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Over the past 10 millennia, human health was transformed enormously by the transition from foraging to farming; the rise of cities and complex forms of social and political organization; colonization; and industrialization.  The diversity of experience surrounding this vast sweep of time and space provides an excellent laboratory for examining the evolution of the human condition using skeletal remains from archaeological sites as the basic data source.   
Over the past 15 years, the National Science Foundation has sponsored Richard Steckel, Clark Larsen, Phillip Walker, Paul Sciulli and numerous collaborators in two projects that measure and analyze a suite of health indicators from skeletal remains, one based on 12,500 individuals who lived in the Western Hemisphere (published as R. Steckel and J. Rose, The Backbone of History: Health and Nutrition in the Western Hemisphere.  Cambridge, 2002), and one based on 17,500 individuals who lived in Europe (publication in progress).  These projects established proof of concept, creating the teamwork and the methodologies for coding, analyzing, interpreting and disseminating information on health (see the project web page:  http://global.sbs.ohio-state.edu).
Over five years, the team will create a much richer laboratory with far greater geographic and socioeconomic diversity, chronological depth, and volume of evidence that will shed light on chronic conditions that unfolded over the life course under highly different and often very stressful environmental settings.  A meeting of potential collaborators from across the globe at Ohio State University in May of 2008 established that ample skeletal remains are available for study.
The Core project will collect data on health from the remains of 65,000 individuals who lived on five continents from the Neolithic Revolution to the early twentieth century.  Contextual information on the sites in areas where people lived will be obtained from archaeological data and historical documents as well as biochemical analysis, sources used to recreate climate history, and Geographic Information Systems.  Richard Steckel will direct the core project.
The skeletal measures that will be recorded include age at death and sex along with variables for social status, health during childhood and markers of chronic disease, all of which are readily visible and measurable, non-invasive and are widely studied by bioarchaeologists.  The childhood measures of health include stature (inferred from femur length); linear enamel hypoplasias (a visible, linear tooth defect associated with substantial but nonspecific biological stress during the first years of life); and cranial lesions (in the form of irregular pitting) called porotic hyperostosis and cribra orbitalia, which are frequently associated with early childhood anemia created by an iron-deficient diet and/or parasites such as hookworm.  The variables signifying a deterioration in health consist of dental disease (caries, missing teeth and abscesses) and signs of degenerative disease at the major joints.  In addition, researchers agreed to record skeletal infections (periosteal reactions), trauma composed of fractures and weapon wounds, and signs of specific infectious diseases such as tuberculosis, leprosy, and treponemal disease (e.g. syphilis), and metabolic diseases of rickets and scurvy.  Such analyses also open the door for further investigations, for example, chemical diet analyses of diet and pathogen DNA analyses.

The six subprojects will all use the same skeletal and contextual databases and will be integrated at the level of the site or locality by analyzing specific aspects of chronic conditions in relation to overall health as measured by the health index, an age-adjusted measure of morbidity or functional capacity that was developed for the Western hemisphere project.  The six subprojects are:
1.Early childhood stress and adult survival (Barker Hypothesis). Led by Richard Steckel, this project will measure the impact of childhood physiological stress on adult survival.
2. Human adaptation to environmental change.  Led by Kimberly Williams, a biological anthropologist who is an expert in Geographic Information systems from Temple University, this project will assess environmental influences on health.
3. Degenerative conditions: dental disease and osteoarthritis.  Led by Clark Spencer Larsen a biological anthropologist at Ohio State University, this project will measure the impact of physical activity and diet on the development of degenerative joint disease and the course of oral health over the life course.
4, Ecological context of disease: tuberculosis, leprosy,  trepoanematosis, rickets and scurvy.  Led by bioarchaeologists Charlotte Roberts from Durham University will assess ecological and socioeconomic influences on these diseases.
5. Precursors of violence and trauma. Led by Richard Steckel this project will measure the impact of socioeconomic and environmental conditions on accidental (e.g. wrist and ankle fractures) and deliberate trauma (fractures and weapon wounds to the skull).
6. Inequality and health.  Led by Michael Haines, an economist and demographer at Colgate University, this project will measure the impact of socioeconomic distance on health. 
Tentative Budget (totals over 5 years)
Core


