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Abstract

Thispaper examinesthe effects of socioeconomic factorsand loca disease environments onthe medical
experiencesof Union army recruitswhilein service. The results suggest thet prior exposureto unfavorable
epidemiologica environments reduced the chances of contracting and dying from diseasewhilein service.
Farmersand rural residents, who were healthier on average prior to enlistment owing to agreater extent
of isolation from other people, were more likely to succumb to illness and to be killed by disease than
nonfarmers and urban dwellers, respectively. Native recruitswere subject to agreater risk of suffering
illness than were foreigners who had more chances of exposure to infectious diseases in the course of
immigration. More significantly, recruitsfrom acounty with ahigher child death rate werelesslikely to
contract disease than those from alow-mortality county. A closer examination of cause-specific mortality
suggeststhat the most important link between the extent of prior exposureto disease and later hedthisthe
different degree of immunity against pathogens. An aternative explanationisthat peoplewholivedinan
unhealthy environment were better aware of how to avoid contracting disease than those with little
experienceof disease. Therelationship between the extent of exposure to disease prior to enlistment and
health while in service was stronger for the regiments organized inthe Midwest and Mid Atlantic and
weeker for the regimentsfrom New England and the South, presumably reflecting the regiond differences
in the severity of military missions, the extent of urbanization, and climate.



1. Introduction

Researchersin various disciples havelong tried to understand the interrelations of socioeconomic
status, environment, and health. This subject isrelated with a number of important issues such asthe
changing relationship between host, agent, and environmental factors, the socioeconomic differencesin
hedlth, and thelong-term declinein mortality. Themedical and epidemiological literature provides many
examplesof the possiblelinks between early-life conditionsand chronic disease at older ages. A seriesof
studies by Barker and his colleagues (Barker 1992, 1994) links many of the degenerative conditions of old
ageto exposureto infectious disease, malnutrition, and other types of biomedical and socioeconomic stress
inutero andin thefirg year of life. Studies have found that infectious diseases affect the chances of suffering
chronic disease such asheart, respiratory, and muscul oskel etal disorders (Elo and Preston 1992, Costa
2000). Thesefindingsprovideevidencefor the"insult accumulation model," stating that each insult from
illnessor injury leavesthe individual moresusceptible to disease in the future (Alter and Riley 1989).
However, the relationship between the early-life conditions of acohort and itslater health isnot entirely
sraightforward. Individuaswho survive infectious disease may acquire partial or completeimmunity and
therefore may have lower mortality rates (Lee 1997).

Itiswell documented that there are condderable variationsin health across popul ations of different
socioeconomic backgrounds (United Nations 1973). Inequality in health isanimportant socia problem
even in highly wealthy and egditarian nationstoday (Kitagawaand Hauser 1973, Notkotaet al. 1985,
Lehmannet al. 1990, Diderichen 1990, Lawson and Black 1993). Some evidence suggeststhat the socid
hedlth gradient has not diminished in spite of rising income during the second half of the twentieth century
(Preston et d. 1981, Marmot et a. 1991, Marmot 1999). It iswidely accepted that such hedth differentids
by soci oeconomic statuscannot befully explained by differencesin hedth behaviorsor in accessto medica
care. A number of hypotheses have been suggested with regard to how socia and economic environments

ater human biologica functioning. Some frequently cited mediating factors between wealth and health



includework-related stress, family background, and other social support network. A growing number of
sudiesdemongrate that hedth at middle and older agesreflects earlier health and may be correlated across
and within generations (Barker et a. 1989, Barker 1997, Ravelli et d. 1998, Wadsworth and Kuh 1997).
Somestudiesseethe principa impactsof socioeconomic statuson health asflowing not from brief episodes
but instead from the accumul ation of repeated stressover thelife course (Seeman et a. 1997). Another
line of research focuses on therole of income inequaity, maintaining that inequality in reative rank raises
thelevel of psycho-socid stresswhich negatively affectsendocrineandimmunol ogical processes (Sagpolsky
1993, Wilkinson 1996).

The patternsof socioeconomic differencesin mortality and morbidity provideimportant cluesto
the causes of long-term changesin hedlth. Studies have attributed the long-term improvement in hedlth to
anumber of factors, including the elimination of chronic malnutrition, advances in public health,
improvementsin housing, sanitation and food hygiene, and advancesin medica technology (Higgs 1973,
1979, Appleby 1975, McKeown 1976, 1983, Condran and Cheney 1982, Livi-Bacci 1982, Kunitz 1983,
Fogel 1986, 1991). Recent historical studies have found that health as measured by life expectancy and
mean adult height deteriorated through the early nineteenth century inthe U.S. and some European nations
in spite of the growth in per capitaincome (Pope 1992, Floud and Steckel 1997). Thisfinding indicates
that economic growth and epidemiol ogical conditionsare not independent forces, and, moreimportantly,
that under certain circumstancesthe effects of economic devel opment on the disease environment can be
strongly adverse. The possible causes of the downward swingsin thetrend of hedlth, according to these
studies, are rapid urbanization, adecline in the proportion of the population employed in agriculture,
increased geographica mohility, more rgpid increasesin population than in food supply, arisein thereative
food price, anincreaseininequdity inincomedistribution, and the turbulence of the Civil War (Rosenberg
1962, Steckel 1983, 1995, Fogel 1986, 1991, Komlos 1987, Floud, Wachter, and Gregory 1990, Cuff

1992, Costa 1993b, Gallman 1995, 1996). Despite the large amount of research on such issues, the



relativeimportance of the potentid factorsof hedth remainsunclear. Achieving aproper understanding of
these mattersisnot only important from ahistorical point of view, but, perhaps more significantly, interms
of predicting the impact on health of on-going technological and social changes in developing countries.

Thepurpose of thisarticleisto degpen our understanding of theseissues by exploring the effects
of socioeconomic statusand locdl disease environment onlater health and mortality of Unionarmy recruits.
The Union army sample and supplementa dataset containing information onloca degth ratesareided for
addressing theissuesintroduced above, possessing thefollowing magor advantagesover dataanayzedin
previousresearch. First, the semi-experimental conditions of the army camps during thewar providea
unique chance to determine the rel ationship between soci oeconomic backgrounds and hedth. The Civil
War brought together a large number of men from heterogeneous socioeconomic and ecological
backgroundsinto an extremey unhedlthy environment that caused unusudly high rates of contraction of and
disease caused mortdity. Upon being mustered into the service rurd dwellers were suddenly plunged into
close contact with impoverished men from cities where diseases and mortaity rateswere high, but who
were neverthelessin good enough hedlth to pass aphysical examination. About 12% of al recruitswho
served inthe Union army died whilein service (Vinovskis 1990); disease was far more common than
wounds as acause of death or disability. Another unique feature of the army isthat recruits were confined
to rdatively homogeneous living conditionsin terms of the qudity of diet, housing, and disease environment
compared to normal society. Owingto thesefeaturesof army life, weare abletoidentify moreclearly the
effects of socioeconomic and ecological factors, and, in particular, the extent of previous exposure to
disease, on the degree of susceptibility or resistance to disease. Furthermore, detailed descriptions of
disease diagnoses, and cause and date of death whilein service, which are contained in the Union army
medica records, makeit possibleto examinethe patternsof cause-specific mortdity and timing of wartime
deaths.

In an earlier paper, | anayzed the wartime disease experiences of Union army recruits based on



ardatively smal sample of personsfrom the ate of Ohio (Lee 1997). The relationship between persond
characteristics and health among the army recruits was nearly the opposite of the common patterns of
socioeconomic differencesin health found in the civilian populations in the nineteenth century. Former
farmers, rura residents, and natives, who were healthier on average prior to enlistment, were morelikely
to contract and die from disease than, respectively, non-farmers, urban dwellersand non-natives. The most
plausible interpretation of the findingsis that the effect of early childhood exposure to disease was
particularly important. Despite the negative consegquences for net nutritiond status, survivors of unhealthy
environments devel oped better immunity to some of theinfectiousdiseasesthat were rampantinarmy life.
| found suggestive evidencein support of thishypothess, based on the patterns of di sease-specific mortaity
differentials and of the timing of death. Some diseases are known to have greater potential for the
devel opment of immunity. By classifying diseasesa ong thisdimension, | found that the " paradoxical ™
differentialsweregrester for diseaseswith greater immunity potentia. Thedifferenceinthehazard of dying
fromimmunity-sensitive disease was much greater inthe earlier stages of military servicewhen enlistees
were not seasoned to the unhealthy environment of the army camps.

This article extends and improves my previous study in three mgjor aspects. Firt, | useamuch
larger sample of Union army recruits who came from 18 different states in the Northeast, Midwest, and
upper South. Thislarger and geographically more ba anced sample will provide amore generd picture of
wartime medical experiences during the Civil War. Also, we are able to analyze how the effects
socioeconomic and ecological factorson health varied acrossdifferent regions. Secondly, | employ an
improved measure of economic satus, namey, household wedlth per adult mae equivadent. This new index
will more accurately represent the economic well-being of aperson by considering not only the size of
economic resources but also the need for spending than does household wealth. Finally, and most
sgnificantly, | ussamoreexplicit measureof loca disease environment, namely, child degth rate of county,

which will enrich our understanding of the link between the extent of exposureto disease and later hedlth.



