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Abstract

Little research exists on late 19th and early 20th century US body mass index value
differences by race, and darker complexions were associated with greater BMI values.
Mulattos had greater BMI returns associated with socioeconomic characteristics, indicating
that while blacks had greater BMIs than fairer complexioned whites and mulattos, part of the
difference was offset by socioeconomic characteristics that favored fairer complexions. Black,
mulatto, and white BMIs declined between 1860 and 1920, and farmers had greater BMIs

than workers in other occupations.
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l. Introduction

Compared to Europeans, 19" century Africans in the US experienced considerable
political and economic barriers to economic progress, which were evident in both their material
and biological welfare. Black and white material conditions before and after slavery are well
documented (Conrad and Meyer, 1964; Fogel and Engerman, 1974; Fogel, 1989; Ransom and
Sutch, 1977; Higgs, 1977); however, differences in their biological conditions have received less
attention (Steckel, 1986; Bodenhorn, 1999; Rees et al. 2003; Carson, 2008; Carson, 2009). Two
common measurements that account for biological living conditions are stature and the body
mass index (BMI).! Stature measures the net cumulative difference between nutrition, disease
exposure, work, and the physical environment, while BMI measures the net current difference
between the same variables (Fogel, 1994). Statures and BMIs increase when surrounding
material and biological conditions and decrease when they deteriorate. Therefore, while not
minimizing the difference between black and white material conditions, this study contrasts 19™
century black, mulatto, and white BMIs and demonstrates that a large share of the differences

were due to biological rather than socioeconomic characteristics.

Mulattoes were consistently taller than darker complexioned blacks, and Steckel (1979)
and Bodenhorn (1999) attribute this to racial preferences that disproportionately favored fairer
complexions. However, this explanation is inconsistent with the modern black and white stature
differential, where modern whites continue to be taller than mulattos, who are—in turn—taller
than darker complexioned blacks (Komlos and Lauderdale, 2005), indicating that 19" century

social preferences that favored fairer complexions are not the principal explanation for the
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modern white-black stature differential. If 19" century social preferences were the primary
factors explaining the black-white BMI differential, white values would be greater than mulattos,
which would be greater than darker complexioned blacks. In fact, the opposite is true. Darker
complexioned black BMlIs were consistently greater than mulattos, which were greater than
white BMIs, indicating there is more to explaining the 19™ century black-white BMI differential

than only social preferences (Carson, 2009; Carson, 2012b, pp. 200-203).

It is against this backdrop that this study considers three paths of inquiry into 19"
century BMI variation. First, how were black, mulatto, and white BMIs distributed, and did
individuals with fairer complexions have greater BMI values than darker complexions? Darker
complexioned black BMI values were ironically greater than mulattos and whites, indicating that
an aggregate 19" century mulatto advantage did not extend to BMIs. Second, how did black,
mulatto, and white BMIs vary overtime? Throughout the 19" century, blacks had greater BMIs
than whites, and between 1860 and 1920, adult black, mulatto, and white BMIs decreased by
about three, six, and four percent, respectively. Third, how did black, mulatto, and white BMIs
compare by socioeconomic status? Farmer BMIs were greater than black, mulatto, and white
workers in other occupations by .1, 1.4, and 1.2 percent, respectively, and the majority of the
black-white BMI differential was due to biological and ethnic rather than socioeconomic

characteristics.

Il. Nineteenth Century BMI Variation by Race and Socioeconomic Status
Historical BMI studies provide important insight into the evolution of health during
economic development, and for BMIs less than 20, Waaler (1984) and Koch (2011) find inverse
relationships between BMIs and mortality risk. Costa (1993) applies Waaler’s results to a

historical population and finds the modern height and weight relationship with mortality applies



to historical populations, and Jee et al. (2006) find the relationship is similar across racial groups.
Costa (2004) and Carson (2009) demonstrate there were considerable differences between 19"
century black and white BMIs, and blacks had greater BMI values than whites. Costa (2004)
finds that BMI values increased between 1860 and 1950, and Cutler, Glaezer, and Shapiro
(2003) find that US BMIs increased since the beginning of the 20" century, not because people
are physically inactive but because they consume more calories. However, Lakdawalla and
Phillipson (2002, p. 25) demonstrate the increase in the late 20" century obesity rates were about

60 percent explained by technology change and decreased physical activity.

