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Summary
To inform continuous and rigorous reflection about the description of human populations in genomics research, this study investigates

the historical and contemporary use of the terms ‘‘ancestry,’’ ‘‘ethnicity,’’ ‘‘race,’’ and other population labels in The American Journal of

Human Genetics from 1949 to 2018. We characterize these terms’ frequency of use and assess their odds of co-occurrence with a set of

social and genetic topical terms. Throughout The Journal’s 70-year history, ‘‘ancestry’’ and ‘‘ethnicity’’ have increased in use, appearing

in 33% and 26% of articles in 2009–2018, while the use of ‘‘race’’ has decreased, occurring in 4% of articles in 2009–2018. Although its

overall use has declined, the odds of ‘‘race’’ appearing in the presence of ‘‘ethnicity’’ has increased relative to the odds of occurring in its

absence. Forms of population descriptors ‘‘Caucasian’’ and ‘‘Negro’’ have largely disappeared from The Journal (<1% of articles in 2009–

2018). Conversely, the continental labels ‘‘African,’’ ‘‘Asian,’’ and ‘‘European’’ have increased in use and appear in 18%, 14%, and 42% of

articles from 2009–2018, respectively. Decreasing uses of the terms ‘‘race,’’ ‘‘Caucasian,’’ and ‘‘Negro’’ are indicative of a transition away

from the field’s history of explicitly biological race science; at the same time, the increasing use of ‘‘ancestry,’’ ‘‘ethnicity,’’ and continen-

tal labels should serve to motivate ongoing reflection as the terminology used to describe genetic variation continues to evolve.
Introduction

The field of human genetics has struggled since its incep-

tion with the task of conceptualizing and describing

geographic and population-based genetic variation. First

thought of as hierarchical and unequal taxonomic types,

then reframed as isolates that differ in allele frequency,1

and now in terms of genetic ancestry,2 the idea of the ‘‘pop-

ulation’’ in human genetics has continuously evolved

since the field’s earliest decades. Today, advances in geno-

mics continue to spur discussions about how the field

can accurately describe human genetic diversity.3 Central

to these discussions is how it will reconcile its legacy of

scientific racism.4 We use this phrase to refer both to the

historical practice of studying races as distinct biological

groups and more broadly to the incorrect conceptualiza-

tion of racial difference as biological in ways that

contribute to social stratification and inequity.

Today, three concepts take center stage in these discus-

sions, each of which brings its own challenges: ancestry,

ethnicity, and race. Racial and ethnic group membership

is used as a covariate in genomic studies to account for con-

founding related to genetic ancestry or social determinants

of health. For example, geneticists may address confound-

ing due to genetic ancestry by stratifying analyses by racial

or ethnic categories or improve power to detect genetic as-

sociations by including a race or ethnicity variable that ac-

counts for variation due to social stratification.5 Although

the field has made progress in rejecting the idea of racial
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and ethnic categories as discrete biological units, the

continuing use of race and ethnicity as proxies for genetic

ancestry remains scientifically and socially problematic.6

Ancestry, more specifically, genetic ancestry, has been

described as information about the ancestors or popula-

tions from whom one has inherited genetic material.7

Although ancestry may lend itself to a quantitative

description of human genetic variation, a unified defini-

tion of this concept has yet to be developed, and even a

precise definition of the ‘‘populations’’ from whom one

has inherited genetic material remains elusive.7,8

Given the complexity of these concepts and their under-

lying histories, there is a lack of consensus in the field on

how ancestry, ethnicity, and race should be understood.

This is reflected in the increasingly heterogeneous ways

that the concepts are employed in clinical research and

practice.9,10 Members of the genetics community have

called for consensus on how these data should and should

not be used6 as well as called on the National Institutes of

Health to support the National Academy of the Sciences,

Engineering, andMedicine in developing a consensus state-

ment on best practices for characterizing human genetic di-

versity in research.11,12 Others have proposed standardized

systems for annotating populations13 and expressed opti-

mism that advances in genetic technologies may allow

the field to move past the use of race and ethnicity.3,14

An important component of ongoing efforts to establish

consensus in this area of human genetics is knowledge

about the social and historical paths through which the
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Table 1. Percentage of 200-token segments and articles containing terms used for analysis, 1949–2018

Term Articles, n (%) Even segments, n (%)