2. Data

This study isbased on asample of the severa primary data sources which were collected and
linked as part of the project titled Early Indicators of Later Work Levels, Disease, and Death, jointly
sponsored by the Nationa Institutes of Health, the Center for Population Economics at the University of
Chicago, and Brigham Y oung University. The sampleused in this paper is composed of 28,546 recruits
whoenligedinthestatesof Connecticut, Delaware, Digtrict of Columbia, Illinois, lowa, Kansas, Kentucky,
Maine, Maryland, M assachusetts, Michigan, Minnesota, Missouri, New Hampshire, New Y ork, Ohio,
Pennsylvania, Vermont, and West Virginia

The service records contain very detailed descriptions of the diseases or wounds which recruits
suffered during military service. As soon asarecruit wastooiill to report for duty, his condition was noted
inmorning reports. If his condition required medica attention, it was recorded in the regimenta surgeon's
report; if hewashospitalized, the diagnosis of the disease was described in the case history together with
the ultimate outcome, such asreturn to service, dischargefor disabilities, or death (U.S. Surgeon Generd's
Office, 1870, val. 1). Information on disease, date and cause of death in service were gathered from these
sources. Military servicerecords provideinformation on demographi c and socioeconomic characteristics
of recruits, such asage, occupation at enlissment, place of birth, and height, among other variables, aswell
asonther military career including rank, military duty, company, regiment, changein military satus, dates
of enlistment and discharge, and so on. Additiona information on socioeconomic status, and household
structure prior to enlistment can be drawn from manuscript schedules of the 1860 census: it contains
information on age, occupation, place of birth, household wedth, place of resdence and literacy, not only
for recruits but also for their family members.

In order to construct county-level child death rates, an indicator of local epidemiological

environment in the areasin which recruitslived prior to enlistment, | utilize the Jackson collection of



mortaity datafrom the 1860 federa population censusthat was created by genedogist Rondd V. Jackson
during the 1980s. Although Jackson'sprincipa interest wasin obtaining nominal information to provideto
individuals exploring their family history, he collected the full range of data available in the mortality
schedules. Theserecordswere generated by census marshasin their house-to-house canvassin the 1850
and 1860 Censusesof the United States. The marshas concluded their interview with each household by
inquiring whether anyone from the household had died in the twel ve months preceding the day of the
interview. If affirmative, information on decedentswas recorded on a separate mortality schedule. Most
of these schedules were returned to state archives earlier in this century, and many have since been
microfilmed, and someof these were acquired by Jackson and computerized at hisfacility in Sdt Lake City.

As Jackson was able to computerize only those records that had been microfilmed and made
available for loan to the public, the Jackson collection is not a complete compilation of the mortality
schedulesfor 1850 and 1860. The collection containsinformation on roughly 400,000 decedentsin twenty
states, with good coverage of Midwestern and Southern states, but lessinformation for the Northeast. For
example, the collection contains no recordsfor New Y ork, Massachusetts, or Pennsylvania. Each record
reports the state and county in which the death occurred, the date and cause of death, the decedent's age
at death, hisor her occupation and place of birth.

One obstacle in using these county-level variables on mortality isapotentid bias problem. The
number of desthsmay have been understated in these sources for severa reasons. Thetwo most important
of theseare, firg, the retrospective nature of the question (if the interviewee either forgot about adeath or
was unaware of one, such death would not be reported on these schedul es), and second, should an entire
household have died, none of their deaths would be reported. If the magnitude of such potentia
undercountsdiffered across counties, therewill be abias problem arising from measurement errors, as
described in Condran and Crimmins (1979). | do not make any attempt to correct such potentia errors

in this study.



Since the data have been constructed from anumber of different sources with uneven rates of
successful linkage, it isunavoidableto use severd different samplesdepending onthevariables usedin
theanayss. Among the soci oeconomic variableswhich are needed for this study, household wealth and
county of residence as of 1860 are found only in the census data. Of the 28,546 recruits, 11,056 men
(about 39%) were successfully linked to the 1860 census. Therefore, | limit the sampleto these 11,056
recruitswhenever household wealth isconcerned. In addition to theseindividuals, we have information on
county of enlissment for 8264 recruits among those who were not linked to the 1860 census. Assuming that
theserecruitsenlisted inthe army in the same countieswhere they livedin 1860, | usethe sampleof 19,320
men who were linked to the 1860 census or whose counties of enlistment were known, where the
information on the county of resdence prior to enlissment is needed. Findly, of 11,056 personswho were
linked to the 1860 census, 3864 men lived in counties for which the county degth rates are available. | use
this sample where the effects of local epidemiological environment indicated by child death rate are
analyzed.

Table 1 comparesthe medica experienceswhilein service and other personal characteristics of
thethree mgjor samplesthat are used inthisstudy. Thethree samplesare generaly similar intermsof the
number of cases per person and the number of deaths per 1000 casesfor al and six maor diseases. The
number of casesisdightly greeter for the recruitswho were successfully linked to the 1860 censusthan for
the entire sample, which isexpected from the nature of the data collections. Therate of linkageto census
recordsis higher for those who are connected to pension records because pension files provide useful
information, especialy on place of residence, that helps to locate and identify persons in manuscript
schedules of censuses. And army veterans with health problems  originating from military service were
more likely to apply for and receive pensions because early pension laws required such conditions.
Therefore, it isnot surprising that recruits who were connected to census records present more severe

medical experiences whilein service.



Among the persona characteristics, only the percentages of farmersand of immigrants are notably
different between the full and census-linked samples. These differences can also be explained by the
disparate linkage rates to pension records: immigrants were less likely to be found in pension records
because many of theforeignerswho died during the early postwar yearshad no digible dependentsor were
used behind thefront and so were lesslikely to incur war-related disabilities (Fogel 1993). Despitethe
uneven geographica coverage of the Jackson collection of mortality data, the samplelinked to mortaity
censusiscomparableto thefull ssampleintermsof regional composition. Althoughwe cannot precludethe
possibility of sample selection bias based solely on this comparison, the result suggests that such abias

problem is not likely to be serious.

3. Socioeconomic Background, Disease, and Mortality

Inthissection, | basicaly replicate my previous study (Lee 1997), using amuch larger and more
representative sample. Let us begin with adescription of the overdl features of medica experiences of the
recruitsinthe sample. Nearly 12% of recruitsin the sample died whilein service, two-thirdsfromillness
and therest fromwound. Thetota casudtiesand the fraction of deaths caused by disease arewell matched
withthe gatisticsfor theentireUnion army. | identified Sx most common diseasesin army camps, namely,
typhoid, smallpox, meades, diarrhea (including dysentery), pneumonia, and maaria* These diseasesare
responsiblefor nearly four fifths of al deeths caused by illnessand two fifths of dl disease cases. Of these
diseases, diarrheaisthe single most important killer, accounting for 32% of all deaths caused by disease,
followed by typhoid that explains 23% of disease-caused deaths.

Table 2 reportsthe wartime mortality from diseaseingenera (D), the mean number of cases per

person-year (C), and the case fatality rates (F) of al diseasesfor recruitsin each of the small cells made

"Malariaincludes intermittent and remittent fevers; typhoid includes typho-malaria, and continuous fevers.
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according to age, occupation, popul ation size of county, household wedlth, and nativity.2 Themean number
of cases of disease per person-year reflects how susceptible recruits of a particular socioeconomic
background wereto disease, whilethe casefatality ratesindicate how robust they wereinresisting the
disease they contracted.

Beforewelook at the results, let us explain how the new variable on household wealth per adult
male equivaent is constructed. Household wealth is one of the most widely used indicators of economic
well-being of individuas. In studying the determi nantsof health in the nineteenth century, household wedth
is often interpreted as a measure of nutritional status because the quality of diet was one of the most
important links between economic status and health when medicd interventionswere limited. In order to
construct amore accurate measure of economic well-being (or qudity of diet) of aperson, itisnecessary
to consider the size of the needs as well as the materia resources possessed by the household. Use of
smple per capita household wealth, taking into account of the household size, only partialy satisfy this
requirement because the demand for consumption goods differs by age, sex, and labor force status. A
common method of measuring the needs of ahouseholdisto convert the number of household members
into a scale of adult male equivalent based on the demographic structure of the household such asthe
number of householders of particular age and sex. In order to gpply thismethod it isrequired to determine
the scale of aparticular type of person based on therelative size of his’her consumption. Here, | consider
only food consumption asthe basisfor determining the scae. | utilize the average cal oric consumptions of
atypical male and afemale at given ages as a proportion of that consumed by a male aged 20 to 39,
reported in Fogel (1993, p. 9). For instance, the average cal oric consumption of afemaleaged 5t0 9is

66.67 percent of an adult male's average consumption. Accordingly, afemale aged 5to 9 isregarded as

*The definitions of these figures are as follows: The mean number of cases per person-year of disease k for
groupj is (3,CASE,, / 3, SERVICE, ), and the case fatality rate of disease k for group j, is (DEATH /3
CASE,, ), where CASE,, is the number of cases of disease k that arecruit p in group j suffered, SERVICE; is
the length of service in year (measured in days) for arecruit p in group j, and DEATH,, is the number of the
recruits who died from disease k.



equivalent to 0.6667 of an adult male.

The results presented in Table 2 confirm the previous finding that the pattern of mortality
differentialsin thearmy wasnearly the opposite of the rel ationship between socioeconomic statusand
hedlth of civilians. On average, former farmers had about a35% higher casefatality rate, and about 40%
more cases of disease per oneyear of servicethan non-farmers. Asaconsequence of ahigher susceptibility
and casefadity rate combined, farmersweretwiceaslikely to bekilled by diseasewhilein service asnon-
farmers. The nativity composition and the size of household weal th were quite different between farmers
and non-farmers. Non-natives were overrepresented among non-farmers, and farmers were wedlthier than
non-farmers on average. Hence, it is necessary to control for these factorsin order to identify the pure
effect of occupation. However, such control does not change significantly the pattern of mortality
differentials between farmers and non-farmers suggested above. Farmershad markedly higher casefatdity
and wartime mortdity ratesin al five categories of household wedlth. The results remain unchanged if
nativity is controlled for.

