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Abstract

IMPORTANCE Inequity in clinical trial enrollment, particularly the underenrollment of women, is an
ongoing concern in biomedical sciences. The extent to which increasing gender diversity among
research teams, particularly, study principal investigators, could address this inequity is unclear.
OBJECTIVE To assess the association between principal investigator gender and the proportion of
women participants in clinical trials.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional analysis used clinical trials registered
on ClinicalTrials.gov that started enrollment after January 1, 2007, and completed enrollment before
September 1, 2021, to analyze how the proportion of women participants in clinical trials varied by
principal investigator gender, accounting for the disease being studied and when a trial was
conducted (analyses were performed in October 2024). In an analysis of mechanisms, this study
assessed whether specific decisions by investigators that could influence enrollment of women (eg,
selecting women as study staff or including pregnant patients) varied by principal

investigator gender.

EXPOSURE Principal investigator gender.

MAIN OUTCOMES AND MEASURES Proportion of trial participants who are women.

RESULTS Across 10 708 trials, 3151(29.2%) had a woman principal investigator. After adjusting for
potential confounders, mean enrollment of women in trials with a woman principal investigator was
54.1% (95% Cl, 53.0%-55.1%) compared with 46.9% (95% Cl, 46.3%-47.5%) for trials in which the
principal investigator was a man (absolute adjusted difference, 7.3% [95% Cl, 6.7%-7.9%]; P < .001).
Secondary analyses found that trials with a woman principal investigator had a higher proportion of
women staff and were less likely to exclude pregnant patients.

CONCLUSIONS AND RELEVANCE This cross-sectional study of a large sample of clinical trials found
that those with a woman principal investigator enrolled a higher proportion of women participants,
had a higher proportion of women study staff, and were less likely to exclude pregnant patients.
These results suggest that inequity in clinical trial enrollment, particularly the underenroliment of
women, is an ongoing concern in biomedical sciences.
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Introduction

Clinical trials are critical to biomedical innovation. Substantial resources are invested in trials—
approximately 30 00O trials are conducted annually and the median cost per trial is approximately
$35 million'—and the results of trials shape how care is provided to patients globally. Concerns exist,
however, that enrollment of patients into clinical trials is often inequitable, with women and
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minoritized individuals being underrepresented; therefore, the generalizability of trial findings to
these populations is uncertain.? Although enrollment of women in clinical trials has increased over
time, they remain underrepresented,* particularly in areas such as cardiology,>® surgery,”
emergency medicine,® and oncology.>'° Several laws and regulations, such as the National Institutes
of Health (NIH) Revitalization Act of 1993, have been promulgated to increase enrollment of women
in clinical trials, which is important given that spending on medical research disparately favors
diseases that affect men."

Increasing enrollment of women in clinical trials could have important implications for
population health. For instance, because there are sometimes large differences in drug responses
between men and women,'>"* adequate enrollment of women is needed to assess these differences,
which may guide treatment and dosing decisions. Indeed, as many as 10% to 20% of drugs newly
approved by the US Food and Drug Administration (FDA) show differences in exposure and response
by gender that necessitate population-specific prescribing.'* A crucial example of this issue is the
case of zolpidem, which was approved in 1992 on the basis of a trial where women accounted for only
37% of trial participants'; nearly 20 years later the recommended dose for women was reduced by
half on the basis of trials showing that women metabolize the drug more slowly. More than 700
traffic incidents were attributed to the inappropriate dosing.'®

Underrepresentation of women in clinical trials may similarly impact how treatments are
provided to women through residual exclusion, whereby physicians may be reluctant to prescribe
medications to women if the underlying trials have mostly enrolled men."” The National Academies
recently noted that the lack of diversity in clinical trial enrollment imposes substantial economic
costs, hinders the discovery of new therapies, and magnifies existing health care disparities.'® Many
policies that existed in the past (and that continue to some extent to this day) have disincentivized
the enrollment of women in clinical trials, such as regulations regarding the enrollment of
pregnant people.’®2°

Given the central role of clinical trials in generating scientific evidence to improve health, it is
critical to understand what factors might leave women out of that process, as both participants in
and leaders of clinical trials. One potential factor that may influence enroliment of women in clinical
trials is whether trials themselves are led by women. Principal investigators set priorities for how
trials are conducted, and an important, but unstudied, way to increase enrollment of women in
clinical trials would be to ensure adequate representation of women among investigators. In theory,
this could lead to greater investigator efforts to recruit and build trust among women trial
participants. Outside medicine, women innovators are more likely to innovate in areas that serve
2122 and women authors are more attentive to sex and gender analyses in academic

research.? Within medicine, research has found improved clinical outcomes when women patients
24,25

women's needs,

are cared for by women physicians.