Admixture, admixtures, admix, admixed 981 (8.5) 2,969 (2.5)

African, Africans (excluding African American) 1,116 (9.6) 3,398 (2.9)

Allele, alleles, allelic 7,984 (68.9) 37,219 (31.5)

Ancestry, ancestries, ancestral, ancestrally 2,351 (20.3) 6,799 (5.8)

Asian, Asians (excluding Asian American) 950 (8.2) 2,755 (2.3)

Behavior, behaviors, behavioral 1,608 (13.9) 2,928 (2.5)

Caucasian, Caucasians, Caucasoid, Caucasoids 1,391 (12.0) 3,381 (2.9)

Diversity, diverse 2,114 (18.2) 4,527 (3.8)

Environment, environments, environmental, environmentally 2,843 (24.5) 5,966 (5.1)

Ethnicity, ethnicities, ethnic, ethnically 2,208 (19.1) 4,344 (3.7)

European, Europeans (excluding European American) 2,637 (22.8) 6,545 (5.5)

Frequency, frequencies 7,769 (67.0) 28,741 (24.2)

Geography, geographies, geographic, geographically 1,131 (9.8) 2,438 (2.1)

Haplotype, haplotypes, haplotypic 3,720 (32.1) 15,489 (13.1)

Hispanic, Hispanics 397 (3.4) 883 (0.7)

Language, languages, linguistic, linguistically 870 (7.5) 1,992 (1.7)

Latino, Latinos, Latina, Latinas, Latinx 67 (0.6) 181 (0.2)

Linkage, linkages 5,605 (48.4) 21,950 (18.6)

Locus, loci 7,111 (61.4) 31,446 (26.7)

Negro, Negroes, Negroid, Negroids 373 (3.2) 1,121 (1.0)

Population, populations 7,572 (65.3) 31,899 (27.0)

Race, races, racial, racially 852 (7.4) 1,691 (1.6)

Religion, religions, religious, religiously 247 (2.1) 386 (0.3)

Social, socially 1,038 (9.0) 1,898 (1.6)

Socioeconomic, socioeconomically 215 (1.9) 353 (0.3)

Total 11,590 (100.0) 117,986 (100.0)
field has come to its current understanding of ancestry,

ethnicity, and race. To this end, we investigated how the

frequency of the terms ‘‘ancestry,’’ ‘‘ethnicity,’’ ‘‘race,’’

and other population labels have changed over the 70-

year publication history of The American Journal of Human

Genetics (1949–2018). Additionally, in order to assess the

evolving context in which the three concepts were used,

we tested for non-random term co-occurrences between

‘‘ancestry,’’ ‘‘ethnicity,’’ and ‘‘race’’ and a predetermined

set of social, genetic, and population terms from 1949 to

2018. In doing so, we aim to push for continuous and

rigorous reflection surrounding the use of these population

concepts in human genetics.
Material and methods

Data
We obtained digital versions of the full text of every document

published in The Journal from its founding in 1949 up to 2018.
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These files were held by the National Library of Medicine

(NLM) at the National Institutes of Health and obtained for pur-

poses of research with permission from the American Society of

Human Genetics. We sought matches for all articles in this

archive to a PMID in MedLine and/or a PMCID in PubMed Cen-

tral. Articles without a PMCID or PMID, which comprised book

reviews, abstract books, disciplinary announcements, indexes,

and tables of contents, were not included in the dataset. The ma-

jority of the remaining articles were scientific research articles

(11,360), and a small minority (275) were award speeches and

other communications. Of the 11,635 articles included in anal-

ysis, 6,750 were in the form of extracted text from optical char-

acter recognition (OCR) versions of scanned journal pages. For

the remaining 4,885 articles, the full text was readily available

in XML format.

After removing the references sections of articles, all text was

converted to the ASCII character set. For text obtained from

OCR versions of PDF files, words broken over line breaks were re-

paired as described in the supplemental materials and methods.

