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ABSTRACT. Human embryonic stem-cell (hESC) research offers substantial potential benefits but has generated
politically influential controversies and, in the United States, funding restrictions. Some observers fear the
United States has been falling behind nations more permissive in this field, but policy debate has remained
largely anecdotal. This study reports citation data indicating that the share of hESC research publications
credited to the United States in the six years following the introduction of key technologies was significantly
less than in five less contentious biomedical-research areas. The United States share of hESC publications fell
sharply in 2003 and remained near this reduced level in 2004. Putative explanations are reviewed and several

implications discussed.

ver since James Thomson and colleagues in
E 1998 reported isolating them from blastocysts,!

human embryonic stem cells (hESCs) have gen-
erated great wonder but intense controversy — and
scant scientometric data.

Conditions suitable for hESC growth and differenti-
ation have to considerable degree been elucidated® ® and
methods for genetic modification described.* In addi-
tion, a South Korean group has reported success in
deriving hESCs through somatic-cell nuclear transfer’
and has refined this technique to derive new cell lines
with reasonable efficiency from patients with a variety of
illnesses,® advances which may bring forward personal-
ized therapies using immunologically matched stem
cells. Meanwhile, in the United States, two bioethics
commissions” ® and two National Academy of Sciences
panels” ' have advised on hESC matters without
lessening core tensions or resolving a key controversy:
conscious — and in this case conscientious — restriction
of research funding by a national government.

Federal funding is permitted for hESC research that
uses a set of — by most counts — 22 cell lines derived
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before 9 August 2001. Some critics have contended this
policy is too restrictive and worry that the United States
has been falling behind other countries in hESC research
and eventually will trail in therapies. This concern has
been based on the perception that several countries,
such as the United Kingdom, Singapore and Israel, have
fostered research environments more conducive to
hESC research than the American. Anecdotal evidence
for this concern includes the highly publicized departure
of Roger Pedersen, a leading stem-cell researcher, from
the University of California at San Francisco for the
University of Cambridge, and comments from stem-cell
researchers around the world.'" 12

Anecdotes and comments notwithstanding, few data
have been published on the actual geographic distri-
bution of hESC research. I have assembled and in this
paper report and analyze scientometric data “mapping
the field” and testing the claim that the United States
has been falling behind. To do so, I have taken advan-
tage of the explicit link between two publications
created by a citation, as described by Eugene Garfield,
founder of the Institute for Scientific Information, half
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a century ago'® and rendered useful for policy anal-
ysis more recently by advances in computational
technologies.'* > 16

Methods

Collection of data

I created datasets of research publications related to
hESCs and to five other life-sciences technologies, and
I then compared these datasets systematically. Articles
were first identified through cited-reference searches
using Web of Science from Thomson ISI. Web of Science
was selected over other potential data sources, such as
PubMed, because it allowed easy identification of all
publications citing a particular paper. Searches were
conducted 9 May 2005 using the Science Citation Index
Expanded database, which indexed approximately
5,900 journals across 150 scientific disciplines.

Searches were restricted to document type “Ar-
ticles,” a research-communication category that nom-
inally — but not perfectly — excluded commentaries
and reviews. Each dataset did include items other than
research articles, but I assumed that the retrieval of
these unsought items occurred at rates similar for each
topic searched.

Article sets focusing on hESCs were compared with
articles sets focusing on other technologies. The “other
technologies” control set was developed through
a broad screen of biomedical technologies that were
initially demonstrated in the United States and were
allowed to develop relatively free of regulation.
Technologies were selected on the basis of their
implications for basic research and on their potential
for eventual therapeutic use. As citation patterns could
vary by journal,'” technologies were limited to ones
initially described in either Science or Nature. Five
technologies were selected for this control set: DNA
microarrays,'® polymerase chain reaction (PCR),"
yeast two-hybrid screening,?° green fluorescent protein
(GFP) expression tagging,”' and RNA interference.?>
Just as for hESCs, datasets that contained all research
articles citing the first publication were developed for
each of these control technologies. As these technolo-
gies were introduced at different points in particular
years and gained acceptance at different rates, year-one
was in each case defined as the first calendar year in
which an initial publication was cited at least twenty
times. The United States share of other technologies was
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calculated by averaging the share of research performed
in the United States for each of the control technologies.
This average was calculated for the first six years in the
development of each technology, starting with year one,
as defined above.

