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Abstract

Medical devices play an essential role in healthcare. However, statistics on the Japanese medical
device industry are insufficient. This study provides statistics for Japan’s medical device
manufacturing industry from 1994 to 2016 using the Census of Manufacture (Ministry of Economy,
Trade, and Industry). In addition, this study presents a fundamental analysis of industry, productivity
analysis, and inter-industry comparison. As evaluated by labour productivity and total factor
productivity, the medical device manufacturing industry (1) is research and development (R&D)
intensive, (2) does not have sufficient investment in R&D, and (3) has low productivity. This study
concludes that it is essential to improve the accuracy of data in the future and to publish data
regularly.
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JEL classification: D2, E2, I15.

1. Introduction

Japan has faced problems in recent years with healthcare, including demographic changes,
shortages of hospitals, financial stringencies, and COVID-19. In particular, the COVID-19 pandemic
has been a significant challenge for modern medical technology and healthcare services in Japan.

The health services industry comprises three parts: hospitals, pharmaceuticals, and medical
devices. Several studies have been conducted on hospitals and pharmaceuticals. However, there
have been few economic analyses of the medical device industry. This seems to be due to the lack of
adequate statistics on medical devices.

This study develops statistics for the medical device manufacturing industry. It also analyses
the current state of the medical device industry based on these data.

The Census of Manufacture (Ministry of Economy, Trade, and Industry) was used to compile
the statistical data. It covers the period 1994-2016 and is comparable to that of other industries.
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Faculty of Economics in Rissho University for excellent suggestions and advice. This study is supported by Medical Device
Strategy Institute.
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Comparing the medical device industry with other industries enables improved understanding of the
development of the medical device industry and its successes relative to other industries.

Even before the COVID-19 pandemic, the Japanese economy was limited by prolonged
stagnation. Japan also faces a declining birth rate and an aging and shrinking population. The
contribution of past economic development has sustained the current social security system in Japan.
This implies that it may be impossible to maintain the system if economic stagnation continues.
Under these circumstances, evidence-based policymaking is vital for promoting the medical device
industry, which is an essential part of the healthcare sector. It is therefore necessary to develop more
accurate statistics and develop the analysis conducted in this study.

The main findings of this study are as follows. First, although the medical device manufacturing
industry (MED-MI) is research and development (R&D) intensive, its R&D investment has
stagnated. Second, labour productivity and total factor productivity (TFP) growth are stagnant.
Third, R&D profitability and efficiency are stagnant.

This paper consists of five sections. Following this introduction, the second section explains the
estimation method for an outline of the data. The third section shows the productivity analysis of
MED-MI. The fourth section presents the relationship between TFP growth and R&D efficiency.
The final section summarises our results and discusses future work. The statistical data are provided
in the Appendix.

2. Data construction and statistical analysis

This section defines the medical device manufacturing industry (MED-MI) analysed in this
study. The wholesale and retail sectors of the medical device industry in MED-MI' are excluded,
since the focus here is on the manufacturing sector to measure performance compared with other
industries and to estimate how many medical devices they provide. However, no definition is
completely consistent with the concept of MED-MIL. It is necessary to classify industries in order to
measure them. MED-MI is thus defined as the industries indicated in the Census of Manufacture
(Ministry of Economy, Trade, and Industry). Table 1 shows the sectors MED-MI? is constructed
from.

Table 1. Definition Set of MED-MI

Industry classification in the Census of Manufacture

1 Textile sanitary materials 7 X-ray equipment

2 Sanitary clothing 8 Medical instruments electronic equipment
3 Paper sanitary materials 9  Medical measuring instruments

4 Medical and sanitary rubber products 10 Medical instruments and apparatus

5 Scientific glass instruments 11 Microscopes and telescopes

6 Sanitary pottery 12 Ophthalmic goods, including frames

To measure real variables about sales and value added, we construct price indexes used by the

1 The definition of MED-MI differs from that used by Ministry of Health, Labour and Welfare (MOH). The definition used
in this paper excludes the sector for sales of on medical devices, while MOH statistics includes the sales sector.

