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CESifo Working Paper No. 6771
Category 4: Labour Markets

Late 19" and Early 20" Century Native and
Immigrant Body Mass Index Values

Abstract

When traditional measures for health and economic welfare are scarce or unreliable, height and
the body mass index (BMI) are now well-accepted measures that reflect net nutrition during
economic development. To date, there is no study that compares 19th century BMIs of
immigrants and US natives. Individuals in the New South and West had high BMIs, while those
in the upper South and Northeast had lower BMIs. Immigrants from Europe had the highest
BMiIs, while immigrants from Asia were the lowest. African-Americans and mixed-race
individuals had greater BMIs than fairer complexioned whites. After accounting for
occupational selection, workers in agricultural occupations had greater BMIs. Close proximity
to rural agriculture decreased the relative price of food, increased net nutrition, and was
associated with higher BMIs.
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l. Introduction

Nineteenth century US economic development was related to increasing incomes, wealth,
and wages; however, economic development was associated with other factors, such as higher
relative food prices and environmental disamenities. Development was also related to
immigration, and the late 19" and early 20™ century US received considerable in-migration from
Europe, Britain, and Latin America. Economic development and migration are, in turn, related
to health, and when traditional measures for health and economic welfare are scarce or
unreliable, statures and the body mass index (BMI) are two common measures that reflect health
and net nutrition. Average stature reflects the cumulative net difference between calories
consumed, less calories required for work and to withstand the physical environment (Fogel et.
1978; Fogel et al. 1979; Fogel et al. 1982). BMI is weight in kilograms divided by height in
meters squared and reflects the current net difference between the same variables (Fogel, 1994).!
However, interpreting BMI variation is more problematic than interpreting statures because BMI
depends on when privation occurs. For example, if an individual is poorly nourished in their

youth, they are less likely to reach their genetically pre-determined statures.” If short stature

L If adequate nutrition is restored before growth comes to an end, a person experiences catch-up growth, which
allows them to return to their genetically pre-determined growth profile (Karlberg, and Albersson-Wikland, 1995;
Cole 2003). In developing economies, BMIs are high for well-nourished populations and low for poorly nourished
ones (Zagorsky, 2016).

% There is a complex relationship between stature, economics development, and stature. In developed, nearly 80
percent of stature is determined by stature; however, only 60percent of stature is determined by genetics in

developed economics (Cho et al. 2009; Lai et al. 2006; Luke et al. 2001; Visscher, 2008, p. 489).



persists and a person receives abundant calories in adult ages, they are more likely to have high
adult BMIs because they have lower metabolisms and greater weight is distributed over smaller
physical dimensions (Schnieder, 2017, pp. 4-7; Herbert et al. 1993, p. 1438; Carson, 2009a;
Carson, 2012a; Komlos and Carson, 2017). On the other hand, adults with adequate childhood
nutrition are more likely to reach their genetically pre-determined stature, have higher
metabolisms, and because their weight is distributed over larger physical dimensions, have low
BMiIs in later life (Nystrom-Peck, 1994; Nystrom-Peck and Lundberg, 1995; Rahkonen et al.
1997). Accounting for this lagged relationship between current and cumulative net nutrition is
especially relevant with late 19" and early 20™ century migration to the US because immigrants
may have received poorer net nutrition prior to migration that improved upon arrival (Dirks,

2016, pp. 128-130).



Table 1 Research in 19" and early 20" Century BMIs

Study Sample Observation BMI A by BMI A Over  Mixed-race A Y|
Period Centimeter Time Comparedto  Farmer
Blacks
Cuff, 1993 | White, West 1860-1885 .800
Point cadets
Colanis White, The 1830-1930 1.70
and Citadel
Komlos,
1995
Carson, Texas Prison 1870-1920 Black -.386 -.334 .200
2009a White .240 .100
Carson, United States 1850-1929  Black Youth, Black Youth, -.400 400
2012 Prisons -.072 -1.06
White Youth, White .500
-.054 Youth,
Black Adult, -1.05 -.400 .200
-.061 Black
White Adult, Adult, .300
-.047 -2.30
White Adult,
-2.00
Carson Philadelphia 1870-1910 Black and Black and -.370 104
and Prison White White
Hodges, Combined, Combined,
2012 -.038 949
Carson, United States 1840-1920 Black and -1.44 -.344
2012b Prisons Mixed Race
-.069
Carson, United States 1840-1920 -.061 Black and -.413 .362
2013c Prisons White
Combined,
-3.50
Carson, Nebraska 1900-1940 Black Black -.167 Black
2014a Prison .048 -.131 435
White White White
-.052 -.480 343
Carson, Southern 1840-1920 -.069 Black -.300 Black
2014b States Prisons -1.30 .200
White White
-1.90 .200
Carson United States 1860-1870 -.070 Black and .200
and Prisons White
Hodges, Combined,
2014 .100




Carson, United States 1840-1920 Black Black Black
2015¢ Prisons -.070 -1.20 .308
Mixed-Race  Mixed-Race Mixed-
-.066 -2.30 Race,
White White 505
-.051 -1.1 White,
391
Komlos Northwestern 1882-1937 -1.01 370
and Whites
Carson,
2017

Source: Cuff, T. (1993); Coclanis, P. A., & Komlos, J. (1995); Carson, S. A. (2009a); Carson, S
A. (2012a); Carson, S. A. and P. Hodges. (2012); Carson, S. A. (2012b); Carson, S. A. (2013c);
Carson (2014a); Carson (2014b); Carson and Hodges (2014); Carson (2015c¢); Komlos and

Carson (2017).

Historical BMI studies provide insight into how net nutrition varied with economic
development, by ethnic status, and socioeconomic conditions, and a considerable body of
research shows that African-American and white BMIs stagnated throughout the late 19" and
early 20" centuries (Table 1). Agricultural workers were in close proximity to rural diets, with
mild disease environments, and high BMIs. Moreover, individuals with dark complexions had
greater BMIs than individuals with fairer complexions (Aloi et al 1997). These studies are well-
established for populations within the US. However, little is known about how BMIs varied for

immigrants to the US after their arrival.

It is against this back drop that this study considers three paths of inquiry into late 19"
and early 20" century BMI variation for both US natives and immigrants. First, how did BMIs
vary by nativity and residence? Net nutrition within the US varied regionally, and individual’s

residing in the Far West had higher BMIs, while those native to the Northeast and Central



Europe had higher BMlIs; immigrants from Latin America and China had the lowest. Second,
how did African-American, mixed-race, and white BMIs compare? Individuals with darker
complexions had higher BMlIs than mixed-race and whites, and individuals of African descent in
the US had higher BMIs than Africans born elsewhere. Third, how did BMIs in the US compare
by socioeconomic status? Agricultural workers’ BMIs were greater than workers in other

occupations, which is robust across ethnic status and nativity.
I Late 19" and Early 20" Century BMI Data

Because the institutions and methods to collect randomized samples were yet to develop,
all historical data reflect the purposes for which the data were collected. The data used here is
the culmination of an extensive effort to organize and report the weights and heights of
individuals in late 19" and early 20™ century US prisons. Each state prison was contacted
multiple times, and available prison records were acquired and entered into a comprehensive data
set.® Prisons used here are Arizona, Colorado, Idaho, Illinois, Kentucky, Mississippi, Montana,
Nebraska, New Mexico, Oregon, Pennsylvania, Philadelphia, Tennessee, Texas, Utah, and

Washington.

