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Abstract

Background: Gender bias has been an ongoing issue in health care, examples being underrepresentation of
women in health studies, trivialization of women’s physical complaints, and discrimination in the awarding
of research grants. We examine here a different issue—gender disparity when it comes to the allocation of
research funding among diseases.
Materials and Methods: We perform an analysis of funding by the U.S. National Institutes of Health (NIH) to
ascertain possible gender disparity in its allocation of funds across diseases. We normalize funding level to
disease burden, as measured by the Disability Adjusted Life Year, and we specifically consider diseases for
which both disease burden and funding level are provided. We apply a power-law regression analysis to model
funding commensurate with disease burden.
Results: We find that in nearly three-quarters of the cases where a disease afflicts primarily one gender, the
funding pattern favors males, in that either the disease affects more women and is underfunded (with respect to
burden), or the disease affects more men and is overfunded. Moreover, the disparity between actual funding and
that which is commensurate with burden is nearly twice as large for diseases that favor males versus those that
favor females. A chi-square test yields a p-value of 0.015, suggesting that our conclusions are representative of
the full NIH disease portfolio.
Conclusions: NIH applies a disproportionate share of its resources to diseases that affect primarily men, at the
expense of those that affect primarily women.
Keywords: gender disparity, research funding for diseases, National Institutes of Health

Gender bias has been an ongoing issue in health care and
has manifested itself in a number of different ways. Other
examples include the underrepresentation of women in health
studies, the trivialization of women’s complaints, and discrimination in the awarding of research grants.
Historically, the underrepresentation of women in health
studies and clinical trials has been pervasive.5 A well-known
example is a 1980s study of whether a daily dose of aspirin
would reduce cardiovascular mortality, where all 22,071
subjects were male.6 In 1985, the Public Health Service Task
Force on Women’s Health Issues released a report advising
that ‘‘the historical lack of research focus on women’s health
concerns has compromised the quality of health information
available to women as well as the health care they receive.’’7,8 In response, the NIH announced a new policy that
urged researchers to include women in their clinical studies.5(p24) However, a 1990 Government Accountability Office report found that the NIH failed to communicate its
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T

here is little in the published literature when it comes
to gender disparity in the allocation of research funds
among diseases. A recent study of the funding of 18 different
types of cancers by the National Cancer Institute found that
gynecologic cancers (ovarian, cervical, uterine) ranked 10th,
12th and 14th, respectively, in funding normalized to years of
life lost, whereas prostate cancer ranked 1st.1 A study focusing on the disease myalgic encephalomyelitis/chronic
fatigue syndrome (ME/CFS), *75% of whom afflicted are
women,2 found that disease to be the lowest funded (relative
to disease burden) in the National Institutes of Health (NIH)
portfolio.3,4 In carrying out the ME/CFS study, it was observed that some of the lowest funded diseases relative to
disease burden were ones that affect primarily women. We
chose to examine this issue in greater depth, leading to the
analysis reported herein.
Independent Researcher, Castro Valley, California, USA.
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policy to grant applicants and was still instructing reviewers
to not consider the inclusion of women as a factor when
evaluating scientific merit.9 That same year, NIH formed the
Office of Research on Women’s Health, one of whose primary missions has been to ensure that NIH-funded research
accounts for sex as a biological variable (see https://orwh.od
.nih.gov/sex-gender/nih-policy-sex-biological-variable).
An issue commonly faced by women is having their
physical complaints trivialized or misdiagnosed as psychologically based. As noted by Tasca et al.,10 the concept of
hysteria as a mental disorder attributable to women goes back
4,000 years and was commonly used to misdiagnose females
until the turn of the 20th century; it took until 1980 for hysterical neurosis to be deleted from the Diagnostic and
Statistical Manual of Mental Disorders. A more recent example is that of the disease myalgic encephalomyelitis (ME),
also known as chronic fatigue syndrome (CFS), for which
*75% of those affected are women.2 After a 1984 outbreak
in Incline Village, NV, the medical community, unable to
identify a specific cause, described the disease as being
psychogenic.5(p254) Stephen Straus, an expert virologist
working at NIH, stated: ‘‘The demography of this syndrome
reflects an excessive risk for educated adult white women..
A less casual appraisal, however, often uncovers histories of
unachievable ambition, poor coping skills, and somatic
complaints.’’11 In 2015, the Institute of Medicine (now the
National Academy of Medicine) issued a comprehensive
report characterizing ME/CFS as ‘‘a serious, chronic, complex, multisystem disease that frequently and dramatically
limits the activities of affected patients,’’2 thereby refuting
the prevailing psychogenic characterization.
An additional area of gender bias has been in the awarding
of research grants. This is elucidated by Wessel12 in her
analysis of the NIH grant process, where she concludes that
women indeed face gender bias, particularly when it comes
to renewing grants. Kaatz et al.,13 in their analysis of NIH
reviews, state: ‘‘The authors’ analyses suggest that subtle
gender bias may continue to operate in the post-2009 NIH
review format in ways that could lead reviewers to implicitly
hold male and female applicants to different standards of
evaluation, particularly for R01 renewals.’’ Witteman et al.14
conclude from their analysis of the Canadian Institutes of
Health Research grant process that ‘‘Gender gaps in grant
funding are attributable to less favourable assessments of
women as principal investigators, not of the quality of their
proposed research.’’
In this work, we extend the analysis of Mirin et al.4 to
examine gender disparity among the full spectrum of NIHfunded diseases. That analysis used statistical regression to
compare funding of diseases relative to disease burden, using
NIH data, to develop an estimate of burden-commensurate
funding. Actual funding was compared with burdencommensurate funding to determine which diseases are relatively underfunded or overfunded. Here, we correlate the
degree of under- or overfunding with the gender prevalence
of each disease.
Materials and Methods
Disease burden