Punctuation, numerical tokens, and single-character terms were

removed. Finally, we ensured that any occurrence of the term
ember 2, 2021



Figure 1. Visualization of parameters of random variable y, nt,
nst, and ns
Visualization of parameters of random variable y, nt, nst, and ns,
where t is the target term, s is the co-occurring word of interest,
and N is the total number of 200-token segments in a given range
of years. nt represents number of segments containing t, ns repre-
sents number of segments containing s, and nst represents number
of segments containing both.
‘‘race’’ in the dataset referred solely to the population concept, as

the term could also be a part of an author name (e.g., Robert

Race), an abbreviation for a molecular biology method (rapid

amplification of cDNA ends), or the word in the sense of a

competition (e.g., ‘‘race to the finish line’’). Informed by term as-

sociations, manual review, and orthographic characteristics of

the term ‘‘race,’’ we converted ‘‘race’’ to ‘‘xace’’ wherever it was

not used in the population sense.

Selection of terms for analysis
We preselected 25 terms for which to calculate frequencies of use

and odds of co-occurrence. In addition to ‘‘ancestry,’’ ‘‘ethnicity,’’

and ‘‘race,’’ we examined 15 topical terms that have been related

to these concepts (‘‘admixture,’’ ‘‘allele,’’ ‘‘behavior,’’ ‘‘diversity,’’

‘‘environment,’’ ‘‘frequency,’’ ‘‘geography,’’ ‘‘haplotype,’’ ‘‘lan-

guage,’’ ‘‘linkage,’’ ‘‘locus,’’ ‘‘population,’’ ‘‘religion,’’ ‘‘social,’’ ‘‘so-

cioeconomic’’) and seven population descriptors (‘‘African,’’

‘‘Asian,’’ ‘‘Caucasian,’’ ‘‘European,’’ ‘‘Hispanic,’’ ‘‘Latina/o/x,’’

‘‘Negro’’). The population descriptors ‘‘African,’’ ‘‘Asian,’’ and ‘‘Eu-

ropean’’ refer to these specific forms of the descriptors and exclude

uses of ‘‘African American,’’ ‘‘Asian American,’’ and ‘‘European

American.’’ Terms were selected for their relevance to ancestry,

ethnicity, and race as well as specificity of meaning (e.g., ‘‘culture’’

was not chosen because it could also refer to cell cultures; ‘‘Black’’

and ‘‘White’’ could refer to the colors, as in ‘‘the black arrows indi-

cate.’’ or ‘‘white blood cell’’). We expanded each selected term to

include alternate forms of the word with the same stem; for

example, instances of ‘‘ancestral,’’ ‘‘ancestries,’’ and ‘‘ancestrally’’

were all counted as uses of ‘‘ancestry.’’ Table 1 lists the 25 terms,

their alternate forms, and their frequencies.

In order to investigate the ideas associated with and relation-

ships between ‘‘ancestry,’’ ‘‘ethnicity,’’ and ‘‘race’’ in The Journal,

we determined and compared co-occurrence patterns between

(1) pairs of ‘‘ancestry,’’ ‘‘ethnicity,’’ and ‘‘race’’ (i.e., ‘‘ancestry’’ þ
‘‘ethnicity,’’ ‘‘ancestry’’ þ ‘‘race,’’ ‘‘ethnicity’’ þ ‘‘race’’), (2) 15

topical terms and each of ‘‘ancestry,’’ ‘‘ethnicity,’’ and ‘‘race’’ (i.e.,

each topical term þ ‘‘ancestry,’’ each topical term þ ‘‘ethnicity,’’
The American Jour
each topical termþ ‘‘race’’ for 45 comparisons total), and (3) seven

population descriptors and each of ‘‘ancestry,’’ ‘‘ethnicity,’’ and

‘‘race’’ (i.e., each population descriptor þ ‘‘ancestry,’’ each popula-

tion descriptor þ ‘‘ethnicity,’’ each population descriptor þ ‘‘race’’

for 21 comparisons total).
Measuring term co-occurrence
Using co-occurrence as a measure of relatedness between a pair

of words is guided by a fundamental distributional hypothesis

in linguistics stating that the meaning of words is determined

by the contexts in which they occur or the words with which

they occur.15 This hypothesis informs statistical methods such

as language modeling,16 word embeddings,17,18 and word simi-

larity measures.19,20 Given a pair of words, we analyze whether

they co-occur more than expected by chance and interpret

this as evidence that they have a semantic relationship.

