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ABSTRACT

The pharmaceutical industry has developed widely in recent years. And the relationship between the economic
growth of pharmaceutical industry and the investment in research and development synchronization has been
concerned. The application of correlation analysis on it is studied in depth. First, relating researches on investment
in research and development of pharmaceutical industry are summarized. Second, basic theory of correlation
analysis is studied. Third, analysis on current situation of economic growth of pharmaceutical industry and the
investment in research and development synchronization are carried out. Finally, endogenous wavelength and
frequency measurement for economic growth of pharmaceutical industry and the investment in research and
devel opment synchronization are calculated, results show that the economic growth of pharmaceutical industry and
the investment in research and devel opment synchronization is highly consistent.
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INTRODUCTION

The pharmaceutical industry started fairly later @hina comparing with foreign countries. Howeverge t
pharmaceutical industry developed quickly with supmf a series of industrial policy, and the gagvieen the
China and foreign countries in pharmaceutical itgus narrowed. The growth of pharmaceutical eenicois
closely related to research and development ofrpaegeutical industry. Pharmaceutical manufacturinggrprises
can develop the patent medicine with sales revémoeigh investing high capital on research and ldgweent, and
the monopoly profits can be obtained. The retunmeshey can be injected into research and developofeméw
pharmaceutical technology. In recent years, som@rnpéiceutical companies have realized the importarice
investment in research and development. The ecanogsillts of investment in research and developmenthe
most concern when the pharmaceutical companies reakarch and development investment decision.efdrer it
is necessary to analyze the relationship betweemstment in research and development and growth of
pharmaceutical economic. In order to improve thieativeness of analysis, the correlation analysethad is
applied in this research.

In recent years, the researches on economic cysle been concerned by many scientists, and sonievaafents
have been obtained so far. SM Paul et al. put fahwize key to tackling the challenges such isswse po both the
future viability of the pharmaceutical industry aadvances in healthcare was to substantially iserdélae number
and quality of innovative, cost-effective new méwaks, without incurring unsustainable R&D costseYlpresented
a detailed analysis based on comprehensive, reoeustry-wide data to identify the relative cobtriions of each
of the steps in the drug discovery and developmpeatess to overall R&D productivity [1].

AM McGahan tested the hypothesis that increasegnpgitrotection results in greater drug developnadfotrt. We
find that patent protection in wealthy countrieassociated with increases in R&D effort; resultsveed that the
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introduction of patents in developing countries mad been followed by greater R&D investment in thigeases
that are most prevalent there [2]. Nicola Dimituiggested that R&D productivity in the pharmaceutiodustry

could be strengthened by reducing costs both iretiny phase and, mostly, in the clinical phasdrafy discovery.
And analysis revealed that despite high costsclihieal phase shows healthy productivity, wherdeesearly phase,
particularly lead optimization, exhibited very Igwoductivity [3]. S Sasidharan applied unbalancadegb data for
1,843 Indian manufacturing firms operating durirge tperiod 1994-2005 and corrected for the selictele

problem by using a Heckman-two step procedure.drtadysis involving full sample did not give a clgécture of

the impact of FDI on the innovation strategies ofm@stic firms. Interesting results emerge, whenyaigwas

carried out according to different sub-samples taseforeign-ownership and technology intensitytref industry
[4]. Jingguo Qu et al. studied the joint influerafethe curve radius of curvature, steered anglethaedoad friction
coefficient on the driving speed of the curve ahd bbtained speed is within the speed limit. Troeefafter

improving the overtaking model, the left lane védialso applied to the lane-changing rule [5]. &otfie empirical
study on economic cycle of mainland china and Taiigaa new field with few academic achievements.

2 Mathematical model of correlation analysis
The correlation analysis can study the relevand¢ed®n some variables and other variables, whichscére the
practical problems of economic cycle.

