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Abstract

Objective: In Japan, the subsidy of influenza vaccination for the elderly was introduced in November 2001. This paper examines its policy
evaluation from the viewpoint of cost-benefit analysis.

Materials: The data of copayment of influenza vaccination, population and shot rate of the elderly are surveyed by telephone interview to the
correspondents in the local governments of Tokyo metropolitan and other 12 big cities in Japan. The mortality due to pneumonia or influenza
is obtained from Vital Statistics of Population.

Method: At first, I examine the impact of amount of copayment, through its effect on shot rate, on the percentage of elderly receiving influenza
vaccinations. Using these estimation results, benefit—cost ratio (BCR) is calculated.

Results: The estimated coefficient of copayment on shot rate is —0.007 and statistically significant. Shot rate significantly reduces pneumonia
and influenza mortality and its magnitude is —0.0028. The obtained net benefit (NB) is 134.9 million yen or US$ 1.08 billion and benefit-cost
ratio is 22.9 and its 95% confidence interval is [2.2, 43.7].

Discussion: If copayment would be cut by a 1000 yen (US$ 8), it could avoid about 400 deaths in average big city. The benefit-cost ratio is
quite high compared with the other countries or other vaccinations.

Conclusion: We found the strong evidence in a sense of cost-benefit analysis in the subsidy for influenza vaccination in the elderly.

© 2005 Elsevier Ltd. All rights reserved.

Keywords: Influenza; Cost-benefit analysis; Vaccination; Subsidy for the elderly

1. Objective

In 7 November 2001, the vaccination law was re-
formed and it started to subsidize of influenza vaccination
for the elderly. This policy should be confirmed by the
cost-effectiveness perspectives because it costs very much.
This paper examines to evaluate this policy from the view-
point of the cost effectiveness.

2. Material

The data of copayment of influenza vaccination, popula-
tion and shot rate of the elderly in 2001/2002 and 2002/2003
seasons are surveyed by telephone interview to the corre-
spondents in the local governments of metropolitan and other

* Tel.: +81 3 5285 1111x2057; fax: +81 3 5285 1129.
E-mail address: ohkusa@nih.go.jp.

0264-410X/$ — see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2005.01.042

12 big cities in Japan. This survey was performed by the
author.

Copayment is determined by these local governments in
every year and the excess cost more than the copayment is
subsidized by the central and local governments directly to
the medical institutions. Total cost of vaccination, which is
charge by the medical institution to the elderly and local gov-
ernments, is decided through the negotiation among local
governments and physicians’ association in each cities. Un-
fortunately, it is not informed publicly. In other words, we
can only know the copayment in every year and in each city,
while the total cost and, thus, the amounts of the subsidy
are unknown. In this sense, total cost includes all compo-
nents of items for the vaccination and the profit of medical
institutions. ,

The mortality due to pneumonia or influenza is obtained
from Vital Statistics of Population in 2002 and 2003. The
data of total population is obtained from National Population
Census in 2000.
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3. Method
3.1. Estimation

Estimation is performed with the following two parts. At
first, we examine the impact of the variation of copayment
on shot rate. Let R;;, C;; and T;, respectively, denote shot
rate and copayment in [ area and ¢ year, and year variable for
2002/2003 season that captures the difference between sam-
ple seasons keeping constant all other aspects. The estimation
equation is:

Rip = o+ acCir +arl; + &y . 1

The second part is to estimate the relationship between shot
rate and mortality rate due to pneumonia or influenza. The
estimation equation is:

Dj; = Bi+ BrRiy + BrT: + vis )

where D;, is pneumonia and influenza mortality rate. Un-
fortunately, since pneumonia and influenza mortality rate
of the elderly by area and season is not reported, we use
the mortality rate of the total population irrelevant to the
age.

Estimation method is the weighted least square with the
elderly population and the total population as a weight, re-
spectively, in the first and the second estimation.

Note that we have to remark, if ;, and v;, are correlated,
estimated coefficient g certainly has bias. Moreover, the
direction of bias may be positive or negative depending
on Elg;,;, vi]. For example, increase in the number of
weak elderly and residents in institutions, shot rate of them
usually are higher than dwelling elderly and mortality rate
may be still higher due to their weakness even if shot
rate are the same. This cormrelation may lead to the upper
bias in the coefficient. Conversely, shot rate may represent
overall welfare spending or situation of the elderly in
that area controlled out copayment. If these spending or
situation improve the elderly’s health condition and reduce
mortality rate, this relationship make the lower bias in the
coefficient.

Inboth case, these are very well known as the simultaneous
bias and we have to adopt the method that corrects such bias.
The method, called instrumental variable method, uses the
fitted variables of R;; in the first estimation as an explanatory
variable in the second estimation rather than the observed raw
Ry [11.