Table 1, Comparison of late 19" and 20™ Century BMI Studies

Study Observation Sample ABMI Mulatto BMI
Period Difference
Cuff, 1993, Whites 1860-1885 West Point 7 NA
Cadets
Komlos and Coclanis, 1860-1930 The Citadel 1.7 NA
1995, Whites
Carson, 2009 1870-1920 Texas Prisoners  Blacks, -.386  -.334 Compared to
Whites, .240 Blacks
Carson, 2012 1850-1929 US Prisons Black Youth - -.365 Compared to
1.06 Blacks
White Youth -
1.05
Carson, 2012 1840-1929 US Prisons Black Adults -  -.355 Compared to
2.25 Blacks
Youth Adults
-2.00
Carson and Hodges, 1870-1910 Philadelphia .185 -.370 Compared to
2012 Prison Blacks
Bodenhorn, 2010 1795-1844 New York -1.7 NA
Legislators

Source: Cuff (1993); Coclanis and Komlos (1995); Carson, (2009); Carson (1912); Carson and

Hodges (2012); Bodenhorn, 2010.

Several studies consider 19" century US black and white BMI variation, and a few

patterns have come into view (Table 1). Among the first and most surprising is that 19" century



black and white BMIs were distributed symmetrically and neither high nor low BMIs were
common (Carson, 2009, p. 124; Carson, 2012, p. 380). Nineteenth century black and white
BMIs decreased throughout the 19" century. Between the 1840s and 1920s, black youth and
adult BMIs decreased by 1.60 and 3.79 percent, respectively. White youth and adult BMIs
decreased by .956 and 5.40 percent, respectively, indicating that adult white BMIs were
influenced more than blacks by the transition from bound to free labor. Across different
samples, darker complexioned blacks had greater BMI values than whites. BMIs were also
associated with socioeconomic status, and both black and white adult farmer BMIs were about
.59 and .84 percent greater than workers with no occupation. Unskilled workers also worked in
agriculture, and black and white adult unskilled workers were about .51 and .72 percent greater
than workers with no occupations (Carson, 2012, pp. 383-384). Black and white BMIs varied by
residence, and individuals from the rural South consistently had greater BMls, while BMIs in the
urban Northeast were lower than elsewhere within the US (Carson, 2009). Nevertheless, it is
unclear by how much darker complexioned black BMIs were greater than mulattos and whites

and whether these differences were due to socioeconomic or biological characteristics.
1. Nineteenth Century Black, Mulatto, and White US BMI Data

The two most common sources of historical BMI measurements are military and prison
records. Nineteenth century military records provide little height and weight information for
African-Americans; therefore, among surviving height and weight data, prison records represent
a more inclusive cross-section for 19" century African-Americans. Moreover, prison records
may have been drawn from lower socioeconomic groups, that segment of society most
vulnerable to economic change (Nicholas and Steckel, 1991; Bogin, 1991, p. 288; Komlos and

Baten, 2004, p. 199). Understanding BMI variation is also more problematic than interpreting



other biological markers because BMI variation reflects early life conditions (Costa, 2004, p. 4;
Law et al. 1992). For example, if an individual is poorly nourished as a youth, their statures may
be short, their frames possibly smaller, and their basal metabolic needs would be relatively low.
Improved nutrition in later life, therefore, results in greater BMI values. Alternatively, a well-
nourished youth may have taller, larger frames, their basal metabolic needs higher, resulting in

lower BMls in later life (Costa, 2004, p. 4; Pettit, Baird, et al. 1983; Baum and Ruhm, 2009).

The data used here is part of a large 19" century prison sample,? and most blacks in the
sample were imprisoned in the Deep South or Border States—Kentucky, Missouri, and Texas.
Most whites in the sample were imprisoned in Missouri and Texas, but Northern whites were
also from Pennsylvania and the Far West (Table 2). Physical descriptions were recorded by
prison enumerators at the time of incarceration as a means of identification, therefore, reflect pre-

incarceration conditions.

Table 2, Nineteenth Century US Black, Mulatto, and White Prison Populations

Black Mulatto White
N Percent N Percent N Percent

Arizona 158 .29 36 27 2,156 2.93
Colorado 408 75 75 .56 3,502 4.76
Idaho 31 .06 5 .04 575 .78

Kentucky 5,084 9.33 1,083 8.12 6,602 8.97
Missouri 2,530 4.64 1,762 13.21 7,984 10.85
New Mexico 344 .63 1,993 2.71
Oregon 41 .08 4 .03 1,683 2.29
Pennsylvania 2,002 3.67 683 5.12 11,214 15.24

2 Al state prison repositories were contacted and available records were acquired and entered into a master data set.
These prison records include Arizona, California, Colorado, ldaho, Illinois, Kansas, Kentucky, Missouri, Montana,

Nebraska, New Mexico, Ohio, Oregon, Pennsylvania, Texas, and Washington (Table 1).