Set X and Yy as the p and  dimensional random variables and covariance méeixveen X and Yy is
expressed as follows [6]:

E(x=EMX)(Y-E(Y))=Vyx )
Vi =V )

The variances ofX and Yy are defined as follows [7]:

V(y) = E(y — E(Y)(y — E(¥))'=Vyy (3)
V(x) = E(x=E(X)(x = E(X))'=Vy )
The projection in linear sub space &f in X is considered, for a element statistic, the randanables 2 and

n n
X, X500, X, are given, if aO+Za,.>q make E(Z—aO—Za,-)g) reach the minimum value, then

i=1 i=1
n n
q, t+ Z:ai)(i is the projection ofz in X,X,,--+,X;, which can be denoted by, or Z=a, + Z:ai)(i
i=1 i=1
names as regression function for second type reigreproblem, therefore)?i for y, of Yy can be solved based

on one statics methody using )7, as component can be the projection pf on X. Projection of § to X

for Yy is defined by |S(y [X), y—V isresidual.

There are parts affecting the changesf first part is the projection ofy on X, that is V()?) , second part is

the changes led byy — V, that is V(Y — V). The correlating coefficient betweek and y can be calculated
by the following expression:

r=I3 - Xy, —V)]/J[i(x -X) By, -] ®

Where X and Y are the mean value ok and Yy, X and Yy, arethe observationsok and Y.
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3 Analysis on characteristic of growth of pharmaceutical economic and investment in research and
development

(1) Growth of pharmaceutical economic

Before 2009, the total output of pharmaceuticalisidy maintained rapid growth, and the compounduahgrowth
rate is 20.8%. The "financial tsunami" hit the phaceutical economic in 2009, the increasing ratetal output of
pharmaceutical industry drops to 19.9%. Since 2®dth the world economy in better shape, the phagutcal
industry increases in the speed of 27.48%, whichintaias a steady growth trend. The total output of
pharmaceutical industry from 2001-2013 is showtabie 1.

Table 1 Total output of pharmaceutical industry from 2001-2013

Year | Total output/ Billion yuary  Growth rat/
2001 2188 17.01
2002 2517 15.04
2003 3103 23.26
2004 3666 18.01
2005 4628 26.26
2006 5324 15.05
2007 6679 25.50
2008 8667 29.80
2009 10382 21.10
2010 13694 22.95
2011 15694 26.54
2012 18148 20.28
2013 25467 24.71

As from table 1, from 2001-2013, the total outpfipbarmaceutical industry increasing every yeag, dhtput of
pharmaceutical industry in 2013 is 11.6 times &t tf pharmaceutical industry in 2001. And the &asing rate of
pharmaceutical industry is slowed down from 2002@02, from 2002 to 2003, from 2005 to 2006, frod®& to

2009, from 2011 to 2012.

(2) Investment in research and development of pheenttical industry
The investment in research and development of phegatical industry is important for developmenttpthe total
investment in research and development of pharnti@eéindustry from 2001-2013 is shown in table 2.

Table 2 Total investment in resear ch and development of phar maceutical industry from 2001-2013

Year | Investment/ Billion yuan Increasing réte,
2001 20.5 28.29
2002 26.3 15.20
2003 30.3 17.50
2004 35.6 21.91
2005 43.4 20.31
2006 52.6 21.20
2007 65.9 20.20
2008 71.6 11.24
2009 78.5 9.56
2010 82.4 8.21
2011 88.7 9.54
2012 91.8 3.48
2013 100.0 8.92

As seen from table 2, the investment in researchdmvelopment of pharmaceutical industry incre@sesy year
from 2001-2013, but the increasing rate is slow low

And the correlation coefficients between output @ameestment in research and development of phartized
industry are calculated based on relating theohjchvare shown in table 2.

Table 3 Calculating results of correlation coefficients between output and investment in research and development of phar maceutical
industry

Period Correlation coefficient
2001-2003 0.43
2004-2006 0.53
2007-2009 0.63
2010-2013 0.71
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As seen from table 1, since 1996, the correlatmefficients of 2001-2003, 2004-2006, 2007-2009 20#0-2013
are 0.43, 0.53, 0.63 and 0.71 respectively. Thenmegason is that the Chinese pharmaceutical compdrave a
strong research and development ethos, however tlrera certain difference between the Chinese aniep and
multinational pharmaceutical companies in scalé&essaolume and profit, then the investment of praveutical
industry is relative little.