Co-occurrence refers to how often a pair of words appear

together in the same texts or documents. Ideally, these docu-

ments would all be of the same length, as longer documents

are a priori more likely to contain a given word than shorter doc-

uments. To eliminate this bias, we split documents into disjoint

text windows or segments of 200 words (space separated tokens)

and defined the co-occurrence between two terms as the num-

ber of text windows in which both terms occur.20 An advantage

of this partitioning is that the relatively small size of the seg-

ments implies a closer relationship between words that co-

occur. Using smaller pieces of text also increases the sensitivity

of statistical testing to determine whether terms co-occur at a

higher frequency than predicted by random mixing. Although

paragraphs could also be used as text segments, a substantial

proportion of the text we analyzed was obtained by OCR

applied to scanned text, making it difficult to identify paragraph

boundaries.

When partitioning documents into 200-token segments, it is

possible that our two terms of interest become separated by the

border between adjacent segments. To account for terms that are

in close proximity but separated by the border of adjacent seg-

ments, we started a new segment after every 100 tokens, such

that each had a 100-token overlap with adjacent segments. To

eliminate double-counting of co-occurrences caused by the over-

laps, we numbered the segments and computed results separately

for even- and odd-numbered segments. We report results by using

even segments. Results computed from odd segments were not

substantially different and are reported in Table S3. Yearly counts

of articles and segments are shown in Figure S1.

Figure 1 illustrates our method for assessing whether two

terms co-occurred more often than expected by chance in a

given set of segments. In our analyses, we considered either

the even or odd segments from 10-year intervals at a time, incre-

menting the decades by one year in order to identify temporal

trends (e.g., 1949–1958, 1950–1959, 1951–1960, ., 2008–

2017, 2009–2018). The outside blue oval represents the set of

all 200-token segments in a decade. Term t splits the space

into two subsets of segments: those that contain the term (or-

ange oval) and the rest. Further, consider term s and assume

that it co-occurs with t in nst segments. The p value is the prob-

ability that the observed or greater overlap between the two

terms would happen by chance as determined by the size of

the space of segments and the number of segments containing

s and the number containing t. Mathematically, a random vari-

able y representing the overlap between the target term t and
nal of Human Genetics 108, 2215–2223, December 2, 2021 2217



Figure 2. Percentage of 200-token segments containing ‘‘ancestry,’’ ‘‘ethnicity,’’ ‘‘race,’’ and other population descriptors
(A–J) Yearly percentage of 200-token segments (pink) and articles (blue) containing ‘‘ancestry’’ (A), ‘‘ethnicity’’ (B), ‘‘race’’ (C), ‘‘African’’
(D), ‘‘Asian’’ (E), ‘‘Caucasian’’ (F), ‘‘European’’ (G), ‘‘Hispanic’’ (H), ‘‘Latina/o/x’’ (I), and ‘‘Negro’’ (J) from 1949–2018.
term s is a hypergeometric random variable with parameters ns,

nt, nst and the probability function:21

PðyÞ¼
 
nt

y

! 
N � nt

ns � y

!, 
N
ns

!

The mean of this distribution is the expected co-occurrence on a

random basis and is given by nsnt=N:We compute the p value, i.e.,

the probability of the observed or a greater co-occurrence fre-

quency arising by chance as the following:

p value¼
Xminðns ; nt Þ

y¼nst

PðyÞ
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This calculation is equivalent to representing the presence or

absence of two terms in a two-by-two contingency table and con-

ducting a one-sided Fisher’s exact test.19

We measured the ‘‘effect size’’ as the odds ratio (OR)22— the ra-

tio of the odds of term t occurring in a segment where term s is

present—to its odds of being present in the absence of s. The

OR is given by nst ðN�ns�ntþnst Þ
ðns�nst Þðnt�nst Þ , and N represents the total number

of even or odd number of segments in a given decade and n

the number of segments with s, t, or both (Figure 1). 95%

confidence intervals (CIs) for the ORs are given by a well-known

formula.22 As p values and CIs were calculated with different

distributions, ORs whose CIs include ‘‘1’’ can be statistically

significant.
ember 2, 2021



Table 2. Percentage of 200-token segments and articles containing population terms in 1949–58 and 2009–18

Term Decade Segments, % (n) Articles, % (n)

Ancestry 1949–58 1% (48) 10% (31)

2009–18 9% (2,585) 33% (721)

Ethnicity 1949–58 2% (56) 8% (25)

2009–18 4% (1,150) 26% (571)

Race 1949–58 5% (149) 22% (69)