Collect data from skeletal remains of 65,000 individuals @ $15 over 5 years

   975,000


Biochemical analysis:

carbon dating:  540 @ 350








   189,000
isotopes: 1,200 @ 25








     30,000


Administration: avg. of 110,000/yr for 5 years






   550,000


Travel:  avg. of 16,000/yr for 5 years







     80,000


Equipment:











     30,000

Subtotal












1,929,000

Individual projects


Early childhood stress and adult survival (Barker Hypothesis)




     90,000


Human adaptation to environmental change






   100,000


Degenerative conditions: dental disease and osteoarthritis




     95,000


Ecological context of disease: TB, leprosy, rickets, trepanematosis, & scurvy

     90,000


Precursors of violence and trauma







     95,000


Inequality and health









    100,000

Subtotal












   570,000

GRAND TOTAL (5 years)










2,499,000

Core #1:  Data Collection, Richard H. Steckel PI
Introduction

Our goals are to create a rich public-access database on life cycle patterns of health as learned from skeletal remains within their context.  The project show the enormous diversity of experience in humanity’s long journey from the Neolithic era to the present.  The research builds upon an earlier effort for the Western Hemisphere, which found that ecological and socio-economic conditions impacted sickness and aging.  The small sample size and high corrleation among explanatory variables in the sample for this project motivates our international team to gather more evidence.  
Specific Aims

(a) Measure skeletal morbidity and stature, using metrical data related to sex and age at death along with eight skeletal indicators of chronic sickness for approximately 65,000 individuals who lived from the late Paleolithic era (the eve of the dawn of agriculture, or the Neolithic revolution) to the early twentieth century.  The samples consist of men, women, and children who were buried at approximately 500 localities in 40 countries across 5 continents. All skeletons have been excavated, catalogued and curated, and are now available for study in numerous museums.  

(b) Calibrate biochemical components, which are a storehouse of information on diet, pathogen DNA, migration and the age of skeletal remains.

(c) Quantify the natural environment, using markers of climate history and Geographic Information Systems (GIS) databases from a variety of sources.  We understand that some of these measures are crude, but nevertheless they are useful when constructed over the millennia.

(d) Assess the socio-economic context by collecting information from archaeological sources and historical documents.  We will document grave goods such as weapons, jewelry, and tools that help place the individual within the socio-economic strata of their culture.  Many measures are highly approximate, but useful depictions of the reality under study, as shown by previous research on the Western Hemisphere

Research Strategy

Significance.  Over the past ten millennia human health and welfare were transformed enormously by the transition from foraging to farming, the rise of cities and complex forms of social and political organization, European colonization, and industrialization.  When combined with the considerable diversity in the natural environment of five continents, these dramatic changes provide an extraordinary laboratory for studying the causes and consequences of changes in health.  The challenge is to acquire consistent, comparable and useful measures of health and of the physical and social environments over a time span that is enormous by standards in the social sciences.  An attempt to formulate a research agenda on this scale would likely have been dismissed as fanciful as little as a decade ago.  Recent progress in computer technology and in several disciplines related to this grant proposal, however, make this agenda entirely feasible.  
Measure demographic parameters and skeletal morbidity and aging (see figure 1 below for a summary).  
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Figure 2:  Person Years of Attribute 
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Figure 1: Variables to be recorded
Innovation.  For many decades bioarchaeologists have collected data from skeletal remains but these efforts generally lack important features of this project: (a) a very large sample size; (b) global reach; (c) consistently defined and recorded variables; (d) systematic gathering of data on socioeconomic and ecological context; (e) a multidisciplinary team of investigators that partners physical anthropologists with economists, demographers, historians, climate scientists, and experts in Geographic Information Systems.

Core #2:  Administration, Richard H. Steckel PI

Specific Aims

1) Select skeletal collections for study.  

Identify leaders or organizers for data collection on each continent


Coordinate through annual meetings and/or teleconferences


As learned from the Western Hemisphere project, diversity in the database is an important asset for studying determinants of health.  This will be achieved through stratified sampling by categories that were found relevant in the Western Hemisphere project:  (a) time period, (b) settlement size, (c) geographic location, (d) subsistence pathways, (e) technology employed, (f) elevation, (g) vegetation and (h) topography.  Other relevant considerations in making choices for later time periods with abundant data are the availability of contextual information, the quality of skeletal preservation and whether age at death is known.  Initially, we prefer sites where the archaeology and the historical context are reasonably well researched and documented.
2) Hire graduate students and post-docs to code data (work at piece rate)
3) Monitor quality control (Inter-observer error quiz)

4) Use customized software to code skeletons (similar to TurboTax) 
Group training sessions as needed on software

5) Describe and photograph burial artifacts.  

