Dhodapkar. 2023. “Clinical Profile of Influenza 
Virus-Related Hospitalizations in Children Aged 1-59 Months: A Five-
Year Retrospective Study From South India.” Pediatric Pulmonology 58, 
no. 9: 2520–2526. https://​doi.​org/​10.​1002/​ppul.​26539​.

Thayer, Z. M., and C. W. Kuzawa. 2011. “Biological Memories of Past 
Environments: Epigenetic Pathways to Health Disparities.” Epigenetics 
6: 798–803.

Thayer, Z. M., M. A. Wilson, A. W. Kim, and A. V. Jaeggi. 2018. “Impacts 
of Prenatal Stress on Offspring Glucocorticoid Levels: A Phylogenetic 
Meta-Analysis Across 14 Vertebrate Species.” Scientific Reports 8: 4942. 
https://​doi.​org/​10.​1038/​s4159​8-​018-​02316​9-​w.

Toschke, A. M., S. Rückinger, T. Reinehr, and R. von Kries. 2007. 
“Growth Around Puberty as a Predictor of Adult Obesity.” European 
Journal of Clinical Nutrition 62: 1405–1411. https://​doi.​org/​10.​1038/​sj.​
ejcn.​1602888.

 15206300, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajhb.70151, W

iley O
nline L

ibrary on [01/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/978-3-319-39101-4_17
https://doi.org/10.1038/s41366-021-01035-6
https://doi.org/10.1038/s41366-021-01035-6
https://doi.org/10.1038/srep14771
https://doi.org/10.3402/ijch.v67i4.18346
https://doi.org/10.3402/ijch.v67i4.18346
https://doi.org/10.1093/aje/kwy180
https://doi.org/10.1016/j.orcp.2019.05.003
https://doi.org/10.1016/j.orcp.2019.05.003
https://doi.org/10.1093/aje/kwae173
https://doi.org/10.1093/aje/kwae173
https://doi.org/10.3389/fnut.2022.948488
https://doi.org/10.1016/S0271-5317(96)00232-1
https://doi.org/10.1111/issj.12266
https://doi.org/10.1093/infdis/jiaa159
https://doi.org/10.1093/infdis/jiaa159
https://doi.org/10.1016/0277-9536(94)90205-4
https://doi.org/10.1016/0277-9536(94)90205-4
https://doi.org/10.1525/maq.2003.17.4.423
https://doi.org/10.1525/maq.2003.17.4.423
https://doi.org/10.1093/jn/137.5.1236
https://doi.org/10.1146/annurev-anthro-092412-155517
https://doi.org/10.1146/annurev-anthro-092412-155517
https://doi.org/10.1093/aje/kwy191
https://doi.org/10.1093/aje/kwy191
https://doi.org/10.1093/jn/126.1.94
https://doi.org/10.1111/irv.12228
https://doi.org/10.1093/infdis/jis527
https://doi.org/10.1093/infdis/jis527
https://doi.org/10.1016/j.antiviral.2016.11.004
https://doi.org/10.1016/j.antiviral.2016.11.004
https://doi.org/10.1002/ppul.26539
https://doi.org/10.1038/s41598-018-023169-w
https://doi.org/10.1038/sj.ejcn.1602888
https://doi.org/10.1038/sj.ejcn.1602888


20 of 20 American Journal of Human Biology, 2025

Traber, M. G. 2007. “Vitamin E Regulatory Mechanisms.” Annual 
Review of Nutrition 27: 347–362. https://​doi.​org/​10.​1146/​annur​ev.​nutr.​
27.​061406.​093819.

Tripp, L., L. A. Sawchuk, and M. Saliba. 2018. “Deconstructing the 
1918-1919 Influenza Pandemic in the Maltese Islands: A Biosocial 
Perspective.” Current Anthropology 59, no. 2: 229–239. https://​doi.​org/​
10.​1086/​696939.

Tuckel, P., S. Sassler, R. Maisel, and A. Leykam. 2006. “A Diffusion of the 
Influenza Pandemic of 1918 in Hartford, Connecticut.” Social Science 
History 30, no. 2: 167–196. https://​doi.​org/​10.​1215/​01455​532-​30-​2-​167.

Uddin, M., S. Galea, S. C. Chang, et al. 2013. “Epigenetic Signatures May 
Explain the Relationship Between Socioeconomic Position and Risk 
of Mental Illness: Preliminary Findings From an Urban Community-
Based Sample.” Biodemography and Social Biology 59: 68–84. https://​
doi.​org/​10.​1080/​19485​565.​2013.​774627.

Underwood, M. 1789. A Treatise on the Diseases of Children: With 
General Directions for the Management of Infants From the Birth. 
Thomas Dobson.

van Doren, T. P. 2025. “Post-Pandemic Inequalities: Evolutionary 
Anthropological Frameworks for the Long-Term Impacts of the 1918 
Influenza Pandemic.” Evolutionary Anthropology 34, no. 3: e70010. 
https://​doi.​org/​10.​1002/​evan.​70010​.

van Doren, T. P., R. A. Brown, and R. Heintz. 2023. “Biocultural 
Perspectives of Pandemics and Post-Pandemic Population Health in 
Alaska.” Arctic Yearbook.

van Doren, T. P., and L. Sattenspiel. 2021. “The 1918 Influenza 
Pandemic Did Not Accelerate Tuberculosis Mortality Decline in Early-
20th Century Newfoundland: Investigating Historical and Social 
Explanations.” American Journal of Physical Anthropology 176, no. 2: 
179–191. https://​doi.​org/​10.​1002/​ajpa.​24332​.