Philadelphia 4,495 8.25 986 7.39 11,410 15.51
Tennessee 17,759 32.60 3,182 23.85 10,384 14.11
Texas 21,631 39.70 5,523 41.40 16,083 21.86
Total 21,631 100.00 13,339 100.00 73,586 100.00

Sources: See Carson, 2012.

Between 1840 and 1920, prison officials routinely recorded the dates inmates were
received, age, complexion, nativity, height, pre-incarceration occupation, and crime, and all
records with complete age, height, weight, occupations, and nativity are used in this study.
There was also care recording inmate height and weight because accurate recordings had legal
implications for identification in the event that inmates escaped and were later recaptured.
Arrests and prosecutions across states may have resulted in various selection biases that may
affect the results of this analysis. However, black and white stature variations across US prisons
are consistent with other historical health studies (Costa, 2004; Cuff, 1993; Komlos and
Coclanis, 1997). Because the purpose of this study is 19" century black and white male BMIs by
race, females, immigrants, and ethnicities other than white and black are excluded from the

analysis.

Inmate enumerators were quite thorough when recording complexions and pre-
incarceration occupations. For example, enumerators recorded inmates’ race in a complexion
category, and African-Americans were recorded as black, light-black, dark-black, and various
shades of mulatto (Komlos and Coclanis, 1997). Enumerators recorded white complexions as
fair, light, medium, and dark. The white inmate complexion classification is supported further

by European immigrant complexions, which had fair complexions and were also recorded as



light, medium, and dark.> While mulatto inmates possessed genetic traits from both European

and African ancestry, they were treated as blacks in the 19" century US.

Enumerators recorded a broad range of occupations and defined them narrowly,
recording over 200 different occupations, which are classified here into four categories:
merchants and high skilled workers are classified as white-collar workers; light manufacturing,
craft workers, and carpenters are classified as skilled workers; workers in the agricultural sector
are classified as farmers; laborers and miners are classified as unskilled workers (Tanner, 1977,
p. 346; Ladurie, 1979; Margo and Steckel, 1992; p. 520). Unfortunately, inmate enumerators did
not distinguish between farm and common laborers. Since common laborers probably
encountered less favorable biological conditions during childhood and adolescence, this probably
overestimates the biological benefits of being a common laborer and underestimates the

advantages of being a farm laborer.

® | am currently collecting 19" century Irish prison records. Irish prison enumerators also used light, medium, dark,
fresh and sallow to describe white prisoners in prisons from a traditionally white population. To date, no inmate in

an Irish prison has been recorded with a complexion consistent with African heritage.
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Table 3, Nineteenth Century Blacks, Mulattos, and Whites by Age, Residence, Observation

Period, and Occupations

Black Mulatto White
Age N Percent N Percent N Percent
Teens 11,459 21.03 2,585 19.38 10,035 13.64
20s 28,852 52.96 7,277 54.55 36,607 49.75
30s 8,757 16.07 2,317 17.37 16,191 22.00
40s 3,444 6.32 772 5.76 6,841 9.30
50s 1,400 2.57 278 2.08 2,841 3.86
60s 457 .84 100 15 896 1.22
70s 114 21 10 .07 175 24
Residence
Arizona 158 .29 36 27 2,156 2.93
Colorado 408 15 75 .56 3,502 4.76
Idaho 31 .06 5 .04 575 .78
Kentucky 5,084 9.33 1,083 8.12 6,602 8.97
Missouri 2,530 4.64 1,762 13.21 7,984 10.85
New Mexico 344 .63 0 0 1,993 2.71
Oregon 41 .08 4 .03 1,683 2.29
Pennsylvania 2,002 3.67 683 5.12 11,214 15.24
Philadelphia 4,495 8.25 9.86 7.39 11,410 15.51
Tennessee 17,759 32.60 3,182 23.85 10,384 14.11
Texas 21,631 39.70 5,523 41.40 16,083 21.86
Decade
Received
1840s 17 .03 3 .02 165 22
1850s 36 .07 19 14 839 1.14
1860s 952 1.75 28 21 1,307 1.78
1870s 6,777 12.44 838 6.28 3,748 11.89
1880s 10,373 19.04 2,136 16.01 10,888 14.80
1890s 11,843 21.74 2,442 18.31 14,114 19.18
1900s 12,534 23.01 3,785 28.38 17,782 24.16
1910s 11,205 20.57 3,885 29.13 18,533 25.19
1920s 746 1.37 203 1.52 1,210 1.64
Occupations
White-Collar 1,141 2.09 606 4.54 7,024 9.55
Skilled 3,736 6.86 1,411 10.58 16,395 22.28
Farmers 5,207 9.56 1,204 9.03 7,307 9.93
Unskilled 30,700 56.35 7,851 58.86 32,289 43.88
No 13,699 25.14 2,267 17.00 10,571 14.37
Occupation
Total