2 Of course, these industries also manufacturing some goods for medical services, but it is not possible to separate out and
exclude these medical goods.

6



Takayuki Ishikawa

System of National Accounts (SNA, Cabinet Office). Suppose a nominal x; for the ith industry and
an SNA deflator for the ith industry is p;, then, the real value R is:

Xi
R=) pe (D).
If the aggregate of the current value x; is X, then there exists a price index for X equal to X/R.
Figure 1 shows the price indices for output yield and value added of MED-MI. Figure 1 shows that
the trend of these price indices is declining. In 1997 it was 1.143 in terms of value added, but in
2016, it had dropped to 0.955. This means that deflation occurred at an annual rate of 0.94%. This
price decline means cheaper healthcare for patients. However, for MED-MI, revenue is declining

because the prices of traditional products are falling.
Figure 2 shows the output, and Figure 3 shows the value added of MED-MI.

Figure 1. Price Indexes for Qutput and Value Added (2011=1)
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Figure 3. Value Added in MED-MI (Billion JPY)
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Companies and stakeholders are often evaluated nominally. In the face of deflation, real value
added increased by 38% between 1995 and 2008, while nominal value added increased by only
25%. In the MED-MI, therefore some people appear to think that revenues have not risen sufficiently
despite the increase in production.

On the other hand, deflation also means that healthcare services with medical devices are
provided at a low cost and the contribution to the public’s health is immeasurable. Thus, it is
necessary to simultaneously discuss the appropriate price of medical equipment and the spread of
inexpensive medical services.

Certainly, MED-MI is growing, but the growth rate is declining. The growth rate of value added
has also declined in recent years. In real terms, the annual growth rate was 5.7% before 2000 but has
dropped significantly to 2.2% since 2000. After the global financial crisis occurred in 2008, value
added declined drastically between 2008 and 2013, but it is unlikely that the financial crisis
significantly impacted the frequency of MED-MI use. One interpretation is that Japan faced severe
appreciation of the yen during this period. The strong yen may therefore have affected medical
equipment exports.

Thus far, output data for MED-MI has been constructed. The factors MED-MI requires for
output as input factors will now be estimated below.

First, labour input in MED-MI was measured. Labour input is evaluated in person-hours, the
number of workers multiplied by the numbers of hours worked. The number of workers is taken
from the Census of Manufacture. The labour hours are taken from SNA. Figure 4 shows the person-
hour index.
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Figure 4. Person-hour Index (2011=1)
1.4

1.2

0.8
0.6

0.4

Person-hour Index (2011=1)

0.2

0

> P P T INITIDTOPEEO O
P TN TP T FTFESTSFEON
QU UG DGR UIC P S O A S S SO SO SN

The person-hour index declined until the early 2000s but has since increased; labour input
increased by approximately 10% in 2016 compared to 2011.

Next, another factor required for production, capital, was estimated. Capital input is the balance
of goods necessary for production held by a company and refers to goods that can be used repeatedly.
Examples include tangible assets such as machinery, buildings, and vehicles. It also has intangible
assets such as ideas and software, which are difficult to ascertain. Therefore, only R&D is included
in capital stock. Capital accumulation is defined as follows:

K] =1/ +(1-6)K/], (2),

where 17/, K7, and 8 are investment (capital formation), capital stock, and depreciation for the jth
asset. While SNA defines many assets the Census of Manufacture does not include all assets. Thus,
only three tangible assets were measured: structures, constructions, machinery, and other assets.
Other assets include transport equipment and tools. It was assumed that the other assets were mostly
transport equipment. Here, it is also assumed that the expenditure for these assets are tangible capital
investments. These expenditures are current values, but a real value for capital accumulation is
needed. The capital goods deflators are taken from SNA. In addition, the depreciation rates are
3.76% (structure and construction), 17.01% (machinery), and 25.81% (other assets). These rates
were estimated using the SNA average.