2009–18 <1% (151) 4% (89)

African 1949–58 2% (74) 7% (23)

2009–18 3% (905) 13% (288)

Asian 1949–58 0% (0) 0% (0)

2009–18 3% (935) 14% (310)

Caucasian 1949–58 4% (131) 12% (38)

2009–18 <1% (25) <1% (22)

European 1949–58 2% (76) 15% (48)

2009–18 9% (2,500) 40% (881)

Hispanic 1949–58 0% (0) 0% (0)

2009–18 1% (287) 5% (112)

Latina/o/x 1949–58 0% (0) 0% (0)

2009–18 <1% (128) 2% (45)

Negro 1949–58 7% (217) 21% (65)

2009–18 <1% (2) <1% (1)
Results

Frequency of use

The proportion of articles containing the population terms

‘‘ancestry,’’ ‘‘ethnicity,’’ ‘‘race,’’ ‘‘African,’’ ‘‘Asian,’’ ‘‘Cauca-

sian,’’ ‘‘European,’’ ‘‘Hispanic,’’ ‘‘Latina/o/x,’’ and ‘‘Negro’’

were calculated for each year from 1949–2018. The percent

of articles that include ‘‘race’’ has declined since 1949

(Figure 2C), appearing in 22% of articles from 1949–58

and 5% in 2009–18 (Table 2). Conversely, the percent us-

ing ‘‘ancestry’’ and ‘‘ethnicity’’ have increased (Figures 2A

and 2B). ‘‘Ancestry’’ increased in use from 10% of articles

in 1949–58 to 33% in 2009–18. ‘‘Ethnicity’’ appeared in

8% of articles in 1949–58 and 26% in 2009–18 (Table 2).

The continental terms ‘‘African,’’ ‘‘Asian,’’ and ‘‘European’’

have also increased in use, while the terms ‘‘Caucasian’’

and ‘‘Negro’’ have declined (Figures 2D–2J, Table 2). The

proportion of articles containing the remaining 15 topical

terms are shown in Figure S2. Yearly frequencies from

1949–2018, for both even and odd segments, are reported

in Table S1.
Co-occurrence patterns

Odds ratios (ORs) and 95% confidence intervals (CIs) were

calculated for pairs of ‘‘ancestry,’’ ‘‘ethnicity,’’ and ‘‘race’’

for overlapping decades from 1949–2018. ORs have
The American Jour
increased over time between ‘‘race’’ and ‘‘ethnicity,’’ from

4.7 (CI 2.3, 9.5) in 1949–58 to 23.9 (CI 17.2, 33.1) in

2009–18. Ratios between ‘‘ancestry’’ and ‘‘race’’ and be-

tween ‘‘ancestry’’ and ‘‘ethnicity’’ have remained compara-

tively constant (Figure 3, Table 3). ORs were also generated

between 15 topical terms and each of ‘‘ancestry,’’

‘‘ethnicity,’’ and ‘‘race’’ (Figure 4, Figure S3) and between

the seven population descriptors and each of ‘‘ancestry,’’

‘‘ethnicity,’’ and ‘‘race’’ (Figure 5). All ORs, their 95% CIs,

and p values for the observed co-occurrences between pairs

of terms are given in Table S2 for even segments and Table

S3 for odd segments.
Discussion

We have described the evolving usage of population terms

in the 70-year publication history of The American Journal

of Human Genetics. We find that from 1949–2018, the

term ‘‘race’’ has declined in use, while increasing in co-

occurrence with ‘‘ethnicity.’’ At the same time, the use of

‘‘ancestry’’ and ‘‘ethnicity’’ has increased. We also describe

changes in the use of specific population descriptors that

may align with societal trends in their use outside of

genetics.

