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Rehabilitation is described as interventions that aim to optimize 
functioning and reduce disability in individuals with health condi-
tions, considering their environment [1]. Global estimates of reha-
bilitation needs revealed that about one-third of the world’s 
population could potentially benefit from rehabilitation in 2019, 
making a substantial 69% increase in years lived with disability 
(YLDs) since 1990 [2]. With the expanding global population, aging 
demographics, and shifts in health trends, the health burden of 
functional recovery is experiencing a significant escalation [3]. 
Large-scale global unmet needs for rehabilitation require more 
attention, as ‘‘Rehabilitation 2030: a Call for Action” was launched 
by the World Health Organization (WHO). 

While medical advances have improved health outcomes, 
inequalities in health research persist, exemplified by the ‘‘10/90 
gap,” warning that a mere 10% of global spending on health 
research is devoted to diseases or conditions that afflict more than 
90% of the world’s population [4]. Without prioritization, market 
forces often guide research and development (R&D) toward prof-
itability rather than health needs [5]. The Global Observatory on 
Health Research and Development aims to address these dispari-
ties by monitoring health R&D prioritizing new investments, and 
addressing capacity strengthening needs [6]. Furthermore, linking 
research efforts to disease burden is critical for shaping health poli-
cies. Previous studies have revealed diverse correlations between 
the allocation of funding for health-related research and disease 
burdens[7,8]. Additionally, growing studies are investigating the 
relationship between health research outputs and disease burden 
[9–11]. 

Globally systematic and dynamic assessment for health R&D 
equality across various research activities encounters challenges 
in monitoring research efforts, resolving data integration concerns, 
and establishing universally accepted disease classifications [12]. 
This study provides a quantitative assessment of rehabilitation 
research equality by measuring the disparities between health 
needs and research efforts. Inspired by the Health Research Oppor-
tunity Index [13], we propose the Research Equality Index (REI) to 
evaluate imbalances (formulae 1–6 in the Supplementary materi-
als). The REI integrates bibliographic data (e.g., grants, publica-
tions, clinical trials, and patents) from PubMed and Dimensions 
and epidemiological data on rehabilitation needs from the WHO 
Rehabilitation Need Estimator. This study was exempt from ethical 
approval by the Ethical Committee of Peking University, as the 
WHO Rehabilitation Need Estimator data is available freely for 
non-commercial use. To ensure consistency, we standardized 
health condition classifications and country/region names across 
data sources. Additional details, including methods, descriptive 
analyses, and mappings, are available in the Supplementary mate-
rials (Figs. S1–S5 and Tables S1–S5 online). 

We compared the proportions of rehabilitation needs and 
research presented by YLDs, grants, publications, clinical trials, 
and patents at the global level, showing significant disparities 
(Fig. S6 online). The REI is based on the ratio of research efforts 
to disease burden for each health condition. The health
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condition-specific REI (sREI) comprehensively evaluated research 
equality relative to health needs across 25 health conditions and 
seven broader categories for various research activities during 
1990–2019 (Table 1). A positive value of sREI indicates relatively 
adequate research efforts, while a negative value suggests inade-
quate research efforts. Health conditions like musculoskeletal dis-
orders (low back pain, neck pain, fractures, osteoarthritis, and 
amputation), mental disorders (developmental intellectual disabil-
ity, schizophrenia, and autism spectrum disorders), and chronic 
respiratory diseases which exhibited research deficiencies con-
tributed up to 75% of the rehabilitation needs (Fig. S7 online). Gen-
erally, the sREI followed similar trends across various research 
activities. For overall equality assessment, the REI is acquired by 
weighting the absolute magnitude of sREI for each health condition 
by the proportion of disease burden. The absolute value of sREI 
represents the degree of imbalance, where larger values indicate 
greater research inequality. The closer REI is to 0, the smaller the 
disparity in research activities among all health conditions. 
Research publications demonstrate a relatively balanced distribu-
tion across various activities, while patents exhibit the most pro-
nounced unevenness. 