3.2. Benefit-cost ratio

Using these estimation results, we can evaluate the policy
by net benefit (NB) and benefit-cost ratio (BCR). NB is de-
fined simply by the difference of benefit and cost due to the
policy, and BCR is defined by its ratio.

NB can be calculated as follows: the perspective is of the
society and time horizon is set to be 1 year because the effect

of vaccination is lower than 1 year and vaccination can extend
their life 1 year at maximum. The effectiveness of vaccina-
tion is limited to the prevention of the mortality due to data
limitation.

Vaccination cost is defined as the sum of copayment and
subsidy, but the opportunity cost for shot is not taken into
consideration because they are typically retired. Moreover,
side effects of vaccination are also ignored for simplicity.

Vaccination cost is assumed to be 4500 yen (US$ 36) and
benefit of 1 year increasing in life expectancy is assumed to
be 6 million yen (US$50,000). These numbers are widely
used number in US [2] and it is confirmed to be plausible
even in Japan [3].

Then NB is

Monetary value of avoidance in mortality by rising shot
rate

e additional cost by rising shotrate =
rising shot rate due to subsidy x
reduction in mortality rate due torising hotrate x
million yen

e rising shotrate due to subsidy x 4500 yen = 19399 X
reduction in mortality rate due torising shot rate

Similarly, BCR is

monetary value of avoidance in mortality by rising shotrate

additional cost by rising shot rate

rising shot rate due to subsidy
xreduction in mortality rate due torising shotrate

rising shot rate due to subsidy

6 million yen
4500 yen
4000 x reduction in mortality rate due torising shot rate
B 3
4. Result

4.1. Estimation result

Summary statistics are shown in Table 1. Estimation re-
sults are summarized in Table 2.

The first and second columns in Table 2 show that the
increasing in copayments significantly reduces shot rate. As
its coefficient is —0.007, since it means the shot rate would
rise by 0.007% point in every 1 yen subisidy, if copayment is
subsidized by 1000 yen (8), then shot rate rise by 7% point.
Since the coefficient for 2002/2003 season is significantly
positive, shot rate rise by 8.8% point in 2002/2003 season

- compared with the 2001/2002 season where other situations

are completely the same. All area dummies, which indicate
difference from Sapporo, are insignificant. Since degree of
freedom adjusted R? is high, it fits quite well.

The third and fourth columns in Table 2 summarize esti-
mation results of crude weighted least square about mortality
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Table |
Summary statistics

Average S.D. Minimum Maximum
Shot rate (%) 29.6695 6.067872 18.4074 45
Copayment (yen) 1171.429 427.618 1000 2200
Mortality rate (%) 0.0409995 0.0315513 0.0033683 0.1753567

rate and they indicate that the shot rate is negatively affect
mortality rate but it is not significant. On the other hand,
the fifth and sixth columns in Table 2 show the results for
the instrument variable method. They show significant effect
of shot rate on mortality rate and its estimated coefficient is
-0.003, i.e. if shot rate is raised by 10% points, mortality
rate of pneumonia and influenza would decrease by 0.03%
point.

4.2. Net benefit and benefit—cost ratio

Suppose calculation of the net benefit and BCR of the
policy change, which raise 1000 yen (8) in subsidy. At first,
this policy increase the shot rate by 7% point as mentioned
above and this reduces the mortality rate of the ehold popula-
tion by 0.0196 (=7 times 0.0028)% points. It means to avoid
23,520 (=0.000196 times 120 million) death. This benefit can
be evaluated as 141.2 billion yen (US$ 1.13 billion) (=23,520
times 6 million yen) if value of life is assumed to be 6 million
yen or US$ 50,000.

On the other hand, additional cost of this policy change
must be the product of 7% point rise in the shot rate, 4500
yen (cost of vaccination in social per one elderly) and 20
million (population of the elderly). It expends 6.3 billion yen

or US$ 50.4 million. Therefore, the net benefit must be the
difference of benefit and cost and it is 134.9 million yen or
US$ 1.08 billion.
Following the similar way, we can calculate its BCR easily,
ie.
0.0028(—1000)(—0.007) 6 million yen/(2000/12000)
—1000(—0.007)4500 yen

=224 (5)

where 2000/12,000 in the numerator is adjustment factor for
the elderly because potential population of the numerator is
the whole population but the counterpart in the denominator
is of the elderly. Moreover, its 95% confidence interval is
calculated as [2.2, 43.7] and we can confirm that this BCR is
significantly greater than 1.