Military and prison records are the most common source of late 19" and early 20"
century weight and height data. Military records likely represent conditions among individuals
with greater socioeconomic status because physical fitness as represented by weight and height

were likely sought and preferred among military recruits (Sokoloff and Vilaflor, 1982, pp. 456-

*The total prison sample includes Arizona, California, Colorado, Idaho, Illinois, Kentucky, Maryland, Mississippi,
Missouri, Montana, Nebraska, New Mexico, Ohio, Oregon, Pennsylvania, Philadelphia, Tennessee, Texas, Utah,

and Washington.



458; Ellis, 2004; Coclanis and Komlos, 1995, p. 93). However, because soldiers and cavalrymen
had to meet minimum stature requirements for service, they are not representative of the general
population. Fortunately, prisoners were not targeted by enlistment officers and do not suffer
from this arbitrary stature requirement.* However, prison records are not above reproach. For
example, if law enforcement officials were trained to infer guilt from taller statures, it is
uncertain which segment of society inmates represent because taller inmates may be more likely
to be incarcerated. On the other hand, inmates may represent the least physically fit segment of
society, and low weights and short statures may reflect poor net nutrition among lower
socioeconomic status individuals who turned to crime out of privation (Floud et al. 2011, pp. 62-
63). Because they had less income and wealth at the time of incarceration, prison records may
also represent conditions among lower segments of society who were unable to afford legal
counsel at trial. In sum, weight and height records from US prisons likely represent conditions
among the working class and provide valuable insight into net nutrition during economic

development.

Prison enumerators classified complexions into various categories from which ethnicity is
inferred.” Individuals of African ancestry in the prison registries were recorded as black, dark
black, and various shades of mulatto. Individuals of European ancestry were recorded as fair,
light, medium, and dark. These fair complexion descriptions are supported further because

immigrants from European countries were also recorded in US prison records as fair, light,

* Floud et al. (2011, p. 331) present estimates for 19" century US males. Their average stature estimates are only .5
percent taller than estimate for US prisons.
® The Arizona and Montana prisons are the only two prisons that took an individual’s photograph and attached a

complexion category, and it is reasonably clear that recorded classification reflects ethnic status.



medium, and dark. Until the 1930s in both the US federal census and prison records, individuals
of mixed African and European ancestry were referred to as ‘mulattos’ but are referred to here as
‘mixed-race’.® Prison enumerators also recorded complexions as Asian, Mexican, and Native-

American, which are included to illustrate how current net nutrition varied across ethnicities.

Body mass was related to socio-economic status, and enumerators recorded over 200
different occupations, which are classified here into seven broad categories: white-collar, skilled,
general farmers, ranchers, farm laborers, common laborers, and individuals with no listed
occupations. Merchants, bankers, government administrators, and the clergy are classified as
white-collar workers. Craftsman, butchers, and tailors are classified as skilled workers. Farmers
and dairymen are classified as general farmers. Ranchers and stockmen are classified as
ranchers. There were farm laborers who likely came to maturity in rural agricultural areas,
where nutrition was abundant and physical activity levels high. There were also non-agricultural
unskilled workers who were more likely to reach maturity in urban environments, where access
to nutrition was limited (Komlos, 1987, p. 918; Carson, 2008a, pp. 366-368; Zehetmeyer, 2011,
p. 318). A residual occupational category is included to account for individuals with no recorded

occupation at time of measurement.

Table 2, Late 19" and Early 20" Century US Prison Descriptive Statistics

® There are various definitions used for mixed-race individuals within the prison records and the decennial US
population censuses. A quadroon is a person with one quarter African ancestry, whereas a person with one-eighth
African ancestry were recorded as octoroons, and these definitions were official descriptions in the US population
surveys until the 1930s. Arizona and Montana are the only prisons that recorded both photographs and written
descriptions, and it is clear from the Arizona and Montana prison photographs that these recordings were used

consistently across prisons to reflect mixed-race ancestry.
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Prison N Percent Average BMI Standard
Deviation
Arizona 4,326 2.14 22.86 2.30
Colorado, 6,769 3.35 23.52 2.52
Idaho 767 .38 22.95 2.36
Illinois 12,022 5.95 23.13 2.65
Kentucky 13,713 6.78 22.83 2.53
Mississippi 2,298 1.14 23.06 2.50
Missouri 21,130 10.45 22.38 2.43
Montana 10,924 5.40 23.56 2.30
Nebraska 10,521 5.20 22.43 2.64
New Mexico 3,683 1.82 23.12 2.53
Oregon 2,527 1.25 23.68 2.33
Pennsylvania, 9,149 4.53 22.81 2.51
East
Pennsylvania, 8,113 4.01 23.58 2.33
West
Philadelphia 8,748 4.33 22.59 2.37
Tennessee 32,139 15.90 23.48 2.48
Texas 50,208 24.83 23.15 2.48
Utah 4,581 2.27 23.16 2.56
Washington 568 .28 22.90 2.24
Ethnicity
American Indian 436 22 23.38 2.56
Asian 117 .06 21.92 2.15
Black 44,232 21.88 23.64 2.46
Mexican 7,365 3.64 22.93 2.34
Mixed-Race 29,449 14.57 23.45 2.45
White 120,587 59.64 22.78 2.50
Decade Received
1840s 233 12 23.49 2.47
1850s 1,201 .59 22.75 2.23
1860s 2,625 1.30 23.30 2.51
1870s 15,029 7.43 23.33 2.57
1880s 30,208 14.94 23.16 2.43
1890s 38,810 19.20 23.19 2.44
1900s 51,954 25.70 23.00 2.49
1910s 49,538 24.50 22.98 2.53
1920s 7,902 3.91 23.06 2.71
1930s 3,621 1.79 22.55 2.82
1940s 1,065 53 22.25 2.67
Ages
Teens 28,274 13.98 22.18 2.30
20s 100,613 49.76 23.07 2.33
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30s

40s

50s

60s

70s

80s
Occupations
White-Collar
Skilled
Farmer
Rancher

Farm Laborer
Common Laborer
No Occupation
Nativity
United States
Northeast
Middle Atlantic
Great Lakes
Plains
Southeast
Southwest