RESULTSAND DISCUSSION

(1) Definition of indexes

Independent variables are performance index: thfoqmeance of pharmaceutical companies can be meddwy
profitability index, efficiency index and growthdex. The profitability index is profit margin of mmabusiness,
which is the ratio of profit to income of main boess. The efficiency index is capital net profticawhich is the
ratio of net profit to average total capital. Thewth index is measured by the year-on-year graftincome of
main business.

The independent variable is used as investmeneésaarch and development, the investing level irares and
development is measured by pockets and human Esour

The index of pockets is research and developmeanhgth is the ratio of capital investment in reskaand
development to income of main business. The rateedinicians is ratio of the number of techniciamgotal
number of employees. The relating data is collefrah the pharmaceutical company by hand.

The total number of samples of pharmaceutical canesais 320, and the research and developmentgsireri
samples are shown in table 3.

Table 3 Research and development strength of samples

Research and development strenith  Number of samples
<1% 230
[1%,2%) 58
[2%,3%) 12
[3%,4%) 10
[4%,5%) 6
>5% 4

As seen from table 3, there are 320 pharmaceuwaapanies with research and development strengtssfthan
1%, there are only 4 pharmaceutical companies retbarch and development strength of over 5%, dtee shows
that the research and development strength of @@euatical companies is relative low.

The increasing rate of pharmaceutical economicafpdes in period of 2001-2013 is defined bfP, according
to correlation analysis, the regression functioobtined as follows:

IFR = 079x IFP_ + 0042IFP_, — 0237IFP_; + 0203 FP_, (6)
Then the following regression matrix can be obtdias follows:

079 0042 - 0237 0203

|1 0 0 0
| o 1 0 0
0 0 1 0

The eigenvalues ofA are -0.6383, 0.8445, 0.2919 + 0.5398i and 0.290%398i respectively, the endogenous
wavelength can be calculated according to the gatgucomplex roots, which is 5.8 years, and thquieacy is
0.18.

The research and development strength of sampleeriod of 2001-2013 is defined BDS, according to
correlation analysis, the regression function imoied as follows:
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RDS = 0173xRDS_; + 0012RDS_, — 0265RDS_; + 0360RDS_, (7)

0173 0012 - 0265 0360

1 0 0 0
A=

0 1 0 0

0 0 1 0

The eigenvalues ofA are -0.8362, 0.6997, 0.1547 + 0.7690i, 0.15477690i respectively, the endogenous
wavelength can be calculated according to the gatgucomplex roots, which is 5.9 years, and thquieacy is
0.19.

As seen from the calculating results, the endogemavelength and frequency of increasing rate afplceutical
economic and research and development strengthighly consistent.

Then the lag coefficient, eigenvalue, endogenousgeleagth and frequency for increasing rate of plaaentical
economic and research and development strengthZ@fyh to 2013 are calculated based on correlatialysis, the
corresponding calculating results are shown inet&bl

Table 6 Calculating results of endogenous wavelength and frequency of growth of phar maceutical economic and research and
development strength

item eigenvalue endogenous wavelength frequency
growth of research and growth of research and growth of research and
pharmaceutical development pharmaceutical development pharmaceutical development
economic strength economic strength economic strength
profitability 0.642+0.3984i 0.5
0.642+0.3984i 0.35
0.116+0.3596i 0.006 52 48 019 021
0.116-0.3596i 0.115
0.89 0.943
- -0.143+0.72i -0.812
efficiency -0.143-0.72i 0.1.5+0.82i 4.8 4.6 0.21 0.24
-0.6 -0.1.5-0.82i

As seen from table 6, the endogenous wavelengthfi@mliency of growth of pharmaceutical economic and
research and development strength has small differghey are also highly consistent. These reshitsv that the
growth of pharmaceutical economic and researchdawklopment strength have the significant synclzadion
from 2001-2013.

CONCLUSION

According to the results of regression analysig, itivestment in research and development of phautaal
industry has positive effect on the growth of phacgutical economic. The investment in researchdawelopment
can be benefit for the development of new pharmazproducts, and the income of pharmaceuticaigany get
more income. The pharmaceutical company must ingrihe investment in research and development, and
optimize the allocation of research and developmestburces, then total output of pharmaceuticalstrg can be
improved constantly.
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