In this study, we assembled data on the gender composition of research study teams, including
investigators and recruitment staff, and the gender composition of trial participants from more than
10 000 registered clinical trials. To understand whether greater representation of women in research
teams could increase trial enrollment of women participants, we analyzed the association between
the gender composition of study teams and the gender composition of enrolled patients.

Methods

Data Collection

Clinical trial data were obtained from the Aggregate Content of ClinicalTrials.gov dataset (AACT),
which provides information on clinical trials registered on ClinicalTrials.gov, the largest clinical trial
registry in the world, with more than 300 00O clinical trials currently registered. All trials conducted
in the US and all trials relating to FDA approval are required to be registered in this database. AACT
data included the names of principal investigator(s), number of men and women participants
enrolled in the trial, Medical Subject Heading (MeSH) terms associated with the trial, year in which
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the trial started enrollment, and funding sources (eg, whether the trial received NIH funding). The
study used publicly available data and was therefore exempted from human subject review and
informed consent by Stanford University. The study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline for cross-sectional studies.

Study Population

Our sample consisted of all trials for adults in the AACT database that started enrollment after
January 1, 2007, and completed enroliment before September 1, 2021. From this initial sample of
33259 trials, we then applied the following exclusion criteria. First, we excluded trials that did not
report any information about principal investigators (n = 20 262). Second, we excluded trials

(n =1308) with more than one principal investigator, although these excluded trials were used in a
sensitivity analysis. Third, as described below, our primary independent variable was the inferred
gender of the principal investigator, determined from a name-to-gender algorithm using the
investigator's first name. For our primary analysis, we excluded trials where the gender of the
principal investigator could not be inferred with sufficient certainty based on first name; specifically,
trials were excluded for which we were unable to identify the gender of the principal investigator
with more than 75% certainty (n = 981), although we performed additional sensitivity analyses based
on alternative definitions of this threshold and using several name-to-gender algorithms. After
applying these criteria, our primary analysis sample included 10 708 trials (see eFigure 1in
Supplement a for a diagram outlining sample construction and eTable 1in Supplement 1for a
comparison of included and excluded trials).

Outcome and Exposure
The primary outcome was the proportion of women participants in a trial, which was calculated as
the number of women participants divided by the total number of participants.

The independent variable of interest for our primary analysis was the inferred gender of a trial's
principal investigator. We imputed principal investigator gender based on first name as a probability,
using a validated approach that uses publicly available data to estimate the proportion of female
births with a given first name.?® We assigned principal investigator gender based on the gender
package in R that uses large historical datasets to infer gender based on first names, including sources
such as the US Social Security Administration, IPUMS USA, and the North Atlantic Population Project.
In our baseline analysis, a principal investigator was considered to be a woman if the first name was
associated with at least a 75% probability of being a woman and was considered to be a man if the
first name was associated with at least a 75% probability of being a man, using the above name-to-
gender algorithm.

As previously noted, studies whose principal investigator had a name that fell outside this
threshold (ie, for whom gender could not be inferred with sufficient certainty) were excluded.
However, we performed sensitivity analyses in which the threshold was raised to 90% for a given
gender (a stricter threshold for identifying gender based on name) and a second analysis in which this
threshold was lowered to 50% (a more lenient threshold). We also evaluated several alternative
name-to-gender algorithms (eMethods in Supplement 1).