Far West
International
Africa

Asia
Australia
Canada
Europe

Great Britain
Latin America
Mexico

Total

43,213
18,868
8,024
2,661
480
53

17,491
36,422
19,527
1,340
913
99,701
16,792

2,321
25,708
17,817
24,968
67,870
34,209

5,576

77
422
138

1,864
10,827
6,258
297
6,834

202,186

21.37
9.33
3.97
1.32

24
.03

8.65
18.01
9.66
.66
45
49.31
13.25

1.15
12.72
8.81
12.35
32.08
16.92
2.76

.04
21
.07
92
5.35
3.10
A5
3.38

100.00

23.29
23.55
23.70
23.63
23.48
22.90

22.88
22.97
23.20
23.57
2351
23.06
23.25

23.09
22.87
22.90
22.64
23.24
23.11
22.86

23.36
22.02
22.98
23.23
23.83
23.20
23.05
22.94
23.07

2.59
2.82
2.97
3.13
3.20
3.08

2.86
2.52
2.53
2.36
2.60
2.43
2.48

2.63
2.45
2.54
2.52
2.43
2.46
2.34

2.62
2.27
2.11
2.55
2.53
2.47
2.31
2.26
2.51

Source: Source: Arizona State Library, Archives and Public Records, 1700 W. Washington,
Phoenix, AZ 85007; Colorado State Archives, 1313 Sherman Street, Room 120, Denver, CO

80203; Idaho State Archives, 2205 Old Penitentiary Road, Boise, Idaho 83712; Illinois State

Archives, Margaret Cross Norton Building, Capital Complex, Springfield, IL 62756; Kentucky

Department for Libraries and Archives, 300 Coffee Tree Road, Frankfort, KY 40602; Missouri
State Archives, 600 West Main Street, Jefferson City, MO 65102; William F. Winter Archives

and History Building, 200 North St., Jackson, MS 39201; Montana State Archives, 225 North



12

Roberts, Helena, MT, 59620; Nebraska State Historical Society, 1500 R Street, Lincoln,
Nebraska, 68501; New Mexico State Records and Archives, 1205 Camino Carlos Rey, Santa Fe,
NM 875070regon State Archives, 800 Summer Street, Salem, OR 97310; Pennsylvania
Historical and Museum Commission, 350 North Street, Harrisburg, PA 17120; Philadelphia City
Archives, 3101 Market Street, Philadelphia, PA 19104; Tennessee State Library and Archives,
403 7™ Avenue North, Nashville, TN 37243; Texas State Library and Archives Commission,
1201 Brazos St., Austin TX 78701; Utah State Archives, 346 South Rio Grande Street, Salt
Lake City, UT 84101; Washington State Archives, 1129 Washington Street Southeast, Olympia,

WA 98504.

Table 2 presents inmate residence, ethnicity, observation period, age, occupations, and
nativity. Most inmates were incarcerated in the South, but there were sizeable proportions in the
Northeast and Plains. While never a large part of the prison sample, there were also individuals
in the Far West. Most complexions were consistent with African and European ancestry, but
there were Asians, Native-Americans and Latin-Americans in the sample. Most inmates were

received between the 1840s and the 1940s. Common ages were the teens and 20s, but there were

individuals in older age categories (Hirschi and Gottfredson, 1983; Gottfredson and Hirsch,
1990, pp. 128-144; Freeman 1993; Carson, 2009c). Nearly half of pre-incarceration occupations

were common laborers, but there are white-collar and skilled workers in the sample.” General

" There is some concern regarding how prison unskilled workers compared to the general population. As expected,
the percent of unskilled workers in the prison sample is greater than the percent in the general population, indicating

the prison population represents conditions among the working class.
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farmers were the most common agricultural occupation. Within the prison sample, most native-
born individuals were from the Southeast, but there were individuals born-in the Middle Atlantic,
Great Lakes, and Plains states.> Common international nativities were from Continental Europe,
the British Isles, and Mexico. The US had only recently been settled, and individuals born in the
early 19" century were foreign-born, whereas individuals born later were US natives. While
there were both men and women in US prisons, the purpose of this study is to evaluate late 19"
and early 20™ century male BMIs, and female BMIs are considered elsewhere (Carson, 2011a;

Carson, 2013a; Carson, 2016).

Year US Population Prisoners
1850s 32.9
1860s 58.2
1870s 31.9 52.6
1880s 304 47.5
1890s 52.0
1900s 33.1 52.3
1910s 29.5 46.9
1920s 23.6 37.8

Source: US general population estimates are from Rosenbloom, 2002, p. 88.

8 Carlino and Sill, 2000. The geographical scheme is New England: Connecticut, Maine, Massachusetts, New
Hampshire, Rhode Island, and Vermont. Middle Atlantic states include Delaware, Maryland, New Jersey, New
York, Pennsylvania, and Washington DC. Great Lakes states are Illinois, Indiana, Michigan, Ohio, and Wisconsin.
Plains states include lowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota, and South Dakota. Southeast
states include Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South
Carolina, Tennessee, Virginia, and West Virginia. South Western States include Arizona, New Mexico, Oklahoma,
and Texas. For Western states include California, Colorado, Idaho, Montana, Nevada, Oregon, Utah, Washington,

and Wyoming.



Complexion Nativity

o o 4
(oo} (oo}
o (e}
O O
oy oy
= =
E &
59 52
) 23
o ()
o o~
[ [
Underweight Normal Overweight  Obese Underweight Normal Overweight ~ Obese
B Black P White B USBorn W Foreign Born

Figure 1, Late 19™ and Early 20" Century BMI Distributions by Complexions and

Nativity

Source: See Table 2.



1 .15

Density

0 .05

15 20 25 30 35 40 45
BMls

| [ Density Density

T T T T
15 20 25 30 35 40 45
BMls

| [ Density Density
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Source: See Table 2.

The shape of the BMI distribution indicates much about a population’s current net
nutrition. Given similar means, if the distribution is negatively skewed, the population is more

likely to be overweight and to be underweight if the BMI distribution is positively skewed.’