Sources: See Table 2.
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Table 3 presents black, mulatto, and white BMIs by age, birth decade, occupations, and
nativity. Although average BMIs are included, they are not reliable because of possible
compositional effects, which are accounted for in the regression models that follow. Whites
were a larger portion of the prison population than blacks; 52 percent of the US prison
population was white; nine percent was mulatto; 39 percent was black. Age percentages
demonstrate that black inmates were incarcerated at younger ages, and whites were incarcerated
at older ages. Nineteenth century blacks and mulattos were more likely to be from the South,
while whites were more likely to be from the Middle-Atlantic (Steckel, 1983). During the early
19" century, blacks and mulattos were less likely to be incarcerated for crimes committed while
they were slaves; however, with passage of the 13" Amendment, slave owners no longer had
claims on black labor, and free blacks who broke the law were turned over to state penal systems
to pay for their crimes.* Nineteenth century whites were more likely than blacks to be white-

collar, skilled workers, and farmers. Blacks were more likely to be unskilled.

The shape of the BMI distribution demonstrates important insight on the net nutritional
environment facing a population, and there are differing views on how 19" century BMIs were
distributed. Given similar means, a positively skewed BMI distribution indicates a
disproportionate number of underweight individuals, while a negatively skewed distribution
indicates obesity is more prevalent. Using the World Health Organization’s BMI classification
scheme for modern standards, BMIs less than 18.50 are underweight; BMIs between 18.50 and

24.99 are normal; BMIs between 25.00 and 29.99 are overweight; BMIs greater than 30.00 are

* Southern law evolved to favor plantation law, which generally allowed slave owners to recover slave labor on

plantations while slaves were punished (Komlos and Coclanis, 1997, p. 436; Wahl, 1996, 1997; Friedman, 1993).
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obese.® Because BMIs are sensitive to age, individuals younger than 22 are classified as youth,

while individuals 22 and older are classified as adults.

80
1

60
1

40

20
1

Underweight Normal Overweight Obese Underweight Normal Overweight Obese
Youths Adults
I Black [ Mulatto I Black [ Mulatto
I white I white

Figure 1, Nineteenth Century Underweight, Normal, Overweight, and Obese BMIs by Race and

Age

Sources: See Table 1.

Notes: Individuals younger than 22 are classified as youth; individuals 22 and older are

classified as adults.

> WHO (1997) and National Heart, Lung, and Blood Institute (1998, pp. 14-16) indicate an optimal BMI is between

20 and 22.
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Contrary to modern standards, the majority of 19" century blacks, mulattos, and whites
were in normal weight ranges, and youths were more likely than adults to be in the normal
weight category (Figure 1; Flegal et al. 2012; Flegal et al. 2010; Must and Evans, 2011, pp. 11-
12). Individuals with darker complexions were also more likely to be in overweight and obese
categories, and individuals with fairer complexions were more likely to be in the underweight
category (Costa, 2004; Carson, 2009). Twenty three percent of 19" century adult males were
overweight, and only 1.5 percent were obese. These values are in marked contrast with
contemporary US BMI classifications, where approximately 63.5 percent of modern adult males
between ages 20 and 39 are overweight, and 27.5 percent are obese (Flegal, et al. 2012; Flegal et

al. 2010, p. 236; Sturm and Wells, 2001, p. 231; Calle et al. 1999, p. 1103).