To examinethe effect of population size of place of resdence, | divided the sampleinto rura and
urbanresidents. | includein urban areasall countiesthat are classified asmetropolitan areasby Integrated
Public Use Micro Sample of the 1860 census.® A comparison of the recruits from rural and urban areas
indicatesthat rurd resdentsweretwice aslikely to diefrom disease whilein service aswere city dwellers.
Inparticular, recruitsfrom rural areas were much more susceptible to diseasesthan urban residents, as
indicated by the difference the mean number of cases per person-year.

Sincemost of thefarmerslived in rurd areas, the effects of occupation and urban residence can

be distinguished by comparing rural farmers, rural non-farmers, and urban residents. Farmerswho lived

*The following counties are classified as metropolitan areas in 1860: Albany, Erie, Kings, New York,
Richmond, Rensseaer (NY), Baltimore (MD), Middlesex, Norfalk, Suffolk (MA), Cook (IL), Hamilton, Kenton
(Ohio), Jefferson (KY), Clark, Floyd (IN), Orleans (LA), San Francisco (CA), Essex, Hudson, Camden (NJ),
Montgomery, Philadelphia, Allegheny (PA), Kent, Providence (RI), and St. Louis (MO).
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inrural countiesweretwo and haf timesaslikely to diefrom diseasein service asurban resdents. These
differencesreflect the combined effects of occupation and place of resdence. The differencein the number
of casesisaccounted for amost equally by the effects of urban residence and of occupation, whilethe
differencein the case fatality rateislargely explained by the effect of occupation.

Nativerecruitsweresmilar to theforegn-bornin therisk of dying whilein service. Natives suffered
more disease per year of service, but had alower casefatality rate than non-natives. These two different
factorsof mortaity are offset with each other. Thisresult contraststo the pattern foundin Ohio wherenative
recruitswereat consderably higher risk of dying from diseasewhilein servicethan non-natives. A regiond
comparison of the association between soci oeconomic factors and mortdity while service indicates that
natives recorded a higher mortality than non-natives only in the region of the East North Central (see
section 5). Though the pattern of mortdity differentia svariescongderably acrossage categories, theabove
result isgenerdly true for each age group. Asin the case of Ohio, the household wedth of recruits prior
to enlistment appearsto have had no clear effect on thelikelihood of contracting diseases or therisk of
dying from those diseases.

| conduct logistic regress onsto examinethe effect of each of the socioeconomic factorscontrolling
for al other factors at the sametime (see Table 3). Three different models are employed. Thefirst and
second regressons estimate the effect of each independent variable on the probahilities of dying from and
contracting adisease whilein service, respectively, based on the sample of al recruitslinked to the 1860
census. For the third regression, the sampleislimited to the recruitswho had at least one case of disease
whilein service. The second regress on examinesthe determinants of the degree of susceptibility to disease
whilethethird isconcerned with thefatality in case of contraction. Theresult of thefirst regressionon
mortality shows the combined consequence of the differences in susceptibility and lethality.

Thefollowing variables are used as the independent variables. The recruitsin the sample are

classfiedinto three groups according to occupation and place of residence: rura farmers(control group),
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rural non-farmers, and residentsin urban counties. Variables on persona characteristics such asage, age
squared, nativity, and log of household wealth per adult equivaent areincluded. Variableson height are
also added asanindex of nutritional statusof recruits. The year of enlistment representsvariationsin the
severity of military missions, epidemiologica conditions, and thelength of service. Inaprevious study |
found that military positions such asrank and duty had very strong effects on the chances of dying while
insarvice (Lee 1999). Thisstudy dso showsthat military positions were sdlectively assgned to the newly
enlisted according to their socioeconomic backgrounds. To control for this potential indirect effect of
soci oeconomic characteristicson the probability of dying through the assignmentsof military positions, |
include dummy variableson duty (=1 if infantrymen, =0 otherwise) and rank (=1 if private, =0 otherwise).
Theresults of theregressions are presented in Table 3. The estimated parametersfor occupation
and urban county confirm the patterns of mortdity differentias described above (see Table 2). Farmersin
rura areas were much more likely to succumb to disease and be killed by diseasein case of contraction
than nonfarmersliving inarura county and city dwellers. As suggested by Lee (1997), the most plausible
interpretation of theseresultsisthat the effect of earlier exposureto disease was particularly important. A
number of studies have noted the fragility of isolated populations once they come in contact with different
disease pools (McNeill 1976, Curtin 1989, Pritchett and Tunali 1995, Fetter and Kessler 1996, Skold
1997). Despite the negative consequencesfor net nutritiona status, survivorsof unheathy environments
developed better immunity to some of the infectious diseases that were rampant in army life.
Theresultsregarding the effects of country of birth revea two countervailing effectson wartime
mortaity asobservedin Table 2. Firgt, U.S. bornrecruitswere morelikely to suffer illness(cal. 2) but were
lesslikely than immigrantsto diewhen became sick (col. 3). The advantage of nativesover foreignersin
termsof fatality dominatesthe disadvantagein the odds of contracting diseases. Asaconsequence, native
recruits were about 5% lesslikdly to die from disease while in service than immigrants (col. 3). The lower

contraction rate of immigrants may be explained by the circumstance that they were morelikely to be
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confined to unhedthy environments. For instance, many immigrants suffered from the overcrowding, bad
ventilation, and spoiled foods of ship cabins on the voyage from Europe to America. Moreover, most of
the immigrants came to and stayed at first in large citiesin the Northeast where communicable diseases
were more prevaent than in the countryside. On the other hand, the higher fatality among foreign-born
recruits could be attributable to the generally poor hed th conditions of immigrants compared to natives as
indicated by their higher mortality and smdler stature in nineteenth-century America(Haines 1977, Higgs
1979).

Findly, aclose relationship between the adjusted household wealth and the odds of contracting
disease standsout in theregression result (cal. 2). Anincreasein thelog of adjusted household wealth by
one standard deviation (2.45) around the sample mean is associated with a decline by 7.4% in the
probability of having at least one case of ilinesswhilein service. In contragt, the adjusted household wedlth
is positively associated with the odds of dying from disease for those who suffered illness, though the
relationshipisstatistically insgnificant. Theeffect of the adjusted household wealth on the probability of
dying from illness, acombined outcome of the above two countervailing effects, isrelatively small in
magnitude and statistically insignificant.

| perform similar regression analyses separately for six most common diseases, typhoid, smallpox,
meadles, diarrhea, pneumonia, and malaria. According to epidemiologica studies, the significance of
immunity influence differsfrom one disease to another. For some diseases, such asmeades, smdlpox, and
typhoid, an attack would confer immunity and thus reduce the odds of contracting or dying from those
diseasesinthefuture (thistype of diseasewill be called immunity diseasesbelow). For other diseaseslike
maaria, diarrhea, dysentery, and pneumonia, on the other hand, aprior contraction haslittleinfluenceon

susceptibility to or resistance against those diseases (this type will be called non-immunity diseases).” If

“For the epidemiological characteristics of these and other diseases see May (1958), Steiner (1968, pp. 12-26),
and Kunitz (1983, pp. 351-353). For more recent documentation of the history of specific diseases, see Fetter
and Kessler (1996) for measles, Zurbrigg (1997) for malaria, and Skold (1997) for smallpox.
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the immunity hypothesis suggested aboveistrue, the difference in mortality between recruitswho had

comefrom different environments should belarger for immunity diseasesthan for non-immunity diseases.

Tables4 presentsthe resultsfor the probability of contracting each specific disease. Theresultsare
largely cons gtent with theimmunity hypothesis suggested above. The advantages of nonfarmersand urban
dwellersover farmersand rurd dwellersare generdly greater for immunity diseasesthan for non-immunity
diseases. Thegreater oddsof contractionamong U.S. bornrecruitsisstatistically sgnificant for two of three
immunity diseases (typhoid and smallpox), compared to only one non-immunity disease (diarrhea).
Meanwhile, theeffect of adjusted household wedthisgatigticaly sgnificant for oneimmunity (meedes) and
one non-immunity disease (diarrhea).

Table5 reportstheregression resultsfor the probability of dying from each specific diseasein case
of contraction. The relationship between socioeconomic factors and fatdity islessdearly seen for individud
thanfor al diseases. Theeffect of occupation and urbanresidenceisstatisticaly significant only for typhoid.
Natives had aggnificantly lower fatdity than immigrantsfor animmunity (meedes) and two nor-immunity
diseases (diarrhea and malaria). The wealthier had disadvantages only in case of pneumonia.

Theresults presented in this section largely confirm the previous findings based on the sample of
Ohio regiments (Lee 1997), building astrong circumstantial casefor the importance of earlier disease
exposure. However, occupation or urbanresdenceisonly indirect indicatorsof local disease environments.
Therefore, the interpretations of the results suggested above are subject to reservations. We now turn to
amoredirect test using an explicit measure of disease environmentsthat will help to establish the above

argument more strongly.