Additional Covariates

We analyzed the association between principal investigator gender and the proportion of enrolled
patients in a trial that were women, adjusting for covariates that might confound this association.
First, we adjusted for the underlying disease(s) addressed by a given trial because diseases that
primarily affect women may have a higher enrollment of patients who are women. If principal
investigator gender is not randomly allocated across disease areas (eg, if diseases that more often
affect women, such as breast cancer, have trials more often led by women), the failure to adjust for
disease could bias our findings. To identify the disease associated with a trial, we used 3-digit
International Classification of Diseases, Ninth Revision (ICD-9) codes.?” These ICD-9 codes allowed us
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to granularly adjust for different diseases, such as breast cancer, prostate cancer, diabetes, and
hypertension (ICD-9 codes are not directly available on ClinicalTrials.gov). We obtained ICD-9 codes
by mapping the MeSH terms associated with a trial to ICD-9 codes using the Unified Medical
Language System from the National Library of Medicine (see eMethods in Supplement 1for
additional details). For certain descriptive analysis (Table), we aggregated the 3-digit ICD-9 codes to
coarser 1-digit ICD-9 codes. These coarser codes were used only for descriptive analysis and not for
the statistical analysis.

Second, because enrollment of women in trials has increased over time, a failure to account for
this trend would lead to a spurious association between clinical trial leadership by women and
enrollment of women as trial participants if the proportion of women principal investigators has also
increased. To account for time trends in women investigators and trial participants, we adjusted for
the year a study began enrollment (indicator variable). Third, we conducted sensitivity analyses using
several additional covariates.

Statistical Analysis

A multivariable linear regression was used to estimate the association between principal investigator
gender and the share of women participants in a trial. The dependent variable was the percentage
of women participants in a trial, and the independent variable of interest was an indicator variable for
whether the trial principal investigator was a woman, as inferred based on first name. Additional
covariates included indicator variables for disease category and year. This regression therefore
estimated the absolute percentage change in women trial participants associated with a woman
principal investigator, after adjusting for the disease being studied and the year a trial began.
Sensitivity analyses included additional covariates in the regression analysis. Analyses were
conducted in October 2024 using R, version 4.0.2 (R Foundation for Statistical Computing).

Sensitivity Analyses

We performed several sensitivity analyses. First, an integral part of our analysis was the identification
of principal investigator gender based on first name. Using our primary name-to-gender algorithm,
we conducted a sensitivity analysis in which the threshold for assigning gender was (1) increased
from a 75% to 90% probability, a stricter threshold for accuracy, and (2) lowered to 50%, a less strict
threshold. This analysis evaluated the sensitivity of our findings to alternative probabilistic thresholds
of assigning principal investigator gender based on first name.

Second, our primary approach for assigning principal investigator gender was based on the
gender package in R that uses large historical datasets to designate gender based on first names. A
potential limitation of this algorithm, however, is its reliance on data sources from the US and North
Atlantic countries, which may not apply to investigators with first names from other parts of the

Table. Characteristics of the Study Population

Study participants, % (95% Cl)

Men principal Women principal Difference,
Characteristic investigators (n = 7555) investigators (n = 3153) % (95% Cl) P value
No. of patients in trial, ~ 423.0 (586.1) 715.3 (14108.5) 292.5(-85.8 to .50
mean (SD) 670.7)
No. of trial sites, 6.9 (30.0) 3.7(17.9) -3.1(-4.3t0-2.0) <.001
mean (SD)
Phase 3 or 4 25.4 (24.4t026.3) 18.5(17.0t0 20.0) -6.8(-8.6t0-5.1) <.001
Disease categories
Mental health 23.1(20.1t025.4) 26.3(22.81t029.8) 3.2(-9.4t07.4) 13
Circulatory 18.7 (16.7 t0 20.1) 14.9 (11.9t018.1) -3.7(-7.5t00.0)  .050
Nervous system 18.6 (16.5t020.1) 20.0(16.8t0 23.3) 1.5(-2.4t05.3) .50
Genitourinary 9.4(7.8t011.0) 8.9(6.5t011.3) -0.5(-3.3t02.3) .70
Infection 4.5(3.4t05.6) 3.5(1.8t05.1) -1.0(-3.0t00.9) .30
Enrollment of women 46.9 (46.3t0 47.5) 54.1(53.1t055.0) 7.2(6.1t08.4) <.001
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world. We therefore examined the sensitivity of our findings to 3 alternative name-to-gender

algorithms (Gender API, genderize.io, and Namsor), which are also widely used in academia and
industry?82°
began by examining the extent to which the gender inferred by our primary algorithm matched the

and which use numerous data sources that cover multiple continents and countries. We

gender inferred from these alternative algorithms. We then repeated our baseline analysis using
inferred gender from each of these 3 algorithms. In addition, we conducted separate analyses for
names of European and non-European origin to provide further validity to our use of these name-to-
gender algorithms to reliably assess investigator gender (see eMethods in Supplement 1for
additional details).