Average BMlIs also varied by age and race, and average 19" century black, mulatto, and
white youth BMlIs were 23.03, 22.63, and 21.96, respectively. Average black, mulatto, and
white adult BMIs were 24.07, 23.53, and 22.78, respectively. However, heavier black BMIs are
not necessarily a sign of superior darker complexioned biological conditions, because 19"
century BMIs were inversely related with height, and blacks were shorter than whites (Herbert et
al. 1993, p. 1438; Carson, 2009, pp. 125-126; Carson, 2012, pp. 382-387). Fairer complexioned
individuals were consistently taller than blacks and had larger physical dimensions with which to
distribute weight. Therefore, the majority of 19™ century black, mulatto, and white BMIs were
in normal weight ranges, and darker complexioned BMIs were greater than fairer complexioned

individuals.

IV.  The Comparative Effects by Race for Demographics, Occupations, and Residence

with BMI
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We test which of these variables were associated with 19" century black, mulatto, and
white BMIs. To start, BMIs are partitioned into black, mulatto, and white cohorts, and the i"

individual’s is assumed to be related with height, age, decade received, occupations, and

residence.
70 1920 4
BMI; = a + [.Centimeters; Z BaAge; + Z BiDecade Received, + Z Bi10ccupation;
a=14 t=1840 =1

6
+ Z prResidence; + €;,

r=1

Centimeters are added to account for the inverse relationship between BMI and height.
Youth age dummy variables are included for ages 14 through 22; adult age decade dummy
variables are included from the 30s through the 70s. Observation decade dummy variables are
included for the 1840s through 1920s. Occupation dummy variables are included for white-
collar, skilled, agricultural, and unskilled occupations. Residence dummy variables are included
for residence in Kentucky, Missouri, Pennsylvania, Philadelphia, Tennessee, Texas, and Western

states.



Table 4, Nineteenth Century Black, Mulatto, and White BMI Models by Age, Residence,

Observation Period, and Occupations

15

White Mulatto Black
Intercept 31.65*** 304 35.84*** 764 36.29*** 410
Height
Centimeters -.051*** .002 -.066*** .004 -.070** .002
Ages
14 -2.50%** 261 -3.53*** .283 -3.78*** 134
15 -2.17%** .189 -3.00%** 199 -3.22%** .089
16 -1.77F** 077 -2.20%** 138 -2.45%** .060
17 -1.33*** .052 -1.58*** 107 S1.77F*F* .049
18 -, 947*** .039 -1.20%*** .081 -1.36*** .040
19 - 5Q7*** .036 - 707%** .078 -.921*** .041
20 -.389*** .036 -.460*** .078 -.625*** .040
21 -.263*** .034 - A71*** .081 - 317%** .039
22 - 174%** .033 -.237*** 072 -.200%** .038
23-29 Reference Reference Reference
30s 225%** 024 249%** .059 203%** .031
40s 488*** .036 522%** 102 273%** .047
50s BHE7*** .056 419%** 158 264%** 071
60s .330*** 107 -.057 244 .109 118
70s .605** .268 1.19 1.12 - 769*** 224
Received
1840s 1.09*** 210 1.15 1.12 404 493
1850s -.079 .099 257 1.07 .046 417
1860s Reference Reference Reference
1870s -.633*** .073 -.984** 443 -.114 .089
1880s - 710%** 074 -1.13*** 439 -.533*** .089
1890s -.603*** 072 -1.06** 437 - 446*** .088
1900s -.655%** 073 -1.25%** 438 -.509*** .089
1910s - 701*** .074 -1.46%** 437 -.599*** .089
1920s -.897*** 107 -1.52%** 467 -.810*** 126
Occupations
White-Collar | .165*** .043 -.151 112 -.107 .078
Skilled 258*** .033 .079 .089 .054 .050
Farmers 391 *** .040 505*** .091 .308*** .043
Unskilled .366*** 031 2T1x** 071 203*** .035
No Reference Reference Reference
Occupations
Residence
West 496*** .032 449** 224 -.013 .080
Kentucky -.380*** .039 - 793*** .083 - 494> ** .039
Missouri - 570*** .036 - 711%** .068 - 751%** .053
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Pennsylvania | .199*** 031 -.312%** .093 -461*** .056
Philadelphia - 245%** 031 - 492*** .080 -.596*** .038
Tennessee ATT*** .035 373*** .066 252%** .033
Texas Reference Reference Reference

N 73,586 13,339 54,483

R? .0737 1153 1211

Sources: See Table 2.