4. L ocal Disease Environment, and Later Health and Mortality

Inthissection, weanayzetheinfluencesof prior exposureto disease using amoreexplicit measure
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of local epidemiological environment, namely, the child degth rate of each county whererecruitsresided
prior to enlistment. Child or infant mortality isawidely used indicator of the prevalence of infectious
diseases. Previous studies havefound that infectious diseases increased the chances of suffering chronic
diseasesat middle and older ages such asheart, respiratory, and musculoskel etal disorders (Barker 1992,
1994, Elo and Preston 1992, Costa2000). Thelink between earlier contraction of infectiousdiseasesand
later health conditions could be explained in part by the nutritional losses caused by theinfections. For
example, Haines (1998) found that the crude degth rate of the localities where Union army recruitswere
raised had astrong negative effect on their heightsat thetime of enlissment. Theanalysisof thisarticleis
disinct fromtheexisting literaturein that it isconcerned with therdatively short-term influences of infectious
diseases when individuals are exposed to highly severe disease conditions in the army.
Asexplained above, | cdculated the number of deathsin each county for children under age 10
and for the population at large from the Jackson collection of the 1860 mortality census. By dividing the
number of deaths by the number of the county population, I computed the child and crude death ratesfor
each county. Finaly, this county-level dataset on desth rateswas merged to the sample of recruits based
on the names of the gate and county where the recruitslived in 1860. It turned out that 3864 recruitslived
in the counties for which death rates are estimated . Of these recruits 3550 men have non-missing
informationfor al variablesused intheandysis. The balance of this section isbased onthe sample of these
3550 recruits. The sample means of the crude death rate (number of deaths per thousand) and child death
rate (number of child deaths per 1000 children) are 2.6 and 4.8, respectively. These death ratesfall short
of the estimate of the crude death rate for the U.S. circa 1860, 21 deaths per thousand (Poulson 1981,
Table10-2). Evenif weconsider thefact that the northern desth rate was|ower than the national average,
the estimated county death ratesare still much too low, indicating that the number of deaths should be
severdly undercounted in our mortdity data. | use these underestimated county death rates without making

any corrections. It should be noted that by doing so | implicitly assumethat the extent of undercountingis
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similar across counties.

Table6 presentstheresults of logistic regressionsthat show the effect of loca disease environment
indicated by child degth rate of county on the probabilities of dying from disease (col. 1), of contracting
disease (col. 2), and of dying from diseasein case of contraction (col. 3). As predicted by the immunity
hypothesis, child death rateisnegatively rel ated with the odds of contracting any disease. The magnitude
of the effect isconsiderably large. Anincreasein child death rate by one standard deviation (3.6) around
the sample mean isassociated with a45% decrease in the chances of contracting adiseasewhilein service.
However, child death rate has no significant effect on the fatdity of those who had one or more disease
cases. Largely dueto theinfluence on the odds of contraction, child death rate has a strong effect on the
chancesof dying fromdisease. | tried severd different specifications, by includinginstead of child degthrate
the crude death rate, the log of child death rate, and dummy variables for five categories of counties
accordingto thesize of child death rate. The resultsfor these specifications, not reported here, provide
practically the same implications.

Theresultsfor other independent variables are generaly smilar to the resultsfrom the previous
regressionsinwhich child deathrateisnot included (Table 3). Theonly mgor differenceisthat the effect
of country of birth loses statistical significance. Using the 3550-men sample, | aso conducted similar
regressions after excluding child deeth rate. A comparison of theresults of these regressions, not presented
here, with the original regressions presented in Table 6 showsthat the disappearance of theeffect of nativity
isdue mainly to therestriction of the sample, not theinclusion of child death ratein theregressons. The
resultsalso indicate that despite the additiona control of child death ratein theregressions, the magnitudes
of the coefficientsfor occupation and urban county remainlittlechanged. Thisimpliesthat thetwo different
measures of exposureto disease, population size of place of residenceand child death rate, independently
affected the chances of dying whilein service.

Tables7 and 8 offer theresultsof smilar regress ons separately conducted for six specific diseases.
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The effect of child death rate significantly affects the chances of infection only for two non-immunity
diseases, diarrheaand maaria(Table 7). On the other hand, meadesistheonly disease of which fatality
was sgnificantly influenced by child deeth rate (Table 8). These results suggest that immunity may not be
theonly link between local disease environment and hedlth. Thispoint isa so relevant for the question of
why farmers were disadvantaged even for non-immunity type diseasesfor which their superior nutritional
status should have provided an advantage. A possible explanation isthat people who lived in an unhedthy
environment were more aware of how to avoid contracting disease than those with little experience of
disease. According to aqualitative record, for example, Germans ate fewer sweets, cooked their food
more carefully, and more actively pursued cleanliness (Hess 1981, pp. 66-67). A number of contemporary
account suggest that rural resdentsand farmerswere particularly unhygienic andignorant of child health
(Preston and Haines 1991, pp. 38-39). Alternatively, it could be explained by a population selection
caused by differentid mortdity, thet is, individuaswho survived an unheglthy environment were on average
morerobust. Further sudiesare caled for to determine how prior exposureto unfavorable epidemiologica

environments, if survived, strengthen human resistance to disease.

5. Regional Differences

Thissection documentshow there ationshi p between soci oeconomic factorsand wartimemortality
differed acrossregions. Let us begin with aregiona comparison of the general features of wartime
mortdity. Table 9 reportsthe cause-specific death ratesfor fiveregions. Theresult indicatesthat recruits
whowereenlistedinto the New England regimentswere particularly more vulnerabletowounds, compared
to other regions. They were nearly twice aslikely to diefrom wounds aswere recruitswho enlisted in other
regions, largely due to a higher case fatality rate. Thisindicates that New England regiments were
presumably sent to more dangerous missions. On the other hand, mortality from disease wasthe highest

for the West the North Central (12.8%), followed by New England (10.1 %) and the East North Central
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(8.5 %). The Mid Atlantic regiments had the lowest mortality from disease (5%). It is notable that, if New
Englandisexcluded, thereisaclear negative association between disease-influenced mortality and the
extent of urbanization. New England regiments may deviate from such aregularity because they went
through more severe military missions, as indicated by the greater casualties caused by wounds. The
distribution of the specific causesof death fromillness, reported in parenthesesin Table 9, doesnot differ
much between regions.

Table 10 presents the mortality from all types of diseases (ILL), immunity diseases (IMM), and
non-immunity diseases (NI1M) for anumber of different socioeconomic categories. Though differentinthe
absolute mortality with one another, the Mid Atlantic, East North Central, and West North Central are
generdly smilar intermsof themortdity differentialsaccording to socioeconomic backgrounds. Meanwhile,
New England and the South demongtrate remarkably different patterns. Let usfirst describe the patterns
of mortdity differentialsfor the Mid Atlantic, East North Central, and West North Central. Inthesethree
regions, farmerswere about 1.7 timesaslikely to bekilled by disease aswere nonfarmers. The mortality
differential between farmers and nonfarmers is much greater (2.5 times greater for farmers than for
nonfarmers) for immunity diseases. A comparison between farmersand nonfarmerswholivedinrura
counties shows similar patterns. Recruitsfrom rural countieswere at much greater risks of dying from
disease, especialy fromimmunity disease, compared to the enlisted from urban areas. These mortality
differentials according to occupation and urban residence remain true if country of birth and household
wealth are controlled for.

Theassoci ation between country of birth and mortality from disease differs between farmersand
nonfarmers. For nonfarmers, thereisno significant differencein mortaity between nativesand non-natives.
For farmers, on the other hand, the foreign born were considerably lesslikely to diethan natives. This
result indicates that the advantages of non-natives over natives found in the Ohio regiments, though not

observed for the entire sample, are true not only for Ohio but also for the entire Mid West and Mid
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Atlantic regions. Asin the case of the full sample, household wesalth had no systematic effect on the
likelihood of dying from diseese. But mortdity from non-immunity diseeseiscearly lower for thetop wedth
category in al regions but the South.

The advantages that farmers and rural residents had over, respectively, nonfarmers and city
dwellersaremuch lessvisiblefor New England. For immunity disease, thedifferenceinmortdity between
farmersand nonfarmersis comparableto the difference found for theabove three regions. But farmersand
nonfarmersin New England were no different in likelihood of dying from non-immunity disease. The
mortality gap between rurd and urban resdentsis even smdler, only 16%, becausethe former had higher,
not lower, mortality from non-immunity diseasethan did thelatter. In contrast, the mortdity differentia sby
occupation and county of res dence were much more pronounced for recruits from the South. Such greater
mortality differentidsarelargely dueto thedifferencesin mortality fromimmunity disease. For example,
southern farmerswere fivetimesmore likely to die from immunity disease than were nonfarmers. Among
192 recruits who lived in urban areas in the South prior to enlissment, not asingle person waskilled by
immunity disease, while 4.1% of rural residents died from this type of disease.

Thefarm-nonfarm gap in mortality differs considerably between natives and theforeign born for
thesetwo regions: The advantagesof nonfarmersover farmersare much greater for theforeign born than
for natives. In New England, foreign-born farmerswere twice aslikely to die fromillnessthen were foreign-
born nonfarmers, largely dueto their lower mortality from immunity disease. In the South, on the other
hand, mortality fromillnessismorethan threetimesgresater for foreign-born farmersthan for nonfarm
immigrants. If household wedlth is controlled for, farmersin New England were dightly morelikdly to die
from disease than were nonfarmers, as observed above, for al but one categories of wedth. Inthe South,
ontheother hand, thefarm-nonfarm differencein mortality depends upon the magnitude of household
wealth. That is, among thewealthy, farmerswerelesslikely to diefrom disease than were nonfarmers,

mainly dueto their lower mortdity from non-immunity disease. Among the poor, in contrast, mortality from
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disease is greater for farmers than for nonfarmers.

| conduct logit regressionsto see how the effects of socioeconomic factors on the probability of
dying from disease differed acrossregions. Table 11 presentstheresults. Theregression resultsfor theMid
Atlantic, East North Central, and West North Central are generally similar to the resultsfor the entire
sample. Themgor differenceisthat natives are not sgnificantly different from non-nativesin termsof the
likelihood of dying from disease while in service. The advantages that recruits from urban areas or
nonfarmershad over rura farmersaregreater inthe Mid West than in the Northeast. Thisresult could be
explained by the fact that, in amore urbanized region such asthe Northeast, the difference in the extent of
exposure to disease between rural and urban popul ation was presumably small relativeto amorerural
region.