We explored the annual trends in rehabilitation research equal-
ity at the global level from 1990 to 2019 (Fig. 1 and Fig. S8 online). 
Regarding the overall research trends across the 25 health condi-
tions, the growth in sREIs for neurological disorders was primarily 
driven by increasing sREIs for stroke and multiple sclerosis, with 
Alzheimer’s disease (AD) and Parkinson’s disease (PD) showing a 
Table 1 
Global rehabilitation research equality index for health conditions during 1990–2019. 

Health condition Grant Public

Musculoskeletal disorders −0.42 −0.30
Low back pain −1.12 −0.66
Neck pain −1.48 −0.79
Fractures −0.49 −0.26
Other injuries 0.31 0.20
Osteoarthritis −0.33 −0.12
Amputation −0.05 −0.13
Rheumatoid arthritis 0.16 0.46

Neurological disorders 0.47 0.37
Cerebral palsy −0.07 0.07
Stroke 0.55 0.39
Traumatic brain injury 0.25 −0.39
Alzheimer’sdisease and dementia 0.59 0.51
Spinal cord injury 0.50 0.40
Parkinson’sdisease 0.88 1.05
Multiple sclerosis 0.90 1.13
Motor neuron disease 1.36 1.45
Guillain–Barré syndrome 0.39 0.91

Sensory impairments 0.06 −0.18
Hearing loss 0.20 −0.04
Vision loss −0.19 −0.44

Mental disorders −0.24 −0.14
Developmental intellectual disability −0.30 −0.15
Schizophrenia −0.38 −0.16
Autism spectrum disorders 0.08 −0.07

Chronic respiratory diseases −0.37 −0.28
Chronic obstructive pulmonary disease −0.37 −0.28

Cardiovascular diseases 0.77 0.87
Heart failure 0.54 0.49
Acute myocardial infarction 1.90 2.15

Neoplasms 1.13 1.40
Cancer 1.13 1.40

REI 0.61 0.39

*REIs are rounded to two decimal digits. REI: research equality index. 
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notable decline. For most other health conditions, the sREIs 
decreased or remained stable, except for autism spectrum disor-
ders, which exhibited a clear upward trend. It is noteworthy that 
in chronic obstructive pulmonary disease (COPD) and heart failure, 
opposite trends—increasing sREIs for grants and publications, but 
decreasing sREIs for clinical trials and patents—were observed, 
indicating potential fragmentation in the innovation chain. Glob-
ally, the REI exhibited a declining trajectory, suggesting improved 
research equality over the past three decades. A synchronous anal-
ysis of research coverage trends across 25 health conditions 
revealed that the higher REI values in earlier years primarily 
resulted from missing research on many health conditions. For 
grants, the research area coverage began to exceed 95% in 2001, 
coinciding with a notable decline in grant REI prior, subsequently 
stabilizing around 0.6. The publication REI remained relatively con-
stant, with coverage ratios consistently exceeding 90%. Clinical tri-
als and patents experienced a more severe missing research area, 
with research area coverage ratios reaching 80% until 2010, after 
which the clinical trial and the patent REI stabilized at 0.4 and 
0.9, respectively. These findings suggest that the improved rehabil-
itation research equality during 1990–2000 is predominantly attri-
butable to a reduction in missing research areas. 