Our approach for comparing funding of diseases is to use
disease burden as a normalizing factor. Compared with the
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simpler dollars per patient measure, normalizing with respect
to burden creates a more meaningful comparison by factoring
in the impact of the disease.
Disease burden is most often measured in terms of morbidity (the extent of disability) and mortality (the rate and
prematureness of death), although economic and sociological
factors could be considered as well.15 For the purposes of this
study, we quantify burden using the Disability Adjusted Life
Year (DALY), a measure that estimates the number of years
lost due to an illness. The DALY was developed by the World
Health Organization16 and has been used by the NIH to
compare its allocation of funding across selected diseases.17
The DALY folds prevalence, morbidity, and mortality into a
single measure that represents the sum of years lost due to
disability (YLD) and years lost due to death (YLL). It can
therefore be used to compare impacts of primarily disabling
diseases with those of primarily deadly diseases.
The DALY can be defined using either disease incidence
or prevalence. The global burden of disease (GBD) study,18
from which the NIH obtains its burden data, uses the
prevalence-based method, through which
DALY ¼ YLD þ YLL,
with YLD = P · DW and YLL = N · L. Here P is the prevalence, or number of people with the condition in a given year;
DW is the disability weight, a number ranging from 0 to 1
that measures the fraction of lost time due to the severity of the
condition; N is the number of deaths due to the condition in that
year; and L is the average loss in life expectancy per death.
We use DALY values and research funding amounts provided by NIH. NIH periodically makes this information
available, most recently for the year 2015.18 The burden information provided therein is based on the work of Kassebaum et al.19 NIH normally reports its research investments
using the Research, Condition, and Disease Categorization
(RCDC) System.20 This is a computerized process that analyzes NIH’s portfolio of research grants, research and development contracts, and intramural research, to categorize
funding according to disease and condition. A complete list
of funded projects by category is provided. Because of differences between the GBD and RCDC disease categorizations, NIH provides burden information only for disease
categories that it can successfully align. The 2015 data release by NIH contains 73 such categories. Despite best efforts, the alignment is not altogether satisfactory in that some
of the categories are supersets of others (e.g., headaches
and migraines). Our analysis uses the categories directly as
provided by NIH (we excluded malaria because NIH failed
to include its burden information in the spreadsheet for
distribution).
Funding versus burden