Theregression resultsfor New England and the South do not support the hypothesisthat recruits
from hedthier environmentswere more robust in ressting disease because of their superior immunity datus.
If other socioeconomic factorsand military positionsare controlled for, occupation and county of residence
do not have any significant effects on the probability of dying from disease whilein service. In New
England, nativesweremuch lesslikely to bekilled by disease than wereforeign-born recruits. In the South,
themortality differentialsaccording to occupation and place of residence, clearly seenin Table 10, areno
longer present once other variables are controlled for.

Thesepeculiar patterns of New England and the South remain apuzzleto be examined in further
studies. A possible explanation for the case of New England is that the effects of socioeconomic
backgrounds were relatively weak because New England regiments went through more difficult and
dangerous military missions, asindicated by greater casuaties caused by wounds. Under the circumstance
where people are exposed to common risk factors that are not associated with their socioeconomic
backgrounds, it would be more difficult toidentify the effects on mortdity of socioeconomic factors. Inthe

South, thewesk rdl ationshi p between soci oeconomi ¢ backgroundsand wartimemortaity may beexplained
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asfallows. Firgt, sncethe urban development wasrelatively retarded in the South, the local environments
were not probably much different between urban and rural areasin thisregion, compared to the North.
Second, eventherura populations may have been exposed to relatively unhealthy environmentsinthe

South due to the climate that is more favorable to the devel opments of various infectious diseases.

6. Summary and Implications

The most important result of this study isthat prior exposure to unfavorable epidemiological
environmentsreduced the chancesof contracting and dying from diseasewhilein service. Farmersand rurd
residents, who were healthier on average prior to enlistment owing to agreater extent of isolation from
other people, were morelikely to succumbtoillness and to be killed by disease than nonfarmers and urban
dwellers, respectively. Nativerecruitswere subject to agreater risk of sufferingillnessthan wereforeigners
who had more chances of exposure to infectious diseases in the course of immigration. More direct
evidencefor the relationship between local disease environment prior to enlistment and health whilein
service comesfrom the result that recruitsfrom acounty with ahigher child desth rate werelesslikely to
contract disease than those from alow-mortality county.

Thedifferent degree of immunity against pathogensis probably the most important link between
the extent of prior exposureto disease and later health. That is, despite the negative consequencesfor net
nutritional status, survivorsof unhealthy environmentsdevel oped better immunity to someof theinfectious
diseases that were rampant in army life. This hypothesisis supported by the result that the mortality
differentialsby occupation and place of resdence are particularly large for diseasesthat are known to have
greater potentia for the development of immunity such astyphoid, smallpox, and measles. However,
immunity isnot the only link between local disease environments and hedlth. The effect of county death rate
on the odds of contracting disease is strong for non-immunity diseases such asdiarheaand madaria. Also,

farmersweredisadvantaged even for non-immunity type diseasesfor which their superior nutritiond status
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should have provided an advantage. A possible explanation is that people who lived in an unhealthy
environment were better aware of how to avoid contracting disease than those with little experience of
disease. Andternative account isapopulation sel ection caused by differential mortality: individualswho
survived an unhealthy environment were on average more robust.

Theresults of thisstudy provide acounter-example of the"insult accumulation mode” stating that
eachinsult fromillnessor injury leavestheindividua more susceptibleto diseasein thefuture (Alter and
Riley 1989). The medical experiences of recruits suggeststhat it ispossible that aprior insult providesa
resistanceto disease, especialy when aperson issuddenly exposed to a severe disease environment as
in Civil War army camps. More generaly, this study suggests that we need to reconsider the
interrelationship between epidemiologicad environmentsand the devel opment of human restanceto disease
in order to better understand the links between early-life conditions and later health.

Thisstudy provides new evidence pertaining to thelink between economic status and headlth in the
nineteenth century. A week association between wealth and mortdity has been apuzzling phenomenonin
U.S. economic and demographic history. Steckd (1988) has found that wealth conveyed no systematic
advantage for the surviva of women or children in households matched in the 1850 and 1860 censuses.
Aslate as 1900, economic status appears to have been amuch lessimportant correlate of child mortaity
than place of resdence (Preston and Haines, 1991, pp. 150-158). Thishasled to discussons of egditarian
patternsof deeth and of relatively smal differencesin hedth by socia class, perhaps because thepoor were
better fed in the U.S. than in Europe. | reported in a previous research that there existed a pogitive effect
of wealth on health at least for some diseases on which nutritional influenceisgreat (Lee 1997). | also
clamed that the association between wealth and mortdity from al causeswaswesk because theinfluence
of infectiousdiseaseswas S0 strong that it dominated the effect of economic status. This study hasfound
that economic status measured by household wed th per adult equival ent reduced the chances of contracting

diseaseswhilein service. However, wedth had no favorabl e effect on mortaity. Thisresult suggeststhat
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in spite of aweak wedth-mortdity link, economic state may have been an important determinant of health
in the nineteenth century, in particular, if morbidity rather than mortality is considered.

Thisarticlea so strengthens my previous hypothesisthat changing human res stanceto diseaseis
apotentialy important factor of the changesin hedlth in nineteenth-century America. Life-expectancy and
mean adult height, mgjor indicators of health, declined through the early nineteenth century (Fogel 1986,
Komlos 1987, 1992, 1996, Floud, Watcher and Gregory 1990, Pope 1992, Steckel 1995, Gallman 1995,
1996). A highly plausible explanation for the cycle in hedlth is the epidemiological impact of increased
geographica mohility. Higher rates of interregiona trade and migration increased morbidity and mortality
by spreading communicabl e diseases and by exposing newcomersto different disease environment. The
rise of public schools and changesin labor organization exerted asmilar effect by increasing the risk of
exposureto infectiousdiseases (Stecke, 1995, pp. 1929-30). Theresultsof thisstudy providesadditiona
evidencefor thishypothesis, highlighting the adverse effect of acontact with anew disease environment
caused by geographical migrations.

Therewas aturnaround in the deterioration in health in the late nineteenth century. Mortdity rates
darted to decline again after the Civil War, and adult height began to increase in the late nineteenth century.
Even though a consensus has been reached that the imination of chronic malnutrition, advancesin public
hedlth, improvementsin housing, sanitation and food hygiene, and advancesin medical technology were
important factorswhich contributed to the declinein mortaity, the relativeimportance of thosefactorsis
still under debate (Higgs 1973, 1979, Appleby 1975, McKeown, 1976, 1983, Condran and Cheney
1982, Livi-Bacci 1982, Kunitz 1983, Fogel 1986, 1991). The evidence provided in this article suggests
that anincreasein the degree of res stance, either immunologica or socid, againgt infectiousdiseases could
be another potential factor.

Congdering therolesof human resistanceto disease helpsto explain severd puzzlesinthepatterns

of theimprovementsin hedth snce the late nineteenth century, particularly regarding the exact timing of the
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change. According to pioneering regiona studies, the upturn of the trend in the mean height did not occur
until the 1880s or 1890s, 20 to 30 years|ater than the beginning of mortality improvements (Steckel and
Haurin, 1994; Wu, 1994; Coclanisand Komlos, 1995). The nutrition hypothesis does not explain why
mortality beganto declinelong beforeany sgnsof nutritiona improvements showed up. Onthe other hand,
the hypothesisregarding human resstanceto diseaseis at |east cons stent with thetiming of the mortality
decline. The proportion of the population inliving urban areas substantialy increased, and, owing to the
developmentsof canasand railroads, the degree of geographical mobility rose between 1830 and 1860.°
These changes presumably increased the fraction of the population who were exposed to but survived
various infectious diseases. The results of this study suggests that such shiftsin the epidemiologica
experiences of the population would havelowered themortdity from infectious diseases. Thisexplanation
isaso consstent with the urban-rurd differencein the mortaity decline. The declinein mortdity rateswas
faster in urban areasthan in rural areas between 1870 and 1900. Previous studies have explained this
phenomenon largely by the advancesin the urban public health system (Haines, 1977; Condran and
Crimmins, 1980; Preston, Haines, and Pamuk, 1981). However, the effectiveness of the advancesin public
hedlth measures such asthe provison of centra water supplies, sawage system, and ingpection of food and
milk was at best limited even until the last decade of the nineteenth century (Condran and Crimmins-
Gardner 1978; Condran and Cheney, 1982). On the other hand, the proportion of the popul ation with prior
experienceswith communicable diseases may haveincreased morerapidly in citiesthan inthe countryside.

If this was the case, we would expect a faster mortality decline in urban areas than in rural areas.