Recently, researchers have focused on both tangible and intangible assets. One of the
representative intangible assets is R&D. In SNA, R&D, software, mineral exploration and evaluation,
and entertainment originals are considered intangible assets. However, since we cannot measure
R&D and software from the Census of Manufacture, R&D expenditure in MED-MI can only be
estimated. Moreover, the medical instruments and apparatus category given in the Basic Survey of
Japanese Business Structure and Activities (Ministry of Economy, Trade, and Industry) incur R&D
expenditures. The rate of R&D expenditure to value added to medical instruments and apparatus
was then calculated. This rate in other industries that constitute MED-MI was multiplied by the
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value added. The deflator of R&D expenditure is from SNA, and the depreciation rate is 15.76%?.
Capital was accumulated from 1984, but data from 1984 to 1993 was not used to estimate the
robustness of capital stock. Figure 5 shows the estimated index of capital stock in MED-MI.

Figure 5. Capital Stock Index
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Excluding R&D (tangible assets only), capital stock is growing. In Japan, little capital stock
growth occurred during the long period of stagnation known as the ‘lost two decades.” However,
capital stock growth in MED-MI is surprisingly high.On the other hand, the picture is different for
more general capital stock, which includes R&D. Capital stock (including R&D) increased rapidly
until 2000, after which it stagnated. It has also increased again since 2014. However, capital stock in
2016 was only at the same level as in 2002.

The significant difference between the capital stock of MED-MI and the stock of tangible assets
is due to R&D. MED-MI is an R&D-intensive industry, and R&D stock accounts for more than 60%
of the total capital stock. Therefore, when R&D investment declines, capital stock declines rapidly.
owing to the high rate of R&D depreciation.

As R&D investment is expenditure on innovative technologies and products, MED-MI may
aggressively invest in R&D. In the early 2000s, the Non-Performing Loan problem was severe. In
addition, bursting of the IT bubble and other factors may have made it difficult to raise funds.
Moreover, declining revenues and other factors are related to declines in R&D investment. Since
2013, however, monetary easing has improved access to finance and increased capital stock.

As argued by Ogawa and Suzuki (1998), and Suzuki (2001), companies in Japan have
traditionally raised funds by using land as collateral. Here, landholdings, which are not directly used
for production but are thought to be an asset, are considered. While purchased assets secure tangible
asset investments, a typical feature of R&D is that it cannot be secured by intangible assets.
Therefore, repayability is necessary for investments in intangible assets*. As MED-MI is an R&D-
intensive industry, this financial constraint is considered more severe. Therefore, the market value

3 The depreciation rate of R&D is estimated from the SNA average.
4 See Brown and Petersen (2011).
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stock of land held by the MED-MI was measured.
Measuring land stock held by MED-MI at market-value® follows Ogawa and Suzuki (1998):

P
Ly =Liq X P_t + (BL; — RL;) (3).

t-1

where BL, L, RL, and P mean book-value land stock, market-value land stock, retirement land stock,
and price level of the land. Figure 6 shows the effect of land stock on market value holdings by
MED-MI.

Figure 6. Land Stock at Market Value (2011=1)
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From 1984 to 1992, the market value stock of the land increased. The Japanese economy was
in a bubble during this period because the land price was extremely high. In addition, MED-MI also
increased land purchases due to the impact of prices. Indeed, between 1984 and 1992, land prices
rose by 55%, whereas the market value of stocks held by MED-MI increased by 107%.

However, since 1992, the market value of the land stock has declined. This was due to the
collapse of the bubble economy, which caused land prices to fall. However, from 1992 to 2013, land
prices fell by 56%, whereas the land stock at market value decreased by 50%. Hence, MED-MI did
not sell land to raise funds but continued to buy land.

Such a sudden depreciation of the land stock at market value leads to damage to the value of the
collateral. Therefore, it is highly likely that MED-MI struggled to raise funds during this period. In
addition, the land stock at market value in 2016 was always low. This means fundraising in 2016
may have been more challenging than in 1984. This is the context in which MED-MI has invested
in tangible assets and R&D.

3. Productivity

This section presents the growth account theory used to measure economic growth. Economic
growth occurs not only through labour input and capital but also through productivity growth.