5. Discussion
5.1. Evaluation of estimation results
From Table 1, showing the average shot rate and average

copayment, we can see that the price elasticity of shot rate is
—0.2606. It appears to be higher than the results of the pre-

Table 2
Estimation result
Explanatory variable Estimator p-Value Estimator p-Value Estimator p-Value
Copayment shot rate (instrument) —0.0066561 0.002 —0.0006669 0.304 -0.0027877 0.034
2002/2003 season 8.757308 0.000 0.0112177 0.088 0.0295542 0.015
Sendai 1.208579 0.727 —0.0047122 0.500 —0.0021133 0.780
Chiba 5.458579 0.153 0.0057438 0475 0.0173561 0.141
Tokyo —1.674325 0.300 0.0023957 0.727 —0.0144918 0.050
Yokoharna —0.6914208 0.781 —0.0021031 0.682 ~0.0035337 0.464
Kawasaki —-5.184099 0.123 0.0056449 0.442 —0.0053089 0.455
Nagoya —3.341421 0.222 0.0034983 0.561 —0.0035525 0.502
Kyoto —4.723365 0.113 0.0073267 0.297 —0.0026762 0.680
Osaka —~4.441422 0.095 0.012161 0.065 0.0027774 0.618
Kobe —4.691421 0.117 0.0034541 0.614 —0.0064597 0.325
Hiroshima 4.058578 0.225 0.0061583 0.394 0.0148015 0.141
Kitakyuushuu —5.79142 0.076 0.0122467 0.137 0.0263081 0.548
Fukuoka ~2.991421 0.350 0.0009681 0.883 —0.0053403 0.376
Constant 34.46885 0.000 0.0437944 0.030 0.1028622 0.005
Sample size 28 26 26
F statistics 10.81 2.53 2.60

-Value for F statistics 0.0001 0.0639 0.0537
B 0.8357 0.4622 0.4548

Note: Coefficients for 2002/2003 season indicate the structural difference of it from 2001/2002 season keeping constant all other aspects. Positive coefficient
means that the average is larger in 2002/2003 season than in 2001/2002 season if the situation which is represented by figure of explanatory variables are the

same in both season.
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vious study. That is, the study based on the conjoint analysis
which is the most reliable technique with hypothetical ques-
tionnaire indicates —0.02 to —0.04 of the elasticity, and actual
behavior in 2001/2002season indicates —0.1 of the elasticity
[4]. Hence, the result in this paper shows that the shot rate is
very elastic against price.

There may be mainly two reasons for these differences.
Firstly, this study focus on the metropolitan and big cities
and so it may bias toward extremely urban areas, whereas
the previous studies cover the whole Japan. If the residents
in the urban areas have higher price elasticity to vaccination
than rural areas, our results here may be reasonable. In this
sense, the previous studies seem to be more general than this
research.

Conversely, the data in this paper covers all residents in
an area, while the previous study relied on survey by mail
and it did not cover all the residents, of course, and they may
not be representative. If the respondents of the questionnaire
tend to have inclination toward to vaccination for influenza
compared with non-respondents, shot rate may be insensitive
to price. In this sense, the result in this study seems to be
more reliable than the previous one. Though, it is not sure
which estimate and reasoning is more reasonable, we have to
remind that our final goal, namely the analysis with the BCR,
is independent of price elasticity of shot as explained the
before.

‘On the other hand, the shot rate elasticity of mortality
rate is —2.48 and, thus, mortality is elastic against shot rate.
Combining with these two estimation results, if copayment
would be cut by a thousand yen (US$ 8), it raises shot rate
by 7% points and reduce the mortality rate due to pneumonia
and influenza by 0.029% point. It seems very small number,
but since the average mortality rate due to pneumonia and
influenza is very small, the effect certainly is quite high. In
fact, this means that this policy can reduce about 423 death
in an average big city.

Since F statistics in the first equation is higher than 10,
the fitted variables seems to be good instrument [5]. In
other words, the reason of insignificance of shot rate in
the crude weighted least square can be inferred as posi-
tive simultaneous bias, which offsets the shot rate effect
on the mortality. Therefore, the instrument variable can
solve this bias and it is more appropriate method for this
problem.

5.2. Evaluation for BCR

The obtained BCR, 22.4, is quite high compared with the
other countries or other vaccinations. In some other countries,
since it is 1.93 [6] for children before school and 1.81 [7] or
2.92 [8] for healthy adults, the obtained IBCR is much higher.
Comparing with the other diseases, it is 2.5 [9] in measles in
Japan and it is just 1.4 [10] in the case of hepatitis B for all
infants in Chinese where epidemic area. Overall, the policy
of subsidy to the elderly’s shot is quite cost-effective and it
has concrete evidence for it.