® Using modern World Health Organization (WHO) standards, BMIs greater than 30 are classified as obese; BMls
between 29.9 and 24.9 are classified as overweight; BMIs between 24.9 and 18.9 are normal; BMIs less than 18.9
are underweight. While classifying weight is straight-forward using weight and height, it is an inaccurate measure
for weight classification because it does not distinguish between fat, fat-free mass, and body composition

(Burkhauser and Crawley, 2008). BMI, therefore, overestimates obesity for individuals with muscular builds and

15
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While it is not clear how historical BMIs and health align with modern standards because of the
effects of disease, Figure 1 demonstrates that late 19" and early 20" century black and white
BMlIs were in the normal category, and neither underweight nor overweight status was common
(Figures 1 and 2; Fogel et al. 1993, p. 7; Floud et al 2011, pp. 57-61, 146-151; Carson 20093,
Carson, 2012a; Stephenson et al. 1999). Average black youth and adult BMIs were 22.53 and
23.83, respectively.’® Average white youth and adult BMIs were 21.78 and 22.89, indicating that
average black youth and adult BMIs were 3.44 and 4.11 percent higher than white BMls.
However, greater black BMIs do not necessarily indicate that African-Americans were in better
physical condition than whites because BMIs are inversely related to height, and blacks were, on
average, shorter than whites (Steckel, 1979; Carson, 2009c¢). Individuals with darker
complexions also have greater protein in muscle tissue, and muscle is heavier than fat (Wagner

and Heyward, 2000; Barondess et al. 1997; Aloi et al. 1997).

BMIs less than 19 are associated with increased mortality risk, and 40 percent of West
Point Cadets were underweight (Cuff, 1993). However, only .84 and 2.18 percent of black and
white adults in the prison sample were underweight, indicating that malnutrition in the late 19™
and early 20™ centuries was unlikely. Morbid obesity is defined as a BMI greater than 40, and
instances of 19" century black and white adult obesity were uncommon. Only .02 percent of
blacks and whites were morbidly obese. This is in marked contrast to modern populations,

where 13 percent of blacks and 11 percent of adult whites are morbidity obese (Calle et al. 2011;

African-Americans. These distortions indicate that, when available, a more accurate weight classification system
should be used. However, for the late 19" and early 20" centuries, BMI classification is the only available weight
classification system.

19youths are ages younger than 20. Adults are ages 20 and older.



17

Carson, 2011b, p. 15; Carson, 2016). Because BMIs were in the normal category, late 19" and
early 20" century health that was poor by modern standards had little to do with BMI

classification.

Body mass in the US also varied by international nativity."* Average US-born BMI was
23.03, while average immigrant BMI was 23.37. Only 2.12 percent of natives and 1.38 percent
of immigrants were underweight, and natives were more likely to be in the normal BMI
category. Nevertheless, like African-Americans, immigrants were shorter than natives with
higher BMIs. For most of its history, European net nutrition stagnated but may have increased
after 1860 (Koepke and Baten, 2005; Koepke and Baten, 2016). Among the foreign-born,
Italians in the US were the least likely to be underweight, while the Chinese were the most likely
to be underweight and short (Table 3; Carson, 2006). Russians were more likely to be
overweight and obese, while Chinese and Mexicans were the least likely to be overweight.
Comparable native and foreign-born BMIs indicate that wide-spread mal-nutrition among
immigrants in the US was not common (Dirks, 2016, p. 106; Carson, 2009a). Subsequently,
while immigrants may have encountered poor diets prior to migration, they were unlikely to have

low BMIs in the US.

1 Be it selection or poorer net nutrition prior to migration, United States’ internal immigrant statures were taller than

persisters (Carson, 2009c, pp. 155-156; Komlos, 1987, pp. 907-908).



Table 3, Native and Immigrant Average BMIs and Weight Classification

18

N Percent  Age  BMI Centimeters Under Normal Over QObese
Total Sample
Total 202,186 100.00 28.92 23.07 170.77 202 7723 1959 1.66
Native 175,469 86.79 28.28 23.03 171.14 212 7757 19.18 1.62
Immigrant 26,717 1321 33.09 23.37 168.34 138 7498 2229 190
Foreign-born
Austria 977 409 3091 23.78 169.43 614 7052 28.04 921
British 2,337 9.79 35.70 23.02 168.68 210 7736 1891 218
Canada 1,864 7.81 3249 23.22 171.06 241 7468 2151 2.09
China 309 1.29 34.08 21.82 162.97 485 8770 744 971
France 419 176 3538 23.64 167.79 716 7136 2554 2.63
Germany 4,094 17.14 3512 23.71 168.53 879 7113 26.19 2.39
Ireland 2,935 12.29 36.65 23.29 169.97 136 76.70 20.89 1.50
Italy 1,565 6.55 30.87 2411 164.57 575  65.62 3112 371
Mexico 6,834 28.62 29.63 22.94 166.79 148 8168 16.27 .966
Russia 836 3.50 31.04 24.08 167.57 1.08 63.28 33.25 4.07
Scandinavia 998 418 36.11 2391 172.00 120 6744 29.76 2.10
Scotland 711 298 35.74 23.35 169.85 1.13 76.37 20.54 2.53

Source: See Table 2.
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II. Late 19" and early 20™ Century US BMIs by Demographics, Socioeconomic

Status, and Residence: A Multinomial Approach

In theory and practice, the timing and extent of BMI variation is related to socioeconomic
status, residence, and nativity. Multinomial BMI logit models are now estimated, and the normal

category is assigned as the base category.

. 5 17 10
In( P ] =0, + 0, Centimeters, + Z@CComplexioni + z 0, Age, + Z@tObservation Period,

p Normal c=1 a=1 t=1

6 17 16
+ Z 0,0ccupation; + Z 0. Residence, + Z 0\ Nativity, + &, (1)
j=1 r=1 N=1

Stature in centimeters is included to account for the inverse relationship between BMI
and height (Carson, 2009a; Carson, 2012a; Komlos and Carson, 2017). Complexion dummy
variables are included to account for net nutrition variation by ethnicity. Annual youth age
dummy variables are included to account for BMI variation at younger ages; adult decade
dummy variables are included to account for BMI variation at older ages.*? Observation decade

variables are included to account for cohort BMI variation over time,*® and occupation dummy

12 John Komlos (1992, p. 300) questions whether the results in Steckel (1986a) are genuine or the result of the
manifest sample’s childhood participation rates. The Maryland sample supports the position that slave children
were not well nourished.

13 To measure how net nutrition and health vary with current local conditions, BMIs are generally measured by
observation period and current residence. However, BMI can also be meaningfully measured by birth year and
nativity. BMIs by observation period summarize the current net nutrition of different cohorts at a point in time.
Alternatively, measured from birth period, BMIs summarize the cumulative net nutrition facing a population as it

ages. Moreover, as the ratio of weight to height, BMI represents the lagged or mismatched effect of the timing of
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variables are included to account for how net nutrition varied by socioeconomic status.
Residence dummy variables are included to account for the relative access to food by geographic
location within the US, while nativity variables account for net nutrition during an individual’s

youth.

Table 4, Model 1 presents least squares BMI estimates for the entire sample. Models 2
through 4 are multinomial logit models for underweight, overweight, and obese status relative to
the normal BMI category. Coefficients are reported as relative risk ratios. Model 5 presents

least squares estimates for only blacks born in the US, while Model 6 does the same for whites.