°In 1830, 4.5% of population were living in large cities with 50,000 residents or more; this percentage rose
to 11.0% by 1860, and reached 18.7% by 1890 (U.S. Bureau of the Census, 1965, p. 14). The proportion of the
population residing in small cities with 2,500 to 50,000 inhabitants rose from 5.5% in 1830 t0 9.9% in 1860 (U.S.
Bureau of the Census, 1965, p. 14). The declinein the proportion of the population employed in agriculture could
have also contributed to the decline in urban mortality rate, since new migrants to large cities would have been
more likely to be non-agricultural workers as the agricultural sector shrank.
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TABLE1

Medical Experiencesin Service and Personal Characteristics: A Comparion of Three Samples

Full-sample Population Census- Mortality Census-
Linked Sample Linked Sample
N=28,536 N=11,073 N=3864
Number of cases per one person
All diseases 2.066 2.338 2.086
Diarrhea 0.431 0.506 0.440
Typhoid 0.061 0.074 0.064
Malaria 0.218 0.228 0.234
Pneumoina 0.034 0.036 0.029
Measles 0.036 0.044 0.042
Smallpox 0.013 0.016 0.013
Number of deaths per 1000 cases
All diseases 37.6 40.8 37.8
Diarrhea 60.2 60.5 57.7
Typhoid 308.7 324.4 290.3
Malaria 135 15.0 14.4
Pneumoina 170.1 186.9 207.2
Measles 815 83.5 73.6
Smallpox 229.0 288.9 326.5
Personal characteristics
Mean age 25.6 26.1 259
Mean height 67.5 67.9 68.0
Percentage of farmers 47.6 57.6 57.5
Percentage of the U.S. born 69.3 82.1 86.2
Region of enlistment (percent)
New England 9.2 10.3 104
Mid Atlantic 37.3 31.2 374
East North Central 35.8 39.1 34.1
West North Central 111 125 8.0
South 6.6 6.9 10.1
Military positions
Percentage of privates 91.8 89.8 88.9
Percentage of infantrymen 67.5 65.1 67.8




TABLE 2
Socioeconomic Background and Wartime Mortality from All Types of Disease

All ages Age 19 and younger Age 20-24 Age25-29 Age 30 and older
Category
N D C F N D C F N D C F N D C F N D C F
Farmer 13595 103.5 1.27 424 | 4402 93.6 1.27 37.3 | 4209106.2 1.17 43.1 | 2030111.8 1.24 46.2 | 2954108.7 1.47 47.0
Non-farmer 14951 54.3 0.90 314 3514 45.0 0.92 235 | 4408 45.6 0.81 284 | 2740 46.7 0.83 29.1 | 4289 75.8 1.06 42.2
Rural county 15521 915 1.22 38.1 4472 852 1.21 34.2 | 4618 88.8 1.12 37.2 | 2485 85.7 1.18 36.6 | 3946105.4 1.40 45.8
Urban county 3799 453 0.72 30.7 847 295 0.79 16.7 | 1073 36.3 0.59 285 682 48.4 0.63 36.8 | 1197 62.7 0.84 40.8
Rural farmer 9153 109.8 1.31 425 28911024 1.31 384 | 2840109.2 1.20 41.8 | 1362114.5 1.29 44.3 | 2060 118.0 1.53 48.1
Rural non-farmer 6368 65.2 1.09 30.9 1581 53.8 1.05 24.6 | 1778 56.2 0.99 27.6 | 1123 50.8 1.05 24.8 | 1886 91.7 1.26 42.9
U.S. born 19709 80.8 1.18 35.9 6322 729 1.17 314 | 6100 764 1.08 341 | 3096 82.0 1.17 36.5 | 4272 98.1 1.39 449
Farmer 11215 100.9 1.32 40.2 3812 91.3 1.32 358 [ 3533 99.3 1.21 39.2 | 1655110.6 1.32 43.7 | 2215112.9 1.58 47.2
Non-farmer 8575 54.6 1.00 28.4 2510 45.0 0.97 229 | 2567 44.8 0.89 245 | 1441 493 1.01 255 | 2057 822 1.19 419
Foreign born 8756 70.7 0.85 42.9 1594 68.4 0.87 354 | 2517 723 0.76 479 | 1674 60.3 0.70 43.0 | 2971 76.4 1.01 43.7
Farmer 2380 1155 1.02 55.2 590108.5 1.02 48.8 676 142.0 0.93 67.8 375117.3 0.90 60.8 739 96.1 1.18 46.3
Non-farmer 6376 54.0 0.78 36.4 1004 44.8 0.79 255 | 1841 46.7 0.68 36.1 | 1299 43.9 0.64 35.0 | 2232 69.9 0.95 425
Farmer
Wealth $ 0-14 903 106.3 1.39 38.9 261107.3 1.34 38.2 2261195 1.25 457 158 94.9 144 31.7 258100.7 1.55 38.6
Wealth $15-143 1117 1235 1.37 47.1 303108.9 1.37 417 276126.8 1.18 485 182 164.8 1.36 60.0 356112.4 1.58 43.7
Wealth $144-325 1305 1234 1.37 47.1 4281449 1.35 54.2 395106.3 1.27 38.0 174 97.7 144 374 308129.9 1.56 55.5
Wealth $326-809 1514 111.6 1.32 450 506 122.5 1.35 45.5 475105.3 1.19 435 187 117.6 1.12 514 346101.2 1.65 43.6
Wealth $ 810- 1512 1085 1.32 44.1 489 818 1.31 31.8 576102.4 1.32 39.4 2011294 1.21 62.2 2461585 1.47 72.2
Non-farmer
Wealth $ 0-14 1235 76.1 1.04 36.4 279 60.9 1.15 25.0 262 61.1 0.90 294 198 30.3 0.93 15.8 4961109 1.11 56.3
Wealth $15-143 1120 545 1.07 27.2 248 40.3 0.92 19.3 223 26.9 1.10 13.2 210 61.9 1.04 28.9 439 729 1.25 38.7
Wealth $144-325 937 79.0 1.03 404 234 684 094 35.2 242 70.2 1.06 32.9 154 325 0.95 184 3071173 1.14 61.1
Wealth $326-809 723 66.4 1.06 33.4 207 725 1.10 337 213 51.6 0.88 28.3 108 55.6 0.98 30.2 195 82.1 1.30 39.8
Wealth $ 810- 655 64.1 1.02 334 195 46.2 1.12 211 225 93.3 0.87 55.0 102 58.8 0.95 32.8 133 45.1 1.18 22.6

N: Number of recruits. D: Number of deaths per 1000 men. C: Number of cases per person-year. F: Number of deaths per 1000 cases. Wealth: Adjusted household
wealth.



TABLE3

Result of Logistic Regressions: Correlates of Probability of Dying from Disease

All recruits linked to the 1860 census Recruits who contracted disease
Independent variables ] (1) ] (_2) ] ) )
Dying from disease Contracting disease Dying from disease
Mean (Mean = 0.098) (Mean = 0.700) Mean (Mean=0.139)
Parameter MP/ MX; Parameter MP/ MX; parameter MP/ MX;

I ntercept 3.104 -5.549 6.410
Age 26.039 -0.011 -0.050 -0.100 *** -0.451 25.932 0.006 0.028
Age squared *10™* 74.480 0.004 0.107 0.017 *** 0.470 74.117 0.001 0.026
Height 67.923 -0.179 -0.267 0.246 0.366 67.957 -0.277 -0411
Height squared *10™ 461.923 0.014 0.275 -0.018 -0.362 462.543 0.021 0.418
Farmers, rural county 0.573 NI NI NI NI 0.609 NI NI
Nonfarmers, rural county 0.349 -0.497 *** -0.131 -0.432 *** -0.113 0.327 -0.380 *** -0.098
Urban county 0.078 -0.932 *** -0.138 -0.959 *** -0.142 0.064 -0.599 *** -0.081
Borninthe U.S. 0.820 -0.251 *** -0.053 0.187 *** 0.040 0.831 -0.310 *** -0.064
Log of adjusted wealth 4.674 0.009 0.012 -0.030 *** -0.041 4.675 0.014 0.019
Duty=Infantrymen 0.649 1.093 *** 0.288 -0.308 *** -0.081 0.621 1.215*** 0.325
Rank=Private 0.899 0.420 *** 0.070 0.192 ** 0.032 0.901 0.385 *** 0.063
Enlisted in 1861 0.247 NI NI NI NI 0.273 NI NI
Enlisted in 1862 0.392 0.053 0.014 -0.125 -0.034 0.422 0.075 0.020
Enlisted in 1863 0.045 0.144 0.016 -0.033 -0.004 0.049 0.161 0.019
Enlisted in 1864 0.231 -0.968 *** -0.225 -1.033 *** -0.240 0.184 -0.656 *** 0-140
Enlisted in 1865 0.084 -1.131 *** -0.173 -0.874 *** -0.134 0.072 -0.890 *** -0.127

Note. The number of observationsis 10124 for regressions (1) and (2), and 7152 for (3). Dependant variables are dummy variables which are one if a person died from
adisease for (1) and (3), and if a person contracted a disease for (2), and zero otherwise. NI refers to the omitted variables. Significance level: *** (1%), ** (5%), *
(10%).



Result of Logistic Regressions: Personal Characteristics and Probability of Contracting Particular Disease (MP/ MX)

TABLE4

D @) (©) 4 ®) (6)
Typhoid Smallpox Measles Diarrhea Pneumonia Malaria
Mean=0.065 Mean=0.013 Mean=0.038 Mean=0.277 Mean=0.031 Mean=0.151

Age 0.091 -0.268 -0.549 * -0.040 -0.076 -0.116
Age squared *10™ -0.160 0.211 0.030 0.035 0.083 0.048
Height -0.070 -0.128 1.552 0.516 0.565 -0.224
Height squared * 10 0.049 0.117 -1.539 -0.509 -0.448 0.236
Farmers, rural county NI NI NI NI NI NI
Nonfarmers, rural county -0.068 *** -0.254 *** -0.216 *** -0.061 *** -0.159 *** -0.053 ***
Urban county -0.175 *** -2.127 -0.254 *** -0.109 *** -0.238 *** -0.086 ***
Borninthe U.S. 0.043* 0.057 0.066 * 0.072 *** -0.001 0.022
Log of adjusted wealth 0.022 -0.058 -0.053 * -0.028 ** -0.049 -0.003
Duty=Infantrymen 0.102 -0.049 0.006 -0.041 *** 0.039 -0.110 ***
Rank=Private 0.031 *** 0.036 0.023 0.023* -0.007 0.032 **
Enlisted in 1861 NI NI NI NI NI NI
Enlisted in 1862 0.019 -0.002 -0.037 0.036 ** 0.027 0.017
Enlisted in 1863 -0.021 -0.073 0.046 * 0.025 ** -0.039 0.005
Enlisted in 1864 -0.141 *** -0.127 ** 0.002 -0.112 *** -0.146 *** -0.096
Enlisted in 1865 -0.175 *** -0.165 ** 0.029 -0.055 *** -0.048 0.019

Note. The number of observations is 10124 for al regressions. Dependant variables are dummy variables which are one if a person contracted a particular disease,
and zero otherwise. NI refersto the omitted variables. Significance level: *** (1%), ** (5%), * (10%).