6) Transmit data to central server (or code directly to central server).  
7) Clean and store data (remove duplicates, etc.).  
8)  Prepare site reports.  After the skeletal data have been coded for a particular site, the primary researcher will prepare and upload for storage a 5-7 page report (single spaced) that describes the skeletal evidence as well as the ecological and socio-economic contexts in which the people lived.  These reports will provide what is readily known about the following categories of information:  nature of the settlement (precise location; approximate population size, housing type, water supply, fortifications, and so forth); chronology (and how known from carbon dating, artifacts and so forth); technology in use; pattern of subsistence, social organization; patterns of trade; and bibliography of publications about the site.  The idea is to make the skeletal data user friendly and easy to interpret to non-specialists on the project and ultimately to the public.
9) Facilitate collaborator access to data (share passwords)

10) Research sex and age at death.  Reliable information on sex and age at death are fundamental for understanding health.  Data on sexually dimorphic and age-related skeletal traits are collected on all individuals in our skeletal sample.  We use these observations of skeletal morphology to develop collection-specific equations of maximum likelihood cumulative probit models to estimate the probable age at death and the sex of each individual. The sex determination models are derived from the adult subset of our sample that can be reliably sexed based on pubic bone morphology.  For age determination, these models are based upon 1,500 individuals whose age at death is known from their medical records. 
11) Ponder potential selectivity

12)  Calculate the health index at every site and distribute for use by all researchers on all projects.
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Guide to calculating the denominator of age-specific rates of morbidity for the health index

Subproject #1:  Early Childhood Stress and Adult Survival, Richard H. Steckel PI

Introduction
A couple of decades ago, David Barker examined birth weights by cohort in early twentieth century England, and he discovered that their weights were systematically related to mortality rates of the same cohorts as adults.  Barker specifies a critical developmental window, arguing that conditions prior to birth influence adult onset of some cancers, diabetes and heart disease (Barker 1998).  Other studies indicate that childhood health after birth is also relevant in that a summary measure of childhood conditions (height) is systematically related to mortality rates of older men 
 ADDIN EN.CITE 
(Costa and Steckel 1997; Waaler 1984)
.  Because early childhood health and adult social status are connected (Marmot 2004), unraveling the pathway of the relationship is important for understanding social gradients in health.  Most studies of the problem rely on modern evidence 
 ADDIN EN.CITE 
(Allebeck and Bergh 1992; Barker 1998; Hebert et al. 1993; Leon et al. 1995)
 or that from the recent past (Alter and Oris 2000; Costa 1993).  While these sources are quite useful because sample sizes are large and they often control for factors that can affect outcomes, the general environmental conditions under which people lived in these studies are benign compared with some of those in the distant past.  Potentially, much can be learned by examining the relationship between childhood and adult health under conditions that were extremely poor compared to those of the past 150 years.  One might expect to find that the very stressful conditions of childhood were more powerful or the consequences occurred at younger ages than found in modern samples (Jones 1956).  There is also a debate over the mechanisms or pathway by which childhood conditions affect adult health, with some emphasizing nutrition (Barker 1994) and others inflammation.
Specific Aim 1: Analyze the Hypothesis that Very High Physiological Stress in Childhood Substantially Hastens Adult Death
A number of researchers report that pre-adult conditions were important for later adult health, but the typical subjects of study are older people (in the range 40-75 years) who lived comfortable childhoods by historical standards.  The highly diverse living conditions of people in our data include ways of life that were extremely harsh relative to those studied in this literature.  Our samples furnish a laboratory--a type of pressure cooker--to study how extreme physiological stress may have accelerated aging and death.  Specifically we will investigate how childhood measures of physiological stress affected the chances of adult survival.  