We perform least-squares regression analyses using the
NIH-supplied funding and burden information to determine
funding levels that are commensurate with disease burden.
Because both funding and burden vary across four orders of
magnitude, we obtain a superior fit to the data using a power
law approximation. We already carried out such an analysis
in an earlier work,4 where we matched the 2015 burden data
to 2017 funding data, the latter made available through NIH’s
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categorical spending report.20 We chose to use the most recent funding data available at the time to reflect the most upto-date spending priorities. The 2015 burden information was
normalized to the growth in population from 2015 to 2017.
Results of that analysis are reproduced here (Fig. 1). Each
blue point represents an NIH-funded disease, with the horizontal axis measuring burden (in DALYs) and the vertical axis
measuring funding. Each axis is plotted on a logarithmic scale
to represent numerical variations over several orders of magnitude. Hence, the resulting power law fit to the data (shown in
green) presents itself as a straight line. Because of the logarithmic scale, the vertical distance between two points measures a percentage difference between the actual funding and
that commensurate with the burden of the disease.
Here we extend the above analysis with additional regression analyses matching the 2015 burden data to funding
data from 2015 and 2019.20 These, together with the analysis
using 2017 funding, provide a perspective of how funding
priorities have evolved over that 4-year period. The regression curves, of the form
Funding(M) ¼ A · DALYbB
are all nearly parabolic, with exponents (B) equal to 0.5144,
0.5276, and 0.5246 for years 2015, 2017, and 2019, respectively. The corresponding coefficients (A) are 0.1796, 0.1633,
and 0.2049, respectively. The values of R2 (which measures
the variation of the data from the analytic fit) are all around
0.37.
All three regression analyses are based on the data provided by NIH for the 73 diseases included in its analysis of
2015 funding and burden. With burden information available
for ME/CFS as well,13 we include ME/CFS in our analysis of
the regression results.
For each of the 74 diseases, we compute the ratio of actual
funding to burden-commensurate funding, as represented by
the green trend line (Fig. 1). We label a disease as under-

3

funded if that ratio is <1 (its point will lie below the green
line) and overfunded if that ratio is >1 (its point will lie above
the green line). No ethical judgment is intended; this is
merely a way of categorizing whether the funding for a
particular disease is less than or greater than the value commensurate with its burden.
Gender prevalence of diseases

We evaluate whether each disease affects proportionally
more American women or men, and for this purpose only we
use the terminology female-dominant or male-dominant.
This categorization is accomplished through an extensive
literature search, with multiple sources having been identified
for each disease (see Supplementary Appendix SA1). For a
disease to be labeled as gender-dominant, we require that at
least 60% of those afflicted be of that particular gender. This
is to allow for prevalence inaccuracies and variation of information among the sources. We also identify diseases for
which between 55% and 60% of those afflicted are of a
particular gender and label those as semidominant. Remaining diseases are considered gender-neutral. This characterization is based strictly on prevalence and does not
consider whether a disease more adversely affects a particular gender.
Results
Funding versus gender prevalence

Tables 1–5 list the 74 diseases included in this analysis.
Table 1 contains the male-dominant diseases, Table 2 the
female-dominant diseases, Table 3 the male-semidominant
diseases, Table 4 the female-semidominant diseases, and
Table 5 the gender-neutral diseases. Listed with each disease
is the ratio of actual funding to that commensurate with
disease burden for years 2015, 2017, and 2019 (based on the
regression curve for the corresponding year). Also included

FIG. 1. National Institutes
of Health funding (2017)
versus U.S. burden of disease
(2015, normalized to 2017
population). The green line,
produced using a power law
regression analysis, represents funding commensurate
with disease burden. (Figure
adapted from Figure 2 of
Mirin et al.4 Reprinted with
permission from IOS Press.)
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Table 1. Male-Dominant Diseases, Along with Ratio of Actual to Burden-Commensurate Funding
for Years 2015, 2017, and 2019, 2015 Burden (Disability Adjusted Life Year, Millions),
and 2019 Funding ($M)
Disease/condition
Liver cancer
Prostate cancer
ADD
Parkinson’s disease
Hepatitis-B
Autism
Alcoholism
Drug abuse (NIDA only)
Substance abuse
Hepatitis
Tuberculosis
HIV/AIDS