TABLES

Result of Logistic Regressions: Personal Characteristics and Probability of Dying from Particular Diseasessin Case of Contraction (MP/ MX))

D @) ©) ©) ®) (6)
Typhoid Smallpox Measles Diarrhea Pneumonia Malaria
Mean=0.321 Mean=0.319 Mean=0.083 Mean=0.100 Mean=0.171 Mean=0.016
N=654 N=135 N=387 N=2808 N=315 N=1528

Age -0.395 -0.057 0.806 0.206 -0.064 -0.580
Age squared *10™ 0.430 0.392 -0.973 -0.078 0.392 0.703
Height -1.370 -1.789 3.267 -1.545 + 4119 -0.661
Height squared *10™ 1.361 1.864 -3.049 1.544 + -4.071 0.929
Farmers, rural county NI NI NI NI NI NI
Nonfarmers, rural county -0.144 *** -0.038 -0.231 -0.045 0.014 0.137
Urban county -0.157 ** NI 0.009 -0.005 -0.074 0.144 +
Borninthe U.S. -0.051 0.077 -0.349 *** -0.072** -0.058 -0.213 **
Log of adjusted wealth 0.037 0.014 -0.127 0.037 0.194 * 0.089
Duty=Infantrymen 0.400 *** 0.134 0.319 ** 0.243 *** 0.499 *** 0.352 **
Rank=Private 0.062 0.204 0.043 0.024 0.138 0.008
Enlisted in 1861 NI NI NI NI NI NI
Enlisted in 1862 -0.059 -0.112 0.335** 0.022 -0.188 0.063
Enlisted in 1863 0.009 0.012 -1.686 0.057 * 0.067 -1.461
Enlisted in 1864 -0.153 *** -0.244 * 0.173 -0.114 ** -0.055 -0.080
Enlisted in 1865 -0.080 -0.125 0.173 -0.178 *** -0.009 -0.113

Note. N denotes the number of observations for each regression. Dependant variables are dummy variables which are one if a person died from a particular disease,
and zero otherwise. NI refersto the omitted variables. Significance level: *** (1%), ** (5%), * (10%).
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TABLEG6

Result of Logistic Regressions: County Child Death Rate and Probabilities of Contracting and Dying from Diseases

All recruits linked to the 1860 census Recruits who contracted diseases
Independent variables ] (1) ] (_2) ] ] 3) ]
Dying from disease Contracting disease Dying from disease
Mean (Mean = 0.098) (Mean = 0.663) Mean (Mean=0.120)
Parameter MP/ MX; Parameter MP/ MX; parameter MP/ MX;

I ntercept -31.445 -12.586 -24.320

Child Death Rate 4771 -0.041 ** -0.083 -0.062 *** -0.125 4574 -0.019 -0.035
Age 25.842 -0.035 -0.148 -0.107 *** -0.461 25.636 -0.005 -0.022
Age squared *10™* 72.881 0.006 0.166 0.017 *** 0.433 71.910 -0.002 0.050
Height 68.022 0.824 1.154 0.454 0.635 68.109 0.610 0.853
Height squared *10™ 463.34 -0.057 -1.093 -0.032 -0.607 464.520 -0.042 -0.800
Farmers, rural county 0.572 NI NI NI NI 0.611 NI NI
Nonfarmers, rural county 0.358 -0.496 *** -0.131 -0.353 *** -0.093 0.328 -0.392 *** -0.101
Urban county 0.070 -1.464 *** -0.206 -0.850 *** -0.120 0.061 -1.227 *** -0.162
Borninthe U.S. 0.863 -0.184 -0.035 -0.056 -0.011 0.860 -0.193 -0.037
Log of adjusted wealth 4.871 -0.046 -0.04 -0.056 *** -0.066 4.831 -0.032 -0.038
Rank=Private 0.888 0.137 0.024 0.076 0.013 0.886 0.115 0.020
Duty=Infantrymen 0.678 1.066 *** 0.275 -0.271 *** -0.070 0.648 1179 *** 0.310
Enlisted in 1861 0.250 NI NI NI NI 0.283 NI NI
Enlisted in 1862 0.374 -0.177 -0.047 -0.067 -0.018 0.407 -0.196 -0.053
Enlisted in 1863 0.043 -0.070 -0.008 0.036 0.004 0.051 -0.109 -0.013
Enlisted in 1864 0.241 -0.939 *** -0.221 -1.119 *** -0.264 0.180 -0.506 ** -0.107
Enlisted in 1865 0.091 -1.070 *** -0.170 -0.826 *** -0.131 0.079 -0.866 *** -0.128

Note. The number of observationsis 3550 for regressions (1) and (2), and 2355 for (3). Dependant variables are dummy variables which are one if a person died from
adisease for (1) and (3), and if a person contracted a disease for (2), and zero otherwise. NI refers to the omitted variables. Significance level: *** (1%), ** (5%), *
(10%).
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Result of Logistic Regressions: County Child Death Rates and Probability of Contracting Particular Disease (MP/ MX;)

TABLE7

D 2 ©) 4 ®) (6)
Typhoid Smallpox Measles Diarrhea Pneumonia Malaria
Mean=0.054 Mean=0.011 Mean=0.036 Mean=0.245 Mean=0.025 Mean=0.146
Child death rate 0.002 -0.046 0.018 -0.116 *** 0.068 -0.113 ***
Age 0.159 -0.511 0.169 -0.120 -0.079 -0.281
Age squared *10™ -0.205 0.460 -0.590 0.115 0.069 0.240
Height 2.041 -0.371 7.276 *** 0.425 1.311 0.515
Height squared *10™ -1.999 0.298 -7.310*** -0.396 -1.181 -0.514
Farmers, rural county NI NI NI NI NI NI
Nonfarmers, rural county 0.010 -0.379 *** -0.206 *** -0.083 *** -0.193 *** -0.064 **
Urban county -0.063 -1.892 -0.345** -0.084 *** -2.020 -0.124 ***
Borninthe U.S. 0.082 * 0.108 0.040 0.018 -0.011 -0.032
Log of adjusted wealth 0.003 -0.110 -0.082 -0.067 *** -0.054 -0.050 *
Rank=Private 0.055 -0.016 0.074 0.032 -0.039 0.009
Duty=Infantrymen 0.078 * -0.138 -0.018 -0.036 0.046 -0.103 ***
Enlisted in 1861 NI NI NI NI NI NI
Enlisted in 1862 0.004 -0.064 0.001 0.081 *** 0.089 0.060 *
Enlisted in 1863 -0.029 0.010 0.040 0.015 0.041 0.007
Enlisted in 1864 -0.224 *** -0.195 -0.070 -0.106 *** -0.147 -0.134 ***
Enlisted in 1865 -0.133 ** -0.257 0.001 -0.011 -0.014 -0.030

Note. The number of observationsis 3550 for all regressions. Dependant variables are dummy variables which are one if a person contracted a particular disease, and
zero otherwise. NI refers to the omitted variables. Significance level: *** (1%), ** (5%), * (10%).

39



TABLES

Result of Logistic Regressions: County Death Rates and Probability of Dying from Particular Disease in Case of Contraction (MP/ MX;)

)

@)

©)

4

©®)

(6)

()

All diseases Typhoid Smallpox Measles Diarrhea Pneumonia Malaria
Mean=0.120 Mean=0.333 Mean=0.040 Mean=0.084 Mean=0.101 Mean=0.237 Mean=0.023
N=2355 N=201 N=40 N=131 N=878 N=93 N=522

Child death rate -0.035 -0.092 -0.488 -0.693 * -0.080 -0.242 0.160
Age -0.022 -0.461 5.763 8.939 * 0.185 0.582 -1.660
Age squared *10™ 0.050 0.552 -5.213 -9.414 * -0.101 -0.430 1.853*
Height 0.853 -2.137 36.202 90.255 ** -1.349 8.398 -0.882 *
Height squared *10™ -0.800 2.259 -35.468 -90.959 ** 1.371 -8.451 10.047 *
Farmers, rural county NI NI NI NI NI NI NI
Nonfarmers, rural county -0.101 *** -0.055 2.044* -0.117 -0.066 -0.195 -0.206
Urban county -0.162 *** -1.592 NI 0.467 -0.068 NI -1.337
Borninthe U.S. -0.037 -0.042 0.956 -0.274 0.017 0.120 -0.359 ***
Log of adjusted wealth -0.038 0.127 -1.818* -0.276 0.006 -0.076 0.069
Rank=Private 0.020 -0.142 0.565 2.289 -0.027 0.272 0.157
Duty=Infantrymen 0.310 *** 0.554 *** 1.757 0.878 ** 0.223 *** 0.162 -0.008
Enlisted in 1861 NI NI NI NI NI NI NI
Enlisted in 1862 -0.053 -0.102 1.321 0.239 -0.108 0.008 -0.053
Enlisted in 1863 -0.013 0.034 1.056 * -1.195 0.010 0.216 -1.380
Enlisted in 1864 -0.107 *** -0.045 0.321 0.267 -0.030 0.143 -0.114
Enlisted in 1865 -0.128 *** -0.040 -1.201 -0.068 -0.148 * -0.072 0.052

Note. N denotes the number of observations for each regression. Dependant variables are dummy variables which are one if a person died from a particular disease,

and zero otherwise. NI refersto the omitted variables. Significance level: *** (1%), ** (5%), * (10%).
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TABLE9