Table 4, Late 19" and Early 20" Century BMI and Obesity Multinomial Logit Models by

Ethnic Status

Model 1 Model 2 Model 3 Model 4 Model 5  Model 6
Total Underweight Overweight Obese Black White
Intercept 32.73*** 36.12***  30.86***
Height
Centimeters -.059*** 1.05%** 963*** 894*** - Q70*** - 049***
Ethnicity
White Reference Reference Reference  Reference
Black 1.13*** 408*** 2.36%*** 1.65***  Reference
Mixed-race 867*** B42*** 1.95%** J143*** - 310***
Native AT76%** .834 2.07*** 1.17
American
Asian -121 .676 473 971
Mexican .059** 1.01 1.10* 548*F**
Ages
12 -4.61%** 140.88*** J47x** .320* -5.00%**  -4,09%**

privation and may not be as good of measure for current net nutrition as weight after controlling for height
(Gluckman and Hanson, 2006, p. 10; Carson, 2015b; Schnieder, 2017, p. 7; Carson, 2017). Nonetheless, BMI has
been shown to be a robust measure for mortality risk (Waller, 1984; Koch, 2011). Subsequently, BMI is an
established measure for mortality risk, whereas weight after controlling for height is an alternative measure for

current net nutrition.
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23-29
30s

40s

50s

60s

70s

80s
Observation
Period
1840s
1850s
1860s
1870s
1880s
1890s
1900s
1910s
1920s
1930s
1940s
Occupations
White-Collar
Skilled
Farmers
Ranchers
Farm
Laborers
Unskilled
No
Occupations
Residence
Arizona
Colorado
Idaho
Ilinois
Kentucky

-4 25%**
-3.40%**
-2.78%**
-2.06***
-1.47%**
-1.09%**
- 713***
- 423%**
- 275%**
- 171%**
Reference
222%**
A65***
S570***
A58***
244%**
-.531***

1.41***
BHe7***
.708***
.393***
128***
141%**
Reference
-.055***
071%**
.168**
.006

.008
.004
332%**
504***
682%**

143***
Reference

034
494
194**
-.083
- 448***

48.49***
22.88***
10.08***
5.61***
2.93%**
1.97***
1.59***
1.09***
1.08***
1.04%**
Reference
1.07***
1.15%**
1.22%**
1.83***
3.36***
4.21%**

310%**
381***
.583***
.821**
918
184***
Reference
1.13**
1.16*
1.06
1.27

1.19*
788***
D3T7F**
629***

436

TL7***
Reference

.653***
A01**F*
A468**
.950
1.62***

.054***
105%**
109***
176%**
259***
373%**
B2T***
.642%**
165***
.836***
Reference
1.21***
1.43***
1.59***
1.53***
1.44***
508***

2.36***
1.30***
1.56***
1.34***
1.10***
1.05**
Reference
.933***
.984
1.04
1.12

1.05
993
1.21%**
1.37%**
1'52***

1.08%**
Reference

882x*
1.30%%*
1.06
889**
TT2%x

.333**
209%**
.328***
176%**
281***
282%**
422%**
499***
626***
J19%**

Reference
2.07***
3.67%**
4.18***
4.34***
4.47***
3.34%**

2.46*
331*
1.73*
1.81***
977
1.15**
Reference
1.08**
1.60***
1.99***
1.76

2 .22***
1.23%**
l '37***
1.80***
3'40***

1.10
Reference

175
1.19*
.803
1.15
653***

-4,83***
-3.75%***
-3.16***
_2.39***
-1.72%**
_1.32***
-.861***
_.566***
-.328***
_.194***
Reference
.190***
302***
.353***
.089***
_.172***
-1.50***

1.13***
.698
.633***
B73***
118***
156***
Reference
-.148***
-.156**
-.257
=177

- 225%**
-.005
.308***
.076
126

.090***
Reference

- 408>
288>
042
- 459>
_.57 1***

-2.61%**
_2.67***
-2.14%**
_1.68***
-1.22%**
_.865***
- 271%**
_.325***
-.235%**
_.154***
Reference
246%**
564***
J07***
BH76***
AT4%**
-.680***

1.62%**
593***
T44%**
243F**
.104**
.138***
Reference
-1.85
.169%**
229%*
-.045

118
A37FF*
387***
633***
.828***

210%**
Reference

170%%*
531***
229%*
-9.0°
'.361***
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Missouri
Mississippi
Montana
Nebraska
New Mexico
Oregon

PA, East
PA, West
Philadelphia
Tennessee
Texas

Utah
Washington
Nativity
Northeast
Middle
Atlantic
Great Lakes
Plains
Southeast
Southwest
Far West
International
Africa

Asia
Australia
Canada
Europe
Great Britain
Latin
American
Mexico

N

RZ

- 129%**
-.213%**
T44%**
-.566***
212%**
156%**
- 445%**
- 420%**
-.593***
.359%**
Reference
.199**
-.098

Reference
-.104

.007
.037
-.140**
-.116*
- 169***

262
2,247
-.226
003
BTT+*
008
- 451 %

-.280%**
202,186
1256

1.60***
1.43**
.289***
1.44%**
1.03
A35%*
1.33**
.399***
1.29
B12***
Reference
.907
.835

Reference
1.22

1.06
1.09
1.40*
1.13
1.23

2.61
6.17***
522
1.73***
.5B4***
.998
1.41

1.02
202,186
.0691

535***
912**
1.52%**
.658***
1.14***
1.67***
.680***
1.31***
583***
1.30***

Reference

1.12*
954

Reference

.938**

1.01
1.06***
920*
919***
909**

1.43*
189
751%
1.09%*
1'71***
1.01
BT 4%

(59%**
202,186
.0691

522%**
SBL*F**
1.39%**
A21%*
1.41%**
1.06
842
.842
D55 **
1.04

Reference

1.12

3.79 xxx

Reference

44

1.05
.988
.889
1.03
.642

1.50
039***
407
.807
876
.664**
D42**

370%**
202,186
.0691

-.841*%** - (33***
-.306*** -.262
.254%** 785***
_.945*** _.450***
.012 .345%**
.583* 901 ***
- 790*%** - 303%**
351*** AT76***
- 714*** - 578***
262%** A2]%**
Reference Reference
224%**
-.385 -.151*
Reference Reference
-.327 -.044
-.230 .012
-.023 .003
-.113 -.223***
-.140 -.194***
-212 -.202%**
72,645 99,307
1336 .0795

Source: See Table 2.

Note: Standard errors clustered on age. *** significant at .01.; ** significant at .05; significant.

