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Abstract

Background: Allocation of health research funds among diseases has never been evaluated in China. This study aimed to
examine the relationship between disease-specific funding levels of National Nature Science Foundation of China (NSFC),
the main governmental resource for health research in China, and burden of disease.

Methodss: Funding magnitudes for 53 diseases or conditions were obtained from the website of NSFC. Measures of disease
burden, mortality, years of life lost (YLLs) and disability-adjusted life years (DALYs), were derived from the Global Burden of
Disease Study 2010. The relationship between NSFC funding and disease burden was analyzed with univariate linear
regression. For each measure associated with funding, regression-derived estimates were used to calculate the expected
funds for each disease. The actual and expected funds were then compared. We also evaluated the impacts of changes of
disease burden metrics since 1990, and differences from the world averages on NSFC funding.

Results: NSFC health research funding was associated with disease burden measured in mortality (R=0.33, P=0.02), YLLs
(R=0.39, P=0.004), and DALYs (R=0.40, P=0.003). But none of the changes of mortality (R=0.22, P=0.12), YLLs (R=—0.04,
P=0.79) and DALYs (R=—0.003, P =0.98) since 1990 was associated with the funding magnitudes. None of the differences
of mortality (R=—0.11, P=0.45), YLLs (R=—0.11, P=0.43) and DALYs (R= —0.12, P =0.38) from that of the concurrent world
averages were associated with the funding magnitudes. Measured by DALY, stroke and COPD received the least funding
compared to expected; while leukemia and diabetes received the most funding compared to expected.

Conclusion: Although NSFC funding were roughly associated with disease burden as measured in mortality, YLLs and
DALYs. Some major diseases such as stroke were underfunded; while others such as leukaemia were overfunded. Change of
disease burden during the last 20 years and country-specialized disease burden were not reflected in current allocation of
NSFC funds.
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ment of grant money has been criticized for lack of transparency,
and funding tends to go to eminent scientists and safe projects
[4,5]. There are short-term (annual) and long-term (5 years)
national priorities for health researches, but they are merely results
of government decisions based on politic will, public opinions,

Introduction

In recent years, China is pouring cash into science and
technology faster than its economy has expanded [1]. The total
research and development (R&D) expenditure in China has

increased by 23% annually on average over the past decade [2].
The central government’s budget on science and technology
reached 267.4 billion yuan renminbi (RMB), or US $43.6 billion,
in 2014 [2]. Consistent with this trend, the governmental funding
for health research is also increasing. Although still dwarfed by
that of US (US § 3.1 billion for National Natural Science
Foundation of China (NSFC) against US § 30 billion for US
National Institute of Health (NIH) in 2014), China’s governmental
funds, principally NSFC, are becoming an important supporter for
health research in the world [3].

However, the allocation of research funds among diseases, and
its rationality has never been evaluated in China. The disburse-
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extemporaneous expert comments and immediate experience
from western countries, rather than on systematic analysis of
China’s own disease burden. Considering the limited resources, it
1s important for China to optimize the process for health fund
allocation with disease burden as a reference, as did in USA and
other countries [6-8].

NSFC is a centre goverment agency specialized in administrat-
ing basic research funds, and it is the main source for the health
research funds. Utilizing the design and methods in previous
studies for evaluating association of NIH funding level and disease
burden in USA [6,7], this study evaluated the relationship between
NSFC funding levels and measures of disease burden. We also

November 2014 | Volume 9 | Issue 11 | e111458


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0111458&domain=pdf

NSFC and Disease Burden

(12) s8L (5€) T2 (91) 08L (80) LtsL (92) s (62) ST (0°1) stTor 19dued [edIAIR)

(6%) 8L¥7— (12) €€L1 (6%) 650 — (co) zLL (09) ¥TL— (¢0) s (0°1) 0L£9T sisojnaJagn L