The use of the term ‘‘race’’ in The Journal has consistently

declined since 1949, while that of ‘‘ancestry’’ and
nal of Human Genetics 108, 2215–2223, December 2, 2021 2219



Figure 3. Odds ratios between ‘‘ancestry,’’ ‘‘ethnicity,’’ and
‘‘race’’
ORs between ‘‘ethnicity’’ and ‘‘ancestry’’ (pink), ‘‘race’’ and
‘‘ancestry’’ (blue), and ‘‘race’’ and ‘‘ethnicity’’ (green) in overlap-
ping decades from 1949–2018 (e.g., 1949–59, 1950–60, 1951–61
.). Each point on the line graph represents the value of the ratio
for which the corresponding year is the midpoint (e.g., values at
1954 represent co-occurrence ratios for 1949–59). Solid line seg-
ments indicate decades where the number of co-occurrences was
significantly greater than expected by chance, with p % 0.05.
Dotted line segments indicate that the number of co-occurrences
was not significantly greater than expected by chance. Shaded re-
gions surrounding a curve and of the same color indicate 95% con-
fidence intervals. For ease of viewing, upper confidence intervals
are cut if they exceeded 40 (see Tables S2 and S3 for untruncated
values). The horizontal red dashed line marks an OR of 1.0.
‘‘ethnicity’’ have increased. These findings are consistent

with those of Popejoy et al.’s survey of clinical geneticists

in which participants reported ancestry, followed by

ethnicity then race, as important to clinical variant inter-

pretation and ordering genetic tests.23 We hypothesize

that as the field grows more cognizant of historical and

ongoing debates about the use of race in genetics, ancestry

and ethnicity may increasingly be perceived as more scien-

tifically valid, historically neutral, or practically useful.

This is not without its own criticisms, as we will discuss

further below. We also found an increase in the odds ratio

between ‘‘race’’ and ‘‘ethnicity’’ throughout the history of

The Journal. This may be attributable to the increasing

use of combined phrases such as ‘‘race/ethnicity’’ and

‘‘race and/or ethnicity,’’ which have emerged as the

distinction between the two concepts has become more

ambiguous.
Table 3. Odds ratios between ‘‘ancestry,’’ ‘‘ethnicity,’’ and ‘‘race’’

Term 1 Term 2 Decade

Ancestry ethnicity 1949–58

2009–18

Ancestry race 1949–58

2009–18

Ethnicity race 1949–58

2009–18
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Furthermore, we report temporal changes in the use of

specific population descriptors, adding support to the

long-standing wisdom that population labels are not based

on immutable biological order but shift in tandemwith so-

cial context.24 Along with the finding above that the use of

‘‘race’’ has declined, the labels ‘‘Caucasian’’25 and ‘‘Negro’’

have declined in The Journal over the past several decades.

These terms, particularly in the form of ‘‘Caucasoid’’ and

‘‘Negroid,’’ were used by 19th century race scientists and

later by 20th century geneticists to refer to pseudoscientific

biological race groups. ‘‘Hispanic’’ and ‘‘Latina/o/x’’ first

appeared in The Journal in 1980 and 1996, respectively.

Each of these changes in the use of population descriptors

took place in a broader social context. For example, the

decline of the term ‘‘Negro’’ can be connected not only

to the discrediting of the idea of a ‘‘Negroid race’’ on scien-

tific terms but also to African-descent Americans’ efforts to

reject or claim social identifiers in contexts outside of ge-

netics.26–28 Similarly, the adoption of ‘‘Hispanic’’ and

‘‘Latina/o/x’’ in genetics did not originate from within

the field but from a convergence of commercial, activist,

and government interests in creating a panethnic, institu-

tionally recognized category from the diverse range of

Latin American nationalities in the US.29

Some of the shifts described in this paper may signal

constructive change. For example, the term ‘‘Cauca-

sian,’’ which has declined in use in The Journal, has

been criticized for its historical connections to racist

taxonomies and lack of scientific justification.30 How-

ever, areas remain for continued investigation and crit-

ical reflection. For example, although the term ‘‘race’’