Statistical analysis

Confidence intervals were calculated for the percent-
age of hESC-related research performed in the United
States by assuming the Bernoulli variable derived from
the citation data was approximately normally distrib-
uted. Given this assumption, the 95-percent confidence
interval could be calculated as follows:

95% CI = +1.96 + @

where p is the fraction of articles from the United States
in a given year and # is the total number of articles from
that year. The confidence interval for the “other
technologies” line was calculated as follows:

S . — P
95% CI= =196+, [y LL=P)
5 i=1 n;

where the subscript indicates the five individual
technologies. P-values for the differences in means
between the U.S. share of hESC-related research and the
U.S. share of research related to the other biomedical
technologies were calculated using the same assump-
tions and two-sided tests.

Results

To assess the general geographic distribution of
hESC-related research, all papers citing James Thom-
son’s 1998 Science paper' were classified into five
regions (Figure 1) on the basis of the address of the
corresponding author. The share of articles from the
United States was relatively constant at approximately
40 percent from 1999 to 2002, but it dropped to 30
percent in 2003 and remained at this lower level in
2004. The share of articles from Europe also fell from
34 percent in 1999 to 16 percent in 2004, with the bulk
of this drop occurring between 1999 and 2000. In
contrast to both the United States and Europe, the per-
centage of articles from Asia increased from 0 percent
in 1999 to 30 percent in 2003, before declining to
22 percent in 2004. The other category grew from
9 percent in 2003 to 22 percent in 2004. This
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Figure 1. Geographic distribution of published re-
search related to hESCs. Articles citing Thomson
(1998) are classified based on the address of the
corresponding author.

growth was driven largely by publications from Israel,
Canada, and Australia.

To address how, if at all, the geographic distribution
of hESC-related research differed from other less con-
tentious and unregulated technologies, the analysis
described above was repeated for the five other
technologies. The U.S. share of published research re-
lated to hESCs was lower than the average U.S. share of
research related to the others at comparable points in
their developments (Figure 2). This difference was
statistically significant across all six years (Table 1).

Discussion

Scholarly communications data have often been used
to track and compare the performances of countries,
institutions, and journals.'® Interpretation of such data
can be difficult, however, and several factors may to
some extent have confounded the citation-based scien-
tometrics reported here. Data were used as an initial
proxy for the development of the biomedical fields
compared, but not all articles citing the first hRESC paper
could be taken as advances in the hESC field itself. Some
were articles in related fields. Others were even further
removed and represented researchers commenting on
tangentially related discoveries. A few were policy stud-
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Figure 2. U.S. share of hESC-related research com-
pared with the average of five other technologies. Year
one was defined as the first calendar year in which the
initial publication was cited at least twenty times.
Vertical lines represent 95-percent confidence intervals.

ies or commentaries. Moreover, as technologies gain
acceptance and are absorbed into everyday use, scien-
tists, displaying what has been called the “obliteration
phenomenon,” tend to stop citing initial papers.?®

More substantively, several factors may have con-
tributed to the significant differences observed between
the U.S. share of research related to hESCs and the
U.S. share of research related to the other biomedi-
cal technologies.

First, hESC research may have diffused more rapidly
to other countries because the seminal work was the
product of an international collaboration in the first
place. Although most of the authors on the first hESC
publication were at the University of Wisconsin, Joseph
Itskovitz-Eldor, from the Rambam Medical Center in
Haifa, Israel, was a co-author.