Research Strategy

Using the Western Hemisphere database, the PI has already completed a study using skeletal markers of early childhood physical stress and adult survival at the individual level (Steckel 2004) and in this section we use a similar plan of work with the exception that adaptive spatial and chronological filters can be used to detect and measure the size of effects not captured by other explanatory variables.  Data from military samples and individuals who died of violent skeletal trauma (distinguishable from post-mortem trauma by coloration and the pattern of bone breakage) will be excluded because such deaths were presumably not directly affected by childhood health conditions.  The procedure is straightforward.  First, select measures of early childhood physiological stress.  We will use three:  linear enamel hypoplasias, signs of “anemia” (cribra orbitalia and porotic hyperostosis), and stature (represented by femur length).  Second, select age categories for the dependent variable, survival or non-survival beyond a particular age given the individual survived to early adulthood.  We will use two, age 30+ and age 40+.  We do not use older age categories because estimates of older ages at death based on morphology become less reliable.  Third, estimate logit regressions of non-survival on sex, the measures of stress, and the presence or absence of periodontal disease.  We will estimate separate regressions for each type of stress and a regression that includes all forms as regressors.  Fourth, use the regression coefficients to calculate probabilities of survival.  Fifth, compare results with studies based on modern data.  This part is complicated by the fact that modern studies consider survival at older ages (generally 50 or higher) than used here.  We can, however, compare how stature (estimated from femur length) and the other forms of stress influence relative mortality risks.  It should also be noted that the analytical techniques cannot prove that early childhood physiological stress shortened adult life because a competing hypothesis, not testable with the available data, is that poor environmental conditions that gave rise to the childhood conditions also persisted into adult life.  Other observational studies on modern data, however, generally suffer from this problem.  In defense of our procedure, researchers who have studied the adult health of children born in adjacent found that childhood conditions left imprints on the cohorts (Finch and Crimmins 2004).

Subproject #2:  Human Adaptation to Environmental Change, Kimberly Williams PI
INTRODUCTION








          Geographic Information Systems models have become heavily used in anthropological and other biomedical research applications.  In a bioarchaeological context, they have vast potential to organize and facilitate the testing of hypotheses involving temporal and spatially broad topics.   The standardized bioarchaeological database developed through the Global History of Health Project (GHHP) has brought together osteological and related archaeological and ecological contextual information.  A large scale, focused development of a geospatial bioarchaeological database has been outside the scope of previous projects.  Under the auspices of the NIH P01 funding mechanism, we propose a suite of grant subprojects which complement each other in pursuit of examining global prehistoric health in light of environmental and socioeconomic influences.  Central to this pursuit is the development of a geospatial bioarchaeological database standing on the shoulders of the previously developed GHHP database as well as its expansion in the future.  
GIS models will be created to understand the environmental context for population health and disease, growth and development, and the health of the skeleton over the lifespan.  This proposed subproject will develop the GIS models, test several hypotheses using these models, share these models and their insights with collaborators also working under the auspices of this P01 application, and develop a geospatial bioarchaeological database accessible to all. 

SPECIFIC AIMS










  Specific Aim #1: Build Geographic Information System (GIS) models of archaeological sites recorded in the GHHP.

We will use archaeological contextual data such as size of settlement, paleodemographic profile, paleoclimate, vegetation, and elevation data to create a model of the ecological environment of each archaeological site/region.  Paleodemographic profiles will be created using the data in the existing GHHP database and these will, in addition to archaeological contextual data, be used to model the size of the population and the extent of landscape exploitation.  

Rationale: By creating models of the ecological context of each archaeological site and across specific regions, we can better understand the role these environmental factors play in measures of human adaptation to the environment.  While the role of the environment is implicit in many bioarchaeological inquiries, this approach will quantify these data and allow empirical evaluation of the environment across large geographic expanses.

Specific Aim #2:  Evaluate hypotheses regarding the effect of the environment on human adaptation.

Key environmental variables will include a) size of a population, b) location of the population; and c) environmental features that may impact skeletal growth and development.  The following hypotheses will be tested:

Hypothesis #1: The size of the population and proximity to other populations will impact spread, duration, and severity of infectious disease.  GIS models can be used to effectively model the spread of infectious disease.  

Hypothesis #2:  The geographic location of the population (which may include such features as elevation, access to fertile land for farming, proximity to marine or freshwater resources, or availability of game animals) will impact the nutritional status of archaeological populations.  Using data indicative of biological stress or nutritional insult found in the GHHP database we will test which environmental factors had a potential impact on successful exploitation of the landscape (as measured by biological health status and evidence of healthy growth and development of the skeleton).

Hypothesis #3:  The physical environment (e.g., terrain, elevation) will impact skeletal growth and development and maintenance of the skeleton over the lifespan.  We will examine the potential of terrain to influence long bone functional adaptation, and cumulative wear and tear of the skeleton as evidenced by degenerative joint disease.  A lifetime of interaction with variable terrain is expected to be seen the skeleton through the prevalence of degenerative joint disease and maintenance of long bone robusticity.