Actual/
commensurate 2015

Actual/
commensurate 2017

Actual/
commensurate 2019

2015
DALY (M)

Actual
2019 $ (M)

0.5551
1.5895
1.1124
1.2212
1.1937
1.8424
2.5827
2.7479
3.7272
6.1595
9.3359
23.1270

0.5398
1.2061
1.3955
1.2987
1.1383
2.0086
2.4957
2.6006
3.5237
6.8272
11.4134
21.3292

0.6284
1.0960
1.3532
1.4264
1.4852
1.9579
2.2918
3.2639
4.3964
6.9055
13.1138
17.7953

0.4981
0.6909
0.0313
0.3079
0.0286
0.2754
0.7054
2.7643
3.4697
0.0413
0.0198
0.3608

127
263
64
224
67
290
556
1,621
2,460
378
488
3,037

ADD, attention deficit disorder; DALY, disability adjusted life year; HIV, human immunodeficiency virus; AIDS, acquired
immunodeficiency syndrome; NIDA, national institute on drug abuse.

are 2015 burden in DALY (millions) and 2019 funding
(millions of dollars, obtained from RCDC funding source). In
each table, diseases are ordered according to ratio of actual
funding to that commensurate with disease burden for year
2019. A quick glance shows only one underfunded maledominant disease (liver cancer), and more underfunded than
overfunded female-dominant diseases. In addition, some of
the most underfunded diseases are female-dominant (e.g.,
ME/CFS, migraine, headaches, anorexia, endometriosis), and

some of the most overfunded are male-dominant (e.g., human
immunodeficiency virus (HIV)/acquired immunodeficiency
syndrome (AIDS), tuberculosis, hepatitis).
A comparison of the macroscopic results from these
funding analyses is shown in Table 6. We see, for example,
that in 2019, of the underfunded diseases, 14 are femaledominant and only 1 is male-dominant. Of the overfunded
diseases, 11 are male-dominant, while only 8 are femaledominant. Altogether, we identify 25 diseases that are

Table 2. Female-Dominant Diseases, Along with Ratio of Actual to Burden-Commensurate
Funding for Years 2015, 2017, and 2019, 2015 Burden (Disability Adjusted Life
Year, Millions), and 2019 Funding ($M)

Disease/condition
ME/CFS
Migraine
Headaches
Anorexia
Endometriosis
Digestive diseases—(gallbladder)
Fibroid tumors (uterine)
Uterine cancer
Eating disorders
Rheumatoid arthritis
Anxiety disorders
Multiple sclerosis
Inflammatory bowel disease
Cervical cancer
Ovarian cancer
Depression
Perinatal-birth—preterm (LBW)
Breast Cancer
Perinatal period—Conditions Originating
in Perinatal period
Macular degeneration
Mental illness
Alzheimer’s disease
Sexually transmitted diseases/herpes

Actual/
commensurate
2015

Actual/
commensurate
2017

Actual/
commensurate
2019

2015
DALY (M)

Actual
2019 $ (M)

0.0323
0.0741
0.0756
0.1930
0.1827
0.1318
0.1642
0.5845
0.3413
0.3371
0.5403
0.8193
0.8562
1.0908
0.9453
0.9963
1.1837
2.6891
2.2553

0.0739
0.0738
0.0852
0.1822
0.1033
0.1859
0.1698
0.4710
0.3279
0.4863
0.5946
0.8951
0.8237
1.1691
1.1167
1.0031
1.4110
2.4928
2.2461

0.0610
0.0777
0.0941
0.1643
0.1836
0.2034
0.2154
0.3099
0.3708
0.4058
0.6037
0.7372
0.8264
0.8940
1.0237
1.0979
1.4978
2.1222
2.3649