5.3. Problem and limitation in this analysis

Atfirst, there are some differences in the definition of pop-
ulation among areas for the policy targeting or/and for the
shot rate calculation. Especially, this policy also subsidize
the non-elderly, i.e. between 60 and 64 years old, who has
heart, kidney and respiratory problem or HIV career. More-
over, each city sometimes extend targeting population more
than the national policy requirement. Typically, some cities
subsidize the institutionalized elderly even if they are younger
than 65. These additional target populations are included in
the denominator in some cities, but are not in other cities. The
subsidized number in the numerator of shotrate include, such
additional targeting populations and, thus, the shot rate may
be different whether the denominator include such additional
targeting populations or not. However, these additional tar-
geting population is quite small compared with the elderly,
and it is less than just one percentage. Therefore, such an
inconsistency in the denominator of shot rate may not affect
substantially on the result.

Moreover, the starting dates of subsidy are not the same
among areas. In particular, it is remarkable in the first season
of this policy, i.e. 2001/2002 season. Our data of shot rate only
include those who received the subsidy, and does not include
those who did not receive subsidy but shot. So shot rate may
be lower than the actual rate in the area where subsidy was
delayed to start. In this sense, data of shot rate is always lower
than the actual shotrate among the elderly. This measurement
error may leads upper bias of the estimated coefficient of shot
rate in the second estimation. Hence, it also lead upper bias in
IBCR. However, it is not sure how many elderly receive shot
but are not subsidized and so we cannot evaluate this effect
in detail.

On the other hand, it is questionable that our sample in
the metropolitan and big cities represent whole Japan. The
coverage of the elderly population in our data is 21% of whole
Japan, but it may not be the average population. Especially,
there may be big differences from those in the rural areas
as mentioned before. So as to check the robustness of the
obtained result, we should extend our analysis to the other
areas.

Additionally, the effect of influenza epidemic on the mor-
tality is measured by excess mortality which is defined by the
difference between the actual number of death and the hypo-
thetical one if there is no influenza epidemic [11-14]. There-
fore, we have to replace the mortality definition from crude
number of death to the excess mortality. In particular, excess
death should be defined regardless of the cause of death [14]
because it is very well known that influenza epidemic raises
the mortality from the other causes than pneumonia or in-
fluenza and these deaths can be prevented by the vaccination
and control of the influenza epidemic. Moreover, if we can
limit the number of death to those of more than 65 years old,
it would be more precise measure. In this sense, excess mor-
tality of more than 65 years old in all death causes is the best
measure to evaluate the vaccination effect.



2260 Y. Ohkusa / Vaccine 23 (2005) 2256-2260

Atthe same time, we also need more explanatory variables
which affect shot rate or mortality. For example, hortative
measure for vaccination may be much different among local
governments and it may affect the shot rate. Even in this
case, if such a measure did not change in an area in the two
seasons, this effect can be controlled out by the area dummies
completely and it does not affect the estimated coefficient.

On the other hand, there are many implicit assumptions in
BCR. First of all, since we limit the effect of vaccination to
the prevention of the mortality and, thus, it is certainly finer
measurement than the prevention of the severe conditions like
hospitalization as emphasized. Since it is difficult to obtain
the data of the number of patients and the hospitalized, these
numbers would be based on the similar estimation. Hence,
these are far less precise than the number of death. In other
words, we choose preciseness than broadness in the definition
of effectiveness. Obviously, this limitation Jower BCR. If we
take the effects of vaccination on the number of patients and
the hospitalized into consideration, BCR definitely become
higher than that in this paper. It strengthens our conclusion
in favor of the subsidy and has never change it.

Conversely, the ignorance of opportunity cost for vaccina-
tion or side effects certainly rise BCR. However, almost all of
them are retired and suffered from chronic disease and, thus,
they usually visit a doctor, their additional opportunity cost
for vaccination seems to be small. Concerning side effects,
on 28 August 2003, Ministry of health and welfare reported
only 2 fatal cases and 18 severe side effects from 1998 to
2003. Therefore, we can safely ignore these costs and the ob-
tained conclusion is probably not affected by the introduction
of these costs.

Finally, we can extend the effectiveness of vaccination to
the number of patients or the medical cost. The data limitation
of these variables are already mentioned. Moreover, since the
primary purpose of vaccination is the prevention of severe
cases, if we extend to these aspects, the results may not be
clear and BCR may decline. In extreme case, the fatal case
may use less medical resources compared with the severe
but survival case. In this sense, the limitation of effectiveness
on the number of death seems to be more appropriate for
considering the vaccination policy. Nevertheless, the research
of the number of patients and medical cost are unambiguously
important and we need to overcome the data limitation.

6. Conclusion

We find subsidy of influenza vaccination for the elderly
greatly reduce mortality rate due to pneumonia and influenza.
Since BCR is more than 20, we can conclude that there is

strong evidence, in a sense of cost—benefit analysis, support-
ing the subsidy for influenza vaccination among the elderly.
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