Specific Aim #3:  Development of Global History of Health Geospatial Bioarchaeological database.
Rationale: The proposed study will develop GIS models of archaeological sites across five continents using data from the Global History of Health Project.  The GHHP data has been collected in a standardized fashion which makes comparison across diverse sites and time periods possible. The addition of a GIS database to these existing data will enhance the utility of the GHHP database and facilitate richer models of human adaptation.  In addition to using these models in this current proposed study, we will develop a GIS database for public access to spatial data pertaining to these bioarchaeological data.
RESEARCH STRATEGY
Significance

This project has substantial significance because it will incorporate environmental models of human health and interaction with the environment. These models will utilize the largest bioarchaeological database ever compiled and will enhance and expand it so that data are available for widespread use.  Ultimately this will produce research of broad (in both geographic and temporal senses of the word) bioarchaeological significance.  No other project has incorporated elements of the environment in as comprehensive of a fashion as is proposed in this current application.

Innovation

While GIS models are in widespread use in many areas of Anthropology, reconstruction of the environment for applications examining health in the distant past is very rare.  The environment has played an indisputable part in the course of human evolution, and the role of the environment has been considered extensively in research on adaptation (as measured by biological health, successful growth and development, and health/maintenance of the skeleton over the lifespan).  This project is innovative because of the GIS modeling which will be conducted.  No geospatial bioarchaeological models have been made on this scale or incorporated these vast bioarchaeological data from the GHHP.  

 Approach

The current proposed study dovetails with and enhances each of the five other subprojects proposed under the auspices of this P01 application.  Through the development of GIS models of the archaeological sites included in the GHHP, several hypotheses regarding human adaptation will be tested. The GIS models will contribute environmental measures that will inform aspects growth and development not only in the ways described in Specific Aim #2, but also with regard to maternal environment and its effect on childhood and later adult health through the investigation of the Barker hypothesis (Steckel).  Aspects of these models which address vegetation, subsistence strategy and access to certain food products have implications for dental disease (Larsen). Likewise, osteoarthritis prevalence (Larsen) can be informed by using GIS techniques to examine the interaction of terrain and mobility on joint deterioration. Furthermore, GIS models on the prevalence/spread of infectious disease complement the subproposal regarding the ecological context of infectious disease (Roberts).  Finally, these models will also contribute a spatial perspective on the relationship between socioeconomic conditions, health, and the environment (Haines), as well as the impact these factors have on trauma and violence between and within populations (Steckel).

Subproject # 3: Degenerative conditions: dental disease and osteoarthritis, Clark Spencer Larsen PI

Introduction: The study of the aging skeleton provides a fundamental perspective on living conditions and lifestyle, both in living and past populations.  This investigation assesses prevalence and pattern of two diagnostic degenerative conditions involving the dentition and major articular joints.  The former documents dental caries and occlusal wear, reflecting exposure to carbohydrates and food processing technology, and the latter documents osteoarthritis, a degenerative condition resulting from use and function of the limbs and body generally throughout life.

Specific Aims.  The project will identify factors that influence oral health, including diet and food processing techniques.  The key aims will be to document and interpret temporal changes, such as the adoption of domesticated plants in the diet and the intensification of wheat production (and other cultigens) and the impact on oral health in aging adults.  Dental conditions will identify dietary patterns.  The other key aim will be to document and interpret frequency and pattern of change in osteoarthritis for assessment of workload and activity generally.