Number of Cases and Deaths from Specific Causes by Region

All New England Mid Atlantic East North Central West North South
Central

Number 28546 2623 10643 10227 3167 1886

Cases per person-year

Wounds 0.29 0.35 0.38 0.25 0.20 0.20

[lIness 1.07 0.86 0.91 1.28 1.30 0.91

Deaths per 1000 men

Wound 385 724 39.3 30.3 37.3 33.9

[lIness 77.7 (100.0) 100.6 (100.0) 50.0 (100.0) 85.0 (100.0) 127.6 (100.0) 79.5 (100.0)

Immunity diseases 245 (30.5) 343 (34.1) 155 (31.0) 27.3 (32.1) 36.6 (28.7) 254
Typhoid 18.7 (23.2) 29.7 (28.9) 141 (26.7) 189 (21.3) 23.7 (18.2) 20.1 (25.0)
Smallpox 29 (36 11 (11 09 (1.8) 41 (4.6) 6.9 (53 27 (3.3)
Measles 29 (36 34 (33 05 (0.9) 44 (5.0 6.0 (4.6) 27 (3.3)

Nonimmunity 37.1 (47.7) 146 (44.3) 235 (47.0) 41.2 (48.5) 64.7 (50.7) 355

diseases 26.0 (32.2) 31.3 (30.9) 18.0 (34.2 28.3 (31.9) 448 (34.4) 19.1 (23.7)
Diarrhea 58 (7.2 42 (4.1 21 (39 78 (88 111 (85) 9.0 (11.2)
Pneumonia 29 (37 53 (5.2 23 (43 22 (25 4.7 (3.6) 42 (5.3)
Malaria 25 (3.0 38 (3.7 11 (21 28 (3.2 41 (31 32 (39
Tuberculosis 15 (19 04 (04 15 (29 20 (22 0.9 (0.7) 16 (20
Scurvy 175 (21.7) 23.6 (23.0) 12.2 (23.2) 18.0 (20.3) 28.1 (21.5) 18.0 (22.4)

All other diseases

41




TABLE 10

Socioeconomic Background and Wartime Mortality by Region (Number of Deaths per 1000)

New England Mid Atlantic East North Central West North Central South
Category
N ILL IMM NIM N ILL IMM NIM N ILL IMM NIM N ILL IMM NIM N ILL IMM NIM
Farmer 897 1215 55.7 435 3094 705 26,5 314 | 6212100.8 36.4 46.2 | 2375143.1 429 745 | 1017112.1 40.3 47.2
Non-farmer 1726 89.8 232 452 7549 416 11.0 20.3 | 4015 60.5 134 334 792 80.8 17.7 354 869 414 81 219
Rural county 1306 117.2 39.8 49.0 4893 629 231 28.0 | 6526 91.9 31.1 44.0 | 1833138.6 42.0 69.8 963 109.0 40.5 44.7
Urban county 228 100.9 30.7 61.4 2732 414 55 245 646 449 7.7 279 100 00 00 192 36.4 0.0 36.5
Rural farmer 569 123.0 52.7 43.9 2137 81.0 30.9 346 | 43071054 38.1 48.1 | 1441152.6 47.2 80.5 699 125.9 50.1 47.2
Rural non-farmer 737 112.6 299 529 2756 49.0 171 229 | 2219 658 17.6 36.1 392 86.7 23.0 30.6 264 644 152 37.9
U.S. born 1394 89.0 30.1 38.0 6618 56.1 20.1 254 | 8172 90.8 30.8 43.3 | 2269116.8 414 54.2 | 1337 73.3 26.2 359
Farmer 541 832 333 314 2548 76.5 30.2 341 | 5477106.1 39.1 48.6 | 18141284 46.3 60.6 835 934 37.1 419
Non-farmer 853 926 28.1 422 4070 43.2 13.8 199 | 2695 59.7 141 32.7 455 70.3 22.0 28.6 502 39.8 8.0 259
Foreign born 1229 1139 39.1 52.1 4025 40.0 80 204 | 2055 61.8 136 32.6 898154.8 245 91.3 549 94.7 23.7 34.6
Farmer 356 179.8 89.9 61.8 546 421 9.2 183 735 61.2 16.3 28.6 561 190.7 32.1119.4 182197.8 549 714
Non-farmer 878 87.1 183 481 3479 39.7 7.8 207 | 1320 62.1 12.1 34.8 337 95.0 119 445 367 436 82 16.3
Farmer
Wealth $ 0-100 82 1341 854 0.0 273102.6 44.0 40.3 555 99.1 414 45.0 1311221 38.2 68.7 1381594 50.7 72.5
Wealth $ 101-500 53 56.6 189 755 200 105.0 50.0 45.0 439 97.9 251 478 182 148.4 65.9 65.9 98132.7 30.6 61.2
Wealth $ 501-1500 128 156.3 39.1 78.1 281 81.9 320 285 517 127.7 46.4 63.8 3201625 43.8 96.9 136 117.6 51.5 44.1
Wealth $ 1501-5000 180 127.8 61.1 33.3 411 85.2 29.2 36.5 808 99.0 43.3 433 3761755 63.8 87.8 1291085 62.0 31.0
Wealth $ 5001- 62 129.0 645 484 222 90.1 40.5 40.5 506 98.8 33.6 25.7 102 147.1 49.0 98.0 41 244 0.0 244
Non-farmer
Wealth $ 0-100 194 128.9 30.9 56.7 827 68.9 145 33.9 480 66.7 18.8 29.2 54 148.1 741 37.0 91 33.0 00 33.0
Wealth $ 101-500 123 97.6 81 56.9 447 425 6.7 26.8 256 54.7 11.7 39.1 61 820164 32.8 42 47.6 23.8 23.8
Wealth $ 501-1500 137 116.8 43.8 51.1 338 444 118 325 314 541 191 223 68 735 294 294 44 90.9 22.7 68.2
Wealth $ 1501-5000 127 110.2 15.7 86.6 299 635 16.7 234 273 69.6 22.0 44.0 60 116.7 0.0 50.0 26153.8 38.51154
Wealth $ 5001- 56 107.1 71.4 17.8 152 329 6.8 19.7 168 29.8 119 6.0 26 769 385 00 231739 0.0 87.0

N: Number of recruits. ILL:

All types of disease. IMM: Immunity disease. NIM: Non-immunity disease. Wealth: Unadjusted household wealth.
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TABLE11

Result of Logistic Regressions: Correlates of Probability of Dying from Any Disease by Region

New England Mid Atlantic East North Central West North Central South

Independent Variables

Dept. Mean = 0.125 Dept. Mean = 0.073 Dept. Mean = 0.090 Dept. Mean = 0.155 Dept. Mean = 0.115

N = 1091 N = 3139 N = 3927 N = 1269 N =707

Mean  Parameter Mean Parameter Mean  Parameter Mean  Parameter Mean  Parameter
Intercept -0.059 26.228 -15.141 3.797 8.803
Age under 20 0.254 NI 0.224 NI 0.284 NI 0.269 NI 0.276 NI
Age 20-24 0.309 | -0.227 0.301 -0.182 0.291 -0.254 0.273 -0.146 0.287 -0.082
Age 25-29 0.160 | -0.015 0.160 -0.462 * 0.160 -0.045 0.139 -0.089 0.161 0.140
Age 30 and older 0.277 0.309 0.315 0.359 ** 0.266 0.109 0.318 -0.278 0.276 0.158
Height 67.7 | -0.089 67.3 -0.863 68.1 0.341 68.5 -0.199 68.3 -0.366
Height squared *10™ 459.7 0.007 454.2 0.062 465.1 -0.024 470.2 0.016 467.1 0.030
Borninthe U.S. 0.616 | -0.657 *** 0.806 0.165 0.884 0.278 0.813 -0.317 0.850 -0.472
Farmers, rural county 0.438 NI 0.397 NI 0.651 NI 0.805 NI 0.710 NI
Nonfarmers, rural county 0.474 | -0.028 0.440 -0.375 ** 0.309 -0.493 *** 0.195 -0.453 * 0.252 -0.253
Urban county 0.088 | -0.197 0.163 -0.630 *** 0.040 -1.044 ** 0.000 NI 0.038 -0.183
Wealth $ 0-100 0.242 | -0.204 0.315 0.364 * 0.234 -0.217 0.127 -0.204 0.297 -0.205
Wealth $ 101-500 0.158 | -0.759 ** 0.187 0.106 0.163 -0.201 0.175 -0.017 0.192 -0.220
Wealth $ 501-1500 0.225 NI 0.183 NI 0.192 NI 0.279 NI 0.240 NI
Wealth $ 1501-5000 0.271 | -0.081 0.209 0.132 0.254 -0.169 0.325 0.024 0.188 -0.021
Wealth Over $ 5000 0.104 | -0.018 0.107 0.028 0.157 -0.284 0.095 -0.187 0.082 -0.407
Enlisted in 1861 0.281 NI 0.231 NI 0.221 NI 0.248 NI 0.403 NI
Enlisted in 1862 0.544 | -0.303 0.359 0.329* 0.385 0.130 0.470 0.212 0.209 -0.649 *
Enlisted in 1863 0.077 0.487 0.050 0.366 0.024 0.390 0.052 -1.361 ** 0.076 -0.282
Enlisted in 1864 0.091 | -0.674* 0.303 -0.690 *** 0.224 -1.302 *** 0.204 -0.804 *** 0.216 -0.796 **
Enlisted in 1865 0.006 | -14.30 0.057 -2.874 *** 0.144 -0.702 *** 0.026 -1.515*** 0.095 -13.895
Duty=Infantrymen 0.659 1.371*** 0.673 0.912 *** 0.667 1.262 *** 0.534 1.154 *** 0.631 1.363 ***
Rank=Private 0.883 0.513 0.925 0.727 ** 0.885 0.266 0.892 0.511* 0.898 0.181

Note. Dependant variable is dummy variable which is one if a person died from a disease, and zero otherwise. NI refers to the omitted variables. Significance level:
**x (19%), ** (5%), * (10%).
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