Among different income groups (Figs. S9–S18 online), the sREI 
distribution patterns are generally similar between high- and 
upper-middle-income groups, where health conditions related to 
musculoskeletal disorders (e.g., low back pain and neck pain), 
mental disorders (e.g., schizophrenia), and COPD exhibit varying
ation Clinical trial Patent Overall 

−0.36 −0.39 −0.37 
−0.81 −1.15 −0.94 
−0.78 −0.87 −0.98 
−0.35 −0.17 −0.32 
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0.60 0.86 0.60 
0.12 −0.45 −0.12 
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0.20 −0.13 0.24 
1.05 0.52 0.88 
1.22 0.32 0.89 
1.15 0.69 1.16 
0.24 −5.00 −0.86 

−0.49 0.24 −0.09 
−0.58 0.46 0.01 
−0.40 −0.35 −0.34 

−0.40 −0.79 −0.39 
−0.74 −0.69 −0.47 
−0.30 −1.79 −0.66 
−0.22 −0.31 −0.13 

0.08 −0.85 −0.36 
0.08 −0.85 −0.36 

0.99 0.35 0.74 
0.74 0.05 0.45 
2.13 1.55 1.93 

1.31 0.80 1.16 
1.31 0.80 1.16 
0.49 0.72 0.51 
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Fig. 1. Dynamic trends of global rehabilitation research equality index during 1990–2019. (a) sREI; (b) REI. REI: research equality index; sREI: health condition-specific REI. 
research gaps across all research activities. In the high-income 
group, research activities for rheumatoid arthritis, cerebral palsy, 
AD and dementia, and cancer are generally adequate, but an unex-
pected research gap appears in patents. In the upper-middle-
income group, gaps in patents are evident in spinal cord injury, 
multiple sclerosis, and heart failure, suggesting a disconnect 
between basic research and technological translation. We unex-
pectedly discovered that research activities in the lower-middle-
1059
income group focus on conditions such as stroke, PD, and multiple
sclerosis, with a higher burden in the high- or upper-middle-
income groups. Generally, the trends of rehabilitation REI in
high-income countries align with global patterns, driven by the
dominant role of the high-income group in various rehabilitation
research activities. Compared with the high-income group, time
lags occur in the decrease of the REIs of upper-middle- and
lower-middle-income groups. In the upper-middle-income group,
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REIs for grants and publications reached a low point after 2005, 
while REIs for clinical trials reached a low point after 2010. Surpris-
ingly, in 2019, the REIs for publications and clinical trials in the 
lower-middle-income group were even lower than those in the 
high- and upper-middle-income groups. Without considering the 
impact of blank research areas, REI in the high-income group 
was not better than that in upper-middle- or lower-middle-
income groups.

Our findings represent the first quantitative assessment of the 
extent of rehabilitation research equality across health conditions, 
revealing significant inequalities. Health conditions with insuffi-
cient research constitute up to 75% of the total rehabilitation 
needs. Research on low back pain and neck pain continues to be 
lacking across various research activities. Furthermore, research 
gaps for musculoskeletal disorders are still widening despite their 
significant and growing burden and health spending [8]. Sensory 
organ injuries affecting both the elderly and children, demonstrate 
an increasing research gap, especially in vision loss, where the pro-
portions of research activities consistently fall short of half of the 
disease burden. In relation to mental disorders, a serious deficiency 
and an increasing gap are observed in research on developmental 
intellectual disability and schizophrenia, both of which are preva-
lent in children and young adults. Moreover, we identified ‘‘ne-
glected diseases” in the field of rehabilitation research, which are 
even more prevalent in high-income countries. For instance, a pos-
itive association was observed between the age-standardized YLD 
rate of low back pain and sociodemographic index over the past 
thirty years [14]. 