0.7244
1.4986
2.0544
0.0606
0.0675
0.0824
0.0830
0.1733
0.1804
0.6460
1.7093
0.2842
0.4754
0.1802
0.3348
3.0889
0.7453
1.2983
1.2792

15
28
40
11
13
16
17
36
44
94
233
111
163
106
168
578
374
709
784

2.4138
3.6034
1.6002
4.9488

2.8098
3.8317
3.3200
6.0226

2.8491
3.8662
4.5309
5.4268

0.0267
7.7424
2.7403
0.0577

124
3,296
2,240
354

ME, myalgic encephalomyelitis; CFS, chronic fatigue syndrome; LBW, low birth weight.

GENDER DISPARITY IN NIH FUNDING

5

Table 3. Male-Semidominant Diseases, Along with Ratio of Actual to Burden-Commensurate
Funding for Years 2015, 2017, and 2019, 2015 Burden (Disability Adjusted Life
Year, Millions), and 2019 Funding ($M)
Disease/condition

Actual/
commensurate 2015

Actual/
commensurate 2017

Actual/
commensurate 2019

2015
DALY (M)

Actual
2019 $ (M)

Hodgkin’s disease
Down syndrome
Brain cancer
Hepatitis C

0.3808
0.4052
2.0695
12.5563

0.2711
0.5560
2.1207
14.7877

0.2220
1.1208
1.8911
15.7733

0.0403
0.0786
0.4420
0.0015

12
86
359
150

male-favored (either female-dominant and underfunded, or
male-dominant and overfunded) and just 9 diseases that are
female-favored (either female-dominant and overfunded,
or male-dominant and underfunded). That is, 74% of the
nongender-neutral diseases favor males, and 26% favor females.
This pattern is roughly static across all three budget years.
We next examine the magnitude of the disparity between
actual funding and that which is commensurate with burden.
We define the funding factor for a disease to be the ratio of the
actual funding to burden-commensurate funding if the disease is
overfunded, and the ratio of the burden-commensurate funding
to the actual funding if the disease is underfunded. Having the
funding factor always >1 allows a symmetric quantitative assessment of overfunded and underfunded diseases.21
We define the male-favored and female-favored deviations
as the average of the funding factors for the male-favored and
female-favored diseases, respectively. We find that for 2019,
the male-favored and female-favored deviations are 5.19 and
2.82, respectively. Not only are there almost three times as
many male-favored diseases as female-favored diseases, but
the degree of funding disparity for the male-favored diseases
(extent to which male-dominant diseases are overfunded and
female-dominant diseases underfunded) is nearly twice as
large as that for the female-favored diseases. Looking across
all three budget years, we do observe a slightly downward
trend in the male-favored deviation (from 5.98 to 5.19) and a
slightly upward trend in the female-favored deviation (from
2.40 to 2.82). That is, the deviation of funding of male-favored
diseases from burden-commensurate evolves from a factor of
nearly 6 to just under 5, and the corresponding evolution for
female-favored diseases stays within the two- to threefold
range. Neither of these evolutions is significant, although the
ratio (which is a measure of gender disparity) does reduce from
2.49 to 1.84 over the 4-year period, a 26% decrease.
Extension to all NIH-funded diseases

We now examine whether this subset of 74 diseases, for
which both funding and burden data are available, is repre-

sentative of the full NIH portfolio of nearly 300 diseases
when it comes to gender disparity of funding. We perform
this evaluation using the 2019 funding data. Recall that of the
underfunded diseases, 14 are female-dominant and 1 is maledominant, and of the overfunded diseases, 8 are femaledominant and 11 are male-dominant. If there were no funding
bias, then one would expect equal numbers of female- and
male-dominated diseases in each category, meaning 7.5
underfunded diseases and 9.5 overfunded diseases with regard to each gender. A chi-square test gives a p-value of
0.015, strongly suggesting that our analysis is representative
of the nearly 300 diseases contained in NIH’s Categorical
Spending report.
Inclusion of semidominant diseases