(82) 16 (¥¥) s9T (82) st (6v) LTL (09) € (Lv) £ (11) 09L6T 95e3sIp Uosubjied

(0S) 9vL6— (¥) ¥TL9L (05) 8080L— (v) s66¢CL (€9) €6v— (€) ¥€6 (T'1) 0sv6T adod

(¥¥) ss8— (o) 9§ (b)) LL6— (ov) 2z (e¥) 91— (6%) S (1) 09zo€ SI9pIOSIp [eusdle

(o¥) 91T— (52) £0S1 (Lt) vy — (2e) 65 (ev) L— (8¢) T1 (TL) ovele Asdayid3

(£1) oze (1€) 0901 (€1) v1€ (¥2) 9v0L (s el (92) € (T1) oszLe Jaoued xukieydosen

(s2) 601 (05) 8L (12) L6 (st) soL 61) £ (6€) LL (€°1) ogsve 192UED 9)e1501d

(81) 65T (6€) 965 () 16 (L¥) ¥SL (81) 8 (L9) €1 ($°L) 0SL6E 1annyy pue uone||uqy [y

(st) 856— (1¥) €SP (St) Tv6— (s€) z8¢ (9v) 95— (€€) 61 (9°1) 086¢€ 192|n dndad

(£) 6€LL (02) TSLL (9) ooLL (€D) LLLL (8) 9¢ (¥2) 9¢ (9°1) szoov SAIv-AIH

(6) 816 (1) TLPE (L8) LLL— (6€) 6LC (ot) ¥— () 6 (£1) 09zey eluaiydoziyds

(2S) 99107~ (L1) SELS (2s) €L10T— (6) LLLY (15) £61— (8) s61 (8'L) 0099% eluownaug

(9) L6TT (S) £9£1LL (0) 0 (€9) 0 (98) 0 (€90 (07) se€Ls uolssaidag

(61) 0¥T (92) L6¥L (r1) TeeT (81) €£vL (1) €1 (12) 6% (1'7) 01928 sJdued ulelg

(¢€) 8~ (82) evvL (¥€) 8v— (61) 6LEL L) LL (€2) v (L'7) svees sinedsy

(e¥) sT8— (01) 9199 (ev) 6¥8— (8) €259 (89) 0 (£) L6T (1'7) 019€S 13dued Yoewols

(2) T9ts (2) 6€10€ (€) 628% (2) €£16T (2) £8¢ (1) zLL (T2 0ggss Mons

(S1) 09% (81) £94T (o1) 8s¥ (1) veLT (2) 6€ (o) €1 (7'2) €9v19 95e3sIp Uedy dAIsULAAH

(€) €108 (9) 8LELL (@) ev6v (S) L6LLL (€) €T (S) €1S (527) 085€9 Jadued bun

(€9) veSTT— (8) 6298 (€9) veeze— () €L1L (2S) 097— (1) €8 (57) 0££€9 $I9pIOSIp [e1eUOdN

(£v) 8807 — (91) 9L€€ (£¥) s60T— (¢1) o8LE (8%) 19— (€V) pLL (£7) 58089 sisoyud

(L1) 969 (£1) z8LT (L) €1y (91) ¥so0z (6) 8T (S1) z8 (6'7) 68€SL saseasip Asuppy dluoiyd

(8) L6 (S1) €Tre (2) 106 (L1) soge (9) £ (T1) oSL (0°€) 0665L Jadued [e32210]0)

(6€) evL— (0€) S601L (8¢€) €£1— (L€) 8s€ (s¥) ze— (ze) 0T (1°€) 09008 ewyIsy

(o1) 91L (z2) LL91 (8) S¥9 (£1) €951 (c1) €T (61) €S (£'€) 09€56 13dued jsealg

(15) 98¢0L— (1) ¥080Y (15) Lz8TL— (1) 65L1E (L¥) 95— (¥) 961 (0%) 09s€0L Ainfu

(5) 812 (£) 68001 (¥) ¥89¢ (9) vL00L (¥) L€L (9) ozg (S¥) STevlL 132UBD J3AI

(€1) 9€9 (€7) €651 (£1) 651 (08) 919 (1) vT (02) 05 (Sp) s8511L enuaweg

(1) 65LL (€) 9881 (1) €60£ (€) ¥8091 (1) 66% (2) 6v6 (99) s81691L 95e351p 1edY JIWBYIS|