Van Kerkhove, M. D., K. A. H. Vandemaele, V. Shinde, et  al. 2011. 
“Risk Factors for Severe Outcomes Following 2009 Influenza A (H1N1) 
Infection: A Global Pooled Analysis.” PLoS Medicine 8, no. 7: e1001053. 
https://​doi.​org/​10.​1371/​journ​al.​pmed.​1001053.

Vellozo, N. S., S. T. Pereira-Marques, M. P. Cabral-Piccin, et  al. 2017. 
“All-Trans Retinoic Acid Promotes an M1- to M2-Phenotype Shift 
and Inhibits Macrophage-Mediated Immunity to Leishmania major.” 
Frontiers in Immunology 8: 1560. https://​doi.​org/​10.​3389/​fimmu.​2017.​
01560​.

Viasus, D., V. Pérez-Vergara, and J. Carratalà. 2022. “Effect of 
Undernutrition and Obesity on Clinical Outcomes in Adults With 
Community-Acquired Pneumonia.” Nutrients 14, no. 15: 3235. https://​
doi.​org/​10.​3390/​nu141​53235​.

Viboud, C., J. Eisenstein, A. H. Reid, T. A. Janczewski, D. M. Morens, 
and J. K. Taubenberger. 2013. “Age- and Sex-Specific Mortality 
Associated With the 1918-1919 Influenza Pandemic in Kentucky.” 
Journal of Infectious Diseases 207, no. 5: 721–729. https://​doi.​org/​10.​
1093/​infdis/​jis745.

Walls, H. L., A. Peeters, J. Proietto, and J. J. McNeil. 2011. “Public 
Health Campaigns and Obesity - a Critique.” BMC Public Health 11: 136. 
https://​doi.​org/​10.​1186/​1471-​2458-​11-​136.

Warren, K. J., M. M. Olson, N. J. Thompson, et  al. 2015. “Exercise 
Improves Host Response to Influenza Viral Infection in Obese and 
Non-Obese Mice Through Different Mechanisms.” PLoS One 10, no. 6: 
e0129713. https://​doi.​org/​10.​1371/​journ​al.​pone.​0129713.

Williams, M. 2009. “The Comity Agreement: Missionization of Alaska 
Native People.” In The Alaska Native Reader: History, Culture, Politics, 
edited by M. Williams. Duke University Press.

World Health Organization. 2010. “A Healthy Lifestyle–WHO 
Recommendations. World Health Organization Newsroom.” who.​int/​
europe/​news-​room/​fact-​sheets/​item/​a-​healt​hy-​lifes​tyle—​who-​recom​
menda​tions​.

Xiao, Y.-L., J. C. Kash, S. B. Beres, Z.-M. Sheng, J. M. Musser, and J. K. 
Taubenberger. 2013. “High-Throughput RNA Sequencing of a Formalin-
Fixed Paraffin-Embedded Autopsy Lung Tissue Sample From the 1918 
Influenza Pandemic.” Journal of Pathology 229: 535–545.

Young, T. K., P. Bjerregaard, E. Dewailly, P. M. Risica, M. E. Jørgensen, 
and S. E. O. Ebbesson. 2007. “Prevalence of Obesity and Its Metabolic 
Correlates Among the Circumpolar Inuit in 3 Countries.” American 
Journal of Public Health 97, no. 4: 691–695. https://​doi.​org/​10.​2105/​
AJPH.​2005.​080614.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Data S1: ajhb70151-sup-0001-DataS1.
csv. 

 15206300, 2025, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajhb.70151, W

iley O
nline L

ibrary on [01/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1146/annurev.nutr.27.061406.093819
https://doi.org/10.1146/annurev.nutr.27.061406.093819
https://doi.org/10.1086/696939
https://doi.org/10.1086/696939
https://doi.org/10.1215/01455532-30-2-167
https://doi.org/10.1080/19485565.2013.774627
https://doi.org/10.1080/19485565.2013.774627
https://doi.org/10.1002/evan.70010
https://doi.org/10.1002/ajpa.24332
https://doi.org/10.1371/journal.pmed.1001053
https://doi.org/10.3389/fimmu.2017.01560
https://doi.org/10.3389/fimmu.2017.01560
https://doi.org/10.3390/nu14153235
https://doi.org/10.3390/nu14153235
https://doi.org/10.1093/infdis/jis745
https://doi.org/10.1093/infdis/jis745
https://doi.org/10.1186/1471-2458-11-136
https://doi.org/10.1371/journal.pone.0129713
http://who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle%E2%80%94who-recommendations
http://who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle%E2%80%94who-recommendations
http://who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle%E2%80%94who-recommendations
https://doi.org/10.2105/AJPH.2005.080614
https://doi.org/10.2105/AJPH.2005.080614

	Body Size and Risk of Death During the 1918 Influenza Pandemic in Alaska
	ABSTRACT
	1   |   Introduction
	1.1   |   Proximate Explanations: Nutritional and Immunopathological Factors
	1.2   |   Ultimate Explanations: Developmental and Syndemic Factors
	1.3   |   The 1918 Influenza Pandemic in Alaska

	2   |   Materials & Methods
	2.1   |   Data Description
	2.2   |   Descriptive Analyses
	2.3   |   Logistic Regression Analyses

	3   |   Results
	3.1   |   Descriptive Results
	3.2   |   Baseline Logistic Regression Results
	3.3   |   Multivariate Logistic Regression Results

	4   |   Discussion
	4.1   |   Historical Orientation of Results
	4.2   |   Interpretation of Model Variations
	4.3   |   Limitations

	5   |   Conclusion
	Acknowledgments
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