Including the semidominant diseases (those having between 55% and 60% afflicted of a particular gender) in our
analysis of 2019 funding data results in four additional malefavored diseases and three additional female-favored diseases. The fraction of male-favored diseases drops from 74%
to 71%. The male-favored and female-favored deviations are
5.17 and 2.73, respectively, and the chi-square test yields a
p-value of 0.02.
Discussion
Summary of results

We have performed an analysis of funding by the NIH to
ascertain possible gender disparity in its allocation of funds
across diseases. We have restricted this analysis to diseases
where both disease burden and funding level are provided and
have normalized funding level to disease burden. Focusing
on the most recent (2019) funding data: Of the 34 diseases
that afflict proportionately more of one gender, 25 are malefavored in that they are either female-dominant and underfunded, or male-dominant and overfunded; the other 9 are
female-favored. Furthermore, the disparity between actual
funding and burden-commensurate funding is nearly twice as

Table 4. Female-Semidominant Diseases, Along with Ratio of Actual to Burden-Commensurate
Funding for Years 2015, 2017, and 2019, 2015 Burden (Disability Adjusted Life
Year, Millions), and 2019 Funding ($M)
Disease/condition
Arthritis
Asthma
Kidney disease

Actual/commensurate
2015

Actual/commensurate
2017

Actual/commensurate
2019

2015
DALY (M)

Actual
2019 $ (M)

0.8513
1.4454
1.9815

0.8657
1.3427
1.8799

0.7998
1.2140
1.7063

1.3058
0.7923
1.6624

268
313
649
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Table 5. Gender-Neutral Diseases, Along with Ratio of Actual to Burden-Commensurate Funding
for Years 2015, 2017, and 2019, 2015 Burden (Disability Adjusted Life Year, Millions),
and 2019 Funding ($M)

Disease/condition
Psoriasis
Digestive diseases —(peptic ulcer)
Sudden infant death syndrome
Hepatitis-A
Otitis media
Chronic obstructive pulmonary disease
Suicide
Pneumonia
Methamphetamine
Violence research
Heart disease—coronary heart disease
Prescription drug abuse
Lung cancer
Stroke
Colorectal cancer
Pancreatic cancer
Schizophrenia
Chronic liver disease and cirrhosis
Injury (total) Accidents/adverse effects
Hypertension
Lymphoma
Epilepsy
Heart disease
Sickle cell disease
Diabetes
Dental/oral and craniofacial disease
Lung
Urologic diseases
Cancer
Nutrition
Digestive diseases
Infertility

Actual/
commensurate
2015

Actual/
commensurate
2017

Actual/
commensurate
2019

2015
DALY (M)

Actual
2019 $ (M)

0.0978
0.2341
0.2082
0.1868
0.2529
0.2502
0.1536
0.4561
0.7297
0.4823
0.6764
0.1595
0.8322
0.8676
1.1605
0.8920
1.0781
1.0936
0.6129
1.1736
1.6175
1.2603
1.6477
1.1581
2.2766
2.2468
2.3810
3.4661
6.4356
6.4787
6.2600
4.8846

0.1093
0.1097
0.1486
0.1804
0.1428
0.2313
0.2050
0.4212
0.5640
0.4715
0.6243
0.2070
0.7511
0.8977
0.9181
0.9310
0.9886
0.9562
0.6742
1.1783
1.4602
1.3027
1.5762
1.5801
2.2318
2.2434
2.2332
3.1112
6.2785
6.3802
6.3292
6.2189

0.0848
0.0901
0.1033
0.1104
0.1692
0.2149
0.2921
0.4463
0.4539
0.4779
0.4924
0.5540
0.7419
0.7866
0.8273
0.8464
0.8846
0.9747
1.0143
1.1013
1.1236
1.3094
1.3825
1.6540
1.8376
2.1014
2.1050
2.7209
5.7034
5.9665
6.0517
8.1295