(¥) 686C (6) s€8¢ (s) LszL (€1) €L1€ ($) 06 (11) o9L (6'9) S€99/1 sa13qelq

(T¥) ¥SE— (61) 8L¥T (ot) 99€— (S1) 06€C (s2) S (£1) 85 (8'T1) ¥S8LTE ELAIEY
0661 @>uls abueyd sAva sAva 0661 @duls abueyd sTIA STIA 0661 @duls Ajeyion (12303 jJo %)

abueyd Ayjeyion

(jues) spuesnoyy

dINY ul spuesnoy)

010Z Ul Uapang dseasip JO d4nNsed

puny ydaeasas D4SN

aseasip 1o uonpuod

"BUIYD U] USPINg 3seasip pue J4SN 4O S[aAJ] Buipund *| djqel

November 2014 | Volume 9 | Issue 11 | e111458

PLOS ONE | www.plosone.org



NSFC and Disease Burden

100385t L L Lo"duod [euinol/LZE1°0L:10p

860 €000 640 ¥00'0 (4] 200 d
puny ydieasaa
€000— (o40) ¥0'0— 6€°0 [440] €€°0 Y4 D4SN Yim uonepossy
(D) €6 (9v) 0sT (€2) 06 (1t) 9vT (L0 v (ov) 6 (o) oLzl ewoAw ajdnjny
(8%) ¥S9T— (L2) L8¥1 (8%) 185T— (12) oLzL (6) vL— (81) £S5 (T0) oLvt aseas|p ueay dlewnayy
(9%) sSS1L— (9€) 529 (9%) 88¥7L— (9€) 8s€ () €T— (ov) 8 (T0) 0s€S smbuiusy
(0€) 9£ (Ly) €12 (s2) L9 (€¥) 10T (60) € (st) 8 (€°0) 0999 J1a0ued ploiky L
(92) 0oL (6%) z8L (6€) 9ve— (09) 611 2 9 (1%) 6 (€°0) 0669 aseasip JejndseA [esayduad
(07) 622 (L) ¥¥9 (S1) st (62) ££9 ¥e) 0 (re) 8L (€°0) 095£ J3oued J9ppe|q|jes
(60) LL (15) 95L (¥2) S (8Y) €51 (80 ¥ (8%) £ (€°0) 0g€8 ewoueRW
(91) v8¢ (v€) L€8 (T1) oor (£0) €28 (€1) 8L (L0 T (¥°0) 0zOOL 19ued Asupry
(c1) 889 (€1) 68vE (Lo) T (9%) €91 (€9) L (09) s (7'0) 0zL0L SI9PIOSIP SeulyD 3|oYodly
(8¢€) LT1L— (2e) €101 (9€) sTL— (52) 586 (e € (52) s€ (s0) oLLTL snipiedofuwr pue AyjedoAworpied
(1¥) ove— (¥2) €151 (¢h) ver— (€€) Oty (1%) 5— G€) S1 (5°0) 098ZL sejwaeuy
(zg) Lt (8¥) S0T (62) ST (¥v) 881 (ze) T (b¥) 8 (S0) OLLEL sieanued
(r2) sLL (@) Ly (02) 90L (v€) 66€ (V) 8 (0€) €2 (°0) 08z€L Jadued Joppe|g
(s€) €T— (S¥) 15T (€€) vE— (ty) Tee (3] (€¥) 6 (9°0) 0591 SISILOSOISIYDS
(€€) v— (€9) 1 (1€) 9— (4984 (e o ((49)0] (9°0) 05051 eueew
(1€) 0§ (€€) ¥S8 (92) o (92) s¢8 (09 (82) 6C (9°0) 00¥9L ewoydwiA
(9€) 92— (2s) 6L (5€) 09— (15) 05 (6€) T— (19 ¢ (£°0) 58081 s15049)2s 9|dn|niy
(v€) oL — (c1) 8s8¢ (¢e) sL— (o1) vz8e (00) £ (6) 9L (8°0) 0861 19dued |eabeydosaQ
(¢2) 951 (€¥) 19€ (81) 0SL (8€) 15€ (12 £ (9€) L (8°0) 0661 195Ued YINOW
(€2) spL (8€) €09 (61) L¥L (1€) ¥65 (€09 (16) 1z (6°0) 0LTTT Jadued ueneAQ
(1) sSS (67) Tzl (6) LSS (02) sLEL (o1) 9z (91) 85 (6°0) LSOVT J135ued djjeasduRd
0661 @duls abueyd sAva sAva 0661 @duls abueyd sTIA STIA 0661 @duls Ayjeriopn (12303 o %)

abueyd Ayjeyion

(jues) spuesnoyy

dINY ul spuesnoy)