Third, confounding from unobserved confounders is a potential source of bias in observational
studies. We addressed this in 2 ways. First, we reestimated our models, including additional
covariates such as trial phase (separate indicator variables for phases 1-3), whether the trial was
funded by the NIH, trial size, and whether the trial was multicenter. We also considered interaction
effects between these additional covariates and whether a trial had a woman principal investigator.
We assessed the likelihood and impact of potential confounding by estimating the required strength
of confounding that would be necessary to explain away our findings (see eMethods in Supplement 1
for additional details).3°

Fourth, because our primary analysis excluded trials with more than one principal investigator,
we performed an additional analysis in trials with more than one principal investigator to compare
enrollment of women between trials with only men principal investigators, both men and women
principal investigators, and only women principal investigators. We hypothesized a dose-response
relationship (ie, that enrollment of women would be higher with more women principal
investigators). We estimated a regression similar to our baseline analysis, except that our
independent variable of interest was modified to consist of 2 variables: an indicator variable for
whether all principal investigators in a trial were women and another for whether a trial had both men
and women principal investigators. Fifth, our primary analysis adjusted for the disease being studied
by a trial using fixed effects based on the 3-digit /CD-9 code associated with the disease being
studied. We considered alternative methods for adjusting for disease, such as adjusting for the NIH
funding the trial and adjusting for 1-digit ICD-9 codes. In addition, we also estimated a model in which
we excluded diseases that solely affected men or women (eg, prostate cancer).

In addition to these analyses, we assessed possible mechanisms by which principal investigator
gender could influence the gender composition of trial participants. First, studies suggest that racial
and gender concordance can increase participation in medical services and clinical trials, "33
especially because lack of trust is a barrier to clinical trial enrollment of women.3438 We examined
whether women principal investigators were more likely to use women site coordinators or
investigators. We hypothesized that having more women site coordinators or facility investigators at
trial sites could increase enrollment of women. For this analysis, we analyzed a different sample of
the AACT data consisting of 24 009 trials that were actively recruiting as of September 1, 2021.
Because these trials were actively recruiting (ie, had not closed enrollment), names of site
coordinators or facility investigators at each site were still available online, allowing us to designate
gender of these staff as well. This allowed us to examine the association between principal
investigator gender and the gender composition of listed site coordinators or facility investigators
among trials that were actively recruiting. We performed a linear regression in which the dependent
variable was the proportion of a trial's listed site coordinators or facility investigators that were
women, and the key independent variable was an indicator for whether the trial principal investigator
was a woman. Additional covariates included indicator variables for disease category and year.
Notably, because ClinicalTrials.gov removes contact information of site coordinators or facility
investigators once a trial has completed enrollment, and completion of enrollment was required for
us to calculate the final gender composition of trial participants, we could not directly assess the
impact of gender composition of site coordinators or facility investigators on gender composition of
trial participants.
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Second, due to historical restrictions,' increased regulatory requirements,2° and perceived
increased legal risk,® many investigators exclude pregnant patients from clinical trials, even if doing
sois not appropriate.*® We hypothesized that women principal investigators would be more willing
to be as inclusive as possible of pregnant participants and would therefore be less likely to apply
explicit exclusion criteria for pregnant patients. To test this hypothesis, we estimated a similar
multivariable linear regression with the dependent variable being an indicator variable for whether
the trial excluded pregnant patients, which we obtained from the AACT database. In addition, we also
estimated a similar model that excluded trials that evaluated drugs that were known to be
contraindicated in pregnant patients (Category X drugs).

Results

Our study consisted of 10 708 trials, of which 3153 (29.4%) had a woman principal investigator. Trials
led by women principal investigators were larger, were conducted at fewer trial sites, were less likely
to involve phase 3 or phase 4 trials, reflected similar disease areas, and had a higher proportion of
trial participants who were women (Table). Compared with trials excluded from our sample, trials in
our sample involved fewer sites, had less total enrollment, were less likely to be late stage, and
received less NIH funding (eTable 1in Supplement 1). The proportion of trials led by women principal
investigators and the share of trial participants who were women were stable throughout the study
period (eFigure 2 in Supplement 1).