Three paths of inquiry are considered when examining 19" century BMI variation by race
and complexion. First, Steckel (1979) and Bodenhorn (1999) demonstrate there was a 19"
century mulatto stature advantage and attribute it to social preferences that favored fairer
compared to darker complexions. If these social preferences extended to BMIs, whites should
have had greater BMI values than mulattos, who should have had greater BMIs than darker
complexioned blacks. After controlling for compositional effects, black BMIs were greater than
mulattos, which were greater than for whites (Flegal et al. 2010); mulattos had about 13.2
percent greater BMIs than whites, while darker complexioned blacks had about 14.7 percent
greater BMlIs than whites (Table 4). Multiple explanations account for darker complexioned
black BMIs. Blacks have greater bone mineral density and greater percent muscle mass than
whites, and muscle is heavier than fat (Wagner and Heyward, 2000; Flegal et al. 2010, p. 240).
Moreover, after slavery, blacks devoted a greater share of their incomes than whites to food
acquisition (Higgs, 1977, p. 105). Therefore, blacks had greater BMI values than mulattoes,
who had greater BMlIs than whites, and the difference persists after controlling for

socioeconomic characteristics.
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Figure 2, Nineteenth Century Black, Mulatto, and White BMIs over Time

Sources: See Table 4.

Second, it is unclear how black and white BMIs varied overtime because before emancipation,
blacks were in a paternalistic system that provided nutrition relative to their labor productivity.
After emancipation, the plantation system’s efficiency was uprooted, and blacks were left to fend
for themselves. Working class black, mulatto, and white BMIs decreased throughout the late
19" and early 20" centuries (Figure 2). Between 1840 and 1860, black BMIs decreased by 1.6
percent; mulattos and whites by 4.5 percent. Between 1860 and 1920, black BMIs decreased by
4.9 percent; mulatto BMIs decreased by 10.4 percent; white BMIs declined by 8.3 percent,
indicating that working class white net nutritional conditions were influenced more than blacks

with the transition to free labor. Consequently, 19" century US labor market disruptions were
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not only related to black health but also extended to the white working class, and for the first

time, free working class white labor had to compete with black labor class occupations.

Therefore, 19" century BMls varied by race, and black BMI variation with socioeconomic status

was less than for mulattos and whites.

Table 5, Nineteenth Century BMI Variation by Race, Observation Period, Occupation, and

Residence
Total Height Race Age Observatio Occupatio Residenc
Omitted Omitted Omitted n Period  n Omitted e
Omitted Omitted
Intercept 32.60*** 22 72*** 34.92*** 2961*** 32.63***  33.01*** 32.91***
Height
Centimeters | -.059*** -.068*** - 042*** - (059*** - (Q58*** - (Q57***
Race
White Referenc Referenc Referenc Referenc Reference Reference Referenc
e e e e e
Mulatto J78%**  B53*** T24%** T49%** 788***  T70***
Black 1.15*%**  1.26*** 1.11%** 1.13%** 1.16%** 1.20***
Ages
14 -3.43*** 2 73F** _3.32%** -3.42%** 3 45*%** 3 32%**
15 -2.86%**  -2.36*%** -2 79%** -2.84%** D BYXR*R D JTH**
16 -2.16%**  -1.83*%** -2, 12%** -2.15%**  2.16%**  -2.12%**
17 -1.55*** -] 34*** -] 56*** -1.55*** .1 B5*** .1 H3***
18 -1.15%**  -1.03***  -1,16*** -1.15%** -1.15%**  -1.15***
19 S T44%** - GET*** - T67*** - T48*** S TA44xF*F - TAGF**
20 - 484*** - ARZF** - 490*** - 485*** - 485*** - 4B4***
21 -301*** - 283*** - 303*** - 298*** - 290***  _ 2Qf***
22 - 185*** - 175*%** - 182%** - 184%** - 183*** - 183***
23-29 Referenc Referenc Referenc Referenc Reference Reference Referenc
e e e e e
30s 211%** 209%**  174%** 203%** 206%** 21 2%**
40s A18***  445*F**  368*F** A09*** A15%** A25F**
50s A462%**  519*¥** 77 HR** 452%** A462%** 494 ***
60s 237***  320*** 155** 221%** 241%** 287 ***
70s .108 243 .054 .090 101 131

Observation
Period
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1840s
1850s
1860s

1870s
1880s
1890s
1900s
1910s
1920s
Occupation
White-
Collar
Skilled
Farmer
Unskilled
No
Occupation
Residence
West
Missouri
Pennsylvani
a
Philadelphi
a
Tennessee
Texas