5 By valuing land at market value, the price at which the land is actually sold is considered.
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Productivity, which does not depend on these inputs was estimated. Here, the Cobb-Douglas
production function is assumed as:

Y, = A K& L™ 4),

where Y is the real output, K; and L, are capital and labour inputs, 4; denotes the level of Total Factor
Productivity (TFP), and a (0 < a < I) is the capital share.

From equation (4), following Solow (1956, 1957), Swan (1956), and Jorgenson and Griliches
(1967), the growth rate of output using the capital and labour growth rates are obtained:

gy=gatagg+(1—-a)g, o),

where g. =d In. / dt (X=Y, 4, K, or L ). From equation (5), TFP equals the growth rate of output
excluding the growth rate of contribution of capital input (¢ gK) and growth rate of contribution of
labour input ((1—a) gr). To measure the contribution of labour and capital growth, labour share was
used, which is the employer compensation divided by nominal value added. However, the Census of
Manufacture does not include employee benefits. Employee benefit was then estimated as the total
wage rate of an adjusted multiplier. This multiplier is (total wages + employee benefit) / value added.
Figure (7) shows the labour share in MED-MI.

Figure 7. Movements of Labour Share
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The labour share in Japan® is stable at approximately 58%. By contrast, labour productivity in
MED-MI has been relatively dynamic. In 1994, the labour share was the highest, but in 2007, this
trend declined. After 2007, the labour share approached Japan’s average. Other countries have
observed a declining trend in labour share. Karabarbounis and Neiman (2014) point out that the labour
share decline is caused by high-performance and cheaper computers, improved information technology
(IT) thus replacing labour work. Figure 8 shows the growth rates of labour productivity and TFP.

6 Labour share in Japan is (employer compensation + Taxes on Production and Imports)/ GDP by SNA.

12



Takayuki Ishikawa

Figure 8. TFP and Labour Productivity Growth Rates
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Before the global financial crisis, the TFP growth rate was higher than labour productivity. The
labour productivity growth rate was high before the global financial crisis but decreased after this
crisis. On the other hand, the TFP growth rate was lower than the labour productivity rate before the
early 2000s.

Beginning in 2013, an economic policy known as Abenomics was implemented. This led to a
temporary pickup in productivity, which slumped again in 20157, The differing movements in total
factor productivity and labour productivity are due to differences in the input factors considered. The
TFP growth rate is the growth in value added minus labour and capital contributions. Table 2 presents
the growth rate of the value added of these contributing factors.

Table 2. Factor Decomposition of the Growth Rate of Value Added

1995-2000 2000-2005 2005-2010 2010-2015  1995-2005 2005-2015

Growth Rate of Value 5 o905 185%  1.01%  232% 236%  2.10%
ed

Capital Contribution  6.64%  -0.90%  -0.02%  0.68% 3.02%  037%

Labour Contribution ~ -1.91%  -0.79%  1.15%  1.16% 125%  0.82%

TFP Contribution ~ -2.64%  3.55%  -0.12%  0.48% 0.59%  0.91%

The growth of value added stagnated from 2005 to 2010 but averaged around 2%, indicating
that MED-MI had very high growth. In contrast, Japan’s GDP growth rate averaged 0.8% from 1995
to 2016. Capital contribution grew at a very high rate from 1995 to 2000 but declined and has barely
grown since 2000. In particular, the growth rate of capital contribution was negative in the 2000s,
and this capital slump led to a recession in the growth rate of value added. However, the labour
contribution was negative until 2005, but its growth rate later exceeded 1%.

7 Why do economic phenomena such as the financial crisis and Abenomics affect the healthcare sector? One possible
reason is due to trade. However, analysing what is actually occurring is a subject for future work.
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From 1995 to 2005, capital and TFP were the growth drivers. However, from 2005 to 2015,
there was a turnaround, with TFP accounting for approximately half of the growth. Thus, it can be
said that MED-MI growth was dependent on an increase in TFP. In addition, the capital contribution
was approximately 20%, and the stagnation of capital accumulation restrained the growth of value
added. Figure 9 shows the TFP growth rates of MED-MI and other industries.