After multivariable adjustment, the adjusted proportion of women participants in trials was
54.1% (95% Cl, 53.0%-55.1%) for trials with a woman principal investigator compared with 46.9%
(95% Cl, 46.3%-47.5%) for trials in which the principal investigator was a man (absolute adjusted
difference, 7.3%; 95% Cl, 6.7%-7.9%, P < .001) (Figure 1).

Trials led by women principal investigators had a significantly higher share of site coordinators
or investigators being women. For example, after multivariable adjustment, in trials with a woman
principal investigator, 73.6% (95% Cl, 72.5%-74.7%) of listed site coordinators or facility
investigators were also women compared with 35.7% (95% Cl, 34.8%-36.7%) of these staff for trials
in which the principal investigator was a man (absolute adjusted difference, 39.3%; 95% Cl, 37.5%-
41.2%; P < .001) (Figure 2).

Trials led by women principal investigators were also less likely to exclude pregnant patients.
After multivariable adjustment, 48.2% (95% Cl, 46.5%-50.0%) of trials with a woman principal
investigator excluded pregnant patients compared with 53.0% (95% Cl, 51.9%-54.1%) of trials led by
aman (absolute adjusted difference, -4.8%; 95% Cl, -6.0% to -3.7%; P < .001) (Figure 3).

Analyses of trials with more than one principal investigator found that enroliment of women
increased with the involvement of women as principal investigators (eFigure 3 in Supplement 1),

Figure 1. Enroliment of Women Participants in Clinical Trials Led by Men vs Women Principal Investigators
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consistent with a dose-response relationship. Sensitivity analyses centered around alternative
thresholds for identifying principal investigator gender produced similar results (eTable 2 in
Supplement 1), as did analyses using alternative name-to-gender algorithms (eTables 3 and 4 in
Supplement 1). Analyses suggested that confounding from unobservable factors would need to be
implausibly large to explain away our findings (eTable 5 and eFigure 4 in Supplement 1) and sensitivity
analyses that included additional potential confounders and different methods of adjusting for
underlying disease in the regression produced similar results (eTables 6 and 7 in Supplement 1). We
found no statistically significant interactions between a trial having a woman principal investigator
and whether the trial was early vs late stage or was conducted in a single site vs multicenter (eTable 8
in Supplement 1). The association between women principal investigators and the inclusion of
pregnant trial participants was unaffected by removing trials for drugs that are contraindicated
among pregnant women (eFigure 5 in Supplement 1).

Discussion

Although clinical trials are foundational to medicine, concerns exist that the enrollment of patients
into trials is often inequitable, limiting trials’ applicability for underenrolled groups, such as women
and racial and ethnic minority groups.? The important implication of this inequity in trial
representation is that treatments that are provided to women and minority populations today may
lack the same level of evidence generated for other populations, posing issues of treatment safety
and efficacy.

Figure 2. Gender Composition of Research Staff in Clinical Trials Led by Men vs Women Principal Investigators
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Gender of principal investigator bars indicate 95% Cls.

Figure 3. Exclusion of Pregnant Patients in Clinical Trials Led by Men vs Women Principal Investigators
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We hypothesized that the gender composition of a research team might influence the
enrollment of women into clinical trials. We assembled a large database of clinical trials to examine
whether having a woman principal investigator was associated with increased enrollment of women
participants into trials. Our findings suggest that having a woman principal investigator is associated
with a significant increase in enrollment of women into trials-an absolute increase of 7 percentage
points or a 15% relative increase.

The underrepresentation of women as trial participants is both a symptom and a cause of
broader health inequalities. Historically, spending on medical research has disproportionately
favored diseases that affect men." Another bias, as shown in cardiovascular disease, has been the
tendency to overlook differences in disease presentation and physiology between men and women,
leading to sometimes missed or delayed diagnoses among women.*' In turn, the
underrepresentation of women in clinical trials may increase disparities in population health between
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men and women through several avenues, including incorrect dosing for women,
interpretation of trial results,*' or a reluctance by practitioners to prescribe treatments for women if
a drug has not been sufficiently studied."”