0.4369
0.1039
0.1467
0.0109
0.0788
3.0311
1.8344
1.2474
0.1392
1.0242
7.7854
1.8522
3.5315
2.2418
1.4603
0.7975
1.0394
1.4976
8.3031
0.6995
0.5891
0.2595
11.3879
0.0935
3.9393
1.0024
9.0354
0.4913
13.5445
1.2219
1.4896
0.0053

16
8
11
3
13
112
117
146
47
141
421
223
419
350
294
219
263
351
897
266
248
188
1,443
139
1,099
613
1,946
546
6,520
1,931
2,173
151

large for the male-favored diseases compared with the
female-favored diseases. The small p-value of 0.015 suggests
that these conclusions extend to the full NIH portfolio of
diseases. Over the 2015–2019 time span, the number of malefavored and female-favored diseases remains relatively

constant, with between 70% and 75% male-favored, although
we do observe a downward trend in the ratio of the malefavored deviation to the female-favored deviation.

Table 6. Comparison of 2015, 2017,
and 2019 Funding Analyses

Our effort to assess the gender prevalence of diseases was
based on journal articles, government websites, medical website, university websites, newspaper articles, and other miscellaneous sources, in some cases going back more than a decade.
In some cases, we initially encountered inconsistencies, and we
expanded our literature search to include additional published
sources to resolve these inconsistencies. We did not take into
account the fact that women comprise 51% of the U.S. population and men 49%. For example, if a source cited 60%
prevalence for men and 40% for women, we treated it the same
as if the source had said that 60% of those afflicted were men.
As a countermeasure to inaccurate assessment of gender
prevalence, we required that at least 60% of the people afflicted be of a particular gender for that disease to be labeled
as gender-dominant. For a disease to be considered over- or
underfunded, we required that its actual funding differs from
that which is commensurate with its burden by at least 3%
(this affected only one disease in each of the analyses).

Female-dominant, underfunded
Male-dominant, overfunded
Male-favored
Deviation (male-favored)
Female-dominant, overfunded
Male-dominant, underfunded
Female-favored
Deviation (female-favored)
Percentage of favored
diseases that favor males
Deviation ratio (male to female)

2015
Budget
data

2017
Budget
data

2019
Budget
data

14
11
25
5.98
8
1
9
2.40
73.5

13
11
24
5.49
9
1
10
2.63
70.6

14
11
25
5.19
8
1
9
2.82
73.5

2.49

2.09

1.84

Deviation measures the extent to which funding differs (multiplicatively) from that which is burden-commensurate.

Limitations
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Our criterion for designating a disease gender-dominant
was based strictly on the prevalence of each gender afflicted.
We did not consider whether a disease more adversely affects
a particular gender. For example, we did not attempt to
compare disease burden between the genders nor take into
account socioeconomic issues. We are not aware whether
such information can be mined from the global burden of
disease study on which our burden data are based. We expect
this would have only a minor effect on the results.
This study utilized the most recent U.S. burden data (2015)
made available by the NIH at the time of this writing. There
was hence a temporal mismatch when analyzing 2017 and
2019 funding in the context of 2015 burden. However, such
information could be used to infer whether NIH was adjusting
its funding priorities based on the available burden information.
Disease burden as a funding criterion and NIH
funding priorities