N
R2

.887***
-.155*
Referenc
e
-.196***
_'350***
-,293***
_'352***
- 441 ***
_'647***

.053

160***

.369***

261***

Referenc
e

ATLxR*
- 563%**
Q75***

_'335***

A49F**
Referenc
e
141,408
1329

J0Q7***
_.208***
Referenc

e
-.250***
_.430***
-.342%**
_.382***
- ABT***
_.681***

.064*

A74%**

297*x**

254***

Referenc
e

565%**
- 4B4**
304%*x

_.113***

549***
Referenc
e
141,408
.1086

BHE7***
_.519***
Referenc

e
-.037
-.108**
-.081

-111**
-.218***
_.540***

-, 202***

-.062**
266***
.296***
Referenc
e

-.026
- 84g***
_.358***

- Bag

516***
Referenc
e
141,408
.0948

1'19***
.049
Referenc
e
-.139***
_'317***
-.221%**
_'262***
-.291***
_'517***

.359%**

A42***

535***

.386***

Referenc
e

BLLx*
- 482
290%*

- 171***

AT79***
Referenc
e
141,408
.0758

Reference

-.029

.088***
2667 **
196%**

Reference

401x*
- B70%**
069***
- 349

.388***

Reference

141,408
1315

670%**
- 25@***

Reference

-.206%***
- '314***
-.264***
_'313***
- 405***
_'508***

Reference

433%%%
- GG
029
- 415%%*

292%**

Reference

141,408
1314

552%**
_.341***
Referenc

e
-.339***
_.348***
-.288***
_.429***
-.582***
_.458***

_.196***

_.097***

205***

_.045***

Referenc
e

Referenc
e
141,408
1198

Third, 19" century farmers had greater BMI values than workers in other occupations,

and part of agricultural workers’ heavier BMIs were related with close proximity to rural diets

and mild disease environments. However, parts of agricultural workers’ heavier BMIs were

related to greater physical activity (Strauss and Thomas, 1998, p. 774). BMIs represent an

individual’s composition between muscle and fat, which are related to workers’ physical activity,

therefore, occupations. Occupations that require greater physical activity increase muscle and
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decrease fat, and for the same tissue mass, muscle is heavier than fat. Agricultural workers use
between 1.75 and 1.90 multiples of basal metabolic rates (Mifflin et al. 1990; McArdle et al
1996), while skilled and white collar workers only use between 1.2 and 1.375 multiples of basal
metabolic rate. Because of their physical inactivity relative to calories, skilled and white collar

workers were less physically active and had lower BMIs than workers in other occupations.

Sources: See Table 2.
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After controlling for socioeconomic status, blacks consistently had greater BMI values
than whites (Costa, 2004); however, the source of the difference is less clear. One explanation is
that fairer complexioned blacks had greater biological advantages, such as in utero conditions,
greater percent muscle mass, and bone mineral density. An alternative explanation is that
heavier 19™ century black BMIs was due—at least in part—to socio-economic characteristics
that favored fairer complexions. Measuring how much of the BMI difference was due to
socioeconomic characteristics and how much was due to biological conditions is measured by
assuming the source of BMI variation is due to either socioeconomic or biological

characteristics.

Bt = Bse + Baio

where [3; is total variation associated with socioeconomic status and biological characteristics;
Rse is the variation associated with only socioeconomic status, and Rgj, iS the BMI variation by
race associated with biological factors. Measuring the difference between the total and
socioeconomic effects provides a magnitude of how BMIs varied by biological factors, and if
omitting occupations and socioeconomic characteristics from the unrestricted model do not
change race coefficients in the unrestricted model, occupations and socioeconomic status had
little explanatory power in BMI variation by race. If, on the other hand, if there is a large
difference between the unrestricted race coefficients when socioeconomic status is omitted,
occupations and socioeconomic status had large and significant relationships between BMI and

race. For example, the dark black coefficient for the unrestricted model (Model 1) is 1.17, and
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there is almost no change in the total BMI effects associated with race when socioeconomic
characteristics are omitted. Comparing the unrestricted and restricted model specifications with
other omitted variables are repeated for remaining socioeconomic characteristics—such as
nativity, time, and residence with the same results than the race affect is unchanged. On the
other hand, when race is omitted, there are considerable differences for occupation variables,
especially white-collar and skilled occupations, and 19" century BMI variation by race persisted
after socioeconomic characteristics are omitted. Therefore, BMI variation with socioeconomic
characteristics are greater when race is omitted, indicating the majority of net cumulative

biological variation was due to biological differences between blacks and whites.
V. Explaining the Complexion BMI Differential