has declined, commentary in this area has pushed not

necessarily for the complete removal of race from ge-

netic and biomedical research but for a refocusing on

racism and race as a social category with biological con-

sequences.4,11,12 Moreover, as numerous scholars have

discussed, practices that racialize populations can

persist in the sciences without explicit use of the

term ‘‘race.’’31–34 The continental population terms

‘‘African,’’ ‘‘Asian,’’ and ‘‘European,’’ which we have

shown are increasing in use in The Journal, have been

critiqued for their resemblance to historical racial tax-

onomies and their inability to capture immense

within-group heterogeneity.8,35
Odds ratio (95% CI) p value

8.2 (3.4, 20.1) 2.2 3 10�4

3.9 (3.3, 4.4) 1.4 3 10�65

4.2 (2.0, 9.2) 1.5 3 10�3

6.6 (4.8, 9.2) 1.3 3 10�23

4.7 (2.3, 9.5) 2.0 3 10�4

23.9 (17.2, 33.1) 1.3 3 10�60
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Figure 4. Odds ratios between ‘‘ancestry,’’ ‘‘ethnicity,’’ ‘‘race,’’ and select topical terms
(A–I) ORs between ‘‘ancestry’’ (pink), ‘‘ethnicity’’ (green), and ‘‘race’’ (blue) and ‘‘admixture’’ (A), ‘‘diversity’’ (B), ‘‘geography’’ (C), ‘‘haplo-
type’’ (D), ‘‘language’’ (E), ‘‘population’’ (F), ‘‘religion’’ (G), ‘‘social’’ (H), and ‘‘socioeconomic’’ (I) in overlapping decades from 1949–2018
(e.g., 1949–59, 1950–60, 1951–61.). Each point on the line graph represents the value of the ratio for which the corresponding year is
themidpoint (e.g., values at 1954 represent co-occurrence ratios for 1949–59). Solid line segments indicate decades where the number of
co-occurrences was significantly greater than expected by chance, with p % 0.05. Dotted line segments indicate that the number of co-
occurrences was not significantly greater than expected by chance. Shaded regions surrounding a curve and of the same color indicate
95% confidence intervals. For ease of viewing, upper confidence intervals are cut if they exceeded 40 (see Tables S2 and S3 for untrun-
cated values). The horizontal red dashed line marks an OR of 1.0.
This study has several limitations. First, we examined a

single journal, and the trends we describe may not gener-

alize to other contexts in the field. However, our analysis

of the entire corpus of a single journal may be a strength

relative to other studies of biomedical corpora, which

tend to be limited to abstracts because of data availability.

Second, we pre-selected a set of terms that we chose not to

alter throughout the course of our analyses. As a result, we

were limited in our ability to explore or discover new as-

pects of ancestry, ethnicity, and race that may deviate

from our current biases about the concepts. We also could

not examine many relevant descriptors such as ‘‘Black,’’

‘‘White,’’ and ‘‘Native American,’’ as these terms were

either confounded by other meanings in the text or did

not have high enough frequency in the dataset to conduct

statistical analyses. Third, odds ratios were sensitive to the

amount of data available, meaning that time periods with
The American Jour
limited amounts of text or term uses were prone to large,

not necessarily meaningful, fluctuations. Finally, although

quantitative analyses of text are unique in their ability to

detect patterns that are difficult through manual review,

we recognize these methods’ limited ability to provide

insight into how our terms and concepts of interest were

used qualitatively.

Nonetheless, our research has documented and quanti-

tated historical changes in the use of population con-

cepts in the entirety of The Journal’s text corpus. Our re-

sults can serve to motivate ongoing reflection as the

concepts and population group labels used to study

global genetic variation continues to evolve. Such reflec-

tion is critical to the field’s ability to accurately describe

human genetic variation and adopt new genomic

methods in a way that is attentive to its troubled history

with race.
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Figure 5. Odds ratios between ‘‘ancestry,’’ ‘‘ethnicity,’’ ‘‘race,’’ and population descriptors
(A–G) ORs between ‘‘ancestry’’ (pink), ‘‘ethnicity’’ (green), and ‘‘race’’ (blue) and ‘‘African’’ (A), ‘‘Asian’’ (B), ‘‘Caucasian’’ (C), ‘‘European’’
(D), ‘‘Hispanic’’ (E), ‘‘Latina/o/x’’ (F), and ‘‘Negro’’ (G) in overlapping decades from 1949–2018 (e.g., 1949–59, 1950–60, 1951–61 .).
Each point on the line graph represents the value of the ratio for which the corresponding year is themidpoint (i.e., values at 1954 repre-
sent co-occurrence ratios for 1949–59). Solid line segments indicate decades where the number of co-occurrences was significantly
greater than expected by chance, with p % 0.05. Dotted line segments indicate that the number of co-occurrences was not significantly
greater than expected by chance. Shaded regions surrounding a curve and of the same color indicate 95% confidence intervals. For ease
of viewing, ORs and upper confidence intervals are cut if they exceeded 40 (see Tables S2 and S3 for untruncated values). The horizontal
red dashed line marks an OR of 1.0.
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