Three paths of inquiry are considered when evaluating late 19" and early 20" century

BMI variation. First, BMI was related to net nutrition by residence within the US, which

reflected the relative price and access to nutrition by different cohorts at the time of

measurement. The 19" century South was agriculturally productive, and Southern net nutrition



24

exceeded nutrition elsewhere within the US (Hilliard, 1972; Ransom and Sutch, 1977, pp. 151-
156; Carson, 2014c; Dirks, 2016). The Far West was in the process of early economic
development and individuals born elsewhere but who later immigrated to the West received poor
net nutrition prior to migration and were shorter but received sufficient nutrition after arrival.
Western agricultural workers were also more physically active because westward expansion
required clearing farms and other agricultural activities, which required physical activity, muscle
mass, and muscle is heavier than fat (Atack and Bateman, 1987; Carson, 2014d, p. 774-775;
Rosenblum, 2002, pp. 123-124). On the other hand, individuals native to the Northeast, Middle
Atlantic, and upper South were shorter and had higher BMIs (Ransom and Sutch, 1977; Carson,

2009a; Carson, 2012a; Dirks, 2016, pp. 77-89).

Patterns for international migration are also noteworthy. If prior to migration, an
individual received poor childhood net nutrition but their nutrition improved upon arrival in the
US, they are more likely to have higher adult BMIs because they were short, had lower
metabolisms, and had higher BMls in later life because weight was distributed over smaller

physical dimensions.
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Table 5, Late 19" and Early 20" Century BMI and Obesity Multinomial Logit Models by

Nativity
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
OLS Under Over Obese uUsS- Foreign
Native Born
Intercept 32.19*** 32.14***  31.71***
Height
Centimeters -.055%** 1.04%** 966*** .899*** -.055%** . 052***
Ethnicity
White Reference  Reference  Reference Reference Reference Reference
Black 1.03*** 458%** 2.19*** 1.70%*** 1.07***  -202***
Mixed-race .892*** B44*** 1.99*** 1.58*** 920%** - 617***
Native 135%** .646 2.43*** 1.38 133%** .667
American
Asian -.440** .814 .368 .623 -.275 -2.16***
Mexican A27F** 1.05 1.19%** .805 A61*%** - 514***
Ages
12 -4.48*** 125.04*** .166 391 -4.46%**  -7.06%**
13 -4, 14*** 44,23*** 061*** .391* -4 17**%*  -3.16%**
14 -3.31*** 21.47%** J17Fr* 246F** -3.20%** 4 32***
15 -2.71%*** 9.63*** 119%** 3T74%** -2.70***  -3,02***
16 -2.02%** 5.50%** .186*** 193*** -2.03***  -1.68***
17 -1.48*** 2.96*** 265%** 291 %** -1.47*** -] 53***
18 -1.11%** 2.03*** SBTT*** 285*** -1.10*** 1. 17F**
19 - 734*** 1.64*** 529*** 415%** - 719*** - 9Q1***
20 -.433*** 1.11%** B46*** A99*F** - 434%** - A1T7F**
21 -.284*** 1.09*** 166*** B27*** - 276%** - 337***
22 -177 1.05%*** .836*** 726%*** - 165%** - 288***
23-29 Reference  Reference  Reference Reference Reference Reference
30s 231*** 1.07*** 1.21%*** 2.05%** 224%** PR F**
40s 484*** 1.15%** 144*** 3.64*** A483*%**  460***
50s 594*** 1.25%** 1.62%** 4.16%** B609***  4Q7F**
60s 497*** 1.86*** 1.58*** 4.37%** A443%**  BEB***
70s 266*** 3.47*** 1.48*** 4 50%** 265%** [ 178%**
80s -.503*** 4.36%** 536*** 3.46*** -1.00***  735***
Observation
Period
1840s 785*** .698 1.63*** 1.63 879*** 419
1850s .072 .758 .999 237** .090* .083
1860s 522*** .852 1.48*** 1.43 b532*** 361 *F**
1870s .388*** .903 1.38*** 1.67 429%** -.033
1880s 209*** .861* 1.19%** 941 209%** .081
1890s 217%** 153%** 1.12%** 1.12** 228%** .091*
1900s Reference  Reference  Reference Reference Reference Reference
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1910s
1920s
1930s
1940s
Occupations
White-Collar
Skilled
Farmers
Ranchers
Farm
Laborers
Unskilled
No
Occupations
International
Nativity

US Nativity
Africa
Austria
Great Britain
Canada
China
France
Germany
Ireland

Italy
Mexico
Russian
Scandinavia
Scotland

N

RZ

-.003

145%%*
- 245%%*
- 415%%*

-.233**
-.190***
146%**
.654***
1.01***

_.122***
Reference

Reference
.339
956***
-.022
312***
_1.97***
H13***
.666***
226**
1.01***
-.118***
1.18***
1.03***
.354
202,186
1010

1.07
1.08
1.40%**
1.68**

1.51***
987
.689***
523***
235%**

.948
Reference

Reference
1.97
305***
.983
1.12
3.76***
.365**
A44*x**
670%**
367***
109***
59Q***
H97**
532
202,186
.0566

.968*
1.06**
188> **
.838**

873***
.836***
1.06***
1.46%**
1.80***

.882%**

Reference

Reference

1.42*
2.03***
1.00
1.31%**
196%**
1.43*
1.57***
1.10
2.05***
.804***
2.60***
2.10%**
1.15
202,186
.0566

117%%x

1,747

1,747
1.53

2.06***
1.14*
1.37***
2.20%**
3.28***

1.02
Reference

Reference
1.67
.624**
.875
1.07
9.58_8***
1.14
.963
733
1.46***
381***
1.71**
1.34
1.37
202,186
.0566

-.017
143
- 197
- 403%**

- 28475
-.185%**
120
658%**
1.05***

‘.158***

175,469
.1038

058
235%
- T4Bxx
-.169

245*
178%**
106***
.988***
1.04***

399 **

Reference Reference

26,717
.0609
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Source: See Table 2.

Note: Standard errors clustered on age. *** significant at .01.; ** significant at .05; significant.

Independent of compositional effects, immigrants had greater BMIs than US natives
(Table 5). Canadians and Europeans were shorter and had the highest BMIs (Koepke and Baten,
2005; Koepke and Baten, 2016), indicating these immigrants likely had inferior net nutrition
prior to migration that improved after arrival. However, Mexicans and Asians were shorter and
had low BMIs, suggesting they had poor net nutrition prior to migration, did not fully assimilate
into the US economy, and had lower BMIs in the US (Table 5; Carson, 2005; Carson, 2007a;
Carson, 2007b). While trend weighted BMIs and height illustrate the 1880s was the period of
highest net nutrition, it decreased after 1880 among the working class by ethnic status and

nativity (Figures 4, 5, and 6).
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Source: See Tables 2, 3, and 5.