Research Strategy.   There is a sparse global record of evidence of degenerative conditions from the study of archaeological human remains.  This project is the first to document health and the important role of degenerative conditions in adult populations living in diverse circumstances pertaining to diet, lifestyle, climate, and topography on such a scale of investigation.  Heretofore, investigations of this kind of record pertained to single sites and lacked regional or global context.  The project presents the first comprehensive approach to documenting circumstances of health and lifestyle in aging adults, thus providing an important context for understanding health and living conditions in contemporary populations. In addition, it will be the first to use the same methods of investigation in all skeletons, providing the first realistic picture of health as it pertains to degenerative conditions in adults.  By doing so, it will also provide a baseline from which to interpret health in recent populations in each of the five continents.  Preliminary analysis from Europe reveals a clear pattern of increasing caries, and oral disease generally, reflecting a likely increased focus on domesticated plants.  This is especially pronounced in the Medieval period, a time of increased demands for food stemming from a growing population.  On the other hand, preliminary results reveal a dramatic decline in osteoarthritis, both in prevalence and severity.  These results indicate fundamental changes in lifestyle, including workload and activity associated with production pertaining to agriculture.  These findings provide a foundation for the proposed investigation, namely understanding the variation that has been generally documented in the preliminary investigation.  Results for Asia reveal somewhat different patterns of degeneration, but the data are very preliminary.  The proposed investigation will document temporal and spatial variation in regard to climate and climate change, topography, mode of economic production, age and sex, and other biosocial variables that inform our understanding of the life course in a region of the world that heretofore has only been understood via the historical record.  The investigation provides a novel way of understanding health in relation to economic conditions and the larger social and political landscapes of humanity on an unprecedented scale.

Subproject # 4: Ecological context of infectious and metabolic disease, Charlotte Roberts PI

1. Introduction

In its broadest sense, the environment in which people have lived has affected health throughout time, but evidence of disease both past and present reflects how effective humans were, and are, at adapting to the environment. Both intrinsic and extrinsic factors are relevant (see WHO 2006). According to the WHO (http://www.who.int/quantifying_ehimpacts/publications/preventingdisease/en/index.html ) environmental risk factors are involved with more than 80% of the diseases regularly reported today around the world, and almost 25% of all deaths and the total disease burden are environmentally related. Age, sex, gender, ancestry, and social status and religious affiliation are all relevant to the occurrence of disease, and living conditions (outdoors and indoors), climate and weather, levels of hygiene, extent of mobility, trade and contact, access to health care, and occupation, diet and economy all present risks and benefits to health - but all can be mitigated against. How effective our ancestors were able to mitigate against the challenges of the extrinsic factors in their lives can be explored using primary data, that is from the remains of those people buried long ago. However, it is only by combining multiple data sets from skeletal remains (health indicators), archaeological materials (artefacts, ecofacts and structures), contemporary historical data where available, and relevant ethnographic evidence that a truly holistic view of the experience of health and disease in the past can be realized (Roberts 2009). 

This sub project aims to use the primary skeletal data from the GHHP database to explore the impact of the environment on the frequency of infectious and metabolic disease from prehistory to the early modern period in Europe, with the ultimate aim of making a comparative study of the data with frequencies today. Have we learnt from our experience in the past or do we need to pay more heed to what we see in prehistoric and historic contexts?

2. Specific Aims

This sub project has two key aims:

1. To use frequency data for the infectious diseases of tuberculosis (TB), treponemal disease and leprosy, and the metabolic diseases of rickets and scurvy (non-adult and adult males and females) recorded in the GHHP database. 

All these health challenges can be recognized on the skeleton (Ortner 2003; Resnick 1995), and are variously related to poverty, inequality and compromised immune systems (e.g. TB, leprosy), high population density (e.g. TB), mobility, trade and contact (e.g. TB, treponemal disease), occupation (TB, rickets), deficiencies in diet (e.g. scurvy), specific climates (e.g. rickets, treponemal disease), and some may occur together in one individual even today (e.g. rickets and tuberculosis). Furthermore, the occurrence of these conditions in childhood and adulthood are relevant to the Barker Hypothesis that states that reduced foetal growth (insufficient nutrients) is strongly associated with a number of chronic conditions later in life. It is only through the GHHP data that it is possible to track the time trend in health through the lifecourse in different sites on five continents.

2. To integrate the skeletal data for these metabolic and infectious diseases with contemporary archaeological (including ecological) and, where available, historical data for the sites revealing the skeletal evidence
The objective is to provide a biological profile of those affected and plot frequency rates through time, in addition to correlating data with age at death, sex, social status and ancestry. Ultimately the patterning seen for those affected will allow the generation of relevant risk factors for these health problems in the more distant past.
3. Research Strategy
a. Significance

This is a project of huge significance. It will be the first time that standardized data from such a large global skeletal sample have been used to produce a profile of metabolic and infectious disease frequency. Previous work has tended to concentrate on specific archaeological sites and particular time periods (small samples - e.g. some papers in Cohen and Crane-Kramer 2007), or countries (Bennike 1985, Roberts/Cox 2003), or non-standardised collected data from multiple sites in a region (e.g. Steckel/Rose 2002). 