In this light, our study highlights 2 important benefits of having more women principal
investigators. First, increasing the relative number of women principal investigators may improve
enrollment of women in clinical trials, thereby directly improving health by providing higher-quality
evidence on safety and efficacy of medical treatments for women specifically. However, a second
benefit with longer-term impact is that increasing the relative number of women principal
investigators may also improve health by mitigating broader systemic biases, such as the failure to
appreciate differences in disease presentation and pathophysiology between men and women*' or
by reducing the use of disease models focused on men.*2 Our findings are consistent with a larger
literature suggesting that having more representative teams is associated with improved outcomes,
such as previous work showing improved outcomes when women patients are cared for by women
physicians.?*2> Although our analysis adjusted for disease area to better identify the potential effect
of principal investigator gender on women's participation in trials, the broader pattern of women
principal investigators selecting into women's health research represents an important
complementary mechanism by which increased trial leadership by women could enhance overall trial
participation among women.

Our study raises the question of why enrollment of women into trials may differ between men
and women principal investigators. Implicit bias may play a role. In addition, existing policies place
various incentives* and disincentives2° for enrollment of women, and women principal
investigators may weigh these incentives differently. For example, current policies impose additional
regulatory requirements for enrolling pregnant patients.2® However, our study found that women
principal investigators are less likely to exclude pregnant patients, suggesting that women principal
investigators may be more willing to be as inclusive as possible in recruitment of women trial
participants, even if doing so imposes additional regulatory requirements, cost, and effort.

Our study also potentially revealed another mechanism, which is that trials with a woman
principal investigator were more likely to use women as site coordinators or facility investigators.

Studies suggest that gender concordance is associated with improved outcomes®>++

and that it may
improve participation in clinical trials.>"33 Women research staff may be more likely to recruit women
participants or women participants may be more likely to enroll if the “face” of the trial to themis a
woman, especially given studies suggesting that women clinicians tend to spend more time with
their patients.*> We also consider this mechanism to be particularly important because it directly
informs recent debates on the training and employment of the clinical and scientific workforce in
health care.

In light of ongoing concerns regarding the underenrollment of women into clinical trials,? our
findings suggest that there may be societal benefits from policies aimed at increasing the number of
trials with women principal investigators. Moreover, these findings raise important hypotheses and
suggest that trials led by principal investigators who are either men or women may also increase
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enrollment of women by (1) more carefully considering whether pregnant women should be
excluded from trials and (2) increasing women on the research team. Policies aimed at increasing
incentives for women's enrollment may also be helpful. For example, although there are appropriate
concerns regarding the inclusion of pregnant people in trials, institutional review boards and funding
agencies should carefully consider when the exclusion of pregnant people is needed. In addition,
although many funding agencies have policies to promote the inclusion of women in clinical trials,*®
reviewing agencies (eg, FDA) should likewise develop policies aimed at increasing enroliment

of women.

Limitations

Our study had several limitations. First, the study was limited to trials reported on ClinicalTrials.gov.
Not all trials are required to report data to the website, and even among trials that are required to do
so, compliance is imperfect.*” Trials in our sample appear to be smaller than the average trial, and
our results should be interpreted with this fact in mind. Second, although we adjusted for several
observable factors that could influence enrollment of women, confounding from unobservable
factors is possible, although our analysis suggests such confounding would need to be implausibly
large to explain away our findings. Third, our measurement of a study's research staff was limited to
the site coordinator or investigator and did not include other staff crucial to trial enrollment (eg,
research coordinators). Fourth, our study used an investigator's name to infer gender, which may not
reflect the actual gender. Moreover, gender was inferred based on first name rather than self-report;
the inference of gender was, however, highly stable across different name-to-gender algorithms and
analyses. Fifth, although our findings suggest some mechanisms by which women principal
investigators may increase enrollment of women participants, other mechanisms are possible.
Qualitative research would be helpful.

Conclusions

In this cross-sectional study of a large sample of clinical trials, we found that trials with a woman
principal investigator had significantly greater enrollment of women trial participants, and we
identified several mechanisms that may explain this association. These findings suggest that one way
to improve patient representation in clinical trials and, importantly, to improve the foundation of
evidence on which medical decisions are made for diverse populations would be to increase the
diversity of clinical trial investigators. Inequity in clinical trial enrollment of women is a critical concern
in medicine, in part because medical care provided to women today may lack the same level of
evidence generated for other populations.
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