010Z Ul Uapang dseasip JO d4nNsed

puny ydaeasas D4SN

aseasip 1o uonpuod

0D *L d|qeL

November 2014 | Volume 9 | Issue 11 | e111458

PLOS ONE | www.plosone.org



discussed the differences of health research system in China and
USA and the possible factors influencing the health fund allocation
among diseases.

Methods

The budgets for NSFC are determined at least one year before
each fiscal year, and some major research plans are made even five
years ago. To reflect this time lag, data of 2010 disease burden and
2012 NSFC funding were chose to evaluate the relationship
between disease burden and magnitude of research funding.
Diseases were included in this study if 1) they were defined in
International Classification of Diseases, 9" revision, Clinical
Modification (ICD-9-CM); 2) their funding levels of NSFC were
available; and 3) their measures of the burden of disease were
available in Global Burden of Disease (GBD) Study 2010 [9].

Data Sources

NSFC has eight departments responsible for funding researches
in different scientific subjects: mathematics, chemistry, life science,
geoscience, engineering and material science, information science,
management science and health. Before 2010, health research was
included in the life science department, which also involved
specialties of biology, botany, ecology, zoology, forestry, microbi-
ology, immunology, psychology, agronomy and veterinary med-
icine. In 2010, health research was separated from life science
department as a separate department.

The health department of NSFC has a similar framework to
NIH, but with fewer “institutes” (currently eight compared with

NSFC and Disease Burden

27 mstitutes and centers in NIH), and endued with less functions.
Applicants submit their protocols to different institutes according
to target disease. For example, No.l institute is responsible for
diseases in circulatory, respiratory, blood and digestive systems.
No.2 institute is responsible for disease in urinary, genital and
endocrine systems, and diseases of ophthalmology, otolaryngology
and dentistry. No. 3 institute is responsible for diseases of
neurology and psychology. No.4 institute is responsible for diseases
of skin, locomotor system and injury. No. 5 institute is responsible
for cancer. No. 6 institute is responsible for communicable diseases
and occupational diseases. No. 7 institute is responsible for
pharmacology and pharmaceutics. No. 8 institute is responsible
for Traditional Chinese Medicine.

Data concerning the funding levels for specific diseases or
conditions in 2012 fiscal year were obtained from the NSFC
website (http://isisn.nsfc.gov.cn/egrantweb/). The funding data
were updated annually by NSFC. Data concerning disease burden
were derived from GBD Study 2010 [9].

Three measures were chose to reflect disease burden from the
GBD Study 2010: mortality, years of life lost (YLLs), and
disability-adjusted life years (DALYs). In GBD Study, YLLs are
calculated by multiplying the number of deaths in each age group
by a reference life expectancy at that age. YLDs are calculated
from the prevalence of a sequela multiplied by the disability weight
for that sequela. Disability weights are based on surveys of general
population. DALY are the sum of YLLs and YLDs [10].

Due to the rapid population ageing and widespread westernized
lifestyle changing, there is a remarkable change of disease
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Figure 1. Relationship between NSFC disease-specific funding in 2012 and disability-adjusted life-years (DALYs) in 2012. Both X and
Y axes are submitted to logarithmic scale. The line represents funding predicted on the basis of a linear regression with DALYs.

doi:10.1371/journal.pone.0111458.g001
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Figure 2. Differences between actual and expected disease-specific NSFC funding as predicted by mortality, YLLs and DALYs.
Negative values indicates underfunded, and positive values indicates overfunded.

doi:10.1371/journal.pone.0111458.9g002

spectrum in China in recent 20 years. These trends may have
influenced the allocation of research resources, because some
disease may become more, while others less prevalent. We,
therefore, evaluated the impacts of changes of mortality, YLLs,
DALYs between 1990 and 2010 on disease funding. Data of
disease burden, mortality, YLLs and DALYs for China in 1990,
were also retrieved from GBD Study [9].