Rehabilitation significance extends beyond the traditional focus 
on persons with disabilities, now involving a broader spectrum of 
health conditions affecting individuals across the lifespan, from 
children with cerebral palsy and developmental intellectual dis-
ability, to adults with musculoskeletal conditions, to older people 
experiencing stroke, COPD, or difficulties associated with aging. 
As populations are expected to age and the epidemiological shift 
from communicable to noncommunicable diseases, the huge need 
for rehabilitation is going to increase. However, rehabilitation 
seems widespread under prioritized. In response to the substantial 
and escalating unmet need for functional recovery, WHO has 
launched the Rehabilitation 2030 initiative and released a series 
of frameworks and packages to strengthen the rehabilitation in 
health system. In 2023, the World Health Assembly’s landmark 
resolution on ‘‘Strengthening Rehabilitation in Health Systems” 
further emphasized to support for implementing research and 
innovation for efficient delivery and equitable access. Health 
resource allocation—including workforce development, infrastruc-
ture, financing, and access to assistive technologies—is pivotal to 
achieving these goals. These resources not only address rehabilita-
tion needs but also directly impact research efforts by fostering 
evidence generation and innovation. Rehabilitation research and 
evidence play an important role in rehabilitation strengthening 
efforts [15]. Simultaneously, the equality of rehabilitation research 
is vital to better serve the global public interest. 

Previous studies on assessing research equality often involve 
correlation analyses and calculating the disparity between actual 
and predicted research activities. However, this methodology is 
sensitive to the overall scale, limiting it to specific research activity, 
country, or time period. Despite the attention paid to research 
equality for over 30 years, systematic quantitative measurements 
and methodologies remain scarce. In this study, the proposed REI 
allows for the integration of various research activities, enabling 
measurement of research balance at global and income group 
levels, and facilitates monitoring of dynamic trends. The analysis 
of the correlations between the burden of health conditions and 
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various research activities shows the strongest correlation in the 
patents (Fig. S19 online). However, a significant 75% of the patents 
are focused on stroke, other injuries, hearing loss, and fractures, 
resulting in more unbalanced REI for patents. It implies that a high 
correlation does not always imply a more rational allocation of 
research resources. Varied levels of correlation or non-
correlation, and weak correlations provided limited practical guid-
ance, without continuous and comparable monitoring. The REI pro-
vides a more objective and consistent measure of research balance, 
serving as a crucial tool for integrating research efforts and gener-
ating evidence. Allocating proportional and rational resources 
across rehabilitation-related health conditions is a complex 
decision-making task. Notably, ‘‘needs-driven” R&D may not follow 
a linear relationship between disease burden and funding [5]. 
However, based on the presumption that R&D is responsive to 
health needs, our study provides the policy community with a sys-
tematic and quantitative approach to prioritizing health R&D 
beyond the rehabilitation field. 

Our study has several limitations. First, although we aimed to 
measure research activity comprehensively, the grants, publica-
tions, clinical trials, and patents do not fully accurately reflect 
all research efforts, excluding outputs like clinical guidelines or 
datasets and alternative measures such as funding amounts. Sec-
ond, imperfect classifications of rehabilitation-related health con-
ditions and retrieval methods and constraints regarding data 
availability hinder the comprehensive coverage of rehabilitation 
research. As our understanding of rehabilitation disease classifica-
tion increases and monitoring becomes more comprehensive, our 
research will continue to improve. Third, it was not possible to 
encompass all rehabilitation research. This limitation arises from 
constraints in terms of both data availability and the MeSH 
terms-based methods of retrieval and standardized classification 
of health conditions. Only 43% of grants, 37% of publications, 
58% of clinical trials, and 22% of patents are classified into specific 
disease areas. It may be due to many rehabilitation studies focus-
ing on functional improvement or belonging to general supportive 
research that cannot be attributed to a specific disease. Finally, 
the estimates by REI are reasonable but not necessarily highly 
precise. The accuracy of REI interpretations depends on data qual-
ity. Considering the impact of missing data becomes crucial, when 
interpreting REI. 

We call for strengthening rehabilitation research and innova-
tion as well as research equality. Despite the increased rehabilita-
tion research activities from 1990 to 2019 filling many blank 
research areas, the fundamental issue of imbalanced research has 
not seen substantial improvement. Addressing the inequality in 
rehabilitation research remains a major challenge for global and 
national health science and technology policy management. We 
hope that the issue of rehabilitation research inequalities receives 
attention and advocates for a global monitor in rehabilitation R&D 
that takes into account the health needs of the population. 
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