Second, as the successful isolation of hESCs marked
the endpoint of a technological race more than it did
the development of a new and unexpected technology,
other participants, who were already distributed
around the world, would have been well positioned to
pursue follow-on hESC research immediately. This
research might, therefore, have occurred more quickly,
and among a more dispersed group of scientists, than
might otherwise have been expected.

Third, the controversial status of hESC research in
the United States might have reduced the amount of
research performed here and, thus, the contribution of
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Table 1. Publications on six biomedical technologies, showing U.S. share and share difference, over time. Year one
was defined as the first calendar year in which a new technology’s initial publication was cited at least twenty times.
The p-value indicates the likelihood that the observed results would be seen under the null hypothesis that the U.S.
produced equal shares of research related to hESCs and research related to other selected technologies. (Differences
were calculated prior to rounding.)

Study year
1 2 3 4 N 6

Yearly total publications on six biomedical technologies, all countries

hESCs 41 63 84 90 142 193

DNA microarrays 22 57 82 128 175 231
PCR 87 614 1093 1592 1534 1429

Two-hybrid 62 115 195 310 294 268

GFP 80 173 234 275 277 236

RNAI 36 112 181 176 237 290

Yearly total publications on six biomedical technologies, U.S. share, percent

hESCs 41 40 44 41 30 30

DNA microarrays 82 65 68 65 65 62

PCR 69 59 57 48 42 41

Two-hybrid 84 73 62 60 57 57

GFP 66 61 59 52 44 47

RNAi 67 60 52 53 49 49

Yearly total publications on five non-hESC biomedical technologies, average U.S. share, percent
74 64 59 56 52 51
Yearly total U.S. share difference, five non-hESC biomedical technologies minus hESC technology
(p-value)
32 24 15 15 22 21
(<0.001) (<0.001) (0.007) (0.007) (<0.001) (<0.001)

hESC = human embryonic stem cell

PCR = polymerase chain reaction

Two-hybrid = yeast two-hybrid screening

GFP = green fluorescent protein expression tagging
RNAi = RNA interference

U.S. scientists to the scientific commons. This reduction
could have resulted from scientists leaving the country
or through decisions to work in less controversial and
better-funded areas. It may have been the case, for
instance, that U.S. scientists focused disproportionately
on adult stem-cell research, while scientists in other
countries were more aggressively pursuing embryonic
stem-cell research.

As no rules restrict privately funded hESC research-
ers in the United States, a related possibility is that the
U.S. regulatory environment might have pushed hESC
research into the private sector. Scientists at private
firms typically have less incentive to publish than do
scientists in academic posts and in some settings may
even be prevented from publishing; thus, a shift to
private-sector research could account for some decline
in the U.S. share of research in this field. Furthermore,
concerns over intellectual property-rights protections,
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market conditions, and the regulatory climate may
discourage private sector research from starting.”*

Finally, the U.S. share of hESC-related research may
be lower than expected because other countries have
invested heavily in the field in the hope of gaining
economic benefits. Limited evidence for this theory
exists, particularly in the form of statements suggesting
that some Asian countries, such as China, Singapore,
and Taiwan, view biotechnology in general and, in
some cases, stem cells in particular, as a growth
opportunity.'® 2% 26> 27

These factors, as well as others, have probably
contributed to the results reported here. These contri-
butions have varied both in degree and in time, and
the data available do not allow relative influences to
be untangled.

In the United States, hESC research has remained
controversial. At the national level, legislation has been

43
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proposed that would loosen federal funding restric-
tions. States have also joined the debate. In November
2004, California voters approved a proposition that
allocates $3 billion to fund stem-cell research over ten
years. Several other states, following into these un-
familiar policy waters, have also created or are con-
sidering their own funding plans.

While debate wears on, one question at least is
settled by empirical test. In our new century’s most
closely watched race, the United States, long the global
life-sciences hegemon, is indeed falling uncharacteristi-
cally behind.
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Watson, the late David Bradford, David Wilcove,
Shirley Tilghman, Jesse Rothstein, and Elana Broch
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