Second, much has been written about the persistent result that late 19" and early 20"
century whites, and mixed-race individuals were taller than darker complexioned individuals
(Steckel, 1979; Carson, 2008b; Carson, 2009c). A frequent explanation for the difference is due
to US social-preferences that disproportionately favored fairer to darker complexions
(Bodenhorn, 2002, pp. 23, 30, and 43). If these social preferences extended to BMIs, whites
should have had greater BMI values than mixed-race individuals, which should have been
greater than for individuals with darker complexions. However, individual’s with darker s had
similar average BMIs values to whites, were nearly twice as likely to be overweight and obese,

and were substantially less likely to be underweight ( Tables 1, 2, 4, and 5; Carson, 2015c;
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Carson, 2016,). Furthermore, if US social preferences were responsible for the black-white BMI
difference, foreign-born individuals with darker complexions should have had greater BMIs than
their US-born counterparts. However, foreign-born individuals with darker complexions had
similar BMIs compared to US-born blacks, indicating it is unlikely that late 19" and early 20"
century US social preferences were the primary explanation for higher BMIs and shorter statures

for darker complexioned individuals (Table 5).

Third, BMIs in the late 19" and early 20™ century US were related to occupations, and
farmers had greater BMIs than workers in other occupations. Carson (2009a) demonstrates that
agricultural workers in Texas had about .210 greater BMI units than unskilled workers, and
Carson (2012a) illustrates that agricultural workers at the national level had around .200 BMI
units higher than workers with no occupations. However, occupations reflect both health
relationships related to occupations and occupational comparative advantage and selection.
Margo and Steckel (1992, p. 518) propose that agricultural workers may have had higher BMIs
because local conditions were conducive to greater BMlIs, or individuals with high BMIs selected
into agricultural occupations where physical size was required. Propensity score matching is a
statistical technique used to account for the effect of treatment by accounting for how covariates
predict receiving treatment. This matching procedure mimics a randomized experiment by
creating a sample of units that did not receive treatment by comparing differences in outcome
variables between treated and control groups and reduces potential biases. Equation 2 is

treatment on the treated.

ieN

r_ 1 v 1
T sy @
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where A" is the value of treatment. |N| is the number of units in the treatment group. J; is the

group of comparison units matched to the treatment unit i, and |Ji| is the number of comparison

units in J; (Dehejia and Wahba, 2002, p. 153)."

Table 6, Sample Means and Standard Errors of Covariates

Farmers Non-
Farmers
Mean Standard Mean Standard
Error Error
Intercept
Height
Centimeters 172.41 6.82 170.59 6.97
Ethnicity
White .607 .488 595 491
Black 211 408 220 414
Mixed-race 147 354 .146 353
Native .004 .064 .002 .044
American
Asian 6.66™ .026 5.69™ 024
Mexican .030 172 .037 .189
Ages
12 3.59™ .019 7.17* 027
13 5.12* .023 .001 .036
14 .002 .040 .003 .056
15 .004 .063 .006 .078

1 Propensity score matching is not without criticism. For example, one issue with matching is that there is little
guidance on the proposed independent variables (Heckman et al. 1998). There are usually diverse model
specifications but no formal means to choose between alternative model specifications (DiNardo and Lee, 2011, p.
253). Although propensity score matching attempts to model causal effects, for results presented here to be
interpreted as causal requires that there are no unobserved variables that influence body mass and the probability of
being a farmer. There is a compelling argument that overfitting on treatment increases the bias associated with

matching techniques.



16

17

18

19

20

21

22

23-29

30s

40s

50s

60s

70s

80s
Observation
Period
1840s
1850s
1860s
1870s
1880s
1890s
1900s
1910s
1920s
1930s
1940s
Residence
Arizona
Colorado
Idaho
Illinois
Kentucky
Missouri
Mississippi
Montana
Nebraska
New Mexico
Oregon
PA, East
PA, West
Philadelphia
Tennessee
Texas

Utah
Washington

014
.024
.045
.047
.048
.056
.059

201
114
.062
024
.004

3.59*

3.07*
6.15™
.008
168
151

318
.079
.042
011

.008
.038
.004
032
.035
.092
.030
.039
.109
016
.006
.007
012

7.17*
185
342
043
.002

117
154
.208
211
213
231
236

401
317
.240
153
.066
.019

.018
025
.090
374
.358

466
270
.200
105

091
191
.061
77
185
.289
A71
194
312
125
.078
.080
110
.027
.388
474
.203
.042

014
024
.043
.048
051
.058
.066

215
.091
.037
012
.002

252

.001
.006
014
.081
147
196

237
.035
015
.005

.023
.033
.004
.062
071
.106
.009
.056
.046
.019
.013
.049
.043
.048
.156
238
021
.003

119
153
203
213
219
233
248

410
.288
190
109
.046
016

.036
.081
119
274
.355
397

425
183
123
.067

149
.078
.062
242
257
.308
.096
229
.209
135
114
217
.203
213
.363
426
142
.054

33
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Nativity

Northeast .003 .056 012 111
Middle .030 171 138 .345
Atlantic

Great Lakes 071 .256 .090 .286
Plains 77 .381 118 322
Southeast .353 478 317 466
Southwest .265 441 159 .366
Far West .028 .166 .028 .366
International

Africa 1.54* 012 4.05* .020
Asia 4.10™* .020 .002 .048
Australia 1.54* 012 7.39 027
Canada .004 .066 .010 .098
Europe .036 .186 .056 229
Great Britain .016 124 .033 178
Latin 2.56™ 016 .002 .040
American

Mexico .017 .130 .036 .185

Source: See Table 2.

Treated and control panel balance assures dependent variable differences are to due
treatment and not characteristic differences. Table 6 illustrates that farmers were on average
taller than non-farmers; however, the occupation panels are, otherwise, reasonably matched. The
mean impact of agricultural occupations on BMI after selection was better than nutrition for
workers in other occupations (Tables 4, 5, and 6; Dirks, 2016, p. 63; Church et al. 2011). After
controlling for pre-treatment characteristics, farmers had .212 unit higher BMIs than workers in
other occupations, which indicates BMI regression results for occupations are reasonably
accurate for the effect of agricultural environments on net nutrition after selection characteristics
are considered (Table 7). White-collar and skilled workers were in physically less active

occupations and had lower net nutrition (Church et al 2011; Carson, 2014d, p. 775).
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Table 7, Late 19" and Early 20™ Century Propensity Scores on Occupations

BMI ATE BMI ATT
Occupation
White-Collar - 141*** -.109***
(.037) (.027)
Skilled - 127%** -.069***
(.020) (.018)
Farmer 251F** 212%**
(.047) (.023)
Unskilled 015 .024
(.015) (.018)
No Occupations -.161** -.017
(.065) (.041)

Source: See Table 2. ATE is the average treatment effect. ATT is the average treatment effect

on the treated.