To more fully account for the US black, white, and mulatto BMI differentials and to
assign relative magnitudes to characteristic effects, a series of Blinder-Oaxaca decompositions
are constructed between darker complexioned blacks, mulattos, and whites (Oaxaca, 1973).
BMiIs are first classified into categories based on average BMIs. BMI, and BMI, represent the
body mass of the complexion group with the higher and lower values. oy and o are the
autonomous BMI components that accrue to the high and low group, respectively. By and B, are
the higher and lower returns associated with specific BMI enhancing characteristics, such as age
and occupation. Xy and X, are the characteristic matrices for the heavier and lower group, and

the heaviest BMI group is assumed to be the base structure.

ABMI = BMI, —BMI, = (ar, —, )+ (8, - B, )X, + B, (X, - X,)

The second right hand-side element is the component of the BMI differential due to

characteristic returns. The third right-hand side element is the part of the BMI differential due to
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differences in average characteristics. Using coefficients from the BMI regressions (Tables 4),
the BMI Oaxaca decompositions by complexion (Table 6) indicates the majority of heavier
BMIs were due to unobservable characteristics, such as greater bone mineral density and a
higher percent muscle mass that favored darker complexions (Barondess et al. 1997; Flegal et al.

2010, p. 240; Wagner and Heyward, 2000).



Table 6, Nineteenth Century Black, Mulatto, and White BMI Decompositions
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Blacks to (Bn — B Xn Xn — XDB (Bn — BOX) (Xn — X)Bn
Whites

Levels

Sum 1.170 -.049 1.014 107
Total 1.121 1.121
Proportions

Intercept 4.141 4,141

Centimeters -2.881 .065 -2.906 .089
Ages -.138 -.148 -.102 -.185
Received 168 -.007 161 -1.0
Occupations -.107 -.007 -.135 .022
Residence -.138 .053 -.255 .169
Sum 1.044 -.044 .905 .095
Total 1 1
Mulattos to

Whites

Levels

Sum 782 -.139 147 -.105
Total .642 .642
Proportions

Intercept 6.525 6.525

Centimeters -3.985 .061 -4.003 .079
Ages -.120 -.220 -.078 -.262
Received -.891 -.036 -.830 -.097
Occupations -.123 .020 -.156 .054
Residence -.190 -.041 -.295 .064
Sum 1.217 -.217 1.163 -.163
Total 1 1
Blacks to

Mulattos

Levels

Sum 320 .159 .352 126
Total 478 AT78
Proportions

Intercept 941 941

Centimeters -1.421 .092 -1.427 .097
Ages -.144 -.070 129 -.086
Received 1.489 -.132 1.540 .087
Occupations -121 -.006 -.122 -.005
Residence -.075 .185 -.061 A71
Sum .668 332 .736 264
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Total | 1 1

Sources: See Tables 2 and 4.

Occupations reflect socioeconomic status, and in each case, lighter complexioned
individuals had greater BMI returns related to complexions than darker complexioned
individuals. Racial prejudice was dominant throughout the 19™ century US, and height,
occupations, and residence suggests there was a BMI advantage to fairer complexions.

However, advantages to fairer complexions were not sufficient to offset darker complexioned
bone mineral density and greater percent muscle mass. Therefore, an aggregate 19™ century
BMI advantage that favored darker complexions did not materialize; nevertheless, BMI returns
associated with the socioeconomic factors of occupations and residence favored individuals with

fairer complexions.
VI.  Discussion

There were complex 19™ century biological differences associated with skin
pigmentation and health that reflect broader economic and social changes shaping the US
economy. Overall, there was no aggregate BMI advantage to fairer complexioned individuals,
and fairer complexions were associated with lower BMI values than individuals with darker
complexions. Black, mulatto, and white BMIs decreased throughout the 19" century and
farmers consistently had greater BMI values than workers in other occupations. However,
decomposing black, mulatto, and white BMIs by characteristics demonstrates that the most direct
measures for socio-economic status—heights, occupations, and residence—favored individuals
with fairer complexions, demonstrating that, although there was no aggregate BMI advantage for
fairer complexions, BMI returns favored fairer complexions. Therefore, 19" century BMI

variation for darker complexioned blacks, mulattos, and whites were the result of complex
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biological and socioeconomic characteristics, and biological differences account for the majority

of BMI differences between blacks and whites.
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