Thus, overall comparative patterning of standard data will be used and related to relevant variables, eventually producing for bioarchaeology a wider perspective on these health indicators than has previously been possible. For medicine, our data will be more comparable to clinical datasets where large numbers of people are surveyed for particular health problems, but it also adds the time depth that clinical medicine cannot provide, thus providing an evolutionary perspective on global health over several thousand years (Gluckman et al. 2009). 

b. Innovation

The data already collected for the GHHP, and the anticipated increase in those data with this project, will create an unrivalled bioarchaeological dataset for bioarchaeology that will be ultimately accessible for all. Furthermore, the data has been, and will be, collected in a standardized format, something that has not been previously done so systematically for so many skeletons.

c. Approach

Preliminary studies have already been completed and health data from around 11,000 skeletons were analysed and presented in a poster symposium in Chicago (American Association of Physical Anthropologists, 2009) – this included two posters on the metabolic disorders and infectious diseases. For example, data on leprosy and TB were collated from 10, 969 skeletons from 82 sites located in Austria, France, Germany, Greece, Hungary, Italy, Latvia, Lithuania, Netherlands, Poland, Portugal, Romania, Switzerland, Turkey, the UK and Ukraine. Some of the data supported previous observations on leprosy and TB in Europe (eg. a decline in leprosy into the late middle ages), but others did not (eg. a decline in spinal TB in the middle ages). Increases in population density and close contact with animals with urbanism in the high and late middle ages, necessary for the transmission of TB, were suggested to cause an increase in TB, and the rise of industrial societies was associated with poverty, unhealthy work practices and increased mobility. Additional data collection was identified to refine understandings of the impact of both infections on past populations, and a more nuanced exploration of the epidemiological factors affecting frequency. This can be accomplished in the project proposed
This sub project will add data to those studies. The research strategy will involve further collection of data on infectious diseases and metabolic disorders by sex and age, correlation with relevant aetiological variables associated with the sites and countries, and cross correlation with other health data collected in the project. This sub project links with that of Steckel 1 (relevant to the Barker hypothesis), Williams (environmental factors are relevant to both categories of chronic conditions being explored), Larsen (dietary deficiency influences on dental health, such as enamel hypoplasia, may also relate to scurvy, and overall diet related poverty can lead to infectious disease), Steckel 2 (the stigma associated with infectious disease such as leprosy may have invoked interpersonal violence,) and Haines (inequality is strongly linked to poor health; e.g. see Wilkinson/Pickett 2009).

Subproject #5:  Precursors of Violence and Trauma, Richard H. Steckel PI

Background

Social scientists have long sought to understand the origins of conflict, violence, and physical injury.  Today various agencies collect relevant information from police reports, court records, emergency room admissions, special surveys, and so forth.  Unfortunately written sources are often thin for the recent historical past and frequently unavailable for more distant eras.  Nevertheless, pressing social questions remain over humankind’s predilections for conflict and aggression, which are best studied across diverse socioeconomic settings.  The near and distant past therefore provide an excellent laboratory for studying precursors or determinants of aggression.  Bioarchaeologists have learned that skeletal remains provide a valuable biological record for measuring trauma, for which data are available deep into the human past.

Objectives

We seek to measure rates of trauma over time, across space, and by age and sex, to establish baseline patterns against which twentieth-century evidence can be evaluated.  We will test the null hypothesis that no differences existed over time, across space, or by age and sex.  Ultimately we will draw comparisons with the Western Hemisphere and the European databases, which showed that rates of trauma were independent or uncorrelated with the frequencies of other types of pathological lesions.

Methods

The coding software records trauma for the following skeletal elements: cranial vault; nasal bones; non-nasal facial bones; long bones; other post-cranial bones; this includes weapon wounds on any bone.  As part of the procedure, the coder also noted whether the lesion was well-healed, partially healed or occurring at death, the last coded as positive only if there was clear and convincing evidence of a perimortem injury.  

Because trauma frequencies depend upon the completeness of the skeleton and the age of the individual, it is important to standardize.  We did this by using data collected on the completeness (percent present or observable) of each major skeletal element.  This information is then converted into full skeleton equivalents.  For example, if two individuals had cranial vaults that were 40 and 60 per cent complete, together they make the equivalent of one complete cranium.  The procedure requires an assumption that portions of bone are missing at random, or at least that trauma had no systematic relationship to the portions of bones observable or unobservable.  To obtain frequencies, the number of traumas (in a category such as the site, region or time period) is divided by the number of skeletal equivalents for that category.  