Other patterns are consistent with expectations. To the degree that BMI represents
current net nutrition, there was a period of prolonged, widespread dietary stress, and black and
white BMIs stagnated throughout the 19" and early 20™ centuries (Figure 4; Carson, 2009a;
Carson, 2012a; Carson, 2015b). For both blacks and whites, the 1880s was the decade that trend
net nutrition reached its peak and decreased thereafter. By 1900, US agriculture commercialized,
and the distance between food production and consumption increased as workers urbanized and
moved from farms into factories, which reflects the separation of consumption from production
(Figure 4, 5, and 6; Cochrane, 1979; Dimitri et al. 2005). In sum, late 19" and early 20" century
BMlIs varied by residence, and individuals in the urban Northeast had greater BMIs because they
were shorter. Europeans had the highest BMIs, yet the trend over time after 1880 was toward

lower BMIs for all groups.
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V. Black and White Comparative Effects of Demographic, Socioeconomic, and

Residence with Individual BMI

To more fully account for late 19" and early 20" century BMI differences, the black-
white and US-migrant BMI differences are decomposed into returns to characteristics and
average characteristics (Blinder, 1973; Oaxaca, 1973). Let BMI;, and BMI, be high and low BMI

values, respectively. 6,,and 6, are the autonomous intercepts, and ¢,, and 6,, are how BMIs

varied with characteristics. X, and X, are average characteristic matrices.
High BMI: BMI ,=6,, +6,X, (3)
Low BMI: BMI =6, + 6, X, 4)
Decompositions are the difference between high and low BMI groups.

ABMI = BMI, - BMI, = 6,, + 6, X, — 6,, — 0, X, (5)

Adding - 6,,X, +6,,X, to the right-hand side of Equation 5 and collecting like terms

yields,
ABMI = BMI, — BMI, = (‘90h _‘901)+(‘91h _911 ))?h +()?h _)?1 1 (6)

The first right-hand side element, (90h —6?0,), is that part of the high-low BMI difference
due to non-identifiable characteristics, such as birth under free or bound labor and different

access to current net nutrition. The second right-hand side element, (6,, — 6, )X, , is a measure

for how BMI returns to characteristics varied by ethnicity and nativity (Schneeweis, 2011, p.
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1283). The third right hand element (X, — X, )6, , is the difference in the BMI gap associated

with average characteristics and includes sample composition differences.™

Using coefficients from Table 4, models 5 and 6, Table 8’s Panel A presents the black-
white BMI decomposition, and the majority of greater black BMIs was attributable to non-
identifiable characteristics in the intercept, such as lean muscle mass and greater bone mineral
density that favored individuals with darker complexions (Barrondess et al. 1997; Wagner and
Heyward, 2000; Flegal et al. 2010, p. 240; Carson, 2015c). The greatest source of white BMI
returns to characteristics was height, with similar sample averages, indicating most of the white
net nutrition advantage was due to returns to height. Whites also had greater BMI returns
associated with age, observation period, residence, and occupations. Subsequently, during the
late 19™ and early 20™ centuries, black BMIs were greater than whites because of non-
identifiable characteristics in the intercept, however, whites had greater BMI returns associated

with observable characteristics.

'3 There is some concern over the value of decomposing the dependent variable differences into returns to
characteristics and average characteristics because returns to characteristic estimates vary with respect to the choice

of reference category (Oaxaca and Ransom, 1999). There is little concern about when explaining the dependent

variable gap to ()? b X ; )HU . However, because the intercept is sensitive to the omitted category variable,

identification of (6, — 6y, )+ (6,, — 6,,)X, is less clear, and there is some degree are arbitrariness that is

unavoidable (Yun, 2008; Fortin, Lemieux, and Firpo, 2011, pp. 40 and 45).
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Table 8, Decomposing Late 19" and Early 20" Century BMIs by Ethnicity and Nativity

Panel A
Ethnicity

(B, - B.,)X, x,-x)8,  (B-B)x,  (X,-X,)5,
Levels
Sum 1.32 -.266 934 116
Total 1.05 1.05
Populations
Intercept 5.01 5.01
Height -3.40 071 -3.43 102
Ages -.182 -.246 -.193 -.235
Observation -.004 -1.9% -.045 041
Period
Occupations -.095 -.015 -.135 .025
Residence -.123 .020 -.244 141
Nativity .050 -.083 -.070 .038
Sum 1.25 -.253 .889 A11
Total 1 1
Panel B
Nativity

(ﬂN_ﬂF)XF (XN_XF)ﬂN (ﬂN_ﬂF)XN (XN_XF):BF
Levels
Sum -.306 .006 .156 -.456
Total -.300 -.300
Populations
Intercept -1.43 -1.43
Height 1.68 513 1.71 485
Ethnicity -.558 -1.19 -1.94 193
Ages -.044 .768 -.078 .802
Observation -.196 -.004 -.240 .036
Period
Occupations 1.57 -.107 1.46 .004
Sum 1.02 -.020 -.520 1.52
Total 1 1

Source: See Tables 2, 4, and 5.
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Using coefficients from Table 5’s, Models 5 and 6, Table 7°s Panel B presents the native-
foreign-born decompositions. Immigrants had higher BMls than natives, primarily from
autonomous BMI components in the intercept, returns from ethnic status, age, and observation
period. However, native BMI returns were greater for heights and occupations.. In sum, BMIs
varied by nativity, and higher BMI returns favored native white net cumulative nutrition and
characteristics.

V. Conclusion

When traditional measures for economic welfare are scarce or unreliable, the body mass
index is now a well-accepted measure that reflects biological conditions during economic
development. To date, there is no study that compares 19" century BMIs of immigrants to
individuals born in the US, and immigrant BMIs were higher relative to natives. Russians in the
US were the most likely to be overweight and obese, while Chinese and Mexicans were the least
likely to be overweight. Part of the stature difference between fairer, and darker complexioned
individuals may be attributable to 19 century US social preferences by ethnic status. By
extension, white BMIs should have had greater BMIs than individuals with darker complexions.
However, American-born blacks had greater BMIs than whites, which persists for both blacks
and whites born in the US and other countries, indicating there little evidence of a BMI “mulatto
advantage,” and US social preferences are an unlikely explanation for the differences between
African and European BMIs in the United States. For both natives and immigrants, farmers and
agricultural workers had greater BMIs than workers in other occupations, and higher
socioeconomic status natives’ benefitted from their economic and social standing, especially for
workers with low socioeconomic standing. Both native and immigrant BMIs stagnated

throughout the late 19™ and early 20™ century, which coincides with the separation of food
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production from food consumption. Consequently, late 19" and early 20" century BMI variation
was related to a complex set of demographic and socioeconomic characteristics, and BMI studies
support the finding that net nutrition in the US was better in the rural South, stagnated over time,

and was better by socioeconomic status for native US populations.
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