NIH has pointed out that in addition to disease burden, its
funding decisions consider scientific merit, scientific opportunity, portfolio balance, and budgetary considerations.22 One
would expect that disease burden would weigh heavily among
these factors to ensure that the most burdensome diseases receive an equitable share of funding. A study by Gillum et al.23
of 2006 NIH funding did find a correlation between funding
and disease burden, but with DALY accounting for only onethird of the funding level variation (not markedly different
from the results of the study reported herein). In the 2015
testimony before the Senate Appropriations Committee, Francis Collins, Director of NIH, stated: ‘‘Generally we look at the
public health burden and it is a very-well-established way to do
that. We also look at scientific opportunity because it’s not
going to be successful to throw money at a problem if nobody
has an idea about what to do about it. We look at what our peer
review process is telling us about the excellence of the science.’’24 Some might argue that there is always something to be
learned about a disease—that if indeed very little is known, one
could explore a variety of avenues to generate hypotheses that
can then be tested; this would seem relevant particularly for
diseases that are highly burdensome.
Dr. Collins made mention of the excellence of the science.
With few exceptions, research proposals to work on a particular disease are weighed against proposals relating to other
diseases, with an evaluation done based on scientific merit
(see https://grants.nih.gov/grants/grants_process.htm). Proposals involving diseases that are more well-known have the
advantage of the familiarity of the review panel, making it
more challenging for proposals involving diseases whose
knowledge base is less mature. Except for stipulations pertaining to specific revenue streams, for example, Congressional mandates, it is up to the NIH to implement procedures
to guide investment according to disease.
The lack of disease prioritization was addressed in the
2015 Senate testimony of Francis Collins, in which the support
for Alzheimer’s was compared with that of HIV/AIDS.24
Dr. Collins pointed out that each of the 27 institutes and centers
had its own strategic plan, but they had not been synthesized
into an overarching document to guide priority decisions.
Senator Moran stated his expectation that NIH would make the
best decisions possible regarding how funding is allocated so
that the Congress would not have to step in to provide direc-
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tion. This resulted in the formulation of an NIH-wide strategic
plan covering FY2016–2020.25 That plan called for disease
burden as an important but not sole factor for setting funding
priorities. As this is a high-level plan, it is difficult to tell how
NIH’s method of portfolio evaluation and guidance has
evolved, and whether an improved procedure has been put in
place to prioritize funding according to disease.
The approach of evaluating proposals based on scientific
merit and hoping that the resulting portfolio somewhat reflects disease burden can only lead to fruition by coincidence.
One idea is for NIH to use the RCDC and burden data to
perform a funding versus burden analysis to identify shortfalls and excesses and evaluate the rationale for these discrepancies. This information could then be used to guide the
funding process for coming years.
The same can be said when it comes to addressing gender
disparity in funding. An important first step is for NIH to
acknowledge that a problem does exist before they can seek
to ameliorate it. NIH could invoke a methodology of its
choosing (such as that contained herein) to analyze correlations between funding and affected gender. NIH could then
set aside funding oriented toward underfunded diseases that
affect primarily women. Another approach, although more
complicated, would be to award bonus points to proposals in
designated gender-disparity-reducing areas.
The role of stigma

A factor not brought out by Dr. Collins is that of stigma. In
an article by Johnson26 discussing NIH funding priorities,
Claiborne Johnston, Dean of the Dell Medical School in
Austin, Texas, in discussing chronic obstructive pulmonary
disease (often caused by smoking) and liver disease (often
caused by drinking) states: ‘‘we tend to underfund things
where we blame the victim.’’ A number of diseases that are
more common in women fall into this category. As pointed
out by Dusenbery,5(p223) endometriosis, one of the most underfunded female-dominant diseases, was stereotyped as
being brought on by women’s life choices. We pointed out
earlier that ME/CFS, also one of the most underfunded
female-dominant diseases, was incorrectly deemed psychogenic and stigmatized for decades. In the case of multiple
sclerosis, which affects predominately women, it took until
the twentieth century to not be viewed as caused by hysteria5(p141); even now, its funding level is less than that commensurate with its disease burden.
Conclusions

We have demonstrated that NIH applies a disproportionate
share of its resources to diseases that affect primarily men, at
the expense of those that affect primarily women. Furthermore, we see at best marginal improvement in this trend over
the 2015–2019 period.
One of the stated goals of NIH is ‘‘to exemplify and promote the highest level of scientific integrity, public accountability, and social responsibility in the conduct of
science’’ (see https://nih.gov/about-nih/what-we-do/missiongoals). When it comes to social responsibility, at least insofar
as the consideration of women in its disease portfolio, NIH
appears to be falling short. We hope that the analysis presented here motivates NIH to take steps to eliminate gender
disparity in its funding priorities.
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