Some diseases are more prevalent, and pose an extra burden in
China compared to the world average level. These diseases
deserve extra research resource to accelerate improvements in
prevention and management. Therefore, we evaluated the
differences of mortality, YLLs and DALYs of each disease
between China and the world average level. Data of mortality,
YLLs and DALYs for the world average level in 2010 were
retrieved from GBD Study [11-13].

Statistic Analysis

Univariate linear regression was performed to assess the
relationship between funding levels and disease burden metrics.
For each measure that had a significant association with funding,
regression-derived estimates were used to calculate the expected
NSFC funding for each disease. The expected and the actual
funding magnitudes were then compared. In univaritate regression
analyses, we also evaluated the association of funding levels with
changes of disease burden during 1990 and 2010, and with
differences of disease burden between China and the worldwide
average. The SPSS statistical package (Version 16, Chicago, IlI)
was used for all statistic analyses.

Results

The total NSFC budget of 2012 fiscal year was 16.93 billion
RMB (US $2.69 billion), with 4.12 billion RMB allocated to health
research (disease targeted), of which 2.57 billion RMB (62.4%) was
devoted to the 53 diseases included in this study. Disease funding
ranged from about 2 million RMB for multiple myeloma, to 328
million for leukemia, with a median of 31 million RMB (4.8%+5.5
million RMB, Table 1).

In the univariate regression analysis, NSFC health funding was
associated with burden of disease measured in mortality (R =0.33,
P=0.02), YLLs (R=0.39, P=0.004), and DALYs (R =0.40,
P=0.003, Table 1).

Since 1990, the burdens decreased in some diseases, while
increased in others in large extents (Table 1). The mortality of
chronic obstructive pulmonary disorder (COPD) decreased from
1427 thousand in 1990 to 934 thousand in 2010, with a decrement
of 493 thousand which ranked top among diseases. The mortality
of neonatal disorders decreased from 343 thousand to 83
thousand, with a decrement of 260 thousand which ranked
second among diseases. Progress in neonatal disorders contributed
the largest reduction of DALY (a decrement of 22534), followed
by pneumonia (a decrement of 20166). On the other hand,
ischemic heart disease induced the largest increment of mortality
(499 thousand) during 1990 to 2010, followed by stroke (387
thousand). Ischemic heart disease also induced the largest
increment of DALYs (7759 thousand), followed by stroke (5262
thousand). Because these transitional trends of disease burden may
be a reflection of past research strength, and could have been used
as indicators for allocating research resources, we analyzed the
changes of disease burdens during 1990 to 2010. But none of the

PLOS ONE | www.plosone.org

changes of mortality (R=0.22, P=0.12), YLLs (R=-0.04,
P=0.79) and DALYs (R=—0.003, P=0.98) was associated with
NSFC funding magnitudes (Table 1).

Some diseases pose extra burden in China compare to the world
averages, while others pose less burden. Of note, stroke
demonstrated the largest extra mortality (126.1/100000 higher),
YLLs (614/100000 higher) and DALY (618/100000 higher) than
the world averages. Ischemic heart disease induced the least extra
mortality than the world average (35.6/100000 lower), and
neonatal disorders induced the least extra YLLs (1985/100000
lower) and DALYs (2004/100000 lower) than the world averages.
We analyzed differences of disease burden metrics in 2010
between China and world averages. But none of the differences of
mortality (R=—0.11, P=0.45), YLLs (R=—0.11, P=0.43) and
DALYs (R=-0.12, P=0.38) to the world averages were
associated with NFSC funding magnitudes (Table 2).

In standard multivariable analysis, DALYs became the only
significant predictor for NSFC funding. The amount of predicted
and actual NSFC funding as a function of DALYs is shown in
Figure 1. The line represents the predicted funding levels if
DALYs were the sole criterion for funding.

The difference between actual and predicted funding for each
disease, with mortality, YLLs and DALYs as explanatory
variables, is shown in Figure 2. Stroke, and COPD received
the least funding compared to expected, while the leukemia and
diabetes received the most funding compared to expected.