Figure 9. Industry Comparison of TFP Growth Rate
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Thus MED-MI experienced high growth during the 2005-2010 period. However, the rest of the
period saw shallow growth, not only in the manufacturing sector but also in Japan. From 2005 to
2010, the pharmaceutical industry, in the same medical sector, grew by 9%. Even for the entire
period, the growth rate differed from that of MED-MI by approximately 2%. Therefore, it is not the
medical field that is stagnant; the stagnation is a problem specific to MED-MI.

How should the relationship between TFP and labour productivity be considered? The focus is
placed on the relationship between TFP and labour productivity to answer this question. This
relationship is expressed as follows:

gip = grrp T A9k (6),

where grp, grrp, and gx,; represent the growth rate of labour productivity, the growth rate of TFP,
and the growth rate of the capital-labour ratio. The capital-labour ratio implies that capital is divided
by the person-hour labour force. This equation means that movement the capital-labour ratio affects
labour productivity growth through the TFP growth rate. Figure 10 shows the movement in the
capital-labour ratio.

8 https://www.rieti.go.jp/jp/database/JIP2021/
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Figure 10. Movements in the Capital-Labour Ratio
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In Japan, the capital-labour ratio has stagnated since 2000, and the manufacturing sector has
stagnated since the global financial crisis (2009). In contrast, MED-MI underwent a more significant
change as: the capital-labour ratio rose rapidly until 2000. In the 2000s, however, the capital-labour
ratio declined. This decline in the capital-labour ratio may have caused a decline in labour
productivity.

Slow capital accumulation has caused a decline in the capital-labour ratio. This implies sluggish
capital investment. Investment in intangibles, as typified by R&D, is also weak. Since MED-MI is
an R&D-intensive industry, its capital stock has not grown due to sluggish R&D investment.

Sluggish investment can create problems not only for the capital-labour ratio but also for
production. Weak investment means that old equipment is not replaced by new equipment. This new
equipment embodies new technology which old equipment does not have. Hence, production
efficiency may be declining.

TFP often indicates technological progress, but it is unrealistic to achieve progress using old
production technologies; sufficient investment is essential to promote MED-MI and produce world-
class medical devices.

4. R&D efficiency

This section focuses on total factor productivity (TFP): an increase in TFP increases the
economy’s growth rate as a whole, that is, the growth rate of value added. The previous section
confirms that an increase in TFP also increases labour productivity. Therefore, the challenge is to
increase TFP.

The idea that TFP captures a certain percentage of technological progress is common. Working
more efficiently with new technologies or successfully using production equipment through ideas is
included in TFP. The source of these ideas and new technologies in R&D investment is expenditure
on equipment, materials, and others used in R&D. Here, the focus is shifted to the relationship
between TFP growth and R&D. The endogenous growth theory, one of the theories of economic
growth, formulates the relationship between R&D and TFP. Griliches (1998) expresses it as follows;

15



Data Construction and Productivity Analysis on the Medical Device Manufacturing Industry in Japan

9grrp = Rrgp X Sren (7),

where Rrep and Sgep are the rate of return on R&D, and R&D intensity. From equation (7), the rate
of return on R&D is evaluated by dividing the growth rate of TFP by R&D intensity. R&D intensity
refers to the share of R&D expenditure in value added. Figure 11 and Table 3 show the rates of return
on R&D.

Figure 11. Rate of Return on R&D
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Table 3. Rate of Return on R&D
All terms 1995-2005  2005-2016 ~ 2000-2008  2012-2016
Rate of Return on R&D 8.23% 9.64% 6.82% 35.56% 15.23%
Rate of Return on R&D

(5-year moving average) 6.16% 7.98% 4.34% 27.59% 12.09%

TFP often takes a negative value, resulting in a lower R&D rate of return. However, comparing
1995-2005 and 2005-2016, the latter was 30-50% lower than the former. Between 2000 and the
global financial crisis (2009), and 2012-16, after the Great East Japan Earthquake, the latter was less
than half of the former. This significant reduction in the rate of return is problematic.