Because skeletal injuries tend to accumulate as people age, one may also adjust (divide) results further by the sum of years lived by the population or group under study.  In the cause of cranial trauma, for example, the final result is the number of injuries per effective cranial vault year lived.  This equals the number of injuries (in the numerator) divided by the effective number of vaults multiplied by the number of years lived (the sum of ages at death).  Because the age distribution of deaths was similar across categories used in the analysis, however, the age-adjusted results were similar.
Age and Sex variation

In the European data, relatively few injuries occurred among children under age 10 but the curve rose steeply in the teens and twenties, reaching a peak in the thirties.  The age pattern of injury resembles that found in the Western Hemisphere data and in modern epidemiological evidence.  The rapid decline in the forties, also found in the Western Hemisphere, may reflect selective elimination (death) of the violent or the accident prone.

Temporal and Regional Variation

Broken bones in the wrists and ankles often result from accidental falls, and occur more frequently in uneven terrain.  Cranial injuries, on the other hand, are a barometer of deliberate interpersonal violence.  

In the European data these injuries were several times more likely among men compared to women, a pattern found in the Western Hemisphere and in modern evidence.  Indeed the male-female contrast is so common that one might doubt the quality of the skeletal evidence if it was not observed.

As the Middle Ages unfolded the rate of cranial vault injury among men rose dramatically in Europe, increasing nearly threefold.  No such pattern existed among the women, for whom the trend was flat, and even declined in the late Middle Ages.  At this point we can only speculate as to the causes, but this was an era in which cities were fortified with walls and fortresses were built to house professional soldiers.  A surge in population and growing scarcity of land may have contributed to strife.

In Europe the rate of cranial injuries varied systematically by region, with the southwest most prone and the northwest the least prone to this type of trauma.  Considering the four quadrants of Europe, one can see that the highest rates occurred along the southwest-northeast corridor and the lowest rate existed along the northwest-southeast diagonal.  Note that the bulk of the data come from the Middle Ages.  Until we are able to conduct additional analysis of this interesting pattern we are withholding speculation on its possible causes.
Subproject #6:  Inequality and Health, Michael Haines PI

Specific Aims

    1.  The relationship between ecological context and health and mortality.  Previous work on the Western Hemisphere Health Project has indicated that the particular context of the population has a marked effect on health outcomes.  Using stature as such an outcome, the shortest persons in the indigenous population were the lowland Maya, living in a denser situation, more urban, with a diet heavily weighted to vegetable protein.  The tallest inhabitants were those of the nomadic equestrian hunters of the western plains of North America, who had a diet rich in animal protein and who frequently moved from potentially disease producing sites of habitation.  Additional evidence is provided by the stature of residents of the Brighton, NY (Rochester, NY) Almshouse (poorhouse) in 1850.  Many were poor Irish immigrants who went to the almshouse consequent on migration to the United States, but died there.  Interestingly, the adult males were comparable in height to native born, rural white Union Army recruits.  This indicates that the likely rural environment and basic diet of these immigrants in Ireland was protective of their health, despite their poverty.  This project will look into the ecological context of the skeletal samples as an important determinant of their stature as a health outcome.

    2.  Specific Indicators of Health Status and Inequality.  The project aims to look at specific indicators in the skeletal remains as potential clues to the impact of inequality on health outcomes.  In particular, stature (inferred from long bones), degenerative joint disease (an indicator of type of work load), and porotic hyperostosis and cribra orbitalia (indicators of early childhood nutritional or health status) can all point to differences in outcome from skeletal remains.  These indicators can be correlated with such things as environment, type of burial, age, sex, time period, and what we know about the societies in which the burials were found.

    3.  Type of Burial and Socioeconomic Status.  A number of the burials can be classified by grave goods, type of burial, and place of burial.  These can then be related to the status of the skeletal remains.  This can then be related to such things as the sex of adults, warrior status (and indications of violence trauma on the remains), and possible wealth and social standing.

    4.  Age and Gender Inequality.  The ability of bioarchaeologists to identify age at death (within broad limits for older adults) and sex (for adults) of skeletal remains should allow us to examine inequality across these dimensions, acknowledging that these attributions are only approximate.  What is particularly valuable about the present study is the large number of skeletal remains of women and children.
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