Discussion

In this study we analyzed the relationship between NSFC
funding and burden of disease measured in mortality, YLLs and
DALYs. Although the NSFC health funding was associated with
disease burden, measured in mortality (R =0.33, P=0.02), YLLs
R=0.39, P=0.004), and DALYs (R =0.40, P=0.003), there exist
significant differences between the actual and expected funding in
some diseases according to these measures.

The relationship between disease research funding and burden
of disease has been investigated in US National Institute of Health
(NIH) system in several studies [6,7,14]. Disease incidence and
prevalence were unrelated to funding, while mortality and YLLs
weakly correlated with funding. DALYs were more strongly
predictive [6,7]. In this study, mortality also weakly correlated with
funding. Both YLLs and DALYs correlated significantly with
NSFC funding. Although NSFC has a smaller total funding budget
for health research, and is more inclusive and involves several
subjects other than health, its organization is roughly similar to
those of NIH. So it is not surprise that the overall profiles of NSFC
funding distribution among diseases are similar to that of NIH.

The funding programs in NSFC can be classified as three types:
free-applying, predetermined and investigator-targeted programs,
which accounts for about 93%, 5% and 2% of the total budget
respectively. For free-applying programs, there is no preset
research scope, so applicants can choose any health research
topics. For predetermined programs, every year one or two
research topics were preset in each institute according to expertise
and scientific needs. For the investigator-targeted programs,
prominent investigators younger than 45 years were selected base
on their previous academic achievements, and 1.5-3.0 million
RMB was arranged to each awarder. With the money, they can
choose any health research topics in five years. These arrange-
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ments made the distribution of NSFC health research fund among
diseases largely determined by numbers of applications and
applicants’ interests in individual disease, which may be further
influenced by international research trends, governmental policies
and public opinions.

Based on the limited data of the present study, it is unlikely to
determine why some diseases were underfunded, while others
overfunded relative to disease burden. The over-funding of
leukemia in China may be explained by the governmental
reinforce of children health after the implementation of One-
Child Policy in 1978. Successes in treating some types of leukemia
in resent years, arsenic trioxide for acute promyelocytic leukemia
as an example, which was originally discovered by Chinese
researchers and they also contributed remarkably in the subse-
quent studies [15,16], may have further incited the enthusiasm for
leukemia research in China. On the other hand, stroke and COPD
remained as the most underfunded diseases. The limited data
suggested that incidence, prevalence of stroke, COPD and several
other chronic diseases are increasing rapidly in China in recent
year due to population ageing, lifestyle transition and environment
pollution [17,18]. These rapid changes in disease burdens have not
reflected in the current NSFC funding assignment, possibly due to
the unawareness of impact of these changes to public health or
delayed responses to these changes. Furthermore, lack of major
progress in managing stroke and COPD in recent years probably
have depressed the interests for studying these chronic diseases.

Given the limited resource for health research, developing
countries like China should allocate more research fund to their
country-specific diseases—those with extra burden than other
countries [19]. But in analyzing NCSF allocation, we failed to
find this association. Measured by mortality, YLLs or DALYs,
stroke poses the heaviest disease burden in China. The mortality,
YLLs and DALY of stroke in China is 38.5/100000, 614/100000
and 6187100000 higher than the world average level respectively,
and all of these differences rank first among diseases. On the other
hand, mortality, YLLs and DALYs of ischemic heart disease is
35.6/100000, 636/100000 and 642/100000 lower than the world
average level respectively, which make it one of the least country-
specific diseases in China. Although DALYs caused by stroke in
2010 (30139 thousand) is about two times of DALYs caused by
ischemic heart disease (17886 thousand), the NSFC fund allocated
for stroke is only one third of that for ischemic heart disease (55 vs
169 million RMB). This phenomenon of disproportionally
underfunding of stroke and overfunding of ischemic heart disease
in reference to disease burden was not observed in the recent NIH
fund allocation [7].

The disease spectrum in China has changed significant in recent
20 years. Measured by DALYs, the disease burden of neonatal
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disorders and pneumonia decreased with the largest extent
(22534/100000 and 20166/100000) during 1990 to 2010; while
DALYs due to ischemic heart disease and stroke increased with
the largest extent (7759/100000 and 5262/100000) [9]. Theoret-
ically, those with disease burden increased rapidly deserve more
research resources to find approach for counteracting the trends.
But we failed to find this association in NCSF allocation.