The relationship between TFP and R&D is sometimes considered to concern R&D efficiency
rather than R&D profitability. It is a structure in which R&D activities increase TFP through R&D
efficiency, as follows:

9grrp = Ergp X Lpgp (3),

where Eggp and Lrep represent the efficiency of R&D and the number of R&D workers.

R&D workers often signifies that a large number of researchers are employed. However, despite
an increase in the number of researchers, the TFP growth rate declined. Bloom et al. (2020) pointed
out that R&D efficiency is declining. They explain the decline in R&D efficiency within the
framework of economic theory. The authors conducted their analysis using effective R&D
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expenditure, where R&D expenditure is evaluated in terms of researchers’ wages rather than the
number of researchers. As a result, they confirm that R&D efficiency has declined significantly in
the US healthcare as well as in agriculture and the high-tech industries. Miyagawa and Ishikawa
(2019) used these ideas in their analysis. Their results confirm that R&D efficiency is declining in
Japanese manufacturing, albeit more slowly than in the USA.

Figure 12 shows the relationship between effective R&D expenditure and the TFP growth rate
in MED-MI.

Figure 12 Relationship Between Effective R&D and TFP Growth
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There is, no significant difference between the wages of researchers and general workers in
Japan. The average MED-MI wage was used as the researcher’s wage. Since 1998, TFP has remained
stable, except for around 2009. However, effective R&D expenditure is at a lower level than that in
1994. Since 1997, effective R&D expenditure has risen, but its value in 2016 was lower than in
1994. Table 4 shows that R&D efficiency in MED-MI is evaluated through effective R&D.

Table 4. R&D Efficiency (1995-2000 = 1)

2000-2005  2005-2010  2010-2016 2000s 2010s
R&D Efficiency 1.23 0.86 0.76 1.09 0.76

R&D efficiency in1995-2000 was standardised as 1. In 2000-2005, R&D efficiency was higher
than in 1995-2000. However, since 2005, R&D efficiency has declined. In 2010-2016, efficiency fell
by 24% compared to 1995-2000. This means that R&D was more successful in the 2000s than the
2010s. R&D profitability was also twice as high in the 2000s, when MED-MI enjoyed the benefit of
innovation, as in the 2010s. Since 2010, the problem has been the stagnation of R&D profitability
and efficiency, indicating stagnant TFP growth rates. Therefore, it is necessary to increase R&D
efficiency and profitability to develop MED-MI.
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5. Conclusion

The statistical data on MED-MI in this study were initially generated and then analysed for
productivity. Four main results were obtained. First, MED-MI always faces a price decline (deflation).
Therefore, real value added exceeds nominal value added. Second, MED-MI is an R&D-intensive
industry. However, R&D investment has stagnated, and the capital stock has not increased. This may
be due to insufficient financing for R&D investment, and funding needs to be discussed in MED-MI.
Third, labour productivity growth remained high until the early 2000s. Since then, however, labour
productivity growth has stagnated. This stagnation in the labour productivity growth rate can be
attributed to the stagnation of the capital-labour ratio. Finally, the sluggish TFP growth rate is
explained by the decline in R&D efficiency and profitability. Aggressive R&D investment is needed,
but market structures and institutions may have contributed to these declines, which will need to be
discussed in the future.

The stagnation of the capital-labour ratio is not a problem unique to Japan. According to
Miyagawa and Ishikawa (2021), developed countries have experienced a slump in the capital-labour
ratio since the global financial crisis. A shift to investment in intangible assets can explain the capital-
labour ratio slump. Intangible assets depreciate rapidly and are challenging to grasp. Kim, Gong, and
Fukao (2019) argue that Japan’s long-term stagnation is due to slow capital accumulation. MED-MI
has a high growth rate of value added but a sluggish TFP growth rate and investment. MED-MI
urgently requires investment promotion and deregulation to improve its growth.

There can be no evidence-based policymaking without data. The indicators in this study are
inadequate; regular and continuous data publications are necessary to develop MED-MI. For this
reason, our future works will include improving the data and creating data that take into account
software and other intangible assets that could not be measured in this paper. Moreover, as a further
future task, we would also like to develop an input-output table.
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