There are several limitations in this study which should be
addressed when interpreting the results. First, we did not evaluate
other sources, such as health research funds from government
agencies other than NSFC. Other national funds, such as 863
projects, 973 projects, and National Supporting Programs
administrated by Ministry of Science and Technology (MOST),
account for about 10% of all governmental funds dedicated to
health research in 2012 [20]. Funds from provincial government
account for about 20% of all governmental funds dedicated to
health research. Thus, contribution of resources other than NSFC
for health research is unremarkable. Second, we did not include
prevalence and incidence as measures for disease burden due to
lack of recent data. In the previous studies, prevalence and
incidence were not associated with NIH funding levels. We
presume this is also the case in NSFC funding. Third, there may
be fluctuation of funding magnitudes for a given diseases over
years. The annual fluctuation of funding may be more predom-
mant in less common diseases, for which the number of applicants
1s relatively small.

In conclusion, although the funding levels of NSFC were
roughly associated with diseases burden as measured with
mortality, YLLs and DALYs, some major diseases such as stroke
were underfunded; with others such as leukemia were overfunded.
Changes of disease burden during the past 20 years, and
differences of disease burden from the world average have not
been considered in allocating the current NSFC health funds.

Acknowledgments

This study was sponsored by Nature Science Foundation of Jiangsu
(BE2013713) to GX. Authors thank Dr. Heqin Cao from NSFC for
providing the annual funding data of NSFC, and for his suggestions in the
study design and manuscript revision.

Author Contributions

Conceived and designed the experiments: GX ZZ QL YL RY YX Y] XL.
Performed the experiments: GX ZZ QL YL. Analyzed the data: GX ZZ.
Contributed reagents/materials/analysis tools: GX ZZ QL Y] XL. Wrote
the paper: GX ZZ XL.

9. Yang G, Wang Y, Zeng Y, Gao GF, Liang X, et al. (2013) Rapid health
transition in China, 1990-2010: findings from the Global Burden of Disease
Study 2010. Lancet 381:1987-2015.

10. Murray CJ, Ezzati M, Flaxman AD, Lim S, Lozano R, et al. (2012) GBD 2010:
design, definitions, and metrics. Lancet 380:2063-2066.

11. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, et al. (2012) Global and
regional mortality from 235 causes of death for 20 age groups in 1990 and 2010:
a systematic analysis for the Global Burden of Disease Study 2010. Lancet
380:2095-2128.

12. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, et al. (2012) Disability-
adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990
2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet
380:2197-2223.

13. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, et al. (2012) Years
lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries 1990—
2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet
380:2163-2196.

November 2014 | Volume 9 | Issue 11 | e111458



Sampat BN, Buterbaugh K, Perl M (2013) New evidence on the allocation of

NIH funds across diseases. Milbank Q 91:163-185.

15. Rao Y, Li R, Zhang D (2013) A drug from poison: how the therapeutic effect of
arsenic trioxide on acute promyelocytic leukemia was discovered. Sci China Life
Sci 56:495-502.

16. Wang ZY, Chen Z (2008) Acute promyelocytic leukemia: from highly fatal to
highly curable. Blood 111:2505-2515.

17. Liu M, Wu B, Wang WZ, Lee LM, Zhang SH, et al. (2007) Stroke in China:

epidemiology, prevention, and management strategies. Lancet Neurol 6:456—

464.

PLOS ONE | www.plosone.org

10

18.

NSFC and Disease Burden

Fang X, Wang X, Bai C (2011) COPD in China: the burden and importance of
proper management. Chest 139:920-929.

. Viergever RF, Olifson S, Ghaffar A, Terry RF (2010) A checklist for health

research priority setting: nine common themes of good practice. Health Res

Policy Syst 8:36.

. National Bureau of Statistics Ministry of Science and Technology (2013) China

Statistical Yearbook on Science and Technology. China Statistics Press. Beijing.

November 2014 | Volume 9 | Issue 11 | e111458



